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EDITORIALS
FACTORS INVOLVED IN OPENING UP THE FIELD OF 

UNUSED ELEM EN TS1

In  a tte m p tin g  to  c la s s ify  th e  a c c e p te d  e le m e n ts  so 
t h a t  on e g ro u p , or p se u d o -g ro u p ,c o n ta in s  th o se  e le m e n ts  
d e s ig n a te d  “ u n u s e d ,”  or “ l i t t le  u s e d ,”  on e is c o n ­
fro n te d  w ith  m a n y  d ifficu lties . T h e  p rim e  d ifficu lties  
in v o lv e  th e  p u rp o se  of th e  c la ss ifica tio n  a n d  th e  e x ­
te n t  of th e  use.

O v e r  o n e -th ird  o f th e  a c c e p te d  c h e m ica l e le m e n ts  
h a v e  n o  serio u s co m m e rc ia l uses a t  p re se n t as e le m e n ts  
o r co m p o u n d s. T h e se  a re  g iv e n  b e lo w , c la ssified  a c c o rd ­
in g  to  th e  p e rio d ic  s y ste m  fo r  c o n v e n ie n ce :

E l e m e n t s  o r  C o m p o u n d s  U n u s e d  o r  L i t t l e  U s e d  

0 1 2 3 4 5 6 7 8  Unclas.
He R b  Be Sc C.e Cb Se R u  Pr
N e Cs Sr Y  Y b T e R h  N d
A L a Os Sm
K r Ga E u
Xe In  Gd
N t E r  D y

TI Tm
Lu
T b

A b o u t  o n e -h a lf o f th e se  h a v e  been  d is co v e re d  w ith in  
th e  la s t  t h ir t y  y e a rs . T h o s e  so re c e n tly  m a d e  k n o w n  
a re  u s u a lly  c la ssified  u n d e r th e  tw o  g ro u p s  of “ ra re  
g a s e s ”  a n d  “ ra re  e a r th s .”

A tte n t io n  is d ire c te d  to  th e  m e ltin g  p o in ts  a n d  sp e ­
c ific  g r a v it ie s  o f fo u r  o f th e  ra re -e a rth s .

M e l t i n g  P o in t s  S p e c i f i c  G r a v it ie s

Ce -  623° C. La =  6.15
L a -  810° C. P r »  6.48
N d  -  840° C. N d  =  6.96
P r =  940° C. , Ce -  7.04
A1 =  660» C . l  .
\p. “  960Q C J ^ lven *or com parison

C e riu m  h a s  a b o u t  th e  sam e d e n s ity  as t in  (7 .3 ), b u t 
a ll fo u r r e a d ily  o x id ize  on e xp o su re  to  a ir. C e riu m  is 
b e tw e e n  le a d  a n d  t in  in its  p h y s ic a l a p p e a ra n c e , b u t  
h a rd e r  th a n  t in ;  la n th a n u m  a c ts  m u ch  lik e  m e ta llic  
c a lc iu m , its  o x id e  co m b in in g  r e a d ily  w ith  w a te r  to  
fo rm  th e  h y d ro x id e , b e in g  a ir  s la k e d , as is lim e.

T h e  w ord  “ r a r e ”  so a p p lie d  a b o v e — as is th e  case  
w ith  m a n y  w o rd s o f q u a lific a tio n — h a s  ch a n g e d  its  
m e a n in g  in  th e  lig h t  o f v e r y  re c e n t in v e s tig a tio n s , 
a lth o u g h  th e  “ ra re  g a s e s ”  a re  fo u n d  in  th e  a tm o sp h e re  
in  th e  fo llo w in g  p ro p o rtio n s:

n a m e  A t o m ic  W t . I V o l . in

H elium ............................................. 4 .0  2 ,450  vols. air
N e o n ................................................. 2 0 . 0  808 vols. a ir
A rgon ...............................................  3 9 . 9  105 vols. air
K ry p to n ..........................................  8 1 .8  746,000 vols. air
X e n o n ..............................................  128.0 3 ,8 4 6 ,0 0 0  vols. air

S o m e  of th e  e le m e n ts  m e n tio n e d  a b o v e  a re  b y  no 
m ean s so u n co m m o n  n o w  a n d  m a y  b e  h a d  in  co m m e r­
c ia l q u a n tit ie s . B e lo w  is a  ta b le  co n ta in in g  th e se  an d  
so m e o th e r  e le m e n ts . M a n y  of th e se  h a v e  b een  
k n o w n  fo r  a  lo n g  tim e ; t h e y  a re  n o t n o w  used  e x te n ­
s iv e ly , b u t  in v ite  a p p lic a tio n .

1 A u th o r’s a b s trac t of an  address before the Jo in t M eeting  of the  New 
Y crk  Sections of the Am erican Electrochem ical Society, th e  A m erican 
Chem ical Society an d  the  Society of Chemical In d u stry , a t  T he  C hem ists' 
C lub, New Y ork, F eb ruary  6 , 1914.

E l e m e n t s  N o w  A v a il a b l e  C o m m e r c ia l l y  b u t  L it t l e  U s k d

Unclas.0 1 2 3 4 5 6 7 8
A K  C a B Si As Se Br Co

Sr Y Zr Cb Te I Pd
Ba La Ce T a
Cd T h

N o w  t h a t  w e h a v e  seen  th e  fie ld , le t  us see w h a t  are 
so m e o f th e  fa c to r s  in v o lv e d  in  c u lt iv a t in g  it . In 
so m e cases w e la y  th e  la c k  o f use o f th e  e le m e n ts  at 
o n ce  to  th e  s c a r c it y  o f k n o w n  o ccu rre n c es . H aber 
h as sh o w n  t h a t  o sm iu m  is th e  b e st c a ta ly z e r  fo r  m akin g 
a m m o n ia  fr o m ’ its  e le m e n ts , b u t  v o n  W e ls b a c h , who 
d e v is e d  th e  o sm iu m -fila m e n t la m p , h a s  c a lc u la te d  th at 
th e re  are  o n ly  a  fe w  h u n d re d  p o u n d s  o f o sm iu m  a v a il­
a b le  in  th e  p e r ip h e ry  of o u r g lo b e . W h en , ho w ever, 
w e re m e m b e r t h a t  ca rb o n  is b u t  0 .21 p er ce n t  while 
s ilico n  is 25.3 p er c e n t o f th e  c r u s t  o f o u r e a r th  for 
a d e p th  o f te n  m iles, in c lu d in g  th e  w a te rs  on  th e  earth 
an d  its  su rro u n d in g  a tm o sp h e re , a c c o rd in g  to  C la r k e ’s 
c a lc u la tio n s , w e k n o w  t h a t  o u r p re se n t u tiliz a t io n  of 
th e  e le m e n ts  c o m m e rc ia lly  b e ars  b u t  l it t le  re la tio n  to 
th e ir  t o t a l  q u a n t ity . W ith  so m e s tr ik in g  excep tio n s, 
m an  h as fo u n d  m o re  or less a m p le  so u rces  o f th e  ele­
m e n ts  or th e ir  co m p o u n d s  w h en  i t  h a s  b een  sh o w n  th a t 
o u r c iv iliz a tio n  re q u ire d  th e m . T u n g s te n , thoriu m , 
v a n a d iu m , a n d  ra d iu m  o n ly  n eed  be m e n tio n e d  in 
illu s tra tio n . I t  is n o t  th e  s m a ll p e r c e n ta g e  in  w hich 
th e se  elem ents' o ccu r , fo r  p a lla d iu m  e x is ts  in  n ickelif- 
ero u s p y r r h o tite s  in  q u a n tit ie s  to o  sm a ll to  b e  detected  
b y  e v e n  re fin ed  c h e m ic a l a n a ly s is , b u t  i t  a ccu m u la tes  
in  th e  slim es o f n ick e l re fin eries  a n d  is th u s  o btain ed  
in  so m e q u a n t ity . T h e  p rice  fix e d  b y  p o ssessio n  is the 
d e te rre n t in  th e  d e v e lo p m e n t of th e  use o f p allad iu m , 
q. fa c t  o f no in d iv id u a l im m o r a lity — q u ite  h u m a n  per­
h a p s— b u t  c o n tr a r y  to  th e  la w s  o f eco n o m ics. Some 
ten  y e a rs  a g o  one la rg e  co rp o ra tio n  p o sse ssin g  a  store 
of p a lla d iu m  w as a p p ro a c h e d  b y  so m e tech n o lo g ists , 
s u p p o r te d  b y  go o d  re p u te , w ith  th e  id e a  o f w o rk in g  out 
uses fo r  t h a t  b y -p r o d u c t . T h e  o w n e rs  sa id  t h e y  were 
n o t  in te re s te d  in  sp e n d in g  a th o u s a n d  d o lla rs  on the 
in v e s t ig a t io n — th e y  d id  n o t  m in d  s p e n d in g  th e  m oney, 
b u t  t h e y  w o u ld  n o t  b e  a  p a r t y  to  lo w e rin g  th e  price 
o f th e  m a te r ia l in  th e ir  p o ssessio n , th e  in e v ita b le  
re su lt  o f e x te n d in g  its  use. T h is  p rin c ip le  is well 
il lu s tra te d  in  th e  h is to r y  o f m e ta llic  a lu m in u m  and 
th o riu m  o x id e  w h o se  m a rk e t  q u o ta tio n s  h a v e  fallen 
to  on e o n e -h u n d re d th  a n d  tw o  o n e -h u n d re d th s, respec-. 
t iv e ly ,  w h a t  t h e y  w ere  one g e n e ra tio n  ago .

O n a c c o u n t o f its  g r e a t  re s is ta n ce  to  a tm o sp h eric  
o x id a tio n  a n d  m o is tu re  a n d  to  th e  e ffe c t  o f su lfu retted  
ga ses , p a lla d iu m  h a s  b een  e m p lo y e d  fo r  th e  inner 

.m ech a n isn  of c h ro n o m e te rs  a n d  w a tch e s , fo r  th e  con­
s tru c tio n  o f fine b a la n c e -b e a m s , fo r  th e  d iv is io n  scales 
o f d e lic a te  a p p a ra tu s , a n d  fo r  su rg ic a l in stru m en ts. 
I t  h a s  b e en  u sed  fo r  c o a tin g  s ilv e r  g o o d s, a n d  for 
e le c tro p la t in g  s e a rc h lig h t  m irro rs, fo r  s o ld e rin g  p la ti­
n u m , a n d  in  d e n ta l p re p a ra tio n s . P a lla d in iz e d  as­
b e sto s , p a lla d iu m  sp o n g e  a n d  p a lla d iu m  b la c k  a re  most 
e ffic ie n t c a ta ly t ic  su b s ta n ce s  fo r  re d u c in g  purposes.
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This w ell k n o w n  fa c t  m a y  b e  fla sh e d  fro m  th e  h o u se ­
tops w ith o u t a n y  fe a r  of c o a g u la t in g  th e  c lo u d s  o f 
litiga tio n  h o v e r in g  o v e r  th e  o il-h a rd e n in g  s itu a tio n  in  
this c o u n try , as th e  p a r tie s  re fe rre d  to  s t ill  o w n  th e  
p allad ium .

Som e o f th e se  “ u n u s e d ”  e le m e n ts  w ill b e  used , if th e  
prices are  m a d e  m o re  re a so n a b le . A  v e r y  im p o rta n t  
facto r in  re d u c in g  th e  m a rk e t  p rice s  o f th e se  su b s ta n ce s  
is an im p ro v e m e n t in  m e th o d s  of e x tra c tio n . T h is  
m ay be illu s tra te d  in  th e  ca se  o f th e  ra re -e a rth s , n o t 
w ith th e  in te n tio n  o f le a d in g  th e  re a d e r in to  t h a t  m a ze , 
b ut b ecau se  i t  sh o w s h o w  m o d e rn  to o ls  h a v e  se rv e d  
the p u rp o se  a n d  g iv e s  s u g g e stio n s  fo r  n ee d ed  e x te n sio n  
w ith  o th er e le m e n ts  in  t h a t  c la ss  o f “ m e ta -e le m e n ts ,”  
as C ro o k es  te rm e d  th e m .

M o n a z ite  sa n d  is e s s e n tia lly  a  p h o s p h a fe  of th e  rare  
earth s c o n ta in in g  v a r ia b le  a m o u n ts  of th o riu m , u s u a lly  
4-6 per ce n t. T h e  p ro b le m  of o b ta in in g  th o r iu m  co m ­
pounds fro m  t h a t  so u rce—  315,000,000 W e ls b a c h  m a n ­
tles w as th e  w o r ld ’s o u tp u t  in  19 13 — d e p e n d s u p o n : (x) 
So lu tio n , u s u a lly  b y  b a k in g , w ith  c o n c e n tra te d  su l­
furic a c id  a n d  le a c h in g  ( v e r y  fine g r in d in g  of th e  san d  
was an esse n tia l p r e lim in a r y ) ; (2) T h e  ra re  e a r th s  a n d  
th o riu m  w ere th e n  th r o w n  o u t as o x a la te s  to  re m o v e  
the la st  tr a c e  of p h o sp h o ric  a c id ; (3) T h e  m ix ed  o x a ­
lates w ere b ro u g h t in to  s o lu tio n  w ith  th e  d e stru c tio n  
of th e  o x a lic  a c id  a n d  th e  th o r iu m  p r e c ip ita te d ; or, 
the o x a la te s  w ere  tr e a te d  w ith  a m m o n iu m  o x a la te , 
w h ereb y  th e  n o n a h y d ra te d - th o r iu m -te tr a -a m m o n iu m  
o x ala te  w e n t in to  s o lu tio n . T h is  th o r iu m  s a lt  w a s  s u b ­
seq u en tly  c o n v e rte d  in to  n itr a te . W ith  a ll th is  p ro ­
cedure, th e  p rice  o f th o riu m  s a lts  s te a d ily  d e clin e d  
un til it  seem ed  to  re a ch  a  lim it.

M u th m a n n  a n d  W e iss  co n c e iv e d  th e  p la n  of d is­
tillin g  off th e  p h o sp h o ru s a n d  c o n v e r t in g  th e  m e ta llic  
elem en ts p re se n t in to  ca rb id e s . T h e  re s u lta n t  m ass 
is h a rd  an d  is v e r y  e x p e n s iv e  to  g r in d  in  o rd e r su b s e ­
q u e n tly  to  d isso lv e  it . T h e  w r ite r  la te r  p ro d u c ed  
ca lciu m  ca rb id e  w ith in  th e  m ix tu re  o f o th e r  ca rb id e s, 
using th e  u n g ro u n d  m o n a z ite  s a n d . T h is  m ass w h en  
th row n  in to  w a te r  cru m b le d  a t  o n ce  to  a  p o w d e r fro m  
w hich th e  su sp en d ed  m ilk  of lim e  is r e a d ily  w ash e d . 
T h e  re s id u a l m ass g o es in to  so lu tio n  in  c o m m e rc ia l 
h y d ro ch lo ric  a c id  fro m  w h ich  th e  th o r iu m  m a y  be 
p re c ip ita te d  a t  o n ce  in  a  fo rm  re a d ily  so lu b le  in  n itr ic  
acid . T h e  ce riu m  m a y  b e  th r o w n  o u t o f th e  so lu tio n  
from  th e  th o riu m  p r e c ip ita te  a n d  to n s  o f o x a lic  a c id  
are n o t d e stro y e d  o r lo c k e d  u p  in  th e  la rg e  q u a n tit ie s  
of ra re -e a rth s  a c c u m u la te d  a w a it in g  th e  d e v e lo p m e n t 
of uses.

M u th m a n n  a n d  W eiss a n d  H irsch  in  th is  c o u n tr y  
h a ve  a p p lie d  th e  H a ll p ro ce ss  fo r  th e  is o la tio n  of m e ta l­
lic ceriu m , w h o se  use is  n o w  p r a c t ic a lly  lim ite d  to  
p y ro p h o ric  a llo y s . T h e  p rice  of m e ta llic  ce riu m  in  
G erm a n y  h a s  re c e n t ly  fa lle n  fro m  $60 to  $5 p er k ilo ­
gram .

V e r y  re c e n tly  i t  h a s  b e en  p ro v e n  to  b e  d is t in c t ly  
pro fitab le , a cco rd in g  to  s e p a ra te  p a te n ts  o f S o d d y  and  
H ahn, to  s e p a ra te  m e so -th o riu m  c o m p o u n d s  in  th e  
process o f e x tr a c t in g  a n d  p u r ify in g  th e  th o r ia . M eso - 
th o riu m  r iv a ls  ra d iu m  in  so m e of its  a p p lic a tio n s  in  
ra d io -su rgery .

T h e  th ree  in sta n ce s  c ite d  a b o v e  are g iv e n  fo r  a n o th e r

reaso n . T h e  id e as  w ere  w o rk e d  o u t  b y  th re e  co lleg e  
p ro fesso rs . L a b o re rs  m u s t b e  p ro v id e d  fo r  c le a r in g  
th e  fie ld , w h e th e r  th e  to il b e  t h a t  o f w o rk in g  o u t  n ew  
p ro cesses to  so re d u ce  th e  co st o f a  m a te r ia l as to  a d m it  
o f its  a p p lic a tio n  to  uses a lre a d y  k n o w n  t o  e x is t, or 
d e v ise  uses n o t n o w  k n o w n  fo r  b y -p ro d u c ts  q u o te d  a t 
f ic t itio u s  p rices, b u t  w h ich  do n o t a p p e a r  a t  su ch  
s u p p o s itit io u s  v a lu e s  in  th e  a n n u a l fin a n c ia l s ta te m e n t.

U n d o u b te d ly  th e  b e s t  w a y  to  w o rk  o u t  p ro b lem s of 
th e  u t iliz a t io n  o f “ u n d e v e lo p e d  e le m e n ts ”  is to  a t t a c k  
th e m  in su ch  w e ll-e q u ip p e d  a n d  s p le n d id ly  m a n n ed  
re sea rch  la b o r a to r ie s  as  are  m a in ta in e d  b y  th e  G e n e ra l 
E le c tr ic  C o ., th e  G e n e ra l C h e m ic a l C o ., th e  E a s tm a n  
K o d a k  C o ., a n d  o th e rs , b u t  th e ir  u p k e e p  in v o lv e s  
la rg e  e x p e n d itu re s . M a n y  co lleg e  a n d  u n iv e r s ity  p r o ­
fesso rs w o u ld  w elco m e  a s u b s id y  fo r  w o rk  o f th is  c h a r ­
a c te r , w h ich  sh o u ld  be sc ie n tific , d ig n ified , a n d  h e lp  

’  k eep  th e  w o lf fro m  th e  d o o r. W e  co m m e n d  fo r  y o u r  
p e ru sa l th e  a m u sin g  “ C o n fess io n s  o f a  C o lle g e  P r o ­
fe s s o r ’s W ife ,”  in  a  re c e n t  n u m b e r  of T he Saturday  
Evening P o st.  W e  do n o t  m ean  t h a t  th e  co lleg e  p ro ­
fesso r is p re p a re d  to  o r sh o u ld  go  in to  th e  fa c to r y , b u t  
he ca n  w o rk  a t  an  id e a , w h ich  sh o u ld  la te r  be d e v e lo p e d , 
if  i t  h as m e rit, on a  c o m m e rc ia l sc a le  b y  th e  te c h n ic a l 
ch e m ist or c h e m ica l e n g in e er o f th e  w o rk s . E la b o r a ­
t io n  of th is  p ro p o sitio n , w h ich  is n o t  n o v e l w ith  th e  
s p e a k e r , is n o t  n e ce s sa ry  h ere. S u ffice  i t  to  s a y  t h a t  
one so s e le c te d  w o u ld  b r in g  to  th e  p ro b lem  a d egree  
o f ig n o ra n c e  t h a t  m ig h t  b e  s t im u la t in g  a n d  a fre ed o m  
fro m  tr a d it io n  w h ich  w o u ld  a d m it  o f a  d is p la y  o f im a g i­
n a tio n  n e ce s sa ry  to  u tiliz e  m a te r ia l w h ich  is co m m e r­
c ia lly  a b u n d a n t.

H . B . B a k e r  h a s  sa id  so m ew h e re , “ N o th in g  ca n  be 
o f m ore v a lu e  to  scien ce  th a n  th e  e x h a u s t iv e  s tu d y  
o f one p a r t ic u la r  a c t io n .”

W eiss a n d  N e u m a n n  h a v e  fo u n d  t h a t  co m p ressed  
z irco n iu m  is a  c o n d u c to r , w h e re a s  p re v io u s  s ta te m e n ts  
h a v e  b een  t h a t  i t  w a s  n o n -c o n d u c tin g .' T h e re  is n eed  
fo r  re v ie w in g  m a n y  su ch  s ta te m e n ts  th a t  a re  h a n d e d  
d o w n  in  th e  lite r a tu r e . A lu m in u m  is so n o ro u s, a c c o rd ­
in g  to  so m a n y  t e x t  b o o k s. V e r y  p u re  a lu m in u m , 
su ch  as t h a t  u sed  b y  th e  la te  P ro fe sso r  M a lle t  in th e  
d e te rm in a tio n  of its  a to m ic  w e ig h t, is  n o t so n o rou s. 
I f  a lu m in u m  is so n o ro u s, i t  is n o t p u re.

S te w a r t  in  his ch a rm in g  b o o k  on “ R e c e n t A d v a n c e s  
in  P h y s ic a l a n d  In o rg a n ic  C h e m is t r y ,”  in  re fe rrin g  
to  1887 a n d  th e  fo llo w in g  y e a rs  of fe v e r is h  a c t iv i t y  
in  p h y s ic o -c h e m ic a l re sea rch , led  b y  A rrh e n iu s , v a n ’ t  
H o ff a n d  th e  e ld er O stw a ld , s a y s :  “ T o  so m e e x te n t
th is  w a v e  a p p e a rs  to  h a v e  sp en t its  fo rce . A t  th e  
p re se n t d a y  p h y s ic a l c h e m is try , e x c e p t  in  th e  h a n d s of 
a  fe w  e x c e p tio n a l re sea rch ers , h a s  d e g e n e ra te d  in to  a  
m ean s of a tta c k in g  th e  p ro b le m s o f p u re  c h e m is try  
in s te a d  o f o p en in g  up  n ew  fie ld s; a n d  c o n s e q u e n tly  
th e re  is a  c e rta in  te n d e n c y  to  d e c ry  th e  s u b je c t  as a 
m ere m ean s to  an  en d , a n d  n o t  a  liv in g  b ra n ch  o f scien ce . 
T h is  is , p erh a p s, an  e x a g g e r a te d  v ie w ; b u t  i t  ca n n o t 
b e  d e n ied  t h a t  p h y s ic a l ch e m ists  o f th e  p re se n t d a y  
are  n o t a n im a te d  b y  th e  h ig h  h o p es  w h ich  seem  to  
h a v e  in sp ire d  O stw a ld  a n d  o th e rs  in  th e  e a r lie r  d a y s  of 
th e  s u b je c t .”  B a n c r o ft  a c k n o w le d g e s  t h a t  th e re  is 
so m e tr u th  in  th is  cr itic is m , b u t  a sse rts , “ T h e  d iffi­
c u lt y  is  t h a t  m o st p eo p le  are  s t ill s tru g g lin g  u n d e r th e
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lim ita t io n s  im p o se d  d e lib e r a te ly  a n d  co n sc io u s ly  b y  
O stw a ld . O n ce th e se  are  b ro k e n  th r o u g h , n o b o d y  w ill 
h a v e  a n y  ca u se  to  co m p la in  o f th e  w a v e  h a v in g  sp e n t 
i ts  fo r c e .”  S te w a r t  fu r th e r  s a y s :

“ I t  is a n  e x tr e m e ly  fo r tu n a te  co in c id cn c e  t h a t  as th e  
firs t m o v e m e n t d e c lin e d , a  seco n d  a n d  p e rh a p s  m ore 
p o w e rfu l on e h a d  s u cce e d e d  it . T h is  seco n d  m o v e m e n t 
rose w ith  e v e n  g r e a te r  r a p id ity  th a n  p u re  p h y s ic a l 
c h e m is try , a n d  y e t  a t  th e  p re se n t d a y  w e a p p e a r  to  
h a v e  to u c h e d  o n ly  th e  fr in g e  o f th e  s u b je c t  o f ra d io ­
a c t iv i t y ;  so t h a t  w e m a y  lo o k  fo rw a r d  to  a  lo n g  ca reer 
of fr u it fu l  in v e s t ig a t io n  s t ill  b e fo re  us in  th is  d e p a rtm e n t 
of c h e m is tr y .”

T h e  p ro b le m s o f s u b -a to m ic  or e le c tro n ic  u n iv e rse  
h a v e  p re se n te d  th e m s e lv e s  a n d  a t  o n ce  w e b e g in  a p p ly ­
in g  th e se  n ew  id e a s  to  u t ilita r ia n  p u rp o ses. T h e  c r y o ­
g e n ic  la b o ra to r ie s  h a v e  a c c u m u la te d  fra c tio n s  fro m  
to n s  of liq u e fie d  a ir. C o llie  fo u n d  t h a t  th e  n eo n , o b ­
ta in e d  th u s  in c id e n ta lly , lu m in esce s  u n d e r th e 'in flu e n c e  
o f th e  H e rtz ia n  w a v e s . A  tu b e  o f n eon  se rv e s  as a 
d e te c to r  of th e  n o d es a n d  lo o p s, g lo w in g  b r il l ia n t ly  
u n d e r th e  in flu en ce  o f th e  la tte r , as if it  w ere  e x c ite d  
b y  an  in d u c tio n  co il. C la u d e ’s tu b e s  o f n eo n  th u s  
e x c ite d , o ffer a  m o st p le a s in g  lig h t  a n d  p e rh a p s  la te r  
on  w ill p ro v e  t o  b e  an  e co n o m ica l so u rce  o f a rtif ic ia l 
illu m in a tio n .

Q u a n tit ie s  o f a rg o n  a re  n o w  a v a ila b le  fro m  liq u e fie d  
air. T h e re  are in d ic a tio n s  t h a t ,  on  a c c o u n t of its  
in e rtn e ss , w e  m a y  s h o r t ly  see tu n g s te n  in ca n d e sce n t 
la m p s, as W h itn e y  p u ts  it ,  w ith  “ th e  v a c u u m  ja m -fu ll  
o f a r g o n ”  in s te a d  o f  n itro g e n .

T r o o s t  a n d  O n v ra rd  h a v e  s ta te d  t h a t  t h e y  h a d  
s u cce e d e d  in  ca u s in g  a rgo n  to  co m b in e  w ith  m a g n esiu m  
v a p o r . N e ith e r  R a y le ig h , R a m s a y , n or M o issa n  w ere 
a b le  to  secu re  a n y  e v id e n c e  o f th e  fo rm a tio n  of c o m ­
p o u n d s  o f a rg o n , h o w e v e r . M a n y  re a c tio n s  u n o b ­
s e rv e d  on  th e  la b o r a to r y  sca le  a re  fo u n d  to  o ccu r w h en  
d e a lin g  w ith  l i r g e  q u a n tit ie s  o f s u b s ta n c e s, th ro u g h  
lo n g  p erio d s  o f t im e . I f  th is w ere  n o t  tru e  w e sh o u ld  
h a v e  e v e n  g r e a te r  d iff ic u lty  in  a c c o u n tin g  fo r  th e  o c c u r­
re n ce  o f su ch  in e rt  g a ses  as h e liu m  in  m a la co m e , 
clev<5ite  a n d  th o ria n ite . I t  is th u s  b a r e ly  p o ssib le  
t h a t  in  t im e  w e sh a ll fin d  co m p o u n d s  o f a rg o n  p ro ­
d u ced  in  th e  la rg e  sca le  o p e ra tio n s  o f b u rn in g  th e  n itr o ­
gen  o f th e  a ir , as  c a rr ie d  on so s u c c e s sfu lly  in  N o r w a y

a t  p re se n t. A  use o f co m p o u n d s o f a rgo n  m a y  th e n  be 
fo u n d .

T h e  d e v e lo p m e n t o f r a d io a c t iv it y  h a s  p ro jecte d  
us in to  an  u n d re a m e d  of re a lm  o f th o u g h t  a n d  new 
in te re s ts . T h e  p h e n o m e n a  o f r a d io lo g y  are c losely  
a llie d  t o  th o s e  o f r a d io a c t iv it y .  T h e  use of R ö n tg en  
ra y s  in  m e d ic in e  h a s  b een  a tte n d e d  b y  n o t  a fe w  diffi­
cu ltie s . A m o n g  th e m  th e  so -ca lle d  “ h a r d n e s s ”  and 
“ s o ftn e s s ”  o f th e  r a y s . T h e  fo rm e r are p e n e tra tin g  
a n d  a ffe c t  t issu es  fa r  b e lo w  th e  su rfa ce , so m etim es 
fa v o r a b ly  a n d  s o m e tim e s  u n fa v o r a b ly . T h e  “ s o f t ”  
ra y s  a ffe c t  th e  ep id e rm is. In  th e  use of “ h a r d ”  X - 
r a y s  tu b e s  fo r  d eep  tr e a tm e n t, i t  is n e ce s sa ry  to  screen 
th e  sk in  w ith  v a r io u s  th ick n e sse s  o f a lu m in u m , o r lead, 
e tc . F o r  t r e a tm e n t  of sk in  a ffe c tio n s  o n ly , th e re  h ave  
been  n o  satis ifacto ry  m ean s fo r  scre en in g  o u t th e  p en e­
tr a t in g  r a y s , c o n s e q u e n tly  a  p ro b le m  h a s  been  the 
p ro d u c tio n  o f “ s o f t ”  r a y s  w ith  a  m in im u m  o f “ h a r d ” 
ra y s . X - r a y  tu b e  g la ss  is  u s u a lly  a  p o ta sh  o r soda- 
lim e  s ilic a te . L in d e m a n n  fo u n d  t h a t  b y  s u b s titu tin g  
lith iu m  fo r  p o ta ss iu m  th e  ra y s  w ere  “ s o ft e r .”  He 
th e n  s u b s t itu te d  b e ry lliu m  fo r  ca lc iu m , a n d  fin a lly  
b o ro n  fo r  silico n . L ith iu m -b e ry lliu m -b o ro n -g la s s  show s 
o v e r  t h ir t y  p er ce n t  re d u ctio n  in  th e  e m p ir ic a l m o lec­
u la r  w e ig h t. W in d o w s o f th is  g la ss  le t  in to  X -r a y  
tu b e s  g iv e  th e  “ s o f t ”  r a y s  d esired . I t  w o u ld  be in te r­
e stin g  to  see th e  e ffe ct w ith  a  p o ta s s iu m -b a riu m -zirc o ­
n iu m -g la ss .

A p p lic a tio n  o f th e  n ew er e le c tro n ic  co n ce p tio n s  of 
v a le n c e , e sp e c ia lly  w h en  a sso c ia te d  w ith  residual 
a ff in ity  w ith  th e  d e v e lo p m e n t of m e th o d s  fo r  ch a n g in g  
v a le n c e  a cco rd in g  to  o u r w ish es, w ill u n q u e stio n a b ly  
ca u se  m a n y  of th e se  u n u se d  e le m e n ts  a n d  m a n y  of 
th o se  n o w  m o st u sed  to  a ssu m e n ew  p ro p e rtie s . A t ­
te n tio n  m a y  b e  d ir e c te d  to  o n e  q u a lita t iv e  illu s tra tio n . 
P u re  le a d  does n o t  p la te  on  iro n . W h en  m o lte n  lead 
is  ca u s e d  to  flo w  to  a n d  fro  as  a  c o n d u c to r  o f a  low - 
v o lta g e  h ig h -a m p e ra g e  a lte rn a tin g  c u r re n t fo r  v a r ia b le  
p er io d s  o f t im e , u s u a lly  s e v e r a l h o u rs, it  th e n  p la te s  
iro n , as m a y  b e  seen  fro m  sa m p le s  v e r y  re c e n tly  so 
p la te d  u n d e r th e  su p e rv is io n  of th e  w rite r . W h ile  the 
p ro ce ss  is n o t p e r fe c te d , i t  p o in ts  a  w a y  w h ich  m a y  
s e rv e  as a  h in t  in  se e k in g  uses fo r  su ch  e le m e n ts  as 
c a d m iu m , se le n iu m , a n d  te llu r iu m .

C h a r l e s  B a s k e r v i l l e
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T h e  e x te n s iv e  use of co n cre te  as a  b u ild in g  m a te ria l 
fo r  a ll ty p e s  o f c o n str u c tio n  h as' n a tu r a lly  b een  a c ­
c o m p a n ie d  b y  n u m e ro u s fa ilu re s  o f g r e a te r  o r less 
im p o rta n c e . T h e se  e x a m p le s  h a v e  b een  se ized  up o n  
b y  m a n u fa c tu r e r s  o f c o m p e tit iv e  m a te r ia l a n d  h a v e  
b een  b ro u g h t to  th e  a tte n t io n  o f th e  p u b lic  th ro u g h  
w id e  p u b lic ity , c a u s in g  a  d o u b t to  a rise  in  th e  m in d s 
o f som e as to  th e  p erm a n e n ce  o f co n cre te  co n stru ctio n .

‘ H older of P a in t Fellowship, Acme W hite Lead and  Color W orks 
1911-1912.

H o w e v e r , w ith  th e  b e tte r  u n d e rs ta n d in g  of th e  p ossi­
b ilit ie s  a n d  th e  lim ita tio n s  o f th is  m a te r ia l, i t  h a s  been 
p o ssib le  to  v e r y  n e a r ly  e lim in a te  th e  ca u ses  o f fa ilu re  
t h a t  w ere  m a in ly  re sp o n sib le  fo r  th e  d ifficu ltie s  ex­
p e r ie n ce d  b y  th e  p io n eers in  th e  use of co n cre te  co n ­
stru c tio n .

B u t  w e a re  c o n fro n te d  b y  a  ca u se  of d is in te g ra tio n  
s t ill l i t t le  a p p re c ia te d  b y  th e  co n cre te  e n g in e er— la c k  
o f c o n s ta n c y  o f v o lu m e  in  co n cre te  a fte r  se ttin g . 
A lth o u g h  th e  te n d e n c y  to  fa ilu re  fro m  th is  ca u se  is 
m ore a p p a re n t  in  s tu c c o  a n d  o th e r  lig h t  co n stru ctio n , 
w h ere  m ix tu re s  rich  in  ce m e n t a re  u sed , m o n o lith ic  
w o r k  is b y  n o  m ean s free  fro m  th e  e ffe c ts  o f th is  la c k
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of co n sta n c y  o f v o lu m e , a n d  w e  fin d  fa ilu re  cra ck s  
whose p resen ce  ca n  b e  a c c o u n te d  fo r  o n ly  b y  th e  
assum ption o f a  d iffe re n tia l e x p a n s io n  in  th e  d ifferen t 
m em bers of th e  s tru c tu re .

W h ite 1 h a s  sh o w n  t h a t  th e  c h a n g e s  in  v o lu m e  d u e  to  
changes in  te m p e ra tu re  a re  sm a ll as c o m p a re d  to  th e  
changes d ue t o  th e  a lte rn a te  w e tt in g  a n d  d r y in g  of th e  
con crete, an d  t h a t  th e se  la tte r  ch a n g e s  a re  su ffic ie n t to  
cause fa ilu re  in  m a n y  ca ses. F ig s . 1 a n d  2 sh o w  
rep re se n ta tive  fa ilu re  c ra c k s  of th is  t y p e .

A n o th er so u rce  o f tro u b le  in  w h ich  w a te r  p la y s  a 
part, is th e  e le c tr o ly t ic  e ffe c t  o f s tr a y  cu rre n ts  o n  th e  
steel re in fo rcem e n t in  c o n cre te . T h is  co rro sio n  o f th e  
re in fo rcem en t co u ld  n o t  ta k e  p la c e  in  p e r fe c t ly  d r y  
co n crete .2 T h e  e lim in a tio n  of th e se  tw o  ca u ses 
of d is in te g ra tio n  in  co n cre te  is  s t r ic t ly  a  p ro b le m  in 
w aterp ro o fin g .

W a terp ro o fin g  m a te r ia ls  fo r  u se  w ith  co n cre te  are 
d ivided  in to  fo u r g e n era l c la sse s: m e m b ra n e , in te g ra l, 
surface w ash es, a n d  oil p a in t  film s.

use of th e  s o m e w h a t less e ffic ie n t b u t  m o re  s u ita b le  
p a in t  film .

W ith o u t  d o u b t p a in t  film s ca n  b e  co m p o u n d e d  t h a t  
w ill b e  p r a c t ic a lly  im p e r v io u s  to  w a te r ;  b u t  t h e y  m u st, 
in  th e  case  of co n cre te  co a te rs , b e  a lso  a b le  t o  s ta n d  th e  
s a p o n ific a tio n  a c tio n  of lim e  le a c h e d  o u t  fro m  th e  c o n ­
cre te , as w ell as be in s e n s it iv e  t o  th e  a t t a c k  of th e  
w e a th e r .

M a n u fa c tu r e r s  h a v e  m a d e  a tte m p ts  to  s o lv e  th e  
p ro b le m  of p u tt in g  o u t  a  s a t is fa c to r y  c o n c re te  c o a te r ;  
b u t  th e re  h a s  b een  a  d e c id e d  te n d e n c y  to  lose s ig h t 
of th e  fa c t  t h a t  firs t of a ll th e  p a in t  m u st b e  of su ch  a 
n a tu re  as  n o t  to  lo se  its  e la s t ic ity  o r im p e r m e a b ility  
th r o u g h  th e  in flu en ce  o f th e  w e a th e r . T h e  p a in t  m u st 
p o ssess a ll o f th e  w e a th e r -re s is t in g  q u a litie s  o f a n y  
p a in t  d e sig n e d  fo r  o u ts id e  w o rk , in  a d d it io n  to  b e in g  
a b le  to  m e et th e  c o n d itio n s  p e c u lia r  t o  th is  p a r t ic u la r  
s erv ice .

C o n c re te  co a te rs  m a y  be c la ssified  in  g e n e ra l: (1) 
c o a te rs  co m p o u n d e d  fro m  m a te ria ls  in e rt  to  th e  a c tio n

Courtesy o f Prof. A . H . White
F io . 1

W ig a n d  B a te s 3 h a v e  m a d e  an  e x te n s iv e  s tu d y  of 
w aterp ro o fin g  m a te r ia ls , a n d  th e ir  w o rk  seem s to  sh o w  
th a t n on e of th e  in te g r a l o r w a sh  w a te rp ro o fin g s  are 
efficient in  p re v e n tin g  th e  a b so rp tio n  of m o istu re , 
a lth ou gh  th e y  m a y  p r e v e n t  th e  p e rc o la tio n  of w a te r  
throu gh th e  co n cre te .

R e ce n t w o r k 4 seem s to  h a v e  d e m o n s tra te d  t h a t  
volum e ch a n g e s  a re  ca u se d  b y  a d so rb e d  w a te r , a n d  
th at th e  p resen ce  of w a te rp ro o fin g  w ith in  th e  co n cre te  
has v e r y  l it t le  e ffe ct u p o n  th e  u lt im a te  p e rce n ta g e  
change, a n d  t h a t  its  o n ly  e ffe c t  is  to  re ta r d  th e  ra te  of 
absorption.

T h e  use o f an  im p e rm e a b le  m e m b ra n e  o n  th e  e x ­
posed side of th e  co n cre te  w o u ld  v e r y  e ffic ie n tly  p re ­
ven t th e  p a ssa g e  o f w a te r  to  th e  co n cre te , a n d  wro u ld , 
therefore, p r e v e n t  th e  re s u lta n t  d is in te g ra tio n  d ue to  
either m o istu re , v o lu m e  c h a n g e s  o r t o  e le c tro ly s is . 
H ow ever, in  th e  m a jo r ity  o f ca ses i t  is n o t  fe a s ib le  to 
use an a sp h a lt  fe lt  m e m b ra n e , so w e  a re  lim ite d  to  th e

1 Proc. A m . Soc. for Test. M at., 1911.
* Rohland, Wasser w. Abwasscr, 5, 504. O. B ernd t, Biton  u. Eisen, 11, 

1st Supplement. C. de W yrall, Proc. In t. A ssn . Test. M at., 2, 20.
1 Bur. S tandards, Technologic Paper 3.
1 W hite, P rivate  C om m unication. Jesser, Tonind. Ztg., 37, 535-8.

o f a lk a li;  (2) co a te rs  w h o se  v e h ic le s  c a r r y  co n sid e ra b le  
a m o u n ts  of free  o rg a n ic  a c id s ; (3) c o a te rs  co m p o u n d e d  
w ith  th e  id e a  o f g e t t in g  a  h a rd  a n d  p e r fe c t ly  im ­
p e n e tra b le  s u r fa c e ; (4) th o se  c o a te rs  w h o se  v ir tu e  
lies  m a in ly  in  th e  e la s tic  a n d  o n ly  s lig h t ly  p e rm e a b le  
film  fo rm e d  fro m  th e  g o o d  d r y in g  oil w h ich  c o n ­
s t itu te s  th e  m a jo r  p o rtio n  of th e  v e h ic le .

T h e  firs t c la ss  m a y  c o n ta in  n e u tr a l g u m  v a rn ish e s , 
p e tro le u m  p ro d u c ts , m a y  be o f a  ca sein  b a se , o r m a y  
be m a d e  up fro m  a  ce m e n tin g  p ig m e n t.

E x p e r im e n ta l d a ta  as w ell as  p r a c t ic a l e x p erien ce  
w ith  p a in t  film s fo r  g e n e ra l s e rv ic e  w o rk  h a v e  e s ta b ­
lish ed  th e  fa c t  t h a t  th e  v e h ic le  fo r  a n y  p a in t  sh o u ld  be 
s e le c te d  w ith  a  v ie w  to  g e t t in g  th e  m a x im u m  o f e la s t ic ­
i t y  in  th e  d ried  film , re co g n iz in g  t h a t  a n y  a d d itio n s  
t h a t  te n d  to  h a rd e n  th e  film  w ill, a t  th e  sam e tim e , 
in cre a se  th e  b r ittle n e ss  a n d  a c c e le ra te  th e  d is in te g r a ­
tio n .

P a in ts  o f th e  seco n d  cla ss  a re  q u ite  co m m o n  and  
a p p e a l s tr o n g ly  to  th e  a v e ra g e  u ser, in a sm u ch  as th e  
fre e  a c id  is su p p o se d  to  s e rv e  th e  d o u b le  p u rp o se  of 
n e u tr a liz in g  a n y  lim e  t h a t  m a y  b e  p re se n t a n d  a t  th e  
sam e t im e  sea lin g  th e  p o res o f th e  co n cre te  w ith  th e
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F i g .  3— G r o u p  o k  32 P a n e l s  1 8 ' x 1 8 ' i n  S u p p o r t i n g  F r a m e .  R i g h t  I I a l p  o p  E a c h  P a n e l  P a i n t e d  G r e e n

a p p lie d  to  a  co n cre te  o r s tu c c o  su r fa ce , so m e sa m p le s  
of oil w e r e -s u b je c te d  to  p a ra lle l te s ts . T h e  oils w ere  as 
fo llo w s:

N o . i .  R a w  lin se ed  oil.
1 Concrete and Const. Eng., 7, 380-7.

w h en  t h e y  h a v e  n o th in g  b e tte r  w ith  w h ich  to  bond 
th a n  a  sk in  o f in so lu b le  so ap .

T h e  im p e n e tr a b le  su rfa ce  o f th e  th ird  t y p e  of 
co a te rs  is  g e n e r a lly  d e r iv e d  fro m  a  g u m  h arden ed  
film , th e  v e h ic le  o f th is  c o a te r  b e in g  la r g e ly  varn ish .

N o . 2. T h e  sam e oil to  w h ich  h a d  been  a d d e d  a 
sm a ll a m o u n t of f a t t y  a c id .

N o . 3. T h e  sam e oil to  w h ich  h a d  b een  a d d e d  20 
p er c e n t of rosin  v a r n is h  c o n ta in in g  a  co n sid era b le  
a m o u n t of u n n e u tr a liz e d  ro sin  a c id .

E a c h  o f th e se  s a m p le s  o f o il w a s  s h a k e n  a t  in te rv a ls  
fo r  th re e  w ee k s, w ith  th r e e  d iffe re n t p ig m e n ts , ca lc iu m  
c a rb o n a te , ca lc iu m  h y d r a te , a n d  P o r t la n d  cem en t. 
T o  e a ch  o f th e se  w as  a d d e d  a b o u t 10 p er ce n t  of w ater, 
a n d  th e  w h o le  w as  d ilu te d  to  d o u b le  its  v o lu m e  w ith  
k e ro sen e . A  fo u rth  s e t w as s h a k e n  w ith  d r y  P o r t­
la n d  ce m e n t.

T a b le  I sh o w s t h a t  th e  a c id  c o n s titu e n ts  a c t  as 
c o m p le te ly  on  P o r tla n d  ce m e n t as t h e y  do on ca lciu m  
h y d r a te , w h ile  t h e y ' a c t  v e r y  s lo w ly  on c a lc iu m  ca r­
b o n a te  a n d  u n h y d r a te d  P o r t la n d  ce m e n t.

A ss u m in g  th e  sam e co n d itio n s  to  h o ld  u n d e r a c tu a l 
co n d itio n s  of se rv ice , th e re  w ill b e  an  a c tio n  b etw een  
th e  a c id  of th e  c o a te r  a n d  th e  ce m e n t a t  th e  su rfa ce  
o f th e  co n cre te , w h ich  w ill g iv e  a  film  of lim e  soap 
a t  th e  su r fa ce , to  w h ich  th e  p a in t  film  m u st clin g. 
T h is  a c tio n  is  a ll n ea r  th e  su rfa ce , fo r  th e re  is p resen t 
w ith in  o n e -s ix ty -fo u r th  in ch  of th e  s u rfa ce  o f an 
o rd in a ry  co n cre te  su ffic ie n t lim e  co m p o u n d s  to  n e u tra l­
ize  a ll th e  a c id  c o n te n t o f th e  co m m o n  c e m e n t c o a t e r . ' 
T h e se  co a te rs  sh o w  th e m s e lv e s  to  b e  in e ffic ie n t as 
n e u tra liz e rs , a n d  th e  life  o f th e  film  ca n n o t be long

p re c ip ita te d  lim e so ap . T h e  fre e  a c id  o f th is  t y p e  of 
p a in ts  is s o m e tim e s  a n  a d d e d  f a t t y  a c id , a n d  so m etim e s 
th e  u n n e u tra liz e d  resin  a c id  o f a  v a r n is h  m ix ed  w ith  
th e  o il as a  c o n s t itu e n t  o f th e  v e h ic le .

C a t h c a r t 1 c la im s  t h a t  th e  so ap s u sed  in  w a te r-

Courtesy o f Prof. A . II . White
F ig . 2

p ro o fin g  h a v e  a  d is in te g ra tin g  in flu en ce  on  lin o x y n . 
T h is  w ill a p p ly  as w ell to  th e  in so lu b le  so a p s fo rm e d  
in  th e  n e u tr a liz a tio n  of th e  lim e  b y .t h e  fre e  f a t t y  a c id  
of th e  seco n d  t y p e  of co a te r.

In  an  a tte m p t  to  d e te rm in e  th e  e x te n t  to  w h ich  
th e  re a c tio n s  t a k e  p la c e  w h en  a  c o a te r  of th is  t y p e  is
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T a b l e  I
L i n s e e d  O i l  O i l  a n d  A c id  O i l  a n d  V a r n is h

Acid Sapon. Iodine Acid Sapon. Iod ine Acid Sapon. Iodine
O riginal...........................................................  1.90 113.0 122.2 9 .1  105.5 111.1 6 .7  105.4 118.9
Calcium c a rb o n a te ..............................    1.3 118.4 123.3 7 .9  109.9 111.9 6.1 110.8 122.8
Calcium h y d ra te ............................................. 0 .1  114.1 122.6 0 .2  104.7 114.5 1.2  105.5 125.8
D ry cem en t....................................................... 1 .0  115.6 122.3 4 .7  105.0 111.6 2 .7  109.4 125.4
W et cem en t ' . ..................................... 0 .2  114.2 ' 122.6 0 .3  105.0 113.2 0 .4  103.1 125.6

The tests on iodine absorption were m ade as a  m ore or less accurate  check on the  evaporation  of th e  th inner during  shaking and  centrifuging.

The p a in ts  of th is  c la ss  r e a lly  possess th e  fa u lts  o f b o th  sh o w  c ra c k s , th e n  w ith  th e  a ccess  o f w a te r  to  th e  u n d er-
the first a n d  th e  seco n d  c la sses, fo r  th e  resin s o f th e  ly in g  co n cre te  a n d  its  s u b s e q u e n t e v a p o r a t io n  fro m  th e
varnishes are  a t  le a s t  in  p a r t  a c id , w h ile  as a  w h o le  th e  su rfa ce , lim e  w ill b e  b ro u g h t to  th e  u n d e r s u rfa ce  of th e
hard .film is  s u b je c t  to  th e  sa m e  a c c e le ra te d  d is in te - film .
gratin g  in flu en ces  as  a ffe c t  a n y  n o n e la s tic  film . In  th e se  te s ts , e a ch  p a in t  w as  a ssig n e d  to  tw o

W ith  an  id e a  o f s tu d y in g  th e  e ffic ie n cy  o f th e  d iffe re n t p a n e ls : o n e  m a d e  up  fro m  a m ix  o f one p a r t  ce m en t 
typ es of co a te rs , a  fe w  of th e  m o re  w id e ly  a d v e rtis e d  to  th re e  p a r ts  r iv e r  s a n d , a n d  on e p a n e l o f a  rich
ones w ere p u rc h a se d , a n d  to g e th e r  w ith  so m e m ad e  up  s tu c c o  m ix, on e p a r t  lim e , tw o  p a r ts  ce m e n t a n d  five
in th e  la b o r a to r y , w ere  a p p lie d  to  su rfa ce s  of c o n c re te  p a r ts  r iv e r  san d . T h e  p a n e ls  w ere  m a d e  up  in d o o rs
and stu cco , a n d  g iv e n  an  e x p o su re  t e s t  t h a t  h a s  ex- a n d  a llo w e d  t o  s e t  fo r  th re e  w ee k s  b e fo re  th e  p a in ts
tended o v e r a b o u t tw o  y e a rs  tim e . w ere  a p p lie d . D u r in g  th e  first tw o  w ee k s  of th is  tim e

T h e  e x p o su re  p a n e ls  w ere  e a ch  e ig h te e n  in ch es  th e  p a n els  w^ere k e p t  d a m p ; b u t  t h e y  w ere  a llo w e d  to
square an d  tw o  in ch es  th ic k , re in fo rce d  b y  e x p a n d e d  d r y  a  fu ll w ee k  in  o rd e r  t h a t  th e re  m ig h t n o t  b e  p re se n t
m etal, an d  h e ld  w ith in  a  fra m e  b u ilt  up  fro m  1/ i in  th e  co n cre te , w h en  th e  p a in t  w as  a p p lie d , m o istu re
inch x 2 in ch  s te e l b a n d , to  in su re  th e m  a g a in s t  t h a t  w o u ld  p r e v e n t  p ro p er p e n e tr a tio n  o f th e  p a in t
b reakag e. T h e  b a c k s  of th e  p a n els  w ere  c o v e re d  w ith  • a n d  g iv e  an  im p e r fe c t  b o n d  b e tw e e n  th e  p a in t  film
g a lva n ize d  iro n  in  o rd e r t h a t  th e re  sh o u ld  b e  n o  w a te r  a n d  th e  co n cre te  su rfa ce . T h e  seco n d  c o a t  w as  a p -
entering fro m  th e  b a c k  o f th e  p a n e l, a n d  t h a t  th e  co n d i- p lied  a fte r  th e  first c o a t  h a d  b ecom e th o ro u g h ly  d r y ,
tions sh o u ld  b e  as n e a r ly  as p o ssib le  th e  sam e as th o se  th e  t im e  in te rv e n in g  v a r y in g  fro m  th re e  to  se v e n  d a y s .

F i g . 4— P a ir  o r  P a n e l s  S h o w in g  C o m p l e t e l y  D is i n t e g r a t e d  P a in t  F il m

existing in  an  o rd in a ry  s tru c tu re . T h e  p a in t  film s 
were s u b je c t, th e n , to  th e  s a p o n ify in g  a c tio n  o f o n ly  
such lim e as w o u ld  le a ch  o u t w ith  th e  w a te r  th a t  
m ight h a v e  p assed  th r o u g h  th e  film  p o res, o r th r o u g h  
cracks th a t  h a d  d e v e lo p e d  in  su ch  film s as w ere  u n a b le  
to stan d  th e  w e a th e r . I f  a  p a in t  film  b e  w a te r - t ig h t  it  
should be fre e  fro m  th e  a c tio n  o f lim e  ju s t  so lo n g  as 
it rem ains in p e r fe c t  co n d itio n ; b u t  w h en  i t  b eg in s  to

D u rin g  th e  t im e  of e x p o su re , th e  p a n e ls  w ere  c a rr ie d  
on a  fra m e  in c lin e d  a b o u t  20°  fro m  th e  v e r t ic a l, w ith  
th e  p a in te d  su rfa ce  o f th e  p a n e l fa c in g  s o u th . F ig . 
3 sh o w s th e  c o m p le te  gro u p  of p a n e ls  w ith  th e ir  s u p ­
p o rtin g  fra m e . T h e  fra m e  o c cu p ie d  su ch  a  p o s itio n  
o n  th e  ro o f o f th e  la b o r a to r y  as w o u ld  in su re  th e  
te s ts  b e in g  fre e  fro m  th e  in flu en ce  of la b o r a to r y  fu m e s.

A fte r  h a v in g  b een  e x p o s e d  to  th e  w’e a th e r  fo r  a
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F ig . 5—T y p i c a l  I l l u s t r a t i o n  o f  S u r f a c e  C o n d i t i o n .  A b o u t  ’/< S ize

re p a in tin g , fo r  i t  is  a  w ell re co g n ize d  fa c t  t h a t  no 
p a in t  c o a t  ca n  la s t  in d e fin ite ly  a n y  m o re  on  co n cre te  
th a n  o n  w o o d  o r m e ta l. L a d d ’s 1 w o rk  h a s  sh o w n  th is  
to  b e  an  im p o r ta n t  co n sid e ra tio n  in  th e  p e rm a n e n t 
p ro te c tio n  o f w o o d e n  s tru c tu re s , a n d  th e  sa m e  co n d i­
tio n s  a p p ly  t o  th e  p ro te c tio n  of co n cre te .

T a b le  I g iv e s  a  s u m m a ry  o f th e  co n d itio n  o f th e  
v a r io u s  p a n e ls  a t  th e  e n d  of twTo y e a rs .

P a n e ls  N o s. 3, x r , 4, 12 , 25 a n d  26 w ere p a in te d  
■with co a te rs  c a rr y in g  co n sid e ra b le  a m o u n ts  o f f a t t y  
a c id  o r u n n e u tra liz e d  resin  a c id . T h e  d is in te g ra tio n  
of th e se  film s w a s  e a r ly  a n d  co m p le te , a n d  w a s  n o t

1 Bulletins of N orth  D akota  A gricultural Experim ent S ta tion .

h e a v y  s ca lin g  a n d  fla k in g , w h ich  in  so m e cases left 
p a r ts  o f th e  p an el e n tire ly  free  fro m  p a in t  w ith in  a 
s h o rt tim e.

C o a te r  N o . 5, on  p an els  N o s. 5 a n d  13, w as  ve ry  
h e a v y  b o d ie d  a n d  d id  n o t  sp rea d  a t  a ll fre e ly . The 
sm a ll a m o u n t of v e h ic le  p re se n t w as  n e u tr a l in  ch ar­
a c te r , th e  m a te r ia l a c tin g  m ore lik e  a  c e m e n t th a n  a 
p a in t, th e re  b e in g  l it t le  te n d e n c y  to  fo rm  a  tru e  paint 
film . T h e se  p a n els  re ta in e d  th e ir  c o a ts  fa ir ly  w ell, 
a lth o u g h  t h e y  a t  a ll tim e s  sh o w ed  a  h ig h  degree  of 
p o ro s ity  as  in d ic a te d  b y  th e  te n d e n c y  to  a b so rb  any 
w a te r  a p p lie d  to  th e  su rfa ce . T h is  c o a te r  m ig h t serve 
w ell as a  d e c o ra tiv e  p a in t; b u t  i t  is p r o b a b ly  of com--

p erio d  o f one y e a r , each  p a n el w as  co a te d  o v e r  o n e -h a lf 
o f its  s u rfa ce  w ith  a  green  p a in t  w h o se  p ig m e n t w as 
a  m ix tu re  of ch ro m e  y e llo w  a n d  p ru ssia n  b lu e . T h is  
p a in t  se rv e d  as a  v e r y  go o d  in d ic a to r  of th e  e x te n t  to  
w h ich  lim e le a c h e d  o u t  to  th e  su rfa ce , th e  p resen ce  of 
lim e  b e in g  in d ic a te d  b y  a  y e llo w  sp o t. In  o rd e r n o t  to  
in flu en ce  th e  p o ro s ity  o f th e  u n d e rly in g  film  to o  m u ch , 
o n ly  one c o a t  o f th e  green  w as a p p lied . In  ca ses w h ere  
th e  p a in t  on th e  p a n e l w as  d is in te g r a te d  b a d ly , an  a t ­
te m p t  w as m a d e  to  p re p a re  th e  s u rfa ce  fo r  th e  c o a t  of 
green  p a in t  b y  b ru sh in g  off th e  lo o se ly  a d h e rin g  sca les. 
E v e n  th e n , in  so m e ca ses  th e  co n d itio n  fo r  p a in tin g  
w as d e c id e d ly  u n s a t is fa c to ry . T h is  e m p h a size s  th e  
im p o rta n c e  o f u sin g  in  th e  first p la ce , a  p a in t  w h ich , 
u p o n  d is in te g ra tio n , w ill p re se n t a p ro p er su rfa ce  fo r

c lo s e ly  e n o u g h  c h a ra c te r is tic  to  w a r ra n t  a  classifica­
tio n  a cco rd in g  to  th e  t y p e  of d is in te g ra tio n . The 
p a in ts  fo r  P a n e ls  N o s. 3 a n d  11 ca rried , in  addition 
to  th e  f a t t y  acid , a  sm a ll a m o u n t of c e m e n t as  a  con­
s t itu e n t  o f th e  p ig m e n t. W h ile  th e  c o llo id a l silica 
fo rm e d  in  th is  w a y  m a y  h a v e  been  e ffic ien t in  sealing 
th e  p o res of th e  co n cre te , th e  f a t t y  a c id  evid e n tly  
a ffe c te d  th e  film , w h o se  e a r ly  d is in te g ra tio n  w o u ld  not 
p e rm it th e se  film s to  be c la ssed  as e ffic ie n t p ro tectio n  
fo r  co n cre te  su rfa ces.

T h e  p a in ts  on p an els  N o s. 6, 14 , 17 , 18, 19, 20, 21, 
22, 31 a n d  32 d e p e n d  fo r th e ir  e ffic ie n cy  on th e  presence 
o f a  n e u tra l g u m  v a rn ish . T h e se  p a n els  a ll exh ib ited  
v e r y  e a r ly  d is in te g ra tio n  of th e  co a te r . T h is  dis­
in te g r a tio n  w as, fo r th e  m o st p a rt , c h a ra c te r iz e d  by
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paratively  l it t le  v a lu e  as a  p ro te c tio n  to  th e  co n cre te  
surface up on  w h ich  i t  m a y  b e  a p p lie d .

The co a te rs  on  p a n els  N o s. 27 a n d  28 h e lp  to  p ro v e  
the co n ten tio n  t h a t  n o n -d ry in g  o ils  do  n o t  m a k e  go o d  
substitutes fo r  lin se ed  oil in  p a in ts , fo r  t h e y  w ere  
among th e  first to  sh o w  a te n d e n c y  to  d is in te g ra te .

The veh icles  o f th e  p a in ts  a p p lie d  to  p a n e ls  N os. 
1, 2, 7 and  15 w ere m a d e  up  v e r y  la r g e ly  o f d r y in g  
oil, the co n te n t o f v a r n is h  b e in g  sm a ll, a n d  th e  m in era l 
oils bein g co n fin ed  to  th e  th in n e rs . T h e se  p an els  
were, to  a ll a p p e a ra n ce s , th e  m o st e ffic ie n tly  p ro te c te d  
of any in th e  t e s t .  T h is  is  tru e  p a r t ic u la r ly  of p a n els  
Nos. 1 an d  2, w h ich  w ere p rim e  c o a te d  w ith  m ild
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process 'w h ite  le a d  a n d  oil a n d  fin ish ed  w ith  a  sp ecia l 
outside w h ite  m a d e  u p  o f a  co m p o site  p ig m e n t, w ith  
the linseed o il v e h ic le  c a r r y in g  a  sm a ll a m o u n t of 
varnish as a  h a rd e n er.

These tw o  p a n els  w ere  s u b je c te d  to  an  e sp e c ia lly  
severe te s t , in  t h a t  t h e y  w ere  e x p o se d  a t  th e  b a c k  
during th e  g r e a te r  p a r t  o f th e  te s t , th e  p ro te c tin g  
galvanized iro n  c o v e rs  h a v in g  b een  re m o v e d  fro m  
these p a r tic u la r  p a n e ls  a t  th e  e n d  o f th re e  m o n th s  
exposure. T h is  p e r m itte d  w a te r  t o  g e t  in  fro m  th e  
back of th e  p a n el, w h ich , h a d  th e  p o res o f th e  co n cre te  
not been p e r fe c t ly  sea led , w o u ld  h a v e  ca u s e d  a  d e cid ed  
saponification of th e  lin o x y n  film , fo r  th e  w a te r  w o u ld  
naturally h a v e  e v a p o r a te d  fro m  th e  sid e  o f th e  p a n e l 
exposed to  th e  su n , a n d  in  th is  e v a p o r a t io n  w o u ld  h a v e  
deposited co n sid e ra b le  lim e  w ith in  th e  film . H a d  th e  
lime com e to  th e  s u rfa ce  in  a n y  q u a n tit ie s  i t  m u st 
have sap o n ified  th e  film , as lin o x y n  is e x tre m e ly

s e n s itiv e  to  a lk a li ,1 b o th  so d iu m  h y d r o x id e , a n d  ca lc iu m  
h y d r o x id e  a tta c k in g  it  in  th e  co ld .

SU M M A R Y

A ss u m in g  w a te r  to  b e  an  im p o r ta n t  a g e n t in  th e  
d is in te g ra tio n  o f co n cre te  a n d  s tu c c o , th e re  is a  n e ce s­
s it y  fo r  a  s y s te m  o f w a te rp ro o fin g  t h a t  w ill p re v e n t 
a b so rp tio n . T h e  film  c o a te rs  m o st n e a r ly  fill su ch  a 
sp e c ifica tio n , w h ere  th e  s u rfa ce s  a re  to  be a t  a ll o rn a ­
m e n ta l.

N o  c o a tin g  co m p o u n d  ca n  b e  su cce ssfu l t h a t  w ill 
d is in te g r a te  u n d e r th e  in flu en ce  o f th e  w e a th e r . T h is  
e lim in a te s  fro m  co n sid e ra tio n  a n y  m a te r ia l t h a t  w ou ld  
n o t  b e  c la sse d  as a  g o o d  c o a te r  w h en  a p p lie d  to  o th e r  
m a te r ia ls  th a n  co n cre te .

A lth o u g h  lin o x y n  is r e a d ily  sa p o n ifia b le  in  th e  co ld , 
th e re  is  n o t, u n d er o rd in a ry  c o n d itio n s , e n o u g h  lim e 
ca rr ie d  o u t b y  th e  sm a ll a m o u n t o f w a te r  t h a t  m a y  
p e n e tr a te  a  p a in t  film  in  go o d  co n d itio n , to  ca u se  
d is in te g ra tio n  of th e  film . T h is  is e m p h a siz e d  b y  th e  
fa c t  t h a t  th e  d is in te g r a tio n  o f th e  p a in t  film  u n d er 
o b s e r v a tio n  in  th is  w o rk  is  no m o re  p ro n o u n c e d  on a 
rich  lim e  s tu c c o  th a n  on a  c e m e n t sa n d  co n cre te .

T h e  a b sen ce  of s ta in s  on  th e  g reen  p a in t  te s ts  in  th e  
cases of so m e of th e  p a n els  wrhose co a te rs  sh o w ed  
d is in te g ra tio n  a t  th e  t im e  of a p p lic a tio n  o f th e  green , 
w o u ld  in d ic a te  t h a t  th e  lim e  a t  th e  s u rfa ce  of th e  
p a n els  h a d  b e co m e  p r e t t y  w ell c a rb o n a te d  d u rin g  th e  
first y e a r . A n y  s tu c c o  e x p o sed  to  th e  w e a th e r  fo r  a 
y e a r ’s t im e  ca n  b e  c o a te d  s a t is fa c to r ily  w ith  a  go o d  
o u ts id e  p a in t.

A  su cce ssfu l co n cre te  c o a te r  sh o u ld  b e  co m p o u n d ed  
on th e  sa m e  b a sis  as is u sed  fo r  a  s a t is fa c to r y  o u tsid e  
p a in t  fo r  w o o d , w ith  o n ly  su ch  a d ju s tm e n ts  in  c o m ­
p o sitio n  as te n d  to  m a k e  i t  m o re  n e a r ly  im p e rv io u s , 
a n d  th e se  m u st n o t  b e  m a d e  a t  th e  e x p en se  o f th e  
e la s t ic ity  a n d  g e n e ra l d u r a b ility  o f th e  film .

T h e  p an els  o f th e se  te s ts  are  t o  b e  re p a in te d  w ith  th e  
o rig in a l m a te r ia ls , a n d  a fu r th e r  s e t  o f e x p e r im e n ts  
are  in  p ro gress in  w h ich  m e a su re m e n ts  o f th e  e x ­
p a n sio n  a n d  c o n tr a c tio n  of th e  in d iv id u a l p a n e ls  w ill 
b e  m ad e.

U n iv e r s it y  o f  M ic h ig a n  
A n n  A r b o r

TH E COMPARATIVE VALUE OF A CALCIUM LIM E AND  
A M AGNESIUM -CALCIUM  LIM E FOR  

W ATER SOFTENING .

B y  E d w a r d  B a r t o w  a n d  C l a r e n c e  S c h o l l  

Received Decem ber 4, 1913

O n th e  m a rk e t  th e re  a re  lim es m a d e  fro m  ca lc iu m  
lim e sto n es  a n d  lim e s m a d e  fro m  m a g n esiu m -ca lc iu m  
lim e sto n e s . T h e  la tte r  is fa v o r e d  b y  m a son s b e ca u se  
t h e y  th in k  i t  h a s  a  sm o o th e r p la s t ic ity . T h e  c la im  
h a s  been  t h a t  m a g n e siu m -ca lc iu m  lim e  is as g o o d  as 
ca lc iu m  lim e  fo r  w-ater s o fte n in g . W h ile  w e b e lie v e d  
t h a t  th e  c la im  fo r  m a g n e siu m -ca lc iu m  lim e  w a s  u n ­
w a r ra n te d , w'e w ere  g la d  to  m a k e  so m e la b o r a to r y  
e x p e r im e n ts  to  d e fin ite ly  s e tt le  th e  q u e stio n  fo r  o u r­

se lv es .
W e  co u ld  fin d  b u t  l i t t le  d a t a  co n ce rn in g  th e  e ffe c t  

of a  m a g n e siu m -ca lc iu m  lim e  fo r  w a te r  so fte n in g .

1 Andes, “ D rying  Oil and  Boiled O il,” p. 33.
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W e  fo u n d  a re c o rd 1 of a  s a w d u s t  f ilte r  im p re g n a te d  
w ith  m a g n e sia  u sed  fo r  th e  r e m o v a l o f ca lc iu m  sa lts .

In  a  p a p e r  on th e  e ffic ie n cy  o f lim e ,2 M r. W . F . 
M o n fo r t  s ta te s  t h a t  o n ly  th e  a v a ila b le  lim e  (C a O ) 
sh o u ld  be co n sid e re d  in  lim e  p u rch a sin g .

R e m o v a l o f m a g n esiu m  fro m  w a te r  is m e n tio n e d  
fr e q u e n tly  in  th e  lite r a tu r e  a n d  a  b e tte r  “ f lo c k ”  is 
o b ta in e d  w h en  m a g n esiu m  is p re se n t in  so lu tio n . 
T h is , h o w e v e r , h a s  n o th in g  to  do w ith  th e  e ffe ct of 
m a g n esiu m  p re se n t in  lim e.

W e  u sed  fo r  o u r e x p e rim e n ts  th e  w a te r  fro m  th e  
U n iv e r s ity  o f I llin o is  w a te r  s u p p ly . T h is  w a te r  is 
t y p ic a l  o f d eep  d r ift  w ell w a te rs  o f ce n tra l Illin o is. 
A n  a n a ly s is  sh o w s t h a t  i t  co n ta in s  22 p a r ts  p er m illio n  
o f ca rb o n  d io x id e , C 0 2; 128 p a r ts  p er m illio n  of c a lc iu m  
c a rb o n a te , C a C 0 3; 90 p a r ts  p er m illio n  of m a g n esiu m  
c a rb o n a te , M g C 0 3; an d  86.8 p a r ts  p er m illio n  of 
s o d iu m  c a rb o n a te , N a jC 0 3. P r e v io u s  e x p e r im e n ts 3 
h a v e -s h o w n  t h a t  276 p a r ts  p er m illio n  (e q u a l to  16.0 
g ra in s  p er g a llo n , 2.3 p o u n d s  p er th o u s a n d  ga llo n s) are 
re q u ire d  to  so fte n  th e  w a te r .

T h e  lim es u sed  w ere fu rn ish e d  b y  th e  O hio an d  
W e ste rn  L im e  C o m p a n y  fro m  th e ir  p la n ts  a t  B e d fo rd  
a n d  H u n tin g to n , In d ia n a . T h e  B e d fo rd  lim e, th e  
O x id e , is a  ca lc iu m  lim e c o n ta in in g  v e r y  l it t le  m a g ­
n esiu m . T h e  H u n tin g to n  lim es, on e o x id e  a n d  one 
h y d r a te , a re  m a g n e siu m -ca lc iu m  lim es co n ta in in g  a 
la rg e  q u a n t it y  o f m a g n esiu m . T h e  a n a ly se s  of th e  
lim es a re  g iv e n  b e lo w :

T h e  A n a l y s e s  o f  L im iis

Calcium M agnesium -Calcium  
lime Lime

(Bedford) (H untington)

H ydra ted  Oxide 
Substance Form ula  P er cent P er cent P er cent

Calcium ox ide .............................. CaO 95.60 47.42 53.71
M agnesium  oxide.......................  M gO 0 .84  33 .20  37 .60
Ferric oxide..................................  FeiO i 0 .02  0 .15  0 .09
A lum inium  oxide........................  AliOj 0 .85  0 .55  0 .86
Silica ...............................................  SiOj 0 .29  0 .03  0 .0 0
C arbon d ioxide...........................  COi 0 .18  3 .4 4  0.65
W a te r .............................................. HjO 2 .24  15.20 7 .08

T o ta l ................................................ 100.02 99 .99  99.99

m e t h o d  o f  p r o c e d u r e — A  n u m b e r o f p o rtio n s  o f 
w a te r  of on e lite r  e a ch  w ere  tr e a te d  w ith  em u lsion s 
m a d e  fro m  th e  th re e  lim es. T h e  em u lsio n s  w ere of 
su ch  s tre n g th  t h a t  i  cc. c o n ta in e d  a v a ila b le  ca lc iu m  
o x id e , e q u iv a le n t  to  5 m g. C a C 0 3. T h e  a v a ila b le  
c a lc iu m  o x id e  w as d e te rm in e d  b y  s u b tr a c t in g  fro m  th e  
to ta l  ca lc iu m  o x id e  th e  a m o u n t of ca lc iu m  o x id e  n ece s­
s a r y  to  co m b in e  w ith  th e  ca rb o n  d io x id e , C 0 2, in  th e  
lim e. F ifte e n  p o rtio n s  of w a te r  w ere s o fte n e d  to  d iffe r­
e n t  d egrees b y  a d d in g  a m o u n ts  of th e  em u lsio n  v a r y in g  
b y  10 cc. e a ch  fro m  10 to  150 cc. T w o  p o rtio n s  w ere  
so fte n e d  b y  a d d in g  a m o u n ts  less  th a n  xo cc. A fte r  
a d d in g  th e  em u lsio n  th e  p o rtio n s  w ere  th o r o u g h ly  
sh a k e n  a n d  a llo w e d  to  s ta n d  o v e r  n ig h t. E a c h  so lu tio n  
a fte r  filtr a tio n  w as a n a ly z e d . T h e  a lk a lin ity  to  p h en o l- 
p h th a le in  a n d  m e th y l o ra n g e , ca lc iu m , a n d  m a g n esiu m  
w ere d e te rm in e d . R e s u lts  are e x p re ssed  in  te rm s

1 J . Soc. Chem. Ind ., 1, 176.
■ Engineering News, 68 , 889.
» Univ. of 111., Bulletin Slate Water Survey, Series 7, 98; III. Soc. Eng. 6 * 

S u n .,  24, 213.

of ca lc iu m  c a rb o n a te  ( C a C 0 3), to  s im p lify  calculation. 
C o rre c tio n s  w ere m a d e  fo r  v o lu m e  in cre a se  due to 
w a te r  a d d ed  w ith  th e  em u lsion .

A  s t u d y  of th e  a n a ly tic a l  d a ta  o b ta in e d  show s the 
a c tio n  o f th e  tw o  lim es in  so fte n in g  w a te r . (Com pare 
T a b le s  I an d  I I ,  a n d  th e  figu re.) A ll th e  com parisons 
are  b a se d  on  th e  ca lc iu m  o x id e  c o n te n t o f th e  limes. 
B o th  lim es re a c t first w ith  th e  fre e  ca rb o n  d io xid e  and

T a b l e  I — E x p e r i m e n t  w i t h  C a l c i u m  L im e  
R esults arc expressed in parts  per million equ ivalen t to  CaCOi 

A lkalinity

CaO Phenol­ M ethyl
No. added phthalein orange Calcium Magnesium

0 ............. .........  0 0 332.0 128.8 108.3
1 .............. .........  12.5 1 2 . 1 342.0 152.7
2 .............. 14.1 340.0 141.0
3 .............. .........  50 14.1 315.1 129.1 123.3
4 .............. .........  100 14.3 297.8 102.7 124.5
5 .............. .........  150 30 .9 263.9 70.5 119.5
6 .............. .........  200 41 .6 239.2 43 .7 116.5
7 .............. .........  250 50 .4 199.5 29.7 1 1 0 . 0
8 .............. .........  300 63 .5 197.2 18.1 98.2
9 .............. 66 .4 199.0 25.2 96.8

1 0 ............. .........  400 71.1 192.2 31 .6 86.3
1 1 .............. .........  450 72 .0 163.5 21 .4 54.0
1 2 .............. .........  500 70.0 147.4 22.3 38.5
13............. 73 .3 128.8 2 2 . 2 25.1
14.............. .........  600 105.7 141.1 43 .6 11.3
15............. 138.1 158.2 74.3 12 .8
16.............. .........  700 182.8 205.2 140.5 11.5
17.............. 178.9 1 1 . 0

th e re  is an  in cre ase  in  th e  ca lc iu m  c o n te n t o f th e  water. 
A fte r  th e  ca rb o n  d io x id e  is u sed  u p  th e re  is  a  decrease 
in  th e  ca lc iu m  co n te n t, th e  d ecrease  b e in g  m u ch  more 
m a rk e d  in  th e  case  of th e  m a g n esiu m  ca lc iu m  lime. 
W h ile  th e  c a lc iu m  is m o re  r a p id ly  re m o v e d  b y  the 
m a g n esiu m  ca lc iu m  lim e, an  e q u iv a le n t  o f m agnesium  
go es in to  s o lu tio n . T h e re  is a  m ore ra p id  decrease 
in  th e  m e th y l o ra n g e  a lk a lin ity  w h en  ca lc iu m  lim e is 
u sed , th e  in te rc h a n g in g  of c a lc iu m  fo r  m agnesium

T a b l e  I I — E x p e r i m e n t  w i t h  M a g n e s i u m - c a l c i u m  L im e  
R esults are expressed in p a rt3 per million equ iva len t to  C a C O j 

Alkalinity

CaO Phenol­ M ethyl
No. added phthalein orange Calcium Magnesium

0 ....... ....... 0 0 332.0 128.8 108.3
1 ....... ............ 12.5 0 335 139.6 138.0
2 ............ ...........  25.0 0 318 113.9 144.3
3 ........... ...........  50 8 . 1 301 .0 65.7 160.3
4 ........... ...........  100 49 .0 289.7 3 4 .0 186.0
5 ........... ...........  150 72.1 292.5 216.0
6 ............ ...........  200 85.3 303.7 24.4 210.3
7 ............ ............ 250 109.2 27l7.2 2 1 . 1 195.8
8 ........... ...........  300 118.7 265.0 21.3 184.3 *
9 ........... ............ 350 113.4 224.7 17.5 144.8

1 0 ........... ...........  400 99 .4 200.9 21 .3 117.8
1 1 ........... ............ 450 80.7 165.7 21 .4 79.0
1 2 ............ 81.4 154.0 25. 1 61.0
13........... ...........  550 79.9 119.9 2 1 . 1 32.3
14........... ...........  600 76.2 114.2 26.8 29.0
15............. ...........  650 97.2 128.8 42.5 11.5
16............. ...........  700 132.2 159.6 70.9 10.3
17............. 193.2 216.2 126.8 10.3

le a v in g  th e  m e th y l o ra n ge  a lk a lin ity  n e a r ly  constant. 
T h e  p h e n o lp h th a le in  a lk a lin ity  in cre a se s  m ore rapidly 
w ith  th e  m a g n esiu m  ca lc iu m  lim e  d u e  to  th e  additional 
m a g n esiu m  h y d r a te  a d d ed . T h e  m a g n esiu m  reaches 
a  m a x im u m  o f 216  p a r ts  p er m illio n  (as C a C O j)  when 
th e  ca lc iu m  c o n te n t  a p p ro a ch e s  th e  m in im u m . The 
m a g n esiu m  a fte r  re a ch in g  a  m a x im u m  r a p id ly  decreases
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in am ount u n til th e  m in im u m  is re a ch ed  a t  th e  p o in t 
of com plete s o fte n in g . A t  th e  p o in t  of co m p le te  
softening th e  m e th y l o ra n g e  a lk a lin ity  a lso  re a ch es  
the m inim um  w h ile  th e  p h e n o lp h th a le in  a lk a lin it y  is 
increasing. F ro m  th e  p o in t o f m a x im u m  so fte n in g  
all the c o n stitu e n ts  e x c e p t  th e  m a g n e siu m  in cre ase . 
The m agn esium  does n o t in cre a se , n on e b e in g  a d d e d  
•with the ca lc iu m  lim e a n d  t h a t  p re se n t in  th e  m ag- 
nesium -calcium  lim e is n o t d isso lv ed .

s u m m a r y — T h e  d ifferen ce  b e tw e e n  th e  a c tio n  o f 
calcium  a n d  m a g n e s iu m -ca lc iu m  lim e s is t h a t  m a g ­
nesium re p lace s  th e  ca lc iu m  u n til a  m in im u m  o f c a l­
cium ca rb o n a te  is re a ch e d . I t  a lso  re a c ts  w ith  m a g ­
nesium a cid  c a rb o n a te  fo rm in g  m a g n esiu m  ca rb o n a te . 
W ith th e  a d d itio n  o f m o re  lim e  a ll o f th e  m a g n esiu m  
is p recip ita ted  as h y d ro x id e .

W a te r  S o p t e n i n g  b y  C a l c i u m  a n d  M a g n e s i u m — C a l c iu m  ( D o l o m i t e )  
Lime

The so fte n in g  of w a te r  is e v id e n t ly  d e p e n d e n t on 
the co n ten t of a v a ila b le  ca lc iu m  o x id e  a n d  th e re fo re  
all  ̂ lim e used  fo r  w a te r  so fte n in g  sh o u ld  b e  b o u g h t 
on_the basis o f th e  q u a n t it y  of a v a ila b le  ca lc iu m  o xid e. 
M oreover, i t  is n o t  a d v is a b le  to  p u rc h a se  lim e  c o n ta in ­
ing m agn esium  b e ca u se  th e  m a g n esiu m  is w ith o u t 
value for so fte n in g  a n d  in cre ase s  th e  a m o u n t of s lu d g e  
to be han dled .

U n iv e r s it y  o f  I l l in o is  
U r b a n a

l o w e r  l i m i t s  o f  c o m b u s t i b l e  a n d  e x p l o s i v e

MIXTURES OF GASES AND AIR1
B y  E . E . S o m e r m b ib r  

Received N ov. 21, 1913

The p re v e n tio n  o f ex p lo sio n s  in  m in es a n d  th e  
successful o p e ra tio n  o f m a n y  in d u s tr ia l a n d  m e ta l­
lurgical p rocesses are sto  a  la rg e  d egree  d e p e n d e n t u p o n  
definite in fo rm a tio n  re g a rd in g  th e  c o m b u s tib le  a n d  
explosive p ro p ertie s  o f m ix tu re s  o f g a se s  a n d  air. 
Much of th e  in fo rm a tio n  o n  th is  s u b je c t  fo u n d  iij. th e  
literature is in d efin ite , c o n tr a d ic to r y  a n d  in co m p le te  
or of lim ited  a p p lic a tio n  a n d  th e  d a ta  a re  so s c a tte re d  
and in su ch  u n s e rv ic e a b le  fo rm  t h a t  th e ir  p ro p er

1 Presented in outline to  the  C olum bus Section of th e  Am erican Chem i- 
“ 1 Society, Jan u ary  23. 1913.

c o rre la tio n , in te rp re ta t io n  a n d  a p p lic a tio n  is  n o t  a t  
a ll e a s y .

I t  is th e  p u rp o se  of th is  a rtic le  to  d iscu ss th e  c o n d i­
tio n s  u n d e r w h ich  g a seo u s m ix tu re s  m a y  b ecom e 
co m b u s tib le  or e x p lo s iv e , to  a n a ly z e  th e  v a r io u s  
fa c to r s  w h ich  c o n s t itu te  th e se  c o n d itio n s , to  in d ic a te  
a  m e th o d  fo r  c a lc u la tin g  th e  lo w e r lim its  o f co m b u s tib le  
a n d  e x p lo s iv e  m ix tu re s  a n d  to  co m p a re  th e  re su lts  
o f th e se  c a lc u la tio n s  w ith  e x is t in g  e x p e r im e n ta l d a ta . 
A d d it io n a l d a ta  b e a rin g  u p o n  th is  q u e stio n  w ill 
be p re se n te d  in  a  s u b s e q u e n t p a p er .

A s  a  p re lim in a ry  to  th e  d iscu ssio n  it  w ill be n ece s­
s a r y  to  d efin e w ith  so m e ca re  th e  te rm s w h ich  e n te r  
la r g e ly  in to  th e  d iscu ssio n .

IG N IT IO N  T E M P E R A T U R E

(x) T h e  ig n itio n  te m p e ra tu re  m a y  b e  d efin ed  as 
th e  te m p e ra tu re  to  w h ich  a  m ix tu re  of g a s  a n d  a ir  
or g a s  a n d  o x y g e n  m u st b e  ra ised  in  o rd e r to  p ro d u ce  
an  a p p r e c ia b ly  ra p id  c h e m ica l re a ctio n .

(2) T h e  m o re  u su a l d e fin itio n  o f ig n it io n  te m p e r a ­
tu r e  is th e  te m p e ra tu re  to  w h ich  a  p o rtio n  o f a  m ix tu re  
of g a s  a n d  a ir  or g a s  an d  o x y g e n  m u st b e  ra ised  in 
o rd er t h a t  ch e m ica l re a c tio n  m a y  ta k e  p la c e  th r o u g h o u t 
th e  e n tire  g a s . T h is  d e fin itio n  im p lies  a  se lf-su sta in in g  
re a c tio n  a n d  its  a p p lic a tio n  ig lim ite d  to  co m b u s tib le  
a n d  e x p lo s iv e  m ix tu re s . I t  m a k e s  no d is t in c tio n  b e ­
tw e e n  th e  ig n it io n  te m p e ra tu re  of co m b u s tio n  a n d  th e  
ig n it io n  te m p e ra tu re  of exp lo sio n  a n d  on th is  a c c o u n t 
i t  is n o t a d e q u a te . T h e  te m p e ra tu re  o f ig n it io n  of 
c o m b u stio n  a n d  th e  te m p e ra tu re  of ig n it io n  o f e x ­
p lo sio n  are tw o  d is t in c t  te m p e ra tu re s  co rresp o n d in g  
to  tw o  d iffe re n t re a c tio n  v e lo c it ie s  an d  a d iv is io n  
in to  tw o  s e p a ra te  d efin itio n s  is d e sirab le .

(a) T h e  ig n itio n  te m p e ra tu re  o f co m b u s tio n  is 
th e  te m p e ra tu re  to  w h ich  a p o rtio n  o f a  ga s  m ix tu re  
m u st b e  ra ise d  in  o rd e r t h a t  co m b u s tio n  m a y  ta k e  
p la ce  a n d  th e  re a c tio n  b e  p ro p a g a te d  th r o u g h o u t  th e  
e n tire  m ass of gas.

(b) T h e  ig n itio n  te m p e ra tu re  of exp lo sio n  is th e  
te m p e ra tu re  to  w h ich  a p o rtio n  of a  g a s  m ix tu re  m u st 
b e  ra ised  in  o rd er t h a t  an  exp lo sio n  m a y  o ccu r a n d  be 
p ro p a g a te d  th r o u g h o u t  th e  e n tire  m ass o f gas.

T h e  firs t d e fin itio n  is o f im p o rta n c e  as d efin in g  th e  
te m p e ra tu re  n e ce ssa ry  to  b rin g  a b o u t a  re a ctio n . 
T h e  la tte r  d efin itio n s  are , h o w e v e r , th e  o n es of p r a c ­
t ic a l  im p o rta n c e  sin ce  t h e y  are  th e  a c tu a l te m p e r a ­
tu re s  n e c e s sa ry  to  p ro d u c e  a  co m b u s tio n  o r an  e x ­
p lo sio n  fo r  a  g iv e n  m ix tu re  u n d e r a  g iv e n  s e t  of co n d i­
tio n s.

T H E  IG N IT IO N  T E M P E R A T U R E S  O F C O M B U ST IO N

A c c o rd in g  to  D ix o n  a n d  C o w a r d ,1 th e  te m p e ra ­
tu re s  to  w h ich  v a r io u s  ga ses  a n d  a ir  or g a ses  a n d  
o x y g e n  m u s t b e  h e a te d  in  o rd e r to  secu re  ig n itio n  w h en  
m ix ed  are as fo llo w s:

G a s O x y g e n  A i r

H ydrogen ...............................................  580-590° 580-590°
C arbon m onoxide................................... 637-658° 644-658°
M eth a n e .................................................  536-700° 650-750°
E th a n e ..................................................... 520-630° 520-630°

T h e s e  v a lu e s  a re  fo r  a  p ressu re  of o n e  a tm o sp h e re .
» Chem. News, 99 (1909). 139.
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D im in ish in g  th e  p ressu re  of th e  r e a c tin g  ga ses to  one- 
h a lf  a tm o sp h e re  ra ises  th e  te m p e ra tu re  o f ig n itio n  
a b o u t 5 d egrees. In c re a s in g  th e  p ressu re  2 a tm o s ­
p h eres lo w e rs  th e  ig n itio n  te m p e ra tu re  b y  a b o u t 
30 d egrees.

In  s ecu rin g  th e se  v a lu e s  th e  tw o  ga ses w ere h e a te d  
in  s e p a ra te  tu b e s  a n d  w ere th e n  m ixed  a n d  g iv e n  an  
o p p o r tu n ity  t o  r e a c t  b efo re  a n y  a p p re c ia b le  co o lin g  
h a d  o ccu rre d . E a c h  ga s w as ra ised  to  th e  sam e 
te m p e ra tu re  a n d  u n d er th e se  co n d itio n s  an  excess 
of e ith e r  on e o r th e  o th e r  g a s  ca u sed  lit t le  d ifferen ce  
in  th e  re q u ire d  ig n itio n  te m p e ra tu re . T h e  v a lu e s  
g iv e n  in c lu d e  th e  te m p e ra tu re s  of ig n itio n  of b o th  
rich  an d  p o o r m ix tu re s  o f ga s  w ith  a ir a n d  w ith  o x y g e n . 
A s  w ill be seen  fro m  th e  ta b le , ca rb o n  m o n o x id e  a n d  
h y d ro g e n  h a v e  p r a c t ic a lly  th e  sa m e  ig n itio n  te m p e ra ­
tu re  w ith  a ir  as w ith  o x y g e n . T h e se  v a lu e s  are th e  
te m p e ra tu re s  a t  w h ich  a c tiv e  re a c tio n  ta k e s  p la ce  an d  
co rresp o n d  to  th e  firs t d e fin itio n  of ig n itio n  te m p e ra ­
tu re . T h e  e x p e rim e n ts  do  n o t, h o w e v e r , ta k e  in to  
a c c o u n t a t  a ll w h e th e r o r n o t  th e  re a ctio n  is self- 
s u s ta in in g  a n d  on th is  a c c o u n t th e  re su lts  do  n o t n eces­
s a r ily  re p re se n t th e  a c tu a l ig n itio n  te m p e ra tu re s  of 
co m b u s tib le  m ix tu re s . T h e y  are, h o w e v e r , o f v a lu e  
as a  b asis  fo r  th e  d iscu ssio n  o f th e se  te m p e ra tu re s ,

IG N IT IO N  T E M P E R A T U R E  OF E X P L O S IO N  

P r o b a b ly  th e  m o st re lia b le  v a lu e s  are th o se  g iv en  
b y  1 'a lk .1 1 hese v a lu e s  fo r  ig n itio n  te m p e ra tu re s
w ere secu red  u n d er v e r y  h igh  p ressu res a n d  h en ce  
w h ile  t h e y  p r o b a b ly  re p re se n t th e  re q u ired  ig n itio n  
te m p e ra tu re s  of th e  e x p lo s iv e  w a v e  th e y  do n o t n eces- 
s a i i ly  e xp ress v e r y  c lo s e ly  th e  te m p e ra tu re s  n e ce ssa ry  
to  s ta r t  e x p lo s iv e  re a ctio n s  a n d  o rig in a te  th e  h igh  
p ressu re  e x p lo s iv e  w a v e s . F a l k ’s v a lu e s  fo r  th e  ig n i­
tio n  te m p e ra tu re s  o f d iffe re n t e x p lo s iv e  m ix tu re s  
of h y d ro g e n  a n d  o x y g e n  an d  o f ca rb o n  m o n o x id e  an d  
o x y g e n  a re  as fo llo w s:

H i +  Oi -  514°
2H i +  Oi -  540°

H i +  2 0 i -  532°
H i +  Oi +  4N t -  637°

2 C O  +  O i  -  601  °
4 C O  +  O i  -  6 2 8 °

C O  +  O ,  6 3 1 °
2 C O  +  Oj +  2 N i  =  6 8 5 °

T h e se  v a lu e s  a re  fo r  p ressu res o f fro m  30 to  40 
a tm o sp h e re s. T h e  d a ta  w ere o b ta in e d  b y  q u ick  
co m p re ssio n  o f th e  m ix tu re s  to  th e  p o in t w here th e  
in cre a se  in  p ressu re  ra ised  th e  m ix tu re  to  a  te m p e ra ­
tu r e  h ig h  e n o u g h  to  ca u se  ig n itio n  a n d  exp lo sio n .

D IF F E R E N C E  B E T W E E N  C O M B U ST IO N  A N D  E X P L O S IO N

T h a t  th e  te m p e ra tu re  o f ig n it io n  a n d  th e  te m p e ra ­
tu re  o f e x p lo sio n  a re  tw o  s e p a ra te  te m p e ra tu re s  
co rresp o n d in g  t o  tw o  d ifferen t re a c tio n  v e lo c it ie s  is 
p e rh a p s  b e st  sh o w n  b y  d iscu ssin g  in  so m e d e ta il th e  
d ifferen ce  b e tw e e n  co m b u stio n  an d  e x p lo sio n .

D u rin g  co m b u stio n  th e  ig n itio n  is co m m u n ica te d  
d ire c t fro m  m o lecu le  to  m o lecu le  a n d  th e  zon e  of 
co m b u s tio n  sp re a d s  as  a  c o n tin u o u s  a d v a n c in g  flam e, 
an d  if, d u rin g  th e  c o m p a r a t iv e ly  s lo w  re a c tio n  of 
co m b u stio n , th e  a d v a n c in g  zo n e  o f co m b u stio n  m eets 
an  a p p re c ia b le  la y e r  o f in e rt  g a s  th e  flam e is e x tin ­
gu ish ed  a n d  co m b u stio n  ceases. In  an  exp lo sio n  th e  
h ig h  p ressu re  d e v e lo p e d  b y  th e  in itia l exp lo sio n  s ta r ts

1 Jour, A m . Chem. Sac., 39 (1907). 1536.

a d e to n a tin g  or e x p lo s iv e  w a v e  w h ich , tra v e lin g  with 
g re a t ra p id ity  (in th e  case of h y d r o g e n  2 m iles  a second), 
p ro d u ces  a  v e r y  h ig h  p ressu re  in  th e  ga s. The gas 
b e in g  ra ised  to  th e  ig n itio n  te m p e ra tu re  b y  this high 
p ressu re, ig n ite s  a n d  fu rn ish e s  fu r th e r  e n e rg y  for con­
tin u in g  th e  p ro p a g a tio n  of th e  e x p lo s iv e  w a v e . During 
th e  exp lo sio n  th e  ig n itio n  m a y  b e  co n sid e re d  as origi­
n a tin g  a t  a  g re a t n u m b e r o f s e p a ra te  p o in ts  along the 
e x p lo s iv e  w a v e , an d  if a  co lu m n  o f h y d ro g e n  and air 
2 m iles lo n g  w ere to  b e  e x p lo d ed , th e  t im e  of the igni­
tio n  o f th e  p o rtio n  fa r th e s t  fro m  th e  p o in t  o f origin 
w ou ld  be o n ly  one seco n d  la te r  th a n  t h a t  a t  the origin 
of th e  exp lo sio n . W h ile  a  p r a c t ic a lly  continuous 
m ass of ig n itin g  ga s  w o u ld  e x is t fro m  e n d  to  end of 
th e  co lu m n , th e  ig n itio n  w o u ld  n o t  b e  a  continuous 
p ro p a g a tio n  fro m  m o lecu le  t o  m o lecu le ; a n d  if, in the 
co lu m n  o f e x p lo s iv e  m ix tu re , a  la y e r  of in ert gas of 
m o d e ra te  th ick n e ss  ex ists , th e  e x p lo s iv e  w a v e  would 
p ass th ro u g h  th is  in e rt  ga s  an d  th e  exp losion  con­
tin u e  on  th e  o th er side.

The d is tin ctio n  b e tw e e n  a v io le n t  exp losion  and 
a m o d e ra te  co m b u stio n  is n o t d ifficu lt to  m ake but 
th e  e x a c t  lin e  of se p a ra tio n  b e tw e e n  v ig o ro u s  combus­
tio n  a n d  fee b le  exp lo sio n  is n o t so e a s ily  d raw n . For 
th e  sam e m ix tu re  of g a s  th e  ig n itio n  o f a  sm a ll volume 
m a y  be c le a r ly  a  co m b u stio n  w h ile  in  th e  ign ition  of 
a la rg e r v o lu m e  th e  co m b u stio n  m erges in to  and be­
com es an  exp lo sio n . A ssu m in g  th e  d istin ctio n  be­
tw een  an  e x p lo sio n  a n d  a co m b u stio n  to  be based  upon 
w h eth e r th e  re a ctio n  is th e  co n tin u e d  com m unication  
fro m  m o lecu le  to  m o lecu le  or is p ro p a g a te d  as an 
e x p lo s iv e  w a v e  du e to  p ressu re , th e re  is, a t  least 
th e o r e tic a lly , no d iff ic u lty  in  c la ss ifica tio n . On this 
b asis  e v e r y  e x p lo sio n  is p re ced e d  b y  a  m ore or less 
b rie f p erio d  of in itia l co m b u stio n .

W ith  a  la rg e  q u a n t ity  of ga s  a c o m b u s tib le  mixture 
is an  e x p lo s iv e  m ix tu re , s in ce  w h en  co m b u stio n  is 
o n ce  s ta r te d  one o f th ree  co n d itio n s  m u st result. 
1  he re a c tio n  d ecreases in  r a p id ity , is co n sta n t, or 
in creases in  ra p id ity . I f  th e  ra te  d ecreases, th e  re­
a c tio n  is n o t se lf-su sta in in g  a n d  th e  m ix tu re  is not 
co m b u stib le . U n d er a c tu a l c o n d itio n s  a  com bustion 
a t  an  e x a c t ly  co n sta n t  v e lo c ity  is n o t l ik e ly  to  occur; 
a c c o rd in g ly , a n y  c o m b u stib le  ga s w ill h a v e  an  acceler­
a te d  v e lo c ity  of re a ctio n , a n d  w ith  a  considerable 
a m o u n t of g a s  p re se n t an  e x p lo sio n  w ill o ccu r.

V E L O C IT IE S  O F C O M B U S T IB L E  AND E X P L O S IV E  REACTIONS

If  th e  te m p e ra tu re  o f ig n itio n  o f co m b u stio n  and 
th e  te m p e ra tu re  o f ig n itio n  o f exp lo sio n  are clearly 
re co g n ize d  as co rresp o n d in g  m ore or less c lo sely  to 
d ifferen ces  in  th e  v e lo c itie s  o f th e  re a ctio n s , i t  follows 
t h a t , fo r  a n y  p a r tic u la r  m ix tu re  of g a s  w ith  a ir  or with 
o x y g e n  an d  u n d e r a n y  g iv e n  s e t o f co n d itio n s , there 
m u st be a  m in im u m  a n d  a m a x im u m  ra te  of ve lo city  
o f c o m b u s tio n . I f  th e  ra te  of re a c tio n  is less th a n  the 
m in im u m  th e  g a s  is in co m b u stib le  o r w ill n o t  burn 
u n d e r th e  g iv e n  co n d itio n s. I f  th e  ra te  o f reaction 
re a ch es  o r b eco m es g re a te r  th a n  a c e r ta in  m axim um  
th e  p ressu re  d e v e lo p e d  p ro d u ces  a  te m p e ra tu re  sufficient 
to  s ta r t  ig n itio n  th r o u g h o u t th e  g a s  a n d  th e  com bustion  
b eco m es an  exp lo sio n . J u s t  w h a t  th e  v e lo c ity  of the
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reaction w ill be a t  a n y  g iv e n  in s ta n t  fo r  a n y  g iv e n  
mixture or for a n y  g iv e n  set of co n d itio n s  is d e p e n d e n t 
upon a 'n um ber of fa c to r s , th e  e ffe c ts  of w h ich  w ill 
be considered in  d e ta il. So m e of th e se  fa c to r s  are 
as follow s:

(1) The th e rm a l c o n d u c t iv it y  of th e  gases.
(2) T he in itia l te m p e ra tu re  of th e  r e a c tin g  m ix tu re .
(3) T he in itia l p ressu re  o f th e  r e a c tin g  m ix tu re .
(4) T he th e rm a l c a p a c ity  o f th e  co n ta in e r.
(5) T h e a m o u n t o f e xcess of e ith e r  r e a c tin g  gas 

over the ra tio  g iv in g  th e  m a x im u m  sp eed  o f re a ctio n .

(6) T h e a m o u n t of in e rt  ga ses o r p ro d u c ts  of co m ­
bustion p resen t, su ch  as n itro g e n , ca rb o n  d io x id e , 
and w ater vap o r.

(7) T h e h e a t o f th e  re a ctio n .
(8) T h e vo lu m e  of th e  r e a c tin g  m ix tu re .
(9) T h e len gth  o f t im e  t h a t  th e  re a c tio n  h a s  been  

in progress.

Nos. 1, 2, 3 a n d  4 are e ffe c tiv e  as lo n g  as th e  v e lo c ity  
of the reactio n  is t h a t  o f co m b u stio n , b u t  d u r in g  an 
actual explosion  t h e y  are of l i t t le  e ffe c t  on th e  ig n itio n  
tem perature o f exp lo sio n  a fte r  th e  ex p lo sio n  is  a c tu a lly  
under w a y . T h e y  h a v e , h o w e v e r , a  v e r y  d ecid ed  
effect in a id in g  or p re v e n tin g  th e  o ccu rre n ce  of th e  
explosive rea ctio n .

An excess of e ith e r  g a s  or th e  p resen ce  o f in e rt  
gases retard s th e  v e lo c it y  o f re a c tio n  a n d  h en ce  raises 
the ignition te m p e ra tu re  w h e th e r  i t  b e  o f co m b u stio n  
or of explosion. A h  in cre a se  in  th e  in itia l te m p e ra tu re  
of the m ixtu re  lessen s th e  ra d ia tio n  a n d  co n d u ctio n  
losses and h en ce  lo w e rs  th e  a c tu a l te m p e ra tu re  re ­
quired for co m b u stio n . In  an  exp lo sio n  an  in crease  
in the in itia l te m p e ra tu re  of th e  m ix tu re  does n o t 
lower the a c tu a l ig n itio n  te m p e ra tu re s  of exp lo sio n , 
but since i t  lessens th e  a d d itio n a l h e a t  re q u ire d  to  
bring a b o u t th e  o ccu rre n ce  of th e  re a c tio n , i t  lo w ers 
the lim it of th e  a m o u n t of c o m b u s tib le  g a s  n e ce ssa ry  
to be p resent a n d  m a k es  th e  ga s  c o rre s p o n d in g ly  m ore 
explosive.

For exam p le, a  g iv e n  m ix tu re  of g a s  of a  c o m p o si­
tion such t h a t  a t  o °  th e  m ix tu re  does n o t u n d ergo  
combustion, m a y , u p o n  an  in cre ase  in  te m p e ra tu re , 
become n o t o n ly  c o m b u s tib le  b u t  a c tu a lly  e x p lo s iv e , 
because-an in crease  in  in itia l te m p e ra tu re  is e q u iv a le n t  
to so m uch m ore h e a t  g e n e ra te d  b y  th e  re a c tio n , and  
may so a cce le ra te  th e  ra te  of re a c tio n  as to  ch a n g e  
the gas fro m  an in c o m b u s tib le  m ix tu re  in to  a  c o m ­
bustible an d  e x p lo s iv e  one. O n th e  o th e r  h a n d , a 
diminished in itia l te m p e ra tu re  in cre ase s  th e  co n d u ctio n  
and rad iatio n  losses a n d  a lso  in cre ase s  th e  te m p e ra tu re  
required fo r co m b u stio n , s in ce  w ith  a  la rg e  ra d ia tio n  
and con duction  loss th e  ra te  o f re a c tio n  m u st be a c ­
celerated, or th e  m ix tu re  w ill n o t  s u p p o rt co m b u stio n . 
In an exp losion  th e  p ressu re  d e v e lo p e d  is  so h ig h  th a t  
small d ifferen ces in  th e  in itia l p ressu re  are  of lit t le  
effect if an  e x p lo sio n  is o n ce  s ta r te d , b u t  a  d im in ish ed  
initial pressure m a y  e ffe c tiv e ly  p r e v e n t  th e  exp lo sio n  
from begin n in g sin ce  th e  in cre a se d  co n d u c tio n  an d  
radiation losses a t  d im in ish ed  p ressu re  m a y  p re v e n t 
a com bustion re a c tio n  fro m  a c c e le ra tin g  in to  an  e x ­
plosive one.

E F F E C T  ,O F  R A D IA T IO N  A N D  C O N D U C T IO N  L O S SE S

D u rin g  th e  in it ia l s ta g e  w h en  th e  sp ee d  of c o m b u s tio n  
is s lo w , ra d ia tio n  a n d  c o n d u ctio n  losses a re  c o rre ­
s p o n d in g ly  la rg e . F o r  th e  sa m e  te m p e ra tu re  c o n d i­
tio n s  th e  ra d ia tio n  a n d  c o n d u c tio n  losses fo r  e q u a l 
in te r v a ls  o f t im e  m a y  be re p re se n te d  b y  th e  sp h e r ic a l 
su rfa ce  of th e  a d v a n c in g  co m b u s tio n  zo n e , w h ich  s u r fa c e  
in cre ase s  w ith  th e  sq u a re  of th e  ra d iu s; a n d  if  r a d ia ­
tio n  a n d  c o n d u ctio n  losses b e  re p re se n te d  fo r  th e  first 
seco n d  b y  c, fo r  th e  seco n d  seco n d  t h e y  w ill b e  4c, 
fo r  th e  th ird  seco n d  16 c, e tc . M e a n w h ile  th e  ga s  
b u rn e d , or th e  t o ta l  h e a t  g e n e ra te d , is as th e  cu b e  
of th e  d is ta n ce  th e  co m b u stio n  zon e  h a s  a d v a n c e d , 
a n d  a t  th e  en d  o f th e  first seco n d , if it  b e  re p re se n te d  
b y  d, a t  th e  e n d  o f th e  seco n d  se co n d  it  w ill b e  8d, 
a t  th e  en d  o f th e  th ird  seco n d  64d, e tc . F ro m  th e se  
v a lu e s , i t  is a p p a re n t t h a t  fo r  e q u a l te m p e ra tu re  
co n d itio n s , th e  ra d ia tio n  a n d  c o n d u ctio n  loss, if  50 
p er ce n t d u rin g  th e  first seco n d , w ill b e  o n ly  a b o u t  
25 p er ce n t d u rin g  th e  seco n d  seco n d  a n d  a b o u t 12 V s 
p er ce n t d u rin g  th e  th ir d  seco n d , e tc . T h is  d im in ish in g  
o f th e  p e rce n ta g e  o f r a d ia tio n  a n d  c o n d u ctio n  losses 
le a v e s  m ore h e a t  a v a ila b le  fo r  fu r th e r  ra is in g  th e  
te m p e ra tu re  o f th e  r e a c tin g  ga ses , a n d  h e n ce  fo r  an  
a cce le ra tio n  of th e  co m b u s tio n  re a ctio n s  a b o v e  th e  
in itia l ra te . T h is  ra is in g  o f th e  te m p e ra tu re  of th e  
re a c tin g  ga ses a b o v e  th e  in itia l ig n itio n  te m p e ra tu re , 
is a cco m p a n ie d  a lso  b y  in cre a se d  ra d ia tio n  a n d  co n ­
d u c tio n  losses a n d  th e  a c tu a l p e rc e n ta g e  d e crease  
o f th e se  losses is  n o t  q u ite  as ra p id  as fig u red  a b o v e .

E F F E C T  OF P R E S S U R E  ON R A T E  O F R E A C T IO N

A  ra p id  in cre a se  in  th e  ra te  o f th e  co m b u stio n  re ­
a c tio n  is a cco m p a n ie d  b y  an  in cre ase  in  p ressu re  of 
th e  re a c tin g  g a s  w h ich  in  tu r n  fu r th e r  a c c e le ra te s  
th e  ra te  of re a c tio n . D ix o n  an d  C o w a r d 1 sh o w  t h a t  
an  in cre ase  in  p ressu re  fro m  on e a tm o sp h e re  to  tw o  
a tm o sp h e re s  lo w e rs  th e  re q u ire d  ig n itio n  te m p e ra tu re  
fo r  co m b u stio n  a b o u t 3 0 °, fro m  w h ich , if  th e  te m p e r a ­
tu re  of th e  r e a c tin g  ga ses re m a in s  th e  sa m e, d o u b lin g  
th e  p ressu re  is e q u iv a le n t  in  its  e ffe c t  on  th e  ra te  of 
co m b u stio n  re a ctio n s  to  ra is in g  th e  te m p e ra tu re  30 
w h ich  as w ill be sh o w n  la te r  co rresp o n d s to  an  e ig h t­
fo ld  in cre ase  in  th e  ra te  o f re a ctio n .

E F F E C T  O F D U ST ON  R E A C T IO N  V E L O C IT Y  OR ON IG N IT IO N  

T E M P E R A T U R E

A ll ga s  re a ctio n s  a re  a c c e le ra te d  b y  c o n ta c t  w ith  
so lid s a n d  th e  e ffe c t  on  th e  ig n it io n  te m p e ra tu re  of 
e x c e e d in g ly  fine d u s t p a r tic le s  in  th e  g a s  sh o u ld  be 
ta k e n  in to  a c c o u n t. I t  is  w ell k n o w n  t h a t  h y d ro g e n  
a n d  o x y g e n  in  c o n ta c t  w ith  fine p a lla d iu m  w ill r a p id ly  
u n ite  a t  te m p e ra tu re s  b e lo w  io o °  a n d  if e x tre m e ly  
fine p a rtic le s  o f p a lla d iu m  w ere  to  be in  su sp en sion  
th r o u g h o u t  a  m ix tu re  o f o x y g e n  a n d  h y d r o g e n , it  
m ig h t b e  e x p lo s iv e  a t  o rd in a ry  te m p e ra tu re s . V e r y  
fine d u st o f a n y  k in d  h a s  th e  sam e e ffe c t  to  a  g r e a te r  
or less d egree  a n d  th e  e ffe c t  o f d u s t  in  co a l m in es is  
th re e fo ld : (1) T h e  v e r y  fine p a rtic le s  m a y  a c c e le ra te
th e  ig n itio n  re a ctio n  a n d  h en ce  lo w e r th e  te m p e ra tu re s  
of ig n itio n . (2) T h e  co a l p a rtic le s , b e in g  th e m s e lv e s  
co m b u s tib le , in cre a se  th e  th e rm a l v a lu e  of th e  g a s

■ Chem. News, 99 (1909), 139.
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a n d  co rre s p o n d in g ly  less m e th a n e  o r o th e r c o m b u stib le  
g a s  is re q u ire d  to  fo rm  an e x p lo s iv e  m ix tu re . (3) 
T h e  p a rtic le s , in  b e in g  ra ised  to  th e  ig n itio n  te m p e ra ­
tu re  of th e  g a s, a b so rb  h e a t  an d  in  th e  case  of th e  
co a rser d u st th is  a b so rp tio n  o f h e a t  m a y  m ore th a n  
c o u n te r a c t  a n y  a c c e le ra tio n  e ffe ct du e to  s u rfa ce  e ffe ct 
u p o n  th e  g a s  re a ctio n . In  th e  case o f n o n -co m b u stib le  
d u st as  ro c k  d u s t, th e  re ta r d in g  e ffe c t  m a y  so fa r  
e xce ed  th e  a c c e le ra tin g  in flu en ce  as to  re n d er gases 
less c o m b u s tib le  or e x p lo s iv e , w h ile  if th e  d u st is 
e x c e e d in g ly  fine the c o n d itio n s  m a y  be re v e rse d  an d  
th e  m ix tu re  m a y  b ecom e m ore e x p lo s iv e . E x p e r i­
m e n ta l re su lts  b y  A b e l1 on th e  e ffe ct o f fine m agn esiu m  
o x id e  u p o n  th e  e x p lo s iv e  p ro p e rtie s  o f m ix tu re s  of 
m e th a n e  a n d  a ir  sh o w ed  an a p p re c ia b le  in cre ase  in 
th e  e x p lo s iv e  q u a lity  o f th e  gas.

T h e  E x p lo s io n s  in  M in es  C o m m itte e 2 in  th e ir  th ird  
re p o rt d isag ree  w ith  A b e l ’s re su lts  an d  s ta te  th a t  
as th e  re su lt  o f an  e x te n d e d  series o f e x p erim en ts  
i t  fo u n d  no a p p re c ia b le  e ffe ct p ro d u c ed  b y  fine 
in c o m b u s tib le  d u st a n d  th a t  th e  a c tu a l e ffe ct o f th e  
presen ce  o f su ch  in co m b u s tib le  d u st is to  re n d er a  gas 
a n d  a ir  m ix tu re  less e x p lo s iv e . E x p e rim e n ts  b y  D ix o n  
a n d  C a m p b e ll3 sh o w  errors in  A b e l ’s w o rk  a n d  th e ir  
re su lts  a g re e  w ith  th e  E x p lo s io n  in  M in es  C o m m itte e ’s 
re p o rt, t h a t  th e  p resen ce  o f in c o m b u s tib le  d u s t  does 
n o t  m a k e  a  g a s  m ix tu re  m ore e x p lo s iv e .

T h e  fin d in gs  of th e  E x p lo s io n  in  M in es  C o m m itte e  
a n d  th e  re su lts  o b ta in e d  b y  D ix o n  a n d  C a m p b e ll 
a p p a r e n t ly  d isp ro v e  A b e l ’s co n clu sio n s an d  in d ica te  
t h a t  th e  d a n g e r fro m  ro c k  d u s t  h as b een  g r e a t ly  e x ­
a g g e ra te d . T h e se  e x p e rim e n ts , h o w e v e r , do n o t n eces­
s a r ily  d is p ro v e  th e  g e n era l s ta te m e n t t h a t  th e  p resen ce  
o f e x c e e d in g ly  fine d u s t p a r tic le s  does a cce le ra te  gas 
re a c tio n s  an d  it  is e n t ire ly  p o ssib le  t h a t  th e ir  e x p e r i­
m e n ts  if  re p e a te d  on  g a s  m ix tu re s  co n ta in in g  e x ce e d ­
in g ly  fine d u st p a rtic le s  o f o th e r k in d s  m ig h t sh o w  an 
in crease  in  e x p lo s iv e  p ro p e rtie s  du e  to  th e  p resen ce  of 
in e rt  d u st. I f  th e  d u st its e lf  is  co m b u s tib le  th e  in ­
crea se  in  th e  e x p lo s iv e  p ro p e rtie s  o f th e  g a s  due to  
th e  p resen ce  o f th e  d u s t is u n q u e stio n ed .

E F F E C T  O F IN C R E A S E  IN  T E M P E R A T U R E  ON R A T E  OF 

R E A C T IO N

A c c o rd in g  to  O stw a ld , in  m a n y  ch e m ica l re a ctio n s , 
th e  ra te  o f re a c tio n  is d o u b le d  b y  an  in cre ase  of 10 °. 
I f  th is  ra te  o f in cre a se  h o ld s tru e  th r o u g h o u t a  ran ge  
of io o ° ,  th e  re a c tio n  v e lo c it y  o f a ga s h a v in g  an  in itia l 
ig n itio n  te m p e ra tu re  of 700 °, if  ra ised  to  8000 w ou ld  
in cre ase  a p p ro x im a te ly  a  th o u sa n d fo ld . T h e  ra d ia ­
tio n  a n d  c o n d u ctio n  loss a t  S o o ° as co m p a red  w ith  
t h a t  a t  70 0 0 is n o t m o re  th a n  in  th e  ra tio  o f a b o u t 
5 to  3. H en ce , in  co m p ariso n  w ith  th e  in crease  in  
th e  sp ee d  o f re a ctio n , th e  in cre ase  in  ra d ia tio n  a n d  
c o n d u ctio n  loss is o f m in o r im p o rta n ce .

T h e  m in im u m  v e lo c itie s  o f re a c tio n  o f co m b u stio n  
a n d  of ex p lo sio n  a n d  th e  co rresp o n d in g  ig n itio n  te m ­
p e r a tu r e s  o f co m b u s tio n  a n d  o f exp lo sio n , are  d ifferen t 
fo r  d iffe re n t m ix tu re s  a n d  d ifferen t co n d itio n s. T h e

1 R eport to  the  Secretary  of S ta te  for the  H orae D epartm ent, M arch 
23, 1881. For review of th is see Colliery Guardian, 105 (1913), 812.

5 Colliery Guardian, 105 (1913), 848.
* Jour. Soc. Chem. Ind ., 32 (1913), 6S4-6S7.

v e lo c ity  o f co m b u stio n  m u st b e  su ffic ien t to  keep the 
re a ctio n  se lf-su sta in in g  a n d , since th e  requirements 
fo r  b e in g  se lf-su sta in in g  are d e p e n d e n t up o n  the com­
b in ed  in flu en ces of a ll th e  fa c to r s  m en tio n ed , it is 
e v id e n t th a t  th e  a c tu a l v e lo c ity  a n d  h en ce  th e  actual 
ig n itio n  te m p e ra tu re  are d ifferen t fo r  e v e r y  different 
se t  o f co n d itio n s. T h e  m axim u m  v e lo c ity  of combus­
tio n  an d  th e  ig n itio n  te m p e ra tu re  corresponding to 
th is  v e lo c ity  are lik ew ise  d ifferen t fo r  each  particular 
se t o f co n d itio n s. T h e  m axim u m  v e lo c it y  of combus­
tio n  a n d  th e  co rresp o n d in g  ig n itio n  temperature 
m a y  be co n sid ered  as th e  m in im u m  v e lo c ity  and the 
m in im u m  te m p e ra tu re  re q u ired  to  p ro d u ce  an explo­
sion. I t  fo llo w s, th e re fo re , t h a t  a n y  p a rtic u la r  tem­
p e ra tu re  of ig n itio n  o f  co m b u stio n  a n d  a n y  particular 
te m p e ra tu re  of ig n itio n  of exp lo sio n  ca n  be accurately 
s ta te d  o n ly  fo r som e d efin ite  m ix tu re  u n d e r som e definite 
s e t  o f co n d itio n s.

SUM M ARY

In  o rd er to  be a d e q u a te , s ta te m e n ts  regard in g the 
ig n itio n  te m p e ra tu re  of a  ga s  m ix tu re  m u st be ex­
p lic it  as to  w h eth e r th e  te m p e ra tu re  o f combustion 
or th e  te m p e ra tu re  of exp lo sio n  is m e a n t. A lso the 
p a rtic u la r  m ix tu re  of th e  ga s  w ith  o x y g e n  or w ith air 
m u st b e  s ta te d  as w ell as d a ta  as to  th e  presence of 
in ert gases a n d  th e  in itia l te m p e ra tu re  dnd th e  initial 
pressure.

T H E R M A L  R E Q U IR E M E N T S  F O R  C O M B U ST IO N  AND 

E X P L O S IO N  AND T H E  C A L C U L A T IO N  OF TH E 

C O M PO S IT IO N S OF C O M B U S T IB L E  AND 

E X P L O S IV E  M IX T U R E S

W h ile  th e  v a lu e s  fo r ig n itio n  te m p e ra tu re s  vary 
w ith  d ifferen ces in  co n d itio n s, th e  ex p erim en ta l data 
a v a ila b le  are  su fficien t to  s e rv e  as th e  b a sis  for the 
th e o re tica l ca lcu la tio n s  of th e  co m p o sitio n  of com­
b u stib le  an d  e x p lo siv e  m ix tu re s . T h is  calculation 
in v o lv e s  th e  h e a t of co m b u stio n , th e  tem p e ra tu re  of 
ig n itio n  a n d  th e  th e rm a l c a p a c ity  of th e  re a c tin g  gases. 
A  b rie f d iscussion  of th is  la s t  fa c to r  is a d v isa b le .

TH E R M A L  CA PA C ITY  OF G A SES

T h e  th e rm a l c a p a c ity  of a  g a s  fo r  a n y  g iv en  tem­
p e ra tu re  ra n ge  is th e  a m o u n t of h e a t  re q u ire d  to  raise 
it  th ro u g h  th is  ran ge, an d  is th e  p ro d u c t  o f its  mean 
sp ecific  h e a t, th e  n u m b er of d egrees of tem perature 
th ro u g h  w h ich  it  is ra ised , a n d  th e  n u m b e r of unit 
q u a n titie s  h e ate d . T a b le s  of th e rm a l c a p a c ity  afford 
an  e a s y  a n d  re a d y  m eans fo r  d e te rm in in g  th e  sensible 
h e a t co n ta in e d  in  th e  d ifferen t re a c tin g  ga ses or in the 
p ro d u c ts  of co m b u stio n  fo r d ifferen t te m p e ra tu re  in­
te r v a ls . T h e  ta b le s  m a y  be c a lc u la te d  to  a n y  basis 
desired , as fo r  e x a m p le  th e  th e rm a l c a p a c ity  of the 
ga s  p er g ra m  m o lecu lar vo lu m e, or th e  th e rm a l capacity 
of th e  ga s p er g ram , or p er p o u n d , or th e  therm al 
c a p a c ity  p er g ra m  or p er p o u n d  o f on e of th e  con­
s titu e n ts .

T h e  th e rm a l c a p a c ity  of som e of th e  com m on  gases 
fro m  o °  to  te m p e ra tu re  t °  is g iv e n  in  th e  following 
ta b le . T h e  v a lu e s  are  in  sm a ll ca lo r ies  p er gram  molec­
u la r  vo lu m e  o f ga s  u n d er co n sta n t p ressu re , and are 
d e riv ed  fro m  th e  gen era l fo rm u la s  g iv e n  b y  Lewis
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and R a n d a ll.1 T h e se  fo rm u la s  are  b a se d  u p o n  th e  
work of H o lb o rn  a n d  A u s te n , H o lb o rn  a n d  H en n in g  
and Pier. T h e y  are th e  b e st d a ta  a v a ila b le  on  th e  
specific h e ats  an d  th e rm a l c a p a c itie s  o f gases.

T a b l e  o p  T h e r m a l  C a p a c it ie s

Tempera 
ture 
0 C.

0*.
Ni, CO H i

COj
SOj HtO C H 4

71
calories

0 0000 0000 0000 0000 0000 0000
50 340 338 448 422 # 504 100

100 682 679 910 843 1038 200
150 1027 1022 1386 1263 1602 300
200 1375 1367 1877 1684 2196 400
250 1725 1715 2380 2104 2820 500
300 2077 2064 2897 2526 3474 600
350 2432 2416 3426 2950 4158 700
400 2789 2770 3966 3377 4872 800
450 3148 3125 4512 3804 5601 900
500 3512 3485 5081 4237 6390 1000
550 3876 3845 5650 4671 7179 1100
600 4243 4209 6239 5112 8028 1200
650 4613 4573 6828 5556 8877 1300
700 4986 4942 7436 6008 9786 1400
750 5360 5311 8043 6462 10695 1500
800 5738 5685 8667 6927 11664 1600
850 6116 6058 9290 7394 12633 1700
900 6501 6436 9929 7875 13662 1800
950 6885 6814 10567 8357 14691 1900

1000 7273 7196 11219 8857 15780 2000

Colum n 7 g iv e s  th e v a lu e fo r 2 1 ca lo ries w h ich
the am oun t b y  w h ich  th e  th e rm a l v a lu e  a t  co n sta n t 
pressure m u st b e  d im in ish ed  to  o b ta in  th e  th e rm a l 
value a t c o n sta n t v o lu m e . F o r  e x a m p le , th e  th e rm a l 
capacity of one m o lec u la r v o lu m e  o f a ir  a t  600° a t  
constant p ressu re is 4243. A t  c o n sta n t v o lu m e  i t  is 
4243 —  2(600) or 3043.

L IM IT S  OF C O M B U S T IB L E  M IX T U R E S

In c a lcu la tin g  th e  co m p o sitio n  of a  m ix tu re  t h a t  
will su p po rt co m b u stio n , th e  th e rm a l c a p a c ity  of a 
mixture sh o u ld  b e  c a lc u la te d  a t  c o n s ta n t  p ressu re, 
since in co m b u stio n  w ith o u t  e x p lo sio n  th e  ga ses h a v e  
time to  e xp a n d . In  c a lc u la tin g  th e  lo w e r lim it  of 
a com bustible m ix tu re  th e  h e a t  w h ich  m u st be su p p lie d  
by the co m b u stio n  m a y  b e  co n sid e re d  as e q u a l to  th e  
quantity lo st b y  ra d ia tio n  a n d  co n d u ctio n  p lu s th e  
thermal c a p a c ity  o f th e  m ix tu re  o f g a s  and  a ir  a t  co n ­
stant pressure w h en  ra ised  fro m  th e  in itia l te m p e ra ­
ture (/) to  th e  ig n itio n  te m p e ra tu re  (/')• T h e  h ig h er 
(0 the less th e  loss d u e  to  ra d ia tio n  an d  co n d u ctio n  
at the te m p e ra tu re  (/ '), a n d  h en ce  (/') d ecreases  as 
(0 increases. T h e  d ifferen ce , (I' —  t) b e in g  sm a lle r, 
the th erm al c a p a c ity  of th e  p ro d u c ts  o f co m b u stio n  
is sm aller a n d  less c o m b u s tib le  g a s  is re q u ire d  to  be 
present in th e  m ix tu re . In  g e n era l, an  in cre a se  in  
the in itia l te m p e ra tu re  (/) lo w e rs  th e  ig n it io n  te m ­
perature (/'), d ecreases th e  d ifferen ce  (t ' —  I), lo w ers 
the th erm al re q u ire m e n ts  fo r  co m b u s tio n  c o n d itio n s  
and as a  re su lt  lo w e rs  th e  lim it  o f c o m b u s tib le  gas 
required in  o rd er to  h a v e  a  c o m b u s tib le  m ix tu re .

L IM IT S  OF E X P L O S IV E  M IX T U R E S

In ca lc u la tin g  th e  co m p o sitio n  of an  e x p lo s iv e  
mixture th e  th e rm a l c a p a c ity  o f th e  m ix tu re  sh o u ld  
be taken as a t  c o n sta n t  v o lu m e , sin ce  w ith  an  e x p lo ­
sion tra v e lin g  a t  a  h ig h  v e lo c ity  th e  g a ses  h a v e  l it t le  
opportunity to  e x p a n d . L oss of h e a t  b y  co n d u ctio n

1 Jour, A m . Chtm. Soc., 34 (1912). 1128.

is a  sm a ll fa c to r  d u rin g  an  exp lo sio n  b u t  th e  q u a n t it y  
of h e a t  g e n e ra te d  m u st be su ffic ien t n o t o n ly  to  su sta in  
b u t  to  g r e a t ly  in cre a se  th e  o rd in a ry  ra te  o f co m b u s ­
tio n . F o r  e x a m p le , in  th e  co m b u stio n  of a  six  p er ce n t  
m ix tu re  of m e th a n e  in  a ir th e  h e a t  g e n e ra te d  b y  th e  
co m b u stio n  of th e  first v o lu m e  o f th e  m ix tu re  is su ffic ien t 
to  h e a t  a b o u t th re e  v o lu m e s  o f a d d itio n a l m ix tu re  
to  th e  ig n itio n  te m p e ra tu re  o f co m b u stio n  a n d  th e  
h e a t  g e n e ra te d  b y  th e  co m b u stio n  of th ese  th re e  
v o lu m e s  is  su ffic ien t to  ra ise  9 v o lu m e s  of m ix tu re  
to  th is  ig n it io n  te m p e ra tu re . T h e  in cre ase  b e in g  
a  g e o m e tr ica l one, th e  ra te  of th e  re a c tio n  q u ic k ly  
ch a n g e s  th e  co m b u stio n  in to  an  e xp lo sio n .

In  an  e x p lo s iv e  re a c tio n  th e  h e a t  d e v e lo p e d  b y  th e  
e xp lo sio n  ca n n o t be less a n d  as a  m a tte r  o f fa c t  c o n ­
s id e r a b ly  exce ed s  th e  th e rm a l c a p a c ity  o f th e  g a s  or 
p ro d u c ts  o f co m b u stio n  h e a te d  fro m  th e  in itia l te m ­
p e ra tu re  (0 to  th e  ig n itio n  te m p e ra tu re  of th e  e x ­
p lo s iv e  m ix tu re  (/')■ In  d e te rm in in g  th e  lo w e r lim it  
o f an e x p lo s iv e  m ix tu re , a ssu m in g  on e v o lu m e  of m ix ­
tu re , th e  e q u a tio n  m a y  b e  w ritte n  as  fo llo w s: H e a t
d e v e lo p e d  b y  co m b u stio n  of X  v o lu m e  o f ga s  e q u a ls  
th e  ra d ia tio n  a n d  c o n d u ctio n  lo ss p lu s  th e  th e rm a l 
c a p a c ity  of X  v o lu m e s  of g a s  p lu s ( i  —  X )  v o lu m e s  
of a ir fro m  te m p e ra tu re  (/) to  te m p e ra tu re  (/'), X  
b e in g  th e  u n k n o w n  a m o u n t o f c o m b u s tib le  ga s  n ece s­
s a r y  t o  b e  p re se n t, a n d  t ’  th e  ig n it io n  te m p e ra tu re . 
W ith  ra d ia tio n  a n d  co n d u ctio n  losses q u ite  sm a ll 
a n d  w ith  a  k n o w n  v a lu e  fo r  t ',  th e  v a lu e  of X  is re a d ily  

c a lc u la te d .
F o r  e x a m p le , a ssu m in g  t e q u a ls  o °  a n d  I’ , th e  te m ­

p e ra tu re  o f an  e x p lo s iv e  m ix tu re  o f m e th a n e  a n d  
a ir, as 850°, th e  v a lu e  o f X  is d e te rm in e d  as fo llo w s: 
X  m o lec u la r  v o lu m e s  o f m e th a n e  on  co m b u stio n  g iv e s  
A "( i9 i,2 o o )  ca lo ries . T h is  e q u a ls  th e  th e rm a l c a p a c ity  
of A' m o lecu la r v o lu m e s  of m e th a n e  a n d  (1 —  X )  
m o lec u la r v o lu m e s  o f a ir fro m  o to  850° a t  c o n sta n t  
v o lu m e , or A ’( i9 i ,2 o o )  e q u a ls  A ’( io ,9 3 3 )  +  (1 —  A') 
(4 4 16 ). T h e re fo re , AT =  2.4 p er ce n t.

A ssu m in g  75 0 ° as th e  ig n itio n  te m p e ra tu re  o f c o m ­
b u s tio n , a  2.4 p er ce n t m ix tu re  of m e th a n e  in  a ir w ill 
n o t s u p p o rt co m b u stio n  as sh o w n  b y  th e  fo llo w in g  
co n sid e ra tio n s:

0.024 m o lecu lar v o lu m e s  o f m e th a n e  on co m b u stio n  
g iv e s  45S9 ca lo ries . T h e  th e rm a l c a p a c ity  of 0.024 
m o lec u la r  v o lu m e s  of m e th a n e  p lu s  0.976 m o lecu la r 
v o lu m e s  o f a ir fro m  o t o  75 0 ° a t  co n sta n t  p ressu re 
e q u a ls  0 .0 24(10 ,695) +  0 .976(5,360 ) =  5488 ca lories, 
or a  d e fic ie n cy  in  h e a t  o f 900 ca lo ries . T h e  th e o r e tic a l 
a m o u n t o f m e th a n e  re q u ire d  fo r  co m b u stio n  a t  750° 
is c a lc u la te d  as fo llo w s:

X  m o lec u la r v o lu m e s  o f m e th a n e  on co m b u stio n  
g iv e  Ar( i9 i ,2 o o )  ca lo ries . T h is  e q u a ls  th e  th e rm a l 
c a p a c ity  of X  m o lec u la r  v o lu m e s  of m e th a n e  p lu s 
(1 —  X )  m o le c u la r  v o lu m e s  o f a ir  fro m  o to  75 0 ° 
a t  c o n sta n t  p re ssu re ; o r A T (i9 i,2 o o ) e q u a ls  A '( io ,6 9 5 )  +  
(1 —  A') (5360), fro m  w h ich  i t  fo llo w s  th a t  A' e q u a ls  

2.9 p er ce n t.
W ith  an  in itia l te m p e ra tu re  o f 30° (86° F .)  a b o u t 

V25 less o f m e th a n e  w ill b e  re q u ired  or a b o u t 2.3 p er 
c e n t fo r  an  e x p lo s iv e  m ix tu re  a n d  2.8 p er ce n t  fo r  a  
co m b u s tib le  m ix tu re . T h e  e x p e r im e n ta l v a lu e s  fo r
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th e  lo w e r lim its  o f an  e x p lo s iv e  or co m b u s tib le  m ix tu re  
o f m e th a n e  a n d  a ir  a re  u s u a lly  g iv e n  as fro m  5.5 to 
6 p er ce n t o f m e th a n e. A ssu m in g  th e  v a lu e  5.5, 
th e  excess  g a s  o v e r  th e  c a lc u la te d  a m o u n t re q u ired  
fo r  co m b u s tio n  is 5.5 —  2.8 =  2.7 p er ce n t, a n d  th e  
excess ga s  o v e r  th e  c a lc u la te d  a m o u n t re q u ire d  for 
ex p lo sio n  is 5.5 —  2.3 =  3.2 p er c cn t. T h e se  v a lu e s  
in d ic a te  t h a t  d u rin g  co m b u stio n  an d  fo r  th e  te m p e ra ­
tu re  a ssu m ed , 75 0 °, 50 p er ce n t of th e  h e a t lib e ra te d  
is  a v a ila b le  fo r  ra d ia tio n  an d  co n d u ctio n  losses a n d  fo r 
a c c e le ra tin g  th e  re a c tio n ; w h ile  d u rin g  an  exp lo sio n  
fo r  th e  te m p e ra tu re  a ssu m ed , 850°, w ith  ra d ia tio n  
a n d  co n d u ctio n  losses p r a c t ic a lly  n eg lig ib le , n e a r ly  
60 p er ce n t  o f .th e  e n tire  h e a t  lib e ra te d  is e xp en d e d  in 
a c c e le ra tin g  th e  re a ctio n  or in  in cre a sin g  th e  pressu re  
o f  th e  ga s.

C A L C U L A T IO N  OF L O W E R  L IM IT S  OF C O M B U S T IB L E  AND 

E X P L O S IV E  M IX T U R E S  OF H Y D R O G E N  AN D  A IR

A ssu m in g  an  ig n itio n  te m p e ra tu re  o f 6000 th e  
c a lc u la tio n  fo r  a  co m b u s tib le  m ix tu re  is as fo llo w s: 
In  one v o lu m e  of m ix tu re  le t  X  e q u a l th e  vo lu m e  
o f h y d ro g e n  a n d  1 —  A'' th e  v o lu m e  o f a ir. T h e n  
X ( 5 8 ,io o ) ,  th e  ca lo ries  o f h e a t  d e v e lo p e d , eq u als  
th e  th e rm a l c a p a c ity  a t  c o n s ta n t p ressu re  fro m  o °  
to  6000 o f X  v o lu m es  o f h y d ro g e n  p lu s (1 —  X )  
v o lu m e s  of a ir, w h ich  e q u a ls  X (4 2 o g )  +  Ar(4243). 
F ro m  th is  i t  fo llo w s  t h a t  X  e q u a ls  7.3 p er ce n t. W ith  
a n  in itia l te m p e ra tu re  o f a ir an d  g a s  a t  30° (86° F .)  
th e  th e rm a l c a p a c ity  o f th e  m ix tu re  is a b o u t V20 less 
th a n  th is  v a lu e ; th e re fo re , V20 less o f h y d ro g e n  or 
o n ly  6.9 p er ce n t w ill be re q u ire d  to  fu rn ish  th e  n eces­
s a r y  h e a t  u n its .

A ss u m in g  an  ig n it io n  te m p e ra tu re  fo r exp lo sio n  
o f 70 0 0 C . an d  n e g le c tin g  ra d ia tio n  and  co n d u ctio n
losses, th e  lo w e r lim it  o f an  e x p lo s iv e  m ix tu re  of
h y d ro g e n  a n d  a ir  is o b ta in e d  b y  ta k in g  th e  th e rm a l 
c a p a c it y  o f th e  ga s a t  c o n sta n t  v o lu m e  an d  is fo u n d
as fo llo w s: L e t  X  e q u a l th e  h y d ro g e n  p re se n t in
o n e  v o lu m e  of th e  m ix tu re ; th e n  th e  h e a t  p ro d u ced  
b y  th e  co m b u stio n  of th e  h y d ro g e n , e q u a ls  th e  th e rm a l 
c a p a c it y  a t  c o n sta n t v o lu m e  o f X  v o lu m es  of h y d ro g e n , 
p lu s  1 —  X  v o lu m e s  o f a ir h e a te d  fro m  o to  700°. 
In  figu res th is  is as fo llo w s:

Ar(s 8 ,io o )  =  Ar(3,542) +  (1 —  X )  (3 ,586), in  w h ich  
th e  v a lu e  of X  =  6.2 p er ce n t.

W ith  an  in itia l te m p e ra tu re  o f a ir  a n d  ga s  a t  3 0 0 
th e  th e rm a l c a p a c ity  o f th e  m ix tu re  is a b o u t V25 
less th a n  th is  v a lu e ; th e re fo re , V25 less h y d ro g e n  or 
o n ly  6 p er ce n t w ill b e  re q u ire d  to  fu rn ish  th e  n ece s­
s a r y  h e a t  u n its. T h e  c a lc u la te d  v a lu e s , 6.9 p er c e n t 
a n d  6.0 p er ce n t, are  s lig h t ly  to o  h ig h , o w in g  to  th e  
f a c t  t h a t  th e  th e rm a l c a p a c ity  o f th e  p ro d u c ts  of th e  
re a c tio n , Hz +  a ir  (*/* 0  +  1.9  N 2) =  H 20  +  1.9  N i, 
is  lo w e r th a n  th e  c a p a c ity  o f th e  u n b u rn e d  ga s, h ence 
a fte r  th e  re a c tio n  a n d  a fte r  th e  p ro d u c ts  h a v e  b een  
ra is e d  to  th e  te m p e ra tu re  o f ig n itio n  th e re  is  a  su rp lu s 
o f h e a t  w h ich  is a v a ila b le  fo r  h e a tin g  a  sm all 
a d d it io n a l a m o u n t o f u n b u rn e d  m ix tu re  or fo r  h e a tin g  
th e  p ro d u c ts  to  a  te m p e ra tu re  h ig h e r th a n  th e  ig n itio n  
te m p e ra tu re .

F ro m  th e  ta b le  o f th e rm a l c a p a c ity  th e  c a p a c itie s

fro m  o °  to  6000 befo re  an d  a fte r  th e  com bustion of 
one m o lecu lar v o lu m e  of h y d ro g e n  w ith  o x y g e n  to form 
w a te r  v a p o r  are  as fo llo w s:

C apacity  of unburned gas, H i +  1/2 O2 =  4209 +  1/2 (4243) =  6331
C apacity  of w ater vapor formed =*5112
Excess • = 1219

T h is  excess (12 19  calories) is a  l it t le  o v e r  2 per cent 
of th e  to ta l h e a t lib e ra te d  b y  th e  co m b u stio n  of one 
m o lec u la r v o lu q ie  o f h y d ro g e n  (58 ,100 calories). 
T h e re fo re , th e  ca lc u la te d  v a lu e s  of co m b u stib le  and 
e x p lo s iv e  m ix tu res, 6.9 a n d  6.0 p er ce n t, are corre­
s p o n d in g ly  2 per ce n t, o r V50 to o  h ig h . Making 
th is  co rrec tio n  th e  v a lu e s  are  a b o u t 6.8 a n d  5.9 per 
c e n t. T h e  th e rm a l ca lcu la tio n s  on m e th a n e  and air 
are  s u b je c t  to  a  s im ilar co rrec tio n , w h ich , however, 
a m o u n ts  to  o n ly  470 ca lo ries  p er m o le c u la r  volum e of 
m eth an e  b u rn e d  or 191,200 ca lo ries , w h ich  is less 
th a n  p er ce n t of th e  t o ta l  h e a t  p ro d u c ed  and is 
m ore of th e o re tic a l in te re st th a n  of p r a c t ic a l importance.

T E M P E R A T U R E  R E Q U IR E D  FO R  IG N IT IO N  F O R  COMBUSTION 

CO M PA R ED  W IT H  T E M P E R A T U R E  R E Q U IR E D  FOR 

IG N IT IO N  F O R  E X P L O S IO N

In  th e  fo re g o in g  c a lc u la t io n s .th e  ig n it io n  tempera­
tu re  of co m b u stio n  fo r  a  m ix tu re  of h y d ro g e n  in air 
is assu m ed  as 6000 a n d  th e  ig n itio n  tem p e ra tu re  for 
co m b u stio n  fo r  a  m ix tu re  of m e th a n e  in  a ir  is assumed 
as 750 °. T h e se  v a lu e s  are  a p p ro x im a te ly  D ixo n  and 
C o w a r d ’s h ig h e st v a lu e s  fo r  ig n it io n  tem peratures, 
whi^h fo r  h y d ro g e n  an d  a ir  are  580° to  590° and for 
m eth an e  a n d  a ir 650 ° to  750°. T h e  ig n it io n  tempera­
tu res  o f exp lo sio n  o f h y d ro g e n  a n d  a ir  a n d  methane 
a n d  a ir  are  assu m ed  as 100° h ig h er th a n  th e  ignition 
te m p e ra tu re s  o f co m b u stio n . T h e se  v a lu e s  are not 
to  be re g a rd ed  as e x a c t  b u t s e rv e  m e re ly  as a basis 
o f ca lcu la tio n  an d  fo r  d iscu ssio n  of e x p lo s iv e  condi­
tio n s. T h e  v a lu e  700° assu m ed  fo r  h y d ro g e n  is 1860 
h ig h er th a n  F a lk ’s v a lu e  fo r th e  ig n it io n  tem perature 
of exp lo sio n  fo r  a  50 per ce n t m ix tu re  of hydrogen 
in  a ir  a n d  6 7 °  h ig h er th a n  h is v a lu e  fo r  th e  ignition 
te m p e ra tu re  of a  16 per ce n t m ix tu re  o f hydrogen  in 
a ir.

I f  te m p e ra tu re  a lon e w ere th e  ca u se  fo r th e  greater 
ra p id ity  of an  in itia l e xp lo sio n  re a c tio n  compared 
w ith  a  co m b u stio n  re a ctio n , th e  te m p e ra tu re  required 
to  s ta r t  an  exp lo sio n  n ece ssa rily  w o u ld  be v e ry  con­
s id e r a b ly  h ig h er th a n  th a t  re q u ired  to  su stain  com­
b u stio n . H o w ev er , as h as b een  a lre a d y  shown, 
th e  h igh  p ressu re  d u rin g  an  exp lo sio n  is an  im portant 
fa c to r  in  p ro d u c in g  ig n itio n  o f th e  g a s  a t  independent 
p o in ts  th ro u g h o u t th e  m ass. D u rin g  com bustion 
th e  la rg e  ra d ia tio n  a n d  co n d u ctio n  losses, w hich  losses 
are  p r a c t ic a lly  a b se n t d u rin g  an  e x p lo sio n , necessarily 
ra ise  th e  a c tu a l tem p e ra tu re  a t  w h ich  th e  com bustion 
re a ctio n  is self-su sta in in g  c o n sid e ra b ly  a b o v e  that 
w h ich  w o u ld  be re q u ired  if  th e se  losses are absent- 
T a k in g  th e  in flu en ces of th e se  fa c to r s  in to  account 
it  is  co n ce iv a b le  t h a t  th e  te m p e ra tu re  n ecessary  to 
s ta r t  a n d  su sta in  a co n tin u o u s co m b u s tio n  reaction 
a c tu a lly  m a y  b e  as h igh  or h ig h er th a n  th e  required 
ig n itio n  te m p e ra tu re  of an  exp lo sio n  re a ctio n  after 
th e  e x p lo s iv e  w a v e  is once s ta r te d .
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VALUES O B T A IN E D  BY T H E R M A L  C A L C U L A T IO N S COM ­

P A R E D  W IT H  A C T U A L  V A L U E S

In ordinary co m b u stio n , as h a s  a lr e a d y  b een  s ta te d , 
the products of th e  re a ctio n s  a re  n e c e s sa rily  h e a te d  
considerably a b o v e  th e  te m p e ra tu re  a c tu a lly  re q u ire d  
to produce th e  re a c tio n . O th e rw ise  th e  c o n d u c tio n  
and radiation of h e a t  to  a d ja c e n t  m o lecu les  of u n b u rn e d  
gas and air w o u ld  n o t  be su ffic ie n t to  ra ise  a n y  of th e m  
to the a ctu a l co m b in in g  te m p e ra tu re , a n d  in  th e rm a l 
calculations fo r  c o m b u s tio n  w h ere  th e  h e a t  e v o lv e d  
is assumed as e q u a l to  th e  th e rm a l c a p a c it y  of th e  
reacting gases ra ise d  to  th e  ig n it io n  te m p e ra tu re , 
the calculated  v a lu e  fo r  th e  a m o u n t of c o m b u s tib le  
gas required m u st b e  lo w e r  th a n  th e  a m o u n t a c tu a lly  
required. I f  on th e  o th e r  h a n d , th e  a m o u n t o f co m ­
bustible gas a c tu a lly  re q u ire d  to  p ro d u c e  a n  e x p lo s iv e  
mixture is m ad e th e  b a sis  o f a  th e rm a l c a lc u la tio n , 
the value o b ta in e d  fo r  ig n it io n  te m p e ra tu re  o f th e  m ix ­
ture is h igher th a n  th e  a c tu a l te m p e ra tu re  re q u ire d  
to cause ch em ica l re a c tio n  t o  t a k e  p la c e  in  th e  m ix tu re . 
The effect of ra d ia tio n  a n d  c o n d u c tio n  losses is  to  
raise the re q u ired  ig n it io n  te m p e r a tu r e  a n d  to  in cre a se  
the am ount of c o m b u s tib le  g a s  re q u ire d  to  p ro d u c e  
a self-sustaining co m b u stio n .

In general, a n y  th e rm a l e q u a tio n  b a se d  on th e  
temperature a t  w h ich  tw o  g a ses  w ill u n ite  if  ra ised  
to that te m p e ra tu re  w ill g iv e  a  re s u lt  fo r  th e. a m o u n t 
of com bustible ga s  re q u ire d  lo w e r th a n  t h a t  w h ich  
will be o b ta in ed  e x p e r im e n ta lly .

Likewise, a n y  th e rm a l e q u a tio n  fo r  c o m b u s tio n  
which ba lan ces if i t  is  b a se d  on e x p e r im e n ta l d a ta  
actually o b ta in e d  on  ga s m ix tu re s  t h a t  s u p p o r t  c o m ­
bustion m u st g iv e  a  v a lu e  fo r  th e  ig n it io n  te m p e r a ­
ture higher than^ the te m p e ra tu re  a t  w h ich  co m b u s tio n  
takes place.

POTENTIAL E X P L O S IV E  P R O P E R T IE S  OF GAS M IX T U R E S

The resu lts o f th e rm a l c a lc u la tio n s  b a se d  u p o n  
the tem p eratu re  a t  w h ich  a c tu a l c h e m ic a l re a c tio n  
takes place fixes th e  lo w e s t  lim its  of th e  a m o u n t of 
combustible gas re q u ire d  fo r  a  g iv e n  s e t  o f c o n d itio n s . 
Any increase in  a m o u n t o f c o m b u s tib le  g a s  o v e r  th is  
lower lim it or a n y  c h a n g e  of c o n d itio n s  m a y  m a k e  
the m ixture a t  le a s t  p o te n t ia lly  c o m b u s tib le  or e x ­
plosive. T h e  th e o r e tic a l v a lu e  o f 5.9 p er c e n t  as th e  
lower lim it o f an  e x p lo s iv e  m ix tu re  of h y d r o g e n  in  a ir 
and the v a lu e  of 2.4 p er ce n t  as  th e  lo w e r  lim it  o f an  
explosive m ix tu re  of m e th a n e  in  a ir  are  b a se d  on  ig n i­
tion tem p eratu res of 70 0 0 fo r  h y d r o g e n  a n d  850° 
for m ethane. F a lk ’s v a lu e  fo r  th e  ig n it io n  te m p e r a ­
ture of explosion  of a  16 p er ce n t  m ix tu re  o f h y d ro g e n  
111 air is o n ly  6 3 7 °, fro m  w h ich  it  a p p e a rs  t h a t  th e  
assumption o f 700° as th e  ig n itio n  te m p e ra tu re  w ith  
approximately a  6 p er ce n t  m ix tu re  is  p r o b a b ly  n o t 
too low. N a tu ra l g a s  a n d  g a s  in  co a l m in es fr e q u e n tly  
contain 10 to  15 p er ce n t  e th a n e  w h ich  h as an  ig n it io n  
temperature of co m b u s tio n  as lo w  as 520° a n d  h as 
»bout tw ice th e  h e a tin g  v a lu e  of m e th a n e  v o lu m e  fo r  
v°lume, w hich  m a k e s  a  2 p er ce n t  m ix tu re  o f n a tu r a l 
£as at least as e x p lo s iv e  as  a  2.4 p er ce n t  m ix tu re  of 
e th a n e. F ro m  th e se  co n sid e ra tio n s  i t  is a p p a re n t 
1 at any m ix tu re  of o v e r  6 p er ce n t  o f h y d r o g e n  in

a ir  a n d  of o v e r  2 p er ce n t  of n a tu r a l g a s  w ith  a ir  m a y  
b e  a t  le a s t  p o te n t ia lly  e x p lo s iv e .

T h e ^ r e s u lts  o b ta in e d  in  th e  la b o r a to r y  w ith  e x ­
p lo s iv e  m ix tu re s  are p re s u m a b ly  o b ta in e d  w ith  p r a c ­
t ic a l ly  d u st-fre e  ga s  a n d  h e n c e  w ith  ga s h a v in g  a  h ig h  
ig n it io n  te m p e ra tu re . F u r th e r m o re , in  la b o r a to r y  
te s ts  th e  re su lts  a re  u s u a lly  o b ta in e d  w ith  m ix tu re s  
rich  e n o u g h  to  ig n ite  a n d  e x p lo d e  w ith o u t  a n y  a c ­
ce le r a tin g  in flu en ce  a n a lo g o u s  to  b lo w -o u t sh o ts , lo ca l 
e x p lo sio n s  o f rich  m ix tu re s , e tc .

In  m in es a n d  fa c to r ie s  th e  m ix tu re s  of g a s  a n d  a ir 
are  v e r y  lia b le  to  c o n ta in  a p p re c ia b le  q u a n tit ie s  of 
fine c o m b u s tib le  d u s t  a n d  th e re fo re  m a y  h a v e  a p p re c i­
a b ly  lo w e r ig n it io n  te m p e ra tu re s  a n d  b e  co rre sp o n d ­
in g ly  m o re  e x p lo s iv e . A n y  m ix tu re  of ga s  w h ich  is 
p o te n t ia lly  e x p lo s iv e  is to  be re g a rd e d  as d a n g ero u s, 
a s  in  m in es or in  o th e r  lo c a lit ie s  th e re  is  a lw a y s  th e  
p o s s ib ility  o f c o n d itio n s  ch a n g in g  to  su ch  an  e x te n t  
t h a t  a  p o te n t ia l e x p lo s io n  m a y  b e co m e  an  a c tu a l one.

SU M M A RY

T h e  d a ta  in  th e  l ite r a tu r e  re g a rd in g  th e  e x p lo s iv e  
p ro p e rtie s  of g a s  m ix tu re s  a re  o fte n  in c o m p le te  a n d  
m is le a d in g . D e fin ite  k n o w le d g e  is o f im p o rta n c e  in  
se cu rin g  s a fe ty  in  m in in g  a n d  o th e r  in d u s tr ia l o p e r a ­
tio n s . T h is  k n o w le d g e  ca n  be m ad e  m o re  u s a b le  if  
th e  v a r io u s  fa c to r s  b e a r in g  u p o n  th e  q u e stio n  a re  c o l­
le c te d  a n d  th e ir  e ffe c ts  a n a ly z e d .

In  o rd e r to  d iscu ss  th e  p ro b le m s in v o lv e d  i t  is d e ­
s ira b le  to  defin e w ith  so m e e x a c tn e s s  so m e o f th e  f a c ­
to rs  a n d  to  co n sid e r in  d e ta il  th e  d ifferen ce  b e tw e e n  
c o m b u s tio n  a n d  exp lo sio n .

T h e  ig n itio n  te m p e ra tu re  of a  m ix tu re  is  th e  t e m ­
p e r a tu r e  t o  w h ich  i t  m u s t b e  ra ise d  to  b r in g  a b o u t 
an  a p p r e c ia b ly  ra p id  c h e m ica l re a c tio n . Ig n it io n  
te m p e ra tu re  o f c o m b u s tio n  o r e x p lo s io n  is th e  te m p e r a ­
tu re  to  w h ich  a  p o rtio n  of th e  m ix tu re  m u st b e  ra ised  
in  o rd e r t h a t  a  co m b u s tio n  or an  ex p lo sio n  m a y  b e  
p ro p a g a te d  th r o u g h o u t  th e  e n tire  m ix tu re . Ig n it io n  
te m p e ra tu re  o f co m b u s tio n  a n d  ig n it io n  te m p e ra tu re  
o f e x p lo s io n  a re  tw o  d is t in c t  te m p e ra tu re s  c o rre sp o n d in g  
to  tw o  d iffe re n t re a c tio n  v e lo c it ie s . T h e  m in im u m  
v e lo c it y  o f a  c o m b u s tio n  re a c tio n  is  th e  lo w e s t  v e lo c it y  
a t  w h ich  th e  c o m b u s tio n  is  s u s ta in e d  a n d  b e lo w  w h ich  
th e  c o m b u s tio n  fla m e  is e x tin g u is h e d . T h e  m a x i­
m u m  v e lo c it y  is th e  h ig h e s t  v e lo c it y  fo r  c o m b u s tio n  
b e y o n d  w h ich  th e  re a c tio n  b e co m e s  e x p lo s iv e . C o m ­
b u s tio n  is p ro d u c e d  b y  d ir e c t  tra n s fe r  of e n e rg y  
fro m  m o lecu le  to  m o lecu le . In  an  exp lo sio n  th e  h e a t  
p ro d u c e d  b y  a  ra p id  in itia l re a c tio n  ra ises  th e  p ressu re  
h ig h  e n o u g h  to  s ta r t  an  e x p lo s io n  w a v e , th e  p ressu re  
o f w h ich  ra ises  th e  g a s  to  its  ig n it io n  te m p e ra tu re  
a n d  th e  r e a c tio n  ta k e s  p la c e  th r o u g h o u t  th e  e n tire  
m ix tu re . T h e  e x a c t  v a lu e  fo r  ig n it io n  te m p e ra tu re  of 
c o m b u s tio n  a n d  fo r  ig n it io n  te m p e ra tu re  of ex p lo sio n  
is a ffe c te d  b y  ch a n g e s  in  in it ia l te m p e ra tu re  o f th e  
g a s, b y  ch a n g e s  in  th e  in it ia l  p re ssu re , a n d  b y  ra d ia tio n  
a n d  c o n d u c tio n  losses, a n d  is d iffe re n t fo r  e v e r y  m ix ­
tu re  a n d  fo r  e v e r y  s e t  o f co n d itio n s . In  o rd e r t h a t  
a  g a s  m ix tu re  m a y  s u p p o r t  c o m b u s tio n  or be e x p lo s iv e  
th e  h e a t  p ro d u c e d  b y  th e  re a c tio n  m u st be m o re  th a n  
su ffic ie n t t o  ra ise  th e  p ro d u c ts  o f co m b u s tio n  a n d  a n y
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in e rt ga ses or a n y  excess a ir p re se n t to  th e  ign itio n  
te m p e ra tu re  o f th e  m ix tu re . H a v in g  g iv en  th e  h e a t 
of th e  re a c tio n  a n d  th e  ig n itio n  te m p e ra tu re , th e  c a lc u ­
la tio n  of th e  lo w e r lim its  o f co m b u stib le  an d  e xp lo siv e  
m ix tu re s  o f ga s  is c o m p a r a t iv e ly  e a sy . T h e se  th e o re t­
ica l c a lc u la tio n s , if  b a se d  on  th e  tem p e ra tu re  a t  w hich  
a  re a c tio n  w ill ta k e  p la ce , g iv e  resu lts  fo r  th e  am o u n ts 
of c o m b u stib le  ga s  re q u ired  lo w er th a n  th e  resu lts 
fo u n d  b y  e x p e rim e n ta l m ean s, as th e  e xp erim en ta l 
re s u lts  n e ce ssa rily  in c lu d e  en o u g h  a d d itio n a l co m b u s­
tib le  ga s  to  o v e rco m e  th e  e ffe ct o f ra d ia tio n  and  co n ­
d u c tio n  losses. T h e  v a lu e s  b y  th e o re tic a l ca lcu la tio n s  
w h ile  lo w e r th a n  a c tu a l v a lu e s  are u sefu l in  th a t  th e y  
sh o w  th e  p o te n tia lly  e x p lo s iv e  p ro p ertie s  o f a  m ix tu re  
an d  a n y  p o te n tia lly  e x p lo s iv e  ga s is to  be rega rd ed  
as d a n g ero u s.

A ssu m in g  ig n itio n  te m p e ra tu re s  of co m b u stio n  of 
600 a n d  75 0 ° a n d  ig n itio n  te m p e ra tu re s  o f exp losion  
of 700 an d  850° fo r  m ix tu re s  of h y d ro g e n  in  a ir and  
of m e th a n e  in  a ir a n d  d e te rm in in g  th e  a m o u n t of 
e a ch  re q u ired  to  s a t is fy  th e  th e rm a l re q u irem e n ts  of 
th e  re a ctio n  fo r  th ese  te m p e ra tu re s , a n d  assu m in g 
co m b u stio n  as o ccu rrin g  a t  c o n sta n t p ressu re  and  
e x p lo sio n  as o ccu rrin g  a t  co n sta n t v o lu m e, th e  th e o r e t­
ica l lo w e r lim it  o f a  c o m b u stib le  m ix tu re  of h y d ro g en  
in  a ir is 6.8 p er ce n t  a n d  of m e th an e  in  a ir  is 2.8 per 
ce n t an d  th e  th e o re tic a l lo w e r lim it of an  e xp lo siv e  
m ix tu re  of h y d ro g e n  in  a ir is 5.9 a n d  of m eth an e  in 
a ir is 2.4 p er ce n t.

In  a  s u cce e d in g  p a p e r e n tit le d  “ P a r tia l an d  In te r­
m itte n t  C o m b u stio n  of G a s ,”  th e  w riter  g iv es  th e  
re su lts  o f som e e x p e rim e n ts  u n d e rta k e n  in  o rd er to  
o b ta in  fu r th e r  e x p e r im e n ta l d a ta  up o n  th e se  lim its  
a n d  a lso  to  t r y  to  h a rm o n ize  th e  d ifferen t ex p erim en ta l 
v a lu e s  fo u n d  in  th e  lite r a tu r e , w h ich  fo r  a ir an d  h y ­
d rogen  ra n ge  fro m  5 to  10 p er c e n t an d  fo r  a ir and  
m e th an e  ra n ge  fro m  3.2 to  6 p er ce n t.

T h e  w rite r  desires to  e xp ress a p p re cia tio n  an d  in ­
d e b te d n ess  to  D r. W . E . H en d erso n  of th e  D e p a r t­
m e n t of P h y s ic a l C h e m is try  fo r  a d v ic e  a n d  su ggestio n s.

D e p a r t m e n t  o k  M e t a l l u r g y  
O h io  S t a t e  U n iv e r s it y  
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S in ce  th e  ch ie f fu n c tio n  o f a  d is in fe c ta n t is to  k ill 
b a c te r ia  o r o th e r m icro -o rg a n ic  g ro w th , its  co m m ercia l 
v a lu e  m a y  b e  m e asu red  in  term s of e ith e r  of tw o  
q u a n tit ie s — first, th e  tim e  re q u ire d  fo r  a  d is in fe c ta n t 
o f d efin ite  d ilu tio n  to  d e str o y  a  p re d ete rm in ed  b a c ­
te r ia l c u ltu r e ; second,  t h a t  ce rta in  d ilu tio n  n ece ssa ry  
to  k ill th e  'b a cte r ia  of th is  c u ltu re  in  a d efin ite  in te r­
v a l o f t im e. B u t  b a c te r ia  a re  liv in g  o rg an ism s h a v in g  
m ore o r less an  in d iv id u a lity . N o t o n ly  are  th e re  
m a n y  d ifferen t s tra in s  o r ty p e s  o f each  o rg an ism , 
b u t  th e  sam e c u ltu re  o f b a c te r ia  m a y  d iffer in  m a n y  
o f its  c h a ra c te r is tic s  fro m  d a y  to  d a y . H en ce  i t  is 
im p o ssib le  t o  e m p lo y  as an  a n a ly tic a l  s ta n d a rd  fo r 
d e te rm in in g  th e  k illin g  p o w e r of d is in fe c ta n ts  an  o rg a n ­
ism  w h ich  m a y  v a r y  in  its  v i t a l i t y ,  or a  c u ltu re  w h ich

m a y  be heterogen eo u s as to  th e  v i t a l i t y  of the indi­
v id u a l b a cte ria  p resen t. T h e  o th e r  alternative is 
to  agree upon a certa in  ch e m ica l co m p o u n d  of known 
com p o sitio n , and  w hich  m a y  b e  o b ta in e d  with ease, 
as th e  stan d a rd  d is in fe c ta n t, a n d  to  m easure all other 
d is in fe ctan ts  in term s of th e  k illin g  p ow er of this 
stan d a rd . P h en o l is th e  s u b s ta n c e  m ore generally 
em p lo y ed  fo r th e  p u rp o se, a n d  th e  ra t io  of the ability 
of a d is in fe cta n t to  k ill th e  b a c te r ia  of a certain cul­
tu re  to  th e  a b ility  of p h en o l to  k ill th e  sam e bacteria 
un d er a b so lu te ly  th e  id e n tic a l co n d itio n s  is called 
th e  “ P h en o l-co effic ien t.”

T h e re  are a t  p resen t th re e  m e th o d s  fo r measuring 
th e  b a cte ric id a l v a lu e  of d is in fe c ta n ts , all using 
th e  a b o v e  p rin cip les, b u t  d ifferin g  in  d e ta ils  of manip­
u la tio n ; th ese  are th e  R id e a l-W a lk e r , th e  Lancet and 
th e  H y g ie n ic  L a b o ra to ry  M e th o d s. E a c h  of these, 
h o w ev er, g iv es  u n s a tis fa c to ry  re su lts , n o t  only  when 
carried  on b y  d ifferen t e x p e rim e n te rs  in  different lab­
o rato ries, b u t  b y  th e  sam e o p e ra to rs  w hen  carrying 
on his w o rk  in  d u p lica te . B ly t h e 1 h a s  called  atten­
tio n  to  th is  fa c t  m ost fo rc ib ly , a n d  h a s  m ad e a strong 
a p p ea l fo r a  m ore ch e m ica l m e th o d  fo r  testin g  disin­
fe c tin g  m ateria ls . W e b e lie v e  t h a t  th e  methods 
n ow  in  use are n o t so u n d  fo r  th e  fo llo w in g  reasons: 
T h e  m echan ism  of th e  re a ctio n  b y  w h ich  a disinfectant 
k ills  b a c te r ia  is n o t d e fin ite ly  k n o w n , b u t  i t  is generally 
co n ced ed  th a t  th e  co n ce n tra tio n  o f th e  disinfecting 
so lu tio n  fa lls  in  p ro p o rtio n  as th e  n u m b e r of living 
b a cte ria  p resen t is d ecreased . I t  is  p o ssib le  th at the 
n u m b er of m o lecu les of d is in fe c ta n t  is  so g rea t in pro­
p o rtio n  to  th e  n u m b er of b a c te r ia  p re se n t th at the 
ch a n ge  in  th e  co n cen tra tio n  of th e  d is in fe c ta n t as the 
liv in g  b a cte ria  d isap p ea r is n e g lig ib le . B u t  it  is gener­
a lly  tru e  in  ca rry in g  o u t th e se  m e th o d s  th a t  so large 
a  n u m b er of b a cte ria  is u sed  t h a t  th e  stre n g th  of the 
d is in fe c ta n t is  m a te ria lly  ch a n g e d  as th e  killing of 
th e  b a c te r ia  p ro ceed s an d  b efo re  th e  la s t , or m ore hardy 
in d iv id u a ls  are k ille d , th e  d is in fe c ta n t  is appreciably 
e x h a u ste d . M islea d in g  re su lts  a re  th e re fo re  obtained.

E a c h  of th e  a b o v e  m e th o d s p ro v id e s  fo r removing 
w h a t is su p p o sed  to  be a  p e r fe c t ly  co n sta n t  volume 
o f th e  cu ltu re  fro m  a  tu b e  or fla sk  b y  m eans of the 
so -c a lle d .s ta n d a rd  loop. T h is  is a  c irc u la r  loop made 
b y  w in d in g  a  p la tin u m  w ire of d e te rm in e d  size around 
a ro d  h a v in g  a  defin ite  d ia m ete r. T h e re  are so many 
p h y s ic a l co n d itio n s w h ich  a p p a r e n t ly  w o u ld  influence 
th e  vo lu m e  of liq u id  su ch  a  lo o p  w ou ld  carry 
t h a t  i t  w as th o u g h t of in te re st to  d e te rm in e  this vol­
um e. A  stro n g  so lu tio n  of io d in e  of k n o w n  s t r e n g th  

serv e d  as th e  liq u id  to  be tra n s fe rre d , a n d  a  dilute 
so lu tio n  of th io su lfa te  w as  used  to  m e a su re  th e  amount 
of io d in e  co n ta in ed  in  each  lo o p fu l. A  num ber of 
lo o p fu ls  w ere w ith d ra w n  w ith  g r e a t  ca re  an d  placed 
in  co ld  d istilled  w a ter. T h e  w e ig h t o f io d in e  in each 

w as th e n  d e te rm in e d  b y  t itr a tio n , a n d  fro m  this data 
th e  v o lu m e  of th e  lo o p fu ls  c a lc u la te d . W h en  great 
p re ca u tio n s  w ere used, th e  v o lu m e  o f one loop v a r ie d  

as m u ch  as 30 p er ce n t fro m  th e  m ean  of 25 loopfuls, 
an d  w h en  h u rrie d ly  don e th e  v a r ia t io n  rose as high as 
80 p er ce n t. T h e  vo lu m e  tra n s fe rre d  b y  th e  s t a n d a r d  

• Orig. Com m unications, In te rn . Cong. Applied Chem ., 1909.
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loop is on th e  a v e r a g e  0 .0 0 3  cc . I t  m a y  b e  e a s ily  
seen that if th e  n u m b e r  o f l iv in g  b a c te r ia  h a s  b een  
largely reduced b y  th e  a c tio n  of th e  d is in fe c ta n t  i t  is 
very possible to  tra n s fe r  a  lo o p fu l fro m  th e  d is in fe c te d  
culture to a n ew  c u ltu r e  t u b e  w h ich  m a y  c o n ta in  no 
living bacteria, e v e n  th o u g h  th e re  a re  an  a p p re c ia b le  
number presen t. B u t  e v e n  a ss u m in g , n o t w it h s ta n d ­
ing the law  of ch a n ce s , t h a t  e a ch  lo o p fu l c o n ta in s  a  
number of b a c te r ia  p ro p o rtio n e d  t o  th e  v o lu m e  c a r ­
ried by the lo o p , s in ce  th is  v o lu m e  m a y  v a r y  b y  a t  
least 30 per ce n t fro m  th e  m e an , a n d  m a y  e a s ily  v a r y  
as much as 80 p er c e n t, c o n c o rd a n t  re s u lts  c a n n o t be 
expected.

The use of a  tu b e  of s te r ile  b ro th  in to  w h ich  to  t r a n s ­
fer the loop of d is in fe c te d  c u ltu r e  to  d e te rm in e  w h e th e r

-100 SOO 600 79* ' - =  8 0 0

D I L U T I O N S  
Parts Water per One P a r t  Disinfectant

°r not all b a c te r ia  h a v e  b e e n  k ille d , is  a lso  u n s a t is fa c ­
tory- If th e  tu b e  sh o u ld  p r o v e  fe r t ile  th e r e  is  no 
means of d e te rm in in g  w h e th e r  th e  in o c u la tio n  w a s  d u e  
10 0ne stra y  s u r v iv o r  w h ich  h a p p e n e d  to  b e  in  th e  
00P and w hose p re se n ce  w a s  a c c id e n ta l, o r to  a  c o n ­
siderable n u m b er of b a c te r ia  w h ich  th e  d is in fe c ta n t  
“ad failed to  d e stro y .

lo  recap itu late, th e  p re se n t m e th o d s  a re  u n re lia b le  
°ecause: (a ) T h e  u se  o f an  e x c e s s iv e  n u m b e r  of b a c-
-er>a depletes th e  d is in fe c tin g  s o lu tio n  b e fo re  th e  
culture is ren d ered  s te r ile . (6) A n  u n k n o w n  v o lu m e  
ls withdrawn fo r te s t in g , in  t h a t  th e  v o lu m e  o f th e  
* andard loop is n o t  c o n s ta n t , (c) I t  is  im p o ss ib le  
0 °termine fro m  th e  b ro th  t u b e  in o c u la te d , h o w  co m -
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p le te  th e  k illin g  w as a t  th e  t im e  th e  s a m p le  w a s  w ith ­
d ra w n .

A  m e th o d  d e v e lo p e d  in  th is  la b o r a t o r y  w h ic h  seem s 
t o  e lim in a te  th e se  so u rc e s  of e rro r, a n d  w h ich  is  n o t 
m o re  la b o r io u s , is, in  p r in c ip le , as fo llo w s : T h e  d is ­
in fe c ta n t  to  b e  a n a ly z e d  fo r  its  r e la t iv e  b a c te r ic id a l 
p o w e r  is  d ilu te d  w ith  w a te r  to  th r e e  o r fo u r  d e fin ite  
c o n c e n tra tio n s , th e  e x te n t  o f d ilu tio n  d e p e n d in g  u p o n  
its  s tr e n g th . P u re  s y n t h e t ic  p h e n o l is d ilu te d  in  a  
lik e  m a n n er. In to  a  series  o f th e se  k n o w n  c o n c e n tr a ­
t io n s  o f b o th  p h e n o l a n d  th e  d is in fe c ta n t  u n d e r  c o n ­
s id e r a tio n  is  p la c e d  a n  e q u a l v o lu m e  o f a  s ta n d a r d  
b a c te r ia  c u ltu r e  a n d  th e  m ix tu re  a llo w e d  to  re m a in  
an  e x a c t  n u m b e r  o f m in u te s . A t  th e  e n d  of th is  t im e  
a n  a liq u o t  p a r t  o f e a c h  m ix tu re  is p la te d  o u t  in  P e tr i  
d ish e s  o n  n u tr ie n t  a g a r  a n d  in c u b a te d  u n til  th e  co lo n ie s  
re p re se n tin g  th e  s u r v iv in g  b a c te r ia  ca n  b e  c o u n te d . 
A t  th e  sa m e  t im e  p la te s  o f e q u a l d ilu tio n s  o f th e  c u ltu r e  
b u t  w ith o u t  th e  d is in fe c ta n t  a re  in c u b a te d . T h e  ra t io  
o f s u r v iv in g  o rg a n ism s to  th e  n u m b e r  p re se n t  o n  th e  
u n d is in fe c te d  p la te s  is  th e n  p lo t te d  a g a in s t  th e  d ilu ­
t io n , a n d  tw o  c u r v e s , on e fo r  th e  s ta n d a r d  p h e n o l 
a n d  on e fo r  th e  d is in fe c ta n t  a re  o b ta in e d . F ro m  
th e se  th e  r e la t iv e  s tre n g th  of th e  tw o  d is in fe c ta n ts  
c a n  b e  re a d  off a t  a n y  d e sire d  p o in t  o n  th e  c u r v e s , a n d  a 
c o e ffic ie n t e ith e r  fo r  t o t a l  k illin g  o r a n y  d e te rm in e d  
p e r c e n ta g e  of k illin g  m a y  b e  c a lc u la te d .

T h e  e x a c t  m a n ip u la tio n  re c o m m e n d e d  is as  fo llo w s : 
O n e g ra m  o f th e  d is in fe c ta n t  to  b e  a n a ly z e d  is  w e ig h e d  
a c c u r a t e ly  a n d  d ilu te d  w ith  s te r ile  w a te r  to  a v o lu m e  
o f 100 cc . F ro m  th is  s to c k  s o lu tio n  a series  o f d ilu ­
t io n s  is m a d e. S in ce  a n  e q u iv a le n t  p a r t  o f e a ch  of 
th e se  is  la te r  to  b e  m ix ed  w ith  an  e q u a l v o lu m e  of a 
d ilu te  w a te r  su sp en sio n  o f b a c te r ia , th e  s tr e n g th  o f th e  
series  sh o u ld  b e  tw ic e  t h a t  o f th e  fin a l d ilu tio n  d e sired . 
W h e n  n o th in g  is  k n o w n  o f th e  r e la t iv e  s tr e n g th  o f th e  
d is in fe c ta n t  in  h a n d , d ilu tio n s  o f o n e  p a r t  d is in fe c ta n t  
in  200, 400, a n d  800 p a r ts  s te r ile  w a te r  h a v e  b e en  
fo u n d  a d v is a b le . F ro m  a  5 p er ce n t  s o lu tio n  o f s y n ­
th e t ic  p h e n o l a  series  of d ilu tio n s  of on e p a r t  p h e n o l 
to  io o , 125 a n d  150 p a r ts  w a te r  w ill g iv e  a  c u r v e  c o v ­
e rin g  a  c o n sid e ra b le  ra n g e  o f k illin g  w h e n  B . coli  com-  
m un ior  is u se d . T u b e s  o f s te r ile  b ro th  a n d  n u tr ie n t  
a g a r  c u ltu r e  m e d iu m  a re  p re p a re d  a c c o rd in g  to  th e  
s ta n d a r d  m e th o d s , a n d  a  n u m b e r  o f 10 cc . a n d  1 cc . 
p ip e tte s  a n d  o rd in a ry  t e s t  tu b e s  a re  p ro v id e d .

T e n  cc . o f e a ch  o f th e  d ilu tio n s  of d is in fe c ta n t  a n d  
p h e n o l a re  a d d e d  to  p r o p e r ly  m a rk e d  te s t  tu b e s  a n d  
p la c e d  in  a  w a te r  b a th  a t  200 C . T e n  cc . o f a  b ro th  
c u ltu r e  o f B . coli,  so d ilu te d  w ith  s te r ile  w a te r  t h a t  1 
cc . c o n ta in s  fro m  20,000 t o  60,000 b a c te r ia , a re  p la c e d  
b y  m ean s of a  s tr a ig h t  g r a d u a te d  p ip e t te  in  t e s t  tu b e s , 
on e m o re  th a n  t h e  n u m b e r  o f d is in fe c ta n t  a n d  p h e n o l 
tu b e s  ju s t  d e sc r ib e d , a n d  th e se  are  a lso  p la c e d  in  th e  
w a te r  b a th . T h is  is  a  t w e n ty - fo u r  h o u r b ro th  c u ltu r e  
of r e a c tio n  + 1 ,  w h ic h  h a s  b e en  tra n s fo rm e d  d a ily  
fo r  n o t  less  th a n  th r e e  d a y s . W h e n  th e  w h o le  h a s  
co m e  to  a  te m p e r a tu r e  o f 20° C . th e  c o n te n ts  o f on e 
of th e  tu b e s  of d is in fe c ta n t  is  p o u re d  in to  o n e  o f th e  
tu b e s  of b a c te r ia  a n d  w e ll sh a k e n . A ft e r  o n e -h a lf 
m in u te  th is  p ro c e d u re  is  re p e a te d  w ith  th e  se co n d  tu b e  
a n d  so o n  th r o u g h  th e  series. A t  th e  e n d  o f f iv e
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m in u tes , 1 cc. is w ith d ra w n  fro m  th e  first tu b e  of 
d is in fe c te d  b a c te r ia  an d  a d d ed  to  a  b o ttle  co n ta in in g  
99 cc. o f s ter ile  w a te r ; o n e -h a lf m in u te  la te r  th e  secon d 
tu b e  is so tre a te d  an d  th e  o th ers a t  ]/i m in u te  in te rv a ls  
in  th e  sam e w a y . T o  th e  tu b e  of b a c te r ia  in w h ich  
n o  d is in fe c ta n t w as  p lace d , 10 cc. sterile  w a te r  are ad d ed  
a n d  1 cc. is tra n s fe rre d  to  a  b o ttle  co n ta in in g  99 cc. 
ster ile  w a te r . T h e se  b o ttle s  are  w ell sh a k e n , and 
d u p lic a te  P e tr i d ishes are  p o u red  fro m  each  one, 1 cc. 
so lu tio n  b e in g  first a d d ed  to  th e  dish  fo llo w ed  b y  
en o u g h  n u tr ie n t a g a r to  m a k e  a  s a tis fa c to r y  cu ltu re  
p la te . W h en  th e  dishes set th e y  are  in v e rte d  and  
a llo w ed  to  in c u b a te  a t  3 7 .5 °  C . fo r  48 hours. A t  th e  
en d  of th is  t im e  th e  p la te s  are co u n te d  an d  th e  ra tio  
of th e  n u m b e r of s u r v iv in g  b a c te r ia  to  th e  n u m b er 
of co lo n ies on th e  n o n -d is in fe cted  p la te  is  d eterm in ed . 
W h en  p lo tte d  a g a in st th e  d ilu tio n  tw o  cu rv e s  are o b ­
ta in e d , ty p e s  of w h ich  are sh o w n  on th e  a c c o m p a n y ­
in g  p la te . I f  a  n u m b e r of d is in fe c ta n ts  are exam in ed  
a t th e  sam e tim e, it  is o f course  n o t n ece ssa ry  to  re­
p e a t  th e  p h en o l series a n d  th e  b a c te r ia  b la n k  w ith  
e ach . T h e  co effic ien t of t o ta l  k illin g  fo r D is in fe c ta n t 
A  is  seen  to  be 2. 88, w h ile  fo r  B  it  is 4 . 76.

A  s tu d y  of a  la rg e  n u m b e r of th ese  p la te s  show s 
t h a t  th e  cu rv e s  fo r  th e  so -ca lled  em u lsion  d is in fe c ta n ts  
are a lm o st s tra ig h t  lin e s; a t  m o st th e re  is b u t  a s ligh t 
c u r v a tu re . T h u s  a  sm a ll n u m b e r of p o in ts  w ill lo ca te  
a lin e  w ith  a fa ir  degree  of a c c u r a c y  an d  th e  n ece ssity  
of u sin g  sm a ll in cre m en ts  of d ilu tio n  as o b ta in s  in 
th e  o ld er m e th o d  is n o t here p resen t. A s  is c le a r ly  
sh o w n  in  th is  p lo t, th o u g h  d e sirab le , i t  is n o t n ecessa ry , 
as in  th e  o th e r  m e th o d s, t h a t  th e  m o st co n ce n tra te d  
so lu tio n  of th e  d is in fe c ta n t u sed  sh o u ld  p ro d u ce  a 
sterile  tu b e  or p la te , t h a t  is, sh o w  to ta l  k illin g . I f  a t  
le a s t  th re e  p o in ts  h a v e  b een  fo u n d  to  lie  fa ir ly  w ell 
up o n  a sm o o th  c u rv e , th e  lin e  m a y  s a fe ly  be in te r­
p o la te d  u n til i t  c u ts  th e  a x is  re p re se n tin g  co m p lete  
k illin g  an d  th e  co effic ie n t c a lc u la te d  fro m  th is  in te r­
sectio n . T h e  re su lts  o b ta in e d  m a y  b e  d u p lica te d  
w ith  su ffic ien t p recisio n  to  w a r ra n t co n fid en ce  in  th em . 
T h is  is tru e  n o t o n ly  o f a  s in g le  o p e ra tio n  c a rr y in g  on 
d u p lic a te  d e te rm in a tio n s , b u t  b y  tw o  a n a ly sts  w o r k ­
in g  s e p a ra te ly .

I I I
1 . 4 .58
? . . . 5.05
3 ................ 6 .95 6 .64
4 9.30
5 . . . 4 .08
6 , 2 .24

T h e  a b o v e  d u p lic a te  re su lts  o b ta in e d  b y  th e  sam e 
a n a ly s t  w ill g iv e  an  id e a  o f th e  degree  o f a c c u r a c y  
w h ich  m a y  be r e a d ily  a tta in e d .

R e s e a r c h  L a b o r a t o r y  o f  A p p l i e d  C h e m is t r y  
M a s s a c h u s e t t s  I n s t i t u t e  o p  T e c h n o l o g y  

B o s t o n

TH E LEAD CONTENTS IN SUBLIMED WHITE 
LEAD— A CALCULATION

B y  J o h n  A . S c h a e p f e r  

Received D ecem ber 11, 1913

T h e  co m p o sitio n  of s u b lim e d  w h ite  lea d , th e  b a sic  
s u lfa te  o f le a d , h as b e co m e  a  m o st im p o rta n t  fa c to r  to

users of th is  p ig m e n t. B o th  a m o n g  ru bber manu­
fa ctu re rs  an d  p ro d u cers o f p a in ts , i t  is being found 
essen tia l th a t  th e  co n te n ts  o f le a d  o xid e  and lead 
su lfa te  be k n o w n , so t h a t  a d v a n ta g e  m a y  be fully 
ta k e n  of its  ch a ra c te r is tic  p ro p e rtie s . T h is  control 
n ecessitates  an  a n a ly sis  o f th e  co m p o u n d  in  the labora­
to ry .

In  a n a ly z in g  su b lim ed  w h ite  le a d  b y  the usual 
m eth o d , i t  is fo u n d  th a t  th e  p e r c e n ta g e  composition 
can  be d eterm in ed  o n ly  b y  an  a n a ly s is  e n ta ilin g  lengthy 
m a n ip u la tio n , in  w h ich  th e  c o n te n t  o f lead  oxide is 
d ire c tly  d ep en d en t u p o n  th e  a c c u r a c y  of the other 
d eterm in a tio n s, o w in g to  th e  n e c e s s ity  o f estimating 
its  p ercen ta g e  b y  a  c a lc u la tio n  b a s e d  upon the per­
ce n ta g e  of th e  o th er c o n stitu e n ts  p re se n t. T he steps 
in  th e  p ro ced u re  m u st th e re fo re  b e  c lo s e ly  watched for 
s lig h t in accu ra cies  a t  a ll tim es.

A s  is w ell k n o w n , th e  a v e ra g e  co m p o sitio n  of sub­
lim ed  w h ite  lea d  is g iv en  as fo llo w s:

Lead su lfa te ...................... 78.5
Lead oxide......................  16.0
Zinc o x id e ....................... 5 .5

T h a t  its  ¿o m p o sitio n  v a r ie s  o n ly  s lig h t ly  from the 
a b o v e  a n a ly sis  d u rin g  a  lo n g  p e rio d  o f t im e, is shown 
b y  its  co m p arison  w ith  an a v e ra g e  o f th e  en tire  output 
of th e  P ich er L ea d  C o m p a n y  e x te n d in g  over', five 
m o n th s tim e, an  a v e ra g e  e m b ra c in g  270 total 
a n a lyses.

T h is  a v e ra g e  sh o w s th e  co m p o sitio n  to  b e:

Lead su lfa te ....................  76 .68
Lead oxide......................  17.23
Zinc oxide........................  5 .79

99 .70

A  s lig h tly  h ig h er lea d  o xid e  a n d  z in c  o xid e  content 
and  a co rresp o n d in g ly  lo w er le a d  s u lfa te  content is 
fo u n d , th a n  in  th e  u s u a lly  s ta te d  fo rm u la . I t  shows, 
h o w ev er, o n ly  s lig h t v a r ia tio n . T h e  a v e ra g e  total 
p ercen ta g e , co n sistin g  of lea d  s u lfa te , le a d  oxide, and 
z in c  oxide, w as fo u n d  to  be 99.70 p er ce n t. The re­
m a in in g  0.3 of a  per ce n t is o n ly  r a r e ly  determined, 
an d  w h en  a c tu a lly  so u g h t is fo u n d  to  consist of 
m o istu re , o cclu d e d  gas a n d  a sh . A  defin ite  ratio 
e x ists  b e tw ee n  th e  to ta l  le a d  c o n te n t  a n d  th e  lead 
su lfa te  an d  lea d  o xide  co n te n ts , a n d  a d v a n ta g e  m ay be 
ta k e n  of th is  re la tio n  fo r  a  ra p id  a n d  a ccu ra te  deter­
m in atio n  of th e  lea d  c o n stitu e n ts  in  su b lim ed  white 
lead .

In  o rd er to  a rriv e  a t  th e  sh o rt m e th o d  for the 
a n a ly sis  w h ich  is b a se d  up on  a d ir e c t  c a lc u la tio n  of the 
lea d  a n d  z in c  co n te n ts , it  is n e ce s sa ry  t h a t  th e  usual 
m e th o d  of a n a ly sis  be co n sid ered .

U SU A L M ETH O D  A D O PTE D  F O R  T H E  A N A L Y SIS  OF SUB­

LIM E D  W H IT E  L E A D

d e t e r m i n a t i o n  o f  t o t a l  s u l f a t e — M ix  0.5 gram 
of th e  sam p le  w ith  3 gram s o f so d iu m  ca rb o n ate  in a 
b e ak e r. T r e a t  th e  m ix tu re  w ith  30 cc . o f w ater and 
bo il g e n t ly  fo r  te n  m in u tes. A llo w  t o  s ta n d  for four 
ho u rs. D ilu te  th e  c o n te n ts  of th e  b e a k e r w ith  hot
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rater; filter off th e  re sid u e  a n d  w a sh  u n til th e  f iltr a te  
is about 200 cc. in  v o lu m e . R e je c t  th e  re sid u e . B y  
this reaction all th e  le a d  s u lfa te  is c h a n g e d  to  c a r ­
bonate, the s u lfa te  b e in g  tra n s p o s e d  in to  so d iu m  
sulfate, which is fo u n d  in  th e  filtr a te .

Acidulate th e  f iltr a te  w ith  h y d r o c h lo r ic  a c id  a n d  a d d  
an excess of a b o u t 2 cc. o f th e  a c id . B o il, a n d  a d d  a 
slight excess o f  b a r iu m  ch lo r id e  s o lu tio n  (12  cc. o f an  
S per cent so lu tio n ). W h e n  th e  p r e c ip ita te  h a s  w ell 
settled, filter on an  a sh less filte r , w a s h , ig n ite  a n d  
weigh as B a $ 0 4. C a lc u la te  th e  B a S 0 4 to  PbSO < b y  
using the fa cto r  2.6 w h en  a h a lf  g ra m  is  u sed .

Weight of B a S 0 4 X  1.3  =  w e ig h t  P b S O j.
On 0.5 gram  sam p le  th e  fa c to r  B a S O j to  PbSO .t =  2.6.

DETERMINATION O F L E A D . M O L Y B D A T E  M E T H O D 1 ----

Dissolve i  gram  o f th e  s a m p le  in  100 cc . o f a ji a c id  
ammonia a ceta te  s o lu tio n  m a d e  up  as fo llo w s :

Eighty per cent acetic  a c id ...................................  125 cc.
Concentrated am m onia hydrox ide ..................... 95 cc.
W ater.................................................•.........................  100 cc.

Add this so lu tio n  h o t a n d  d ilu te  w ith  a b o u t  50 cc.
01 water. B o il u n til d is s o lv e d . D ilu te  to  200 cc. 
and titrate in  th e  u su a l m a n n e r w ith  s ta n d a rd
ammonium m o ly b d a te  s o lu tio n , s p o tt in g  o u t  on a 
freshly prepared s o lu tio n  o f ta n n ic  a c id .

Ammonium m o ly b d a te  is a  s l ig h t ly  v a r ia b le  s a lt , b u t  
a solution co n ta in in g  8.67 g r a m s  p e r lite r  u s u a lly  g iv e s  
a standard s o lu tio n :

1 cc. =  0.01 g ra m  P b

Standardize a g a in s t  p u re  P b O , p u re  P b S 0 4 o r c le a n  
lead foil.

Deduct th e  le a d  fo u n d  as le a d  s u lfa te  fro m  th e  t o ta l  
lead and ca lcu la te  th e  re s id u a l le a d  to  P b O .

d e t e r m i n a t i o n  o f  z i n c ,  f e r r o c y a n i d e  m e t h o d 2 

—Boil 1 gram  of th e  s a m p le  in  a  b e a k e r  w ith  th e  fo l­
lowing solution:

W ater............................................................................ 30 cc.
Ammonium ch loride................................................  4 gram s
Concentrated hydrochloric a c id .........................  6  cc.

If the sam ple is n o t  q u ite  d is s o lv e d  th e  re s u lt  is n o t 
affected, as th e  re sid u e  is  le a d  s u lfa te  o r p r e c ip ita te d  
lead chloride.

Dilute to  200 cc. w ith  h o t  w a te r , a d d  2 cc . o f a  
saturated so dium  h y p o s u lfite  s o lu tio n  a n d  t i t r a t e  w ith
2 standard so lu tio n  o f p o ta s s iu m  fe r r o c y a n id e , sp o t-  
t'ng out on a  5 p er ce n t  s o lu tio n  o f u ra n iu m  n itr a te . 
Calculate th e  z in c  to  z in c  o x id e .

s u l f u r  d i o x i d e — D ig e s t  2 g r a m s  o f th e  s a m p le  
"■ith frequent s tirr in g  in  5 p er c e n t  s u lfu r ic  a c id  fo r  
ten minutes in  th e  co ld . A d d  s ta r c h  in d ic a to r  a n d  
titrate with N / 1 0 0  io d in e  s o lu tio n .

A more a c c u ra te  m e th o d  is  to  a d d  an  e x ce ss  of 
standard iodin e s o lu tio n  t o  th e  s a m p le  b e fo re  th e  
addition of th e  a c id  a n d  th e n  to  t i t r a t e  th e  e x ce ss  o f 
iodine with N / 1 0 0  s o d iu m  th io s u lfa te  s o lu tio n .

 ̂ ^ will be seen  fro m  th e  a b o v e  m e th o d  of a n a ly s is  
the co n co rd a n ce  of re s u lts  d e p e n d s  u p o n  s e v e r a l

Modification of Low 's m ethod. "T echn ical M ethods of O re A nalysis ,” 
“ *■ P- 149.

Technical M ethods of Ore A nalysis,” Low, p . 284.

im p o r ta n t  fa c to r s ;  n a m e ly , th e  a c c u r a te  e s t im a tio n  
o f th e  t o t a l  le a d  c o n te n t, th e  z in c  c o n te n t  a n d  th e  
c o m p le te  tra n s p o s itio n  of th e  le a d  s u lfa te  p re se n t to  
le a d  c a r b o n a te  w ith  th e  a tte n d a n t  fo r m a tio n  o f so d iu m  
s u lfa te  fro m  w h ich  th e  s u lfa te  is d e te rm in e d  as b a riu m  
s u lfa te . T h e  p e r c e n ta g e  o f le a d  o x id e  d e p e n d s w h o lly  
u p o n  th e  a c c u r a c y  of th e se  d e te rm in a tio n s , as  i t  is 
n e v e r  d ir e c t ly  d e te rm in e d .

T h e  fo llo w in g  m e th o d  fo r  a s c e rta in in g  th e  le a d  
s u lfa te  a n d  le a d  o x id e  c o n te n ts  is b a se d  u p o n  a  c a lc u la ­
t io n  d e p e n d in g  u p o n  th e  p e r c e n ta g e  o f t o t a l  le a d  fo u n d . 
T h e  c o m p le te  a n a ly s is  c a n  b e  e a s ily  c a rr ie d  o u t  in  a 

h a lf  h o u r.

T h e  e ss e n tia l re q u is ite s  a re  th e  v o lu m e tr ic  d e te r ­
m in a tio n  o f th e  z in c  p re se n t w ith  its  s u b s e q u e n t 
c a lc u la tio n  to  z in c  o x id e , a n d  th e  v o lu m e tr ic  d e te r ­
m in a tio n  of th e  t o ta l  le a d , re g a rd le ss  o f th e  p r o ­
p o rtio n  o f le a d  s u lfa te  a n d  le a d  o x id e  p re se n t. T h e se  
v o lu m e tr ic  d e te rm in a tio n s  a re  c a rr ie d  o u t  a c c o rd in g  
to  th e  m e th o d  a b o v e  o u tlin e d .

U s in g  th e  p e r c e n ta g e s  o f z in c  o x id e  a n d  t o ta l  le a d , 
to g e th e r  w ith  th e  a v e r a g e  to ta l,  99.70  p er c e n t, d e ­
te r m in e d  fro m  th e  la rg e  n u m b e r  o f a n a ly s e s , th e  c o n ­
te n ts  o f le a d  o x id e  a n d  le a d  s u lfa te  a re  r e a d ily  e s t i­
m a te d  b y  th e  fo llo w in g  c a lc u la tio n :

T o ta l percentage of lead com pounds p resen t
=  to ta l percentage found of ZnO, PbO  and  PbSO i —  percentage of ZnO. 

T o ta l percentage of lead com pounds present
=  99.70 per cen t (average to ta l) —  percentage ZnO.

A tom ic w eight le ad ......................................................  207.1
M olecular w eight lead oxide..................................... 223.1
M olecular w eight lead su lfa te .................................. 303.1

As a  hypo the tical case, we can assum e the  presence of a  4.70 per cen t 
ZnO and  69.00 per cen t m etallic lead.

D eterm ining  the  percentage of lead oxide and  lead su lfa te  p resen t by 
th e  above form ulas we find:

/  303.1 \
  X 69.00 —  95.00

V 207.1 )
— -----------------------------------  «= per cen t PbO  *= 16.68

303.1 —  223.1
223.1

/2 23 .1  \
f -------  X  69.00 J —  95.00
^ 207,1------------- L---------------- =  per cen t PbSO< =  78.32

223.1 —  303.1
303.1

/M o l.  w t. PbSOi , \
j -----------------------y . %  P b  found I —  %  Pb  constituen ts
\  A t. w t. P b  /  „_ ...........................................................................................    =  %  PbO  presen t

M ol. w t. PbSO* —  mol, wt. PbO
M ol. w t. PbO

/ M ol. ^  PbO  ^  ^  p k  foun(1^ —  p b constitu en ts

* A t' Wt'_ *’-b__________________ I ---------------------------------- =  %  PbSO< presen t
M ol, w t. PbO  —  M ol, w t. PbSO<

M ol. w t. PbSO<

A  c o m p a ris o n  o f th e  a c tu a l re s u lts  o b ta in e d  b y  th e  
c o m p le te  a n a ly s is  o f s u b lim e d  w h ite  le a d  a n d  its  
c a lc u la te d  c o m p o sit io n  sh o w s t h a t  th e  v a lu e s  o b ta in e d  
are  c o n c o rd a n t. In d e e d  th e  o n ly  e ss e n tia l fa c to r s  
fo r  th e  s h o rt  m e th o d  a re  a c c u r a te  d e te rm in a tio n s  o f 
th e  le a d  a n d  z in c  c o n te n ts . T h e  r e m o v a l o f  s e v e r a l 
s te p s  in  th e  a n a ly s is  le a d s  t o  g r e a te r  a c c u r a c y  c o u p le d  
w ith  a  c o n sid e ra b le  c u r ta ilm e n t  o f t im e .

A  ta b le  o f co m p a riso n s  sh o w s th e  fo llo w in g  c o n ­

co rd a n c e  o f re su lts :
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Lead Lead Zinc Total
No. Analysis sulfate oxide oxide lead T otal

1 C om plete............ 15.28 5.23 68.30 99.72
C alcu la ted .......... ......... 79.17 15.30

2 C om plete............ .........  77.74 16.81 5.11 68.70 99.66
C alcu lated .......... ___  77.97 16.62

3 C om plete ............ ......... 77.09 16.95 5.73 68.40 99.77
C alcu la ted .......... ......... 76.85 17.12

4 C om plete ............ ......... 80.20 14.66 4 .86 68.40 99.72
C alcu lated .......... ......... 80.15 14.69

5 C om plete.............. 16.60 5.11 68.70 99.71
C alcu lated .......... ......... 77.97 16.62

6 C om plete....................... 77.84 17.10 4.86 69.00 99.80
C alcu la ted .......... ......... 77.69 17.15

7 C om plete ....................... 77.22 16.20 6.23 67.80 99.63
C alcu lated .......... .........  77.41 16.06

8 C om plete....................... 74.10 2 0 . 2 1 5.48 69.40 99.79
C alcu lated ....................  74.00 2 0 .2 2

9 C om plete..............____  77.63 15.92 6.23 67.80 99.78
C alcu lated ....................  77.41 16.06

10 C om plete.............. -----  76.05 17.93 5.73 68.60 99.71
C alcu la ted ............____ 76.04 17.93

11 C om plete.............. . . . .  76.98 17.78 4 .98 69.10 99.74
C alcu lated ............____ 76.85 17.87

T h a t  th is  m e th o d  w ill p ro v e  of v a lu e  w ill b e  readily- 
a p p re c ia te d  b y  a ll ch em ists  w h o  h a v e  to  d eterm in e  th e  
p e rce n ta g e  co m p o sitio n  o f a n y  b a sic  su lfa te  o f lead , 
e ith e r  fo r th e  p u rp o se  of m e etin g  sp ecifica tio n s  or for 
a c c u r a te  co n tro l o f fin ish ed  p ro d u cts .

C h e m ic a l  L a b o r a t o r y , P i  c h e r  L e a d  C o .
J o p l i n , M is s o u r i

TH E CONSTITUTION OF WHITE LEAD
B y  E d w in  E u s t o n  

Received December 1 , 1913

T h e  u su al v ie w  is th a t  th e  w id e ly  used D u tc h , or 
ta n -b a rk  s ta c k , p ro cess o f co rro sio n  of m e ta llic  lea d  
to  fo rm  w h ite  lea d  re su lts  in  a p ro d u c t co n ta in in g  
p rin c ip a lly  a  fixed  a n d  d e fin ite  co m p o u n d , 2 P b C 0 3.- 
P b ( O H ) 2. T h is  v ie w  is b a se d  on th e  p h y s ica l a p ­
p e a ra n ce  of th e  cru st fo rm e d  u n d er th e  b e st co n d itio n s, 
a n d  assu m es t h a t  th e  h ig h e r p ercen ta g e  of co m b in ed  
ca rb o n  d io x id e  a lm o st a lw a y s  fo u n d  on a n a ly sis  is due 
to  a d m ix ed  n o rm a l lea d  c a rb o n a te , and  th a t  th e  lo w er 
p e rce n ta g e  o f ca rb o n  d io x id e  o cca sio n a lly  fo u n d  resu lts  
fro m  a d m ix ed  le a d  h y d ro x id e . I t  is ce rta in  th a t  a 
co n sid e ra b le  p e rce n ta g e  o f n o rm a l lea d  ca rb o n a te  in 
th e  c ry s ta llin e  fo rm  (“ s a n d y  le a d ” ) is u s u a lly  p resen t 
in  th e  p ro d u c t  o f th e  s ta c k  p ro cess, eve n  to  th e  exte n t 
of s p er c e n t or m o re; an d  u n d er a b n o rm al co n d itio n s 
o f co rro sio n  d e -h y d ra te d  lea d  h y d ro x id e  is fo u n d  to  be 
p re se n t in  q u a n t ity  su ffic ien t even  to  in ju re  th e  co lor 
of th e  w h ite  lea d . T h e  p o ss ib ility , or eve n  th e  p ro b a ­
b il i t y ,  th e re fo re , o f e ith e r  or b o th  n o rm a l lea d  ca rb o n ­
a te  a n d  som e fo rm  o f le a d  h y d ro x id e  b e in g  p resen t in 
s ta c k  p ro cess w h ite  le a d  m u st be a d m itte d . T h e  
p u rp o se  o f th e  w rite r  is to  co n sid er w h eth e r tru e  w h ite  
le a d  (th e  so -ca lle d  b a sic  c a rb o n a te  of lead) co n sists 
s u b s ta n tia lly  o f a  fixed  a n d  d efin ite  co m p o u n d , 
2P b C 0 3.P b ( 0 H )2, a d m ix e d  w ith  ch a n ce  am o u n ts  of 
n o rm a l le a d  c a rb o n a te  a n d  le a d  h y d ro x id e , or w h eth er 
so m e o th e r fo rm  o r fo rm s o f co m b in a tio n  of th e  e lem en ts 
in v o lv e d  m a y  n o t  b e tte r  a cco rd  w ith  th e  fa c ts .

D u rin g  th e  lo n g  tim e  re q u ired  in th e  s ta c k  p rocess 
to  e ffe ct th e  co m m e rc ia l degree  of co rro sio n , u su a lly  
io o  to  120 d a y s , no im p o rta n t  co n tro l ca n  be exercised  
o v e r  th e  p ro ce ss , an d  e v e n  in  th e  s e p a ra te  tiers  of the 
sam e s ta c k , w id e  v a r ia tio n s  of th e  g o v e rn in g  co n d itio n s

of h e a t, v e n tila t io n , m o istu re  a n d  v a p o riza tio n  of the 
a c e tic  a c id  occu r, re n d erin g  th e  s ta c k  process entirely 
u n su ita b le  aS a  m ean s o f in v e s t ig a t in g  experimentally 
th e  step s in  th e  fo rm a tio n  o f w h ite  le a d  and  the nature 
of th e  p ro d u c t. P r e c ip ita tio n  b y  ca rb o n  dioxide gas 
fro m  b a sic  lea d  a c e ta te  so lu tio n , as firs t suggested by 
T h e n a rd  as a  m ean s of fo rm in g  w h ite  lea d , has been 
fo u n d  to  be s u b je c t  to  so m a n y  d ifficu lties  of control 
t h a t  h ereto fo re  no resu lts  o f v a lu e  h a v e  been derived 
fro m  th is  m eth o d . Y e t  w h en  d u e  ca re  is exercised 
to  ensure u n ifo rm ity  of tr e a tm e n t  o f th e  entire mass of 
so lu tio n  and  p re c ip ita te , w h en  th e  a p p a ra tu s  used is 
of su ffic ien t size  (sa y, io o o  p o u n d s  p ro d u c t  per hour), 
an d  w h en  p ro p er te s ts  are k n o w n , clo se  control of the 
p re c ip ita tio n  p rocess is a tta in a b le ;  an d  in  m any thou­
san d  re p etitio n s  on th is  m a n u fa c tu r in g  sca le  the writer 
h as fo u n d  t h a t  v e r y  d e fin ite  re s u lts  m a y  be obtained, 
th ro w in g  n ew  lig h t  on  th e  series o f ch a n ge s  occurring 
w h en  b a sic  lea d  a c e ta te  s o lu tio n  is  su b je c te d  to the 
a ctio n  o f ca rb o n  d ioxid e.

F o r p ra c tic a l reaso n s an  a p p ro x im a te ly  di-basic 
so lu tio n  o f le a d  a c e ta te  fo rm e d  fro m  a b o u t 4 per cent 
a c e tic  a c id  is p re fe ra b le , u n ifo rm ly  c irc u la te d  (without 
p e rm ittin g  sep a ra tio n  of th e  re s u lt in g  precipitate 
fro m  th e  liq u id ) b y  s p ra y in g  a  n u m b e r  of tim es through 
an  atm o sp h e re  of m o d e ra te ly  o r s tr o n g ly  concentrated 
ca rb o n  d io xid e  ga s, a t  ro o m  te m p e ra tu re . When the 
p re c ip ita tio n  is s lo w ly  p e r fo rm e d  u n d er standard 
co n d itio n s, th e  p re c ip ita te  first a p p e a r in g  is colloidal 
in  ch a ra c te r  an d  a n a ly se s  8.6 p e r  ce n t  CO2 or slightly 
h ig h er, co rresp o n d in g  to  th e  fo rm u la  PbCOj.Pb(O H )!. 
W h en  m ore q u ic k ly  p erfo rm ed , th e  p recip itate  con­
ta in s  9.0 to  10 .o per ce n t CO2, th e re fo r e  also  less than 
th e  11 .3  p er ce n t CO2 co rresp o n d in g  to  th e  formula 
2P b C 0 3.P b (0 H )2 c o n stitu tin g  th e  u s u a lly  accepted 
v ie w  o f th e  p rin c ip a l co m p o u n d  in  w h ite  lead. On 
co n tin u in g  th e  tre a tm e n t, th e  p e rc e n ta g e  of combined 
CO2 in creases g r a d u a lly  u n til i t  a p p ro x im a tes 16.6 
per ce n t, co rresp o n d in g  to  th e  fo rm u la  of th e  normal 
c a rb o n a te  P b C 0 3, a fte r  w h ich  no fu r th e r  precipitation 
and  no fu rth e r  ch a n ge  in  th e  co m p o sitio n  of the already 
fo rm ed  p re c ip ita te  o ccu rs. T h r o u g h o u t  th is  treatment 
th e  in crease  in  th e  CO2 p e rc e n ta g e  in  th e  precipitate 
is p ro g ressive  a n d  g ra d u a l, w ith  n o  ev id e n ce  of the 
fo rm a tio n  of h y p o th e t ic a l in te rm e d ia te  compounds 
such  as th e  su p p o se d  2P b C 0 3.P b ( 0 H )2, or such as 
3P b C 0 3.P b (0 H )2. T h e  ch a n g e  in  th e  solution as j 
th e  a v a ila b le  le a d  is  p r e c ip ita te d  is  grad u al, from 
stro n g  a lk a lin ity  to  s lig h t  a c id ity . S im ila r ly , the prop­
erties  of th e  p re c ip ita te  in d ic a te  o n ly  gra d u a l change 
as th e  p ro cess p ro gresses, e x c e p t  t h a t  w h en  the solution 
p asses th e  p o in t o f e x a c t  n e u tr a lity  th e  “ apparent 

d e n s ity ”  o f th e  p re c ip ita te  s u d d e n ly  and  sharply 
in creases, b u t  th e re a fte r  re su m es th e  m ore gradual 
ra te  o f in cre ase  w h ich  is a lso  c h a ra c te r is tic  in the 
e arlier s ta g e  o f th e  p re c ip ita tio n . T h is  sudden in­
crease  in  “ a p p a re n t d e n s ity ”  is d o u b tle ss  due to co­
a g u la tio n  o ccu rrin g  w h en  th e  s o lu tio n  becom es acid: 
A n a ly se s  do n o t in d ic a te  a n y  fix e d  a n d  defin ite com­
p o sitio n  o f th e  p re c ip ita te  w h en  th is  su d d en  increase 
in a p p a re n t d e n s ity ”  o ccu rs, as th e  determinations |  

m a y  ran ge  v a r io u s ly  fro m  1 1 .0  p er ce n t  to  even 13-5
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per cent C 0 2. T h e  fo re g o in g , th e re fo re , a ffo rd s  no 
evidence of th e  fo rm a tio n  o f th e  u s u a lly  a ssu m ed  
compound 2 P b C 0 3.P b ( 0 H ) 2, b u t  on th e  c o n tr a r y  
shows the in itia l fo rm a tio n  o f a  p r e c ip ita te  o f th e  
composition P b C 0 3.P b ( 0 H )2 a n d  th e  g r a d u a l ch a n g e  
to the norm al c a rb o n a te .

Lead h yd ro xid e  is so lu b le  in  a  s o lu tio n  of ca n e  s u g a r  
in water. A t  no s ta g e  in  th e  a b o v e  d e sc rib e d  p ro ce ss  
is the sep arated  a n d  w a sh e d  p r e c ip ita te  a p p r e c ia b ly  
soluble in ca n e -su g a r s o lu tio n . T h e re fo r e , th e  p re ­
cipitates d escrib ed  a re  n o t  s im p le  m ix tu re s  o f n o rm a l 
carbonate and  o f le a d  h y d r o x id e , b u t  h o ld  th e  le a d  
hydroxide in som e fo rm  of c o m b in a tio n  w ith  a ll or 
part of th e  c a rb o n a te . T h is  f a c t ,  in  co n n e ctio n , w ith  
the analyses of th e  first fo rm e d  p r e c ip ita te , sh o w s 
that the first p ro d u c t  o b ta in e d  is a  b a sic  c a rb o n a te  
of the fo rm u la  P b C 0 3.( 0 H )2. In a sm u ch  as th e  fin a l 
product o b ta in ed  b y  c o n tin u in g  th e  p ro ce ss  t o  th e  
extreme degree is P b C 0 3, th e  q u e s tio n  th e n  b e co m es 
whether these tw o  co m p o u n d s, P b C 0 3.P b ( 0 H )2 a n d  
PbCOj, w hen m ix ed  in  v a r io u s  p ro p o rtio n s , c o n s t itu te  
white lead, or w h e th e r o th e r  c o m p o u n d s  m u st a lso  be 
postulated.

As m ixtures of P b C 0 3.P b ( 0 H )2 a n d  P b C 0 3 in  
proper p ro p o rtio n s g iv e  a ll th e  in te rm e d ia te  p e r c e n t­
ages of co m b in ed  ca rb o n  d io x id e  b e tw e e n  8.6 p er ce n t 
and 16.6 per ce n t, no o th e r  co m p o u n d s  th a n  th e se  
two need to  be a ssu m ed  fro m  th e  p o in t o f v ie w  of c o m ­
position. A  m ix tu re  of on e e q u iv a le n t  o f P b C 0 3.P b - 
(0H)2 w ith  one e q u iv a le n t  o f P b C 0 3 w ill g iv e  th e  
average 11.3  p er ce n t  C 0 2 o f th e  h e re to fo re  a ssu m ed  
2PbC03.P b (0 H )2, a n d  th e  p h y s ic a l p ro p e rtie s  of a 
sample of w h ite  le a d  a n a ly z in g  11 .3  p er ce n t  C 0 2 a n d  
directly p re p a re d  are  id e n tic a l w ith  th e  p h y s ic a l 
properties of a  sa m p le  of th e  sa m e  a v e ra g e  co m p o sitio n  
obtained b y  m e c h a n ic a lly  m ix in g  to g e th e r  s e p a r a te ly  
prepared e q u iv a le n t  q u a n tit ie s  o f P b C 0 3.P b ( 0 H )2 
and of P b C 0 3, e. g., th e  s p a ce  o c c u p ie d  b y  20 g ra m s  of 
the pulverized  sa m p le  s e tt lin g  fr e e ly  u n d e r w a te r  in 
a 200 ec. cy lin d er , th e  a m o u n t of lin se ed  oil n e ce s sa ry  
to form a p a ste , th e  ease  of m is c ib ility  w ith  lin se ed  
oil, also th e  o p a c ity  a n d  sp re a d in g  p o w e r  w h en  m ix ed  
as a paint. T h is  sam e re s u lt  is  tru e  fo r  a ll o th e r  v a r ia ­
tions of co m p o sitio n  b e tw e e n  8.6 p e r  ce n t  a n d  16.6 
per cent C 0 2, i.  e., th e  e n tire  ra n g e .

The m o lecu lar v o lu m e  a ffo rd s  fu r th e r  e v id e n c e  
that no o th er co m p o u n d s  th a n  P b C 0 3.P b ( 0 H )j a n d  
PbC03 are p re se n t in  w h ite  le a d  p ro p e r ly  p re p a re d :

Percentage 
linseed oil

M olecular required  to
volum e R atio  form  paste  R atio

W PhCOj.................................. 5 7 .O 1 .0  7 (actual) 1 .0
V>) PbCOi.Pb(OH)i................ 9 7 .8  1.71 12  (actual) 1.7
W 2PbCOi.Pb(OH)i  154.8 2.71 19 (iudicatcd) 2 .7
W) 3PbCOi.Pb(OH)i.............  211 .8  3 .71  26 (indicated) 3 .7

The close co rre sp o n d e n ce  b e tw e e n  th e  ra tio s  fo r  
calculated m o le c u la r  v o lu m e  a n d  fo r  a c tu a l oil re ­
quirement in  th e  case  o f (a) a n d  (b) is v e r y  s tr ik in g . 
The in d icated  oil re q u ire m e n ts  fo r  th e  h y p o th e t ic a l  
compounds (c) a n d  (d),  viz., i g  p er ce n t  a n d  26 p er ce n t, 
are entirely to o  h ig h  to  a c c o rd  w ith  th e  k n o w n  oil 
requirements of w h ite  le a d  o f th e  co rresp o n d in g

a n a ly se s , a n d  w o u ld  im p ly  t h a t  as  th e  p e r c e n ta g e  of 
ca rb o n  d io x id e  in  w h ite  le a d  in cre a se s, th e  oil r e ­
q u ire m e n t w o u ld  r a p id ly  in cre a s e  u n til, w h en  th e  
n o rm a l c a rb o n a te  sh o u ld  b e  re a c h e d , a  su d d e n  g r e a t  
d ro p  in  oil re q u ir e m e n t w o u ld  re su lt. C e r ta in ly  th is  
is n o t  th e  case, fo r  a c tu a lly  th e  oil re q u ire m e n t, as th e  
p e r c e n ta g e  o f ca rb o n  d io x id e  in cre a se s, sh o w s g r a d u a l 
re d u c tio n  fro m  12 p er c e n t  to  7 p er ce n t  fo r  a ll in te r ­
m e d ia te  s ta g e s . In s te a d  o f th e  in d ic a te d  oil re q u ir e ­
m e n t o f 19 p er ce n t  fo r  (c), th e re fo re , th is  figu re  
b eco m es

(7 X  266.5) +  (12  X  507) 

773-5 .
=  10 .27 P er ce n t,

w h ich  a cc o rd s  w ith  th e  fa c ts , p ro v id e d  a llo w a n ce  is 
m a d e  fo r  g a in  in  c o m p a c tn e s s  d u e  to  th e  in te rm e s h in g  
o f tw o  size s  of p a rtic le s , re s u lt in g  in  an  a c tu a l re q u ire ­
m e n t o f a b o u t  9 p e r  ce n t  oil.

In a sm u c h  as th e  D u tc h  o r s t a c k  p ro ce ss  a lso  in v o lv e s  
th e  use of b a sic  le a d  a c e ta te  so lu tio n  a n d  ca rb o n  d i­
o x id e  g a s , th e re  is no re a so n  to  co n sid e r th a t  th e  course  
o f re a c tio n s  in  th e  s ta c k  p ro ce ss  (in  w h ich  th e  re a ctio n s  
ca n n o t b e  w a tc h e d )  d iffers  fro m  th e  n o w  k n o w n  co u rse  
of re a c tio n s  in  th e  p r e c ip ita t io n  p ro ce ss  (in w h ich  th e  
re a c tio n s  ca n  b e  w a tc h e d );  a n d , e x c e p t  in  its  c o m p a r a ­
t iv e  co a rsen ess  a n d  g r a n u la r ity  and' its  less d e g re e  of 
w h ite n e ss  d u e  to  ta n -b a r k  a n d  o th e r  s ta in s , s ta c k  
p ro ce ss  le a d  h a s  no c h a ra c te r is tic s  d iffe re n t fro m  th o se  
o f a  p re c ip ita te d  w h ite  le a d  k n o w n  to  c o n ta in  th e  tw o  
c o m p o u n d s  P b C 0 3.P b (0 H )2 a n d  P b C 0 3, T h e  c o n ­
c lu sio n  is  c le a r , th e re fo re , t h a t  w h ite  le a d  d o es n o t 
c o n ta in  a  co m p o u n d  o f th e  h e re to fo re  a ssu m ed  fo rm u la  
2 P b C 0 3.P b ( 0 H ) 2, b u t  t h a t  on  th e  c o n tr a r y  w h ite  le a d  
co n sis ts  o f a  m ix tu re  of th e  tw o  a m o rp h o u s  c o m p o u n d s  
P b C 0 3.P b ( 0 H )2 a n d  P b C 0 3, c o m p lic a te d  in  th e  case  
of s t a c k  w h ite  le a d  b y  th e  p re se n ce  o f so m e le a d  c a rb o n ­
a te  in  c r y s ta llin e  fo rm  a n d  o c c a s io n a lly  so m e fo rm  of 
le a d  h y d r o x id e  d ue to  a b n o rm a l co n d itio n s  in  th e  
co rro d in g  s ta c k .

E u s t o n  W h i t e  L e a d  C o .
S t . L o u is

ON TH E DETERM INATION OF TITANIUM  AS 
PH OSPH ATE

B y  G e o r g e  S. J a m i e s o n  a n d  R i c h a r d  W re n  s h a l l  

R e c e iv e d  O c to b e r  29, 1913

S e v e ra l y e a rs  a g o  E r ic  J o h n  E r ic s o n 1 d e sc rib e d  a 
m e th o d  fo r  th e  d e te rm in a tio n  o f t ita n iu m  in  ferro - 
t ita n iu m  a n d  in  ores. T h e  . m e th o d  w a s  b a se d  u p o n  
th e  p r e c ip ita t io n  o f t ita n iu m  p h o s p h a te  in  a c id  s o lu ­
tio n  b y  th e  a d d it io n  o f a m m o n iu m  p h o s p h a te  an d  
b o ilin g , a fte r  re d u c in g  th e  iro n  to  th e  fe rro u s  s ta te  b y  
m ean s of a m m o n iu m  b is u lfite  o r s u lfu r  d io x id e . H e 
g a v e  th e  fa c to r  0.336 fo r  c a lc u la tin g  th e  t ita n iu m  fro m  
th e  w e ig h t of th e  p h o s p h a te , a ssu m in g  t h a t  th e  la tte r  
h a s  th e  fo rm u la  T i2P20a-

O n a c c o u n t o f th e  s im p lic ity  a n d  r a p id it y  o f th is  
m e th o d  its  a c c u r a c y  a n d  a p p lic a tio n  h a v e  b e en  s tu d ie d  
in  th is  la b o r a to r y . S o m e m o d ifica tio n s  of th e  o rig in a l 
m e th o d  h a v e  b een  fo u n d  d e sira b le  a n d  its  a p p lic a tio n  
to  th e  s e p a ra tio n  o f t i t a n ic  a c id  fro m  a lu m in a  h a s  
b een  w o rk e d  o u t. A  series o f e ig h te e n  e x p e r im e n ts

1 Iron  Age, Aug. 27, 1903, p. 4.
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w as m ad e w ith  s ta n d a rd  so lu tion s o f ferric  and  tita n ic  
su lfa te s  co n ta in in g  en o u g h  su lfu r ic  a cid  to  k eep  th e  
sa lts  in so lu tio n , b u t  th e  q u a n titie s  o f free su lfu r ic  a cid  
p resen t w ere n o t d eterm in ed .

T h e  s ta n d a rd  t ita n iu m  solution s, e m p lo y ed  in  th is  
resea rch  w ere  p re p a re d  fro m  p u re  p o ta ssiu m  tita n iu m  
flu o rid e  w ith  th e  exce p tio n  of one so lu tio n  m ad e fro m  a 
t ita n iu m  o x a la te  of e x ce llen t q u a lity . T h e  t ita n iu m  
s a lts  w ere co n v e rte d  in to  th e  su lfa te  b y  re p ea ted  
e v a p o ra tio n  w ith  su lfu ric  a cid  in p la tin u m  dishes. 
T h e  so lu tio n s  w ere sta n d a rd iz e d  b y  p re c ip ita tin g  th e  
t ita n iu m  w ith  a m m o n ia  fro m  m easu red  v o lu m es, 
f in a lly  w eigh in g  th e  d io xid e  a n d  ca lc u la tin g  th e  
s tre n g th  of th e  so lu tio n  in  term s of t ita n iu m . T h e  
v a lu e s  o b ta in ed  w ere ch eck ed  b y  p re c ip ita tin g  the 
t ita n iu m  b y  th e  so dium  th io s u lfa te  m eth o d  a n d  w eig h ­
in g  th e  d ioxid e.

In  each  case 15 cc. of 1 : 1 h y d ro ch lo ric  a c id  w ere 
a d d ed  to  m easu red  vo lu m es o f th ese  so lu tio n s, w ater 
w as ad d ed  to  m a k e  th e  vo lu m e  100 cc., su lfu r  d io xid e  
w as p assed  th ro u g h  fo r 10 m in u tes, th e  liq u id  w as 
h e a te d  to  b o ilin g  a n d  20 cc. o f a 10 per ce n t so lu tio n  of 
a m m o n iu m  p h o sp h a te  w ere a d d ed . T h e  b o ilin g  w as 
co n tin u e d  fo r a  h a lf h o u r; th e  p re c ip ita te  w as a llo w ed  
to  se ttle  fo r  an h o u r or m ore; it  w as  th e n  filtered  and 
w ash ed  w ith  h o t w a te r  on a  G o och  cru cib le  in  w hich 
it  w as fin a lly  ig n ite d  fo r 15 m in u tes a t  th e  h ig h est 
te m p e ra tu re  of th e  B u n sen  b u rn er and  w eigh ed. 
T h e  m eth o d  of E ricso n  w as c lo se ly  fo llo w ed  here ex­
c e p t t h a t  th e  G o o ch  cru cib le  w as  used in ste a d  of 
p ap er fo r  filte rin g , on  a cco u n t of th e  te n d e n c y  of th e  
p re c ip ita te  to  ru n  th ro u g h  a p a p er filter. In  order to  
m a k e  s a t is fa c to r y  use of th e  G o och  cru cib le , it  is 
n e ce ssa ry  to  use m o d e ra te  su ctio n  an d  to  a v o id  a llo w ­
in g  a ll th e  liq u id  to  p ass o u t of th e  cru cib le  un til 
th o ro u g h  w ash in g h as been  e ffe cte d , fo r  i t  is im p ossib le  
to  w ash  th e  p re c ip ita te  a fte r  i t  h as b ecom e co m p a ct 
and  h as cra ck ed . E x c e p t  w ith  v e r y  sm a ll q u a n tities  
o f tita n iu m , th e  re su lts  o b ta in e d  w ere s a tis fa c to ry . 
L o w  resu lts  w ere o b ta in e d  w h en  less th a n  0.007 gram  
of t ita n iu m  w as p resen t, w h ich  a p p ea r to  be du e to  th e  
fa ilu re  o f th e  p re c ip ita te  to  co lle c t  in  a  filte ra b le  fo rm . 
I t  p ro b a b ly  rem ain s in  a  co llo id a l con d itio n . T h e  
w riters  h a v e  fo u n d  t h a t  w ith  su ch  sm a ll q u a n tities  
of t ita n iu m  less a c id  m u st be used  an d  a fte r  p re c ip ita ­
tio n  a n d  b o ilin g , it  is a d v is a b le  to  le t  th e  liq u id  stan d  
fo r  a t  le a st 6 ho u rs, th e n  to  w arm  on th e  stea m  b a th  
and  filter. W ith  th is  tre a tm e n t th e  loss ap p ears 
to  be no g re a te r  w ith  a b o u t 0.002 gram  of t ita n iu m  
th a n  w ith  la rg e r q u a n tities .

W h en  an  a tte m p t  w as m ad e  to  a p p ly  E ric so n ’s 
m e th o d  to  spm e ores c o n ta in in g  0.5 to  8 per ce n t of 
t ita n iu m  it  w as  fo u n d  th a t  no p re c ip ita te  or o n ly  a  
sm all one w as o b ta in e d  if th e  ores h a d  been  d issolved  
b y  tre a tm e n t  w ith  h y d ro c h lo ric  a n d  su lfu ric  a cid  an d  
e v a p o ra tio n  w ith  a  ra th e r  la rg e  a m o u n t of su lfu ric  
ac id  in ste a d  of bein g d isso lv ed  b y  a p o ta ssiu m  b i­
su lfa te  fu sio n . T h is  w as e v id e n tly  du e  to  th e  p resence 
of th e  la rge  a m o u n t o f s u lfu r ic  a c id  in  a d d itio n  to  th e  
h y d ro ch lo ric  a c id  used . T h e re fo re , w h en  th is  co n ­
v e n ie n t m eth o d  fo r  d isso lv in g  t ita n iu m  ores is em ­
p lo y e d , it  is n ece ssa ry  to  n e u tra liz e  th e  su lfu ric  acid ,

b e st w ith  am m on ia, befo re  p ro ce e d in g  w ith  the de­
term in a tio n . T ita n iu m  ores or m in era ls  n o t decom­
posed  b y  th e  acid  tre a tm e n t ju s t  d e sc rib ed , are rendered 
so lu b le  b y  fu sio n  w ith  p o ta ssiu m  b is u lfa te  in  the usual 
m anner.

In  th e  an alyses in  th e  ta b le  g iv e n  b e lo w , th e  sulfuric 
a cid  p resen t in  each  so lu tio n  w as n e u tra lize d  with 
a m m o n ia  before a d d in g  th e  h y d r o c h lo r ic  acid; the 
p re c ip ita te s  w ere a llo w ed  to  s e tt le  a t  le a s t  six hours, 
th en  th e  so lution s w ere h e a te d  on th e  s te a m  bath for 
a b o u t 20 m in utes before filterin g.

No. Fc taken T i taken Ti found E rro r
Cc. 1 : 1 
IICl used

1 ................ ...........  0.000 0.0019 0.0018 — 0 . 0 0 0 1 1
2 ................ ...........  0.000 0.0030 0.0027 — 0.0003 3
3 ................ .............. 0.000 0.0030 0.0034 +  0.0004 3
4 ................ ...........  0.043 0 . 0 0 1 0 0 . 0 0 1 0 0.00 00 2
5 ................ ...........  0.086 0 . 0 0 1 0 0.0009 — 0 . 0 0 0 1 3
6 ................ ...........  0.086 0.0030 0.0029 — 0. 0 0 0 1 3
7 . ............................ 0.086 0 . 0 0 1 0 0.0009 — 0. 0 0 0 1 3
8 ................ ...........  0.086 0.0019 0 . 0 0 1 1 — 0.0008 6
9 ................ ...........  0.086 0 . 0 0 1 0 0.00 02 — 0.0008 6

1 0 ................ ...........  0.086 0.0039 0.0032 — 0.0007 10
1 1 .............................. 0.043 0 . 0 1 0 0 0 . 0 1 0 1 + 0 .0 0 0 1 5
1 2 ................ ...........  0.043 0.0154 0.0152 —0 . 0 0 0 2 5
13................. ...........  0.043 0.0154 0.0151 — 0.0003 5
14................. ...........  0 . 1 0 0 0.0248 0.0245 — 0.0003 15
15................. ...........  0 . 1 0 0 0.0248 0.0244 • — 0.0004 15
16................. ...........  0 . 1 0 0 0.0260 0.0256 — 0.0004 15
17................. ...........  0 . 1 1 0 0.0260 0.0258 — 0. 0 0 0 2 15

In  th ese  exp erim en ts a  v o lu m e  of a b o u t  5° cc. was 
used in ste a d  of 100 cc., as in  th e  ca se  of th e  first series 
of exp erim en ts. I t  w ill be o b s e rv e d  t h a t  in  the first 
10 exp erim en ts v e r y  sm all a m o u n ts  of t ita n iu m  were 
ta k e n  in  order to  d eterm in e th e  c o n d itio n s  u n d er which 
th e y  co u ld  be sa tis fa c to r ily  p r e c ip ita te d  a n d  filtered. 
I t  is e v id e n t fro m  th ese  e x p e rim e n ts  t h a t  w hen 1-3 
m g. of t ita n iu m  are p resen t, i t  is n e c e s sa ry  to  keep 
th e  a m o u n t of free 1 : 1 h y d r o c h lo ric  a c id  down to 
a b o u t 3 cc. in  50 cc. so lu tio n s, o th e rw is e  lo w  results 
w ill be o b ta in ed .

E x p e rim e n ts  were m ade to  fin d  if  t ita n iu m  phos­
p h a te  co u ld  be p re c ip ita te d  in  th e  p re se n ce  of tartaric 
acid  and  it  w as fo u n d  th a t  th is  co u ld  b e  don e quanti­
t a t iv e ly  a lth o u g h  in  a  recen t a r t ic le  T h o r n to n 1 states 
th a t  t ita n iu m  ca n n o t be p re c ip ita te d  b y  a n y  reagent 
in th e  presen ce of ta r ta r ic  a c id . T o  th e  solutions 
co n ta in in g  m easu red  q u a n titie s  o f t ita n iu m  and ferric 
su lfate s, a b o u t 2 gram s of ta r ta r ic  a c id  w ere added 
an d  en o u gh  a m m o n ia  to  m a k e  th e m  s l ig h t ly  alkaline. 
T h e n  h y d ro g en  su lfide w as p a ssed  in to  th e  warm 
so lu tion s u n til th e  iron  w as re d u ce d  a n d  precipitated 
as su lfide. T h e  so lu tion s w ere tr e a te d  w ith  10-15 
cc. of 1 : i  h y d ro ch lo ric  acid , d e p e n d in g  upon the 
a m o u n t of iron  p resen t, an d  h e a te d  u n til th e  iron 
sulfide w as d isso lved . T h e n  20 cc. o f th e  10 per cent 
a m m o n iu m  p h o sp h ate  re a g en t w ere  a d d e d  and the 
e x p erim en ts fro m  th is  p o in t w ere id e n tic a l w ith  those 
d escrib ed  a b o v e . In  th e  first fo u r  e x p erim en ts  the 
ferro u s su lfide w as filtered  off a n d  w a sh e d  w ith  hot 
w a te r  co n ta in in g  a  lit t le  a m m o n iu m  su lfid e, while 
in  th e  la st  fo u r th e  ferro u s su lfid e  w a s  n o t  filtered, 
b u t d isso lved  as p re v io u s ly  d ire c te d . N o  advantage 
w as ga in ed  b y  re m o vin g  th e  iro n  fro m  th e  solution. 
T h e  fo llo w in g  resu lts  w ere o b ta in e d .

1 A m . J .  Sci., 34, 214.
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No. I 'c  taken  T i taken  T i found E rro r
] .......................................  0 .086  0.0207 . 0 .0206 — 0.0001
2 ’ ....................................  0 .043 0 .0050 0 .0049 — 0.0001
 3 ......................................  0 .043 0 .0030 0 .0024 — 0.0006
4 " ’..................................  0 .043  0 .0040 0 .0039 — 0.0001
5 ’ ...................................... 0 .043  0 .0060 . 0 .0059 — 0.0001
$ ........................................ 0 .200  0 .0249 0 .0253 + 0 .0 0 0 4
7 ” ....................................  0 . 1 0 0  0 .0186 0 .0186 ± 0 .0 0 0 0
8........................................ 0 .100  0 .0249 0 .0248 — 0.0001

The ch o ice  o f m e th o d s  fo r  th e  re d u c tio n  o f th e
iron is la rg e ly  a  m a tte r  o f p erso n a l p re fe re n ce , since 
both g iv e  e q u a lly  g o o d  re su lts  as  seen  in  th e  ta b le s  of 
test a n a ly se s  g iv e n  a b o v e . H o w e v e r  i t  m a y  b e  sa id  
that th e  re d u ctio n  of th e  iro n  in  o u r a m m o n ia ca l 
solution is s o m e w h a t q u ic k e r  th a n  t h a t  b y  s u lfu r  
dioxide in  a  h y d r o c h lo r ic  a c id  so lu tio n .

In a p p ly in g  th is  m e th o d  to  th e  d e te rm in a tio n  of 
titanium  in  so m e ores, w h ich  w ere  p r e v io u s ly  fo u n d  
to be c o m p le te ly  d e co m p o se d  b y  a c id  t r e a tm e n t , th e  
procedure w as as fo llo w s : T o  0.5 g ra m  o f v e r y  fin e ly
pulverized sa m p le , 25 cc. o f c o n c e n tra te d  h y d r o c h lo r ic  
acid were a d d ed  a n d  th e  s o lu tio n  w as h e a te d  u p o n  th e  
steam b a th  u n til no fu r th e r  a c tio n  w a s  o b se rv e d . 
A bout 20 cc. o f 1 : 2 s u lfu r ic  a c id  w ere  a d d e d  a n d  th e  
solution w as c a u t io u s ly  e v a p o r a te d  to  s u lfu r ic  a c id  
fumes and  th e n  h e a te d  fo r  an  h o u r a t  a  te m p e ra tu re  
just below  th e  b o ilin g  p o in t. A fte r  c o o lin g , 30 cc. of 
water w ere a d d e d  a n d  th e  s o lu tio n  w as w a rm e d  u n til 
the so luble  s a lts  h a d  d isso lv e d . T h e  in so lu b le  m a tte r  
was filtered , w a sh e d  th re e  tim e s  w ith  v e r y  d ilu te  
sulfuric acid , a n d  f in a lly  w ith  w a te r  a t  ro o m  te m p e r a ­
ture. T h e  in so lu b le  m a tte r  w a s  te s te d  a n d  w as fo u n d  
to be free  fro m  t ita n iu m . T h e  f iltr a te  w as  d ilu te d  
to e x a c tly  s ° °  c c -> m ix e d  th o r o u g h ly , a n d  a liq u o t  
parts w ere ta k e n  so t h a t  th e  ig n ite d  p re c ip ita te  w o u ld  
not w eigh  o v e r  90 m g ., as i t  w a s  n o t  p r a c t ic a l  to  a t ­
tem pt th e  filtr a tio n  o f la rg e r  a m o u n ts  o f th is  g e la tin o u s  
precipitate. T o  e a ch  a liq u o t  p a r t  2 g ra m s  of ta r ta r ic  
acid were a d d ed  a n d  th e  m e th o d  fro m  th is  p o in t  w as  
identical w ith  t h a t  d e sc rib e d  a b o v e . T h r e e  t ita n ic  
iron ores w ere a n a ly z e d  w ith  th e  fo llo w in g  re su lts .

Ore T i found T i by  the  volum etric m ethod11
A ....................................  13.00%  13.18%
A ....................................  13.17
A ....................................  13.20
B ....................................  24.19
B ....................................  23 .99  24.22
B ....................................  24 .22
C ....................................  15.82
C ....................................  15.86 15.94
C ....................................  16.01

It  is re co m m e n d e d  t h a t  fo r  th e  g e n e ra l a p p lic a tio n  
of this m e th o d  to  th e  d e te rm in a tio n  o f t ita n iu m  in  th e  
presence of r e la t iv e ly  la rg e  a m o u n ts  o f iro n , th e  
titan ium  be p r e c ip ita te d  fro m  a  s o lu tio n  o f a b o u t 
100 cc. v o lu m e  w h ich  c o n ta in s  15 cc . o f 1 : 1 h y d r o ­
chloric acid . F u r th e r m o re , i t  is  re co m m e n d e d  t h a t  
enough s u b s ta n ce  b e  t a k e n  so t h a t  a t  le a s t  10 m g . of 
titanium  sh a ll b e  p re se n t in  th e  so lu tio n .

It w as fo u n d  t h a t  t ita n iu m  co u ld  b e  s e p a ra te d  fro m  
alum inium  a n d  d e te rm in e d  in  th e  sam e m a n n er as 
when iron  is  p re se n t, b u t  t h a t  i t  w as  n e c e s sa ry  to  use

1 A modification of th e  m ethod in G ooch’s "M eth o d s  in Chem ical 
Analysis," page 242.

m o re h y d r o c h lo r ic  a c id  in  o rd e r t o  p re v e n t th e  p re ­
c ip ita t io n  o f a lu m in iu m  p h o s p h a te . T h e  m e th o d  e m ­
p lo y e d  w as to  a d d  1 - 2  g ra m s  of ta r t a r ic  a c id  to  th e  
s o lu t o n  of t ita n iu m  an d  a lu m in iu m  s u lfa te s  an d  
e n o u g h  a m m o n ia  to  m a k e  i t  s l ig h t ly  a lk a lin e . (T h e  
t a r t a r ic  a c id  w as  u sed  to  p r e v e n t  th e  fo rm a tio n  o f th e  
h y d r o x id e .)  T h e n  a m e a su red  q u a n t it y  of h y d r o ­
ch lo r ic  a c id  w a s  a d d e d  a n d  th e  a n a ly s is  w a s  c o m p le te d  
in  th e  sa m e  w a y  as w h en  iro n  w a s  p re se n t. A  v o lu m e  
o f a b o u t 100 cc . w a s  u sed  in  th e  fo llo w in g  e x p e r im e n ts :

No. AlO taken T i taken T i found E rro r
Cc. conc. 
HC1 used

1 ................. 0.0273 0.0277 +  0 .0004 10
2 ................. ............ 0 .060 0.0310 0.0308 — 0 .0 0 0 2 12
3 ................. ............ 0 .070 0.0248 0.0245 — 0.0003 1 0
4 ................. ...........  0.063 0.0248 0.0249 + 0 . 0 0 0 1 9
5 ................. ............ 0 . 1 1 0 0 . 0 2 1 0 0.0214 + 0 .0 0 0 4 1 0
6 ................. ...........  0 . 1 0 0 0 .0260 0.0263 + 0 .0 0 0 3 11
7 ................. ...........  0 . 1 2 0 0.0310 0.0309 — 0 . 0 0 0 1 1 +
8 ................. ............ 0 .060 0.0223 0 .0224 + 0 .0 0 0 1 15
9 ................. ............ 0 .060 0.0186 0.0189 + 0 .0 0 0 3 a

1 0 ................. ...........  0 .050 0.0186 0.0182 —0.0004 15
1 1 ................. ............ 0 .070 0.0248 0.0245 — 0.0003 1 0
1 2 ................. ...........  0 .060 0 . 0 1 2 2 0.0119 — 0.0003 7
13................. ............ 0 .050 0.0248 0.0292 + 0 .0 0 4 4 5
14................. ............ 0 . 1 0 0 0.0310 0.0473 + 0 .0 1 6 3 5
15................. ...........  0 .150 0.0186 0.0233 + 0 .0 0 4 7 7
16................. ............ 0 . 1 0 0 0.0248 0.0288 +  0 .0040 5
17................. ...........  0 .070 0.0310 0.0351 + 0 .0 0 4 1 7

T h e s e  e x p e r im e n ts  in d ic a te t h a t  -w ith  a  v o lu m e  o f
100 cc. c o n ta in in g  0.05—0 .15  g ra m  a lu m in a  it  is n e c e s sa ry  
to  h a v e  an  excess  o f a t  le a s t  8 cc . o f c o n c e n tra te d  
h y d r o c h lo r ic  a c id  in  o rd e r to  g e t  a  s a t is fa c to r y  s e p a ra ­
t io n  of th e  t ita n iu m .

S h e f f i e l d  C h e m ic a l  L a b o r a t o r y  
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B y  L. V. R e d m a n ,  A. J .  W bith  a n d  F. P . B r o c k  
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D u rin g  a  re sea rch  in to  th e  ra te  o f c o n d e n s a tio n  b e ­
tw e e n  p h e n o ls  a n d  a c t iv e  m e th y le n e  g ro u p s  in  th e  p ro ­
d u c tio n  of s y n th e t ic  re sin s i t  b e c a m e  n e c e s sa ry  fo r  us 
to  fin d  a ra p id  a n d  a c c u r a te  m e th o d  fo r  th e  d e te rm in a ­
tio n  of p h e n o ls  in  th e  p re se n ce  o f s u b s ta n c e s  c o n ta in in g  
m e th y le n e  g ro u p s, e. g., fo r m a ld e h y d e , h e x a m e th y le n e -  
te tr a m in e , e tc .

In  p re v io u s  p a p e rs 1 w e h a v e  d e sc rib e d  a  b ro m in a tio n  
m e th o d  w h ich  se rv e s  fo r  th e  v e r y  a c c u r a te  a n d  ra p id  
q u a n t ita t iv e  d e te rm in a tio n  of p h e n o l in  a  w a te r  s o lu ­
t io n . T h e  m e th o d  c o n sis te d  in  d ilu tin g  th e  p h en o l 
t o  N / i o o o ,  in  a c id  s o lu tio n , s h a k in g  th e  so lu tio n  fo r  
i  m in u te  a fte r  th e  b ro m id e -b ro m a te  s o lu tio n  is a d d e d , 
th e n  a d d in g  K I ,  s h a k in g  a g a in  fo r  i  m in u te  a n d  t i t r a t in g  
th e  e xcess io d in e  w ith  th io s u lfa te . T h e  w h o le  o p e r a ­
tio n  w as ca rr ie d  o u t  a t  20-2 5 0 C .

T h e  p re se n t p a p e r  d e a ls  w ith  th e  d e te rm in a tio n  o f 
p h e n o l in  a  w a te r  so lu tio n  in  th e  p re se n ce  o f h e x a - 
m e th y le n e te tr a m in e  or- fo rm a ld e h y d e  or b o th , u sin g  
th e  a b o v e  m e th o d  w ith  w h a te v e r  m o d ifica tio n s  are  
m e n tio n e d  la te r  in  th is  p a p er .

1 R edm an and  Rhodes, T h i s  J o u r n a l ,  4  (1912), 6 5 5 ;  R edm an, W eith  
and Brock, Ib id ., 5 (1913), 389.
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T h e  first of th e se  p ro b a b le  in te rfe rin g  su b stan ces 
to  be tr ie d  w as h e x a m e th y le n e te tra m in e  and  th e  resu lts 
a re  g iv e n  in  th e  a c c o m p a n y in g  ta b le . H e x a m e th y le n e ­
te tra m in e  does n o t in te rfe re  in  th e  d e te rm in a tio n  of 
p h en o l b y  b ro m in e  w h en  p resen t up  to  1 per ccn t of 
th e  to ta l so lu tio n ,1 i. e., 30 m ols. o f h e x a m e th y le n e te tr a ­
m in e to  1 m ol. o f p h en o l. M u ch  la rg e r am o u n ts  th an  
th is  h a v e  b een  trie d . A s  m uch h e x a m e th y le n e te tra ­
m in e as 15 per ce n t of th e  to ta l  so lu tio n , i. c., 450 m ols. 
o f  h e x a m e th y le n e te tra m in e  to  1 m ol. o f p h en ol, h as been 
a d d e d  in  a  sin g le  d e te rm in a tio n  of th e  phenol w ith o u t 
c h a n g in g  th e  re su lts . T h e  o n ly  in te rm e d ia te  ch an ge 
n o te d  w hen th e  h e x a m e th y le n e te tra m in e  w as p resen t 
in  la rg e  q u a n titie s  w as a te n d e n c y  on  th e  p a rt of the 
free  io d in e  to  fo rm  a  b rick -re d  g ra n u la r p re c ip ita te , or a 
b e a u tifu l irid e scen t c ry s ta llin e  p re c ip ita te  w ith  th e  
excess h e x a m e th y le n e te tra m in e . T h is  p re c ip ita te  w hich 
is e ith er th e  te tra -io d o -h e x a m e th y lte tra m in e  o r di-iodo- 
h e x a m e th y lte tra m in e  d isso lv es u p  re a d ily  on th e  a d ­
d itio n  of th e  th io s u lfa te  g iv in g  b a c k  th e  free  iodin e, 
a n d  does n o t in a n y  w a y  in te rfe re  in  th e  q u a n tita tiv e  
d e te rm in a tio n .

T h e  p resen ce  of free  fo rm a ld e h y d e , h o w ev er, in te r­
feres v e r y  serio u sly  w ith  th e  p h en o l d e te rm in a tio n . 
R e su lts  t h a t  are 7-8  p er ce n t to o  high  are  o b ta in ed  w hen 
th e  to ta l  so lu tio n  is one p er ce n t fo rm a ld e h y d e  as is 
sh o w n  in  th e  ta b le  (E x p ts . 5 a n d  6). T h e  h igher 
th e  p ercen ta g e  of fo rm a ld e h y d e  p resen t th e  h igh er th e  
resu lts  w h ich  a re  o b ta in e d  fo r th e  p h en o l p resen t in 
th e  so lu tio n  u n til, fo r 40 per c e n t fo rm a ld eh y d e, brom in e 
is a b so rb ed  in  v e r y  la rg e  q u a n titie s  and  no p re c ip ita tio n  
of tr ib ro m p h en o l ta k e s  p la ce , an d  th e  d e te rm in a tio n  of 
p h en o l b y  th is  m eth o d  is q u ite  im p o ssib le .

I t  is e v id e n t th e n  t h a t  if h e x a m e th y le n e te tra m in e  
does n o t in te rfe re  w ith  th e  d e te rm in a tio n , a n d  fo rm a l­
d e h y d e  does in te rfe re , th e  a d d itio n  of a m m o n ia  to  
th e  so lu tio n  in  w h ich  fo rm a ld e h y d e  is p resen t as 
an  in te rfe rin g  su b sta n ce  m a y , b y  fo rm in g  h e x a ­
m e th y le n e te tra m in e  w ith  th e  a ld e h y d e  o b v ia te  th e  
tro u b le .

T h e  a d d itio n  of a m m o n ia  to  a p h en o l so lu tio n  co n ­
ta in in g  fo rm a ld e h y d e  w as tr ie d  an d  th e  resu lts  are 
g iv e n  in  th e  ta b le , E x p ts . 7, 8, 9, 10. I f  th e  u n kn o w n  
phenol so lu tio n  b e  m ad e 2 N  w ith  a m m o n ia  a n d  th e  
w h o le  a llo w ed  to  s ta n d  fo r 5 m in u tes, th e  fo rm a ld e ­
h y d e  is tra n sfo rm e d  o v e r in to  h e x a m e th y le n e te tr a ­
m ine or som e in te rm e d ia te  n on -in terfe rin g  co m p o u n d  
a n d  th e  d e te rm in a tio n  of th e  p h en o l m a y  be m ade 
w ith  sp eed  a n d  a c c u r a c y . A llo w in g  th e  a m m o n ia , 
fo rm a ld e h y d e  a n d  p h en o l to  re m a in  to g e th e r  in  th e  
w a te r  so lu tio n  lo n g er th a n  5 m in ., e. g., 18 ho u rs, before 
th e  d e te rm in a tio n  is m ad e  does n o t a ffe c t th e  resu lts  
a s  is sh o w n  in  E x p ts . 9 a n d  10.

T h is  m e th o d  o f d e te rm in in g  p h en o l in  th e  presen ce 
•of fo rm a ld e h y d e  w o u ld  n o t  h o ld  if a co n d en sin g a g en t 
h a d  been  p re se n t p re v io u s ly  o r if th e  so lu tio n  h a d  been 
tr e a te d  in  a  w a y  w h ich  te n d e d  to  fo rm  o x y b e n zy l-  
a lc o h o l, sa lig en o -sa ligen in , e tc .

In  d eterm in in g  p h en ol in  th e  p resen ce  o f h e x a ­
m e th y le n e te tra m in e  th e  b le a ch in g  of th e  s ta rch  iodide

1 The to ta l solution refers to the volum e after the  d ilution has been 
m ade w ith the  w ater and  acid, before adding the  bromine solution.
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1 0 6 16.92 3.42 100
2 0 6 17.10 3.59 100
3 1 gram hexa. 0 6 16.97 3.56 99.36
4 1 gram hexa. 0 6 18.68 5.17 100.19
5 3 cc. 40% CHjO 0 6 17.00 2.52 106.92
6 3 cc. 40% CHjO 0 6 18.46 3.70 108.32
7 3 cc. 40%  CHjO 10 5 min. 17 16.40 2.92 99.72
8 3 cc. 40% CH jO 10 5 rain. 17 -15.89 2.40 99.50
9 3 cc. 40%  CH 2O 10 18 hrs. 17 16.98 3.54 99.50

10 3 cc. 40% CH jO 10 18 hrs. 17 16.62 3.16 99.51

W ater of dilution =» 100 cc. Hydrochloric acid =  37% solution.
Phenol solution used =  15 cc. N / 10 am m onia =  28%  solution.
Bromide-bromate sol. =  0.09970 N. Thiosulfate  =  0.09825 N.

color b y  th e  th io su lfa te  is s lig h t ly  re ta rd e d  by the 
p resen ce of h e x a m e th y le n e te tra m in e  a n d  i t  is necessary 
to  g iv e  a  few  secon ds a fte r  th e  a d d it io n  of the thio­
su lfa te  to  a llo w  th e  b lue co lo r tim e  to  d isap p ear.

C O N C L U SIO N S

I. P h en o l in th e  p resen ce  of h exam eth ylen e­
tetra m in e  m a y  be d e term in ed  b y  th e  m e th o d  already 
described  fo r th e  d e te rm in a tio n  of p h en o l.

II . F o rm a ld eh y d e  in te rfe re s  w ith  th e  volum etric 
d e term in a tio n  of p h en ol b y  bro m in e.

I I I .  T h e  ad d itio n  of stro n g  a m m o n ia  to  th e  phenol- 
fo rm a ld eh yd e  so lu tio n  fo rm s w ith  th e  aldehyde, 
h e x a m e th y len ete tra m in e  or som e in te rm e d ia te  am- 
m o n ia-a ld eh y d e  p ro d u ct w h ich  does n o t interfere 
w ith  th e  q u a n tita tiv e  d e te rm in a tio n  o f p h en ol.

D e p a r t m e n t  o f  I n d u s t r ia l  R e s e a r c h  
U n iv e r s it y  o f  K a n s a s , L a w r e n c e

ULTIMATE ANALYSES OF COAL TAR PITCHES
By C. R. D o w n s  

Received December 6 , 1913

In  co n n ectio n  w ith  an  in v e s tig a tio n  o f coal tar 
p itch es, th e  u ltim a te  a n a ly se s  of so m e b riq u e t  pitches 
w ere o b tain ed .

A n a l y s e s  o p  T h r e e  T y p ic a l  C o a l  T a r  B r iq u e t  P it c h e s  o f  A m erican  
O r ig in

Pitch No. 1 P itch  No. 2 P itch No. 3
Per cent Per cent Per cent

C arbon ................................. 92.37 93.09
H ydrogen............................... 4 .9 6 5.01
N itrogen .............................. 0.61 0.89
Sulfu r............................... 1 . 0 0 0.85
M ineral a sh ........................ 0 .78 0.35
Oxygen (by difference) . . . .  1.16 0 .28 0.00
Free carbon ........................... . . .  33.7 31.3 26.4

M elting point 112° C„ 87° C.. 84° C.

T h e  ca rb o n  an d  h y d ro gen  w ere d e te rm in e d  b y  the 
regu lar co m b u stio n  m eth o d , ta k in g  p ro p er precautions 
to  e lim in a te  th e  su lfu r an d  n itro ge n . T h e  su lfu r was 
d eterm in ed  b y  co m b u stio n  in  a  b o m b  w ith  oxygen 
u n d er pressure (sodium  p ero xid e  b e in g  u sed  to  insure 
co m p lete  o x id a tio n ), a n d  p re c ip ita te d  as bariu m  sul­
fa te . T h e  K je ld a h l m eth o d  w as u sed  fo r  th e  nitrogen.

T h e  m eltin g  p o in ts  an d  free ca rb o n  c o n te n ts  of the 
p itch es w ere also  d eterm in ed  in  th e  u su al w a y .

R e s e a r c h  D e p a r t m e n t  L a b o r a t o r y  
B a r r e t t  M a n u f a c t u r in g  C o ., N e w  Y o r k
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NOTE ON THE D ETECTION  OF NICKEL IN FATS

B y  R o b e r t  H .  K e r r  

Received N ovem ber 22, 1913

In testing sam p les of c o tto n s e e d  oil, h y d r o g e n a te d  
cottonseed oil, a n d  m ix tu re s  o f fa ts  c o n ta in in g  c o t to n ­
seed oil, for n ick e l b y  th e  m e th o d  o f B o e m e r 1 a  fu g it iv e  
red color so m etim es a p p e a rs  a fte r  th e  a d d it io n  of th e  
dim ethylglyoxim e a n d  a m m o n ia . T h is  co lo r c lo se ly  
resembles th a t  o b ta in e d  w h en  a  tr a c e  o f n ic k e l is 
present, b u t d iffers  fro m  t h a t  o f n ic k e l d im e th y l­
glyoxime, in t h a t  i t  is  fu g it iv e ,  a p p e a r in g  im m e d ia te ly  
after the a d d itio n  of th e  a m m o n ia , n e v e r  b e fo re , a n d  
fading a w a y  a lm o st e n t ir e ly  w ith in  a  fe w  m in u tes . 
Its appearance is a p t  to  b e  v e r y  co n fu sin g , p a r t ic u la r ly  
to one not th o r o u g h ly  fa m ilia r  w ith  it .

As there is no k n o w n  in o r g a n ic  b o d y  c a p a b le  o f 
giving such a  re a c tio n  w ith  d im e th y lg ly o x im e , i t  
would app ear p ro b a b le  t h a t  th is  re a c tio n  is  d u e  to  
some organic b a se  c o n ta in e d  in  th e  o il a n d  e x tr a c te d  
from it b y  th e  h o t  h y d r o c h lo r ic  a c id . T h e  fa c t  t h a t  
this reaction h a s  b e en  o b s e r v e d  o n ly  w ith  c o tto n s e e d  
oil, taken to g e th e r  w ith  th e  w ell k n o w n  fa c t  t h a t  c o t ­
tonseed co n ta in s n u m e ro u s  b a s ic  o rg a n ic  b o d ies , a p ­
pears to ci^rroborate th is  v ie w . T h is  h y p o th e s is  lea d s  
naturally to  th e  co n clu s io n  t h a t  th e  tro u b le  m ig h t 
best be p re v e n te d  b y  th e  co m p le te  d e str u c tio n  of a ll 
organic m a tte r  c o n ta in e d  in  th e  a c id  e x tr a c t .

Experim ents h a v e  u p h e ld  th is  c o n c lu s io n . A  n u m ­
ber of sam ples w h ich  h a d  p r e v io u s ly  b een  fo u n d  to  
show the fu g it iv e  re d  co lo r to  a  m a rk e d  d e gree  h a v e  
been found to  sh o w  n o  tr a c e  of i t  a fte r  th e  d e str u c tio n  
of all organic m a tte r  in  th e  a c id  e x tr a c t . A s  a  re s u lt  
of this o b se rv a tio n  th e  fo llo w in g  m o d ific a tio n  o f th e  
Boemer m eth o d  is n o w  p ro p o se d  fo r  th e  d e te c tio n  of 
nickel in fa ts .

Ten gram s o f th e  f a t  to  b e  te s te d  a re  h e a te d  on  th e  
steam b a th  w ith  10 cc. o f h y d r o c h lo r ic  a c id  (sp ecific  
gravity i . i a ) ,  w ith  fr e q u e n t  s h a k in g  fo r  2-3  h o u rs. 
The fa t is th e n  re m o v e d  b y  filte r in g  th r o u g h  a  w e t  
filter paper, th e  f i ltr a te  b e in g  re c e iv e d  in  a  w h ite  
porcelain dish. T h e  f i ltr a te  is e v a p o r a te d  to  d ry n e ss  
on the stea m  b a th , 2 -3  cc. o f c o n c e n tra te d  n itr ic  a c id  
being added, a fte r  i t  h a s  b een  p a r t ly  e v a p o r a te d , to  
insure th e  d e stru c tio n  of a ll o rg a n ic  m a tte r . A fte r  
the evap o ratio n  is  c o m p le te  th e  re sid u e  is d isso lv e d  
in a few  cu b ic  c e n tim e te rs  o f d is tille d  w a te r  a n d  a fe w  
drops of a  one p er ce n t  so lu tio n  of d im e th y lg ly o x im e  in  
alcohol ad d ed . A  fe w  d ro p s  o f d ilu te  a m m o n ia  a re  th e n  
added. T h e  p resen ce  of n ick e l is sh o w n  b y  th e  a p p e a r ­
ance of th e  red  co lo re d  n ick e l d im e th y lg ly o x im e . T h e  
amount of n ick e l p re se n t m a y  b e  e s t im a te d  b y  c o m ­
paring th e  co lo r d e v e lo p e d  w ith  t h a t  d e v e lo p e d  in  a 
standard so lu tio n  of a  n ic k e l s a lt .

A con siderable  n u m b e r o f sa m p le s , so m e o f w h ich  
had p re v io u sly  b een  fo u n d  to  g iv e  th e  fu g it iv e  co lo r 
Mentioned a b o v e , h a v e  b een  e x a m in e d  b y  th is  m e th o d  
without a n y  in sta n c e  o f th e  a p p e a ra n c e  of co lo r n o t 
due to n ick e l. T h e  resid u e s  fro m  th e  e v a p o r a t io n  
are also p u rer a n d  m o re  r e a d ily  so lu b le  th a n  w h en  
nitric acid  is n o t  u se d . A  la rg e r  s a m p le  of th e  f a t  m a y

1 Chem. Rev. Felt, u Harz. Ind .. Jah r . 19, H eft 9.

be ta k e n  if  d esired . I f  th is  is  d o n e th e  a m o u n t o f 
h y d r o c h lo r ic  a c id  u sed  fo r  e x tra c tio n  as w ell as  th e  
a m o u n t of n itr ic  a c id  a d d e d  to  th e  f iltr a te  sh o u ld  be 
c o rre s p o n d in g ly  in cre a se d . S a m p le s  as la rg e  as  200 
g ra m s  h a v e  b e en  h a n d le d  w ith  s a t is fa c to r y  re su lts .

« B io c H E M fc  D i v i s i o n ,  B u r e a u  o f  A n i m a l  I n d u s t r y  
U. S. D e p a r t m e n t  o p  A g r i c u l t u r e  

W a s h i n g t o n

RECENT ANALYSES OF TH E SARATOGA MINERAL 
W ATERS. IV

B y  L e s l i e  R u s s e l l  M i l f o r d  

Received D ecem ber 6 , 1913

T h a t  th e  r e s to r a tio n  of th e  m in e ra l w a te r s  to  th e  
S a r a to g a  b a sin  is  b e in g  a c c o m p lis h e d , is  e v id e n t  b y  
th e  d a ta  w h ich  th e  R e s e r v a tio n  % C o m m iss io n  has 
s ecu re d  sin ce  th e  S t a te  u n d e rto o k  it s  p r o te c t iv e  p o lic y  
wdth re g a rd  to  th e  sp rin gs. A  g r e a t  a m o u n t o f in ­
fo rm a tio n  is  a v a ila b le  c o n ce rn in g  th e  c o n d itio n s  of 
th e  sp rin gs, th e  in flu en ces  w h ich  ca u se  th e m  to  flow  
a n d  a lso  th o se  w h ich  a ffe c t  th e  flo w  a n d  d e gree  of 
m in e r a liz a tio n  o f th e  w a te r . A  fe w  y e a rs  w ill h a v e  to  
e la p se  b e fo re  th e  sp rin g s  w ill h a v e  a d ju s te d  th e m ­
se lv e s  to  a ll n a tu r a l c o n d itio n s  w h ich  w ere  p re se n t 
b e fo re  th e  ga s  co m p a n ie s  b e g a n  p u m p in g  th e  ga s 
fro m  th e  w ells . W h e th e r  or n o t  th e  fo rm e r d e gree  
of m in e r a liz a tio n  w ill e v e r  b e  re a ch e d  c a n n o t  b e  s ta te d , 
b u t  a  u n ifo rm  h e a d , s te a d y  flo w  a n d  fa ir  degree  of 
m in e r a liz a tio n  h a s  b e en  o b ta in e d .

T h e  a m o u n t of m in era ls  w h ich  th e se  w a te r s  h e ld  in  
s o lu tio n  w a s  d e p e n d e n t on  th e  q u a n t it y  o f ca rb o n  
d io x id e  w h ich  im p re g n a te d  th e  w a te r  a n d  th e  p ressu re  
e x e rte d  a t  th e  m in era l w a te r  v e in . F o r  o v e r  t w e n ty  
y e a rs , as w a s  s ta te d  in  a  p re v io u s  p a p e r , an  e x h a u s t iv e  
p u m p in g  of th is  g a s  w a s  c a rr ie d  o n  a n d  a g r e a t  d e p le tio n  
of th e  m in era l w a te r  b a sin  to o k  p la ce , d e p r iv in g  th e  
a re a  of a  g r e a t  a m o u n t o f e n e r g y  w h ich  n a tu r e  h a d  
fu rn is h e d  fo r  th e  m a in te n a n c e  of h e r n a tu r a l fo u n ta in s . 
S in ce  A p r il, 1 9 1 1 ,  w e e k ly  ch lo r in e  a n d  a lk a lin it y  te s ts  
h a v e  b e en  m a d e  o n  th e se  w a te rs , b y  th e  w rite r , a n d  
th e se  d e te rm in a tio n s  sh o w  a  f a ir ly  c o n s ta n t  m in e ra liz a ­
t io n  v a r y in g  o n ly  w ith  s lig h t  p h y s ic a l d is tu rb a n ce s . 
A s  th e  m a in  c o n s titu e n ts  of th e se  w a te r s  a re  th e  c h lo r­
id es o f so d iu m , p o ta s s iu m , lith iu m  a n d  a m m o n iu m  
a n d  th e  b ic a rb o n a te s  o f c a lc iu m , m a g n e siu m , so d iu m , 
a n d  b a riu m , th e se  tw o  d e te rm in a tio n s , ch lo rin e  an d  
a lk a lin ity , g a v e  a  q u ic k  e s t im a tio n  o f o v e r  90 p er ce n t  
o f th e  t o ta l  m in e r a liz a tio n . I f  e ith e r  of th e se  sh o u ld  
sh o w  a c h a n g e  w e w o u ld  h a v e  som e id e a  fro m  w ee k  
to  w e e k  co n ce rn in g  th e  c o n d itio n  o f th e  sp rin gs.

D E S C R IP T IO N  or T H E  S P R IN G S

The Geyser Sp r in g  is  s itu a te d  u n d e r th e  o ld  n u t  a n d  
b o lt  fa c t o r y  n ea r G e y s e r  p o n d . I t  w a s  d rille d  in  1870 
w ith  th e  in te n t io n  o f s ecu rin g  a  s u p p ly  of fre sh  w a te r  
b u t  u n e x p e c te d ly  p ro d u c e d  m in era l w a te r , th e  ve in  
h a v in g  b een  s tr u c k  a t  a b o u t  142 fe e t  b e lo w  th e  su r fa c e  
o f th e  g ro u n d . T h is  sp rin g  b e c a m e  v e r y  fa m o u s  a n d  
w as fr e q u e n t ly  ca lle d  th e  " s p o u t in g  s p r in g .”  I ts  
d is c o v e ry  first s u g g e s te d  th e  id e a  o f b o rin g  a rte s ia n  
w ells  fo r  m in era l w a te r  an d  th e  c r e a tio n  o f th e  c a rb o n ic
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a cid  ga s  in d u s try . T h is  sp rin g  o rig in a lly  h a d  a  large 
flow  an d  w o u ld  th ro w  a stre a m  25 fee t a b o v e  th e  
g ro u n d . T h is  g r a d u a lly  d ied  o u t an d  th e  sp rin g  fa ile d  
to  flow  fo r  m a n y  y e a rs , so sp ecia l a tte n tio n  w as g iv en

a co n sid erable  d e p th  w ith  fo re ig n  m a tte r. It was 
th erefo re  ream ed  to  a  u n ifo rm  size , c lean ed  and ex­
p lored  fro m  to p  to  b o tto m  in  o rd er to  lo c a te  the best 
m in eral w a ter  ve in . T h e  tu b in g  w as com pleted in

I o n s , R a d ic a l s  a n d  O x id e s  D e t e r m in e d . R e s u l t s  i n  M il l ig r a m s  P e r  L i t e r

Geyser spring Washington spring Old red spring
New red 

spring Columbian spring

1 2 3 4 5 6 7 8 9 10
D ate of analysis 

Form ula
--------1871 Aug. 12, 1905 July  3, 1912! -------  1843 Sept. 4 , 1912 ------- a Aug. 14, 1912 Ju ly  17, 1912 a Apr. 9, 1913

Si Os..................................... 1 2 .3 9 2 0 . 8 0 ' 1 4 . 8 0 2 5 . 7 0 4 1 . 2 5 5 5 . 7 6 5 1 . 7 5 7 9 . 4 0 3 5 . 1 2 47.80
S0<...................................... 3 . 0 0 1 . 4 0 1 3 . 0 8 0 . 6 9 1 9 . 9 6 (a) 5 . 3 5 6 . 3 9 (a) 40.13
H C O j ................................................... . 5 3 4 4 . 6 1 4 3 5 3 . 2 0 3 5 4 0 . 1 0 2 1 9 2 . 1 5 1 6 1 8 . 8 4 2 1 1 6 . 5 5 1 1 3 8 . 6 4 1 4 6 3 . 2 2 1 8 1 8 . 8 0 1315.08
N O j..................................... (<*) Trace Trace <«) 0 . 0 9 (a) Trace Trace (a) 1.77
NO*..................................... (a) None Trace (a) Trace (a) Trace Trace (a) Trace
PO 4..................................... Trace None None (a) None (a) None N one (a) None
B O j ............................................ Trace Trace Trace (a) Trace (a) Trace Trace (a) Trace
AsO<................................... None None None (a) None (a) None None (a) None
C l ................................................ . 6 0 3 0 . 4 3 1 0 2 5 . 1 0 1 3 4 0 . 0 6 1 9 0 9 . 6 4 4 6 8 . 5 5 9 2 3 . 7 8 2 2 6 . 2 4 5 4 1 . 8 7 2 7 7 4 . 2 8 225.34
B r........................................ 2 9 . 9 2 1 1 . 8 0 1 3 . 6 4 5 . 4 2 2 . 3 9 (a) 2 . 3 9 8 . 1 8 Trace 8.05

3 . 5 9 1 . 0 0 0 . 7 6 3 2 . 5 4 0 . 1 9 (a) 0 . 4 6 0 . 3 0 3 7 . 1 2 0.07
F e ........................................ 5 . 2 6 (a) 9 . 4 6 (<0 3 6 . 6 0 (a) 1 0 . 7 2 1 2 . 5 6 2 9 . 9 6 9.18
Fe and A1......................... (a) 8 . 4 0 1 1 . 8 3 2 0 . 4 4 6 6 . 4 6 2 5 . 1 8 2 4 . 8 2 1 9 . 9 9 (a) 10.85
AIjOj .................................... Trace (*) 4 . 4 8 Trace 5 6 . 3 1 Trace 2 6 . 5 8 1 4 . 0 2 (a) 3 .14
M n ........................................ (a) (a) H eavy trace (a) None (a) Trace H eavy trace ■ (a) None
C a ......................................... . 2 9 1 3 . 7 0 1 1 6 . 4 0 4 2 6 . 8 5 3 5 7 . 4 7 2 3 1 . 9 3 4 2 8 . 9 6 1 9 0 . 1 2 2 8 1 . 9 5 2 8 8 . 0 8 217.28
M g ........................................ 4 2 4 . 4 2 6 0 . 6 0 1 1 6 . 0 2 1 9 0 . 9 8 1 0 0 .2 8 1 2 0 .7 5 5 3 . 9 6 7 3 . 7 1 1 3 2 . 9 8 74.17
B a ......................................... 1 8 . 2 4 2 . 6 0 4 . 1 2 (a) 1 .41 (a) 2 . 8 2 2 . 7 0 (a) 1.06
S r ........................................... 3 . 0 4 Trace 0 . 4 8 (0) None Trace T  race Trace (a) 0 .10
K ................................................... 2 2 2 . 3 5 2 9 . 0 0 1 3 6 . 0 4 2 . 6 5 7 8 . 2 0 6 1 . 6 0 3 2 . 8 3 3 8 . 8 8 Trade 47.47
N a ......................................... , 4 1 2 3 . 5 6 2 0 1 0 . 9 0 1 3 8 6 . 6 5 1 2 7 7 . 1 5 3 8 6 . 4 9 6 3 4 . 8 5 2 2 2 . 6 8 4 0 0 . 0 7 1 8 7 8 . 3 9 234.39
L i........................................... 1 2 . 3 5 3 . 6 0 2 . 7 6 (a) 0 . 8 0 1 . 6 6 1 .3 5 1.41 (a) 0.61
N H 4...................................... (<■) 1 1 . 4 0 1 4 . 6 2 (a) 2 . 2 5 (a) 2 . 2 7 3 . 4 5 (a) 1.64
Oxygen to  form A liO j.. . Trace (a) 2 . 1 1 Trace 2 6 . 4 5 ( 1 0 . 7 9  ) 1 2 . 4 8 6 . 5 9 (a) 1.47
Oxygen to  form F e iO j...  
F ............................................ T race

1  • • •  )

H y p o t h e t ic a l

N H 4CI.................................. (a) 33.80 39.40 («)
L iC l...................................... 74.91 21.80 16.75 (a)
KC1....................................... 395.23 43.90 246.84 (a)
N aC l..................................... 9528.76 1588.80 1951.08 3148.23
K B r...................................... 43.88 17.50 2 0.0 0 8.07
K I ......................................... 4.71 1.30 1 . 0 0 (6) 42.65
NaiSO<................................. 4 .44 2 . 1 0 19.36 1 . 0 2
N aBO s................................. Trace Trace Trace (a)
N aNO *................................. • (a) Trace Trace (a)
N aNO «................................. (a) None Trace (a)
N a(H CO a).......................... 1363.26 5058.30 2238.22 139.62
B a(H C O j)j......................... 34.44 4 .90 7.78 (a)
S r(H C O j):........................... 7.27 Trace 1.14 (a)
M g ( H C O j ) ; ............................. 2553.77 364.90 704.24 1149.15
C a(H C O a)t......................... 2913.70 471.40 1728.78 1445.41
Fe(H C O j)s.......................... 16.74 26.70 30.08 65.09
M m O « ......................................... (a) (a) Heavy trace (a)
F eiO j....................................
A lj O s ............................................ Trace (a) 4.48 Trace
S i0 2....................................... 12.39 20.80 14.80 25.70
T o ta l solids in solution

(com puted).................... 16953.50 7656.20 7023.92 6014.83
Residue on evaporation

dried a t  105° C ............ (a) (0) 5232.00 (a)
T em p era tu re ...................... 7 .8 °  C. (a) 10.0° C. 7 .2°
Organic m a tte r .................. T race

<1a), n o t given. (6), equivalent of N aB r reported, (c), equivalent of

1 =  C. F . C handler. H ydrotherapy a t  Saratoga by J. A. Irwin, ?892.
2 =  M ineral waters of the  U. S. U. S. D ept, of Agric.. Aug. 12, 1905. 
3,5,7,8,10 «= Files N . Y . S ta te  D ept, of H ealth , 1912 and 1913.
4 =  J . R . Chilton. H ydrotherapy a t  Saratoga by J. A. Irwin, 1892.
6  =  Prof. Appleton Bulletin No. 32, U. S. Geological Survey.
9 =» J . H . Steel. “ An Analysis of the M ineral W aters of Saratoga, 

c t c . "  1838.

th is  b o re  b y  th e  R e s e r v a tio n  C o m m issio n  in order to  
restore  th e  flow .

I t  w as fo u n d  u p o n  ca re fu l in v e stig a tio n  th a t  th e  
bo re  w as v e r y  cro o k ed  a n d  irre g u la r  an d  w as filled  to

o p  C o m b in a t io n

6 . 6 8 (a) 6.74 10.23 (a) 5.15
5 .00 10.07 8.19 8.53 (a) - 3.70

146.89 117.46 60.22 6 6 . 6 6 (a) 82.93
643.05 1416.99 307.12 817.85 4573.71 295.59

3 .50 (a) 3 .50 1 2 .0 0 T race 12.00
0.25 (a) 0 .60 0 .40 (c) 48.55 0.10

29.52 (a) 7.91 9 .46 (a) 59.34
Trace (a) Trace Trace (0) Trace

0 . 1 2 (a) Trace Trace (a) 2.43
Trace (a) Trace T race (a) Trace

452.54 282.57 362.63 275.32 288.38 358.76
2.67 (a) 5.33 5 .10 (a) 2.00

N one Trace Trace Trace (a) 0.23
603.38 726.54 324.70 447.42 800.14 446.29
937.82 1734.52 768.75 1141.89 1164.84 878.58
116.56 (a) 34.14 39.94 95.42 29.34

None (a) Trace H eavy trace (a) None
J  35.97 \ (a)

56.31 I . . .  ] 26.58 14.02 (a) 3.14
41.25 55.76 51.75 79.40 35.12 47.80

3045.54 4379.88 ' 1968.16 2928.22 6994.73 2227.28

2175.00 (a) 1266.50 2138.00 (a) 1471.00
9 .5 °  C. (a) 11.1° C. 11.6° C.

Ü00 8 “ C.

N a l reported.

O t h e r  R e p e r e n c e s  
Advertised analyses in various circulars.
1 herapeutic Saratoga—American M edical A ssociation, June, 1902. 
M ineral waters of the U. S. and their therapeu tic  uses by  J. H. Crook, 

1899.
T he mineral springs of Saratoga, N. Y. S ta te  Education  D ept. Museum, 

Bulletin No. 159 by Jam es F. Kemp, 1912.

Jun e, 1 9 1 2, a n d  an  e x ce llen t sp rin g , sp o u tin g  many 
fee t a b o v e  th e  le v e l of th e  flo w , w a s  secu red . This 
r e v iv a l w as b ro u g h t a b o u t b y  p la c in g  w a te r  columns 
on th e  tw o  C h a m p io n  sp rin gs w h ich  w ere  w a stin g  about
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200 gallons p er m in u te  a n d  see m ed  to  .be th e  k e y  to  
the control o f th e  m in era l w a te r  b a sin . T h is  sp rin g  
was cleaned a g a in  in  A p r il, 19 13 , a n d  n o w  h a s  a  flow  
of about one g a llo n  p e r  m in u te . T h e  w a te r  is s tro n g ly  
mineralized, b e in g  lo w  in  ch lo r id e s  b u t  h ig h  in  so d iu m  
and m agn esium  b ic a rb o n a te s . T h e  w a te r  is  an  e x ­
cellent ta b le  w a te r  a n d  is s e r v e d  a t  th e  sp rin g .

Old Red Sp ring— T h is  sp rin g  is s itu a te d  on  S p rin g  
Avenue an d  w as d is c o v e re d  in  17 70  o r a b o u t  as soon  

as th e  lo c a l it y  w a s  v is ite d  b y  
w h ite  m en , b e in g  th e  n e x t  sp rin g  
fo u n d  a fte r  th e  d is c o v e r y  of th e  
fa m o u s  “ H ig h  R o c k .”  In  1784, 
th e  firs t b a th  h o u se  w as e re c te d  
on  th e  p r o p e r ty . P ro m  t h a t  
t im e  u p  to  th e  a c q u ire m e n t of 
th e  sp rin g  b y  th e  R e s e r v a tio n  
C o m m iss io n  s e v e r a l b a th  h o u ses 
h a d  b een  b u ilt  on  th e  s ite  o f th e  
o ld  on e a n d  v a r io u s  im p r o v e ­
m e n ts  w ere  m a d e  in  th e  sp rin g . 
T h e  flow  fo r  m a n y  y e a r s  w as 
su ffic ien t t o  m a in ta in  th e  b a th s  
a n d  a llo w  th e  w a te r  to  b e  b o ttle d . 
T h e  sp rin g  h a d  a  r e p u ta t io n  fo r 
th e  g r e a t  c u r a t iv e  p ro p e rtie s  o f its  
w a te r  a n d  w a s  a  fa m o u s  re s o rt  in  
th e  d a y s  o f S a r a t o g a ’s p o p u la r ity . 
W h e n  th e  s ta te  to o k  o v e r  th is  
p r o p e r ty  th e  b a th  h o u ses, b o t t l in g  
h o u se  a n d  e q u ip m e n t w ere  o ld , 
cru d e  a n d  u n s u ita b le  fo r  c o n tin u ­
a n ce  u n d e r S ta te  o w n e rsh ip  so 
th e  b u ild in g s  w ere  ta k e n  d o w n . 
T h e  sp rin g  its e lf  w a s  a lso  in  
b a d  co n d itio n , th e  w o o d e n  tu b in g  
b e in g  n e ith e r  s a n ita r y  n or p e r­
m a n e n t. In  J u ly , 19 1 2 , it  w as 
d e c id e d  to  re tu b e  th e  sp rin g , a n d  

to avoid  e x c a v a t in g  an  e ig h t  in ch  s te e l c a s in g  w as 
inserted in to  th e  w o o d e n  tu b in g , a n d  th e  sp a ce  b e ­
tween th e  tw o  p a c k e d  w ith  co n cre te . A ft e r  re tu b in g , 
the n atu ra l flow  w a s  s lig h t ly  g r e a te r  th a n  b e fo re  b u t  
was n ot e n o u g h  to  m e et th e  d e m a n d s  fo r  b a th in g  or 
bottling w ith o u t re s o rtin g  to  p u m p in g . T h e  sp rin g  
is 22 feet deep  a n d  h a s  a  flo w  o f a b o u t  o n e  q u a rt  p er 
minute. T h e  w a te r  is m o d e ra te ly  m in e ra liz e d  a v e r a g ­
ing w ith  t h a t  of th e  C o lu m b ia n . I t  is  o n e  o f th e  
famous iron  sp rin g s  a n d  d e riv e d  its  n a m e  fro m  th e  red  
coloration d u e  to  iro n  w h ich  th e  w a te r  co n ta in e d .

The New Red Sp rin g  is  s itu a te d  o n  th is  sa m e  p r o p e r ty  
about 100 fe e t s o u th e a s t  o f th e  O ld  R e d  S p rin g . I t  
was d rilled  in  1885 a n d  is  60 fe e t  d eep . T h e  w a te r  
of this sp rin g  is  h ig h  in  iro n  c o n te n t a n d  is  s e r v e d  to  
the p u b lic. I t  h a s  a  flo w  of a b o u t  tw o  q u a rts  p er 
minute an d  in  m in e ra liz a tio n  i t  a p p ro a c h e s  th e  W a s h ­
ington.

Washington Sp ring — T h is  sp rin g  is  s itu a te d  on  S o u th  
B roadw ay ju s t  a b o v e  C o n g re ss  P a r k  in  th e  o ld  C la r ­
endon H o te l p ro p e r ty . I t  w as  d is c o v e re d  in  1806 an d  
is 170 fe e t d eep . T h e  w a te r  d o es n o t flo w  a t  th e  s u rfa ce  
of the gro u n d  b u t  is o b ta in e d  b y  p u m p in g . T h e  sp rin g

G e y s e r  S p r in g

h a d  a c e le b r a te d  r e p u ta t io n  fo r  its  iro n  c o n te n t an d  
w a s  u sed  to  a  g r e a t  e x te n t . T h e  p r o p e r ty  does n o t 
b e lo n g  to  th e  C o m m iss io n  b u t  is o w n e d  b y  th e  S t. 
P e te rs  C a th o lic  C h u rc h . V a r io u s  s c ie n tific  o b s e r v a ­
tio n s , w h ich  h a v e  b een  ta k e n , sh o w  an  im p ro v e m e n t in 
th is  sp rin g .

The Co lum bian S p rin g  is lo c a te d  in  th e  fa m o u s  
C o n g re ss  P a r k , ju s t  w e s t  o f th e  p a r k  e n tra n c e  a n d  on 
B r o a d w a y . I t  is o n e  of th e  o ld e s t m in era l sp rin gs 
h a v in g  b een  o p en ed  b y  a  p io n e er, G id e o n  P u tm a n , 
in  1806. T h is  is a lso  a  c h a ly b e a te  w a te r  b e in g  c lo s e ly  
c o n n e c te d  w ith  th e  W a s h in g to n  S p rin g  as lik e  ch a n g e s  
in  w a te r  le v e ls  a re  re co rd e d  s im u lta n e o u s ly  in  b o th  
s p rin g s.

In  A p r il, 19 13 , th e  w o o d e n  tu b in g  w a s  c le a n e d  an d  
an  iro n  c a s in g  in se rte d  in  i t  so as to  in su re  s a n ita r y  
co n d itio n s . T h e  sp rin g  is e le v e n  fe e t  d eep  a n d  its  
w a te r s  are  m o d e ra te ly  m in era lized .

S t a t e  H y g ie n ic  L a b o r a t o r y  
A l b a n y , N e w  Y o r k

TH E DETERM INATION  OF HARDNESS IN NATURAL 
W ATERS

B y  C l a r e n c e  B a iil m a n n

Received D ecem ber 1, 1913

L im e  h a rd n e ss, m a g n e siu m  h a rd n e ss , a n d  t o ta l  
h a rd n e ss  c o n s t itu te  th e  th re e  p r im a r y  d e te rm in a tio n s  
in  in d u s tr ia l w a te r  a n a ly se s . A n  a lk a lim e tr ic a l m e th o d  
fo r  t o ta l  h a rd n e ss  b y  u se  o f so d a  re a g e n t is d e scrib ed  
in  th e  A m e r ic a n  P u b lic  H e a lth  A s s o c ia t io n ’s S ta n d a r d ’ 
M e th o d s  of W a te r  A n a ly s is . M e iit io n  is m a d e  t h a t  
erro rs d u e  to  s o lu b ility  o f th e  p r e c ip ita te d  c a lc iu m  an d  
m a g n e siu m  s a lts  a re  n o t  e n t ire ly  o b v ia te d  in  th is  
m e th o d , a n d  t h a t  th e  m o st a c c u r a te  figu re  fo r  to ta l 
h a rd n e ss  is t h a t  c o m p u te d  fro m  th e  re su lts  fo r  c a lc iu m  
a n d  m a g n esiu m . T h is  is  tru e  w h en  th e se  b a ses are 
d e te rm in e d  g r a v im e tr ic a lly , b u t  w h en  th e  m a g n esiu m  
is d e te rm in e d  b y  P fe ife r  a n d  W a r t h a ’s lim e  w a te r  
m e th o d  as d e sc rib e d  in  th e  1905 e d itio n  of S ta n d a rd  
M e th o d s, th e  re s u lts  a re  u n s a t is fa c to r y . F o r  th is  
re a so n  u n d o u b te d ly , th is  m e th o d  h a s  n o t  b een  in se rte d  
in  th e  19 12  e d itio n  o f th e  a b o v e  p u b lic a tio n ; in  fa c t  
no v o lu m e tr ic  m e th o d  is g iv e n  fo r  e ith e r  ca lc iu m  or 
m a g n esiu m .

F o r  m a n y  in d u s tr ia l p u rp o ses, r a p id it y  in  a rr iv in g  
a t  re s u lts  is p re fe rre d  to  e x tre m e  a c c u r a c y , a n d  s im p le  
v o lu m e tr ic  m e th o d s  a re  e n t ire ly  s a t is fa c to r y  fo r  o rd i­
n a r y  p u rp o ses  p ro v id e d  th e  d efic ie n cies  a n d  lim its  of 
a c c u r a c y  o f th e  m e th o d  are  k n o w n . T h is  p a p e r  is a 
s u m m a ry  o f an  in v e s t ig a t io n  to  a s c e rta in  th e  a c c u r a c y  
of re s u lts  o b ta in e d  b y  c e rta in  v o lu m e tr ic  p ro ce d u re s  
fo r  c a lc iu m , m a g n e siu m  a n d  to ta l  h a rd n e ss. T h e  
te s ts  w ere  m a d e  u p o n  fifte en  sa m p le s  of n a tu r a l w a te rs  
o b ta in e d  fro m  n e a r b y  r iv e r s , sp rin g s  a n d  w ells , and  
sh o w in g  w id e  ra n g e s  in  c a lc iu m  a n d  m a g n esiu m  c o n ­
te n t  as w ell as in  o rg a n ic  m a tte r .

C A LC IU M  H A R D N E S S

T h e  ease  o f m a n ip u la tio n  a n d  a c c u r a c y  of th e  p e r­
m a n g a n a te  t it r a t io n  o f c a lc iu m  o x a la te  s u g g e s ts  its  
a p p lic a b ility  in  w a te r  a n a ly s is . D e p e n d in g  u p o n  th e  
h a rd n e ss  of th e  w a te r , v o lu m e s  o f to o  cc . to  500 cc . w ill 
g iv e  w o rk a b le  "p rec ip ita te s . F ifte e n  w a te r s  ra n g in g
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in lim e h ard n ess fro m  33.8 to  360.5 p arts  per m illion 
CaCC>3 w ere e xa m in ed . In  o n ly  one in sta n ce  did  th e  
v o lu m e tric  re su lt v a r y  fro m  th e  g ra v im e tr ic  b y  m ore 
th a n  2.5 p a rts  p er m illion  C a C O s; th e  a ve ra g e  v a r ia tio n  
fo r th e  15  sam p les w as o n ly  1.2 p a rts  per m illion. T h e  
g r e a te s t  p e rce n ta g e  erro r w a s  3.2 per cen t an d, as an 
a v e ra g e , 99.6 p er ce n t of th e  g ra v im e tr ic  resu lts  w as 
fo u n d  b y  th e  v o lu m e tr ic  p ro ced u re . T h ese  resu lts  are 
in  e n tire  a cco rd  w ith  th o se  re p o rted  b y  R . B . D o le ,1 
w h o  s ta te s  th a t  i t  is p o ssib le  to  e stim a te  ca lciu m  
v o lu m e tr ic a lly  to  w ith in  1 p a rt per m illion  (2.5 p arts  
p er m illio n  C a C O a).

M A G N E SIU M  H A R D N E SS

T h e  p rin cip le  of P fe ife r  an d  W a rth a ’s m eth o d 2 for 
m a gn esiu m  is th a t  w hen  lim e w a ter  is ad d ed  to  a 
n e u tra l so lu tio n  o f ca lc iu m  a n d  m agn esiu m  sa lts , th e  
ca lc iu m  sa lts  rem ain  u n a lte re d  w hile  th o se  of m a g­
n esiu m  are p re c ip ita te d  as h y d ro x id e , th e  lim e w ater 
co n su m ed  b e in g  a  m easure  of th e  m agn esiu m  p resen t. 
T h e  w a ters  te ste d  ra n ged  in  m agn esiu m  h ard n ess fro m  
15 to  295.6 p a rts  per m illion , exp ressed  as an  e q u iv ­
a le n t a m o u n t of C a C 0 3.

T h e  sam e vo lu m e  o f lim e w a te r  w as ad d ed  to  a ll of 
th ese  w a ters , a n d  co n se q u e n tly  th e  p ercen tag e  of th e  
ad d ed  lim e w a te r  co n su m ed  in  th e  re a ctio n  in creased  
as th e  m agn esiu m  h ard n ess in creased . If th e  a cc u ra c y  
of th is  m eth o d  depen d s so le ly  up on  excess of p re c ip i­
ta n t , th e n  w e sh o u ld  e x p e c t th e  resu lts  to  ap p ro ach  
n earer to  th e  tru e  figures as th e  p ercen tag e  of th e  lim e 
w a te r  co n su m ed  in  th e  re a ctio n  is decreased . T h e  
re su lts , h o w e v e r , sh o w ed  no re latio n  w h a tso ev er b e­
tw e en  excess of p re c ip ita n t  and  a c c u r a c y  o f th e  v o lu ­
m e tr ic  re su lts . On 4 sam p les (m agn esiu m  co n te n t fro m  
15.0  to  20.9 p. p . m .) th e  p ercen ta g e  of ad d ed  lim e 
w a te r  th e o r e tic a lly  n eed ed  to  p re c ip ita te  th e  m a g ­
n esium  v a r ie d  o n ly  fro m  2.8 per ce n t to  3. 9 per cen t, 
y e t  th e  v o lu m e tr ic  re su lts  ra n ged  fro m  60 p er cen t 
to  86.1 per c e n t of th e  g r a v im e tr ic  am o u n ts . O f tw o  
sam p les o f p r a c t ic a lly  th e  sam e m agn esiu m  co n te n t 
(21.8  a n d  23.0 p. p . m .), th e  v o lu m e tr ic  re su lt w as in 
one case 82.6 p er ce n t a n d , in  th e  o th er, 113  per cen t 
o f th e  tru e  figu re.

T h e  m agn esiu m  h ard n ess w as d eterm in ed  tw ice  
on 6 of th e  sam p les, u sin g  25 cc. an d  50 cc. o f th e  lim e 
w a te r . In  th is  w a y  th e  e ffe ct o f v a r y in g  excesses of 
p re c ip ita n t  u p o n  th e  a c c u r a c y  w as s tu d ie d  w h en  w o rk ­
in g  w ith  th e  sam e w a te r . W ith  3 of th ese  sam ples, 
th e  b e st re su lts  w ere  o b ta in e d  w here th e  lesser p er­
ce n ta g e  o f lim e w a te r  w as th e o r e tic a lly  re q u ired  in  
th e  re a ctio n , b u t  w ith  th e  o th er sam p les ju s t  th e  
reverse  w as tru e . In  th e  w h ole  series, o n ly  6 d e te rm i­
n a tio n s  g a v e  re su lts  w ith in  10 p er c e n t o f th e  co rrect 
figures, an d  th e se  sh o w ed  a v a r ia tio n  in  th e  p ercen ta g e  
of a d d ed  lim e w a te r  th e o r e t ic a lly  n eed ed  of fro m  6.1 
p er ce n t to  57.6 p er ce n t.

A n  excess o f lim e w a te r  is u n d o u b te d ly  n ecessa ry  
an d , w hile  fu r th e r  s tu d y  u p o n  w a te rs  of th e  sam e gen ­
era l ch a ra c te r  m ig h t re v e a l ce rta in  lim its  o f excess 
g iv in g  o p tim u m  re su lts , it  a p p e a rs  fro m  th e  a b o v e  
w o rk  th a t  th e  a m o u n t of excess v a r ie s  w ith  th e  n a tu re

1 Geological Survey.' Water S upp ly  Paper 236, 28.
5 Z. anal. Chem., 1902, 199.

of th e  w ater. E v e n  un d er th e  b e st co n d itio n s, mag­
nesium  h y d ro xid e  is a p p re c ia b ly  so lu b le , causing low 
resu lts. A n o th e r fa c to r  in v o lv e d  is th e  presence and 
re la tiv e  co n cen tra tio n  o f o th e r d is s o lv e d  salts and 
o rg an ic  m a tte r. I t  is n eedless to  s ta te  t h a t  no reliance 
can  be p laced  upon a n y  p ro ce d u re  e x h ib itin g  dis­
crep an cies such  as show n  a b o v e  b y  th e  lim e water 
m eth od  for m agn esium .

TOTAL H A R D N E SS

T h e  ran ge in to ta l h ard n ess of th e  15  w aters  tested 
w as from  48.8 to  655.5 p a rts  p er m illio n  in  term s of 
C a C 0 3. F o r w aters  of lo w  or m e d iu m  hardn ess 0.0+ 
N  soda rea gen t an d  0.02 N  H2SO4 w ere  used, with 
h ard er w aters, 0.1 N  so d a  re a g e n t a n d  0.1 N  acid. 
T h e  o rig in al t ite r  of th e  so d a  re a g e n t in  te rm s of stand­
ard  acid  w as d eterm in ed  n o t o n ly  b y  d ire c t titration  
b u t b y  a  b la n k  d e te rm in a tio n  on  d is tille d  w ater con­
d u c te d  un d er co n d itio n s id e n tica l w ith  th o se  to  which 
th e  sam ple  w as su b jec te d . A s  an  a v e ra g e , w hen basing 
th e  v a lu e  of th e  soda re a g en t u p o n  th e  d ire c t titration,, 
o n ly  83.7 per cen t of th e  g r a v im e tr ic  to ta l  hardness, 
w as fo u n d , b u t  on th e  basis of th e  b la n k  determ ination, 
95.8 per cen t o f th e  tru e  to ta l  h a rd n ess w as  foun d by 
th e  v o lu m e tric  m eth od. T h e  n e c e s s ity  of m akin g a. 
co n tro l d eterm in a tio n  in  a ll cases is th e re fo re  indicated.

T h e  sam e vo lu m e  o f so d a  re a g e n t w as  a d d e d  to  these- 
w aters  an d  it  fo llo w s t h a t  th e  p e r c e n ta g e  of added 
a lk a li con su m ed in creased  as th e  t o t a l  h ardn ess in­
creased . W h en  o n ly  7.2 p er ce n t o f th e  p recipitant 
w as used up  in th e  re a ctio n , th e  v o lu m e tr ic  re su lt was; 
100.4 p er cen t of th e  g ra v im e tr ic , a n d  th e  percentage- 
of th e  tru e  am o u n ts  fo u n d  b y  th e  v o lu m e tr ic , method 
decreased  in  fa ir ly  re g u la r a m o u n ts  as th e  p ercen tage  
of soda re a gen t req u ired  fo r th e  re a c tio n  increased. 
W h en  as m uch as 79.7 per ce n t o f th e  a d d ed  alkali 
w as con su m ed , o n ly  76.8 p er c e n t o f th e  gravim etric- 
to ta l hardn ess w as o b ta in ed  b y  th e  v o lu m e tr ic  m ethod.

I t  is e v id e n t fro m  th e  a b o v e  th a t  lo w  re su lts  are to- 
be a ttr ib u te d  to  in su fficien t excess o f th e  precipitant^ 
S e v e ra l of th e  sam p les, on w h ich  50 cc. o f 0.04 N  soda, 
re a g en t h a d  been used, w ere e x a m in e d  a g a in , using 
25 cc. of 0.1 N  so d a  re a g en t. T h is  t r ia l  in dicated 
t h a t  th e  b est resu lt on a n y  one sa m p le  w as always- 
o b ta in ed  w h ere  th e  la rg e st excess o f a lk a li  w as present. 
T w e n ty -five  d e term in a tio n s w ere m a d e  u p o n  th e  15 
w aters  and  all resu lts w ere w ith in  5 p er ce n t of the 
tru e  figures w h en  n o t o ve r 35 p er ce n t  o f th e  soda, 
re a gen t w as con su m ed in  th e  re a ctio n . T h e  re latio n ­
ship ex istin g  b e tw ee n  th e  p ercen ta g e  of a d d ed  soda 
re a gen t th e o r e tic a lly  req u ired  in  th e  re a c tio n  and  the 
a c c u ra c y  of th e  v o lu m e tric  re su lt fo r  t o ta l  hardn ess is. 
show n  in th e  fo llo w in g  ta b le :

Per cent of added
A verage per cent of

gravim etric total
soda reagent No. of hardness found
theoretically determ ina­ b y  volum etric

required tions m ethod
0-10 2 100.4

10-20 6 99. r
20-30 4 97.5
30-40 4 96.3
40-60 4 94.1
60-80 5 89.1

; app ears fro m  th is  ta b le  t h a t th e  b e s t  volum etric;
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results are o b ta in e d  w h e n  th e  so d a  re a g e n t is a d d e d  
in such q u a n titie s  t h a t  n o t  m o re  th a n  20 p er ce n t  o f i t  
enters in to  th e  re a c tio n , a n d  t h a t  th e  re su lts  are  w ith in  
5 per cent of th e  tru e  a m o u n ts  w h en  n o t  m o re  th a n  
40 per cen t of th e  a lk a li  is u sed  up.

M A G N E SIU M  H A R D N E S S  BY D IF F E R E N C E

It has been  sh o w n  t h a t  th e  so d a  re a g e n t m e th o d  fo r 
total hardn ess is q u ite  s a t is fa c to r y  fo r  o rd in a ry  w o rk  
if care be ta k e n  to  h a v e  su ffic ie n t e xcess of th e  a lk a li  
present, an d  t h a t  th e  p e r m a n g a n a te  t i t r a t io n  fo r  
calcium is v e r y  a c c u r a te . W h e n  th e  m a g n e siu m  is 
computed b y  d ifferen ce , i t  su ffers  fro m  th e  erro rs of 
the 2 d irect m e th o d s a n d  lo w  re su lts  are to  be e x p e c te d  
because th e  t o ta l  h a rd n e ss  figu res are th e m s e lv e s  lo w , 
due to th e  a p p re c ia b le  s o lu b ility  o f n o rm a l ca lc iu m  
carbonate a n d  m a g n esiu m  h y d r o x id e . W ith  ce rta in  
waters, h o w ev er , v e r y  clo se  re s u lts  ca n  b e  o b ta in e d  
by this m e th o d . S e v e n  o f th e  sa m p le s, sh o w in g  a 
range in h a rd n ess e n c o u n te re d  in  th e  O h io  R iv e r  a t  
this lo ca lity  (48 to  130 p . p. m . to ta l  h a rd n e ss ; 15 to  
37 p. p. m. m a g n esiu m  h a rd n e ss), g a v e  v e r y  s a t is fa c to r y  
results for m a g n esiu m  b y  d ifferen ce , th e  a v e ra g e  p e r­
centage of th e  tru e  a m o u n t b e in g  98.6 p er ce n t. W ith  
waters ra n g in g  in  t o t a l  h a rd n e ss  fro m  136 to  6 55.5 
p. p. m. a n d  in  m a g n esiu m  h a rd n e ss  fro m  63.8 to  
295.6 p. p. m ., h o w e v e r , th e  a v e ra g e  a c c u r a c y  w as 
but 90.3 p er ce n t. In  su ch  h a rd  w a te r s  a  c o m p a r a t iv e ly  
small p ercen ta g e  erro r in  th e  t o t a l  h a rd n e ss  a ffe c ts  
the m agn esium  to  a  g r e a te r  e x te n t , e sp e c ia lly  if th e  
sample co n ta in s  a  r e la t iv e ly  sm a ll q u a n t it y  of th is  
base in co m p a riso n  to  th e  lim e  c o n te n t.

It app ears th e n , t h a t  w ith  c o m p a r a t iv e ly  s o ft  w a te rs  
a procedure, w h e r e b y  th e  to ta l  h a rd n e ss  a n d  ca lc iu m  
hardness are  d e te rm in e d  v o lu m e tr ic a lly  as o u tlin e d  
above an d  th e  m a g n esiu m  b y  d ifferen ce , is s a t is fa c to r y  
for o rd in ary  p u rp o ses. T h is  m e th o d  ca n  a lso  b e  a p ­
plied to  h a rd  w a te rs  th e  g e n e ra l c h a r a c te r  o f w h ich  is 
familiar to  th e  a n a ly s t , p ro v id e d  he a p p lie s  a  c o r­
rection fa c to r  d e te rm in e d  b y  o c c a s io n a l co m p a riso n s  
of the v o lu m e tr ic  w ith  g r a v im e tr ic  re su lts . H a rd  
waters v e r y  lo w  in  m a g n e siu m  as c o m p a re d  to  ca lc iu m  
content w ill g iv e  th e  le a s t  s a t is fa c to r y  re s u lts , a n d  th e  
gravim etric m e th o d  fo r  m a g n e siu m  m u st b e  re s o rte d  
to in th is case if  a c c u r a te  fig u res  are  d esired .

SU M M A R Y

I. N o  v o lu m e tr ic  m e th o d s  fo r  c a lc iu m  o r m a g ­
nesium are  g iv e n  in  th e  19 12  e d itio n  of S ta n d a rd  
M ethods of W a te r  A n a ly s is .

II. F o r  o rd in a ry  p u rp o ses, r a p id ity  is p re fe rre d  
to extrem e a c c u r a c y , a n d  v o lu m e tr ic  m e th o d s  are 
desired.

III. T h e  e stim a tio n  o f c a lc iu m  b y  t it r a t io n  w ith  
p erm anganate is e a s ily  a n d  q u ic k ly  p e r fo rm e d  a n d  th e  
results are  v e r y  a c c u ra te .

IV . T h e  e stim a tio n  of m a g n e siu m  w ith  lim e  w a te r  
is en tire ly  u n re liab le .

V . T h e  b e st  re su lts  fo r  t o ta l  h a rd n e ss  a re  o b ta in e d  
when less th a n  20 p er ce n t  o f th e  s o d a  re a g e n t is u sed  
UP in th e  re a c tio n , a n d  th e  re s u lts  w ill b e  w ith in  5 
per cen t o f th e  tru e  a m o u n t w h en  n o t  m o re  th a n  40 
per cent of th e  so d a  re a g e n t is co n su m ed . T h e  o rig in a l

s tre n g th  of th e  so d a  re a g e n t m u st b e  d e te rm in e d  b y  a 
b la n k  d e te rm in a tio n .

V I . A n  o rd in a r ily  s a t is fa c to r y  p ro ce d u re  fo r  e x ­
a m in a tio n  o f w a te r s  o f lo w  or m ed iu m  h a rd n e ss  c o n ­
s is ts  in  d e te rm in in g  th e  to ta l  h a rd n e ss  w ith  so d a  re ­
a g e n t, th e  lim e  h a rd n e ss  w ith  p e r m a n g a n a te  a n d  
a sc e rta in in g  th e  m a g n esiu m  c o n te n t b y  d ifferen ce . 
T h is  m e th o d  ca n  a lso  b e  u sed  fo r  h a rd  w a te rs  b y  a p ­
p ly in g  a  co rre c tio n  fa c to r . F o r  v e r y  h a rd  w a te rs  
c o n ta in in g  o n ly  sm a ll a m o u n ts  of m a g n esiu m , th is  
b a se  m u st b e  d e te rm in e d  g r a v im e tr ic a lly  if  a c c u r a te  
re s u lts  a re  d esired .

C h e m ic a l  L a b o r a t o r ie s , D e p a r t m e n t  o p  H e a l t h  
C i n c i n n a t i , O h io

THE QUANTITATIVE ESTIM ATION OF THE SALT- 
SOLUBLE PROTEINS IN W HEAT FLOUR

B y G e o . A. Olson 

R eceived O ctober 2, 1913

I t  h a s  b een  r e p e a te d ly  p o in te d  o u t1 t h a t  th e  s tre n g th s  
o f a lco h o l s u ita b le  fo r  th e  e x tr a c t io n  o f g lia d in  fro m  
flo u r, e x tr a c ts  o th e r  p ro te in s  b e sid e s  g lia d in . T h a t  
th is  is  u n q u e s t io n a b ly  tru e  w as b r o u g h t  o u t  b y  th e  
w r ite r  in  a  p re v io u s  a r tic le 2 on  th e  e s t im a tio n  o f g lia d in  
in  flo u r a n d  g lu te n  w h ere  it  w as  fo u n d  t h a t  th e  d ir e c t  
m e th o d  fo r  th e  e x tra c t io n  o f th e  a lco h o l-so lu b le  p ro ­
te in s  g a v e  c o n s id e ra b ly  h ig h e r y ie ld  o f n itro g e n  (38.3 
p er ce n t  m ore) th a n  c o u ld  b e  o b ta in e d  b y  e ith e r  th e  
in d ire c t  o r c o a g u la tio n  m e th o d s.

L ik e w is e  i t  h a s  b een  fo u n d 3 t h a t  1 p er ce n t  so d iu m  
c h lo rid e  e x tr a c ts , b e sid e s  e d e stin , leu co sin  a n d  a m in o  
b o d ies , a n d  so m e g lia d in . O sb o rn e 4 s ta te s  t h a t  
g lia d in  is p r a c t ic a l ly  in so lu b le  in  10 p er ce n t  so d iu m  
c h lo rid e . F ro m  a  q u a n t it a t iv e  p o in t  o f v ie w , i t  a p p e a rs  
re a so n a b le  t h a t  a  10 p er ce n t  s a lt  s o lu tio n  is th e  p ro p er 
s tre n g th  to  use. B u t  w e find  t h a t  a  10 p er c e n t  s a lt  
so lu tio n  is im p ra c t ic a l to  w o r k  w ith  o w in g  to  th e  la rg e  
a m o u n t of s a lt  p re se n t, a n d  fo r  th is  re a so n  T e lle r ,5 
a n d  s u b s e q u e n tly  o th e rs , a d o p te d  s tre n g th s  less  ob- 
ie c tio n a b le . I t  w as  a d m itte d  b y  T e lle r  a n d  c o n ­
firm e d  la te r  b y  o th e rs  b y  in d ire c t  m e th o d s  t h a t  g lia d in  
is p a r t ly  s o lu b le  in  1 p er ce n t  s a lt  s o lu tio n , b u t  ju s t  
h o w  s o lu b le  g lia d in  is n o  one h a s  s ta te d , n o r e v e n  co r­
r e c te d  fo r, w h en  u sin g  th is  s tr e n g th  s o lu tio n . A  c o r­
re c tio n  h a s  bepn  m a d e  fo r  a m id e  b o d ie s  b y  a ssu m in g  
t h a t  a m id e  b o d ie s  a re  n o t  p r e c ip ita te d  b y  p h o sp h o - 
tu n g s t ic  a c id . In  th e  a r t ic le  re fe rre d  to , th e  w rite r  
h as p o in te d  o u t  th e  m e th o d  fo r  th e  e s tim a tio n  o f th e  
g lia d in  e x tr a c te d  b y  a  1 p e r  ce n t  s a lt  so lu tio n  a n d  in 
co n n e c tio n  w ith  th is  th e  fo llo w in g  e x p e r im e n ts  w ere 
co n d u c te d  w ith  th e  v ie w  o f e s ta b lish in g  a  c o rre c t  
m e th o d  fo r  th e  e st im a tio n  o f e d e stin  a n d  leu co sin  

p ro te in s  in  flour.

T h r e e  d iffe re n t m e th o d s  o f p ro c e d u re  w ere  a d o p te d  
fo r  th e  e st im a tio n  o f th e  sa lt-s o lu b le  p ro te in s  in  flo u r. 
T h e  first series  o f re s u lts  w as o b ta in e d  b y  th e  m e th o d  
w h ich  is a n n u a lly  re co m m e n d e d  to  b e  fo llo w e d  b y  th e

1 U. S. D ep t, of Agr., Bur. of C hem ., Bull. No. 81 and  90.
* T h i s  J o u r n a l ,  5, 9 1 7 .
* A rk . Bull. No. 53; U. S. D ept. Agr., B ur. of C hem ., N o. 81 and  N o. 90
4 "T h e  Proteins of the  W heat K erne l.”
5 A rk . Bull. No. 53.
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re feree  on  v e g e ta b le  p ro tein s fo r  th e  A . O. A . C .1 
w ith  a  v ie w  to  its  final a d o p tio n . T h e  second series 
o f resu lts  w as o b ta in e d  fro m  a m odified  m eth od  of 
th e  first w h ere  th e  co a g u la b le  n itro gen  w as con sidered. 
T h e  th ird  series o f resu lts  w as o b ta in ed  fro m  a still 
fu r th e r  d iffe re n tia tio n  th a n  t h a t  g iv en  in th e  second 
m e th o d  in  th a t  th e  a lco h o l-so lu b le  in th e  sa lt-so lu b le  
w h ich  is  c o a g u la b le  w as con sid ered . B esides th is  a 
series of resu lts  are g iv e n  a cco rd in g  to  M e th o d  I I I  
w h ere  fo r co m p arison  a 10 p er ce n t so dium  chloride 
so lu tio n  w as used in ste a d  of th e  1 per ce n t so lution .

M e th o d  I— In ste a d  o f usin g 5 g. of flour and 250 cc. 
of one p er c e n t s a lt  so lu tio n  tw ice  th e  am o u n t w as used. 
T h e  m ix tu re  w as sh a k en  a t  in te rv a ls  of 5 m in u tes for 
th e  first tw o  hours an d  th e n  le t  s ta n d  fo r 24 hours 
w h en  filtered  clear. N itro g e n  d e te rm in a tio n s  in  th e  
to ta l an d  p h o sp h o tu n g stic  a cid  p re c ip ita te s  w ere m ade 
a n d  th e  d ifferen ce  b e tw e e n  th ese  tw o  d eterm in a tio n s 
w as re g a rd ed  as a m id e  n itro gen . T h e  resu lts  w ere as 
fo llo w s:

T a b l e  I — 1 P e r  C e n t  S a l t -S o l u b l e  N it r o g e n  i n  F l o u r  ( P e r c e n t a g e s )

N um ber T o tal N  P recip itated  N  Amide N
O. C .......................................  0 .43  0 .39  0 .04
R . W . B ................................ 0 .38  0 .29  0.09
B. L .......................................  0 .33  0 .30  0.03
P .............................................  0 .5 0  0.41 0.09
L. C .......................................  0 .34  0.31 0.03
M  15...................................... 0 .4 0  0 .36  0 .04

T h e  la rg e r  p a r t  of th e  n itro ge n  ca rry in g  b o d ies so l­
u b le  in  i  p er ce n t sa lt  so lu tio n  are p re c ip ita te d  b y  
p h o sp h o tu n g stic  acid . In  th e  p rop osed  m eth o d  th ere  
is no d ifferen tia tio n  m ad e b e tw e e n  th e  g liad in  an d  
e d estin  a n d  leu co sin  n itro g e n s so lu b le  in  i per cen t 
s a lt  so lu tion .

M e th o d  I I — -In stea d  of p re c ip ita tin g  th e  salt-so lu b le  
p ro tein s  w ith  p h o sp h o tu n g stic  a c id  d ir e c tly , a liq u o ts  
o f th e  sa lt-so lu b le  w ere bo iled  d o w n  to  w ith in  20 cc. of 
liq u id . T h e  p re c ip ita te  fo rm e d  w as filtered  off and  
w ash ed  w ith  w a ter. T h e  re su ltin g  filtra te  w as  th en  
tre a te d  w ith  su ffic ien t p h o s p h o tu n g stic  acid , th o r­
o u g h ly  m ixed  a n d  a llo w ed  to  s ta n d  one h our, w hen  th e  
re s u lta n t  p re c ip ita te  w as re m o v e d  a n d  w ash ed  w ith  
w a te r  co n ta in in g  p h o s p h o tu n g stic  acid . N itro g e n  
d e te rm in a tio n s  w ere m ade in  th e  to ta l an d  th e  tw o  
p re c ip ita te s . T h e  d ifferen ce  of th e  sum  of the n itro ­
gen s fro m  th ese  p re c ip ita te s  a n d  th e  to ta l n itro ge n  w as 
re ck o n ed  as am id e  n itro g e n . A cco rd in g  to  th is  m eth o d  
o f p ro ced u re , th e  fo llo w in g  re su lts  w ere o b ta in e d :

T a b u :  I I — D i f f e r e n t ia t i o n  o f  t h e  C o a g u l a b l e  N it r o g e n  in  1 P e r  
C e n t  S a l t -S o l u b l e  ( P e r c e n t a g e s )

N um bcr T o tal N  Coagulable N  P p td . N  Amidc N
O. C ............................................ 0 .43  0 .130  0.250 0.050
R. W. B .............................. 0 .38  0.045 0.230 0.105
B. L .....................................  0 .33  0.055 0 .240  0.035
P ...........................................  0 .5 0  0.125 0.275 0.100
L- C .....................................  0 .3 4  0.120 0.230 0.000
M . 15 ..................................  0 .4 0  0.065 0 .270  0.065

Sin ce  g lia d in  is a p p re c ia b ly  so lu b le  in  i  per ce n t sa lt  
so lu tio n , one w o u ld  e x p e c t to  find th is  m a te ria l in ­
clu d ed  w ith  w h a t h as been  g e n e ra lly  e stim a te d  as 
a lb u m in  a n d  g lo b u lin . T h e  re su ltin g  d a ta  g iv e n  in 
T a b le  I I  do n o t  sh o w  w h a t p o rtio n  of th e  n itro gen o u s

1 See proceedings of Association, issued as bulletins, B ureau of Chem ­
istry , D epartm ent of Agriculture.

bodies are g liad in  bodies. , M e th o d  I I  is b e tte r  for the 
sep aratio n  o f th e  p ro tein  b o d ies s o lu b le  in  one per 
ce n t sa lt  so lu tion  th a n  M e th o d  I, b e ca u se  th e  nitrog­
enous bodies co a g u la b le  b y  h e a t  a re  sep a ra te d  from 
those n ot co a gu la b le . T h e  a m o u n ts  of a m id e  nitrogen 
o b ta in ed  b y  d ifferen ce  in  th is  m e th o d  a re  practically 
id e n tica l w ith  th e  a m o u n ts  o b ta in e d  in  M e th o d  I.

T h e  w riter fo u n d  in  earlier in v e s tig a tio n s  th a t  it was 
possible to  sep a ra te  g lia d in  fro m  th e  o th e r  salt-soluble 
p rotein s, and  as a  re su lt o f th e se  in v e stig a tio n s  the 
fo llo w in g m eth o d  fo r th e  e stim a tio n  of th e  edestin  and 
leu cosin  fra ctio n s  in  flour w as  a d o p te d .

M e th o d  I I I — 200 cc. a liq u o ts  of sa lt-so lu b le  (10 
gram s of flour d igested  w ith  500 cc. o f 1 per cent 
sodium  chloride) w ere b o iled  d o w n  to  w ith in  20 cc. 
of liq u id , then  slo w ly  e v a p o ra te d  to  d ry n e ss  on an iron 
h o t p la te . T h e  so lid  w as d ig e sted  w ith  100 cc. of 
55 per cen t a lco h o l1 b y  v o lu m e, filte re d , th e n  washed 
w ith  sam e stre n g th  a lcoh o l. T h e  p re c ip ita te  ob­
ta in ed  w as rega rd ed  as a lb u m in . T h e  a lco h o l filtrate 
w as e v a p o ra te d  to  w ith in  10 cc. a n d  50 cc. of water 
ad d ed , bo iled  dow n  to  35 cc ., 15 cc. m o re  w a te r  added, 
a llo w ed  to  cool to  room  te m p e ra tu re  a n d  th e n  filtered. 
T h e  co a gu lu m  w as w ash ed  w ith  co ld  d is tille d  water 
and reck o n ed  as g liad in  n itro g e n . T h e  coagulum  
filtra te  w as p re c ip ita te d  w ith  p h o s p h o tu n g stic  acid and 
recko n ed  as glo b u lin  n itro gen . T h e  su m  of th e  nitro­
gens o b ta in ed  in  th e  p re c ip ita te s  d e d u c te d  from  the 
t o ta l n itrogen  le a v e s  a sm a ll a m o u n t of un accounted- 
fo r n itro gen  w h ich  m a y  be re g a rd ed  as a m id e  nitrogen. 
In  T a b le  I I I  are g iv en  th e  re su lts  fo u n d  acco rd in g to 
th is  m eth od.

T a b l e  I I I — I n c l u d e s  t h e  E s t im a t io n  o f  t h e  G l ia d in  N it r o g e n  in  1 
P e r  C e n t  S a l t -S o l u b l e  ( P e r c e n t a g e s )

N um ber T o tal N

Coag. N  
Insol. in 
alcohol G liadin N P p td . N Amidc N

O. C ................ 0.070 0 . 1 0 0 0.190 0.070
R. W. B ......... .........  0 .38 0.080 0.095 0.140 0.065
B. I , ................. 0.060 0.115 0.125 0.030
P ....................... 0.125 0.160 0.165 0.050
L. C ................. 0.075 0.135 0.130 0.000
M . 15.............. 0.080 0.085 0.175 0.060

A cco rd in g  to  th e  resu lts  fo u n d  an d  re co rd e d  in  T able  
I I I  i t  w ill be n o ted  th a t  th e  la rg e s t a m o u n t of n itrogen 
m a te ria l so luble  in 1 per ce n t s a lt  so lu tio n  w as precipi­
ta te d  b y  p h o sp h o tu n g stic  acid , w h ich  is  n e a rly  double 
th a t  foun d in th e  co a g u la b le  in so lu b le  in  a lco h o l. The 
p er ce n t o f th e  a lcoh o l-so lu b le  w h ich  is co agu lab le  
is as m u ch  or m ore th a n  th e  a m o u n t o f n itro g e n  ma­
te r ia l in so lu b le  in  a lcoh o l. In  o th e r  w o rd s, there is 
v e r y  lit t le  n itro ge n  m a teria l e x tra c te d  w ith  1 per cent 
s a lt  so lu tio n  th a t  is  n o t so luble  in  55 p er c e n t alcohol 
by" vo lu m e.

In  an o th e r series o f e x p erim en ts th e  sam e flours were 
d ig ested  w ith  10 p er c e n t so dium  ch lo rid e  in stead  of 
1 p er ce n t so lu tio n . T h e  m eth o d  of p ro ce d u re  fo r the 
sep a ra tio n  o f. th e  d ifferen t n itro g e n  b o d ies  w as the 
sam e as th a t  g iv e n  in  M e th o d  I I I .  O w in g  to  th e  large 
a m o u n t of s a lt  p re se n t th e  a lco h o l se p a ra tio n  m ethod 
w as ted io u s  a n d  slow . T h e .v a r io u s  fra c tio n s  for the 
n itro gen  b o d ies so lu b le  in 10 per ce n t s a lt  so lu tio n  are 
reco rd ed  in T a b le  I V .

1 F ifty  per cent alcohol is ju s t as efficient as alcohol of higher strengths..
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T a b u s  IV — I n c l u d e s  t u b  E s t i m a t i o n  o f  t i i b  G l i a d i n  N i t r o g e n  in  
10 P e r  C e n t  S a l t - S o l u b l e  ( P e r c e n t a g e s )

No. T o ta l N

Coag. N  
insol. in 
alcohol Gliadin N P p td . N Am ide N

0. C.................. 0 .290 0.215 0.015 0.043 0.017
R. W. B ....................  0 . 2 1 0 0.175 0 . 0 1 0 0.005 0 . 0 2 0
B. I.................... 0.125 0.005 0.025 0.005
P ....................... 0 .268 0 . 0 1 0 0 . 0 2 0 0 . 0 1 2
L. C .................. 0 . 2 2 0 0.165 0.023 0.008 0.024
M. 15............... 0 .260 0.203 0.007 0.040 0 . 0 1 0

As w ou ld  n a tu r a lly  b e  e x p e c te d , th e  p e r  ce n t  o f n itr o ­
gen e x tra cte d  w ith  a  10 p er c e n t  s a lt  so lu tio n  is  c o n ­
siderably less  th a n  t h a t  e x tr a c te d  w ith  a  1 p er ce n t  
salt so lu tion . T h e  re a so n  fo r  a  m u ch  lo w e r y ie ld  o f 
nitrogen b o d ies is d u e  t o  th e  in cre a se d  c o n c e n tra tio n  
of the so lu te . I t  w ill b e  n o te d  fro m  th e  d a t a  g iv e n  
in T ab le  I V  t h a t  th e re  is  v e r y  l i t t le  n itro g e n  m a te r ia l 
extracted w h ich  is  so lu b le  in  55 p er ce n t  a lco h o l b y  
volume, a n d  a b o u t  80 p e r c e n t  o f th e  t o ta l  p ro te in s  
soluble in 10 p er c e n t  s a lt  so lu tio n  a re  c o a g u la te d  u p o n  
boiling d o w n  or in c re a s in g  th e  s a lt  co n c e n tra tio n .

W hen th e  d a t a  fo r  th e  t o t a l  n itr o g e n  a n d  th e  v a r io u s  
fractions o b ta in e d  in  th e  1 p er ce n t  s a lt  e x tra c t io n  are  
com pared w ith  th o se  o b ta in e d  in  th e  10 p er c e n t  s a lt  
extraction  (see d a ta  in  T a b le s  I I I  an d  I V ) ,  i t  w ill b e  
noted t h a t  th e  a m o u n t o f n itro g e n  m a te r ia l s e p a ra te d  
varies in a n y  o n e  g ro u p , d e p e n d in g  u p o n  th e  c o n c e n ­
tration of th e  s o lv e n t  u sed  fo r  e x tr a c t in g  th e se  b o d ies . 
In the one ca se  i t  is fo u n d  t h a t  th e re  is  co n sid e ra b le  
gliadin an d  p h o s p h o tu n g s tic  a c id  p r e c ip ita te d  n itro g e n  
extracted , w h ile  in  th e  o th e r  o n ly  a  lim ite d  q u a n t it y  
is found w h ich  is n o t  d ir e c t ly  c o a g u la b le  u p o n  b o ilin g  
the so lu tion . T h e  la rg e  a m o u n t o f n itro g e n  b o d ies  
extracted b y  10 p er ce n t  s a lt  s o lu tio n  in so lu b le  in  55 p er 
cent alcoh ol b y  v o lu m e  a re  in so lu b le  in  th is  s tre n g th  of 
alcohol, o w in g  to  th e  c o n c e n tra tio n  o f th e  s a lt  p re se n t. 
In T a b le  V  th e  su m  of th e  figu res g iv e n  in  T a b le s  I I I  
and IV  for a lco h o l in so lu b le  a n d  p h o s p h o tu n g s t ic  a c id  
p recipitated  n itro g e n  a re  c o m p a re d  w ith  e a ch  o th er . 
In ad d ition  th e  t o ta l  n itro g e n  in  th e  10 p er ce n t  s a lt  
solution w ith  th e  g lia d in  c o rre c tio n  h a s  b e en  in c lu d e d .

T a ble  V— R e s u l t s  f o r  A l c o h o l  I n s o l u b l e  a n d  P r e c ip i t a t e d  N it r o g e n  
in  1 a n d  10 P e r  C e n t  S a l t -S o l u b l e  ( P e r c e n t a g e s )

1 Per cen t 10 P er cen t N aC l
N aC l ,-------------------------- *—

Alcohol insol. Alcohol insol. Salt-sol. N
No. and  p p td . N and  p p td . N . —  gliadin N

0. C ..................... 0 .258 0.275
R. W. B .............. ................  0 . 2 2 0 0 .180 0 . 2 0 0
B. L ................... 0 .150 0.155
P ....... 0 .288 0.300
L. C ............ 0 .173 0.197
M. 15.............. 0.243 0.253

H avin g a m e th o d  fo r  e s t im a tin g  th e  g lia d in  n itro g e n  
that m a y  be e x tr a c te d  fro m  w h e a t  or its  p ro d u c t  b y  
salt so lu tion , i t  w ill b e  n o te d  fro m  th e  d a ta  p re se n te d  
in T ab le  V  t h a t  th e  a m o u n t o f e d e stin  a n d  leu co sin  
nitrogen is th e  sa m e  w h e th e r  th e  c o n c e n tra tio n  ■ of 
sodium ch lo rid e  b e  1 or 10 p er c e n t, p ro v id in g  th e  
gliadin n itro g e n  is  a c c o u n te d  fo r.

R eferrin g  a g a in  to  th e  d a ta  g iv e n  in  T a b le s  I I I  a n d  
IV, it  w ill b e  n o te d  t h a t  th e  a m o u n t of n itro g e n  in so l­
uble in 55 p er ce n t  a lco h o l in  th e  1 p er ce n t  s a lt  e x tr a c t  
is quite sm a ll a n d  t h a t  o f t h e  n itro g e n  b o d ies  p re c ip i­
tated b y  p h o s p h o tu n g s tic  a c id  is  v e r y  la rg e , w h ile  in

ca se  of th e  10 p er ce n t  s a lt  so lu tio n  th e  p er ce n t  a lco h o l 
in so lu b le  n itro g e n  is  v e r y  la rge  w h ile  o n ly  a  n o tic e a b le  
a m o u n t o f  n itro g e n  is  fo u n d  in  th e  p h o s p h o tu n g s tic  a c id  
p r e c ip ita te . T h e se  fa c ts  n a tu r a lly  ra ise  th e  q u e stio n , 
A re  w e d e a lin g  w ith  tru e  g lo b u lin s  a n d  a lb u m in s?  
T h e  q u a n t ita t iv e  d a ta  o b ta in e d  a n d  th e  m e th o d  of 
p ro ce d u re  fo llo w e d  in d ic a te  t h a t  th e  su b s ta n c e s  sp o k e n  
o f as g lo b u lin  a n d  a lb u m in  a re  o n ly  su ch  in  10 p er ce n t 
so d iu m  c h lo rid e  so lu tio n , w h ile  in  lo w e r p er ce n ts  of 
so d iu m  ch lo rid e  th e re  is  a  s m a lle r  q u a n t it y  of su ch  
m a te ria l.

A g a in , if  th e  s u b s ta n c e s  e x tr a c te d  fro m  flo u r w ith  
10 p er c e n t  s a lt  so lu tio n  a re  g lo b u lin  an d  a lb u m in , 
th en  e ith e r  on e or b o th  o f th e se  tw o  m a te r ia ls  in  less 
c o n c e n tra te d  s a lt  s o lu tio n , or w a te r , a re  w h o lly  so lu b le  
o r p a r t ly  s o lu b le  in  55 p er ce n t  a lco h o l o r a lco h o l o f 
h ig h e r s tre n g th s . T h is  th o u g h t  h a s  w e ig h t  in  th e  p r e ­
c e d in g  a rtic le  on th e  e st im a tio n  of th e  g lia d in  n itro g e n  
in  flo u r w h ere  i t  w a s  fo u n d  t h a t  a p p r o x im a te ly  68 p er 
ce n t  of th e  a lco h o l-so lu b le  w as  c o a g u la b le  b y  th e  d ire c t 
m e th o d  a n d  c o rro b o ra te d  in  th e  in d ire c t  m e th o d  of 
p ro ce d u re  a n d  s u b s e q u e n t a n a ly se s . T h e  d a ta  g iv e n  
fo r  th e  a lco h o l-so lu b le  u n c o a g u la b le  n itro g e n , w h ere  
d iffe re n t s tre n g th s  of a lco h o l w ere  u sed , sh o u ld  a lso  
b e  co n sid e re d  in  c o n n e c tio n  w ith  th is  v ie w .

T h e re  is  su ffic ie n t re a so n  to  b e lie v e  t h a t  th e  g lo b u lin  
a n d  a lb u m in  of w h e a t  a re  a p p r e c ia b ly  so lu b le  in  d ilu te d  
a lco h o ls  e v e n  in  th e  p re se n ce  o f 1 p er c e n t  so d iu m  
ch lo rid e  so lu tio n . A n d  s in ce  g lia d in  is  a p p r e c ia b ly  
s o lu b le  in  1 p er ce n t  s a lt  so lu tio n , th e  m e th o d s  t h a t  
h a v e  b een  fo llo w e d  in  th e  p a s t  w h ere  1 p er ce n t  s a lt  
so lu tio n  is  u sed , in c lu d e s  g lia d in  as a  p a r t  o f g lo b u lin  
a n d  a lb u m in  n itro g e n  a n d  in  th e  d ir e c t  a lc o h o l e x tr a c ­
tio n  of flo u r a lb u m in  a n d  g lo b u lin  a re  in c lu d e d  as a  
p a r t  o f t h e  g lia d in  n itr o g e n . W ith  10 p er ce n t  s a lt  
so lu tio n  o n ly  a  v e r y  s m a ll p a r t  o f th e  g lia d in  n itro g e n  
is  co n sid e re d .

T h e  a m o u n t of g lia d in  n itro g e n  e x tr a c te d  in  s a lt  
s o lu tio n  d e p e n d s u p o n  th e  a m o u n t o f s a lt  u sed , b e in g  
a p p r o x im a te ly  90 p e r  ce n t  m o re  in  a  x p e r  c e n t  so d iu m  
ch lo rid e  so lu tio n  th a n  w a s  fo u n d  to  b e  th e  ca se  in  10 
p er c e n t  so d iu m  c h lo rid e . T h e  fa c t  t h a t  th e  g lia d in  
n itro g e n  ca n  b e  re m o v e d  fro m  th e  s a lt  so lu tio n  r e g a rd ­
less  o f th e  s tre n g th  o f s a lt  u sed  u p  to  a n d  in c lu d in g  10 
p er ce n t  so d iu m  ch lo rid e , m a k e s  th e  1 p e r  ce n t  s a lt  
e x tr a c t io n  m e th o d , o w in g  to  th e  m o re  ra p id  filte rin g , 
m o re  ra p id  d ig e s tio n , e tc ., th e  m o st d e sira b le  on e to  
follow '. O m itt in g  th e  d e te rm in a tio n  fo r  g lia d in  n itr o ­
g e n  a n d  m a k in g  th e  on e fo r  a m id e  n itro g e n  in  its  p la ce , 
re n d e rs  th e  m e th o d  o f p ro ce d u re  fo r  th e  e stim a tio n  of 
e d e stin  an d  leu co sin  n itro g e n  less d ifficu lt  a n d  is  as 
fo llo w s :

D ig e s t  10 g ra m s  o f flo u r w ith  500 cc. o f 1 p er ce n t 
so d iu m  ch lo rid e  s o lu tio n , s h a k in g  a t  in te r v a ls  o f 5 
m in u te s  fo r  th e  first tw o  h o u rs, th e n  a llo w  to  s ta n d  o v e r  
n ig h t  in  a  co o l p la c e . F ilte r  c le a r  a n d  u se  a liq u o ts  of 
200 cc . e a ch . B o il to  w ith in  20 cc . o f liq u id ;  th e n  
s lo w ly  e v a p o r a te  to  d r y n e ss  on  iro n  h o t  p la te . D ig e s t  
th e  so lid  m a ss in  e a ch  b e a k e r  w ith  100 cc. p o rtio n s  of 
SS p e r  c e n t  a lco h o l b y  v o lu m e , filte r , w ash  p r e c ip ita te  
on  filte r  p a p e r  w ith  sa m e  s tre n g th  a lco h o l. D e te rm in e  
n itr o g e n  in  th is  p r e c ip ita te  b y  th e  K je ld a h l  m e th o d ,
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a n d  a fte r  co rre c tin g  fo r  filte r p ap er, e tc ., b y  b la n k  
d e te rm in a tio n s, th e  d ifferen ce  fo u n d  should  be regard ed  
as a lb u m in  n itr o g e n .1

E v a p o r a te  th e  a lco h o l filtra te  to  w ith in  10 cc., add 
50 cc. of d is tille d  w a te r , bo il dow n  to  35 cc., th en  add 
15 cc. m ore of d is tille d  w ater, a llo w  to  cool to  room  
te m p e ra tu re  a n d  filter. W ash  p re c ip ita te  w ith  cold 
d istille d  w a te r . O w in g  to  th e  s t ic k y  n a tu re  of th is  
m a te ria l a n d  th e  d iff ic u lty  in tra n sfe rrin g  th e  sam e to  
th e  filte r p ap er, i t  is n o t a d v is a b le  to  m ake th is  d e te r­
m in atio n .

T h e  re su ltin g  filtr a te  o b ta in ed  in  th e  g liad in  sep a ra ­
tio n  is tre a te d  w ith  su ffic ien t p h o sp h o tu n g stic  a cid  to  
cau se  p re c ip ita tio n  of th e  a lb u m in  filtered  an d  w ashed 
w ith  d istille d  w a te r  co n ta in in g  p h o sp h o tu n g stic  acid . 
N itro g e n  d e te rm in a tio n s  in  th is  p re c ip ita te  sh o u ld  be 
co rrec te d  fo r b y  ru n n in g  b la n k s  co n ta in in g  filter p ap er 
w ash ed  in  p h o sp h o tu n g stic  acid . T h e  n itro gen  o b ­
ta in e d  b y  d ifferen ce  is re ga rd ed  as g lo b u lin  n itro gen .

T h e  n itro ge n  fo u n d  in  th e  p h o sp h o tu n g stic  acid  p re ­
c ip ita te  filtra te  w hen  p ro p e rly  co rrecte d  fo r is co n ­
sid ered  am id e  n itro ge n . T h e  to ta l n itro gen  fo u n d  as 
a m id e, g lo b u lin  an d  a lb u m in  w h en  d e d u cted  fro m  th e  
to ta l sa lt-so lu b le  n itro ge n  is g lia d in  n itro gen  e x tra cte d  
in  th e  i p er ce n t  s a lt  so lu tio n .

C O N C L U SIO N S

1. O ne p er ce n t so d iu m  ch lo rid e  e x tra c ts  fro m  flour 
e d estin , leu co sin  an d  g lia d in .

2. T h e  a m o u n t of g lia d in  e x tra c te d  b y  1 per cen t 
so d iu m  ch lo rid e  so lu tio n  a p p ro x im a te ly  a m o u n ts  to  
a b o u t 29 p er ce n t of th e  to ta l  p ro teid s.

3. T h e  a m o u n t of g lia d in  e x tra c te d  b y  10 per cen t 
so d iu m  ch lo rid e  so lu tio n  a p p ro x im a te ly  am o u n ts  to  
a b o u t s p er c e n t of th e  to ta l  p ro teid s.

4. T h e  g lia d in  n itro ge n  e x tra c te d  b y  so lu tio n s co n ­
ta in in g  so d iu m  ch lo rid e  can  be d e te rm in e d  an d  co rrecte d  
fo r  in  m a k in g  ed estin  an d  leu co sin  n itro ge n  e stim a tio n s  
of flour a n d  its  p ro d u cts .

5. T h e  a m o u n t of n itro g e n  b o d ies e x tra c te d  w ith  s a lt  
so lu tio n s  an d  d ir e c tly  co a g u la te d  b y  h e a t  va r ie s  w ith  
th e  co n ce n tra tio n  o f th e  s o lv e n t. T h e  10 p er ce n t 
co n ce n tra tio n  g iv e s  h ig h er re su lts  th a n  w as fo u n d  p o s­
sib le  w ith  a  1 p er ce n t  s a lt  so lu tio n .

6. T h e  n itro g e n  b o d ies so lu b le  in  s a lt  so lu tio n  are 
p a r t ly  or w h o lly  so lu b le  in  d ilu te d  a lco h o ls  v a r y in g  
w ith  th e  co n ce n tra tio n  of th e  so d iu m  ch lo rid e  used.

W a s h in g t o n  E x p e r im e n t  S t a t io n  
P u l l m a n

AN INVESTIGATION OF THE PRESENCE OF 
FURFURAL IN CIDER VINEGAR

B y  A g n e s  A . A n d e r s o n  

Received N ovem ber 15, 1913

T h a t  p u re  c id e r v in e g a r  co n ta in s  v o la tile  red u cin g  
su b sta n ce s  h as been  k n o w n  fo r  som e tim e  and  sev era l 
m eth o d s h a v e  b een  g iv e n 2 fo r  e lim in a tin g  th ese  su b ­
stan ces  in  o rd er to  g e t  th e  tru e  a m o u n t o f red u cin g  
su ga rs. T h e  p resen ce  of fu r fu ra l in  th ese  v o la tile  
re d u cin g  su b sta n ce s  w as  d isco v e re d  w'hile d o in g  ro u tin e  
v in e g a r a n a ly se s  in  th e  K a n s a s  S ta te  F o o d  L a b o ra to ry .

1 Globulin does no t coagulate a t  tem peratu res below 100° C. (see 
‘ Proteins of W heat K ernel,’' Osborne, Carnegie issue,.p. 116).

5 T h is  J o u r n a l , 6 , 845, 928.

Since n o th in g  on th e  s u b je c t  co u ld  b e  fo u n d  in the 
lite ra tu re  an in v e stig a tio n  w as b e g u n  to  determ in e its 
presence in n orm al cider v in e g a rs . T h e  resu lts  seem 
to  w a rra n t p u b lica tio n  a t th is  tim e.

T w e n ty -e ig h t  sam p les of cid er v in e g a r  of known 
p u r ity  w ere te ste d  fo r fu r fu ra l b y  th e  a n ilin e  acetate 
m eth o d  as g iv en  b y  L e a c h .1 N in e te e n  g a v e  a  positive 
te st, n ine b ein g  n e g a tiv e . T h e se  v in e g a rs  w ere made 
a t th e  la b o ra to ry  a n d  th e ir  h is to ry  k n o w n . In  ad­
d itio n  to  these sam p les som e fa r m e r s ’ v in e g a rs  were 
tested  w ith  s im ilar resu lts. F ro m  th e se  resu lts  it is 
seen th a t  fu rfu ra l m a y  be p re se n t n o r m a lly  in cider 
v in e ga rs  an d  its  presen ce does n o t n e ce s sa rily  indicate 
ad d ed  w ood a cetic  acid .

In  th e  Abstract Journal  (7> 666) a p p e a re d  a method 
b y  R o n n e t fo r d e te c tin g  a d d ed  ca ra m e l in  vinegar. 
T h is  m eth o d  is based  up o n  th e  fo rm a tio n  of furfural 
w hen su gar is h eated  in  th e  p rocess o f m a k in g  caram el, 
and  m akes use of th e  F ieh e  reso rcin o l re a g e n t .2

Since it  ap p ears t h a t  fu r fu ra l is n o r m a lly  p resen t in 
som e cider v in ega rs, its  p resen ce  ca n  a g a in  be said 
n ot to in d ica te  a d u lte ra tio n  fro m  ca ra m e l. T h is  test 
fo r caram el w as a p p lied  to  th e  v in e g a rs  of known 
p u r ity  an d  in e v e ry  case an  a ffirm a tiv e  re su lt was 
o b tain ed . F o u r of th e  sam p les te s te d  fo r  caram el 
d id  n o t g iv e  a  test fo r fu rfu ra l u p o n  d is tilla tio n , but 
g a v e  a  v e r y  p o sitiv e  ca ra m el te st. T h is  m a y  be due 
to  d eco m p o sitio n  of th e  su ga r d u rin g  th e  d ry in g  on 
th e  w a ter b a th . T h e  w a te r  b a th  w as c a re fu lly  m ain­
ta in ed  a t a  te m p e ra tu re  b e lo w  70° C . to  a v o id  this 
possib le  d eco m p o sitio n , so th is  fa c t  ad d s to  th e  un­
re lia b ility  of th e  m eth o d . C a ra m e l w as  a d d e d  to  some 
of th e  v in e g a rs , b u t  th e  re su ltin g  te s ts  w ere  n o t differ­
e n t fro m  those to  w h ich  n on e h a d  b een  a d d ed .

T a b l e  I
No. Variety Furfural No. V ariety Furfural

PI W inesap P o m ace .. . Neg. 18 G ano .......................... . .  Aff.
P2 Pom ace....................... Neg. P18 Gano Pom ace......... . .  AfT.

3 Jene ton ....................... Neg. 19 Jen e to n ..................... . .  AfT.
P3 Jeneton P om ace .. . . Neg. 20 W inesap ....................

6 Jene ton ....................... .All. 21 Jen e to n .....................
7 C lay ton ...................... AÍT. 22 R om an B ea u ty ___ . .  Neg.
8 Black T w ig ............... AfT. 23 W inesap .................... . . AfT.
9 York Im perial.......... AÍT. 24 Black T w ig .............. . .  AfT.

10 Ben D avis................. AfT. 25 M issouri P ip p in . .  . . .  AfT.
P10 Ben Davis Pomace.. AfT. • A U nknow n ................. . .  AfT.

12 Lim bertw ig................ AfT. Pom ace of above . . .  Neg.
P12 Limbertwig Pomace. Aff. 70284 Farm ers’ V inegar.. . .  Aff.

14 W inter G reen ing ... . AfT. R otten  app les......... . .  Neg.
15 York Im perial.......... AfT. 70284A F arm ers’ V inegar.. . . Neg.
17 W inesap..................... AfT. 9373 F arm ers’ V in e g ar .. . .  Aff.

P17 W inesap Pom ace__ Neg. 5159 F arm ers’ V inegar.. . .  Neg.

T a b l e  II
No. Variety Caram el F urfural test

A U nknow n.............. Good te st Aff.
9 York Im perial.............. Good te s t Aff.

York Im perial -f  C aram el___ Good te s t
70284 F arm ers’ V in e g a r ............. Good te st Aff.
5159 F arm ers’ V inegar............. Good te st Neg.
9373 F arm ers’ V inegar......... Good te st Aff.

R otten  A pples.......... Good te st Neg.
70284A Farm ers’ V inegar___ Good te s t Neg.

21 Jen e to n ....................... Good te st Neg.

T h e a b o v e  ta b le s  g iv e  th e  re s u lts : d u p licate
d e te rm in a tio n s  are n o t in clu d ed since in  e v e r y  case the
resu lts  ch e ck e d .

1 Leach, "Food Inspection and Analysis, ” p. 777.
! Bur. of Chem., Bull. 184, 15.
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C O N C L U S IO N

I. P u re  c id e r v in e g a r  m a y  c o n ta in  fu r fu ra l as a 
natural c o n s titu e n t. I t s  p re se n ce , th e re fo re , c a n n o t 
be tak en  as in d ic a t in g  a d d e d  w o o d  a c e t ic  acid .

II . S in ce  c id e r  v in e g a rs  m a y  c o n ta in  fu r fu r a l, its  
presence ca n n o t b e  ta k e n  as in d ic a t in g  a d d e d  ca ra m e l.

III . C id e r v in e g a rs  m a y  g iv e  a  te s t  fo r  ca ra m e l b y  
the R o n n e t m e th o d  w ith o u t  c o n ta in in g  fu r fu ra l or 
added ca ra m el, h e n ce  th e  m e th o d  is  n o t  re lia b le .

St a t e  F o o d  L a b o r a t o r y , U n iv e r s it y  o p  K a n s a s  
L a w r e n c e

SOME ABNORMAL FACTORS OF SO-CALLED FARMERS» 
CIDER VINEGARS

B y J o h n  C. D ig g s  

R eceived N ov. 19, 1913

T h e fo llo w in g  a n a ly se s  w ere  m a d e  of e ig h te e n  sa m p le s  
of v in e g a r w h ich  w ere  e n te r e d  in  an  a p p le  p ro d u c t  
exhibit of an  a p p le  sh o w  h e ld  in  In d ia n a . In s tr u c ­
tions re la tiv e  to  th e  e x h ib it  w ere  to  th e  e ffe c t  t h a t  
only leg a l c id e r  v in e g a rs  sh o u ld  b e  e n te re d .

T h e  a c id  c o n te n t  v a r ie d  fro m  1.55  to  10 .25 g ra m s  p er 
100 cc. T h e  h ig h e r a c id  sa m p le s  a re  im p o ss ib le  figu res 
a n d  in d ic a te  th e  a d d it io n  of a c e t ic  a c id . T h e  lo w e r 
a c id  v a lu e s  in d ic a te  d ilu tio n  writh  w a te r  o r in su ffic ie n t 
fe r m e n ta tio n . T h e  t o ta l  so lid s  ra n g e  fro m  9.64 g ra m s, 
a  s a m p le  v e r y  h ig h  in  s u g a r , to  1.73  g ra m s p er 100 
cc . In  on e s a m p le  th e  su g a rs  w ere  as  h ig h  as 5.97 
g ra m s a n d  in  a n o th e r  as lo w  as 0.05 g ra m  p er 100 cc. 
T h e  s a m p le  h a v in g  5.97 g ra m s of co u rse  h a s  n o t b een  
p ro p e r ly  fe rm e n te d — th e  a lco h o l fe r m e n ta tio n  h a v in g  
b een  a rre s te d  b y  th e  a d d it io n  o f v in e g a r . T h e  h ig h e s t 
n o n -su g a r so lid  c o n te n t w as  5.06 g ra m s p er 100 cc. 
S u ch  a  fa c to r  is im p o ss ib le  fro m  an  a p p le  c id e r  an d  
h a s  b e en  ca u s e d  b y  th e  a d d it io n  o f so m e fo re ig n  
m a te r ia l. J u s t  w h y  a n y  o n e  sh o u ld  w ish  to  m a k e  su ch  
a c o n c o c tio n  is a  p u z z le . T h e  h ig h e s t  a lco h o l v a lu e  
w as 3.4 g ra m s  p er 100 cc. A n y  a lco h o l v a lu e  a b o v e  
0.6 p e r  ce n t  in d ic a te d  t h a t  th e  fe r m e n ta t io n  w as n o t  
as co m p le te  as  i t  sh o u ld  h a v e  b e en . T h e  ash  of a ll 
ca m e  w ith in  th e  lim it  o f th e  la w , th e  h ig h e s t  b e in g  
0 .7 5 7 , th e  lo w e s t  0.265 g ra m  p er 100 cc . T h e  a lk a lin ity

A n a l y s e s  o p  V in e g a r s  

T otal

Lab. 200 mm. T o ta l as sugar of Sol. Insol. G lycer­ ace ta te Ash
No. In ten s ity  of color tube A cidity solids invert solids Alcohol Ash ash P2O5 P 2O5 ine pp t. N on-sugars

7604 B M ed ium ............................... . .  — 1 . 8 9 .5 6 5 .0 9 0 .63 4 .4 6 2.91 0.757 52 16.8 36 .2 0.51 M edium 1 5 .9
7605 B L ig h t..................................... . .  — 1 . 6 3 .73 9 .6 4 5 .97 3 .67 0.61 0.460 34 10.9 19.4 0 .4 4 M edium 1 7 .9
7606 B Very l ig h t........................... 0 . 0 1.55 2 .07 0.05 2 . 0 2 2 .62 0.265 18 8 .5 2 0 . 1 0 .39 L igh t 1 7 .6
7607 B L ig h t..................................... . .  + 4 .0 3 .6 6 3 .22 1.54 1 . 6 8 1.96 0.304 20 13.5 28 .5 0 . 1 2 L igh t 1 5 .5
7608 B V ery d a rk ........................... 0 . 0 8.23 2 .06 0.35 1.71 2 .16 0.388 34 19.1 2 1 . 1 0.07 Light 1 4 .4
7609 B Very d a rk ......................... . .  + 1 .4 3 .92 1.73 0 .7 8 0 .95 0 .35 0.358 22 5 .8 30 .8 0 .3 0 L igh t 1 2 . 6
7610 B M ed ium ............................. 0 . 0 5.01 2 .96 0 .39 1.57 0 .8 0 0.392 24 12.5 30.1 0 .23 M edium 1 4 .0
7611 B D a rk ................................... . .  — 0 . 8 5 .15 3 .1 6 1 .01 2.15 0.31 0.409 16 1 1 . 2 30.1 0 .25 H eavy 1 5 .2
7612 B M ed ium ............................. . .  + 0 .4 2 .50 2 .6 0 0 .1 6 2 .44 0.52 0.272 20 11.7 14.5 0 . 2 2 M edium 1 5 .5
7613 B M ed iu m ............................. . .  — 0 .4 3 .88 4 .6 6 1.05 3.61 0 .28 0.494 30 20.4 32.3 0 .39 H eavy 1 7 .3
7614 B Very d a rk ......................... . .  — 0 . 6 10.25 4.47 0 .75 3 .7 2 0 .2 8 0.552 48 24.7 32 .6 0 .18 H eavy 1 6 .7
7615 B M ed ium ............................. . .  — 1 . 2 5.53 5.37 0.31 5 .0 6 0.07 0.313 32 8 .4 2 8 .0 0.25 L ight 1 16.1
7616 B M ed iu m ............................. . .  — 1.4 6 .99 2 . 0 0 0 .28 1.72 0.55 0.478 38 6 . 6 19.3 0 .32 M edium 1 3 .6
7617 B M ed iu m ............................. . .  — 1.4 5 .83 2.97 0 .59 2 .38 2.19 0.434 32 11.4 26 .0 0 .4 0 M edium 1 5 .5
7618 B D a rk ................................... . . — 3 .8 6 .32 2 .57 0 .69 1 . 8 8 0.35 0.293 26 10.4 25 .0 0 .42 L igh t 1 6 .4
7619 B M ed iu m ............................. 0 . 0 1.94 2 .53 0 .34 2 .19 3 .4 0 0.349 26 15.3 39.5 0 .33 H eavy 1 6 . 2
7620 B Very d a rk ......................... . .  — 2 . 8 4.38 3 .0 4 1.15 1.89 0 .14 0.506 46 26 .8 34 .9 0.31 H eavy 1 3 .7
7621 B M ed ium ............................. . .  — 2 . 2 4 .6 0 3 .75 1.26 2 .49 0.17 0.387 44 15.8 30 .8 0 .0 6 H eavy 1 6 .4

M inim um ................................... . .  + 4 .0 1.55 1.73 0.05 0 .95 0.07 0.265 16 6 . 6 14.5 0 .0 6 H eavy 1 2 . 6
M axim um .................................. — 3 .8 10.25 9 .6 4 5.97 5 .0 6 3 .4 0 0.757 52 26 .8 39.5 0.51 1 16.1

A verage....................................... . . — 0 .6 4 5.13 3 .53 0 .96 2 .47 1.28 0.411 31 16.6 27.7 0 .28 1 6 . 1

In color th e  v in e g a rs  ra n g e d  fro m  a p a le  yellow ' to  a 
reddish b ro w n . T h e  b o u q u e ts  o f a  fe w  w ere  e x c e lle n t  
while in  so m e t h e y  w ere  p r a c t ic a l ly  t h a t  o f d ilu te  
acetic acid .

In  g e n era l th e  m e th o d s  o f a n a ly s is  w ere  th o s e  g iv e n  
in B u lle tin  13 7 , B u r e a u  o f C h e m is tr y , D e p t , o f A g r i­
culture. T h e  t o ta l  su g a rs  wrere d e te rm in e d  b y  in v e r t in g  
the so lu tion s a n d  d e te rm in in g  th e  re d u c in g  su g a rs . A lk ­
alin ity  o f th e  ash  is  e x p re sse d  in  c u b ic  c e n tim e te rs  
of N / i o  a c id  fo r ash  o f 100 cc. sa m p le . P h o sp h o r ic  
acid is e x p ressed  in  m illig ra m s o f p h o sp h o ric  a c id  in  100 
cc. T h e  o th e r  fa c to r s  a re  in  g ra m s  p er 100 cc.

D IS C U S S IO N  OF A N A L Y S E S  

T h e v a r ia t io n  o f th e  fa c to r s  w a s  re m a rk a b le . M a n y  
of these ca n  b e  e x p la in e d  o n ly  as th e  re s u lt  o f ta m p e r in g  

the a d d itio n  of so m e fo re ig n  m a te r ia l, d ilu tio n  w ith  
water, or b o th .

T h e  p o la r iz a tio n  in  th e  200 m m . tu b e  ra n g e d  fro m  
+ 4 .0 0 V . to  — 3 .8 °  V . T h e  p o s it iv e  re a d in g s  u n ­
d oubtedly  in d ic a te d  th e  a d d it io n  o f s u g a r  o r g lu co se .

of th e  ash  v a r ie d  fro m  16  to  52 cc. o f te n th  n o rm a l 
a c id  p e r  100 cc . sa m p le . E ig h t  sa m p le s  w ere  b e lo w  
30 th e  le g a l m in im u m . T h e  so lu b le  p h o s p h o ric  a c id  
ra n g e d  fro m  6.6 m g s. to  26.8 m gs. p e r  100 cc. F iv e  
s a m p le s  w ere  b e lo w  10 m gs. p er 100 c c ., th e  le g a l 
s ta n d a rd . T h e  g ly c e r in e  c o n te n t  v a r ie d  fro m  0 .51 
g ra m  to  0.06 g ra m  p er 100 cc . A  f u l ly  fe rm e n te d  
c id e r  w ill c o n ta in  n o t  less th a n  0.25 g ra m  o f g ly c e r in e  
a n d  a  s a m p le  c o n ta in in g  less  th a n  t h a t  a m o u n t is n o t  
a  tru e , c id e r  v in e g a r . T h e  ra t io  b e tw e e n  th e  ash  an d  
n o n -su g a rs  sh o u ld  b e  clo se  to  1 : 5 .  H o w e v e r , w e 
fin d  th e  ra t io  1 : 16 .1  fo r  th e  h ig h e s t  a n d  1 : 2.6 
a s  th e  lo w e s t.

F ro m  th e se  a n a ly se s  w e w o u ld  ca ll S a m p le  7604 
fr a u d u le n t. I t  c o n ta in s  9.56 g ra m s  of a c e t ic  a c id  a n d  
n e a r ly  th re e  g ra m s of a lco h o l p er 100 cc ., an  im p o ss ib le  
co n d itio n . S a m p le  7605 is  s l ig h t ly  lo w  in  a c id  b u t  
h a s  n e a r ly  six  g ra m s o f u n fe rm e n te d  s u g a r , in d ic a t in g  
in c o m p le te  a lc o h o lic  a n d  a c e t ic  fe r m e n ta t io n . T h e  
d e fic ie n cies  o f S a m p le s  7606, 7607, 7 6 1 1 , 7 6 13 , 76 19 ,
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7620 a n d  7621 are p ro b a b ly  du e to  a  sim ilar cause. 
H o w ev er , th e  g ly ce rin e  co n te n t an d  a lk a lin ity  of th e  
ash of som e o f th e se  sam p les w ou ld  in d ica te  th a t  th e y  
h a v e  been  ta m p e re d  wTith . S am p les 7610 and  7611 
h a v e  p ro b a b ly  been  w atered .

SUM M ARY

T h e  re su lts  of th ese  a n a ly se s  sh ow  th e  u n ce rta in ty  
o f u n scien tific  m eth o d s in  th e  m a n u fa ctu re  o f v in e ga r.

P e rn ic io u s  p ra ctice s  ex ist a m o n g farm ers w ho p u t 
v in e g a r on th e  m a rk et.

F ra u d u le n t  v in e g a rs  are  o fte n  so ld  as fa rm e rs ’ cider 
v in e g a rs .

L a b o r a t o r ie s  o f  t h e  I n d ia n a  S t a t e  B o a r d  o p  H e a l t h  
I n d ia n a p o l is

THE ANALYSIS OF MAPLE PRODUCTS, in  

The Range of Variation of Analytical Values in Genuine Maple 
Syrups

By J . F. S n e l l  a n d  J. M. S c o t t  
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In  P a p e r II  o f th is  ser ies1 it  w as p o in ted  o u t 
th a t  th e  usefu ln ess o f a  m e th o d  fo r the_ d e tectio n  
of th e  a d u lte ra tio n  o f m a p le  sy ru p  w ith  p ure sucrose 
(or w ith  g ra n u la te d  su gar) depen d s up on  tw o  facto rs:
(1) T h e  lim its  o f n a tu ra l v a r ia tio n  of th e  a n a ly tica l 
v a lu e  in q u estio n  in  gen u in e m aple s y ru p s; (2) th e  
ra te  a t  w h ich  th e  v a lu e  fa lls  off as th e  p ro p o rtio n  of 
g en u in e  sy ru p  in  th e  m ix tu re  d ecreases. I t  w as 
sh o w n  th a t  in  re sp e ct to  th e  la t t e r  fa c to r , th e  C a n a d ia n  
lea d  m eth o d  h as a  d ecid ed  a d v a n ta g e  o v e r  a n y  of th e  
o th e r m eth o d s. W h ile  th e  ash v a lu e s  an d  th e  W in to n  
lea d  n u m b er, as d e te rm in e d  b y  th e  orig in al W in to n  
m eth o d  or b y  R o s s ’s m o d ificatio n  th e re o f, fa ll off 
a p p ro x im a te ly  in  p ro p o rtio n  to  th e  a m o u n t of gen uine 
m a p le  s y ru p , th e  C a n a d ia n  lea d  n u m b er fa lls  off a t  
a m uch m ore ra p id  ra te , an d  rea ch es zero  in m ixtu res 
co n ta in in g  as m u ch  as tw e n ty  per ce n t of gen u in e  
sy ru p . B u t  i t  w as sh o w n  th a t  th is  a p p a re n t a d v a n ta g e  
of th e  C a n a d ia n  m eth o d  is, to  a  la rge  e x te n t, co u n te r­
a c te d  b y  th e  w id e  ra n ge  o f v a r ia tio n  sh o w n  b y  th is 
v a lu e  in  gen u in e  sy ru p s.

T h e  e le c trica l c o n d u c t iv ity  v a lu e , d eterm in ed  as 
d escrib ed  in  th e  first p a p er of th e  series,2 resem bles 
th e  to ta l ash  an d  th e  W in to n  lea d  v a lu e  ra th e r  th a n  
th e  C a n a d ia n  lea d  v a lu e . I ts  ra te  of fa ll is in  gen eral 
a  lit t le  less th a n  p ro p o rtio n a l to  t h a t  o f th e  m aple 
s y ru p  co n te n t, b u t  its  ra n ge  of v a r ia tio n  exp ressed  
in  p ercen ta g e  of th e  m in im u m  is  less th a n  t h a t  o f a n y  
of th e  o th e r v a lu e s  stu d ied  in  P a p e r I I .

T h e  o b je c ts  o f th e  p re se n t co m m u n ica tio n  are 
th re e : (1) T o  re p o rt th e  resu lts  o f th e  a n a ly sis  of
126 gen u in e C a n a d ia n  sy ru p s  o f th e  seaso n  o f 1913.
(2) T o  s tu d y  in  m ore d e ta il th a n  in  P a p e r I I  th e  ran ges 
o f v a r ia tio n  o f th e  a n a ly tic a l d a ta  in  gen u in e  sy ru p s, 
w ith  re feren ce  to  th e  a fo resa id  re su lts  a n d  to  th o se  
of B r y a n ,3 J o n e s,4 a n d  M c G ill .6 (3) T o  p rop ose 
a  sch em e fo r th e  d e te ctio n  o f a d u lte r a tio n  w ith  su cro se

1 Snell and Scott. T u ts  J o u r n a l .  5  (1 9 1 3 ) . 9 93 .
• S n e l l ,  T i n s  J o u r n a l . 6  (1 9 1 3 ). 740 .
1 B ryan, Bur. Chetn., U. S. D ept. Agr„ Bull. 1 3 4  (1910).
• Jones, Verm ont Agr. Expt. Sta., ISth A nn . Rept., 1 9 0 4 - 5 ,  315.
'  McGill, Lab. In land Revenue D ept.. O ttaw a, Bull. 2 2 8  (1911).

less lab orio u s an d  m ore e ffe c tiv e  th a n  th o se  com m only 
used.

SO U R CE AND C O L L E C T IO N  OF T H E  SA M PLE S

T h e  te rr ito ry  fro m  w hich  o u r sy ru p s  w ere collected 
exten d s from  L a k e  H u ro n  to  th e  s o u th e a s te rn  boundary 
of th e  P ro v in ce  of Q u eb ec a n d  is, w e th in k , fa ir ly  repre­
s e n ta tiv e  o f th e  ch ief m a p le -p ro d u cin g  d istricts  of 
th e  D o m in ion  of C a n a d a . B y  p ro v in c e  an d  county 
th e  sources of th e  sy ru p s  are  as  fo llo w s, th e  total 
n u m b e r1 fro m  O n tario  b e in g  57, t h a t  fro m  Q uebec 69:

Serial Serial
numbers Province C ounty num bers Province County

1-13 Quebec Argenteuil 71-88 Quebec S taustead , Comp­
ton  and Sher­
brooke

14-23 Ontario Carleton 89-94 O ntario Elgin and Middle­
sex

24-31 Ontario M iddlesex and Ox­
ford

95-99 O ntario G rey and Bruce

32-41 Ontario Simcoe 100-117 Quebec H untingdon
42-61 Quebec ShelTord, Brome 

and Missisquoi
118-122 O ntario Frontenac

62-70 Ontario Grey 123-126 O ntario  Dufferin, Welling-
ton  and Peel

T h e  syru p s rep resen t, w e th in k , th e  m o st varied 
co n d itio n s of soil an d  e le v a tio n , a n d  of m eth o d  of 
m a n u fa ctu re  to  be fo u n d  in  th e  te r r ito r y  in  question.

In  th e  co llectio n  o f th e  sy ru p s  w e m ad e  it  a  point 
to  reduce  to  a  m in im um  th e  d a n g er o f in c lu d in g  any 
a d u lte ra te d  sam p les. Sa m p les 1 - 1 3  w ere  collected 
b y  the senior a u th o r in  person . T h e  o th e r sam ples 
fro m  th e  P ro v in ce  o f Q u ebec w ere co lle c te d  b y  the 
M a cd o n a ld  C o llege  D e m o n stra to rs  re s id e n t in the 
re sp e ctiv e  d istricts , w ho w ere in stru c te d  to  ta k e  the 
sam ples d irect fro m  th e  w oods u n d e r su ch  con dition s 
as to p reclu d e th e  p o ss ib ility  o f a d u lte r a tio n . The 
sam ples fro m  th e  P ro v in ce  o f O n ta rio  w ere  co llected  
b y  th e  D is tr ic t  R e p re s e n ta tiv e s  o f th e  O n ta rio  D e­
p a rtm e n t o f A g ric u ltu re , w ho are g r a d u a te s  of the 
O n ta rio  A g r ic u ltu ra l C o llege, a c tin g  as  lo ca l agri­
c u ltu ra l d e m o n stra to rs  an d  referees. T h e  sam e in­
stru ctio n s  w ere issued  to  th ese  g e n tle m e n  as to  the 
M a cd o n a ld  C o llege  D e m o n stra to rs  a n d  w e have 
th e ir  p erson al a ssu ran ces th a t  th e  in stru c tio n s  were 
s tr ic t ly  o b served . O ur th a n k s  are d u e  to  th e m  for 
th e ir  k in d  co o p era tio n  an d  to  th e  H o n . J a m e s D uff, 
M in iste r of A g ric u ltu re  fo r th e  P ro v in c e  of O ntario, 
fo r p erm ittin g  us to  a sk  th is  se rv ice  o f th e  R e p re ­
s e n ta tiv e s  of his D e p a rtm e n t.

T H E  R E SU L T S OF A N A LY SIS OF T H E  SA M PL E S

In  a d d itio n  to  th e  a n a ly tic a l re su lts , w e  h a v e  in­
fo rm a tio n  a b o u t th e  m eth o d  of m a n u fa c tu re  o f each 
s y ru p , in c lu d in g  th e  k in d  of e v a p o r a to r , th e  k in d  of 
filter, th e  c la r ify in g  a g en ts  used a n d  w h e th e r the 
sy ru p  h a d  been a llo w ed  to  se ttle  or n o t. T a b le  I 
rep o rts  23 ty p ic a l syru p s.

Moisture— T h e  per ce n t of m o istu re  is  derived  
fro m  th e  re fra cto m e te r  rea d in g  b y  use o f th e  tab les  
of P rin se n  G eerligs  as g iv en  b y  B r y a n .2 T h e  re fra c­
to m e te r  used  w as th e  F e r y  in stru m e n t m a d e  b y  A d am  
H ilger, L o n d o n , E n g la n d . W ith  th is  in stru m e n t, 
u sin g  so d iu m  lig h t, w e fo u n d  ¿it p o ssib le  to  m ake

'Q u eb ec  produces 65 per cent, O ntario 32 per cent of the  m aple syrup 
and sugar of the Dominion of Canada.

2 Bryan, Jour. Amer. Chetn. Soc., 3 0  (1908), 1445.
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T a d l e  I— S e l e c t e d  A n a l y s e s  o f  P u r e  C a n a d ia n  M a p l e  S y r u p s  o f  S e a s o n  o f  1913
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3 P a ten t F e lt N one Settled 1.4583 2 i . b 32 .84 0 .76 0.49 0 .27 1. 81 66 64 1.03 2 .1 6 1.87 0 .70 131
24 Paten t C lo th N one Settled 1.4457 27 .0 37.83 0 .97 0.55 0 .42 1. 31 84 130 0.65 4.25 2 .53 0 .85 159
29 Paten t N one N one Settled 1.4543 27 .6 34.03 0 .6 4 0.35 0 .29 1. 21 62 77 0.81 2 .19 1.67 0 .65 114
31 P aten t N one N one N o t settled 1.4560 26 .8 33.35 0 .83 0 .30 0.53 0. 57 51 119 0.43 3.25 2 . 0 2 0 . 6 8 134
33 K ettle Cheesecloth Eggs Settled 1.4527 23.7 35 .04 1.39 0 .77 0 .62 1 24 102 148 0 .69 6 . 0 1 3.17 1.03 230
36 K ettle F lannel Eggs Settled 1.4459 24 .8 37 .90 1.24 0.71 0 .53 1 34 103 150 0 .69 5.01 3 .06 0 .89 205
37 K ettle C otton M ilk Settled 1.4329 29.5 43.23 0 .99 0 .58 0.41 1.41 79 113 0.70 3 .69 2.48 0 .85 166
39 K ettle C o tton M ilk Settled 1.4436 29 .4 38 .54 1.27 0 .65 0.62 1 05 88 150 0 .59 5.51 2.91 0.91 204
40 K ettle F lannel Eggs Settled 1.4581 2 2 . 0 32 .86 1 . 0 1 0 .65 0 .3 6 1 81 101 92 1 . 1 0 3 .9 0 2.73 0 .38 183
43 Paten t F lannel N one Settled 1.4566 23 .0 33.39 0.62 0 .35 0.27 1 30 59 69 0 . 8 6 1 . 8 8 1.55 0.41 1 1 2
44 Paten t Flannel N one Settled 1.4569 29 .0 32.82 0.61 0 .45 0 .16 2 81 65 48 1.35 1.98 1.41 0 .70 123
61 Paten t Flannel None S ettled 1.4328 26 .0 43 .56 0.74 0 .35 0.39 0 .90 60 98 0.61 3.01 1.83 0 .56 130
81 Paten t F lannel N one Settled 1.4534 24 .6 34 .66 1 . 0 1 0 .43 0 .58 0 .74 66 145 0 .46 4 .92 2 . 8 6 1.06 159
89 Pans Flannel Eggs Settled 1.4586 24.5 32.42 0 .77 0 .53 0.24 2 . 21 76 58 1.31 1.74 1.48 0 .6 9 156
95 Iron pans C o tto i None N o t settled 1.4441 22.5 38 .92 1.47 0.55 0 .92 0. 60 87 195 0.45 7 .50 3 .43 1.27 202
96 K ettle C otton Eggs, milk N o t settled 1.4303 23 .2 44 .88 1.58 0 .7 6 0.82 0. 93 102 201 0.51 7 .24 4 .09 1.46 219

100 Paten t None Eggs, milk Settled 1.4593 23.1 32 .28 0.71 0 .33 0 .38 0.87 58 90 0 .64 2.43 1.76 0 .74 125
103 Paten t F e lt N one Settled 1.4298 28 .6 44 .70 1 . 2 1 0 .45 0 .76 0 .59 81 150 0 .5 4 5.83 3 .08 1 . 0 2 168
105 Paten t F lannel N one Settled 1.4602 2 2 . 0 31.97 0.85 0 .6 4 0 . 2 1 3. 05 78 76 1.03 3 .02 2 .23 0 .76 149
115 P aten t F ine cloth N one Settled 1.4471 2 2 . 2 37.55 0.83 0.41 0 .42 0. 98 59 114 0 .52 3 .5 6 2 .4 0 0.97 134
121 Pans C otton Eggs, milk Settled 1.4575 23 .2 33 .03 1.25 0.64 0.61 1 05 97 137 0.71 6 . 2 2 3 .19 1 . 0 1 195
124 P aten t Cheesecloth M ilk Settled 1.4593 29 .0 31 .82 1.29 0 .59 0 .7 0 0. 84 85 144 0 .59 5 .08 2.91 1.05 192
125 K ettle Cheesecloth M ilk Settled 1.4452 26 .3 38.09 0.92 0 . 6 6 0 .2 6 2 . 54 82 113 0 .73 3 .26 2 .24 0 .7 4 174

AVERAGE FO R  126 s y r u p s ........................... 34 .24 0 . 8 8 0 .48 0 .4 0 1 20 68 116 0 .59 3 .4 8 2 .30 0.75 147
MAXIMUM FO R 126 SY R U PS ............... ... 44 .88 1.58 0 .77 0 .92 3.61 103 201 1.35 7 .50 4 .09 1.46 230
M INIMUM FO R 126 S Y R U P S ........................... 30.42 0.61 0 .30 0 .16 0 . 55 51 48 0.41 1.74 1.41 0 .38 1 1 2

readings u p o n  th e  d a rk e s t  o f o u r s a m p le s  w ith o u t  
dilution. W e  c la r ifie d  th e m  b y  filte r in g  th r o u g h  
cotton w oo l. T h e  q u a n t it y  filte re d  w a s  a b o u t  25 
cc. and th e  t im e  re q u ire d  fo r  th e  co ld  s y ru p  to  ru n  
through th e  filte r  w a s  a b o u t  15  to  20 m in u te s . T o  
satisfy o u rse lv e s  t h a t  no erro r w a s  in tr o d u c e d  b y  
evaporation  d u rin g  filtr a tio n  w e m a d e  re a d in g s  u p o n  
three of th e  c le a re s t s y ru p s  b e fo re , as w ell as  a fte r , 
filtering, an d  re filte re d  fo u r  o th e r  s y ru p s , m a k in g  
readings b efo re  a n d  a fte r  th e  seco n d  filtra tio n . T h e  
results o b ta in e d  in  th e se  e x p e r im e n ts  w ere  as  fo llo w s :

D ry M a t t e r  C a l c u l a t e d  f r o m  R e f r a c t o m e t e r  R e a d in g s — P e r c e n t a g e s

CLEAR SY R U PS R E F IL T E R E D  SY RU PS

a r d s ,1 n o t b e c a u s e  th e se  m e th o d s  are in  o u r o p in io n  
su p e rio r  to  o th e rs  b u t  b e ca u se  o n e  o f th e  o b je c ts  o f 
o u r in v e s t ig a t io n  w a s  t o  m a k e  a  c r it ic a l s tu d y  of th e  
s ta n d a rd s  fo r  m a p le  s y ru p  a d o p te d  b y  th e  C a n a d ia n  
G o v e rn m e n t. A s  th e se  d e te rm in a tio n s  w ere  m ad e  
b e fo re  w e  h a d  o b ta in e d  a  r e fra c to m e te r , th e  q u a n t it y  
o f s y ru p  u sed  in  th e  le a d  n u m b e r d e te rm in a tio n s  w as

T a b l e  I I — C o m p a r is o n  o f  R e f r a c t o m e t e r s  

A bb6 re frac tom eter F£ry re frac tom eter

No. Before 
filtration

 1..................... 63 .26
 2..................... 67 .16
^ ..................... 55 .12

A fter
filtration
63.15
67.31
55 .06

No. A fter 1st A fter 2nd 
filtra tion  filtration

 1 ................  66 .97  67 .04
 2 ......................62 .92  62.87
 3 ................  67 .06  67 .20
 4 ................  65 .53  65 .50

T he S t. L a w re n c e  S u g a r  R e fin in g  C o m p a n y  of 
M ontreal, th r o u g h  its  S u p e rin te n d e n t, D r. C . B a rd o r f, 
courteously p e r m itte d  u s to  m a k e  re a d in g s  u p o n  te n  
of the sy ru p s  w ith  th e ir  Z e iss-A b b 6  re fr a c to m e te r  
for co m p arison  w ith  th e  re s u lts  o b ta in e d  w ith  th e  
F£ry in stru m e n t. T h e  re s u lts  w ere  as sh o w n  in  T a b le  
II.

Analytical Results— A ll th e  d a t a  o f T a b le  I e x c e p t  
the m oisture are  re fe rre d  to  d r y  m a tte r .

T he d e te rm in a tio n s  o f to ta l ,  s o lu b le  a n d  in so lu b le  
ash, of C a n a d ia n  a n d  m o d ified  W in to n  le a d  v a lu e , 
and of m alic  a c id  v a lu e  w ere  m a d e  a c c o rd in g  to  th e  
methods p re sc rib e d  in  th e  C a n a d ia n  p u re  fo o d  s ta n d -

R eading C orresponding R eading Tem p. Corresponding
Sam ple 20° C. d ry  m a tte r 0 C. d ry  m a tte r

1 .........  1.4587 67.25 1.4570 28.7 67 .16
2 , ’ , 1.4498 63 .40 1.4483 26 .2 * 63 .26
3, . . . 1.4310 55.25 1.4298 28 .6 55 .30
4 ........ .........  1.4471 62.25 1.4459 24 .8 62 .10
5 . . .  . ......... 1.4473 62.35 1.4457 2 7 .0 62.17
6 1.4349 56.95 1.4329 29 .5 56.77
7 1.4318 55 .60 1.4303 23 .2 55.09
8 , , 1.4482 62 .70 1.4470 27 .8 62.83
9 1.4631 69.05 1.4609 3 1 .0 69.03

10 , ,  . 1.4588 67 .30 1.4574 28.5 67.34

t h a t  c o n ta in in g S o r 25 g ra m s of d r y  m a tte r  as esti-
m a te d  fro m  th e  d e n s ity . T h e  re su lts  so o b ta in e d  
w ere  a fte rw a r d s  re c a lc u la te d  to  th e  b a sis  o f 5 o r 25 
g ra m s d r y  m a tte r , as d e te rm in e d  b y  th e  re fra c to m e te r . 
In  th e  d e te rm in a tio n s  of m a lic  a c id  v a lu e  th e  w a s h in g  
of th e  p r e c ip ita te  w a s  c o n tin u e d  to  a  f iltr a te  v o lu m e  
of 100 cc ., as  i t  w a s  fo u n d  im p ra c t ic a b le  to  w ash  
" t o  fre ed o m  fro m  so lu b le  ca lc iu m  s a lt ,”  as in d ic a te d  
b y  te s t in g  w ith  a m m o n iu m  o x a la te . T h e  a lk a lin it ie s  
o f so lu b le  a n d  in so lu b le  ash  w ere  d e te rm in e d  in  th e  
u su a l m a n n e r .2 T h e  c o n d u c t iv it y  v a lu e  d e te rm in a -

1 C anadian  O rder in Council G. 994, N ov. 8 . 1911; M cGill Lab.. In land 
Revenue D ept., Bull. 2 2 8  (1911), 5.

2 B ryan, U. S. D ep t. Agr., B ureau  of C hem ., Bull. 1 3 4  (1910), 17.
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tio n s  w ere m ad e as d escrib ed  in  P a p er I of th is se r ie s .1

T a b l e  I I I — C o m p a r i s o n  o p  C o n d u c t i v i t y  V a l u e s  a t  2 0 °  a n d  2 5 °  C . 

C onductiv ity  Conductivity

No. 20° C. 25° C. No. 20° C. 25° C.
1 ........... 202 230 1 1 ......... . 113 129
2 ................. 195 219 1 2 ......... . 1 12 127
3 ................. 181 205 13......... . 107 121
4 ................. 180 204 14......... . 107 121
5 ................. 180 202 15......... . 108 121
6 ................. 168 197 16......... . 105 120
7 ................. 172 195 17......... . 98 116
8 ................. 169 192 18......... 94 115
9 ................. 160 183 19......... . 103 114

1 0 ................. 155 177 2 0 ......... 99 1 12

A v ........
DiiTcrcnce.. .

, 176.2 200.4 
. .  24.2 Difference

104.6 119.6 
. .  15.0

DifT. in %  of value a t  25° C. 12.1 DifT. in %  of value a t  25° C.* 12.5

I t  is d ifficu lt to  d raw  a n y  p o sitiv e  con clu sion s as 
to  th e  re la tio n  of th ese  a n a ly tic a l resu lts  to  th e  d is tr ic t  
or to  th e  m eth o d  o f m a n u fa ctu re  of th e  s y ru p . In

and p an s w ere used  th e re  to  a  m u ch  g r e a te r  extent 
th a n  p a te n t e v a p o ra to rs  a n d  th e  p ra c tic e  of clarifying 
w ith  eggs, m ilk  or so d a  w as v e r y  co m m o n . On the 
o th er h an d  th e  sam p les fro m  E lg in  C o u n ty , although 
(w ith  one excep tio n ) m ad e in  p a n s a n d  tre a te d  with 

c la rify in g  agen ts, do n o t sh o w  h ig h  v a lu e s , and in 
D u fferin , W e llin g to n  a n d  P e e l C o u n tie s  th e  single 
sam ple, N o. 124, sh o w in g  h ig h  v a lu e s  is  one made 
w ith  a p a te n t e v a p o ra to r , w h ile  th e  s y ru p  m ade in 

a  k e ttle , N o. 125, a lth o u g h  in su ffic ie n tly  evaporated  
show s lo w  va lu e s  th ro u g h o u t. F a ilu re  to  evaporate 
to  th e  p rop er d e n sity  m a y  in  so m e in sta n ce s , e. g., 
N os. 24, 37 and  103, a cco u n t fo r  h ig h  a sh , lea d  values, 
m alic a cid  v a lu e  an d  a lk a lin ity  of in so lu b le  ash, less 
ca lciu m  m a late  bein g  fo rce d  o u t  o f s o lu tio n  th an  in 
th e  case of sy ru p s  c o n ce n tra te d  to  a  su ffic ie n tly  low 
m oisture co n te n t to  m eet th e  C a n a d ia n  standard 
(35 per cen t). T h e  sam e ca u se, to g e th e r  w ith  others,

T a b l e  IV — R a n g e  o p  V a r ia t io n  o p  A n a l y t ic a l  D a t a  o p  P u r e  M a p l e  S y r u p s
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m a x i m u m :
B ry a n ..............................................  1 .68 1.23 1 . 0 1 3 .86 122 208 1.83 4.41
Jones .............................................. 1.32 0 .72 0.78 2 . 6 102 145 l . i
M cG ill..........................................  1.38 0.79 0.75 6.56 2.38
Snell and  S c o tt........................... 1.58 0.77 0.92 3.61 103 201 1.35 7.50

m i n i m u m : •
B ry an ............................................  0 .68 0.35 0.23 0.53 41 41 0 . 2 1 1.76
Jones ..............................................  0 .77 0.45 0.25 0 .7 46 55 0.45
M cG ill........................................... 0 .69 0.33 0 . 1 2 1.37 1.05
Snell and S c o tt........................... 0.61 0 .30 0 .16 0.55 51 48 0.41 1.74

A VERAG E:
B ry an ............................................  1.00 0.63 0.37 1.84 75 97 0.81 2.70
Jo n es.............................................. 0 .92 0 .58 0.34 1.78 79 83 0.98
M cG ill........................................... 0.89 0 .56 0.33 2.83 1.75
Snell and S c o tt..........................  0 .88 0 .48 0 .40 1.33 68 116 0.67 3.48

RANGE OF VARIA TIO N — E X PR E SSE D  IN  PERCEN TA G E o f  a v e r a g e :
B ryan ............................................  100 140 2 1 1 181 108 172 200 98
Jones .............................................. 60 47 156 106 71 108 125
M cG ill........................................... 78 82 191 183 76
Snell and ^ c o t t ........................... 110 98 190 230 • 76 132 140 166

PERC EN TA G E DEV IATIO N OF M AXIMUM FROM M EAN:
B ry an ............................................  68 95 173 1 10 63 114 126 63
Jones .............................................. 43 25 129 45 29 75 71
M cG ill........................................... 55 41 127 132 36
Snell and S c o tt........................... 80 60 130 17 J 51 73 101 116

PERC EN TA G E DEV IA TIO N  O F M INIM UM  FROM m e a n :
B ry an ............................................  32 44 38 7) 45 58 74 35
Jones .............................................. 16 22 26 6) 42 34 54
M cG ill........................................... 23 41 64 52 40
Snell and S c o tt........................... 30 38 60 59 25 59 39 50

P E R  CEN T OF SAM PLES ABOVE M EA N :
B ry an .......................... *................ 42 .8 42 .6 38.0 46 .2 42.8 42.6 44.9 46.6
Jones .............................................. 50 .0 43 .8 43.8 41.7 39 .6 52.1 45.9
M cG ill . ........................................  46.1 40 .0 46.1 44.9 51.1
Snell and  S c o tt ........................... 37 .3 43.7 46 .8 38.1 48.4 33.3 46.8 46.0

PE R  CEN T OF SAM PLES AT AND B ELO W  M EAN
B ryan ..................................... .. 57 .2 57.4 62.0 53.8 57.2 57.4 55.1 53.4
Jones .............................................. 50 .0 56.2 56.2 58.3 60.4 47.9 54.1
M cG ill........................................... 53 .9 60 .0 53.9 55*. 1 48.9
Snell and S c o tt........................... 62.7 56.3 53 .2 61.9 51.6 66.7 53.2 54.0

d is tr ic t  
in  to ta l

gen era l, th e  sy ru p s  fro m  th e  L a k e  H u ro n  
(S im coe, G re y  a n d  B ru ce  C o u n tie s)  are  h igh  
ash , c o n d u c t iv ity , lea d  v a lu e s  a n d  m a lic  a c id  v a lu e . 
B u t  th e  m a jo r ity  o f th e  sy ru p s  fro m  th a t  d is tr ic t  
w ere m ad e b y  ra th e r  p r im itiv e  m eth o d s. K e tt le s

1 T h i s  J o u r n a l ,  5, 7 40 .

09

41

117

3 9

5 5 .6

1 .6 0
1.11
1 .1 6
1 .4 6

0 .2 9
0 .6 5
0 .3 0
0 .3 8

0 .8 4
0 .8 2
0 .7 7
0 .7 5

156
5 6

112
144

9 0
35
51
95

66
‘21
61
49

4 4 .3  
'  4 0 . 0

5 2 . 4  
4 2 .9

5 5 .7
6 0 . 0
4 7 .6
5 7 .1

230

112

147

80

56

24

3 9 .7

6 0 .3

m a y  be in stru m e n ta l in  ra isin g  th e se  v a lu e s  in  36, 
39> 95> 96 an d  ( 1 1 9 ) .1 A  n u m b er of in sta n c e s  appear, 
also , in  w h ich  h igh  m o istu re  co n te n t is not a cco m p an ied  
b y  h igh  a n a ly tic a l v a lu e s , c. g., N o s. (45, 59), 61, 
(10 2 ), 11 5  (h igh  in  m alic  a cid ) a n d  12 5. A gain ,

1 Serial num bers in parentheses refer to  syrups no t included in Table I.
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No. 81, a lth o u g h  m a d e  w ith  a  p a te n t  e v a p o r a to r  s y ru p s  ra n g e  fro m  10 .7 to  18.3 p er c e n t  of th e  v a lu e
without a c la r ify in g  a g e n t, e v a p o r a te d  t o  th e  c o rre c t  a t  2 5°.
water co n te n t (34.66 p er c e n t) , filte re d  th r o u g h  flan n el

. . .  , . . . .  . , .  ,,  , . , . , . . R A N G E  OP V A R I A T I O N  OF TH E  A N A L Y T I C A L  V A L U E S
and a l l o w e d  t o  s e t t l e ,  i s  e x c e p t i o n a l l y  h i g h  i n  t o t a l
and in so lu b le  a sh , a lk a l in it y  o f in so lu b le  a sh , C a n a d ia n  In  T a b le s  I V  a n d  V  w e h a v e  s e t fo r th  th e  m a x im u m ,
and W in to n  le a d  v a lu e s  an d  m a lic  a c id  v a lu e . T h is  m in im u m  a n d  a v e ra g e  re s u lts  o b ta in e d  in  th e  a n a ly s is
syrup ca m e fro m  a b u sh  on  lim e  soil, a  fa c t  t h a t  m a y  g e n u in e  m a p le  s y ru p s  in  th e  fo u r m o st e x te n s iv e
have som e c o n n e ctio n  w ith  its  co m p o sitio n . N o . in v e s t ig a t io n s  t h a t  h a v e  b een  p u b lis h e d . In  T a b le
(104, 114 ) a n d  1 2 i ,  fa ir ly  h ig h  in  th e  sam e v a lu e s , I v > th e  ra n g e  o f v a r ia t io n  o f e a ch  v a lu e  in  th e  w o rk
are also fro m  lim e sto n e  so ils, b u t  w e h a v e  in sta n c e s , e a ch  in v e s t ig a to r  is e x p re ssed  in  p e r c e n ta g e  o f th e
such as N o s. 3, (4), 100, (10 2 , 108, m  a n d  1 1 3 ) , m e an . T a b le  V  g iv e s  th e  a v e ra g e  re s u lts  an d  th e
of syru p s w h ich  co m e fro m  lim e sto n e  so ils  b u t  a re  n o t  e x tre m e  v a r ia t io n s  o f th e  fo u r  in v e s t ig a t io n s  ta k e n
high in th ese  a n a ly t ic a l  v a lu e s . to g e th e r , th e  ra n g e  of v a r ia t io n  b e in g  e x p re sse d  b o th

A m ong th e se  s y ru p s  th e re  a re  f iv e — N o s. 33, 36, in  p e r c e n ta g e  of th e  m e a n  a n d  in  p e r c e n ta g e  o f th e
39, 95 an d  96— w h ich  sh o w  h ig h e r c o n d u c t iv it y  v a lu e s  m in im u m .
than th e  m a x im u m  (200) re p o rte d  in  P a p e r  I. T h e  S o m e  e x p la n a to r y  s ta te m e n ts  are  n e c e s sa ry  in
five are all fro m  th e  a d ja c e n t  c o u n tie s  o f S im co e  a n d  re feren ce  to  th e  d a ta  o f T a b le s  I V  a n d  V . B r y a n ’s
Grey, O n ta rio . F o u r  o f th e  f iv e  w ere  k e ttle -b o ile d  in v e s t ig a t io n  c o v e re d  481 s y ru p s , c o lle c te d  fro m  a ll
and tre a te d  w ith  e g g s  or m ilk  o r b o th . N o . 96 re- o f th e  im p o r ta n t  m a p le -p ro d u c in g  se c tio n s  o f th e
ceived 2 e ggs  a n d  4 cu p s  of m ilk  to  4 g a llo n s  of s y r u p ;  U n ite d  S ta te s  a n d  fro m  th e  P r o v in c e  o f Q u eb ec.
No. 95 w as p a n -b o ile d  a n d  n o t  tr e a te d  w ith  e g g s  o r T h e  c o lle c tio n  w as m ad e  b y  d is in te re s te d  o fficers,
milk. F o u r o f th e  f iv e  c o n ta in e d  e xcess o f w a te r , w h o se  n a m e s  a re  p u b lis h e d  in  D r. B r y a n ’s b u lle tin s ,
but N o. 33, w h ich  h a d  th e  h ig h e s t  c o n d u c t iv it y  v a lu e , T h e y  w ere  in s tr u c te d  to  b e  p re se n t a t  th e  m a n u fa c tu r e
was e x a c t ly  r ig h t  in  w a te r  c o n te n t. T h e  c o lle c to r  of th e  s y r u p , w h e n e v e r  p ra c t ic a b le . T h e  m e asu res

T a b l e  V — S u m m a r y  o f  R e s u l t s  o f  A n a l y s e s  o f  G e n u i n e  M a p l e  S y r u p s . A l l  o n  M o is t u r e -f r e e  B a s is

C anadian  lead No. W inton lead No.

A lkalinity  M odified
.-----------■----------- . 5 g. 5 s . d ry  25 g. 25 g. d ry  Con-

T o tal Soluble Insoluble Soluble ash  s 0i_ Insol. A ik, sol, ash  syrup m a tte r syrup m a tte r M alic duc tiv ity
ash ash ash Insoluble ash ash ash  Aik. insol. ash  A B A B  acid value value

No. of analyses  770 770 770 655 655 655 655 456 126 528 126 109+ 174(c)
Average...........................  0 .9 6  0 .5 9  0 .37  1 .74  0 .7 4  1.00 0 .8 0  2 .83  3 .4 8  2 .6 2  2 .3 0  0 .80  148
Maximum......................... 1.68(6) 1.23(6) 1 . 0 1 (6) 3 .86(6) 1 . 2 2 (6) 2 .08(6) 1.83(6) 6 .56(m ) 7 .5 0 (a) 4 .41(6) 4 .09 (a) 1.60(6) 230(a)
Minimum.........................  0 .6 1 (a) 0 .30 (a) 0 .12(m ) 0.53(6) 0 .41(6) 0 .41(6) 0 .21 (6 ) 1.37(m ) 1 .74(a) 1.05(»i) 1 .41(a) 0 .29(6) 110(d)
Difference.........................  1.07 0 .9 3  0 .8 9  3 .33  0.81 1.67 1 .6 2  5 .1 9  5 .7 6  3 .3 6  2 . 6 8  1.31 120
Range in % of a v   I l l  158 241 191 109 167 203 183 166 128 117 164 81
Range in % of m in ... .  175 310 742 628 • 198 407 771 379 331 320 190 452 109

(a) By authors. (6) B y B ryan, (m) B y M cGill, (d) In  a  V erm ont syrup. See P aper I.
(c) 194 actual sam ples, 22 of which are reckoned as 2 in averaging. See P aper I.

of Nos. 33, 36 a n d  39 w ro te  t h a t  “ th e se  sa m p le s  w ere  a d o p te d  to  e x c lu d e  a d u lte r a te d  s a m p le s  fro m  th e  co l-
all co llected  fro m  th e  b u sh  w h ere  th e  s y ru p  w a s  m a d e, le c tio n  a p p e a r , th e re fo re , t o  h a v e  b een  p r a c t ic a lly
so th a t th ere  w as  no p o s s ib ility  o f i t  b e in g  a d u lt e r a t e d .”  id e n tic a l w ith  o u r o w n . W h e th e r  t h e y  w ere  as su c-
The co llecto r o f N o s. 95 a n d  96 s ta te s  t h a t  th e se  c e s s fu lly  c a rr ie d  o u t  w e are , o f co u rse , n o t  in  p o sitio n
samples also  w ere  c o lle c te d  fro m  th e  b u sh  a n d  t h a t  t o  ju d g e . T h e  v a r ia t io n s  sh o w n  in  th e  re s u lts  are ,
they w ere “ m ad e  fo r  h o m e u s e .”  W h ile  th e se  re s u lts  in  g e n e ra l, m u ch  w id e r  th a n  th o s e  in  a n y  o f th e  o th e r
indicate th e  p o s s ib ility  o f a  g e n u in e  m a p le  s y r u p  in v e s t ig a t io n s . B u t  th e  te r r ito r y  c o v e re d  w as m u ch
showing a  c o n d u c t iv it y  v a lu e  o f o v e r  200, t h e y  a lso  w id er a n d  th e  n u m b e r  o f sa m p le s  a n a ly z e d  g r e a te r
show th a t  su ch  a  h ig h  c o n d u c t iv it y  is .rare , a n d  p er- th a n  in  a n y  o th e r  in sta n ce .
haps n ev er o ccu rs  in  a  m a r k e ta b le  s y ru p . T h e  h ig h e s t  T h e  in v e s t ig a t io n s  of J o n e s  e m b ra c e d  48 s y ru p s ,
co n d u ctiv ity  v a lu e s  fo u n d  in  th o s e  s y ru p s  o f th is  p re s u m a b ly  a ll V e r m o n t s y ru p s .
collection w h ich  w ere  m a d e  in  m o d e rn  e v a p o r a to r s  M c G il l ’s 456 s y ru p s  w ere  se n t in  b y  th e  p ro d u c e rs
are 192 an d  17 7 . T h e  s y r u p  t h a t  g a v e  th e  fo rm e r  w ith  a  d e c la r a tio n  o f  ge n u in e n ess— a  m e th o d  o f co l-
value h a d  b een  tr e a te d  w ith  e g g s  a n d  m ilk . le c tio n  w h ich  p e rh a p s  a ffo rd s  less  s e c u r ity  a g a in s t  th e

in c lu s io n  of a d u lte r a te d  sa m p le s  th a n  t h a t  a d o p te d  
CO N D U C T IV IT Y  V A L U E S  A T  20° C. A N D  2S ° C. fay B f y a n  a n d  o u r s e lv e s . L ik e  o u r O w n ,  M c G il l ’s

We h a v e  d e te rm in e d  th e  e le c tr ic a l c o n d u c t iv it y  s a m p le s  w ere  a ll fro m  th e  P r o v in c e s  o f O n ta rio  a n d
at 2o° C . o f te n  o f th e  s y ru p s  sh o w in g  h ig h  v a lu e s  Q u eb e c. H is  C a n a d ia n  le a d  n u m b e r d e te rm in a tio n s
and of te n  sh o w in g  lo w  v a lu e s  a t  2 5 ° C . T h e  re s u lts  w ere  m a d e  u p o n  all th e  456 s a m p le s; m a lic  a c id  de-
are show n in  T a b le  I I I .  T h e  m a x im u m  a t  20° is te r m in a tio n s  on 4 52 ; to ta l ,  s o lu b le  a n d  in so lu b le
202, th e  m in im u m  94. T h e  m in im u m  does n o t  o ccu r a sh  on 1 1 5 ;  a n d  W in to n  le a d  n u m b e r on  47.
in the sam e s y ru p  as a t  2 5 °. T h e  a v e ra g e  o f th e  te n  B r y a n ’s “ b a s ic ,”  i. e., W in to n , le a d  n u m b e r w as
high v a lu e s  a t  200 is  12 .1  p er ce n t  less th a n  a t  2 5 0, d e te rm in e d  u p o n  25 g ra m s o f s y ru p  a n d  c a lc u la te d
the a v e ra g e  o f th e  te n  lo w  v a lu e s  a t  20° is 1 2 .s p e r  ce n t  to  th e  b a sis  o f 100 g r a m s  d r y  m a tte r . T h e  figu res
less th a n  a t  2 5°. T h e  d ifferen ces  in th e  in d iv id u a l g iv e n  in  o u r ta b le  fo r  h is  a v e ra g e  ra tio s  o f s o lu b le
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to  in so lu b le  ash an d  o f a lk a lin ity  of soluble  to  
a lk a lin ity  of in so lu b le  ash are  th e  tru e  a verages 
of th e  ra tio s  of th e  in d iv id u a l sy ru p s. T h e  figures 
g iv e n  fo r th e se  a v e ra g e s  in his p u b lica tio n  are 
e v id e n tly  d e riv ed  b y  d iv id in g  th e  a v e ra g e  soluble  
ash  b y  th e  a v e ra g e  in so lu b le  ash, an d  th e  a vera ge  
a lk a lin ity  o f so lu b le  b y  the a v e ra g e  a lk a lin ity  of in ­
so lu b le  ash . T h is  in v o lv e s  th e  assu m p tio n  th a t  th e  
ra tio  o f th e  a v e ra g e s  of tw o  sets  o f n um bers is equ al 
to  th e  a v e ra g e  of th e  ra tio s  of th e  in d iv id u a l n um bers 
— a p ro p o sitio n  th a t  is n o t m a th e m a tic a lly  tru e. 
T h u s , in ste a d -o f th e  figu re  1.70 g iv en  in  his su m m a ry  
fo r  th e  a v e ra g e  ra tio  of so lu b le  to  in so lu b le  ash th e  
co rre c t a v e ra g e  is 1.84, and in ste a d  of 0.77 fo r th e  
a v e ra g e  ra tio  o f th e  a lk a lin itie s  th e  co rrect figure is 
0 .81. O f th e  tw o  k in d s of m a lic  a c id  v a lu e  d eterm in ed  
b y  h im  th a t  g iv e n  in  o u r ta b le s  is th e  one d eterm in ed  
b y  th e  A . 0 . A . C . m eth od.

Jon es h as m ad e  th e  sam e error as B r y a n  in  c a lcu ­
la tin g  th e  a v e ra g e  ra tio  of so lu b le  to  in so lu b le  ash. 
W e h a v e  used th e  tru e  a v e ra g e , 1.78. T h e  ra tio  of 
th e  a lk a lin itie s  a scrib ed  to  h im  h as been c a lcu la te d  
fro m  h is  re su lts . H is ta b le s  g iv e  th e  ra tio s  o f th e  
a lk a lin itie s  of one gram  so lu b le  to  th a t  o f one gram  
in so lu b le  ash , b u t  n o t th e  ra tio s  of th e  a c tu a l a lk a ­
lin itie s  o f th e  tw o  p o rtio n s of th e  ash.

M c G ill ’s W in to n  lead  n u m b ers, lik e  B r y a n ’s, w ere 
d e te rm in e d  w ith  th e  use o f 25 gram s sy ru p  a n d  c a lcu ­
la te d  o v e r  to  th e  b a sis  o f 100 gram s d ry  m a tte r, n o t­
w ith sta n d in g  th e  fa c t  t h a t , co n se q u e n t u p o n  his in ­
v e s tig a tio n , a  m o d ified  m e th o d  (u sin g  in ste a d  of 25 
gra m s o f s y ru p , th e  q u a n t ity  of sy ru p  co n ta in in g  25 
gram s o f dry matter) w as a d o p te d  fo r  th e  official 
C a n a d ia n  's ta n d a r d  of p u r ity . T h e  C a n a d ia n  lea d  
n u m b e r also  w as d e te rm in e d  on 5 gram s of syru p  
b u t  ca lc u la te d  o v e r  to  th e  b a sis  o f 100 gram s d ry  
m a tte r— w h ich  a ga in ' is n o t th e  m e th o d  a d o p te d  as 
th e  officia l s ta n d a rd .1 I t  seem s p ro b a b le  t h a t  th e  
m a lic  a cid  v a lu e  w as lik e w ise  d e te rm in e d  u p o n  6.7 
gram s of s y ru p  an d  c a lc u la te d  to  th e  b asis  o f 6.7 
g ra m s d r y  m a tte r , a lth o u g h  here a g a in  th e  use o f th e  
q u a n t ity  of sy ru p  co n ta in in g  6.7 g ra m s o f d ry  m a tte r  
is  p rescrib ed  in th e  s ta n d a rd s  b a se d  upon th e  w ork .

A s  a lre a d y  n o te d , o u r o w n  resu lts  u p o n  C a n a d ia n  
lea d  v a lu e , W in to n  lea d  v a lu e  a n d  m a lic  a cid  v a lu e  
w ere  o b ta in e d  w ith  th e  use of th e  q u a n titie s  o f th e  
sy ru p s  w h ich  co n ta in e d  5, 25 a n d  6.7 g ra m s of dry 
matter, re s p e c tiv e ly . O u r le a d  v a lu e s  are , th erefo re , 
n o t  s t r ic t ly  co m p a ra b le  w ith  a n y  of th e  o th ers, and 
it  is d o u b tfu l a lso  w h eth e r o u r m alic  a c id  v a lu e s  are 
f a ir ly  co m p a ra b le  w ith  th e  o th ers. S in ce, h o w ev er, 
o u r m a lic  a c id  v a lu e s  a ll fa ll w ith in  th e  lim its  reach ed  
in  th e  w o rk  of th e  o th e r  in v e stig a to rs , th is  la tte r  p o in t 
is  n o t o f co n seq u en ce . W e  h a v e  d e sig n a ted  our 
W in to n  n u m b ers “ m o d ifie d ”  a n d  p la ce d  th e m  in  a 
se p a ra te  co lu m n  to  ca ll a tte n tio n  to  th e  d ifferen ce  of 
m eth o d . T o  b e  q u ite  co n sisten t w e o u g h t to  h a v e  
don e th e  sam e w ith  th e  C a n a d ia n  le a d  n u m b er.

In  T a b le  V , th e  a v e ra g e s  h a v e  b een  c a lc u la te d  fro m

1 In  Paper I I ,  we have shown th a t  direct determ ination  of these two 
lead num bers upon a q uan tity  of syrup containing a  definite q u an tity  of 
dry m atte r gives results which do not coincide with those calculated to  d ry  
m atte r from a  fixed q u an tity  of syrup. T h i s  J o u r n a l . 5 (1913), 997.

th e  a vera ges  of th e  fo u r in v e s t ig a t io n s  included in 
T a b le  IV . T h e  m in im u m  c o n d u c t iv ity  v a lu e  given 
in  T a b le  IV  is th a t  fo u n d  in  th e  s y ru p s  w hose analysis 
is here rep o rted . T h a t  g iv e n  in  T a b le  V  is th e  mini­
m um  fo u n d  in our w h ole  e x p erien ce  w ith  genuine 
sy ru p s (194 sam ples).

COMPARISON OF THE V A R IO U S  A N A L Y T I C A L  DATA

T a b le s  I V  and  V  a p p ea r to  th r o w  m u ch  lig h t upon 
th e  re la tiv e  m erits of th e  v a r io u s  a n a ly tic a l  data as 
m eans of d e te ctin g  a d u lte ra tio n  in  m a p le  syrup. 
T h e  to ta l ash , th e  so lu b le  a sh , a n d  esp e cia lly  the 
a lk a lin ity  of th e  so lu b le  ash are sh o w n  to  be of rela­
t iv e ly  n arro w  ran ge an d , th e re fo re , m u ch  m ore useful 
th a n  th e  in so lu ble  ash  or its  a lk a lin ity . In  view  of 
th e  n ot in freq u en t use of so d a  as a  c la r ify in g  agent, 
th e  n arrow ness of ran ge  o f th e  a lk a lin ity  o f th e  soluble' 
ash is a  th in g  th a t  w ou ld  s c a rc e ly  h a v e  b een  foreseen.

T h e  am o u n t of in so lu b le  ash sh o w s th e  widest 
v a r ia tio n  of all th e  v a lu e s, n o t o n ly  a m o n g  th e  investi­
g a tio n s ta k e n  as a  w hole b u t  also  a m o n g  th e  results 
of each  in d iv id u a l in v e s tig a to r . C o n sid erin g  the 
o p p o rtu n ities  w h ich  m ap le  sy ru p  h a s  to  b ecom e con­
ta m in a te d  w ith  c la y  an d  iro n  ru st, th is  is p erh aps not 
surprisin g. C o n sid ered  w ith  re sp e ct to  its  minim um , 
th e  am o u n t of in so lu b le  ash  h a s  b een  re g a rd ed  as an 
im p o rta n t d a tu m  in  th e  d e te ctio n  o f a d u ltera tio n  in 
m aple p ro d u cts. Jones fo u n d  no sa m p le s  b e lo w  0.25, 
and  B r y a n  n on e b e lo w  0.23 per ce n t in  in so lu b le  ash. 
M cG ill, h o w ever, finds 12 o u t of 11 5  sam p les below
0.23 a n d  his m in im um  v a lu e  is 0 .12 — ju s t  one-half 
th e  m in im um  fo u n d  b y  th e  tw o  in v e s t ig a to rs  in the 
U n ited  S ta te s . I t  w as p a r t ly  th is  s tr ik in g  divergence 
th a t  in d u ced  us to  u n d e rta k e  th e  p re se n t in vestigatio n . 
T h e  o u tcp m e h as been  to  co n firm , a t  a n y  ra te  to a 
ce rta in  e x te n t, M c G ill ’s co n clu sio n  t h a t  th e  insoluble 
ash in  C a n a d ia n  sy ru p s is n o t in fr e q u e n tly  below  the 
m in im um  fo u n d  b y  B ry a n . O ur m in im u m  is 0.16 
and  4 sam p les o u t of 126 fa ll b e lo w  0.23. These 
lo w  resu lts  can  n o t h a v e  been  d u e  to  o v e rh e a tin g  in 
th e  ig n itio n . O ur ash d e te rm in a tio n s  w ere  m ade in 
an  e le ctric  m uffle a t  a  tem p e ra tu re  n e v e r  exceeding 
6 5 ° °  C ., as in d ica te d  b y  a  H o skin s p y ro m e te r . The 
d eterm in a tio n s  on th e  fo u r sam p les in  q u e stio n  were 
m ade in  d u p lica te . In  our exp erien ce  tre a tin g  the 
ash w ith  am m o n iu m  ca rb o n a te  a n d  re h e a tin g  produces 
n o in crease  in  w eigh t, sh o w in g  t h a t  no loss of carbon 
d io xid e  o ccu rs u n d er th e  co n d itio n s of o u r ash  determ i­
n atio n s. R e su lts  as lo w , or n e a rly  as lo w , as our 
m in im um  (0.16 per cen t) are, h o w e v e r , extrem ely  
rare . M c G ill h as o n ly  tw o  re su lts , a n d  w e  o n ly  two, 
b e lo w  0.19— a to ta l o f o n ly  4 b e lo w  0 .19  in  th e  770 
a n a ly se s  of th e  fo u r in v e stig a tio n s .

T h e  a lk a lin ity  of th e  in so lu b le  a sh , a lth o u g h  less 
v a r ia b le  th a n  th e  w eig h t, is fa r  fro m  b e in g  o f equal 
v a lu e  w ith  th e  to ta l  or w ith  th e  so lu b le  ash  figures. 
1  he ra tio s  of so lu b le  to  in so lu b le  ash a n d  of a lk a lin ity  
of so luble  to  in so lu b le  ash  are so w id e ly  v a r ia b le  as 
to  a p p e a r ‘to  us sca rc e ly  w o rth  re ck o n in g . T h e  m alic 
a cid  v a lu e  is a b o u t as v a r ia b le  as th e  a lk a lin ity  of the 
in so lu b le  ash . T h e  m in im u m  fo r  th is  v a lu e  is much 
lo w er th a n  th e  w o rk  of Jon es in d ica te d .
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The W in to n  le a d  v a lu e  m a k e s  a  go o d  sh o w in g  on 
the dry basis a n d , as  w ill b e  sh o w n  la te r , a  m u ch  b e tte r  
showing on th e  w e t  b a sis . T h e  C a n a d ia n  le a d  m e th o d  
yields a v a lu e  o f c o m p a r a t iv e ly  w id e  ra n g e , b u t , as 
we have a lre a d y  sh o w n , th is  m e th o d  h a s  a  v e r y  im ­
portant a d v a n ta g e  o v e r  a ll th e  o th e rs  in  a n o th e r  re ­
spect.

In the gen era l co m p a riso n  (T a b le  V ) th e  c o n d u c t iv it y  
value show s th e  n a rro w e s t ra n g e  o f a ll th e  v a lu e s . In  
view of th e  r e la t iv e ly  sm a ll n u m b e r of sa m p le s  u p o n  
which th is d e te rm in a tio n  h a s  b een  m a d e  w e h e s ita te  
to advance to o  p o s it iv e  c la im s on its  b e h a lf:  ju d g in g

s ta te  o f a ffa irs  (see T a b le  V I ) .  T h e  ra n g e  o f v a r ia t io n  
on th e  w e t  b a sis  is 71 p er ce n t  of th e  a v e ra g e  as a g a in s t 
76 p er ce n t o f th e  a v e ra g e  on  th e  d r y  b a sis ; o r 119  
p er c e n t  of th e  m in im u m , as a g a in s t  127 p er ce n t.

T a k in g  B r y a n ’s a n d  M c G il l ’s re su lts  to g e th e r  
(as in  T a b le  V )  w e find th e  a v e ra g e  W in to n  lea d  v a lu e , 
on th e  w e t b a sis  (528 sa m p le s) to  b e  1 .7 3 . T h e  
m a x im u m  (B r y a n )  is 2.70, th e  m in im u m  (M c G ill)
0.70. D iffe re n ce  2.00. R a n g e  in  p e r c e n ta g e  o f a v e r ­
a g e  1x6 , as a g a in s t  128 fo r  th e  d r y  b a sis  v a lu e . R a n g e  
in  p e r c e n ta g e  of m in im u m  286, as a g a in s t  320 fo r  th e  
d r y  b a sis  v a lu e . I t  w o u ld  a p p e a r , th e re fo re , t h a t  th e

T a b u ! V I— C o m p a r is o n  o p  W in t o n  I , e a d  N u m b e r  o n  D r y  a n d  o n  W e t  B a s is  

B r y a n ’s  S a m p l e s  M c G i l l ’s  S a m p l e s

W inton lead value W inton lead value

M oisture D ry W et M oisture D ry W et
Sample C ounty and  S ta te con ten t basis basis Sam ple M aker con ten t basis basis

H i g h e s t  v a l u e s H i g h e s t  VALUES
6401 Cham paign, O ........................................ 46.71 4.41 2.35 iii J. Jacques, Burgessville, O nt. ( a ) . . . . 33 .82 2.31 1.53
6842 Somerset, P a ........................................... 36 .96 4 .28 2 .70 IV J .  C. Skinner, Burgessville, O n t........... 35 .68 2 .36 1.52
6301 Logan, O .................................................. 38.63 4 .24 2 .60 V H . A. Griswold, Burgessville, O n t.. . . 35 .08 2.29 1.49
6654 Upshur, W. V a ....................................... 35.81 4 .20 2 .70 XVI J . E . Rice, New D urham , O n t............. 35 .22 2 .30 1.49
6399 M adison, In d .......................................... 39 .04 4 .05 2.47 xviii E . T . C ham bery , Oxford C entre, O nt. 28 .14 2 .08 1.49
6278 Logan, O .................................................. 38.17 4.01 2.48 xxi M . Sager, V andicar, O n t........................ 33 .62 2.25 1.49
6984 M ahoning, O .......................................... 30 .09 3 .8 6 2 .70 i G. H .  Losee, Burgessville, O n t............. 38 .32 2.38 1.47

L o w e s t  v a l u e s L o w e s t  Va l u e s
6693 Oxford, M e .............................................. 33 .23 1.76 1.18 11 W . H . M cA llister, D u tton , O n t.......... 34 .94 1.08 0 .7 0
6635 R utland, V t ............................................. 37 .70 1.85 1.15 207 W ilfrid Larose, Angers, Q ue................. 36 .56 1 . 1 2 0 .71

392 J. F . Parsons, B arnston, Q ue............... 34.07 1.07 0.71
176 J . Y. W illiams, W isbeach, O n t............ 31 .12 1.05 0 .72

Average 481 sam ples........................... 34 .22 2 .7 0 1.78 Average 47 sam ples.................................. 34.61 1.75 1.17
M axim um ................................................ 4.41 2 .70 M ax im um ..................................................... 2 .38 1.53
M inim um ................................................. 1.76 1.15 M inim um ...................................................... 1.05 0 .7 0

Difference................................................. 2.65 1.55 Difference..................................................... 1.33 0 .83
Range in percentage of average___ 98 .0 87 .0 R ange in percentage of average ......... 76 .0 71 .0
Range in percentage of m in im u m .. 151.0 135.0 Range in percentage of m in im u m .. .  . 127.0 119.0

(a) Erroneously given as Quebec in M cG ill’s bulletin . Burgessville is in Oxford C ounty , Ontario.

from our re su lts , th is  m e th o d  n o t  o n ly  e x ce ls  a ll o th e rs  
in rapidity  a n d  ease of e x e c u tio n  b u t  is  e q u a l t o  a n y  
in respect to  th e  n a rro w n e ss  of ra n g e  of th e  v a lu e  in  
genuine sy ru p s  a n d  b u t  l i t t le  in fe rio r  to  a n y , e x c e p t  
the C an ad ian  le a d  m e th o d , in  th e  r a te  a t  w h ich  th e  
value falls off w ith  p ro g re s s iv e  a d u lte r a t io n  o f th e  s y ru p  
with sucrose.

In regard  to  th e  W in to n  le a d  n u m b e r a  p o in t  o f 
curious in te re st is t h a t  th e  ra n g e  of v a r ia t io n  is n a rro w e r 
when the figu res a re  re fe rre d  to  a  d e fin ite  w e ig h t  of 
syrup th a n  w h en  t h e y  are  re d u ce d  to  th e  d r y  b asis. 
The sam ple in  B r y a n ’s c o lle c tio n  w h ich  g a v e  th e  m a x i­
mum “ b asic  le a d  n u m b e r ”  (N o . 6401, C h a m p a ig n  
Co., Ohio) w as on e a b n o r m a lly  h ig h  in  w a te r  c o n te n t  
(46.71 per ce n t). T h e  d r y  b a sis  v a lu e , 4 .4 1 , fo r  su ch  
a syrup is e q u iv a le n t  to  2.35 p er 100 g ra m s s y ru p . 
A number of o th e r  s y ru p s  in  B r y a n ’s c o lle c tio n  g iv e  
higher va lu e s  th a n  2.35 on th e  w e t  b a sis . (See T a b le  
VI') T h e  h ig h e st v a lu e  on  th e  w e t  b a sis  is  2.70. 
This is g iv en  b y  th re e  sa m p le s. S im ila r ly , th e  sa m p le  
which g ives th e  lo w e s t  v a lu e  on  th e  w e t  b a sis  is n o t 
'dentical w ith  t h a t  w h ich  g a v e  th e  lo w e s t on th e  d r y  
basis. T h e  m in im u m  on  th e  w e t  b a sis  is  1 .1 5 . T h e  
range of v a r ia t io n  on  th e  w e t  b a sis  a m o u n ts  to  o n ly  

per cen t in ste a d  of 98 p er c e n t, e x p re sse d  in  te rm s 
the m ean ; o r to  135 p e r  ce n t, in s te a d  of 1 5 1  p er 

Cent, expressed in  te rm s o f th é  m in im u m , 
lu m in g to  M c G il l ’s sa m p le s , w-e fin d  th e  sam e

re d u c tio n  o f W in to n  le a d  v a lu e s  to  th e  d r y  b a sis  is 
la b o r  m issp e n t.

F o r th e  C a n a d ia n  le a d  v a lu e , h o w e v e r , th e  sam e 
d o es n o t h o ld  tru e . T a k in g  M c G il l ’ s re s u lts , d e ­
te rm in e d  on  th e  w e t  b a sis  a n d  c a lc u la te d  o v e r  to  th e  
d r y , w e f i n d : .

T a b l e  V II— C a n a d ia n  L e a d  V a l u e

A verage. . .  
M ax im um . 
M in im u m ..

D ifference.

W et basis D ry  basis
1.91 2 .83 (a)
4 .6 8 6 .56
0.89 1.37

3.79 5 .19
198.0 183.0
426 .0 379 .0

(a) W e find M cG ill’s  average for m oisture con ten t to  be 32.58. His 
m oisture de term inations were m ade by  d ry ing  on asbestos fiber.

H e re  th e  d r y  b a sis  h a s  d e c id e d ly  th e  a d v a n ta g e . In  
o u r o w n  w o rk , w h ere  th e  m e th o d  p re sc rib e d  b y  th e  
C a rfa d ia n  s ta n d a rd s  w as  fo llo w e d , th e  lim its  a re  s till  
n a rro w e r  (see T a b le  V ) .  B u t  as  o u r w o r k  e m b ra c e d  
a m u ch  sm a lle r  n u m b e r o f sa m p le s  th a n  M c G i l l ’s, 
w e a re  n o t  in  p o sitio n  to  d ecid e  w h e th e r  th e  m e th o d  
fo llo w e d  b y  M c G ill  (d e te rm in a tio n  o n  5 g ra m s s y ru p  
a n d  c a lc u la tio n  to  100 g ra m s d r y  m a tte r)  o r t h a t  
a d o p te d  fo r  th e  s ta n d a rd  (d e te rm in a tio n  on  th e  q u a n ­
t i t y  o f s y ru p  c o n ta in in g  5 g ra m s d r y  m a tte r  a n d  m u lt i­
p lic a tio n  b y  20) is p re fe ra b le .
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D IS T R IB U T IO N  OF R E SU L T S A B O U T T H E  M EAN

T h e  lo w er h a lf o f T a b le  I V  show s th a t  th e  gen eral 
te n d e n c y  of th e  a n a ly tic a l v a lu e s  is to  run  below , 
ra th e r  th a n  a b o v e , th e  m ean . C o m p a rin g  each  in ­
v e s t ig a to r ’s re su lts  on each  v a lu e , w e find o n ly  5 cases 
o u t o f 34 in  w h ich  th e  d e v ia tio n  of th e  m in im um  from  
th e  m ean is e q u a l to , or grea ter th a n , th a t  of th e  m a x i­
m um . T w o  o f th ese— th e  ra tio  of so luble  to  in so lu ble  
ash  an d  th e  a lk a lin ity  of th e  in so lu b le  ash— o ccu r in 
J o n e s ’ w o rk ; th e  o th er th ree— p er ce n t so luble, W in to n  
le a d  n u m b er an d  m a lic  a c id  v a lu e — o ccu r in  M c G ill ’s. 
In  re g a rd  to  th e  n u m b er of sam p les fa llin g  each  side 
of th e  m ean  w e find o n ly  3 cases o u t of 34 in  w hich 
th e  n u m b er a b o v e  th e  m ean  is eq u al to , or g rea ter th a n , 
th e  n u m b e r b e lo w  th e  m ean . T h e se  are J o n es’ a l­
k a lin ity  o f in so lu b le  ash  an d  M c G ill ’s W in to n  lea d  
v a lu e  an d  m a lic  a cid  v a lu e s. In  all th ree  of these 
cases v e r y  lit t le  o v e r  h a lf th e  sam p les are a b o v e  th e  
m ean.

A SC H E M E  OF R A P ID  A N A LY SIS

In  th e  lig h t  of th e  p reced in g  w e v e n tu re  to  propose 
th e  fo llo w in g  sch em e of a n a ly sis  (T a b le  V I I I ) ,  n ot 
as a ll-su ffic ie n t fo r  d e te c tio n  of a d u lte ra tio n  of m aple 
s y ru p , b u t as a ra p id  sch em e th a t  w ill serve  to  con dem n  
m a n y  sam p les and  th u s  o b v ia te  th e  m a k in g  of o th er 
d e te rm in a tio n s, in v o lv in g  a d d itio n a l tim e  an d  la b o r:

T a b l e  V III— S c h e m e  f o r  R a p id  A n a l y s is  o f  M a p l e  S y r u p  

t im e  r e q u ir e d

-̂---------------*------------- * LIM ITS OF VALUE
Actual T o reach

d e t e r m in a t io n a tten tion result Extrem e Ordinary
R efractom eter re ad in g .. .  . 5 min. 5 min.
C onductivity  value 25° C. 5 min. 5 min. 110-230 113-205
T o tal ash, d ry  basis............ 7 min. I 1/* hrs. 0 .6 1 -1 .6 8 0 .6 9 -1 .47
Alkalinity of soluble ash.

d ry  basis ............................ 5 min. V* hr- 41-122 48-109
Canadian lead num ber, 5

g. syrup, dry basis........... 12 min. 5 hrs. 1 .37-6 .56 1.51-4 .55
W inton lead num ber, 25 g.

syrup, wet basis .............. 17 min. 9 hrs. 0 .7 0 -2 .7 0 0 .76 -2 .47

T o tal time required ........ 51 min. 9 hrs.

In  P a p e r I it  w as show n th a t  th e  c o n d u c t iv ity  te s t
a lon e serv e d  to  co n d em n  i 5 sam p les o u t of a collec-
tio n  of 34, p u rch ase d  in  th e  C a n a d ia n  W e st, w h ile  th e  
a d d itio n a l d e te rm in a tio n s  m ad e (viz., to ta l ash, in ­
so lu b le  ash , a lk a lin itie s  o f so lu b le  an d  in so lu b le  ash 
and  m o dified  W in to n  lea d  n u m b er) d e te cte d  o n ly  tw o  
a d d itio n a l cases of a d u lte ra tio n . O f th ese  tw o  b o th  
w o u ld  b e  co n d em n ed  b y  th e  to ta l ash an d  one b y  th e  
W in to n  lea d  n u m b e r. W e b e lie v e  th e  six  d e te rm in a ­
tio n s  here re co m m en d ed  w ill in m a n y  in sta n ce s  p ro ve  
e q u a lly  as se rv ice a b le  in  th e  d e te ctio n  o f a d u lte ra tio n  
as  th e  tw e lv e  m ad e b y  us on  th e  sy ru p s  of T a b le  I.

T h e  e x tre m e  lim its  g iv e n  fo r  th e  v a lu e s  are th e  
h ig h e st an d  lo w e st fo u n d  in  a n y  of th e  sy ru p s  in c lu d e d  
in  T a b le  V . U n d er C a n a d ia n  le a d  n u m b e r, d ry  basis, 
w e h a v e  in c lu d e d  o n ly  M c G il l ’s resu lts  a n d  th e  lim its  
g iv e n  are  fo r  d e te rm in a tio n  up on  5 gram s sy ru p  and  
ca lcu la tio n  to  d r y  b asis. U n d er W in to n  le a d  n u m b er, 
w et b a sis , w e  h a v e  in c lu d e d  M c G il l ’s a n d  B r y a n ’s 
resu lts . T h e  lim its  fo r  each  in v e s t ig a to r ’s w o rk  s in g ly  
are m u ch  n a rro w er (see T a b le  V I ) .  A s  o rd in a ry  
lim its  of th e  v a lu e s  w e h a v e  ch osen  th e  v a lu e s  n o t  e x ­

ceeded  in e ith er d irectio n  b y  m o re  th a n  one per cent 
of th e  sam ples a n a ly ze d . T h u s , in  th e  case  of the total 
ash (770 sam ples) th e re  are n o t  m o re  th a n  e ig h t samples 
be lo w  0.69 and  n o t m ore th a n  e ig h t  a b o v e  1.47. Our 
tim e  e stim a te  is in  each  in sta n c e  th e  m inim um  re­
qu ired  fo r a single  d e te rm in a tio n . In  som e cases 
i t  m igh t b e  red u ced  b y  ca rr y in g  on  a  n um ber of de­
term in a tio n s  s im u lta n e o u sly . T h e  9 hours assigned 
to  th e  W in to n  le a d  n u m b e r d e te rm in a tio n  provides 
fo r 4 hours s e ttlin g  of th e  le a d  s u lfa te  precipitate. 
A ll six  o f th e  d e te rm in a tio n s  ca n  be m ad e  w ith in  these 
nine hours.

SUM M ARY

I. T h e  resu lts  o f th e  a n a ly sis  o f 126 sam ples of 
gen uine C a n a d ia n  m ap le  sy ru p  are re p o rted .

I I . T h e  ran ge  of c o n d u c t iv ity  v a lu e  fo r 20° C. in 
th ese  sy ru p s is d e term in ed , as w ell as th a t  for 25°.

I I I .  T h e  ran ge  o f th e  v a r io u s  a n a ly tic a l  values in 
gen uine m aple sy ru p s  is co m p a red  w ith  reference to 
these resu lts and  to  th o se  of B r y a n , Jon es an d  McGill.

I V . T h e  va lu e s  of n a rro w e st ra n g e  a re  th e  conduc­
t iv i t y  v a lu e , th e  a lk a lin ity  of th e  so lu b le  ash , the weight 
of th e  to ta l ash an d  th e  W in to n  le a d  n u m b er.

V . A  schem e of ra p id  a n a ly sis  is p ro p o se d , embracing 
d e term in a tio n s of th e  a fo resa id  v a lu e s  an d  of the 
C a n a d ia n  lead  n um ber.

T h e  exp en ses of th is  in v e s tig a tio n  w ere  d efrayed  out 
of th e  D o m in io n  G ra n t fo r  th e  e n co u ra g e m e n t of Agri­
cu ltu re , 19 12.

M a c d o n a l d  C o l l e g e  
Q u e b e c , C a n a d a

THE EFFECTS OF THE ENSILAGE PROCESS ON THE 
SOLUBILITY OF FLOATS

B y  E .  B. F o r d e s  a n d  C h a s . M .  F r it z  

Received October 25, 1913

O ne of th e  • s ta n d a rd  m e th o d s o f a d d in g  floats to 
th e  soil is th ro u g h  its  a d d itio n  to  m a n u re , and the 
effe ct of th e  fe rm e n ta tio n  o f m a n u re  o n  th e  solubility 
of flo ats  has been  th e  s u b je c t  o f d iscu ssio n  an d  experi­
m ent.

I t  has o ccu rred  to  th e  w riters  t h a t  p e rh a p s  we might 
p ro fita b ly  add a p a r t  o f th e  flo a ts  to  th e  p lan t-fo o d  two 
step s fu r th e r  fro m  th e  soil b y  in tr o d u c in g  it  into  the 
silo  w ith  th e  fo d d er corn , th u s  g a in in g  tw o  oppor­
tu n itie s  fo r in creasin g  th e  s o lu b ility  o f th e  floats, first 
in  th e  e n silag e  p rocess, an d  seco n d  in  th e  digestive 
tr a c t  o f th e  a n im a l; an d  fu rth e r , g iv in g  to  th e  animal 
such  b en efit as i t  m igh t be a b le  to  g e t  fro m  th e  rock 
p h o sp h a te  in  its  p assage  th ro u g h  th e  b o d y . W e do not 
m ean  to  su gg est, h o w ev er , t h a t  a ll o f th e  flo ats which 
one m ig h t desire  to  a d d  to  th e  soil co u ld  in  th is  w ay be 
p assed  th ro u g h  th e  silo an d  th e  a n im a l.

In  th is  te s t  fo u r sam p les of co rn  w ere  p repared as 
fo llo w s:

1. U n tre a te d  green  silage  corn .
2. S ilage fro m  N o . r.

3. G reen  silage  co rn  p lu s flo ats  (2 5 0 :1).
4- S ila ge  fro m  N o . 3.

T h e  silage  w as  m ad e in  g la ze d  e a rth e n  jars . After 
bein g  sea led  for 6 m o n th s th e  ja r s  w ere  o p en ed , and the 
silage  w as fo u n d  to  be in p e r fe c t  co n d itio n .
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At the tim e  th e  tr e a te d  co rn  w as sea led  u p  th e  flo a ts  
gave it a s a n d y  fe e lin g  b e tw e e n  th e  te e th , b u t  in  th e  
silage from  th is  co rn  th e  “ g r i t ”  h a d  d is a p p e a re d . W e 
were able to  d e te c t  no d ifferen ce  in  th e  ta s te , o d o r or 
appearance o f th e  tw o  sa m p le s  of s ila g e .

The fo llo w in g  p h o sp h o ru s  e s t im a tio n s  w ere  m ad e  
on these tw o  sa m p le s  o f s ila g e  a n d  on  th e  fre sh  m a te ria ls  
from w hich t h e y  w ere  p re p a re d .

Phosphorus i n  S il a g e  C o r n  w i t h  a n d  w it h o u t  A d d iid  F l o a t s , a n d  
in  S il a g e  M a d e  f r o m  t h e  S a m e . P e r  C e n t , W a t e r - F r e e  B a s is

T o ta l
W ater-

sol.
C itra te -

sol.

In o r­
ganic P  
sol. in 
0 .2 %

T otal 
w ater 
sol. +  

citratc-sol.
P r o d u c t P P P H C l P

Untreated green silage c o rn . . 0 . 2 0 0 0.151 0 . 0 2 0 0.086
0.203 0.150 0 . 0 2 1 0.082
0.218 0.147 0 . 0 2 1 0.082

Average................................... 0 .207 0.149 0 . 0 2 1 0.083 0.170

Silage from un treated  c o rn . . 0.231 0.159 0.009 0 . 1 1 2
0.228 0.161 0.007 0 . 1 1 0
0.214 0.161 0.009 0 . 1 1 2

Average................................... 0 .224 0.160 0.008 0 . 1 1 1 0.168

Green silage corn plus floats 
(250 : 1)................................. 0 .374 0.135 0.055 0.156

0.371 0.138 0 .064 0.181
0.367 0.135 0.065 0.178

Average................................... 0.371 0.136 0.061 0.172 0.197

Silage from trea ted  corn ........ 0 .405 0.158 0.061 0.234
0.387 0.157 0.061 0.243
0.361 0.155 0.059 0.235

Average................................ 0 .384 0.157 0.060 0.237 0.217

The increase in  t o ta l  p h o sp h o ru s  d u r in g  th e  e n sila g e  
process show s t h a t  th e re  w as  a  lo ss  of 8.2 p er c e n t  o f 
dry substance fro m  th e  u n tr e a te d  co rn  a n d  3 .5  p er ce n t 
from the p h o s p h a te d  co rn .

The in crease in  w a te r-s o lu b le  p h o s p h o ru s  in  th e  u n ­
treated corn w as n o t  q u ite  e q u a l (7 .4  p er ce n t)  to  th e  
arithmetical in cre ase  d u e  to  th e  lo ss  o f d r y  m a tte r .

During th e  e n sila g e  of th is  u n tr e a te d  co rn  th e re  w as 
a loss of c itra te -s o lu b le  p h o sp h o ru s , in  th e  re sid u e  fro m  
water e x tra ctio n , w h ich  sig n ifie s  a  p ro ce ss  o f re v e rs io n  
to less soluble  fo rm s.

The one s ig n ific a n t in cre a se  d u r in g  th e  e n s ila g e  of 
the un treated  co rn  w a s  in  th e  in o r g a n ic  p h o sp h o ru s  
soluble in 0.2 p er ce n t  H C 1.' T h is  w a s  m u ch  m ore th a n  
enough to  a c c o u n t fo r  a r ith m e tic a l in cre a se  fro m  loss 
of dry su b stan ce .

In the p h o s p h a te d  co rn  th e re  w a s  a  lo ss  of w a te r-  
soluble p h o sp h o ru s s im p ly  th r o u g h  th e  a d d it io n  o f th e  
floats, th a t is, th e  w a te r-s o lu b le  p h o s p h o ru s  in  th e  fresh  
corn was 0 .149 p er ce n t  a n d  in  th e  p h o s p h a te d  co rn  
°'I36 per ce n t, w h ich  p r o b a b ly  sig n ifie s  a  c o m b in a tio n  
°£ w ater-soluble p h o sp h o ru s  o f th e  co rn  w ith  b a se s  in  
the floats. T h is  p r o b a b ly  to o k  p la c e  d u r in g  th e  p a r ­
tial drying a t  50 0 C ., th o u g h  p e rh a p s  t o  so m e e x te n t  
during the s u b s e q u e n t s to r a g e  of th e  s a m p le  fo r  n e a rly  
a year before th e  a n a ly se s  w ere  m a d e.

The w a ter-so lu b le  p h o sp h o ru s  in  th e  p h o s p h a te d  
silage was n o t h ig h e r th a n  in  th e  u n tre a te d  s ila g e . T h e  
excess of w a te r-so lu b le  p h o sp h o ru s  in  th e  p h o s p h a te d  
silage over th e  a m o u n t in th e  u n en siled , p h o s p h a te d  
COrn was m ore th a n  e n o u g h  to  a c c o u n t  fo r  th e  loss in 
-r> m atter, b u t  w a s  n o t  as  g r e a t  in  a m o u n t as  in  th e  
Sllage from  th e  u n tr e a te d  c o rn , a g a in  s u g g e s tin g  re ­
g i o n .

T h e  c itra te -s o lu b le  p h o sp h o ru s  in  th e  tr e a te d  fo d d e r 
and in  th e  s ila g e  fro m  th e  sa m e  w as n a tu r a lly  h ig h er 
th a n  in  th e  u n tre a te d  co rn  a n d  s ila g e , s in ce  a  p a r t  o f 
th e  p h o sp h o ru s  o f th e  flo a ts  w a s  c itra te -s o lu b le . T h e re  
w as  n o  in cre a se  in  c itra te -s o lu b le  p h o sp h o ru s , h o w e v e r , 
in  th e  re sid u e  fro m  th e  w a te r  e x tr a c t io n , d u rin g  th e  
e n sila g e  of th e  p h o s p h a te d  co rn .

T h e  v e r y  c o n sid e ra b le  in cre a se  in  in o rg a n ic  p h o s ­
p h o ru s  s o lu b le  in  0.2 p er ce n t  H C 1 d u r in g  th e  e n sila g e  
o f th e  p h o s p h a te d  co rn  g iv e s  us th e  m o st s ig n ific a n t 
figu re  o f th e  te s t . In  th e  tr e a te d  co rn  fo d d e r  th e  in o r­
g a n ic  p h o sp h o ru s s o lu b le  in  0.2 p er ce n t  H C 1 w as  46.4 
p er, ce n t  o f th e  to ta l ,  w h ile  in  th e  s ila g e  fro m  th e  sa m e  
w as 6 1 .7  p er ce n t  o f th e  to ta l.

I t  is a lso  of in te re s t  t h a t  th e  p h o s p h a te d  s ila g e  co n ­
ta in e d  m o re  th a n  tw ic e  as m u ch  in o r g a n ic  p h o sp h o ru s 
s o lu b le  in  0.2 p er ce n t H C 1 as th e  tr e a te d  silag e .

T h e  t o ta l  p h o sp h o ru s  of th e  f lo a ts  w a s  12 .666 p er 
ce n t, th e  w a te r-s o lu b le  p h o sp h o ru s 0 .0 129 p er ce n t 
a n d  th e  p h o sp h o ru s  s o lu b le  in  0.2 p er c e n t  H C 1 8 .72 1 
p e r  ce n t, a ll on  a  w a te r -fre e  b asis.

c o n c l u s i o n — T h e  e n sila g e  of co rn  w ill re n d e r 
s o lu b le  in  0.2 p er ce n t  H C 1 su ch  a n  a m o u n t of th e  p h o s­
p h o ru s  o f flo a ts , a d d e d  to  co rn , as to  c o n s t itu te  a p ra c ­
tic a l c o n sid e ra tio n  in  th e  fe e d in g  of liv e s to c k .

D e p a r t m e n t  o f  N u t r it io n  
O h io  A g r i c u l t u r a l  E x p e r i m e n t  S t a t io n  

W o o s t e r

TH E EFFECT OF HEAT UPON TH E SOLUBILITY OF THE  
MINERAL CONSTITUENTS OF TH E SOIL1

B y W il l ia m  M c G e o rg e  s 
R eceived N ovem ber 5, 1913

H e a tin g  so ils  as a  m ean s o f s t im u la t in g  g r o w th  of 
cro p s  is  a  p ra c t ic e  e sta b lish e d  c e n tu r ie s  a g o , b u t  o w in g  
to  th e  d ifficu ltie s  e n c o u n te re d  in  its  a p p lic a tio n  i t  h as 
n o t  b e en  e x te n s iv e ly  u sed  in  p r a c t ic a l  a g r ic u ltu re , 
a n d  c o n s e q u e n tly  h a s  g r a d u a lly  fa lle n  o u t  o f use. 
T h o s e  w h o  h a v e  in v e s t ig a te d  th e  ca u se  o f th is  s t im u ­
la tio n  h a v e , as w a s  to  b e  e x p e c te d  fro m  th e  e x tre m e ly  
co m p le x  n a tu r e  o f so ils, d iffered  in  th e ir  r e s u lts  an d  
co n clu s io n s . I t  is c e r ta in , h o w e v e r , t h a t  th e  p h e n o m ­
en o n  is  n o t  e x p la in a b le  b y  a n y  on e th e o r y , b u t  th e  
a c tio n  is  d e p e n d e n t u p o n  th e  c h e m ic a l, b io lo g ic a l, an d  
p h y s ic a l p ro p e rtie s  of th e  soil.

In  H a w a ii c e r ta in  cro p s  a re  g r e a t ly  in flu e n ce d , b o th  
in  co lo r a n d  v ig o r , b y  th e  m ere  b u r n in g  o f b ru sh  an d  
u n d e rg r o w th s  o f g u a v a  a n d  la n ta n a  u p o n  th e  su rfa ce . 
In  tr o p ic a l so ils, w h ich  re c e iv e  p r a c t ic a lly  n o  “ r e s t ,”  
i t  is p ro b a b le  t h a t  th e  e ffe c ts  o f h e a t  a re  s im ila r  to  th o se  
d e r iv e d  fro m  c u lt iv a t io n  a n d  a e r a tio n . W ith  b u t  fe w  
e x c e p tio n s  i t  is fo u n d  n e c e s sa ry  in  H a w a ii to  p lo w  th e  
n ew  la n d  a n d  fo llo w  w ith  th o ro u g h  t illa g e  a t  fre q u e n t 
in te r v a ls  fo r  s e v e r a l m o n th s  b e fo re  p la n tin g . O n th e  
o th e r  h a n d  th e  sam e re s u lts  m a y  be a cco m p lish e d  b y  
m ean s o f h e a t.

I n v e s t ig a to r s  h a v e  s tu d ie d  th is  q u e stio n  fro m  v a r io u s  
s ta n d p o in ts , a m o n g  th e se  b e in g  th e  e ffe c t  o f th e  h e a t  
u p o n  th e  s o lu b ility  o f th e  m in era l c o n s titu e n ts . H o w ­
e v e r , th e  m a jo r ity  h a v e  co n fin ed  th e ir  s tu d ie s  to  p h o s ­
p h o ric  a c id ; se v e ra l h a v e  in c lu d e d  p o ta s h  a n d  n itr o g e n ,

1 Published b y  permission of the  Secretary  of Agriculture.
5 A ssistan t C hem ist, H aw aii A gricultural E xperim ent S ta tion .
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w h ile  b u t  c o m p a r a t iv e ly  few  h a v e  gone b eyo n d  th is  
an d  d e term in ed  th e  e ffe ct up on  th e  rem ain in g soil 
co n stitu e n ts . T h e  o b je c t  of th e  w ork , here p resen ted , 
w as to  a d d  to  th e  in fo rm a tio n  re ga rd in g  th e  effect of 
h e a t upon a ll th e  co m m o n  m in eral co n stitu e n ts  of 
th e  so il. D is tille d  w a te r  and  fifth -n o rm al n itr ic  acid  
w ere used as so lve n ts .

P r o b a b ly  th e  m o st v a lu a b le  w o rk  on th e  so lu b ility  
of th e  m in era l co n stitu e n ts  of soils is to  be fo u n d  am ong 
th e  p u b lica tio n s  of th e  U . S. B u rea u  of Soils, th e ir w ork 
b e in g  la rg e ly  co n fin ed  to  th e  use of w a te r  as so lven t. 
In  a  b u lle tin  of th is  B u r e a u 1 K in g  g iv es  co m p a ra tiv e  
re su lts  o f w o rk  up on  fresh  and  oven -d ried  soils w hich  
sh o w  th e  e ffe ct of h e a tin g  to  n o °  C . to  be q u ite  s tr ik ­
in g . O n th e  a v e ra g e , m ore n itra te s , p h o sp h o ric  acid , 
su lfu r ic  acid , ca rb o n ic  a c id , an d  s ilica  w ere reco vered  
fro m  th e  o ve n -d rie d  th a n  from  th e  a ir-d ried  soil, w hile 
th e  a v e ra g e  o f th e  ch lo rin e  d eterm in a tio n s  sh ow ed  a 
d ecrease. N o  d e te rm in a tio n s  of b asic  co n stitu e n ts  
are g iv e n , b u t  it  is s ta te d  th a t  u p o n  la te r  in v e stig a tio n  
an in crease  w as fo u n d  in  th e  s o lu b ility  of p o ta sh , lim e, 
an d  m agn esia  in o ve n -d rie d  soils.

m e t h o d  o f  p r e p a r i n g  e x t r a c t s — E x tr a c ts  w ere 
m ade up on  th e  soils in  p ro p o rtio n s  of x p a rt soil to  5 of 
w a te r  or fifth -n o rm a l n itr ic  acid . T h e  co n d itio n s of 
th e  sam p les tre a te d  w ere a ir d ry , h e a te d  to  io o °  C . 
fo r e ig h t hours, h e a te d  to  250° C . fo r th e  sam e tim e 
an d  o v e r th e  fu ll flam e of th e  B u n sen  b u rn er (in p o rce­
la in  d ish es). T h e  la tte r  w ere h e a te d  c a re fu lly  a t  first 
to  p re v e n t d u stin g  a n d  fin a lly  fo r  tw o  hours o ve r the 
fu ll flam e. W a te r  e x tra c ts  w ere o b ta in e d  b y  sh a k in g  
fo r  one h o u r an d  a llo w in g  to  s e ttle  tw e n ty -fo u r  hours 
an d  th e n  filte rin g . N itr ic  a c id  e x tra c tio n s  w ere m ade 
b y  sh a k in g  fo r 5 h o u rs a n d  th e n  filte rin g  d ire c tly .

t y p e s  o f  s o i l — In  ch o o sin g  t h e  soils to  b e  used in 
th is  w o rk  a  series o f tw e lv e  so ils  w ere  chosen, w hich  
in c lu d e d  in  a  gen era l w a y  th e  n o rm a l and  a bn o rm al 
ty p e s , b o th  p h y s ic a l a n d  ch e m ica l, o ccu rrin g  on th e  
is lan d s. T h e se  in c lu d e  b o th  red  a n d  y e llo w  h e a v y  
c la y s , s a n d y  an d  s ilty  so ils, h ig h ly  m a n g an iferou s 
(9.74 p er ce n t  M n 30 .i), h ig h ly  t ita n ife ro u s  (20 per cen t 
T iO i)  soils, a  soil c o n ta in in g  8.7 p er ce n t M g O , su b ­
m erged  soils  b o th  in th e  w e t  an d  su b s e q u e n tly  a ir-dried  
sta te s , a n d  fin a lly  soils b o th  h ig h  an d  lo w  in  o rg an ic  
m a tte r.

In  th is  p a p er o n ly  th e  resu lts  w ill b e  d iscu ssed . T h e  
co m p le te  a n a ly tic a l d a ta  a n d  a m ore co m p reh en sive  
discu ssio n  w ill b e  fo u n d  in  a  b u lle tin  of th e  H a w a ii 
E x p e r im e n t S ta t io n .2

T h e  e le m e n ts  d e te rm in e d  w ere silica , a lu m in a , iron , 
m a n g an ese , lim e, m a gn esia , p o ta sh , su lfa te s , p h o s­
p h o ric  a c id  an d  b ica rb o n a te s . T h e  re su lts  o b ta in ed  
up on  th e  s o lu b ility  o f th e  first th re e  of th e se  su b stan ce s  
in  w a te r  are  ra th e r  in co n sis te n t. T h is  is  p ro b a b ly  
d u e  to  th e  s lig h t s o lu b ility  o f th e se  e lem en ts to w a rd  
th is  s o lv e n t. O n an  a v e ra g e  th e  s o lu b ility  o f a lu m in a  
a n d  s ilica  in cre a se d  w ith  in crease  in  te m p e ra tu re  up 
to  ig n itio n . Iro n  w as m o st so lu b le  in  th e  a ir-d ry  
sam p le. T h is  la tte r  fa c t  is in  d ire c t h a rm o n y  w ith  
fo rm er e xp erien ces, n a m e ly , t h a t  u n d er n orm al co n ­
d itio n s in  H a w a ii, p a r t  o f th e  iro n  e x is ts  in th e  fo rm  of

1 U. S. D ept. Agr., Bur. P lan t Indus., Bull. 2$.
3 Hawaii Agr. E x p t. S ta ., Bull. 30.

ferro u s co m p oun ds. H a w a iia n  so ils, w h ile  characteris­
t ic a lly  b asic, n o rm a lly  g iv e  an  a c id  re a ctio n , due in­
d ire c tly  to  th e  h igh  c la y  c o n te n t  a n d  its  accompanying 
p oor a eratio n . F u r th e r  c o n firm a tio n  of this fact 
is to  be fo u n d  in  a  co m p ariso n  of c u lt iv a t e d  and uncul­
t iv a te d  soils, in w h ich  th e  iro n  c o n te n t  of th e  latter is 
m ore so luble. A lso , th e  s o lu b ility  o f iro n  in rice and 
ta ro  soils, in  th e  su b m e rg ed  s ta te , is s tr ik in g ly  high, 
an d  is g r e a tly  d ecreased  as a  re su lt  o f h e a t  and its ac­
co m p an y in g  o x id a tio n . T h e  d a ta  o b ta in e d  b y  using 
iV ys n itr ic  a c id  as so lv e n t  d isclo se  so m e v e r y  interesting 
fa c ts , an d  g iv e  a lm o st c o n c lu s iv e  p ro o f o f an increase 
in so lu b ility  of th ese  th ree  c o n s titu e n ts  as effected by 
h eat. T h e  re su lts  in d ic a te  a  g r a d u a l increase with 
in crease  in  te m p e ra tu re  up  to  ig n itio n .

T h ese  e ffects  on th e  s o lu b ility , e sp e c ia lly  in water, 
are p ro b a b ly  re ferab le  to  a n u m b e r of causes. It is 
p r im a rily  p h y sica l, b e in g  re la te d  to  an  a lte ra tio n  of the 
film s su rro u n d in g th e  soil p a rtic le s  a n d  to  a modifi­
ca tio n  o f th e  co llo id a l fo rm s w h ic h  th ese  elements 
p ro b a b ly  assu m e un d er th e  p re v a ilin g  conditions. 
D e h y d ra tio n  an d  ce rta in  ch e m ica l a lte ra tio n s  at the 
h igh er te m p e ra tu re s  w ou ld  also  te n d  to w a rd s  increasing 
th e  so lu b ility  in  a cid s th ro u g h  th e  a c tio n  of h eat upon 
the h y d r a te d  s ilicates. I t  h as lo n g  b een  know n that 
certa in  h y d ra te d  s ilica te s  of a lu m in u m  becom e more 
so luble  in  acid s as a  d ire c t e ffe ct o f h e a t. T h e  ancient 
art of a lu m  m a n u fa ctu re  to o k  a d v a n ta g e  of this fact. 
T h e  sam p les h ig h est in  m a g n esia  c o n te n t  show the 
grea test so lu b ility  of s ilica  in  N / 5 n itr ic  acid. The 
a lu m in a  w as fo u n d  to  be m o st so lu b le  in  th e  highly 
organ ic soils an d  in  a d d itio n  p ro v e d  to  b e  considerably 
m ore so lu b le  th a n  th e  iron  in  e v e r y  sam p le .

m a n g a n e s e — T h e  s o lu b ility  of m a n g an ese  in water 
w as g rea test in  th e  sam p les ig n ite d , if  i t  b e  permissible 
to  d raw  co n clu sio n s fro m  an a v e ra g e . H ow ever, the 
d a ta  w ere so m ew h a t in co n sis te n t a n d  n o t  in  harmony 
w ith  field  co n d itio n s as in d u ce d  b y  c u lt iv a tio n ; that 
is, an  a n a ly sis  of th e  sam e soil c u lt iv a t e d  a n d  unculti­
v a te d  sh ow ed  a decrease  in  s o lu b ility  as  a result of 
a eratio n . A p p a re n tly  th e  e ffe ct o f h e a t  up o n  th e  man­
gan ese is p a r t ly  ch em ica l as w ell as p h y s ica l.

T h e  s o lu b ility  o f N / 5 n itr ic  a c id  as a ffe cted  b y  heat 
show s a  re m a rk a b ly  co n sisten t in cre a se  in  solubility 
up to  250° C ., fo llo w ed  b y  a  la rg e  d e crease  in the ig­
n ite d  sam ples. T h is  is tru e  w ith  o n ly  tw o  exceptions 
in  th e  en tire  series. T h is  e le m e n t o ccu rs  in some 
H a w a iian  soils in  th e  fo rm  of co n cre tio n s  an d  hence is 
p resen t, a t  le a s t  p a r t ia lly  so, as m a n g an ese  dioxide. 
B u t  in  th e  n o rm a l soils th ese  are  a b se n t an d  here the 
m an gan ese  exists  in a  lo w er s ta te  o f o x id a tio n  and hence 
in  a  m ore so lu b le  form . In  each  in sta n c e  m anganites 
or o th er sa lts  m a y  o ccu r to  a  lim ite d  e x te n t. With 
one e x ce p tio n  th e  o xid es of m a n g a n ese  are quite in­
so lu b le  in  n itr ic  acid , th is  o x id e  b e in g  m an g an o u s oxide 
(M n O ). T h e re fo re  th e  s o lu b ility  o f th e  oxides would 
in crease  w ith  in crease  in  te m p e ra tu re , o w in g  to  a de­
crease in  s ta te  o f o x id a tio n , M n 0 2 b e in g  converted 
in to  M n 20 j a n d  MnjO^, each  o f w h ich  are partially 
so luble  in  n itr ic  a cid  fo r th e  reaso n  t h a t  th e y  are com­
bin atio n s  of th e  o xid es M n O  a n d  M n 0 2. Since 
M n jO j co n ta in s th e  la rg e st a m o u n t o f M n O  it ' s
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evident th a t  a t  th is  te m p e ra tu re  g r e a te r  s o lu b ility  in  
iY/s HNO3 w o u ld  re s u lt , d u e  to  th e  fo rm a tio n  of th is  
oxide. In  a d d it io n  to  th e  a b o v e  fa c ts  i t  is k n o w n  th a t  
the action of h e a t  on o rg a n ic  co m p o u n d s  o f m a n g a n ese , 
as well as o th e r of its  s a lts , is  to  c o n v e r t  th e m  in to  
oxides.

l im e  a n d  m a g n e s i a — F ro m  a  s tu d y  o f th e  d a ta  o b ­
tained from  th e  d e te rm in a tio n s  of th e se  tw o  e le m e n ts  
it was foun d t h a t  t h e y  w ere  b o th  m o st s o lu b le  in  w a te r  
in the sam ples h e a te d  to  250° C ., in c re a s in g  w ith  in ­
crease in te m p e ra tu re  up  to  250° C ., a n d  d e cre a s in g  
again upon ig n it io n . In  n itr ic  a c id  th e  lim e  is m o st 
soluble in th e  s a m p le s  h e a te d  to  10 0 0 C ., a n d  le a s t  
soluble in th e  ig n ite d  sa m p le s. T h e  g e n e ra l te n d e n c y  
is for the m a g n esia  to  b e  a ffe c te d  in  a  s im ila r  w a y . 
Thus we are led  to  co n c lu d e  t h a t  th e  a c tio n  o f w e a k  
nitric acid in  no w a y  co rre la te s  w ith  t h a t  o f d is tille d  
water. T h e  h ig h ly  o rg a n ic  so ils  p ro v e d  to  h o ld  th e  
lime in th e  m ore s o lu b le  fo rm . I t  is  a lso  w o r th y  of 
note th a t th e  e ffe c t  o f c u lt iv a t io n  w as to  ca u se  an  
increase in  th e  s o lu b ility  o f th e se  e le m e n ts . A n o th e r  
important fa c t  b ro u g h t  o u t  w a s  t h a t  e v e n  th o u g h  m o st 
of the soils u sed  in  th is  series  sh o w , fro m  d ig e stio n  
with H C1 (sp. g r . i . i ; s ) >  a h ig h e r m a g n e sia  c o n te n t 
than lim e, one fo u r tim e s  as m u c h , y e t  th e  lim e  w ith  
few exceptions is p re se n t in  h ig h e r  c o n c e n tra tio n  in  
the extract.

The effect o f h e a t  u p o n  th e  s o lu b ility  o f th e se  tw o  
elements is m ore s tr ik in g  th a n  a re  th e  re s u lts  o b ta in e d  
from the re m a in in g  e le m e n ts . I t  is  h ig h ly  p ro b a b le  
that the in cre a se d  c o n c e n tra tio n  o f th e  w a te r  e x tr a c t  
of the sam ple  h e a te d  to  10 0 0 C  o v e r  th e  a ir-d rie d  
samples is th e  re s u lt  o f p h y s ic a l ca u se s , n a m e ly  d e ­
struction of th e  so il film  a n d  d e h y d r a t io n  a c c o m p a n ie d  
by a slight d e co m p o sitio n  o f o rg a n ic  m a tte r . O n th e  
other hand th e  sa m p le s  h e a te d  to  250° C . u n d e rg o  all 
the above tra n s fo rm a tio n s  m o re  c o m p le te ly  a n d  in  
addition su ffer a  m o re  c o m p le te  d e co m p o sitio n  o f o r­
ganic m atter. S in ce  c a lc iu m  a n d  m a g n e siu m  are  tw o  
elements u n iv e rs a lly  c o m b in e d  w ith  o rg a n ic  m a tte r  
in the soil th e re  n e c e s sa rily  fo llo w s  an  in cre a s e  in  so l­
ubility as a  re su lt  o f th e  m o re  c o m p le te  d e co m p o sitio n . 
The soils co n ta in in g  th e  h ig h e s t  p e r  ce n t  of o rg a n ic  
matter co n ta in ed  th e se  tw o  e le m e n ts  in  th e  m o st so l­
uble form.

The decrease in  s o lu b ility  of lim e  a n d  m a g n e sia  in  
"ater upon th e  ig n ite d  s a m p le s  a n d  in  n itr ic  a c id  a t  
25o C. and  ig n it io n  is h a rd  t o  e x p la in . I t  is  u n ­
doubtedly p a r t ly  d u e  to  ch e m ic a l c h a n g e s  in  th e  s o lu b le  
torms resu ltin g fro m  th e  d e c o m p o s itio n  of th e  o rg a n ic  
■natter, also in  th e  d e cre ase  in  e x p o se d  su rfa ce s  as a  
result of th e  a g g r e g a tio n  o f th e  so il p a r tic le s  a n d  o th e r  
P ysical fa c to rs . I t  is s u g g e s te d  t h a t  o n e  of th e  ch em - 
|eal changes ta k in g  p la c e  is t h a t  o f a  re p la c e m e n t of

e potash a n d  so d a  in  th e  s ilic a te s  b y  m a g n esiu m  a n d  
ca cium, as a  d ir e c t  re s u lt  o f h e a tin g . T h e  d a t a  o b ­
tained in th is  w o rk  sh o w  a  d e c id e d  d e cre a se  in  s o lu b ility  
0 -¡me and an  in cre a se  in  t h a t  o f p o ta s h  u p o n  ig n it io n  
Ia a m ajority o f th e  sa m p le s . In  a d d it io n  to  th e  a b o v e - 
mentioned fa c to r s  a  d e cre ase  in  s o lu b ility  a t  ig n it io n  
^ould be p ro d u c e d  b y  t h e  co n v e rs io n  o f th e  b ica r-  
onates in to  n o rm a l c a rb o n a te s , th e  la t t e r  b e in g  less

s o lu b le . T h is  w o u ld , o f co u rse, b e  m o re  n o tic e a b le  
in  th e  w a te r  e x tra c ts .

p o t a s h — T h e  so ils  h e a te d  to  250° C . a n d  ig n it io n  
y ie ld  th e  m o re  c o n c e n tra te d  so lu tio n  o f p o ta s h , th e  
a v e ra g e  b e in g  in  f a v o r  o f th e  ig n ite d  so ils. I t  w as  fo u n d  
t h a t  th e  s o lu b ility  o f th e  p o ta s h  w a s  in cre a se d  b y  c u lt i­
v a t io n , a n d  t h a t  in  th e  h ig h ly  o rg a n ic  spil to  b e  th e  
m o st s o lu b le . T h e  g e n e ra l id e a s  in v o lv e d  in  th e  e ffe c t  
o f h e a t  w ill b e  d e a lt  w ith  m o re  th o r o u g h ly  in  th e  d is­
cu ssio n  to  fo llo w , a n d  fo r  th is  re a so n  th e  s o lu b ility  
o f th e  p o ta s h  re q u ire s  l i t t le  c o m m e n t a t  th is  p o in t. 
T h e  fix in g  of p o ta s h  is  g e n e ra lly  h e ld  to  b e  d u e  to  
h y d r a te d  s ilic a te s  a n d  o rg a n ic  m a tte r . C a m e ro n  a n d  
B e l l1 on c o n tin u o u s ly  e x tr a c t in g  a  so il w ith  w a te r  
u n til n o  m o re  p o ta s h  d is s o lv e d , th e n  g r in d in g  th e  s a m ­
p le  a n d  re -e x tr a c t in g , fo u n d  an  a d d it io n a l a m o u n t o f 
p o ta s h  to  b e  re m o v e d . T h is  t h e y  a ttr ib u te d  to  a  
c o llo id a l a lu m in u m  s ilic a te  u p o n  th e  su r fa c e  o f th e  
p a rtic le s , th u s  p r o te c t in g  th e m  fro m  th e  a c tio n  o f th e  
w a te r  as w ell as a b so rb in g  th e  p o ta s h . D e h y d r a t io n  
a n d  d e co m p o sitio n  w o u ld  th e re fo re  m a te r ia lly  o v e r ­
co m e th e  fix in g  p o w e r a n d  th e  p o ta s h  s u b s e q u e n tly  
re p la c e d  b y  lim e  o r m a g n e sia  w o u ld  n o t  b e co m e  re fix e d  
d u r in g  a  s h o rt p e r io d , a n d  h e a t  w o u ld  a lso  lib e r a te  m ore 
p o ta s h  fro m  th e  in so lu b le  fo rm .

p h o s p h o r i c  a c i d — T h e  s o lu b ility  o f th is  c o n s t itu e n t  
as  a ffe c te d  b y  h e a t  in d ic a te s  a  m in im u m  in  th e  a ir -d r y  
so ils  a n d  th e  m a x im u m  in  th o s e  h e a te d  to  10 0 ° C . a n d  
250° C . I t  is w o r th y  o f n o te  t h a t  p h o sp h o ric  a c id  is 
m o re  so lu b le  in  th e  u n c u lt iv a te d  th a n  th e  c u lt iv a t e d  
so ils, a n d  t h a t  th e  fo rm e r  d e cre ase s  in  s o lu b ility  w ith  
in cre a s e  in  h e a t. T h e  n itr ic  a c id  e x tr a c ts  sh o w  a 
g r a d u a l in cre a se  in  s o lu b ility  w ith  in cre a se  in  h e a t , 
b e in g  m o st s o lu b le  in  th e  ig n ite d  sa m p le s.

P h o sp h o r ic  a c id  e x is ts  in  so ils  in  th e  m a jo r  p a r t  
co m b in e d  w ith  iro n , a lu m in u m , m a g n e siu m , c a lc iu m  
a n d  o rg a n ic  m a tte r . I t  m a y  b e  in  th e  fo rm  of b a s ic  
p h o s p h a te s , h y d r o g e n  p h o s p h a te s , o r as  d o u b le  p h o s ­
p h a te s  in  c o m b in a tio n  w ith  m o re  th a n  on e e le m e n t. 
I t  is p r o b a b ly  c o m b in e d  m o s t ly  w ith  iro n , a lu m in u m  
a n d  t ita n iu m  in  H a w a iia n  soils. C o n s id e r a b le  w o r k  
h a s  b een  d o n e  u p o n  th e  e ffe c t  o f h e a t  u p o n  th e  s o lu b il­
i t y  o f th is  c o n s t itu e n t  a n d  a tte m p ts  h a v e  b e en  m a d e  to  
d r a w  c o n c lu s io n s  fro m  th e s e  re s u lts  as to  i t s  s ta te  of 
c o m b in a tio n , t h a t  is  w h e th e r  o r g a n ic a lly  or in o r g a n ­
ic a l ly  co m b in e d . P e te r s o n 2 u s in g  N / 5 n itr ic  a c id  fo u n d  
t h a t  a fte r  o x id iz in g  th e  o rg a n ic  m a tte r  w ith  h y d r o g e n  
p e ro x id e  th e re  w a s  n o  in cre a s e  in  s o lu b ility  w h en  th e  
so il w a s  s u b s e q u e n tly  h e a te d  t o  240° C . H e  co n c lu d e d , 
th e re fo r e , t h a t  th e  s o lu b ility  o f t h e  m in era l p h o s p h a te s  
in  so ils  is  n o t  in cre a s e d  u p  to  2 4 0 0 C . T h e  re s u lts  
o b ta in e d  fro m  th e  w a te r  e x tr a c ts  o f H a w a iia n  so ils  
in d ic a te  a  d e cre a se  in  s o lu b ility  a t  h ig h  te m p e ra tu re s  
d u e  e ith e r  to  a  c h e m ic a l ch a n g e  to  a  fo rm  less so lu b le  
in  w a te r  o r an  in cre a se  in  a b so rb in g  p o w e r  of th e  so il. 
T h e  in cre a se  a t  10 0 ° a n d  250° is  u n d o u b te d ly  p a r t ly  
d u e  t o  a  d e s tr u c tio n  of o rg a n ic  m a tte r  a n d  to  a  b re a k in g  
u p  of th e  co llo id a l film . T h e  a c tio n  of d ilu te  n itr ic  
a c id  is  s o m e w h a t d iffe re n t in t h a t  an  in cre a se  in  s o lu ­
b i l i t y  u p o n  ig n it io n  re s u lts , a c c o m p a n ie d  b y  t h a t  o f 
iro n , a lu m in u m , s ilic a  a n d  t ita n iu m . Iro n  a n d  a lu m in a

1 U. S. D ep t. Agr., B ur. Soils, Bull. 30, p . 26.
2 Wis. E xp. S ta ., Research Bull. No. 19.
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o ccu r, in  H a w a iia n  soils, to  a ce rta in  e x te n t as h y d ra te s  
o r h y d r a te d  s ilica te s , an d , o f course, w ou ld  be m ore or 
less m e ch a n ica lly  im p re g n a te d  w ith  p h o sp h o ric acid , 
as w ell as c h e m ic a lly  co m b in ed . T h e  e ffect of h e a t 
w o u ld  d ir e c t ly  in cre ase  th e  s o lu b ility  of these co n stit­
u e n ts  in  n itr ic  a c id  up  to  ig n itio n , a t  w h ich  p o in t th e  
d e co m p o sitio n  o f th e  h y d r a te s  w ou ld  b e  a t  a  m axim u m  
w h ile  th e ir  co llo id a l p ro p erties  w ou ld  b e  p ra c tic a lly  nil.

s u l f a t e s — H e a t  h a s  a  v e r y  s tr ik in g  e ffe ct up on  th e  
s o lu b ility  o f su lfa te s , m o st m a rk ed  in  th e  w a te r  ex­
tr a c ts . In  th is  series th e  a ir-d ried  soils w ere th e  lea st 
so lu b le , th o se  h e a te d  to  io o °  C . n ex t, w h ile  th e  m a x i­
m u m  w as re a ch ed  in  th o se  sam p les h e a te d  to  250° C ., 
fin a lly  d e cre a sin g  up on  ig n itio n . O n th e  o th er h an d  
th e  ig n ite d  sam p les g a v e  th e  m o st co n ce n tra te d  so lu ­
tio n  w ith  n itr ic  acid . O ne su rp risin g  fe a tu re  of th is 
series is  t h a t  in  m a n y  in sta n ce s  th e  su lfa te s  w ere m ore 
so lu b le  in  w a te r  th a n  in  n itr ic  acid , w h ich  is p ro b a b ly  
d u e  to  p re c ip ita tio n  su b seq u en t to  e x tra c tio n  in  th e  
la tte r .

In  co n n e ctio n  w ith  th e  s o lu b ility  o f th e  su lfa te s  i t  
sh o u ld  b e  m e n tio n ed  t h a t  p a r t  of th e  in crease  in  so lu ­
b il i t y  of su lfa te s  as a  re su lt o f h e a t is p ro b a b ly  due to  
a b so rp tio n  of th e  p ro d u c ts  of co m b u stio n  o f th e  gas 
u sed  in  h e a tin g  th e  soils. K in g ,1 h o w ev er, fo u n d  an 
en o rm ou s in crease  in  th e  s o lu b ility  o f su lfa te s  up on  
h e a tin g  in  an  o v e n  a t  n o 0 C ., usin g b o th  gasolin e  
an d  kero sen e, th u s  e lim in a tin g  th is  fa c to r . In  ad d itio n  
to  th e  d e stru ctio n  o f o rg a n ic  m a tte r, soil film s, e tc ., 
i t  is n e ce ssa ry  to  ta k e  in to  co n sid era tio n  th e  e ffe ct of 
h e a t u p o n  th e  v a r io u s  in o rg a n ic  su lfu r  co m p oun ds. 
C a lc iu m  s u lfa te  is k n o w n  to  e x is t in  fo u r form s, tw o  
b e in g  a n h y d ro u s , one m ore so lu b le  th a n  th e  oth er. 
S u lfu r  also  e x ists  in  soils as su lfid es, g e n e ra lly  w ith  iron 
o r as s u lfa te  in  c o m b in a tio n  w ith  iron , lim e or m a g ­
n esia , as w ell as m a n y  e ssen tia l fo rm s of o rg an ic  co m ­
p o u n d s. T h e  e ffe c t  o f h e a t w o u ld  be m o st m ark ed  
up o n  th e  o rg a n ic  co m p o u n d s in th a t th e y  w ou ld  be 
o x id ize d  a t  th e  h ig h er te m p e ra tu re , to  th e  d io xid e  or 
tr io x id e  w h ich  up on  tr e a tm e n t w ith  w a te r  as so lv e n t 
w o u ld  te n d  to  fo rm  su lfu r ic  a cid  or su lfa te s  to  th e  e x ­
te n t  o f th e  so lu b le  bases p re se n t. O n ig n itio n  i t  is 
e v id e n t t h a t  su lfu r, e sp e c ia lly  t h a t  o rg a n ic a lly  co m ­
b in ed , w o u ld  b e  v o la tiliz e d  up o n  ig n itio n . A n  illu s­
tra tio n  of th is  a ctio n  is w ell i llu s tra te d  in  th e  soil co n ­
ta in in g  th e  h ig h est a m o u n t o f o rg an ic  m a tte r  in th e  
series. In  th is  sam p le  th e  in crease  of th e  sam p le  
h e a te d  to  io o °  C . o v e r  th e  d ry -a ir  sam p le  w as 1600 
p a rts  p er m illion , w h ile  in  p assin g  fro m  250 0 C . to  
ig n itio n  th e  d ecrease  a m o u n te d  to  1900 p a rts  p er m il­
lion.

b i c a r b o n a t e s — T h e  re su lts  o f th is  series in d ica te  
a  s lig h t  in cre ase  in  s o lu b ility  a t  io o °  C . an d  250° C ., 
fo llo w ed  b y  a d ecrease  up o n  ig n itio n . T h u s  it  ap p ears 
t h a t  h e a t  in creases th e  a m o u n t o f b ica rb o n a te s  in  th e  
so il an d  a t  th e  sam e tim e  in creases th e  s o lu b ility  o f th e  
bases. T h e  d ecrease  u p o n  ig n itio n  iŝ  p ro b a b ly  due 
to  th e  tra n s fo rm a tio n  o f th e  b ica rb o n a te s  in to  n orm al 
ca rb o n a te s , th u s  te m p o ra r ily  re d u c in g  th e ir  s o lu b ility  
in  w a ter.

d i s c u s s i o n — T h e  fo re g o in g  re su lts  sh o w  th a t  an 
in crease  in  s o lu b ility  o f th e  m in era l c o n stitu e n ts  of

1 U. S. D ept. Agr.. Bur. Soils. Bull. 26, p. 56

H a w a iian  soils is e ffe cte d  b y  h e a tin g . I t  was to be 
exp ected  t h a t  th e  re su lts  w o u ld  b e  inconsistent, to 
som e e x te n t, becau se  of th e  v a r y in g  t y p e s  of soil used. 
T h e  sam ples re p resen t m o st of th e  n o rm a l and  abnormal 
ty p e s  of th e  is lan d s. T h a t  th e re  a re  b o th  chemical 
an d  p h y s ica l fa c to rs  co n cern e d  in  th e  phenom ena at 
han d  m u st be a d m itte d  a t  th e  o u ts e t . H ow ever, the 
m ost im p o rta n t s e t  o f fa c to r s  a ffe c tin g  th e  solubility 
o f in o rga n ic  soil co n stitu e n ts  a p p ea rs  to  b e  of a physical 
n atu re.

U n d o u b te d ly  th e  m ean s b y  w h ich  th e  physical fac­
to rs  a c t  is  th ro u g h  th e  soil m o istu re  in  its  relation to 
th e  p h y s ic a l p ro p ertie s  of th e  so il. T h e  conditions 
co n d u civ e  to  th e  fo rm a tio n  o f a  c o llo id a l s ta te  and the 
su b seq u en t re la tio n  of h e a t  to  th e  d e stru c tio n  of colloid 
are tw o  o f th e  m o st im p o rta n t o f th e se  facto rs.

I t  is certa in  t h a t  so il m o istu re  d is tr ib u te s  itself 
a ro u n d  th e  soil p a rtic le s  an d  in  so m e  in sta n ces as an 
im p re g n atio n  w ith in  th e  p a rtic le s . T h e  moisture, 
th erefo re , occu rs as th in  film s w h ich , according to 
ce rta in  p h y s ica l co n cep tio n s, m u st b e  h e ld  around the 
p a rtic le  b y  an  en o rm ou s p ressu re . F ro m  purely 
p h y sica l co n sid era tio n s th is  p ressu re  h a s  b een  estimated 
a t  sev era l th o u sa n d  a tm o sp h e re s. U n d e r such pres­
sure th e  co n cen tra tio n  of film  w a te r  w ith  reference to 
th e  m in eral m a tte r  sh o u ld  b e  m u ch  g re a te r  than  that 
o f th e  free  or c a p illa ry  w a te r  in  th e  so il.

T h e n  th e  a ir-d ried  so il, th e  p a rtic le s  o f which are 
s till  su rro u n d ed  b y  a  film  o f m o istu re , w hen  shaken 
w ith  w a te r , sh o u ld  th e o r e tic a lly  sh o w  th e  least solu­
b ility . O ur resu lts  in  m o st in sta n c e s  are in  harmony 
w ith  th is  a ssu m p tio n . B u t  if  th e  so il b e  allow ed to 
rem ain  in  th e  co n d itio n  a n d  e n v iro n m e n t prevailing 
in  su b m erg ed  cu ltu res, th a t  is, in  th e  p resen ce  of a large 
excess of w a te r , th e n  in  t im e  d iffu sio n  w ou ld  bring 
a b o u t a  m ore or less eq u a l d is tr ib u tio n  of dissolved 
m a teria ls  th ro u g h o u t th e  e n tire  w a te r  p resen t, and, 
th e re fo re , th e  p ressu re  o f soil film s w o u ld  be decreased 
to  a  m in im u m  or e n tire ly  e lim in a te d . H ence the 
a m o u n t o f m a te ria ls  go in g  in to  s o lu tio n  in  the free 
w a te r  p resen t fro m  su ch  soils  w o u ld  b e  exp ected  to be 
a b n o rm a lly  high . U p o n  a ir  d r y in g  su ch  soils the nor­
m al film s w ou ld  a g a in  a p p e a r w ith  a re su ltin g  decrease 
in  s o lu b ility . S u b se q u en t h e a tin g  o u g h t th en  to  affect 
th ese  so ils  in  a  w a y  v e r y  sim ilar to  t h a t  produced on 
d r y  la n d  soils. T h e  d a ta  o b ta in e d  in  th e  examination 
of rice  soils is in  h a rm o n y  w ith  th is  v ie w .

W a te r , h o w ev er , n o t o n ly  exercises a  so lv e n t action 
on  m in erals, b u t  fo rm s v a r io u s  h y d r a te s , th e  solu­
b ility  an d  p h y s ica l c h a ra cte r  o f w h ich  in  som e instances 
are g r e a t ly  a lte re d ; o rg a n ic  as w ell as  in o rg a n ic  matter 
goes in to  so lu tio n  w ith  th e  re su lt  t h a t  th e  moisture 
film s aro u n d  th e  p a rtic le s  b ecom e so lu tio n  film s, hold­
in g  in  susp en sion  an d  m ore o r less in te rm in g le d  with 
co llo id s, b o th  o rg a n ic  an d  in o rg a n ic . T h e  film s then 
m a y  be lo o k ed  u p o n  as b e in g  of a  co llo id a l n a tu re .1

U p o n  h e a tin g  th e  soil to  io o °  C . a lte ra tio n s  in the 
film s w o u ld  ta k e  p la ce  th ro u g h  e v a p o r a tio n  and by 
p a rtia l d e h y d ra tio n  of co llo id s th u s  d e stro yin g  the 
p ressu re b y  w h ich  th e  film  w as p re v io u s ly  held a r o u n d  

th e  p a rtic le s . A t  th e  te m p e ra tu re  o f io o °  C . th e  con-

1 No claim is made for originality in this view. T h e  idea of soil filfflS> 
colloidal films, jels, etc., has been m ade use of b y  various w riters on soils.
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centration of th e  so il m o istu re  w o u ld  a lso  b e  te m p o ­
rarily in creased , d u e  to  in cre a se  in  s o lu b ility  w ith  h e a t. 
During th e  co u rse  of th e  e v a p o r a t io n  th e  c o n c e n tra tio n  
of the soil m o istu re  w o u ld  in cre a se  to  th e  s a tu r a tio n  
point, a fter w h ich  th e  m in era l m a tte r  w o u ld  be d e p o site d  
on the su rfa ce  of th e  film  as e v a p o r a t io n  w e n t o n .1

Also th e  m a te ria ls  h e ld  in  s o lu tio n  in  th e  in te r io r  
of the p erm ea b le  p a r tic le s  w o u ld  b e  p a r t ia l ly  d e p o site d  
on the su rfa ce  as th e  w a te r  e v a p o r a te d . U p o n  a d d in g  
water to  th e  so il a fte r  h a v in g  b een  d ried , it  is p ro b a b le  
the m ateria ls d e p o s ite d  fro m  p re v io u s  e v a p o r a t io n  
would be m ore s o lu b le  th a n  th e  o th e r  m in era l c o n s t it ­
uents. In  a d d itio n  a  c e r ta in  a m o u n t of o x id a tio n  a n d  
other ch em ical c h a n g e s  in  th e  o rg a n ic  m a tte r  m ig h t 
reasonably b e  e x p e c te d  to  ta k e  p la ce , w h ich  w o u ld  
have som e e ffe c t  o n  th e  s o lu b ility  o f th e  m in e ra l b a ses 
that tend to  c o m b in e  w ith  th e  o rg a n ic  m a tte r .

Upon sh a k in g  w ith  w a te r  a  so il p r e v io u s ly  d ried , th e  
solution th e n  o b ta in e d  sh o u ld  b e  o f a  g r e a te r  c o n c e n ­
tration th a n  t h a t  p re p a re d  fro m  th e  a ir-d r ie d  so il. 
With the a b se n ce  o f soil film s a n d  a m ore o r less  a lte re d  
condition o f th e  co llo id s  p re se n t th e  s o lv e n t  w o u ld  
have more r e a d y  a ccess  to  th e  so il p a r tic le s  d u r in g  a  
short period in  a d d it io n  to  co m in g  in to  im m e d ia te  
contact w ith  s a lts  d e p o s ite d  on th e  s u rfa ce  o f th e  p a r ­
ticles. In  th e  l ig h t  o f th e se  v ie w s  th e n  th e  s o lu b ility  
of soils befo re  a n d  a fte r  d r y in g  b e co m e s  m o re  in te l­
ligible.

Why sev era l o f th e  m in era l c o n s titu e n ts  o f th e  soil 
should b e  so m a r k e d ly  m o re  so lu b le  w h en  h e a te d  to  
250° C. th a n  a t  th e  o th e r  te m p e ra tu re s  is a  q u e stio n  
not easily a n sw ered . T h e  d iffe re n ce  in  p h y s ic a l  e ffe c ts  
were quite n o tic e a b le  in  t h a t  th e re  w a s  a  g r e a te r  a g g r e ­
gation of p a rtic le s . A g a in  th e re  w a s  a  m o re  co m p le te  
destruction of o rg a n ic  m a tte r  e ffe c te d  a t  th is  te m p e r a ­
ture and also i t  is  n o t  e n t ire ly  im p o ss ib le  t h a t  d r y in g  
at ioo° C . fo r  e ig h t  h o u rs  d o es n o t  e ffe c t  a  c o m p le te

I
 elimination of th e  so il m o istu re  a n d  e s p e c ia lly  th e  w a te r  

of chem ical co m b in a tio n . I t  seem s re a so n a b le  th e n  
that the e ffects  o f h e a tin g  to  10 0 ° C . a re  s im p ly  m a g ­
nified w hen h e a te d  to  250° C . a d d e d  to  th is  b e in g  a  
more co m p lete  d e str u c tio n  o f o rg a n ic  m a tte r , th e  re ­
sults both p h y s ic a l a n d  ch e m ic a l b e in g  of th e  sam e 
general n a tu re  b u t  m o re  c o m p le te  a t  th e  h ig h e r te m ­
perature. T h e  d e str u c tio n  of o rg a n ic  c o n s titu e n ts  
being m ore co m p le te  w o u ld  n e c e s sa rily  in cre a s e  th e  
solubility o f th e  m in era l m a tte r  h e ld  in  c o m b in a tio n , 
as it is g e n e ra lly  co n ce d e d  t h a t  th e  o rg a n ic  c o n s titu e n ts  
of the soil in  its  n a tu r a l s ta te  a re  q u ite  in so lu b le  in  
water and ac id s, m o re  e sp e c ia lly  th e  fo rm e r. T h e re  is 
also evidence of th e  e x is te n c e  o f f a t t y  o r re sin o u s o r­
ganic m a tte r w h ich  w o u ld  m a te r ia lly  a ffe c t  th e  p ro p ­
erties of th e  so il film . F o r  th e  d e c o m p o s itio n  o f su ch  
odies it  w ou ld  b e  n e c e s sa ry  to  h e a t  th e  so ils  c o n sid e r­

ably above 10 0 0 C .

In addition  to  th e  a b o v e -m e n tio n e d  e ffe c ts  o f h e a t  
* e relation b e tw e e n  so lid  a n d  s o lv e n t  w o u ld  n a tu r a lly  
e affected b y  o th e r  fa c to r s . A m o n g  th e se , w o u ld  be 

s sorption or “ fix in g  p o w e r ”  o f th e  s o il.2 I t  is rea so n -

King (loc. cit.) in discussing th e  re la tive  solubilities of fresh and  dried 
advanced th is idea.

toil R'Chter (Landw - Vers■ Slal., 47 (1896), p. 269) found th a t  heating  the  
mcreased the absorp tive  power of th e  soil for w ater.

a b le  to  e x p e c t  so ils  w ith  w id e ly  v a r y in g  p h y s ic a l  a n d  
c h e m ic a l p ro p e rtie s , su ch  as th e  s a m p le s  u sed  in  th is  
series, to  v a r y  w id e ly  in  th e ir  a b s o r p t iv e  p o w e r. H e n ce  
it  is  n o t  a t  a ll u n lik e ly  t h a t  th e  la c k  o f c o n s is te n c y  in  
so m e  o f th e  re s u lts  o b ta in e d  is  d u e  p r im a r ily  to  th is  
fa c to r . N o t  o n ly  is th e re  la c k  o f u n ifo r m ity  in  th e  
a b s o r p tiv e  p o w e r  o f so ils  b u t  t h e y  a lso  sh o w  co n sid e r­

a b l e  s e le c t iv e  p o w e r  in  th e  a b so r p tio n  o f m in era l co n ­
s t itu e n ts . S o ils  h ig h  in  h u m u s sh o u ld  te n d  to  h a v e  a 
h ig h  fix in g  p o w e r, d u e  to  th e  p ro p e rtie s  o f th is  co n ­
s t itu e n t  o f c h e m ic a lly  co m b in in g  w ith  m in era ls  as  w ell 
as its  p o w e r of a b so rp tio n , a n d , th e re fo re , th e  e ffe c t  
o f h e a t  u p o n  h ig h ly  o rg a n ic  so ils  sh o u ld  te n d  to  in cre a se  
th e  s o lu b ility  o f th e  m in era ls . T h is  w as  fo u n d  to  b e  
tr u e  in  th e  h ig h ly  o rg a n ic  so ils  o f th e  series. A n o th e r  
fa c to r  is t h a t  o f p re c ip ita t io n  fo llo w in g  e x tr a c t io n , 
b e in g  th e  m o re  m a rk e d  in  th e  a c id  e x tr a c t  d u e  to  a 
m o re  c o m p le te  e x tra c t io n .

In  p a s s in g  fro m  250° C . to  ig n itio n  th e  e ffe c ts  are 
a p p a r e n t ly  o f a  sp e c ific  ra th e r  th a n  g e n e ra l n a tu r e , 
w h ich  h a v e  b een  p r e v io u s ly  d iscu ssed . A m o n g  th e se  
a re  th e  v o la t il iz a t io n  o f c e rta in  s u lfu r  co m p o u n d s, 
c o n v e rs io n  o f b ic a rb o n a te s  in to  n o rm a l c a rb o n a te s , d e ­
h y d r a t io n  o f s ilic a te s , e tc ., re p la c in g  of p o ta s h  b y  lim e  
a n d  o th e r  c h e m ic a l tra n s fo rm a tio n s . In  a d d it io n  
th e re  is p ro d u c e d  a  g r e a te r  a g g r e g a tio n  o f t h e  so il p a r ­
tic le s , re s u lt in g  in  a  d e cre a se  in  su r fa c e  a re a  e x p o se d  to  
th e  s o lv e n t  a n d  an  a c c o m p a n y in g  c h a n g e  in  th e  fix in g  
a n d  a b s o r b in g  p o w e rs  of th e  so il. I t  is p o ssib le , b y  
a p p lic a tio n  o f th e se  co n ce p tio n s , t o  e x p la in  th e  m a jo r ity  
o f ch a n g e s, b o th  in cre a se s  a n d  d e cre a se s  in  s o lu b ility  
re s u lt in g  fro m  ig n it io n .

A c k n o w le d g m e n ts  a re  h e re b y  e x te n d e d  to  D r . W . 
P . K e l ly ,  ch e m is t a t  th is  S ta tio n , fo r  v a lu a b le  su g g e s ­
t io n s  a n d  a ss is ta n c e  o th e rw ise  re n d ered .

H a w a ii  E x p e r i m e n t  S t a t io n  
H o n o l u l u

TH E USE OF SODIUM CITRATE FO R  TH E D ETERM INA­
TION OF REVERTED PHOSPHORIC ACID1

B y  A l f r e d  W .  B o s w o r t h

In  18 7 1 , F re se n iu s , N e u b a u e r  a n d  L u c k 2 p u b lis h e d  
a  m e th o d  fo r  th e  d e te rm in a tio n  o f r e v e rte d  p h o sp h o ric  
a c id  in  p h o s p h a te s  w h ich  in v o lv e s  th e  use of a  so lu tio n  
o f n e u tr a l a m m o n iu m  c itr a te , sp e c ific  g r a v it y  1.09. 
T h is , m e th o d , w ith  a  c h a n g e  in  th e  te m p e ra tu re  of 
th e  s o lv e n t, h a s  b e en  in  c o n s ta n t  u se  sin ce  t h a t  t im e 3 
w ith  n o  a t t e m p t  b y  a n y  on e t o  g iv e  an  e x p la n a tio n  
o f th e  c h e m ic a l r e a c tio n  in v o lv e d . I t  h a s  b een  q u ite  
g e n e r a lly  b e lie v e d  t h a t  th e  n e u tr a l a m m o n iu m  c itr a te  
s o lu tio n  p o ssesses a  s e le c t iv e  p o w e r w h ich  e n a b les  
i t  to  s e p a ra te  d ic a lc ic -p h o s p h a te  fro m  tr ic a lc ic -p h o s -  
p h a te . T h is  is  n o t  tr u e , fo r  i t  h a s  b een  fo u n d  in  th is  
la b o r a t o r y  t h a t  100 cc . o f th e  O ffic ia l a m m o n iu m  c i t ­
r a te  s o lu t io n 2 is  c a p a b le  of d is s o lv in g  1.3 g ra m s  of 
p r e c ip ita te d  tr ic a lc ic -p h o s p h a te  in  o n e -h a lf h o u r a t  
a te m p e ra tu re  o f 6 5 °  C . T h is  d is s o lv in g  of th e  t r i ­
c a lc ic -p h o s p h a te  is  a c c o m p a n ie d  b y  a  p r e c ip ita t io n  
o f c a lc iu m  c itr a te .

1 R ead  before th e  A ssociation of Official A gricultural C hem ists, W ash­
ing ton , D . C ., N ov . 17, 1913.

2 Z . anal. C htm ., 1 0 , 133.
* U. S. D ep t. Agr., B ur. of Chera., Bull. 107 (revised).
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T h is  se p a ra tio n  o f ca lc iu m  c itra te  led  to  th e  b elief 
t h a t  th e  s o lv e n t  a c tio n  of th e  c itra te  so lu tio n  w as th e  
re su lt  o f a  d o u b le  d e co m p o sitio n  s ta r te d  b y  th e  free 
p h o sp h o ric  a c id  a lw a y s  p resen t in  an  aq u eo u s so lu tion  
w h ich  is in  c o n ta c t  w ith  a  so lid  phase com p osed  of 
a  p h o s p h a te .1 T h is  d o u b le  d eco m p o sitio n  m igh t 
be in d ic a te d  b y  th e  fo llo w in g :
C a H P 0 4 +  2 C 6H 50 6(N H 4)3— > ( N H 4 )2H P 0 4 +

[C ,H ,0 ,( N H 4)s] ,C a  

C a 3P 20 g +  6C ,H ,O ,( N H 0 , — * -2 (N H 4) ,P 0 4 +
3 [C ,H ,0 ,( N H 4) ,] ,C a

I f  a p p re c ia b le  a m o u n ts  of ca lc iu m  are ta k e n  in to  
so lu tio n , ca lc iu m  c itra te  w ill sep a ra te  o u t. 

3 ^, H| 0 i ( NH« ) « ] * Ca — +
( C 6H 50 e)2C a 3

A  g re a t deal of w o rk  has been  done up o n  m eth o d s 
o f m a k in g  n e u tra l a m m o n iu m  c itra te  so lu tion s an d  
s e v e r a l such  m eth o d s h a v e  been  p u b lish ed . T h e  
fa c t  th a t  n e u tra l a m m o n iu m  c itra te  is v e r y  u n stab le  
a n d  e a s ily  loses a m m o n ia  h as n o t been su ffic ien tly  
co n sid ered  in  th is  co n n e ctio n , h o w ev er. W h y  should  
ex tre m e  care b e  ta k e n  to  secu re an a b so lu te ly  n eu tra l 
so lu tio n , if th is  so lu tio n  is to  lose a m m o n ia  w hen  
h e a te d  a  few  d egrees a b o v e  th e  room  tem p e ra tu re ?  
M o st ch em ists  w h o  h a v e  used  th e  n e u tra l am m o n iu m  
c itra te  so lu tio n  k n o w  t h a t  a m m o n ia  is c o n sta n tly  
g iv e n  off d u rin g  th e  h a lf h o u r a llo w ed  fo r th e  so lv e n t 
a c tio n  to  ta k e  p lace . T h e  fin a l re su lt  th e n , is n o t th e  
a c tio n  of n e u tra l c itra te  b u t  ra th e r  th e  a ctio n  of an 
a cid  c itra te . T h e re  seem ed  to  b e  no th e o re tica l reason  
w h y  a  so lu tio n  o f so d iu m  c itra te  sh o u ld  n o t be ju s t  
as  e ffe c tiv e  a  so lv e n t a n d  i t  possesses tw o  d is tin ct 
a d v a n ta g e s . I t  is a  m ore s ta b le  s a lt  an d  as th e  base 
in  i t  is n o t v o la tile  th e  s o lu tio n  w o u ld  rem a in  n eu tra l 
th ro u g h o u t th e  w h ole  o p era tio n . A ll tro u b le  in  se­
cu rin g  a  n e u tra l so lu tio n  w o u ld  be e lim in a te d , fo r a  
so lu tio n  o f c itr ic  a c id  co u ld  be n e u tra liz e d  w ith  sodium  
h y d ro x id e , usin g p h e n o lp h th a le in  as an  in d ica to r, or th e  
n e u tra l c r y s ta ls  o f so d iu m  c itra te  co u ld  be d isso lv ed  in  
w a te r , an d  th e  so lu tio n  m ad e up to  th e  re q u ired  vo lu m e.

In  o rd er to  lea rn  w h a t th e  a c tio n  of a  so lu tio n  of 
so d iu m  c itra te  m ig h t be, one w as m ad e w h ich  w as of 
th e  sam e m o lecu la r co n ce n tra tio n  as th e  O fficia l2 a m ­
m o n iu m  c itr a te  so lu tio n , i. e., 3 14  gram s cry s ta lliz e d  so ­
d iu m  c itra te , (C 6HB0 6N a , ) j . i i H 20 , p er liter . T h is  so lu ­
tio n  w as used  to  d eterm in e  th e  a m o u n ts  o f in so lu b le  and  
rfeverted p h o sp h o ric  a c id  in  se v e ra l fertilizers , T h o m a s 
s la g , g ro u n d  bo n e, gro u n d  ro c k  p h o sp h ate , d ica lc ic- 
p h o sp h a te , C a H P 0 4, an d  tr ica lc ic -p h o sp h a te , C a 3P 20 s. 
T h e  re su lts , to g e th e r  w ith  th o se  o b ta in e d  b y  th e  use of 
th e  O fficial c itra te  so lu tio n , are  g iv en  in  th e  ta b le .

I n  co n n e ctio n  w ith  th ese  figures, i t  is n o tice ab le  
t h a t  th e  d ifferen ces b e tw ee n  th e  figu res o b ta in e d  w ith  
th e  tw o  so lu tio n s  a rc , in  m o st cases, o f th e  sam e m a g n i­
tu d e  as th e  v a r ia tio n s  in  th e  figu res o b ta in e d  b y  d iffer­
e n t  ch e m ists  w o rk in g  up o n  th e  sam e sa m p le .3 I t  
is a lso  in te re stin g  to  k n o w  th a t  S a m p les 5, 10 an d  ix ,  
w h ich  show  th e  la rg e st d ifferen ces, a ll co n ta in  bone. 
T h e  d u p lica te  d e te rm in a tio n s , in  a ll cases, sh o w ed

1 Cam eron and H urst, Jour. Amer. Chem. Soc., 26, 905.
1 U. S. D ept. Agr., Bur. Cliein., Bull. 107 (revised).
3 T h is  J o u r n a l ,  3, i 18 and  5, 957 The differences between the 

extrem es in these two cases are 1.23 per cent and  0.90 per cent, respectively.

closer agreem en t w ith  so d iu m  c itr a te  solution  than 
w ith  th e  O fficial c itra te  so lu tio n .

T h e  O fficial m e th o d  d irects  t h a t  th e  fla sk  in which 
th e  re a ctio n  ta k e s  p la ce  sh o u ld  b e  lo o se ly  stoppered, 
du rin g  th e  tim e it  is b e in g  m a in ta in e d  a t 65° C., 
in  order to  p re v e n t e v a p o r a tio n . T h e  use of stoppers 
o ften  resu lts  in  th e  loss of a  d e te rm in a tio n  through the 
b re a k in g  of a  flask . I t  is su g g e s te d  th a t  the flask 
be closed  w ith  a  one-hole  ru b b e r s to p p e r  carrying an 
e m p ty  ca lc iu m  ch lo rid e  tu b e , 300 m m . in  length, 
w hich  w ill serve  as a  co n d en ser. T h e  use of such a 
con den ser w ill n o t in te rfe re  w ith  th e  sh a k in g  and it 
fu rn ish es a  v e n t  w h ich  p re v e n ts  th e  b re a k in g  of the flask.

T h e  la st  co lu m n  of th e  ta b le  sh o w s th e  am ounts of 
a m m o n ia  g iv e n  off d u rin g  th e  h a lf  h o u r of treatment 
w ith  a m m o n iu m  c itra te  so lu tio n  p re scrib e d  by the 
O fficial m eth o d . T h is  a m m o n ia  w as c a u g h t in stand­
ard  a cid  b y  m eans o f an  a ir cu rre n t w h ich  w as passed 
th ro u g h  th e  E rle n m e y e r fla sk  in  w h ich  th e  solvent 
a ctio n  w as ta k in g  p lace . T h e se  figu res seem  to  bear 
som e re latio n  to  th e  d ifferen ce  g iv e n  in  th e  preceding 
colum n . B y  n o tic in g  th e  la rg e  a m o u n ts  of ammonia 
g iv e n  off b y  th e  T h o m a s  s la g , ro c k  p h osph ate  and 
gro u n d  bone w hen  tre a te d  w ith  a m m o n iu m  citrate 
a t  6 5° C . fo r on e-h alf h o u r an  in d ic a tio n  as to  the reason 
fo r th e  lib eratio n  of th e  a m m o n ia  m a y  be foun d. The 
fe rtiliz in g  m a teria ls , a fte r  b e in g  e x tr a c te d  w ith  water, 
le a v e  a residue w h ich , in  m o st ca ses, co n ta in s  alkaline 
m a te ria l, a lk a lin e  p h o sp h a te s, c a rb o n a te s  of calcium 
a n d  m agn esiu m  an d  o xid es of o th e r  e lem en ts. These 
all ten d  to  d r iv e  off a m m o n ia  fro m  th e  c itra te  solution.
C o m p a r i s o n  01» t i i b  U s e  o f  A m m o n iu m  C i t r a t e  a n d  S o d iu m  C i t r a t e  

f o r  t h e  D e t e r m i n a t i o n  o f  R e v e r t e d  P h o s p h o r i c  A c id

O By By
Ph am m onium sodium £  - ü
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1 10.63 6.18 1.75 2.76 2.61 1.84 0.91 14.9
2 8.73 3 .76 1.42 3.55 1.89 3.08 0.47 12.7
3 9 .58 6.50 0 .76 2 .32 1.11 1.97 0.35 10.9
4 12.33 11.90 0 .0 2 0.41 0 .0 0  0 .43 0.02 6.5
5 14.59 1 .2 1 4.01 9 .37 9.07  4.31 5.06 12.5
6 10.92 3 .76 0.58 6 .58 1.11 6.05 0.53 13.5
7 11.18 8.73 0 .34 2 . 1 1 0 .6 6  1.79 0.32 16.0
8 9.61 4 .24 1.62 3.75 2 .8 0  2.57 1.18 14.2
9 7.31 0.95 2 .59 3.77 4 .5 8  1.78 1.99 10.5

10 8.79 0 .0 0 5.22 3 .57 7 .78  1.01 2.56 29.0
11 19.91 1.84 6 .34 11.73 14.89 3.18 8.55 23.0
12 13.07 8.42 0 .2 2 4 .43 0 .77  3 .88 0.55 13.5
13 11.69 4.33 3 .68 3 .68 4 .15  3.21 0.47 16.9

Bone 20.95 0 .0 0 13.36 7.59 15.82 5.13 2.46 14.0
Slag 17.57 0 .0 0 9.40 8.17 15.69 1.88 6.29 65.0

Rock phosphate 29.72 0 .19 27.57 1.96 28 .20  1.33 0.63 20.5
C aH PO i j 1 gram  ) 0 .0 0 0 .0 0  .. 0.00 3.5
CaaPjO* ( taken ) 0 .0 0 0 .0 0  .. 0.00 •14.0
Ammonium c itra te  heated to  65° C.
Ammonium citra te  heated to  75° C. ^6.0

I t  is re a lized  th a t  th e  sm a ll a m o u n t of evidence 
p resen ted  in  th is  p a p er does n o t  s e tt le  th e  question 
as to  th e  d e s ira b ility  o f s u b s t itu tin g  sodium  citrate 
fo r  a m m o n iu m  c itra te  in  th e  d e te rm in a tio n  of reverted 
p h o sp h o ric  acid . T h e  s u b je c t  is s im p ly  b r o u g h t  

fo rw a rd  a t  th is  tim e  in  o rd er t h a t  th o s e  chem ists who 
are  in te re ste d  m a y  g iv e  i t  so m e th o u g h t.

C h e m ic a l  L a b o r a t o r y  
N .  Y . A g r ic u l t u r a l  E x p e r im e n t  S t a t io n  

G e n e v a
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LABORATORY AND PLANT
APPLICATIONS OF OZONE1

By A. VoSMAER

Ozone is g e n e ra te d  b y  th e  a c tio n  o f th e  so -ca lle d  
brush d isch arge2 on  o x y g e n , th e  p r o d u c t  b e in g  o zo n e  
more or less d ilu te d  w ith  e ith e r  n o n -c o n v e rte d  o x y g e n  
or air, th e  la tte r  b e in g  th e  ru le  in  a c tu a l p ra c tic e . 
Though th e  use o f p u re  o x y g e n  g iv e s  a  h ig h e r co n c e n ­
tration of o zo n e, th is  in cre a se  is  n o t  s u ffic ie n tly  h ig h  to  
justify the h igh  c o s t  o f th e  g a s . In  la b o r a to r y  a p p a ­
ratus the c o n c e n tra tio n  of o zo n e  ca n  b e  ru n  u p  as h ig h  
as 160 gram s p er c u b ic  m e te r, b u t  in  re g u la r  w ork ' on 
a larger sca le  i t  is h a r d ly  p o ssib le  to  g e t  m o re  th a n  
something lik e  30 a n d  e v e n  t h a t  is ra th e r  h ig h .

Since -the co st p er g ra m  o f o zo n e  is n o t  a  lin e a r 
function of th e  c o n c e n tra tio n , b u t  in cre a se s  r a p id ly  
with co n cen tra tio n , i t  is fo r tu n a te  t h a t  o zo n e  p o s ­
sesses such w o n d e rfu l o x id iz in g  p o w e rs  t h a t  c o n c e n ­
trations v e r y  m u ch  lo w e r  th a n  th o s e  c ite d  a re  q u ite  
sufficient fo r  m o st p u rp o se s . F o r  th e  m a n u fa c tu r e  of 
ozone there a re  n o w  s e v e r a l o z o n a to rs  o f v a r y in g  
values on th e  m a r k e t3 a n d  i t  is n e c e s sa ry  to  o b ta in  th e  
right kind fo r th e  p u rp o se  in  m in d , as  i t  w o u ld  b e  w a s te ­
ful to gen erate  a  h ig h  c o n c e n tra tio n  o zo n e  a n d  a fte r ­
wards d ilute  it  w ith  a ir. N e a r ly  a ll o rd in a ry  w o rk  
can be done w ith  a  c o n c e n tra tio n  of b e tw e e n  3 a n d  5 
grams per cu b ic  m e te r; a  v e r y  la rg e  a m o u n t of w o rk  
can be s a tis fa c to r ily  c a rr ie d  o u t  w ith  o zo n e  of n o  m o re  
than abou t on e g ra m , a n d  so m e  s p e c ia l a p p lic a tio n s  
require far less y e t ,  d o w n  to  tw o -te n th s  of a  m illig ra m , 
so that there is  a m p le  v a r ie t y .

The o n ly  p r o p e r ty  o f o zo n e  t h a t  is o f co m m e rc ia l 
importance is its  r e m a r k a b ly  s tro n g  o x id iz in g  p o w e r, 
unless we co n sid er its  w o n d e rfu l p o w e r  as  a  g e rm ic id e  
to be due to  a  sp ecific  p r o p e r ty . I  a m  in c lin e d  to  do 
so, but there is e v id e n c e  a lso  t h a t  its  g e rm ic id a l v a lu e  
can be tra ced  to  its  o x id iz in g  p o w e r.

Before d iscu ssin g  th e  a p p lic a tio n s  of o zo n e  in  d e ta il, 
I wish to  d ra w  a tte n t io n  to  so m e im p o r ta n t  p o in ts  
which govern  th e  o zo n e  in d u s t r y : (1 )  O zo n e  is s c a rc e ly
soluble in w a ter— so m e  s a y  it  is a b s o lu te ly  in so lu b le , 
which w ould b e  v e r y  im p ro b a b le ;  o th e rs  c la im  its  so lu ­
bility to be a b o u t te n  tim e s  t h a t  o f o x y g e n  w h ich  la t t e r  
statement seem s as im p ro b a b le  as th e  fo rm e r. (2) 
Ozone is d ifficu lt to  m a k e  a n d  w h e n  m a d e, is d iffic u lt  
to keep; in fa c t , th e re  is no s to r a g e  q u e s tio n , th e  o zo n e  
being used w h en  m a d e. (3) A s  th e  g a s  m a y  b e  co n ­
sidered h a rd ly  so lu b le  a t  a ll in  th e  o rd in a r y  sen se  of 
the word, m o lec u la r  c o n ta c t  b e tw e e n  o zo n e  a n d  th e  
substance to  b e  tr e a te d  fa ils  a n d  o n e  h a s  t o  m a k e  up  
for it by lo n g  a n d  v e r y  in tim a te  m e c h a n ic a l c o n ta c t  
w|>ich in p ra c tic e  m e a n s a  s p e c ia l a p p a r a tu s  a n d  co n ­
stitutes the en g in e erin g  p a r t  o f th e  b u sin ess.

A great a d v a n ta g e  w h en  u sin g  o zo n e  is t h a t  its  
Product of d e co m p o sitio n  is a  g a s  w h ich  is  e a s ily  sep- 
a‘ ated from  th e  m a te r ia l t h a t  h a s  u n d e rg o n e  th e  tr e a t-  
ment, and w ith  w h ich  w e  a re  a ll fa m ilia r . I t  is a  
Matter of d iv e r s ity  o f o p in io n , a n d  o p en  t o  d iscu ssio n ,

Abstracted by the au th o r from a  paper presented a t  the 6th A nnual 
Q* o:" l he American In s ti tu te  of Chem ical Engineers, T h e  C hem ists '

"“. New York, D ecem ber 10-13, 1913.
i'll- Chcm. Ene., 11 (1913), 623 and  705.Ibid., 12 (1914), 3 6 .

w h e th e r  o r n o t  o zo n e  w h en  a c tin g  sp lits  o ff o n e  a c t iv e  
a to m  o r u tilize s  a ll th re e . In  m y  o p in io n  i t  is p ro b a b le  
t h a t  it  is a ll th ree .

P U R IF IC A T IO N  O F W A T E R

Y e a r s  a go  th is  m o st im p o r ta n t  of th e  p o ssib le  a p p li­
c a tio n s  of o zo n e  o r ig in a te d  in  H o lla n d  w h ere  n o n ­
su cce ss  in  th e  s te r iliz a tio n  of m ilk  le a d  to  su cce ssfu l 
s te r iliz a tio n  o f w a te r . T h e  in te re s t  o f G e r m a n  sc ie n ­
t is ts  w a s  so o n  a ro u se d , a n d  F ro h lic h  o f th e  firm  o f 
S ie m en s a n d  H a ls k e  to o k  u p  th e  w o rk . U n fo r tu n a te ly , 
t h e  H o lla n d e rs  (T in d a l a n d  S ch n e ller) u lt im a te ly , 
th r o u g h  la c k  o f p e c u n ia r y  fu n d s , g o t  on  th e  w ro n g  
t r a c k  a n d  th e  b u sin ess  fa ile d , n o t  b e c a u s e  o zo n e  d id  
n o t  do th e  w o r k  b u t  b e c a u s e  S ch n e lle r  d id  n o t  k n o w  
h o w  to  h a n d le  i t .  T o  T in d a l a n y h o w  b e lo n g s  th e  h o n o r 
of h a v in g  d o n e  p io n e er w o rk  in  th is  lin e  a n d  la te r  s u c ­
cess s u r e ly  o w e s m u c h  to  h is  a tte m p ts .

I t  ta k e s  v e r y  l it t le  o zo n e  to  p u r ify  w a te r  o f o rd in a ry  
q u a lity ,  b u t  su cce ss  d e p e n d s  to  a  la rg e  e x te n t  o n  th e  
a p p a ra tu s  u sed  fo r  th e  p u rp o se , n o t o n ly  as re g a rd s  
e ffic ie n cy , b u t  a lso  w ith  re feren ce  to  p u rific a tio n . I t  
is  h e re  t h a t  th e  t im e  fa c t o r  co m es in . T o  a cco m p lis h  
p u rific a tio n  a n d  e v e n t u a lly  th e  c o m p le te  s te r iliz a tio n  
of w a te r , i t  is  n e c e s sa ry  to  h a v e  th e  w a te r  in  clo se  co n - 
t a c t  w ith  th e  o zo n e, a n d  to  k e ep  i t  so fo r  s e v e r a l m in ­
u te s . T h is  is  th e  w h o le  s e c re t o f th e  w o r k  b u t  th e  tim e  
fa c to r  w as  g e n e ra lly  o v e r lo o k e d  in  th e  e a r ly  a tte m p ts .

T h e  id e a l a p p a r a tu s  fo r  th e  t r e a tm e n t  of liq u o rs  
w ith  g a ses  is n o t a t  a ll th e  w ell k n o w n  s c ru b b e r , th o u g h  
th is  is u sed  to  a  la rg e  e x te n t  fo r  t h a t  p u rp o se . In  th e  
o rd in a ry  s c ru b b e r , w h e th e r  m a d e  o f b a ffle  p la te s  or 
filled  w ith  co k e  o r p e b b le s , th e  o n ly  m e th o d  of o b ta in in g  
a  su ffic ie n t t im e  of c o n ta c t  b e tw e e n  liq u id  a n d  g a s  is 
to  m a k e  th e  a p p a r a tu s  so h ig h  as  to  in cre a se  th e  t im e  
re q u ire d  b y  th e  liq u id  to  re a c h  th e  b o tto m  w h en  le t  
in  a t  th e  to p , b u t  th e  u p w a rd  s tre a m  of g a s  h a s  a  sp ee d  
o f its  o w n  w h ich  c a n n o t b e  a lte re d ; th is  k in d  o f a p p a r a ­
tu s  does w ell e n o u g h  fo r  p ro cesses in  w h ich  a b so r p tio n  is 
th e  o b je c t , b u t  i t  h a s  b een  in tr o d u c e d  a lso  in  o zo n e  a p p li­
c a tio n s  a n d  t h a t  wras a  m is ta k e  re s u lt in g  in  in e ffic ie n cy .

T h e  p rin c ip le  o f th e  a p p a ra tu s  I h a v e  w o r k e d  o u t  
is s h o w n  in  F ig . I . H e re  th e  w a te r  in le t  is a t  th e  to p  
a n d  th e  o u t le t  a t  th e  b o t to m , th e  re v e rs e  b e in g  th e  case  
fo r  th e  o zo n e. B y  c h e c k in g  th e  o u t le t  b y  m ean s o f an  
o rd in a r y  v a lv e , th e  a m o u n t o f w a te r  p a s s in g  th r o u g h  
in  a  g iv e n  t im e  ca n  b e  re g u la te d  p e r fe c t ly  u p  to  th e  
m a x im u m ; th e  o zo n e  e n te r in g  th r o u g h  3, p asses a 
scre en  or p e r fo r a te d  p la te , 5, a n d  th e n  go es u p w a rd  
u n til i t  re a ch e s  th e  fre e  o u t le t  a t  4. A n o th e r  p e r fo ra te d  
scre en  a t  6 se rv e s  th e  p u rp o se  o f a b s o lu te ly  p re v e n tin g  
e v e n  th e  s m a lle s t  p a r t ic le  o f o zo n e  fro m  e sca p in g  a t  
th e  b o tto m  b e fo re  i t  h a s  don e its  w o r k . T h e  h e ig h t  
o f th e  s ta n d p ip e  d e p e n d s u p o n  th e  q u a lity  o f th e  w a te r  
t o  b e  o zo n ize d ; if  i t  b e  a  b a d  w a te r  th e  t im e  of c o n ta c t  
h a s  to  b e  lo n g e r th a n  w ith  a  w a te r  of g o o d  q u a lity ,  
q u a lity  in  th is  p a r t ic u la r  ca se  re fe rrin g  o n ly  to  th e  c o n ­
te n t  o f o rg a n ic  m a tte r  in  s o lu tio n . O f co u rse , on e 
w o u ld  e x p e c t  th e  h e ig h t  t o  be g r e a te s t  in  th e  ca se  of 
b a d  w a te r , b u t  t h a t  is n o t th e  ca s e ; on  th e  c o n tr a r y , 
th e r e  is  a n o th e r  w a y  o f p ro lo n g in g  t h e  t im e  o f c o n ta c t ,
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viz., b y  m ean s of in crease  in  d ia m eter. F o r  b ad  w ater, 
e v id e n t ly , fa r  m ore ozon e is needed  th a n  fo r a  good
w a te r ; th is  fixes th e  d ia m ete r of th e  stan d p ip e , because
in o rd er to  h a v e  it  w o rk  p e r fe c tly , it  is a b so lu te ly  
n ece ssa ry  t h a t  th e  w h o le  cross area  shall be co m p le te ly  

filled  b y  a  hom o gen eo u s m ass 
o f gas and  w a ter  w ith  p ra c­
t ic a lly  none b u t su rfa ce  film s 
of w a te r  su rro u n d in g  th e  gas 
b u b b l e s .  T h e % d o w n w a r d  
m o tio n  of th e  w a te r  ch ecks 
th e  u p w a rd  m otion  o f th e  
o zon e to  a n y  desired e x te n t, 
th e  n a tu ra l b u o y a n c y  of a 
b u b b le  b ein g  one fa c to r  in its  
m o ve m e n t an d  th e  d o w n w ard  
fo rce  of th e  w a ter  th e  other. 
In  a c tu a l p ra ctice  th is  s ta n d ­
p ipe  h as to  h a v e  a h e ig h t of 
som e 20 or 30 fe e t  and  m a y  be 
m ad e of a n y  su ita b le  m a teria l, 
e v e n  iro n  w hen  p ro p erly  
co a te d .

T h e re  a re  som e in te re stin g  
d e ta ils  co n cern in g  th is  a p p a ra ­
tu s :  (1) T h e  curious fa c t  th a t  
its  u tte r  s im p lic ity  ap p ea ls  to  
n o b o d y  un less i t  is seen  in 
o p era tio n . I th erefo re  used to  
b u ild  one of glass so as to  show  
th e  w h ole  a ffa ir o u tsid e  and  
in sid e. T h e n  th e  fa c t  is e v i­
d e n t th a t  as lo n g  as th ere  is 

su ffic ien t p ressu re  in th e  co m p a rtm e n t un der th e  
screen  5. th e re  is no ch a n ce  fo r  a n y  drop of 
w a te r  e n te r in g ; a n d  th e  re v e rse  h a p p en s a t  th e  
screen  6 w h ere  th e  w a te r  a lon e p asses th ro u g h . T h is  is 
e a s ily  e x p la in e d  b y  t h e a s s u m p tio n  th a t  a liq u id  an d  a g a s  
ca n n o t s im u lta n e o u sly  p ass th ro u g h  sm all o p en in gs; a t 
5 th ere  is excess o f ga s  p ressu re  th a t  cau ses th e  gas to  
ta k e  th e  le a d ; a t  6 th e re  is excess of w a te r  pressure 
w h ich  ta k e s  a d v a n ta g e  of its  p o sitio n , th e  ga s  b u b b les 
h a v in g  no sp eed  a t  a ll th e re . (2) A n o th e r  th in g  th a t  
used to  cau se  g r e a t  surprise  is t h a t  w hen  s ta r te d  for 
th e  first t im e  th e re  is one b ig  b u b b le , s a y  one cu b ic  
fo o t  in  size , t h a t  e n ters  in to  th e  w a te r  to lu m n  b u t a fte r  
h a v in g  tra v e le d  fo r  a b o u t  3 or 4 fe e t, i t  is e n tire ly  
s p lit  up  in to  sm a ll b u b b le s , th e  o rd in a ry  size  bein g  
a b o u t o n e -q u a rte r  o f an  in ch  in  d ia m ete r. T h is  p h e­
n om en o n , s tra n g e  as i t  lo o k s  a t  first s ig h t, is n o t a t all 
e x tra o rd in a ry . I t  is e n tire ly  a n a lo g o u s to  th e  fa c t  
th a t  a  v e r t ic a l  s tre a m  of w a te r  w ill in v a r ia b ly  sp lit  up 
in to  d ro p s; no m a tte r  w h a t  th e  in itia l size  of th e  stream  

th e  re su lt  is in d iv id u a l d ro p s du e to  th e  su rface  
ten sio n  o f th e  w a te r ; in  th e  case  of th e  o zo n e th e  sam e 
su rfa ce  ten sio n  o f th e  w a te r  ca u ses  th e  en clo sed  gas 
b u b b le s  to  b e  o f a  d e fin ite  size.

T h e  a p p a ra tu s  d escrib ed  is  w h a t  I w o u ld  lik e  to  ca ll 
p erfe ctio n  itse lf. In  a c tu a l use on a  la rg e r sca le  it  
ca n  be v e r y  c o n v e n ie n tly  a lte re d  so as to  b e  e v e n  s im ­
p ler. In s te a d  o f th e  in le t  a t  th e  b o tto m  th ro u g h  a 
p e r fo ra te d  screen  one ca n  as w ell h a v e  a  p ip e  co m e dow n
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fro m  th e  to p  u n til i t  re a ch es  th e  b o tto m , the whole 
b e in g  th en  m ore lik e  th e  o ld -fa sh io n e d  w ash bottle 
of th e  ch em ica l la b o r a to r y . I  m a y  a d d  th a t  I have 
b u ilt  these steriliz in g  to w e rs  o f d iffe re n t sizes, from 6 
in ch es in d ia m ete r to  6 fe e t, a n d  fro m  10 fe e t in height 
up  to  45 fee t. In  a ll cases th e  e co n o m ica l results have 
b e e n  e n tire ly  s a t is fa c to r y . I  c la im  an  efficiency of 
99 per ce n t fo r  th is  a p p a ra tu s , th e  a v e ra g e  time of 
c o n ta c t  b ein g  fo u r m in u tes.

A s  in co m m ercia l tre a tm e n ts  on  a la rg e  scale there 
is n ece ssa rily  an  excess o f th e  re a g e n t, so here it is 
p re fera b le  to  h a v e  a s lig h t  excess o f o zo n e  fo r  certainty 
of resu lts . T h e  excess e sca p es a t  th e  to p  freely  and 
is to o  s ligh t to  p a y  fo r  th e  tro u b le  o f re co v e ry . This 
d e ta il a t  once p ro v e s  th e  a d v a n ta g e  of th is  style of 
a p p a ra tu s  o v e r  th e  scru b b er. I  use n o  m ore than 1 
gram  per cu b ic  m eter; o th ers  use 2.5 g ra m s and as the 
e x tra  co n cen tra tio n  of ozo n e is n o t  u se d  up  in the short 
tim e of co n ta c t, th e re  is a  se v e re  loss if  th e  excess is 
n o t re co vered . T h e  g e rm ic id a l p o w e r  of ozone on 
w a ter  is of such  s tre n g th  t h a t  i t  d o es n o t  require more 
th a n  one gram  o f o zo n e to  t r e a t  on e m illion  grams 
(1 cu . m .) o f w a te r  o f m ed iu m  q u a lity .  In  a water 
c a rry in g  less th a n  th e  e q u iv a le n t  of 10 m illigram s of 
p erm a n g a n a te  of p o ta sh , o n ly  a b o u t  one-ten th  this 
a m o u n t of ozon e is n eed ed  to  do th e  w o rk .

F ig . I I  show s th e  b o tto m  of a  sm a ll sterilizer made 
of glass  fo r d e m o n stra tio n a l p u rp o ses, an d  Fig. I ll  
th e  w hole stan d p ip e  30 fe e t  h ig h  a n d  a larger size, 
en cased  to  p re v e n t fre ez in g . I  m a y  a d d  th a t  I have 
n ev er fo u n d  th e  s lig h te st d ifferen ce  in  th e  am ount of 
ozone req u ired  fo r  p u rifica tio n  o f w a te r  in  w inter and 
th a t  needed  in su m m er. A  one fo o t  d ia m eter stand­
p ipe, th e  size of th e  g lass  o ne, ta k e s  ca re  of up to 30 
cu b ic  m eters o f w a te r  p er h o u r, i. e., a b o u t 8,000 gal­
lons. I h a v e  d e a lt w ith  th is  a p p a ra tu s  a t  length be­
cause it  has g iv en  a b so lu te  s a t is fa c t io n  in  all cases and 
b ecau se  it  is w ell a d a p te d  fo r  v a r io u s  app licatio n s.

T h e  p ro blem  of ta k in g  iron  in  s o lu tio n  o u t of water 
is one th a t  o ften  p resen ts  its e lf  on  th e  o th e r side of the 
ocean ; i t  can  be carried  o u t s u c c e s sfu lly  b y  the use of 
air in  an  a p p a ra tu s  s im ila r to  th e  on e ju s t  described; 
as show n  b y  a c tu a l p ra ctice , th e  h e ig h t  need not be 
o ver 10 or 12 fe e t. A  m ore d ifficu lt  p ro b lem  is to get 
rid  o f o rg an ic  ferric  co m p o u n d s. T h is  ca n  be done in 
the sam e a p p a ra tu s  b y  u se  o f o zo n e, th e  precipitated 
h y d ro xid e  of iron  b e in g  re m o v e d  b y  a n y  of the well 
k n o w n  m eth ods.

I t  is q u ite  re m a rk a b le  th a t  o zo n e, as a  gas, actually 
burn s up m ost o f th e  o rg a n ic  m a tte r  in  solution in 
w ater and also co n v e rts  th e  fe rr ic  co m p o u n d s to ferric 
h yd ro xid e . A s  an  a d d itio n a l a d v a n ta g e  of the use 
of ozone for th e  p u rifica tio n  o f w a te r  m a y  be mentioned 
th e  fa c t  th a t  a n y  d isco lo ra tio n , o d o r o r abnorm al taste 
is rem o ved  so th a t  th e  re su lt o f e ffic ie n t ozon e treatment 
is a w a te r  p e r fe c tly  c le a r, p u re , co lo rless  and perfect 
from  a b a cte rio lo g ica l s ta n d p o in t. M od ern  science 
does n o t require  a  w a te r  to  b e  p e r fe c t ly  sterile  when it 
has to  be used fo r d r in k in g . I t  is  im p o rta n t to note 
th a t  th e  dan gero u s p a th o g e n ic  b a c te r ia , m ore especially 
th e  ty p h o id  b a cillu s an d  th e  c h o le ra  v ib r io , have very 
lit t le  resistan ce  an d  y ie ld  first o f a ll to  th e  action of
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ozone. W h a t m a y  b e  le f t  a fte r  t r e a tm e n t  are  su ch  
absolutely h a rm le ss  sp ecie s  as th e  b. s u b lilis  o r th e  b. 
mesetileric us a n d  in  so m e ca ses sp o res. F o r t u n a t e ly  w a te r  
does not c a rr y  a n y  p a th o g e n ic  sp o re -fo rm in g  b a c te r ia .

U SE  O F O ZO N E IN  T H E  IN D U S T R IA L  A RTS

This s u b je c t  is n o t  so s im p le  o r so  w ell in v e s t ig a te d  
as the fo rm er. T h e re  h a v e  b een  v a r io u s  tr ia ls  o f o zo n e  
in different b ra n c h e s  of c h e m is try , b u t  a  g o o d  m a n y  
failed, p ro b a b ly  b e ca u se  th e  e x p e r im e n ts  w ere  n o t 
interpreted in  th e  r ig h t  w a y , p r o b a b ly  th r o u g h  ig ­
norance of h o w  to  a p p ly  th e  n ew  a g e n t, p e rh a p s  a lso  
in some cases b e c a u s e  th e re  w as  n o  re a l o p p o r tu n ity  
for ozone to  s u p p la n t  th e  o ld  a g e n t. C e r t a in ly  th e  
fact th a t o zo n e  is to o  e x p e n s iv e  h a s  b een  a  re a so n  fo r  
non-trial or n o n -su ccess , b u t  p r a c t ic a lly  th e  w h o le  
field lies o p en . A s id e  fro m  so m e fe w  is o la te d  or un-
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known in sta n ce s, o zo n e  h a s  n o t  y e t  e n te r e d  th e  field  
of chemical in d u s try , b u t  i t  m a y  do  so a t  a n y  m o m e n t.

Its use fo r  b le a c h in g  p u rp o se s  s u g g e s ts  its e lf  first. 
It has to co m p e te  n o w  w ith  t h a t  v e r y  ch e a p  a n d  e ffi­
cient agen t, ch lo r in e , e ith e r  as  a  g a s  or in  th e  fo rm  of 
hypochlorites of c a lc iu m , so d iu m  o r m a g n e siu m . T h is  
competition, s o le ly  a  q u e s tio n  o f p r ice  p er p o u n d , is 
at present d e c id e d ly  in  f a v o r  o f ch lo r in e . W h e th e r  
or not we sh a ll b e  a b le  to  im p ro v e  o u r p re se n t m e th o d  
^  making o zo n e so as to  in cre a s e  th e  y ie ld  p er k i lo w a t t  

our is n ow  an  o p en  q u e s tio n . T h e  th e o r e t ic a l  y ie ld  
is over a  th o u s a n d  g ra m s  a n d  w e a re  g e t t in g  n o  m ore 

an 10 gram s u n d e r th e  m o st fa v o r a b le  c ir c u m s ta n c e s ; 
ence, th ere  m u st b e  a  v a s t  im p ro v e m e n t b e fo re  o zo n e  

can exceed a n y  oth^ r b le a c h in g  a g e n t  in  v a lu e . F o r  
1 e present w e m u st a c c e p t  th e  co st o f o zo n e  as i t  is—  

a out 20 ce n ts  a  p o u n d . H o w e v e r , o n e  m u s t b e a r  in 
m*ad th a t i t  ta k e s  tw o  a to m s  o f ch lo r in e  to  g iv e  one

a to m  o f o x y g e n . I f  m y  o p in io n  is c o rr e c t, a n d  th e  
o zo n e  fu rn ish e s  th re e  a c t iv e  a to m s , th e n  48 g ra m s  of 
o zo n e  g iv e  us 48 g ra m s of 0  a to m s , w h erea s  it  ta k e s  70 o f 
ch lo r in e  to  y ie ld  16 g ra m s  o f 0  a to m s ; th is  w o u ld  b e  an  
a d v a n ta g e  o f  n e a r ly  5 to  1 fo r  o zo n e, w h ich  w o u ld  h a v e  
t o  b e  d iv id e d  b y  th re e  if  w e  m u s t use 48 g ra m s o f o zo n e  
to  y ie ld  o n ly  16 g ra m s  o f 0  a to m s.

T h e  a d v a n ta g e  of c h lo r in e  o v e r  o zo n e  h o w e v e r  is 
e v id e n t ly  n o t  its  d ir e c t  p rice , b u t  th e  f a c t  t h a t  fo r  th e  
m a k in g  of o zo n e  m u ch  e le c tr ic a l a p p a r a tu s  is re q u ired , 
w h e re a s  ch lo rin e  as h y p o c h lo r ite s  ca n  b e  b o u g h t  in  
b o tt le s  o r in  b a rre ls . O zo n e, h o w e v e r , w in s if  w e  do 
n o t  lo o k  s o le ly  a t  d ir e c t  c o s t  p rice , b u t  a lso  a t  q u a lity  
of p ro d u c t. I  h a v e  b een  tr e a t in g  p a p e r  p u lp  w ith  
o zo n e. T h e  re s u lt  w a s  e x c e lle n t  in  so fa r  as co n cern s  
th e  m a in te n a n c e  o f fib er, th e  o zo n e  b le a c h e d  sh o w in g  a 
le n g th  o f fib er of s e v e r a l t im e s  t h a t  o f th e  ch lo rin e  
b le a c h e d , b u t  o n e  sh o u ld  b e  v e r y  c a re fu l n o t  to  use 
a  h ig h  o zo n e  c o n c e n tra tio n , b e c a u s e  s tro n g  o zo n e  w ill 
d e s tr o y  fib er ju s t  as does ch lo r in e ; th e  s e c re t h ere  lies 
in  th e  p ro p er a p p lic a tio n  o f a  w e a k  o zo n e. T h e  b le a c h ­
in g  of c o t to n  fa b r ic  is e v e n  m o re  d e lic a te  a n d  th e  ru le  
m u s t b e  “ D o  n o t  h u r r y .”  B e e s w a x  is a n  a r tic le  t h a t  
is fa ir ly  h ig h  p rice d , a n d  its  p rice  is c o n sid e ra b ly  
h ig h e r w h en  w h ite . T h e  b le a c h in g  h a s  b een  ca rr ie d  
o u t  w ith  su cce ss  b u t  a  h ig h  c o n c e n tra tio n  o f o zo n e  is 
n e c e s sa ry  a n d  a lo n g  tr e a tm e n t  m u s t b e  u se d  b e ca u se  
th e re  is m u ch  o rg a n ic  m a tte r  to  b e  re m o v e d . T h e  
b le a c h in g  o f s u g a r  m o lasses s o lu tio n  on  th e  o th e r  h a n d  
is v e r y  e a s y , b u t  th e  s u g a r  is  in v e r te d  w h ich  b a rs  th is  
use o f o zo n e. I t s  use fo r  b le a c h in g  g lu e  is  a lso  e a s y , 
b u t  i t  d e p r iv e s  th e  g lu e  of its  s t ic k in g  p ro p e rtie s .

M o re  su cce ss  is to  b e  e x p e c te d  fro m  th e  use o f o zo n e  
in  th e  oil in d u s tr ie s . C o tto n s e e d  o il w h en  o zo n ize d  
h a s  lo s t  its  p e c u lia r  ta s te  a n d  sm ell, b u t  a  la rg e  a m o u n t 
of o zo n e  m u st b e  u sed  to  g e t  th is  re su lt. S a n d a l w o o d  
o il re sp o n d s  m o re  r e a d ily  to  t r e a tm e n t  a n d  c a n  b e  
d e p r iv e d  o f its  ta s te  a n d  b le a c h e d  a lso .

T h e  m a n u fa c tu r e  of w h ite  o r r a th e r  co lo rle ss  e g g - 
w h ite  fro m  b lo o d  is n o t  so e a s y  b u t  I h a v e  b e en  su cce ss­
fu l to  a  c e r ta in  e x te n t  in  th is  lin e . T h e  b le a c h in g  of 
flo u r is  n o t  a t  a ll s u cce s sfu l, p r o b a b ly  b e ca u se  i t  has 
to  b e  d o n e in  a  d r y  s ta te . T h e  flo u r re ta in s  a  p e c u lia r  
a n d  d is a g re e a b le  ta s te  a fte r  tr e a tm e n t. T h e  m a n u ­
fa c tu r e  o f v a r n is h  fro m  lin se ed  o il is a  p ro m is in g  p ro p o ­
s itio n , s in ce  th e  re s u lt in g  v a r n is h  is o f r e m a rk a b le  t r a n s ­
p a r e n c y  b e ca u se  th e  o il h a s  n o t  b een  s u b je c te d  to  a n y  
h ig h  te m p e ra tu re . I t  m a y  b e  t h a t  u n d e r fa v o r a b le  
c ir c u m s ta n c e s  th e  d r y in g  of th e  o il, s a y  fo r  th e  m a n u ­
fa c tu r e  of lin o le u m s, m a y  b e  a d v a n ta g e o u s ly  d o n e  b y  
m ean s of o zo n e— th e  a d v a n ta g e  in  th is  ca se  b e in g  a 
co n sid e ra b le  s h o rte n in g  o f t im e  o f th e  p ro cess.

T h e  fu tu r e  of o zo n e  is  b r ig h te r  th a n  e v e r , b u t  w e 
m u st n o t  e x a g g e r a te  its  im p o rta n c e . I f  w e  c la im e d  to  
b e  a b le  to  s te r iliz e  m ilk  or b u tte r  b y  it  w e w o u ld  be 
m a k in g  fa ls e  s ta te m e n ts . N e ith e r  do  I b e lie v e  in  its  
v a lu e  fo r  a g in g  w in es. T h e  fla v o r  o f w in e  is o f su ch  a  
d e lic a te  n a tu r e  a n d  th e  l ia b il i t y  o f its  a lco h o l to  a c id ify  
is  so g r e a t  t h a t  one c a n n o t  e x p e c t  a n y  b e n e fic ia l e ffe c t  
in  th is  lin e ; w e a ll k n o w  t h a t  e v e n  o rd in a ry  o x y g e n  w ill 
sp o il g o o d  w in e  in  a  co u p le  o f h o u rs . W h a t  th e n  ca n  
b e  e x p e c te d  o f o zo n e?  T h e re  a re  p e rh a p s  h u n d re d s
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of p o ssib ilities  fo r  ozo n e, b u t  I do n o t w ish to  sp eak  
of a n y  w ith  w h ich  I h a v e  h a d  no person al experien ce. 
A ll m y  s ta te m e n ts  com e fro m  m y  ow n  exp erien ce and 
are th u s  p erh a p s a  b it  one-sided, p erh ap s too  e n th u ­
s ia stic , b u t  t h a t  is th e  in e v ita b le  re su lt of 15 y e a rs ’ 
w o rk .

P U R IF IC A T IO N  OF A IR  F O R  V E N T IL A T IN G  PU R P O S E S

I w ish  p a r t ic u la r ly  to  ca ll a tte n tio n  to  th e  fa c t  th a t  
I  do n o t s p e a k  h ere  of s te r iliz a tio n  of a ir, b u t of p u ri­
fica tio n . D r y  ozo n e h as no a ctio n  w h a te v e r  on d ry  
a ir w ith  its  m illio n s an d  m illions of p a rtic le s  o f d ry  dust. 
A s  a  m ean s o f d is in fe ctin g  a s ick ro o m , ozon e, even  in 
s tro n g  co n ce n tra tio n  an d  m o ist, is n o t sen sib le. B e ­
sides b a c te r ia  c lin g in g  to  th e  p artic le s  o f d u st, th ere  
are o th e r so u rces of c o n ta m in a tio n . W e m u st consider 
also  v o la tile  p ro d u c ts  of re sp iratio n , p ersp iratio n  and 
o th e r ga seo u s p ro d u cts .

W h a t  ren d ers a  cro w d e d  ro o m  d isag reeab le  is n ot 
th e  ca rb o n  d io x id e  o f th e  a ir n or la c k  of su fficien t 
o x y g e n , b u t  th e  o d o r due to  th e  a b o v e  n am ed  p o llu ­
tio n s.

E v e n  in  a  n o n -v e n tila te d  ro o m  th e re  is p le n ty  of 
o x y g e n  fo r a  lo n g  tim e  fo r  m a n y  p eop le. E a c h  b rea th  
ta k e s  b u t  a  tr iflin g  p a r t  o u t of th e  a v a ila b le  to ta l an d  
w h a t m akes us fee l u n co m fo rta b le  is n o t th e  la c k  of 
a n y th in g  b u t th e  excess o f b a d  odors of o rg an ic  orig in . 
N o w  o zo n e  is an  e x tra o rd in a rily  p o w e rfu l o x id izin g  
a g e n t an d  i t  w ill ta k e  care  o f th ese  d isag reea b le  odors, 
h a rm fu l n o t in  th e  d ire c t sen se of th e  w o rd  b u t in d i­
r e c t ly  b e cau se  on e is lia b le  n o t to  b re a th e  fre e ly  and 
d e e p ly  in  an a tm o sp h e re  t h a t  h a s  a  n a s ty  odor.

Som e p eo p le  th in k  t h a t  o zo n e o n ly  m asks odors, b u t 
i t  is n o t  v e r y  p ro b a b le  th a t  a  stro n g  o x id izin g  a gen t 
lik e  o zo n e w o u ld  su d d e n ly  lose its  p o w er, an d  even  
if  i t  sh o u ld , th e  m ere m a sk in g  w o u ld  be an a d v a n ­
ta g e .

D r. F ra n k lin , in  o rd er to  s e ttle  th e  qu estio n  of 
m a sk in g  vs. o x id a tio n , h as been  c a rr y in g  o u t som e v e r y  
in te re s tin g  a n d  co n c lu s iv e  e x p erim en ts  to  w h ich  w e 
can  o n ly  re fe r .1 H is co n clu sio n s are  a b so lu te  an d  co n ­
v in c in g  in  fa v o r  o f o x id atio n .

O f co u rse, rem e m b erin g  th e  e x tre m e ly  p o w erfu l 
a c tio n  of o zo n e a n d  th in k in g  a lso  o f th e  d e lica te  ch a ra cte r  
o f o u r m u cou s m em b ra n es, i t  is  an  a b so lu te  n ece ssity  
t h a t  th e  co n ce n tra tio n  o f th e  ozo n e sh a ll b e  an  exce ed ­
in g ly  lo w  one— c e rta in ly  n o t  o v e r  on e in  a  m illion  
p a r ts  o f a ir  a n d  p re fe ra b ly  so m e th in g  lik e  one in ten  
m illio n  p a r ts  o f a ir w h en  in te n d e d  fo r  co n tin u o u s 
b re a th in g .

T h e  q u e stio n  o f p u rifica tio n  of a ir  w ith  o zo n e  is tw o - 
s id ed  a n y h o w : (1) T h e re  is th e  p u rifica tio n  o f fo u l
a ir  a n d  r e v iv ify in g  i t  b y  o zo n e; (2) th e re  is th e  q u estio n  
o f o zo n e  as a  th e ra p e u tic  a g e n t, e. g., in  cases o f p h th is is  
in  its  first s ta g e s , a n e m ia , or o b e s ity . I am  n o t  co m ­
p e te n t  to  g iv e  a n y  s ta te m e n ts  re g a rd in g  th e se  d iseases, 
b u t  k n o w in g  t h a t  th e  in h a la tio n  of o zo n e  in  a>very w ea k  
co n ce n tra tio n  a c tu a lly  does in cre ase  th e  p e rce n ta g e  
o f o x y h a e m o g lo b in  in  th e  b lo o d , I b e lie v e  t h a t  th is  fa c t , 
e a s y  to  co n tro l, sh o u ld  b e  su ffic ien t to  p o in t to  th e

1 "Ozone in V entila tion .”  Heating and Ventilation, 10, P t. 1, 30-35 and 
P t. 2, 13-18.

p o ss ib ility  of a b en efic ia l e ffe c t. E v e n  th e  chance of 
a p o ss ib ility  of d oin g so m e th in g  a g a in s t  tuberculosis 
sh o u ld  be an in d u ce m en t fo r  m e d ica l m en to try so 
sim ple a tre a tm e n t as o zo n e  in h a la tio n . A s to the 
o th er side of th e  q u estio n , one sh o u ld  n o t lose sight 
of th e  in flu en ce  of p s y c h o lo g ic a l co n d itio n s  on physio­
lo g ica l fu n ctio n s. W e fee l b e tte r  in  a  ro o m  when there 
is no sm ell a n d  .to o b ta in  t h a t  re s u lt  w e m u st ventilate 
to  an e x te n t fa r  b e y o n d  th e  n e c e s sa ry  replenishm ent of 
used up o x y g e n . W h a t  w e r e a lly  u se  ven tilation  for 
is to  sw eep o u t odors b y  la rg e  v o lu m e s  o f fresh air and 
if w e ca n  use ozo n e fo r t h a t  p u rp o se  w e  shall need far 
less fresh  air fo r  re p len ish m en t; th is  in  w in ter means 
less e xp en sive  h e a tin g .

T h e  p ro b lem  of v e n tila t io n , h o w e v e r , is n ot such a 
sim p le  one, as e v e r y b o d y  w h o  h a s  to  p ro v id e  for doing 
it  e ffic ie n tly  kn o w s b y  e x p erien ce . S w eep in g  out the 
used  a ir h as to  b e  don e b y  a  la rg e  v o lu m e  of new air 
w h ich  g e n e ra lly  m ean s a d r a ft  a n d  u s u a lly  the result 
is less e fficien t v e n tila t io n  in  o rd e r to  a v o id  excessive 
d rafts . I f  w e t r y  to  e xp ress in  g ra m s th e  quantity  of 
o rg an ic  'V o la tile  m a tte r  p re se n t in  a  crow d ed  space, 
w e rea lize  its  sm alln ess. In  fa c t  i t  so m etim e s does not 
a m o u n t to  m illigram s w h ich  e x p la in s  t h e fa c t  th a t ozone, 
one p a rt in  a  m illion , is q u ite  s tro n g  e n o u g h  to  take care 
of th e  d e stru ctio n . W e n eed  n o  m o re  th a n  milligrams 
of ozon e to  do th e  w o rk  a n d  i t  is  a  p i t y  th a t  unloyal 
o b jectio n s  to  its  use h a v e  b een  m a d e, fo r  in  ozone we 
h a v e  a  m ean s of v e r y  ch ea p  a n d  e ffic ie n t ventilation, 
since a  h u n d re d -w a tt a p p a ra tu s  w ill ta k e  care of the 
h e alth  o f a  la rge  n u m b er of p e o p le . W e m ay well 
rem in d  th e  rea d er o f th e  fa m ilia r  e x a m p le  generally 
c ite d  in  t e x t  b o o k s  on p h y s ic s  to  illu s tra te  the sensi­
tive n e ss  of o u r o lfa c to r y  n e rv e s. A s a fo e tid a  can be 
d e te cte d  b y  its  odor w h en  p re se n t to  th e  e x te n t of one 
p a r t  in  a  th o u sa n d  m illio n  m illio n ; th is  is an extreme 
case, b u t  it  is w ell k n o w n  th a t  i t  t a k e s  b u t  v e ry  little 
of an  odo ro u s ga seo u s su b sta n ce  to  b e  p ercep tib le. In 
fa c t  ozon e itse lf  is a go o d  e x a m p le  sin ce  one part in 
ten  m illion  o f a ir ca n  be v e r y  e a s ily  n o tic e d .

A s  to  th e  a m o u n t of o zo n e  re q u ire d  to  p urify  the 
air in  a room , i t  is safe  to  s a y  t h a t  y o u  should  hardly 
p erceiv e  it . I f  th e re  is a  m a rk e d  o d o r of ozone it 
p ro v e s  t h a t  th e re  is to o  m u ch  of it . I t  w ou ld  do no 
h arm , b u t  som e do n o t lik e  i t  a n d  fro m  th e  business 
m a n ’s p o in t of v ie w , i t  is a  w iser p o lic y  n o t to  overdose 
th e  q u a n tity , an d  th e re b y  a v o id  co m p la in ts. Some 
p eo p le  th in k  ozon e w ill n e v e r  be u sed  as a  therapeutic 
b ecau se  a ll of i t  is d e stro y e d  lo n g  b e fo re  it  has reached 
our lu n gs. I  do n o t share t h a t  o p in io n  fo r m y personal 
exp erien ce  go es to  sh ow  t h a t  th e re  a c tu a lly  is an in­
crease  in th e  o x y h a e m o g lo b in  p e r c e n ta g e  an d  th a t can 
be th e  case o n ly  w h en  th e  o zo n e  is n o t  e n tire ly  absorbed 
b y  th e  m ucou s m em b ran es th a t  i t  p asses  on its  w ay to 
th e  lun gs.

In  co n clu sio n  I w ish  to  s ta te  t h a t  th e  a ctu a l appli* 
ca tio n s  of ozon e are few , b u t  th e  p o ssib le  applications 
are n um erous. O zon e ca n  b e  h a d  n o w  in  a n y  quantity 
a n d  q u a lity  a n d  fo r a  p rice  t h a t  in  m a n y  cases is less 
th a n  th a t  o f o th er o x id iz in g  a g en ts .

341 S t . J o h n s  P l a c e  
B r o o k l y n , N .  Y .
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A NEW VISCOM ETER FOR GENERAL SCIENTIFIC AND  
TECHNICAL PU RPOSES1

B y  E u g e n e  C . B in g h a m  

R eceived N ovem ber 25, 1913

Bingham a n d  W h ite 2 h a v e  a lr e a d y  p u b lis h e d  a 
description of a  v is c o m e te r  w ith  w h ich  a b so lu te  v is ­
cosities can  b e  m e a su red  w ith  v e r y  g r e a t  c e r ta in ty . 
This form of a p p a r a tu s  is e a s ily  m a d e, b u t  s in ce  th e  
dimensions o f th e  a p p a r a tu s  m u st b e  a c c u r a te ly  k n o w n  
for absolute m e a su re m e n ts , th e  t im e  co n su m e d  in  
the ca libratio n  is co n sid e ra b le . S o  fo r  g e n e ra l p u r ­
poses it is p re fe ra b le  to  c a lc u la te  th e  absolute viscosities  
from measurements w h ich  a re  o n ly  relative. B y  th is  
procedure n o t o n ly  is th e  c a lib ra tio n  s im p lifie d  b u t  
the app aratu s its e lf  m a y  b e  m a d e  s im p le r  a n d  less 
delicate to h a n d le .

It will be u rg e d  t h a t  v is c o m e te r s  in  g r e a t  n u m b e r 
have a lrea d y  b een  d e v is e d  fo r  r e la t iv e  m e a su re m e n ts . 
Why another one? T h e  a n sw e r is  t h a t  r e la t iv e  m e a s­
urements are c o m p a r a t iv e ly  v a lu e le s s  u n less th e  re ­
sults can be c a lc u la te d  to  a b so lu te  u n its . I t  h a s  b een  
supposed t h a t  th e  r e la t iv e  m e a su re m e n ts  o b ta in e d  
by the use o f in str u m e n ts  o f th e  O stw a ld  t y p e  m ig h t 
be calcu lated  to  a b so lu te  u n its  w ith o u t  d iff ic u lty . 
This is n ot g e n e ra lly  t r u e  a n d  th e  re a so n  is  n o t  fa r  to  
seek. In th e  v is c o s it y  fo rm u la  fo r  c a lc u la tin g  a b ­
solute v isco sities3

V st

Vo Soto

which seem s to  b e  a lm o s t  u n iv e r s a lly  u sed , n o  a c c o u n t 
is made of th e  loss o f th e  k in e t ic  e n e rg y  of th e  liq u id  
within the c a p illa r y , th is  e n e rg y  d is a p p e a rin g  o u ts id e  
of the ca p illa ry  w ith o u t  h e lp in g  to  o v e rc o m e  v is c o u s  
resistance w ith in  th e  c a p illa r y . F u r th e r m o re , i t  ca n  
be shown4 t h a t  th is  c o rre c tio n  does n o t  co m e  in to  th e  
calculation in  su ch  a  w a y  t h a t  i t  m a y  b e  m a d e  to  d is­
appear. V isco m e te rs  o f th e  o rd in a ry  t y p e  are  d e ­
ficient because th e  p re ssu re  p ro d u c in g  th e  flo w  th r o u g h  
the capillary is n o t  v a r ia b le  a t  w ill. T h e  re s u lt  is 
that with v e r y  flu id  s u b s ta n c e s  th e  k in e t ic  e n e rg y  
correction b eco m es la rg e  u n a v o id a b ly , a n d  w ith  ra th e r  
viscous su b stan ce s  th e  t im e  o f flo w  b e co m e s  in to le r a b ly  
long, n ece ssita tin g  th e  use of s e v e r a l in str u m e n ts . 
With a v e ry  lo n g  p e r io d  of flo w  th e  d iffic u ltie s  du e 
to clogging w ith  d u s t  p a r t ic le s  b e co m e  v e r y  g r e a t. 
Applebey5 h a d  s h o w n  t h a t  w ith  v a r y in g  p re ssu re s, 
Ac values of st in  th e  a b o v e  fo rm u la , fo r  a  p a r t ic u la r  
liquid, are o n ly  c o n s ta n t  w h en  th e  t im e  o f flo w  is 
rather grea t— fo r his p a r t ic u la r  in s tr u m e n t  of th e  
Ostwald ty p e , a t  le a s t  s ix  m in u te s . B u t  w ith  su ch  
^ggish flow  he fo u n d  t h a t  “  in  s p ite  o f a ll p re c a u tio n s , 
the tubes fr e q u e n tly  b e ca m e  c o n ta m in a te d  w ith  d u s t .”  
The n ecessity  of th e  k n o w le d g e  o f th e  e x a c t  sp e c ific  
gravity of th e  liq u id  a t  e a ch  te m p e r a tu r e  w h ere  a  
viscosity m e a su rem e n t is d e sired  lessen s th e  c o n v e -

'Twentieth com m unication bearing on this subject. Cf. Physical 
(1912), 407. Ib id ., N . S. 36 (1913), 96; 2 .  physik. Chcm., 83 

' 1513), 641; J . Chem. Soc., 103 (1913), 959; J . Physical Chcm., Feb . (1914).
' Z. physik. Chcm., 80 (1912), 670. 

w, and to represent th e  viscosity , density  and  tim e of efflux of the 
. "'Wch is taken  as s tan d ard : ij, s, and  / are the  corresponding q uan ti-
les for the liquid to  be measured.

'J - Chcm. Soc., 103 (1913), 959.
'Ibid., 97 (1910), 2000.

n ien ce  o f th is  t y p e  of in str u m e n t. B o th  th e  u n re lia ­
b il i t y  a n d  th e  in c o n v e n ie n c e  o f th e se  in str u m e n ts  m a y  
b e  a v o id e d  b y  u sin g  v a r ia b le  p ressu re .

T H E  P R O P E R  D IM E N S IO N S  O r  A N  A P P A R A T U S  F O R  M E A S U R ­

IN G  V IS C O S IT Y

T h e  q u e s tio n  o f th e  p ro p e r  d im e n sio n s o f th e  
a p p a ra tu s  sh o u ld  m e rit  m o re  a tte n t io n  th a n  is u s u a lly  
g iv e n  to  th is  s u b je c t . A  s t u d y  of th e  b e st  v is c o s ity  
d a ta  lea d s  o n e  to  b e lie v e  t h a t  a n  a c c u r a c y  of o n e -te n th  
of o n e  p er ce n t  ca n  r e a d ily  b e  a tta in e d . I f  on e d esires 
v a lu e s  w ith  a  s m a lle r  l im it  o f e rro r  th a n  o n e -te n th  
o f o n e  p er ce n t  h e  sh o u ld  u n d o u b te d ly  m a k e  a b so lu te  
a n d  n o t  r e la t iv e  m e a su re m e n ts . T h e re  does n o t  e x ­
is t  th e  n e c e s sa ry  e x p e r im e n ta l d a ta  fo r  s ta n d a r d iz in g  
a n d  te s t in g  a  r e la t iv e  in s tr u m e n t  fo r  s u ch  a  h ig h  
d e g re e  o f p re c is io n . W e , th e re fo re , a ssu m e  t h a t  a 
r e la t iv e  in s tr u m e n t  m a y  b e  d e p e n d e d  u p o n  o n ly  to  
o n e -te n th  of o n e  p er c e n t  a n d  t h a t  u n til  o u r d a ta  a re  
a m p lifie d , th e  a b so lu te  m e th o d  m u st b e  u se d  fo r  m e a s­
u re m e n ts  o f h ig h e r  p re cis io n .

W ith  a  s to p -w a tc h  re a d in g  to  0.2 sec. th e  t im e  of 
flo w  m a y  b e  m a d e  as  sm a ll as 200 sec. T h e  v o lu m e  
o f flo w  s h o u ld  b e  sm a ll fo r  th e  fo llo w in g  re a so n s:
(1 )  T h e  v e lo c it y  o f th e  liq u id  w ith in  th e  c a p illa r y  
sh o u ld  b e  lo w  in  o rd e r t h a t  th e  k in e t ic  e n e rg y  c o rr e c ­
tio n  m a y  b e  k e p t  fro m  b e co m in g  in c o n v e n ie n t ly  la rg e .
(2) T h e  t im e  o f flo w  sh o u ld  b e  s m a ll in  o rd e r t o  e c o n o ­
m ize  tim e , a n d  in  o rd e r t h a t  th e  te m p e r a tu r e  m a y  b e  
th e  m o re  e a s ily  k e p t  c o n s ta n t  d u r in g  th e  t im e  o f flo w .
(3) S m a ll m asses o f  liq u id  co m e to  th e  te m p e ra tu re  o f 
th e  b a th  m o re  q u ic k ly . (4) T h e re  is a lso  an  e c o n o m y  
of m a te r ia l. T h e  m in im u m  v o lu m e  o f flo w  is  d e ­
te r m in e d  b y  o u r a b ili t y  to  re a d  th e  v o lu m e  w ith  th e  
d e sired  a c c u r a c y . T h is  in  tu r n  is d e te rm in e d  b y  
th e  d ia m e te r  o f th e  c o n s tr ic te d  p o rtio n s  o f th e  a p p a ra tu s  
a b o v e  a n d  b e lo w  th e  m e a su red  v o lu m e . I f , h o w e v e r , 
th e  c o n s tr ic te d  p a r ts  h a v e  v e r y  sm a ll b o re , th e  e ffe c t  
o f c a p illa r y  a c tio n  b e co m e s  d is tu rb in g . In  p a r t ic u la r , 
v e r y  v is c o u s  liq u id s  do n o t d ra in  o u t of th e  c a p illa r y , 
a m e n iscu s  is fo rm e d  b rid g in g  a cro ss  th e  c a p illa r y  a n d  
a  p ressu re  is  s e t  up  o p p o se d  to  t h a t  c a u s in g  th e  flow  
a n d  th e  re s u lts  o f th e  m e a s u re m e n t a re  th e n  q u ite  
v a lu e le s s . T h e  tro u b le s  du e to  b a d  d ra in a g e  m a y  be 
m in im ize d  b y  h a v in g  th e  d ra in a g e  su rfa c e s  e v e ry w h e r e  
as n e a r ly  v e r t ic a l  as  p o ssib le . In  o th e r  w o rd s  th e  
ch a n g e  fro m  th e  c o n s tr ic te d  tu b e  to  th e  tu b e  o f la rg e r  
d ia m e te r  sh o u ld  be m a d e  g r a d u a lly . A  c o n str ic te d  
p a r t  w ith  a  b o re  o f 0.25 cm . w o u ld  h a v e  a  v o lu m e  of 
n e a r ly  0.05 cc . p e r  c e n tim e te r  o f le n g th . A ss u m in g  
t h a t  as th e  m e n iscu s  p asses th e  m a rk s, i t  ca n  b e  re a d  
to  0.01 cm . i t  is  o n ly  n e c e s sa ry  t o  h a v e  a  v o lu m e  of 
0.5 cc . b u t  in  o rd e r to  p ro v id e  a  m a rg in  o f s a fe ty  in  
th e  c o n s tr u c tio n  a n d  use o f th e  a p p a ra tu s , w e h a v e  
ch o se n  3 cc. as  th e  v o lu m e  of flow .

T e s t in g  fo r  a n y  e rro r  d u e  to  fa u lt y  d ra in a g e  is e a s ily  
a cco m p lis h e d . I t  is  o n ly  n e ce s sa ry  to  t e s t  th e  flow  
of th e  m o st v is c o u s  liq u id  to  b e  m easu red , u sin g  v e r y  
d iffe re n t r a te s  o f tra n s p ira tio n . L a c k  o f p e r fe c t  d r a in ­
a ge  w ill sh o w  its e lf  b y  th e  s u b s ta n c e  a p p e a r in g  to  b e  
m o re  v isco u s  a t  th e  low 'er ra te  o f flo w . G e n e r a lly  
th e  m o re  v is c o u s  liq u id s  m u s t b e  a llo w e d  to  flo w
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s lo w ly  en o u g h  so th a t  th e  d rain ag e  w ill be co m p lete . 
In  th e  te s t  h ere  g iv e n , th e  d rain ag e  m a y  co n ce iv a b ly  
a p p e a r to  b e  p e r fe c t  o r eve n  u ltra -p erfect. B u t  th is  
can  be th e  ca se  o n ly  w h en  th e  flow  begins w ith  th e  
m en iscu s of th e  liq u id  co n sid e ra b ly  a b o v e  th e  u p p er 
m a rk , in  w h ich  case th e  tra n sp ira tio n  vo lu m e  w ill 
be in cre ase d  b y  a  ce rta in  a m o u n t cau sed  b y  drain age  
fro m  th e  su rfa ce s  a b o v e  th e  m a rk . T h is  ga in  in 
v o lu m e  w ill te n d  to  o ffset th e  loss of a  p a rt of th e  
tra n s p ira tio n  v o lu m e  w h ich  fa ils  to  p ass th ro u g h  th e  
ca p illa ry  d u rin g  th e  d e te rm in a tio n . H en ce, i t  is 
h ig h ly  a d v a n ta g e o u s  to  h a v e  th e  sh ap e o f th e  a p p a ra tu s  
a b o v e  th e  u p p er m a rk  sim ilar to  th a t  a b o v e  th e  low er 
m a rk  so th a t  th e se  e ffects  m a y  as n e a rly  n eu tralize  
e a ch  o th e r  as p ossib le .

T h e  en d s of th e  c a p illa ry  are m ade tru m p e t-sh a p e d  
in  o rd er to  a id  th e  d ra in ag e  b y  a v o id in g  h o rizo n ta l 
su rfa ce s  an d  also  in  o rd er to  a v o id  th e  sh arp  corners 
on w h ich  filte r sh red s m ig h t g e t h u n g , ca u sin g  c lo gg in g .

In  m a k in g  a b so lu te  m easu rem en ts, it  is cu sto m a ry  
to  use a  h o rizo n ta l c a p illa ry . T h e  th e o ry  fo r an 
in clin ed  c a p illa r y  is so m e w h a t m ore co m p licate d , 
b u t  fo r  re la t iv e  m easu rem en ts th e re  ap p ea rs to  th e  
a u th o r no rea so n  a g a in st its  use. T h e re  are som e 
im p o rta n t  a d v a n ta g e s  to  be- ga in ed  b y  th e  use o f a 
v e r tic a l c a p illa ry . In  th e  first p lace  it  is desirab le  
to  use a  lo n g  c a p illa ry  in  o rd er t h a t  th e  rad iu s of th e  
c a p illa ry  m a y  b e  r e la t iv e ly  la rge  and  th e  k in etic  
e n e rg y  co rrectio n  r e la t iv e ly  sm a ll an d  t h a t  a n y  possi­
b le  e ffe c ts  o f th e  en d s of th e  c a p illa ry  m a y  be n eg li­
g ib le . T h u s  o n ly  w ith  a  v e r t ic a l c a p illa ry  m a y  th e  
lim b s be k e p t  close to g e th e r , so th a t  a n y  sm all error 
in  k e e p in g  th e  lim b s e x a c t ly  v e r t ic a l w ill n o t so seri­
o u s ly  a ffe c t  th e  h y d r o s ta t ic  le v e l in  th e  in stru m en t. 
F u rth e rm o re , th e  a p p a ra tu s  m a y  b e  m ad e stro n ger 
a n d  m ore c o n v e n ie n t to  h a n d le , an d  a sm aller b a th  
is re q u ired  to  h o ld  it . I t  is  n o t d esirab le  to  use a 
b e n t c a p illa ry , n o t o n ly  b e cau se  o f th e  u n k n o w n  effect 
o f th e  c e n tr ifu g a l fo rce s  b u t  b e cau se  o f th e  d a n g er of 
c o n str ic tio n s  in  th e  c a p illa ry  a t  th e  b en d . S in ce th e  
v e lo c ity  o f flow  v a r ie s  as th e  fo u rth  p o w e r o f th e  rad iu s, 
i t  w ill be g r e a t ly  in cre a se d  b y  a sm a ll co n stric tio n , 
an d  e d d y  cu rre n ts  w ill b e  fo rm e d  a t  a  r e la t iv e ly  lo w  
ra te  o f tra n s p ira tio n . T h e  k in e tic  e n e rg y  co rrectio n  
w ill a lso  be co rre sp o n d in g ly  in creased . E d d y  cu rren ts 
ca n n o t be to le r a te d  e v e n  in  a  re la tiv e  in stru m e n t and  
th e  k in e tic  e n e rg y  co rrec tio n  sh o u ld  be k e p t  low .

T h e  p ressu re  sh o u ld  b e  v a r ia b le  a t  w ill so t h a t  th e  
tim e  of flow  m a y  be k e p t  re a so n a b ly  co n sta n t. T h e re  
n eed  b e  no u p p er lim it  to  th e  p ressu re, sin ce  liq u id s 
are  p r a c t ic a lly  in co m p ressib le . A  p ressu re  o f 50 
g ra m s p er sq . cm . ca n  e a s ily  b e  re a d  to  0.1 p er ce n t 
on a  w a te r  m a n o m e ter, h en ce  th is  m a y  be ta k e n  as 
th e  lo w er lim it.

A s  a lre a d y  p o in te d  o u t, a  lo n g  c a p illa ry  is  d esirab le , 
b u t  since i t  is d ifficu lt to  g e t  a  c a p illa r y  of an  e x a c t ly  
sp ecified  b o re , i t  is b e st to  p ic k  a  c a p illa ry  of a p p ro x i­
m a te ly  th e  d esired  ra d iu s  a n d  th e n  to  c u t  th e  len gth  
to  fit th e  o th er d im en sio n s. A ssu m in g  t h a t  20 cm . 
is a c o n v e n ie n t le n g th , F ig . 1 is g iv e n  to  sh o w  ju s t  
w h a t le n g th s  sh o u ld  b e  ta k e n  fro m  c a p illa rie s  o f d iffer­
e n t ra d iu s, th e  v a lu e s  b e in g  c a lc u la te d  b y  m ean s of

e q u a tio n  (1 ), u sin g th e  a b o v e  d im e n sio n s t — 200 sec., 
P — 5 °  gram s per sq . cm ., a n d  V  =  3.0 cc. on the as­
su m p tio n  th a t  th e  h ig h e s t f lu id ity  to  be measured 
is 5°°- T h e re  is  no o b je c t  in  fo llo w in g  -the current 
cu sto m  of u sin g a  v a r ie t y  of v is c o m e te r s  in  measuring 
liq u id s  of co n sid e ra b ly  d ifferen t f lu id ity . A ll that is 
n ece ssa ry  is to  h a v e  a  su ffic ien t ra n g e  of pressures at 
o n e ’s d isp osal. O f co u rse, if  on e is n o t  go in g  to meas­
ure th e  v is c o s ity  o f v e r y  flu id  su b s ta n c e s  like ether

c*n.
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Lengths required from a  capillary of given radius, assuming the 
m inim um  values o /«=200, £=»50, and  V = 3 , (A), when the maximum 
fluidity to  be m easured is 500, and  (B), w hen th e  m axim um  fluidity to be 
measured is only 125.

an d  h exan e  it. m a y  b e  b e st to  c o n s tr u c t  an  instrument 
w h ich  w ill req u ire  lo w er p ressu res, n e a r  th e  minimum 
of so  gram s g iv e n  a b o v e , b u t  th is  is p u re ly  a  matter 
of co n ven ien ce . In  cu rv e  B  o f F ig . i  w e give the 
len g th s  req u ired  w ith  ca p illa rie s  o f d ifferen t radii 
on th e  a ssu m p tio n  t h a t  th e  h ig h e s t  f lu id ity  to be 
m easu red  w ill b e  o n ly  125 a b so lu te  u n its.

T H E  C O N S T R U C T IO N  OF T H E  A P P A R A T U S  »

T h e  a p p ea ra n ce  of th e  v is c o m e te r  is sh o w n  in Fig. 2 
as d raw n  to  sca le . T h e  c a p illa ry  is m a d e  in  tw o  parts 
E F  an d  G H , fro m  n on -so lu b le  g la ss . T h e  transpira­
tio n  v o lu m e  is co n ta in ed  b e tw e e n  th e  tw o  m arks B
an d  D . In  co n stru ctin g  th e  a p p a ra tu s  it  is very
im p o rta n t t h a t  th e  v o lu m e  of C  sh o u ld  b e  sim ilar in 
sh ap e , e q u a l in  vo lu m e  to  th e  v o lu m e  K ,  an d  moreover, 
it  is im p o rta n t th a t  th e ir  ce n te rs  o f m a ss be as nearly 
as p o ssib le  a t  th e  sam e e le v a tio n . T h is  is done in 
order th a t  th e  a v e ra g e  re s u lta n t  h y d r o s ta t ic  head of 
liq u id  w ith in  th e  in stru m e n t d u r in g  th e  tim e  of flow 
m a y  b e  as n e a rly  n eg lig ib le  as p o ssib le . I t  is also 
im p o rta n t t h a t  th e  v o lu m e  A B  sh o u ld  be equal to 
th e  v o lu m e  H J . A s  th e  v is c o m e te r  is m ad e of thin 
g la ss  in o rd er to  fa c ilita te  th e  p a ssa g e  of h e a t a  brace 
is p u t  in  b e tw ee n  th e  r ig h t  and le f t  lim b s  o f th e  instru­
m en t in  o rd er to  stre n g th e n  it . T h is  v isco m e ter may 
be o b ta in ed  fro m  E im e r a n d  A m e n d  of N e w  Y o rk .

A  d ia g ra m m a tic  a rra n g e m e n t of th e  ap p aratu s is 
sh o w n  in F ig . 3. T h e  v is c o m e te r  V  is  show n in a 
b a th  w h ich  also  co n ta in s  a  th e rm o m e te r, stirrer,
e tc . A t  M  an d  N  a re  tw o  th r e e -w a y  cocks for

-co n n e ctin g  one lim b  of th e  v is c o m e te r  to  th e  pressure 
w h ile  th e  o th er is tu rn e d  to  a ir. A fte r  a  m easurem ent, 
th e  p o sitio n  o f th e  co ck s  is  re v e rse d  a n d  a duplicate 
o b se rv a tio n  is m a d e  or b o th  co c k s  m a y  be turned 
to  air. A  d ry in g  d e v ice  is sh o w n  a t  D , and  a reser-



voir for k e ep in g  th e  p re ssu re  c o n s ta n t  is in d ic a te d  a t  
zi, For th is  p u rp o se  a  la rg e  g la ss  b o t t le  w ill se rv e , 
but p a rticu la rly  fo r  th e  h ig h e r p ressu res  an  o rd in a ry
gas tank, w ra p p e d  in  fe lt  to  k e e p  th e  te m p e ra tu re
steady, is c o n v e n ie n t. T h e  m a n o m e te r  E  is c o n v e ­

n ie n tly  filled  w ith  w a te r  b u t  a t  th e  
h ig h e r p ressu res  m e rc u r y  is  re q u ire d . 
I t  is b e st, th e re fo re , to  -h a v e  t w o  
m a n o m e te rs , e ith e r  o f w h ich  m a y  be 
c o n n e c te d  to  th e  p re ssu re  a t  w ill, 
b u t  o n ly  on e is sh o w n  in  th e  figu re . 
I t  h a s  b een  fo u n d  m o st c o n v e n ie n t
to  re a d  th e  m a n o m e te r  on  a  s te e l
ta p e  s u p p o r te d  v e r t ic a l ly  a g a in s t  a 
s tr ip  of p la te  g la ss  m irro r. B y  
b e n d in g  b o th  lim b s  of th e  m a n o m ­
e te r  in  su ch  a  w a y  t h a t  th e  u p p er 
h a lf  o f th e  r ig h t  lim b  is d ir e c t ly  
a b o v e  th e  lo w e r h a lf  o f th e  le f t  a n d  
c lo se d  lim b  o n ly  on e ta p e  is re q u ire d  
a n d  th e  m e a s u re m e n t is th u s  s im ­
p lifie d . T h e  u p p e r p a r t  o f th e  c lo sed  
lim b  is p ro lo n g e d  u p w a r d  so t h a t  a ll 
d a n g e r  is o b v ia te d  of th e  liq u id  in  th e  
m a n o m e te r  b e in g  d r a w n  b a c k  in to  A  
or D  w h en  th e  p re ssu re  is re m o v e d . 
A s  sh o w n  in  th e  fig u re , th e  p re ssu re  
is o b ta in e d  fro m  a t a n k  of co m ­
p re sse d  g a s, B , b u t  i t  m a y  b e  o b ­
ta in e d  b y  m ean s o f a n  a sp ira to r , a 
h a n d  p u m p , o r b y  m ean s o f a  h e a d  
o f w a te r . G e n e r a lly  it  is n e ce s sa ry  
t o  h a v e  a  c h e c k -v a lv e , F , to  h o ld  
th e  p re ssu re  o n ce  o b ta in e d . T h e  
r ig h t  lim b  co n sists  o f tu b in g  of v e r y  
s m a ll d ia m e te r  w h ile  th e  le f t  lim b  is 
o f la rg e  d ia m e te r . A  l i t t le  m e rc u r y  a t  
th e  b o tto m  a llo w s  th e  e a s y  p a ssa g e  o f 
a ir  to  th e  le f t  b u t  n o t  to w a r d  th e  r ig h t. 

In  m a k in g  v is c o s it y  m e a su re m e n ts  
by the v a r ia b le  p re ssu re  m e th o d , i t  is n e ith e r  n e ce s sa ry  
nor desirable to  h a v e  e v e r y  p o ssib le  p re ssu re  a t  o n e ’s 
disposal. I t  is b e tte r  to  h a v e  o n ly  a  fe w  c o n s id e ra b ly  
differing p ressu res. I t  is d e sira b le , th e re fo re  t o  h a v e  
a device fo r g iv in g  c o n s ta n t  p re ssu re s  a t  th e  d e sired  
intervals. S u ch  an  a rra n g e m e n t is s h o w n  a t  G. T h e  
right lim b is o f la rg e  b o re  a n d  c o n ta in s  a  liq u id  th r o u g h  
which th e  excess of g a s  rises in  a  fine s tre a m . O th e r 
Waller p ressu res a re  o b ta in e d  b y  a llo w in g  th e  g a s  
to pass th ro u g h  th e  co c k s  1 , 2, o r 3.

It is o ften  d e sired  to  m e a su re  th e  v is c o s ity  o f a  
liquid a b o v e  its  o rd in a ry  b o ilin g  p o in t  in  w h ich  case  
the cocks M  a n d  N  m u s t n o t  o p en  to  a ir  a t  P  b u t , 
together w ith  th e  o p en  e n d  of th e  m a n o m e te r , t h e y  
™ust lead to  a  lo w  p re ssu re  re se rv o ir , C . T h e  a ir  
in this reservo ir is m a in ta in e d  a t  a  c o n s ta n t  p ressu re  
by means of th e  se co n d  p re ssu re  r e g u la to r  II  l ik e
that a tG .

The d o tted  p a r t  o f th e  a p p a ra tu s  is n o t  e sse n tia l 
to the m a n ip u la tio n  u n d e r o rd in a ry  co n d itio n s . A ll  
0l p arts e x c e p t  th e  v is c o m e te r  a n d  th e  m a n o m e te r  
may be m ad e of m e ta l so as to  w ith s ta n d  h ig h  p re s­
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su res, b u t  g la ss  tu b in g  w ith  ru b b e r  co n n e ctio n s  w ill 
s e rv e  fo r  o rd in a ry  co n d itio n s .

I f  one is w o rk in g  a t  o th e r  th a n  a tm o s p h e ric  p re s ­
su re, i t  is u n n e c e ss a ry  t o  a d d  t h a t  a n o th e r m a n o m e te r  
is e ss e n tia l if th e  p re ssu re  w ith in  th e  re se rv o ir  C m u st 
b e  e x a c t ly  k n o w n .

T H E  M A K IN G  OF A V IS C O S IT Y  M E A S U R E M E N T

A fte r  th o ro u g h  c le a n in g , th e  a p p a ra tu s  is  rin sed  
o u t  w ith  p u re , d u s t-fre e  w a te r . I f  o th e r  liq u id s  
th a n  w a te r  a re  to  b e  in tr o d u c e d , d u st-  a n d  grea se-free  
a lco h o l a n d  e th e r , a n d  d r y  a ir w h ich  h a s  b een  p assed  
th r o u g h  c o tto n  m a y  b e  u se d  fo r  d r y in g . T h e  liq u id s  
m a y  b e  re g a rd e d  as s a t is fa c to r y  w h en  d u s t p a r tic le s  
c a n n o t b e  seen  w h en  c a r e fu lly  e x a m in e d  in  th e  d ire c t 
ra y s  o f th e  su n .

T h e  a p p a r a tu s  is  th e n  p a r t ia l ly  filled  w ith  th e  p u re  
l iq u id  to  b e  m e a su red , th e  l iq u id  b e in g  in tr o d u c e d
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in to  th e  r ig h t  lim b . P ressu re  is  n o w  a p p lie d  to  th e  
r ig h t  lim b  a n d  as th e  liq u id  p asses  in to  th e  le f t  lim b  
ca re  is t a k e n  t h a t  n o  b u b b le s  re m a in  in  th e  a p p a ra tu s . 
F in a lly  th e  l iq u id  ru n s o v e r  in to  th e  tr a p  a t  A .  M a k in g  
su re  t h a t  th e  te m p e ra tu re  is  a d ju s te d  p ro p e r ly , th e  
l iq u id  is a llo w e d  to  ru n  in to  th e  tr a p  u n til th e  lo w e r 
m e n iscu s re a ch e s  e x a c t ly  to  th e  p o in t  II , w h en  th e  
p re ssu re  is re m o v e d , th e  c o c k  N  b e in g  tu r n e d  to  a ir. 
I f  m u ch  liq u id  is in  th e  tr a p  i t  m a y  b e  re m o v e d . 
T h e  re m a in in g  liq u id  in  th e  a p p a ra tu s  is th e  “ w o rk in g  
v o lu m e ,”  so -ca lle d  b y  T h o rp e  a n d  R o d g e r .1 K e e p in g  
th e  te m p e ra tu re  c o n s ta n t , th e  le ft  lim b  is n o w  tu rn e d  
to  p re ssu re  a n d  w h ile  th e  m e n iscu s  fallu  fro m  A  to

1 Phil. Trans., 186A (1894), 397.
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B  th e  p ressu re  an d  te m p e ra tu re  of th e  m an o m eter 
are re a d . A s  th e  m en iscus rea ch es th e  p o in t B  th e  
tim e  reco rd  is  b e g u n  a n d  closed  w hen  th e  m eniscus 
re a ch es  th e  p o in t D . T h e  p ressu re a n d  te m p e ra tu re  
are a g a in  re a d  a fte r  w h ich  th e  le ft  lim b  is im m ed i­
a te ly  tu rn e d  to  a ir, b e fo re  th e  p o in t E  is reach ed . 
T h e  liq u id  is n ow  in  e x a c t ly  th e  p o sitio n  fo r  a  d u p li­
c a te  re a d in g  in  th e  reverse  d irectio n . O n a cco u n t of 
th e  ch a n g e  in  v o lu m e  on h e a tijig , i t  is n ecessa ry  to 
a d ju s t  th e  w o rk in g  vo lu m e  a fte r  each  e le v a tio n  of 
te m p e ra tu re .

I t  is e v id e n t t h a t  th e  d u p lic a tin g  o b serv a tio n s  in  
re v e rse  d irectio n s  w ill n o t b e  id e n tica l e v e n  if th e  
p ressu re  as re a d  on th e  m a n o m e ter is th e  sam e, unless 
th e  e ffe c tiv e  h y d r o s ta tic  h e ad  w ith in  th e  in stru m e n t 
is  eq u a l to  zero. In  c o n stru c tin g  th e  in stru m e n t it  
w as  in te n d e d  to  m a k e  th is  as sm all as p ossib le , and  
b y  m a k in g  a  series of o b se rv a tio n s  w ith  a  liq u id  of 
k n o w n  sp ecific  g r a v it y  a t  co n sta n t p ressu re an d  te m ­
p e ra tu re , i t  is e a s ily  p o ssib le  as sh o w n  la te r  to  c a l­
c u la te  th e  co rrec tio n  fo r a n y  fa ilu re  in  th e  co n stru ctio n .

N a tu r a lly  w a te r  is th e  liq u id  w h ich  one w o u ld  se­
le c t  fo r  th e  p u rp o ses of ca lib ra tio n . T h e  v is c o s ity  
of w a te r  is b e tte r  k n o w n  th a n  th a t  o f a n y  o th er liq u id  
a n d  fo r  co n ve n ie n ce  th e  v a lu e s  o b ta in e d  b y  sev era l 
o b serv e rs  fo r  th e  f lu id ity  of w a te r  h a v e  been  gro u p ed  
to g e th e r  in  T a b le  I. I t  is im p o rta n t to  em p h asize

T a b l e  I — T h e  F l u i d it y  o p  W a t e r  a t  V a r io u s  T e m p e r a t u r e s  a s  M e a s ­
u r e d  b y  D i f f e r e n t  O b s e r v e r s

T em ­
perature

0

3

"3

*o

§
'toe3uaw Sl

ot
te

(e
) uov to 

&■§
J  «
r<

F lu id ity

•o ^
2 »  .2 • 3  
o 8

►4 Bi
ng

ha
m

 
an

d 
W

hi
te

 (
/)

A
ve

ra
ge

5 6 .3 56 .3 55 .3 56.2 55.8 55.9 55.9
5 6 6 .0 6 6 .2 65 .6 6 6 .2 65.6 65.9

10 76.3 76.9 76.1 76.5 76.4 76.9 76.6
15 87.3 8 8 .1 87 .4 87.9 87 .6 87.7
20 99.2 99.7 99 .2 99 .8 99.1 99.4 99.4
25 111.5 1 1 1 . 6 1 1 1 . 6 1 1 2 .0 1 1 1 . 8 111.7
30 124.5 124.7 124.5 125.4 124.7 125.0 124.8
35 138.7 138.3 138.1 138.9 138.3 138.5
40 153.1 152.2 152.2 153.2 152.2 152.4 152.5
45 168.1 166.1 166.1 167.4 166.8 166.9
50 180.8 180.8 182.4 180.8 181.8 181.4
55 196.1 197.8 196.9 196.9
60 211.9 213.7 211.9 2 1 1 .2 2 1 2 . 1
65 228.3 229.5 228.9 228.9
70 245.1 246.3 245.7 245.4 235.6
75 261.8 263.5 262.8 262.7
80 279.3 280.5 279.4 280.1 279.8
85 296.7 298.3 298.7 297.9
90 314.5 316.8 316.5 318.2 316.5
95 332.2 335.0 334.0 333.7

100 350.9 353.4 350.9 351.7
a. M em. prisent. pars divers Savants d. Vacademic Roy..des .Sciences de

I’Inst. de France, 9 (1846), 433. Calculation by  Thorpe and Rodger.
6. Pogg. A n n ., 159 (1876), 1.
c. Wied. A nn ., 20 (1883), 257.
d. Loc. cit.
e. Phil. Mag., [6 ] 3 (1902), 487.
/ .  Loc. cit.

h ere  t h a t  th e  te s t in g  of a r e la t iv e  in stru m e n t w ith  
o n ly  one liq u id  a t  a  s in g le  te m p e ra tu re  is e n tire ly  
u n s a tis fa c to ry . S u ch  a p ro ce d u re  a llo w s a ll so rts  
o f errors to  creep  in  w ith o u t a n y  m ean s o f d e te c tio n . 
I t  is b est to  use se v e ra l liq u id s  a n d  a v a r ie t y  o f te m ­
p e ra tu re s  in  th e  ca lib ra tio n  an d  te s tin g . T h e  f lu id ity

of w a ter in creases o v e r  500 p er ce n t  fro m  o ° to ioo°. 
F o r v e r y  flu id  liq u id s, e th e r  a n d  h e x a n e  are suggested, 
an d  fo r  v e r y  v isco u s liq u id s  can e  s u g a r  so lution s.1

F in a lly , it  n eeds to  b e  re m a rk e d  t h a t  a correction 
m a y  be re q u ired  fo r errors of th e rm o m e te r  and stop­
w a tch . P a r tic u la r  ca re  n eeds to  b e  exercised  to see 
t h a t  th e  s to p -w a tch  k eep s un iform  t im e . This can 
be te s te d  b y  tim in g  te n -m in u te  in te r v a ls  on  a chronom­
e ter. M a n y  s to p -w a tch e s  fa il  in  th is  te s t  and must 
be d iscard ed . T e m p e ra tu re s  m u st b e  read  to the 
h u n d red th  p a rt o f a  degree.

T H E  C A LC U LA TIO N  O F M E A S U R E M E N T S

T h e  fo rm u la  fo r  c a lc u la tin g  v is c o s ity  under the 
a b o v e  co n d itio n s of m e asu rem e n t is

irgrHp m n p V  . .
77   ? ....................................................  V,1)
' 8 VI Sir//

w here w =  3 .14 16 , g is th e  a c c e le ra tio n  due to  gravi­
ta tio n , r is th e  ra d iu s  o f th e  c a p illa r y  in  cm ., t the time 
in  sec., p th e  pressu re  in  gram s p er sq . cm ., V  the vol­
u m e o f flow  in  cc ., I th e  le n g th  of th e  c a p illa ry . The 
seco n d  term  co n ta in s  th e  c o rre c tio n  fo r  th e  loss of 
k in e tic  e n e rg y  an d  i t  sh o u ld  a lw a y s  b e  b u t  a small 
fra c tio n  of th e  w h o le, p re fe ra b ly  less  th a n  one per cent. 
T h e  n u m b er of ca p illa rie s  is re p re se n te d  b y  n, while 
P is th e  d e n sity  o f th e  liq u id  u n d e r investigation, 
a n d  m is a  c o n sta n t eq u a l to  1 .1 2 .

F o r  a  g iv en  in stru m e n t th e  e q u a tio n  (1) becomes

V =  Clp  —  C 'o / t .............................................................. (2)

S in ce th e  seco n d  term  is of c o m p a r a t iv e ly  sm all im­
p o rta n ce , th e  v a lu e  of C ' =  m riV/ &irl m a y  be obtained 
b y  a p p ro x im a te  m e a su rem en t w ith  su ffic ien t accuracy. 
K now dng th e  v a lu e s  of p a n d  t as w ell as th e  density 
a n d  v is c o s ity  of th e  liq u id  u sed  in  stan dardization, 
th e  v a lu e  of C  m a y  be re a d ily  c a lc u la te d .

In  o b ta in in g  th e  v a lu e  of th e  p ressu re  several cor­
rectio n s  m u st b e  m ad e: (1) T h e  p ressu re  in  th e  manom­
e te r m u st b e  ca lcu la te d  in  g ra m s p e r  sq . cm . from 
th e  k n o w n  h e ig h t of th e  liq u id  -and th e  sp ecific  gravity 
of th e  liq u id  a t  th e  te m p e ra tu re  o b s e rv e d ; (2) This 
pressu re  m u st b e  co rrec te d  fo r  th e  w e ig h t  of the air 
d isp lace d  b y  th e  h e ad  of liq u id  in  th e  m a n o m e ter, and if 
th e  lim b s o f th e  m a n o m eter are  v e r y  u n eq u a l in bore 
a  c a p illa ry  co rrectio n  m a y  be re q u ire d ; (3) Unless 
th e  su rfa ce  of th e  liq u id  in  th e  lo w e r lim b  o f th e  manom­
e te r is a t  th e  sam e h e ig h t as th e  a v e ra g e  le v e l of the 
liq u id  in  th e  v isco m e ter , a  co rre c tio n  m u st be made 
fo r  th e  g re a te r  d e n s ity  of th is  e n clo sed  air, which is, 
un d er p ressu re, th a n  of th e  o u ts id e  a ir; (4) Finally 
a  co rrectio n  m u st b e  m ad e  fo r  th e  a v e ra g e  resultant 
h y d r o s ta t ic  h e a d  of liq u id  w ith in  th e  viscom eter. 
I f  th e  tw o  v o lu m es  C an d  K  in  F ig . 2 a re  e x a c tly  simi­
la r  in  sh ap e , e q u a l in  v o lu m e  a n d  a t  th e  sam e eleva­
tio n  w h en  th e  v is co m e te r  is s u p p o rte d  in  its  vertical 
p o sitio n , i t  is  e v id e n t t h a t  th e  g a in  in  h e ad  during 
th e  first h a lf o f th e  flow  w ill b e  e x a c t ly  neutralized 
b y  th e  loss in  h e ad  d u rin g  th e  la s t  h a lf  o f th e  flow. 
S in ce  th is  is n e v e r e x a c t ly  th e  ca se , a  correction  is 
m ade as follow’s: D u p lic a te  o b s e r v a tio n s  in  reverse
d irectio n s  are  m ad e u p o n  a  liq u id  o f k n o w n  density 
a n d  v is c o s ity  a t  a  co n sta n t  p re ssu re  a n d  tempera-

1 Cf. Hosking, Phil. M ag.. [5] 49 (1900), 274.
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ture. L et ¿1 b e  th e  t im e  of tra n s p ira t io n  fro m  le ft  
to right an d  h  th e  c o rre sp o n d in g  t im e  fro m  r ig h t  
to left. L e t p a b e  th e  p ressu re , c o rre c te d  e x c e p t  fo r  
the average r e s u lta n t  h e a d  o f liq u id  in  th e  v is c o m e te r . 
Let this h e a d  b e  e q u a l to  x  ce n tim e te rs  o f liq u id  as 
the liquid flow s fro m  le ft  to  r ig h t, so t h a t  in  th is  case 
the total p ressu re  b e co m e s  e q u a l to  p 0 +  px  b u t  
when the liq u id  flow s fro m  r ig h t  to  le f t  th e  p ressu re  
must be p Q —  px. F ro m  e q u a tio n  (2) w e  o b ta in  th e  
following e q u a tio n s.

_  V C 'p / h  _  j j_  C ' p
po +  p x -  C u  —  -  C u  +  a  z

_  v  +  C 'p /t*  _  v C 'p  
p o - p x -  C k  C t i  C t f

whence .

x ^ ^ c P[ t ~ k ]  +  ^ c [ h ~ t ]

In obtain ing th is  c o rre c tio n  te r m  i t  is su ffic ie n t t o  use 
the a p p ro x im a te  v a lu e  o f C  o b ta in e d  b y  u sin g  e q u a tio n
(2) with p 0 in  p la c e  of p. In  s u b s e q u e n t c a lc u la tio n s
it is n ece ssa ry  to  k n o w  th e  sp e c ific  g r a v i t y  o f th e
liquid to  b e  m e a su red  in  o rd e r to  m a k e  th e  n e ce ssa ry  
pressure co rre c tio n  a n d  a lso  in  o rd e r to  m a k e  th e  
kinetic e n e rg y  c o rre c tio n , b u t  i t  is  to  b e  n o te d  th a t  
if the co n stru ctio n  of th e  v is c o m e te r  a n d  th e  m e a su re ­
ment has b een  p ro p e r ly  d o n e th e se  c o rre c tio n  te rm s 
will both be sm a ll; h e n ce, th e  sp e c ific  g r a v i t y  n eed  be 
only a p p ro x im a te ly  k n o w n , w h ich  c o n s titu te s  a  g re a t 
advantage of th is  m e th o d .

If the v isco m e te r  is c o n s tr u c te d  of th e  sa m e  m a te ria l 
throughout, th e  co e ffic ie n t o f e x p a n sio n  o f th e  m a te r ia l 
need not be ta k e n  in to  a c c o u n t, as m a y  b e  e a s ily  v e r ifie d  
by in tro d u cin g th e  co effic ie n t o f e x p a n sio n  in to  the 
dimensions in  e q u a tio n  (1 ) . B u t  w e  c a n n o t le g it im a te ly  
assume t h a t  th e  sa m e  is tr u e  of a n y  c h a n g e s  in  th e  
dimensions of th e  a p p a r a tu s  d u e  to  th e  s o lu b ility  of 
the glass. F o r  th is  re a so n  th e  t im e  o f flo w  o f th e  
liquids used  in  c a lib ra tio n  sh o u ld  b e  re d e te rm in e d  
occasionally. H o w e v e r , so fa r  as  is k n o w n  to  th e  
author, th e  m o st p ro lo n g e d  u se  of a  g iv e n  in stru m e n t 
has never y e t  sh o w n  a c h a n g e  in  th e  t im e  o f flo w  w h ich  
could be a ttr ib u te d  to  th is  ca u se .

In co n clu sio n , w e  b e lie v e  t h a t  th is  v is c o m e te r  is 
capable of a  h ig h e r d e g re e  of p re c is io n  th a n  th e  fo rm s 
usually e m p lo y e d  a n d  t h a t  a t  th e  sa m e  t im e  it  is e a s ily  
made, co n v e n ie n t to  u se , a n d  e co n o m ica l o f  t im e . T h e  
corrections w h ich  h a v e  b e en  d iscu ssed  a re  s m a ll in  th is  
type of a p p a ra tu s , so t h a t  th e  c a lc u la tio n  of t h e  v is c o s ity  
by m eans of e q u a tio n  (2) is s im p le .

R ic h m o n d  C o l l e g e , R ic h m o n d , V a .

MODIFIED HEM PEL PIPETTES
By R . P. A n d e r s o n  

R eceived N ovem ber 1, 1913

The ch ief o b je c tio n  to  th e  p re se n t fo rm  of th e  H em - 
Pel p ip ettes  lies in  th e  fa c t  t h a t  s m a ll d ro p s o f th e  
reagent co lle c t  in  th e  c a p illa r y  w h ile  th e  g a s  is in  th e  
pipette an d  a re  c a rr ie d  o v e r  in to  th e  b u r e tte  on th e  
return of th e  g a s. T h is  ca u ses  n o  a p p re c ia b le  e rro r 
^hen w ater is u sed  as  th e  c o n fin in g  liq u id , b u t  is  o b ­

je c t io n a b le  on a c c o u n t  of th e  u n s ig h t ly  a p p e a ra n c e  
t h a t  i t  g iv e s  to  th e  b u r e tte  a n d  on  a c c o u n t of th e  fr e ­
q u e n c y  w ith  w h ich  th e  w a te r  m u s t b e  ch a n g e d . H o w ­
e v e r , w h en  m e rc u r y  is  u sed  as th e  co n fin in g  liq u id  a n d , 
as  is  u s u a lly  th e  ca se , a  sm a ll a m o u n t o f w a te r  is p la ce d  
o n  its  su r fa ce , c o n ta m in a tio n  o f th is  w a te r  b y  th e  r e a ­
g e n t w ill re s u lt  in  a  c h a n g e  of th e  te n s io n  of a q u e o u s  
v a p o r , a n d  m a y  in ­
flu en ce  to  a  m e a s u r a ­
b le  e x te n t  th e  v o l­
u m e of th e  ga s.

F o r  e x a m p le , le t  
i t  b e  a ssu m e d  t h a t  
th e re  is  o . i  cc. o f 
w a te r  on th e  m e rc u ry  
in  th e  b u r e tte  a n d  
t h a t  a b o u t  0 .013 c c . 
o f a lk a lin e  p y r o g a llo l  
is  c a rr ie d  in to  th e  
b u r e tte  d u rin g  th e  a b so rp tio n  o f o x y g e n . S in ce  th is  
re a g e n t c o n ta in s  a t  le a s t  0.8 g ra m  of p o ta s s iu m  h y ­
d ro x id e  p er cc . o f s o lu tio n , th e  re s u lt in g  liq u id  in  th e  
b u r e tte  w ill b e  a p p r o x im a te ly  a  10 p e r  ce n t  so lu tio n  
of p o ta s s iu m  h y d r o x id e . A t  20° C ., th e  v a p o r  p re s­
su re  o f w a te r  is 17 .5 3  m m ., a n d  of a  10 p er ce n t  s o lu ­
t io n  o f p o ta s s iu m  h y d r o x id e , 16.38 m m . O n th e  b a sis  
o f 760 m m . as  th e  t o ta l  p re ssu re  o f w a te r  v a p o r  a n d  
g a s  sa m p le , th e  p e r c e n ta g e s  of w a te r  v a p o r  b y  v o lu m e  
a re , r e s p e c t iv e ly , 2 .31 a n d  2 .16 . A t  2 5 0 C ., th e  v a p o r  
p re ssu re s  are  23.76 m m . a n d  2 2 .19  m m ., a n d  th e  p e r­
c e n ta g e s  b y  v o lu m e , 3 .13  a n d  2.92, r e s p e c t iv e ly . T h e r e ­
fo re  th e  e rro r in  v o lu m e  ca u s e d  b y  th e  p re se n ce  of th is  
a m o u n t o f p o ta s s iu m  h y d r o x id e  in  th e  w a te r  w o u ld  
be  0 .15  p er ce n t  a t  20° C ., a n d  0 .21 p er ce n t  a t  2 5 0 C .

T h e  c h a n g e  in  th e  v o lu m e  o f a  g a s  s a m p le  t h a t  is 
ca u s e d  b y  th is  c o n ta m in a tio n  w ith  re a g e n t o f th e  
w a te r  in  th e  b u r e tte  d e p e n d s, o f co u rse, u p o n  th e  r e a ­
g e n t  in  q u e s tio n  a n d  u p o n  th e  ca re  t h a t  is ta k e n  in  th e  
m a n ip u la tio n . In  th e  h a n d s  of an  e x p e r ie n c e d  ga s  
a n a ly s t , th e  erro r n eed  n e v e r  b e  as la rg e  as  0 .1 p er 
c e n t, b u t  o fte n tim e s , e s p e c ia lly  in  s t u d e n t ’s w o rk , i t  
b e co m e s  as la rg e  as  t h a t  o f th e  p re c e d in g  e x a m p le .

In  a tte m p tin g  to  m o d ify  th e  p ip e tte s  so t h a t  th e  
r e a g e n ts  w o u ld  b e  la r g e ly  re ta in e d  in  th e m  d u r in g  th e  
r e tu rn  p a ssa g e  o f th e  g a s, an  e n la rg e m e n t 3 m m . in  
d ia m e te r  w a s  m a d e  in  th e  c a p illa r y  tu b e  o f e a ch  p i­
p e t te  ju s t  b e lo w  th e  u p p e r  h o r iz o n ta l p o rtio n  of th e  
fra m e . T h is  e n la rg e m e n t se rv e s  as a  tr a p  fo r  th e  sm a ll 
d ro p s o f re a g e n t t h a t  a re  c a rr ie d  u p  to  i t  a n d  sin ce  th e  
a m o u n t o f re a g e n t  t h a t- c o lle c t s  in  th e  c a p illa r y  tu b e  
b e tw e e n  th e  e n la rg e m e n t a n d  th e  t ip  o f th e  b u r e tte  is 
s m a ll, v e r y  l i t t le , if  a n y , re a g e n t is c a rr ie d  o v e r  in to  
th e  b u r e t te . H o w e v e r , s in ce  th e re  is no a d v a n ta g e  
in  th e  U -sh a p e d  c a p illa r y  tu b e  o f th e  u su a l fo rm  of th e  
H e m p el p ip e tte  in  th e  p re se n t m e th o d  o f m a n ip u la ­
t io n 1 a n d  sin ce  its  p re se n ce  in cre a se s  th e  a m o u n t of 
re a g e n t  t h a t  m u s t b e  r e ta in e d  in  th e  t r a p , th e  p ip e tte s  
w ere  f in a lly  c o n s tr u c te d  as sh o w n  in  th e  a c c o m p a n y ­
in g  figu re. T h is  m o d ifica tio n  is  th e  one t h a t  is  b e in g  
u sed  in  th e  C o rn e ll la b o r a to r y  a t  th e  p re se n t t im e  on  
th e  a b so r p tio n  p ip e tte s . T h e  c o m b u s tio n  p ip e tte s  
are  s im ila r ly  c o n s tr u c te d  w ith  th e  e x c e p tio n  o f th e

1 D ennis’ Gas A nalysis , pp . 59-64.
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e n la rg e m e n ts . T h e  le n g th  o f th e  h o rizo n ta l p o rtio n  
of th e  c a p illa ry  tu b e  is su ch  th a t  th e  p ip e tte  fits  in 
th e  fra m e  d esig n ed  fo r  th e  orig in al form . T h is  h o ri­
z o n ta l p o rtio n  ca n  be sh o rte n e d  so m ew h a t b y  b rin g ­
in g  th e  first b u lb  of th e  p ip e tte  o v e r  to  th e  le ft  edge 
of th e  p ip e tte  fra m e  an d  ch a n g in g  th e  fdrm  of th e  fram e 
a c c o rd in g ly . I t  w as n o t th o u g h t d esirab le  to  exten d  
th e  c a p illa r y  tu b e  in  a  v e r tic a l d ire c tio n 1 fro m  th e  
first b u lb  of th e  p ip e tte  since th a t  w ou ld  n ecessitate  
th e  use of a  lo n g er c a p illa ry  in  m a k in g  th e  con n ection  
w ith  th e  b u re tte .

T h e se  p ip e tte s  are fu rn ish ed  b y  G rein er and  F rie d ­
rich s, S tü tz e r b a c h  in  T h ü rin g e n , G e rm a n y . In  o rd er­
in g , e m p h asis  sh o u ld  be la id  up o n  th e  actual size  of th e  
e n la rg e m e n t, since on a cco u n t of th e  m a g n ify in g  actio n  
o f th e  g la ss, an  en la rg e m e n t apparently  3 m m . in d ia m ­
e te r  is co n sid e ra b ly  less th a n  th a t, a n d  is n o t as s a tis ­
fa c to r y  as th e  la rg e r  one.

C o r n e l l  U n iv e r s it y , I t iia c a , N .  Y .

AN EFFICIENT METHOD FOR CUTTING GLASS
B y  J .  I .  H a r d y  

Received December 8, 1913

T h e re  is o fte n  g r e a t  d iffic u lty  in  s a tis fa c to r ily  cu ttin g  
g la ss  in  th e  sc ien tific  la b o r a to r y , a n d  th is  is e sp e cia lly  
tru e  in  th e  case  of g la ssw a re  o f la rge  d ia m ete r. T h e re  
a re  sev era l m eth o d s in  co m m o n  use. P ro b a b ly  th e  
fine flam e of th e  b lo w p ip e  a p p lied  up on  a file scra tch  
is one o f th e  b e st k n o w n  m eth o d s. T h e  d iam on d 
p o in t is o fte n  u sed  w ith  sa tis fa c tio n . A  m e ta l rod 
m a y  b e  b e n t to  th e  sh a p e  of th e  o b je c t  to  be cu t, 
h e a te d  red  h o t, a n d  p assed  o v e r  th e  su rfa ce  on th e  
lin e  w h ere  th e  g la ss  is to  be c u t, th en  if th e  g lass  is 
p lu n ged  in to  w a te r  i t  w ill s e p a ra te  on  th is  lin e  of co n ­
ta c t . T h e re  is a  m e th o d  b y  K u n z ,2 u sin g  an  e lec­
tr ic a lly  h e a te d  n ick e l w ire on a  ra th e r  co m p lica te d  
a p p a ra tu s  w h ich  req u ires an  e le c tric  cu rre n t of a b o u t
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e le v e n  am p eres. In  th is  m e th o d  a  fe w  d rop s of w ater 
are a p p lie d  to  th e  h e a te d  g la ss, ca u sin g  it  to  crack .

T h e  w rite r  b e lie ve s  th e  fo llo w in g  m e th o d  to  b e  c a p ­
a b le  o f w id e  a p p lic a tio n , a n d  t h a t  th e  d esired  resu lts  
c a n  be ra p id ly  a n d  e ffic ie n tly  o b ta in e d  in th e  a v e ra g e  
la b o r a to r y . T h e  e q u ip m e n t co n sists  o f an  e le ctric  
s y s te m  g iv in g  a t  le a s t six  am p eres e le c tric  cu rre n t, 
a  re s is ta n ce  a p p a ra tu s  co n sis tin g  of a  rh e o s ta t  o r a 
b a n k  o f tw e lv e  la m p s  (16  c. p .) a rra n g e d  in  p ara lle l, 
a n d  a p iece  of N o . 24 n ick e l-ch ro m iu m  w ire. W h en  
lo n g  tu b in g  is to  b e  c u t, a  s te a d y  re st w ill p ro v e  h e lp fu l 
a n d  ca n  be a rra n g e d  to  s u it  th e  co n v e n ie n ce  of th e  
o p e ra to r . T h e  m e th o d  o f p ro ce d u re  is as fo llo w s: 

B in d  a  p iece  o f w ire  aro u n d  th e  g la ssw a re , tw is tin g  
th e  en ds to g e th e r  a n d  m a k in g  sure th a t  th e  w ire  fo l­
lo w s  th e  lin e  w h ere  th e  g la ss  is to  b e  c u t. T h is  w ire 
se r v e s  o n ly  as a  gu id e , a n d  m a y  b e  of a n y  in ex p en siv e

1 See W hite and Cam pbell, J . A . C. S .. 27 (1905), 734.
1 Chim. Z ls .. 37, 406-407.

m a te ria l. In  th e  d ia g ra m , R  in d ic a te s  th e  bank of 
la m p s, w h ich  is used  on a c c o u n t of b e in g  b o th  inexpen­
s iv e  an d  e a s ily  a d ju s te d  to  d e fin ite  resistan ce. At 
b in d in g  p o sts  A  an d  B  co n n e ctio n  is  m ad e  w ith the 
e le c tric  lig h t s y ste m  of th e  b u ild in g . Betw een C 
a n d  D  is in serted  th e  N o . 24 n ick e l-ch ro m iu m  resistance 
w ire E , and  F  is th e  sw itch .

A fte r  th e  la m p s R  are  lo o sen ed  s u ffic ie n tly  to break 
th e ir  co n n ection , th e  sw itch  a t  F  is  tu rn e d  on, and the 
la m p s are screw ed  in  one a t  a  t im e  u n til th e  wire E 
is a  d u ll red. T h e  g la ssw a re  w h ich  h a s  b een  prepared 
w ith  g u id e  w ire  is g iv e n  a  s lig h t  file  s c ra tc h  of about 
o n e -q u a rter in ch  le n g th  on th e  lin e  to  b e  follow ed in 
c u ttin g , a n d  is b ro u g h t in to  th e  lo o p  E  an d  revolved 
tw o  o r th ree  tim es, h o ld in g  th e  n ick e l-ch ro m iu m  wire

1— G raduated Cylinder, cu t above 1 L. m ark.
2— 2.5 L. bottle. 3— Sim ilar to  2.
4— 2 h . Erlenm eyer Flask.
5— B attery  Jar , cu t */« in. below break.
6 and 9—Jena beakers, 1 L. and 150 cc.
7— B rittle  Thin-w alled Tubing, poor grade of glass.

close to  th e  m e ta l gu id e. A fte r  th e  g la ssw a re  has been 
r e v o lv e d  tw o  or th ree  tim es in  th e  lo o p  E  m ore lamps 
are co n n e cted  in  th e  b a n k  R  u n til th e  w ire  £  is a bright 
red. N o w  th e  w ire lo o p  E  is h e ld  in  c o n ta c t  w ith  the 
file s c ra tch  fo r  a  fe w  secon ds u n til a  c r a c k  is started. 
T h e  g la ssw a re  is n o w  re v o lv e d , k e e p in g  th e  heated 
w ire s lig h tly  a h ea d  of th e  c r a c k  u n til th e  g lass  is cut 
off. I f  th e  w ire  cools i t  m a y  b e  re lea sed  slightly 
fro m  th e  glass u n til it  regain s its  h e a t.

T h is  m eth o d  is v e r y  e ffe c tiv e  a n d  ca n  b e  used  to  cut 
a n y  k in d  of g lass  fro m  ch ea p  b o ttle  g la ss  to  th e  best 
Jen a. I t  w ill w o rk  s u cce ssfu lly  on  g la ssw a re  with 
c y lin d rica l, sp h erica l or co n ica l w a lls , a n d  w ill cu t the 
glass  in  a n y  d irectio n  ih  w h ich  th e  g u id e  is placed. 
A  21/ . lite r  b o ttle  w as sp lit  (a fte r  h a v in g  its  n eck cut 
off) h o rizo n ta lly , a lth o u g h  i t  re q u ire d  m o re  tim e  than 
a n y  of th e  o rd in a ry  g la ss-cu ttin g  p ro b lem s because of 
th e  th ick n e ss  o f th e  b o tto m  of th e  b o ttle .

The a cco m p a n y in g  p h o to g ra p h  sh o w s n ine sam ples 
w h ich  w ere c u t  b y  th is  m eth o d  in  a b o u t  o n e-h a lf hour.

A g r ic u l t u r a l  E x p e r im e n t  S t a t io n  
U n iv e r s it y  ok  T e n n e s s e e . K n o x v il l e

APPARATUS FOR TAKING DUST AND BACTERIA 
SAMPLES OF AIR

B y  C h a r l e s  B a s k e r v i l l e  

Received February  12, 1914 

In  th e  in v e s t ig a t io n 1 o f th e  a ir  o f th e  schoolroom s 
of N ew  Y o r k  C it y ,  ca rried  on w ith  P ro fe sso r  C .-E . A. 
W in slo w  a t th e  re q u e st o f th e  S ch o o l In q u ir y  Com ­
m ittee  of th e  B o a rd  of E s t im a te  a n d  A p p o rtio n m en t, 
it  e a r ly  b ecam e a p p a re n t on  a c c o u n t o f th e  la rge  num-

1 See T h i s  J o u r n a l ,  th is  issue, p .  2 5 1 .
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ber of sa m p le s  to  b e  co lle c ta d , in  w id e ly  s e p a ra te d  
schools p e rh a p s  on  th e  sa m e  d a y , t h a t  i t  w o u ld  b e  n e c ­
essary to  d e p e n d  u p o n  so m e o th e r  m e th o d  th a n  one 
relying up o n  th e  use o f a  h a n d  p u m p  in  c o n ju n c t io n  w ith  
a gas m eter. T h e  lim ite d  t im e  p er d a y  (sch o o l h o u rs) 
available fo r c o lle c tin g  s a m p le s  a n d  th e  tr a n s p o r ta tio n  
of ap p aratu s w ere  fa c to r s  o f su p re m e  im p o rta n c e .

After m a n y  co n fe re n c e s , in  w h ich  th e  e n tire  s ta ff  
took p a rt, M essrs. W a lla c e  a n d  T ie r n a n , E n g in e e rs ,

New Y o r k  C i t y ,  w h o  a lso  h a d  a  re p r e s e n ta t iv e  p re se n t, 
supplied us w ith  an  a p p a r a tu s , w h ich  w e th in k  sh o u ld  
be described fo r  th e  b e n e fit  o f th o s e  m e m b ers  o f th e  
Society in te re s te d  in  a tm o s p h e r ic  h y g ie n e .

The p rin cip le  o f th e  a p p a r a tu s  d e p e n d s u p o n  m e a s­
uring vo lu m e  b y  t im e . T h e  a p p a ra tu s  in c lu d e s  an  
exhaust p u m p  o f th e  fr ic t io n  t y p e  ru n  b y  a  V32 ho rse  
power m o to r a n d  a m e a su rin g  a p p a r a tu s  of c o m p a c t  
and in gen io u s d esig n . T h is  a p p a r a tu s , p la c e d  b e ­

tw e e n  th e  p u m p  a n d  th e  sa m p lin g  filte r , co n sis ts  o f an  
a ir  c h a m b e r, th e  in le t  o f w h ich  is  c o n n e c te d  w ith  th e  
tw o  e n d s of a  U -tu b e , g r a d u a te d  on  its  d is ta l a rm . 
T h e  o p e n in g  of th is  d is ta l a rm  is so re d u ce d  t h a t  th e  
p re ssu re  a t  th e  m o u th  of th e  p ro x im a l a rm  is re g is te re d  
b y  a  rise  of th e  liq u id  in  th e  d is t a l.a r m . T h e  w h o le  
a p p a ra tu s  is  e n c lo se d  in  an  o a k  b o x  fo u rte e n  in c h e s  
b y  t w e lv e  in ch e s , a ir  b e in g  d ra w n  in  th r o u g h  an  o p e n ­
in g  a t  th e  to p  a n d  fo rc e d  o u t  th r o u g h  an  o p en in g  in  
th e  s id e. T h e  u p p e r o p e n in g  is fit te d  w ith  a  sm a ll 
s te e l cu p  w ith  a  ru b b e r  s to p p e r  in sid e , h a v in g  a  h o le  
la rg e  e n o u g h  to  fit  th e  c o n s tr ic te d  e n d  o f th e  s u g a r  or 
sa n d  filte r . A t  th e  b a se  of th e  cu p , an  e x te n sio n  
p asses  th r o u g h  th e  w o o d en  c o v e r  a n d  scre w s  on  to  
th e  s u c tio n  c h a m b e r  of th e  m a ch in e.

T h e  a p p a r a tu s  as firs t m a d e  w as d e sig n e d  to  d ra w  
th r o u g h  a b o u t  th r e e -q u a r te r s  of a  c u b ic  fo o t  o f a ir  p er 
m in u te . W ith  th e  re s is ta n ce  d u e  to  th e  sa n d  or s u g a r , 
h o w e v e r , th e  t im e  re q u ire d  w as a b o u t  th re e  m in u te s  p e r  
on e cu b ic  fo o t . T h e  p u m p  w h en  first te s te d  p ro v e d  
to  b e  to o  n o is y , so th e  a p p a ra tu s  w a s  p la c e d  w ith in  a  
seco n d  b o x  lin e d  w ith  fe lt  a n d  a m u ffler a tta c h e d  t o ’ 
th e  e x h a u s t. T h is  re d u c e d  th e  n oise  to  a  m in im u m .. 
T e a c h e rs  in  w h o se  c la ssro o m s w e o p e r a te d , w ere  co n ­
s u lte d , a n d  n o  o b je c tio n s  w ere  o ffe re d  t o  th e  n o is e  
m a d e  b y  th e  a p p a ra tu s  d u rin g  c la ss  h o u rs.

T h e  a c c u r a c y  of o b ta in in g  d u s t  a n d  b a c te r ia  s a m p le s  
b y  m ean s of th is  fo rm  of a p p a ra tu s  w as  c o m p a re d  w ith  
th e  h a n d  p u m p  a n d  m e te r  m e th o d  a n d  a p p r o x im a te ly  
s im ila r  re s u lts  w ere  o b ta in e d . A  fu r th e r  c h e c k  w as 
m a d e  b y  ru n n in g  th e  e le c tr ic a lly  d r iv e n  p u m p  and  
m e a su rin g  th e  flo w  b y  m ean s o f s ta n d a rd  g a s  m e te rs . 
B o th  th e  e le c tr ic a l p u m p  a n d  th e  g a s  m e te rs  w ere 
te s te d  a n d  s ta n d a rd iz e d  b y  th e  m a n u fa c tu r e r s .

T h e  a m o u n ts  of a ir ta k e n  fo r  sa m p le s  fo r  b a c te r ia  
a n d  d u s t  w ith  th is  m a ch in e  w ere  u s u a lly  th re e  fe e t  an d  
tw o  fe e t , d u p lic a te  d e te rm in a tio n s  a lw a y s  b e in g  m ad e. 
T h e  o ffic ia l m e th o d s  o f th e  P u b lic  H e a lth  A ss o c ia tio n  
w ere  u sed  in  m a k in g  c o u n ts  o f b a c te r ia  a n d  s t u d y in g  
th e  c h a r a c te r  of th e  d u s t  co lle c te d .

T h e  a p p a r a tu s  m ig h t  b e  u sed  e x te n s iv e ly  in  s tu d y in g  
th e  a ir  o f fa c to r ie s  a n d  o th e r  p la c e s  w h ere  o c c u p a tio n a l 
d isea ses  a re  to  b e  in v e s t ig a te d .

C o l l e g e  o p  t u b  C it y  o p  N e w  Y o r k

ADDRESSES
[r e c e n t  d e v e l o p m e n t s  IN COM M ERCIAL EXPLO­

SIVES1
E. A. L e S u e u r

The last few years have seen a great development in the use 
of safer explosives than were previously commercially available 
or even believed to be possible. It  is m y purpose to take a brief 
general view of the trend of development, to deal with some 
particularity with an explosive of rather unique character with 
which I have had much experience, and incidentally to outline 
certain advantages and disadvantages of the new types.

The most striking feature among the changes occurring in 
the field is the almost omnipresence of nitrate of ammonia. 
Although a salt of a hypothetical metal it breaks down into a 

1 Presented a t  th e  6 th  A nnual M eeting  of th e  A m erican In s ti tu te  of 
Chemical Engineers, T he  Chemists* C lub, New Y ork , D ecem ber 10-13, 1913.

gaseous mixture containing a surplus of free oxygen and no solid 
residue whatever and, insofar, is therefore peculiarly suited 
to employment in explosives. Unfortunately it is very hygro­
scopic and of deplorably low specific gravity so that but a 
com paratively small weight can be packed into a given cavity. 
On the other hand, its adaptability, within the above limitations, 
is remarkably wide and we find it associated with almost every 
ingredient known to explosives manufacture, and especially with 
nitroglycerin. So wide is the present market for this material 
for use in explosives that practically the entire output of the 
gigantic Norwegian Atmospheric Nitrate works is now delivered 
in the form of nitrate of ammonia, and further important de­
velopments in the cheap manufacture of this important com­
pound are to be looked for in the very near future.

Perchlorates, and especially perchlorate of ammonia, have
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numerous advocates among the inventors, but so far do not 
appear to have entered the market to any very great extent. 
Perchlorate of ammonia is obviously, from its chemical formula 
(NHiC104), well adapted to act as an explosive itself and at the 
same time provide three atoms of excess oxygen to combine with 
additional material. Aside from any other considerations, it 
possesses the serious' defect of liberating considerable hydro­
chloric acid or a mixture of the same with chlorine. The use 
of certain powdered metals in the mixture serves very largely 
to eliminate both of the above gases.

A most profound impression has been made in the explosives 
trade of late years by the nitro derivatives of toluol, and es­
pecially by the various commercial mixtures of di- and tri­
nitrotoluol now on the market. The cheddites (practically 
mixtures of the nitrotoluols with chlorate of soda and a 
vegetable oil, preferably castor oil) have achieved considerable 
well earned popularity, and the flood of current patent applica­
tions for explosives containing trinitrotoluol reminds one of 
nothing so much as of that which occurred some ten years ago 
for acctylcne generators. Bearing in mind that trinitrotoluol 
possesses certain of the properties, so far as explosive effects go, 
of nitroglycerine itself; that it withstands water and is not af­
fected by cold, and that it can be handled with absolute safety 
until blended with other materials that may increase its sen­
sitiveness, it is not difficult to understand the enthusiasm with 
which it has been received by amateurs as well as by others in 
the explosives field. Aside from any admixture with other 
materials it forms, in the refined condition, an explosive of quite 
ideal properties for use in shells, torpedoes, mines and the like. 
In spite of its fierce and terrific disruptive energy, and of an 
enormous speed of detonation, it is a safer material to handle, 
transport and store than, for instance, ordinary calcium carbide. 
And, notwithstanding its inert behavior, it can be depended on 
absolutely to explode completely when exposed, in a suitable 
physical condition, to detonation from an adequate primer. 
Several European governments are now making extensive use 
of this intensely interesting compound. Owing to the fact that 
its constitution (C7H5NjOo) presents too little oxygen com­
pletely to combine with the carbon contents even to the mon­
oxide form, the result of explosion is the formation of a cloud of 
carbon particles which will presumably have advantages in 
warfare both through marking the position of a shell at the 
instant of explosion and in, obscuring the enemy’s vision.

The liquid nitrotoluols are also finding an important use 
in connection with nitroglycerine. They greatly lower the 
freezing point of the latter, contribute their quota to the ex­
plosive effect, and render the resulting explosive much safer 
than before.

In addition to the above compounds and many others (in­
cluding the nitronaphthalenes, benzenes and xylols) the old 
stand-by, chlorate of potash, holds its own as a prime constit­
uent of modern disruptive powders. It may be worth while 
to glance for a moment at the extraordinary thermo-chemistry 
of the chlorates and perchlorates, the same having a vital bearing 
011 the matters of energy developed, sensitiveness and stability 
of certain explosive mixtures containing them.

Chlorate of potash disengages heat energy to the extent of 
93,800 calories per kilogram molecule on formation from its 
elements, but potassium chloride disengages 105,700 calories, 
or 11,900 more than the chlorate. The addition of three atoms 
of oxygen to the chloride is accompanied by the absorption of 
energy to this latter extent, the formation reaction being endo- 
thermic. Pcrclilorate contains one-third as much oxygen again 
as chlorate, but, instead of the addition being accompanied by 
a further absorption of heat, there is actually a disengagement 
of energy, accompanying the entry of this lone atom, of far more 
(19,900 calories altogether) than the entire amount absorbed 
when the first three atoms were added. Chlorate stands ready

to fall to pieces on scant provocation and, in doing so, gives up 
not only three atoms of active oxygen to any combustible in 
the neighborhood, but 11,900 calories per kilo molecule as well. 
Perchlorate, on the other hand, in spite of its higher degree of 
oxygenation, requires more energy to drag it to pieces than docs 
the chloride itself, and, in consequence, forms a less sensitive 
and less energetic constituent for an explosive than the less 
oxygenated chlorate.

In the light of the above, and especially in view of the fact 
that the besetting trouble with most modern chlorate explosives 
is lack rather than excess of sensitiveness, it will be seen that 
plain chlorate presents certain large advantages over perchlorate 
for many explosives. This will help to explain the fact that, 
although modern electrochemical methods enable the ready 
production of perchloratcs, the latter have not, as stated above, 
so far become serious competitors in the field of commercial 
explosives.

To illustrate the remarkable extent to which the desensitizing 
of at least one chlorate explosive has been carried without des­
troying its practical usefulness I will now cite the case of an ex­
plosive developed by me some seven years ago which has been 
in somewhat wide-spread practical use since that time.

In manufacturing this powder 5 parts of paraffine wax are 
melted and 4 of ground sulfur and 22 of nitrate of soda stirred 
into it; the mixture is allowed to cool and is then grained. The 
resulting material is called "mineral base.” In spite of contain­
ing an oxidizing agent and combustibles it is completely incx- 
plosive technically. It is finished to explosive by dusting 8 
parts (to the above 31 of base) of powdered chlorate of potash 
over the grains. The final material possesses a number of 
interesting features. Due to an extremely low speed of de­
tonation it develops its power in a way peculiarly available for 
the requirements of many large applications such as heavy rock 
work, clearing land of stumps and the like; and, owing to the 
said low speed of detonation, its high effectiveness for these 
purposes, even compared with explosives possessing decidedly 
greater energy content, is quite surprising. Its insensitiveness 
is such that it withstands the impact of a steel tipped service 
rifle bullet fired from the regular service rifle with a standard 
charge behind it without response of any kind; although, due 
to its property of going out after being set fire to when the 
flame causing ignition is removed, it is possible that incipient 
ignition occurs during the passage of the bullet. If packed 
hard it is impossible to explode it by any means whatever. 
On the other hand, loaded loose, it is an absolutely sure fire with 
a No. 6 detonator even when unconfmcd, and, for work inearth, 
as in removing stumps, it is necessary to bear in mind that con­
finement may be negligible. When well confined in large shots 
in solid rock, and especially if detonated with a stick of dynamite, 
it will withstand any reasonable amount of packing and still 
give a sure fire. From its composition it will be obvious that it 
is non-freezing, and, indeed, owing to the paraffine wax incor­
porated in it becoming harder with increasing cold, it loses its 
porosity through being pressed into holes less readily cold than 
otherwise. With regard to stability, it withstands the Inter­
national Stability Test (750 C. for 48 hours) with indifference, 
whether with moisture added or not, and some millions of 
pounds have been used during the past seven years, and in some 
cases excesses over requirements have been stored by contractors 
in badly constructed magazines, occasionally for years, and there 
has never been any sign of heating or decomposition, incipient 
or otherwise.

1 he very low chlorate content and the fact that all the other 
materials are used in their crude commercial condition, together 
with the extremely simple process of manufacture, render the 
cost of this powder exceptionally low. It is known under the 
name of R. R. Virite. A blast containing 600 fifty pound eases 
was fired on the Canadian National Transcontinental Railwa}
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•work ou the Quebec-New Brunswick border, near Notre Dame 
du Lac, some years ago, and the two. largest blasts at Prince 
Rupert, the Pacific Coast terminal of the Grand Trunk Pacific, 
3500 miles from Notre Dame du Lac, were also shot with it, 
the charges containing respectively, 1010 and 1000 fifty pound 
cases of the explosive. Aside from the technical importance 
of these blasts the spectacular effect is quite indescribable. 
To give an idea I may say that in the one of these shots that I 
witnessed the mass of broken rock that had mounted in the air 
about three seconds after explosion occurred, and which looked 
like nothing so much as a vast and spreading black tree, con­
tained, to state it in units that will make it sound as impressive 
as possible, about 175,000,000 pounds. Refcrcnce to the effi­
ciency of virite in agricultural work is contained in Bulletin  
No. 134, entitled "Land Clearing,” issued from the University 
of Minnesota by Prof. A. J. McGuire, Superintendent of the 
North Central Experiment Station.

With reference to the property which this explosive, in com­
mon with very many others, has of being more difficult to ex­
plode as its porosity diminishes, I wish to point out a certain 
important corollary which exists in a case where the insensitive­
ness when closely packed reaches the point it does in a case such 
as the one under discussion. If compressed forcibly to a specific 
gravity of about 1.45 it has been found impossible to explode 
by any amount of detonation, no matter what the degree of 
confinement. This in spite of the fact that a certain small 
amount of local combustion occurs where the material is in 
direct contact with the detonator. The superficially paradoxical 
situation confronts us that the only condition in which the 
material can be exploded by hammering between hard surfaces 
is one in which it becomes insensitive to detonation from another 
explosive. B y this is meant that, in order to cause explosion 
of the powder by hammering, it has to be packed to a maximum 
density before the pinching between hard surfaces necessary to 
cause explosion occurs. Of course’ what happens when the ma­
terial is hammered on an anvil is that any excess over what can 
be pinched down to the thickness of thin paper between hammer 
and anvil is forced aside and only the trifling amount of powder 
actually so pinched goes off, and it has hitherto been found 

, impossible by any degree of practicable impact to communicate 
explosion from the quantity so pinched to the rest of the mass of 
powder. The importance of this peculiarity in securing freedom 
from accidents in any case other than where the powder is ex­
posed to detonation from another explosive will be obvious.

If we consider what is the fundamental difference between 
the blow of a hammer and that of a detonator we see at once 
why a mass of the explosive which refuses to transmit detonation, 
however powerful (within the enormous upper limit experi­
mented with) when in a dense (non-porous) condition— why 
such material may be readily exploded when in a porous con­
dition by a detonator although a blow from a hammer can have 
only a local effect. The point is that, in the former case, the 
blow' is struck so quickly that the explosive is hammered between 
the products of explosion of the detonator and, if I may so ex­
press it, its own inertia, without having time for its porosity 
to be interfered with. The passage of a bullet exposes it to the 
same kind of a blow against its own inertia, but the swiftest 
bullet is so far inferior in speed to the velocity of the products 
of explosion of a detonator that it falls short, in the case of a 
powder of the class under discussion, of producing an explosion. 
There is also, of course, the essentially important feature, in the 
case of explosion by a detonator, of exposure to vastly greater 
heat than from the friction of a bullet or impact of a hammer.

The well compressed material behaves, as previously stated, 
ffl a completely inert fashion to attempts to detonate it, but 
mere crumbling restores it to the explosive condition. It would 
seem as though a technical division on the lines of classification 
according to safety might well be adopted to embrace explosives

that require outside detonation from another explosive in order 
to set them off.

I must not close without making reference to liquid oxygen as 
a constituent of explosives. Modern methods exist for pro­
ducing this clement in a state of high technical purity in the 
liquid form at a cost extremely low compared with its cost in 
the combined form in any of the chemicals employed in the 
explosives trade, so that completely smokeless and fumeless 
mixtures equal to 75 per cent dynamite can be made at a cost of 
about 2 cents per pound. As regards safety, explosives con­
taining liquid oxygen stand in a class by themselves in one 
particular, i. e., in the fact that, should a shot be missed for any 
reason, the charge presently becomes inexplosive through 
volatilization. Of course this is merely the merit which ac­
companies the greatest defect of these explosives. They must 
be used within a few minutes of being compounded. Never­
theless this is by no means the absolutely prohibitive feature 
that might be expected, owing to two considerations, one the 
numerous gigantic individual blasts that are necessary 011 
certain heavy construction works (the time required for the charge 
to evaporate being comparatively long in such cases) and the 
other the fact that the addition of the liquid oxygen to the com­
bustible portion of the charge may be made the last thing before 
firing. I am rather firmly of the opinion that in the heaviest 
construction works of the future, especially where the so-called 
"coyote” shooting can be employed, liquid oxygen will play an 
important part.

This paper is intended to deal with accomplished facts in 
explosives development and there is no occasion at present to do 
more than refer briefly to the hopes of the nitroglycerine manu­
facturers that in synthetically prepared glycol may be found 
the solution of their bondage to the fluctuation of the corn and 
cotton seed crops. The production of glycerine depends con­
siderably on the abundance or otherwise of pork and of cotton 
seed oil and the former depends largely on the corn supply. 
The stearine candle industry, another feeder to the high ex­
plosives maker, is not in a healthy condition, and altogether the 
situation of the dynamite manufacturers is not so completely 
free from anxiety in the matter of their glycerine supply as they 
might wish.

3 0 0  C o o r i iR  S t r h e t  
O t t a w a , O n t a r io

EXPERIM ENTS W ITH SMALL ANIMALS AND CARBON  
M ONOXIDE1

B y  G e o r g e  A. B u r r e l l  a n d  F r a n k  M . S e i b e r t

The usefulness of small animals in detecting vitiated air in 
mines is well established. The Bureau of Mines and others have 
much information on this subject, but in order to make this 
paper brief, accounts of their practical use or of accidents be­
cause they have not been used will not be given here. Time can 
be devoted, if so desired, to this phase of the subject in the dis­
cussion.

The Bureau has experimented with most of the more common 
small animals, such as canaries, guinea pigs, rabbits, chickens, 
dogs, mice and pigeons, and finds that canaries or mice are the 
most suitable for the work. Of the two >the Bureau finds 
canaries to be the most sensitive. They were used in England 
before their acceptance in this country, presumably in places on 
the continent also. Their usefulness in husbanding the resources 
of breathing apparatus is of great importance.

An additional reason for the use of canaries lies in the fact that 
they are generally easily obtainable, and become pets of the men 
who have them. If handled intelligently in rescue operations, 
they seldom die as a result of their exposure to carbon monoxide.

> Presented  before th e  Coal M ining In s titu te  of Am erica, P ittsb u rg h , 
P a ., D ecem ber 4 and  5, 1913. Published  by  permission of th e  D irecto r 
of the B ureau of M ines.
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In rather a brief manner, one of the objects of this paper is to 
give the results of experiments by the Bureau which have shown 
that they may be used repeatedly in rescue operations without 
danger of their being more susceptible to carbon monoxide poison­
ing after several or many exposures. This fact had not been de­
termined experimentally hitherto, as far as the authors are aware. 
A second important point has to do with the relative behavior 
of men and small animals to carbon monoxide. Carbon monoxide 
was the gas experimented with because it is the constituent of 
after-damp most insidious in its action, most difficult to detect, 
and responsible for most of the deaths caused by mine explo­
sions. Small animals, however, also feel distress sooner than men 
in atmospheres vitiated by other gases than carbon monoxide.

EFFECT OF REPEATED EXPOSURE TO CARBON MONOXIDE

Details of these experiments will be given later in a publication 
of the Bureau. They will only be outlined here. Canaries, 
mice and guinea pigs were repeatedly exposed to carbon monoxide 
under different conditions. In some experiments they were 
exposed to atmospheres that distress them in about two minutes. 
In the case of canaries 0.25 per cent was used in some experiments, 
and the animals were exposed 7 to 10 successive times. For 
instance, the animal was exposed to collapse, and then, when it 
had apparently recovered (7 to 12 minutes), it was exposed 
again and again, the object being to see if, after many exposures 
to a certain percentage of the gas, it would upon subsequent 
exposures show distress in a greater length of time, i. e., become 
more or less acclimatized to the gas. No acclimatization effect 
was noticed. The same experiment was performed with mice 
and guinea pigs with the same result. Different percentages 
than 0.25 per cent were also used in the case of both canaries and 
mice. The experiments were also carried further to the extent 
that the same animals that had been exposed several or many 
times^on one day^were exposed several or many times the next 
day and on successive days.

Animals were also exposed to percentages that quickly distress 
them, and after the removal from the atmosphere and recovery 
were placed in atmospheres that ordinarily do not apparently 
affect fresh animals. This experiment was also reversed in the 
case that the animals were first placed in atmospheres that do 
not affect them, say 0.10 per cent in the case of canaries (for a 
long time, at least), and then they were exposed to atmospheres 
that ordinarily affect them quickly to see if results different from 
the ordinary could be obtained. In performing this work, the 
results of which can be briefly told, but which required con­
siderable time for its performance, the conditions of recovery 
work with the aid of small animals was kept in view. In such 
work parties would usually advance until the animals showed 
distress. The animals would then in all probability be carried 
back to fresh air, and further advance, if such were made, would 
be accomplished with breathing apparatus. A general recon- 
naisance might be made with the animals to define the danger 
zone of the mine. In the latter event they might be exposed to 
proportions of carbon monoxide that would, in each case, cause 
collapse. Another possible contingency has to do with the use 
of the animals in a part of the mine where very small proportions 
of carbon monoxide exists, say 0.10 per cent, a proportion that 
does not seem to affect canaries or mice (as far as can be observed) 
in one or two hours’ time, and then their use in a place where a 
larger percentage might be present. It is possible, too, that an 
animal which collapses at a certain place because of the pro­
portion of carbon monoxide there, might, upon recovery, be used 
in an atmosphere containing a proportion that does not usually 
affect a fresh animal. Finally the same animal might be exposed 
over several successive days while a mine was being explored. 
It is believed that the experiments performed show that animals 
will not become acclimatized to carbon monoxide under the con­
ditions surrounding recovery work in mines, and hence become 
less useful and even a source of danger. It might be mentioned

that this question has been raised several times in discussing the 
use of small animals for detecting after-damp in mines.

It should be mentioned that two Canadian investigators, G. G. 
Nasmith1 and D. A. S. Graham, found that the animals finally 
become acclimatized by continued exposure, i. e., if a guinea pig 
is exposed for days and weeks to small percentages it can finally 
stand exposures that would othenvise kill it, but our tests have 
shown that in the case of small animals which are quickly re­
moved to fresh air (after distress is shown) and then exposed 
again for a reasonable number of times, this acclimatization effect 
is not apparent. The two methods of experimentation are not 
parallel. It is pertinent to add that the effect Nasmith and 
Graham observed in guinea pigs, an increase in the red-blood 
cells, has been observed in- men working around blast furnaces. 
Blast-furnace gas contains a high percentage of carbon monoxide.

EFFECTS ON THE DIFFERENT ANIMALS OF THE SAME PROPORTIONS- 
OF CARBON MONOXIDE

The Bureau has performed many experiments in order to draw 
some conclusions regarding the effect on different animals of 
the same species of a given proportion of carbon monoxide. It 
was found that in general a given proportion of carbon monoxide 
affected different animals of the same species in about the same 
length of time, at least as far as the application of the results to 
the practical use of the animals in mines is concerned, but that 
once in a while an animal might behave markedly differendy from 
what is expected. This is more true of mice than of canaries, yet 
even in the case of the latter several of them should be taken, 
with an exploration party.

THE RELATIVE EFFECT OF SMALL AMOUNTS OF CARBON MONOXIDE: 
ON MEN AND SMALL ANIMALS

In reading over accounts of rescue and recovery work in mines, 
one is impressed with the fact that some users of small animals- 
have^nofbeen entirely satisfied with the behavior of mice and 
birds (especially mice) in that men have apparendy felt distress- 
before the animals became affected. The Bureau, as the result 
of many experiments made to determine the resistance of small! 
animals to carbon monoxide poisoning, believes it has the data, 
at hand which explains pardy this dissatisfaction.

It was found, for instance, that almost all of the animals tried! 
do not show sufficient distress in one hour’s time with 0.10 per 
cent of carbon monoxide to make them valuable for detecting, 
this percentage of the gas. In some cases the length of exposure- 
was extended to three hours without any pronounced effects; 
being observed. In one case only was a canary affected in so' 
short a time as 12 minutes by 0.10 per cent of carbon monoxide. 
With another bird and the same percentage of carbon monoxide, 
distress was scarcely observable in 3 hours. Only a disposition, 
to remain quiet was observed. Eight different canaries were- 
used and six different mice. Only one mouse out of many was- 
slightly affected in so short a time as 30 minutes with 0.10 per 
cent, but it was not overcome in 4 hours. Neither were chickens, 
nor pigeons visibly distressed. With 0.15 per cent both canaries- 
and mice began to be affected. With 0.15 per cent carbon mon­
oxide canaries showed distress in from 5 to 30 minutes. A mouse- 
showed slight distress at the end of an hour. With 0.20 per cent, 
canaries responded in from 2 to 5 minutes except in one case (35 ■ 
minutes). Three mice responded in 12 minutes, and a fourth 
in 46 minutes. No blood tests were made, the object being to- 
determine the usefulness of the animals for mining work where 
their behavior as apparent to the eye is the only guide. Haldane 
states that 0.06 per cent carbon monoxide is sufficient to produce 
distinct symptoms in mice.2 The authors of this paper do not 
hesitate to say that because of his greater experience in e x p e r i -

1 The Haemotology of Carbon M onoxide Poisoning,” Journal of 
Physiology, 25 (1906), Nos. 1 and 2 , 32-52.

! " Thc Relation of the Action of Carbonic Oxide to  Oxygen Tension," 
J . S. Haldane, Journal o f  Physiology, 18 (1895), 201-217.
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meriting with small animals Dr. Haldane might detect outward 
symptoms in a mouse that would escape the authors’ attention. 
On the other hand, the authors have had greater experience than 
many of those who might use small animals in mines. Further, 
in the laboratory, observations are better made than in the mine 
where the light may be poor. Dr. Haldane made many experi­
ments with himself as the subject in determining the effect of 
carbon monoxide on men.1 He found that o. 12 per cent causes a 
mouse to sprawl in 11 minutes. Haldane felt a slight tendency 
to palpitation in 33 minutes. In 90 minutes he had distinct 
dimness of vision and hearing and a slight tendency to stagger, 
besides abnormal panting when he stopped the experiment long 
enough to run up and down stairs. In two hours’ time vision and 
hearing became markedly impaired and there was some confusion 
of mind. When the mouse was finally removed from the cage 
it could not move about. After 18 minutes from the time of 
stopping, Haldane had a distinct throbbing headache which did 
not last long.

With 0.045 Per cent of carbon monoxide Haldane did not notice 
any symptoms in the 4 hours that the experiment was carried on, 
but on running upstairs there was unusual panting, slight palpi­
tation, etc. A  mouse was not distinctly affected. In defining 
the minimum harmful or poisonous percentage of carbon mon­
oxide, Haldane states that 0.05 per cent in pure air is just suffi­
cient to produce in time very slight symptoms in man, and the 
same percentage produces very slight symptoms in mice. He 
states that 0.20 per cent is very dangerous to man. With 0.05 
per cent and thereabouts Haldane finds that the gas finally begins 
to affect men and the outward signs appear in mice.

Haldane’s observations on mice are not entirely in accord with 
those of the authors of this paper. The reasons are probably, as 
already stated, differences in observation. The authors are con­
vinced from their experiments that in a mine with poor light, and 
perhaps only hurried examination of the animals, and by persons 
more or less inexperienced in the actions of the animals, mice 
and canaries will not usually show distress pronounced enough 
to give good warning with 0.10 per cent or less of carbon mon­
oxide. Haldane’s work shows that this percentage may finally 
affect men— a headache in 40 or 50 minutes perhaps, or slight 
tendency to palpitations in less time. This condition will be 
a considerable time removed from actual distress or unsteadiness 
of movement. A t the end of 20 minutes one of the authors of 
this paper had only a slight headache when he exposed himself 
to 0.25 per cent carbon monoxide (in air); later, however, he 
became very ill. Canaries collapsed in just a few minutes.

In connection with the above laboratory experiments the 
authors have made observations regarding the use of small animals 
in mines. One instance is noteworthy, as follows:

A mine fire occurred recently and a sample of mine gas was 
obtained that contained the following constituents:

P er cent
C O i.................................................................................. 1 .1 0
Oa...................................................................................... 1 8 .6 1
C O  : ....................................................................  0 . 1 2
C H ( .................................................................................  0 . 4 2
N j .....................................................................................  7 9 .7 5

T otal, 100.00

This sample was obtained in a place where exploration work 
■"as being conducted. Canaries carried with the party were not 
affected but two of the men finally complained of a bad headache. 
Later when they went to the surface they became ill. One was 
indisposed all evening.

These facts, although they appear damaging against the use 
°f small animals for the purpose proposed, only militate in part 
against their usefulness. They still remain, in the authors’ 
opinion, the best indicators of carbon monoxide that we
Pi '  Action of C arbon M onoxide on M an ,”  J. S. H aldane, Jour 0}  
Cynology, 18  (1 8 9 5 ), 4 3 0 -4 6 2 .

have for exploring parties in mines. Canaries will give ample 
warning of percentages of carbon monoxide immediately dan­
gerous to men. When the proportion of carbon monoxide 
is 0.15 per cent, canaries will show distress usually in from 
5 to 12 minutes. With 0.20 per cent the distress is usually 
apparent in from 2 to 6 minutes. For distress to appear in 
men with these percentages requires much longer time, al­
though in the case of some individuals the effects may, when 
they do disappear, last for hours. The authors have also deter­
mined this point experimentally, as have others. Men cannot 
stand the exposure to collapse from carbon monoxide like animals 
can. Canaries and mice after distress and collapse recover 
quickly if exposed to fresh air— only a matter of minutes usually. 
In the case of men exposed to collapse, recovery is often a matter 
of days.

In assigning reasons for the different effects produced on men 
and small animals by small quantities (say 0.10 per cent and 
under) of carbon monoxide, the authors of this paper would say 
that it is largely a question of observation. The blood of the 
animal is, of course, taking up the carbon monoxide, but only 
slowly and to the extent that even after a long time, one hour 
or more, the only effect observed in the animal may be a slight 
sluggishness or disinclination to move about. Men, on the other 
hand, especially when moving about or doing hard work, absorb 
much more oxygen and hence more carbon monoxide than when 
at rest, and may finally feel a slight or even a severe headache 
in the same gas mixture that is only slightly or not affecting the 
animals (as far as can be observed). The men may even finally 
become very sick. It is not believed that any pronounced accli­
matization effect is produced in an animal on a short exposure 
which would account for the apparent resistance. It must be 
remembered that a man is in an excellent position to determine 
effects upon himself long before distress occurs, in the case of 
small percentages of carbon monoxide. Small animals may feel 
distress but not show it.

When the carbon monoxide content of an atmosphere is raised 
from 0.10 per cent to say 0.15 or 0.20 per cent, the susceptibility 
of a canary or mouse to the gas is markedly increased, as judged 
by the action of the animal; so much more so than in the case of 
men that a canary especially may show distress in 5 minutes, 
while a man may require 30 or more minutes. A man if he ex­
pose himself this long, however, may finally become very sick, 
and if for longer periods, may become dangerously so.

E F F E C T  O F C A R B O N  M O N O X ID E  O N  D IF F E R E N T  M E N

The Bureau has compiled data from different sources to show 
the effects produced on different persons by carbon monoxide. 
The fact is clearly brought out that the gas may affect different 
persons in a different manner. Long-standing after-effects pro­
duced in people by severe poisoning, although apparently rare, 
are by no means unknown. It appears to be the evidence usually 
that recovery from exposure is complete but that in the case of 
some individuals long-standing after-effects may follow. These 
after-effects on different people cannot be connected absolutely 
with any degree of exposure, i. e., one short exposure to large 
percentages, repeated exposures to large percentages as usually 
happens in the case of blast-furnace gas, or slow exposure to 
collapse with small percentages of the gas, as in the case of 
miners exposed to the smaller percentages that are found in 
mines following explosions. In the case of the same individual, 
the final blood saturation is what counts, of course. The point 
is that different people may withstand different degrees of blood 
saturation. In the case of blast-furnacc men, the same men may 
be exposed to collapse or severe temporary sickness time and 
again. Usually, as far as can be observed from their behavior, 
they retain their normal condition, although, as has been pointed 
out by Thomas Oliver, severe after-effects may linger for two 
years.1 This appears to be exceptional. An Illinois commission, 

1 T hom as Oliver, "D iseases of O ccupation ,”  p. 67.
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appointed to inquire into conditions around steel plants, 
found it hard to separate effects on steel workers produced by 
bad living conditions and those produced on some of the men by 
carbon monoxide, although they were inclined to the view that 
carbon monoxide poisoning had considerable to do with the 
generally poor condition of some of the employees. The exact 
action of the gas in producing bad nervous disorders still 
remains somewhat obscure. Some do not believe the action so 
simple as to merely temporarily deprive the system of oxygen, 
although most of the good experimental evidence points to 
this view. An analogy has to do with men who work at high 
altitudes or suddenly ascend to extreme heights in balloons, 
where the oxygen tension is very low. Different individuals 
may also be affected differently at high altitudes. One must 
believe that in cases both of carbon monoxide poisoning and 
of oxygen deprivation by other causes, the idiosyncrasy of the 
individual plays an important part. Others have laid much 
stress on this point.

As regards acclimatization to the gas, it has been strikingly 
shown that guinea pigs may become immune. The compensa­
tion found in pigs has also been in part observed in men. The 
red-blood cells increase to compensate for those put out of action 
by the carbon monoxide. How long this may continue without 
pronounced distress on the part of men is important.

Repeated exposure to carbon monoxide may occur in the case 
of miners, in those who do the shot-firing. Blasting explosives 
always produce some carbon monoxide in coal mines. Men may 
return too quickly to the working face (before gases have dis­
appeared), to examine their shot, and thus expose themselves 
to percentages, usually small, of the gas. Where large shots are 
fired, where the ventilation is poor, and where the working faces 
are too far ahead of the last breakthrough, contact by men with 
harmful percentages of carbon monoxide and other poisonous 
gases may follow. Miners at some mines frequently go home 
sick from powder smoke. The general effect of such exposure 
on them cannot be anything but bad.

In the conduct of exploration work, one sometimes hears it 
said that certain individuals of a party were able to withstand 
atmospheres that caused distress in other members of the same 
party. This may be true because some men are more affected 
than others by the same properties of the gas, but one or two 
other causes must be kept in mind. After-damp in different 
parts of a mine (in some places quite close together) will differ 
much in composition to the extent that at one place a very small 
and insignificant amount of carbon monoxide might be present, 
while at another place, close by, a harmful proportion might 
exist. One person of a party unknowingly might encounter the 
latter atmosphere while his comrades do not. Another reason 
usually less apparent to an exploring party has to do with the 
fact that the amount of carbon monoxide absorbed depends, of 
course, upon the air breathed. A man at rest may breathe 7 or 
S liters of air per minute. B y even moderate exertion this can 
be increased to 3 or 4 times that quantity. It follows that if 
one or more members of an exploring party work harder than 
others they will become poisoned more quickly than the less 
active members.

SU M M A R Y

1. Small animals- may be repeatedly used in exploration work 
without becoming less useful as indicators of carbon monoxide.

2. Of the more common small animals, canaries are best 
adapted for exploration work.

3. Men may feel distress, especially if they work hard, in 
the presence of small proportions of carbon monoxide (0.10 per 
cent or under), when animals at rest in their cages do not dis­
tinctly show it.

4. It is occasionally found that different animals of the same 
species may be differently affected by the same proportion of 
carbon monoxide; hence more than one animal should be used 
at a time.

The conclusions given are drawn from the authors’ work on 
small animals and men, from J. S. Haldane’s work on small 
animals and men, from the accounts of exploration work of dis­
satisfied users of small animals (especially mice), and some 
miscellaneous observations by the author on the use of small 
animals and general effects of carbon monoxide.

B u r e a o  o f  M i n e s , P i t t s b u r g h  v

CHEMICAL IN DUSTRIES AND SCH OO LS

B y  D a m i x  M . G r o s h

The writer through an address on the subject “ What’s the 
Matter with the American Chemist?” which appeared in T his 
J o u r n a l ,  5 , 692, has been favored with the views and opinions 
of various correspondents. These communications were ex­
tremely diversive as to the reason why we cannot compete 
with foreign chemical producers, but all agree upon the one fact 
that Germany leads the world and controls the markets in chem­
ical products.

The writer mentioned the chaotic condition of the dyestuff 
industry because at the time much newspaper space was being 
devoted to the agitation in that quarter, and, taking the situa­
tion in its entirety, this phase of the question is only one small 
link in the chain of chemical products.

The address evidently touched a responsive chord and caused 
some serious thinking and has brought to light some facts 
bearing on this subject which have hitherto remained obscured 
or vague. One correspondent in expressing his views 011 the 
question "W hy cannot we make chemicals to supply our needs 
without importing them?” tersely answers "W e can but we 
won’t.” The truth of this statement is greater than it appears 
at the first glance and seems to answer the question most 
effectively, but at the same time there pops up another "Why?”

In this as in all subjects much remains hidden that bears 
largely upon existing conditions and each influence is effective 
to a greater or less degree. It is the intention to discuss those 
influences which, according to the opinions of various interested 
correspondents, have been responsible for this country being 
left behind in the great race for supremacy in this industry.

The issue at stake, however, is not the reasons or results but 
the remedy. This means the hard cash of a prosperous industry, 
a commercial proposition. It is well to remember that every 
new industry created means just so many more mouths fed, so 
many more families maintained and so many more citizens 
preserved to usefulness and productiveness.

Closing our eyes to an unpleasant truth does not alter the 
situation and even though it hurts to admit it we must ac­
knowledge that we have learned only the trade of producing 
chemical products instead of the science of chemistry. We had 
the same opportunities and greater advantages than Germany 
for the exploitation of the chemical industry but allowed them 
to slip through our hands and be eagerly grasped by the foreigner. 
In the early seventies, Germany was far below England and 
France in manufacturing, invention and foreign commerce. 
Overburdened with our productive lands and our natural wealths 
of raw materials, we have never been forced into the great 
fight for existence and many of our natural resources have 
passed from our control or remained undeveloped.

To speak of the chemical industry and not to mention the 
German syndicates would be omitting, perhaps, the main 
factor in the case. As every one knows, Germany possesses, 
to-day, the best developed chemical industry in the world 
and dominates the trade the world over. This syndicate of 
which we hear so much is something real and with e n o r m o u s  

powers which it uses with a high hand. We have nothing to 
compare with it in our own land and its power is so great and 
so effectually does it control and regulate the market, that it 
can dump its supplies where it pleases and at prices to suit itself-
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To this syndicate the German Government extends a helping 
hand at all times. It is Germany, first, last and all the time, 
and against the world. In the potash case a few years ago 
there was an actual partnership with the government to regu­
late the price, of potash and together they control the supply 
of the world.

To what extent the individuality of the chemist contributes 
toward the general situation is to be judged by the reader. 
Foreign chemists are satisfied with a small salary— here, three 
times as much pay is demanded. Graduates are glad to seize 
the opportunity to get into a factory at little compensation to 
get a start and for the practical knowledge they will acquire. 
This presents a phase rather unfamiliar to our general views 
and shows they have either a belief in themselves and their 
future or a willingness to sacrifice themselves for their love of 
profession.

If a graduate is satisfied to work for a small sum, eager for 
a chance to do great work at a personal sacrifice, it certainly 
shows a high degree of patriotism or an intense love of profession. 
Ambition will generally make good in any capacity and prove 
its worth. While the wages paid abroad are very much lower, 
this condition cannot have much bearing, when the different 
standards of living and relative costs of same are impartially 
considered.

Germany is spending enormous amounts each year for its 
chemical development through its universities in which the in­
structors and chemical factories cooperate with very successful 
results. An individual or manufacturer up against a difficult 
problem has at call the finest advisory talent available as well 
as adequately equipped laboratories at his disposal. When 
such authorities as Prof. R. K. Duncan and his associates are 
striving their utmost to bring about a similar condition, prac­
tically absent in this country, it is most apparent that this spirit 
of cooperation has a high potential value. That there is a lack 
of such cooperation as exists abroad between the manufacturer 
and the chemist and also between the educational, financial 
and commercial interests, all will admit, but why should it con­
tinue if such cooperation is to the advantage of all concerned.

The writer has knowledge of cases where firms refused to 
take advantage of new processes devised by interested employees 
to reduce costs and improve the output. Superintendents 
resented any suggestions except those emanating from them­
selves and looked upon such as a reflection upon their abilities. 
Instances of this nature are by no means rare and especially 
a few years back when “ ignorance was bliss,” this phase of 
“destructive conservatism” may have contributed its share 
towards placing the chemical industry in its present state. Such 
a spirit certainly does not promote the efficiency and low manu­
facturing costs which are essential in industrial progress. The

VENTILATION
The New York Section of the American Chemical Society held 

a Symposium on Ventilation at The Chemists’ Club, November 
7.1913- The various phases of this vital subject were discussed 
by qualified experts and their addresses are printed in full 
Wow. [ E d i t o r .  ]

PH YSIO LO G ICA L PR O B L E M S O F V EN TILATIO N

B y F r e d k r i c  S. L e e 1

Man is intimately dependent upon his environment. In 
civilization he lives under artificial conditions, and it is, there­
fore, necessary to employ artificial means in order to adapt his 
environment to his physiological needs. The air surrounding 
Us body is one of his indispensable environmental factors, and 

1 Dalton Professor of Physiology in C olum bia U niversity .

mental attitude of the worker is as important as scientific man­
agement and how much influence such incidents as the above 
have had upon the industry collectively depends upon the 
personal opinion of the reader.

Within the confines of Germany or France there is no such 
thing as a played-out farm. Land has been cultivated continu­
ously year in and year out and to-day still shows a high degree 
of productiveness due to scientific application of fertilizers, 
which we are just beginning to get acquainted with. With 
the aid of the chemist, German farms are raising beets for sugar 
in competition with cane sugar and are producing beet sugar
to the tune of 100 million dollars a year. Instead of sending
their money out of the country for something they cannot 
produce, they keep it at home by discovering some substitute 
for the desired product. Again, the United States imports 
creosote for various purposes by the shiploads, produced from 
German coke ovens and permits the same by-product to go to 
waste at our own ovens. These two examples serve to show 
how we neglect our own resources and are simply a few out of 
many illustrations. It is not to be expected that we should
appropriate all the means by which Germany has reached her
present position. Times and conditions are constantly changing 
and the methods of twenty or thirty years ago could not be 
used to-day, but we can utilize those aids which our common 
sense tells us would be to our benefit and advantage.

We can develop our natural resources and make them pro­
ductive. We can foster an intelligent effort to benefit and apply 
to industrial uses the energy and products of the individual 
investigator. We can establish laboratories where the problems 
of the manufacturer as well as the individual can be worked 
out. There can be cooperation between our industries and insti­
tutions of learning.

Let there be a campaign of education and enlightenment. 
It is surprising how little is known on this subject. Many 
persons well informed generally have but the slightest knowledge 
of existing conditions and even within the profession there is not the 
familiarity one would expect. We can look for no legislative assis­
tance until the public is educated and as long as the truth is with­
held and the gravity of the question is not impressed as a matter 
of public concern and welfare, there will be no progress.

Looking the situation squarely in the face and casting aside 
all prejudice any person intelligent and well informed can see 
what our future will be. To be honest in one’s convictions does 
not mean pessimism or calamity howling. Let us learn the 
truth, rectify our mistakes and build anew. A  campaign of 
education once inaugurated cannot fail to bear fruit. Will 
American industry heed the lesson contained in rich England’s 
industrial eclipse, in poor Germany’s steady rise?

5 9 2 7  W a l t o n  A vs., P hila d elph ia

SYMPOSIUM
when it is confined between walls the process of ventilation is 
required to keep the air in such condition that he is able to live 
within it in a physiological state. It cannot be too strongly 
emphasized that the problem of ventilation is fundamentally 
a physiological problem, and it must vary from time to time 
as the knowledge of man’s physiological requirements becomes 
more exact. We know now much more fully than we knew a  
few years ago what qualities the air that he is to breathe ought 
to possess, and a few years hence our knowledge will doubtless 
be still more full. A few year's ago ventilation was supposed 
to be a matter of maintaining the proper chemical purity of 
respirable air. It was only natural to draw this inference from 
the known fact that respiration renders the air chemically im­
pure. The chemical compositions of inspired air and expired 
air are as follows:
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Inspired Expired
O xygen............................................................... 20.94 16.4
Carbon dioxide.................................................  0 .03  4 . 1
N itrogen.....................................................   78.09 78.09
A rgon................................................................... 0 .94  0.94
Helium, k rypton , neon, xenon, e tc   Traces Traces

In considering the chcmical vitiation of air by respiration 
it is obvious that the inert nitrogen, argon, helium, etc., may 
be neglected, and that attention should be focused upon the 
oxygen and the carbon dioxide. The necessity of oxygen in 
respiration has long been recognized, and it was long believed 
that its diminution, especially in the more extreme conditions, 
was a factor to be considered in ventilation. Against carbon 
dioxide the case seemed even stronger. It is increased more 
than one hundred times by the act of breathing; it was known 

• to be poisonous to man; and its elimination was long believed 
to be the all-important requisite in adequate ventilation. The 
object of ventilation was thus to remove chemically impure air 
and introduce chemically pure air and plenty of it.

In recent years with the extension of human and animal ex­
perimentation the aspect of the subject has quite changed. 
It has now been shown that the oxygen of respirable air may be 
reduced to less than 17 per cent before its diminution becomes 
harmful. This proportion is too small even to support com­
bustion. Hill says of a group of his students whom he confined 
in a small air-tight room: "W e have watched them trying to 
light a cigarette (to relieve the monotony of the experiment) 
and, puzzled by their matches going out, borrowing others, 
only in vain. They had not sensed the percentage of the dimi­
nution of oxygen, which fell below seventeen.” Except in ex­
treme experimental conditions the amount of oxygen in crowded 
assemblies never falls below one-twentieth of its usual amount, 
t. «., rarely below 20 per cent. Oxygen will, therefore, take care 
of itself and may probably be wholly left out of consideration 
in ventilating systems.

With the poisonous carbon dioxide, too, the case now seems 
not so very different. Within man’s body carbon dioxide 
plays essential roles. It is the stimulant which excites the 
nervous center of our respiratory mechanism and maintains 
its regular action, and a similar hormone influence has been 
recognized in other bodily functions. Moreover, the poisonous 
properties of carbon dioxide when in air have been exaggerated. 
Experimentation indicates that it does not become harmful 
to man until it accumulates to about one per cent or nearly 
forty times its usual amount. In crowded rooms it very rarely 
reaches even 0.4 per cent, or ten times its usual proportion in 
pure air and only one-quarter of its harmful amount. Like 
oxygen, therefore, it would appear that carbon dioxide.may 
probably be eliminated from the problem of ventilation except 
under the most extreme and unusual conditions. It is still 
customary to use as the standard of suitable ventilation the 
amount of carbon dioxide permissible in the air of rooms. In 
the United States we are still very deficient in ventilation laws, 
but in England specific laws fix the quantity of this gas which 
may be permitted in the work rooms of certain industries. In 
view of the present status of physiological knowledge it would 
appear that some other standard than that of a fixed amount 
of carbon dioxide should be established.

Notwithstanding these recent changes in our ideas of the 
relation of oxygen and carbon dioxide to ventilation, I am not 
prepared to say without reservation that the continued exposure 
of an individual day after day and week after week to even, a 
moderately diminished quantity, of oxygen and a moderately 
increased quantity of carbon dioxide would be wholly without 
harm. But I am led to this reservation not by any existing 
positive physiological knowledge, but rather by the necessity 
of maintaining an open mind receptive to future possible dis- 
co\eries—-a mental attitude which ought always to characterize 
men of science.

There has long existed a belief, and even among scientific 
men, that expired air contains a peculiar organic and volatile 
constituent, probably of protein nature, which is toxic to human 
beings and other animals. Various attempts have been made 
to support this idea experimentally. The most of these ex­
periments have consisted in condensing expired air and then 
injecting it into animals. Some of these experiments have 
seemed to result positively. The latest of these were performed 
by Rosenau and Ainoss, in 1911, and the positive result was 
the production of an anaphylactic condition in a certain pro­
portion of the experimental animals. One by one these suc­
cessive supposed positive results have been balanced by equally 
significant negative results and have been explained otherwise 
than as indicative of the existence of the hypothetical substance; 
and now in this city Weisman and Lucas independently have 
repeated and extended the work of Rosenau and Amoss and 
have not been able to confirm their findings. In the light of 
present evidence, therefore, we cannot accept the belief that 
expired air contains an organic poison. Furthermore, the odor 
of air vitiated by human beings is no index of the presence 
of harmful ingredients.

It is pertinent here to refer to the case of ozone. Its powerful 
oxidizing properties and its intemperate advocacy by enthusiastic 
but unscientific persons have caused it to be hailed popularly 
as highly beneficial to the human body, not only in ordinary 
respiration but in the purification of the air of living rooms, 
and in the destruction of bacteria and other organic matter. 
In many offices and homes we find various forms of ozone ma­
chines, busily at work discharging into the atmosphere their 
peculiarly odoriferous product. Very recent investigations 
seem to make it clear that the supposed beneficial powers of 
ozone as a home companion are creations of the imagination. 
Two groups of American investigators, Jordan and Carlson, 
in Chicago, and Sawyer, Beckwith and Skolfield, in Berkeley, 
have independently carried out each a series of careful experi­
ments1 on the action of ozone on bacteria, animals and human 
beings. They find that ozone will indeed kill bacteria exposed 
in a room, but only when in such concentration that it will 
kill guinea pigs first. "There is no evidence for supposing that 
a quantity of ozone that can be tolerated by man has the least 
germicidal action.” When present in any considerable quantity 
in the air ozone is irritating and probably corrosive to the lining 
membrane of the air passages of the. nose, throat and lungs, 
causing the blood vessels of this membrane to be excessively 
dilated and to present the customary symptoms of "sore throat.” 
It causes headache and drowsiness. The heart, at first acceler­
ated, is later slowed and weakened, and the pressure of the blood 
in the arteries is unduly lowered. The case for ozone thus 
seems to narrow down to a supposed beneficial action in de­
stroying or modifying unpleasant odors in the air of a room. 
When in not too great concentration such odors are, it is true, 
overcome, though it is quite probable that their disappearance 
is due, not to an actual destruction of the odoriferous substance, 

ut partly to a replacement of the disagreeable odor by the odor 
o ozone and partly to fatigue or anesthesia of the olfactory 
membrane of the nose. It is very questionable whether this 
is wise, and Jordan and Carlson well say: " I t  seems to us 
t at this is wrong in principle, and that ozone is being used 
an will be used as a crutch to bolster up poor ventilating sys- 
ems. Ozone does not make pure air any more than strong 

spices make pure food.” It thus seems probable that ozone 
as an adjunct to ventilation is destined to pass into oblivion.

Bacteria also may probably be eliminated as a factor to be 
considered in ordinary ventilation, for the idea is gradually 
ma -ing its way that the germs of infectious diseases are con­
veyed to the unfortunate individual almost wholly through some 
orm o physical contact and that aerial infection occurs with 

reme rarity. In exceptional cases air may be rendered un- 
1 S ee  a ls o  T h i 3 J o u r n a l , 5 , 8 8 2 .
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wholesome by the presence of poisonous gases. Instances of 
this are the leakage of illuminating gas from defective pipes and 
the production of poisonous fumes in certain industrial procedures. 
But it is now clear that sewer gas may be eliminated as a factor 
in our dangerous environment, for none of its gaseous constitu­
ents is markedly toxic and its bacterial content is so slight 
as to be negligible.

While it has thus been shown that it is not the chemical 
features of air and their relation to man which supply the physio­
logical basis for the problem of ordinary ventilation, research 
has at the same time been demonstrating that two of the air’s 
physical features appear to be the decisive factors. This idea 
seems to have been first suggested thirty years ago by Hermanns, 
and it has since constantly found increasing experimental sup­
port. Hence, in considering ventilation from the latest stand­
point, we arc obliged to turn from chemistry to physics. A t  
the same time we turn also from the lungs to the skin. The 
physiological problems of ordinary ventilation have ceased to be 
chemical and pulmonary, and have become physical and cu­
taneous.

The average adult human body produces within itself and gives 
off to its environment during twenty-four hours, when at rest, 
2400 calorics of heat, and when engaged in vigorous physical 
labor more than twice this amount. Fully 95 per cent of this 
heat leaves the human furnace through the skin, partly by 
radiation and conduction, and partly by the evaporation of 
the water of perspiration. This loss cannot be regarded as 
one of nature's errors; on the contrary it is a physiological 
provision, carefully controlled by the nervous system, for the 
good of the organism. If this dismissal of heat from the body 
be prevented, heat will accumulate within— for its production 
never ceases throughout life— and deplorable consequences 
will follow. The bodily temperature will rise above the normal, 
and a febrile condition will result. There will be disturbances 
of metabolism, with the probable accumulation of abnormal 
and deleterious metabolic products; working power will be 
lessened; fatigue will come on early; and ultimately in extreme 
cases all the untoward phenomena of heat stroke will occur.

The normal loss of heat or, as the Germans call it, the "un- 
warming” of the body, may be interfered with by making 
the surrounding air too warm, thus preventing radiation and 
conduction; or by making the air too moist, thus preventing 
the evaporation of sweat; or most effectually by blocking both 
of these channels. This last-mentioned procedure is that which 
happens to human beings confined in improperly ventilated 
rooms. From their bodies the temperature of the air rises and 
the humidity of the air increases. As these events happen each 
body finds it not so easy as at first to rid itself of its superfluous 
beat, and this becomes increasingly more difficult. Heat-laden 
blood must be sent in larger quantity to dilated cutaneous ar­
teries, flushing and warming the skin; sweat glands must be 
stimulated to visible activity; breathing must be deepened; 
and every method of which the body is physiologically capable 
ls unconsciously brought into action to protect it. A t first 
tbe sensations are! merely those of general uneasiness, mani­
festing itself in restlessness; then progressively appear sleepiness, 
*0 oppressive sense of heat, headache, thirst, and still more 
severe sensations which, if relief is not obtained, may give place 
to the delirium of the Black Hole of Calcutta or the prison at 
Austerlitz— these sensations keeping pace with the development 
of the fever within and the o th e r  p a th o lo g ic a l events accompany­
ing it.

Much experimentation has shown that these evil results of 
confinement in improperly ventilated rooms are caused not 
by the presence of toxic products of respiration, but by the heat 
^d the humidity combined. Paul found that with human 
beings enclosed in a hot and humid experimental chamber the 
Unpleasant symptoms began to appear within a few minutes

and before there was time for the accumulation of supposed 
poisonous gases. When the air of the chamber was put into 
motion the temperature of the skin fell, the unpleasant symp­
toms disappeared very quickly, and the subject felt as if fresh 
air had been supplied. When the subject had been confined 
for a considerable time and the symptoms had become well 
developed, the breathing of pure air through a tube passing 
from the subject’s face through the wall of the chamber to the 
outside brought no relief. When, on the other hand, an outsider 
with his body surrounded by fresh air breathed from a tube, 
the vitiated air of the chamber, no unpleasant symptoms ap­
peared. Such facts make it clear that the symptoms are due 
to the action of the vitiated air, not on the lungs but on the skin. 
In one of Benedict’s experiments a subject was confined for 
three days in a respiration calorimeter. During the second 
day the ventilation of the calorimeter was cut down so that the 
products of respiration were allowed to accumulate. During 
nearly the whole of this period of twenty-four hours carbon di­
oxide was present in a quantity averaging 2.2 per cent, or more 
than seventy times the usual amount. The humidity ranged 
between 54 and 66 per cent, while the temperature remained 
practically constant at the comfortable level of 20° C., or 68° F. 
The subject possessed his usual good health and on that experi­
mental day was said to be "in unusually good spirits.” Hill 
confined eight persons in a small, air-tight experimental chamber, 
containing approximately only three cubic meters of air. The 
oxygen fell from 20 to betweeii 16 and 17 per cent, and the car­
bon dioxide increased from 0.04 to between 3 and 4 per cent, 
or nearly one hundred times its usual amount. The symptoms 
of the action of vitiated air soon appeared. Then three elec­
tric fans attached to the ceiling were started and, although the 
temperature of the air was between 800 and 85° F. and it was 
very moist, the simple movement of this wet, hot, stale air brought 
complete relief, for the simple reason that it whirled away the 
still hotter stationary air from the surface of the bodies and al­
lowed them still to eliminate their internal heat.

These experiments and many» others have proved beyond 
question that the chemical purity of air vitiated by the presence 
of human beings is a factor of minor importance in ventilation, 
and that the qualities to be avoided are an elevated temperature 
and an elevated amount of moisture. In our American cities 
we know too well that the chief danger of our torrid summer 
days is not the heat alone, but the combined heat and humidity; 
but few persons realize that it is precisely the same factors that 
are responsible at all seasons for the evil effects of the confined 
air of rooms. There is no doubt that the air of our American 
living rooms and many schoolrooms and other assembly cham­
bers is kept too warm. A  temperature of 70° F. is commonly 
recommended for living rooms, but a lower temperature with 
a moderate humidity is more healthful. The British authorities 
advise temperatures reaching as low as 600 F. Acclimatization 
undoubtedly has much to do with the matter.

No fixed standard percentage of humidity can be set, since 
the percentage of humidity is so closely related to temperature. 
Thus 100 per cent of humidity in air of 65 0 is equivalent to only 
58 per cent at 750 and 33 per cent at 85 °. A  humidity of 60 
per cent with air of 68° F. is rational.

If any single standard is to be choscn as the standard of 
healthful air, it is probably the temperature of the air as indi­
cated by the wet-bulb thermometer, for this is a measure of heat 
and humidity combined. The British authorities are very 
positive about this. Thus, Haldane summarizes his observa­
tions in these words;

"These experiments proved that in very warm air it is the
temperature indicated by the wet-bulb thermometer.................
which determines the ill-effects produced. With a wet-bulb 
temperature exceeding 88° to 90° F. [= 31° to 32° C.] in fairly 
still air the body temperature begins to rise, even in the case
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of persons stripped to the waist and doing no work; and when 
once started this rise continues until symptoms of heat stroke 
arise, unless the person leaves the warm air. In the case of 
persons doing muscular work, the rise of body temperature is 
much more rapid and begins at a much lower wct-bulb tempera­
ture. It will, for instance, begin (in persons stripped to the 
waist) at a wet-bulb temperature of about 800 F. [= 26.7° C.] 
in still air with moderately hard muscular work, so that hard 
and continuous work is impracticable at wct-bulb temperatures 
of over 800 in still air. There is 110 doubt that when ordinary 
clothes are worn, serious rise of body temperature occurs at a 
still lower wet-bulb temperature. Soldiers marching in uni­
form are, for instance, liable to heat stroke at wet-bulb tempera­
tures of under 70o F. [= 21o C.].”

Thus, while the problem of ventilation seems clearly to resolve 
itself into the problem of supplying to the individual moving 
air of such a temperature and such a content in aqueous vapor 
as to enable him to maintain his body in its best physiological 
condition, there still remain many physiological problems re­
lated to ventilation which press for solution. A t what tempera­
tures and what degrees of moisture do the really evil effects 
of bad air begin to appear? In what ways other than the rise 
of bodily temperature and the obvious symptoms do these 
evil effects manifest themselves? Here there are many possi­
bilities: alterations of respiratory exchange, of relations of the 
oxygen to the haemoglobin of the blood, of the action of the 
heart, of the pressure of the blood in the arteries, of the course 
of fatigue, of the working power of the brain. It must be be­
lieved that the normal course of the body’s metabolism is altered, 
but no one knows with any degree of exactness what the altera­
tions are. Do a high temperature and a high humidity bear 
any relation to bacterial infection? What are the differences 
between temporary and prolonged exposure to these unfavor­
able conditions? Most of the experiments heretofore conducted 
have been of short duration, and few have extended for so long 
a period as even a whole working day. Still fewer have related 
to the exposure, day after day, £or weeks or months, to an atmos­
phere that is only slightly unfavorable; yet it is probable that 
the evil effects of such an environment are cumulative. How 
arc the effects of a high temperature and a high humidity altered 
by performing physical or mental work? A t what temperatures 
and humidities can physical work and can mental work best 
be performed— in other words, under what conditions of ventila­
tion can the highest physiological efficiency of the individual 
be secured? Ought these conditions to be varied, and if so in 
what way, according to the occupation of the individual con­
cerned? Should, for example, the home, the schoolroom, 
the hospital, and the work shop have each its own ventilation 
standard and in what terms should these standards be expressed? 
These are some of the physiological questions to be answered 
by the investigation of the future. What we already know about 
ventilation and what we hope to know' in the future, combine 
to make it clear, I trust, that, as was stated in my introduction, 
the problem of ventilation is fundamentally a physiological 
problem.

C o l l e g e  o f  P h y s ic ia n s  a n d  S u r g e o n s  
N e w  Y o r k  C it y

MECHANICAL PROBLEMS OF 'VENTILATION
B y  D .  D . K im b a l l

It is not my understanding that the subject assigned me 
refers to the details of the problem of working out a design 
for the ventilation of any building for any use, for such problems 
have become those of details only.

So far as this subject refers to the present wide-spread atmos­
phere of investigation into the general problem of ventilation 
it might almost be said that there are no mechanical problems 
unsolved in the field of ventilation; which is to say, the engineer

can provide any chemical or physical condition of the atmos­
phere of an enclosed space which may be required. The compo­
sition of the air may be maintained with any reasonable pro­
portions of oxygen and CO: (and ozone too, if desired) and 
the air may be kept freer of dust and bacteria than the outside 
air. It may be maintained at any temperature or any degree of 
relative humidity, and it may be given any degree of movement 
or diffusion desired. Odors and dust of any kind and of any 
amount can be removed.

These are matters fully understood by the engineer, and practice 
and formulae are at hand for guidance along correct lines.

The chemical and physical properties of the air may be varied 
at will and within short periods of time. And all of this may be 
accomplished by the artificial ventilating system. It cannot be 
accomplished by natural ventilation.

But nevertheless, someone will rise to insist that these things 
are not accomplished and that, therefore, these statements must 
be those of theory and not those of accomplished fact. And on 
the surface it appears as though such a person would not be 
far from right.

Therefore, let us briefly consider the reason or reasons. It 
will not be contended that there are not a great many ventilating 
systems in use which are justly the subject of criticism, even 
serious criticism, nor that there are relatively few systems in 
use for which entire satisfaction may be claimed.

But again, let it be stated that this condition results, not 
because of the mechanical problems involved but for other 
reasons, serious and fundamental.

There is now no agreement as to which constitutes proper 
ventilation. Information is seriously lacking as to both the 
chemical and physical properties of the air which are most 
desirable. There are many chemical and physical phases of 
this problem which are of undoubted importance, such as oxygen, 
carbon dioxide, ozone, temperature, humidity, air movement, 
dust and bacteria, but in the case of no one of these elements 
is there entire accord among the Physiologists or medical men 
as to the effect of different conditions, except in so far as the 
trend of recent opinion seems to indicate that the physical, 
rather than the chemical, conditions of the air are of the greater 
importance, which is a reversal of earlier opinions. That is, 
temperature, humidity and movement of the air, and its freedom 
from dust, bacteria and odor are the first essentials of ventila­
tion. Therefore, let the physiologist and medical men determine, 
by a continuance of the splendid studies and experimentation 
now going on, what are the most desirable atmospheric condi­
tions. The engineer may then be counted upon to provide 
such conditions.

But decisions on these important matters must be well founded 
and may not be based upon insufficient investigations and in­
conclusive tests as have been so many of the recently announced 
views as, for instance, the oft reiterated pronouncements in favor 
of window ventilation. In the tests of this important phase 
of the ventilation problem, as recorded to date, the subjects 
have been in small classes under the care of specially' selected 
teachers and nurses, with special diets, short study periods, 
exercise and rest periods, investigations and instructions re­
garding home conditions and with other details, all at v a r i a n c e  

with regular school practices, all of which doubtless materially 
affect the result, and yet the entire credit is given to the effect 
of the window ventilation. No consideration is given to the 
fact that proper window ventilation may be had upon but one 
or two sides of the building, and then only on the sides of the 
building which are favorably exposed, nor is any mention made 
of the enormous increase in the cost of maintaining the school 
sy'stcm if such a system of school administration were applied 
to an entire city, such as New York.

In this reference to window, or natural, ventilation there 
is no intention to decry its use within proper limitations, nor as
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an adjunct to the artificial ventilation system, which leads 
to the remark that a properly designed system of ventilation 
is not put "out of balance” by the opening of a window, the 
popular impression to the contrary notwithstanding.

Therefore, let the physiologists and medical men but come 
to an agreement as to the optimum atmospheric conditions 
and the engineer may be depended upon to produce just those 
conditions, IP, and herein lies the real problem of mechanical 
ventilation from the standpoint of the engineer, IF  but a reason­
able appropriation is made for the design and installation of 
the heating and ventilating system, and for its operation.

In the first place, not more than one plant in ten is designed, 
or laid out, by a consulting engineer. There may be, unfor­
tunately, some practising engineers incapable of designing a 
system to meet modern requirements, but there are plenty of 
competent engineers. If a continuance of the unfortunate 
experiences of the past is to be avoided the owner must be made 
to realize that the design of a heating and ventilating system 
is no part of a plumber’s work or an architect’s work or training, 
for unfortunately some architects do not yet realize this fact 
and many architects prefer to entrust the design of the heating 
and ventilating plant to a friendly and willing contractor rather 
than to themselves pay the engineer’s fee or to ask the owner 
to pay it. Result— the contractor lays out the work for 
his own benefit, is indeed glad to do so for the advantage which 
he may thus obtain over other bidders, the owner is without the 
expert services which he should have, and in the end he pays 
much more than enough extra for his plant and its operation 
than would have been required to pay directly for engineering 
services.

It is this class of engineering, also, which produces the most 
failures in ventilation work, the blame for which the engineer 
carries.

The cost of the best engineering services for the design and 
supervision of the heating and ventilating plant will vary from 
one-half to three-quarters of one per cent of the cost of the 
building.

A first-class engineer will produce savings in cost of installa­
tion and operation vastly exceeding this, and yet, but relatively 
few owners avail themselves of such services, while the wail 
against the inefficiency of the ventilating system goes on.

In the second place, in the case of nearly every building, 
the appropriation for the installation of the heating and venti­
lating system is reduced to the very minimum. Take, for 
instance, a school building. Usually a certain amount is ap­
propriated for the building, then the committee selects its archi­
tect. If by competition, each architect strives to outdo the 
others in the size or ornamentation of the building which he 
offers to build for the amount appropriated. In any case the 
architect is usually confronted with the requirements of the 
committee, which requirements are from ten to twenty-five 
Per cent in excess of what may be reasonably expected for the 
sum appropriated. And then begins the process of trimming, 
and the heating and ventilating plant, being the biggest single 
item of equipment, invariably comes in for the most attention 
and with the worst results. And this, too, despite the fact that 
the ventilating plant is really the lungs of the building and counts 
most for the comfort and efficiency of the building and its occu­
pants. But, of course, there must be so many rooms, just 
so many gargoyles, and just so much marble. For these things 
are seen and read of all men. And thus the committee can 
Point with pride to the size and beauty of its building and com­
pare it with what a neighboring city secured for a similar 
sum.

Only recently an instance occurred where an expenditure of 
$1,000 additional in the installation of the ventilating plant 
would have saved twice this sum in the annual operating 
costs but this could not be permitted because the money was 
needed by the architect for additional space in, or ornamenta­
tion of, the building.

The air washer, a most desirable adjunct to the school venti­
lating system, desirable because it eliminates dust, bacteria and 
odors and makes possible any degree of humidification, costing 
but approximately five per cent of the cost of the heating and 
ventilating plant, is rarely found in newly built school build­
ings, and solely because the school, or building, committee does 
not provide the means, or the architect, being forced to satisfy 
the committee as to the size or appearance of the building, 
cannot spare the money.

One of the most frequent complaints offered against the 
artificial ventilating system is that air of the same temperature 
is supplied to all of the rooms of the building, regardless of their 
exposure to sun and wind. Often a room on the sunny sheltered 
side of a building should have its entering air supplied at a 
temperature of from five to ten degrees less than the temperature 
of the air entering a room on the side of the building which is 
in the shade and exposed to a severe wind. But the common 
ventilating duct supplies the same air at the same temperature 
to all rooms. And this system is usually enforced because an 
extra expenditure of two to four per cent of the cost of the heating 
and ventilating system may not be permitted for the installation 
of a double duct system or an individual duct system, by means 
of which the temperature of the air may be regulated for each 
room according to its needs.

In the single, or common, duct system one duct leaves the 
heating chamber and branches to the vertical flue to each room. 
The double duct system has a second duct, carrying cooler air, 
directly under the above mentioned duct, also branching to the 
vertical flue to each room. Mixing dampers are provided at the 
base of each flue by means of which the mixture of warm and 
cool air entering the flue, and thus the room, is regulated by a 
thermostat in the room, according to its individual needs. 
In the case of the individual duct system, the most desirable 
but the most expensive, the duct for each room is carried back 
separately from the base of the flue to the heating chamber, 
which is, in this case, divided into upper and lower chambers, 
the air in the upper chamber having passed through all of the 
heating coils, and the air in the lower chamber having passed 
through but a portion of the heating coils. Connections are 
made from both chambers to each individual duct, with dampers 
in both connections arranged to operate in conjunction with 
each other, as controlled by the thermostat in the room, thus 
giving to each room air of a temperature suited to its needs, 
and without reference to the needs of any other room, either as 
to temperature or volume.

In the third place the difficulty of obtaining sufficient space 
for the installation of necessary apparatus and in obtaining 
suitable locations for ducts, flues, air openings, heating units 
and other details of the plant, places serious limitations upon 
the efficiency of the ventilating system, for diffusion of air and 
the resulting air movement are most important. The co­
operation of the owner, architect and engineer are essential 
to the best results in this matter.

A  further problem has to do with the standard of the janitorial 
service usually found in charge of the operation of heating and 
ventilating plants. Many well installed plants are rendered 
wholly inefficient by unskilled attention, and this despite the 
fact that the employment of a better class of operating engineers 
would result in a fuel saving more than sufficient to cover the 
extra cost of first-class and experienced men.

What has been said of the ventilation of schools applies with



T E E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l. 6, No. 3

equal force to hospitals, auditoriums, stores, factories and all 
other types of buildings.

In conclusion be it said that given authoritative standards, 
the employment of capable consulting engineers, a proper ap­
propriation for the installation of the heating and ventilating 
system, a reasonable freedom to the engineer in the working out 
and in the application of his design, and skillful operation, and 
the engineer’s problems in mechanical ventilation will have been 
overcome.

Without the consummation of these ends the splendid efforts 
now being made to solve the chemical, physical, physiological, 
psychological, efficiency and comfort problems of ventilation 
will have been wasted.

15 W e s t  3 8 tii S t r e e t , N e w  Y o r k  C it y

INVESTIGATION OF SCHOOL AIR IN NEW YORK CITY

B y  C h a r l e s  B a s e e r v i l l e

The Public School System of Greater New York has to do 
with over 700,000 children requiring the services of about 18,000 
teachers with an annual expenditure of approximately $40,000,000. 
The Board of Estimate and Apportionment approves all appro­
priations, which to be available must subsequently be passed 
upon by the Board of Aldermen. A special Committee on School 
Inquiry was appointed by the Board of Estimate and Appor­
tionment to look into the problem of efficiency of the entire 
school system, involving the child, its instruction, and physical 
environment.

The Committee desiring to utilize the equipment and services 
of some of the staff of the College of the City invited me to under­
take the study of the air of the New York City Schools. The 
invitation was accepted after I had succeeded in securing the co­
operation of my colleague, Professor C.-E. A. Winslow, who 
subsequently was selected as chairman of the New York State 
Commission on Ventilation.

Our work constituted a part of the investigation assigned to 
Mr. Chas. G. Armstrong, the engineer to the School Inquiry 
Committee.

A preliminary investigation was made during the spring of 
1912 after the ventilating plants in those schools having them 
had been shut down. For this work $750 was allowed. The 
work was continued, on our recommendation, in the fall of 1912 
and winter of 1913, when the various ventilating systems were 
in operation, with a further expenditure of about $7,500. Neither 
Professor Winslow nor I accepted compensation for our services 
in connection with the investigation. The money was spent 
for the services of assistants and special apparatus. Space 
admits only a very brief summary of our work, the full report 
of which is now in press by order of the School Inquiry Com­
mittee referred to.

Our problem was to determine the quality of New York air 
and if possible express an opinion upon the efficiency of the several 
systems of ventilation in operation in the schools, which might 
serve as a guide in making recommendations looking toward 
the re-construction of some of the school buildings, or, better 
operation of the systems already installed, and to advise as to 
future construction. Wc were able to meet these demands in 
part only, some reasons for which will be clear in what Professor 
Winslow will say in the last paper to be presented this evening. 
Other reasons are presented herewith.

The systems studied were (1), window system (designated the 
“ open window” method by the lay press); (2), the natural sys­
tem, where ducts were provided, but no mechanical means for 
insuring a flow of air in a desired direction or regulating the speed 
of the flow; (3), mechanical ventilation by means of fans with 
heating coils in the main duct; and (4), the last mentioned pro­
vided further with a washer, which also acted as a humidifier. 
In some, in fact practically all, schools investigated, where 
mechanical ventilation was the method used, the air was taken

in at or near the street level and not filtered, except in so far 
as in special cases, we may regard passing through a spray of 
water as filtration, which it undoubtedly is. In this connection, 
however, it is important to note that after it became known that 
we had begun the preliminary investigation— or perhaps it was 
coincident with our beginning— the Board of Education ap­
pointed a committee headed by Hon. John Martin, to study the 
matter of ventilation in the schools, which committee made 
a very common sense report, whereupon the Superintendent 
of Schools, Dr. Maxwell, not only authorized, but ordered, 
the teachers in the schools to open the windows in whatever 
school they might be, at any time they deemed it desirable, 
it mattered not what system was in operation or how efficient 
it might be operating, thus placing another duty upon the tcacher 
already overloaded with responsibility. Our field squads en­
countered these and many other conditions in their work. Acting 
under orders they made their observations of existing conditions 
as they found them. Of necessity, the comparative value of 
our investigation from a refined point of view was materially 
lessened. However, what we did learn proved of no little value 
as will become apparent to one who studies the report.

Two fundamental facts presented themselves to us at the out­
set; first, the quality of the air of. the city itself, and second, 
the quality of the air in different localities of the city.

When it is considered that the children are in school 5/24of 
a day for 5 days in a week for 8 months, that is to say, about 
1000 hours of the total 8760 hours of the year, approximately 
3/24 of their existence, while the remaining 21/24 of their time is 
spent in the streets, where the air is superior in certain ways and 
far inferior in others, and in their homes, where different features 
are better, but others worse, it becomes a matter of no small 
moment to recommend the expenditure of many millions of 
dollars for the installation of elaborate systems of ventilation 
involving the cost of maintaining them in operation when the 
heating plants are not going, as desirable as they may be, for 
the actual benefit derived.

The examination of all the 600 schools in New York was 
obviously out of the question, so under the advice of Mr. Arm­
strong, we selected 32 typical examples, ranging from modern 
and well managed fan-ventilated schools to older buildings in 
congested tenement districts, ventilated without fans, and in­
cluding buildings of various sizes from one of-the largest high 
schools to a four-room country school in Richmond Borough.

Ten of these schools Were studied intensively, being visited 
once a week between December 2, 1912 and February 14, i9J3' 
while the other twenty-two were visited on one or more occasions 
between February 14 and March 15, 1913. The latter group 
included some night schools.

The work was organized under three major heads, viz.:
I. A study of the physical and chemical condition of the air■

II. A study of the air distribution within rooms.
III. A physiological study of "crowd poison."

I. Physical and Chemical Condition of the A ir— Those factors 
known to possess more or less physiological significance only 
were considered. They were (a) Temperature, (b) Relative 
Humidity, (c) Carbon Dioxide, (d) Dust, and (e) Bacteria.

(a) Temperature— Over 1800 determinations were made, 
besides some 340 daily thermograph records obtained with 12 
T ycos instruments located for various lengths of time, in differ­
ent schools. The general results obtained by the sling psychrom- 
cter are shown in Fig. 1. The thermograph records will be re­
ferred to under "operation.”

The data are expressed in the form of distribution curves, 
the abscissae representing the observed values in each case and 
the ordinates the percentage of all observations falling within 
the limits of values indicated below. It is evident that these 
records as a whole indicate very good conditions. The tempera­
ture curve centers closely, as it should, about +68° F. On the 
whole, this result must be considered highly creditable and an
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indication that the children of the New York schools for the most 
part enjoy good atmospheric conditions, free from objection­
able overheating. An examination of particular schools, how­
ever, shows that this general curve covers up markedly differ­
ent conditions in individual cases.

(b) Relative humidity was recorded with over 1800 observations 
made with the standard United States Weather Bureau sling, 
psychrometer, swung through an angle of 180°.

The general distribution of results in regard to relative hu­
midity is shown in the fourth curve of Fig. 1.

WIDE HUMIDITY RANGE

The range of relative humidity is seen to be a wide one. Sixty  
per cent of all observations, however, fall between 20 per cent 
and 40 per cent of saturation and the general average for all 
schools is 35 per cent, indicating a distinctly dry atmosphere.

We found a close correlation between outdoor temperature 
and indoor temperature and indoor relative humidity, closer if 
anything in the naturally-ventilated than in the artificially- 
ventilated schools. This is an important point, in view of the 
criticism often leveled at the supposedly abnormal air of the fan- 
ventilated schools. It  does not make the least difference whether 
air is heated in the ducts or in the rooms, the same rise in tem­
perature produces the same drying effect.

The only way to avoid dry air in the schoolroom with cer­
tainty is by means of fan ventilation, combined with artificial 
humidification.

(c) Carbon dioxide was determined (nearly 800 determinations) 
with, an improved Petterson-Palmquist portable apparatus. 
It is recognized that a knowledge of the CO2 content of the air 
is of comparatively little value beyond measuring the rate of 
exchange, but we secured valuable data especially in connection 
with the night schools.

Our results in regard to carbon dioxide are summarized in the 
lowest graph of Fig. 1.

The general average value for all schools was 9.1 parts per
10,000. Sixty-six per cent of the observations fell below 8.5 
parts, which may be considered a very satisfactory result on 
any standard. Twenty-nine per cent of the tests showed between 
8.5 and 12.5 parts, which would have been considered high on 
the older standards established when carbon dioxide was held 
to be a measure of some mysterious poisonous matter in the air.

There remain 6 per cent of the tests, however, showing over 
■ 2.5 parts which are clearly excessive. These were associated 
with overcrowding and deficient air supply in individual rooms.

Supplementary observations made in four schools during 
evening sessions (when there is no artificial ventilation) showed 
some very high carbon dioxide values ranging, in one case with 
gas burning, up to 26.0 parts.

This is a special problem which deserves more attention than 
it receives in many cities.

[i) Dust Particles— Nearly 700 samples were collected by 
filtration through sugar with an apparatus for measuring volume 
by time, especially devised for us by Wallace & Tiernan (described 
°a p. 238). After the sugar was dissolved, the dust particles 
were examined in an aliquot part under the microscope (2/3 in. 
objective), general character noted, and counted (the standard 
method).

The general distribution of dust counts is shown in the second 
graph of Fig. 1. The largest number of samples showed between 
2oo,ooo and 400,000 particles per cubic foot. The general aver­
age for all schools was 601,000 particles and 20 per cent of the 
samples showed 800,000 or more, with a few values ranging up 
to 2,000,000 and over.

The sanitary' significance of these results is probably not great. 
Dust particles constitute a serious menace to health in industrial 
establishments, grinding shops, granite cutting sheds and the 

, since the hard metallic or mineral particles which are found 
under such conditions injure the lung tissue and often form a

controlling cause in the development of industrial tuberculosis. 
There is no evidence, however, to show that such particles as 
occur in ordinary schoolroom air have any such significance. 
The particles which we found were for the most part minute 
and chiefly organic in nature. In the counting cell they sepa­
rated into two layers, the greater number, floating on the sur­
face, being barely visible under the microscope and consisting 
in large part of mold spores; while less numerous particles 
settling on the bottom included larger shreds of vegetable fiber 
and inorganic matter.

(e) Bacteria— About 700 samples were collected by filtration 
through sterile sand. The sand was washed with sterile water 
and the bacteria plated on litmus lactose-agar, the general 
method recommended by the Committee of the Laboratory 
Section of the American Public Health Association on Standard 
Methods for the Examination of Air. The term "bacteria” 
included yeast and molds as well; all microbes, in fact, which 
will form visible colonies on litmus-lactose agar in five days at 
room temperature. The most frequent result was 25 microbes or 
less per cubic foot, but the high results pulled the general average 
up to 96. However, 68 per cent of the samples showed counts 
of 100 or less and only 9 per cent over 200.

These counts include all sorts of organisms from all sorts of 
sources, which are able to withstand drying long enough to be 
lifted up and blown about in the air. Most of them, of course, 
are of no sanitary significance, and the values, averaging under 
100 per cubic foot and in most samples much less, must be 
considered satisfactory by comparison with the results reported 
by Miquel (150 bacteria per cubic foot in the air of Paris), by 
Tenon (40-60 bacteria per cubic foot in quiet hospital air), by  
Hesse (60 bacteria per cubic foot in a classroom before the 
students arrived, raised to 430 during the hour, and 1,000 just 
after the class had left), and by Soper (140 bacteria per cubic 
foot at the remote end of the Fulton Street Subway station, 
New York City).

BACTERIA OF HUMAN ORIGIN

In order to obtain an estimate of the bacteria of human origin 
which might at times include pathogenic forms, we made all our 
plates on litmus lactose-agar, as noted above, and isolated all 
red colonies which appeared on the plates.

It is well established that acid-forming streptococci are among 
the most abundant forms in the human mouth,- while they are 
absent from sources which have not recently been exposed to 
human or animal pollution. We have found the number of these 
organisms in preliminary experiments one and a half years ago 
to be quite small. We then found among 30,000 colonies 
isolated from 750 plates, exposed in schools with window ventila­
tion, only ten mouth streptococci.

In the present study, in the examination of a total of 868 
cu. ft. of air, we found 260 mouth streptococci, or thirty for 
every 100 cu. ft. of air. The average number of mouth strepto­
cocci for the individual schools ranged for the most part be­
tween ten and thirty-five per 100 cu. ft. In one crowdcd school 
in a poor district it rose to 75 per 100 cu. ft., and in a school 
in a good semi-suburban district, no streptococci were found 
in 41 cu. ft. of air. The general average of thirty mouth strepto­
cocci per 100 cu. ft. gives a ratio of about one of these forms to 
300 total bacteria.

A child breathes less than 100 cu. ft. of air during an average 
school period and these mouth streptococci must, of course, 
be far more abundant than pathogenic forms. A t a late of 
twenty to twenty-five mouth streptococci per day the chance 
of ingesting pathogenic bacteria from the air is seen to be a 
slender one.

II . A Study of the A ir Distribution within Rooms— This in­
volved some 500 anemometer readings, some 2000 temperature 
determinations in various parts of the many schoolrooms
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studied. The data obtained gave some interesting facts as to 
how the mechanics of ventilation work out in practice.

Inlet and outlet velocities were studied with the anemometer 
in 50 rooms, 25 in one of the best fan-ventilated schools (33 
Bronx), 16 in four fan-ventilated schools where high carbon 
dioxide values had been found and 9 in four schools ventilated 
without fans. The amount of air supply in the fan-ventilated 
schools showed that in School 33 the amount was more than 
ample, while in the poorer school it was inadequate. For the 
most part we found a good plenum condition in all the fan- 
ventilated rooms. The very high ratios were usually in rooms 
with doors or windows open.

The results obtained in the naturally-ventilated rooms are not 
very significant, since doors and windows were freely opened. 
It is of interest to note, however, that in one school we found 
inlet velocities of 200 and 300 lin. ft. per minute without fans, 
maintained by unusually high temperatures of inlet air.

The circulation of air within the rooms themselves we studied 
by the use of smoking joss sticks and by an elaborate series of local 
temperature measurements. The results obtained by the use 
of the joss sticks in about 70 rooms were very hard to correlate. 
In about half of the fan-ventilated rooms there were clean-cut 
currents which could be traced across the upper part of the room, 
down the side wall opposite and back along the floor to the 
outlet. In an equal number of cases, however, the currents 
were indefinite and broken and in a few cases no currents at all 
could be discerned. In the rooms without fans the currents 
were usually very erratic, although in one or two cases a definite 
circulation was produced by windows open at top and bottom. 
In general the naturally ventilated rooms were much more sub­
ject to local drafts than were those ventilated by fans.

The local temperature observations were on the whole more 
valuable as throwing light on air circulation. In 24 rooms in 
fan-ventilated schools we found an average increase in tempera­
ture between inlet and outlet of 4.3 0 F.

The outlet temperature corresponds very closely to the general 
room average. This indicates that the outgoing air is a pretty 
fair sample of that in the room and that its temperature may be 
taken as a fair measure of that of the room as a whole.

The difference between bottom (3 ft. above floor) temperature 
and top (12 ft. above floor) temperatures was inconsiderable, 
and more variable than might have been expected. Of twenty- 
six rooms in which both were determined, just half showed a 
higher temperature at the top than at the bottom, while in the 
rest the upper air was cooler. The top excesses were higher than 
the bottom excesses, however, averaging over 2.0° instead of 
under 1.0°.

The slight extent of the differences observed is probably due 
to the fact that, on the one hand, cool air was being blown in 
at the top of the room while, on the other hand, the air, as it 
was warmed in the room, tended naturally to rise. This condi­
tion must interfere to some extent with normal air circulation 
and offers a certain argument in favor of upward as opposed 
to the usual downward ventilation.

l'inally, the range between the maximum and minimum 
individual temperatures observed in the room is significant as a 
measure of general air circulation. The differences ranged for 
individual rooms between 1.70 and 12.0°, and averaged 5.8°, 
showing on the whole a fairly good mixture of the air. These 
observations were all made in fan-ventilated rooms.

In rooms ventilated without fans, conditions were more 
'anable. Among eighteen rooms without fan-ventilation 
(that is, without a current of cool air blown in near the top) 
all but one showed a higher ceiling temperature, the excess in 
two eases being over 11.0°, and averaging 5.8°.

Another marked difference between the fan-ventilated and the 
artificially-ventilated rooms lies in the evenness of temperatures 
at different points. The range of difference between maximum

and minimum room temperatures for the fan-ventilated rooms 
as noted above, was from 1.70 to 12.0°, and the average 5.8° 
For thirty-eight naturally-ventilated rooms, it ranged from 
i.2° to 20.20, and averaged 7.9°. Obviously, the air circulation 
is rather defective when such conditions exist.

It may be of interest to note that in five of the naturally- 
ventilated rooms, all in one building, the temperature of the 
incoming air was respectively, 83°, 86°,' 90°, 98°, and i2 5 °F .  
In the latter case one of our thermometers (registering to 130°) 
was burst by the heat of the inlet air the first time the tempera­
ture was taken.

COMPARISON OF NATURALLY- AND ARTIFICIALLY-VENTILATED 
SCHOOLS

For the purpose of estimating the value of fan-ventilation, as 
actually operated in New York schools, curves were plotted 
for all the schools classified on this basis and this curve is re­
produced in Fig. II. Of course, it must be understood that by 
natural ventilation is meant simply that fans were not running. 
In almost all cases there were ducts and often heating coils were 
within them and air was undoubtedly passing through them. 
So, on the other hand, where fans were in operation, windows 
were often open and outside air passing in or out through them. 
The distinction is made solely on the fact that fans were or were 
not in operation in connection with the particular room in which 
each test was made.

F ig . I l l — T em per a tu r e  Co rv es , P ublic  S chools N os. 33. 49, 84 
33— Good F an  V entila tion  49— N atu ra lly -V en tila ted

'  84— B adly  O perated  F an  V entilation

The general results for the two classes of schools are on the 
whole remarkably alike. The fan-ventilated schools show more 
dust, more humidity more carbon dioxide and a somewhat more 
equable temperature; but none of the differences is very great 
or very significant.

In dust and carbon dioxide, the fan-ventilated schools appear 
slightly inferior to the others. In humidity they are better 
(if dry air be a disadvantage). In temperature they are also 
somewhat better, showing less observations over 72 °.
• So far as temperature is concerned, however, it should be noted 
that the curve for the fan-ventilated class conceals wide varia­
tions between the individual schools included in it. Of our ten 
schools more thoroughly studied, it is noteworthy that the four 
really good records (from the standpoint of temperature) were 
in fan-ventilated schools. The three wholly or partly naturally- 
ventilated schools are mediocre or poor; and two fan-ventilated 
schools are worst of all.

In Fig. I l l  are shown typical curves for these three classes. 
Either almost perfect conditions or very poor conditions may 
be obtained with fan-ventilation according to the care and 
intelligence of the janitor in charge.
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On the whole it can be said that, comparing the actual condi­
tion of rooms ventilated With and without fans, New York was 
not deriving any material advantage from its fan-ventilation 
last winter as actually operated.

THE OPERATION' OF A VENTILATION SYSTEM

A  system of ventilation inherently not the best may give good 
results by good operation, and an excellent system may give 
poor results by poor or unintelligent operation.* This folliful

statement was vividly illustrated in our investigation. We 
found certain schools of either type which had an ample air 
supply and uniformly low carbon dioxide values. We found 
other schools, of both types, in which the supply of air was 
inadequate and carbon dioxide figures consequently high. In 
the case of fan-ventilated schools this usually meant low inlet 
velocities (sometimes inadequate inlet areas) or overcrowding, 
while in the naturally-ventilated schools it meant either over-, 
crowding or neglect to open windows.
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The most striking results of careless operation were shown, 
however, in the matter of overheating. In the case of the 
naturally-ventilated schools the cooperation of both janitors 
and teachers is required in order to secure good results, and, 
where so many persons are concerned, it is practically impossible 
to reach a maximum of efficiency. Such results as that indi­
cated in Fig. I l l  for School 33 could scarcely be attained where 
window ventilation plays any large part.

In fan-ventilated schools, on the other hand, the whole re­
sponsibility rests (or should rest) with the janitor, and either 
very good or very bad results may be attained, according to his 
intelligence and responsibility. The continuous records ob­
tained by our recording thermographs brought out the importance 
of the operating factor with startling clearness, and four of our 
curves are reproduced herewith to illustrate the variation which 
occurred (Figs. IV  and V).

In order to remedy this condition we urged that a thermo­
graph of some improved type be installed in each school building

and that the records obtained be carefully inspected and made 
the basis for an efficient control of ventilating systems and 
janitorial service and we recommended that these records be 
supplemented by periodical studies of temperature and volume 
of air at the room inlets.

CRITERIA FOR SCIIOOL-ROOM AIR 

The chief value of these investigations lies perhaps in their 
possible use as a basis for comparative studies in the schools of 
other cities, which are greatly needed, if scientific records are to 
take the place of opinion in the field of school ventilation.

The results obtained in regard to dust and bacteria seem to 
indicate that, so far as these suspended matters are concerned, 
the air of the New York schools is in a satisfactory condition, 
without any special measures of protection, provided we regard 
the air of New York as good. Personally, I know the air in New 
York City is better than in some cities, it is also worse than'in 
some other cities. The topographic conditions are an important 
factor. The general air conditions can and should be improved, 
for example by more extended wrashing down of the streets. 
I have not ceased in my hopes furthermore to see the city wash 
down its streets at suitable intervals with proper disinfecting 
solutions.

So far as carbon dioxide is concerned, our results indicate that 
*t is comparatively easy, either with or without the use of fans, 
to keep the air in a schoolroom so changed that its carbon 
dioxide will average well under 10 parts per j  0,000 and will 
rarely exceed 12 parts. This test furnishes an excellent measure 

air change and under ordinary conditions such an air change 
ls essential in order to remove odors and preserve a freshness 
agreeable to the senses. Where air is recirculated, however, 
with washing or chemical treatment to remove odors, the carbon 
dioxide standard may have to be relaxed still further, although 
it will always be of value as an index of what is going on in the 
Way of air dilution.

HI. A Physiological Study of "C row d Poison”— In view of 
the claim of Rosenau and Amoss that specific proteid com­

pounds of human origin can be detected in respired air by the 
delicate physiological reaction of anaphylaxis, we devoted con­
siderable attention to this point. Dr. D. R. Lucas, who con­
ducted this part of the investigation, was able to demonstrate 
easily the presence of such specific proteid substances in the 
saliva under carefully controlled conditions, but was unable to 
delect them in material condensed from the breath or in air 
heavily contaminated by the respiration and exhalation of dogs 
and human beings. We were forced to conclude that “ there 
is at present considerable uncertainty as to the presence of such 
specific proteid substances in demonstrable amounts in respired 
air and that there is absolutely no evidence of the presence of 
any organic substances of a deleterious nature in such air."

Similar experiments carried out simultaneously and inde­
pendently by Dr. Charles Weisman at Columbia University and 
published as a Doctor’s Dissertation have led to the even more 
definite conclusion that "the results of these experiments dis­
prove the statements of Rosenau and Amoss that the breath

contains ‘ volatile’ protein and that such ‘ volatile’ protein is 
an important respiratory factor.”

While subsequent investigations may prove it different, at 
present we may agree, in large part at least, with the conclusion 
reached by Fliigge eight years ago, viz., "Whenever in closed, 
crowded rooms certain impairment of health ensues, such as 
headache, dizziness, nausea, etc., these symptoms are to be at­
tributed solely to heat retention.”

Overheating seems to b.e the chief evil to be guarded against 
in school ventilation at present. Associated with this is regu­
lated humidification.

C o l l e g e  ok  t h e  C it y  o f  N e w  Y o r k

TH E NEW  YO R K STATE CO M M ISSIO N  ON VENTILA­
TIO N  AND ITS PROBLEM S

B y  C .-E. A. W in s l o w 1

Rudolph Hering has well said, in his recent address as Presi­
dent of the American Public Health Association, that the sub­
ject "of supplying suitable air to enclosed spaces, of heating, 
ventilating and removing foul air, is one which as yet is not 
sufficiently well understood in detail, and on which there are 
still opposing opinions. In fact, of all of the branches of sanitary 
engineering at the present time it needs most investigation and 
most stud}'.” In the last few years, however, a new and en­
couraging interest has been manifested in the study of ventila­
tion problems. Among the various signs of this awakening 
none is perhaps more significant than the creation of the New 
York State Commission on Ventilation to undertake a broad and 
fundamental study of the physiological and mechanical problems 
which underlie the art of air conditioning. For the first time, 
in this country, at least, a sum of money is to be applied toward 
the solution of these problems which, though small in com­
parison with the magnitude of the task, is large enough to give 

1 C hairm an, New Y ork S ta te  Commission on V entilation.



256 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l. 6, No. 3

hope of substantial results. The Hodgkins Fund of the Smith­
sonian Institution has made possible the publication of a number 
of individual researches 011 the relation of the atmosphere to 
health which have become classics. College and health depart­
ments and committees from many societies have made important 
contributions to the subject. There has not before, however, 
been any body which could attack the whole problem under 
such favorable circumstances as can the New York State Com­
mission on Ventilation.

This Commission was made possible by the assignment to its 
use of the sum of $50,000 out of a munificent gift made for 
various social investigations by Mrs. Elizabeth Milbank Ander­
son to die New York Association for Improving the Condition 
of the Poor (Mr. J. A. Kingsbury, Director). The Commission 
was made an official State Commission by appointment of the 
Governor on June 25, 1913. Its members, who serve without 
pay, are Mr. D. D. Kimball (Ventilating Engineer), Prof. F.
S. Lee (Professor of Physiology in Columbia University), Dr. 
J. A. Miller (of the Bellevue Medical School and Hospital), 
Prof. E. B. Phelps (late of the Massachusetts Institute of 
Technology and now Chemist of the U. S. Hygienic Laboratory 
in Washington), Prof. E. L. Thorndike (Professor of Psychology 
in Columbia University), and the" writer. Its objects are "to  
examine and investigate the subject of ventilating systems in 
the public schools and other public buildings of the state, and 
the proper installation of the same to the end that a thorough 
and effective system, which will assure an adequate supply of 
fresh air, under the best conditions, will be maintained.” In 
his statement in regard to the appointment of the Commission 
the Governor pointed out that "the problem is far from simple.” 
He continued, " I t  is much more than an engineering problem, 
for the best scientific experts have not determined what condi­
tions should be met by the engineers. Even the most funda­
mental facts which must lie at the basis of any efforts to ventilate 
our school buildings, have not been scientifically determined 
by any experiments which have been made thus far. It is not 
known, for example, and cannot be known without more adequate 
experiments than have been possible up to this time, what 
temperature should be maintained in public school buildings. 
Indeed, it has not even been proven whether a constant tem­
perature or a varying temperature is more beneficial. We do 
not know scientifically what degree of humidity should be main­
tained in our schoolrooms.

"  I am informed, also, that it has not been proven what amount 
of carbon dioxide in the air is possible before the air becomes 
detrimental to health. In other words, there is no scientific 
proof for some of the most fundamental factors involved in the 
problem of ventilation. On the other hand, I have been assured 
that if careful scientific studies were made with the express 
purpose of measuring some of the unknown factors, such studies 
could be reasonably expected to put us in possession of data 
which would enable the scientist to tell us with some degree of 
accuracy what those fundamental conditions are which should be 
maintained in schoolrooms if they are to be beneficial to the 
health of children.”

Other speakers have so ably presented the positive results of 
previous studies of ventilation problems during the last ten 
years that I need not dwell upon what has already been achieved. 
We may take it as established that changes in the oxygen or 
carbon dioxide content of the vitiated air of rooms never re­
motely approach the limits at which harmful physiological 
effects can be produced. We may safely assume that specific 
organic poisons are absent from breathed air since all recent 
experiments along this line have yielded negative results. We 
may conclude with reasonable certainty that the symptoms of 
discomfort in a badly ventilated place are due to the physical 
condition of the air in respect to temperature, humidity and 
movement, and not to any chemical properties whatever. All

this represents solid and important progress. I wish to-night, 
however, rather to call your attention to the lacunae in our 
knowledge, which this new Commission is to try in some small 
measure to fill in.

In the first place, since as scientific men we must ask not only 
what happens under a given set of circumstances but how and 
perhaps why it happens, we need to know much more than we 
now do as to the mechanism of the bad effects produced by 
atmospheric heat and moisture. Through what means is the 
difficulty iii giving off bodily heat translated into the sense of 
discomfort, the headache, the drowsiness and the other 
symptoms experienced in a warm room? There are many sug­
gestive possibilities. One of the most striking recent hints is 
the observation of the English physiologist Barcroft that under 
the influence of external heat the dissociation curve of the 
hemoglobin is so altered, presumably as a result of decreased 
alkalinity, that oxygen is less rapidly absorbed. If this result is 
confirmed it may be that in a badly ventilated room we really 
suffer from oxygen starvation after all, not however as a result 
of oxygen deficiency in the air, but as a result of the effect of 
temperature upon the chemical properties of the blood. Allied 
to this problem of the causes of discomfort in stagnant, over­
heated air is that of the relation of such air to various diseases. 
Discomfort and disease may of course be due to the same factors 
but such is by no means necessarily the case. We know that 
tuberculous and anemic children improve when exposed to the 
influence of moving currents of cold, dry air. It would be of the 
greatest scientific importance and perhaps of much practical 
value to know by what physiological reactions this is brought 
to pass.

The upper limit beyond which our room temperatures should 
never be allowed to go is clearly indicated by the experiments 
to which reference has been made and it seems certain that 
except for old people it should be fixed at least as low as 70°. 
As to the lower limit, however, we are far more in doubt. In 
this country' we are apt to consider 65 0 quite cool enough, while 
in England, rooms arc usually kept 5 0 lower. It is maintained 
by some advocates of open-air schools that the uuheatcd air 
of winter ranging from 50° to o° is more desirable than cither. 
It seems probable that the problem is complicated by the ex­
istence of a "danger zone” of temperature, low enough to cause 
a dangerous chill, but not low enough to stimulate the defensive 
reactions with which the body defends itself against more severe 
cold. It is certainly complicated by a considerable power of 
gradual acclimatization, by which the defensive mechanisms 
adapt themselves to a higher or lower air temperature in the 
course of days or weeks. It would seem, however, that there 
must be a certain range of temperature which is most favorable 
to maximum efficiency with a minimum expenditure of bodily 
energy. On the basis of the fundamental human instinct for 
keeping warm in winter I doubt very much whether this range 
will correspond with the chance variations of the winter tem­
perature in a northern climate; but I am quite open to further 
light upon the subject.

We must distinguish between favorable conditions of normal air 
temperature and the possible value of s u d d e n  b r i e f  variations there­
from. It is maintained with good reason that any uniform tem­
perature maintained for long periods may be distinctly harmful by
lowering the tone of the heat regulating mechanism and by robbing 
the body of valuable nervous stimuli. The good effects of cold 
baths arc well recognized and "cold air baths” may be equally 
beneficial. Closely allied to the question of variations in tem­
perature is that of air movement. A t temperatures over 70° F- 
strong air currents which may carry off the excess heat in the 
aerial blanket surrounding the body are essential to comfort. 
Even at low temperatures air currents certainly exert a pleasant 
and wholesome stimulating effect within certain limits. What 
these limits may be, however, we do not clearly know, and we
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do not understand the exact nature of the bad effects produced 
by chilling of the body surface, particularly of the local chilling 
caused by what is commonly termed a draft. The value of 
moving air under certain circumstances is unquestioned; but so 
is the harmfulncss of "drafts.” Where the threshold lies be­
tween the two, and why it lies there, is what we need to de­
termine.

The problem of humidity is almost as complicated as that of 
temperature. We know a good deal of the upper limits of high 
temperature combined with high humidity. We know that low 
humidity combined with low temperature produces grave 
chilling effects but where the permissible upper limit of humidity 
lies at a given low temperature has not been carefully worked 
out. As to the supposed harmful effects of low humidity com­
bined with high or moderate temperature we are almost wholly 
in the realm of conjecture.- We are told that schoolroom air 
is drier than the desert of Sahara; and as Professor Baskerville 
has pointed out, the air in the New York schoolrooms is certainly 
pretty dry. Dry hot climates, like that of Egypt are, however, 
sought out for their health-giving properties and the claims 
that the dry air of our rooms in winter overstimulates the 
cutaneous nerves causing neivousness and restlessness and in­
jures the respiratory membrane so as to promote nose and 
throat disease, while a reasonable assumption, has as yet no 
firm basis of experimental observation. So far as I am aware, 
there are no sound data by which we may determine whether, 
with a temperature of 70° C., the humidity should be 25 per 
cent or 50 per cent or 75 per cent of saturation.

One of the first things that strikes an observer on entering an 
unventilated room is the odor, produced by decomposing organic 
matter in the mouths, 011 the bodies, and on the clothing of 
the, occupants. Highly offensive to one coming in from a purer 
outside air, these products arc usually imperceptible to those 
who have been in the room while they have been accumulating 
and whose olfactory nerves have been gradually accustomed to 
them. It is of course possible that even when unperccived these 
bodies may exert some subtle, harmful influence, but there is 
not the slightest evidence that such is the case. In any event 
it seems reasonable to demand for decency’s sake that the air of 
occupied rooms should not be malodorous. It is somewhat 
an open question, however, how far such conditions should be 
met by ventilation and how far by a rise in general standards 
of personal cleanliness.

In regard to the dust content of the atmosphere, the serious 
danger from comparatively large particlcs of mineral matter 
such as are produced in stone-cutting, needle grinding and the 
like, is well established both by animal experimentation and by 
statistical study of the incidence of tuberculosis in the dusty 
trades. Whether the very minute dust particles, largely of 
organic nature, which to the number of a million or so per cubic 
foot may be found in ordinary schoolroom air have any such 
significance at all is another question, to which we have at present 
no answer. The chief argument for the use of air washers is 
in most cases the possibility of freeing the atmosphere from such 
dust particles. We know that where delicate physical instru­
ments are in question, it is essential to wash ordinary city air. 
The respiratory passages are, however, equipped with an ex­
cellent mechanism for self-cleansing and it is altogether possible 
that the ordinary dust content of the atmosphere is a negligible 
factor. I do not believe that we have at present any valid 
reason for advocating the washing of normal city air on'sanitary 
Srounds.

With regard to the bacteria in air, evidence is reasonably 
dear that they have no serious sanitary significance. Local 
Pollution takes place by the discharge of mouth spray im­
mediately in front of an infected person; but such spray quickly 
Ms to the ground and does not in any sense constitute general 
aer,al pollution. The experience of modern hospitals in which

various diseases are treated in the same open ward without cross 
infection, provided only direct transfer by nurses and other 
attendants be avoided, is reasonably conclusive on this point. 
The heavier dust particles deposited 011 surfaces do contain 
considerable numbers of mouth cocci and some tubercle bacilli, 
however; and the possibility that an appreciable danger might 
exist from dust stirred up in clouds as by gymnastic exercises 
in a dirty schoolroom seems to be well worthy of further study.

These questions to which I have briefly referred are all con­
cerned with the physiological problem of precisely what air condi­
tions are most favorable to the human organism. The mechani­
cal problem of how to maintain a given set of air conditions is 
far better understood. Many existing ventilating plants yield 
unsatisfactory results, it is true, but there are three good reasons 
for this, none of which arc related to any shortcomings in the 
art of the ventilating engineer. In the first place, until recently 
he has been told by the hygienist that the prime object of ventila­
tion was to remove noxious gases rather than to regulate air 
temperature and humidity, so that he has naturally laid stress 
011 air volume rather than air conditioning. In the second 
place he has rarely been given appropriations to do his work 
as he felt it should be done and in the third place he has still 
more rarely been able to count on an intelligent and conscientious 
operation of his plants after they have been built.

The first of these difficulties is now cleared away by the 
recognition on the part of all competent authorities that the 
chief aim of ventilation is to provide a moving current of cool air. 
This necessarily implies a separation of the two processes of 
heating and ventilation which have been so disastrously inter­
mingled in the past. Cooling, not heating, is the task which 
should be closely associated with ventilating and a constant 
supply of cool air to remove the heat produced by human meta­
bolism and by the combustion of illuminants is the fundamental 
end to be attained. It is interesting to note that Rietschel 
in the last edition of his standard work on ventilation bases his 
calculations of air volume primarily 011 heat removal, and on 
carbon dioxide dilution only ’Secondarily and in certain specified 
cases. The substitution of this clear and definite aim for the 
.old idea of mere air dilution will go far to make ventilating prac­
tice purposeful and efficient.

There are, however, still many purely mechanical problems 
which require further elucidation. Taking first natural ventila­
tion or air interchange through walls, cracks, chimneys, windows 
and the like there is need for further data than we now possess 
as to the amount of leakage through walls under varying condi­
tions of temperature and external wind movement. There is 
need of more exact knowledge as to the amount of ventilation 
through chimneys and ducts and windows with similar variables 
in weather conditions and as to the resulting circulation of air 
within the rooms.

The question of the adequacy of such natural ventilation by 
the admission of untempered air and the necessity or desirability 
of artificial or fan-ventilation is one of the most vigorously de­
bated points in contemporaneous discussions. It is clear that 
with one or two persons in a large room window ventilation is 
adequate and sufficient. As soon as the factor of crowding 
comes in, however, difficulties begin to appear. In hospital 
wards the consensus of opinion seems to be in favor of natural 
ventilation. The patients have a comparatively ample air 
space. They are warmly covered and are doing no manual 
work. The windows are, or may be, under the constant control 
of skilled attendants. In a schoolroom these favorable factors 
are all wanting and in very cold weather it is usually found to 
be quite impossible by window ventilation to maintain properly 
cool conditions at the interior side without chilling those nearest 
the windows. In the ordinary factory workroom conditions 
for natural ventilation are even more unfavorable. It seems to 
me probable that in most schools and factories artificial ventila-
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tion with tempered air (either warmed at its point of admission 
to the room or warmed at a central point and blown in by fans) 
is generally essential to good atmospheric conditions. The limits 
of occupancy and of outside weather conditions within which 
such artificial ventilation is needed deserve careful study, how­
ever. If it is possible in a room of a given type, perhaps by the 
use of special window ventilators to insure good diffusion and to 
maintain good air conditions without fan ventilation during the 
greater part of the year it might be reasonably maintained that 
the expense of artificial ventilation was hardly justified, for the 
removal of atmospheric odors on a few extreme winter days 
when the worst evils of bad ventilation could be eliminated by 
avoiding overheating and on the windless days of moderate 
temperature when window ventilation is inadequate to remove 
the heat produced within the rooms. I am inclined to believe 
that the number of days of the latter class in schoolrooms open 
to winds on only one or two sides is likely to be large, and that 
the difficulty in securing proper supervision of window ventila­
tion is sure to limit its practical value very seriously. The 
whole matter, however, is worthy of open-minded investigation.

Intimately connected with this question of the limits within 
which artificial ventilation is necessary— and fundamental in 
artificial ventilation itself— is the problem of the necessary 
volume of air to be supplied under various conditions. On 
the older conception of carbon dioxide dilution it was easy to 
derive constants of air supply. To-day we must calculate our 
necessary volumes of air on the basis of heat removal. Assum­
ing no heat loss through walls and ceilings and assuming that 
incoming air must not be below 60° nor outgoing air above 70 °, 
2000 cubic feet of air per hour will be required to take up the 
heat produced by a single person and 1500 cubic feet will be 
required to take up the heat oí a single gas burner. The first 
figure happens to be almost exactly that deduced on the theory 
of carbon dioxide dilution. The amount of heat loss through 
walls and ceiling will modify this constant to an almost infinite 
degree with variations in building construction and weather 
conditions. Professor Bass in his experiments at Minneapolis 
has found it possible to reduce the air supply to a fraction of 
this amount without objectionable results.

Perhaps the most important mechanical problems of ventila­
tion are those which relate to the distribution of air between 
different rooms and the circulation of air within the rooms 
themselves. German and English experiments on duct con­
struction should be verified and extended. The mistaken claim 
that a ventilation system cannot be designed which will not be 
unbalanced by opening windows in some rooms and not in others 
must be set at rest. In regard to the circulation of air within 
the rooms there are even more difficulties. Too often a room 
has been treated as a box to which as a unit it was only neces­
sary to supply a given amount of air. What happened to the 
air thus supplied, and how far it maintained good conditions in 
various parts of the room, was left to chance or to the working 
out of a few crudely generalized principles. I am quite con­
vinced that in most existing installations the number of inlets 
and outlets is too small to ensure at all times a reasonably good 
distribution of air. Prof. Bass’s results, to which reference 
has been made, were accomplished by supplying air through 
individual inlets at each desk. This is an extreme case but we 
need to know with some exactness the proper mean between 
this condition and the usual single inlet and outlet. In con­
nection with this question is the mooted problem of upward 
vs. downward ventilation. M y own personal feeling is that it 
will frequently be best to take advantage of the natural upward 
tendency of air which is being warmed by supplying cool fresh 
air below and removing the warmed air above as is done in some 
of the most successful ventilating systems now in use in auditoria 
and factories. The objection felt to drafts of cool air is the 
limiting factor in this system, however, and we must not rest on

abstract generalizations but on careful studies of the variables 
involved in practical operation.

The most important contributions to the art of ventilation 
in recent years have certainly been the experiments on recircula­
tion of air at Minneapolis and at Springfield, Mass. If it is 
possible, as the theory of the newer ventilation would suggest, 
and as these studies seem to indicate, to use the same air over 
and over again, merely adjusting its temperature and humidity 
and washing or ozonizing to eliminate odors, the cost of operating 
a ventilating system may be cut from one-third to one-half 
and the whole practice of ventilation will be revolutionized.

Finally, there are many minor mechanical problems which 
require further study. The efficiency of various types of air 
washers should be carefully compared as has recently been done 
in certain installations by Professor Whipple of Harvard Uni­
versity. The use of ozone machines as an alternative to air 
washers for deodorizing deserves further consideration, although 
physiological investigations, both in this country and in 
Germany, throw serious doubt upon the advisability of this 
procedure. The distillation of objectionable gases from dust on 
heating surfaces is an interesting and important question; and 
there are many more to which I cannot even allude in this hasty 
review.

More than enough has been said, to indicate the need for 
light upon many of the physiological and mechanical problems 
which underlie the art of ventilation, and to illustrate the fact 
that the New York State Commission on Ventilation has quite 
enough to occupy its energies. We are only at the threshold 
of our work and have at this time only questions to ask and no 
answers to give. Our staff is now practically organized, how­
ever, with Mr. G. T. Palmer as Chief of the Investigating Staff 
and Mr. Joseph Herzstein as Secretary and we shall begin actual 
work before the end of the month. Through the courtesy of the 
Board of Trustees of the College of the City of New York two 
experimental rooms have been equipped in the Biological Labora­
tories of the College in which any desired conditions may be 
maintained. Here it is hoped that the fundamental physiological 
problems may be so worked out as to determine with reasonable 
definiteness what atmospheric conditions in regard to tempera­
ture, humidity, air movement and the like are most favorable 
to human health and efficiency. Special studies will also be 
made here in regard to the distribution of dust particles and 
bacteria in the air and the physiological effects of dusty air in 
promoting tuberculosis.

Through the courtesy of the Board of Education of the City 
of New York experimental schoolrooms are included in the plans 
for one of the new buildings to be completed in 1914 in which air 
of any desired condition can be admitted and withdrawn from 
any point. In these rooms the favorable air conditions de­
termined in the City College experiments may be tested out on 
a practical scale and detailed studies may be made in regard to 
air circulation. The latter should be supplemented by special 
experiments on the mechanical problems of air flow and air 
circulation, and by tests of various mechanical devices used in 
ventilation, such as air washers and the like.

Cooperative investigations have been arranged for, under 
grants from the Commission, which will bring to it the advantage 
of much previous experience obtained by the leading students 
of ventilation problems in this country. These will include 
studies of certain fundamental physical problems of heat and 
moisture loss at the Massachusetts Institute of Technology 
(under Professor Phelps), observations on the results of the use 
of recirculated air in the International Y. M. C. A. College 
Gymnasium at Springfield, Mass. (under Dr. J. H. McCurdy), 
investigations of the physiological and psychological results of 
recirculated air supplied from individual inlets in a schoolroom 
in Minneapolis (by Prof. Bass), and records of efficiency of
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factory operatives under various atmospheric conditions (by 
Dr. Hollis Godfrey).

The task before us is a large and important one which we 
approach with a keen sense of responsibility. There are three 
factors and only three which universally affect the life processes 
of living beings from one end of the biological scale to the other. 
These are the physical and chemical conditions of the enveloping

medium, food supply and predacious or parasitic enemies. The 
first of these factors, in the case of land animals, is solely a ques- 
tion'of air conditioning or ventilation. I cannot doubt that when 
the ideal air conditions and the practical methods of securing 
them have been worked out with reasonable completeness it 
will mean an incalculable gain in human health and efficiency.

C o l l e g e  off Tins C i t y  o f  N bw  Y o r k

CURRENT INDUSTRIAL NEWS

BOILER EXPLOSIONS IN CHEMICAL INDUSTRIES IN 
GERMANY IN 1 9 12

Eleven boiler explosions, exclusive of military, naval and 
locomotive boilers, occurred in Germany in 1912; of these, seven 
occurred in chemical or related industries. The Chemiker-Zei- 
tung, 37 (1913), 1456, analyzes each of these cases, giving the 
attendant circumstances, character of the feed water, type of 
boiler, probable cause of the accident, etc., and these facts may 
be' summed up as follows: All seven boilers were horizontal; 
in two cases the accidents were due to the water being allowed 
to run low through carelessness; in the other cases the accidents 
were caused by weakness resulting in the opening of seams, 
aided in one case by local overheating due to incomplete removal 
of boiler scale. In the seven explosions eight persons were killed, 
one accident only not proving fatal.

V e r t i c a l  S e c t i o n  o f  M a in  E n g i n e

Picsel internal combustion engines. The diameter of the cylin­
ders is 740 mm., stroke 1100 mm., and the speed is 100 r. p. m. 
*ach cylinder is mounted on two columns and the columns are 

coupled together at the upper part on the sides by cast iron plates 
10 ?ive fore and aft steadiness; the guides are made fast to the

BENZOL IN GERMANY

In connection with the liquid fuel campaign it is interesting 
to learn from the Jour, of Gas Lighting and Water Supply, 124, 
(1913) 1004, that there are now upwards of seventy German 
makers of benzol represented in the German Benzol Association. 
An important thing from the motorists’ point of view is that

By M . L. H A M L IN

columns in the ordinary way. The bed plate is like that of an 
ordinary steam engine with open pits, but a steel tray is fitted 
underneath its whole length, and this with the light steel plate 
removable doors fitted between the lower parts of the columns 
allows forced lubrication to be used. A diaphragm piece is 
fitted across the top of the columns through which the piston 
rods pass in a light gland, and this prevents any oil which may 
come down from the pistons becoming mixed with the lighter oil 
in the crank pit.

The cylinder jackets are cast together in blocks of three and 
bolted to the columns in the ordinary way.

The cross-heads, connecting rods and pistons follow ordinary 
steam practice, the piston rod being deeply spigoted into the pis­
ton, to which it is bolted by a number of light bolts. In the 
"Fionia” it was necessary to give up the very nice piston cooling 
arrangement previously used 011 the "Lelandia,” in which the 
oil was forced through the shaft up the connecting- and piston- 
rods and into"the piston, whcnce it was passed down 011 to the 
guides where it was cooled to a certain extent. In the case of the 
new "Fionia,” however, it was thought that the volume of oil 
necessary to cool a 740 mm. piston would present difficulties in 
recooling, so recourse was had to sea water which is admitted to 
the pistons by ordinary telescopic tubes.

Reavell air compressors are fitted on the main shaft for sup­
plying injection air, and are supplemented by 200 li. p. Diesel 
compressors. Two more 200 h. p. four-stroke Diesel engines 
running at 225 r. p. m. are fitted for auxiliary purposes; one pro­
vides current for the auxiliary machinery, steering gear, lighting, 
etc., while the other acts as a stand-by. In addition to these, 
there is a crude oil motor simply for the purpose of lighting the 
ship when in port, where none of the other auxiliaries are required.

TH E M O TO R  SHIP “ FIONIA”

The Engineer, 117 (1914), 40, has recently published an account 
of the large passenger and freight vessel “ Fionia” and her power 
plant. The "Fionia” was built by Burmeister and Wain, of 
Copenhagen, for the East Asiatic Co., to be used on the Bangkok 
route and is the ninth vessel of her kind that they have launched. 
She is 395 feet over all and driven by two six-cylinder 2000 h. p.
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these firms all produce benzol of uniform quality. Distribution 
of the benzol is performed by some n  00 sale depots scattered 
through Germany. The price at which the benzol is sold is 
fixed, and averages 40 per cent lower than the price of petrol. 
This being true, the latter can not surely maintain its present 
price much longer, in view of the favorable experiences with 
benzol for motor use. It is stated that the associated firms 
referred to have this year produced 140,000,000 kg. of benzol, 
the entire quantity being obtained from German coal. The 
coke ovens are responsible for the greater part, and there arc 
signs of further quantitative progress in the production of coke, 
which will in time supplement the supply of benzol.

DOUBLE SCISSORS CROSSING IN ROLLED MANGANESE 
STEEL

There has recently been constructed at the works of Edgar 
Allen & Co., Ltd., Sheffield, England [The Engineer, 117 (1914), 
78] for the Buenos Ayres Great Southern Railway, a layout with 
remarkable features. It is a double scissors cross-over built 
up entirely of rolled manganese steel rails, and is claimed to be 
the largest and most intricate junction ever constructed of this 
material. The entire layout weighs upwards of 100 tons and is 
about 145 yards long.

The application of rolled manganese steel to railway work is 
a development of the use to which this material has been put 
in the tramway world. Although the initial cost of manganese 
rolled-steel rails is much higher than that of ordinary steel, the 
life of the former is much greater than that of the latter, so that 
the expense and trouble of frequent replacements are avoided. 
Manganese steel is so tough that it may be bent double while 
cold without fracture, and yet is so hard that it effectually re­
sists cutting by tools, while its resistance to abrasive wear is 
remarkably high. Rails of thisr material have been subjected 
to very severe tests 011 one of the London electric railways, and 
the results under the most trying conditions have shown that the 
durability is far greater than that of other kinds of rails pre­
viously used in similar situations.

The layout comprises eight sets of 18 ft. switches, four sets 
of 12 ft. slip switches, twenty acute crossings and closure rails, 
forming eight turnouts and eight diamonds, two of which have 
slip roads; the whole when connected with the closure rails forms 
a complete double scissors cross-over.

ANCIENT NORSE IRON NAILS

A report in Client. Ztg., 37 (1913), i599of the Polyteknisk Foren- 
ings Kemikergruppe, Kristiana, on chemical methods adapted to 
preserving wood antiquities, makes the following statement 
about nails in a Viking ship: “ While the original old iron nails 
with which the wooden parts of the ship are held together have 
remained bright and untarnished, several new ones which had 
to be used in assembling the vessel have already rusted. The 
cause of the great durability of the old iron, proof of which is 
also given by the fully preserved anchor, will be investigated 
by a special commission.”

In connection with this investigation, C. Hugo reports in Chem. 
Ztg., Chem.-Tech. Rep., 37 (1914), 13 that a great iron kettle 
from the Norwegian iron works at Lesjeskogen, which were in 
operation between the years 1652 and 1812, was used by him 
and others in that place in 1886 and following years as a wash 
kettle, and although it stood in the open and was often left full 
of water, it remained completely free from rust as did the clothes 
washed in it. There are probably still in Romsdalen large 
quantities of the ore used in these works. [Teknisk. Ugeblad, 
1913, No. 20, p. 200.]

RUBBER STATISTICS

The Chemiker Zeitung, 38 (1914). 96 gives some interesting 
statistics of rubber production on the Island of Java and out-

lying possessions; after a summing up of the general situation, 
the following figures appear, the amounts being given in metric 
tons:

T o t a l  E x p o r t s  o p  R u b b e r  f r o m  J a va

To 1910 1911 1912
H olland................................. ...........  39 181 794
E ngland ............................... ...........  8 99 433
Belgium................................ ............ 13 15 63
Rem ainder of E urope---- ...........  6 6 10
United S ta te s ..................... ....... 1 22 9
Singapore............................. ...........  3 25 3
O ther countries.................. ....... 1 12 10

T o ta ls ............................... ...........  71 360 1322

E xports op R ubber prom t h e  Outlying P ossessions

To 1910 1911 1912
H olland................................. 45 63 260
E ngland ................................ 17 2 2 108
F rance................................... 9
Belgium................................ 70 21 91
G erm any.............................. 185 56 15
Penang.................................. 471 479 1176
Singapore............................. . .  1859 1195 1074
Other countries.................. 4 2 13

T o tals ............................... . .  2651 1847 2737

T otal W orld

From
P roduction

1911
op R ubber 

1912 1913
B razil.................................... 39,000 40,500 40,000
W est A frica......................... 15,000 13,800 13,800
E ast A frica.......................... 5 ,300 4,000 4,000
C entral A m erica................ 2,500 2,500 2,500
Plantation ru b b e r............. 14,200 28,500 38,000
G uayule............................... 9,200 7,000 7,000
D jelu tong ............................. 2 ,800 2,700 2,700

T o ta ls ............................... 88,000 99,000 108.000

THE CHEMIST IN BRAZIL

According to Chem. Ztg., 38 (1914), 57, only the simplest 
chemical products are manufactured in Brazil. There are many 
successful pharmacists but few chemists. The local technical 
schools are only beginning to teach chemistry and the Brazil­
ians know almost nothing of professional chemists. The chem­
ist is generally expected to know all trades and arts. Wages are 
fairly high but are consumed by high living expenses, doctor's 
bills, etc. The climate is unhealthy and dangerous to many: 
sanitary' conditions are generally poor.

Chemists arc urged to investigate the financial standing of 
firms offering positions and to insist on written contracts, as 
well as a  guarantee or salary paid in advance. These precau­
tions are neccssary on account of the uncertain legal condi­
tions in Brazil. Many chemists have gone to Brazil only to find 
their company already dissolved or bankrupt. Yet B r a z i l ia n s  

are very generous when successful and in many instances have 
been known to give bonuses far in excess of regular salaries.

A knowledge of Portuguese is necessary, though the educated 
population speaks French. German is used a little in the South 
but is nowhere popular.

Sulfuric acid is manufactured at Sao Paulo, by the chamber 
process, from North American sulfur but competition is very 
severe on account of the cheapness of the imported acid.

The brewery industry is chiefly in the hands of Germans. 
The light products are most successful, but the price is high 
18 to 20 cents per pint.

The large quantities of banana leaves, palms, etc., available 
would support a first-class industry in cellulose products, but 
none exists as yet. Textiles are chiefly cotton and though the 
industry flourishes there are still many technical difficulties to be 
overcome. Glass and matches are made in many sections of 
the country. The brick and artificial stone industries are de- 
\ eloped to some extent, but very little is done in the earthen­
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ware line though kaolin deposits are abundant. [The rubber 
industry was discussed in Client. Ztg., 35, 1303 (1911) !

The iron industry is quite undeveloped. The ore is very 
pure, rich, and easily smelted but a suitable fuel is lacking. It 
is reported that an English firm has a concession to build several 
blast furnaces. Coal for gasworks, railroads, etc., is imported 
chiefly from England and charcoal is made by the peasants 
for their own use. There is one modern charcoal kiln near Rio 
de Janicro and another near Sao Paulo.

Rich manganese ores are abundant but a market is lacking, 
as is the case with other possible products. The government is 
beginning a survey of its mineral resources. Oil and coal of very 
poor quality occur in quantities in the state of Sao Paulo and else­
where. Almost all the necessary minerals for a solidly founded 
series of chemical industries are to be found in Brazil: only the 
necessary capital and spirit of enterprise arc lacking. Much in 
these lines is looked for from North America and England, from 
whence financiers and large companies have begun a systematic 
campaign for concessions.

INDUSTRIAL ACCIDENTS IN 1913

Information collected from all available sources by the Pru­
dential Insurance Company shows the total number of persons 
killed in American industries in 1913 to be about 23,000 in a total 
of 38,000,000 employed. The following table was made up 
from available information :

N um ber F a ta l
O c c u p a t i o n s em ployed accidents

Agricultural p u rsu its ........................ 1 2 , 00 0 ,0 0 0 4 ,200
Building and  con stru c tio n ............. 1 ,500 ,000 1,875
Coal m ining......................................... 750,000 2,625
Draymen, team sters, e tc ................ 6 8 6 ,0 0 0 686
Electricians (light and  pow er)___ 6 8 ,0 0 0 153
Fisheries................................................ 150,000 450
Lumber in d u s try ............................... 531,000 797
M anufacturing (gfcneral)................ 7 ,277 ,000 1,819
Metal m ining...................................... 170,000 680
N avigation ........................................... 150,000 450
U . S . N a v y .......................................... 62 ,000 115
Quarrying............................................. 150,000 255
Railroad em ployees.......................... 1 ,750,000 4 ,200
U. S . A rm y.......................................... 73,000 109
Street railw ay em ployees............... 320,000 320
Telephone and  telegraph (includ­

ing linem en).................................... 245,000 123
W atchmen, policemen, firem en .. 2 0 0 ,0 0 0 150
All o ther occupied m ales................ 4 ,6 7 8 ,0 0 0 3,508

Total m ales..................................... 30 ,760 ,000 22,515
All occupied fem ales........................ 7 ,2 0 0 ,0 0 0 540

Grand to ta l ..................................... 37 ,960 ,000 23,055

The probable number of serious injuries, causing more or less 
prolonged absence from work, was estimated at 300,000.

PROCESSES FOR FIREPROOFING W OOD  

Consul-General John L. Griffiths, London, England, states that 
considerable attention has been given in the United Kingdom 
to the best method for fireproofing wood, especially in connec­
tion with railroad construction. The following process, it is 
claimed, has received the favorable consideration of the British 
Admiralty: The wood is placed in large iron cylinders having 
hermetically sealed doors. The wood is steamed, and under 
'acuum the air and moisture in the pores of the wood are re­
moved and the sap vaporized. The fireproofing solution is 
then run into the cylinders, and under pressure forced through­
out the pores and fibers. Subsequently the water in the solu- 
11011 's evaporated in drying kilns, and the chemicals, in minute 
costal form, are left embedded in the wood. When heat is 
applied, these crystals expand to many times their original 
Slzc, forming a glassy coating to the fibers of the wood which 

êludes the oxygen in the air. In time the heat causes the crys­

tals to collapse, but further crystals in the wood immediately 
expand, and the same process of resistance against fire continues. 
The chemicals used are antiseptic and preservative, consisting 
chiefly of phosphate of ammonia. As a result of the treatment, 
the life of the wood is also lengthened, for the cause of decay 
(sap water) is eliminated. This process is claimed to be espe­
cially satisfactory, inasmuch as the material treated is not sat­
urated with a solution of salt, nor are such chemicals used as 
tungstate of soda, sulfate of ammonia, sulfate of alumina, 
alum, etc., which invariably cause discoloration of the wood, 
corrosion of metals, destruction of fibers, and prevent satisfac­
tory painting or polishing. After this treatment, the wood can 
be worked, nailed, glued, painted, polished, etc., as though it 
had not been subjected to any special process. All kinds of 
timber can be treated, including oak, teak, deal, pine, mahogany, 
walnut, beech, birch, ash, maple, whitewood, pitch, pine, larch, 
etc.

The first railway company to take advantage of this process 
was the Underground Electric Railways of London, and at the 
present time it is stated that the woodwork of all the cars of 
the company lias been subjected to the treatment. It is also 
stated that after exhaustive tests the British Admiralty has 
adopted the process, that the company is engaged in fireproofing 
large quantities of wood for 70 motor boats for the British war­
ships Indomitable and Monarch, and that the two new super­
dreadnoughts now building, the Queen Elizabeth and Warspite, 
are to have their woodwork fireproofed by this process.

The company using the process states that as a result of the 
recent disaster at Aisgill, the Midland Railway (on whose sys­
tem the accident occurred) has requested the fireproofing com­
pany to submit a tender for erecting a fireproofing plant at the 
company’s works in Derby, and that, pending the erection of 
such a plant, the company has sent 144,000 feet of timber to 
be treated by the fireproofing company.

The cost of rendering wood fireproof by this process is a uni­
form one of 73 cents per cubic foot, for all woods excepting 
oak and teak, for which the charge is 85 cents per cubic foot.

There is another fireproofing process, known as the "Snow­
don process,” the chief feature of which is a chemical mixture, 
but the formula is not disclosed. B y the use of this mixture 
it is claimed that woodwork and all manner of fabrics may be 
rendered non-inflammable and insect proof. In the case of 
wood already in position, it may be painted or washed with three 
or more coats according to density, when the solution pene­
trates to a depth of about one-eighth of an inch. When treated 
prior to construction, the wood is usually soaked in the solution 
in tanks, but if it is desired to render the wood fireproof through­
out, pressure cylinders are used to force the liquid into every 
fiber.

GERMAN UTILIZATION OF IRON-FURNACE SLAG

Consul-General A. M. Tliackara reports, from Berlin, that the 
utilization of iron-fumace slag is well developed in Germany, 
and the problem of its further utilization is receiving the atten­
tion of the Prussian Government and the Association of Ger­
man Iron Founders. In solid form it serves for highway and 
railway construction and as a body material for concrete; gran­
ulated, it is used for making building blocks, bricks, tiles, etc., 
and for the manufacture of cement. Slag is also employed to a 
lesser extent as a raw material in glass-making and in the pro­
duction of artificial marble and artificial pumice stone.

Experiments have been made in the past with the use of slag 
paving blocks, but little or nothing seems to have come of them. 
The usual practice is to use slag in rubble form for road-making, 
the road being constructed after the system of macadam, the 
slag simply replacing the usual crushed stone. Its use ceases 
to be economical as soon as any considerable transportation 
charges are involved.
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According to the Association of German Iron Founders, 
opinion varies as to the value of slag as ballast for railroad tracks. 
A number of German railroad administrations, particularly 
that of Alsace-Lorraine, use large quantities of slag as ballast, 
while others still regard its use with skepticism. One technical 
officer states that no opinion as to the relative durability of 
slag and hard-stone ballast is possible as yet, owing to the 
comparatively short time the former has been in use.

At the behest of the Iron Founders’ Association, the Prussian 
Minister of Public Works has ordered exhaustive tests of slag 
concrete to be made at the Royal Prussian Material-Testing 
Station near Berlin. Investigation will be made as to reliable 
methods for determining the availability of particular slag for 
use in concrete. The test will extend to (1) observation of slag 
pieces left in the open air to determine changes in exterior ap­
pearance, volume, specific gravity, etc.; (2) chemical analyses;
(3) tests of the compressive strength of rich and poor concrete 
mixtures, made of Portland cement and broken slag, the blocks 
to be tested having been exposed to air and water for varying 
intervals and under varying conditions; and (4) observation of 
the behavior of pieces of steel embedded in slag concrete blocks 
with special reference to rusting. The tests will continue for 
a number of years, but it is possible that a report may be pub­
lished at the end of the first year.

Slag sand obtained from the granulation of basic slag has 
hydraulic properties and serves for the production of building 
blocks, bricks, etc., and of cement. One system of granulation 
is by cold water; another by air. Another is covered by a 
patent, according to which the hot, fluid slag is granulated by 
sprinkling with a salt solution; it does not appear, however, 
to have been put to any considerable practical use.

It is said of bricks made from slag that, as compared w’ith 
glazed earthen bricks, they have a greater porosity and accom­
panying permeability. This is said to suit them especially for 
the construction of dwelling houses, as their strength increases 
with age.

IMPORTANT PROCESS FOR PURIFYING GAS FROM  
SULFUR COMPOUNDS

Charles Carpenter, chairman of the South Metropolitan 
Gas Co., London, describes in a paper prepared by him for the 
"Société Technique de l’Industrie du Gaz en France” a process 
of purifying gas from sulfur compounds which appears to have 
yielded truly remarkable results.

Mr, Carpenter, whose position is supported by Mr. Evans, 
the company’s chief chemist, declares that it is possible to effect 
a reduction of the sulfur which is ordinarily left in so-called 
purified gas by more than 70 per cent, and this without causing 
any appreciable deterioration of the illuminating or calorific 
power of the gas, and at a cost of less than half a cent per 1,000 
cu. ft. This is accomplished by passing the gas over heated 
nickel, deposited by the reduction of its chloride or other salt, 
on refractory material, the catalytic power of the metal causing 
the reaction to take place at a lower temperature than had 
hitherto been necessary. The finely divided condition of the 
metal also provides an extensive contact surface, so that prac­
tically the whole of the impurity in the gas is successfully acted 
upon. It furthermore is stated that when the process came to 
be applied in the works— on a small scale at first— it was found 
that to attain the best results with economy, it was necessary 
to give the gas a preliminary heating before submitting it to 
the contact material. By improvements and enlargement of 
plant, such perfection is claimed that since January last the 
whole of the gas produced at the company’s works has been 
successfully treated, and a new plant now is being erected 
with a maximum production of 25,000,000 cu. ft. per day. 

c a r p e n t e r ’s  p r o c e s s

Mr. Carpenter found that the best conditions were obtained

by using balls, one inch in diameter, impregnated with reduced 
nickel obtained by the reduction of the chloride in a stream of 
hydrogen. The gas was preheated to 2120 F. below the tem­
perature of the reaction before its contact with the catalyzer. 
This enabled the retort to be kept at 932 0 F. The installation 
w'orked for four months, the carbon deposited being burned 
out by a current of air once a week. During that period 3,500,- 
000 cu. ft. of gas were treated and the sulfur was reduced from 
38.675 to 12.031 grains per 100 cu. ft.

An installation was then put up comprising forty reaction 
tubes twelve feet long and six inches in diameter, through which 
the gas passed in ten streams. The preheating of the gas was 
effected by 230 tubes, 2 inches in diameter and 24 feet long. 
Regenerators enabled the gas to be heated in these to any re­
quired temperature. This installation, capable of treating
2,000,000 cu. ft. of gas per twenty-four hours, had been at work 
since November, 1911, and the catalyzer remained active. The 
quantity of sulfur at the inlet had been, on the average, 31.94 
grains per 100 cu. ft.; at the outlet 8.45 grains; a mean reduc­
tion of 73.5 per cent. Since its erection, 29,000,000 cu. ft. 
from 23,673 tons of coal had been treated. The costs (not in­
cluding the secondary purification from H2S) had been for fuel 
0.0728, for wages 0.0188, for interest, sinking fund and repairs, 
0.0830 in cents per thousand cu. ft. of gas.

The Old Kent Road Works of the South Metropolitan Gas 
Co. has an installation capable of dealing with 10,800,000 
cu. ft. per day. This installation has been divided into five 
units, fed with heat by a producer, so that the temperatures 
may be easily regulated. The arrangement provides for putting 
one unit out of action for the regeneration of the catalyzing ma­
terial during the period of the greatest output. The combus­
tion chambers are placed between the reaction retorts or tubes 
and the preheating tubes, and the flow of combustion products 
can be regulated in one or the other direction. In practice it 
is found necessary to regulate it only in the direction of the pre­
heater. It may be considered that the function of the heating 
arrangement is to raise the temperature of the gas up to the 
point necessary for the reaction and to prevent, during the 
passage of the gas through the catalyzer, any fall of tempera­
ture due to radiation. The gas passes first through a couple ot 
regenerators, counter-current fashion, then through the heating 
tubes and on to the catalyzer tubes; then it returns to the re­
generators and gives up its heat to the gas newly arriving. 
Thanks to the progress made in the preheating, its temperature 
can be maintained at 770° F. before reaching the catalyzer; 
consequently the temperature of the latter has been reduced 
from 932 0 F. to 8060 F.

The maximum content of sulfur was, before treatment, 62.86 
grains per 100 cu. ft.; minimum, 16.01; average, 40.34 grains. 
After the treatment, maximum 8.71, minimum 5.82, average 
7.79 grains. Since this installation was set in action, up to 
April 21, 1913, 650,000,000 cu. ft. of gas, from 50,800 tons of 
coal, had been treated. The quantity of CSs broken up corre­
sponds to 13V2 tons of sulfur, or 42 tons of sulfuric acid. Many 
tests have been made to find whether nickel-carbonyl was pres­
ent in the gas; but no trace of deposit of nickel in a hot tube has 
been obtained. It is an established fact that nickel-carbonyl 
is completely decomposed at 3920 F.; but care is taken never 
to let the gas touch the catalyzer unless the latter has a tempera­
ture above 572 0 F. The reaction has been conclusively deter­
mined by laboratory experiments to be

CS2 +  2H2 = 2H2S +  C.

When pure materials are used, the carbon is deposited on the 
catalyzer in the theoretical quantity.

This carbon diminishes the activity of the catalyzer by pro­
tecting it from contact with the gas; the loss of efficiency is 
show’n by daily chemical tests. Each unit goes on for thirt) 
days before it appears necessary to burn off the carbon deposited.
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Burning off this carbon requires careful handling and a temporary 
lowering of the temperature. It lasts over a period of four 
or five days, ill such fashion as to keep the temperatures below 
the limits at which the metal of the tubes might be injured. 
The burning-off is complete when the emergent gases contain no 
carbonic acid. Calculating from the amount of CO2 obtained, 
the amount of carbon deposited would appear to be, in some 
cases, some 5 0  per cent above the calculated quantity. This 
excess may be due to the decomposition of hydrocarbons; 
but it is negligible in amount, as is shown by the following 
table of data:

SYNTHETIC RESINS

Editor of the Journal of Industrial and Engineering Chemistry:
In T h i s  J o u r n a l ,  6 , 1 6 7 , there appears a criticism by Dr. 

Leo H. Baekeland of an original paper entitled "Synthetic 
Resins,” which was published by the authors in T h i s  J o u r n a l ,

' 6, 3. We are sorry that it is necessary for us to answer Dr. 
Baekeland's criticism but because of the erroneous impressions 
which may have been created in the minds of those who have 
not studied the subject matter of phenol condensation products 
at great length, we take the liberty of submitting the following 
statement:

Dr. Baekeland writes that the Industrial Fellowships are 
paid for "in the interests of purely commercial enterprises.” 
Not only is this not true of a number of the Fellowships, but it 
may be stated that every Fellowship applies itself to a certain 
extent to purely scientific problems which have no ulterior 
remunerative consideration, and many of the results of these 
purely scientific researches are already known to our readers 
through the publications of T h i s  J o u r n a l .  We presume that 
the Doctor does not believe an original paper would be of less 
value if it came from a purely commercial laboratory, such as 
his own, rather than from the laboratory of a State University.

The Doctor takes issue with the authors on the meaning of 
the Wetter patent as to whether it is the "w et process” or the 
“ dry process.” We can only state that the whole context 
of the Wetter-Lebach Patent is for the wet process and that it is  
impossible for hexamethylenetetramine to yield formaldehyde in  
the presence of anhydrous phenol and Wetter-Lebach states defi­
nitely that formaldehyde may be replaced “ by substances which 
yield formaldehyde, such, for example, as hexamethylenetetra­
mine:” the conclusion is very easy to draw. If the hexamethyl­
enetetramine yielded formaldehyde, there must have been 
water present during the reaction.

It is unthinkable to the authors, who have worked for four 
years on this dry reaction that such a well-known chemist as 
Dr. H. Lebach did discover the anhydrous reaction between 
phenol and hexamethylenetetramine and that in the face of this 
discovery he did not take out basis and process patents on the 
reaction and the resulting resins. The position of the patent 
office, as Dr. Baekeland undoubtedly knows, is that the Wetter 
process is a wet process.

The Doctor intimates that “ the authors show a fertile imag­
ination” when they state "that the resins formed have very 
great commercial possibilities,” and yet at the end of his criti­
cism he assures us that these resins are identical with those 
formed by the wet process. While freely admitting that the 
wet process product of Dr. Baekeland and others has proven 
commercially valuable, the authors have no hesitation in stating 
that the dry process product which they have subjected to quite 
exhaustive tests is far superior for many reasons, some of which 
are mentioned herein.

With reference to raw materials, the process of producing 
hexamethylenetetramine from formaldehyde and ammonia

Before tre a tm en t A fter tre a tm en t
L ighting power, English  cand les ... 14.05 14.05
H eating  power, B. t. u. per cu. f t. 590 .0 594 .0
N aphthalene, grains per 1,000 cu.

f t ............................................................ 45 .5 47 .2
H C N , grains per 1,000 cu. f t .......... 222.5 187.7
C arbonic acid, per c e n t ..................... 1.82 1.80
H ydrocarbons........................................ 3.61 3 .79
O xygen..................................................... 0 .27 0.07
C arbonic ox ide...................................... 8 .85 8 .62
M eth a n e .................................................. 26 .62 27.45
H yd ro g en ................................................ 52.45 52 .19
N itrogen (by d ifference)................... 6 .38 6 .08

with the removal of water from a crystalline material, such as 
hexamethylenetetramine, is surely not as difficult as the re­
moval of the water and condensing agent from a resinous ma­
terial such as phenol condensation products made in the wet 
way. The ammonia is not lost in our dry process but may be 
collected quantitatively and used over and over again indefi­
nitely.

Dr. Baekeland states that “ Bakelite” is a registered trade 
mark for phenolic condensation products. If so, the Doctor 
doubtless is entitled to its exclusive use as a trade mark on any 
such condensation product, whether involving any discovery 
of his or not. One should not confuse the trade mark, how­
ever, with the question of such discovery or inventive contribu­
tion to the art as may have been made by the user of the trade 
mark; and in this connection it is to be borne in mind. If our 
definition of the word Bakelite is "narrow and arbitrary,” the 
Doctor’s definition of his own products is too broad to be of any 
value when he says "Bakelite is a registered trade mark for 
phenolic condensation products.” Such a definition would in­
clude saligeno-saligeniti and salirctin resins which were made 
by Beilstein and Seelhein in 1 8 1 6  and by Moitessier in 1 8 6 6 , 
and were well-known substances probably before the Doctor 
was born. If Bakelite is to be used simply as a generic term 
for all condensation products, the meaning of the word is reduced 
to a minimum, because it would then include the worthless, 
permanently soluble, fusible products as well as the infusible, 
insoluble porous products made without the use of counter 
pressure. And such a term would indeed include such phenolic 
condensation products as the resins patented by Smith in 1 8 9 9 , 
Luft 1 9 0 2 , Blumcr 1 9 0 2 - 3 , Fayolle 1 9 0 3 - 4 , Story 1 9 0 5 - 8 , 
DeLaire 1 9 0 5 , Baeyer 1 9 0 7 , Helm 1 9 0 7 , Knoll 1 9 0 7 , Lebach 
(Knoll and Wetter ) i 9 0 7 ~ 8 , Grognot 1 9 0 8 , all of which patents 
were taken out before Dr. Baekeland entered the field.

Our definition of the word Bakelite was from a purely scien­
tific standpoint and had nothing whatsoever to do with its 
uses as a registered trade mark. We made a serious attempt, 
however, to use the word as defined by the Doctor in his earlier 
publications.

The experiments devised by us showed that dry hexa­
methylenetetramine and dry phenol heated together evolve no 
water and have “ more than a theoretical significance.” These 
experiments were designed especially to clear up the erroneous 
statements1 which appear in recent literature to the effect that 
large quantities of water are produced during this reaction be­
tween phenol and anhydrous hexamethylenetetramine.

Dr. Baekeland objects when the authors describe a method 
for changing a porous mass of their material into a solid uni­
form body by welding together the ground-up material in a 
hot hydraulic press. This objection lies in the fact that we have 
not cited his U. S. patents, Nos. 9 3 9 ,9 6 6  and 9 4 2 , 7 0 0 , yvherein 
he described such a process accurately for molding his resin 
produced by the wet process. There is no claim made in the 

‘ B aekeland, T h is  J o u r n a l ,  i  (1912), 741.

NOTES AND CORRESPONDENCE
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article to this process as being new. The matter of molding 
powdered materials in a hot hydraulic press was known long 
before the discovery of our own materials or Dr. Baekeland’s 
discoveries. The method is given simply to show that the porous 
material which Dr. Baekeland stated was of inferior value com­
mercially can be made into homogeneous solid material which 
compares favorably with the best resins produced by the wet 
process, if we accept his own tables of the two materials.

We take decided issue with Dr. Baekeland when he makes 
the statement that the evolution of the ammonia is not a possi­
ble method for following the reaction between a phenolic body 
and active methylene groups and is "only true in case phenol 
is in large excess.” The reaction may be followed easily by 
measuring the evolved ammonia when the phenol is not in ex­
cess at all, e. g., when 6 mol. of phenol to one mol. of hexamethyl- 
enetetramine are present. We intend to discuss this in a later 
paper and we propose to show that the reaction is very easy to 
follow if carried on in the presence of ethyl alcohol, amyl alco­
hol or certain other solvents.

The Doctor intimates that we have dealt unfairly with Dr. 
C. P. Steinmetz, of Schenectady, in not mentioning in our paper 
the fact that Dr. Steinmetz had also prepared synthetic resins 
from anhydrous phenol and dry hexamethylenctetramine. 
However, Dr. Baekeland is in possession of the knowledge that 
we had made basic patent applications for these resins long be­
fore Dr. Steinmetz conceived of them, according to his sworn 
statement in the patent office. As prior discoveries in the art, 
it was not incumbent upon us to give Dr. Steinmetz credit for 
what was clearly our own invention. The Patent Office has 
ruled that Dr. Steinmetz is not the first inventor, and the office 
has also ruled that the interference in which Dr. Baekeland 
was involved should be dissolved, although this matter is now 
pending an appeal. Indeed, every claim made in the inter­
ferences was taken verbatim from our earlier applications.

The Doctor calls upon us to describe at greater length the 
qualities of the rods which we have in our laboratories which 
are two feet long and one and one-half inches in diameter. 
We arc prepared to say that the tensile strength, crushing 
strength, dielcctric properties and chemical inertness compare 
favorably with any of the products we have been able to pro­
duce from either the dry or wet process where a counter pressure 
was used.

A t this time we do not deem it expedient to give the methods 
by which the rods were produced.

The table of analysis published1 on page 11, column x, is given 
with one specific idea in mind, viz., to show that the chemical 
individual, phenyl-endeka-saligeno-saligenin is one of the 
principal intermediate products of all these reactions between 
phenolic bodies and active methylene bodies and also with other 
data went to show that phenyl-endeka-saligcno-saligenin was the 
particular intermediate product which transformed into the 
final insoluble resin. There was no attempt made to give an 
analysis of our most insoluble resins as the time required for 
analysis was too long, owing to the slow disintegration of the 
resin by the caustic and it was the object of the authors to pro­
duce a purely scientific treatise of the subject without discussing 
at unnecessary length its technical values.

The apparatus described1 on page 11 for determining whether 
water is set free when hexamethylenetetramine reacts with an 
excess of phenol also finds objection from Dr. Baekeland. He 
believes the condcnsor marked " 8 ” is the best means for pre­
venting any water from entering the train of absorbing tubes. 
This we may concede without detracting from the value of the 
experiments. We are indeed very sorry the Doctor did not 
read the article more carefully. If the Doctor will again read 
the article he will see that we are trying primarily to absorb 
nitrogen compounds and not water and we were able to account 

1 T h i s  J o u r n a l , 6 (1 9 1 4 ), 11.

for all the nitrogen in the hexamethylenetetramine present up 
to 99.5-100 per cent. The reaction does not come under the 
class of organic reactions of which Dr. Baekeland speaks which 
are considered quantitative when they lack 5 or even 7 per cent 
of the full 100 per cent.

Now, if the ammonia be evolved quantitatively there remains 
110 reasonable chance for the remaining m'ethylene groups and 
the dry phenol or the phenol less two of its hydrogens to yield 
water as a by-product during their reaction.

The condenser was the shortest type allowable which would 
guarantee a condensation of the phenol and a return of the same 
to the flask. Water, if it had been formed, would not have re­
turned completely to the flask which was heated to 185° Centi­
grade, but it would have passed over in part at least into the 
train of absorbing tubes; or if it were formed in quantity and re­
turned to the flask, it would have shown itself readily in either 
of two ways. Each drop as it fell from the condenser would have 
evaporated rapidly with a sizzling sound such as a lower boil­
ing liquid makes when it falls upon the surface of a higher 
boiling liquid (which is actually boiling), or, which is more prob­
able, it would have shown in a whitish ring around the top of 
the boiling liquid as the water ¡11 condensing ran down the sides 
of the flask and precipitated temporarily the resins out of the 
phenol. Such phenomena were not noticeable in any of the 
experiments.

Whatever may be Dr. Baekeland’s objection, the fact remains 
indisputable that 110 water is formed during the reaction between 
anhydrous phenol and dry hexamethylenetetramine.

The experiments with anisol call forth some rather strange 
speculations 011 the Doctor’s part. The non-reactivity of anisol 
and hexamethylenetetramine with each other when heated 
together and their activity when in the presence of phenol ex­
cites the Doctor. We feel like apologizing for having to point 
out that this is one of the commonest classes of reactions known 
where a substance A and a substance B do not react readily 
with each other but react readily 111 the presence of a third sub­
stance C. Indeed the very example the Doctor cites is among 
the most interesting in this respect. If wc take pure meta-eresol 
and pure hexamethylenetetramine and let them react together 
they produce a resin which gives an inferior lacquer. The 
lacquer thus produced, heated for thirty minutes at 180° Centi­
grade, will darken and disintegrate in aqueous normal caustic 
solution in 150 minutes and darkens and dissolves in acetone 
in two hours while, if we accept Dr. Baekeland’s statements, 
the meat-cresol in the presence of sufficient amounts of other 
cresols, will produce a resin which gives a lacquer film which is 
not attacked by caustic in 90 hours. We cannot understand 
why the Doctor accepts his own meta-cresol experiments and 
throws away our experiments with anisol. But we shall enter 
into a discussion of the relative merits of these lacquers in a 
later paper which we now have ready for publication.

. The Doctor complains that his molecules do not obey him 
in the wet reaction so well as do ours in the dry reaction. ^ e 
agree with the Doctor entirely on this point. We also found 
the wet reaction very hard to follow chemicajly while the dry 
reaction has considerable of the “ Prussian Soldier” about it, 
especially in the precision with which it may be made to con­
form to orders. There are no deserters among the methylene 
groups in the hexamethylenetetramine— none of them are 
■volatile— and none of them need to be pressed into service.

The tables with which the Doctor has concluded his criticism 
are misleading as he has arbitrarily selected examples from our 
tables and arranged them without regard to the original con­
text. The tensile strengths for our anhydrous resins have no 
meaning, as no data is quoted of the conditions under which 
they are taken. The numbers quoted are neither the highest 
nor the lowest, nor the average of those we have published. 
But if the Doctor will read the paper again, carefully, he will
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see that the n u m b ers g iv e n  in  e a ch  ta b le  w e r e  g iv e n  fo r  sp ecia l 
reason, viz.,  to  sh o w  th e  e ffe c t o f tim e  o f h e a tin g , te m p e ra tu re , 
per cent ru b b er p ro d u c t p resen t, e tc ., u p o n  th e  fin a l resin s.

Indeed, we have tensile strength tests on our transparent 
almost water white materials which run higher than any of our 
published results (t. e., from 5,000 to 6,200 lbs. per sq. in.), 
but since they have no bearing upon the scientific data given in 
our preliminary paper, we have not submitted them until now 
for publication.

There are many possible differences between our synthetic 
resins and the synthetic resins produced by the wet process 
which have not been mentioned in the Doctor’s criticism; and 
it is to be carefully borne in mind that these very differences 
arc the determining factors in many of the lines of industry 
in which our product is finding a market.

(1) The rate of discoloration in daylight or dircct sunlight.
(2) The rate of disintegration in caustic or alkaline solutions.
(3) The solubility or discoloration in alcohol and acetone 

solutions.
(4) The effect of the lower fatty acids upon the resins, such as 

formic.
(5) The ability of the resins to withstand shock as in rapid 

valve work, under high pressure.
(6) The presence of free phenol in materials used for pharma­

ceutical apparatus.
(7) The presence of water as a by-product in the final trans­

formation of the resins, especially in large impregnated arma­
tures.

These are only a few of the possible and real differences be­
tween our anhydrous resins and the wet process resins.

We cannot close this reply without pointing out another 
of the Doctor’s errors. He concludes that our resins are iden­
tical with his resins, but this conclusion is offset by his state­
ment that he obtained by the wet process (1) “ An infusible 
end-product resins which showed incomparably better dielectric 
properties than what we obtain in making a material by means 
of dry phenol and dry hexamethylenetetramine as described 
by Dr. Redman and his collaborators.”

Just how  a  m a te ria l ca n  b e  a t  o n e  and  th e  sa m e tim e  e q u a l 
to itself and  in c o m p a r a b ly  b e tte r  th a n  its e lf  w o u ld  seem  to  c a ll 
for exp lan ation . .

It has been  110 p a r t  o f o u r p u rp o se  to  e n g a g e  in  c o n tro v e r s y  
with a  gen tlem an  w h o  h as sh o w n  u n tir in g  in d u s tr y  in  s tu d y in g  
the w ork o f th e  e a r lie r  in v e n to rs  a n d  p u tt in g  to  in d u str ia l uses 
the results o f th e ir  la b o rs  su p p le m e n ted  b y  h is ow n d isco veries. 
Our effort, in  o u r e arlie r  p ap er, w a s  to  s e t  fo rth  s o m e th in g  of 
the h isto ry  o f th e  a r t  o f p ro d u c in g  s y n th e t ic  resin s, a n d  it  d id  

not occur to  u s th a t  in  so  d o in g  w e  Should g iv e  offen se to  ou r 
highly esteem ed  c o n te m p o r a r y  o r fu rn ish  th e  a n im u s fo r Dr. 
B aekeland’s critic ism  to  w h ich  w e  h a v e  h ere  m a d e  re p ly .

L. V. R e d m a n  
A .  J. W e i t h
F. P. B r o c k

A m b e r io d  C h e m ic a l  P r o d u c t s  C o .
6 3 6 -6 7 8  W e s t  2 2 n d  S t . ,  C h i c a g o  

F ebruary  16, 1914

VALUATION OF FLUORSPAR

Editor of the Journal of Industrial and Engineering Chemistry:
In T h i s  J o u r n a l ,  4, 201 and 548, I published a quick method 

for the determination of the principal constituents of Fluorspar. 
This method is now used in our mine laboratory and has proved 
very satisfactory. In practical work, I have made some slight 
modifications, increasing thereby the accuracy of the results, so I 
believe the modifications may be of interest to some of my col­
leagues.

After dissolving the carbonates by diluted acetic acid, I evapo­
rate to dryness, add 50 cc. water and heat to boiling to precip­

itate the iron, dissolved by acetic acid, as basic acetate. Thereby 
the small amount of iron soluble in acetic acid is not calculated 
in the amount of calcium carbonate, as it would be by filtering 
off the acetic acid solution. Furthermore, the amount of cal­
cium fluoride brought in solution is smaller, since the solubility 
of calcium fluoride in acetic acid is higher than in water: 50 
cc. hot water dissolve 0.8 mg. calcium fluoride, while 50 cc. 
acetic acid (1:10) dissolve 10 mg. of calcium fluoride.

After volatilizing the silica, I decompose the metal oxides, as 
formerly, by digesting and evaporating the residue with hydro­
fluoric acid and a few drops of nitric acid. B y this operation 
under certain conditions, some calcium nitrate can be formed 
and left undecomposed, which would cause an error because of 
the solubility of calcium hydroxide in the alkaline extraction 
solution. Also in fluorspar high in iron, some iron nitrate can 
be left undecomposed, which will change to a basic salt by evapo­
rating, which basic salt is insoluble in the extraction solution.

Therefore, I repeat the evaporation with hydrofluoric acid 
in all cases in order to be sure that all nitrates arc transformed 
into fluorides. Investigating the action of nitric acid on calcium 
fluoride, I evaporated one gram of pure crystallized fluorspar, 
finely ground, with different amounts of nitric acid and calculated 
the amount of decomposed Calcium Fluoride from the increase 
of weight as follows:

Cc. H N O i G . CaFs
G. C aFs Sp. gr. 1.42 decom posed

1 0 .5  0.0034
1 1 .0  0.0057
1 1.5 0 .0089
1 2 .0  0 .0114
1 2 .5  0.0131
1 3 .0  0.0163

By digesting and evaporating these residues with 2 cc. hydro­
fluoric acid (50 per cent), I obtained the original weight of one 
gram fluorspar, showing that one evaporation with 2 cc. 50 per 
cent hydrofluoric acid is sufficient to decompose the calcium 
nitrate formed by evaporating one gram fluorspar with 3 cc. 
nitric acid (1.42).

Considering these results, I changcd the method as follows: 
After volatilizing the silica and weighing the residue add 2 
cc. hydrofluoric acid and 10 drops of nitric acid, cover the 
crucible with its lid and place 011 a moderately warm water bath 
thirty minutes; then remove the lid and evaporate to dryness, 
add 2 cc. hydrofluoric acid and evaporate again to dryness, etc., 
as described in my first paper.

Working in this manner, no calcium salt is dissolved by the 
extraction solution and only a small amount of calcium fluoride 
is washed out corresponding to the solubility of calcium fluoride 
in water.

T he corrections I am  using in this modified m ethod, tak ing  one gram  of 
F luorspar for analysis, arc:

(1) F o r loss in w eight by  trea tin g  w ith acetic acid, evaporating  
to  dryness and  boiling a fte r the  addition  of 50 cc. w a te r ........

(2) F o r loss in weight by  trea tin g  w ith  HgO and H F ...................
(3) For loss in weight by  trea ting  w ith am m onium  a c e ta te . . . .

E.
L a b o r a t o r y  F a i r v i e w  F l u o r s p a r  &  L e a d  Co. 

G o l c o n d a , I l l i n o i s  

F ebruary  2, 1914

NOTE ON TH E ELECTROLYTIC DETERM INATION OF 
COPPER

Editor of the Journal of Industrial and Engineering Chemistry:
In the electrolytic determination of copper from nitric acid 

solutions the deposit is very bright and adherent, if the correct 
acidity concentration conditions have been maintained. When 
the acid concentration is too low the film has a dull look and may

o.ooio g.
0 .0 0 0 2  g. 
0 .0 0 1 0  g.

0 .0 0 2 2  g .

B i d t e l
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not be adherent. If the acid concentration is too high a long 
time will be required to completely deposit the metal, although 
the deposit will be very bright.

In those cases where it is very convenient to limit the amount 
of free acid in bringing the copper into solution in preparing for 
the electrolysis, and where the results of the analysis are needed 
in the shortest possible time for control work, this excess acidity 
can be very easily controlled by the addition of a little powdered 
sodium acetate to the solution.

In preparing the solution for electrolysis all the nitric acid 
can be used that is necessary to quickly bring into solution the 
copper, copper salts, or compounds containing copper. Then 
after the electrodes have been mounted, the current switched 
on, and current density adjusted, if the copper does not promptly 
start to plate out, a little sodium acetate dusted into the solu­
tion will fix the excess of nitric acid which is dissolving the copper 
film as fast as formed.

The change in the character and speed of deposition will be 
almost instantaneous and the deposit will be bright, adherent, 
and formed in the minimum of time. The treatment of the solu­
tion with an excess of sodium acetate at the end of a deposition 
in order to change the free nitric acid to sodium nitrate and thus 
enable the electrodes to be removed without previous washing 
has been recommended often and the action is the same in both 
cases, differing only in degree.

H . C l o u k e y
F o r e s t  P r o d u c t s  L a b o r a t o r y  

M a d i s o n ,  W is c o n s in  
December 27, 1913

REM ARKS ON W H ITE LEAD PAINT PUBLISHED IN 1810

Editor of the Journal of Industrial and Engineering Chemistry:
Mr. Frederick L. Hodman, Statistician of the Prudential 

Insurance Company of America, has kindly sent me for perusal 
a rare volume of the Memoirs of the Connecticut Academy of 
Arts and Sciences, published in New Haven in 1810. On pages 
135 and 136 occurs a letter from N. Webster, Jr., to Mr. Benjamin 
Silliman, Secretary of the Academy. 1 enclose a copy of this 
letter, thinking perhaps it might be interesting to the readers 
of the J o u r n a l .  It is interesting no note that in those days 
they spoke of the "new  chemistry” in pretty much the same way 
that we do to-day. The “ new chemistry ”  of Webster, however, 
is not very new now.

G. W. T h o m p s o n
129 Y o r k  St ., B r o o k l y n  

January  27, 1914

ON T H E  D E C O M P O S IT IO N  OF W H IT E  LEA D  P A IN T

To Mr. B e n j a m i n  S i l l i m a n ,  Secretary of the Connecticut Academy
of Arts and Sciences.
SIR,

It is well known, that a white paint, formed by mixing oil, 
and usually vegetable oil, with the white oxyd of lead, is very 
expensive, and not very durable. Within a few years after this 
paint is laid upon a building, it is observed that the oil has been 
separated from the lead, and the latter may be rubbed off with 
the hand, being reduced to a state in which it is easily pulverized. 
It is observable also, that the like paint on inside work, not ex­
posed to water, is not liable to the same change. From these 
facts, it is probable that the oil, when exposed to water, under­
goes a slow decomposition.

Oil is proved, by chemical analysis, to be composed of carbon, 
or pure charcoal, and hydrogene, or the base of inflammable 
air, in the proportion of nearly four parts of the former, with one 
of the latter. Now carbon has. a very strong affinity for oxygene, 
one of the constituent elements of water. Is it not probable 
that the decomposition of the oil of paints is owing to that affinity 

the carbon of the oil combining with the oxygene of water, 
and the hydrogene of the oil, being set free, escaping in the form

of gas? If so, the art of rendering the paint durable will consist 
in fixing the oil, or preventing this decomposition. This is 
undoubtedly a great desideratum in the arts. In the course of 
my scanty reading 011 subjects of this kind, I have found nothing 
satisfactory. The experiments of M . de Morveau, as related 
in a paper communicated to the Academy of Dijon, of which 
an extract is found in the Encyclopedia, were evidently made 
before the date of the new Chemistry. It is believed that the 
causes of the cliangcs which paints undergo, and which he ascribes 
to phlogistic vapors, are now better understood than when he 
wrote; and it is desirable that the attention of the chemist, as 
well as the artist, may be invited to the subject.

If the funds of the Academy would permit, it might be well 
to offer a premium for the discovery of a substance which should 
fix the oil in white paints, without changing their color.

I am, Sir, respectfully, your obedient servant,
N . W e b s t e r , J u n .

New-Haven, Oct. 30, 1804

FORTY-NINTH M EETING OF THE AMERICAN CHEM­
ICAL SOCIETY, CINCINNATI, APRIL 7 -10 , 1914

A meeting of the American Chemical Society will be held in 
Cincinnati, Ohio, April 7th to 10th, inclusive, the beginning 
date having been changed from April 8th to April 7th since the 
announcement in the February Journal. A meeting of the 
Council will be held at the Hotel Sinton, at eight o’clock, p .m ., 
on Monday evening, April 6th. The meetings of the Society 
will be held at the University of Cincinnati. The Hotel Sinton 
011 the corner of Fourth and Vine Streets has been chosen as 
headquarters. Other hotels will be designated in the final 
program, which will be sent to all members'who signify their in­
tention of attending the meeting.

The following committees have been chosen to arrange the 
spring meeting:

F. W . W eissmann, Chairman.
Stephan J . Hauser, Secretary. A rchibald Cam pbell. Treasurer.

C H A IR M A N  O P  S U B -C O M M IT T B E S ,

G. F arnham , Transportation and Excursions.
C. T . P. Fennel, Publicity. Press and Printing.
J . W . Film s, Reception.
John Uri Lloyd, Meeting Places.
M rs. J. \V. Klims. Ladies' Reception.
R ichard Lord, Entertainment.
Lauder \V. Jones, Banquet.
F. C. Broeman, Smoker.
Archibald Cam pbell, Finance.
F. O. Clements. Reception at Dayton. O.

All Divisions of the Society will meet, and the Water, Sewage, 
and Sanitation Section have announced that they are planning 
a special conference on Standard Methods of W ater Analysis. 
As Cincinnati is near to some of our largest rubber manufactur­
ing centers a large meeting of the Rubber Section is expected.

The Secretary of the Local Section announces the following 
detail:

"T h e  Entertainment Committee is planning many interesting 
events, and special preparations are being made to provide 
entertainment for ladies, who may attend, a t times when they 
cannot participate in the regular meetings. One particularly 
interesting feature will be the concert given by the Cincinnati 
Symphony Orchestra, under the direction of Ernst Kunwald, 
which has been arranged for Wednesday evening.

“ The Transportation Committee has arranged a number of 
interesting visits to local industrial plants. It  is a well known 
fact that Cincinnati has a very large variety of industries which 
are strictly chemical o r  very closely allied. This C o m m itte e  
has already arranged trips to the Filtration Plant, P r o c to r  and 
Gamble’s, the home of Crisco, Globe Soap Co., D ia in a l t  Co., 
Andrew Steel Works, Boldt Glass Co., the New C in c in n a ti 
Hospital, the largest and most modern city hospital in the
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world, Machine Tool Plants, Rookwood Pottery, Lloyd Brothers, 
W. S. Merril Chemical Co. and many others.

"In addition to these inspection trips, the Committee is 
planning to devote Friday, April 10th, to visit adjacent indus­
trial plants, an all day excursion. It  is planned to go to M iddle­
town during the morning and inspect the plant of the American 
Rolling Mills, the home of Ingot Iron. A fter visiting this plant, 
we shall go to Dayton, where members of the Cincinnati Section, 
residents of Dayton, have arranged an inspection trip through 
the plant of the National Cash Register Co. Negotiations are 
now in progress to have M r. W right give an exhibition of his 
latest Aeroplane, including the stabilizer.

“ The following provisional program will give an idea of the 
plans for the Cincinnati meeting.

M o n d a y , Apr. 6, Evening, Council M eeting 
T u e s d a y ,  Apr. 7, Morning. G eneral M eeting 

Afternoon. Excursions 
Evening, Sm oker a t  Zoo 

W e d n e s d a y ,  Apr. 8, Morning, D ivision M eetings 
Afternoon, Excursions
Evening, C oncert by  th e  C incinnati Sym phony 

O rchestra a t  E m ery  H all 
T h u r s d a y ,  Apr. 9, Morning, D ivision M eetings 

Afternoon, Excursions 
Evening, Subscription D inner 

F r id a y ,  Apr. 10, Excursion to  Am erican Rolling Mills, M iddletow n;
to  N ational C ash R egister Co., D ay to n .”

All titles for papers should be in the Secretary’s hands on or 
before March 23rd, or in the hands of the Secretaries of Divisions 
by March 21st, in order to be placed 011 the final program. B y 
vote of the Council 110 papers can be presented at the meeting 
that are not printed on the final program.

A D D R E SSE S O F S E C R E T A R IE S

DIVISIONS

Agricultural and Food Chemistry, Glen F. Mason, H. J. Heinz 
Company, Pittsburgh, Pa.

Biological Chemistry, I. K . Phelps, Bureau of Chemistry, 
Washington, D. C.

The program of the first public meeting of the Radium Institute 
of America, held at Columbia University on Feb. 17 th, was as fol­
lows: “ Introductory Remarks,”  Pres. N. M. Butler; " T h e  Ex­
periment of Counting the Alpha Particles,”  Prof. Geo. B. Pegram; 
"Some Experiments with Radium Emanation,”  Prof. William 
Duane; “ Therapeutic Use of Radium,”  Dr. Robert Abbe; “ Some 
Biological Effects from Radium,”  Prof. Francis Carter Wood.

Dr. Wolfgang Ostwald, of the University of Leipsic, Germany, 
was the guest of honor at a dinner given by the Cincinnati 
section of the A. C. S. and the Cincinnati Research Society, 
at the Business M en’s Club, 011 Feb. 11, 1914.

Dr. F. K . Cameron, of the Bureau of Soils, spoke before the 
Washington Section of the A. C. S. 011 Feb. 12, 1914. Dr. 
Cameron gave an illustrated lecture on "P otash  from K elp.” 

Prof. Harry C. Jones, of Johns Hopkins University, gave 
an illustrated lecture 011 " T h e  New Era in Chem istry,”  before 
the Philadelphia Section of the A. C. S. on Feb. 21, 1914.

The Michigan Section of the A. C. S. met Jan. 22, 1914 and 
were addressed by M r. W . L. Badger on "T h e  W ork of the 
Bureau of Standards.”

Mr. Wm. H. Blauvelt, Consulting Engineer of the Semet- 
Solvay Co., Syracuse, N. Y ., gave an illustrated lecture on 

By-Product Coke Ovens from the Chemical, Engineering 
and Economic Standpoints,”  before the Pittsburgh Section 
of the A. C. S., Feb. 19, 1914.

Prof. W. P. Mason, of the Rensselaer Polytechnic Institute 
at Troy, N. Y ., lectured on Jan. 29th before the Franklin Insti­

Fcrtilizer Chemistry, F. B . Carpenter, Virginia-Carolina 
Chemical Co., Richmond, Va.

Industrial Chemists and Chemical Engineers, S. H. Salisbury, 
Jr., Lehigh University, South Bethlehem, Pa.

Organic Chemistry, C. G. Derick, Morris Ave., Lincoln Place, 
Urbana, 111.

Pharmaceutical Chemistry, A. P. Sy, University of Buffalo, 24 
High St., Buffalo, New York.

Physical and Inorganic Chemistry, R. C. Wells, U. S. Geo­
logical Survey, Washington, D. C.

SECTIONS

India Rubber Chemistry, Dorris Whipple, The Safety In­
sulated Wire and Cable Co., Bayonne, N. J.

Water, Sewage and Sanitation, Harry P. Corson, State W ater 
Survey, Urbana, 111.

The final program will be sent to all members of the Cin­
cinnati Section, to Secretaries of Local Sections, to members 
of the Council and to all members requesting same. The ex­
pense of printing and mailing this program is so great that it is 
sent only to those who especially desire it on account of their 
intention of attending the meeting. Other members will find 
it printed in the Society’s Journals.

Cincinnati is centrally located, and is accordingly easily 
reached by all members of the Society. E very member of the 
Society should make an effort to be present, for it  is hoped and 
expected that this will be the largest meeting of the American 
Chemical Society ever held in the spring.

C h a r l e s  L. P a r s o n s ,  Secretary
B ox 505, W a s h i n g t o n ,  D. C.

February ' 19, 1914 ___________

N O TE ON CERTAIN UN PU BLISH ED W O R K  ON ELEC­
T R O L Y S IS U SIN G  SU PPO R T E D  M ERCU RY 

K A T H O D E — A CO RRECTIO N
In  T h is  J o u r n a l , 6, 166 m y  n am e w a s  o m itte d  a s  a u th o r  o f 

th e  a r t ic le  u n d e r th e  a b o v e  tit le .
E r n e s t  A. L e S u e u r

O t t a w a , O n t a r io

tute of Philadelphia on “ Advantages and Disadvantages of 
W ater Storage.”

Dr. W alter P. Bradley has resigned as Professor of Chemistry 
after twenty-five years of service at Wesleyan University to 
take charge of the investigations of the United States Rubber 
Company in whose employ he recently spent a year’s leave of 
absence.

The University of Illinois offered a two weeks’ course on 
" T h e  Technology of the C lay Industries,”  from Jan. i2th-24tli, 
under the direction of M r. A. V . Bleininger, of the Bureau of 
Standards at Pittsburgh, and M r. R. T . Stull, Acting Director, 
Ceramics Department, University of Illinois. This course 
was intended for men actively engaged in the industries and 
an attem pt was made to apply the chemical and physical 
principles underlying the operations of preparation, shaping, 
drying, burning and decorating. Additional subjects, such 
as Construction of Furnaces and Kilns, Power Plants, Power 
Transmission, Dynamos and Motors, Care of Machinery, etc., 
were presented. The engineering topics were treated by Acting 
Dean Richards, of the Mechanical Engineering Department 
and his associates. For the complete course, 51 men registered 
and a smaller number attended for a shorter time. All of 
these men are connected with the ceramic industries in the 
capacity of managers, superintendents or in charge of plant 
departments.

M r. C. H. Teesdale, of the Forest Products Laboratory, 
Madison, Wisconsin, will address the Chicago Section of the

PERSONAL NOILS
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A. C. S. at the March meeting on his special work 011 Wood 
Preservation.

Mr. J. Lanison Wills, F.C.S., of the Stifel Laboratory of 
Ferraentology, addressed the Feb. 9th meeting of the St. Louis 
Section of the A. C. S. on “ American Beer from the Chemical 
and Biological Viewpoint.”

Mr. W. D. Richardson, Chief Chemist of Swift & Co., Chicago, 
addressed the Detroit Chemists on Jan. 30th, his subject being 
"T h e  History and Present Status of Food Preservation.”

Walter Wallace Weir has been placed in charge of cooperative 
drainage experiments being carried on at Kearney Park, near 
Fresno, 011 the 5,400-acre ranch belonging to the University of 
California. The University and the Office of Experiment 
Stations of the U. S. Dept, of Agric. are making these investi­
gations in the reclamation of alkali lands by drainage ditches 
and a pumping system.

The Nashville Section of the A. C. S. was addressed on Feb. 
20, 1914, by Mr. E. J. Pranke, who spoke on "Some Problems 
of the Cyanamid Industry and their Industrial Solution.”

Mr. Paul Poetsclike has resigned from the position of As­
sistant Director of the Department of Chemistry of the Lederle 
Laboratories, New York, after ten years of continuous service 
with that company; he was presented with a beautifully inscribed 
loving cup by the officers, employees and friends associated 
with the Lederle Laboratories and Lederle & Provost. Mr. 
Poetschke’s present position- is that of Director of the Depart­
ment of Chemistry of the L. D. Caulk Co., Milford, Del., manu­
facturers of dental materials: his new work will be in connec­
tion with various lines of research leading to scientific develop­
ment and application of tlip materials used in dentistry, as 
well as improvements in processes of manufacture and the stand­
ardization of materials.

Mr. Frank A. Lidbury, Works Manager of the Olbury Electro­
chemical Co., of Niagara Falls, gave an experimentally illus­
trated address before the Rochester Section of the A. C. S.,

Treatise on General and Industrial Organic Chemistry. B y D r . 
E ttore M o lin a r i .  Translated from the second, enlarged 
and revised Italian edition by Thomas H. Pope. Philadelphia: 
P. Blakiston’s Son & Co., 1913. Pp. xix +  770. 506 illus­
trations. S6.00 net.

There are plenty of excellent modern textbooks on general 
organic chemistry already 011 the market and new ones are con­
stantly appearing. There are also many admirable standard 
works on industrial organic chemistry and this number also Is 
being steadily increased. It would therefore seem a rather 
difficult matter to find any places in the field not already fully 
occupied, or any need not already satisfactorily met. Yet, in 
the opinion of the reviewer, Dr. Molinari has found one of these 
few remaining uncrowded parts of the field and his book therefore 
meets a need not heretofore properly provided for. Mr. Pope 
has done a service to all English-speaking chemists in translating 
it into our own tongue. The recording of weights in quintals 
throughout the book will look more familiar to the Englishman 
than to the American.

In textbooks on general organic chcmistry there is usually 
only an occasional brief reference to the industrial importance of 
the compound or reaction discussed, practically all of the space 
being given up to a consideration of the theoretical side of the 
subject. Similarly, the textbooks on industrial organic chem­
istry as a rule give but scant attention to the theoretical ques­
tions involved or attempt to arrange their material with regard 
to its proper place in a scicntific classification of the whole field, 
the arrangement being almost without exception from the stand­
point of the industrialist and not from that of the teacher. There

Feb.' 2 , 1914, on "Som e Aspects of the Electro-Chemical In­
dustry.”

Mr. Lewis J. Seidensticker, formerly with the Warner Sugar 
Refining Co., Edgewater, N. J., has accepted the position of 
Manager of the Atlantic Sugar Refineries, Ltd., St. John, N. B„ 
Canada.

Prof. A. H. Blanchard, in charge of the graduate course in 
highway engineering at Columbia University, delivered illus­
trated lectures on Jan. 26th at the University of Illinois, his 
subjects being: “ Bituminous Surfaces and Bituminous Pave­
ments,”  and "M odern Developments in Highway Engineering 
in Europe.”

The Food and Drug Inspection work of the Bureau of Chem­
istry has been reorganized, the country being divided into three 
districts, each under a District Chief, who will be in charge of 
the branch laboratories and the work of the inspectors in his 
territory. It is expected that the Pittsburgh, Kansas City, 
Nashville, Portland and Omaha Laboratories will be closed by 
April 1st. The Eastern District, in charge of Mr. W . G. Camp­
bell (now Chief Inspector) with headquarters at the Bureau 
in Washington, includes the laboratories at New York, Boston, 
Philadelphia, Buffalo, Pittsburgh, Savannah and San Juan. 
The Central District under Mr. L. M. Tolman (now Chief 
of the Washington, D. C., Food Inspection Division) takes in the 
laboratories at Chicago, St. Paul, St. Louis, Cincinnati, New 
Orleans, Nashville, Kansas C ity  and Omaha. The Western 
District, in charge of Mr. B. R. Hart (formerly of the Cincinnati 
Laboratory) with headquarters at San Francisco, includes the 
territory west of the Rocky Mountains and the branch labora­
tories at San Francisco, Denver, Portland, Seattle and Honolulu.

Dr. Robert Kennedy Duncan, Director of the Mellon In­
stitute of Industrial Research of the University of Pittsburgh, 
died at his home in Pittsburgh on February 18, 19x4, after an 
illness of several weeks.

is thus a gap between the two, and it is just this gap which Dr. 
Molinari has endeavored to bridge.

His book is essentially a textbook of general organic chemistry, 
in which all groups of organic compounds are classified as usual 
according to their structural formulas, and with which has been 
incorporated and properly distributed under this classification 
a textbook of industrial organic chemistry. In other words, the 
problem was to take a book like Sadtler’s "Industrial Organic 
Chemistry” and add this material, in the proper places, to that 
already given in such a book as Berntlisen’s "Organic Chemistry.” 
The result of such a fusion is, as just pointed out, a textbook of 
general organic chemistry with special emphasis on and detailed 
treatment of its industrial side. Such an arrangement is of 
advantage both to the student of general chemistry and to the 
industrialist. To the former, it points out at once which are 
the compounds and reactions of commercial importance, what 
their significance is to the community, and what are the actual 
manufacturing^ processes by which they are produced. On 
the other hand, it teaches the industrialist the place of his own 
special line of manufacturing in the whole wide field of organic 
chemistry, what other compounds and reactions are most closely 
related to those which occupy his chief attention, and gives him 
a clearer insight into the importance of the underlying theoretical 
principles.

I t  will be adm itted a t  the outset th a t it is not an easy problem 
to condense tw o such textbooks i n t o  one volum e of c o n v e n i e n t  

size. I t  w as necessary, naturally, to  sacrifice som ething of each, 
to keep down the size of the volum e, b u t on the whole the work 
has been well done, and its author is to be congratulated. Where

BOOK REVIEWS
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the trimming can be done with least injury in such a consolidation 
is a matter of opinion and will, of course, be decided by the view­
point of the author. On the industrial side, it may be determined 
solely on the basis of the commercial importance of the subject 
or, on the other hand, the determining factor may be the extent 
to which chemistry enters into the processes involved. Person­
ally, in a book of this kind, the reviewer, being a teacher, would 
like to see the latter the chief factor in deciding the question; 
more space being given to such matters as synthetic drugs and 
synthetic perfumes and less to sugar, textiles and the like, where 
the engineering features are so much more in evidence than the 
chemical. Where various methods are given for the manufacture 
of the same products, an indication of the relative commercial 
importance of each should be given, so that the reader may be 
able to pick out at a glance the leading present-day practice.

It is scarcely to be expected that a book of this size and scope 
should be wholly free from minor defects, and the rigorous critic 
who goes over it with a fine-tooth comb will discover here and 
there statements which are inaccurate or misleading. These 
occasional lapses presumably will be corrected in subsequent 
editions.

An immense amount of labor has been expended in gathering 
and properly distributing the mass of material contained in the 
volume. Much statistical information is included and consti­
tutes a very valuable feature. References and special bibliog­
raphies are, however, generally lacking; and it is to be hoped 
that the author can include them in future editions. In fact, the 
reviewer would be glad to see the scope of the work enlarged, even 
though it involved the publication of two volumes instead of one.

The book is a welcome addition to the literature of the subject, 
and is just what is wanted in courses in organic chemistry for 
engineering students, especially for those intending to become 
chemical engineers.

Part I. General. This part comprises the usual introduction 
to textbooks of organic chemistry and deals with such topics 
as the purification and analysis of organic compounds, deter­
mination of empiric, molecular, constitutional and stereochcmical 
formulas, valency, isomerism, polymerism, homology and isology, 
the bearing of chemical composition and constitution upon 
physical properties, classification of carbon compounds, official 
nomenclature and the like. It  would seem desirable to add here 
also some facts of special interest to the future chemical engineer 
concerning chemical manufacturing processes in general, the 
most important factors governing industrial operations, standard 
forms of apparatus, the difference between test tube reactions 
and those of the plant, and the like; material similar in character 
to that contained in the recent address of O. N. W itt, before the 
general meeting in Prague of the Austrian Union for the Advance­
ment of Chemical Industry, on the methods of work of the chemical 
laboratory and of chemical industry and their inter-relations.

Part II. Derivatives of Methane. A discussion of the more 
important groups of straight-chain carbon compounds. The 
classification employed in this part does not appeal to the re­
viewer as logical or as the best adapted to the purposes of the 
author. It seems unfortunate, for example, to discuss acetic 
acid and its salts in one part of the book (p. 270), acetic anhy­
dride in another part (p. 320), and the esters of acetic in still a 
third place (p. 371) ; and not to consider the industries of the oils, 
fats, waxes, candles and soaps, in closer connection with the 
corresponding fatty  acids. I11 addition to the industries just 
mentioned, this part contains a discussion also of the following: 
£a!>, petroleum, alcohol and alcoholic beverages, explosives, 
tartaric acid, citric acid, sugar, starch and paper, as well as many 
others (wood distillation, vinegar, glycerol, glucose, etc.) treated 
more briefly.

Part III. Cyclic Compounds. A  discussion of the more im­
portant groups of cyclic carbon compounds. This includes 
descriptions of the following industries: coal tar, tanning, col­
oring matters, textile fibres; also briefer articles on synthetic

perfumes, synthetic drugs, synthetic rubber, etc., several of 
which merit fuller treatment.

M . T . B o g e r t

Preservative Coatings for Structural M aterials. Reports of 
Committee D -i of the American Society for Testing M a­
terials, 1903-1913. Edited by  the Secretary and published 
b y the Society. Philadelphia. 431 pages. Quarto. Cloth, 
Price, $2.00.

The study of protective coatings for iron and steel, begun 
by the American Socicty for Testing Materials in 1903 and con­
tinued unbrokenly and with increasing effectiveness to the present 
time, is described in detail in these reports, now published in 
combined form in a single volume.

During the first few years the Committee planned its investi­
gations and formulated its standards but as soon as definite 
lines became clear, the work was taken up and pushed as vigorously 
as possible, consistent with the exercise of conservative judgment.

The first constructive work the Committee undertook was in 
the application of nineteen different paints on the Havre de Grace 
Bridge in 1906. Since then a great deal has been accomplished 
in the study of white paints, the influence of pigments upon 
corrosion, linseed oil, soya bean oil, China wood oil, turpentine, 
definitions of terms used in paint specifications, etc. There 
is probably no book which contains within its covers so much 
original work on the subject of paints.

The Committee, made up, half of representatives of producing 
interests, and half of representatives of consuming interests, 
constitutes a body of investigators, unhampered as to any line 
of investigation, but conservative as to the conclusions it draws.

The volume is arranged chronologically, and the contents 
give full information as to where the reports of the various sub­
committees appear. These reports contain numerous tables 
giving analyses and classifications of paint materials unobtain­
able elsewhere. The volume is well printed and paged both with 
respect to the annual reports and serially for this volume only. 
All persons interested in paint technology will find much valu­
able material in this book.

Die Gerbstoffe-Botanische-chemische Monographie derTannide.
B y  J. DÉk k ë R. Borntraeger, Berlin. Translated to the G er­
man from the Dutch, by Otto Klipp. 586 pp. Price, $5.25.

The first synthetic tanning agent was prepared in 1912 and 
the next few years will undoubtedly see tremendous progress in 
this field, not only in our at present limited chemical knowledge, 
but also in the better control and understanding of their technical 
application.

The author has carried out the work so well that a brief de­
scription of the arrangement of the subject matter is all that is 
required.

The book is divided into two parts: Part I treating the Bib­
liography and Botany, and Part II dealing with the Chemistry 
of the Tannins.

Part I is divided into three chapters: Chapter I, Bibliography,
Journals and Books, 1754-1913; Chapter II, Distribution of the 
Tannins in the Various Plants; Chapter III, (1) Analytical M eth­
ods of Identification; (2) Distribution of the Tanning Agents 
in the Plant; (3) Significance of the Tanning Agents to the Life 
of the Plant.

Part II, dealing with the strictly chemical side of the tanning 
agent, is divided into four chapters: Chapter I, Tannin and T an ­
nin-Like Substances; Chapter II, Chemistry of the TanningAgent; 
Chapter III, Analytical Methods; Chapter IV, Technical Appli­
cations of the Tanning Agents.

The author has produced a splendid book which brings to­
gether the available botanical and chemical knowledge of the 
tannins, which will be appreciated by all interested in either the 
scientific or technical application of the training agents.

O t t o  K r e s s
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P. HowELL. 8 v o . 313 pp. U. S. Bureau of Mines, Bulletin 66. 

I n o r g a n ic  C h e m is try ,  N ew er Views in  th e  D o m a in  of. By A. W e r n e r .  
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P e tro le u m : Oil P r o d u c t io n  M e th o d s . By P a u l  M . P a i n e  a n d
B. K . S t r o u d .  8 v o . 240 pp. Price, $3.00. W estern Engineering 
Publishing Co., San Francisco.
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th e i r  E ffec t in  a n d  o n  W a te r  M ain s . By J . H. V o g e l .  8 v o . Price, 
$7.00. Gebrueder Borntraeger, Berlin. (German.)

P y ro te c h n ic s . B y  V a n n o c c x o  B i r i n g u c c i o ,  A. M i e l i  a n d  E. T r o i l o .
8vo. 198 pp. Societd Tipografica, Bari (Ita ly ). (Italian.)

R a d iu m  R e p o r t .  By M r .  F o s t e r .  63rd Congress. 2nd Session, House 
of R epresentatives, R eport No. 217. 18 pp.
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8vo. 544 pp. Price, $4.00. D. Van N ostrand Co., New York.
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2nd Ed. 8vo. 416 pp. Price, $4.00. E d. Arnold, London.
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E m u ls io n s , E x p e r im e n ts  o n . By F. R . N e w m a n .  Journal of Physical 
Chemistry, V o l. 18, 1914, N o . 1, pp. 34-54.

G lass  S ta n d a rd s :  A N ecessity . By A l e x a n d e r  S i l v e r m a n .  Trans.* 
of the American Ceramic Society, Vol. 15, 1913, pp. 684-693. 

I ro n -B e a r in g  M a te r ia ls ,  S in te r in g  P ro ce sse s  fo r . By B. G. K lu g h . 
Proceedings of the Engineers' Society o f Western Pennsylvania, Vol. 29,
1913, No. 9, pp. 618-651.

I r o n  O re A na lysis , R e p o r t  of th e  C o m m itte e  o f t h e  V ere in  Deutscher 
C h e m ik e r  o n . By E. I I i n t z .  Zeitschrift fuer angeivandte Chemie, 
Aufsatzteil) Vol. 27, 1914, No. 4, pp. 9-11.

I r o n  S m e ltin g , E lec tr ic , a t  H a rd a n g e r  in  N o rw ay . B y  J o h .  H A rd£n.
Metallurgical and Chemical Engineering, Vol. 12, 1914, No. 2, pp. 82-86. 

K a o lin , T h e  I n te r e s t in g  H is to ry  o f, a n d  i t s  U ses. By T i io m a s  J.

K e e n a n .  American Druggist, Vol. 62, 1914, No. 2, pp . 31-33. 
K ie se lg u h r  In d u s t ry .  B y  P e r c y  A . B o e c k .  Metallurgical and Chemical 

Engineering, Vol. 12, 1914, No. 2, pp. 109-113.
N itr ic  A cid a n d  A m m o n ia , I n d u s t r i a l  S y n th e s is  of. By C a m ille  

M a t i g n o n .  Chemical Trade Journal, Vol. 54, 1914, No. 1391, pp. 68-71. 
N itro g e n , U til iz a tio n  of A tm o s p h e r ic .  By G . C e c i l  J o n e s .  Chemical 

Trade Journal, Vol. 54, 1914, No. 1391, pp. 60-62.
O res, D ry  C h lo r id iz a tio n  of. B y  J o h n  L. M a lm .  Metallurgical and 

Chemical Engineering, Vol. 12, 1914, No. 2, pp. 128-129.
P a p e r :  C h e m ic a l U til iz a tio n  of S o u th e r n  W aste . By J o h n  S.

B a te s . Pulp  and Paper Magazine, Vol. 12, 1914, No. 2, pp. 33-40. 
P a ra ff in  In d u s t ry ,  T h e  Use o f R e f r ig e ra t in g  M a c h in e ry  in  the , in 

A u s tr ia .  By P h il ip p  F o rg e s . Seifenfabrikant, Vol. 34, 1914, No. 2, 
pp. 31-34.

P a te n ts ,  C o m p u lso ry  W o rk in g  o f. B y  I v a n  L e v i n s t e i n .  Chemical 
Trade Journal, Vol. 54, 1914, No. 1391, pp. 57-59.

P e tro le u m : Oil C ra ck in g . B y  F. M . P e r k i n .  Chemical Trade Journal.
Vol. 54, 1914, No. 1391, pp. 63-64.

P o ta s h , C au s tic , D e te r m in a t io n  of t h e  F ree , in  S oap . B y  E . Boss- 
h a r d  a n d  W. I I u g g e n b e r g .  Zeitschrift fuer angewandte Chemie, Vol. 27,
1914, No. 4, pp. 11-20.

P o ta s s iu m  C h lo rid  M a n u f a c tu re  by  th e  C o n tin u o u s  M ethod . By
E . K r u e g e r .  Chemiker Zeilung, Vol. 38, 1914, No. 6, pp. 60-61. 

P ro d u c e r  G as. A n o n y m o u s .  Chemical Engineering and the Works
Chemist, Vol. 3. 1913, No. 32, pp. 361-364.

Sew age S ludge , T h e  U til iz a tio n  of t h e  P h e n o m e n a  o f P u tre fa c tio n  
w ith  S pec ia l R efe ren ce  to  t h e  T r e a tm e n t  a n d  D isposa l of. By
F. R. O 'S c h a u g h n e s s y .  Journal of the Society o f Chemical Industry, 
Vol. 33, 1914, No. 1, pp. 3-9.
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Manufacturing Phosphoric Acid. F. Brunsch- 
wig, Jan. 6, 1914. U. S. Pat. 1,083,429.
Material containing calcium phosphate is treated 
with less sulfuric acid than is required to com­
bine with the calcium of the phosphate "and 
the reaction is stopped before the impurities go 
into solution.

Making Sugar from Cane. F. G. P. Leao,
Jan. 6, 1914. U. S. Pat. 1,083,543. The sugar cane is finely 
divided and dried at a temperature below 158° F, The dried 
cane is then saturated with water to dissolve the saccharine 
matter and the solution separated from the cane by pressure. 
The resulting syrup is then evaporated and refined.

Electrolytic Cell. C. W. Marsh, Oct. 14, 1913. U. S. Pat. 
1,075,362. The cell is of the diaphragm type intended for the 
decomposition of sodium and potassium clilorids. The anode

compartment is open at one side only. A substantially vertical 
pervious cathode and diaphragm is disposed across the opening 
and an anode connection extends horizontally through the wall 
of the cell opposite the electrode.

Restoring Coagulated Albumins to the Original State. A. H.
Rasche, Oct. 21, 1913. U. S. 
Pat. 1,076,232. The liquid or 
emulsion containing the coagu­
lated albumins is first heated,
agitated and supersaturated with 
a compressed chemically indif­
ferent gas. The treated material 
is then atomized by means of the 
chemically indifferent gas into an 
open vessel.

Art of Forming Chemical Com­
pounds. T. A. Edison, Jan. 6, 
1914. U. S. Pat. 1,083,355.
Nickel hydroxid for use in storage 
batteries is produced by mixing 
intimately a dry pulverized salt 

of nickel containing water of crystallization and an excess of dry 
soluble hydroxid. The resulting mixture is dried, crushed,
"ashed, and the residue, nickel hydroxid, dried.

Extracting Oils and Fats from Oil-Seeds, Etc. R. N. Riddle, 
Oct. 28, 19 13 . u .  S. Pat.
1,076,997. Xhe oil-containing 
materials are subjected to alter­
nate crushing pressure and release 
°f pressure while subjecting them 
to tlie action of the solvent. The 
alternate pressure and release of 
pressure are obtained by the 
action of the corrugated surfaces 
of the grinding mill i .

Gunpowder and Process of 
»aking the same. C. D. Mc- 
Dowell, Jan. 6, 1914. U. S. Pat. 
i'o83>37I- The composition com­
prises eight ounces of potassium
c orate, seven ounces of granulated sugar, one drachm of 
S>cerin and two drachms of water.

. Chemical Filter. C. S. Bradley, Oct. 28, 1913. U. S. Pat. 
1,077,037. Upon the founda­
tion 10 are laid filter bricks form­
ing a continuous flat outer sur­
face. Within the bricks are 
formed passages 20 communicat­
ing from one brick to another, 
whereby pressure and suction 
arc sustained upwardly and 
downwardly, thereby avoiding 
displacing tendencies.

Obtaining Aluminum. P. C.
Mcllhiney, Jan. 6, 1914. U. S.
Pat. 1,083,691. Aluminum bear­
ing silicious material is treated with hydrofluoric acid to 
produce aluminum fluorid. The aluminum fluorid is then 
electrolyzcd to obtain metallic aluminum and hydrofluoric acid.

Recovering Escaping Acid-Gases from Sulfite-Towers. J. A. 
DeCew, Oct. 28, 1913. U. S. Pat. 1,077,243.
The escaping gases are passed successively 
through chambers 4, containing moistened 
limestone and chamber 5 containing moistened 
magnesite in lump form. It is stated that the 
use of magnesite saves the 10% to 20% of the 
sulfur dioxid heretofore lost.

Utilizing Iron Blast Furnace Flue-Dust. R. Baggaley, Dec. 
16, 1913. U. S. Pat. 1,081,921.
The flue dust and fines are in­
troduced into molten metal and 
the mixture subjected to a refin­
ing process. It is recommended 
that the dust and fines be intro­
duced into the vortex 5 produced 
by the fall of the metal into the 
vessel 4 to insure the dust and 
fines being immediately enveloped 
by the molten metal.

Production of Fertilizers. A.
Messerschmitt, Jan. 6, 1914. U. S. Pat. 1,083,553. Alkali 
metals containing silicates are decomposed with lime and the 
alkali metal compounds partially separated from the mixture 
by lixiviation. The residue is then treated with nitric oxid gas. 
Caustic lime is then added and the mixture lixiviated and evap­
orated to dryness.

Effecting Catalytic Reactions. Hagemann and Baskerville, Jan. 
13,1914. U. S. Pat. 1,083,930. Catalytic reactions are effected by 
the employment of catalytic metal inthe form of very thin leaves.



MARKET REPORT
AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS, ETC., FOR THE MONTH OF FEBRUARY, 1 9 1 4

O R G A N IC  C H EM ICALS

A cetanilid........................................................ 21 @ 23
Acetic Acid (28 per c e n t) .......................... ................C. 1.62»/j ® 1.77 V*
Acetone (d rum s)........................................... 12 ® 13
Alcohol, denatu red  (180 p roo f)............... ................Gal. 35 ® 37
Alcohol, grain (188 p ro o f)......................... ................Gal. 2.52 ® 2.54
Alcohol, wood (95 per c e n t) ..................... ................Gal. 45 ® 47
Amyl A ceta te .............................................. * 1.60 ® 1.70
Aniline O il....................................................... 10 10»/s
Benzoic A cid .................................................. ............... Lb. 23 ® 27
Benzol (90 per c en t) .................................... ................Gal. 23 to 25
C am phor (refined in b u lk ) ........................ ................Lb. 42 »/t ® 45
Carbolic Acid (d rum s)................................ ................Lb. 8 ® 10
Carbon B isulfide........................................... ................Lb. 6»/, @ 8
Carbon T etrachloride (d rum s)................ 7*/s ® 77«
Chloroform ..................................................... 22 @ 32
Citric Acid (dom estic), c ry s ta ls .............. ................Lb. 51 @ 52
Dextrine (corn)............................................. 2.62 ® 2.83
Dextrine (im ported p o ta to ) ............... ................Lb. 5 to 6
E th er (U. S. P., 1900)................................ ................Lb. 14 @ 20
F orm aldehyde............................................... ................Lb. 8»/* @ 9*/*
Glycerine (dy n am ite ).................................. ................Lb. 20 ® 21V*
Oxalic A cid..................................................... 7»/* ® 7*/<
Pyrogallic Acid (bu lk )................................ ................Lb. 1.20 @ 1.40
Salicylic A cid................................................. 25 ® 30
Starch (cassava)........................................... ................Lb. 3»/« ® 4
Starch  (corn).................................................. ................C. 1.94 ® 2.60
Starch (p o ta to )............................................. ................Lb. 41/8 — 4V«
Starch  (rice)................................................... ................Lb. 8 @ 9
Starch  (sago).................................................. 2 */« @ 2*A
Starch (w heat)............................................... 5»/« @ 61/*
T annic Acid (com m ercial)........................ ................Lb. 35 — 36
T artaric  Acid, c ry s ta ls ............................... ................Lb. 31*/* @ 31*/<

IN O R G A N IC  C H EM ICA LS

Acetate of Lead (brown, b ro k e n ) ...................... . .  . Lb. 7 ‘A — 7*A
Acetate of Lime (g ray ).......................................... 1.75 @ 1.80
Alum (lum p)................................................................ 1.75 @ 2.00
A luminum Sulfate (high-grade)............................ . .C . 1.25 @ 1.75
Ammonium C arbonate, dom estic ........................ . .L b . 8 @ 8»A
Ammonium Chloride, g ra y ..................................... . . Lb. 5 7 s @ 6Vs
Aqua Ammonia (drums) 16°................................. . .Lb. 2» A @ 2»/*
Arsenic, w h ite ............................................................. . .Lb. 3>/» ® 3*/«
Barium C hloride........................................................ . .C . 1.60 @ 1.75
Barium N itra te .......................................................... . . Lb. 5 to 5V<
B arytes (prime white, foreign)............................. 19.00 ® 23.50
Bleaching Powder (35 per c e n t) ............................ . .C . 1.20 @ 1.30
Blue V itrio l.................................................................. . . Lb. 4.80 @ 5 Vs
Borax, crystals (bags).............................................. . .Lb. 3*A @ 4V*
Boric Acid, crystals (pow d.).................................. 7 @ 7V<
Brim stone (crude, dom estic)................................. . .Ton 22 .0 0 @ 2 2 .5 0
Bromine, b u lk ............................................................. . .L b . 30 @ 35
Calcium Chloride, fused .......................................... . .C . 60 @ 90
Chalk (light p rec ip ita ted )....................................... . Lb. 4 @ 4V*
C hina Clay (im ported)............................................ . .Ton nominal
Fe ldspar........................................................................ 8 .0 0 @ 12.00
Fuller’s E a rth , powdered, Foreign ...................... 16 .00 @ 17.00
Green Vitriol (b u lk )................................................. . .C . 55 ® 60
Hydrochloric Acid (1 8 ° ) ............................................ . .C . 1.15 @ 1.55
Iodine (resublim ed).................................................. . . Lb. 3 .5 5 @ 3 .6 0
Lead N itra te ............................................................... . .Lb. 8V« ® 8V«
Litharge. (A m erican)................................................. . Lb. 5 V* @ 5*A
Lithium  C arbonate ............................................. . . Lb. 65 @ 70
M agnesium C arbonate ............................................ . . Lb. 21 @ 35
M agnesite "C alcined” .............................................. 2 8 .5 0 @ 2 9 .5 0
N itric Acid, 3 6 ° ................................................... . .Lb. 37« @ 4» A
Phosphoric Acid (sp. gr. 1 .75)................................. . . Lb. 21«A- @ 25» A
P hosphorus.................................................................. . .Lb. 45 ® 1 .00
Plaster of P a ris .......................................................... . . Bbl. 1 .50 @ 1 .70
Potassium  B ichrom ate, 5 0 ° ...................................... . .Lb. 6*A @ 7
Potassium  B rom ide................................................... . .Lb. 39 © 40
Potassium  C arbonate (calcined), 80 @ 8 5 % .. . . .C . 3 .2 0 @ 3 .2 5
Potassium  Chlorate, c ry s ta ls ................................. . .Lb. 7 V* @ 7»A
Potassium  Cyanide (bulk), 9 8 -9 9 % ..................... . .Lb. 16 @ 18
Potassium  H ydroxide............................................... . .C. 4 .0 0 ® 4 .2 5
Potassium  Iodide (b u lk ).......................................... . Lb. 2.9 5 3 .0 0
Potassium  N itra te  (crude)...................................... . .Lb. 4»A ® 5 lA
Potassium  Perm anganate (bu lk )................. . . Lb. 9>A @ 10
Quicksilver, F lask (75 lb s .) .................................... 3 8 .0 0 @ —
Red Lead (A m erican).............................................. . Lb. 6 @ 6>A
Salt Cake (glass-makers*)....................................... . .C . 55 65

Silver N itra te .......................................... 36V* 38V*
Soapstone in bags.................................. 10.00 12.00
Soda Ash (48 per cen t)........................ 67V* ® 72 Vt
Sodium A cetate ...................................... 3*A @ 4»/»
Sodium Bicarbonate (dom estic)........ ......................C. 1.00 @ 1.10
Sodium B icarbonate (E nglish).......... ...................... Lb. 2*A @ 3
Sodium B ichrom ate.............................. .......................Lb. 4V s ® 4Vi
Sodium Carbonate (d ry ) ..................... .......................C. 60 @ 80
Sodium C hlorate. . ................................ .......................Lb. 7 ‘A @ 7*/*
Sodium Hydroxide, 60 per c e n t........ ...................... C. 1.55 @ 1.57»/*
Sodium H yposulfite.............................. 1 .30 @ 1.60
Sodium N itra te , 95 per cent, spo t. .. ......................C. — 2.22»/*
Sodium Silicate (liqu id )....................... .......................C. 65 @ 1.50
Strontium  N itra te ................................. .......................Lb. 6»A /
Sulfur, Flowers (sublim ed)................. .......................C. 2 .2 0 ® 2.60
Sulfur, R o ll.............................................. .......................C. 1.85 @ 2.15
Sulfuric Acid, 60 °  B.............................. .......................C. 85 @ 1.00
Talc (A m erican)..................................... 15.00 @ 20.00
T erra  Alba (American), No. 1 .......... .......................C. 75 @ 80
Tin Bichloride (5 0 ° ) ............................... .......................Lb. 12»/* @ 13*/*
Tin Oxide................................................. .......................Lb. 41 @ 43
W hite Lead (American, d ry ) ............. .......................Lb. 5 'A @ 5»/i
Zinc C arbonate ....................................... .......................Lb. 8>A @ 9
Zinc Chloride (g ranu la ted )................ .......................Lb. 4>/i @ 5
Zinc Oxide (American process)........ .......................Lb. 5*/s @ 6»/i
Zinc S u lfate ............................................. .......................Lb. 2 »/* @ 3

O IL S, W AXES, ET C .
Beeswax (pure w h ite )............................................... . .L b. 45 @ 47
Black M ineral Oil, 29 g rav ity ............................... . . Gal. 13»/* @ 14
C astor Oil (No. 3)........................................... . . Lb. 8»A ® 8 V*
Ceresin (yellow)......................................................... . .L b . 12 @ 22
Corn O il........................................................................ . .C . 6 .4 5 @ 6.50
Cottonseed Oil (crude), f. 0 . b. m ill.................... . .G al. 44 @ 44 »/j

Cottonseed Oil (p. s. y .) .......................................... . .L b . 7 @ 7V«
Cylinder Oil (light, filtered)................................... . .G al. 2 1»/* @ 32
Japan  W ax................................................................... . . Lb. 12 @ 12«/*
Lard Oil (prime w in ter)........................................... . .G al. 93 @ 95
Linseed Oil (raw )....................................................... . .G al. 50 @ 52
M enhaden Oil (crude).............................................. . .G al. 32»A @ 36»/*
N eatsfoot Oil (2 0 ° ) ....................................................... . .G al. 96 © 98
Paraffme (crude, 120 & 122 m. p .) ...................... . .L b . 3*/* @ 3V<
Paraflfme Oil (high v iscosity)................................. . .G al. 26 @ 27
Rosin (“ F "  grade) (280 lb s .) ................................. . . Bbl. 4 .5 0 @ 4.55
Rosin Oil (first ru n ) .................................................. . .G al. 27 28
Shellac, T . N ......................................... 19 19»/*
Sperm aceti (cake)...................................................... 30 ® 35
Sperm Oil (bleached w inter), 3 8 ° .......................... . .G al. 72 @ 74
Spindle Oil, No. 2 0 0 ........................................... . .G a l. 17 @ 17 V*
Stearic Acid (double-pressed)................................ . .L b . 9 ® 12
Tallow (acidless)...................................... 65 66
T ar Oil (distilled).............................. 30 @ 31
T urpentine  (spirits o f) .................................. 47»/* @ 48

M ETA L S
Aluminum (No. 1 ingots)..................................... 18»/* @ 19
A ntim ony (H allet’s ) .......................... 7 Vs @ 7»/i
Bism uth (New Y o rk )................. . .L b . 2 .05 @ 2,.10
Bronze pow der............... 50 @ 3.00
Copper (electrolytic)................................. 14»/s 14»/4
Copper (lake)............................... 14sA 14'/«
Lead, N. Y ...................... 4 @ —
N ickel............................. 50 @ 55
Platinum  (refined)............... 4 3 .5 0 @ 44.50
Silver................................... 57*/* @ 58
T in .......................... 39.87*/* —
Zinc............................. 5 .3 5 @ 5.40

F E R T IL IZ E R  M A T E R IA L S
Ammonium Sulfate .................... 2 .85 @ 2.90
Blood, d ried ............... 3 .4 5 @ —
Bone, 4»A  and 50, ground, raw ............ . .T on 2 9 .0 0 @ 30.00
Calcium N itra te  (N orw egian)___ . .C . 2 .05 @ 2 .10

Castor m eal....................... nominal
Fish Scrap, domestic, dried . . nominal
M owrah m e a l... nominal
Phosphate, acid. 16 per cent b u lk . .. . .T on 7 .0 0 —
Phosphate rock; f. 0 . b. mine:
Florida land pebble, 68 per cent . .T on 2 .75 @ 3.00

Tennessee. 70 -80  per c e n t___ 5 .0 0 @ 5.50

Potassium , “ m uriate ,”  basis 80 per c e n t......... . .Ton 39 .0 7 @
Pyrites, furnace size, im ported ......... 0 . 137«

10Tankage, high-grade............. 3 .4 0 &


