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______________ EDITORIALS______________________
PLA TIN U M  A T  W H IT E  H E A T  fisca l y e a r  19 14  w a s  45,8 40,8 66 p o u n d s, w h ile  in  19 17

D u rin g the p a st m onth th e su b je c t of p la tin u m  has 
leaped to  the forefron t in  th e  th o u g h ts  of th e  A m erican  
people. F or the first tim e, and  b y  one of th ose q u ick  
processes of general u n d erstan d in g  w hich  h a v e  c h a r
acterized  th is w ar period, th e  n atio n  has learn ed  th e 
im p o rta n t b earin g of th is  elem en t upon  th e p a rt we 
are to  p la y  in th e  war.

T h e  chief fa cto r  in arousin g th is  in terest and  u n d er
stan din g has been th e  w id esp read  p u b lic ity  g iven  b y  
the press to th e  stirrin g address d elivered  in th e 
H ouse of R e p resen ta tive s on June 7 b y  H on. H en ry  T . 
R a in e y , C on gressm an  from  Illinois. In  th is address 
he dep icted  c learly  th e im p o rta n t fu n ctio n  of p la tin u m  
in exp losives m an u factu re , th e  in a d eq u ate  m easures 
ta k en  for its  co n serva tio n  b y  those ch arged  w ith  th is 
responsible d u ty , and th e  fa cto rs w h ich  h a d  co n 
trib u ted  to  such in a d eq u acy.

Since the d e live ry  of th a t address m an y th in gs h a v e  
com e to  ligh t w hich w ould p ro v e  in terestin g  readin g; 
ed itoria l discussion of these, h ow ever, w ill be p o st
poned. O n ly  one co n v ictio n  is^ expressed  here— the 
immediate place for the platinum in this country is in  
the vaults of the Treasury Department.

T H E  M O D E R N  M IR A C LE

Sca rce ly  tw o  yea rs h a v e  elapsed  since m an y lines 
of our in d u stria l life w ere th rea ten ed  w ith  u tte r  d e
m oralization  because of th e sh o rtage of d yestu ffs  and 
m edicináis resu ltin g  from  th e b lo ck a d e  of G erm an  
p o rts b y  the B ritish  n a v y . T e x tile  m ills fa ce d  th e  
im m inent p o ssib ility  of sh u ttin g  dow n b ecause of 
in a b ility  to  secure d yestu ffs for th e ir  fa b rics. T a n 
ners, lith ograp h ers, and  w all pap er m en so u g h t in 
vain  for needed colorin g m a tter, and  p h a rm a c ists ’ 
sto ck s  • of m an y m uch-used m edicináis becam e d e
pleted. On accou n t of th ese sh o rtages and  th e  a cco m 
p a n yin g  sp ecu lation  in th e  rem ain in g sto ck s, prices 
soared to  un dream ed-of heigh ts.

Y e t  w ith in  th is sh o rt period  of tw o  yea rs, one of 
w hich  has been d evoted  to  w ar p rep ara tio n s, a m iracle 
has been w rought. M ills h a v e  n ot closed; a ll lines of 
in dustria l life  requiring sy n th e tic  colors are o p eratin g  
under norm al con dition s; th e  sick  h a v e  been p rovided  
w ith  am ple-m edicinal su p ples; prices h a v e  been la rg e ly  
reduced and are com p arab le  w ith  prices of all o th er 
com m ercial p rod u cts; in  a d d itio n , ships h a v e  borne 
from  A m erica  to other p a rts  of the w orld  large q u a n ti
ties of dyestuffs.

N o m ore fittin g  tr ib u te  could  be p aid  to  th e  sk ill and 
en ergy of th e  A m erican  ch em ist th a n  has been done 
through th e m edium  of tw o  go ve rn m en t a n n o u n ce
m ents w hich h a v e  been issued durin g th e  p a st m on th, 
th e one b y  th e U . S. T a riff C om m ission  and th e oth er 
b y  th e W ar In dustries B oard.

In  th e sta tem en t sen t o u t b y  th e  T a riff  C om m ission  
th e  results of its census of sy n th e tic  d yestu ffs  and 
m edicináis are g iven  (page 582, th is issue). A c c o rd 
ing to  these figures th e  im p ortation  of d yestu ffs  in th e

th e  dom estic p ro d u ctio n  am o u n ted  to  45,977,246 
pounds. T h e  to n n ag e has been m ade good and  even 
exceeded. W hile it  is tru e  th a t  th e re  is a difference 
“ in th e  re la tiv e  am oun ts of th e  vario u s classes of d y e s” 
in th e  tw o  periods m entioned, it  is in terestin g  to  note, 
as th e C om m ission ’s sta te m en t p o in ts ou t, th a t  the 
lines w hich  h a v e  fa iled  of th e ir  fu ll share of d ev e lo p 
m ent h a v e  been e x a c t ly  those to  w hich  w ere given  
o n ly  th e  ad valorem d u ty  of 30 per cen t, w hile in  those 
classes w hich  were g iv en  b o th  th e  30 per cen t ad 
valorem and th e  5 cen ts per p oun d sp ecial d u ty  “ the 
A m erican  m a n u factu rers h a v e  show n rem ark ab le  p ro g 
ress.”  T h e sta tem en ts of m an u factu rers and  co n 
sum ers a t th e  hearings on th e  H ill b ill are a b u n d a n tly  
confirm ed b y  th e  a n n ou n cem en t of th e  T a riff C o m 
m ission. B y  th e en a ctm en t of ta riff and  an ti-d u m p in g 
leg islation , ca p ita l w as a ttra c te d  to  th e in d u stry , 
and th e  ch em ist has m ade good.

A s to  m edicináis, th e  W ar In d u stries B oard , in an 
au th orized  sta te m en t in th e Official Bulletin  of June 
6, 1918, says:

“ A c tu a l or p ro sp ective  sh o rtages h a v e  com e to  the 
n otice of th e  B o ard  in b u t few  in stan ces so fa r  as 
m edicine and m edicinal ch em icals are con cern ed .*  * ” 

C on gress, c a p ita l, and ch em ists co o p era tin g  have 
accom p lished  th e  m odern m iracle.

AN A R M Y  W IT H O U T  R E SE R V E S

G en eral F och  has aroused th e  en th u siasm  of th e  allied 
w orld b y  th e  m a sterly  m anner in  w h ich  he has handled  
the reserves durin g th e  recen t m am m o th  d rives of the 
G erm an  arm y. T h ese struggles h a v e  fit ly  been des
ign a ted  as “ th e b a ttle s  of reserves.”  T h e  m orale 
of a ll th e  n ation s jo in ed  in  th e  co n test a g a in st G erm an 
aggression  has been stim u la ted  b y  th e  co n v ictio n  th a t 
an endless flow of reserves is proceedin g w ith  all 
possible haste from  A m erican  to  E u ro p ea n  shores. 
In  th e  m a tter of reserves for th e  arm ies in th e  field 
all goes well.

T h e a rm y of A m erican  ch em ists is now  in 
rap id  process of com p lete  m ob ilization . A t  la s t the 
m atter of efficient u tiliza tio n  of chem ists has been 
grasped  w ith  a firm  h an d b y  those in a u th o rity . 
T h e  orders issued b y  th e  S e c re ta ry  of W ar on M a y 
28, 1918 (page 580, th is issue) show  th a t  th e  may of 
previous orders has been ch an ged  to  must, and  under 
th ese new orders th e  fu ll s tren gth  of th e  ch em istry  
forces w ill soon be reach ed. I t  appears th a t  every  
possible co n tin g en cy  as to  gra d u a te  ch em ists has been 
provided  for. C o n g ra tu la tio n s to  S e cre ta ry  B aker 
and to  th ose w ho h a v e  aided  h im  in th e  p rep aration  
of th ese com prehensive orders!

W ith  th e  th u s m obilized  a rm y  of chem ists all goes 
w ell. B u t w h a t a b o u t th e  reserves for th is  arm y? 
W e are p rep arin g for a lon g w ar, h ow  lon g no one 
know s, b u t certa in ly  as lon g as is n ecessary  to  insure 
th e  tr iu m p h  of th e princip les to  w h ich  we h a v e  dedi
cated  our all. D a ily  grow s the exp an sion  of th e  con
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ception of th e  v a s t  forces we m ust p u t in th e field, 
on th e sea and  in th e  air. In creases in personnel 
n ecessitate sim ilar exp an sions in th e  p rogram  of 
chem ical in d u stries, and th ese in  tu rn  m ust be m anned 
b y  chem ists. I t  is fu ll tim e th erefore th a t  serious 
consideration  should  be g iv en  to  th e  m a tter  of reserves 
for th is a rm y of ch em ists. T h e  source of reserves is 
in the u n iversities  and colleges, and w e beg to  urge 
the m ost broad -m in d ed  and  fa r-sig h ted  con sid eration  
of th is p rob lem  b y  th ree groups of m en: u n iv e rs ity  
ad m in istrators, W ar D ep artm en t officials,, and leaders 
in th e ch em ical in d u stries.

U N IV E R S IT Y  C O N D IT IO N S

T h e u n iversities represent th e  tra in in g  cam ps for 
the reserves of th e  ch em istry  a rm y. T h ese in s titu 
tions fu n ctio n  th ro u g h  th e ir  ch em istry  sta ffs, their 
physical eq u ip m en t, and th ro u g h  th e  n um ber of u n der
graduates w ho present th em selves for th e  ch em istry  
courses.

A t th e  present m om ent th e  in stru ctio n a l sta ffs of m ost 
of th e  u n iversities  are in a co m p lete ly  dem oralized  
condition. M a n y  professors and associate professors 
are on le a v e  of absence in W ash in gton  en gaged  in 
research on problem s v ita l to  th e  w inn ing of th e  w ar 
and the p reven tio n  of needless sacrifice of th e  lives 
of our m en a t th e  fron t. N o m ore im p o rta n t w ork  
could en gage th e ir  a tten tio n . O thers are b u sy  w ith  
sim ilar problem s in th e  p r iv a te  lab oratories of th e  
universities. T h e  co n cen trated  effort required  in such 
u n dertakin gs does n ot a d m it of m uch en ergy  being 
d evoted  to  effe ctive  teach in g . On th e oth er h an d  th e  
u n iversity  m en of low er ran k , th e  in stru cto rs and 
assistants, ch arged  p rim a rily  w ith  th e  in stru ctio n  of 
the low er classes, are for th e  greater p a rt su b je c t to  th e  
draft. In  certa in  u n u su al cases deferred  c lassifica
tion has been g iv en  such  m en b y  L o ca l B oard s. T h ese 
cases, h ow ever, are sp orad ic  and  form  no p a rt of a 
general p o licy . C o n tin u ed  low  salaries in u n iversities, 
made n ecessary  b y  decreased b u d gets, th e  high salaries 
paid in th e industries, and th e  increased cost of liv in g  
have forced m a n y  m en from  th e  u n iv ersities  in to  th e 
industries. T h e  n et resu lt is a b u rn in g of th e  can dle 
at b oth  ends, so fa r as th e  forces for tra in in g  r e 
serves are concerned. B i-term in al com bu stion  is co n 
sidered a reckless p o licy  in  all oth er m atters, w h y  not 
in this?

In  th e ran ks of th e  stu d en ts, present y ea r  seniors 
h ave a lre a d y  le ft  u n iv e rs ity  cam puses and  are now 
either in un iform  or in in d u stria l p lan ts. T h e  m a tter 
of p o st-gra d u a te  stu d en ts is e v id e n tly  a th in g  of p a st 
h isto ry  u n til a t  lea st th e  en ding of th e  w ar. F u rth e r
m ore, th e op eratio n  of th e d ra ft  law  (in w hose principles 
we m ost em p h a tica lly  believe) and th e  need of men 
in the chem ical industries h a v e  com bin ed  to  ta k e  
a w a y  from  the u n iversities m a n y  of th e  stu d e n ts  in 
th e ju n ior classes. M ean w h ile  p relim in a ry  reports 
for n ext F all in d icate  th e  larg e st en ro llm en t of 
stu d en ts in ten din g to  m ake ch em istry  th eir life 
w ork ev er k n ow n  in our ed u ca tio n a l h isto ry . T h is  is 
only n atu ra l in v iew  of th e  greater recogn ition  given  
to  th e  im p ortan ce o f ch em istry  in w ar w ork and  to  its

va lu e  in e v e ry  channel of in d u stria l life. T h ese 
are th e  men w ho co n stitu te  th e  ch em istry  reserves. 
T h e y  w ill soon be in th e tra in in g  cam p s of th e  u n i
versities. W ill th e y  find sufficient officers present to  
g iv e  th em  a d eq u ate in stru ction  for th eir d evelo p m en t 
into  efficient reserves?

T o  add to  th e  com plexities of th e s itu a tio n  th ere is 
no question  ab ou t th e cripp led  finances of th e  u n i
versities and of th eir helplessness in  p rev en tin g  th e  
present drain  upon th eir corps of in stru cto rs.

T hese are th e  conditions, as we see th e m , in th is 
m ost critical year of our c o u n try ’s h isto ry . C e rta in ly  
such conditions dem and th e m ost earn est con sid eration  
on the p a rt of all w ho can in a n y  w a y  co n trib u te  to  
their am elioration . From  w h at sources m a y help 
reason ab ly  be expected?

A C A D E M IC  A S S IS T A N C E

F irst, assistance m ust com e from  th e u n iversities 
them selves. Such aid can n o t be in th e  n atu re  of in 
creased ap prop riation s, for u n iv e rs ity  finances are a l 
rea d y  too  hard  h it. B u t th e y  can in som e in stan ces 
shake them selves loose from  trad itio n s and  m o d ify  
in tern al organ ization  and th e  ch ara cter of courses to  
m eet as fa r as possible th e  pressing need of th e  tim es. 
A n  exam ple of such increased efficien cy is show n  b y  th e  
m erger of th e  U n iv ersity  and th e Sheffield  Scien tific  
Sohool dep artm en ts of ch em istry  a t Y a le  U n iv e rs ity , 
re c e n tly  announced.

I t  m ay be possible in  som e cases for in stitu tio n s to 
com bine forces. M a n y  d ifficulties in  such a plan 
present them selves, th o u gh  th ese d ifficu lties m a y  n ot 
be as great as a t first th o u g h t th e y  seem . A  certain  
m inim um  la b o ra to ry  space is considered n ecessary  per 
stu d en t. P ossib ly  this sp ace m a y be m ore effic ien tly  
u tilized , a t least in th e low er classes, b y  rep eated  
usin g of th e sam e sp ace b y  m ore th a n  one stu d e n t, in 
sp ite  of the d ifficu lty  w hich a t once su ggests itse lf as 
to  resp o n sib ility  for eq uipm en t. T h e  n um ber of men 
w ho can  be ta u g h t p rop erly  b y  an in stru cto r is lim ited . 
T h is is a real d ifficu lty , and sacrifice m a y  be n ecessary  
here. O ther courses m ust be ta k en  besides ch em istry  
and  th is m ay present p h ysica l d ifficulties. H a rd 
ships m a y be enforced upon in d iv id u a l stu d e n ts  from  
liv in g  conditions under such  com bin ed  in stitu tio n s. 
T h is is a question  of finan ce for w hich a rem ed y m ight 
be foun d. These are b u t ty p e s  of th e  m a n y  p e r
p lexin g academ ic problem s to  w hose so lu tio n  th e  best 
th o u g h t of our u n iv ersity  m en w ill be u n stin ted ly  
given .

A ID  FR O M  T H E  W A R D E P A R T M E N T

Second,no w ord of exh o rta tio n  to  th e W a r D ep artm en t 
is n ecessary in the m a tter  of in stru cto rs for chem ical 
reserves. T h e p rovision  of such is on ly th e logical 
fo llow in g out of th e  principles now  being ap p lied  in th e  
creatio n  of our arm ies. R eserves are of course 
essen tial. These are of no va lu e  unless a d e q u a te ly  
train ed . F or this tra in in g  in stru cto rs are requ ired . 
In  th e  train in g cam p s to -d a y  are m a n y  soldiers w ho 
could  render effective  service  on th e  fig h tin g  fro n t, 
y e t  th e y  are of greater service  to th e  a rm y  in th e
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w ork  of develop in g th e  raw  recru it. H ow  th e n  can  
th e W ar D ep artm en t a id  in  th e  p rovision  of in stru cto rs 
for ch em istry  studen ts? In  one o f a t lea st tw o  w a ys: 
E ith er  b y  gran tin g class exem p tion  to  in stru cto rs in 
ch em istry  or b y  d eta ilin g  m en a lrea d y  in  th e  serv ice  
to  in stru ction al w ork in  th e  u n iv e rs ity  lectu re  room s 
and laboratories. If  exem p tion  as a class should  be 
g iven , th en  som e d istin guish in g em b lem  sh o u ld  accru e 
to  such m en, for th e  tim e is a t h a n d  w hen p ecu liar 
glances are cast a t yo u n g  m en of d ra ft age w ho are n o t 
a ttired  in  k h ak i. I f  on th e  oth er h a n d  it  is deem ed 
b est th a t  th e y  sh o u ld  be en listed  and  d eta iled  
b ack  to  un iversities, th en  it  is fo rtu n a te  th a t under 
th e  present orders of th e  S e c re ta ry  of W a r th e  w ork 
of d etailm en t w ould  be in  th e  han ds of th e  C h ief of th e 
C h em ical S ervice Section , L ie u te n a n t C olon el B o g e rt, 
whose lon g and d istin guished  career as a te ach er in 
one of our grea test u n iversities p reem in en tly  qualifies 
h im  for such  a d u ty . T im e  is an im p o rta n t fa cto r  
in th e m atter, h ow ever, for e v e ry  d a y  th a t  lapses a fter  
th e opening of th e  u n iversities n ex t F a ll is ju s t so 
m uch loss in  th e  w ork  th ese soldier in stru cto rs w ill b e 
exp ected  to  perform .

Of course th e tim e m a y  com e w hen  it  w ill be a d visa b le  
to close u n iv e rs ity  doors an d  stop  m an y oth er 
lines of d a ily  effo rt, in  th e  hope of p u ttin g  across th e  
one great b lo w  for v ic to r y . T h a t  tim e does n o t seem  
to h a v e  a rrived  y e t. O ur enem ies are a p p a re n tly  p u r
suing th a t  p o licy  n ow , and ju d g in g  fro m  th e  resu lts  to  
da te  it  is p ro v in g  disastrous for them .

S U P P O R T  F R O M  T H E  C H E M IC A L  IN D U S T R IE S

T h ird , th e fu tu re  of th e  in d u stries depen ds upon  no 
fa cto r  m ore th a n  u p o n  th e  o u tp u t of ch em ists from  
th e  u n iversities. W on d erfu l progress has been m ade 
in  these in dustries in th e p a st, p a rtic u la r ly  d urin g th e  
three precedin g years. M u ch  m ore m ust be a cco m 
plished, if we are n o t to  rest co n ten t s im p ly  w ith  doing 
as w ell as som e oth er c o u n try  has done. W ith in  
u n iv ersity  w alls n ext y ea r  w ill be y o u n g  m en w ho som e 
d a y  w ill h a v e  to  ta k e  up  th e  reins n ow  so a b ly  held  b y  
th e present leaders. A lre a d y  th e  in d u stries h a v e  
a ttra c te d  to  th eir staffs m an y v a lu a b le  u n iv e r 
s ity  teachers. W e can n o t e a t our cak e  and  h a ve  
it  too . F u rth erm ore, th e  in d u stries h a v e  a lrea d y  
drained th e  u n iversities of a ll a v a ila b le  stu d en ts 
possessing sufficient tra in in g  to  go in to  w orks la b o ra 
tories. W e b elieve th a t  th e  heads of in d u stria l la b o r a 
tories w ill bear ou t th e sta te m e n t th a t  th e  s ta n d 
ard of qualification s of stu d e n t accessions to  in 
dustrial sta ffs has w ith in  th e  p a st tw o  yea rs been 
decid ed ly  low ered. I f  th is  co n d itio n  becom es w orse 
its deleterious effect w ill be m a rk ed ly  show n  in th e  
industries during th e  n ext decade. F o resig h t is called  for.

H ow  can  th e  industries aid? B y  g iv in g  gen ero u sly  
o f th eir w ell earned profits of recen t yea rs to  stren gth en  
and b u ild  up th e  ch em istry  d ep artm en ts of th e  u n i
versities. I t  is n ot a question  of c h a r ity  or p h ila n 
th ro p y , b u t can w ell be regarded  as an in v estm en t. 
W ith  th e aid  of fun ds from  th is  source th e 
p a y  of professors and in structors can  be increased , 
th e re b y  dim inishing th e n ecessity  for le a v in g  
u n iv ersity  ranks because of th e  increased  cost of

liv in g . So, to o , eq u ip m en t of u n iv e rs ity  lab oratories 
can  be fu lly  m ain ta in ed  and  im p ro ved . T h e  accou n t 
(page 581, th is issue) of th e  an on ym ou s g ift  to  th e 
M a ssa ch u setts  In stitu te  of T e c h n o lo g y  for th e  purpose 
of fu rth er im p ro vem en t in  its  eq u ip m en t fo r  ch em istry  
and p h ysics show s th a t  som eon e’s m ind is m ovin g in 
th is  chan nel. F in a lly , m an y of th e  a b lest students 
are in  need of fin an cial assistan ce if th e y  are to 
get th e  b est tra in in g  th e  u n iversities  offer. The 
creatio n  of sch olarsh ip s and fellow sh ip s w ill do m uch 
to  a lle v ia te  th is  s itu a tio n , aside from  th e  stim u la tio n  
induced  b y  p ro sp ective  rew ards of good  w ork. 
A n  im p o rta n t step  in th is  d irectio n  has ju s t  been ta k en  
b y  th e du P o n t C o m p a n y  in  settin g  aside a portion  
of its earnings for th is purpose (page 581, th is  issue). 
M a n y  oth er w a ys of a id in g th ro u g h  fu n ds w ill suggest 
them selves if once our in d u stria l leaders are con vin ced  
th a t in th is m a tter  th e y  h a v e  ju st as im p o rta n t an 
in terest as in  th e  purch ase o f raw  m a terial or in  th e 
efficien cy of p la n t op eratio n s.

T h e  ch em ’s tr y  a rm y  m ust h a v e  its  reserves. G ood 
generalship  w ill p ro vid e  these.

A F R E N C H  L O C A L  SE C T IO N

A n o th e r tie  jo in s F ra n ce  and A m erica; another 
offspring of th e  A m erican  C h em ical S o c ie ty  ta k es  its 
p lace in th e  fa m ily  of lo ca l sections. On page 575 
of th is  issue is p rin ted  th e  a p p licatio n  to  th e  C ou n cil 
for perm ission “ to  fo u n d  in  P aris a F ren ch  section  
of th e S o cie ty  coverin g th e  en tire  te rr ito ry  of F ra n ce .”

A s the usu al Spring m eetin g of th e  C ou n cil w as n ot 
held , th is ap p licatio n  for ch arter is n ow  b ein g vo ted  
upon  b y  th e  D irectors. I t  requires no g ift  of p rop h ecy 
to  p red ict th a t  the v o te  w ill be of such  en th u siastic  
u n an im ity  as n ever b efore ch a ra cte rize d  a v o te  of the 
D irectors. T h e  first p u b lic  an n ou n cem en t of th e  ap 
p licatio n , m ade b y  S e cre ta ry  P arson s, on th e  request 
of P residen t N ich o ls, a t  th e  recen t jo in t o u tin g  of 
th e P h ilad elp h ia  and D ela w are  Section s, w as greeted  
w ith  trem en dous applause.

T h e  sign atu res on th e a p p licatio n  are th o se of d is
tin gu ish ed  F ren ch  ch em ists in term in gled  w ith  those 
of A m erican  chem ists, kn ow n  to  us all, w ho are now 
a t th e  fro n t in  th e  service  of our A rm y , a jo in t b r ig a d 
ing of French  and  A m erican  forces sim ilar to  th a t 
w hich  has been a ffected  recen tly  b etw een  u n its of the 
resp ective  arm ies under th e  lead ersh ip  o f th a t  great 
soldier, G en eral F och . T h e  successfu l resu lt of the 
m ilitary  union has a lrea d y  m ade itse lf ev id en t on the 
battle field s of F ra n ce; w ith  eq u al confidence we can 
look fo rw ard  to  increased  stren g th  fro m  th e  closer 
coop eration  of scien tific  forces th ro u g h  th e  m edium  
of th e  F ren ch  Section .

A s we read th e  a p p licatio n  for ch arter and n ote the 
words “ th e  en tire te rr ito r y  of F ra n c e ”  w e k n o w  th a t 
these words w ill c a rry  o n ly  one m ean in g to  French  
and  A m erican  ch em ists a like, n am ely  a resto ration  
of th e  eastern  b o u n d a ry  of F ra n ce , ch an ged  from  th a t 
of A u g u st it) 14 o n ly  in  th a t  i t  sh all in clu d e A lsa ce  and 
L orrain e, and  to  th a t  end th e  en tire  resources of th is 
c o u n try , m en and m a teria l, are now  d ed icated .

A ll hail to  th e  F ren ch  Section !
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In a recen t p a p e r1 w e n o ted  th e  effect of v e ry  h igh  
pressures on th e  con version  of ch lo rp en ta n e to  a lcohol. 
In th e  fo llo w in g  p a p e r we describe a m eth od  for th e  
conversion  of ch lo rp en tan e to  th e  corresp on d in g 
acetates under con d itio n s w h ich  we b e lieve  are cap ab le  
of rea lizatio n  on a large  scale  w ith o u t g rea t d ifficu lty  
and w ith o u t v e r y  c o stly  or c o m p licate d  a p p a ratu s.

T h e present prices of a m yl alcoh o l and  a ce ta te  are, 
of course, ab n orm al. Y e t  it  is v e r y  d o u b tfu l if th e  
prices durin g sev era l yea rs b efore th e  w ar w ill be th e  
rule for som e tim e a fter th e  w ar, unless th e re  is a la r g e . 
production  from  som e source n o t n ow  k n o w n  o rl th e 
syn th etic  artic le  is b ro u g h t in to  th e  m a rk et in  large 
quantities. B efore th e  w ar th is  c o u n try  im p orted  
ann ually  a p p ro x im a te ly  6,000,000 lbs. of fusel oil from  
Russia. T h e  decrease in  th e  m a n u fa ctu re  of d istilled  
liquors and  th e  sp read  of p ro h ib itio n  g e n e ra lly  w ill 
cause an in creased  sh o rta ge  of a m yl alcohol and 
acetate.

As is w ell k n o w n  to  a ll fa m ilia r w ith  fusel oil an d  
am yl a ce ta te  and. th e ir  uses, th ese term s are em p lo yed  
to describe th e  m ixtu re  of a m yl alcohols, or th e ir  
acetates, to g eth er  w ith  m ore or less b u ty l and h ex y l 
derivatives. T h e  com p o sition  of th e  n a tu ra l fusel oils 
varies co n sid erab ly  w ith  th e  m a teria l ferm en ted  and 
the ch ara cter  of th e  ferm en ta tio n . F e rn b a ch ’s re 
cently d evelop ed  ferm en ta tio n , y ie ld in g  ch iefly  iso 
butyl alcohol, is an extrem e case, and  iso b u ty l a lcoh ol 
alone is too  v o la tile  for m ost of th e  te ch n ica l uses of 
fusel oil or a m yl a ce ta te . T h e  fo llo w in g  an alyses 
from W o rd en ’s “ N itro ce llu lo se  In d u s tr y ”  illu s tra te  
what is co m m o n ly  fo u n d  in  com m ercial fusel oils: 

C o m p o s i t i o n  o f  N a t u r a l  F d s e l  O il s

F r o m  P o t a t o  S p i r i t

P er cent 
b y  w t.

N orm al b u ty l a lc o h o l.. .  6 . 8
Isobutyl alcohol...............  24 .3
Amyl alcohol.....................  6 7 .8
F a t t y  a c id s, e t c ................ 0 .0 4

F r o m  C o r n  S p i r i t

P e r cent 
by  w t.

N orm al p ropy l a lcoho l. 3 .7
Iso b u ty l a lcoho l..............  15.7
A m yl a lcoho l.......................  75 .8
H exyl a lco h o l................... 0 .2
F a t ty  acids, e tc ...............  0 .5 6

T h e o rd in a ry  a m yl a c e ta te  of com m erce con tain s 
ap p ro x im ately  70 per cen t b y  w eig h t, d istillin g  w ith in  
the lim its 135 to  140°. T h e  a b o v e  an a lyses m ake c lear  
the fa c t th a t  it  is n ot n ecessa ry  to  iso late  eith er pure 
pentane as a ra w  m ateria l for sy n th e tic  a m yl a ce ta te , 
or a single m on och lorp en tan e to  m ake an  artific ia l 
am yl a ce ta te  fu lfillin g  a ll th e  o rd in a ry  req u irem en ts of 
in d u stria l uses.

A fa ir ly  large  n u m ber of p a te n ts  h a v e  been issued 
w hich h a ve  for th e ir  o b je c t th e  m a n u fa ctu re  of a m yl 
acetate  from  lig h t p etro leu m  m ixtures, ch iefly  p en tan e. 
T h e difficulties of m ost of th ese processes, so fa r  as 
we are a cq u ain ted  w ith  th em , a p p ear to  be, first, th e  
form ation  of large  p rop ortion s of d ich lor and  tr ich lo r

1 J . A m . C htm . Soc., 38 (1916), 1369.

deriva tives when th e  original h yd ro ca rb o n  m ixtu re is 
ch lorin ated , en ta ilin g  considerable loss of ch lorin e, 
decom position  durin g d istillatio n  w ith  ev o lu tio n  o f 
h yd ro ch loric  acid , corrosion of th e  d istillin g  a p p a ratu s, 
etc. T h e  presence of h igher ch lorin ated  pen tan es also 
has th e  v e ry  ob jeation ab le  resu lt th a t  on decom position , 
as durin g d istillatio n , ch loram ylenes are form ed  w hich 
are re la tiv e ly  sta b le  and m ake th e ir  presence know n  
in th e  final sy n th e tic  a m yl a ce ta te  b y  m a teria lly  de
creasin g th e  so lu b ility  of m an y su b stan ces in th is 
solven t. One p aten tee claim s th a t  g lacia l acetic  acid  
need n ot be used as a so lven t in th e  ch lorp en tane- 
sodium  a ce ta te  reactio n , b u t acetic  acid  con tain in g as 
m uch as 30 per cen t of w a ter m ay su ccessfu lly  be em 
p loyed . Our experience is th a t  a m yl a ce ta te  m ade 
w ith  acetic  acid  con tain in g xo per cen t or m ore of 
w ater, contain s considerable u n chan ged  chlorp en tan e, 
th e  presence of w hich m a rk ed ly  decreases its so lv en t 
va lu e. T h e  second serious d ifficu lty , com m on to  all 
th e  processes kn ow n  to  us, consists in th e  fo rm atio n  of 
r e la t iv e ly  large am ounts of am ylen e.

T h e  first of th e  difficulties ab o v e  m en tion ed has 
been overcom e alm ost com p lete ly  and in  a v e r y  sim ple 
m anner.

C H L O R IN A T IO N  OF P E N T A N E

In  th e  earlier period of our w ork we lost considerable 
tim e b y  a ttem p tin g  to  develop  a sa tis fa cto ry  m ethod of 
ch lorin ation  based on th e  id ea  th a t  th e  reactio n  should 
ta k e  place in th e  gaseous phase. A cco rd in g ly , a large 
n um ber of chlorin ations were m ade b y  in trod u cin g 
chlorine into  th e  hyd ro carb on s a t tem p eratu res ju s t 
sufficien t for th e  com plete v a p o riza tio n  of th e  h y d ro 
carbon. In  these experim ents w e assum ed th a t  th e 
chlorine and h yd ro carb on  gas m ixture should  be 
th o ro u g h ly  m ixed before rea ctin g , and th is w as a t 
tem p ted  b y  introducin g th e  chlorine into  t.he h yd ro 
carbon  gases in th e  dark  and  th e n  passin g th is m ixture 
th ro u g h  large illum in ated  glass tu b es. In  th ese ex 
perim en ts it  w as foun d th a t  once th e  chlorirfating 
actio n  had  sta rted  it  w ould  proceed v e r y  sm o o th ly  in 
diffused d a yligh t and th a t  u ltra v io le t lig h t as a 
c a ta ly z in g  agen t w as n ot n ecessary; indeed, th e  re
actio n  often  proceeded w ith  considerable v io len ce  and 
th e  sep aration  of som e free carbon. I t  w as difficult 
to  regu late  a ccu ra te ly  th e  ra tio  of h yd ro ca rb o n  vap o rs 
to  th e  chlorine in tro d u ced , and  th e  fo rm atio n  of 
dich lor and trich lor d e riv a tiv e s  w as u n av o id ab le . T h e  
h igh est yields of m on ochloride d e riv a tiv e s  w ere o b 
ta in e d  when th e  ch lorin e-h yd ro carb on  m ixtu re con 
ta in e d  a large excess of h yd ro carb o n s, n am ely , 2 to  4 
tim es th e ratio  n ecessary  to  form  th e  m onochloride 
d eriva tive s. B y  em p lo yin g  m ixtures con tain in g 3 
m ols. of h yd ro ca rb o n  to  one of chlorine, a  y ie ld  of 
m onochloride of 88 per cen t of th e  th e o retica l w as o b 
ta in e d , th a t  is, 88 per cen t of th e  ch lo rin ated  m aterial 
w as m onochloride. T h e  large  vo lu m e of h yd rogen  
chloride form ed in  th is  rea ctio n  carries off large  am ounts 
o f pen tan e v a p o r, th is  fa c t  n ecessitatin g  th e  a b 
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sorption  of th e h yd ro gen  chloride in  cold  w a ter in  
order to  reco ver th is p entan e. It  w as ea sily  ap p a ren t 
th a t  th e  m an u factu re on a large  scale of crude chlor- 
pen tan e b y  th is  m ethod w ould  en ta il grea t p ra ctica l 
d ifficulties, and  w ould  certa in ly  ad d  a g rea t deal to  th e  
co st of th is co m p a ra tiv e ly  sim ple op eratio n .

A fte r  a num ber of p relim in a ry  exp erim en ts, w hich  
need n ot be recorded here, a m ethod  w as develop ed  
w hich has p ro ved  to  be q u ite  sa tis fa cto ry  and  w hich  
has served  for th e  p rep ara tio n  of large q u an tities  of 
these ch lorin ated  h yd ro carb on s. T h e  sim p lic ity  of th e  
m ethod m akes it  en tire ly  a d a p ta b le  to  large  scale 
op eration s, and a fa ir ly  large exp erience w ith  it  o ver 
m ore th a n  one y e a r ’s tim e show s th a t  th e  ch lo rin ated  
p ro d u ct consists of th e  m on ochlorides to  th e  ex te n t of 
90 to  94 per cent.

•The princip le of th e  m ethod  sim p ly  consists in  m ain 
ta in in g a lw a ys a v e r y  large excess of h yd ro ca rb o n  as 
com pared w ith  chlorine and  also, w h ich  is v e r y  im 
p o rta n t, a v e ry  large ra tio  of h y d ro ca rb o n  to 
ch lorin ated  p roducts. In  brief, th e  m ethod  consists 
in passing chlorine th ro u g h  a large  n u m ber of sm all 
orifices into a large  q u a n tity  of cold cru d e p en tan e, and 
sto p p in g th e  ch lorin ation  b efore th e  co n cen tratio n  of 
th e  chlorine d eriva tive s  becom es grea te r  th a n  a b o u t 
20 per cen t of th e  m ixture. In  p ra ctice , esca p in g  
h yd ro gen  chloride is absorbed  in  cold  w a te r  an d  th e  
p en tan e th u s reco vered  is retu rn ed  to  th e  reactio n  
vessel. T h e  presence of m oisture is n o t o b jectio n a b le , 
in fa c t  it  seem s to  be desirable. I llu m in a tio n  of th e  
reaction  m ixture is n ot a b so lu te ly  n ecessa ry , a lth ou gh  
we h a ve  em p lo yed  a h igh -p ow er tu n g ste n  lig h t b u lb  
in  th e upp er p a rt of th e  rea ctio n  vessel, th e  lig h t 
c a ta ly z in g  th e  reactio n  a t th e  s ta rt. T h is  reactio n  
exhib its a p ecu liar ph enom enon. A t  first th e  pen tan e 
appears to  d issolve th e  chlorin e u n ch an ged , b u t a fter 
an in terv a l of a b o u t te n  m inutes th e  color of free 
chlorine q u ic k ly  fad es and  disappears an d  th e n  chlorin e 
m a y be passed in v e r y  ra p id ly , rea ctin g  as fa st as 
dissolved. T h e  liq u id  should  be k e p t ch illed  to  at 
lea st io °  to  p rev en t too  g rea t v a p o riza tio n  of pen tan e 
with, th e h yd ro ch lo ric  acid  fo rm e d .1

T h e  con tro l of th e  process can  re a d ily  b e acco m 
plished b y  ob servin g th e  sp ecific g r a v ity  of th e  m ixture, 
since a specific g r a v ity  of 0.820 correspon ds to  a b o u t 
20 per cen t of m onochlorides, w h en  a cru d e pen tan e 
fraction  boiling a t 25 to  4 5 0 is ta k e n  fo r  ch lo rin atio n .

In  order to  illu stra te  th e  per cen t of su ita b le  crude 
p en tan e con tain ed  in  a h igh  grade of gasolin e, 76 0 B é., 
th e  fo llow in g ta b le  of fractio n s o b ta in ed  b y  slow  
d istillatio n  th ro u g h  su ita b le  colum n  is g iv en :

Boiling P o in t 
2 8 - 3 0 °  
3 0 - 3 5 °  
3 5 - 4 0 °  
4 0 - 4 5 °  
4 5 - 5 0 °  
5 0 - 5 5 °  
5 5 - 6 0 °  
6 0 - 7 0 °

P e r cen t by  Volum e 
2 . 3
5 . 0
5 . 5
5 . 06 . 6
8 . 5
8 . 5  

1 5 .0

17.8  p e r cen t su itab le  for am yl 
a ce ta te

C asin g  head or n atu ra l gas gasolin e n a tu ra lly  co n 
ta in s th e  largest per cen t of pen tan e and  w hen  su ita b le  
p ro visio n  is m ade to  a vo id  losin g th e  b u ta n e , as b y

1 B rooks, Essex an d  S m ith , U nited  S ta te s  P a te n t N o . 1 ,1 9 1 ,1 9 6 .

d isso lv in g in  a h ea v ier gasoline, th is raw  m aterial 
should  p rove th e  m ost econ om ical.

T h e  fractio n al d istilla tio n  of th e  m onochlorides 
furnishes an oth er o p p o rtu n ity  to  re ject m a terial of un
su ita b le  b oilin g poin t. A  d istilla tio n  an a lysis  of the 
m onochlorides em p lo ye d  in  m ost of th e  w ork  here de
scrib ed , th e  ch lorides h a v in g  been  m ade from  a crude 
pen tan e fractio n  b oilin g p o in t 25 to  4 5°, is given 
b elow :

Boiling P o in t 
9 0 - 1 0 0 °  

100- 110 °  
110- 120 °  
1 2 0 - 1 3 0 °  
1 3 0 - 1 4 0 °  

A bove 1 4 0 °

P e r cen t by  W eight 
3 . 8

4 6 . 6
2 7 . 4
1 4 .4

5 . 3
2 . 4

S ev era l resu lts w hich  are ty p ic a l of th o se  obtained 
b y  ch lo rin atin g  th e  cold  p en tan e are g iv en  below. 
T h e  per cen t y ie ld  is c a lc u la te d  on th e  per cen t of 
m onochlorides in  th e  to ta l ch lo rin ated  h yd ro carb on , 
n ot on th e  am ou n t of p en tan e o rig in a lly  ta k e n . Thus 
if th e  y ie ld  is 90 per cen t, th e 'b a la n c e  of 10 per cen t is 
a higher ch lorin ated  p ro d u ct.

T a b l e  I — C h l o r i n a t i o n  o f  C r u d e  P e n t a n e , B o i l i n g  P o i n t  2 5 - 4 5 °
L ost M ono-

W t. w ith W t. U n- chlorides
P en tane Tim e HC1 P ro d u c t c:hanged 95-140° D ichlorides

G ram s H ours P e r cen t G ram s G ram s G ram s G ram s
5500 4 .5 13 .4 5233 3908 1155 170
5500 5 .5 3 5 .0 4108 2555 1371 182
5500 4 .0 2 9 .0 4206 3312 884 10
2500 4 .0 2 5 .0 2698 1775 611 47
2070 5 .5 2 8 .0 1492 975 407 1 1 0
3700 6 . 0 2 5 .0 2781 2309 444 28

C oncen tra tion  of chlorides P e r c en t m onochlorides in
when ch lorination was s topped ch lo rina ted  p a rt

21 87
24 89
16 99
24 93
34 78
17 9 5 .5

If desired, a p en tan e fra c tio n  of m uch sm aller 
b oilin g  p o in t ran ge can  be em p lo ye d  as th e  in itia l raw 
m aterial, and th is  w ill resu lt n a tu r a lly  in  a final acetate 
of sm aller ran ge of b o ilin g  p o in ts. T h e  fraction al 
d istilla tio n  to  o b ta in  m ost of th e  crude p en tan e used 
in  our w ork w as carried  o u t in  a sm all 50-gallon ex
p erim en tal a p p a ratu s. M o re h om ogen eous fraction s 
w ould  be o b ta in a b le  from  larger stills  p ro v id e d  with 
su itab le  colum ns, su ch  as th o se em p lo ye d  for the 
re c tify in g  of crude benzols.

A  sm all am ou n t of h y d ro ch lo ric  acid  is form ed 
durin g th e  d istilla tio n  of th e  cru d e ch lo rp en tan e, due 
to  sligh t decom position  of th e  ch lorides. T h e  am ount 
of decom position  resu ltin g  from  th is  cau se is so sm all, 
h ow ever, th a t  no a p p reciab le  d im in u tion  o f th e  yield  
of crude ch lorp en tan e resu lts. T h is  fa c t  has to  be 
ta k e n  a ccou n t of, h o w ever, in  th e  choice of ap p aratu s 
for d istillatio n , as w ill be b ro u g h t o u t later.

1
C O N V E R S IO N  O F C H L O R P E N T A N E  IN T O  A M Y L A C E T A T E

A lth o u gh  th e  con version  of ch lo rp en ta n e in to  am yl 
a ce ta te  b y  h ea tin g  w ith  a n h yd ro u s sodium  a ce ta te  is, 
a t  first s ig h t, m erely  a d irect a p p licatio n  of a stan dard  
m ethod  of organ ic  sy n th esis, we fou n d  it  necessary 
to  c a rry  o u t a large n um ber of exp erim en ts in  order to 
d eterm in e th e  op tim u m  conditions, p a rticu la rly  as 
regards te m p eratu re  and  pressure, n atu re  of so lven t, 
effect of a g ita tin g  th e  rea ctio n  m ixtu re, y ie ld  from
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various gasolin e fraction s, m aterial of con stru ction  
for ap p aratu s, effect of catalyr-ts, and  possible u tiliza 
tion of th e  b y-p ro d u c t am ylen e.

E a r ly  in th e  course of th e  w ork we determ in ed  th a t 
som ew hat b e tte r  y ie ld s of a ce ta te  are o b ta in a b le  w ith  
the low er b oilin g fractio n s th a n  from  hyd ro carb on s 
of higher b oilin g p o in t. K erosen e chlorides are h igh ly  
unstable, decom posin g s lo w ly  a t room  tem p eratu re  
to such a degree th a t  in  sev era l cases th e  pressure 
of the H C 1 d evelop ed  w as sufficien t to  expel th e  cork  
from  w ell sto p p ered  con tain ers. T h e  te n d e n c y  of th e  
a lky l chlorides to  decom pose w ith  th e  fo rm atio n  of 
olefines increases w ith  th ose of h igh er m olecular 
w eight, as is show n  b y  th e  fo llo w in g  results.

T a b l e  I I — Y i e l d  01* A c e t a t e  p r o m  C h l o r i n a t e d  G a s o l i n e  F r a c t i o n s 1

Boiling Po in t Y ield A cetate Olefines
Original P e r cen t P e r cen t

H ydrocarbon of T h eo ry of T heo ry
28-30° 50 35 C alcu la ted  for pen tan e
30-35° 49 34 C alcu lated  for pen tan e
35-40° 49 34 C alcu la ted  for pen tan e
45-50° 46 42 C alcu la ted  for 50 per c en t p en tan e
50-55° 46 42 C alcu la ted  for 50 per c en t hexane
55-60° 43 43 C alcu la ted  for 50 per c en t hexane
60-65° 42 43 C alcu la ted  for 50 p e r cen t hexane
65-70° 38 47 C alcu la ted  for 50 per c en t hexane

M e t h o d

A utoclave
ro ta ted

A utoclave
sta tionary

Autoclave
ro ta ted

Autoclave
sta tio n ary

R eac tio n  M ix tu re
S
H

580 g. 
750 g. 
375 g. 
375 g. 
580 g. 
750 g. 
375 g. 
375 g. 
730 g.
800 g.
472 g. 
650 g. 
650 g. 
750 g.

C hlorides 
Sodium  ace ta te  
Acetic acid 
A m yl ace ta te  
C hlorides 
Sodium  ace ta te  
A cetic acid 
A m yl a ce ta te  
Chlorides 
Sodium  ace ta te  
A cetic acid 
Chlorides 
Sodium  ace ta te  
A cetic acid

12
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230 394 1 . 2 5 1 .6

250 273 7.1 2 2 . 1

240 458 0 .9 50 .1

240 300 16.5 2 6 .0

th is w a y  con tain in g r e la tiv e ly  large am ou n ts of u n 
chan ged  chlorides, as illu stra ted  b y  th e  fo llo w in g  
experim ents.

T a d l e  I V — I n f l u e n c e  o f  t h e  W a t e r  i n  R e a c t io n  M i x t u r e

Yield
A ceta te  _ C hlorine 
P er cen t in P ro d u ct 

T em p, of T heo ry  P er cen t 
220° 4 2 .3  2 .0
220° 3 8 .0  5 .3

T im e
S o l v e n t  H ours

Acetic acid, 99 per c e n t............  15
Acetic acid, 90 per c e n t............  15

1 H eated  11 hours a t  190-195° in  au toc lave , n o t s tirred .

O w ing to  th e  la rg e  a m o u n t of solid  m aterial in th e  
reaction m ixtu re , an h yd ro u s sod iu m  a ce ta te  a t th e  
beginning an d  sodium  ch loride to w a rd  th e  en d of th e  
operation, we carried  o u t sev era l co m p a ra tiv e  e x p e ri
ments to  determ in e th e  effect of co n tin u a l a g ita tio n  
of th e con ten ts of th e  a u to c la v e . W h en  th e  rea ctio n  
m ixture is n ot a g ita te d , a hard , n e a rly  solid  sa lt c a k e  
forms, w hich  p rev en ts fu rth er reactio n .

T a b l e  I I I

T h e presence o f w a ter  in  th e  g la cia l a ce tic  a cid  
retards th e  rea ctio n  v e r y  m a rk ed ly , a ce ta tes  m ade in

T a b l e  V

T h e presence of a so lv en t is n ecessary  if a  p ro d u ct 
free from  chlorides is desired. T h e  resu lt o b ta in ed  
w ith o u t a so lv en t is show n in E xp erim en ts n  an d  19, 
T a b le  V , in  w hich  it  w ill be n oted  th a t th e  per cen t of 
u n ch an ged  chlorides in th e  p ro d u ct is v e r y  high.

A  few  substances, B a C l2, F e C l3, an d  C u C l, w ere 
tr ied  for th eir possible c a ta ly tic  effect, b u t no b en efit 
could be n oticed  in th e  results.

I t  is possible th a t  th e  am ylen es resu ltin g  in  th e  
trea tm en t of th e  ch lorp en tan e m ixture, as herein 
n oted, are derived  large ly  from  seco n d ary  or even  
te r tia ry  chlorides or acetates. W e te sted  th e  s ta b ility  
of com m ercial a m yl acetate , consisting a lm o st en tire ly  
of acetates of p rim ary  alcohols and fou n d  th a t  durin g 
8 hours a t 2050 and  a b o u t 300 lbs. pressure in  a copp er 
lined au to clav e, o n ly  6.5 per cen t of a m ylen es were 
form ed. A fte r  cooling, th e  a u to c la v e  sh ow ed a p res
sure of 60 lbs., due to  gaseous prod u cts of th e  decom 
position, p ro b ab ly  CO2 and eth ylen e.

W e h a v e  n ot had th e  o p p o rtu n ity  to  exam in e th e  
c o n stitu tio n  of th e  a m yl a cetates m ade from  th e  
p etro leu m  fraction s, as th e  p rim a ry  o b je c t in  v ie w  
w as th e com m ercial u tility  and  va lu e  of th e  p ro d u ct. 
W e find th a t  th e  so lven t pow er of sy n th e tic  a m yl 
a ce ta te  for cellulose esters and gum s is such  th a t  b y  
th ese tests alone th e  n atu ra l and sy n th e tic  a ce tates  
can n o t be d ifferen tiated  from  each  oth er. If, h o w 
ever, th e  a ce tate  contain s tw o  or m ore per cen t of 
chlorine in th e form  of u n ch an ged  chlorides, its  so lv en t 
pow er for gum s and resins is m a rk ed ly  d im inished.

A  num ber of ty p ic a l results are in clu d ed  in  T a b le  V .

U T IL IZ A T IO N  O F A M Y L E N E S

W e believe it  is v e ry  d o u b tfu l if th e  a m ylen es, 
o b ta in ed  as a b y-p ro d u ct in th e  con version  of th e  
chlorpen tanes to  acetates, can  p ro fita b ly  be c o n v erted  
into  alcohols or a cetates. S o-called  h y d ra tio n  of 
am ylen es and other olefines to  th e  corresp on din g 
alcohols has been in v e stig a te d  b y  us and  th e  resu lts

E x p t .
Sodium

Y ield 
C rude  A ceta te

Chlorine
in

Y ield A cetate  
C orrec ted

Chlorides A ceta te S o lven t T im e T em p. P ressure P e r c en t of P roduct P e r  c en t of
N o. G ram s G ram s G ram s H ours ° C. Pounds T heoretical P er cent T heo re tica l
94 50 50 100 g. Acetone 8 180-190 60

3 Ü 4 5 3 .289 400 400 500 g. A bsolute alcohol 9 190 6 3 .3
31 730 900 470 g. A cetic acid 2 220 5 1 .5 0 .9 4 9 .7
18 730 945 470 g. Acetic acid 5 195-200 i 8 0 5 5 .0 7 .0 4 3 .4
17 580 750 375 g. Acetic acid 

375 g. A m yl ace ta te
5 195-200 230 5 5 .4 1 . 2 5 3 .4

19 1 1 0 0 1422 N one 12 195-200 170 4 7 .0 1 1 . 0 3 1 .4
11 950 1215 N one 6 205-210 300 4 5 .3 6 .4 3 6 .6
5 580 750 750 g. Acetic acid 4 195-200 400

430
4 3 .0 1 . 0 4 1 .2

7 580 750 750 g. A cetic acid 1.5 195-200 200
260

4 5 .0 3 .5 3 1 .9  !

8 580 750 375 g. A cetic acid 
375 g . A m yl ace ta te

5 195-200 5 0 .0 0 .9 4 8 .8

R e m a r k s

P ro d u c t con ta ined  free am yl alcohol

30 g. B aC lî in reaction  m ixture  

30 g. F eC h  added
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A m y l  A c e t a t e  

F l o w  S h e e t — Q u a n t i t i e s  f o r  O n e  D a y
A m y l  A c e t a t e  

F l o w  S h e e t — A c é t y l a t io n

em bodied in a  sep a ra te  p a p e r.' W ith  su lfuric 
acid  th e p rin cip al resu lts are p o lym eriza tio n  to  
heavier, m ore v iscou s oils (n ot tars), th e  fo rm a 
tion  of alcohols and  of acid  and  n eu tral esters of 
su lfuric acid . W e h a v e  n ot been able to  o b ta in  
yields of alcohol as h igh  as n oted  b y  W isch n e g ra d sk y 2 
in th e  case of am ylen e m ade from  n a tu ra l fusel oil. 
T h e  yields o b ta in ed  b y  us are g iv en  in th e  fo llo w in g  
ta b le , and  it  w ill b e n o ted  th a t  w ith  50 per cen t acid  
v e ry  little  ch an ge w as effected  and  w ith  95 per cent 
acid  a t  5.0° m o stly  po lym ers were form ed.

T a b l e  V I — A d d it io n  o f  W a t e r  t o  A m y l e n e - H e x e n e  M i x t u r e  b y  S u l 
f u r i c  A c id  o f  V a r y in g  C o n c e n t r a t io n s
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1 50 —  5 2 1 . 0 9 0 .0 1 . 0 8 . 0
2 75 0 3 - 18.0 4 5 .0 16.0 2 1 . 0
3 75 —  10 2 16 .0 5 4 .0 17.0 13.0
4 75 0 2 1 0 . 0 67 .0 9 .0 14.0
5 75 (2 vols.) 0 2 .5 1 0 . 0 57 .0 15.0 18.0
6 75 —  15 2 1 0 . 0 70 .0 1 2 . 0 8 . 0
7 85 —  15 2 .5 2 2 . 0 3 2 .0 14.0 3 2 .0
8 85 4- 1 vol. 

acetic  acid
—  10 2 .5 13.0 5 6 .0 18.0 13.0

9 95 — 5 2 4 .0 5 .0 1 1 . 0 7 5 .0

In  v iew  of th e  readiness w ith  w h ich  olefines re a ct 
w ith  m an y m ineral acids, such as H2SO4, H C 1, H B r, 
H O C 1, and  in  som e cases even  H C N  an d  H«S, we 
th o u g h t it  possible th a t  un der certa in  con d itio n s 
a ce tic  acid  m ight rea ct w ith  th e  am ylen es d irect. 
A cco rd in g ly  th e  conditions o f th e usual a c e ty la tio n

* J . A m . Chem. Soc., 42 (1918), 822.
> A n n .,  190 (1877), 328.

were tried  on a m ylen e itse lf. A  q u a n tity  of crude 
am ylen e, 125 g., b oilin g p o in t 30 to  6o°, w as heated 
in an a u to c la v e  a t 200° for 5 hrs. w ith  an  eq u al w eight 
of g lacia l a ce tic  acid . F ro m  th e  rea ctio n  p ro d u ct we 
iso lated  o n ly  4.5 g. oil b oilin g a t 100 to  1 3 5 0 and  4.0
g. residue ab o v e  135 th ese fractio n s con sistin g of 
p o lym ers of th e  origin al am ylen es. In  an oth er ex
perim ent 90 g. a m ylen e w ere h ea ted  20 hrs. a t 1000 
w ith  90 g. a ce tic  acid  and  30 g. z in c  ch loride and the 
result w as 14.5 g. p o lym ers b oilin g o ver io o ° . A 
reaction  m ixtu re d u p lica tin g  th e  la s t w as le t  stan d  30 
hrs. a t 20 to  24°, o b ta in in g  8 g. p o lym ers.

I t  is n ot th e  purpose of th e  present p ap er to  go into 
th e  d etails of p roducin g a g iv en  o u tp u t of syn th etic  
a m yl acetate . H o w ever, a b rief discussion  of the 
ch aracter of th e a p p a ratu s required  and  a co n serv a tive  
estim ate of costs should  m ake clear th a t  th e  com m ercial 
m an u factu re of sy n th e tic  amy.l a ce ta te  is en tirely  
feasible. In  v ie w  of th e  a m o u n t of a m yl a cetate  
an n u ally  consum ed in th e  U n ited  S ta te s  a lo n e and  the 
am ount of th e  sy n th e tic  acetate, w h ich  m igh t con
se rv a tiv e ly  be exp ected  to find a r e a d y  p la ce  in  the 
m arket w e h a ve , for th e  sa ke  o f defin iten ess, based 
estim ates on a d a ily  p ro d u ctio n  of 600 gal. of sy n th etic  
am yl acetate. T h e  figures used  are b ased  upon  a 
y ield  of m onochlorides of 90 per cen t, a low  average 
for th e  m ethod  described , and  a y ie ld  on a ce ty la tin g  
of ss  per cen t of th e  th e o ry , a resu lt a c tu a lly  a t
ta in ab le  and p ro b a b ly  exceeded. T h e  m inor b y 
prod u cts, am ylen e, com m on  sa lt, and  h yd ro ch lo ric  acid, 
h a v e  n o t been g iv en  a n y  va lu e  in  th e  estim ate . I t  
has been assum ed th a t  th e  cru d e p en tan e w ould  be
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fu rn is h e d  in  t a n k s  o r s te e l d ru m s , b e in g  m o st a d 
v a n ta g e o u s ly  m a n u fa c tu r e d  a t  t h e  so u rc e  o f p r o 
d u c tio n  o f c a s in g  h e a d  g a s o lin e . T h e  p ric e  o f s u c h  an  
a rtic le  in  f a ir ly  la rg e  q u a n tit ie s  b e a rs  110 r e la tio n  
w h a te v e r  t o  th e  p r e s c r ip tio n  d o ses  o f p e n ta n e  s o ld  for 
p h o to m e tr ic  w o r k . I t  h a s  a lso  b e en  a ss u m e d  t h a t  
th e  m o st a d v a n ta g e o u s  lo c a t io n  fo r  s u c h  a  p la n t  w o u ld  
be in  th e  n e ig h b o rh o o d  o f a  c h lo r in e -c a u s tic  s o d a  p la n t , 
w h ere  th e  c h lo r in e  w o u ld  b e  a v a ila b le  fo r  u se  w ith o u t  
liq u e fa c tio n . T h e  d ia g r a m s  in d ic a te  r o u g h ly  th e  flo w  
of m a te ria l.

APPARATUS REQUIRED
1— STORAGE FOR

(a) Crude pentane, 18,000 gal. steel tank.
(¿0 Crude chlorinated product, pentane and chlorpentane,

18.000 gal. lead-lined steel tank.
(c) Distilled chlorpentane, 8,000 gal. lead-lined tank.
(d) Sodium acetate, crystalline, 100 ton covered wooden

bins.
(e) Glacial acetic acid, 10,000 gal., 5 wooden tanks,

2.000 gal. each.
(/) A m yl acetate, finished, 15,000 gal., 3 steel tanks, 5,000

gal. each.

2 — CHLORINATION
3 units complete, each consisting of one 500 gal. earthen

ware vessel1 fitted with lead coil for cold water or brine, 
glass H art condenser of the type used for nitric acid, 
and earthenware receiver for separating recovered pentane 
and aqueous H C 1.

3 — STILLS
2 Steam  jacket Duriron stills, 1000 gal. charge capacity for 

rectifying chlorpentane.
1 Steam  jacket copper still for rectifying am yl acetate, 

acetic acid, and am ylcne mixture, capacity 900 gal.

4 — a c e t y l a t i o n
3 Copper-lined steel autoclaves, jacketed, heated by hot 

oil circulation, provided w ith agitators of copper or 
Duriron, capacity 900 gal. each.

5 — ACCESSORIES
1 Centrifugal extractor, 30 in. copper mesh basket, for 

separating salt from reaction mixture.
1 Agitator, copper, for washing am yl acetate w ith soda ash 

solution, capacity 900 gal.
1 Wooden tank w ith chain typ e  agitator for washing ex

cess sodium acetate from salt, capacity 500 gal.
2 Crystallizing pans, iron, in brick setting, slow direct fire 

for recovering sodium acetate, 300 gal. each.
3 M elting pans, steel in brick setting, slow direct fire for ■ 

fusing sodium acetate, capacity 200 lbs. sodium acetate 
each.

1 M otor for agitating autoclave, 8 h. p. steam, 200 boiler
h. p. for distillation, heating building, pumping, etc.

4 Dump cars and track for conveying salt, sodium acetate, 
etc.

1 M otor, 8 k. p., for operating pumps.
3 Low-pressure rotary pumps for pumping pentane, am yl 

acetate, etc.

BUILDINGS

1 Shed for storing acetate of soda.
1 Building for chlorinating pentane and distillation of 

chlorpentane, fireproof asbestos board.
1 Building for acetylating and distillation of am yl acetate.
1 Building for boilers and fusing sodium acetate.

1 S u ita b le  v e ss e ls  o f  th is  s ize  a re  r e g u la r ly  m a n u fa c tu r e d .

E s t im a t e d  C o s t  o f  S y n t h e t i c  A m y l  A c e t a t e  o n  t h e  B a s i s  o f  600 
G a l l o n s  D a il y  P r o d u c t io n

D a il y  C o s t s

Gasoline, 990 gal. a t  40 c ts ..........................................................................  $ 3 96 .00
C hlorine, 5200 lbs. a t  2 .5  c t s .................. ................................................... 130.00
A ceta te  of soda, 4880 lbs. c ry s t. a ce ta te  a t 15 c ts .............................. 732 .00
Soda ash, 1450 lbs. a t  3 c ts .......................................................................... 43 .50
In te re s t on $35,000 a t  6 per cen t, and  depreciation  a t  20 p e r cen t

p er a n n u m ............................................................................................................. 3 0 .3 0
L abor, one chem ist a t  $8.00, 10 laborers a t  $4 .00 ................................... 4 8 .0 0
F uel an d  P o w er.............................................................................................    4 0 .0 0

T o t a l  D a il y  C o s t s ..............................................................................  S1419.80
V a l u e  o f  P r o d u c t s

A m yl ace ta te , 600 gal. a t $4.50 per g a l .............................................. $2700.00
T o ta l daily  c o s ts .  ................   1419. 80

D a il y  P r o f i t ........................................................................................... $1280.20

M e l l o n  I n s t i t u t e  o f  I n d u s t r ia l  R e s e a r c h  
P it t s b u r g h

T H E  EFFE CT  OF A N N EA LIN G  ON T H E  E L E C T R IC A L  
R E SIST A N C E  OF H A R D EN E D  CA R BO N  S T E E L S 1

B y  I .  P .  P a r k i i u r s t  

R eceived N ovem ber 24, 1917

T h e  e lectrica l resistance of steels as a ffected  b y  im 
purities or b y  d ifferen t h eat tre a tm e n ts  ap p lied  o v e r  
wide ranges of tem p eratu re , has a ttr a c te d  th e  a tte n 
tio n  of several in v estig a to rs. A  re su m i of p reviou s 
w ork  is here g iv en .

R E S U M E  O F P R E V IO U S  W O R K

W . H. John son 2 m ade a s tu d y  of th e  e lectrica l re
sistan ce of steels in  order to  determ in e th e  effect of 
im purities. T h e  resistance o f seven  sam ples of d iffer
en t an alyses w as m easured. T h e  im p u rities w ere 
fo u n d  to  increase th e  resistan ce, b u t th e  d a ta  o b 
ta in ed  w ere n ot sufficient to  allow  of specific co n clu 
sions.

A . C a m p b e ll3 determ in ed  th e  effect of stress on 
th e  resistance of iron  and iron-n ickel wires. P r a c 
tic a lly  no change w as o b served  up to  th e  b reak in g  
point.

H. L e C h a te lier4 in v e stig a te d  th e  effect of h igh  te m 
p eratu res on th e  resistan ce of iron, steel, h ard  steel, 
iron-n ickel, p latin u m , etc. H is m easurem en ts were 
m ade in an atm osphere of h yd ro gen . In  a 0 .6  per 
cen t carbon  steel he ob served  b reak s in  th e  tem p era- 
tu re-resistan ce curves a t 710 and  820° C .

H. L e C h atelier5 stu d ied  th e  effect o f h ard en in g 
and  tem perin g on th e  resistan ce of steels. H is r e 
su lts  show ed th a t th e  resistan ce w as in creased  b y  
harden in g and decreased b y  tem p erin g .

L. C om predon 6 m ade a s tu d y  sim ilar to  th a t  of W . 
I i. Johnson, referred  to  a b o v e , and  o b ta in ed  sim ilar 
results.

J. D e W ar and J. A . F le m in g 7 d eterm in ed  th e  r e 
sistan ce of iron and  n ick el a t te m p era tu re s  dow n  to  
th e  b oilin g point o f o xyge n . T h e y  fou n d  th a t  th e  
resistan ce decreased ra p id ly  w ith  th e  decrease in  te m 
perature.

1 R ead  in a b strac t a t  th e  M eta llu rg ica l Sym posium , B oston M eeting» 
Am erican Chem ical Society, Sep tem ber 1917.

2 "C hem ical C om position and  E lec trica l R esistance of Steel W ire ,” 
J .  Iron  and Steel In s t., 19 (1881), N o . 2, 605.

3 “ E lectrical P ro p ertie s ,"  Engineering, 63 (1887), 468.
4 "E lec trica l R esistance of Iro n  an d  I t s  Alloys a t  H igh T e m p e ra tu re s /’ 

Compt. rend., 110 (1890), 283.
6 "E ffec t of T em pering  on th e  E lec tric  R esistance of S te e l / ' Compt. 

rend., 112 (1891), 40.
* "E lec tro -conductiv ity  of S teel,”  Le Genie Civil, 19 (1891), 309.
7 "E lec trica l R esistance  of Iro n ,”  P hil. M ag., 34 (1892), 326.
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F . O sm on d1 in v e stig a te d  th e  effects of carbon, 
silicon, n ickel and m angan ese on th e  resistan ce of 
steels. H e fou n d  th a t  th e  resistan ce w as increased  
b y  all these elem ents, and  esp ecia lly  b y  silicon, n ickel 
and m anganese. T h e  te m p era tu re  coefficien t fell 
in. a p arab o lic  cu rv e  w ith  in crease in resistan ce.

H . L e  C h a te lie r2 stu d ie d  in d eta il th e  effects of ca r
bon, silicon, and  m angan ese on th e  resistan ce  of steels. 
C arb o n  w as fo u n d  to  increase th e  resistan ce of 7 
m icrohm s for 1 per cen t, silicon  14 m icrohm s for 1 
per cen t, and  m angan ese 3 m icrohm s for 1 per cent.

C . B en e d ick s8 in v e stig a te d  th e  effect of im p u rities  
on th e  resistan ce of iron  and  steel. H e used com m er
cial iron  and steel v a r y in g  from  0.08 to 1 .7  per cen t. 
C . and  v a r y in g  in  am ou n ts of silicon, m anganese, 
phosphorus, and  su lfur. C a lc u la tin g  th e  percen tages 
of silicon  and  m angan ese to  e q u iv a le n t carb o n , he 
prop osed  th e  fo llo w in g  form u la

p =  7 . 6 -f- 26 . 8 2  C , 

in w hich  p is th e  resistan ce of th e  steel, 7 .6  th e  re
sistan ce of pure iron, and S C  th e  sum  of th e  p er
cen tages, in  term s of carbon , of th e  im p u rities in  th e  
iron.

M . P o rte v in 4 d eterm in ed  th e  resistan ce  of te r 
n a ry  steels, in clu d in g a llo y s  w ith  n ick el, chrom ium , 
tu n gsten , alum in um , m olyb d en u m , va n a d iu m , tita n iu m , 
boron and  th a lliu m . H e d iscussed also th e  influence 
of tita n iu m  on th e  arrest points.

A . P . Sch leicher and  W . G u ertler5 stu d ied  th e  re
sistan ce of a llo ys  con tain in g  3 5 .2 5 , 30.6 and  25 .2  
per cen t n ickel. I t  w as ob served  th a t  th e re  w as a 
pronounced d isco n tin u ity  in th e  resistan ce a t  a b o u t 
420° C . for th e  steel co n ta in in g  3 5 .2 5  per cen t n ickel, 
and a t  700° C . for th e  one con tain in g  3 0 .6  per cen t 
n ickel. T h e  a llo y  co n tain in g  25 .2  per cen t n ickel 
g a v e , in th e  origin al con dition , a b n o rm a lly  lo w  va lu es, 
b u t th e  resistance increased  w ith  each  h ea tin g  u n til 
it  becam e sta b ilize d  w ith  a d isco n tin u ity  a t g o o 0 C .

A . P o rte v in 6 h ea te d  steel b ars in  a sa lt b a th  a t 
750 and 900° C . for v a r y in g  len gth s of tim e an d  after 
quenchin g, m easured th e  increase in resistan ce.

K . H o n d a 7 in v e stig a te d  th e  influence of h igh  te m 
p eratures on th e  electrica l resistan ce and  m agn etic  
prop erties of iron, steel, and  n ickel. H e con cluded  
th a t  th e  m agn etic  tra n sfo rm a tio n  w as n o t an  a llo 
trop ie  change, b u t a gra d u al ch an ge of th e  p ro p e rty  
of a phase, due to  a ch an ge in  te m p era tu re .

G . K . B urgess and I. N . K e llb u rg 8 m easured  th e 
e lectrica l resistance of pure iron from  o to  9000 C . 
T h e  resistance increased  w ith  a g ra d u a lly  ris in g  ra te

1 " T h e  E lectrical R esistance of Iro n  and  S tee l,”  La Lum ière  Elec
trique , 46 (1 8 9 3 ) , 9 3 .

* "T h e  E lectric  R esistance of S teel,”  Bulletin  de la Société d ’Encour- 
agement pour L 'Industrie  Nationale, 3, p . 74 3 .

3 "E lec tric  R esistance of Iron  and  S teel,”  Z . phys. Chetn., 40, [5 ], 
( 1 9 0 3 ) .

4 "E lec tric  R esistance of S teel,"  Revue de M étallurgie , M em oirs , 6 
(1 9 0 9 ) ,  1304 .

6 "E lec tric  R esistance of Iron-N ickel A lloys,”  2 .  Elektrochem., 20 
(1 9 1 4 ) ,  2 7 3 .

6 "In fluence of H igh T em pera tu res on M agnetic  P ro p ertie s ,”  Compt. 
rend., 158 (1 9 1 4 ) ,  51 .

7 "Influence of H igh T em pera tu res  on M agnetic P ropertie s ,”  Revue 
de Métallurgie, M emoirs , 11 (1 9 1 4 ) ,  3 8 3 .

8 "E lec tric  R esistance of Iro n  a t  V arying T em p era tu res ,” J .  W ash. 
A ccd . Sci., 4 (1 9 1 4 ) ,  4 3 6 .

to  As. T h ere  w as an  in flection  a t A 2 and  an a b ru p t 
fa ll in  resistan ce a t 894° C . T h e  reverse ch an ge too k  
p la ce  a t a p p ro x im a te ly  th e  sam e te m p eratu re . T h e 
in te rv a l w as 2 5 0 C . T h e  ch an ge a t A 3 w as progressive 
and th e rm o e lectrica lly  n on reversib le. T h e  change 
a t A 2 w as reversib le.

P . M a h le r1 stu d ied  th e  influence of carbon  and 
m angan ese on th e  resistan ce o f steel. T h e  specific 
resistan ce increased  7 m icrohm s for 1 per cen t of 
carbon, and 5 m icrohm s for 1 per cen t of m anganese. 
M a h ler b elieves th a t  occlu d ed  gases increase the 
resistan ce, and p o in ts ou t th a t  h y d ro g en  is know n 
to do so.

E d w a rd  D . C a m p b e ll2-3 in v e stig a te d  th e  e ffe ct of 
an n ealin g on th e  resistan ce  of q uen ch ed  steels. He 
m easured th e  resistan ce  of th e  q u en ch ed  steels and 
su b jected  th em  in  tu rn  to  te m p era tu re s  of 100, 
200, 300° C ., etc. T h e  an n ealin g a t xoo° C . was 
prolon ged  for 48 hrs. T h e  tim e of an n ealin g  a t the 
oth er te m p eratu re s  w as fro m  1 to  2 hrs. H e p lotted  
curves sh o w in g th e  resistan ce a ga in st th e  te m p era 
tu re  of ann ealin g.

O B JE C T  O F T H E  P R E S E N T  IN V E S T IG A T IO N

T h e  o b je c t o f th e  in v e stig a tio n  here p resen ted  was 
to  d eterm in e th e  ra te  of so ften in g  of q u en ch ed  steels, 
un der conditions in  w h ich  th e  te m p era tu re  of ann eal
ing is k e p t co n stan t. C h an g es in  th e  e lectrica l re
sistan ce w ere used as a m easure of th e  chan ges in 
hardness.

T h e  w ork  w as carried  o u t b y  first q u en ch in g the 
steel and m easuring th e  resistan ce. T h is  w as fo l
low ed  b y  an n ealin g th e  steel for a d efin ite tim e a t a 
defin ite te m p era tu re , and  a ga in  m easu rin g th e  re
sistan ce. T h is  p roced u re w as rep eated  a t th e  sam e 
te m p eratu re  b u t w ith  an in creasin g in te rv a l of tim e, 
fo llo w ed  b y  an oth er m easurem en t of th e  resistance. 
T h e  to ta l period of a n n ealin g for th e  d ifferen t sp eci
m ens y a ried  from  90 to  190 hrs. T h e  resu lts  were 
th en  p lo tted  as tim e a g a in st resistan ce.

E X P E R IM E N T A L

T h e  steels w ere tre a te d  in  th e  form  of a  w ire coil. 
T h e  sp ecim ens w ere prep ared  b y  fo rg in g  steel bars

1 "E lec tric  R esistance of S teel,”  Revue de M etallurgie, 12 (1915), 345.
3 “ T he Influence of H e a t T re a tm e n t on th e  T herm oelectric  Properties 

and  Specific R esistance  of C arbon  S teels,”  J . Iron  and Steel In s t., (2 ], 94 
(1916), 286.

3 " D o  E qu iatom ic  Solu tions of Iro n  Possess E q u a l R esistances?” 
T rans . Faraday Soc., 12 (1917), 1.
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dow n to  */* in. round. T h e  pieces of th is  size, ab ou t 
4 in. long, w ere d raw n  dow n  to  w ires v a r y in g  from  

.0 .0 14  to  0 .0 19  in. in d iam eter (0 .3 55  t0 0.482 
m m .). F ro m  20 to  50 cm . of th is  w ire w ere used as a 
specim en. T h e  sp ecim en s w ere h ea te d  and  quenched 
in a va cu u m , b ein g co n tain ed  in  a s ilica  tu b e  w hich  
was h ea ted  in  an e lectric  com b u stion  fu rn a ce . T e m 
peratures were m easured  w ith  a p la tin u m -p la tin u m - 
rhodium  th erm ocou p le.

T h e arran gem en t for h ea tin g  and q u en ch in g is 
shown in  F ig . I. T h e  sp ecim en  w as p laced  in th e  
glass exten sio n  of th e  silica  tu b e . T h e  tu b e  w as th en  
placed iii th e  tu b e  fu rn a ce  and k e p t th ere for 5 m in. 
A t th e  en d of th is  tim e  it  w as e v a c u a te d , w ith d raw n  
from  th e  fu rn a ce , in v e rte d , an d  rep la ced  in  th e  fu r
nace. A fte r  a b o u t 1 m in. it  w as a ga in  w ith d raw n  
and th e  sp ecim en  q uen ched. T h e  o b je c t of th is  p ro 
cedure w as to  b rin g  th e  coil to  th e  desired  te m p e ra 
ture as q u ic k ly  as possible, in  order to  p rev en t o x id a 
tion. I t  w as n ecessary  to  gu ard  ca re fu lly  a g a in st 
oxidation, sin ce th e  coils w ere lo n g  and  slen der. I t  
will be show n  la te r  th a t  th e  effect of o x id atio n  w as 
sm all.

A fte r  m easuring the resistan ce, th e  m eth od  of w h ich  
will be exp lain ed  la ter , th e  coil w as an n ealed  a t a defin ite 
tem peratu re . T h e  tem p eratu res chosen w ere 125, 
150, 175 and  250° C . F o r th e  first th ree  te m p e ra 
tures th e  sp ecim en s w ere an n ealed  in  a co n stan t 
tem p eratu re paraffin  b a th , w h ich  w as h ea te d  on an 
electric h o t p la te  to  a te m p era tu re  w h ich  w as a  few  
degrees below  th a t desired. T h e  te m p era tu re  w as th en  
further raised  and  a d ju ste d  b y  m eans o f a resistan ce 
coil in th e  b a th . T h e  cu rren t in  th e  coil w a s 'reg u la te d  
through a th e rm o s ta t regu la to r and  a re la y . T h e  
tem peratu re w as co n stan t to  a b o u t one degree.

F or th e  first 5 m in. th e  sp ecim en  w as im m ersed 
d irectly  in th e  paraffin . F o r  lon ger a n n ealin g  th e  
specim en w as p la ce d  in  a tu b e  im m ersed  in  th e  paraffin . 
T he reason for p u ttin g  th e  coil d ire ctly  in  th e  paraffin  
was to  a llow  a closer d eterm in atio n  of th e  tim e of 
annealing. T h e  sp ecim en  w o u ld  ta k e  up  th e  te m p e ra 
ture of th e  liq u id  m uch m ore q u ic k ly  th a n  th a t  of 
air, hence th e  tim e of an n ealin g  could  be m ore a c 
cu ra te ly  m easured  in  th e  p araffin  th a n  in  air. F o r 
longer an n ealin g, a sm all d ifferen ce in  tim e  w ould  
m ake m uch less d ifferen ce in th e  results,- hen ce th e  
tube w as used. T h is  w as d esirab le  w h en ever p o ssi
ble in order to  p re v e n t a n y  ch an ce of carb o n iza tio n .

F or an n ealin g  a t 250° C . a co n sta n t te m p era tu re  
oven w as used, in  w h ich  th e  te m p eratu re  v a ried  a b o u t 
5 ° C.

F or m easuring th e  resista n ce  of th e  sp ecim ens, th e y  
were im m ersed in  a  tu b e  of a lcohol, w h ich  w as p laced  
in a th e rm o sta t reg u la te d  to  3 0 0 C . T h e  m axim um  
va riatio n  of th e  te m p era tu re  w as 0 .0 5 °  C.

T h e  resistan ce w as m easured  w ith  a K o h lra u sch  
bridge used as sh o w n  in  th e  d iag ra m  in  F ig . I I .  T h e  
unkn ow n  resistan ce X  an d  a k n ow n  resistan ce, R , 
are con n ected  in  series, an d  in  p a ra lle l w ith  th e m  is 
the slide w ire o f th e  b ridge. T h e  b rid ge  is b alan ced  
w ith  each  en d of each  resistan ce, th u s  m a k in g  fou r 
readings. I f  th e  read in gs for th e  k n o w n  resistan ce

are a and b, and  th o se for th e  u n kn ow n  resistance«; and  d, 
th en

X  _ d —  c 
R  b —  a

T h is  m ethod  w as used in order to  e lim in a te  th e effect 
of c o n ta ct resistance. T h e  d ou b le-th row  sw itch  w as 
used in order to  elim inate th e  effects of a ll th e rm o 
e lectro m o tiv e  forces and gen erated  e lectro m o tiv e  
forces.

T h e  resistance m easurem en ts th em selves were a c 
cu ra te  to  one p a rt in  one th o u san d . H o w ever, th e 
im p o ssib ility  of p lacin g th e c o n ta cts  a t e x a c t ly  th e  
sam e p o in t each tim e increased  th e  error. T h is  added  
error depended on th e  len g th  of th e  coil. F o r b o th  
co n tacts  it  w as n ot m ore th a n  0 .5  m m . T h is  w ould  
g iv e  a possible error of 0 .2 5  per cen t for coil N o. 5, 
w hich w as th e shortest, and  o . 1 per cen t for th e  lon ger 
coils. T h is  m akes a to ta l p ro b ab le  error of from  o . 2 
to  0 .3 5  per cent.

T h e  analyses of th e  sp ecim ens and  th e  dim en sions 
of th e  coils are g iv en  in  th e  fo llo w in g  ta b le s:

T a b l e  I
D im e n s i o n s

,--------------- A n a l y s e s  o p  S p e c i m e n s --------------- . o f  C o il s
C Si P  M n S D iam eter L eng th

N o. P er c en t P e r  c en t P e r  c en t P e r  c en t P e r cen t M m . M m .
 1...........  0.05  0.006  0.021 0.055  0.025 0.355  514
 2...........  0.09  0.059  0.013  0.044  0.019 0.368  500
 3...........  0.18  0.025  0.090  0.068  0.092  0.482  486
 4...........  0.25 0.058  0.109  0.075 0.036  0.431 503
 5...........  0.45  0.122  0.112  0.092 0.106  0.431 196

T h e results of th e  resistan ce m easu rem en ts are 
p lo tte d  in th e  fo llo w in g  cu rves, w h ich  sh o w  th e  effect 
o f th e  d u ration  of an n ealin g  on th e  resista n ce  of th e 
steels.
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C O N C L U S IO N S

T h e  to ta l ch an ge in  resistan ce increases w ith  th e 
carbo n  co n ten t of th e  steel. T h e  ch an ge is v e r y  rap id  
a t th e b egin n in g of th e  an n ealin g and  b ecom es slow er 
as th e resistan ce  decreases. H o w ever, th e re  w as no 
in d icatio n  in  a n y  case th a t  th e  ch an ge w as com plete 
a t th e  en d of th e  te st.

Since th e  resistan ce of a steel chan ges w ith  th e  h a rd 
ness, the cu rves are a fa ir  in d icatio n  of th e  v a ry in g  
rates a t  w h ich  h ardened  steels are soften ed  b y  an 
n ealin g  a t a co n stan t te m p eratu re . T h e  larger p a rt 
of th e  chan ge is com pleted  w ith in  a few  m inutes, 
b u t th e  ch an ge is n ot e n tire ly  com p lete  in 113  hrs.

D iv i s i o n  o p  M e t a l l u r g y  a n d  A p p l i e d  C h e m is t r y  
U n i v e r s i t y  o f  K a n s a s , L a w r e n c e

VO LU M E TR IC D E T E R M IN A T IO N  OF F R E E  SU LFU R IN 
SO F T  RU BBER  C O M P O U N D S

B y  H . S . U p t o n  

Received O ctober 5, 1917

T h e published  and a ccep ted  m ethods of d eterm in 
in g free  su lfur in a ru b b er com po u n d  are m ore or less 
tedious-, and, w here m a n u fa ctu rin g  o p eratio n s are d e
pendent u pon  th em , are th e  cau se m a n y  tim es of 
serious d elays. T h ese d elays, th e  cost of m aterials 
required, and th e  tim e consum ed b y  th e  determ in in g 
process, m ake th ese m ethods exp ensive. I t  w as w ith  
th is  in m ind th a t  th e  fo llow in g m ethod  w as e v o lv e d  
and resu lts o b ta in ed  b o th  in  con serva tio n  of tim e 
and m aterials an d  also in  a ccu ra cy  lead  us to  b elieve 
it  m a y  be of in terest to  oth ers w ho are usin g th e  
p resen t-d ay a ccep ted  m ethods.

M E T H O D

T h e proposed m ethod  depends on th e  fa c t th a t  sulfur 
w hen h eated  w ith  an  alcoholic pq tash  so lu tio n  is co n 
verted  into  a m ixture of po tassiu m  sulfide and  p o ta s
sium  th io su lfate , b o th  of w hich  m a y  be t itr a te d  w ith  
sta n d a rd  iodine b y  usual m ethods as g iv en  in  th is 
article. T h e free su lfu r is determ in ed  in  th e  aceton e 
ex tra ct from  th e  ru b b er com pound. T h e  resinous 
ex tra ct of certain  com m ercial rubbers and  th e  e x tra ct 
of oth er com pounding m aterials are acted  u p o n  b y

th e  alcoh olic p o ta sh  so lu tio n  and  b y  vario u s stan dard  
solutions used in  an a lysis, th e re b y  ren derin g neces
sa ry  th e  ap p licatio n  of correction s. T h e  am o u n t of 
correction  or b la n k  used in t itr a tin g  is determ in ed 
b y  th e  n atu re and  am ou n t o f th e  va rio u s ingredients 
in  th e  e x tra ct from  th e  ru bb er com pound. T h is  
lim its th e  use of th e  m ethod  w ith  confidence to  a sa m 
ple of rubber, th e  com position  of w h ich  is k n o w n  to  
the a n a lyst. T h e  proposed m ethod  can  be used suc
cessfu lly  w here a large n um ber of te sts  are bein g run 
on a com pound m ade up to  a certain  form u la, for 
exam ple, in su lated  w ire com pounds, b o o t and  shoe 
com pounds, etc.

T h e  eq u a tio n  ge n e ra lly  g iv en  for th e  ox id atio n  of 
sulfur b y  a w a ter so lu tio n  of p o tassiu m  h y d ro xid e  is: 

4 S +  6 K 0 H  =  3H 20  +  K 2S 20 3 +  a K 2S 

T h is va ries w ith  ch an ge of conditions. W h en  using 
an alcoh olic p o tash  solution  in stead  of p o tash  in 
w a ter  m ore th io su lfa te  is form ed  th a n  is in d icated  in 
the eq u ation  and  in  som e cases th e  con version  to  th is 
p ro d u ct is com plete.' U sin g th is  prin cip le, a m ethod 
has been w orked  o u t w h ich  is as fo llow s:

P R O C E D U R E

E x tra c t  a 2-g. sam ple of ru b b er com poun d w ith  
aceton e into a 300 cc. E rlen m ey er flask  u n til th e  free 
su lfur has been rem oved . A  sim ilar com pound, 
w hich  is kn ow n  to  be free of free sulfur, is te sted  a t 
th e sam e tim e. T h is  is used  to  determ in e th e  b lan ks 
in  th e  sub seq uen t titra tio n s .

E v a p o ra te  th e  aceton e g e n tly  u n til litt le  rem ains, 
com pletin g th e  d ry in g  in an  o v en  a t io o °  C . T h is 
o p eratio n  need n ot ta k e  lon ger th a n  a h a lf hour. T h e 
sulfur in th e  dried  e x tra c t is o x id ized  to  th io su lfa te  
and sulfide w ith  25 to  50 cc. of 5 per cen t alcoholic 
p otash  solution  b y  b oilin g g e n tly  for one hour, using 
a sm all glass fun n el p laced  in  th e  n eck of th e  flask 
for a condenser. R e m o v e  from  heat. W ash and  re
m ove fun n el from  flask. A d d  25 to  50 cc. of am m o
nium  zinc chloride so lu tio n 1 an d  ju st brin g to  boiling.

1 T his so lu tion  is m ade as follows: 10 g. of zinc oxide a re  dissolved in 
d ilu te  hydrochloric acid. T he solu tion  is m ade alkaline w ith am m onia  
(sp. gr. 0 .9 0 ), addiftg 50 cc. in excess. T he solu tion  is now  m ade up  to  a 
liter.
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T h is p rec ip ita te s  th e  sulfide as its  zin c sa lt, lea vin g  
the th io su lfa te  in  solution.

C ool to  room  te m p era tu re  in  w ater. A c id ify  w ith  
glacial a ce tic  acid , a d d in g  3 cc. in  excess. D ilu te  to  
200 cc. T itr a te  w ith  ./V/25 iodine an d  starch . T h is 
gives th e  su lfu r presen t as th io su lfa te . T h e  p recip i
ta te  of zinc sulfide is n ot a cted  upon  b y  th e  acetic  
acid.

A d d  am m on iu m  h yd ro xid e  to  d estro y  th e  a c id ity  
and a tra c e  of iodine. A d d  h yd ro ch lo ric  acid  to  
a cid ity , h a v in g  5 cc. in  excess. T h is  d issolves th e zinc 
sulfide an d  lib erates h yd ro gen  sulfide. T itr a te  th e 
liberated  sulfide w ith  iod ine an d  ca lcu la te  to sulfur. 
T h e titra tio n  in  each  case is carried  to  a p erm an en t 
blue, lastin g  half a m inute. T h e  en d -p oin t is gen era lly  
v e ry  d istin ct.

T h e d eterm in atio n  of th io su lfa te  is called  (a) t i t r a 
tion, and  th a t  of th e  sulfide, (b) titra tio n . T h e  sum  
of (a) and  (¿>) titra tio n s  g ives th e  to ta l free sulfur. 
T h e su lfur-free sam ple is te sted  a t th e  sam e tim e as 
the sam ple co n tain in g  free su lfur and  b la n ks for (a) 
and (b) titra tio n s  foun d. In  a stra ig h t ru b b er com 
pound b la n k  (a) is a b o u t 1 cc. and  b la n k  (b) is o . 5 cc, 
of iodine. O ften  all th e  su lfur in  a pure rubb er co m 
pound is c o n v erted  co m p lete ly  to  th io su lfa te  an d  (6) 
titra tio n  m a y be om itted . W hen  th is  is th e  case  
m ake th e  solu tio n  acid  w ith  h y d ro ch lo ric, ad din g 
5 cc. in  excess, an d  c a rry  o u t th e (¿^term ination as for 
th iosu lfate , in stea d  of m a kin g  acid  w ith  acetic.

It  is im p o rta n t th a t  th e  solution  should  be k ep t 
cool durin g th e  d eterm in atio n . T h e  d ifferen t re
agents sh o u ld  b e m easured as th e ir  q u a n tity  ten d s to  
v a ry  th e  resu lts. S olution s should  be k e p t to  a p p ro x i
m ately  th e  sam e vo lu m e, as th is  a ffects th e  iodine 
b lank. T w o  h un dred  cu b ic  cen tim eters of so lu tio n  
are a co n v en ien t vo lu m e to  w ork  w ith . In  th e  process 
of trea tin g  su lfu r w ith  a lcoh o lic  potash  a w h ite  c ry s 
ta llin e p re c ip ita te  of p o tassiu m  th io su lfa te  is som e
tim es fou n d . T h is  is a lm o st in so lu ble  in  93 per cen t 
alcohol b u t d issolves rea d ily  in  the m ore d ilu te  solu
tion . P o ta ssiu m  su lfh y d ra te  (K S H ) m a y  be form ed 
b y  th e  a ctio n  of a lcoh o lic  p o tash , b u t it  is oxid ized  to 
potassium  sulfide w hen  th e  p o tash  is presen t in  excess. 
T h e stren gth  of th e  sta n d a rd  iod in e so lu tio n  is d e
term ined  a t lea st tw ic e  a w eek, as it  becom es w eaker 
on stan d in g, due to  th e  v o la tiliza tio n  of th e  iodine.

W eight P e r cen t of
of Acetone Su lfu r E q u iv a len t

S a m p l e  Sam ple E x tra c t G . p e r Cc.
N o . G rom s T ested  (a) (6)
 1...................... 2 .0000  4 .0 0  0.002598 0.000647 2...................... 2 .0000  4 .0 0  0 .002598 0.000647 3...................... 2 .0000  4 .0 0  0 .002598 0.000647 4...................... 2 .0000  4 .0 0  0.002598 0.000647
5 ...................... 2 .0000  4 .0 0  0 .002598 0.000647 6...................... 2 .0000  4 .0 0  0 .002598 0.000647 7...................... 2 .0000  4 .0 0  0.002598 0.000647 8...................... 2 .0000  4 .0 0  0 .002598 0.000647 9...................... 2 .0000  4 .0 0  0 .002598 0.000637

1 0 ...................... 2 .0000  25 .00  0 .002598 0.000647
1 1...................... 2 .0000  2 5 .0 0  0 .002598 0.000647
1 2 ...................... 2 .0000  2 8 .5 0  0 .002598 0.000647
1 3 ...................... 2 .0000  22 .85  0.002598 0.000647
1 4 ...................... 2 .0000  22 .85  0.002598 0.000647
1 5 ...................... 2 .0000 24 .50  0.002598 0.000647
1 6 ...................... 2 .0000 2 5 .0 0  0 .002598 0.000647
171....................  1.0000 8 .0 0  0 .002586 0.000646
181..................... 1.0000 8 .0 0  0 .002586 0.000646
191..................... 1.0000 8 .0 0  0 .002586 0.000646
201....................  1.0000 8 .0 0  0 .002586 0.000646

1 Sm oked sheet cured  w ith 5 per c en t su lfur

FA C T O R S  A N D  C A L C U L A T IO N S

I t  is v e ry  con ven ien t to  use fa cto rs in ca lcu la tin g  
th e results. T h e  fa cto r  for (a) titra tio n  of su lfu r is 
° -5 ° 5 3 6  tim es th e va lu e  of i cc. of sta n d a rd  iod ine 
solution . T h is is foun d from  th e fo llo w in g  eq u ation :

2 K 2S20 3 +  21 =  2 K I +  K 2SiOg

F a c to r  for (b) titra tio n  for sulfur is 0 .12 6 3 0  tim es 
th e  va lu e  of 1 .cc. of stan dard  iodine so lu tio n  and  is 
fou n d  from  th e fo llow ing eq uation:

H 2S +  2I =  2H I +  S

A n  exam ple of calcu latio n  w here 0.0328 g. of sulfur 
or 1 .6 4  per cen t on a 2-g. sam ple w as know n  to  be 
present is as follow s:

1 cc. S tan d a rd  Iodine «  0.005139 g. of Iodine
(a) T itra tio n : 1 cc. S tan d a rd  Iodine =  0.005139 X 0 .50536  =» 0.002597 

g. of Sulfur
(b) T itra tio n : 1 cc. S tan d ard  Iod ine =  0.005139 X 0 . 12630 ~  0.000649 

g. of Sulfur
B lank (a) =  1.00 cc. B lank (6) =  0 .5 0  cc.

(a) T itra tio n  required  12.00 cc. —  1.00  cc. (B lank) =  11.00 cc. of 
Iodine

11.00 cc. X 0.002597 -r 2 (2 g. sam ple) «  0 .0143 g. of Su lfu r
(b) T itra tio n  required  5 .8 0  cc. —  0 .5 0  cc. (B lank) ** 5 .3 0  cc. Iodine

5 .3 0  cc. X 0.000649 4- 2 (2 g. sam ple) => 0 .0017 g. of Sulfur
(a) T itra tio n  - f  (b) T itra tio n  =* 0 .0160  g. o r 1 .60  per cen t of Su lfu r
By this m ethod 0 .1  g. of sulfur m ay be t i tra te d  w ith  good resu lts. 

T here  has n o t been tim e to  experim ent w ith la rger am o u n ts  of su lfur.

Som e a ctu al determ in ation s b y  th is  m ethod  are 
g iv en  below . T h e y  are a v era ge  resu lts from  a large 
n um ber of determ in ations of m an y differen t co m 
pounds.

T h e  m ost a ctiv e  ty p e s  of vario u s su b sta n ces liab le  
to  rea ct w ith  th e reagen ts w ere te sted  to  see if th e y  
w ould  interfere w ith  th e  d eterm in atio n . L in seed  oil, 
w hile n ot used ex te n siv ely  in rubb er com pounding, 
is chosen for th is  purpose, for it has h igh  sa p o n ifica 
tion , iodine absorp tion  and  oxid ation  va lu es. T h ese  
d eterm in ations were carried  ou t accord in g to  th e  p ro
cedure for free su lfur in ru bb er com pounds.

A  m uch larger q u a n tity  of m ateria l in each  case 
was- tested  th a n  w ou ld  b e present in an an alysis. 
O n ly  starch  seem ed to  h a v e  a n y  effect w h ich  w ould  
in terfere  w ith  th e  d eterm in atio n . I t  is w ell know n  
th a t  correct results are im possible in an iodine t it r a 
tio n  w ith  m uch starch  present. S ta rch  w ould  n ot be 
liab le  to occur in a rubb er m ixtu re and  a t lea st w ould  
n ot appear in th e aceton e ex tra ct.

(a) T itra tio n  
S tan d a rd

(a) B lank 
S tandard

(6) T itra tio n  
S tan d a rd

(b) B lank 
S tan d a rd F ree  S by

F ree  S by  
F um ing  N itric

I  Used I  Used I  Used I  Used New M ethod  M eth o d
Cc. Cc. Cc. Cc. P e r cent P e r c en t

2 . 2 0 1 . 0 0 0 .4 0 0 .5 0 0 .1 6 0 . 2 1
1 . 2 0 1 . 0 0 0 .4 0 0 .5 0 0 .03 0 .1 5
4 .0 0 1 . 0 0 0 .4 0 0 .5 0 0 .3 9 0 .37
3 .8 0 1 . 0 0 0 .8 5 0 .5 0 0 .3 8 0 .3 0
3 .7 0 1 . 0 0 0 .3 5 0 .5 0 0 .35 0 .3 9
2 .65 1 . 0 0 0 .2 5 0 .5 0 0 . 2 2 0 . 2 2
2 .5 0 1 . 0 0 0 .2 5 0 .5 0 0 . 2 0 0 . 2 1
2.05 1 . 0 0 0.25 0 .5 0 0 .1 4 0 .1 6
1.55 1 . 0 0 0.25 0 .5 0 0 .0 7 0 . 1 2

12.95 1 . 0 0 6 .7 0 0 .5 0 1.75 1.65
12.45 1 . 0 0 4 .7 5 0 .5 0 1.61 1.58
1 2 . 0 0 1 . 0 0 5 .8 0 0 .5 0 1.60 1.64
14.40 1 . 0 0 2 .5 0 0 .5 0 1.81 2.08
15.70 1 . 0 0 2 .7 0 0 .5 0 1.98 2.13
1 0 . 1 0 1 . 0 0 2 .4 0 0 .5 0 1.29 1.40
9 .3 0 1 . 0 0 4 .7 0 0 .5 0 1 . 2 1 1.33

187.0 1 . 0 0 0 .9 0 0 .5 0 4 .6 2 4 .53
17.70 1 . 0 0 2 .8 0 0 .5 0 4 .4 8 4 .4 8
18.70 1 . 0 0 0 .6 0 0 .5 0 4 .6 0 4 .62
17.00 1 . 0 0 0 .3 0 0 .5 0 4 . 14 4 .44
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M a t e r ia l  
T e s t e d  

B lank of R eagen ts. 
B lank of R eagen ts .
S u lfu r .........................
S u lfu r.........................

S u lfu r ................
P o ta to  S ta rch . 
P o ta to  S ta rc h . 
P o ta to  S ta rch .

P o ta to  S ta rc h . 
P o ta to  S ta rch .

L inseed Oil.

A cetone E x tra c t  of Sm oked Sheet 
R u b b er to  D eterm ine B lank w ith 
R ea g e n ts .................................................

C ane S u g ar. 
C ane S ugar.
M . R .............
M . R .............
C ercs in e .. . .  
C eres in e .. . .

W eight
P e r cen t of S ta n d a rd

(a) T itra tio n (a) B lank (b) T itra tio n (6) B lank F ree S
of S tan d a rd S tandard S tan d ard S tan d ard by  New F ree  S

Sam ple E x tra c t I  V alue I  Used I  Used I  Used I  Used M ethod P resen tG ram T ested G. p e r Cc. Cc. Cc. Cc. Cc. G ram G ram
0.005121 0 .6 0 0 .3 0 N one N one

0 !Ô2Ô0
0.005121 0 .5 0 0 .35 N one N one
0.004798 8 ÜÔ 0 .6 0 5 .4 0 0 .4 0 0 . 0 2 0 0 0 . 0 2 0 00 . 0 2 0 0 0.004798 8 . 0 0 0 .6 0 5 .15 0 .4 0 0 . 0 2 0 0 0 . 0 2 0 00 . 0 2 0 0 0.005121 8.35 0 .6 0 3 .8 0 0 .4 0 0 . 0 2 1 1 0 . 0 2 0 00 . 1 0 0 0 0.005141 32 .6 0 0 .6 0 24 .90 0 .4 0 0.1007 0 . 1 0 0 00 .5000 0.004727 14.55 0 .6 0 0 .7 5 0 .4 0 0 .0326 0 . 0 2 0 0

0.5000 0.004727 13.65 0 .6 0 0 .7 5 0 .4 0 0.0304 0 . 0 2 0 00.5000 0.004727 13.20 0 .6 0 1 .70 0 .4 0 0 .0300 0 . 0 2 0 00 .5000 0.004727 12.55 0 .6 0 1.85 0 .4 0 0.0286 0 . 0 2 0 0
0.5000 0.004727 13.50 0 .6 0 0 .4 0 0 .4 0 0 .0300 0 . 0 2 0 00 .5000 0.004727 14.25 0 .6 0 0 .4 0 0 .4 0 0 .0316 0 . 0 2 0 00.5000 0.004727 14.20 0 .6 0 0 .4 0 0 .4 0 0 .0 3 1 6 0 . 0 2 0 00 .5000 0.004727 13.40 0 .6 0 0 .4 0 0 .4 0 0 .0296 0 . 0 2 0 00 .0500 0.005121 8 . 0 0 0 .6 0 3 .6 0 0 .4 0 0 . 0 2 0 1 0 . 0 2 0 00 .0500 0.005121 8 . 0 0 0 .6 0 3 .7 5 0 .4 0 0.0203 0 . 0 2 0 0
0 .0500 0.005121 8 .70 0 .6 0 3 .6 0 0 .4 0 0 .0219 0 . 0 2 0 0
0 .0500 0.005121 8 . 0 0 0 .6 0 4 .4 0 0 .4 0 0 .0207 0 . 0 2 0 00 .0500

4 ! 18
0.005121 8 .5 0 0 .6 0 4 .2 0 0 .4 0 0 .0219 0 . 0 2 0 0

1 . 0 0 0 0 0.004768 0 .8 0 0 .3 5 N one N one1 . 0 0 0 0 4 .0 0 0.004768 0 .8 0 0 .3 0 N one N one1 . 0 0 0 0 3 .9 0 0.004768 1 . 0 0 0 .3 0 N one N one
1 . 0 0 0 0 4 .1 6 0.004768 1 . 0 0 0 .3 0 N one N one
1 . 0 0 0 0 3 .5 0 0.005121 0 .85 0 .5 5 N one N one
1 . 0000 3 .8 0 0.005121 0 .8 0 0 .3 0 N one N one
1 . 0 0 0 0 4 .0 0 0.005121 0 .7 0 0 .5 0 N one N one
1 . 0 0 0 0 4 .0 0 0.005121 0 .7 0 0 .4 0 N one N one1 . 0 0 0 0 0.004727 S . 85 0 .6 0 5! 50 0 .4 0 0 . 0 2 2 1 0 . 0 2 0 0
1 . 0 0 0 0 0.004727 8 .90 0 .6 0 5 .6 0 0 .4 0 0 . 0 2 2 2 0 . 0 2 0 0
1 . 0000 0.004727 1 0 . 0 0 0 .6 0 2 .8 0 0 .4 0 0 .0230 0 . 0 2 0 0
1 . 0000 0.004727 1 0 . 0 0 0 .6 0 2 .7 0 0 .4 0 0 .0229 0 . 0 2 0 0
1 . 0 0 0 0 0.004727 10.70 0 .6 0 3 . 10 0 .4 0 0 .0249 0 . 0 2 0 0
1 . 0 0 0 0 . . . . 0 .004727 9 .15 0 .6 0 3 .55 0 .4 0 0 . 0 2 1 0 0 . 0 2 0 0

T h e a b o v e  is a ta b u la tio n  of resu lts:
T h e  a d va n ta g e s of th is  m eth od  are its  a ccu ra cy , 

ease of m an ip u lation , ra p id ity , and cheapness.
W hen th e  dried aceton e e x tra c t from  a ru bb er com 

p oun d is o b ta in ed , eigh teen  sam ples m a y ea sily  be 
d eterm in ed  in 2V2 hrs. T h e  op erato r need n ot 
spend m ore th a n  an h o u r’s tim e in  a ctu a l m a n ip u la 
tion . T h is  m ethod  m a y be used to  determ in e sulfur, 
and m ixtures of soluble sulfides and  th io su lfa te s .

A t l a n t i c  I n s u l a t e d  W i r e  a n d  C a b l e  C o m p a n y  
S t a m f o r d , C o n n e c t ic u t

R A PID  D E T E R M IN A T IO N  O F C A R B O N  IN  ST E E L  B Y  T H E  
B A R IU M  CA R BO N A TE  T IT R A T IO N  M E T H O D 1

B y  J .  R .  C a in  a n d  L .  C .  M a x w e l l  

R e c e iv e d  M a y  3 ,  1918 

IN T R O D U C T IO N

B ecau se of th e  increased  dem ands n ow  m ade on th e  
te stin g  and  steel w orks lab o rato ries w h ich  a n a lyze  
steel d elivered  on g o vern m en t co n tra cts , and  b ecau se 
of th e  reduced  n um ber of ch em ists a v a ila b le  for such 
w ork, it  becom es d esirab le  to  in crease th e  efficien cy 
of lab o rato ries in  all possible w a ys. S h o rt-cu ts  or 
sim plification s w h ich  w ill reduce th e  tim e required  
for d eterm in atio n  b y  sta n d a rd  m ethods, or reliab le  
new  m ethods w h ich  require less tim e th a n  th o se now  
in use are of va lu e  in c o n trib u tin g  to w a rd s  increased  
o u tp u t of w ork. W ith  th is  id ea  th e  fo llo w in g  m odifica
tion  of th e  b ariu m  carb o n a te  t itr a tio n  m eth od  o rig in a lly  
described b y  C a in 2 has been develop ed . T h e  w ork  
w as carried  on re c e n tly  a t th e  B u reau  of S ta n d a rd s 
in conn ection  w ith  a m ilita ry  p rob lem  w here speed  w as 
considered im p ortan t.

T h e b ariu m  carb o n a te  m eth od  is m uch used, es
p ecia lly  b y  te stin g  lab o rato ries w h ich  u su a lly  h a v e  to  
a n a lyze  steels of un kn ow n  com position  fro m  m an y 
sources. I t  has been  recogn ized  th a t  th is  m ethod  
as heretofore used is n o t as rap id  as th e  soda-lim e 
m ethod, b u t it  is also fe lt  b y  m a n y  th a t  it  is less su b 
je c t  to d isturbin g influences and  is in m ost respects

1 Published  by perm ission of the  D irecto r of th e  B ureau  of S tandards .
1 B ureau  of S tandards. Technologic Paper N o. 33.

sim pler th a n  th e  la tte r  m ethod. I t  is 'b e lie v e d  th a t  th e  
m odification s herein  recom m en ded  p u t th e  b ariu m  
carb o n a te  titr a tio n  m ethod  m ore n e a rly  on th e  sam e 
basis w ith  th e  soda-lim e m eth od  as to  tim e req u irem en t, 
w ith  b u t litt le  loss in  a cc u ra c y , an d  w ith  ad d ed  sim 
p lic ity  in  m an ip u lation . T h e  tim e  req u ired  p er d e
te rm in a tio n  has been  red u ced  50 per cen t and  it  is now 
possible for a ch em ist d u rin g an 8-hr. d a y  to  m ake 
50 d eterm in atio n s b y  th e  b ariu m  carb o n a te  titra tio n  
m ethod.

T h e  procedure recom m en ded  in  th e  c ited  p ap er w as 
b riefly  as fo llow s:

T h e  com bu stion  of th e  steel w as carried  o u t b y  
a d m ittin g  o xyge n  a t a m od erate  ra te  to  th e  com bu stion  
tu b e. N o details w ere g iv en  in th a t  pap er as to  fu r 
n ace tem p eratu res a t th e  tim e th e  b o a t w as in serted  
in th e  fu rn ace, nor as to  w h eth er th e  b o a t w as a llow ed  
to  p reh eat b efore a d m ittin g  o xygen . A c tu a lly , th e  
resu lts g iven  in  th e  p ap er w ere o b ta in ed  b y  p la cin g  th e  
cold  b o at in  a fu rn a ce  k e p t a t 1000 to  1050° and a d 
m ittin g  th e  o xyge n  im m e d ia te ly ; th e  passage of th e  
o xygen  a t th e  m od erate  ra te  specified  w as con tin u ed  
for 20 to  25 m in. T h e  oxides th u s o b ta in ed  w ere fr e 
q u e n tly  n ot w ell fused. If  an in co m p lete  com b u stion  
w as susp ected , th e  oxides w ere crush ed  and  reburn ed. 
T h is m ethod of b u rn in g corresp on ded  to  p ra ctice  
here and  elsew here a t th a t  tim e. T h e  b ariu m  carb o n 
ate  w as filtered  un der an atm osp h ere free from  carbon  
dioxide, u sin g a sp ecial a p p a ra tu s  illu s tra te d  and  d e
scrib ed  in  th e  c ited  p u b lica tio n . T h e  filter consisted  
of a carbo n  tu b e  fitte d  w ith  a p e rfo ra ted  po rcelain  
p la te ; on th is w as p la ce d  a b ed  of coarse q u a rtz  p a r 
tic les, and on th is  a la y e r  of asbestos. W hen  filtra 
tio n  w as fin ish ed th e  p o rcela in  p la te  and  superim posed 
layers of q u a rtz  and  asbestos w ere tran sferred  to  a 
w id e-m ou th  flask, tre a te d  wdth excess of th e  sta n d a rd  
h yd ro ch lo ric  acid , and  th e  so lu tio n  t itr a te d  a gain st 
sodium  h yd ro xid e, u sin g m e th y l oran ge as in d icator.

V ario u s precau tion s in  m an ip u lation  and  filtra tio n  
w ere described. T h ese  p reca u tio n s, th e  n ecessity  for 
p rep arin g a filter of th is  ty p e  each  tim e, and th e  slo w 
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ness of th e  com b u stion  all co n trib u ted  to w a rd  m akin g 
th e b ariu m  carb o n a te  m eth od  as d escrib ed  lon ger th a n  
others in  use. T h is  w as com p en sated  b y  th e  high 
degree of a cc u ra c y  a tta in a b le  and  th e  in su ran ce again st 
num erous sources of error, as d eta iled  in  th e  paper.

T h e  presen t m eth od  saves tim e in th e  fo llo w in g  w a ys:
1— A d m ission  of o xy ge n  a t a v e ry  ra p id  ra te  to  th e  

burning sam p le w ith  a u to m a tic  p ro visio n  a g a in st to o  
rapid p assage a t th e  ex it en d of th e  com b u stion  tu b e. 
(This w ou ld  cause loss of carbo n .) T h is  rap id  a d 
m ission of o xy ge n , cou p led  w ith  th e  use of a p reh eated  
b oat and  th e  p ra ctic e  of a llow in g th e  sam p le to  p re
heat in th e  fu rn a ce  a m in ute b efore a d m ittin g  oxygen , 
gives com p lete  com b u stion  of a 2-g. sam p le in 1V2 
to 2 m in. I f  com b u stion  is a llow ed  to  ta k e  p lace 
grad u ally , in stea d  of ra p id ly , as sp ecified , th e  rap id  
m ethod herein  d escrib ed  can n o t be used. T h e  criteria  
of a successfu l com b u stion  b y  th is  m ethod  are:

(a) W ell-fu sed  oxides in  w hich  no tra c e  of th e  o r ig 
inal grains of steel is ap p aren t.

(Z>) M u ch  a ccelera ted  o x y g e n  inflow  d u rin g th e 
actu al com b u stion  of th e  sam ple.

(c) V iv id  in can d escen ce w h ile th e  sam ple is b u rn in g, 
visib le if a  q u a rtz  com b u stion  tu b e  is used.

Should  th ese signs of a good com b u stion  be lack in g , 
d eterm in ations should  be re jected .

2— U se of glass p lun gers to  ta k e  up dead  sp ace in 
the fo rw ard  end of th e  com b u stion  tu b e  so as to  d e 
crease th e  a m o u n t of gas th a t  has to  b e flushed o u t a t 
each d eterm in atio n .

3— R a p id  filtra tio n  as d escrib ed  in  S ection  6.
4— T h e  d e liv e ry  of a ll th e  rea gen ts fro m  reservoirs 

b y  air pressure.
T h e  m ain  p rereq u isite  for th e  use of th e  m odified 

m ethod is a la b o ra to ry  atm osp h ere n ot co n ta m in a ted  
w ith  excessive  am ou n ts of carbo n  dioxide, so th a t  th e  
barium  carb o n a te  m a y  be filtered  in a sim ple a p p a ratu s  
not requ irin g  exclu sion  of th e  carb o n  dioxide co n tain ed  
in th e  la b o ra to ry  air. T h is  req u irem en t is m et b y  
a n y  m odern la b o ra to ry  w ith  ev en  fa ir ly  good v e n tila 
tion  and  w ith o u t an  excessiv e  n u m ber of gas b urn ers 
op eratin g a t one tim e in a confin ed sp ace. P ra c t ic a lly  
th is p o in t m a y  b e te ste d  b y  com p arin g b lan ks run 
w ith  th e  filterin g  a p p a ratu s  d escrib ed  in  th e  origin al 
p a p e r1 and  th a t  herein  recom m en ded. I f  th e  d iffer
ence in  th e  b la n k s is such  as w ou ld  cau se an error 
exceedin g 0.005 P er cen t carb o n  w h en  a 2-g. sam ple 
is used, i. e., 0.0001 g. carbo n , eith er th e  lon ger m ethod  
m ust be used or step s ta k e n  to  red u ce th e  carb o n  d i
oxide co n ten t of th e  la b o r a to ry  atm osp here.

M E T H O D

I-— F U R N A C E S  A N D  T E M P E R A T U R E

A n  electric  fu rn a ce  o p era tin g  a t n o t less th a n  1063° 
C . (the m eltin g  p o in t of pure gold) is u se d .2 Such  a 
fu rn ace m a y  b e o b ta in ed  upon  sp ecification  or as a 
stan d ard  a rtic le  from  m a n u fa ctu rers or m a y  be co n 
stru cted  b y  th e  op erato r. T h e  fu rn a ce  sh o u ld  be 
equipp ed  w ith  a rh eo sta t so designed  w ith  resp ect

1 Loc. cit.
2 Low er tem p e ra tu re s  m ay  be used w ith  very  fine chips; th e  tem p e ra 

tu re  recom m ended will b u rn  successfully chips th a t  will ju s t  pass a  10 -m esh 
sieve.

to  th e  line v o lta g e  th a t  in it ia lly  th e  fu rn a ce  g ives th e  
prop er tem p eratu re  w ith  n e a rly  all th e  rh e o sta t re 
sistan ce inserted. A s th e  fu rn ace is used its w in d in g 
d eteriorates and increases in resistan ce, an d  th is  should  
b e com pen sated  b y  rem ovin g resistan ce on th e  rh e o sta t 
so as to  m ain ta in  th e  fu rn a ce  te m p eratu re  as sp ecified . 
I f  th e  tem p eratu re  is too  low  w hen all th e  rh eo sta t 
resistance is rem oved , th e  fu rn a ce  m ust be su p p lied  
w ith  a new  w inding. T em p eratu res are ch ecked  b y  
th e  m eltin g p o in t of pure gold. A  p iece of th is  m etal 
is fla tten ed  o u t, p laced  on a clean  p o rcela in  or a lu n d u m  
b o a t and le ft in  th e  fu rn ace (p rev io u sly  b ro u g h t to  
fu ll h eat) for 10 min. If  th e  gold is n o t th e n  m elted  
th e  tem p eratu re  is too  lo w .1 T h e  sam e piece of go ld  
m ay be used rep e ated ly  p rovided  care is ta k e n  a lw a y s  
to  p lace it  on a clean  su rface of eith er a lu n d u m  or p o rce
lain.

2  B O A T S A ND L IN IN G  M A T E R IA L S

B o a ts  m ay be of alun dum , p o rcela in , p la tin u m  or 
n ickel. N ick el b oats m a y be m ade v e ry  ch e a p ly  b y  
c u ttin g  a sheet of n ickel of prop er size a t th e  corn ers 
and  bending these up. Such b o ats sh o u ld  be ign ited  
in  th e  fu rn ace in a cu rren t of o xygen  u n til free  from  
carbon. T o  p ro te ct th e  com bu stion  tu b e  from  th e  
effects of sp atterin g  oxides it  is p ro v id e d  w ith  a sleeve  
of n ickel sheet (also ign ited  u n til free from  carb o n ). 
B o a ts  are lined w ith  a lun dum  sand, free from  m ateria ls  
causin g a b lan k. T h e  sp ecial grade su p p lied  b y  th e 
N o rto n  C o m p a n y  is q u ite  sa tis fa cto ry .

3 C O M B U S T IO N  T U B E S  A N D  C A T A L Y Z E R

C om b u stion  tu b es m a y be sta n d a rd  form s of p o rce
lain  or w ell-glazed  q u a rtz , or in  fa c t , a n y  m aterial 
w hich has been carefu lly  te sted  for freedom  from  
p o rosity. T o  fa c ilita te  fittin g  of sto ppers th e  cross- 
section  a t th e  end should  be c ircu lar. In  th e  fo rw ard  
end of th e  tu b e a roll of copper gau ze 3 in. lo n g  and 
of a d iam eter sufficient to  fill th e  tu b e  is in serted  so 
th a t  it  is h eated  b y  th erm al con d u ction  from  th e  h ea te d  
zone of th e  furnace to  a te m p era tu re  of 200 to  3000 C . 
T h e  copper should  n ot, h o w ever, be p la ced  so fa r  iii 
th e  fu rn ace th a t  th ere is d a n g er’ of its  m eltin g. T h e  
copp er is then  oxid ized  b y  b rin gin g th e  fu rn a ce  to  a 
proper tem p eratu re w hile passin g oxygen . T h is  copper 
oxide serves to  oxid ize a n y  carbo n  m onoxide th a t  
m ight be form ed, also a n y  su lfu r d ioxide, w hich is 
oxid ized  and fixed as copp er su lfa te . Sh ou ld  to o  grea t 
an accu m u latio n  of copp er su lfa te  ta k e  p lace th e  c a ta 
ly ze r  should  be renew ed.

4  R A T E  O F F L O W  O F O X Y G E N

T h e rate  a t w h ich  o x y g e n  is a d m itted  to  th e  fo r
w ard  end of th e  tu b e  should  be n ot less th a n  10 to  15 1. 
per min. A t  th e  ex it end of th e  tu b e  th e  ra te  should  
n o t exceed 225 cc. per m in. T h is  la tte r  ra te  of flow  
is a tta in e d . m ost s im p ly  b y  co n stric tin g  a glass ca p il
la ry  tu b e  inserted  in th e  fo rw ard  sto p p er of th e  com 
bu stion  tu b e so th a t  th e  desired  ra te  of ou tflo w  is 
o b ta in ed  w ith  th e  specified  ra te  of inflow . A  p lu g  of 
glass wool precedes th e  c a p illa ry . T h e  ra te  of o u t
flow  is esp ecia lly  im p o rta n t, for if th is  is m uch ex-

1 T he  m elting p o in t of pu re  silver (960.5° C .), d e te rm ined  in the  sam e 
way, is a  convenient check on th e  low er tem p e ra tu re  lim it.
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ceeded, carbon  dioxide w ill b e carried  p a st th e  a b so rp 
tion  tu b e co n tain in g th e  b ariu m  h yd ro xid e. T h e  
dead sp ace in th e  com bu stion  tu b e  in fro n t of th e  copper 
oxide ca ta ly ze r  is ta k e n  up w ith  a glass tu b e  closed  
a t both  ends. T h is  decreases th e  a m o u n t of gas to  
be flushed ou t of th e  tu b e  a t each co m b u stio n , and 
m a teria lly  shortens th e  tim e req u ired  for a determ in a- 

• tion.

5— M E Y E R  A B S O R P T IO N  T U B E S  A N D  B A R IU M  H Y D R O X ID E  

S O L U T IO N S

T h e form  of M e ye r tu b e  show n  in  th e  c ited  p aper 
lias m an y a d va n ta g e s and m a y  be o b ta in ed  from  dealers 
on sp ecification . I t  should  b e filled w ith  sufficien t 
barium  h yd ro xid e  so lu tio n  (25 g. B a ( 0 H ) 2.2 H 20  
per liter) so th a t  w hen  gas is p assin g for a d ete rm in a 
tion  th e liq u id  fills all th e  sm all b u lb s and  on e-half 
th e la rg e  b ulb  a t th e ex it end. T h e  b ariu m  h y d ro xid e  
solution  is held  in a io - l. b o ttle  and  is d elivered  b y  
pressure of air free from  carbon dioxide.

6  F I L T E R IN G  A N D  W A S H IN G

A  B ü ch n er fu n n el fitte d  to  a su ction  flask  and  su p 
plied w ith  tw o  sup erim p osed, op en -g rain , 7-cm , filter 
papers is used for filtration s. M u ch  tim e is sa v e d  b y  
n ot h a v in g  to  fo ld  and  fit th e  papers. T h e  large su r
face exposed insures rap id  filtra tio n . T h e  M e ye r 
tu b e  is w ash ed  th ree tim es, u sin g care to  reach  all 
po ints. T h e  p rec ip ita te  on th e  filter is th e n  w ashed 
fou r tim es, w ashin g th e  to p  of th e  fun n el carefu lly . 
T h e  w ash w a ter is free from  carbon  dioxide and  is 
d elivered  from  a large  glass reservo ir b y  air pressure.

7 S T A N D A R D  A C ID  A N D  A L K A L I

T en th -n o rm a l h y d ro ch lo ric  acid  is used. T h is  m ay 
be co n v en ien tly  sta n d a rd ize d  a g a in st w eighed  portions 
of ch em ically  pure sodium  carb o n a te  w h ich  has been 
fused in a p la tin u m  cru cib le  and cooled  in  a cu rren t 
of pure, d ry  carb o n  dioxide. T h e  carbo n  dioxide is 
co n v en ien tly  o b ta in ed  b y  h ea tin g  acid  sodium  ca r
b on ate in a h a rd  glass te s t  tu b e  and p assin g th e  lib e r
a ted  gas th ro u g h  a ca lc iu m  chloride to w er. T h e  a lk a li 
is sta n d a rd ized  sodium  h yd ro xid e  so lu tio n  a d ju sted  
to  be eq u iv a le n t to  th e  acid . M e th y l oran ge is used 
as an in d icato r. B o th  acid  and a lk a li are d elivered  
from  th e  resp e ctive  sto ck  b o ttles  to  th e  b u rettes b y  
air pressure.

8  P R O C E D U R E

T h e fu rn ace b ein g a t th e  prop er te m p era tu re  and 
th e  filled M e ye r tu b e  con n ected, 2 g. of steel are w eigh ed  
and tran sferred  to  th e  b o a t filled  w ith  a lu n d u m  sand. 
T h is should  h a v e  been  p la ced  in th e  h o t fu rn ace 
previou s to  w eigh in g th e  sam ple and  th e n  rem oved  
so th a t  a t th e  tim e of p la cin g  th e  sam ple on it  its 
tem p eratu re is ju s t below  a  v isib le  red. (T h is  will 
n ot cause loss of carb o n  unless th e  p a rticles  of th e 
sam ple are ex trem e ly  sm all— less th an  60 m esh.) 
T h e  b o at is then  im m ed ia te ly  p la ce d  in th e  fu rn ace 
and  allow ed to h ea t for one m inute w ith  no oxygen  
passin g. D urin g th is  tim e a secon d  sam p le is b ein g 
w eigh ed  (the b alan ce should  be p la ced  in  th e  sam e 
room  w ith  the fu rn a ce  for co n ven ien ce). O xy gen  
is n ow  a d m itted  at th e  rate  prescribed  in S ectio n  4. 
and  a t th e end of 5 m in.. if th e  com b u stion  has been

successfu l (see In tro d u ctio n ), th e  M e y e r  tu b e  m ay 
be d iscon n ected  and th e b o a t rem oved  from  th e  fu r
n ace to  cool su ffic ien tly  for in tro d u cin g  th e  second 
sam ple. T h e  filtra tio n  and  w ash in g of th e  b ariu m  
carb o n a te  is th e n  carried  o u t as described . B y  th is 
tim e th e  b o a t is re a d y  for th e  second sam ple, w hich 
has a lre a d y  been w eigh ed  ou t. T h e  com b u stion  of 
th is  sam ple is th e n  sta rte d , u sin g an oth er M e ye r 
tu b e. T h e  a b so rp tion  tu b e  used for th e  previou s 
d eterm in atio n  is now  w ashed  o u t b y  a d din g to  it 
from  th e  b u re tte  th e  n ecessary  am o u n t of sta n d a rd  
acid  (this b ein g u su a lly  a b o u t 5 cc. m ore th a n  is a c 
tu a lly  needed to  d issolve th e  carb o n a te). T h e  acid  
is tran sferred  from  th e  M e y e r  tu b e  to  a w id e-m ou th  
flask, as is also th e  filter p ap er ca rry in g  th e  p recip ita te . 
T h e  M e ye r tu b e , a fter w ashin g tw ic e  w ith  w a te r , is 
filled  w ith  b ariu m  h y d ro xid e  so lu tio n  for th e  n ext 
d eterm in atio n . T h e  flask  co n ta in in g  th e  p rec ip ita te  
is p la ced  on th e  h o t p la te  u n til th e  carb o n a te  is d is
s o lv e d .1 T itra tio n s  are c o n v e n ie n tly  m ade w hen 
several flasks are rea d y . D u rin g  filtra tio n , w ashin g, 
e tc ., of th e  first d eterm in atio n , th e  com b u stion  of th e  
secon d proceeds, b u t th e re  is 's t i l l  tim e b efore its  com 
pletion  for th e  op erato r to  a d ju st th e  a cid  b u re tte  
for th e  secon d d eterm in atio n , to  fit papers to  th e  
B ü ch n er fu n n el, and  to  w eigh  o u t th e  th ird  sam ple.
T a b l e  I — R e s u l t s  O b t a i n e d  b y  M o d i f i e d  B a r i u m  C a r b o n a t e  T i t r a 

t io n  M e t h o d  o n  B u r e a u  o f  S t a n d a r d s  A n a l y z e d  S t a n d a r d  
S a m p l e s

C ertificate
V alue C arbon  F ound  by M ean  V aria

(by  D irec t M ethod  H erein tio n  from
Sam ple C om bustion) D escribed N u m b er of C ertificate

N o. P e r cent P er cen t D e term in a tio n s  Value
3 5 1 .0 3 1 .0 1 6  to  1 .0 2 7 3 — 0 .0 1
23 0 .8 0 5 0 .8 1 3 + 0 .0 0 5 ( a )
106 0 .3 7 3 0 . 3 8 0 2 +  0 .0 0 7 ( a )
2 1 a 0 .6 1 7 0 . 6 0 5  to  0 .6 2 0 12 — 0 .0 0 5

(a) T h e  corresponding differences in th e  d e te rm ina tions  of carbon in 
Sam ple 23 given in th e  c ited  p ap er w ere: 0.000 p e r cen t. 0.000 per cen t, 
0.000 per cen t, an d  — 0.005 p e r cen t; in 106 th e y  w ere: 0.001 p e r cen t and  
— 0.001 p e rc e n t .

B u r e a u  o f  S t a n d a r d s  
W a s h i n g t o n , D . C.

T H E  P R E P A R A T IO N  AND T E S T IN G  O F P U R E  A R SE N IO U S 
O X ID E2

B y  R o b e h t  M .  C h a p i n  

R e c e iv e d  M a r c h  12, 1918

IN T R O D U C T IO N

A  su p p ly  of a ssu red ly  pure arsenious oxide is an 
im p o rta n t m a tter to  th e  m odern a n a ly tic a l chem ist. 
A n a ly tic a l m ethods th a t  in v o lv e  t itr a tio n  w ith  s ta n d 
ard  iodine, b y  v irtu e  of th e ir  a cc u ra c y  an d  con ven ien ce, 
are c o n sta n tly  finding new  a p p licatio n s in a d d itio n  
to  th e  a lrea d y  considerable list, and  for sta n d a rd iz in g  
such iodine solutions pure arsenious oxide is ge n e ra lly  
useful and  fre q u e n tly  used. M o reo ver, e m p lo ym e n t 
of th e  su b stan ce as an a llcalim etric sta n d a rd  has been 
a d v o c a te d  b y  M en zies and  M c C a r th y .3

F ro m  te x tb o o k s  and vario u s papers dealing 
w ith  th e  ap p licatio n s m en tion ed  a b o v e , it  ap p ears 
th a t pure arsenious oxide is v e ry  ea sily  o b ta in ed . 
T y p ic a l are th e  sta te m en ts of M en zies an d  M c C a r t h y 4

1 Avoid long con tinued  heating , w hich a p p aren tly  causes som e action  
on th e  filter paper involving a  sligh t e rro r in th e  de term ina tion .

2 Pub lished  by perm ission of th e  S ec re ta ry  of A griculture.
3 J .  A m . Chcm. Soc., 3 7  (1 9 1 5 ) ,  2 0 2 1 .
4 Loc. cit.
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th a t it  “ m a y  b e  pu rch ased  co m m ercia lly  a t a low  price 
a lread y  in  a  h igh  sta te  of p u r ity ,”  and  th a t  “ it  m ay 
readily  be purified  fu rth er b o th  b y  recrysta lliza tio n , 
if n ecessary, and  b y  su b lim a tio n .”  T h e  experience 
of th e w riter poin ts to  th e  co n tra ry . C om m ercia l 
specim ens, even  of “ gu aran teed  a n a ly s is ,”  m ay be 
far from  pure. S u b lim a tio n  alone is n ot a d ep en dab le 
m ethod of p u rification , and, unless prop er conditions 
prevail, p relim in ary  re c ry sta lliza tio n  m a y  n ot be an 
ad equ ate su p p lem en ta ry  m easure. In  fa c t  it  is en 
tire ly  possible, a fter  re c ry sta lliza tio n  and su b lim atio n , 
to end w ith  a “ pu rified ”  arsenious oxide m ore im pure 
than  th e  orig in al m aterial. F in a lly , e x ta n t m ethods 
for te stin g  are in a d eq u a te  for d ete ctin g  th e  presence 
of im p o rta n t am ou n ts of certa in  im pu rities. P a r
ticu larly  is th is  tru e  of an tim on ou s oxide, certa in ly  
an im p o rta n t im p u rity  and  one n ot u n lik e ly  to  be 
present, b u t for th e  d etectio n  of w h ich , aside from  th e  
dubious te s t  of th e  P h arm acop oeia , th ere  seem s to  
be no p ra ctic a l m eth od  ex ta n t.

As im pu rities co m m o n ly  present in  com m ercial 
w hite arsenic, S c o tt1 g ives “ Si02, S b 20 3, F e20 3, N iO , 
CoO , C a O , SO3, C u , P b , and  Z n .”  T h e  United  
Slates Pharmacopoeia  I X  prescribes te sts  for AS2S3, 
Sb, Sn, C d . T h o rp e 2 m en tion s th e  presence of b is
m uth, su lfu r and  carb o n aceou s m a tte r  from  th e  fuel.

T E S T S  E O R  P U R IT Y

1. i n s o l u b l e — T o  i  g. of th e  pow dered  sam p le in 
a w e t3 te s t tu b e  ad d  10 cc. of a m ixtu re of 1 v o l. con 
cen trated  am m on ia  (sp. gr. 0.90) w ith  2 vols. w ater. 
H eat w ith  sh a k in g  to  v e ry  g en tle  b oilin g. T h e  so lu 
tion should  be p e rfe c t ly  clear and  colorless w ith  no 
trace of insoluble residue.

2. h e a v y  m e t a l s — T o  th e  so lu tio n  o b ta in ed  under
(1) add 10 cc. clear and  fresh sa tu ra te d  h yd ro gen  su l
fide w ater, m ix, and  h e a t ju s t to boilin g. N o p rec ip i
ta te , tu rb id ity , or color oth er th a n  a fa in t  y e llo w  should  
appear.

3. a n t i m o n o u s  o x i d e — If n ecessary , filter th e  hot 
solution  o b ta in ed  under (2) in to  a n o th er te s t tu b e, 
otherw ise cool a t once in w a ter  and  fin a lly  p lace in 
ice w a ter for 15 m in. N o tu r b id ity  sho u ld  appear 
(less th a n  0 .15 per cen t S b 20 3).

4. s u l f u r ,  s u l p i d e s — D isso lve  in  a te s t tu b e , w ith  
heat, 1 g. of th e  sam ple in 10 cc. norm al cau stic  soda 
solution, add  1 drop of lead  a ce ta te  so lu tio n , and  m ix. 
No coloration  should  ap p ear (less th a n  0.005 per cen t 
sulfur).

5. n o n v o l a t i l e — U n der a hood c a u tio u sly  h e a t 1 
g. of th e  sam ple in  a w eigh ed  cru cib le , ra isin g  th e  h ea t 
a t th e end to  b a re ly  p ercep tib le  redness. T h e  m ateria l 
during su b lim a tio n  should  show  no d ark en in g  (c a r
bonaceous m a tter) and  should  lea v e  a n o n v o latile  
residue of less th a n  0.05 per cen t.

T ests  1, 4 and  5 are essen tia lly  th o se  of K r a u c h 1 
m erely m odified in  details as exp erience in d ica ted

1 “ S ta n d a rd  M ethods of C hem ical A nalysis," W ilfred W . S co tt. D. 
Van N o stran d  Co., 1917.

2 Dictionary o f A pp lied  Chemistry, 1 (1912).
3 T o  p rev en t th e  substance  caking  on th e  glass.
* "C hem ical R eagen ts ; T h e ir P u rity  and  T es ts ,”  E . M erck ; Translation  

by Schenck. D . V an N o stran d  Co., 1907.

desirable. T ests  2 and 3, h ow ever, are new . T e st 2 
h a rd ly  needs fu rth er rem ark. T e st 3 depends on th e  
fa c t  th a t  antim on ous sulfide is som ew h at soluble in  
hot am m on ia ,1 b u t sep arates on cooling, excess of 
arsenious oxide precludin g th e  presence of am m onium  
sulfide.

T h e  stren gth  of th e am m onia m a y  v a r y  con sid er
a b ly  w ith o u t in ju ry , b u t th e  d elicacy  of th e  te s t c a n 
n ot be increased b y  using re la tiv e ly  m ore su b stan ce. 
In  fa c t  it  is sen sib ly  dim inished th e re b y , p ro b a b ly  
as th e  effect of m ass actio n  exerted  b y  th e  arsenious 
oxide. M e re ly  cooling to a b o u t 200 C . w ill e v e n tu a lly  
brin g ou t even  sm all am ounts of a n tim o n y. A t  th is  
tem p eratu re  a litt le  over 0.20 per cen t is soon p la in , 
b u t sm aller am ounts require so m uch tim e th a t  th e  
use of ice w a ter is desirable. T h e  first in d icatio n  o f a 
p o sitive  te st is an opalescence m uch lik e  decom posin g 
h yd ro gen  sulfide w ater. T h is s lo w ly  increases to  a 
yellow  tu rb id ity  w hich w ould  te m p t th e  in exp erien ced  
to  assert p o sitiv e ly  th a t  th e  te s t w as a fa ilu re  and  
th a t  arsenious sulfide w as com ing out. Soon, h ow ever, 
exam in ation  b y  tran sm itte d  lig h t w ill reve al a d is
tin c t orange tin t, and  coagu lation  to  c h a ra cte ristic  
red flocks w ill ensue a fter a sufficient tim e. P u re 
arsenious oxide w ith  pure reagen ts w ill show  no tra c e  
of tu rb id ity , even  on lon g stan din g.

T h e u ltim ate  sen sib ility  of th e  te s t is d is tin c tly  
greater th a n  a b o ve in d icated , for b y  le tt in g  th e  tu b e  
stan d  in  ice w ater for 2 hrs. it  a p p a re n tly  becom es 
possible to  d ete ct dow n to  0.10 per cen t S b 20 3. B u t 
in  th is connection  it  m ust be rem em bered  th a t , iodi- 
m etrica lly  a t a n y  rate , sm all q u an tities  of an tim on ou s 
oxide w ill a ct e x a c tly  like  arsenious oxid e ex cep t for 
th e  difference in  m olecular w eights. T h erefo re , th e  
presence of 0.15 per cen t of antim on ous oxide is e q u iv a 
len t to  less th a n  0.05 per cen t of in ert m a tter, a lim it 
sufficient for all purposes excep t th o se  of such  a h igh  
degree of a ccu racy  th a t  sp ecial p u rifica tio n  of co m 
m ercial m aterial w ould  b e im p e ra tive  in  a n y  ev en t.

F or experim ents on th e  a n tim o n y  test, c ry sta llize d  
arsenious oxide w as prep ared  from  a m oth er liq u o r 
assu red ly  freed from  an tim on ous oxide b y  th e  rem o v al 
of an extra  and liberal crop of c ry sta ls  a fter  th e  reg u la r  
te s t on th e precedin g crop w as n e g a tiv e  as la te r  
described. A n tim on ous oxide w as in tro d u ced  in  th e  
form  of a 0.23 per cen t solu tio n  of ta r ta r  em etic, e q u iv a 
len t to  a 0.1 per cen t so lu tio n  of th e  oxide, th e  desired 
am ou n t being added  to  th e  te s t tu b e  a lrea d y  co n ta in 
in g b o th  the arsenious oxide and  th e  am m onia, b u t  
before boiling.

T h e  sulfur te st w as ch ecked  b y  m eans of pure a r
senious sulfide, d isso lved  in  fresh ly  boiled  norm al 
cau stic  soda.

T h e  m atter of te sts  for p h arm aceu tica l p u r ity  b e in g  
outside the w riter ’s presen t field  of w ork  w ill be o n ly  
b riefly  discussed. C a refu l su b lim ation  of one gra m  
in a hard  glass te s t  tu b e  appears to  y ie ld  con sid erable 
inform ation  regardin g n o n v o latile  residue, arsenious. 
sulfide, m etallic arsenic, and  organ ic m a tter. B u t a 
te st for an tim on y is c e rta in ly  desirab le. T h e  te s t in

1 "Q u a lita tiv e  C hem ical A nalysis ,"  P resco tt & Johnson , 7 th  Edition,. 
1916.
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th e  form  specified for determ in in g ch em ical p u r ity  is 
p ro b a b ly  to o  delicate, th o u gh  it  m a y  be m ade less so 
b y  changes of co n cen tratio n  or b y  cooling a t a high er 
tem peratu re . A p p a re n tly  th e  b est w a y  of red u cin g 
its d elicacy  is to  em p lo y  cau stic  sod a so lu tio n  of defin ite 
stren gth  in  p lace of am m on ia as a so lv en t. F o r ex 
am ple, using 10 cc. of n orm al cau stic  so d a  on a  one- 
gram  sam ple, and cooling in ta p  w a te r , one per cen t 
of Sb20 3 in th e  sam ple q u ic k ly  g iv es a h e a v y  p rec ip i
ta te , w hile w ith  0.6 per cen t S b 203 th e  te s t  rem ains 
n ega tive  for a period  m uch lon ger th a n  15 min. 
C au stic  soda m ight also serve for th e  d etectio n  of in 
soluble m a tter in p h arm aceu tica l te stin g .

T h e  present assay  m eth od  of th e  Pharmacopoeia  
m ust n ecessarily  be in a ccu ra te  if an tim on ou s oxide is 
present, and the on ly  recourse seem s to  be d istillatio n  
w ith  h yd ro ch lo ric  a c id .1

P R E P A R A T IO N  O F P U R E  A R S E N IO U S  O X ID E

T h e p rod u ction  of pure arsenious oxide on  a m an u
fa ctu rin g  scale is n ot here con sid ered; m erely  its 
prep aration  in  th e  la b o ra to ry . U n der su ch  conditions 
su b lim ation  can n o t be dep en ded  on to  sep a ra te  v o la 
tile  im purities. A m o n g th ese m ust be in clu d ed  an 
tim onous oxide, as m a y  b e ea sily  d em o n strated  b y  th e 
specific te s t  for th a t  su b sta n ce  now  a v a ila b le . I t  
e v id e n tly  possesses a sufficient v a p o r  ten sion  a t te m 
peratures ord in a rily  em p lo yed , ev en  in  carefu l w ork, 
for sub lim in g arsenious oxide to  p rod u ce a p p reciab le  
con tam in atio n . Since v o la tile  im p u rities— in clu d in g 
carbon aceous m a tter  w hich  w ill prod u ce e lem e n tary  
arsenic— are a p p a re n tly  q u ite  as im p o rta n t as th e  
n o n vo latile , m easures to  e lim in a te  th e m  o u g h t to  
precede final su b lim a tio n  if a  rea so n a b ly  pure p ro d u ct 
is to  be assured.

T h e  classic step  p relim in a ry  to  su b lim a tio n  is c ry s 
ta lliza tio n . T h e  w riter has been u n ab le  to  d iscover 
a n y  m ore p ra ctica l m eans for a tta in in g  th e  desired 
en d . B u t th e  process of c ry sta lliza tio n  to  be em p lo yed  
is u su a lly  v e ry  sk e tc h ily  ou tlin ed . E ith e r  w a ter  or 
h yd ro ch loric  acid  of v a r y in g  stren g th  is sp ecified  as 
th e  so lv en t and  few  details are g iven . I t  seem s to 
h a v e  escaped  n otice  th a t  arsenious oxide d u rin g c ry s
ta lliza tio n  stro n g ly  adsorbs m an y im p u rities— p a r
tic u la r ly  antim on ous oxide— presen t w ith  it  in  so lu 
tio n . C o n seq u en tly  a “ r e c ry sta llize d ”  p ro d u ct m a y  
be m ore im pure th a n  th e  origin al m ateria l. F ra c 
tio n a l c ry sta lliza tio n  is th e  ob viou s recourse, and 
p rop erly  carried  o u t is v e ry  effe ctive  an d  n o t esp ecia lly  
tedious. T h e  absence of an tim on ou s oxide is a ratio n al 
an d  con ven ien t in dex of th e  success of th e  op eration .

A s solven ts for arsenious oxide, am m on iacal solu
tion s and stro n g  h y d ro ch lo ric  acid  solutions are 
te m p tin g ly  e ffective , b u t u n fo rtu n a te ly  b o th  are also 
effective  so lven ts for a cco m p an yin g  im pu rities. W a ter 
u su a lly  dissolves fa r  less of th e  im p u rities, so th a t  
its  d isadvan tages as a so lv en t are o u tw eigh ed  b y  th e  
s im p lic ity  of th e  ensuing fra ctio n a l c ry sta lliza tio n . 
T h e  final crysta ls, h ow ever, are b est dep osited  from  
a  s lig h tly  acid solution.

1 M ost recently  stud ied  by  R oark  an d  M cD onnell, T h i s  J o u r n a l , 8 
1916), 327.

T o  2 liters of b o ilin g  d istille d 1 w a te r  in a 3-liter 
“ b oilin g fla s k ”  are slo w ly  ad d ed  150 g. pow dered, w hite 
arsenic m ade into  a cream  w ith  a little  w a ter. The 
m ixtu re is b o iled  b risk ly  for a b o u t i 1/* hrs. or un til 
th e  vo lu m e is red u ced  to  a b o u t 1600 cc., th e n  is re
m oved  from  th e  h e a t and  a llow ed  to  settle  for a few  
m inutes. I f  th e  liq u id  ten d s to  se ttle  fa ir ly  clear it 
m a y  be filtered  a t once th ro u g h  a flu ted  p ap er, b u t if 
it  rem ains p ro n o u n ce d ly  m ilk y  it w ill filter b a d ly  and 
m ust be clarified. T o  th is  en d it  is d ecan ted  from  the 
sedim ent in to  an oth er fiask, b ro u g h t to  b oilin g, trea ted  
w ith  m ilk  of lim e prep ared  from  2 g .2 pure C aO , 
boiled  io  m in., th e n  filtered.

T h e  filtra te  is boiled  dow n in  a s to u t b ea ker un til 
4 or 5 g. of so lid  h a v e  sep a ra ted . B u m p in g  w ill not 
be serious if th e  flam e is low ered  su ffic ien tly . I t  is 
th en  decan ted , b o ilin g-h o t, th ro u g h  a rap id  flu ted  
p aper in to  an oth er s to u t b ea ker k e p t h o t d urin g filtra 
tion , eith er on th e  steam  b a th  or o v er  a flam e, and  th e 
filtra te  k e p t close to  th e  b oilin g p o in t w h ile th e  te st 
for a n tim o n y  is m ade on th e  d ep osited  arsenious oxide 
in  th e  first b eaker. F o r th e  purpose in  v ie w  a com 
p a ra tiv e ly  coarse and  rap id  te s t  is ad eq u ate . A  
q u a n tity  of th e  m oist su b sta n ce  w h ich  is ju d g ed  to  be 
e q u iv a len t to  a b o u t one gram  d ry  is b ro u g h t in to  a 
te s t tu b e  and  th e  te s t m ade as u su al ex cep t th a t  cooling 
for 5 min. under ru n n in g ta p  w a ter  is sufficient. 
U nless a n tim o n y  is v e r y  p la in ly  p resen t in  th e  deposit, 
th e  m oth er liqu or is cert a in ly  a n tim o n y -free . Som e
tim es no a n tim o n y  w ill be fo u n d  e v e n  w hen m u ch  w as 
present in  th e  orig in al su b sta n ce  for it  ap p ears to  be 
p ra c tic a lly  w h o lly  ad so rb ed  b y  solid  arsenious oxide 
if a sufficien t q u a n tity  of th e  la tte r  rem ain s u n dissolved . 
C o n versely , if so lid  arsenious oxide is absen t, a n ti
m onous oxide m a y  pass in to  th e  filtra te  in  large am ou n t, 
e v id e n tly  b ein g m uch m ore so lu b le  in  a so lu tio n  of 
arsenious oxide th a n  in  p u re w a ter.

If th e  te s t for a n tim o n y  is p o sitiv e  it  w ill b e neces
s a ry  to  ta k e  off su ccessive crops of c ry sta ls  in  th e  sam e 
w a y  u n til a n e g a tiv e  te s t fin a lly  resu lts. F ra ctio n al 
crysta lliza tio n  b y  cooling is n ot a d vised  for th e  reason 
th a t a t te m p eratu re s  b elow  85° th e  fo rm a tio n  of 
crysta llin e  from  am orp hous arsenious oxide progresses 
w ith  such r a p id ity  th a t  th e  process is lik e ly  to  get 
o u t of control.

T h e  an tim on y-free m oth er liq u o r is tre a te d  w ith  
a p p ro x im ately  eith er one or one an d  on e-half per cent 
of its  vo lu m e of co n cen tra ted  h y d ro ch lo ric  acid , d e
pen d in g on w h eth er lim e w as em p lo ye d  for c la rifica 
tion , and  boiled  dow n  in  a b ea k e r to  e v id e n t s a tu ra 
tion . A fte r  a final filtra tio n , i t  is cooled  ra p id ly  w ith  
freq u e n t stirrin g  to  p rev en t th e  fo rm a tio n  of crusts, 
th e n  le t sta n d  o v er n igh t. A fte r  b ein g w ell stirred  up, 
th e  crysta ls  are filtered  w ith  su ctio n  and  w ash ed  ch lo 
ride-free. T h e  y ie ld  n a tu ra lly  varies m uch, b u t w ill 
com m on ly  be aroun d 75 g. T h e  c ry sta ls  w ill p ro b a b ly  
be v e ry  n ea rly  pure, b u t th e  w riter has n eve r been 
able to  secure a n y  w hich  did  n o t show  slig h t d ark en in g  
durin g sublim ation .

F o r sub lim ation  th e  a p p a ratu s of M enzies and

1 T a p  w a ter m ay  in troduce  undesirab le  organic im purities.
2 T h is  q u a n tity  has so fa r proved  sufficient.
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M c C a r th y 1 is co n v en ien t b u t of sm all c a p a c ity . On 
a  larger scale excellen t resu lts  m a y b e o b ta in ed  w ith  
a  sto u t-w alled  250 cc. E rlen m eyer flask  o f rath er h ard  
glass, ch arged  w ith  75 g. arsenious oxide e v e n ly  sp read  
over th e  b o tto m . T h e  flask  is set in  a fla t san d  b a th , 
and th e san d  b ro u g h t a b o u t o n e-h alf inch  a b o v e  th e  
level of th e  m aterial w ith in . T h e  m ou th  of th e  flask 
is covered  w ith  a p o rcela in  cru cib le  cover, an d  th e  
b ath  is h ea ted  u n der a hood  w ith  a su ffic ien tly  p o w erfu l 
burner of th e  rin g or s to v e  ty p e . T h e  sub lim ation  
m ay require 7 hrs. and sho u ld  n o t b e in te rm itte n t 
for th e  flask, once cooled, is lik e ly  to  cra ck  w hen  re
heated. I t  is finished w hen a line of clear glass a p 
pears all a rou n d  th e  flask a b o v e  th e  sand. W hen 
com p letely  cool, th e  flask  is rem o v ed  from  th e  b a th  
and w ith  cau tio u s h an d lin g  th e  b o tto m  is c u t off 
w ith a  h o t p o in t ju s t  below  th e  line of th e  su b lim ate. 
T h e la tte r  m a y  th e n  be ea sily  rem o v ed  w ith  a kn ife 
blade. I t  is b est to  re ject th e  portion  in  th e  n eck  of 
th e flask, fo r  vo la tile  im p u rities w ill te n d  to  con cen 
trate  th ere . T h e  w riter prefers to  r e je c t also the 
g lassy  rin g of su b lim a te  ju s t  a b o v e  th e  san d  level. 
W ith prop er m an agem en t th e  y ie ld  is excellen t, v e ry  
little  bein g lo st b y  v o la tiliza tio n .

C O N C L U S IO N

I t  m ust b e  a d m itted  th a t  arsenious oxide lack s som e 
of th e q u alities  desirab le in a -s ta n d a rd  su b sta n ce  for 
vo lu m etric  a n alysis. N everth eless it  is cap ab le  of 
affording e x trem e ly  a ccu ra te  resu lts an d  for th e  
purpose of d ire ctly  s ta n d a rd izin g  iod ine solutions 
there seem s to  be no oth er su b sta n c e 2 w h ich  can  fu lly  
take its  p lace. Since it  m ust be used, th e  ch em ist 
m ust possess p ra ctica l and  reliab le  m ethods for d e
term inin g w h eth er com m ercial sam ples are  su fficien tly  
pure for o rd in a ry  a n a ly tic a l w o rk , w h ile in  case of 
deficiency, or w hen th e  m ateria l m ust be of th e  h igh est 
p u rity , dep en dab le  m ethods o f p rep ara tio n  m ust 
be availab le . I t  is b elieved  th a t  th ese needs are m et 
b y  th e  m ethods of p rep ara tio n  and  te s tin g  here p re
sented. E sp e c ia lly  are m ethods g iv en  for d etectin g  
and elim in a tin g  an  im p u rity  to  w h ich  fa r too  little  
a tten tion  has been  g iv en  in  th e  p a st, viz., an tim on ous 
oxide.

B i o c h e m ic  D i v i s i o n , B u r e a u  o p  A n im a l  I n d u s t r y

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 in g t o n , D .  C.

TH E BISU LFA TE M E T H O D  O F D E T E R M IN IN G  R A D IU M
B y  H o w a r d  H .  B a r k e r  

R eceived D ecem ber 5, 1917

T h e q u a n tita tiv e  d eterm in atio n  of th e  sm all am oun ts 
of rad iu m  in  ra d io a ctiv e  ores and  va rio u s p ro d u cts 
obtained  in  th eir tre a tm e n t for th e  re c o v e ry  of rad iu m  
is gen era lly  co n d u cted  b y  th e  em a n a tio n  m ethod. I t  
is based upon  th e  fa c t  th a t  th e  gaseous d isin tegratio n  
p rod u ct of rad iu m — th e  em an ation — can  be co m p lete ly  
sep arated  from  ra d io a ctiv e  m ateria ls  and  th a t  th e  
eq u ilib riu m  q u a n tity  is p rop ortion al to  th e  rad iu m  
conten t. V e r y  sm all q u a n tities  of rad iu m  em an ation

1 Loc. cit.
2 A ntim ony  po tassium  ta r tr a te ,  ad voca ted  b y  M etz l (Z . anorg. Chcm., 

48 (1906), 156), is well know n to  be efflorescent w hen crystallized . T he  
presen t w riter has been unab le  to  d ry  i t  to  s tric tly  co n sta n t w eight in 
agreem ent w ith  th e  theo re tical com position of th e  anh y d ro u s  salt.
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are cap ab le  of exa ct m easurem en t b y  electrica l m ethods, 
for w h ich  c a refu lly  stan d ard ized  electroscop es h a v e  
com e in to  general use.

T h e  care and a ccu ra cy  w ith  w h ich  th e  em an ation  
is sep arated  from  th e  specim en un der exam in ation  are 
v e r y  essen tial in  q u a n tita tiv e  w ork  and  dem and sk il
fu l m an ip u lation , esp ecially  in th e  case of solids. Since 
h ea t a lon e rarely  affects a com plete sep aration  of th e  
em an ation  from  th e ra d io a ctiv e  solids, th e  recogn ized  
m ethods of determ in in g rad iu m  in v o lv e  ch em ical 
tre a tm e n t th a t  w ill resu lt in a solution  or in  d ecom po si
tion  of th e m aterial b y  fusion. Our exp erim en ts te s t 
th e  a p p lic a b ility  of fusion  w ith  b isu lfa te , for th e  sep a ra 
tio n  of rad iu m  em an ation , and  afford  a  com parison  of 
th is  m ethod  w ith  oth er m ethods recogn ized  as m ore 
or less stan dard .

O ur w ork deals w ith  sub stan ces w h ich  are n o t su s
cep tib le  of d irect solu tio n  in  w a ter or acids. T h e  
em an ation  is sep arated  b y  d irect fusion  w ith  sodium  or 
po tassiu m  b isu lfa te  or m ixtures of th e  tw o . S ince 
solids gen era lly  em it, a t  o rd in ary  tem p eratu res, v a r ia b le  
prop ortion s of th e  em an ation  co n tin u a lly  p ro d u ced  b y  
th e  rad iu m  present, th e  cu sto m a ry  proced u re is to  
first expel th e  em an ation , th a t  is, reduce it  to  zero, 
and  th en  seal up th e sam ple, a llow  it  to  sta n d  for a 
defin ite tim e— a  d a y  or longer— and fin a lly  sep a ra te  
th e  accu m u lated  em an ation  b y  fu sin g again . T h e  
eq u ilib riu m  am ount is th en  co n v en ien tly  o b ta in ed  b y  
reference to  a ta b le  of grow th  of rad iu m  e m a n a tio n .1

P lu m 2 m ade use of p o tassiu m  b isu lfa te  for rad iu m  
determ in ation  in his s tu d y  of m ethods of sep a ra tin g  
th e  ra d io a ctive  co n stitu en ts from  ca rn o tite  ores. 
S ch lu n d t3 em p lo yed  po tassiu m  b isu lfa te  in  a few  of h is 
exp erim ents on th e  q u a n tita tiv e  d eterm in atio n  of 
rad iu m  m ain ly  b y  fusion  w ith  m ixed a lk a li carb o n a tes. 
T h e  experim ents th a t  fo llow  I hope w ill serve to  e s ta b 
lish  th e  re lia b ility  of th e  b isu lfa te  m ethod  and  also its  
ran ge of a p p licab ility .

P L A N  O F E X P E R IM E N T S

R ep resen ta tive  carn o tite  ores and  th e  rad iu m -b ear- 
in g  prod u cts ob ta in ed  th erefrom  w ere se lected  for th e  
determ in ations of rad ium  w h ich  w ere co n d u cted  b y  a t 
lea st tw o  other m ethods for com parison  w ith  th e  b i
su lfa te  m ethod. T h e  sam ples in clu d e ( i)  tw o  carn o- 
tite -b ea rin g  sandstones from  d ifferen t lo ca lities  and 
d iffering considerably in  com position  and  rad iu m  co n 
te n t, (2) a siliceous con cen trate  o b ta in ed  from  an ore 
b y  chem ical trea tm en t in  w h ich  th e  rad iu m  h as been  
con cen trated  a b ou t fifteen -fo ld , (3) a sam ple of first 
su lfa te  contain ing a b o u t 600 p a rts  of rad iu m  per b illion  
of to ta l w eight, on e-fou rth  o f w h ich  is b ariu m  su lfa te , 
(4) one sam ple of ta ilin g s , th e  sa n d y  residue le ft  a fte r  
th e  ex tra ctio n  of rad iu m  from  th e  ore, (s) a b y -p ro d u c t 
v e r y  rich  in  gyp su m , b u t co n ta in in g  also va n a d iu m , 
iron  and uran ium  com pounds.

T h e  radium  w as determ in ed  in  case of th e se  sam ples 
b y  a t least th ree m ethods.

1 K olow rat, Le R adium , 6 , 195; also Curie, " T r a i tć d e  R ad io ac tiv ity ,"  
I ,  p. 419; Chcm. Kalender, 2 (1914), 361; R u therfo rd , “ R ad ioac tive  S ubstances 
an d  T heir R ad iations ,” 1913, 665.

2 J . A m . Chcm. Soc., 37 (1915), 1811.
3 Trans. A m . Eleclrochcm. Soc., 26 (1914), 163.
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M E T H O D S  OE S E P A R A T IN G  T H E  E M A N A T IO N

i — P rep a ra tio n  of a refined rad iu m -b ariu m  su lfa te  
b y  fusin g a w eighed  sam ple, to  w h ich  a  sm all q u a n tity  
o f barium  com pound has been added, w ith  3 to  5 tim es 
its  w eigh t of a m ixture of sodium  and p o tassiu m  c a r
b on ates. A fte r  leach in g th e m elt w ith  w a ter, th e  in 
soluble carb o n ates are d issolved  in d ilu te  h yd ro ch lo ric  
.acid and pure rad iu m -b ariu m  su lfa te  is p rec ip ita te d  
b y  the addition  of a few  drops of su lfu ric  acid . T h e

F i g . I — T y p e  o r  A p p a r a t u s  f o r  B o i l i n g  O f f  E m a n a t io n  f r o m  
M i x e d  C a r b o n a t e  F u s i o n

refined su lfa te  th u s o b ta in ed  is fused  in  a p la tin u m  
b o at w ith  a m ixture of sodium  and p o tassiu m  carb o n ates 
a n d  is th en  sealed  and sto red  for a certa in  period  a fter  
w hich  th e accu m u lated  em an ation  is again  sep a ra ted , 
co llected  and tran sferred  to a sta n d a rd ized  e lectro 
sc o p e .1

2— D irect sep aration  of th e  em an ation  from  th e  m elt 
is  ob tain ed  b y  fusion  of th e sam ple in a p la tin u m  
c ru cib le  w ith  m ixed carb o n ates of sodium  an d  potas-

1 F u r th e r  details arc given by Lind, T h i s  J o u r n a l ,  ^  (1915), 1024, 
a n d  in U. S. B ureau of M ines, Bull. 104, 94.

sium . T h e  m elt is poured in to  a clean  iron  m ortar. 
T h e  cru cib le m a y  be rinsed o u t b y  fu sin g a litt le  more 
of th e  carb o n a tes in it. T h e  m elt is pow d ered  and 
sealed up in a th in -w alled  glass b u lb , B , show n  in  P ig. I. 
A fte r  stan d in g for a d a y  or lon ger th e  em an ation  th a t 
has accu m u lated  durin g th e  period of sto rage is sep arated  
b y  d isso lv in g th e  carb o n a te  in n itric  or h yd ro ch loric  
acid . T h e  gas b u re tte  E  of th e  a p p a ra tu s used for 
th is  op eratio n  (F ig . I) is filled  w ith  a b oilin g  h o t solu
tion  of cau stic  soda th ro u g h  th e lev ellin g  reservo ir G 
b y  closing cock D  and  h a v in g  F  open. T h en , after 
c losing F , th e lev ellin g  b ulb  G  is low ered  to  a position  
below  th e  o u tle t tu b e  D  in  order th a t  subsequen t 
b oilin g w ill be co n d u cted  under s lig h tly  dim inished 
pressure. T h is  p reca u tio n  also en ables one to  detect 
sm all air leaks in th e  a p p a ratu s. T h e  b u lb  B co n tain 
in g th e  p ow dered  carb o n a te  is so a d ju sted  in  th e  3-hole 
ru b b er sto p p er of th e  w id e-m ou th  flask  A , th e boiler, 
th a t  it  is cracked  b y  fo rcin g  dow n  th e  sto p p er. T h e 
cock D is th en  opened and  m o d era te ly  stro n g  acid  is 
a d m itted  g ra d u a lly  from  th e  drop fun n el C  . W hen th e 
sam ple is siliceous and th e  carb o n a te  fusion  exceeds 
5 g., th e  c a p a c ity  of th e  boiler should  be a t lea st 250 cc., 
and it is som etim es a d v a n ta g e o u s to  h a v e  a litt le  w ater 
in it  to  d istrib u te  th e  carb o n a te  w hen th e  b u lb  is b roken  
and in th is  w a y  p rev en t th e  fo rm atio n  of a co a tin g  of 
silicic  acid  o ver th e  d ry  pow der when acid  is ad m itted . 
I f  th e vo lu m e of a ir.rem a in in g  in th e  b oiler still exceeds 
th e  c a p a c ity  of th e  b u re tte , th e  air m a y  be p a r tly  d is
p laced  b y  carbon  dioxide b efore co n n ectin g  up w ith  the 
b u rette . A s th e  d ecom position  of th e  ca rb o n a te  p ro
ceeds th e  so lu tio n  is h ea te d  and fin a lly  b oiled  u n til the 
liq u id  in th e  gas b u re tte  is forced  dow n b y  w a te r  vap o r 
to  th e  level of D . T h e  gas is th e n  tran sferred  q u a n ti
ta t iv e ly  to  an a ir-tig h t electroscop e.

3— T h e b isu lfa te  m eth od  consists in  m akin g a fusion  
of th e  m ateria l w hose rad iu m  co n ten t is to  be d ete r
m ined w ith  eith er sodium  or p o ta ssiu m  b isu lfa te  alone, 
or b etter, a  m ixtu re  of th e  tw o  in a h ard  glass p yrex  
tu b e  of su ita b le  dim ensions. H ard  glass p yrex  tu b es 
25 cm . b y  2.5 cm . w ere used in  m ost of th e  d eterm in a 
tion s. T h e  m ateria l and  th e  b isu lfa te  are th o ro u g h ly  
m ixed b efore in tro d u cin g  in to  th e  tu b e , a fter  w hich 
th e y  are fu sed  and  b oilin g  con tin u ed  lon g en ough to 
expel th e  la s t tra ces  of em an ation . T h e  sides of the 
tu b e are w ashed  dow n  b y  in tro d u cin g  a little  fresh 
b isu lfate  in to  th e  tu b e , a llow in g it  to  fuse and  run dow n 
in to  th e m elt. T h e  te s t tu b e  is sea led  w ith  a stopper 
c a rry in g  tw o  o u tle t tu b es, one exten d in g to  w ith in  an 
inch or tw o  of th e  m elt, and  th e  oth er ju s t reachin g 
th ro u g h  th e  sto p p er. A fte r  th e  em a n a tio n  has been 
allow ed  to  a ccu m u late  for a g iv en  defin ite period, the 
tu b e  is con n ected  up  w ith  th e  e v a c u a te d  ion ization  
cham b er of an electroscop e as show n  in F ig . I I . T h e 
m icro d ry in g  b ulb  n ex t to  th e  io n izatio n  ch am b er con
ta in s co n cen trated  su lfu ric  acid , w hose fu n ctio n  is to  
rem ove m oisture from  th e  air and  em a n a tio n  before 
en terin g th e  electroscop e. T h e  oth er d ry in g  b ulb  con
n ected  to  th e  te s t  tu b e  on th e  ion izatio n  ch am b er side 
of th e  a p p a ratu s con tain s a fa ir ly  stro n g  solu tio n  of 
cau stic  soda to  rem ove a n y  tra ces  of su lfu ric  acid  d is
tilled  over in th e  op eratio n . T h e  d ry in g  bulb  h itched
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to the oth er side of th e  te s t tu b e  con tain s co n cen trated  
sulfuric a cid  or w a ter, and  is th e re  p rim a rily  for n o tin g  
the inflow  of air in to  th e  system . I t  also serves for 
d etectin g  a n y  lea ks in  th e  line of conn ection . A ll 
rubber con n ection s are w ired , and  th e  tip s  o f th e  glass 
tubes are n ot b rok en  u n til a ll con n ection s h a v e  been 
made. B efore b re a k in g  th e  c a p illa ry  tip s, th e  in ter
m ediate sy ste m  is p laced  under a s ligh t va cu u m . T h e 
tips are th en  b roken  and  b y  a d ju stin g  th e  sto p co cks 
of the e v a c u a te d  io n izatio n  ch am b er th e  flow  of air 
through th e  ch ain  is regu la ted . . H eat is now  g e n tly  
applied u n til th e  m ass is m olten, a fter  w h ich  it  is boiled 
for a b o u t 5 m in. Som etim es it  is a litt le  d ifficult 
to get good  b oilin g  at th is  stage , b u t I find w here an 
equal m ixtu re of th e  fu sed  b isu lfa te  and  c ry sta ls  is 
used, th a t th is  d ifficu lty  seldom  appears. T h e  em a n a 
tion is sw ep t in to  th e  ch am b er b y  a slow , s te a d y  curren t 
of air w h ich  is m ain tain ed  durin g h ea tin g  u n til a tm o s
pheric pressure is n ea rly  a tta in ed  in th e  cham ber.

F ig . I I

R ead in gs of th e  rate  of d isch arge are m ade 3 hrs. 
a fter th e  in tro d u ctio n  of th e  gas, th e sam e as in th e  
other m ethods.

R E S U L T S  A N D  D IS C U S S IO N

T h e resu lts  o b ta in ed  are su m m arized  in  th e  fo llow in g 
table . T h e  va lu es rep resen t d u p licate  d eterm in atio n s 
for th e  m ost p a rt, b u t som e of th e m  are tr ip lica te . 
T h e va lu es  in  th e  ta b le  represent gram s of rad iu m  per 
gram  of m a terial X  io ~ 9.

T a b l e  I
W t. of R efined M ixed

M ate ria l Sam ple  S u lfate  C arb o n ate  B isulfate
C arno tite  N o: 1 .........  1 . 0 0  5 .1 5  5 .1 8  5 .2 2
C arn o tite  N o . 2 .........  1 .00  10.60 10.00 10.40
C o n cen tra te ................  0 .5 0  29 .90  30 .0 0  29 .40
T ailings......................... 3 .0 0  0 .9 0  0 .9 4  1.00
F irs t S u lfa te ................ 0 .0 5  676 .00  680 .00  678 .00
B y-p roducts................ 2 . 0 0  1 .26  1 .24  1.27

T h e good  a greem en t in th e  va lu e s  show s th a t  from  
the sta n d p o in t of a cc u ra c y  in rad iu m  d eterm in atio n , 
no one m ethod  has a n y  a d v a n ta g e  for th e  classes of 
m aterials exam ined. T h e  b isu lfa te  m ethod, h ow ever, 
presents som e a d v a n ta g e s  w h ich  d eserve recogn ition .

I— I t  has been estab lish ed  th a t  th e b isu lfa te  m ethod  
m a y  b e used in lib e ra tin g  th e  em a n a tio n  from  sam ples 
o f p itch b len de, w hose rad iu m  co n ten t is knowrn, used  
in th e s ta n d a rd iza tio n  of electroscop es. T h ere  are 
tw o  a d v a n ta g e s w o rth y  of m ention  w hich th e  b isu lfa te

m ethod  has in th is  op eration  o ver th e  solution  m eth od : 
(a) I t  is n ot n ecessary  to  ta k e  into  con sid eration  th e  
“ em an atin g p o w er”  of th e  p itch b len de in th e  case of 
th e  b isu lfa te  m ethod, w hile it  is in th e  case of th e  so lu 
tion  m eth od; (6) T h e  sam e c a refu lly  w eighed sam ples 
of p itch b len de m ay be used for several s ta n d a rd iza tio n s 
b y  resealing th e  b isu lfa te  m elt a fter th e  em a n a tio n  
has been d riven  off and collected  for s ta n d a rd iza tio n .

II— B esides sim p lic ity  of op eratio n , th e  b isu lfa te  
m ethod is b y  fa r th e m ost rap id  procedure. N o t o n ly  
is th e  a ctu a l tim e required  for th e  final sep a ra tio n  of 
th e  em an ation  shorter th a n  in th e  oth er procedure, b u t 
th e  tim e in  w ork expended in p rep arin g a sam ple and 
ge ttin g  it  sealed up is reduced  to  a few  m inutes.

I I I — T h e chances for loss due to  m an ip u la tio n  are 
reduced  to  one op eration, w hen th e m ateria l is tra n s
ferred  to  th e  te s t tu b e. In  b o th  of th e  oth er m ethods 
g reat care m ust be exercised  in  a v o id in g  losses w hen 
fusions are in progress. In ste ad  of one, tw o  to  th ree 
tran sfers of m aterials occur in th e  oth er m ethods.

IV — T h e cost of th e op eratio n  is red u ced . If one 
is carefu l th e  te st tu b es m ay be used for sev era l d e te r
m inations. In  th e  refined su lfa te  m eth od  th e  sm all 
p la tin u m  b oats, costin g a t lea st a dollar each  are n ot 
good for m ore th a n  5 to  6 d eterm in atio n s. T h e  use 
of larger p la tin u m  vessels is essen tial in th e  oth er 
m ethods, w hile in th e b isu lfa te  m ethod  all fusion s are 
m ade in h ard  glass te st tu b es.

V — A fte r  the final sep aration  of em a n a tio n  b y  th e 
b isu lfa te  m ethod, th e  m aterial rem ain s and  is r e a d y  for 
another determ in ation  in  case an a ccid en t occurs.

W hen th e  m aterial under exa m in a tio n  con tain s 
th o riu m , then  th e  gas can n o t be tran sferred  d ire ctly  
to  th e  electroscope durin g fusion , b u t m ust be co llected  
in  a gas b u re tte  to  a llow  th e  d e c a y  of th o riu m  em a n a 
tion .

I wish to  th a n k  M r. J. C . S im pkin s, w ho assisted  me 
a t th e ou tset in th is w ork, and D r. H . S ch lu n d t for his 
help fu l suggestions.

C h e m ic a l  P r o d u c t s  C o m p a n y  
D e n v e r , C o l o r a d o

A R A PID  PR ESSU R E M E T H O D  F O R  T H E  D E T E R M IN A 
TIO N  OF CARBO N  D IO X ID E IN  C A R BO N A TES

B y  W . H .  C h a p in  

R eceived O ctober 3, 1917

B y  use of th e a p p a ratu s  sketch ed  below  carbo n  
dioxide m ay be v e ry  q u ic k ly  d eterm in ed  in a n y  c a r
b on ate which is soluble in  cold  h yd ro ch lo ric  acid. 
T h e  a ccu racy  of th e  m ethod  is eq ual to  th a t  a tta in a b le  
w ith  th e absorp tion  m ethod, ex cep t p o ssib ly  w hen 
th e  la tter  is in th e  han ds of a v e r y  sk illed  m an ip u lator 
w ho has had lon g p ra ctice  w ith  th e  m ethod.

T h e  principle is v e r y  sim p le: T h e  carb o n a te  is
allow ed to d issolve in  d ilu te  H C1 con tain ed  in a flask 
of know n vo lu m e to  w h ich  is a tta ch e d  a sm all m ercu ry  
m anom eter. T h e  ch an ge in pressure is read  off, 
and  b y  a sim ple ca lcu latio n  th e  w eig h t and p ercen ta ge  
of C 0 2 are ob ta in ed . T h e  n ecessary  d eta ils  are g iven  
in th e  procedure.
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A P P A R A T U S

T h e flask is m ade from  a 600 cc. d istillin g  flask 
b y  c u ttin g  off th e  side tu b e  and sealin g  on th e  m anom 
eter tu b e  in its  p lace. T h e  la tte r  should  h a v e  a bore 
of 5 m m . If too  sm all, th e  c a p illa ry  effect w ill in te r
fere w ith  a ccu ra te  readin g, an d  if to o  large th e  m o v e
m en t of th e  m ercu ry  chan ges th e  vo lu m e of th e  a p 
p a ratu s too  m uch.

A tta c h e d  to  th e  m an om eter tu b e  is a slid in g scale 
of cellu loid  15 cm . lon g an d  g ra d u a te d  in m illim eters. 
T h is scale is m ade from  a 15 cm . (6 in.) ru ler b y  c u ttin g  
ou t one side as seen in  th e  sk etch . I t  is h eld  in  p lace 
b y  m eans of sm all m etal c lip s w h ich  m a y  be slipped 
o u t of th e  w a y  w hen readin g. B y  use of a sm all lens 
it  is possible to  rea d  th e  po sition  of th e  m ercu ry  to  
V s m m . T h e  inside of th e  m an om eter tu b e  and th e  
m ercu ry  used in it  m ust b e clean  and  d ry  or no a c
cu rate  readin gs can  be exp ected .

T h e  cap sule used for w eigh in g o u t th e  sam ple is 
suspended b y  a th rea d  as seen, th e  la tte r  bein g cau g h t 
and held in th e  sto p co ck  u n til it  is desired to  drop th e  
sam ple in to  th e  acid . T h is  cap sule m a y  be m ade of 
copper or a n y  m etal n o t d isp lacin g h yd ro gen  from  th e 
acid.

T h e  sto p p er should  be o f ru b b er, sm ooth  and  close 
fittin g . Its  tig h tn ess m a y  a lw a y s be insured  b y  w ettin g  
slig h tly  a t th e  m om en t of inserting. I t  should  be 
a d ju sted  to  a m ark  on th e  n eck  of th e  flask.

T o  keep th e te m p eratu re  of th e  a p p a ra tu s  co n stan t 
a n d  to  m ake it ea sy  to  determ in e, th e  b u lb  of the flask  
is k e p t im m ersed in  w a ter  a t room  tem p eratu re . T h e  
th erm om eter used in  readin g th e  te m p eratu re  is k e p t 
sta n d in g  in  th is w ater.

B efore usin g th e  a p p a ratu s, its  c a p a c ity  is deter
m ined b y  filling w ith  w a ter from  th e  b o tto m  of the 
near arm  of th e  m an om eter to  th e  sto p co ck , and 
w eighing. T o  p rev en t th e  w a ter  go ing to o  fa r  in the 
m anom eter tu b e  a ru b b er con n ector is p la ced  over th e  
open end and  th en  closed b y  m eans of a. p in ch co ck. 
I f  th is  is opened s lig h tly  a fter  th e  flask  is filled the 
w a ter  m a y  be a d ju sted  to  a n y  position .

P R O C E D U R E

F irs t  set up th e  a p p a ratu s as seen in th e  sketch , 
surro u n d in g th e  b ulb  w ith  w a ter a t room  tem p eratu re . 
F ill th e  fiask w ith  carbo n  dioxide from  a gen erator or 
pressure cylin der, and  th en  run  in  b y  m eans of a p ip ette  
10 cc. of 3 N  H C 1 w hich  has also been  sa tu ra te d  w ith  
carb o n  d io x id e .1 W eigh  o u t a sam ple of th e  p ow dered  
carb o n a te  into  th e  cap sule (0.7 g. w here th e  C 0 2 
co n ten t is a b o u t 20 per cen t, an d  0.4 g. w here it  is as 
h igh  as 40 per cen t). Suspend th e  load ed  cap su le  as 
seen in  th e  sk etch , ta k in g  care to  m oisten  th e  stopper 
w ell and to  press it  dow n to  th e  m ark. T h is  m ay 
cause a sligh t com pression  of th e  gas in th e  flask  and 
a consequent rise in  th e  m ercu ry , b u t th e  effect m ay 
be corrected  b y  h old in g th e  en d of th e  th rea d  and  op en 
in g  th e sto p co ck  for a m om en t w hile g e n tly  ta p p in g  
th e m anom eter tu b e. W h en  all is re a d y  p la ce  a finger 
over th e  end of th e  sto p co ck  tu b e, ta k in g  care  n ot to  
ca tch  th e  th rea d , and  th e n  open th e  co ck  so as to  le t 
th e  capsule drop. A fte r  th is  im m ed iate ly  close th e 
cock  again . T h e  carb o n a te  u su a lly  d issolves w ithin  
a m inute, b u t it  is a lw a y s  b est to  w a tch  th e  m anom eter 
for a b ou t 5 m in. for fu rth e r  rise, ta p p in g  g e n tly  in 
th e  m eantim e. F in a lly , w hen  th e  rea ctio n  is com p lete, 
a d ju st th e  scale so th a t  th e  low er end correspon ds w ith  
th e  m eniscus in th e  n ear arm  of th e  tu b e  and  th e n  read 
off th e  h eigh t of th e  colum n  in  th e  oth er arm . G reat 
care m ust be ta k e n  to  get e x a ct a d ju stm e n t an d  to  
a vo id  p a rallax . ReacL to  cen tim eters and  te n th s  and 
estim ate  to  hun dredths. A lso  ta k e  th e  te m p e ra tu re  
a ccu rate ly .

W e n ow  h a v e  th e  vo lu m e of th e  CO2 a t room  te m p era 
ture, V< (vol. o f flask  m inus 10 cc. occu p ied  b y  acid). 
W e also h a v e  th e  pressure P  o f th e  C 0 2 (as read on 
th e  m anom eter). F in a lly , w e h a v e  th e  te m p era tu re  t. 
W e can get th e  w eig h t of th e  C 0 2 b y  ca lc u la tin g  dow n 
to  stan dard  conditions and m u ltip ly in g  into th e  w eig h t 
of 1 cc. of C 0 2 un der sta n d a rd  con d itio n s (c .001965 g .). 
W e th en  h ave:

V i X  P  X  273 X  0.001965 
760 X  (273 +  t)

Since th e fa cto rs V i, 273, 0.001965 and  760 are a lw a y s  
th e  sam e, we m a y  w ork  o u t th e  va lu e  of th e  fractio n

1 I f  th e  acid is n o t first s a tu ra ted  w ith  CO 2 a  p a r t  of th e  gas evolved 
du ring  th e  reaction  will rem ain  in so lu tion . I f  th e  flask is n o t first filled 
w ith  CO 2 a  p a r t  of the  gas dissolved in th e  HC1 will a t  first be given off, 
an d  la te r during  the  de term ina tion , w hen th e  p ressure  of th e  CO 2 rises, 
gas will again  go in to  so lu tion . W here th e  p ressure  of the  CO 2 in th e  flask 
is one whole atm osphere  a t  the  s ta r t ,  110 gas will be given off from  th e  
acid, and  since th e  change in pressure du ring  the  d e te rm in a tio n  w ill be 
com paratively  slight, very  little  will th en  go in to  so lu tion . I t  is b est to  
keep th e  stock of H C l in a gas w ash b o ttle  connected  w ith  a  K ipp  generato r, 
w here CO2 m ay a t  an y  tim e be forced th rough  it. T h e  tu b e  th ro u g h  which 
th e  CO2 is led in to  th e  ap p ara tu s  w hen filling w ith  th is  gas is a tta ch e d  to  
th e  w ash b o ttle . T h u s  every  tim e th e  a p p a ra tu s  is filled ju s t  th a t  m uch 
CO2 passes th rough  th e  acid.

W t. of C 0 2 =
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V/ X  273 X  c .001965 

760

and call th is th e  co n stan t for th e  a p p a ra tu s, K . W e 
then h a ve:

W t. o f C 0 2 =  K ?
2 7 3  +  <■

T h e p ercen ta ge  of CO2 in th e  carb o n a te  th e n  fo llow s, 
thus

100 K P
P ercen tage of C 0 2 = , , -,r .7 , , .

(273 +  /) X  W t. o f s a m p le

B y  use of lo g arith m s th e  n ecessary  ca lcu latio n  m a y  be 
made in less th a n  2 m in. T h e  to ta l tim e con 
sum ed in  m akin g a d eterm in atio n , in clu d in g th e  w eig h 
ing and ca lcu latio n , need n ot be o ver 15 min.

A fter  co m p letin g  a d eterm in atio n  th e  cap sule m ay 
be lifted  o u t of th e  a p p a ratu s b y  m eans of a w ire hook, 
and th e  sp en t acid  m a y  be d raw n  o u t w ith  a p ip ette. 
T h e a p p a ratu s  is th e n  re a d y  for th e  n ext d eterm in atio n  
w ith ou t even  refilling w ith  C 0 2.

Calcite

R e s u l t s

Argillaceous
L im estone N a 2COj aq .

P er cen t CO* P e r c e n t CO 2 P er c en t CO 2
43 .53 24.71 3 4 .7 4
43 .67 24 .34 34 .40
43 .40 24.67 By abso rp tion  m ethod
43 .52 24 .36 34 .59

Av., 43.51 
B y ignition 

43 .59

24 .59

Av. 24 .53  
B y abso rp tion  m ethod 

24 .47 (a)

34 .30

(a) A verage of 100 d e term ina tions  vary ing  from  24.1 per c en t to  24.8 
per cent.

S e v e r a n c e  C h e m ic a l  L a b o r a t o r y

O b e r l i n  C o l l e g e , O b e r l i n , O h io

A P R O X IM A T E  A N A L Y SIS OF T H E  SE E D  OF T H E  
C O M M O N  P IG W E E D , A M A R A N T H U S 

R E T R O FLE X U S L
B y  E v e r h a r t  P .  H a r d in g  a n d  W a l t e r  A . E o c e  

Received A ugust 3, 1917

I t  w as th o u g h t b y  th e  au th ors of th is  p aper th a t  
the p a r tia lly  carb o n ized  b ra cts  of th e  seeds of th is 
com m on p la n t m igh t m ake a good filterin g m edium  
for d ecolorizin g su gar and oth er colored  solutions. 
This su g gested  oth er possible uses of th e  seeds w hich 
led to  th e ir  p ro x im ate  an alysis.

D E S C R IP T IO N  O F P L A N T 1

T h is v a r ie ty  of p igw eed  is com m on ly  called  “ red 
ro o t,”  “ rou gh  p ig w eed ,”  “ green a m a ra n th u s”  and 
“ C h in a m an ’s green s.”  I t  is an an n ual w eed w hich 
grow s from  a w ell-form ed and fa ir ly  deep-rooted  
ta p  root. T h e  ro o t is ge n e ra lly  red. T h e  p la n t 
grow s from  i  to  3 ft. h igh  and is b ran ch ed , th e  branches 
com ing o b liq u ely  from  th e  stem . T h e  stem  and 
leaves are rough. T h e  p la n t flow ers from  J u ly  to 
Septem ber. T h ese  flow ers are v e r y  incon spicuous, 
a p p earin g 'in th e  angle form ed b y  th e  stem  and  leaf 
sta lk . T h e  seeds are o v a l, b la c k  and  sh in y, and 
ripen  durin g A u g u st, or before. T h e  w eed  occurs 
in all p a rts  of th e  S ta te  of M in n eso ta  and  th riv e s  in 
all k inds of soil, b u t prefers a rich  loam . I t  is com m on 
in gardens and  w aste  p laces and does m ost in ju ry  
b y  crow d in g o u t crop plan ts.

1 M inneso ta  A gricu ltu ral E xperim en t S ta tio n , B ull. 129, M arch  1913, 
p . 37.

P R E P A R A T IO N  OF S A M P L E

T h e seeds w ere strip p ed  from  p la n ts  gro w in g  in 
W aseca C o u n ty  in th e  sou th ern  p a rt of M in n esota . 
T h e y  w ere clean ed b y  rem o vin g  foreign  m a tter  and  
chaff (b racts). T h e  sep aration  and  rem o v al o f th e  
b ra cts  w as d ifficu lt and tedio u s. A p p ro x im a te ly  75 
per cen t of th e  seeds w ere b la c k  and fu lly  m atu red , 
th e  rest were red, show in g v a r y in g  degrees of m a tu rity . 
T h e  sam ple w as ra p id ly  groun d to  20-mesh size and  
th e  m oisture determ ined on a p o rtio n  of th is  size to  
represent to ta l m oisture in  th e  seeds. T h e  rest w as 
air-dried  for 7 d ays and th en  groun d to  a 72-m esh 
size. M o istu re and  all o th er d eterm in atio n s w ere 
m ade on th is size sam ple.

A N A L Y S IS

m o i s t u r e  i n  2 0 -  a n d  7 2 -M E S H  s a m p l e s — One- 
gram  sam ples w ere dried in  an e lectric  d ry in g  oven  
a t e x a c t ly  io o °  C . P relim in a ry  te sts  sh o w ed  th a t  
14 and 4 hrs., resp e ctive ly , w ere required  to  brin g 
th e 20- and  72-m esh sam ples to  co n sta n t w eigh t.

,—2 0 -M e sh - .  .----------72-M esh----------.
I  I I  I  I I  I I I

M oistu re  con ten t, g ram s. 0 .1127 0 .1129 0 .0860  0 .0860  0 .0860
A verage p ercentage of m oisture 11.28 8 .6 0

a s h — A sh  w as determ in ed  on on e-gram  sam ples
in an electric  muffle a t a tem p eratu re  of 620° C .

1 11 h i

A sh c o n te n t in g ram s .......................................................  0 .0445  0 .0448  0 .0446
A verage percentage of a sh .........................................................  4 .4 6

I t  w as v e ry  difficu lt to  b urn  th e  su b sta n ce  co m 
p le te ly  to  an ash over a B u n sen  burner.

d e t e r m i n a t i o n  o f  o i l  ( e t h e r  e x t r a c t ) — A b o u t 
on e-gram  portions of th e  m aterial, dried  re sp e c tiv e ly  
to  co n stan t w eigh t in  an air o v en  and  in  a va c u u m  
su lfu ric  acid  desiccator, w ere e x tra cte d  in S o xh let 
ex tra cto rs  w ith  a n h yd ro u s, a lcohol-free e th y l ether 
to  com pletion, w hich  required  16 hrs.

I  I I  I I I  IV
O ven dried, gram s o il ....................................  0 .0798  0 .0793  0 .0788  0 .0791
D esiccator dried, gram s o il.........................  0 .0814  0 .0788  0 .0801 . . . .
Oven dried , average percentage of o i l . . .  7 .92
D esiccator dried, average p ercen tage of oil 8 .4 6

i h e  dried oil d issolved  in cold  su lfu ric  eth er, b u t 
n ot in  cold  petroleu m  ether.

p r o t e i n — P ro tein  w as determ in ed  b y  G u n n in g ’s 
m odification  of K je ld a h l’s m ethod, u sin g on e-gram  
sam ples and th e  n itro g en  con version  fa cto r  6.25.

I  I I  I I I  IV
P ro te in  con ten t, g ram s................................... 0 .1880  0 .1873  0 .1867  0 .1880
A verage percentage of p ro te in ...................  19.13

ST A R C H  D E T E R M IN A T IO N  (A C ID  C O N V E R S IO N  M E T H O D )

— T h ree-gram  sam ples w ere used. T h e  u su al acid  
con version 1 of sta rch  in to  d extrose w as m ade and  th e  
am ou n t of d extrose d eterm in ed  b y  th e  M un son -
W a lker m eth od .2 T h e  seeds o ccu p ied  a vo lu m e of 
2 .io  cc., for w h ich  a llo w a n ce  w as m ade. A liq u o t 
p a rts  of th e  so lu tio n  e q u iv a le n t to  0.30 g. of su b sta n ce  
w ere used in th e  red u ction s an d  th e  sta rch  con version  
fa cto r  of 0.90 w as used.

T h e  fo llow ing am ou n ts of red u ced  cuprous oxide
and th e  corresp on din g w eigh ts of d extrose and sta rch
w ere found.

1 Sachse, Chem. Zetilr., 1877, 732; B ureau  of C hem istry , U. S. D ep t, 
of A griculture, Bull. 107.

5 Browne, J .  A m . Chem. Soc., 1906, 439.
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1 2 1 2  1 2
CujO, m g...................  29 9 .6  2 9 8 .0  297 .5  2 9 8 .4  300.1  299 .4
D extrose, m g  137.0  136.2  135.95 136.40 137.25 136.90
S tarch , m g................. 123.3 122.6 122.4 122.7 123.5 123.2
Percen tage of s ta rch  4 1 .0 9  40.91 40 .98

A verage percen tage  of s ta r c h ........................  .4 0 .9 6

s t a r c h  d e t e r m i n a t i o n  ( d i a s t a s e  m e t h o d ) — T h ree- 
gram  sam ples were used and th e  d iastase conversion  
carried  ou t as o u tlin ed  in  L e a c h ’s “ F o o d  In sp ectio n  
and A n a ly s is ,”  p. 284. T h e  M u n so n -W alk er m ethod  
w as used for determ in in g th e  a m o u n t of dextrose. 
T h e red u ction s w ere d eterm in ed  on an a liq u o t p a rt 
of a defin ite vo lu m e e q u iv a len t to  0.240 g. of m aterial. 
F o r th e  con version  0.60 g. of com m ercia l d iastase 
w ith  a red u ctio n  eq u iv a le n t o f 33.1 m g. of cuprous 
oxide w as used.

. 1 , ,----- n — - ,---- h i---- ,
1 2  1 2  1 2

CutO , rag ............... 233 .9  234.1  232 .8  233 .3  232 .8  232 .0
D extrose, m g  8 9 .4 0  8 9 .5 0  88 .85  8 9 .1 0  88 .85  88 .46
S tarch , m g  80 .46  80 .55  79 .96  80 .19  79 .96  79.61
P ercen tage of

s ta r c h .................  33 .5 3  33 .5 6  33 .32  33 .41  3 3 .3 2  33 .17

A verage percen tage  of s t a r c h ..............................3 3 . 3 9

d e t e r m i n a t i o n  o f  s u g a r  ( r e d u c i n g  s u g a r s ) — T h e 
d eterm in atio n  of su g ar w as d ifficu lt on a cco u n t of 
the collo idal co n d itio n  of th e  sugar e x tra ct. T h is  
d ifficu lty  w as fin a lly  overco m e b y  keep in g  th e so lu tio n  
ju st s lig h tly  a lk a lin e, %vhich seem ed to  settle  th e  co l
loids. F ilter in g  w as a v o id ed  as fa r  as possib le b y  
in creasin g th e vo lu m e of th e  solu tio n  an d  p ip ettin g  
an a liq u o t vo lu m e. ,

F iv e -g ra m  sam ples w ere boiled  in  150 cc. of 50 per 
cen t n eu tral alcohol for an hour on a steam  b a th  w ith  
reflux condenser. T h e  solu tio n  w as cooled to  room  
tem p eratu re  and  th e  vo lu m e m ade up to  500 cc. w ith  
95 per cen t alcohol m ade ju s t  a lka lin e. A fte r  th o r
o u g h ly  m ixin g and  se ttlin g  over n ig h t, 400 cc. w ere 
p ip etted  off w ith  con tin uous su ction  and  ev a p o ra te d  
on a w a ter b a th  to  20 cc. T h is  vo lu m e w as m ade up 
to  250 cc., usin g 2 cc. of lea d  a ce ta te  to  c la r ify . A fte r  
c la rify in g , 200 cc. w ere p ip etted  w ith  con tin u ou s 
su ction  in to  a b ea ker and  th e  excess of lead  p rec ip i
ta te d  w ith  a n h yd ro u s sodium  carb o n a te . T h e  solu
tion  w as filtered  and  50 cc. of th e  filtra te  used for 
determ in ing th e  su gar b y  th e  M u n so n -W alk er m ethod. 
F ro m  an a liq u o t p a rt of th e  solution  e q u iv a le n t to  
0.80 g. of m a teria l o n ly  a m ere tra c e  of CU2O w as 
form ed.

d e t e r m i n a t i o n  o f  s u g a r  ( a f t e r  i n v e r s i o n ) —  

F ifty  cu b ic  cen tim eters of th e  so lu tio n  in th e  p re
ceding d eterm in atio n  from  w h ich  th e  excess lead  
w as p recip ita te d  w ere p ip etted  into  a 100-cc. gra d u a te d  
flask, 5 cc. of co n cen trated  h y d ro ch lo ric  acid  added, 
th e  vo lu m e m ade up to  100 cc. w ith  d istilled  w ater, 
and allow ed to  rem ain  over n ig h t a t a b o u t 200 C .

1 2  1 2
Cu>0, rag .................................................................  2 1 .0 0  2 1 .4 0  2 1 .9 0  21 .10
D extrose, m g............................................................. 9 . 4 0  9 . 5 6  9 . 7 6  9 . 4 4
Percen tage  of dex tro se .......................................  2 . 3 5  2 . 3 9  2 . 4 4  2 . 3 6
A verage percentage of d ex tro se ...................... 2 . 3 9
P ercen tage  calculated  as cane su g ar  2 .1 5

T h e acid  w as n early  n eu tralized  and th e  su gar d e
term in ed  in an a liq u o t p a r t  of th e  so lu tio n , eq u iv a le n t 
to  0.40 g. of m aterial, b y  th e  M u n so n -W alk er m ethod.

d e t e r m i n a t i o n  o f  c r u d e  f i b e r — T h is  d eterm in a 
tion  w as m ade on 2-g. sam ples con tain in g  8.57 per 
cen t of m oisture. K e n n e d y ’s m o d ificatio n 1 of S w e e n e y ’s 
m ethod  w as used and  m odified b y  filterin g  and  ig 
n itin g  in a lu n d u m  crucibles.

1  I I  I I I  I V
C rude  fiber and  ash , g ra m s .........................  0 .2585  0 .2 6 5 0  0 .2590  0 .2580
Ash, g ra m s.......................................................  0 .0358  0 .0380  0 .0398  0 .0382
C rude fiber, g ram s........................................  0 .2127  0 . 2 2 2 0  0 .2192  0 .2198
Percen tage  crude fiber................................. 10.63 1 1 . 1 1 0 0  10.96 1 0 . 9 9
Average per cen t c rude  fiber....................  10.92

t a n n i n — Q u a lita tiv e  tests  sh ow ed tan n in .
SUMMARY

• P e r c e n t a g e s  o n ------------------------- ..
20-M esh 72-M esh Oven- D esiccatc

C o n stitu en ts as R eceived A ir-D ried D ried D ried
M o istu re .................................. 8 .6 0 0 . 0 0
A sh ............................................. 4 .4 6 4 .8 8
Oil (e the r e x tra c t) ............... 7 .2 4 7 .92 8 .4 6
P ro te in ...................................... 19.13 20 .93
S ta rch  (d ia s ta se ).................. 33 .39 36 .52
S ta rch  (acid conversion) .. 39 .77 40 .98 44 .83

---------- P ercenta ges ON---------'
20-M esh 72-M esh Oven-

C onstitu en ts as Received A ir-D ried D ried
H em icellulose (s ta rch  by  acid conversion

m inus s ta rch  of d iastase) . . .  7 .37 7 .59 8 .31
S ugar reducing ...................... . trace trace
S ugar (a fte r in v e rs io n )........ . . .  2 .32 2 .3 9 2.31
S ugar (a fte r inversion com pu ted  to  cane

s u g a r ) ..................................... 2 .1 5 2 .3 5
C rude fiber................................ , . .  10.59 10.92 11.92
T an n in  an d  o th e r undeterm ined  substance

by  d ifference........................ 6 .5 2 7 .17

T h e p ro x im ate  a n a lysis  show s th a t  the seeds w ould  
m ake a good com p o n en t p a rt of a s to ck  food  an d  a s  
seeds of re lated  species h a v e  been  fou n d  to  co n tain  
considerable am ou n ts of p o tassiu m  n itra te , th e  ra th e r  
high protein  co n ten t w ou ld  su ggest th a t  th e y  m ig h t 
be v a lu a b le  as a ch icken  or b ird  food.

C h e m ic a l  L a b o r a t o r y

U n i v e r s i t y  o p  M in n e s o t a  
M i n n e a p o l i s

T H E  D E T E C T IO N  OF V E G E T A B L E  G U M S IN  FO O D  
P R O D U C T S

B y A . A. C o o k  a n d  A. G . W o o d m a n  

R eceived M ay  2 , 1 9 1 8

T h e use of gu m s in food  p ro d u cts is d ep en d en t 
m ain ly  on th e ir  p h ysic a l p rop erties, th e  m ost n o te 
w o rth y  of w h ich  is th eir co llo idal n atu re . This- 
p ro p e rty  en ables th e  gu m  su b sta n ce  to  h old  w ith in  
itse lf r e la t iv e ly  large q u a n tities  of w a ter  and  still 
im p a rt a decided  “ b o d y ”  to  th e  m ixtu re . T h e ir  use 
is sp ecifica lly , th e n , as th ick en e rs and  bin ders in  su c h  
food  p rod u cts as m arsh m allow  p rep ara tio n s, ice cream , 
cu stard s, p ie fillin gs, egg su b stitu te s , and  flavoring, 
em ulsions. T h e  gum s o rd in a rily  em p lo ye d  are gum . 
a ra b ic , gu m  tra g a ca n th , In d ia n  gu m , a ga r-a g a r, 
and  com m ercial d extrin . G ela tin , egg  a lb u m in , a n d  
com m ercial glucose, as w ell as sta rch , are also used  
for th e  sam e purpose.

e x i s t i n g  m e t h o d s

T h e m ethods w h ich  h a v e  been p rop osed  for th e  d e
te ctio n  of th is  class of m aterials  are b ased  for th e 
m ost p a rt on iso la ted  rea ctio n s for a p a rticu la r  gum , 
dep en din g on som e color or s o lu b ility  te s t  of th e  crude 
gu m  itse lf, and  h a v in g  no referen ce to  th e  d etection  
of sm all am oun ts of th e  gum  in  a com plex food  m ixtu re. 
O f th e  few  th a t  are m ore general perhaps, th e  b est

1 T h i s  J o u r n a l , 4  (1 9 1 2 ) ,  6 0 0 .
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know n are th o se prop osed  b y  P a tr ic k ,1 and H o w a rd ,2 
and th e group schem e d evised  b y  C o n g d o n .3 T h e  
first tw o  of th ese w ere su g gested  o n ly  for ice cream  and, 
while q u ite  sim ple an d  ea sily  perfo rm ed , are u n sa tis
fa cto ry  for co m p licated  fo o d  m ixtu res and  en tire ly  
useless so fa r as id en tifica tio n  of th e  gu m  is concerned. 
T h e m ore p reten tio u s schem e of C o n gd on  appeared  
quite prom isin g and  w as g iv en  a th o ro u g h  tr ia l on 
food p rod u cts and on kn ow n  m ixtu res w ith  gum s. 
T he resu lts o b ta in ed  w ere, h o w e ver, v e ry  d isap p o in tin g.

C o n gd on ’s procedure is e v id e n tly  based on q u a li
ta tiv e  tests  m ade on th e  cru d e gum s, no p rovision  
being m ade for sep a ra tin g  th e  gu m  from  th e  other 
com ponents of th e  com p lex  foo d  m ixtu re , no m a tter 
how seriou sly  th ese in terfere  w ith  p re c ip ita tio n  or 
color tests. F u rth e r , som e of th e  te sts  in clu d ed  in 
the schem e were fou n d  to  b e n eith er sp ecific  nor 
conclusive ev en  w ith  th e  gum  itse lf.

S E P A R A T IO N  O F T H E  GUM

A s th e  basis for a w o rka b le  schem e it  w as decided  
at th e o u tset th a t  on a cco u n t o f th e  co m p lex  food  
m ixtures to  w h ich  gum s are ad ded , all te sts  for th e  
iden tification  of th e  th ick en e r sho u ld  b e lim ited  to  
tests m ade on th e  r e la t iv e ly  p u re gu m  su b stan ce, 
p reviou sly  sep a ra te d  from  th e  food p ro d u ct. T h is, 
of n ecessity , e lim in ates m a n y  of th e  te sts  described  
in the lite ra tu re  fo r  th e  in d iv id u a l gum s, m ost of 
w hich are d ep en den t on im p u rities  n a tu r a lly  occu rrin g 
in th e raw  gu m s, and  lim its  th e  a v a ila b le  reactio n s 
for an o rd erly  schem e la rg e ly  to  th e  p rec ip ita tio n  
tests. A ll su ch  te sts  th a t  could  b e fo u n d  in th e  lite r a 
ture, and  th e  actio n  of all a v a ila b le  so lv en ts  w ere 
carefu lly  stu d ied  on solu tion s of gu m  ara b ic , aga r, 
gum  tra g a ca n th , In d ian  gum , d extrin , ge latin , and  
egg a lbum in. S in ce In d ian  gu m  is n o t so sp ecific  
a term  as “ a ra b ic ”  or “ tr a g a c a n th ”  and  in clu d es a t 
least tw o  d ifferen t sp ecies, tw o  sam ples of th is  g u m , 
of en tire ly  d ifferen t a p p earan ce and  o b ta in ed  from  
different sources, w ere used.

A fte r  m uch exp erim en ta tio n , w h ich  n eed n o t be 
detailed  here, th e  fo llo w in g  sy ste m a tic  p roced u re 
was fin a lly  a d o p ted  for th e  sep a ra tio n  of th e  gu m  
in a c o m p a ra tiv e ly  pure con d itio n  from  th e  fo o d  p ro d 
uct. T h is  proced u re con sists, in b rief, in  p re c ip ita tin g  
the p rotein  of th e  food  m ixtu re b y  h ea tin g  w ith  a ce tic  
acid and ta n n in , and  th e n  p re c ip ita tin g  th e  gu m s from  
the filtra te  b y  a ceton e.'- In  th is w a y  th e  sugars and 
other aceton e-so lu b le  m aterials are le ft  in  th e  filtra te . 
Since m ilk  is a com m on  in gred ien t of th e  class of foods 
in question , solu b le p h osp h ates h a v e  also to  be re 
m oved b y  an  e x tra  p re c ip ita tio n  w ith  am m on ia . 
F in a lly , th e  red isso lved  gu m s are p re c ip ita te d  re la t iv e ly  
pure b y  a lcohol. T h e  proced u re is su m m a rized  in 
T a b le  I.

T a b l e  I — T h e  S e p a r a t i o n  o f  G u m s

A — ELIMINATION OF PROTEINS
1— D ilute sample to suitable concentration w ith water, add 

5 cc. dilute acetic acid and 25 cc. of 10 per cent tannin 
solution, and heat mixture for 20 to 30 min. Centrifuge and 
filter. Discard precipitate.

1 XJ. S. D ep t, of A gr., B ur. of C hem ., B ull. 116, 24.
1 J .  A m . Chem. Soc., 29 (1907), 1622.
3 T h is  J o u r n a l , 7 (1915), 606.

Note— Casein, coagulable proteins, and some of the 
gelatin precipitated. F ats and other insoluble substances 
included in precipitate.

2— Add 40 to 50 cc. more tannin solution to filtrate from A i 
and heat for short time. Centrifuge and filter. Discard 
precipitate.

Note— Remainder of gelatin and soluble proteins pre
cipitated.

B — SEPARATION OF GUMS AND DEXTRIN FROM SUGARS
1— T reat clear filtrate from A2 with twice its volume of 

acetone. Centrifuge and filter. Discard filtrate. W ash 
precipitate twice with acetone.

Note— Precipitate includes gums and dextrin. N o 
precipitate shows absence of gums, dextrin, and milk 
solids.

2— Dissolve precipitate from B i in 50 cc. of warm w ater 
slightly acidified with acetic acid and add 10 cc. of ammonia 
(sp. gr. 0.90). Centrifuge and filter. Discard precipitate.

Note— Calcium phosphate from milk solids precipitated. 
C — ISOLATION OF PURE GUM SUBSTANCE

Add acetic acid to filtrate from B2 until slightly acid. Add 
alcohol, one volume a t a time, until a well defined pre
cipitate appears.

Note— Gums and dextrin precipitated in fairly pure 
condition. No precipitate with five volumes of alcohol 
indicates absence of gums and dextrin.

W ith in  certain  lim itatio n s, w hich w ill be d iscussed 
la ter , th is procedure is cap ab le  of sep a ra tin g  gum s 
and dextrin  from  com plex food  m ixtu res. In  th e 
num erous experim ents on w h ich  it  w as b ased  th e  
am ou n t of gum  present v a ried  from  0.1 to  o v er
1.0  g. and th e  w eig h t of sam p le from  50 to  200 g. 
I t  is certain  th a t  am oun ts of gu m  as sm all as 0 .1 g. 
can  be sep arated  b y  th e  procedure from  o rd in a ry  food 
m ixtures. I t  should  be rem em b ered  in th is  co n 
n ection , how ever, th a t  som e gum s are m ore re a d ily  
d etected  th a n  oth ers w hen presen t in  e q u iv a le n t 
am ounts. T ra g a c a n th , for exam ple, is m uch easier 
to  d ete ct in sm all q u an tities  th a n  eith er a ra b ic  or 
agar. T h e  relation  of th e  am ou n ts of oth er p rec ip ita b le  
m a tter, esp ecially  protein , is also of som e im p o rta n ce  
sin ce th e  gum s ten d  to  be carried  dow n  m ech a n ica lly  
in th e  p recip itatio n  of p rotein , hence th e  ra tio  of 
p rotein  to  gu m  m a y  be so g rea t th a t  th e  proced u re 
w ill fa il to  d etect th e  gu m  th ro u g h  m ech an ical loss.

T a b l e  I I

A pproxim ate  V olum es 
of Alcohol N ecessary 

for P recip ita tion  
Vols. Al- Vol. G um

A gar.

C harac te ris tic  
A ppearance of 

cohol Solution G um  P rec ip ita te
3—4  1 F ine ly  d iv ided  w hite

p rec ip ita te ; se ttles  
very  slowly

A rab ic   2 1 W hite  flocculent p re 
c ip ita te ; se ttles  
qu ick ly ; n e ith e r 
s ticky  no r coheren t

In d ia n   2-3 1 S tr in g y  p rec ip ita te ;
becom es very  co
he ren t a fte r  se ttling  

T rag acan th  2 1 C oheren t, jelly-like
m ass; floats in 
c lo ts  in upper 
p a r t  of so lu tion  

D e x tr in . . .  3 1 W hite , fine precip i
ta te ;  se ttles  slow
ly ; very  s ticky

C h arac te ris tic s  
of G um  P rec ip ita te  

A fte r S tand ing  
for Som e Tim e 

in A ir 
U sually  rem ains so ft 

and  non-coheren t

Becom es d ry  a n d  
pow dery

Becom es d a rk  co l
o red; tough  c o 
he ren t layer 

F la tte n s  dow n, be
com ing a sem i
tra n s p a re n t co
h e ren t layer 

T ends to  becom e 
h ard  on long 
s tand ing

ID E N T IF IC A T IO N  O F T H E  G U M

C erta in  of th e  p re c ip ita tio n  te sts  for th e  gu m s, 
w h ich  h a ve  been used  as th e  basis for th e  foreg o in g  
m ethod of sep aration , serve also fa ir ly  w ell for th e
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id en tifica tio n  of th e  gum s. I t  suffices in  gen eral to  
n ote th e  a p p ro x im a te  vo lu m e of a lcoh ol req u ired  for 
th e  final p re c ip ita tio n  and th e  n atu re  and  a p p eara n ce  
of th e  a lcoh ol p re c ip ita te . I t  is a d v a n ta g e o u s  in  th is  
con n ection  to  pour off m ost of th e  alcoh o l a fte r  th e  
p rec ip ita te  has settled  and  a llo w  th e  m oist gu m  p re 
c ip ita te  to  sta n d  exp osed  to  th e  air for a sh o rt tim e, 
n otin g its b eh a vio r  w hen d ryin g . T a b le  I I  presents 
in concise form  th e  ch a ra cte ris tic  differences w h ich  
are show n b y  th e  com m on gum s.

C O N F IR M A T O R Y  T E S T S

W hile th e  c h a ra cte ristic  d ifferences describ ed  in 
the preced in g ta b le  h a v e  been  th e  chief re lian ce  in 
id e n tify in g  th e  gum s, a n u m ber of th e  te sts  described  
in th e  lite ra tu re  h a v e  been exam in ed  to  determ in e 
th eir v a lu e  as co n firm a to ry  te sts . M o st of th ese, 
as p rev io u sly  s ta te d , depen d on im p u rities p resen t in 
th e  crude gu m  and hence, as w ou ld  be exp ected , 
p ro ved  of litt le  va lu e  w hen  ap p lied  to  th e  sep a ra ted  
gum  p rec ip ita te . S ev era l procedures, h o w e ver, w ere 
foun d even  under th ese con d itio n s to  b e d is tin c tly  
helpful. C h ie f o f th ese w as th e  presence of c h a ra c 
teristic  d iatom s in  th e  agar. T h e  te s t  is a w ell-kn ow n  
one and consists in  id e n tify in g  un der th e  m icroscop e 
the p ecu liar d iatom s w h ich  are asso ciated  w ith  agar, 
ch iefly  Arachnoidiscus Ehrenbergii  and  va rio u s species 
of Cocconcis,  a fter d estro y in g  th e  organ ic  m a tte r  b y  
d igestion  w ith  acid . T h e  c h a ra cte ristic  a p p earan ce 
of th ese d iatom s w ill be fou n d  figured  in  m ost sta n d a rd  
te xts  on foo d  a n alysis.

T h e  procedure con sisted  in d estro y in g  th e  organ ic  
m a tter  of th e  sam ple b y  h ea tin g  w ith  n itr ic  and  su l
fu ric  acids u n til th e  so lu tio n  b ecam e colorless, d ilu tin g  
th e  co n cen trated  a cid  so lu tio n  w ith  w a ter, c en trifu g in g  
to  co llect th e siliceous residue, and  exam in in g th is  
under th e  m icroscope. T h e  te s t m a y  b e ap p lied  to  
th e  origin al m aterial, b u t m uch tim e w ill be sa ve d  b y  
usin g th e  ta n n in  p re c ip ita te  o b ta in ed  in  A i  of T a b le  I. 
S ince th is p re c ip ita te  is sep a ra ted  b y  th e  cen trifu g e  it  
w ill o b v io u s ly  con tain  a ll th e  r e la t iv e ly  h e a v y  p articles , 
in clu d in g th e  d iatom s, and  its  use w ill e lim in a te  th e  
in terferen ce due to  solu b le ca rb o h y d ra tes, as can e 
sugar, com m ercia l g lucose, e tc ., w h ich  use up  tim e and 
acid  in  th e  d igestion . T h is  p roced u re w as tr ie d  re 
p e a te d ly  on m a n y  sam ples of a gar in clu d in g  th e  p u rest 
b acterio logica l m a teria l, and  on fo o d  m ixtu res co n 
ta in in g  aga r, and  th e  presence of th e  ch a ra cte ris tic  
d iatom s n oted  in  e v e r y  case. A lth o u g h  th is  te s t  a c 
tu a lly  depen ds on th e  presence of “ im p u rities”  in  th e  
gum , it  w as fo u n d  th a t  th e  d iatom s are so w id ely  d is
trib u ted  in  com m ercial sam ples and  rem ain  so con 
siste n tly  in th e  ta n n in  p re c ip ita te  th a t  th e  te s t w as 
m ost useful.

T h e  v o la tile  a c id ity  of In d ian  gu m  w as also foun d 
of va lu e  as a  co n firm ato ry  test. I t  has been  n o ted  
b y  several au th ors th a t  th e  species of gu m  com ing 
under th e classification  of In d ian  gu m  h a v e  th e  ch a ra c 
te ristic  p ro p erty  of d evelop in g an a ce tic  odor when 
exp osed  to  th e  air, an d  E m e r y 1 has m ade th is  ch a ra c 
te ristic  th e  basis of a m ethod  for th e  d ete ctio n  of

1 T h i s  J o u r n a l , 4  (1 9 1 2 ) ,  3 7 4 .

In d ia n  gu m  as an a d u ltera n t of gu m  tra g a ca n th . The 
m eth od  consists, in  brief, o f a cce lera tin g  th e  h yd ro lysis 
of th e  gu m  b y  h ea tin g  w ith  acid , d istillin g , and  titra tin g  
th e  a ce tic  acid  prod u ced . E m e ry  g iv es th e  follow ing 
ty p ic a l figures, expressed  as cc. of N / 1 0  a c id  per gram  
of gu m :

T ra g a c a n th ..................................  3 .2 -  4 .2
In d ia n  g u m ...............................  25 .4—28 .3

E m e ry ’s m eth od  w as a p p lied  to  th e  dried  gu m  pre
c ip ita tes  ob ta in ed  in  th e  sy ste m a tic  p roced u re of 
T a b le  I and  th e  fo llo w in g  resu lts  w ere o b ta in ed :

T a b l e  I I I
G um  V olatile  Acidity

In d ia n  gum , N o. 1............................................................................................ 20 .3
In d ian  gum , N o. 3 ............................................................................................ 16.4
In d ia n  gum , N o. 3 (d ried  for 4 rnos. a fte r p re c ip ita tin g )...............  16.1
In d ian  gum , N o. 4 ............................................................................................ 9 .5
In d ia n  gum , N o . 5 ............................................................................................  14.8
T rag a can th , N o. 1 ....................................................   3 .5
T rag aca n th , N o. 2 ........................................................................................... 2 .3
T rag aca n th , N o. 3 ........................................................................................... 2 .9
G um  a ra b ic .......................................................................................................... 0 .25
D e x tr in ..................................................................................................................  1 .0

T h ese figures show  th a t  th e  d ifferen ces fo u n d  by 
E m e ry  h old  for th e  p re c ip ita te d  gu m s, a lth o u g h  to 
a less m arked  degree. T h e  m ethod, a lth o u g h  rath er 
lon g and ted io u s, has d istin ct v a lu e  as a co n firm ato ry  
te s t  on gu m  p rec ip ita te s  w hen  In d ia n  gu m  is susp ected  
and  th e  ch ara cte ristics  d escrib ed  in  T a b le  I I  are n ot 
con clu sive .

L IM IT A T IO N S  O F T H E  M E T H O D

T h e d e lica cy  of th e  m eth od  un der fa v o ra b le  con d i
tion s has been  p o in ted  o u t in a p rev io u s p aragrap h . 
T h ere  are, h ow ever, certa in  lim ita tio n s to  its  u sefu l
ness w h ich  sh o u ld  be d efin ite ly  n oted .

F irst, th e  successfu l use of th e  p roced u re fo r  the 
id en tification  of th e  gu m s depen ds p rim a rily  upon  th e 
a b ility  to  recogn ize th e  d ifferen t v is ib le  ch ara cte ristics  
of th e  gu m  p recip ita tes. I t  is, th erefore , h ig h ly  d e
sirab le th a t  b efore u sin g th e  p roced u re for a n a ly tic a l 
purposes th e  a n a ly st sh o u ld  k n o w  th e  va rio u s gum  
p recip ita tes “ b y  s ig h t.”  T h is  can  b e re a d ily  a c
com plished w ith  th e  a id  of a few  p rep ared  solutions 
of th e  gum s concerned.

T h e  id en tifica tio n  of th e  gum s w here m ore th a n  
one is presen t in  th e  fo o d  m ixtu re  is a m ore difficult 
m atter. W ith  som e com b in ation s of gu m s a p a rtia l 
sep a ra tio n  can  be accom p lish ed  b y  th e  fra c tio n a l p re
c ip ita tio n  of th e  p roced u re, b u t w ith  su ch  a co m b in a 
tio n  as d extrin  and  a ga r-a g a r, or In d ia n  gu m  and 
tra g a ca n th , th is  w ould  b e p ra c tic a lly  im possible, 
a lth o u g h  th ere m igh t be in d icatio n s as to  th e  presence 
of b o th  gum s.

A  m ore serious m a tter  is th e  possible presence of 
tw o  su b stan ces w hich  in terfere  d is tin c tly  w ith  the 
sep a ra tio n  and  id en tifica tio n  of th e  tru e  gum s. T h ese 
are p ectin  and  com m ercial glucose. T h e  first of 
th ese is p erhaps less im p o rta n t sin ce, a lth o u g h  it  is 
som ew h at sim ilar to  th e  gum s and  w o u ld  to  a certain  
ex te n t be p re c ip ita te d  w ith  th e m  in  th e  procedure, 
few  of th e  com m ercial food  p ro d u cts in  w h ich  gum s 
are used o rd in a rily  w o u ld  b e lik e ly  to  co n tain  fru it 
pectins. T h e  m ost lik e ly  com b in ation s w ould  be 
fru it  p ie fillin gs and  je llies and  jam s m ade fro m  apple 
s to ck , fo o d  p rod u cts in  w h ich  th e  presence of gu m s has 
been n oted.
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In  th e few  cases w here from  th e  source of th e  sam ple 
the presence of p ectin  m igh t be exp ected , its  rem o v al 
prior to  th e  a lco h o lic  sep a ra tio n  of th e  gu m s m a y  be 
aided b y  o b servin g  th e  fo llo w in g  p reca u tio n s:

(1) In  a d d in g  th e  a ce tic  acid  to  th e  am m on iacal 
solution  (C  of T a b le  I) , i t  sh o u ld  b e added  slo w ly , 
the m ixtu re stirred , and a llo w ed  to  sta n d  for som e 
tim e w ith  occasion al sh a k in g . T h e  rem o v al of p ectin  
at this p o in t m a y  b e a cce lera ted  b y  a d din g a few  
drops of a tan n in -iro n  so lu tio n  b efore th e  am m onia 
and acetic  acid  tre a tm e n t.

(2) S m all am ou n ts of a lco h o l, on e-q u arter to  one- 
half of a vo lu m e, are ad ded  w ith  s tirrin g  to  th e a m 
m oniacal so lu tio n .

(3) W hen  th e  a m o u n t of iron  presen t is sligh t, 
judgin g from  th e  color of th e  so lu tio n , as w ell as th e 
precip itates, a few  drops of a ferric  ch loride solution  
arc added to  th e  aqueous so lu tio n  of th e  aceton e 
p recip itate ( B i  of T a b le  I).

Of greater p ra ctic a l im p o rta n ce  is th e  presence of 
com m ercial g lucose in  p ro d u cts w h ich  also co n tain  
gum , a co m b in atio n  w h ich  is com m on  in com m ercial 
products lik e  m arsh m allow  cream s. T h e  in terferin g  
factor here is of course dextrin  an d  th is  is 'p re c ip ita te d  
with th e final gu m  p re c ip ita te  b y  a lcohol, a lth o u g h  
the schem e of fra c tio n a l p rec ip ita tio n  ou tlin ed  in 
T able I sh o u ld  g iv e  som e in d ica tio n  of its  presence.

N um erous tests  h a v e  show n  th a t  in  th e  case of 
Indian gu m  and  gu m  tr a g a c a n th  com m ercial glucose 
interferes b u t lit t le  w ith  th e ir  d ete ctio n  and  id e n ti
fication, ev en  w hen th e  ra tio  b etw een  th e  q u an tities  
of glucose and  gu m  is as h igh  as 40 to  1 for In d ia n  gu m  
and 120 to  1 for gu m  tra g a ca n th . In  th e  case of gum  
arabic th e  in terferen ce  of com m ercial glucose is d is
tin c tly  n o ticea b le  w hen  th e  ra tio  of glucose to  gu m  is 
20 to  1, a  p o rtio n  of th e  d extrin  p re c ip ita tin g  w ith  2 
volum es of alcph ol a lo n g w ith  th e  gu m  ara b ic , and b y  
its s t ic k y  ch a ra cte r  m askin g th e  flo ccu len t, n on 
coherent ch a ra cte ristic  of th e  gu m  arab ic. W ith  agar, 
a lthough no exp erim en ts w ere carried  o u t, th e  in te r
ference w ou ld  be s till greater. S in ce th e  a m o u n t of 
com m ercial g lucose presen t in  a m arsh m allow  p aste , 
for exam ple, is lik e ly  to  exceed  th e  ratio  g iv en  for gu m  
arabic, in  such cases an ad d itio n a l step  in  th e  procedure 
m ay be needed.

T h is a d d itio n a l step  is b ased  on th e  fa c t  th a t  d ex trin  
is m ore re a d ily  h y d ro ly ze d  b y  b o ilin g  w ith  d ilu te  
acid  th a n  are th e  gum s. I t  is carried  o u t on th e  p re 
c ip ita te  o b ta in ed  w ith  tw o  vo lu m es of a lcoh o l, w h ich  
will co n tain  th e  greater p a rt of th e  gu m  a ra b ic  and  a 
p ortion  of th e  d extrin . 0.5 g. of th e  dried  gu m  p re 
c ip ita te  is h ea te d  for 5 m in. w ith  50 cc. of w a te r  and 
2.5 cc. of co n cen trated  h y d ro ch lo ric  acid  (sp. gr.
i . 20). T h e  h y d ro ly sis  is co n v e n ie n tly  carried  o u t in 
a large te s t  tu b e  im m ersed  in  b oilin g  w ater.

E xp erim en ts on kn ow n  m ixtu res h a v e  show n  th a t  
in th is w a y  one p a rt of gum  a ra b ic  m a y  b e d ete cted  
in a m ixtu re w ith  4 p a rts  of d extrin , a d e lic a c y  w hich  
a llow s th e  d etectio n  of th e  gu m  in  th e  presence of a 
considerable p rop o rtio n  of com m ercia l g lucose. F u r 
ther, it m ust be rem em b ered  th a t  th e  p re c ip ita te  o b 

ta in ed  w ith  2 vo lu m es of alcohol w ou ld  n ot co n tain  
th e  w hole of th e dextrin  in v o lv e d , for th e  larger p a rt 
of th is, as has been show n, w ou ld  com e dow n o n ly  
w ith  th e  th ird  vo lu m e of alcohol. T h e  p re c ip ita te  to  
b e h y d ro ly zed  w ould, therefore , co n ta in  th e  gu m  w ith  
a sm all am ou n t on ly  of th e  d extrin  presen t in  th e  o r ig 
in al m ixture. W ith o u t question , th en , th e  proced u re 
is q u ite  d elicate  and is cap ab le  of d ete ctin g  r e la t iv e ly  
sm all q u an tities  of gum  a rab ic  in  th e  presence of co m 
m ercial glucose.

SU M M A R Y

A  m ethod is described for th e  sep a ra tio n  of th e  m ore 
com m on gum s from  food p ro d u cts b ased  u p o n  e lim in a 
tion  of proteins b y  acetic  acid  and  ta n n in  and  p rec ip i
ta tio n  of th e  gum s b y  aceton c and  fin a lly  a lcohol.

T h e  sep arated  gum s are iden tified  m a in ly  b y  th e ir  
fractio n al p recip ita tio n  w ith  alcohol and  th e  ch a ra c 
te ristic  ap p earan ce of th e  p rec ip ita te d  pure gum .

T h e  necessary m odification  of th e  m eth od  in  th e  
presence of such in terferin g su b stan ces as m ilk  solids, 
p ectin , and com m ercial glucose is described.

T h e  m ethod described is cap ab le  of d ete ctin g  w ith  
ord in a ry  com m ercial p rod u cts 0.1 g. o f gu m  in 100 g. 
of a com plex food m ixture.

M a s s a c h u s e t t s  I n s t i t u t e  o k  T e c h n o l o g y  
C a m b r id g e , M a s s .

U N IFO R M  N ITR O G EN  D E T E R M IN A T IO N  IN  C O T T O N 
SEED  M E A L

B y  J .  S .  M c H a r g u e  

R eceived A pril 13, 1918

C hem ists often  h ave tro u b le  in o b ta in in g  u n ifo rm  
results in d u p licatin g  n itrogen  d eterm in atio n s on 
cotton seed  m eal. S ince co tto n seed  m eal is so e x 
ten siv ely  used as a source of p ro te in  in  feeds, it  is a 
m a tter  of considerable im p ortan ce w h eth er or n ot all 
serious errors h a ve  been elim in ated  in a n itro g en  
determ in ation  on th is m aterial.

T h e  o b ject of th is paper is to  call a tte n tio n  to  p ro 
cedures com m on am ong chem ists w hich  are o ften  th e  
cause of considerable error in  th e  d eterm in atio n  of 
n itrogen  in cotton seed  m eal.

D urin g th e p a st y ea r  th e  w riter has been  called  upon 
to  check  a num ber of co tto n seed  m eal sam ples in 
w h ich  th e am ount of n itrogen  w as in  q uestion . O n a 
few  of these sam ples d u p licate  d eterm in atio n s of 
n itrogen  showed va ria tio n s ran gin g from  as m uch as 
0.50 to  1.50 per cen t of protein , w hile o th er sam ples 
of cottonseed m eal g a v e  a lm o st id en tica l resu lts u pon  
duplication . T h e  sam ples upon  w h ich  v a r y in g  resu lts 
w ere obtained n a tu ra lly  su ggested  fu rth er in v e s t ig a 
tio n  in regard to  th e  cau se of th e  va ria tio n s.

S elf1 has show n th a t  n itrogen  can  be lo st b y  v o la t iliz a 
tio n  during th e  d igestion  if a  large  excess of p o tassiu m  
su lfa te  has been added. H e a ttr ib u te s  th is  loss to  th e  
form ation  of K H SO 4 w h en  an  excess o f H2SO4 has b een  
boiled  off.

T h e  fo llow ing exp erim en ts were m ade to  determ in e 
w hether or n ot n itrogen  w as lost in  a co tto n se ed  m eal

1 Pharm . J . ,  88, 384-5 ; Chcm. Abs. (A m cr .). 6 (1912), 2048.
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d igestion  w hen  th e re  w as con siderable v a r ia tio n  in  th e 
am o u n t of N a 2SOj added.

Six 0.7005 g. portion s of co tto n seed  m eal w ere 
w eigh ed  and tran sferred  in to  800 cc. K je ld a h l d igestion  
flasks. 25 cc. of H2SO4 and  th e  am ou n t of th e  r e 
a gen ts in d icated  in th e  ta b le  were added  to  each  flask 
and th e  d igestion  carried  on a t a b risk  boil for 2 hrs. 
A fte r  cooling, th e  co n ten ts of th e  flasks were d ilu ted , 
m ade alka lin e, th e  m ercu ry  or cop p er p re c ip ita te d  w ith  
sodium  p o ly su lfid e1 and  th e  am m on ia d istilled  in  th e  
usual w a y. T h e  results w ere as follow s:

T a b l e  I
R eagen ts  A dded R esu lts

A nhyd . Na^SO* M ercury  N  O btained  P ro tein  
G . G . P er c en t P e r cen t

A ................................. 2 0 .7  6 .3 2  3 9 .5 0
B ................................. 4 0 .7  6 .3 0  39 .37
C ................................. 12 0 .7  6 .2 9  39.31

CuS0<.5H 20
A ................................. 2 0 .5  6 .1 6  3 8 .5 0
B ................................. 4 0 .5  6 .3 2  39 .50
C '. ..............................  12 0 .5  6 .3 8  39 .87

F ro m  th e  foregoin g results it  is to  be ob served  th a t  
th ere is a gra d u al d im in u tion  in  th e  n itro g en  d ete rm in a 
tio n s receivin g  m ercu ry  as th e  am o u n t of Na^SOj is 
in creased , w hereas in  th o se d igested  w ith  copper 
su lfa te  th ere is a gra d u al increase in  th e  n itro g en  as 
th e  N aoSOj increases. T h e  resu lts o b ta in ed  w ith  
m crcu ry  agree w ith  th e  findings o f Self.

R o b ertso n 2 has also n o ted  s lig h tly  high er results 
w here cop p er su lfa te  rep laced  m ercu ry  in  th e  d igestion . 
T h e  loss in  n itrogen  in  th e  presence of m ercu ry  can be 
assum ed to  be due eith er to  v o la tiliza tio n  of a n itrogen  
com po u n d  d urin g th e  d igestion  or to  th e  fo rm a tio n  of a 
m ercu ram m on ium  com poun d w h ich  is n o t decom posed 
d u rin g  d istillatio n . W h ile  th e  losses of n itrogen  in  th e  
exp erim en ts d igested  w ith  m ercu ry  are n o te w o rth y  
th e y  are n ot su ffic ien tly  g rea t to  a cco u n t for th e  v a r ia 
tio n s o ften  exp erien ced  in  n itrogen  d eterm in atio n s on 
cotto n seed  m eal. H ence it  w as n ecessary  to  con tin ue 
th e  search  for oth er sources of error.

F u rth er exp erim en ts w ere m ade on a sam ple of 
cottonseed ' m eal w h ich  h ad  baffled th e  w its  of another 
chem ist in regard  to  its  n itrogen  con ten t. Six n itrogen  
d eterm in atio n s were m ade on th is  sam p le for th e 
purpose of show in g th e  v a ria tio n s b etw een  d eterm in a 
tion s and to  te s t th e  effic ien cy  of N a :SO i versus 
K 2SO.i in  cotto n seed  m eal d igestion s. In  th ree  of th e 
d eterm in atio n s 7 g. of K2SO4 w ere used in each  d iges
tion  and  6 g. of N a 2S 0 .i in  each  of th e  rem ain in g 
d eterm in atio n s. M e rc u ry  w as used as th e  c a ta ly s t  
and th e  am ou n t of acid  and  tim e of d igestion  w ere th e  
sam e as in  p reviou s exp erim ents. T h e  resu lts o b 
ta in ed  w ere as fo llow s:

T a b l e  I I
P o tassium  Sodium
S ulfate  Sulfate

P er cen t Per cen t
N itrogen  N itrogen

A ...................................................  6 .9 0  6.71
B ...................................................  6 .9 2  6 .7 5
C ...................................................  6 .7 4  6 .6 4

A verage...................................  6 .8 5  6 .7 0
P e r c en t P e r cen t
P ro tein  P ro tein

A verage....................................... 42 .81  41 .87
M ax im um .................................   43 .25  42 .19
M in im um ................................... 42 .13  41 .50
D ifference.................................. 1 .12 0 .6 9

1 Sodium  polysulfide can  now be ob ta ined  from  M essrs. C harles Cooper 
& Co., 194 W orth  S tree t, N ew  Y ork.

* B rack e tt and  H askins, “ N itrogen ,”  J .  A .  O- A . C., 1, N o. 3, 395.

In  th e  a vera g es of th e  a b o v e  exp erim en ts th e re  is a 
d ifferen ce of 0.15 per cen t n itrogen  or 0.94 per cent 
p rotein  in  fa v o r  of th e  K2S.O4 digestion s. T h e  differ
ence b etw een  th e  m axim u m  and m inim um  resu lts  in 
th e K 2S 0 .i d igestions is 0.18 per cen t n itrogen  or 1.12 
per cen t protein . In  th e  N a 2S04 d igestion s these 
differences are 0 .11 per cen t n itrogen  or 0.69 per cent 
protein , a little  m ore th a n  on e-half th e  differen ce in the 
K2SO4 digestion s. I t  is also to  be n oted  th a t  the 
results for “ C ”  in  each  d igestion  are d e c id ed ly  off in 
com parison  w ith  th e  resu lts for “ A ”  and  “ B .”

In  order to  lo cate  th e  cause of th e  “ o ff”  resu lts in  the 
foregoin g d eterm in atio n s th e  fo llo w in g  series o f exp eri
m ents w as carried  ou t:

One h u n d red  gram s of cotto n seed  m eal w ere tra n s
ferred  onto a series of sieves of 20, 40, and 60 m esh, 
and a fter p lacin g a few  coins on each siev e  th e  whole 
w as sh ak en  for a b o u t 25 m in. T h a t  p o rtio n  of 
th e  sam ple rem ain in g on th e  20 m esh siev e  w as 13.58- 
per cent, on th e 40 m esh 30.82 per cen t, on th e  60 
m esh 16.71 per cen t, and  th e  p o rtio n  th a t  passed 
th ro u g h  th e 60 mesh w as 38,89 per cen t. T h e  parts 
in to  w hich  th e  sam ple w as d iv id ed  b y  s iev in g  were 
b o ttled  sep a ra te ly  and six  n itro g en  d eterm in atio n s 
m ade on each  sam ple. T h e  am o u n t of th e  reagen ts 
and th e  tim e of d igestion  w ere th e  sam e as in  the 
previous exp erim en t.

T a b le  I I I  show s th e  resu lts o b ta in ed  for n itrogen  
on each  of th e  sam ples w ith  K2SO4 and N a 2S04.

T a b l e  I I I
G rea te r B etw een 20 B etw een 40 Less th an  

th a n  20 m esh an d  40 m esh and  60 m esh 60 mesh 
P e r cen t N  P e r c en t N  P e r c en t N  P e r cen t N

W ith  K 2SO<............................  A 4 .8 4  4 .7 6  7 .01  7 .69
B 4 .7 2  4 .6 6  7 .0 0  7 .65
C 4 .6 5  4 .6 6  6 .8 5  7 .6 4

A verage ...............................  4 .7 4  4 .6 9  6 .9 5  7 .66
E q u iv a len t to  p ro te in   29 .62  29 .31  43 .4 4  47 .88
R ange of N ............................. 0 .1 9  0 .1 0  0 .1 6  0 .0 5
E q u iv a len t to  p ro te in   1 .19 0 .6 2  1 .00  0 .31

P e r c en t N  P e r cen t N  P e r c en t N  P er c en t N
W ith  NaiSO*.......................... A 4 .7 2  4 .7 2  6 .9 8  7 .65

B 4 .5 4  4 .6 7  6 .9 6  7 .65
C 4 .5 2  4 .6 3  6 .9 3  7 .62

A verage ...............................  4 .5 9  4 .6 7  6 .9 6  7 .64
E q u iv a len t to  p ro te in   28 .69  2 9 .1 9  4 3 .5 0  47 .75
R ange  of N ............................. 0 .2 0  0 .0 9  0 .0 5  0 .0 3
E q u iv a len t to  p ro te in   1 .25  0 .5 6  0 .3 1  0 .1 8
N  by K2SO4 >  N  by NasSO i 0 .1 5  0 .0 2  — 0.01 0 .0 2

From  th e  resu lts presented  in  th e  foregoin g ta b le  
on th e  n itro g en  d eterm in atio n s of th e  d ifferen t sized  
p articles th a t w ere con tain ed  in  th e  sam ple of c o tto n 
seed m eal, it  is to  b e ob served  th a t  th e re  is a gra d u al 
d im in u tion  in  th e  va ria tio n s of th e  d ifferen t n itrogen  
determ in ation s as w e a p p roach  th e  fine groun d m a
teria l. On th e  20 m esh sam p le th ere is a d ifferen ce of 
0.20 per cen t n itrogen , w h ich  is e q u iv a len t to  1.25 
per cen t o f protein , in  th e  a verages of th e  tw o  differen t 
digestions, w hile on th e  40 m esh sam p le th ere i s ’ a 
difference in th e  a vera ges of th e  tw o  d ifferen t d igestions 
of 0.02 per cen t n itrogen , w h ich  is e q u iv a len t to  a 
difference of 0.12 per cen t of protein . T h e re  is also a 
strik in g  d im in u tion  in  th e  differen ce b etw een  th e 
averages of th e  tw o  m ethods of d igestion  on th e  60 
m esh sam ple as com pared  w ith  th e  d ifferen ce on th e  40 
m esh sam ple. I t  is also to  b e n oted  th a t  th ere  is less 
va ria tio n  in  th e results ob ta in ed  in  th e  sodium  su lfa te  
digestions th a n  in th e  po tassiu m  su lfa te  d igestion s.
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From  th e resu lts in  T a b le  I I I  it  is to  be con 
cluded th a t  an oth er and  perh ap s th e  greater cause of 
irregularities in n itrogen  d eterm in atio n s in  cotton seed  
meal is due to  th e  la c k  of regrin din g th e  larger p articles 
to a sufficien t degree o f fineness to  o b ta in  a  h om o
geneous m ixtu re in  w eigh in g o u t portion s for d igestion .

In order to  confirm  th is  conclusion  m ore d efin ite ly , 
abou t 300 g. of co tto n seed  m eal w ere sifte d  w ith  coins 
on a 40 m esh siev e  for a b o u t 25 m in. T h e  greater 
p a rt of th e  coarse p a rticles  th a t  rem ain ed  on th e  sieve 
were hulls and  w ere groun d to  pass th ro u g h  th e  40 
mesh sieve. T h e  tw o  portion s w ere again  th o ro u g h ly  
m ixed and  q u a ite re d  dow n to  a 100 g. sam ple. U pon  
this sam ple th e  fo llo w in g  exp erim en ts w ere m ade for 
th e purpose of te stin g , first, th e  u n ifo rm ity  of th e 
results o b ta in ed  on th e  m a terial tre a te d  in th e  ab o v e 
m anner, an d  secon d, th e  tim e n ecessa ry  to  com p lete  a 
digestion on  co tto n seed  m eal.

F o u r  series  o f e x p e r im e n ts  of t w e lv e  n itr o g e n  d e 
te r m in a tio n s  e a c h  w e re  m a d e. T h e  d ig e s tio n s  in  th e s e  
series o f  e x p e r im e n ts  w e re  c a rr ie d  on fo r  1 , 2, 3 a n d  4 
h rs., r e s p e c t iv e ly . I n  e a c h  series  a ll t h e  d ig e s tio n s  
w ere h e a te d  g e n t ly  a t  firs t  a n d  th e n  t o  a  b r is k  b o il, a n d  
a fte r  a b o u t  45 m in . a ll th e  s o lu tio n s  w ere  c le a r . U p o n  
d is t illa t io n  t h e  fo llo w in g  re s u lts  w e r e  o b ta in e d :
T a b l e  I V — S h o w in g  t h e  E f f e c t  o f  D i f f e r e n t  P e r i o d s  o f  D i g e s t i o n  

w it h  M e r c u r y , C o p p e r  S u l f a t e , P o t a s s iu m  S u l f a t e , a n d  S o d iu m  
S u l f a t e  o n  a  S a m p l e  o f  C o t t o n s e e d  M e a l

1 h o u r  2  h o u r s  3  h o u r s  4  h o u r s
P e r  c e n t  N  P e r  c e n t  N  P e r  c e n t  N  P e r  c e n t  N

7 g . K jS O ,  +  0 .7  g . I i g  +  2 5  c c .  H jS O .
A .................................  6 . 1 0  6 . 2 6  6 . 2 2  6 . 1 2
B .................................  6 . 1 6  6 . 2 3  6 . 2 4  6 . 1 8
C .................................  6 . 1 5  6 . 2 6  6 . 2 7  6 .2 1

A v e r a g e   6 . 1 4  6 . 2 5  6 . 2 4  6 .1 7
P r o t e i n   3 8 . 3 8  3 9 . 0 6  3 9 . 0  3 8 .5 6

6  g .  N a sS O *  4 - 0 .7  g . H g  4 -  2 5  c c . H 1S O 4

A .................................  6 . 1 3  6 . 2 6  6 . 2 0  6 . 2 4
B .................................  6 . 1 4  6 . 2 8  6 . 2 2  6 . 2 2
C .................................  6 . 1 8  6 . 2 5  6 . 2 6  6 . 1 2

A v e r a g e . .  6 . 1 5  6 . 2 7  6 . 2 3  6 . 1 9
P r o t e i n   3 8 . 4 4  3 9 . 1 9  3 8 . 9 4  3 8 . 6 9

7 g 'K j S O i  4 -  0 .5  g .  C u S C U .5 H iO  4 -  25  c c . H 1S O 4

A ........................< . . .  6 . 1 6  6 . 2 4  6 . 3 3  6 . 3 6
B .................................  - 1 8  6 . 2 2  6 . 2 5  6 . 3 4
C ............................. '. . ( . 1 9  6 . 2 0  6 . 3 2  6 . 2 6

A v e r a g e   6 .  IK 6 . 2 2  6 . 3 0  6 .3 2
P r o t e i n   3 8 .6 3  3 8 .8 8  3 9 . 3 8  3 9 . 5 0

6 g . N a ;S O i  +  0 .5  g .  C u S 0 ( .5 H 2O  +  25  c c .  H tS O i
A .................................  6 . 1 8  6 .2 1  6 . 2 6  6 . 3 6
B .................................  6 . 1 7  6 . 2 9  6 . 3 4  6 . 3 4
C .................................  6 . 1 6  6 . 2 4  6 . 2 8  6 .3 3

A v e r a g e   6 .1 7  6 .2 5  6 .2 9  6 .3 4
P ro te in   3 8 .5 6  3 9 .0 6  39.31 39 .63

T a b l e  V — S h o w in g  t h e  A v e r a g e  P e r c e n t a g e  o f  P r o t e i n  f o r  E a c h  
D i g e s t i o n  P e r i o d  w i t h  M e r c u r y  a n d  w iT n  C o p p e r  S u l f a t e  
W ith  m e r c u r y . . .  38.41  39 .13  38 .97  38 .62
W ith  c o p p e r . . . .  3 8 .6 0  38 .97  3 9 .3 5  39 .57

In  com p arin g th e  resu lts o b ta in ed  un der th e  d ifferen t 
conditions of d igestion , as sh o w n  in th e  fo reg o in g  ta b le , 
th e fo llo w in g  p o in ts are of m ost in terest.

In  all o f th e  one-hour d igestion s th e  resu lts  for 
n itrogen  are low ; th erefore , a longer period  th a n  i hr. 
is n ecessary  for a com p lete  d igestion  of co tto n seed  
m eal. In  th e  exp erim en ts in w h ich  m ercu ry  w as used 
as th e  c a ta ly s t , th e  2-hr. d igestion s g a v e  th e  
m axim um  results. L on ger periods o f d igestion  a p 
p a ren tly  cau sed  a sligh t loss of n itro g en , n eglig ib le  
a fter 3 hrs., b u t a p p rec iab le  a t th e  end of 4 h rs .’ d iges
tion.

In  th e  exp erim en ts in w h ich  copp er su lfa te  and  6 g. 
of sod iu m  su lfa te  w ere used, th e  m axim u m  results

were o n ly  ob ta in ed  a fter 4 hrs. of d igestion . H o w 
ever, th e  addition  of larger am ounts of sod iu m  su lfa te  
w ill reduce th e  tim e of d igestion , 12 g. b ein g sufficien t 
to  brin g a b o u t com plete d igestion  in 2 hrs.

I t  w as ob served  th a t  in determ in ation s in  w hich  
copper w as used as th e  c a ta ly s t, th e  p rec ip ita tio n  of 
th e  copper as sulfide g re a tly  fa cilita tes  th e  b oilin g  and 
reduces th e  tim e of d istillatio n  as co m p ared  w ith  
d eterm in atio n s in w hich th e  copper w as n ot p rec ip i
ta te d  p rev io u sly  to  s ta rtin g  th e  d istillation.

A p p ro x im a te ly  300 cc. of liq u id  should  rem ain  in  th e  
flask a fter d istillatio n , since a lk a li w ill d istil o ver if th e  
solutions are con cen trated  to  a m uch less vo lu m e. 
A  large excess of a lk a li should a lw a y s  be avoid ed . 
B la n ks w ere run on all of th e  reagen ts and  d ed u cted  
from  each  d eterm in ation.

C O N C L U S IO N S

F ro m  th e  d a ta  presented in  th is  paper th e  fo llow in g 
conclusions m a y be draw n in regard  to  o b ta in in g  u n i
form  n itrogen  d eterm in atio n s on cotto n seed  m eal.

1— T h e chief source of irreg u la r ity  in n itrogen  d e 
term in ation s on cotton seed  m eal m ay be due to  a la ck  
of grindin g th e  sam ple to  a sufficient degree of fineness 
(40 mesh) to  ob tain  a hom ogeneous m ixtu re  of hulls 
and m eal for w eighing o u t a charge.

2— W hen m ercury is used as th e  c a ta ly s t  a d igestion  
period of m ore th a n  2 hrs. of b risk  b oilin g in an excess 
of su lfuric acid  a p p a ren tly  causes a loss of n itrogen .

3— W hen copper su lfa te  is used as th e  c a ta ly s t  th e  
d igestion  period will depend upon  th e  am o u n t of sodium  
su lfa te  added, 12 g. being sufficien t to  b rin g  a b o u t a 
com plete d igestion  in  2 hrs.

4— T h e p recip itation  of th e  copper as sulfide fa c ili
ta tes  th e boiling and shortens th e  tim e of d istilla tio n .

5— Sodium  su lfa te  is ju s t as efficient as p o ta ssiu m  
su lfa te  in cottonseed  m eal d igestions.

6— T h e w riter suggests th e  use of th e  fo llo w in g  
charge: 0.7005 g. of cotton seed  m eal, 0.3 g. CuSO.i or
0.5 g. CUSO4.5H2O, i2  g. N a 2S 0 4 +  25 cc. H jS O j, a n d  
b risk  boiling for 2 hrs.

K e n t u c k y  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  
L e x i n g t o n , K e n t u c k y

T H E  D E T E CT IO N  AND D E T E R M IN A T IO N  OF C O U M A R IN  
IN FA CTITIO U S VA N ILLA  E X TR A C TS

B y H . J .  W ic i i m a n n  

R cccived M arch  18, 1918

A  quick q u a lita tiv e  te s t for coum arin  is v e r y  d e
sirable for sep aratin g  th o se e x tra cts  th a t  co n tain  it  
from  those th a t  do n ot. T h e  n um ber of e x tra cts  th a t  
con tain  coum arin  w ith o u t a d eclaratio n  of its  presence 
on th e  label is so sm all th a t  th e  e x tra  w ork of m akin g 
th e  double extra ctio n , as in  th e  m odified H ess-Pres- 
c o tt m ethod, seem s en tire ly  superfluous and u n 
n ecessary. T h e  m eth od  of te stin g  for coum arin  d e
scribed in U. S. D ep a rtm en t of A g ricu ltu re , B u reau  of 
C h em istry , Circular 95 has, in  th e  han ds of th e  w riter, 
been  v e ry  efficient for th is  purpose. T h e  m ethod  th ere 
outlin ed  requires th e  d istillin g  of th e  e x tr a c t  to  a low  
vo lu m e, ev a p o ra tin g  th e  d istilla te  co n tain in g  va n illin  
and coum arin, if th e  la tte r  is present, w ith  1 cc. of
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50 per cen t p o tassiu m  h yd ro xid e, fo llow ed  b y  fusion. 
T h e  sa licy lic  and p ro to ca tech u ic  acids form ed  from  
th e  coum arin  and v a n illin  b y  th e  fusion  are sep a ra ted  
b y  d istillin g  th e  acid ified  solutions of these acids or 
sep a ra tin g  th em  w ith  benzene, th e  form er bein g 
vo la tile  w ith  steam  and  solu b le in benzene, p ro p erties 
n ot possessed b y  th e  la tter . T h e  w riter prefers th e 
benzene m ethod  of sep aration  b ecau se of its  s im p lic ity . 
T h e  m ethod, h ow ever, requires som e p relim in a ry  
experience before v e r y  sm all q u an tities  of coum arin  
can w ith  c e rta in ty  be d etected . One p recau tion  
n ecessary is n ot to  c a rry  on th e  d istilla tio n  so far th a t  
yellow  decom position  prod u cts resu lt, b u t to  sto p  ju st 
sh ort of th a t  p o in t; oth erw ise it  w ill be d ifficu lt to  
m ake a c lean -cu t fusion .

T . R . D e a n 1 m odified th e  origin al m ethod. I t  was 
recogn ized  in  th e  origin al article  th a t  certain  vo la tile  
sa licy late-fo rm in g  com pounds lik e  sacch arin  sh o u ld  
n ot be present. If  th e y  are presen t a q u a lita tiv e  te s t 
w ill in d icate  coum arin, b u t a su b seq u en t q u a n tita tiv e  
d eterm in atio n  w ould  g iv e  no w eigh ab le q u a n tity , 
because b o th  sa lic y lic  acid  and  saccharin  w o u ld  be 
rem oved  w ith  th e  v a n illin  th u s lea v in g  no coum arin  
w here it  w ou ld  be exp ected . T h is  d isagreem en t b e 
tw een  q u a lita tiv e  and q u a n tita tiv e  results w ould  
in d icate sa licy late -fo rm in g  com pounds, th e  id e n tity  
of w h ich  w ould  h a ve  to  be d eterm in ed  b y  fu rth er w ork. 
D ea n ’s m odification  sim plifies th e  orig in al m ethod  in 
th a t  th e  fusion  is n ot co m p licated  b y  th e  presence of 
v a n illin  and  oth er organ ic m a tter. S u ch  m a tter  m a y  
cause a  d estru ctio n  of th e  sa licy la te s  if sufficient 
a lk a li has n ot been added.

W hen a v a n illa  e x tra c t is ex tra cte d  w ith  eth er a 
certain  am ou n t of colorin g m a tter  a lw a y s  accom p an ies 
th e v an illin . In  th e  case of an  a lcoh o lic  e x tra ct th is  
is a lw a y s m ore th a n  if it  had  been d ealcoh olized . 
H o w ever, th e  am ou n t of colorin g m a tter  is g re a tly  
reduced in  eith er case if th e  so lu tio n  is a lk a lin e. D ean  
recom m ends usin g a d ealcoh olized  e x tra ct, p re fe ra b ly  
th e  residue from  an  alcoh ol d istillatio n . E xp erim en ts 
b y  th e  w riter h a v e  show n, h ow ever, th a t  it  is n ot 
n ecessary  to  dealcoholize b efore te stin g  for cou m arin . 
C erta in  fu rth er sim p lificatio n s h a v e  been in tro d u ced  
and a tten tio n  is called  to  th e  p ecu lia r color chan ges 
th a t  coum arin  un dergoes w hen  h ea ted  w ith  con 
cen tra ted  p o tassiu m  h yd ro xid e. T h ese  are in terestin g  
and ch ara cte ristic  an d  furnish  th e  first in d ica tio n  of th e  
presence o f coum arin. T h e  m ethod is as fo llow s:

Ten cc. of extract are made alkaline with 10 per cent sodium 
hydroxide, then diluted with 15 cc. of water to reduce the 
alcoholic strength and extracted with 20 cc. of ether in a separa
tory funnel. The ether solution will be slightly colored when 
the brown lower layer has been drawn off. A  few cc. of strong 
alcoholic potassium hydroxide solution are added, the mixture 
shaken and then washed with 10 cc. of water. The ether layer 
will then be found to be white. This procedure removes all 
organic acids, vanillin, coloring matter or saccharin that might 
be present. One cc. of 50 per cent potassium hydroxide solu
tion is placed in a test tube and the ether solution of coumarin 
pcrured over it. After thoroughly shaking, the ether is hastily 
evaporated. The tube is then placed over a free flame, the 
water evaporated and the potassium hydroxide fused. If 
coumarin is present in any amount a change of color will be 
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noticed as the evaporation of the water proceeds and fusion 
begins. E ven very small quantities of coumarin in strong, hot 
potassium hydroxide solution will show a greenish yellow  color 
that suddenly disappears as the heating is continued. The 
disappearance of the color shows that the coumarin has been 
converted into the salicylate and heating should be discon
tinued. The melt is taken up with a few cc. of water, the solu
tion acidified with sulfuric acid and extracted in a small separa
tory funnel with 5 to 10 cc. of benzene. Benzene is preferred 
to  any other solvent because of its low density, low solvent 
power for mineral acids, and because it will not dissolve any 
protocatechuic acid formed from vanillin that might possibly 
have been carried over w ith the ether. T he acid solution is 
removed from the separatory funnel and the benzene washed 
with a few cc. of water. A fter washing, the benzene is filtered 
into a test tube and tested for salicylic acid with a cc. or two of 
water containing a few drops of ferric chloride solution. If  110 
color develops on shaking, one or two drops of N /10  sodium 
hydroxide should be added to neutralize any trace of mineral 
acid that m ay be present and which prevents the development 
of the purple.color.

T h is  te st can  be co n d u cted  ea sily  in  15 m in., ta k es  
o n ly  10 cc. of e x tra ct, and  does n ot require d ea lco h o liza 
tion  or a n y  co m p licated  ap p a ratu s. T h e  o n ly  e v a p o ra 
tion n ecessary, th a t  o f th e  eth er, can  b e done on a 
steam  b a th  w ith o u t a p p reciab le  loss of coum arin 
T h e  chan ge of color on fusion  in d icates its  ow n  en d 
poin t and  gives, to g eth er w ith th e  p u rp le  sa licy la te  
color, a double te s t  for coum arin . C o u m a rin  is chan ged 
to  salts of coum aric acid  b y  h o t co n cen trated  po tassiu m  
h yd ro xid e. T h e  d evelo p m en t of th e  ye llo w  color 
show s th is phase and th e  su d d en  d isap p earan ce of the 
color in d icates th e  con version  in to  a colorless s a lic y l
ate. T h e  d e lica cy  is u n q u estio n a b ly  grea t sin ce th e  
w riter has o b ta in ed  a v e r y  decided  purple color w ith  
10 cc. of e x tra c t co n tain in g  o n ly  0.005 Per cent  
coum arin. T h is  m odified m eth od  is considered sim pler 
th a n  the origin al and can  be co n d u cted  in  a shorter 
tim e.

T h is  q u a lita tiv e  te s t  has n ot been  m ade q u a n tita 
tiv e . T h e  resu lts o b ta in ed  so fa r  b y  fu sin g pure 
coum arin  w ith  p o tassiu m  h y d ro x id e  in  te s t  tub es, 
e x tra ctin g  th e  sa lic y lic  acid  and  m a tch in g  th e color 
d evelop ed  a gain st sta n d a rd  solution s, h a v e  been from  
2 to  15 per cen t to o  low . T h is  is p ro b a b ly  due to  a 
sligh t v o la tiliza tio n  of cou m arin  b efore th e  a lk a li can 
a tta c k  and h old  it. H o w ever, resu lts b y  a g ra vim etric  
m ethod, to  be described  la ter, h a v e  been so sa tis 
fa c to ry  as to  a ccu ra cy , speed and a b ility  to  determ in e 
sm all q u an tities  th a t  a co lorim etric  m eth od  is h a rd ly  
n ecessary.

T h e  H ess-P resco tt m eth od  directs th a t  th e  e x tra ct 
be dealcoholized  b efore th e  v a n illin  and  cou m arin  are 
extra cted . T h e  va n illin  is th en  rem o v ed  from  th e 
ether b y  a n u m ber of ex tra ctio n s w ith  2 per cen t 
am m onia, th e  coum arin  rem ain in g in th e  ether. U n 
p u b lish ed  resu lts of th e  w riter in d icate  th a t  it  is 
possible to  t itr a te  van illin  in  n on-aqueous solutions 
w ith  alcoholic sod iu m  e th y la te  or p o tash . T h e  
sod iu m -van illin  sa lt can  th e n  be rem oved  from  th e 
so lv en t b y  w ash in g w ith  w ater. C o u m a rin  is not 
affected  b y  th e  v a n illin  titra tio n . T h erefo re , it  re
m ains in th e  so lv en t and, a fter  th e  va n illin  sa lt has 
been w ashed  ou t, can  be d eterm in ed  b y  ev ap o ratio n ,
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dryin g and w eighin g. E xcess a lcoh olic a lk a li can  be 
used w ith o u t a ffectin g  th e  coum arin  resu lts if it  is n ot 
desired to  determ in e th e  va n illin  v o lu m e tr ic a lly .

I t  has been fo u n d  th a t benzene, ch loroform  and  ether 
are th e  b est so lven ts for e x tra ctin g  v a n illin  and 
coum arin  from  eith er aqueous or a lcoh olic solutions. 
F o rty  cc. of ch loroform , 100 cc. of b enzene and  60 cc. 
of ether in fou r or five  extra ctio n s w ill e x tra c t q u a n ti
ta tiv e ly  large am ou n ts of v a n illin  from  w a ter  and 
alcohol solu tion s up to  25 per cen t stren gth . S ince a 
half a liq u o t is u su a lly  ta k e n  for a n alysis th is corre
sponds to  50 per cen t alcohol in  th e  e x tra ct w h ich  is 
p rob ab ly  m ore th a n  th e  a v era g e  com m ercial e x tra c t 
contains. B enzene, ch loroform  and ether all e x tra ct 
acids and  colorin g m a tter  from  v a n illin  e x tra cts  trea ted  
w ith lead a ce ta te , eth er e x tra ctin g  b y  far th e  m ost. 
Hence ether can n o t be used if th e  v a n illin  is to  be 
determ ined b y  titra tio n , b ecau se th e  a ce tic  acid  it  
ex tracts  a t th e  sam e tim e can n o t be rem o v ed  b y  w a sh 
ing. B en zen e or ch loro form  can  be used for such 
purposes. T h ere  is, therefore , a p o ssib ility  of com 
bining a v o lu m e tric  v a n illin  w ith  a g ra v im etric  
coum arin d eterm in atio n  in  such  cases w here th e  
q u alita tive  te st show s th e  presence of th e  la tte r . T h e 
details of a v o lu m e tric  v a n illin  d eterm in atio n  w ill be 
published la ter. H o w ever, if resu lts for coum arin 
only are desired, it  is recom m en ded  th a t  eth er be used 
as the e x tra ctin g  so lv en t as it  has decid ed  a d v a n ta g e s  
in such cases. I t  ev a p o ra te s  m ore q u ic k ly  and  th e  
extraction s and  w ashings are speedier b ecau se eth er
and w a ter can  b e sep a ra ted  fa ster  th a n  w a ter  and
chloroform  or w a ter and  b enzene. W h ile  eth er ex 
tracts  co n sid erab ly  m ore colorin g m a tte r  and  acid  th an  
benzene or ch loroform  from  v a n illa  solutions, these 
im purities are n eu tralized  b y  th e  a lk a li and  rem oved  
w ith  th e  va n illin  in th e  su b seq u en t w ash in g w ith  w ater. 
A w ater-w h ite  solution  of coum arin  in  eth er rem ains. 
T h e eth er can  be ev a p o ra te d  and  th e  cou m arin  dried 
and w eighed.* N o d ealco h o lizatio n  is n ecessary  and  
the results can b e o b ta in ed  sp eed ily . I t  is n ot rec
om m ended in q u a n tita tiv e  w ork  to  e x tra c t th e
coum arin  from  a lk a lin e  v a n illa  solu tio n s as in th e
q u a lita tiv e  m eth od , b ecau se em ulsion s are liab le  to 
form , and colorin g m a tter  m ust be rem oved  an yh ow . 
In  m an y cases w here sp eed  is desirab le i t  w ou ld  be 
ad va n ta geo u s to  determ in e cou m arin  in  one portion  
and th e  va n illin  b y  colorim etric  or o th er m ethods in 
another.

T o  show  th e  resu lts  th a t  can  be o b ta in ed  b y  th e 
a b o ve  m ethod  th e  fo llow in g d a ta  are su b m itted :

T o 50 cc. of van illa  extract various quantities of coumarin 
were added, the vanilla solutions then treated w ith lead acetate 
w ithout dealcoholization, made up to 100 cc., filtered, and the 
excess lead precipitated w ith dry potassium oxalate. T he re
moval of the lead facilitates extraction because it reduces emul
sion formation. F ifty  cc. of the solutions thus prepared were 
extracted with ether, benzene or chloroform, as indicated in the 
table, a few drops of phenolphthalein solution and excess alco
holic alkali added and the vanillin salt removed by washing 
with several 10 cc. portions of water. T h e disappearance of the 
red phenolphthalein color in the wash w ater is an indication of 
sufficient washing. The washed solutions containing the cou-

marin were evaporated and the coumarin dried and weighed. 
T he results are given in Table I.

T a b l e  I  
Q u an tity  of

C oum arin  _ ex trac ting  N um ber C oum arin  C oum arin
added E x trac tin g solvent of recovered recovered

M g. solvent Cc. ex tractions M g. P e r cen t
2 5 .0 Benzene 100 5 2 4 .5 9 8 .0
24 .5 Benzene 100 5 2 4 .0 9 7 .9
24 .5 Chloroform 40 4 24 .0 9 7 .9
2 5 .0 Chloroform 40 4 2 5 .2 100.4
2 5 .0 E th e r 80 4 25 .2 100.4
2 5 .0 E th er 80 4 2 4 .8 9 9 .2

5 .0 E th e r 80 4 4 .8 9 6 .0
1 0 . 0 E th er 80 4 1 0 . 2 1 0 2 . 0
15.0 E th er 80 4 15.0 1 0 0 . 0
25 .0 E th e r 80 4 24 .5 9 8 .0
5 0 .0 E th e r 80 4 4 9 .3 9 8 .6

T h e results show n  in  th e  ta b le  in d icate  th a t  an 
a ccu rate  q u a n tita tiv e  d eterm in atio n  of coum arin  can 
b e m ade b y  th e  m ethod o u tlin ed  ab o v e. Q u icker 
m ethods for lead  num ber and v a n illin , to  correspon d 
w ith  th e coum arin  m ethod, are in p rep aration .

SU M M A R Y

A  sim ple and q u ick  m odification  of th e  origin al 
m ethod for th e d etection  of coum arin  in fa ctit io u s  
va n illa  ex tra cts  has been d eveloped. W h ile  q u a n tita 
tiv e  results based on th e  q u a lita tiv e  m ethod  are too  
low , another m ethod has been g iv en  w h ich  is show n  
to  be b oth  q u ick  and accu rate  for th e  d eterm in atio n  of 
coum arin.

U. S. D e p a r t m e n t  o f  A g r i c u l t u r e  
F o o d  a n d  D r u g  I n s p e c t io n  L a b o r a t o r y  

D e n v e r , C o l o r a d o

T H E  D E TER M IN A TIO N  O F E SSE N T IA L  O ILS IN  N O N 
A LCO H O LIC FLA V O R IN G  E X TR A C TS

B y  F r a n k  M . B o y l e s  

R eceived M arch  2 8 , 1 918

T h ere has been appearing for som e yea rs  on th e  
A m erican  m arket, in increasing n um bers, a v a r ie ty  
of so-called  non-alcoholic flavo rin g  e x tra cts  w h ich  
consist essen tially  of an em ulsion  of th e  re sp e ctiv e  
essential oils in  m ucilage of acacia , tra g a ca n th , k a r a y a , 
or oth er gum s. G lycerin  is q u ite  o ften  present.

In  m akin g a su rve y  of th ese p ro d u cts, th e  w riter 
tried  first th e  m ethod su ggested  b y  R e d fe rn 1 w hich  
w as. foun d to  be quite u n sa tis fa c to ry ; first, b ecau se 
th e  procedure of p rec ip ita tin g  th e  gu m  fro m  25 cc. 
of th e  sam ple w ith  25 cc. of 95 per cen t a lcoh ol and  
filterin g th rou gh  a G ooch  in to  a 100 cc. flask  and 
m akin g up to  th e  m ark  w as to o  ted io u s an d  tim e- 
consum ing; and second, because th e  w riter did n ot 
in th is case, and n ever has been  able to  o b ta in  co n 
co rd a n t results b y  th e  m eth od  of H o w a r d 2 to  w hich  
R ed fern  refers. In d eed  th is  m eth od  is ev en  less 
a d ap tab le  to  th e  n on -alcoh olic e x tra cts  th a n  to  th e  
ord in ary  alcoholic ex tra cts , for th e  rea so n  th a t  th e  
form er contain , in  a n u m ber of cases, as m uch as fou r 
tim es m ore oil th a n  th e  s tr ic t ly  sta n d a rd  a lcoh o lic  
e x tra cts  and th ere is a lw a y s  d a n g er; if n o t c e rta in ty , 
of losing oil th ro u g h  v o la tiliz a tio n  w hen  fro m  10 to  
20 per cent is present.

T a k in g  a d v a n ta g e  of th e  fa c t  th a t  m a n y  gu m s are 
p recip itated  b y  lea d  su b a c e ta te , th e  fo llo w in g  p ro 
cedure w as tr ied : 5 c c - of th e  em ulsion  w ere d ilu ted
w ith  20 cc. w a ter and  tran sferred  to  a B a b c o c k  m ilk

1 T h i s  J o u r n a l , 8  (1 9 1 6 ) ,  4 2 1 .
2 J .  A m .  C h e m .  S o c . ,  3 0  (1 9 0 8 ) ,  6 0 8 .
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b o ttle  a n d  th e  g u m  p r e c ip ita te d  b y  le a d  s u b a c e ta te  
a n d  c e n tr ifu g e d . T h e  p r e c ip ita te d  g u m  c a m e  t o  th e  
to p  a n d  th e  v o lu m e  o f o il c o u ld  n o t  b e  re a d . T h is  
w as  th e n  m o d ifie d  b y  a d d in g  c h lo ro fo rm  to  a b so r b  
th e  oil a fte r  p r e c ip ita t io n  of t h e  g u m . O n  c e n tr ifu g in g  
th is  m ix tu re  t h e  g u m  p r e c ip ita te  s e t t le d  to  th e  b o tto m  
o f th e  b o t t le  w ith  t h e  c h lo r o fo r m , a n d  u p o n  d e c a n tin g  
th e  s u p e r n a ta n t  l iq u id , a d d in g  e th e r , a n d  h e a t in g  to  
e x p e l th e  c h lo r o fo r m  as re c o m m e n d e d  b y  H o w a r d  
a n d  th e n  d ilu t in g  w ith  w a te r  a n d  c e n tr ifu g in g , th e  
g u m  p r e c ip it a t e  c a m e  to  t h e  to p  w ith  th e  oil a n d  a g a in  
in te r fe re d  w ith  t h e  r e a d in g  o f th e  v o lu m e  of th e  oil.

F in a l ly  t h e  fo llo w in g  m e th o d  w h ic h  c o n sis ts  s im p ly  
o f  m a k in g  a n  a lc o h o lic  e x t r a c t  fro m  th e  e m u ls io n  a n d  
p ro c e e d in g  a c c o r d in g  to  t h e  o ffic ia l m e th o d 1 w a s  
fo u n d  t o  g iv e  s a t is f a c t o r y  a n d  c o n c o r d a n t  re s u lts  fo r  
th e  le m o n  a n d  o ra n g e  e x tr a c ts .

M E T H O D

Measure 10 cc. of the emulsion into a graduated cylinder, 
transfer as much as possible to a 50 cc. flask, rinse the cylinder 
with 10 cc. portions of 95 per cent alcohol, and w ith the aid of 
a glass rod transfer all of the emulsion and precipitated gum 
to the flask, fill to the mark, shake thoroughly, let stand about 
30 min. Filter through a folded filter and determine the oil 
in a 20 cc. portion of the filtrate by' the official m ethod.1 The 
per cent of oil found in the filtrate is multiplied by  5 to give 
the per cent of oil in the original emulsion.

T h e  g u m  is c o m p le te ly  p r e c ip it a t e d  a n d  i t  is m o re  
e x p e d itio u s  t o  th r o w  d o w n  th e  g u m  in  t h e  v o lu m e t r ic  
fla s k  a n d  to  m a k e  u p  t o  v o lu m e  a n d  use a n  a liq u o t  
of th e  f i ltr a te  t h a n  to  p r e c ip ita te  th e  g u m  a n d  a t 
t e m p t  to  w a sh  th e  o il fro m  it  in to  th e  f la sk . I t  is 
p o ss ib le  to  p ip e t te  th e  a liq u o t  d ir e c t ly  fro m  t h e  f la s k , 
b u t  as  th e  p r e c ip ita te d  g u m  g a th e rs  a t  th e  s h o u ld e r  
o f th e  f la s k  a n d  fr e q u e n t ly  s to p s  t h e  o u t le t  o f th e  p ip e t te  
th is  p ro c e d u re  o ffers  l i t t le  a d v a n t a g e  o v e r  f ilte r in g , 
as it  is n o t  n e c e s s a ry  to  a v o id  tr a n s fe r r in g  t h e  g u m  to  
t h e  filte r.

In  th e  ca se  o f e x t r a c t s  c o n ta in in g  less  t h a n  5 p er 
c e n t  o il i t  is n e c e s s a ry  t o  u se  m o re  s a m p le  th a n  s p e c i

fie d  in  t h e  d ir e c tio n s  g iv e n .
N o n -a lc o h o lic  e x tr a c ts  o f le m o n  a n d  o ra n g e  c o n ta in 

in g  10 p e r  c e n t  o f  th e  r e s p e c t iv e  o ils  w e re  p r e p a re d  

a c c o rd in g  t o  t h e  fo rm u la
E ssen tial o il...............    20 cc.
T ra g a c a n th ......................................  3 g.
G ly cerin ............................................  40 cc.
W ater, q. s .......................................  200 cc.

T h e  re s u lts  o b ta in e d  o n  th e s e  e x t r a c t s  a re  g iv e n  in  
T a b le  I. R e s u lts  o b ta in e d  o n  c o m m e rc ia l n o n -a lc o h o lic  
e x tr a c ts  a re  a lso  g iv e n . ?

T a b l e  I
P repared  E x trac ts  C om m ercial E x trac ts  

S tren g th  Oil F ound  Oil Found
P e r cent P er cen t P er cen t

O range    10 10 7 .0
O range...................  10 10 17.0
O range...................  10 9 .7  15.0
L em o n ....................  10 10 6 .2
L em on ....................  10 10 14.0
L em on ....................  10 9 .5  6 .5
L em on ....................  10 10 7 .5
L em on ........................... . .  19 .0
L em on ........................... . . 17 .0
L em on ........................... . . 19.5
Lem on...........................  . . 2 0 .0

C o n t r a r y  to  R e d fe r n ’s s ta te m e n t  it  w a s  fo u n d  t h a t
1 “ R ep o rt of Com. on M ethods of A nalysis," J .  .4. O. A . C., p. 262.

q u ite  a c c u r a te  r e s u lts  c o u ld  b e  o b ta in e d  b y  o rd in a ry  
s te a m  d is t illa t io n .

I t  is n e c e s s a r y  f irs t  t o  ru n  b la n k  e x p e r im e n ts  on 
p u re  o ils  to  d e te rm in e  ju s t  w h a t  p e r c e n ta g e  o f re
c o v e r y  c a n  b e  a c c o m p lis h e d  w ith  th e  p a r t ic u la r  a p 
p a r a tu s  a t  h a n d .

U s in g  a  2oo cc. s id e -n e c k  d is t illin g  f la s k  w ith  o u tle t  
tu b e  m id w a y  o f th e  n e c k  a n d  a c a s s ia  fla s k  as re ce iv e r, 
th e  w r ite r  h a s  c o n s is te n t ly  r e c o v e r e d  95 p e r  c e n t  of 
le m o n  a n d  o ra n g e  o ils  w h e n  p ro c e e d in g  as fo llo w s:

M easure 10 cc. of the extract into a graduated cylinder and 
transfer it  by  means of about 35 cc. w ater to a side-neck dis
tilling flask and distil w ith steam into a 100 cc. cassia flask. In 
the case of lemon and orange oils 95 per cent of the oil is re
covered so that the amount found must be multiplied b y  100 
and divided by 95.

T a b le  I I  g iv e s  th e  re s u lts  o b ta in e d  b y  s te a m  d is
t i l la t io n  o n  th e  10 p e r  c e n t  e x tr a c ts  d e sc r ib e d  a b o v e .

T a b l e  IX
# S tren g th  ’ Oil Found

P e r cen t P e r cen t
L em on ................................................  10 10.0
L em on ................................................  10 9 .5
L em on ................................................  10 9 .7
O range ...............................................  10 10 .0
O range ................................................ 10 10 .0
O range ................................................ 10 9 .5

F o r  ca s s ia , c in n a m o n , a n d .c l o v e  e x tr a c ts , t h e  f o l 
lo w in g  m o d ific a tio n  of t h e  o ffic ia l m e th o d 1 is s u c 
ce ssfu l.

Dilute io  cc. of the sample with 95 per cent alcohol to 50 cc. 
as in the case of lemon and orange. Filter. Place 10 cc. of 
the filtrate in a separatory funnel containing 50 cc. w ater, add 
1 cc. HC1 (1 : 1), and shake out 4 times w ith 25 cc. portions 
of ether. W ash the combined ether extracts twice w ith water 
and then shake for a few minutes with about 5 g. granular 
calcium chloride.

Place a small piece of cotton in the outlet of the separatory 
funnel and draw the ether into a tared beaker. Evaporate 
the ether 0:1 a boiling water bath, place in desiccator for 3 min. 
and weigh; divide the weight by  the specific gravity  of the oil 
to find the per crnt of ; "1 by  volume.

T a b le  I I I  g iv e s  J ie  r e s u lts  o n  c a s s ia , c in n a m o n  a n d  
c lo v e  e x tr a c ts  c o n ta in in g  10 p e r  c e n t  of th e  r e s p e c t iv e  
o ils un 1 p re p a re d  a c c o rd in g  to  t h e  fo r m u la  g iv e n  u n d e r 
le m o n  o ra n g e . R e s u lts  on  c o m m e rc ia l e x tr a c ts
a re  a lso  g iv e n .

T a b l e  I I I
P repared  E x tra c ts  C om m ercial E x tra c ts  

S tren g th  F o u n d  Found
P er c en t P e r cen t P e r c en t

C ass ia .......................  10 9 .8 3  13.5
C assia .......................  10 9 .9 0  12.4
C assia .......................  10 9 .9 4  . . . .
C in n am o n ...............  10 9 .9 0  17.5
C in n am o n ...............  10 9 .9 6  . . . .
C in n am o n ...............  10 9 .9 0  . . . .
C love ......................... 10 10.0 . . . .
C love ......................... ¡0 9 .8 9  . . . .
C love ........................  10 9 .9 5  ___

A lm o n d , a n ise , a n d  n u tm e g  e x t r a c t s  o f  t h e  n o n 
a lc o h o lic  t y p e  a re  c o n v e r te d  in to  a lc o h o lic  e x t r a c t s  
a s  in  t h e  c a s e  o f le m o n  a n d  o ra n g e  a n d  a n  a liq u o t  
p o r t io n  a n a ly z e d  b y  t h e  o ffic ia l m e th o d s .2

P E P P E R M IN T  E X T R A C T

A  s ta n d a r d  e x t r a c t  w a s  m a d e  u p  c o n ta in in g  10 
p er c e n t  p e p p e r m in t  o il b y  th e  fo r m u la  g iv e n  u n d e r  
le m o n  a n d  o ra n g e . 10 cc . o f th is  w e re  m a d e  u p  to

1 “ R ep o rt of Com. on M ethods of A nalysis,”  J .  A . O. A . C., p. 267.
2 Ibid., pp. 266 an d  269.
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50 cc. w ith  95 per cen t a lcohol, filtered , an d  an a ttem p t 
m ade to  assa y  th e  filtra te  b y  th e  official m eth o d 1 
w ith  th e  fo llo w in g  resu lts. T h ese resu lts are ca l
cu lated  to  th e  orig in al ex tra ct.

1— F o llo w in g  th e  m eth od  as g iv en , 2 per cen t of 
oils found.

2— H eatin g  w as carried  on for o n ly  1 min. 
(shaking a t 15 sec. in te rv a ls ), 8 per cen t oil found.

3— H eatin g  w as co n tin u ed  for o n ly  45 sec., 
8 per cen t oil foun d.

4— H eatin g w as co n tin u ed  for o n ly  20 sec., 11 
per cen t oil foun d.

5— H eatin g  w as con tin u ed  for 25 sec., 8 per cen t oil 
found.

6— H eatin g  w as con tin u ed  for 20 sec. and  th e n  th e  
suction  w as co n tin u ed  for an ad d itio n a l 15 sec. 
w ith ou t h eat, 9 per cen t oil found.

7— H eatin g  w as co n tin u ed  for 20 sec. and  th e  
suction for an  ad d itio n a l 10 sec. w ith o u t h ea t, 9 per 
cent oil foun d.

T h e w rite r ’s exp erien ce w ith  th is m eth od  has been 
m ost u n sa tis fa cto ry , ' even  m oderate agreem en t in 
duplicate d eterm in atio n s has n ever been  a tta in ed . 
T h e m ethod leaves to o  m uch to  chan ce. I f  th e  flask  
is not d iscon n ected  from  th e  su ctio n  th e  in sta n t th e  
last of th e so lv en t is d raw n  off, th e re  is a loss of oil, 
and we h a ve  n ot been able to  d iscover a n y  m eans 
w hereby we can  be assured w hen  th is  in stan t is a t 
hand.

Steam  d istillatio n  giv es v e ry  good  resu lts for p ep p er
m int if one determ ines b eforeh an d  w h a t per cen t of 
oil can  be reco vered  w ith  th e  a p p a ratu s in  b la n k  
experim ents usin g kn ow n  q u an tities  of pure oil. T h e  
w riter has fo u n d  th is  re c o v e ry  to  be 90 per cen t, so 
th a t th e  q u a n tity  of oil fo u n d  is m u ltip lied  b y  100 
and d ivid ed  b y  90 to  find th e  am ou n t p resen t in th e  
extract.

P roceed in g acco rd in g to  th e  d irection s g iv en  for 
lem on and  oran ge e x tra cts  for ste am  d istilla tio n  th e 
follow ing resu lts were o b ta in ed  on a  10 per cen t n on 
alcoholic e x tr a c t and on com m ercial ex tra cts .

T abli! IV
P rep ared  E x tra c ts  C om m ercial E x trac ts  

S tren g th  F o u n d  F o u n d
P er-cen t P e r cen t P e r  cen t

P e p p e rm in t  10 10 11 .0
P e p p e rm in t  10 9 .8  12 .8
P e p p e rm in t  10 10 7 .2

C h e m ic a l  L a b o r a t o r ie s  
M c C o r m ic k  a n d  C o m p a n y  

B a l t im o r e , M a r y l a n d

A C O N TR IB U TIO N  TO  T H E  C O M P O SIT IO N  OF L IM E - 
SU LFU R S O L U T IO N S2

B y O. B. W i n t e r  

R eceived A pril 19, 1918

T h e p rin cip al co n stitu en ts of lim e-sulfur solutions 
are calc iu m  p o lysu lfid es and  calc iu m  th io su lfa te . 
Sm all am ou n ts of calciu m  su lfa te  and  p o ssib ly  of 
calciu m  su lfite  are also presen t, and  th e  cla im  has been 
m ade th a t  th e  solu tio n s m a y  co n tain  oth er co m 
pounds such as h yd ro gen  sulfide, ca lc iu m  h yd ro su l-

1 “ R ep o rt of C om . on M ethods of A nalysis,” J .  A . 0 .  A . C., p. 268.
2 T his w ork was done in  th e  chem ical lab o ra to ry  of th e  M ichigan 

A gricu ltu ral College E x p erim en t S ta tio n  and  th e  resu lts  are published w ith  
th e  perm ission of th e  D irector.

fide, calcium  h yd ro xy h yd ro su lfid e , d ifferen t calc iu m  
oxysulfides, free lim e, and free su lfur. H ow  m uch of 
each of these com pounds is liab le  to  be presen t? I t  
is th e  purpose of th is paper to  discuss som e of th e w ork 
done in th is la b o ra to ry  w hich p ertain s to  th e  a b o v e  
question.

H Y D R O G E N  S U L F ID E , H 2S. C A L C IU M  IIY D R O S U L F ID E , 

C a (S H )2. C A LC IU M  H Y D R O X Y H Y D R O S U L F ID E ,

C a S H O H  '

In  review in g  th e literatu re  on th e  com position  of 
lim e-sulfur sp ra y , it  is in terestin g  to  n o te  th e  d iscu s
sions on th e  th eo retica l com position  of th e  so lu tio n , 
to g eth er w ith  th e  absence (excep t in  a few  artic les) o f 
even  an a tte m p t to  p rove th e  existen ce of certain  of 
th e  com pounds discussed. D ivers and  S h im id zu 1 
g iv e  d eta iled  m ethods for p rep arin g som e of th e  a b o v e- 
m entioned com pounds and sta te  som e of th e ir  p ro p er
ties, b u t th eir w ork has n oth in g w h a te v e r  to  do w ith  
an o rd in ary  lim e-sulfur solution. R o a r k 2 discusses 
th e  possible existence of th ese com pounds in  a lim e- 
su lfur solution, b u t does n ot g iv e  exp erim en ta l proof 
of th eir presence. T a rta r  and  B ra d le y 3 con clu d e th a t  
th e y  are not present in a p p reciab le  am ounts. T h o m p 
son and W h ittie r4 cla im  th e  presence of h yd ro su lfid e 
su lfu r and giv e  exp erim en tal d a ta  w hich th e y  b elieve  
justifies th eir claim . G reen 6 sa ys, “ W e h a v e , h o w 
ever, n ever been able to  d ete ct d efin ite ly  th e  presence 
o f hydrosulfide or free su lfu rette d  h yd ro gen  in  lim e- 
su lfu r so lu tio n s.”

I t  m a y  b e possible to  prep are a lim e-su lfu r solu tio n  
w h ich  contain s h yd ro gen  sulfide, ca lc iu m  h y d ro su l
fide, or calcium  h y d ro xy h yd ro su lfid e , b u t it  has y e t  
to  be show n co n clu sive ly  th a t  a n y  of th ese com poun ds 
are present in appreciab le q u an tities  in  a “ s tr a ig h t” 6 
lim e-sulfur solution  eith er as a resu lt o f th e  p rep a ra 
tio n  of th e  solution, or of h y d ro ly sis  or o th er actio n  
ta k in g  place during sto ra ge  u n der n orm al con d itio n s.

I t  is also in terestin g  to  n ote th a t  w riters seem  to  h a ve  
differen t opinions regardin g th e  ch em ical actio n s w hich 
ta k e  p lace in  lim e-sulfur solu tio n s, and  for th is  reason 
literatu re  is quite confusing in regard  to  th e  fo rm atio n  
of a n y  of th e a b ove-m en tion ed  com pounds. F o r e x 
am ple, th e  actio n  of w a ter on a p o lysu lfid e  is rep re
sen ted  as follow s b y  d ifferen t chem ists:

D ivers and S h im id zu :7
C a S 6 +  2H20  =  C a (S H )(O H ) +  3S +  H 2S +  O 
C a (S H )(O H ) +  2O2 +  H 2S =  C a S 20 3 +  2H 20

A u ld :8
C aS* +  2H20  =  C a (O H )2 +  H jS*
H 2S* = H ,S  +  (* —  i)S

R o a rk  • 7
2C aS* +  1 H 20  =  C a (S H )2 +  C a (O H )2 +  2 S * _ i

1 J .  Chcm. Soc., 45 (1884), 270-91.
2 J . A . O. A  C., [1] 1 (1915), 81.
3 T h is  J o u r n a l , 2 (1910), 271-7.
♦ D elaw are A gricu ltu ral College E xperim en t S ta tio n , Bull. 105 (1914), 8 .
* Union of S. A frica D ep t, of A gr., 3 rd  and  4 th  R ep o rt of th e  D irecto r 

of V et. Research, 1915, p. 179.
# B y a ' ‘s tra ig h t"  lim e-sulfur so lu tion  is m ea n t a so lu tion  p repared  from  

ord inary  com m ercial lim e and  su lfu r to  w hich no foreign substance  has been  
added , and  which has stood for several days.

7 hoc. cit.
s J . Chcm. Soc., f l ]  107 (1915), 482.
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C a (S H )2 +  H , 0  =  C a (S H )(O H ) +  H 2S 
also C a S 5 +  aH 20  =  C a (O H )2 +  H 2S +  4S

A v e r it t :1 U p to  a certa in  d ilu tion  no d ecom position  
ta k es  p lace w hen fre sh ly  b o iled ; d istilled  w a ter  is 
added to  a lim e-sulfur solution.

A  sim ilar d isagreem en t m igh t be g iv en  for m a n y  
of th e  oth er reactio n s w h ich  are sup posed  to  ta k e  
p la ce  in b oilin g, sto rin g , or d ilu tin g  a lim e-su lfu r 
solution.

E xp erim en ts in  th is  la b o ra to ry  show  th a t  a n y  one 
of th e  com pounds m en tion ed  a b o v e  (co n ta in in g  th e 
S H  rad ical) m a y  be d ete cted  b y  t itr a tin g  an a liq u o t 
of th e  solu tio n  w ith  sta n d a rd  iodine, d eterm in in g th e 
en d-poin t b y  th e  d isap p earan ce of th e  ye llo w  color, 
and  b y  t itr a tin g  an eq u a l a liq u o t w ith  th e  sam e so lu 
tio n  determ in in g th e  en d-poin t w ith  n itro p ru ssid e2 of 
sodium . W hen  th e  p o lysu lfid e  has been  en tire ly  
decom posed th e  so lu tio n  loses th e  y e llo w  color, w hile 
th e  b lu e color of th e  n itrop ru sside of sodium  rem ain s 
as lon g as th ere is a n y  su lfu r p resen t eith er in  th e  form  
of a sulfide or in  th e  form  of a n y  com po u n d  c o n ta in 
ing th e  (SH ) rad ical. I f  th e  tw o  a b o v e  titra tio n s  
agree, none of th e  a b o v e-m en tio n ed  com poun ds are 
present. T h e  fo llo w in g  tw o  eq u a tio n s rep resen t th e  
reactio n s w h ich  u n d o u b te d ly  ta k e  p lace:

C aS *  +  C a (S H )2 +  H 2S +  I2 =
C a l 2 +  C a (S H )2 +  H 2S +  S* (T itr a te d  to  d is

ap p eara n ce  o f ye llo w  color) 

C aS * +  C a (S H )2 +  H 2S +  4I2 =
2 C a I2 +  S(* + 3) +  4 H I (T itr a te d  w ith  n itro p ru s

side of sodium  as in d icator)

One m igh t a n tic ip a te  th a t  th e  differen ce b etw een  
th e  tw o  titra tio n s  w ou ld  be a  m easure o f th e  am ou n t 
of su lfu r p resen t oth er th a n  sulfides, b u t we h a v e  
n ot been  able to  p ro v e  th is  since th e  color en d -p oin t 
in  th e  presence of a con siderable q u a n tity  of a com 
pound co n tain in g th e  (SH ) rad ica l does n ot ap p ear 
sharp. H o w ever, th e  m ethod  is su ffic ien tly  a ccu rate  
to  show  th e  presence or absence of a n y  of th ese co m 
pounds.

I t  m igh t be w ell to  s ta te  here th a t  o th er exp erim en ts 
h a v e  show n  th a t  w hen  com pounds co n ta in in g  th e  
(SH ) rad ica l are presen t in  a so lu tio n , an  a liq u o t 
titr a te d  w ith  sta n d a rd  zin c ch loride, u sin g n ickel 
su lfa te  as in d icato r, is h igh er th a n  one t itr a te d  w ith  
sta n d a rd  h y d ro ch lo ric  acid , usin g m e th y l oran ge as 
in d icator. T h is  m a y  be exp la in ed  b y  th e  fo llo w in g  
eq u ation s:

C aS * +  C a (S H ), +  3Z n C l2 =
2C a C l2 +  ZnS* +  2Z n S  +  2H CI 

C aS* +  C a (S H )2 +  4 H C I =  2C a C l2 +  3 H 2S +  S * _ !

If a n y  of th e  com pounds referred  to  a b o v e  are 
form ed in an o rd in a ry  lim e-sulfur solution , th e y  m ust

1 J .  A . 0 . A . C„ (1 ]  1 < 1 9 1 5 ), 6 9 .
2 In  titra tin g  w ith  n itroprusside  of sodium  as an in d ica to r for su lfur 

com pounds, i t  is essential th a t  th e  in d ica to r should n o t be add ed  u n til th e  
en d -p o in t is p ractically  reached, since if th e  blue color is well developed i t  
is a lm o st impossible to  change b ack  to  a  colorless solu tion . I f  necessary, 
a  few ex tra  sam ples should be t i tr a te d , an d  those w ith  th e  persisting  color 
discarded.

b e u n sta b le  in th e  presence of o th er ex istin g  com 
p ounds, since th e  tw o  iodine titra tio n s  m en tion ed  in 
a  precedin g p a rag ra p h  agree in e v e ry  “ s tra ig h t”  
lim e-sulfur solu tio n  th a t  has been te sted  in  th is  lab o ra 
to r y , w h eth er prep ared  w ith  an excess of lim e or sulfur, 
w h eth er fresh ly  b oiled  or o f lon g sta n d in g, and  w hether 
co n cen trated  or d ilu te. T h erefo re  we b e lieve  th a t 
n one of th e  a b ove-m en tion ed  com pounds ex ist in ap 
p reciab le  q u an tities  in  a “ s tr a ig h t”  lim e-su lfu r solu
tio n ; and vice versa, if th e  sp ra y  con tain s a n y  of these 
com pounds, w h ich  can  ea sily  be d etected , it  is not 
a “ s tr a ig h t”  lim e-sulfur solution .

F R E E  L IM E

R o a r k 1 m akes th e  s ta te m e n t th a t  “ W h ile n ot more 
■than a tra c e  of calc iu m  h y d ro x id e  [C a (O H )2] m ay 
be present in a fresh ly  p rep ared  lim e-su lfu r solution, 
it  is form ed in  ap p reciab le  am oun ts u pon  d ilution, 
accord in g to  th e  reactio n

C a S j +  2 H ,0  =  C a (O H )2 +  H 2S +  4 S 

and  w ould  be presen t, th erefore , in lim e-su lfu r solu
tion s w hich  h ad  sto o d  for som e tim e and  becom e 
p a r tia lly  d ecom p o sed .”  H e gives no p roof o f its 
a ctu a l existen ce. T h o m p so n  and  W h itt ie r 2 claim  
th a t, “ F ree  ca lc iu m  h yd ro x id e  m a y  occur eith er from  
sim ple so lu tio n , w here an  excess o f lim e has been used, 
or it  m a y  resu lt from  h y d ro ly sis  of th e  p o ly su lfid e .”  
T h e y  fou n d  “ free lim e presen t w hen th e  ra tio  of lim e 
to  su lfu r exceeded  a certa in  defin ite figure, increasing 
in  am ou n t as th is  ratio  in creased  u n til th e  lim it of 
th e  so lu b ility  of calc iu m  h yd ro x id e  w as rea ch e d .”  
T h e y  sa y  n o th in g  a b o u t h ow  lon g th e  solutions in  w hich 
th e y  fou n d  free  lim e h ad  sto od  b efore m a k in g  th e 
an alyses, and  show  no d a ta  to  p ro v e  th e  s ta te m en t 
th a t “ free lim e m a y  resu lt from  th e  h y d ro ly s is  o f th e 
p o lysu lfid e .”  T a rta r  and  B ra d le y 3 rep o rted  th a t 
no free lim e or o n ly  a tra c e  w as fo u n d  b y  th em  in 
lim e-sulfur solu tio n s. T h e y  sa y , “ I t  ap p ears th a t  if 
th ere is h yd ro xid e  in  th e  fre sh ly  prep ared  so lu tio n  it  
eith er u n ites w ith  som e of th e  su lfu r a lre a d y  in  com 
bin ation  to  form  m ore p o lysu lfid e, or it  u n ites d ire ctly  
w ith  th e  p o lysu lfid e to  form  o xysu lfid es w hich  c ry s
ta llize  o u t of th e  m ore co n cen tra ted  so lu tio n s .”  
C h a p in 4 sa y s, “ I f  o rig in a lly  m ade w ith  an excess of 
lim e or if n o t b o iled  lo n g  enough, excess of lim e is at 
first presen t in so lu tio n , b u t if such  a  p rep ara tio n  be 
a llow ed  to  sta n d  q u ie tly  an d  cool off in th e  cook in g 
v a t , th e  in d ication s are th a t  th e  u n d isso lved  lim e soon 
settles dow n, w hile th e  sm all am ou n t of d issolved  
lim e r a p id ly  rea cts  w ith  p o lysu lfid e acco rd in g to  eq u a 
tion

xoCaSs +  3 C a (O H )2 =  i2CaS.| +  C a S 203 +  3 H 20

so th a t  in th is  case also, unless th e  cooled  so lu tio n  is 
again  stirred  up w ith  th e  sed im en t, a  p lus reactio n  
figure can  n eve r b e presen t in  th e  e n d "— in other 
w ords, no free lim e can  b e presen t. G reen 5 claim s

1 Loc. cit.
2 D elaw are A gricultural College E x p t. S ta ., Bull. 105 (1914), 11.
3 T h i s  J o u r n a l , 2  (1 9 1 0 )  2 7 3 .
< U . S. D ep t, of A gr., B ull. 451 (1916), 13.
* U nion of S. A frica D ep t, of A gr., 3 rd  and  4 th  R ep o rt of th e  D irector 

of Vet. R esearch , 1915, p. 180.
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th a t a tra c e  of free lim e is u su a lly  presen t b u t th a t  th e  
am ount is v e r y  sm all.

In  v ie w  of th e  a b o v e  a p p a ren t differences of op in 
ion, an a tte m p t w as m ade to  p ro v e  eith er th e  p res
ence or absence of free lim e in an o rd in a ry  lim e-sulfur 
solution.

T w o  differen t m ethods h a v e  been used  b y  a n a lysts  
for determ in in g th e  a m o u n t of free lim e in a lim e- 
sulfur solution . T h e  one (M e th o d  I ) 1 is b y  t itr a tin g  
w ith o. 1 N  h yd ro ch lo ric  acid , usin g m eth yl oran ge 
as in d icator, and  w ith  o . 1 N  am m on iacal zin c ch loride 
solution usin g n ickel su lfa te  as an  ou tside in d icator. 
In this m ethod, th e  h y d ro ch lo ric  a cid  titr a tio n  in d i
cates th e  lim e com bin ed  w ith  su lfu r as p o lysu lfid es 
plus th e  free lim e, w hile th e  zin c ch loride titr a tio n  in 
dicates o n ly  th e  form er. T h e  d ifferen ce b etw e en  th e  
tw o titra tio n s is a m easure of th e  free lim e. T h e  
other (M e th o d  I I ) 2 is b y  rem o vin g th e  free lim e as 
calcium  su lfa te  b y  m eans of m agn esium  su lfa te  so lu 
tion  (the m agn esium  b ein g p re c ip ita te d  as m agn esium  
hyd ro xid e and  filtered  ou t). T h e  so lu tio n  is titr a te d  
w ith sta n d a rd  acid  b efore and  a fte r  th e  rem o v al of 
the free lim e. T h e  d ifferen ce b etw een  th e  tw o  acid  
titra tio n s is h eld  b y  th e  au th ors to  b e a m easure of 
the free lim e. T h e  resu lts recorded  in  T a b le  I w ere 
obtained  b y  th ese tw o  m ethods on  10 cc. of lim e-su lfu r 
concen trates d ilu ted  to  200 cc., of w h ich  xo cc. w ere 
tak en  for a n alysis:

T a b l e  I
  M eth o d  I I  -
.—0.1  N  HC I—- 
Before A fter

.----------------- M ethod  I ------------- add ing  adding
S a m p l e  0 .1  N  HCI 0 .1  JVZnCh C aO  M gSOt M gSO i CaO

N o. Cc. Cc. G. Cc. Cc. G.
A ..............  8 .6 0  S .65 0 .0000  8 .6 0  8 .6 0  0 .0000
B ..............  8 .4 0  8 .4 0  0 .0000  8 .4 0  8 .3 5  0 .0001
C ................. 40 .35  40 .25  0 .0003 40 .35  3 7 .9 0  0 .0069
D   12.65 12.65 0 .0000  12.65 11.90 0.0021
E .................  18.38 18.40 0 .0000  18.38 18 .30  0 .0002
F .................. 17.98 17.96 0 .0000  17.98 17.65 0 .0009
G ................. 17.43 17.48 0 .0000  17.43 17 .00  0 .0012
H ................. 12.80 12.82 0 .0000  12 .80  12.08 0 .0020
1 ..................  23 .43  23 .0 0  0 .0012  23 .43  22 .20  0 .0034
J ..................  23 .2 6  23 .2 0  0 .0002 23 .26  21 .85  0 .0039
K ................. 10.80 8 .7 0  0 .0059  10.80 8 .2 0  0 .0092
L ............... 8 .4 0  8 .4 0  0 .0000  8 .4 0  8 .0 0  0 .0011

In  ex p la n a tio n  of th e  a b o v e  ta b le , it  m a y  be w ell 
to s ta te  th a t  Sam p les A  and  B w ere p rep ared  in  th e  
la b o ra to ry  u sin g an excess of su lfu r and  w ere a n a lyze d  
soon a fter  th e ir  p rep ara tio n . Sam p les C  to  H , in 
clusive, w ere com m ercial co n cen trates w h ich  h a d  sto od  
in th e  la b o r a to ry  fro m  one to  te n  yea rs, of w h ich  som e 
had p rev io u sly  been op en ed  for an a lysis  an d  a large 
a m ou n t of o x id atio n  p ro d u cts h a d  form ed. Sam p le 
I w as prep ared  in  th e  la b o ra to ry  usin g an excess of 
lim e and a n a lyze d  im m ed ia te ly  a fte r  its  p rep ara tio n . 
Sam p le J w as th e  sam e as Sam p le I, ex cep t th a t  th e  
an alysis w as m ade tw o  d a ys a fter  its  p rep ara tio n . 
Sam ple K  w as th e  sam e as Sam p le A , ex c e p t th a t  
0.0062 g. of calc iu m  oxide h a d  been added  in  th e 
form  of lim e w a te r  in  d ilu tin g  to  200 cc. Sam p le L  
was th e  sam e as Sam p le A  a fte r  it  h a d  been  stan d in g, 
exposed to  th e  air, for sev era l hours, and  oxid ation  h ad  
begun. F ro m  a s tu d y  of th is  ta b le  it  w ill be n oted : 
(1) T h a t  n eith er o f th e  tw o  m ethods show  an a p p rec ia 
ble am o u n t of free  lim e in  Sam p les A  and  B , w hich

1 T h i s  J o u r n a l , 2  (1 9 1 0 ) ,  2 7 3 .

2 D elaw are A gricu ltu ral College E x p t. S ta ., Bull. 105 (1914), 11.

w ere fresh ly  p rep ared  from  m aterials con tain in g  an 
excess of sulfur. (2) T h a t  M eth od  I show s no free 
lim e or o n ly  a tra c e  in th e com m ercial co n cen trates 
w hich h ad  sto od  from  one to  ten  yea rs, som e of w h ich  
had  undergone considerable o xid ation , w hereas M eth o d  
II  show s its presence in  all of th ese sam ples. (3) 
T h a t b o th  m ethods show  free lim e in Sam p le I, w h ich  
had  been recen tly  prep ared  from  m aterials co n ta in 
ing an excess of lim e, b u t th a t  M e th o d  II  show s th e 
larger am ount. (4) T h a t  M eth od  I show s v e r y  little  
free lim e in Sam p le J (Sam ple I a fter  sta n d in g  tw o 
d a ys), w hereas M eth od  II  show s m ore th a n  w hen  first 
prepared. (5) T h a t  w hen a g iven  a m o u n t o f free 
lim e w as added to  a sam ple in w h ich  n eith er m ethod 
in d icated  its  presence, m akin g Sam p le K ,  M e th o d  I 
show s n ea rly  all th a t  w as added, w hile M e th o d  II  
show s s lig h tly  m ore th a n  th e  am ou n t added. (6) 
T h a t  w hile M eth od  I shows no free lim e in S am p le L  
(Sam ple A  a fter h a vin g  been exposed to  th e  air for 
several hours and oxidation  h ad  b egu n ), M e th o d  II 
shows its  presence.

F rom  th e  ab o v e  d a ta  it  is ev id en t th a t  th e  tw o  
m ethods do n ot agree. W h ich  is co rrect?  W hen  
we consider th e know n fa cts  th a t  h yd ro ch lo ric  acid  
reacts w ith  calciu m  polysulfides and  ca lc iu m  h y d ro xid e  
as follow s:

C aS* +  2H CI =  C a C l2 +  H 2S +  S c - »
C a (O H )2 +  2H CI =  C a C l2 +  2H 20 ;

th a t  am m oniacal zinc ch loride reacts w ith  calc iu m  
polysulfide accordin g to  th e  eq u ation

CaS* +  Z n C l2 =  ZnS* +  C a C l2;

and th a t in th e  presence of am m onium  ch lorid e, a m 
m oniacal zinc chloride does n ot re a c t w ith  calciu m  
hyd ro xid e, it  seems im possible th a t  titra tio n s  m ade 
w ith  h ydroch loric acid  and  zin c ch loride cou ld  agree 
in th e  presence of free lim e. F u rth er, w hen  free lim e 
w as added to  a lim e-sulfur so lu tio n , it  w as p r a c tic a lly  
all accoun ted  for b y  th e  d ifferen ce b etw een  th e  a b o v e- 
m entioned titra tio n s im m ed ia te ly  a fter th e  a d ditio n . 
T h erefo re th e  au th o r con ten ds th a t  M e th o d  I is a c 
cu rate  for determ in ing free  lim e in  a lim e-su lfu r so lu 
tion .

Since M eth od  I, as g iv en  a b o v e , has been n o ted  in
literatu re  and has been  show n  to  be a ccu ra te , it  seem ed
w orth  w hile to  in v estig a te  M e th o d  I I  m ore th o ro u g h ly . 
C on cern in g this m ethod  T h o m p so n  an d  W h itt ie r 1 
sta te  th a t w hen m agn esium  su lfa te  is ad d ed  to  a 
lim e-sulfur solu tio n  con tain in g  free ca lc iu m  h y d ro xid e, 
m agnesium  h y d ro xid e  is p re c ip ita te d  q u a n tita tiv e ly  
and calcium  su lfa te  form ed , th u s  n eu tra liz in g  th e  so lu 
tio n  and affordin g a m eth od  for d eterm in in g th e  free 
lim e. From  oth er sources in lite ra tu re , it  is w ell 
know n  th a t m agn esium  h yd ro xid e  is p re c ip ita te d  w hen 
a solution  of ca lc iu m  h y d ro x id e  is tre a te d  w ith  m a g
nesium  su lfa te . H o w ever, th is  reactio n  is h a rd ly  
considered su ffic ien tly  co m p lete  fo r  q u a n tita tiv e  d e
term in ation s, and  to o , m agn esiu m 2 sa lts  re a c t w ith  
sulfides, as fo llow s:

1 D elaware A gricu ltu ral College E x p t. S ta ., B ull. 105 (1914), 11.
5 P resco tt and  Johnson , "Q ual. Chem . A n a l.,"  6 th  E d . (1904), p . 215.
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M gSO., + 2N a 2S +  2H 20  =
M g (O H ). +  N a 2S 0 4 +  2 N a S H  

D ivers and S h im idzu , in an a rtic le  on “ M agn esiu m  
H yd rosu lfid e S o lu tion  and  Its  U se in C h em ico -L e ga l 
C ases as a Source of H yd ro gen  S u lfid e ,” 1 sta te  th a t , 
“ T h e  p o ly(-p en ta)su lfid e  th a t  m a y  be in  so lu tio n  is 
o n ly  v e ry  s lig h tly  decom posed even  a t b oilin g  h e a t ,”  
th u s in d icatin g  th a t  th e  p o lysu lfid e  of m agn esium  is a 
sta b le  com pound. T h erefo re , it  appears possible th a t  
w hen a lim e-sulfur so lu tio n  is tr e a te d  w ith  m agn esium  
su lfa te , ch em ical actio n  m ay ta k e  p la ce  ev en  if th ere 
is no free lim e present.

In  order to  th ro w  m ore lig h t on th e  a b o v e  q uestion , 
th e  p rec ip ita te  w hich cam e dow n  on a d d in g  m agn esium  
su lfa te  w as te sted  for th e  presence of su lfu r, and  w as 
fou n d  to  co n tain  a  sm all am ou n t. T h is  w o u ld  in d i
cate  th a t  th e  m agn esium  su lfa te  acted  on som e su lfu r 
com pound. H o w ever, th e  p re c ip ita te  w as am orphous 
and it  seem ed possible th a t  som e of th e  lim e-sulfur 
so lu tio n  m igh t h a v e  been occlu d ed. T h erefo re  th e 
te s t w as n ot considered  con clu sive . T h e  sam ples 
of con cen trates w hich  form ed a p re c ip ita te  w ith  m a g
nesium  su lfa te  w ere d ilu ted  for a n a lyses, w ith  and 
w ith o u t th e  ad ditio n  of m agn esiu m  su lfa te . Som e of 
th ese w ere t itr a te d  for m onosulfide and  th io su lfa te  
su lfu r w ith  sta n d a rd  iod ine so lu tio n  d eterm in in g th e  
en d -p oin t b y  d isap p earan ce of color an d  also b y  th e  
use of n itrop ru sside of sodium . T h e  fo llo w in g  re
su lts  w ere o b ta in ed :

T a b l e  I I
I  for M onosulfide I  for T h iosu lfa te

,—W ith  MgSO*—s ,—W ith o u t MgSO*—* A fter A fter
Color Sodium  Color- Sodium T itra  T itra 

less Solu- N itro - less Solu- N itro  tin g  Col tin g  Col
S o l n . tion prusside  tion prusside um n 3 u m n  5
N o . Cc. Cc. Cc. Cc. P p t.  Cc. Cc.
1 ...  8 .1 4 8 .3 2  8 .5 0 8 .5 2 V ery little  7 .05 7 .05

7 .05 L ost
2 . . .  25 .60 26 .35  27 .63 27.63 M uch . . . .

T h ese d a ta  show  th a t  w hen  m agn esium  su lfa te  are 
ad ded  to  lim e-su lfu r so lu tio n s, som e com p o u n d  is 
form ed w h ich  causes a b lu e color w ith  n itrop ru sside 
of sodium  a fter  th e  p o lysu lfid es h a v e  been  d eco m 
posed and  th e  so lu tio n  has b ecom e colorless; an d  th a t  
th e  th io su lfa te  co n ten t rem ain s th e  sam e. S in ce th e  
so lu tio n  is colorless b u t rea cts  w ith  n itrop ru sside of 
sodium , it  a p p a re n tly  con tain s a com p o u n d  h a v in g  
th e  (SH ) rad ica l, e. g., h yd ro gen  sulfide, calc iu m  
h yd ro su lfid e , ca lc iu m  h y d ro xy h y d ro su lfid e , or th e
corresp on din g sa lts  of m agnesium .

O thers of th e  p rep ared  solu tion s w ere t itr a te d  w ith  
h yd ro ch lo ric  a cid  and  w ith  zin c  ch lorid e, and  th e
fo llow in g resu lts w ere ob ta in ed :

T a b l e  I I I
W ith  MgSO* W ith o u t MgSO*

0 . I N  0 .1  N  0 .1  A' 0 .1  N
Soc-N. HC1 ZnCls HC1 ZnClj
N o . Cc. Cc. Cc. Cc.

D  ...........................  11 .90  12.12 12.65 12.65
K ......................................... 18.30 18.40 18 .38  18.40
F .........................................  17.65 17 .70  17 .98  17.96
G ........................................  17 .00  17.20 17.43 17.48
H ........................................  12.08 12.40 12 .80  12.82

T h ese d a ta  show  th a t  th e 't it r a t io n  of th e  tre a te d  
sam ple w ith  sta n d a rd  h yd ro ch lo ric  acid  is low er th a n  
th a t  of th e  u n treated . T h is in d icates th e  loss of som e 
calciu m  com pound. I t  also show s th a t  th e  t i t r a 
tio n  of th e  tre a te d  sam ple w ith  a m m on iacal zin c

1 J . Chem. Soc., 45 (1884), 699.

chloride is s lig h tly  high er th a n  w ith  hydrochloric 
acid . T h is also is sign ifican t. I t  in d icates th e  form a
tion  of som e new  com pound, and  th is  com pound must 
•contain th e  (SH ) rad ical.

T h e  io  cc. a liq u o ts  of a lim e-su lfu r so lu tio n  which 
in d icated  no free lim e b y  M e th o d  II  were p laced  in 
each of tw o  100 cc. gra d u a te d  flasks. One of these 
(a) w as d ilu ted  to  th e  m ark  w ith  fre sh ly  boiled  dis
tille d  w ater, and to  th e  oth er (b) w as ad ded  a large 
excess of 10 per cen t m agn esium  su lfa te  so lu tio n  and 
th en  also d ilu ted  to  th e  m ark  w ith  fre sh ly  boiled 
d istilled  w ater. B o th  solu tion s w ere a llow ed  to  stand 
a b o u t 12 hrs. T h e  form er rem ain ed  p erfectly  
clear, as w as a n tic ip a te d ; th e  la tte r  also rem ained 
clear for several m inutes, th en  g ra d u a lly  becam e 
c lo u d y  and  b y  th e  end of th e  12 hrs. a large  num ber 
of cry sta ls  h ad  form ed, w h ich , on exam in a tio n , under a 
p o la riz in g  m icroscope, w ere re a d ily  id en tified  as cal
cium  su lfa te  (C a S 0 j.2 H 20 ). T h ese  so lu tio n s were 
th en  a n a lyze d  and th e  fo llo w in g  resu lts w ere ob
ta in e d :

T able  IV
M ono-S  M (SH )a-S Thio-S  Sulfide-S CaO 

S a m p l e  G ram  G ram  G ram  G ram  G ram
a ................................  0 .0302  0 .0000  0 .0330  0 .1505 0.0813
b ................................  0 .0279 0 .0012  0 .0333 0 .1377 0 .0154

In  th e  a b o v e  ta b le  th e  sam ples w ere t itr a te d  w ith 
iodine to  th e  en d -p oin t d eterm in ed  b y  d isappearan ce 
of color and also to  th e  en d -p o in t d eterm in ed  b y  n itro 
prusside of sodium , and  th e  differen ce b etw een  these 
tw o  titra tio n s  w as con sidered  as su lfu r in  th e  form  
of com pounds co n ta in in g  th e  (SH ) ra d ica l and  is in d i
ca te d  as M (S H )2-S. T h e  resu lts in  th is  ta b le  show 
th a t  th ere w as a slig h t loss in  th e  m onosulfide e q u iv a 
len t and  in  th e  p o ly su lfid e  su lfu r; th a t  th e  th io su lfa te  
su lfur rem ain ed  p r a c tic a lly  th e  sam e; th a t  a sm all 
am ou n t of som e com poun d co n ta in in g  th e  (SH) 
rad ica l w as form ed ; and  th a t  th ere w as a loss of ab ou t 
81 per cen t of th e  lim e. In  oth er w ords, th e y  show  th a t 
a large a m o u n t of ca lc iu m  h ad  d isap p eared  w hile the 
loss in th e  m onosulfide e q u iv a le n t, th io su lfa te , and 
sulfide su lfu r w ere c o m p a ra tiv e ly  sm all. A  m icro
scopic exam in ation  sh ow ed c o n c lu siv e ly  th a t  calcium  
su lfa te  w as p re c ip ita te d  from  th e  so lu tio n s. N ow  
th e  fo llo w in g  ca lcu latio n s m a y  b e m ade:

0 .0333 X =* 0 .0291 g. CaO ncccssary  to  com bine w ith  0 .0333 g.64
S in Thio-S

0 .0279 X ^  “  0 .0488  g. C aO  necessary  to  com bine w ith  0 .0279 g.
S  in M ono-S.

T o t a l . . 0 .0 7 7 9 .g. CaO

F ro m  th e se  it  w ill be seen th a t  th e re  sh o u ld  be 
0 .0 779  g- of C aO  in  th e  so lu tio n , w h ile  th e re  are only 
0 .0 15 4  g. b y  a ctu a l d eterm in atio n . E v id e n tly  m ag
n esium  has rep laced  som e of th e  calc iu m , and th e  so lu 
tion  now  also con tain s m agn esiu m  p o lysu lfid e  and  a 
sm all q u a n tity  of som e com p o u n d  co n ta in in g  th e  (SH ) 
rad ical. T h ese  com poun ds w ere n o t p resen t in the 
orig in al solu tio n  an d  m ust h a v e  been  form ed  b y  th e 
ad d itio n  of th e  m agn esium  su lfa te . I t  w ill a lso be 
seen th a t  th e  len gth  of tim e th e  so lu tio n  is allow ed  to 
sta n d  and th e  q u a n tity  of m agn esium  su lfa te  present 
are im p o rta n t fa cto rs in th is  reactio n . A n d  it ap 
pears th a t  th e  low er polysu lfid es, or p o ssib ly  th e  oxy-
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sulfides of ca lc iu m  are a cted  o r  m ore re a d ily  th a n  th e  
higher polysu lfid es, sin ce solu tion s prep ared  b y  usin g 
an excess of lim e in  w h ich  low er p o lysu lfid es and  po ssi
b ly  oxysulfides are p resen t, re a ct m ore q u ic k ly  and 
w ith a less co n cen trated  so lu tio n  of m agn esium  su l
fate  th a n  do th o se  in  w h ich  an excess o f su lfu r is used 
and on ly  th e  h igh er p o lysu lfid es are presen t. F ro m  
these d a ta  as w ell as th o se in  T a b le s  I , I I  and  I I I ,  we 
m ust conclude th a t  m agn esium  su lfa te  rea cts  w ith  
some com pound in  a lim e-su lfu r so lu tio n  o th er th a n  
free lim e, and  in  som e so lu tio n s, a t  lea st, th is  co m 
pound is calciu m  p o lysu lfid e. T h erefo re  M e th o d  II  
cannot be considered  a ccu ra te  fo r  determ in in g free 
lim e in a lim e-su lfu r solution .

H avin g p resen ted  ev id en ce  w h ich  we b elieve  is 
sufficient to  show  th a t  M e th o d  I is an a ccu ra te  m easure 
of the free lim e in  a  lim e-su lfu r so lu tio n , an d  th a t  
M ethod II  can n o t be con sidered  a ccu ra te  fo r  th is 
work, a few  m ore solu tion s w ere p rep ared  u sin g differ
ent prop ortion s of lim e and  su lfu r, and  a few  m ore 
concentrates w ere d ilu ted  w ith  lim e w a ter. T h ese 
were a n a ly ze d  b y  th e  form er m ethod, som e im m e
diately  and  som e a fte r  sta n d in g  sev era l d a ys. T h e  
results, to g eth er  w ith  e x p la n a to ry  rem arks, are fou n d  
in T a b le  V :

n /  10  JV/ 1 0
S a m p l e  HC1 Z nC h

N o. Cc. Ce.
1 . . . .  20 .17  20 .17

2 . . . .  20 .15  20 .15

3 ...-. 29 .90  29 .5 0

4 . . . .  30 .0 0  30 .0 0

5 . . . .  10 .80  8 .7 0
6 . . . .  10 .10  8 .5 0

7 . . . .  27 .95  24 .29

8 . . . .  3 .9 7  3 .95

T h e resu lts  in  T a b le  V , sim ilar to  th o se in  T a b le  I, 
are in a ccord  w ith  th e  co n ten tio n  th a t  free lim e is 
present in a fre sh ly  boiled  lim e-sulfur so lu tio n  p re
pared b y  usin g an excess of lim e, b u t th e y  are con 
tra ry  to  th e  co n ten tio n  th a t  free lim e w ill rem ain  in 
such a so lu tio n  or th a t  i t  is form ed  b y  h y d ro ly sis . 
T he o n ly  conclusion s th a t  can  b e d raw n  from  th e  tw o  
tables are th a t  th e  sm all am o u n t of free  lim e w hich  
m ay be p resen t im m e d ia te ly  a fter  p rep arin g  a lim e- 
sulfur so lu tio n , g ra d u a lly  d isap p ears on sta n d in g, 
and th a t  im m e d ia te ly  a fter  a d din g free lim e to  a 
lim e-sulfur so lu tio n  n e a rly  a ll th e  lim e exists in  th e  
free sta te , b u t th a t  ch em ical actio n  ta k e s  p la ce  s lo w ly , 
and a fter som e tim e all th e  free lim e has en tered  in to  
chem ical com b in ation . T h erefo re , th e  in feren ce is 
th a t th e  o rd in a ry  com m ercial lim e-su lfu r solution , 
either co n cen tra ted  or d ilu te , .does n ot co n tain  an  a p 
preciable a m o u n t of free lim e.

F R E E  S U L F U R

T h o m p so n  an d  W h itt ie r 1 sh o w  th a t  th e  residue 
w hich sep arates fro m  a lim e-su lfu r so lu tio n  prep ared  
w ith  an  excess of su lfu r in  an  a tm o sp h ere o f n itrogen , 
filtered  w hile h o t and  k e p t in  a co m p le te ly  filled , t ig h tly

1 D elaw are A gricu ltu ral College E x p t. S ta ., B ull, 105 (1914), 20.

T a b l e  V

CaO
G ram  R em arks

0 .0000  S : CaO =  3 : 1 .  A nalyzed im 
m edia tely  a fte r boiling 

0 .0000  Sam e as 1 a f te r  s tan d in g  well
stoppered  for th ree  days 

0 .0011 S : CaO  = 1 : 1 .  A nalyzed im 
m edia tely  a fte r boiling 

0 .0000  Sam e as 3 a fte r s tan d in g  well
s toppered  for th ree  days 

0 .0059  Sam ple K  in T ab le  I
0 .0045 Sam e as 5 a fte r s tan d in g  well

s toppered  fo r th ree  days 
0 .0103 C om m ercial concen tra te  d ilu ted

w ith  lim e w a ter (0 .0106  g. 
CaO )

0 .0 0 0 0  Sam e as 7 a f te r  s tan d in g  exposed
f a n îr fnr fAlirf Aan rïoiTP

stoppered  receptacle, is m ain ly  free su lfur. A u ld 1 
m entions th e  fa c t th a t  w hen a lim e-sulfur so lu tio n  w as 
prep ared  in an atm osphere of n itrogen  and  an  excess 
of su lfur was used, a p o lysulfide w as form ed  w h ich  
a n a lyzed  to  be th e  pentasulfide or s lig h tly  h igh er, 
and  th a t on stan d in g free su lfur sep a ra ted  ou t. H e 
b elieves th a t  su lfur m a y  exist as free su lfu r in  so lu 
tion . H arris2 prep ared  th e pen tasulfide b y  sim p ly  
u sin g a reflux condenser, and free su lfu r c ry s ta ls  w ere 
fou n d  b y  th e  au th o r in som e of his solu tio n s a fte r  
th e y  h ad  stood  several years. T a rta r  and  B ra d le y 3 
succeeded  in  ex tra ctin g  free su lfu r from  a lim e-sulfur 
so lu tio n  and fou n d  th a t  th e  q u a n tity  e x tra cte d  g ra d 
u a lly  decreased w ith  th e  increase of th e  tim e  of e x 
tra c tio n , b u t foun d no defin ite en d-poin t. R a m s e y 4 
conten ds th a t  th e  so-called  po lysu lfid e su lfu r is loose ly  
com bin ed and th a t free su lfur exists in  th e  so lu tio n . 
G reen 5 says, “ W e regard  our d a ta  as e ffe ctu a lly  d is
posing of th e  conten tions b oth  of A u ld  and  R a m se y  in  
regard  to  loosely  a tta ch ed  su lfu r, and su lfu r  in  so lu 
t io n .”  H e believes th a t  th e  p o lysu lfid e su lfu r is 
firm ly  com bin ed and th a t  th ere is no free su lfu r in 
solution. T h om p son  and W h ittie r  con clu d e from  
th eir  w ork th a t  no sulfide low er th a n  th e  pen tasu lfid e 
is form ed and  th a t  free sulfur is held  in  so lu tio n .

D u rin g th e  progress of th is  in v e stig a tio n  sam ples 
w ere prep ared  w ith  and  w ith o u t th e  use of a reflux  
condenser, using an excess of su lfur. T h o se  w ith  th e 
condenser ap p roxim ated  th e  pen tasu lfid e, w h ile th ose 
w ith o u t were low er. In  b o th  cases, w hen  th e  so lu 
tion s w ere filtered  w hile h o t in to  flasks w h ich  w ere 
com p lete ly  filled and w ell sto p p ered  and  th e  solu tio n s 
a llow ed  to  cool, crysta ls  w hich  p ro v ed  to  b e  free 
su lfu r sep arated  out. E v e n  w hen  allow ed  to  cool 
b efore filterin g and th en  k e p t as m en tion ed  ab o v e, 
free  sulfur sep arated  ou t of th e  m ore co n cen trated  
solutions.

T a b le  V I  gives th e resu lts of com p lete  a n a lyses on 
a solution  prepared from  m aterials co n ta in in g  an  ex 
cess of sulfur and k ep t th e  len gth s of tim e in d icated . 
T h e  an alyses were m ade on 10 cc. a liq u o ts  of th e 
d ilu ted  concen trate.

T a b l e  V I
T im e of Sulfur T o ta l R a t io .

S oln . s tan d - C rys- M ono-S T hio-S  S-S T o ta l-S  CaO  S - S : 
N o . ing ta ls  G ram  G ram  G ram  G ram  G ram  M ono-S
1 A*(a). .  S till N one 0 .0 4 4 1  0 .0 4 3 0  0 .2 1 5 3  0 . 2 6 2 0  0 .1 1 8 8  1 : 4 . 8 8

w arm
I B   12 hrs. Few  0 .0 4 4 5  0 .0 4 9 2  0 .2 1 4 8  0 .2 6 3 9  0 .1 2 1 2  1 : 4 . 8 3
1 C  3 2  days M any  0 .0 4 4 4  0 .0 4 9 6  0 .2 1 1 0  0 .2 6 0 6  0 .1 2 1 1  1 : 4 . 7 6

(a) T h is  solution was less concen tra ted  th a n  th e  o th e r tw o  because it 
h ad  n o t cooled.

T h is  ta b le  show s a loss in  su lfu r from  th e  so lu tio n , 
and  th e  loss lies in  th e  p o lysu lfid e  su lfur. T h e  fa c t  
th a t  before th e dep osition  of th e  su lfu r, th e  ra tio  of 
th e  sulfide sulfur to  th e  m on osulfide su lfu r w as less 
th a n  s, and th a t as m ore su lfu r w as d ep o sited  th is 
ratio  w as low ered, m akes i t  ap p ear th a t  th e  free  su lfur 
d ep osited  in th ese solu tion s p ro b a b ly  cam e from  th e  
b reak in g  dow n of th e  h igh er p o lysu lfid es an d  n o t from  
free su lfur in so lu tio n . H o w ever, w h eth er th is  ex-

'  J .  Chem. Soc., 107 ( 1 9 1 5 ) ,  4 8 4 .
2 M ich. Agr. Col. E xp . S ta ., Tech. B u ll. 6 (1 9 1 1 ) ,  1 0 .
* T h i s  J o u r n a l , 2  (1 9 1 0 ) ,  2 7 4 .
« J .  Agr. Sci., [2 ]  6  (1 9 1 4 ) ,  1 9 4 -2 0 1 .
8 U nion of S. A frica D ep t, of A gr., 3 rd  and 4 th  R ep o r t of th e  D irector 

of V et. R esearch, 1915, p . 192.
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plan a tio n  is sa tis fa cto ry  or n ot, a p p a re n tly  m akes 
little  d ifference, sin ce free su lfur in su ch  a solution  
w ou ld  u n d o u b ted ly  h a ve  p rop erties sim ilar to  those 
o f su lfu r loose ly  com bin ed, as in  th e  case of th e  higher 
p olysu lfides.

O X Y S U L F ID E S  O F C A L C IU M

M o st lim e-sulfur in v estig a to rs  agree th a t  w hen 
lim e and  su lfu r are boiled  in  w ater, w ith  th e  lim e in 
excess o f th e  ra tio  1 : 2 .28 , and  th e  so lu tio n  is a l
low ed  to  sta n d  in  a closed vessel, certain  oxysu lfid es 
o f calciu m  sep a ra te  o u t. H o w ever, th e y  do n ot agree 
e x a c t ly  as to  th e  co n stitu tio n  of th ese com pounds. 
I t  has been su g gested  th a t  th e y  are n o t o rd in a ry  o x y 
su lfid es1 as carbo n  oxysu lfid e C O S , u ran iu m  oxysu lfid e 
U2O2S, m angan ese oxysu lfid e M n 2O S, e tc ., b u t th a t  
th e y  are com pounds m ade up of a ca lc iu m  p o lysu lfid e 
a,nd calc iu m  oxid e; and  th a t  th e  ch ief d ifficu lty  in  th e  
q u estion  of th e ir  com p o sition  is to  d eterm in e w h a t 
p o lysu lfid e  en ters in to  th e ir  s tru ctu re  and  w h eth er 
or n ot th is  p o lysu lfid e is con stan t.

U n d o u b ted ly  th e  m ost im p o rta n t ev id en ce  con 
cerning th ese oxysu lfid es has com e from  an in v e s t ig a 
tio n  of th e  c ry sta ls  th em selves, even  th o u g h  th e  re 
su lts of d ifferen t an a lyses of these c ry sta ls  do n ot 
agree as w ell as m igh t be desired. C o n siderin g th e  
fa cts  th a t no so lv e n t has been fo u n d  b y  w h ich  th e  
crysta ls  can  be purified  b y  re c ry sta lliza tio n  and  th a t 
th e y  can n o t ev en  b e w ash ed  e n tire ly  free  from  im 
p u rities, it  is a lm o st surprisin g to  find  th a t  d ifferen t 
ch em ists agree as w ell as th e y  do on th e ir  com p o si
tio n  and  p rop erties. H o w ever, since th ere  are th e 
a b ove-m en tion ed  difficu lties in d ealin g w ith  th e  c r y s 
ta ls , it  seem ed a d v isa b le  to  com p are th e  w ork  done 
alon g th is line in  th is  la b o ra to ry  w ith  th a t  of others. 
In  doin g th is, lim e-sulfur solu tion s w ere p rep ared  b y  
ta k in g  one p a rt of calc iu m  oxide, one p a rt of su lfu r 
an d  five  p a rts  of w a ter, b o ilin g  w ith o u t a reflu x  co n 
denser u n til th e  escapin g v a p o r  sh ow ed th e  presence 
of h y d ro gen  sulfide, filterin g  w h ile h o t, and  p la cin g  in 
w ell-stop pered  flasks, som e of w h ich  w ere filled  co m 
p le te ly  w h ile oth ers w ere o n ly  p a r tia lly  filled. In 
all cases oran ge-red  needles sep a ra ted , ev en  w hen  th e  
flasks w ere co m p lete ly  filled , sh o w in g th a t  th e y  were 
n ot dep en den t on th e  o xy ge n  of th e  air fo r  th e ir  fo rm a 
tion . (In  th e  m ore d ilu te  solu tio n s c ry sta ls  form ed 
o n ly  in  th e  p a r tia lly  filled flasks.)

S evera l b atch e s of th ese c ry sta ls  w ere purified  b y  
sep a ra tin g  th em  from  th e  m oth er liqu or b y  filterin g  
th ro u g h  h ard en ed  filter p aper in a G o o ch  cru cib le , 
w ash in g a few  tim es w ith  sm all am ou n ts of cold  w a ter 
(1 0 0 C .) , a few  tim es w ith  sm all am ou n ts of 95 per 
cen t a lcohol, sev era l tim es w ith  a b so lu te  alcoh o l, 
ether, carbo n  disulfide, and  th en  w ith  eth er again . 
T h e y  were dried  in a va cu u m  d esiccato r o v er calc iu m  
chloride.

T h e c ry sta ls  purified  as g iv en  ab o v e  h a d  an oran ge- 
red color. T h e y  w ere fou n d  to  be in so lu ble  in and 
n ot decom posable b y  eth er, p etro leu m  eth er, ch lo ro 
form , carbon  d isulfide, carbo n  te tra c h lo rid e , p yrid in e, 
or absolute a lcohol. T h e y  w ere decom posed  b y  h o t 
and  cold w ater, fo rm in g a solu tio n  sim ilar in  a p p ear -

> A n n .,  224 (1884), 178.

ance and rea ctio n  to  a d ilu te  lim e su lfu r so lu tio n , and 
le a v in g  a w h ite , am orphous residue. W hen  treated 
w ith  95 per cen t a lcohol, p y rid in e  co n tain in g  water, 
or w ith  a sm all vo lu m e of cold  w a ter  th e y  w ere de
com posed, form in g a so lu tio n  sim ilar to  th e  above; 
b u t som e of th e  c ry sta ls  reta in ed  th e ir  origin al shape, 
losin g o n ly  th e  oran ge-red  color. O n h ea tin g , the 
crysta ls  w ere g ra d u a lly  decom posed, le a v in g  a white 
su b stan ce w h ich  did n ot m elt or burn. U nder the 
m icroscope th e  sm aller c ry sta ls  ap p eared  lik e  orange- 
red four-sided  prism s w ith  p a ralle l c leav ag e. B e
tw een  crossed N ico ls, th e  ex tin ctio n  ap p eared  parallel 
in  one position  and a t an angle of a b o u t 30 0 in  an
oth er. T h e  w h ite  am orp hous residue, as w ell as the 
w h ite  crysta l-sh ap ed  m asses w h ich  rem ain ed  after 
tre a tin g  w ith  cold w a ter, w as fo u n d  to  be calcium  
oxide.

Sam ples of d ifferen t b atch es o f th ese c ry sta ls  were 
a n a lyze d  b y  tre a tin g  w ith  sodium  h y d ro x id e  solution, 
ox id izin g  w ith  sodium  peroxide, a c id ify in g  w ith  h yd ro
ch loric  acid , and  th en  d eterm in in g th e  to ta l lim e and 
to ta l su lfu r in  th e  usu al m anner. T h e  resu lts are 
show n  in  T a b le  V I I :

T abi,b v i i
T o ta l T o ta l

Sam ple S C a R a tio
N o . P e r c e n t  P e rc e n t  S /C a

 1................................................... 20 .9 2  28 .28  1.34
 2 ................................................... 20 .75  27.11 1.27
 3 ................................................... 22 .09  28 .77  1.28
 4 ................................................... 21 .83  25 .47  1.17
 5 ................................................... 21 .0 8  25.11 1.19
 6................................................... 20 .70  2 7 .3 0  1.31

A v e ra g e ........................ 21 .23  27.01 1.27

F ro m  th e  a b o v e  resu lts it  is ev id en t th a t  th e  m ole
cules m akin g up th e  c ry sta ls  co n tain  as m an y atom s 
of su lfu r as of calc iu m , sin ce th e  th e o re tic a l ratio  of 
su lfur to  calc iu m  in  such  a  m olecule is 1 .2 5 , w hich is 
alm o st id en tica l w ith  th e  a v era ge  of th e  a b o v e  de
term in ed  ratio s.

On titr a tin g  sev era l w a ter so lu tio n s of th e  crystals 
w ith  sta n d a rd  iod ine and  co m p a rin g  th e  end-point 
determ in ed  b y  color w ith  th a t  d eterm in ed  w ith  nitro- 
prusside of sod iu m , i t  w as fou n d  th a t  th e  tw o  en d
poin ts w ere th e  sam e, sh o w in g th e  absence of the 
(SH ) rad ical, and th erefo re  th e  absence of a n y  of the 
com pounds con tain in g  th is  rad ical.

T h a t  lim e is set free w hen th e  c ry s ta ls  are decom 
posed w ith  cold  w a ter  is show n  b y  th e  fo llow ing: 
T w o  sam ples of c ry sta ls  w ere sh aken  in  flasks com 
p le te ly  filled w ith  fresh ly  b oiled  d istilled  w a ter until 
d ecom position  w as com p lete. T h e  so lu tio n s were 
th en  filtered  an d  a liq u o ts t itr a te d  w ith  0 . 1  N  h y d ro 
chloric acid  and  w ith  0 .1  N  z in c  chloride. T h e  fo l
low in g results w ere ob ta in ed :

T able  V III
So l n . HC1 ZnC l; CaO
N o. Cc. Cc. G ram

 1.............................................  5 .4 9  2 .8 0  0.0075 2.............................................  16 .04  7 .95  0 .0226

T h e  general prop erties of th ese c ry sta ls  seem  to 
in d icate  th a t  th e y  are th e  H ersch elP s1 c ry sta ls  de
scrib ed  in th e  litera tu re , and  a p a rtia l an a lysis  shows 
th a t  th e ir  p ercen ta ge  com p o sition  agrees w ith  one of 
th e  form u las g iven  b y  G e u th e r:2

> A n n .,  224 (1884), 181-192.
« Ib id .
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(2CaO.CaS3.-r i H 20) 

as is shown b y  th e  following:
T a b l e  I X  

G eu th er 's  form ula— 2C aO .C aS 3. 1IH 2O
C a S

P e r cen t P e r cen t
Percentage com position— T h e o ry   2 6 .9  2 1 .6

F o u n d   27.01 21 .23

I t  should be n oted , h o w ever, th a t  one p ro p e rty  is 
shown b y  th e  m oth er liq u o r from  w hich th e  cry sta ls  
separate w hich is v e r y  d ifficu lt to  exp lain  i f  th e  c ry s
tals in so lu tio n  are considered as b ein g com posed of 
calcium  oxide in  co m b in atio n  w ith  calc iu m  polysulfide. 
T his is show n  b y  th e  fa c t  th a t  w hen  a liq u o ts  of such a 
solution are t itr a te d  w ith  sta n d a rd  h yd ro ch lo ric  
acid, sta n d a rd  zin c ch loride, and  sta n d a rd  iodine, the 
three titra tio n s agree. T h is  w ill be seen in  th e  fo l
low ing ta b le  w here 10 cc. of lim e-sulfur con cen trates 
containing th e  orange-red needles w ere d ilu ted  to  
100 cc. w ith  fresh ly  boiled  d istilled  w a ter and  10 cc. 
aliquots w ere titra te d .

T a b l e  X
S a m p l e  O. l i V HC1 O A N  ZnCla 0 .1  N  I

N o. Cc. Cc. Cc.
 1................................................. 19.00 18.95 18.95
 2 ................................................. 18.65 18.70 18.65

If th e  m oth er liq u o r from  w h ich  th e  c ry sta ls  sep arate  
contains in  so lu tio n  a com p o u n d  w h ich  has for its 
form ula 2 C a O .C a S 3 .n H 2 O , it  is d ifficu lt to  exp la in  
the ab ove resu lts, sin ce h yd ro ch lo ric  acid , zin c  chloride, 
and iodine cou ld  h a rd ly  g iv e  eq u al titra tio n s  on  a 
solution co n tain in g  th e  m olecules m en tion ed. N o 
a ttem p t to  exp la in  th is  w ill b e m ade a t th is  tim e, b u t 
it should be em p h asized  th a t  w h a te v e r  th e  ex p la n a 
tion m a y  be, th e  fa c t  rem ain s th a t  th e  th ree t i t r a 
tions do agree.

SU M M A R Y

I— C om p o u n d s con tain in g  th e  (SH ) rad ical, as 
hydrogen sulfide, ca lc iu m  h yd ro su lfid e , calc iu m  h y- 
d ro xyh yd rosu lfide , and  th e  corresp on din g sa lts  of 
other m etals, m a y  be d ete cted  in  a lim e-sulfur so lu 
tion b y  com p arin g th e  t itr a tio n  of th e  solu tio n  w ith  
stan dard  iodine to  th e  d isap p earan ce o f th e  ye llo w  
color w ith  th a t  w hen th e  en d -p oin t is d eterm in ed  b y  
the use of n itrop ru sside of sodium .

II— A  “ s tr a ig h t”  lim e-su lfu r so lu tio n  does n o t co n 
tain  an ap p reciab le  am o u n t of a n y  of th e  ab o v e-m en 
tioned com pounds.

A STA N D A R D  A PP A R A T U S F O R  T H E  D E T E R M IN A T IO N  
OF SU LFU R IN IR O N  AND ST E E L  B Y  T H E  

E V O LU TIO N  M E T H O D
B y H . B. P u l s i f e r  

R eceived A pril 3, 1918

W hile in v e stig a tin g  th e  d eterm in atio n  of su lfu r 
in iron and  steel as b riefly  described in  T h i s  J o u r n a l ,  8  

(19 16 ), 1 1 1 5 , th e  a u th o r w as led  to  m ake a few  de
term in ation s b y  th e  e v o lu tio n  m ethod. A fte r  th e  
several estim atio n s w ith  d ilu te  acid , b o th  d irect and 
ann ealed, as record ed  in th e  fo llo w in g  colum ns, it 
was decided to  conclude th e  w ork  w ith  oth er series 
usin g con cen trated  h yd ro ch lo ric  acid.

I I I — T h e difference b etw een  th e  titra tio n s  of a 
" s tr a ig h t”  lim e-sulfur solu tio n  w ith  sta n d a rd  h y d ro 
chloric acid  and  sta n d a rd  am m on iacal zin c ch loride 
is a m easure of th e  free lim e in  th e solution .

IV — W hen an excess o f lim e is used  in  th e  p rep a ra 
tio n  of a lim e-sulfur solution  and  th e  so lu tio n  is fre sh ly  
prep ared , or w hen recen tly  d ilu ted  w ith  lim e-w ater, it 
contain s free lim e; b u t on stan d in g, th e  free lim e 
g ra d u ally  d isappears. T h erefo re an o rd in a ry  lim e- 
su lfur solution  can n ot con tain  free lim e.

V — W hen m agnesium  su lfa te  is ad ded  to  a lim e- 
su lfur solution  th e fo llo w in g  m a y  be n o ted : (1) 
T h ere is a sligh t decrease in  th e  m onosulfide su lfur 
and th e  sulfide su lfur con ten ts. (2) T h e  th io su lfa te  
su lfur con ten t rem ains p ra c tic a lly  co n stan t. (3) T h e  
m agnesium  replaces p a rt of th e  calciu m  fo rm in g m a g
nesium . polysu lfide and  under prop er con d ition s c a l
cium  su lfa te  crysta llizes out. (4) A -c o m p o u n d  co n 
ta in in g  th e  (SH ) rad ical is form ed.

V I— T h e m agnesium  su lfa te  m ethod  for d ete r
m ining free lim e in a lim e-sulfur solution  is in accu ra te .

V II— T h ere appears to  be no free su lfu r in a lim e- 
su lfur solution, and th e  su lfu r th a t  sep arates o u t on 
stan d in g u n d o u b ted ly  com es from  th e  h igh er p o ly 
sulfides.

V I I I — W hen a con cen trated  lim e-sulfur so lu tio n  is 
prep ared  w ith  an excess of lim e, oran ge-red  needles 
sep arate  out. T h e prop erties of these c ry sta ls  in d i
ca te  th a t  th e y  are th e  sam e as th ose describ ed  in  th e  
literatu re  as H erschel’s cry sta ls , and  as b ein g co m 
posed of calcium  oxide com bin ed w ith  ca lc iu m  p o ly 
sulfide. T h eir  an alysis  agrees m ost c lo sely  w ith  th a t  
of G euther, w ho gives for th e ir  fo rm u la  th e  fo llo w in g : 
2C a O .C a S 3 .n H 2 O . H o w ever, it  seem s im p rob ab le  
th a t  th e y  exist in solu tio n  in  th e form  in d icated  b y  
.this form ula.

A C K N O W L E D G M E N T

T h is w ork w as su ggested  b y  P ro f. A . J. P a tte n  of 
th is la b o ra to ry , and w as carried  o u t la rg e ly  under 
his direction. I w ish to  express m y  g rea t a p p rec ia 
tion  for th e continued  in terest m an ifested  th ro u g h p u t 
and  for his kind  a d vice  and  criticism .

M ic h ig a n  A g r i c u l t u r a l  C o l l e g e  E x p e r i m e n t  S t a t io n  
E a s t  L a n s i n g , M ic h ig a n

T h e excellent resu lts o b ta in a b le  w ith  h o t c o n cen 
tr a te d  acid  h a ve  been rep o rted  a lm o st sin ce th e  in 
cep tion  of th e m eth od  n ea rly  a hun dred  yea rs a go; 
b u t W illiam s,1 in 1892, w as a p p a re n tly  th e  first one 
to  com pare results and  d em on strate  th a t  co n cen tra ted  
acid  w ould  furnish  fa r  high er an d  m ore co rrect resu lts  
th a n  d ilute acid. D u rin g th e  yea rs fo llo w in g , n u m er
ous in v estig a to rs,2 b o th  A m erican  and  E u ro p e a n ,

1 J .  Eng. Soc. West. P enn ., 8  (1892), 328.
2 Schindler, Z . angew. Chem., 6 (1893), 11; Schneider, Oeslerr. Z . Berg. 

H itten w ., 41 (1893), 365; Phillips, J .  A m . Chem. Soc., 17 (1895), 891; 
P e trdn , Jern-Konlorels A nnaler, 60 (1905), 187; Schulte, Stahl u. E isen , 26 
(1906), 985; K inder, Ib id ., 28 (1908), 249; O rthey , Z . angew. Chem., 
21 (1908), 1359 and  1393.
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confirm ed his conclusions and, go ing ev en  fu rth er, 
presen ted  exh a u stiv e  d a ta  to  sh o w  th a t  q u ick  solu
tio n  in  h o t co n cen trated  acid  d isso lved  all o rd in a ry  
sulfides and  e v o lv e d  th e  su lfu r as h y d ro g en  sulfide 
from  all sorts o f th e  ferro u s a llo ys. In  p a rticu la r  
th e  a b u n d a n t form ation  of m eth y l sulfide gen erated  
b y  d ilu te  acid  on m aterials of h igh  com bin ed  carbon  
w as en tire ly  overco m e b y  d isso lv in g in th e  h o t co n 
cen tra ted  acid. S ev era l designed  and  used a fo rm  of 
a p p a ratu s to  retu rn  as m uch as possible of th e  d is
tilled  acid  to  th e  flask, th u s m ain ta in in g th e  stren gth

of th e  so lu tio n  u n til th e  a ctio n  is com p lete. T h e  un 
s u ita b ility  of usin g ru bb er w ith  th e  co n cen trated  
acid  has lo n g  been k n o w n  so th a t th e  b e tte r  ty p e s  of 
ap p a ratu s h a v e  been  co n stru cted  w h o lly  of glass. 
R u b b er sto p p ers in  c o n ta c t w ith  h o t co n cen trated  
h yd ro ch loric  a cid  for 15 m in. m a y  ea sily  e v o lv e  far 
more sulfide th a n  m ost irons con tain , 5 g. b ein g ta k en .

M o st of th e  ty p e s  of E u ro p ea n  a p p a ra tu s  a p p ear
in g  rath er im p racticab le  an d  th ere b ein g none a t all 
a va ila b le  in th is co u n try , M essrs. E im e r an d  A m en d, 
of N ew  Y o rk , k in d ly  a ttem p ted  to  co n stru ct a sp ecia l

flask  a fter th e  design show n  in  P ig . I. T h e y  w ere un
able to  m ake one w ith o u t u sin g a solid  sto p p er and 
increasing th e  groun d jo in ts  from  3 to  8. T h e  flask, 
h ow ever, serves v e r y  w ell; it  is seen  set up in  opera
tio n  in  F ig . II . S h o rtly  a fterw ard s S ch aa r & C om 
p a n y , of C h ica g o , w ere in terested  in  th e  m a tter  and 
w ere able to  procu re sev era l excellen t u n its, a fter the 
exa ct origin al design, from  Jap an . T h ese  flasks have 
on ly  th e  th ree grou n d  jo in ts  and  are h ig h ly  satisfa c
to r y . A fte r  m akin g sev era l h un dred  determ in a
tion s w ith  th e  b a tte r y  of th ree , one solid  an d  tw o  with 
hollow  stoppers, as in d icated  in  F ig . I l l ,  th e  au th or has 
no chan ges or a lteratio n s to  m ake in  th e  orig in al de
sign. If th e  large  m ain sto p p e r is k e p t s lig h tly  greased 
it  w ith stan d s th e  in tern a l pressure p e rfe c t ly  y e t  is 
ea sily  rem oved  w ith a s ligh t tw is tin g  m otion. W ith  a 
b a tte r y  of 3 un its one op erato r can  co n tin u o u sly  make 
9 determ in ation s per hour, in clu d in g  w eigh in g o u t the 
sam ples and t itr a tin g  th e  results. W ith  enough flasks 
an op erato r and a ssista n t o u g h t to  m ake m ore than 
20 d eterm in atio n s an hour.

F ig . I I
A rrangem en t of single flask showing hydrogen  generato r, w ash bottles, 

flask, and  b eaker of ab so rb en t so lu tion . T h e  cooling w a ter is led in to  the 
coil th ro u g h  th e  tu b es  a t  th e  left.

A s th is ty p e  of a p p a ratu s  and  th e  resu lts  o b tain able  
are a p p a re n tly  s lig h tly  recogn ized  in  th is  c o u n try  it 
is th o u g h t w o rth  w hile to  a ga in  record th e  m ann er of 
op eration  and  th e  sort of results one gets. T h e 
sam ples used w ere eith er th o se ch ecked  b y  other 
m ethods or su p p lied  b y  th e  B u re au  of S ta n d a rd s.

W ith  th e  reflux a p p a ratu s an d  usin g 40 cc. of h y d ro 
chloric acid  (sp. gr. 1 .1 9 )  5 g. of iron  can  be d issolved 
a n d  th e  solu tio n  held  a t g en tle  eb u llitio n  for 15 min., 
lea vin g  th e  final solu tio n  o f m ore th a n  h alf its  original 
stren gth . T h e  use o f h y d ro g en  to  w ash  o u t th e  su l
fide o b v ia tes  v igorou s b oilin g as co m m o n ly  a d v o c a 
ted . T h u s a t th e  end of th e  o p eratio n  th e  acid  is 
con sid erably  m ore co n cen trated  th a n  a t  'th e  sta rt 
w hen 1 : 1 acid  is used. W ith o u t th e  reflux o n ly  from  
l/\ to  Va of th e  orig in al a cid  m a y  rem ain  in th e  flask 
a t th e  end un der th e  sam e h e a t influence. I t  is 
n a tu ra lly  presum ed th a t  th e  h o t co n cen tra ted  acid 
is responsible for th e  u n ifo rm ly  h igh  resu lts obtained.

T h e  cooling coil in 't h e  nejck of th e  flask  assists in 
h old ing b a ck  droplets of th e  so lu tio n  w h ich  w ould 
oth erw ise c a rry  ferrous ch loride o v er in to  th e  abso rb 
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ing solution ; for th is  reason  th e  catch -b u lb  freq u e n tly  
used has been om itted . T h e  am ou n t of iron  carried 
over varies g re a tly  w ith  th e  ch ara cte r  o f th e  d issolvin g 
and th e  h e a t used. U sin g th e  h yd ro gen  or carbon  
dioxide stream  to  sw eep o u t th e  h yd ro gen  sulfide 
there is e v id e n tly  no a d v a n ta g e  in h ea tin g  to  m ore 
th an  th e  ge n tle st eb u llitio n . M a n y  m easurem ents 
showed from  a tra c e  to  5 m g. o f iron  carried  o ver into  
th e am m on iacal cad m iu m  chloride solution . W ith  
on ly  0 .0 1  m g. or less of iron  carried  over, as is u su a lly  
th e case w ith  th is  ap p a ratu s, th e  cad m iu m  sulfide 
p recip itate is a  c lear lem on -yello w . P rom  0.02 to
0.05 m g. iron  m akes th e  p rec ip ita te  d ark en  to  orange, 
then b ecom in g reddish  w ith  o ver 1 m g. iron. T h e  
ferrous h yd ro xid e  presen t in  th is  sm all a m o u n t q u ick ly  
oxidizes to  ferric  and  ta k es  no p a rt in  th e  su b seq u en t 
titration  w ith  iodine. A s iodine is lib e ra ted  from  
iodide so lu tio n  b y  b o th  ferric  sa lts  and h yd ro ch lo ric  
acid th e  so lu tio n  should  n o t sta n d  u n d u ly  a fter  th e 
addition  of th e  iod ine and  b efore th e  b a c k  t itra tio n  
with th io su lfa te . T h e  au th o r finds 2 m in. am ple to  
effect th e  so lu tio n  of th e  cad m iu m  sulfide w ith  th e  
stren gth  of acid  used; w ith  lon ger s ta n d in g  iod ine is 
gradually  lib e ra ted  and  th e  solutions tu rn  b lu e  again .

P e r m a n g a n a t e  a n d  O x a l a t e

NaiCîO* KM nO« T o  color
KM nO< p e r cc. 

(0.4717) (a)
0 .3500 45 .79 0 . 0 2 0.003607
0 .3500 45 .78 0 . 0 2 0.003608
0 .3500 45 .78 0 . 0 2 0 .003608
0 .3500 45 .85 0 . 0 2 0.003602
0.3500 45 .80 0 . 0 2 0.003606

Av., 0 .003606
F a c to r  fo r chang ing  w eight of oxa la te  to  w eight of p e rm anganate .

P e r m a n g a n a t e  a n d  T h i o s u l f a t e

K M nO ł N ajSjO i R atio
15.51 49.91 0 .3108
15 .00 48 .22 0.3111
15.04 48 .3 0 0 .3114
15.01 48 .3 0 0 .3108
15.00 48.21 0.3111
15.02 48 .35 0.3107
14.97 48.11 0 .3112

A v., 0 .3110

I o d i n e  a n d  T h i o s u l f a t e

Iod ine NaîSaOa R atio
49 .82 47 .1 0 1.058
49 .80 47.21 1.055
49 .62 47 .08 1.054
49.91 47 .22 1.057
49 .76 47.11 1.056
49 .8 0 47 .22 1.055
49 .78 47 .19 1.055

A v., 1 .056

1 cc. K M nO i is eq u iv a len t to  0.001829 g. S  (fac to r »  0.5072).
1 cc. KM nO< is equ iva len t to  3.395 cc. iodine solu tion .
1 cc. iodine so lu tion  on  5 g. sam ple in  percen tage equals 0.01077 per

cent.

T h e sta n d a rd iza tio n  o f th e  iod ine so lu tio n  is b est 
accom p lished  th ro u g h  a th io su lfa te  and  p erm an g an ate  
solution  a g a in st sta n d a rd  sodium  o x a la te  as su p p lied  
b y  th e  B u re a u  of S ta n d a rd s. T h e  a u th o r prefers 
large b o ttles  of a ll th e  rea gen ts, in  b u lk  from  20 to  
50 liters, an d  m ade up  som e m on ths in  a d va n ce . I f  
preserved  in  th e  d a rk  th e  solu tio n s w ill a lter  so s lo w ly  
th a t  ch eckin g once a  w eek is sufficien t. A s  illu s tra 
tin g  th e  precision  an d  u n ifo rm ity  of th e  s ta n d a rd iza 
tion  w o rk  co n tra ste d  w ith  th e  u n eq u a l d istrib u tio n  
of sulfur in  th e  m etals, th e  a b o v e  figures m a y  be 
presented. I t  w ill b e n oticed  th a t  th e  v a ria tio n s  b e
tw een  in d iv id u a l m easurem en ts are o f th e  order of

1 p a rt in 1,000 in th e  stan d a rd iza tio n s, w h ile  on th e  
m etal sam ples th e  su lfur con ten t as m easured  b y  
rep etition  under iden tical conditions w ill q u ite  lik e ly  
v a r y  as m uch as x p a rt in 5.

P R O C E D U R E

T h e  procedure used on th e  fo llow in g sam ples to  o b 
ta in  th e figures in the la s t colum n, m arked  “ C on e. 
H C 1,”  is as follow s:

5 g. of the well-mixed sample are weighed on a watch-glass 
to within 1 mg. and cautiously brushed into the flask so as not 
to fall against the sides. 40 cc. of hydrochloric acid (sp. gr.
1 .19 ) is poured into the upper bulb. The stopper is placed in 
position. The absorbent solution is prepared by putting 300 
cc. distilled water in a tall form of 500 cc. beaker; to this is added 
20 cc. of ammonia (sp. gr. 0.90) and 10 cc. of ammoniacal cad
mium chloride solution (300 g. CdC l2, 500 cc. ammonia (sp. 
gr. 0.90) and 500 cc. distilled water). The exit tube is adjusted 
in the beaker and a cover glass arranged as well as m ay be. 
T he cooling water is regulated.

F ig . I l l
B a tte ry  of th ree  flasks w ith hydrogen g enerato r an d  w a te r an d  gas 

connections. An an a ly st can  m ain ta in  a  ra te  of 9 d e te rm in a tio n s  a n  h ou r 
w ith th ree  flasks.

Hydrogen from H C 1 on zinc passed through alkaline KMnO< 
and a safety bottle is then let in to  force the acid down on the 
metal and the burner beneath is lighted. T he burner has 
previously been adjusted so that it will ju st keep the solution 
in gentle ebullition. T he stream of hydrogen m ay be passed 
through continuously to the end or closed off during the peak 
of the gas evolution. W ithin 5 or 10 m ir. the sample will prob
ably completely dissolve. If a series of bottles be substituted in 
place of the single beaker the results will come no higher nor 
will the slightest trace of a precipitate be found in the second 
bottle. Inserting a wisp of glass wool in the beginning of the 
exit tube will decrease the amount of iron passing over, but 
will not influence the results.

A t  the end of 15 miń. the flame is removed; the exit tube is 
withdrawn from the beaker; the hydrogen is shut off; the stopper 
is loosened and the coil washed down into the flask, after which 
the stopper is hung on the side support (Fig. I l l )  ready for the 
next time; the outside of the exit tube is washed off into the 
beaker and the flask emptied and rinsed ready for the next run.

W ith  the iodine solution in the burette a t a known m ark 
and 10 cc. of starch solution added to the solution beneath, 
50 cc. of concentrated hydrochloric acid are poured in and iodine 
added to a strong permanent blue. Tw o minutes m ay be a l
lowed for the complete solution of the cadmium sulfide, after 
which the blue color is discharged w ith the thiosulfate solution. 
If  carbon dioxide is used as wash, one must add the hydro
chloric ad d  with much care, especially if bicarbonate has separa
ted and fallen to the bottom . T his copious gas evolution, de-
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laying the work and once in a while spoiling a run, is a serious 
objection to the use of dioxide.

T he separation of the figures into groups in the column under 
“ Cone. H C l”  results from runs made a t different times, or from 
variations in the method such as the use of dioxide, three ab
sorbent bottles, filtering the cadmium sulfide, a filter of glass 
wool, putting sulfates in the flask. Filtering the sulfide raises 
the blank and increases the results; no justification for the 
added uncertainty has been found.

Blanks are carried out exactly as a determination omitting the 
metal in the flask. T h ey  should be inserted often enough to 
establish a uniform deduction from the total iodine. W ith the 
materials used for nearly all of the author’s w ork the blank was 
between 0.20 and 0.40 cc.

The samples in the following sets of analyses have been 
numbered to correspond w ith the w ork previously reported and 
referred to in the opening paragraph. Num bers om itted coiild 
not be investigated because of inadequate sample.

Av.

N itric  
0 .032  
0.031 
0 .032  
0 .0 3 4  Av., 

, 0 .032

S a m p l e  9— S n i p  P l a t e  
B am ber’s C hloric D il. HC1

0 .0 3 2  0 .0 3 3  D irect
0 .0 2 8  0 .027  0 .033
0 .0 3 4  A v., 0 .0 3 0  0 .032
0.031 Av., 0 .033

Av,

A nnealed 
0 .032  
0 .032  
0 .0 3 0  
0 .0 2 9  
0 .031

Cone. HC1 
0.044 
0.047 
0.046 
0.048 
0.048 
0.044 
0.048 
0.048 

A v., 0.047

S a m p l e  12— B u r e a u  S t a n d a r d s  D , 6 A a n d  6 B, S , o x . =  0.044 a n d  0.046
N itric

6a
0 .038
0 .040
0.037

B am ber’s
6a

0 .046
0 .042

Chloric
6a

0 .046
0 .039

D il. IIC l

N o t run

Cone. HC1

Av.
0 .0 3 9  A v., 0 .045  

, 0 .039

0 .0 4 6  A v., 0 .043

S a m p l e  2— F o u n d r y  I r o n  
P  =

B am ber’s Chloric
0 .0 1 8  0 .016
0 .015  0 .017
0 .017  0 .010
0 .0 2 0  A v., 0 .0 1 4
0 .018

N itric  
0.011 
0.009  
0 .008  
0 .008  

, 0 .009  
Also 
0 .005  
0 .004  
0.007  

. . . ,  0 .005  
F a s te r  soln. 
. 0 .003

0.002 
0 .004  

Av., 0 .003  
Quick soln. 

0.002 
0.002 
0.003  

A v., 0 .0 0 2

Av.,

Av.,

Av.,

T . C. =  3.45, G . C. =  
0.78, M n =  0.53

DU. H  Cl 
D irect 
0 .008  
0.010 
0 .0 0 8  
0 .007  

A v., 0 .0 0 8

A nnealed 
0 .0 1 0  
0 .009  
0 .0 1 0  
0 .008  

Av., 0 .0 0 9

3.23, Si «  3.56,

Cone. HC1 
0.021  
0.021  
0.023 
0.019 
0.018 
0.021 
0.023 
0.023 
0.023 
0.021

A v.,

Av.

6b
0.062
0.057
0.061
0.062
0.059
0.048
0.062
0.055
0.057
0.058

0.058
6a

0.062
0.055
0.061
0.056
0.053
0.060
0.058

66
0.058
0.062
0.066
0.047
0.056
0.045
0.051
0.057
0.059
0.063
0.066
0.057

S a m p l e  13— A m . F d y . A s s n . S t a n d . A ,  2 n d

N itric  B am b er’s C hloric D il. HC1 C one. H C

A v.,
0 .052  
0.051 
0 .045  
0 .053  
0 .047  

A v., 0 .0 5 0

0 .057
0 .0 5 6
0 .0 5 8

0 .063  
A v., 0 .059

0 .0 5 2  D irec t
0 .0 4 9  0.041
0 .0 5 4  0.041

0 .0 5 9  A v., 0 .0 5 2  A v., 0 .041 
0 .062

A nnealed 
0 .038  
0.039  
0 .041 

A v., 0 .039

0.049 
0.053 
0.051 
0.049 
0.050 
0.052 
0.052 
0.057 
0.051 

A v., 0.051 0.052

0.051
0.048
0.051
0.055
0.050
0.053
0.052

S a m p l e  3 — “ V i s m e r a ”  p r o m  I n l a n d  S t e e l
S a m p l e  15— F o u n d r y  I r o n , T . C. =* 3.69, G . C.

P  =  0.65, M n  =  0.48
3.34, Si «  2.06,

N itric B am ber’s Chloric D il. H C l C one. H C l N itric B am b er’s C hloric D il. H C l
0 .007 N o t run 0 . 0 1 2 N o t run 0.034 0.031 0.063 0 .0 6 8 0 .059 D irec t
0 .009 0 .0 1 8 0.034 0.033 0 .0 6 0 0.075 0 .0 6 4 0 .047
0 . 0 1 2 Av.., 0 .015 0.033 0.030 0.063 0.073 0.061 0 .047

., 0 .009 0.033 0.037 0.062 0.067 0 .068 A v., 0 .047
0.035 0.033 0.067 0.071 A v., 0 .063
0.034 0.035 0 .0 6 6  A v., 0 .071 A nnealed
0.034 0.029 A v., 0 .064 0 .0 5 0
0.034 0.029 0 .0 5 0
0.034 0.031 0 .048
0.033 0.029 0.045
0.032 Av., 0 .048
0.033

Av., 0.034 0.032

S a m p l e  4— F o u n d r y  I r o n

Av

N itric B am ber’s Chloric Dil. H C l Cone. H C l
0.015 0 .0 2 1 0.023 D irect
0.013 0 .0 2 2 0.0 22 0.013 0.024 0.028 0.020
0.013 0.021 Av., 0.023 0.016 0.026 0.026 0.019
0.013 A v., 0.021 0.013 0.024 0.028 0.031
0 . 0 1 1 0.018 0.023 0 026 0.018

., 0.013 A v., 0.015 0.021 0.022 0.019
0.024 0.031 0.032

A nnealed 0.023 0.032 0.020
0.014 0.032 0.022
0.015 0 .0 2 2

Av., 0.015 A v., 0.023 0.028 0.022
Av., 0.025

S a m p l e  5-— M i l d  S t e e l

Cone. H  Cl 
0.069 0.089 0.069 
0.069 0.071 0.068 
0.074 0.076 0.074 
0.076 0.087 0.083 
0.069 0.080 0.072 
0.070 0.072 0.078 
0.081 0.080 
0.071 0.077 

A v., 0.076 0.074
0.067 0.074 0.062 
0.076 0.079 0.071 
0.073 0.068 0.080 
0.071 0.075 0.080 
0.066 0.073 0.083 
0.076 0.067 0.084 

0.080 
0.079 
0.079 
0.089 
0.087 
0.085

A v., 0.072 0.073 0.080 
T o ta l A v., 0.076

S a m p l e  16— A m . F d y . A s s n . S t a n d . B ,  2n d , S ,  o x .
0.055

0.070, S, ev.

N itr ic  B am ber’s Chloric

Av.,

0 .017
0.021
0.017
0.018

0.021 
0 .0 1 9  
0 .019  
0.021 
0 .0 20  

A v., 0 .0 2 0

0 .015  
0 .0 1 6  

A v., 0 .016
Av.,

D il. H C l 
D irec t 
0.021 
0.020 
0.020

A nnealed 
0 .015  
0 .015  

A v., 0 .015

Cone. H C l 
0.049 
0.034 
0.037 
0.037 
0.040 
0.036 
0.038 
0.038 
0.035 

Av., 0.038

S a m p l e  8— I r o q u o is  I r o n  N o . 3
N itric B am ber’s Chloric Dil. H C l C one. H C l
0 .030 0.041 0 .034 D irec t 0.039 0.038 0.034
0.030 0 .038 0.043 0 .023 0.029 0.032 0.035

, 0 .030 0 .028 0.041 0 . 0 2 2 0.038 0.035 0.036
0 .0 3 4  A v., 0 .039 0 . 0 2 0 0.028 0.034 0.032
0 .0 3 2 0 . 0 2 0 0.030 0.030 0.038

Av., 0 .035 A v., 0.021 0.036 0.035 0.039
0.041 0.038

A nnealed 0.023 0.036
0 .023 0.034 0.031
0 .024 A v., 0.033 0.034 0.036

A v., 0 .024 A v., 0.034

N itric B am ber’s Chloric Dil. H C l C one. H C l
0 .078 0 .077  0 .0 7 0 D irect 0.092
0 .065 0 .0 6 9  0 .067 0 .059 0.087
0 .0 7 0 0.081 A v., 0 .069 0 .059 0.090
0 .067 0 .0 8 0 0 .058 0.085
0 .0 7 0 0.075 A v., 0 .059 0.088

Av., 0 .069 0 .078 A v., 0.087
Av., 0 .076 A nnealed

0 .0 6 0
0 .063
0.053

A v., 0 .059

S a m p l e  17— S p e c i a l S m a l l  I n g o t

N itric B am b er’s Chloric Dil. H C l C one. H C l
0 .075 0 .0 8 4  0 .076 D irec t 0.072
0.076 0 .083  0 .072 0.061 0.084
0.079 A v., 0 .0 8 4  A v., 0 .074 0.061 0.084

A v., 0 .077 0 .064 0.080
0 .058 0.077

A v., 0 .061 0.080
0.076

A nnealed Av., 0.079
0.055  
0 .055  
0 .055  
0 .0 5 6  

A v., 0 .055
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S a m p l e  18— F o u n d r y  I r o n , S p e c i a l  S m a l l  I n g o t S a m p l e  2 5 -
N itric B am b er’s C hloric D il. H C l Cone. H C l
0 .0 8 1 0 . 0 9 4  0 .0 7 9 D irect 0.077
0 .0 8 1 0 . 0 9 5  0 . 0 8 0 0 .0 6 6 0.069
0 .0 8 2 0 . 0 8 9  A v., 0 . 0 8 0 0 .0 6 7 0.068
0 .0 8 4 A v., 0 .0 9 2 0 . 0 8 0 0.085
0 .0 7 8 0 .0 6 6 0.070

Av., 0 .0 8 1 A v., 0 .0 6 9

A nnealed 
0 .0 6 3  
0 .0 6 5  
0 . 0 6 4  
0 . 0 5 9  

Av., 0 .0 6 3

0.076 
A v., 0.074

-B u r e a u  S t a n d a r d s  B . O . H . ,  N o . 1 5 a . S  p r o m  0 .0 2 1  t o  
0 .0 3 2

S a m p l e  19— F o u n d r y  I r o n , S p e c i a l  S m a l l  I n g o t

N itric  B am b er’s C hloric Dil. H C l C one. H C l
0 .1 0 6  0 .1 0 3 0 . 0 9 8 D irec t 0.094 0.097
0 .1 0 1  0 .1 0 4 0 .0 9 7 0 .0 6 0 0.096 0 . 1 0 1
0 .0 9 7  0 .1 0 3  A v., 0 . 0 9 8 0 . 0 6 0 0.091 0.094
0 .1 0 0  Av., 0 .1 0 3 0 .0 5 8 0.095 0.093

Av., 0 .1 0 1 0 .0 6 3 0.092 0.091
A v., 0 . 0 6 0

0.096
A nnealed 0.094

0 .0 7 5 0.094
0 .0 7 7 0.095
0 . 0 7 2 A v., 0.094 0.095
0 . 0 6 6 Av., 0.095

A v., 0 .0 7 3

S a m p l e  2 0 — F o u n d r y  S p e c i a l  I r o n , S m a l l  I n g o t

N itric  B am b er’s Chloric Dil. H C l C one. H C l
0 .1 1 3  0 . 1 4 0 0 .1 2 9 D irec t 0.092 0.092
0 .1 1 6  0 .1 3 8 0 .  128 0 .0 7 4 0.085 0.090
0 .1 2 1  0 .1 3 1 0 . 1 3 6 0 .0 6 6 0.096 0.090
0 .1 1 9  A v., 0 . 1 3 6  A v., 0 .1 3 1 0 .0 7 4 0.096 0.093

Av., 0 .1 1 7 0 .0 6 5 0 . 1 0 1 0.098
A v., 0 . 0 7 0 0.097

0 . 1 1 1
A nnealed A v., 0.097 0.093

Av.,

0 .0 8 8
0 .0 8 6
0 .0 8 6
0 .0 7 5
0 . 0 7 4
0 .0 8 1

N itric  
0 .1 7 6  
0 .1 7 6  
0 .1 8 2  
0 .1 7 1  
0 .1 8 4  
0 .1 8 2  
0 .1 8 4  

Av., 0 .1 7 9

S a m p l e  2 1 — F o u n d r y  I r o n , S p e c i a l  S m a l l  I n g o t

Av,

B am bcr’s 
0 .1 4 0  
0 .1 3 8  
0 .1 3 1  A 

„ 0 .1 3 6

Chloric DU. H C l C one. H C l
0 .1 9 9 D irec t 0.132
0 .1 7 2 0 .1 3 6 0.134
0 .1 8 6 0 .1 3 1 0.141

0 .1 2 7  
0 .1 3 1  
0 .1 3 9  
0 .1 2 6  
0 .1 3 2  

A v., 0 .1 3 2  
Annealed 

0 .1 5 8

A v., 0.136

0 .1 4 1  
0 .1 5 5  
0 . 1 5 6  
0 .1 5 2  
0 .1 3 7  
0 .1 5 1  

A v., 0 . 1 5 0

S a m p l e  2 2 — F o u n d r y  I r o n , S p e c i a l  S m a l l  I n g o t

N itric  B am b er’s  Chloric Dil. H C l Cone. H C l
0 .2 6 5  0 . 2 6 9  0 .2 6 1 D irect
0 .2 6 1  0 .2 6 5  0 .2 6 0 0 .1 8 8 0.163 0.187
0 .2 5 5  0 . 2 6 6  A v., 0 .2 6 1 0 .2 2 2 0.146 0.185
0 .2 5 5  A v., 0 .2 6 7 0 .1 9 0 0.183 0.183

Av., 0 .2 5 9 0 .2 0 5 0.169 0.186
0 .1 8 8 0.187 0.186
0 .1 7 2 0.186

Av., 0 . 1 9 4 0.142
0.177

A nnealed  Av. , 0.169 0.185
0 .2 3 4
0 .1 9 6
0 .2 4 3
0 .2 0 8
0 .2 2 7

A v., 0 .2 2 2

S a m p l e  2 3 — F o u n d r y  I r o n

N itric  B am ber’s Chloric D il. H C l C one. H C l
0 .0 1 5  0 . 0 2 4  N o t run D irec t
0 .0 1 6  0 . 0 2 0 0 .0 1 0 0.018 0.014 0.019

Av., 0 .0 1 6  0 .0 2 3 0 .0 1 0 0.016 0.018 0 .0 20
Av., 0 .0 2 2 A v., 0 . 0 1 0 0.017 0.024 0.022

0.014 0 .0 2 0
A nnealed 0.015

0 .0 1 5 0.017
0 .0 1 5  A v., 0.016 0.019 0.020 

A v., 0 .0 1 5  T o ta l A v., 0.018

N itric  
0 .120  
0 .1 1 6  
0 .1 0 9  
0.112 

Av., 0 .1 1 4

S a m p l e  24— H i g h  S  S t e e l  
B am b er’s C hloric DU. HC1
N o t ru n  N o t ru n  N o t run

Cone. HC1 
0.125 
0.113 
0.116 
0.123 
0.119 
0.123 
0.124 

A v ., 0.121

N itric  B am ber’s Chloric D il. HC1 Cone. HC1
N o t run  I'Jot run  N o t run  N o t ru n  0.044 0.049

0.044 0.045 
0.042 0.048 
0.049 0.049 
0.053 0.047 
0.049 0.054 

Av., 0.047 0.049 
T o ta l A v., 0.048

S a m p l e  26— B u r e a u  S t a n d a r d s  B . O . H . ,  N o . 126, S  f r o m  0 .0 1 8  t o  
0 .0 2 5

N itric  B am ber’s Chloric
N o t run  N o t run  N o t run

D il. IIC l 
N o t riin

S a m p l e  2 7 -

C onc. HC1 
0.023 0.028 
0.025 0.029 
0.026 0.027 
0.023 0.029 
0.024 0.028 
0.023 0.023 
0.023 0.025 

Av., 0.024 0.027 
T o ta l Av., 0.026

-B u r e a u  S t a n d a r d s  B . O . I I . ,  N o .  1 3 a , S  p r o m  0 .0 2 2  t o  
0 .0 3 5

N itric  B am ber’s Chloric Dil. HC1 C one. H C l
N o t run  N o t run  N o t run  N o t ru n  0.034 0.034

0.033 0.036 
0.028 0.034 
0.035 0.033 
0.033 0.031 
0.035 0.039 
0.034 0.033 

Av., 0.033 0.034 
T o ta l Av., 0.034

S a m p l e  2 8 — B u r e a u  S t a n d a r d s  B . O . H ., N o . 1 4 a , S  f r o m  0 .0 3 1  t o  
0 .0 4 1

N itric  B am ber’s Chloric D il. H C l
N o t ru n  N o t run  N o t run  N o t run

Av., 
T o ta l A v.,

Cone. H C l 
0.037 0.045 
0.039 0.041 
0.036 0.044 
0.035 0.044 
0.036 0.038 
0.036 0.036 
0.037 0.039 
0.037 0.041 

0.039

S a m p l e  2 9 — B u r e a u  S t a n d a r d s  B . O . H . ,  N o . 1 6 a , S  f r o m  0 .0 2 7  t o  
0 .0 3 3

N itric  
N o t run

B am ber’s 
N o t run

Chloric 
N o t run

Dil. H C l 
N o t run

C one. H C l 
0.045 0.049 0.054 
0.049 0.047 0.054 
0.051 0.054 0.056 

0.044 0.052 
0.044 0.057 
0.049 0.057 

A v., 0.048 0.048 0.055 
0.055 
0.052 
0.049 

Av., 0.052 
T o ta l Av., 0.051

S U M M A R Y

A n  evolu tion  flask for th e  d eterm in atio n  of su lfu r 
in  iron and steel has been designed  and  u sed  fo r  o v er  
300 determ inations of su lfur in  23 sam ples of m etal 
w hose sulfur con ten t has been ca re fu lly  ascertain ed  
b y  oth er m ethods.

T h e  apparatu s is designed to  o b v ia te  th e  use of 
rubb er and p rovide a reflux condenser to  m ain ta in  
th e  acid  solution  a t m axim um  stren gth , a t th e  sam e 
tim e p reven tin g th e  b oilin g o ver of th e  solu tio n  and 
w ash in g th e gas w hich goes o ver in to  th e  abso rb in g 
solution. If a curren t of h yd ro gen  or carb o n  d ioxid e 
is continuously passed th ro u g h , th e  h yd ro gen  sulfide 
is e ffective ly  w ashed o u t and  it  is im possible for th e  
absorb en t solution  to  su ck  b a ck . T h e  au th o r b ro k e  
one flask b y  runn ing in  th e  acid  o n to  th e  m etal w hen 
th e  b otto m  of th e  flask  w as to o  h ot, and  a n o th er b ro k e 
w hen th e cooling w a ter  co n n ection  p a rte d  an d  th e 
cold  w ater ran  dow n  th e  side. T h e  first a cc id en t 
cam e through a tte m p tin g  to  speed up  th e  runs and  
n ot cool th e asbestos b etw een  tim es. I f  th e  flam e is 
sh ut off im m ed iately  on en d in g a run and  o n ly  re 
ligh ted  as th e  last a ct of s ta r tin g  a new  ru n , th is  dan ger
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is avoided . A fte r  learn in g th is, o ver 300 d eterm in a 
tion s were m ade w ith o u t accid en t. T h e  b reak in g  
of th e  w a ter conn ection  resu lted  from  th e  m u ltip lic ity  
of groun d jo in ts in  th e  su b stitu te  flask; such  an  acci
dent is h a rd ly  possible w ith  th e  origin al design.

T h e  cost o f a flask  is of no consequence if th e  re
su lts are considered w o rth  h a v in g . T h e  cost per de
term in ation  w ill depend on th e  n um ber of runs th a t  
can  be m ade b efore it  is d am aged . I f  1,000 d ete r
m inations should  be th e  a v era ge  life  on an origin al 
cost of $ 10 .0 0  th e  cost is i* c e n t  per d eterm in atio n . 
T h e  m an ip u lation  is sim ple and  o n ly  b y  gross care
lessness sh o u ld  an a n a ly st b re ak  th e  a p p a ratu s b y  
handling. W ith  th e  cooling w a ter  ru n n in g and  th e 
h yd ro gen  passin g th ro u g h , th e  flask  can  be le ft  b oilin g 
over th e  flam e in d efin ite ly  w ith o u t dam age.

T h e  resu lts  w hich  can  be o b ta in ed  w ith  th e  a p p a ratu s 
are u n ifo rm ly  high , o ften  a b o v e  th o se o b ta in a b le  b y  
a n y  oth er m ethod. In  o n ly  tw o  in stan ces w ith  th e  
sam ples stu d ied  did th e  d ilu te  acid  g iv e  m ore su lfu r 
th a n  th e  co n cen trated . T h ese w ere b o th  h igh  su lfu r 
m ateria ls  and  th e  su lfu r  from  b o th  of th ese sam ples 
ea sily  sep arates as elem en tal su lfu r; in  usin g th e  n itric  
acid  o x id atio n  m ethod  th e  globule of su lfur, w h ich  m a y  
float a b o u t if th e  solution  in h o t a cid  is rap id , has to  
b e o x id ized  b y  lo n g  d igestion. T h e  h igh  resu lts w hich  
one ob tain s as in  Sam ples 2 and 3 m igh t keep 
one in  d o u b t as to  th e  source of a ll th e  su lfu r, w ere 
n ot th e  ab u n d an t cad m iu m  sulfide p re c ip ita te s  d i
re c tly  in  fro n t of one and  u n d e n ia b ly  o f th e  r ig h t p ro 
portions. T h e  excellen t agreem en t on som e B u reau  
of S tan d ard s sam ples and  th e  h igh  figures on oth ers 
em phasizes th e  a d v a n ta g e  of s ta n d a rd iza tio n  of th e  
iodine solution  a gain st sodium  oxa la te .

A  glance a t  th e  resu lts show s th e  fa lla c y  of usin g 
x : 1 h yd ro ch lo ric  acid , w h eth er th e  sam p le has been 
ann ealed  or n ot. I f  th e  sam p le is v e r y  h igh  in  sulfur, 
d ilu te  acid  w ill lib e ra te  m ore h y d ro g en  sulfide in  a 
15-m in. in te rv a l th a n  th e  co n cen trated  acid , p ro b a 
b ly  because of m ore elem en tal su lfu r b ein g form ed  
in  th e  la t te r  case. In  th is  case n eith er w ill g iv e  as 
h igh  resu lts as an ox id atio n  m ethod  b u t th a t, too , 
m ust b e exten d ed  to  oxid ize th e  sep a ra ted  sulfur. 
O thers h a v e  fou n d  th a t  a slow  d igestion  carried  o u t 
for hours w ill fin a lly  brin g th e  e v o lu tio n  su lfu r resu lt 
as h igh  as th e  o x id atio n  figure, ev en  on th ese high 
su lfu r m aterials. F o r  sulfurs n ot o ver 0 .1 0  per 
cen t th e  prop osed  m eth od  is th erefore as a ccu rate  
as a n y  m eth od; for su lfu r o ver 0 .1 0  per cen t th e 
a n a ly st m ust be s tr ic t ly  on his guard.

T h e  a d va n ta g e s  of th e  ev o lu tio n  m eth od  are th a t  it  
g ives th e  tru e  am oun ts of su lfu r presen t in  th e  sam ple, 
th e  m ethod  is ex ceed in gly  rap id , th e  m eth od  is th e  
m ost d irect of a n y  y e t  devised , an d  o n ly  tw o  con tain ers 
are used. O xid atio n  m ethods usin g n itric  a cid  are all 
h igh ly  liab le  to  loss of su lfur b ecau se o f th e  excessive 
gas form ation . T h e  su ccessive filtration s, e v a p o ra 
tions, and p recip ita tio n s in  th e  o x id a tio n  and  fusion  
m ethods (carried to  excess in  th e  la tte r  m ethod) ren 
der these m ethods reliab le o n ly  un der th e  m ost rigid 
conditions of la b o ra to ry , ch em ical, and  m an ip u la
tiv e  control. T h is  u n fo rtu n a te  con d itio n  is m ost

v iv id ly  presented  in  th e  d istr ib u te d  resu lts  of th e  
B u reau  of S tan d ard s sh o w in g th e  average resu lt as 
o b ta in ed  b y  th e  b est a n a lysts , all usin g th e  sam e 
m ethod, w ith  th e  extrem e resu lts u su a lly  d ifferin g 
b y  as m uch as r p a rt in  5. T h ere  is c e r ta in ly  som e
th in g  m ore th a n  th e  in h eren t h etero g e n e ity  o f the 
sam ples a t fa u lt  w hen th e  a v era g e  resu lts diff er so 
w id ely .

M o n t a n a  S t a t b  S c h o o l  o p  M in u s  
B d t t b , M o n t a n a

D E T E R M IN A T IO N  O F A C E T IC  A CID  B Y  D IST IL LA T IO N  
W IT H  P H O SP H O R IC  ACID

B y  W . P a it o u t b  M r a s  
R eceived D ecem ber 12, 1916

O n a c c o u n t o f th e  s c a r c ity  o f l ite r a tu r e  d e a lin g  
w ith  m eth o d s fo r  th e  d e te rm in a tio n  o f a c e tic  a cid  
in  o rg a n ic  m ix tu re s  o th e r  th a n  th e  a n a ly s is  o f c a l
c iu m  a c e ta te , i t  w a s th o u g h t  a d v is a b le  to  w o rk  
a lo n g  th is  lin e  a n d  d e v ise , i f  p o ss ib le , a n ew  m eth od  
w h ich  w o u ld  be s im p le , r a p id  an d  a c c u r a te , even  
in  th e  p rese n ce  o f c a rb o n  d io x id e .

A lth o u g h  th e  d e te rm in a tio n  as f in a lly  carried  
o u t b e a rs  re la t io n  to  th e  re g u la r  p h o sp h o ric  acid  
d is tilla tio n  m eth o d  su ch  as is d esc r ib e d  in  th e  w ell- 
k n o w n  b o o k s on  te c h n ic a l m eth o d s, I th in k  it  su f
f ic ie n t ly  d iffe re n t, d u e to  a n u m b er  o f c h a n g e s  and 
a d d itio n s , to  d escr ib e  in  d e ta il.

T h is  m eth o d  h as b een  u sed  b y  th e  w r ite r  m ore 
p a r t ic u la r ly  fo r  d e te rm in in g  a c e t ic  a c id  in  ca lc iu m  
a c e ta te  resid u es a n d  d r y  so d a  a n d  su lfite  liq u o rs 
th a n  fo r  c o m m e rcia l c a lc iu m  a c e ta te  a ssa y s  a n d  has 
g iv e n  in  a ll cases e x c e lle n t re su lts . O f co u rse , if 
o th e r  v o la t ile  o rg a n ic  a cid s  a re  p re se n t th e y  w ill 
be e s t im a te d  w ith  th e  a c e t ic  a c id  a n d  th e  a n a lys is  
w ill th e re fo re  h a v e  to  b e  c o n tin u e d  so as to  fu rth e r  
s e p a ra te  th e se  a cid s  b e fo re  c a lc u la t in g  th e  resu lts  
as a c e tic  a c id . I n  m o st cases th e  a m o u n ts  of o th er 
v o la t i le  a c id s  c o n ta m in a tin g  th e  a c e tic  a c id  are  v e ry  
sm a ll an d  fo r  m o st a n a ly se s  su c h  as a re  d esired  for 
te c h n ic a l in fo rm a tio n  m a y  b e  n e g le c te d .

T h e  p r in c ip le  of th e  m e th o d  is th e  d eco m p o sitio n  
of th e  a c e ta te  b y  m ean s o f p h o sp h o ric  a c id , d is
t i l l in g  th e  a c id  v a p o rs  lib e r a te d  an d  c o lle c t in g  th e m  
in  a k n o w n  a m o u n t o f a s ta n d a r d  b a r iu m  h y d ro x id e  
so lu tio n  w h ic h  is  in  ex cess, fin a lly  d e te rm in in g  b y  
t it r a t in g  b a c k  w ith  s ta n d a r d  acid .

B e fo re  d e sc r ib in g  th e  m e th o d  as fin a lly  ca rrie d  
o u t a  few  re m a rk s  r e la t iv e  to  th e  m eth o d s n ow  in  
u se  an d  d e sc r ib e d  in  b o o k s  on q u a n tita t iv e  a n a ly s is  
w ill b e  g iv e n .

L u n g e ’s “ C h em isch -tech n isch e U n tersu ch u n gs- 
m eth o d en ,”  d r it te r  B a n d , S e ite  8 2 2-823, or th e  
tr a n s la te d  e d itio n , V o l. 3, p. 307, d ire c ts  th a t  th e  
a c e ta te  b e  d is tille d  to  d ry n e ss  tw o  or th r e e  tim es, 
th e  r e s u ltin g  d is tilla te s  b e in g  c o m b in e d  a n d  th e 
a m o u n t o f a c id  th e re in  d e te rm in e d  b y  t it r a t io n  
w ith  a lk a li.

A lle n ’s “ C o m m ercia l O rgan ic  A n a ly s is ,”  V o l. I , 
a n d  T r e a d w e ll ’s “ Q u a n tita tiv e  A n a ly s is”  d escrib e 
m eth o d s s im ila r  to  t h a t  o f L u n g e .
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T h e  m e th o d s  d e sc r ib e d  b y  A . G . S t i l lw e ll1 and  
T . S. G la d d in g 2 d iffer fro m  L u n g e ’s, m a in ly  in  th e  
w a y  o f c o lle c t in g  th e  d is tilla te , i.  e., a b so rb in g  th e  
acid  v a p o rs  in  s ta n d a r d  a lk a li  as th e y  are e v o lv e d  
and c o lle cte d .

W . M . G r o s v e n o r 3 p o in ts  o u t th e  erro r lia b le  
to  be in tro d u c e d  if  a n y  a p p re c ia b le  a m o u n t o f c a r 
bon d io x id e  is p re se n t, b u t does n o t e lim in a te  th is  
error in h is  m e th o d  sh o u ld  su ch  b e th e  case .

T h e  p ro c e d u re s  as g iv e n  a b o v e  te n d  to  c a u se  a 
grea t d ea l o f b u m p in g  as th e  c o n te n ts  of th e  d is 
t illin g  flask  b eco m e m ore c o n c e n tr a te d  a n d  th e r e 
fore m ore s y r u p y  an d  th e  d is t illa t io n  o fte n  b ecom es 
v e ry  irre g u la r . T h is  is m ore n o tic e a b le  w h en  an 
organ ic  resid u e  is b e in g  a c te d  u pon  th a n  w h en  a c e tic  
a cid  in  a c e ta te  of lim e  is b e in g  d e te rm in e d .

T h e re  are  th re e  im p r o v e m e n ts  in  th e  fo llo w in g  
m ethod  b y  th e  w rite r , viz.,  (1) m a k in g  th e  d is t i l la 
tio n  b u lb s  a n d  co n d en ser tu b e  in  on e p iece  (of 
1/t  in . g la ss tu b in g  a n d  of th e  sh a p e  sh o w n  in  th e  
d ra w in g ), th u s  m a k in g  one less jo in t  a n d , as th e  
a p p a ra tu s  is m u ch  sm a lle r  b o re , e n a b lin g  on e to  
o b ta in  m ore c o n c o rd a n t a n d  a c c u r a te  r e su lts  in  
a sh o rter  t im e ; (2) th e  u se o f a  s lig h t su c tio n  on  th e  
la tte r  en d  of th e  a p p a r a tu s , th u s  p r e v e n tin g  b u m p in g  
to  a v e r y  g re a t e x te n t, th e  a c c u m u la tio n  of v a p o rs  
in  th e  fla sk  a n d  r e d u cin g  th e  tim e  re q u ire d  to  m a k e 
th e  d e te rm in a tio n ; (3) th e  u se of a s ta n d a r d  so lu 
tio n  of b a r iu m  h y d ro x id e  fo r  a b so rb in g  th e  a cid  
va p o rs . (O n  a c c o u n t o f th e  u se of a  c u rr e n t of 
air d ra w n  th ro u g h  th e  a p p a r a tu s  i t  is n e c e ssa ry  to 
p ro v id e  th e  in le t o f th e  fla sk  w ith  a so d a -lim e tu b e .)

T h e  fla sk  A , of a b o u t 500 cc. c a p a c ity ,  is  f it te d  
w ith  a tw o -h o le  r u b b e r  s to p p e r, on e h ole  o f w h ich  
■contains th e  d is tilla tio n  b u lb s  an d  th e  o th er a th is t le  
tu b e , b e n t as sh o w n  in  th e  figu re. A  so d a -lim e 
tu b e , C , a n d  a d ro p p in g  fu n n e l, D , are c o n n e c te d  
to  th e  th is t le  tu b e . A s  th e  d ro p p in g  fu n n e l c o n 
ta in s  d ilu te  p h o sp h o ric  a c id , th e  a ir d ra w n  th ro u g h  
th e  a p p a r a tu s  d u rin g  th e  d is t illa t io n  m u st en ter  
th r o u g h  th e  so d a -lim e tu b e .

T h e  c o o lin g  ja c k e t  fo r  th e  co n d en ser tu b e  is m ade 
fro m  3/ 4 in . g la ss  tu b in g . A fte r  d ra w in g  d o w n  th e

1 J .  Soc. Chem. In d .,  1904, 3 0 5 .
1 T h is  J o u r n a l , 1  (1 9 0 9 ) ,  2 5 0 .
* "A nalysis of C om m ercial A ceta te  of Lim e,”  J .  Soc. Chem. In d .,  1904,

■530.

en ds an d  sea lin g  on th e  w a te r -tu b e  c o n n e c tio n s , it  
is s lip p ed  on in  th e  u su a l m ann er. T h e  re m a in d e r  
o f th e  a p p a ra tu s  needs no e x p la n a tio n  as i t  can  be 
c le a r ly  u n d e rsto o d  b y  g la n c in g  a t th e  figure.

A  k n o w n  a m o u n t o f a s a tu r a te d , or n e a r ly  so , 
s ta n d a rd  b a riu m  h y d ro x id e  so lu tio n  is q u ic k ly  run  
in to  th e  E rle n m e y e r  flask  B , en ou gh  b e in g  a d d e d  
so as to  s till  h a v e  an excess a t th e  en d  o f th e  d e 
te rm in a tio n .

S g. o f th e  d ry  sa m p le , if it  is a resid u e fr o m  a  d r y  
d is tilla tio n , or a v a r y in g  a m o u n t d e p en d in g  u p o n  
th e  n a tu re  of th e  su b sta n c e , are p la ce d  in  th e  flask  
A , an d  a fte r  f ittin g  th e  co rk s, a d ilu te  so lu tio n  of 
p h o sp h o ric  a cid  (20 cc. H 20  p lu s  40 cc. 85 p er cen t 
p h o sp h o ric  acid ) is a d d e d  th ro u g h  th e  fu n n e l D . 
T h e  sto p c o c k  of th e  fu n n el is n o w  q u ic k ly  c lo sed  
and  a s lig h t su c tio n  (w a te r  p u m p ) s ta r te d  th r o u g h  
th e  a p p aratu s'. T h e  flask  an d  c o n te n ts , w h ic h  sh o u ld ' 
b e  on a san d  b a th , are g r a d u a lly  h e a te d  u n til th e  
liq u id  b oils. A fte r  th e  te m p e r a tu re  h as re a ch e d  
th e  b o ilin g  p o in t th e  flam e is r e g u la te d  so as to  ju s t  
keep  th e  c o n te n ts  b o ilin g  l ig h t ly . T h e  r a te  o f s u c 
tio n  is th e n  a d ju ste d  so th a t  th e  b u b b le s  issu in g  
fro m  th e  tu b e  in  flask  B are n o t m ore th a n  10 to  
15 per m in u te.

A s soon  as th e  d is tilla tio n  a n d  su c tio n  h a v e  b een  
a d ju ste d , a d ilu te  so lu tio n  o f p h o sp h o ric  a c id  is 
m ade up  (50 cc. H 20  to  25 cc. 85 per c e n t p h o sp h o ric  
acid ) an d  p o u red  in to  th e  d ro p p in g  fu n n e l. T h is  
d ilu te  a cid  is a llo w e d  to  d ro p  in to  th e  d is tillin g  
flask  a t th e  sam e ra te  as th e  c o n d e n se d -v a p o rs  d is til 
(a b o u t 10 to  15 drops per m in u te ). I t  m a y  be sa id  
a t  th is  p o in t th a t  th e  c o n c e n tra tio n s  ju s t  g iv e n  for 
th e  p h o sp h o ric  acid  m a y  v a r y  c o n s id e ra b ly , d e p e n d 
in g  upon th e  m a te ria l u n d er e x a m in a tio n .

100 cc. Ba(OI-I)i solution used, equ iva len t to  153.30 cc. N / \ 0  B a (O H )i
N /1 0  H C i used to  neutralize excess ............ 9 0 .3 0  cc.

2V/10 B a(O H )i equiv. to  acetic acid plus COi 6 3 .0 0  cc.
N  HCI used to  dissolve B aC O j...............................  10 .56  cc.
N  N aO H  used to  neutralize excess H C I...................  6 .2 5  cc.

N  HCI equivalent to  B aC O j..................................... 4.31 cc.
2V/10 HCI equ ivalen t to  B aC O i.............................. 43 .1 0  cc.
F rom  B a{O H )j...............................................................  63 .00  cc.

S u b trac t c c .  HC I equivalent to  B aC O j..............  4 3 .1 0  cc.

N / 10 B a(O H )i equivalent to  acetic  ac id .............  19 .90  cc.

19.9 X 0 .006  ^  jqo  _  2 . 3 9  p er cen t a c e tic  acid

A t th e  end of th e  ru n , w h ich  is g e n e ra lly  c o m p le te  
in  an  h our and  a h a lf , p h e n o lp h th a le in  is a d d e d  to  
th e  b ariu m  h y d ro x id e  so lu tio n  an d  th e  ex cess of 
a lk a li  d eterm in ed  b y  t i tr a t io n  w ith  iV / io  h y d r o 
c h lo ric  acid . N o rm a l h y d ro c h lo r ic  a c id  is n ow  
a d d e d  to  d isso lv e  th e  b a r iu m  c a r b o n a te  an d  th e  e x 
cess of acid  th e n  p re se n t is n e u tr a liz e d  b y  th e  a d d i
tio n  of n orm al so d iu m  h y d ro x id e  a n d  m e th y l 
o ra n g e  for in d ic a to r . (A s  th e re  is o fte n  a  y e llo w  
co lor presen t in  th e  liq u id  b e fo re  a d d in g  th e  m e th y l 
o ra n g e  for th e seco n d  t itr a t io n , th e  en d -p o in t 
sh o w in g  w hen  th e  ex cess h y d ro c h lo r ic  a c id  h as b een  
n e u tra lize d  is v e r y  in d is t in c t . I f  th e  e n d -p o in t 
is d ete rm in ed  b y  u sin g  th e  m e th y l-o r a n g e  on a sp o t
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p la te , i t  is v e r y  d efin ite .)  T h e  a c e tic  a c id  in  5 g. of 
sam p le  is e s t im a te d  on p reced in g page.

A  sa m p le  of c a r b o n a te  of lim e  (a b o u t 40 .0 0  per 
cen t CO2), p a rt o f th e  resid u e fro m  th e  m a n u fa c tu re  
of a ce to n e  b y  h e a tin g  c a lc iu m  a c e ta te , w as tr e a te d  
b y  th e  a b o v e  m eth o d  and  th e  fo llo w in g  fig u res  
o b ta in e d :
iV/10 B a(O H )i u s e d .  ..........................................  97 .09 cc.
N /1 0  H C I to  t i tr a te  b a ck ..................................  67 .02  cc.

jV/10 (B aO H ): equiv. to  CO? plus acetic  acid 30 .07  cc.

N  HCI a d d ed ............................................................ 5 .6 3  cc.
N  N aO H  to  t itra te  b a c k .....................................  2 .63  cc.

N  HCI equiv. to  CO*................  3 .0 0  cc. or 30 cc. iV/10 HCI

30 .07  —  3 0 .0 0 c c . =  0 .0 7  cc. N /1 0  (B aO H )2 or 0 .0 0 8  per cen t acetic acid

A s th is  sa m p le  h a d  b een  r e -h e a te d  fo r  a lo n g  tim e  
b efo re  th is  a n a ly s is  w as m a d e , th e  c h a n ce  of a n y  
a c e ta te  s till  b e in g  p re se n t w a s re d u ce d  to  a m in i
m um . T h e  p resen ce  o f a la r g e  a m o u n t of CO2 
th e re fo re  does n o t seem  to  in te r fe re  w ith  th e  a c e tic  
a cid  d e te rm in a tio n .

W h ile  th e  a b o v e  p ro ced u re  a p p e a rs  so m e w h a t 
c o m p lic a te d  a t firs t g la n c e , i t  does n o t p r o v e  to  be 
so, as th e  d is t illa t io n  a fte r  o n ce  it  is a d ju s te d , n eed s 
v e r y  l i t t le  a t te n t io n , th u s  a llo w in g  th e  p e rso n  in 
c h a rg e  to  a tte n d  to  o th e r  d u tie s .

L e d e r l e  L a b o r a t o r ie s  
N e w  Y o r k  C it y

T H E  D E T E R M IN A T IO N  OF A C E T O N E

B y  A l l a n  J .  F i e l d  

R eceived Ju n e  20, 1917

T h e  purpose of th is  in v e stig a tio n  w as to  find an 
a ccu rate  m ethod for th e  d eterm in atio n  of aceton e 
in m eth yl a lcohol. A ll of th e  pub lish ed  m ethods 
were in v e stig a te d  w'ith resu lts as fo llow s:

m e s s i n g e r ’ s  m e t h o d 1 is a vo lu m etric  m ethod 
dep en din g upon th e  reactio n  b etw een  iodine and 
aceton e to  form  iodoform . M essin ger cla im s th a t  
a ccu rate  resu lts can  be o b ta in ed  b y  th is  m ethod. 
A  criticism  b y  V a u b e l and  S ch eu er2 of th is  m ethod 
is th a t  w hen th io su lfa te  is used in t itr a tin g  b ack , 
th e  resu lts are a lw a y s too  low , and, th erefore , th e y  
recom m en d th e  use of arsenious acid  instead of th e  
th io su lfate . T h e  w riter te sted  th is m eth od , usin g 
th io su lfa te  as w ell as th e  arsenious acid , b u t could  
n ot get a ccu rate  results. T h e  p recau tion s recom 
m ended b y  C o llisch o n 3 w ere ob served  b u t th e  resu lts 
were n ot sa tis fa cto ry . I foun d th a t  if, a fter  th e  a d d i
tion  of th e  N / s iod ine so lu tio n , th e  m ixtu re  is sh aken  
for s m in., a low  resu lt is o b ta in ed , w hile sh a k in g  for 
20 min. g ives a h igher resu lt, th e p e rcen ta ge  v a r y in g  
w ith  th e  len gth  of tim e of a g ita tio n . T h ese exp eri
m ents w ere tr ied  on a pure aceton e so lu tio n  w ith o u t 
th e presence of a lcohol. W hen  m eth yl a lcoh ol w as 
present th e  p ercen ta ge  of aceton e fou n d  w as several 
per cen t higher. T h e  increase could  n ot be due to  
th e  alcohol fu rn ish in g th e  e x tra  a m o u n t o f aceton e 
as th e  q u a n tity  it  con tain ed  w as d u ly  considered.

1 Ber., 21 (1888), 3366.
= Z . angew. Chem., 18 (1905), 214.
1 Z . anal. Chem., 29 (1890), 562.

T H E  R O B IN E A U  A N D  R O L L IN S  M E T H O D  as m odified 
b y  L. F . K e b le r 1 w as fou n d  b y  th e  au th o r to  give 
th e  m ost a ccu rate  results. T h e  presence of alcohol 
and  th e  tim e of sh ak in g did n o t influence th e  per
cen tag e  of aceton e.

T h e  aceton e th a t  w as used in  tr y in g  o u t these 
m ethods w as M e rc k ’s rea gen t g u aran tee d  b y  them  
to be 99 to  i o o  per cen t. T h e  p ercen ta ges of acetone 
ob ta in ed  in  fo u r d eterm in atio n s u sin g th e  R o bin eau  
and  R o llin s m ethod  w ere as fo llow s:

D eterm ina tion  N o. I  I I  I I I  IV
Acetone, p e r c e n t   96 .37  96 .37  95 .8 9  95 .74

T h ere  rem ain ed  4 per cen t u n acco u n ted  for. T h e 
B u reau  of S ta n d a rd s a t W a sh in g to n  ad vised  ch eck 
ing th e  p u r ity  of th e  a ceto n e b y  m eans of th e  specific 
g r a v ity  and  referred  to  T im m erm a n 2 as g iv in g  the 
best va lu e  o b ta in ab le .

T h e  specific g r a v ity  I fou n d  w as 0.80716 1 5 V 4 0 
and  T im m erm a n ’s va lu e  is 0.79574 1 5 V 4 0, which 
w ould  in d icate  th e  presence of w ater. K r u g  and 
M c E lr o y 3 fou n d  th a t  a t 20° C ., one per cen t of w ater 
raises th e  sp ecific  g r a v ity  0.0031. S q u ib b 4 found 
th a t  a t 15 °  one per cen t of w a ter raised  th e  specific 
g r a v ity  0.0029. T h e  sp ecific g r a v ity  o f M e rc k ’s 
aceton e w as 0.80716 i5 ° / 4 ° ,  th erefore , th ere could 
be 3.68 per cen t of w a ter presen t, assum ing as correct 
T im m erm an ’s va lu e  for a n h yd ro u s aceton e.

T h e  a u th or w ishes to  exp ress his th a n k s  to  Dr.
I. W . F a y , of th e  P o ly te c h n ic  In stitu te  o f B ro o klyn , 
for his a d vice  durin g th e  w ork.

R o s e b a n k  
S t a t e n  I s l a n d , N . Y .

SO M E  R E SU LT S OF A N A L YSIS OF A IR S F R O M  A 
M IN E  F IR E

B y  A. G . B l a k e l e y  a n d  H . H . G e i s t  

R ece iv ed  S ep tem ber 15, 1917

T h ere is no d ou b t th a t  gas an a lysis  has fo u n d  co n 
siderable use in lo catin g  m ine fires and  e sp e c ia lly  in 
fo llow in g th e progress of th ese un dergro u n d  fires. 
N o t a great deal of d a ta  has been p u b lish ed , h o w e v er . 
T h e  w riters, therefore, considered it  prop er th a t  th e y  
publish  som e d a ta  w hich  m a y  b e of in terest to  th ose 
conn ected  w ith  m inin g w ork, p a rticu la rly  w ith  a n th ra 
cite  coal m ining.

T h e m ine a t w hich th e  sam ples w ere ta k e n  is an 
an th ra cite  coal m ine, a m ine considered as a rath er 
gaseous m ine, or one gen eratin g a fa ir ly  la rg e  q u a n tity  
of m ethane or fire dam p.

On N o vem b er 18, 1916, sev era l m en w ere overco m e 
w hile a t w ork  inside th e  m ine. On N o ve m b e r 19, a 
fire w as d iscovered. B a tter ie s  w ere erected  for th e  
purpose of sm oth erin g o u t th e fire b y  c u ttin g  off all 
th e  fresh air su p p ly.

In  order to  c a rry  o u t th is  in v e stig a tio n  p ipes w ere 
extended  th rou gh  th e  b atteries, th ese pipes b ein g  closed  
b y  m eans of v a lv e s  a t th e  o u ter ends. F ro m  tim e to

1 J . A m . Chem. Soc., 19 (1897), 316.
! B ui. soc. chim. belg., 24 (1910), 263.
s J .  A nal. A p p l. Chem., 6 (1892), 187.
< J . A m . Chem. Soc., 17 (1895), 200.



tim e th ese v a lv e s  w ere opened and  air sam ples ta k en . 
T hese sam ples w ere ta k e n  in such a w a y  as to  a cc u ra te ly  
represent th e  air b ehind  th e  b a tte r y , or in  oth er words, 
the air from  th e  fire zone.

T h e carbo n  m onoxide w as determ in ed  b y  th e  iodine 
pentoxide m ethod, m ore th a n  one liter  of air being 
passed over th e  h ea ted  iodine p en toxid e in each  de
term ination .

T h e resu lts g iv en  in  T a b le s  1 and  2 seem  to  need no 
further exp lan ation .

T h e m ine fire zone w as p a rtia lly  op en ed  in A u g u st 
1917, and no fu rth er air sam ples w ere tested .

T a b l e  1— 7 t i i  L e v e l , G a n g w a y  B a t t e r y

July,  1918 T H E  J O U R N A L  O F  I N D U S T R I A L

Date of Oxygen
C arbon

Dioxide
C arbon

M onoxide M ethane

C arbon 
D ioxide in 

B lack D a in p :
Sampling P e r c en t P e r cen t P e r  cen t P e r cen t P e r  cen t
Dec. 1, 1 9 1 6 . . ...........  1 8 .0 0 0 . 9 9 0 .0 0 8 2 . 4 0 8 . 2 8
Dec. 5 ................ 1 .1 6 0 .0 0 5 7 2 .3 3 5 .8 5
Dec. 1 2 ............. ...........  1 5 .8 0 1 .3 4 0 .0 0 3 4 4 .2 7 6 .4 7
Dec. 1 9 ............. ...........  1 6 .0 0 1 .6 1 0 .0 1 5 3 . 2 8 7 .8 0
Dec. 2 6 ............. ...........  1 5 .6 6 1 .6 9 0 .0 1 3 . 6 6 7 .7 2
J a n . 5 , 1 9 1 7 . . ...........  1 4 .0 0 1 .7 1 0 .0 0 6 4 . 4 6 5 .8 7
Jan . 1 1 ............ 2 .1 1 0 .0 0 4 4 .5 1 7 .6 6
Jan . 1 8 .............. ...........  1 3 .6 0 2 .4 8 0 .0 0 2 5 . 7 2 8 . 3 6
Jan . 2 5 ..............
Feb. 9 ................

............ 1 4 .2 0 2 .3 8 0 .0 0 2 4 . 2 2 8 .4 1

...........  1 3 .0 0 3 . 0 4 0 .0 0 5 5 .  16 9 . 2 0
Feb. 2 2 .............. ...........  1 4 .2 0 2 .3 1 0 .0 0 1 4 .  12 8 .  13
M ar. 8 ............... ...........  1 3 .8 0 2 .3 8 0 .0 0 1 6 3 .8 7 7 .7 8
M ar. 2 2 ............ ...........  1 3 .9 0 1 .6 0 N one 3 .5 5 5 .2 3
Apr. 5 ................ ...........  1 2 .4 2 2 . 4 3 N one 4 . 3 8 6 .6 2
Apr. 1 8 .............. ...........  1 3 .1 1 2 .3 4 N one 3 . 3 5 6 . 7 9
M ay 3 ................ ............ 1 3 .1 0 2 .6 7 N one 4 . 1 2 7 . 9 3
M ay 1 7 ............. ...........  1 0 .2 0 3 . 2 0 N one 6 .3 5 7 .0 6
M ay 3 1 ........... ...........  9 . 9 0 2 .2 2 N one 4 . 9 6 4 . 5 9
June 1 4 ............. ...........  8 . 7 0 3 .4 2 N one 7 .8 7 6 . 7 0
June 2 8 ............. ...........  9 . 0 0 3 . 3 2 N one 6 . 6 0 6 .5 3
July  1 2 .............. ...........  6 . 4 0 4 .2 1 N one 8 . 1 4 6 .8 2
Ju ly  2 6 .............. ...........  4 . 8 0 4 .4 7 N one 1 0 .9 0 6 .7 1

D ate of

T a b le  2— 7t i i  L e v e l ,

C arbon 
Oxygen Dioxide

M o nkey  Battery

C arbon 
M onoxide M ethane

C arbon 
D ioxide in 

B lack D am p 1
Sampling P e r cent P e r cent P e r cen t P e r cen t P e r cen t
Dec. 1, 1 9 1 6 . . ...........  1 3 .6 3 2 . 0 9 0 .0 1 9 5 .9 7 7 .1 3
Dec. 5 ................ ...........  1 2 .0 0 2 .1 1 0 .0 0 9 3 .3 5 5 .2 9
Dec. 1 2 ...........................  1 1 .5 1 2 .1 7 0 .0 0 4 4 6 .2 2 5 .5 2
Dec. 1 9 ............. 2 . 3 0 0 .0 2 9 4 . 7 3 8 .1 4
Dec. 2 6 .............. ...........  1 3 .7 8 1 .9 8 0 . 0 1 6 5 .1 5 6 .7 3
Jan . 5 , 1 9 1 7 . . . ...........  9 . 8 0 2 .1 2 0 .0 1 5 . 6 2 4 . 4 0
Jan . 1 1 ........................  1 0 .8 0 3 .3 1 0 .0 0 6 8 6 . 2 0 7 .7 7
Jan . 1 8 ................ ...........  1 0 .2 0 3 . 4 0 0 . 0 0 6 5 . 6 3 7 .3 9
Jan . 2 5 .............. .............  1 0 .7 3 3 . 4 6 0 .0 0 7 4 . 7 6 7 . 8 0
Feb. 9 ................ .............  9 . 4 0 4 . 1 0 0 .0 0 8 6 . 3 4 8 .3 5
Feb. 2 2 .............. .............  1 1 .1 0 3 .6 7 0 .0 0 1 7 5 .2 5 8 .7 2
M ar. 8 ............... ...........  1 0 .0 0 3 .4 3 N one 5 . 7 6 7 .3 2
M ar. 2 2 ............ ...........  1 1 .4 0 3 .6 2 N one 4 . 9 6 8 .8 5
Apr. 5 ................. 3 .9 7 N one 6 .1 3 7 .8 2
Apr. 1 8 .............. ...........  1 0 .2 0 3 .6 5 N one 3 .8 1 7 .6 3
M ay 3 ................ ...........  1 0 .0 0 3 . 4 0 N one 6 . 4 4 7 . 3 6
M ay 1 7 ............. ...........  7 . 3 0 4 . 4 0 N one 7 .0 2 7 .5 2
M ay 3 1 ........... ...........  7 . 8 0 4 . 0 6 N one 6 .8 7 7 .2 1
June 1 4 ............. ...........  3 . 3 0 4 .8 1 N one 9 . 0 3 6 . 3 6
June 2 8 ............. 4 . 8 6 N one 1 0 .0 5 6 .4 7
Ju ly  1 2 .............. ...........  3 . 3 0 4 . 9 6 N one 1 1 .8 8 6 .8 1
July  2 6 .............. 4 . 8 4 N one 1 0 . 17 6 .2 9

1 F oste r and  H a ld an e , “ T h e  In v estig a tio n  of M ine A ir,”  p. 124.

T h e  P h i l a d e l p h i a  &  R e a d in g  C o a l  a n d  I r o n  C o m p a n y  
P o t t s  v i l l e , P e n n s y l v a n ia

A  D IFFE R E N T IA L  R E F R A C T O M E T E R
B y G . A. S h o o k  

R eceived F e b ru a ry  16, 1918

T h is in stru m en t is th e  resu lt of an  a tte m p t to  de
velop a  sim ple b u t a ccu ra te  refra cto m e ter  for m easuring 
the difference in  re fra c tiv e  in dex b etw een  tw o  liquids. 
I t  is of th e A b b é  ty p e  b u t so co n stru cte d  th a t  tw o  
liquids m a y  be exam in ed  sim u lta n e o u sly  and, th e re
fore, if th e  index of one is k n o w n  and  if b o th  h a v e  th e 
sam e te m p era tu re  coefficien t, th e  in d ex  of th e  liq u id  
in q uestion  m a y be a cc u ra te ly  d eterm in ed  w ith o u t 
know in g its  tem p eratu re .

T h e  in stru m e n t as co n stru cte d  b y  th e  w riter is 
show n d ia g ra m m a tica lly  in  F ig . I , an d  th e  op tica l 
system  in  F ig . I I .  T h e  re fra ctin g  prism s P , P

are enclosed in  a m etal case w hich opens, as in d icated , 
and  w hich m ay be ro ta ted  b y  m eans of an  arm  te r 
m in atin g in  a m icrom eter screw , M . T h e  sm allest 
d ivision  on th e  m icrom eter corresponds to  a d iffer
ence in  index of a b o u t 0.00005. T h e  fa ce  o f each  
prism  is d iv id ed  into  tw o  parts, A  and  B , b y  m eans 
of a groo ve so th a t  a drop of th e  sta n d a rd  liq u id  m ay 
be p laced  on one face (either A  or B ) and  a drop of 
th e liq u id  to  be tested  on th e  oth er face. F o r e x 
am ple, since th e  tem p eratu re coefficient of m ost so lu 
tion s is n ea rly  th a t  of w ater, w ater m a y be used  as a 
stan d ard  w hen m easuring th e index of solutions.

T o  o b ta in  a d ivid in g line free from  color it  is n eces
sa ry  to  use a m on ochrom atic source of lig h t, such  as 
a  sodium  flam e, or som e com pen satin g d evice . T h e  
form er is som etim es in con ven ien t and th e  la tte r  w ould  
con sid erably  increase th e  cost of th e  in stru m en t. A  
m on ochrom atic red glass, G , w as used in co n n ec
tion  w ith  an electric  lig h t, L , and it  w as fo u n d  th a t  
th e  d ivid in g line is n ea rly  as sharp as th a t  w h ich  o b 
ta in s w hen a sodium  flam e is used. T h e  lam p  used 
w as a 7.5 w a tt, n o  v o lt , frosted  globe tu n g sten  and
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it  w as m ade a p a rt of th e  in stru m en t so th a t no a d 
ju stin g  w as n ecessary w hen once in  p lace. I t  is m ore 
con ven ien t th a n  d a y lig h t and  it  also p roduces a m ore 
un iform  field.

T h e  refractom eter w as o rig in ally  designed to m easure 
th e  difference in index b etw een  h em o lyzed  an d  un- 
hem o lyzed  blood, as it  w as d iscovered  b y  D r. F . H. 
H ow ard  and th e  w riter, som e tim e ago, th a t  th e  am ou n t 
of hem oglobin present in  a g iv en  sam ple of b lood  causes 
its  index to  v a r y  m a rk ed ly  and, fu rth erm ore, th a t  the 
difference in index  (hemolyzed and unhemolyzed blood) 
depends only upon the amount of hemoglobin present. 
S ince th e absorp tion  b an d s of b lood  are in th e  green 
and blue parts of th e  sp ectru m  a red  glass is w ell 
a d ap ted  to  th is sort of m easurem en t.

A fter  passing th ro u g h  th e  re fra ctin g  prism s th e 
lig h t enters a te lescop e, T , p ro v id e d  w ith  cross-w ires 
as shown. B etw e en  th e  te lescop e o b je c tiv e , 0 , and 
th e  prism s is a d iap h ram , D , p ro v id e d  w ith  a sh u tter, 
S, and  b y  a d ju stin g  th is  sh u tter  th e  lig h t from  eith er 
A  or B m ay be c u t ou t. F o r in stan ce, w h en  th e  lig h t 
from  B is in tercep ted , th e  d iv id in g  line A ' ,  due to  
th e  ligh t from  A , is seen; and  w hen  S in terce p ts  th e  
lig h t from  A , th e n  B ' is in  th e  field. T h e  d istan ce
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betw een  th ese lines is m easured b y  m eans of th e  m icrom 
eter M .

W hen red lig h t is used a d ifference in  in d ex  can 
be m easured  w ith  an a cc u ra c y  of a b o u t one in  th e  
fo u rth  decim al p la ce  (i . e., =±=0.0001), b u t w ith  sodium  
lig h t th e  a cc u ra c y  is a b o u t ±0.00005; th a t  is, if one 
m easures th e  differen ce b etw e en  th e  tw o  lines b y  m eans 
of th e  m icrom eter, clean s th e  prism s, and  m akes a 
second m easurem en t, th e  tw o  va lu e s  of th e  index 
difference ca lcu lated  th erefro m  w ill agree w ith in  
0.0001 for red lig h t and  w ith in  0.00005 for sodium  
light.

T h e  relatio n  b etw een  th e  m icrom eter rea d in g  and  
the differen ce in  in dex is v e r y  n e a rly  lin ear, so th a t  
b y  m eans of tw o  so lu tio n s of kn ow n  in dex and  a com 
parison. so lu tio n , th e  in stru m e n t can  be ea sily  ca li
b rated .

W i l l i a m s  C o l l e g e  

W lLL IA M ST O W N , M A S S .

A . V O L U M E N O M E T E R
By J . S .  R o g e r s  a n d  R .  W . F r e y  

R e c e iv e d  F e b ru a ry  19, 1918

A lth o u g h  th ere  are num erous ty p e s  of m ercu ry  
d isp la cem en t a p p a ra tu s for m easuring vo lu m e none 
has been foun d s a tis fa c to ry  for c o m p a ra tiv e ly  large 
pieces of lea th er. T h e  a p p a ratu s d escrib ed  here, 
w hile based on th e  w ell-kn ow n  d isp la cem en t p rin c i
ple, possesses, it  is b elieved , som e n ew  fea tu res. I t  is 
n o t o n ly  s a tis fa c to ry  for large pieces, b u t also perm its 
of a decided  eco n o m y in m ercu ry  since th e  cham b er 
for im m ersion  is in  th e  sh ape of a recta n g u la r  paral- 
lelop ip ed  in stea d  of a  cylin d er or sphere. T h e  a p p a ra 
tu s  w as d esign ed  p rim a rily  for m easuring te s t pieces 
of a m axim u m  size 7 x/ 4 X  3 in. in  co n n ection  w ith  th e  
d ev elo p m en t of m ethods of d eterm in in g loss from  a 
m ech an ical w earin g te s t  of lea th er. I t  has also been 
fou n d  to  be v e ry  u sefu l in  d eterm in in g th e  a p p a ren t 
d en sity  of leath er.

A  d escrip tion  of th e  vo lu m en o m eter an d  p h o to 
graphs (F igs. I and  II)  fo llo w : T h e  im m ersion vessel
consists essen tia lly  of th e  ta n k  A  and to p  B , both  of 
cast iron and  h a v in g  a cc u ra te ly  groun d surfaces, C, 
so th a t  th e  top , w hen  clam ped  on b y  m eans of th e  bolts, 
D , m ake a m ercu ry -tig h t jo in t. T h e  ta n k  A  has a 
cham ber, E , iV s  in. w ide, 8  in. lon g, and 3V2 in. deep, 
and th e  w alls o f th is ch am b er are con tin u ed  in  th e  
top B  in such  a m anner th a t  th e y  co n v erge  to  th e 
sm all open in g F  in  w h ich  is sealed, w ith  sh ellac, th e  
short th istle  tu b e  G . T h e  to p  has tw o  posts, H , to  
w hich  th e  pieces to  be m easured are fasten ed .

In  the m etal tu b e  I, w h ich  passes th ro u g h  th e  w all 
of th e  ta n k  from  th e  b o tto m  of th e  ch am b er E , is 
sealed a h e a v y  c a p illa ry  glass Y -tu b e , J , fitte d  w ith  th e  
m ercu ry-sealed  sto p co cks K . One arm  of th e  Y -tu b e  
is con n ected  w ith  th e  b u lb  L , and th e  oth er arm  w ith  
th e  b u re tte  M . B o th  th e  b u lb  and th e  b u re tte  are 
conn ected  w ith  th e  v a c u u m  system .

B y  m eans of N  and O th e zero po in ts on th e  tw o  glass 
tu b es m a y be ea sily  ad ju sted  to  coincide w ith  th e  
lev e l of th e  m ercu ry, w h ich  m a y  chan ge s lig h tly  from  
tim e to  tim e, due to  tem p eratu re  v a ria tio n s and  m e

ch an ica l loss. T h is  a d ju sta b le  zero d ev ice  consists 
of a sm all th rea d ed  m etal sleeve fa sten ed  on th e  glass 
tu b e  and  fitte d  w ith  a n u t. R e stin g  on th e  n u t is a 
lo o se-fittin g  glass sleeve h a v in g  a fine grad u atio n . 
B y  tu rn in g  th e  n u t th e  gra d u atio n  on th e  glass sleeve 
m a y be raised  or low ered  as desired.

A ll m etal surfaces to  w hich  th e  m ercu ry  w ou ld  h a ve  
access are tre a te d  w ith  b a k e lite , and  th e en tire  ap 
p a ratu s  is secu rely  m oun ted  on a large  w ooden  tr a y . 
T h e  bulb  and b u re tte  are also p ro p erly  sup ported .

T h e  op eratio n  of th e  a p p a ratu s is co n d u cted  as fo l
low s: W ith  th e  to p  rem o v ed  an d  th e  sto p co cks open,
co m p lete ly  fill th e  ta n k  w ith  m ercu ry , b ein g careful 
n ot to  form  a n y  air trap s in  th e  Y -tu b e . T h e n  draw  
th e  m ercu ry  w ell up in to  th e  b u lb  and  b u re tte , and 
a fter  closing th e  sto p co cks ad d  sufficien t m e rcu ry  to  
fill th a t  p a rt of th e  ch am b er in  th e  to p  o f th e  ta n k . 
P la ce  th e top  in  th e  ta n k  and  fa sten  it  secu rely  b y  th e  
fou r bolts, D . B y  open in g th e  sto p co cks le t th e  m er

c u ry  dow n from  th e  bulb, and  b u re tte  u n til it  sta n d s 
a t  th e  sam e lev e l in  a ll p a rts  of th e  a p p a ratu s. S et 
th e  tw o  a d ju sta b le  zeros, N  and  0 , so th a t  th e  gra d u a 
tio n s on th e  glass sleeves coincide w ith  th e  m enisci 
o f th e  m ercu ry , and ta k e  th e  zero readin g on th e  b u re tte . 
N o w  draw  th e  m ercu ry  a gain  w ell up in to  th e  b u lb  
and b u re tte , close th e  sto p co ck s and  rem o ve th e  to p . 
F a sten  th e  p iece to  be m easured on to  th e  posts H 
(F ig . I), rep lace and  secure th e  top . O pen th e  sto p 
cock  com m u n icatin g  w ith  th e  b ulb  L  and le t the m er
c u ry  ru n  dow n slo w ly  to  th e  zero m ark  a t N  on th e  
stem  of th e  b u lb  and  close th e  sto p co ck . T h e n  open 
th e  sto p co ck  co n n ectin g  th e  b u re tte  and allow  th e  
m ercu ry  to  g r a d u a lly  low er u n til it  fills th e  ta n k  and 
rises to  th e  zero m ark  a t O on th e  tu b e  G , close th e  
sto p co ck  and read th e  b u re tte  (F ig . I I ) .  T h e  differ
ence in readin gs w ill g iv e  th e  vo lu m e of th e  piece.
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A  few  of th e  m easurem en ts m ade w ith  th e a p p a ratu s 
are g iv en  here. T h ese  vo lu m es w ere o b ta in ed  on the 
sam e series o f sam ples on d ifferen t d a ys, b u t a lw a y s 
under th e  sam e te m p era tu re  and  r e la t iv e  h u m id ity  
conditions of 70 0 P . and 65 per cen t re la tiv e  h u m id ity , 
the a p p a ratu s b ein g set up in  th e  co n stan t te m p era 
ture and h u m id ity  room .
Sam ples Volum e in Cc. Sam ples V olum e in  Cc.

S I ............. 35 .20 L 3 ........... 40 .05
S 2 ............ 29 .40 L 4 ........... . . .  39 .8 0 39 .80
S 3 ............. 39 .80 L 5 ........... . . .  42 .95 42 .95
S 4 ............. . . .  36 .85 3 6 .9 0 L 6 ........... . . .  47 .85 47 .9 0
L I ............. . . .  39 .45 3 9 .50 L 7 ........... . . .  37 .2 0 37 .2 0
L 2 ............. . . .  41 .85 4 1 .90 L 8 ........... . . .  34 .40 34 .4 0

A  piece of h ard  ru bb er has been  used as a stan d ard  
to  check th e  a p p a ratu s, and  its  vo lu m e d eterm in ed  
at freq u en t in te rv a ls  durin g a period  of several m onths 
has ran ged  from  8 9 .10  to  8 9 .15  cc. T h e  vo lu m e of 
th is  sam e piece ca lcu lated  from  loss in w eig h t in  w a ter 
a t 70° F . g a v e  8 9 .14  cc.

are th ree i-in . openings in  each tu b e  to  p erm it th e  
in trod u ction  of liquid  and th e  escape of steam . T h ese 
openings m ay, of course, ta k e  th e  form  of tu b es, 
and th e so lven t m a y  be condensed if desired.

T h e  fire grate and course of th e  fire gases are in d i
cated  b y  the arrow s in F ig . 1. T w o , th ree or m ore 
sets of tubes m a y be used (tw o are show n) and  th e 
liquid  w arm ed in th e  first set boils and ev a p o ra te s  
in th e  second, and is collected  and d ischarged  b y  th e 
end m anifold, show n in F ig . 2, in to  crysta llizers. T h e  
concen tration  of th e  d isch arged  liq u id  is con tro lled  
ab so lu tely  and w ith  g rea t a cc u ra c y  b y  th e  feed.

H a r t  L a b o r a t o r ie s  
E a s t o n , P e n n s y l v a n ia

C O N V E R SIO N  O F FO R M U L A S
B y W i m , i s  H . C o le  

R eceived  F eb ru a ry  8 , 1918

In practically all industries in the United States 
pounds and gallons are still the units of measure, 
while in the laboratories of these factories the metric 
system  is almost universally used. Thus the indus
trial chemist is called upon to make m any conversions

In  m akin g a series of m easurem en ts, if care is ta k en  
in rem ovin g th e  pieces so as to  a vo id  loss of m ercu ry, 
the zero readin g and ad ju stm en ts need o n ly  be m ade 
after a b o u t e v e ry  e ig h t m easurem ents.

T h e d u st and d irt w h ich  s lo w ly  a ccu m u late  on th e  
surface of th e  m ercu ry  in th e  ta n k  m a y  be v e r y  easily  
sw ept off w ith  a sm all cam e l’s hair brush. In  fa c t, a 
slight la y e r  of d u st is som ew h at desirable as it  form s 
an en velope aroun d th e  p iece w hen  im m ersed  and  helps 
to p reven t th e  ab so rp tio n  of m ercu ry.

A n  o b jection  to  th e  a p p a ratu s is th a t  it  requires 
tw o persons to  o p erate  it  m ost sa tis fa cto rily  and ex
peditiously. F u rth erm o re , unless care is exercised  in 
rem oving th e  pieces som e m ercu ry  is lik e ly  to  be lost. 
No doubt a m ore sa tis fa cto ry  m eans of fa sten in g  th e  
piece could  b e d evised  w h ich  w ould  o verco m e th e  te n 
dency to  lose m ercu ry  w hich co llects arou n d  th e  screw s, 
and w hich w ou ld  d ecid ed ly  sh orten  th e  tim e  required  
for securing and rem o vin g th e  pieces.

C O N C L U S IO N S

A n apparatus has been devised which is satisfac
tory  for measuring the volum e of com paratively large 
pieces of leather. The measurements can be dupli
cated and are reasonably accurate.

L e a t h e r  a n d  P a p e r  L a b o r a t o r y  
B u r e a u  o p  C h e m is t r y , 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 in g t o n , D .  C .

A N  E V A PO R A TO R  F O R  ACID  LIQ U ID S

F O R  TH E E C O N O M IC A L  E V A P O R A T IO N  OF A C ID  LIQ U ID S OR  
OF A N T  LIQUID DISCO LOR ED B Y  C O N T A C T  W ITH  M E T A L S

B y E d w a r d  H a r t  

Received F e b ru a ry  7, 1918

T h is system  of evap oratio n  for w hich  U n ited  S ta te s  
letters p a ten t h a v e  been gran ted  b u t n o t y e t  issued 
(A p p lication  N o. 202,189) is esp ecially  in d icated  
where th e  so lven t is w ater. T h e  tu b es (F ig . 3 is a 
cross-section) w hich m a y be of a n y  n um ber and of 
a n y  desired size and len gth  (3-in. glass tu b es 4 ft . lon g 
are recom m ended for m ost purposes) are su p ported  
on gas pipe covered  w ith  asbestos pap er as show n  in 
F ig . 3; cross-stirrup supports are n ot show n. T h ere



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 .  10, No. 7

of form u las as m ade on a large scale in pounds and  g a l
lons, in to  a size su ita b le  for la b o ra to ry  b atch es, in  gram s 
and cu b ic  cen tim eters. I h a v e  seen m a n y  good chem ists 
w aste all th e  w a y  from  m inutes to  hours doin g th is, 
lookin g up conversion  ta b le s  and m u ltip ly in g . B y  
aid  of th e fo llow in g sim ple rule, great sa v in g  of tim e 
and a ccu ra cy  is effected. C all th e  gallons cc., and  
m u ltip ly  th e  pounds b y  o . 12 (for v e ry  a ccu rate  w ork,
0 .119 8 ) to  get gram s. T h ese figures m a y  th e n  be 
m ultiplied  b y  a n y  fa cto r  w hich w ill g iv e  a co n v en ien t 
sized b atch  for la b o ra to ry  purposes.

E xam ple  I
V arnish  F orm ula  

F ac to ry  B atch Conversion
C onvenient 
L ab . B atch

K auri G u m .................... ___  100 lbs. 12 g. 24 g.
C hina  W ood O il.......... 10 cc. 20 cc.
P repared  Linseed Oil. 4 cc. 8 cc.
T u rp en tin e .................... 25 cc. 50 cc.
P e tro leum  S p ir its ........ 7 cc. 14 cc.

Y i e l d ............................ 52 cc. 104 cc.

In  th is case yo u  w ill see th a t  th ere are more 
ingredients m easured b y  vo lu m e th a n  b y  w eigh t. 
Should  th is  condition  be th e  reverse , it  is m ore efficient 
to  ch an ge th e  rule, callin g  pounds, gram s; and m u lti
p ly in g  gallons b y  8V s (for v e r y  a ccu ra te  w ork, 8.3455) 
to  get cc. H ere fo llow s a fo rm u la  to  illu s tra te  th is 
m ethod.

E x am ple  I I  
F la t  W hite  E nam el C onvenient

F a c to ry  B atch  C onversion  L ab . B atch
Zinc O xide............................... 90 lbs. 90 g. 45 g.
L ith o p o n e ...............................  90 lbs. 90 g. 45 g.
W h itin g ....................................  25 lbs. 25 g. 12.5 g.
S ilica .........................................  25 lbs. 25 g. 12.5 g.
V a r n i s h . . . . . .......................... 12 gals. 100 cc. 50 cc.
B enzine ....................................  10 gals. 8 3 .3  cc. 4 1 .6  cc.

Y i e l d ...................................  28 gals. 233 .3  cc. 1 1 6 .6 cc .

T h e fa cto rs used hold  for U. S. S ta n d a rd  gallons 
on ly  and n o t for Im p eria l gallons.

R e s e a r c h  L a b o r a t o r y  
M o l l e r  &  S c h u m a n n  C o., B r o o k l y n , N . Y.

ADDRLS5E.5

Fxc. i

T h e  p a th  of ligh t in nephelom eter.

L et A  and B represent tubes containing a precipitate in the 
form of a suspension, and L  represent a strong light which throws 
its uniform beam on tubes A  and B at right angles; then a and 
b will be the light in the eyepiece due to  the reflections from the 
two suspensions. If tube A, for example, contained distilled 
water and the instrument were perfect, no light at a would be

1 L ecture  an d  d em onstra tion  given before the N . Y . Sections of the 
Society of C hem ical In d u s try , A m erican Chem ical Society, and  A m erican 
E lectrochem ical Society, C hem ists’ C lub, O ctober 19, 1917.

1 K ober and G raves, T in s  J o u r n a l , 7 (1915), 843.

T E CH N ICA L A P P L IC A T IO N S OF N E P H E L O M E T R Y 1

B y  P h i l i p  A d o l p h  K o b b r

I INTRODUCTION

Something over two years ago I had the privilege and honor 
of reading a paper2 before the N ew Y o rk  Section of the American 
Chemical Society on nephelometry in which I gave briefly the 
history of photometric analysis and a description of the develop
m ent of nephelometric instruments. A t the invitation and with 
the encouragement of your honorable Chairman, Dr. Alexander, 
I shall now venture to  put before you some technical applica
tions of nephelometry, which, owing to war and other conditions, 
I  regret, are not nearly as complete as I originally planned to 
have them.

A s most of you know, the method is based upon the measure
ment of the brightness of the light reflected b y  cloud— in other 
words, by  the particles in suspension— very much as in an 
ultramicroscope. The intensity of the light reflected is a func
tion of the quantity of suspended particles, when other conditions 
are constant.

The principle of the nephelometer can best be shown by 
the diagrammatic sketch, shown in Fig. I.

I I
L am p house and  in s tru m e n t, show ing th e  co n cen tra ted  filam ent lam p, 

a ir space, condenser, and  lam p house. W hen  th e  doors (n o t shown) are 
closed, no ligh t is visible except in th e  eyepiece. T h e  inclined  ang le  of 
th e  in s tru m en t, w hich allows air bubb les to  escape from  u n d e rn e a th  th e  
plungers, and  th e  exac t position  and  angle of reflectors a re  n o t show n in 
th e  sketch .

visible. As soon as the smallest amount of suspension is pro
duced in the tube A, light is obtained in a in approximate pro
portion to the amount of suspended m atter. This light a is 
never measured absolutely, but is always matched at b, which 
is that reflected by the precipitate of a standard solution— a 
known amount of the substance to be determined dissolved in a 
known volume.

The matching of the two lights could be done by changing 
the standard solution step by  step until it  would be exactly that 
of the unknown. In practice this would be tedious and, there
fore, instruments were designed to eliminate this in whole or 
in part.

Fig. II shows a diagrammatic sketch of such instru
ment and lamp house, and is known as a nephelometer-colorim- 
eter,1 because it is both a nephelometer and colorimeter.

Fig. I l l  shows the instrument without the lamp house, particu
larly the scales, verniers, and the screw arrangement for raising 
and lowering the cups, which is used to m atch the reflected light 
from the suspensions.

1 J . Biol. Chem., 29 (1917), 155.
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Fig. IV  is a  photograph of the instrument, w ith solutions, or, 
better said, suspensions, viewed from the front.

The cups and plungers for this instrument are shown in Fig. V. 
The nephelometric cups have transparent sides and opaque, 
bottoms, while the colorimetric cups have opaque sides and trans
parent bottoms.

In Fig. V I is shown the photograph of the instrument 
used as a colorimeter, where the adjustable reflectors are in 
position. T he lamp switch m ay be seen in front, as well afe the 
doors of the lamp house, which when closed cut oil any glare 
from the source of light.

Before going over to the details of the applications, it  m ay be 
well to point out briefly the correct use of the nephelometer and 
a few points on the production of nephelometric suspensions.

A  large number of workers do not have favorable conditions 
when they first apply the nephelometer. T he work should be 
conducted in the dark; glares from windows, doorways, and the 
like, as well as artificial lights, being just as bad for photometric 
work as for the moving picturc show. Some laboratories have 
permanent special dark rooms, others portable dark rooms, 
while still others darken the regular laboratory w ith opaque 
shades. A  few workers forget that the eye is a sensitive instru
ment, and b y  using it  too much or too continuously, and not 
allowing a period of rest, like the standard electric cell, it can 
easily become polarized, or fatigued. W hen these precautions 
are taken photom etry or nephelometry can be practiced all day 
without any special fatigue or eyestrain.

A  few forget or overlook m any of the following obvious de
tails: T hey ignore the dust in the various parts of the optical 
equipment and fail to fill the cups, so that the cups are clean on 
the outside, which thus allows the light to be absorbed. T hey 
overlook the fact that any air bubbles and dust underneath the 
plungers reflect light. The zero point of the instrument, too, 
as illustrated in Fig. V II, is not adjusted to represent zero light, 
and other oversights are often present.

Probably the greatest source of error connected w ith nephel
ometry or colorimetry is practically an instrumental one, pointed 
out to me b y  M r. K lett, head of the com pany1 m anufacturing 
this instrument. H e found that most diaphragms or openings 
at the top of the eyepieces, even in the best of instruments, are 
too large. He found that b y  putting a small diaphragm of the 
size of a pinhole over the eyepiece, he could make one or the 
other side of the field of almost any intensity.

Only by  putting the aperture over the optical center could he 
obtain equal illumination of both sides of the field. W hen he 
moved the pinhole 0.1 to 0.2 mm. to any side, as illustrated in 
Fig. V III, he obtained black spots and sides in the field. W hat 
errors would be introduced b y  a nervous individual, who would 
probably never have the eye twice in the sjm e position, or by  
a beginner doing the same, can easily be imagined. B y  the use 
of such a diaphragm, not only will m any discrepancies in readings, 
such as an occasional off-reading, disappear, but the field will 
become more flat; and only by  its use it seems can the instru
ment be accurately adjusted and used.

Tim e does not permit us to dwell on the production of colored 
solutions suitable for colorimetry, however interesting and im
portant from both theoretical and practical standpoints. As 
we have pointed out elsewhere,2 the chief requisite for making 
nephelometric clouds or colloidal suspensions, and for keeping 
them as such for a definite time, is th at the substance be in a 
dilute solution, usually not stronger than 100 mg. per liter. 
Therefore, to  apply the method to large amounts of substance 
it is only necessary to dilute suitably. Clouds, produced by 
one part in 500,000 of liquid, m ay be determined quantitatively. 
In some cases one part in 2,000,000 can be easily determined.

1 K le tt M anufac tu ring  Co., Inc ., 202 E . 46 th  S t., N ew  Y ork  C ity .
2 P . A. K ober and  S ara  S. G raves, " In te rn a tio n a l C lin ics," 24th  Series, 

2 (1914), 121.

Since the amount of substance m ay vary  greatly it is important 
to know whether the nature of the precipitate imposes any 
limitations on the method. It  is necessary to consider, there
fore:

1. c o l o r — If the precipitate is highly colored and remains 
in suspension, it  is best determined colorimetrically; if slightly 
colored, it is best determined nephelometrically.

2. f o r m  o f  p r e c i p i t a t e — It must be colloidal in the form of 
a suspension. A  large number of precipitates found in practical 
work are colloids, a number are partly so, while some are so en
tirely crystalloidal, such as barium sulfate, that they settle 
immediately. According to previous work published, certain 
solutions of protective colloids can be used, such as egg albumin 
and soluble starch, which cause crystalloids like barium sulfate 
and other partly colloidal precipitates to remain in suspension 
long enough for the application of this method.

T he new nephelom eter-colorim eter, show ing ’screw a rran g em en t w ith 
ad ju stab le  verniers, a lso  the  double  m illed head . T here  a re  no open spaces 
th ro u g h  w hich d u st m ay en te r a n d  ligh t escape w hen fitted  to  th e  lam p  house.

While the application of nephelom etry is com paratively simple, 
the correct condition for producing and keeping the colloidal 
suspension, the fundamental condition of nephelometry, is by 
no means a simple m atter, in spite of H arry Jones’ statem ent1 
that "the colloidal solution or a t most the colloidal suspension 
is the natural condition of solid m atter when first formed as the 
result of a reaction.”

i “ New E ra  of C hem istry ,”  p. 248. Published b y  D . V an N o stran d  
Co., N ew  Y ork C ity .
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' Although time does not permit us to consider the details of 
producing suspensions and the theory of nephelometry, which 
I hope to present in a special future communication, a few  words 
and an illustration will help to make clear and emphasize the 
difference between theory and practice, and give an example of 
the unexpected difficulties encountered in developing nephelo
metric methods.

Silver chloride has been estimated as a suspension for a cor
rection in atomic weight work since M ulder’s tim e in 1859, 
yet the production of nephelometric suspensions of silver chloride 
is as y et far from satisfactory.

P ig . IV
T he in s tru m e n t used  as a  nephelom eter, view ed from  in fro n t, in th e  

d irec tion  of lig h t; show ing s tan d a rd  solu tion  on th e  rig h t, unknow n 
ready  to  be m atched  on  th e  left.

It has been assumed b y  the few adverse critics of nephelometric 
work, that when chlorides and an excess of silver nitrate are pres
ent in dilute solution, silver chloride must be formed, and, being 
one of the most insoluble substances, it  must be in the form of 
a precipitate, and, therefore, impart reflected light. If the 
amount of light was changed or was not up to w hat w as expected 
from previous experiments, the critics of nephelometry assumed 
that the light-reflecting properties of silver chloride changed. 
On this assumption they have made the sweeping conclusion

that unless both the standard and the unknown were treated 
exactly the same and in the same medium, a difficult condition 
to realize, the nephelometric results would be inaccurate, if not 
valueless. T he simpler assumption that a change in the amount 
of light indicated a change in the amount of precipitate seems 
not to have been considered a t all.

B u t the following experiment will show that the nephelometric 
production of silver chloride is not as simple as the formula 
would indicate it  to be. If we take a dilute solution of sodium 
chloride (0.0005 N  — 0.030 m g./L) and add silver nitrate in 
gradationed amounts, keeping the volume constant, as shown 
in Fig. IX , we get silver chloride precipitate in all experi
ments.

But, as m ay be seen, the maximum cloud is obtained w ith one 
equivalent and the amount of precipitate decreases as the ex
cess of silver nitrate is increased. Our experiments indicate 
that silver chloride in solution, before it precipitates, forms with 
silver nitrate an unstable, soluble complex, which slowly hy
drolyzes, or decomposes, with the production of silver chloride. 
B y  adding the same excess of silver nitrate as in the weakest one, 
slowly, with stirring, the silver chloride is precipitated before 
it can form the soluble complex with silver nitrate, and, therefore, 
the maximum suspension is obtained even though the medium 
is chemically the same in the end as in the weakest suspension. 
In  diluter solutions this phenomenon is still more marked, 

i I t  is interesting to  note th at Professor Richards, in his atomic 
weight work, avoided this source of error intuitively by  allowing 
his silver chloride suspensions to come to an equilibrium by 
standing from 24 to  48 lirs. If  our explanation of this phe
nomenon is maintained by further work, as these experiments 
would indicate, the adverse critics-of nephelometry are without 
much, if any, experimental basis for their criticism. This ex
periment, like all heretofore, seems to show that the amount of 
light reflected b y  colloidal suspensions within moderate limits,
i. e., from the time the particles are formed until they are almost 
visible to the unaided eye, is a function of the amount of pre
cipitate in suspension.

n — a p p l i c a t i o n

The number of possible applications of nephelometry is too 
large for consideration here, and, therefore, a few representative 
estimations have been chosen, i. e., three inorganic and three 
organic determinations: the estimation, respectively, of ammonia, 
phosphorus, calcium, acetone, oils and fats, and, finally, pro
teins. This choice was made not only to  cover as broad a field 
as possible, but also to bring out the nephelometric peculiarities 
as well, especially the use of protective colloids.

While the "colloidal solution or at most the colloidal suspen
sion is the natural condition of solid m atter when first formed 
as the result of a reaction,”  as H arry Jones gives it in his book, 
y et it rarely, if ever, stays in that condition. In most cases 
it  quickly agglutinates and settles, a condition unfavorable 
to  accurate nephelometry. B y  adding a  protective colloid we 
can delay the agglutination, or, to be more exact, decrease its 
speed sufficiently to make uniform and constant nephelometric 
conditions. The protective colloids va ry  considerably, not only 
in nature, but also in amount, as will be pointed out in detail 
in the rest of the paper.

N o t all the details of making the reagents and solutions will 
be given in this paper, as recourse can be had to the original 
articles on the subject; but for these six analyses, all the steps, 
more or less, will be mentioned, so that from the six different 
analyses a clearer judgm ent m ay be formed of the value of 
nephelometric estimations.

(a) a m m o n ia  e s t i m a t i o n s — Nessler’s reagent for ammonia, 
developed in the early part of the last century, was applied to 
water analyses in 1867. I t  has stood the test of time and has 
come to be used extensively; but w ith the development of color
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height on the right is rarely, if ever, equal to the height set 
on the left side. It  is in this respect like the zero point of the 
analytical balance; it must be determined from time to time, and 
is seldom constant for a long time. T he reading on the right side 
we will denote as the standard reading, S, but the actual value 
on the left is of no consequence and m ay be considered as a tare, 
so long as it is constant. If in place of the standard on the 
right we now put another solution of ammonium sulfate, say 
0.900 as strong as S, we find a higher reading. If we then put in
0.800, 0.700, 0.600 and 0.500 standard strength, we obtain, 
respectively, a series of corresponding readings. A ll of these 
readings except that from the standard S are indicated as Y  
in the curve and formula.

If we plot these readings on cross-section paper we obtain a 
curve which will be very useful in practical work. In  Fig. X  
we have plotted the readings obtained from such a series of 
gradationed known solutions of ammonium sulfate solutions 
and drawn a curve through these points. A lgebraically the

, , r y  V  S ( I  -  X ) S k
curve is expressed b y  the formula Y   ------------  — ------ ,

x x2
where k — 0.052 and S =  20.0. T he lower curve, shown here, 
is the colorimetric curve where the readings are inversely pro
portional to the concentrations.

W hen the instrument changes so that a restandardization is 
necessary, the nephelometric formula obviates considerable 
work, especially the readings for and the drawing of a new curve.

Since the formula is complicated and m any prefer to do w ith
out mathematical calculations, the following scheme can be used: 
The instrument is standardized as before, but the curve is used 
alone in getting the amount of substance equivalent to the 
readings. When the value of the standard readings changes, 
due to any change in the instrument, the height of the solution 
on the left side, the one used as a tare, is adjusted so th at the 
original reading for S is obtained and, therefore, the original 
curve is applicable. I t  is equivalent to changing the zero point 
of a balance by  adjustm ent so as to avoid calculation.

imetry its disadvantages as well as its value have become ap
parent and innumerable modifications of the reagent have 
resulted. Its  instability and tendency to produce a cloud in 
dilute solutions are the chief difficulties.

Recently efforts have been made to apply the reagent in micro- 
Kjeldahl work, w ithout previous distillation, w ith varying de
grees of success; the precipitate due to salts makes the matching 
of colors, however, extrem ely difficult.

A  probable explanation of w hy the colored solution produced 
b y  Nessler’s reagent becomes cloudy, especially in the presence 
of salts, m ay be found in the following considerations:

1— Only the iodide complex of m ercury and ammonia is 
highly colored.

2— T he other complexes of mercury and ammonia, like the 
chloride described in this paper, are colorless insoluble com
pounds.

Therefore, in the presence of the other salts the colored iodide 
complex is probably partially changed to and in equilibrium w ith 
the colorless complexes such as the chloride or sulfate.

On this basis Sara S. G raves1 developed a sensitive nephel
ometric reagent for ammonia as follows:

80.0 g. Sodium  Chloride
130.0 g. W ater
100.0 cc. S a tu ra ted  Solution  of M ercuric C hloride 
Shaking  un til N aC l is dissolved, th en  add
70.0 cc. S a tu ra te d  Solu tion  of L ith ium  C arb o n ate  (1.0 

p e r cent)
F il te r

T o  show the sensitiveness some reagent was added to a liter 
of water containing 0.006 mg. of ammonia. The cloud which 
was obtained means that we can detect one part of ammonia 
in 160 million parts of water.

For the purpose of illustrating how the instrument is used and 
how the results are calculated, suppose some precipitated stand
ard solutions of ammonia were placed in the instrument. If we 
had simply added reagent to the known solution of ammonium 
sulfate, the precipitate would have become agglutinated before 
the observations were finished. Therefore, just before adding 
reagent a protective colloid is added. In  this case for every 
10 cc. of ammonium sulfate solution, 15 cc. of a 0.003 per cent 
solution of starch will keep the suspension from agglutinating 
and settling for about an hour. The standard solution contains 
9.43 mg. ammonium sulfate, which is equivalent to 2.43 mg. 
ammonia, or 2.00 mg. nitrogen, per liter. W hen precipitated 
w ith 5 cc. of reagent the resulting suspension is put into both cups 
of the instrument.

If we put the left cup a t any convenient height, say  20 or 
25 mm., and move the other cup up or down until the light in the 
eyepiece, coming from both tubes, is equal, we find that the

1 J . A m . Chem. Soc , 37 (1915), 1171.

F ig . VI
Showing th e  in s tru m en t w ith  lam p house used as a  co lo rim eter; th e  

ad ju stab le  reflectors are reflecting th e  lig h t to  th e  rou n d  in s tru m e n t reflec
tors, which in tu rn  tran sm it th e  lig h t to  th e  cups and  in s tru m e n t. T h e  
ligh t sw itch can barely  be seen on th e  f ro n t of th e  base.

F i g . V
Show ing co n struction  an d  op tica l c learness of p lungers (on th e  left), 

of th e  nephelom etric  cups (in th e  cen ter), and  colorim etric cups (on th e  
righ t). T h e  b o ttom s o i all are fused  on, though  of glass hav ing  d ifferent 
coefficients of expansion.
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In Fig. X I, the same curve is used for practical work,
i. e., in expressing the results in per cent of nitrogen, obtained 
in Kjeldahl nitrogen estimations, using 0.1000 g. of substance 
or sample.

I ?i g . V I I — S h o w in g  S c a l e  a n d  A d j u s t a b l e  V e r n i e r s

T h e  one on th e  rig h t shows th e  p lu n g er to u ch in g  b o tto m  of cup, th e reb y  
giving m ore zero o r color, w ith  vern ier in rig h t position , i. e., exactly  on 
zero. T h e  vern iers  can  be p u t on zero by  loosening th e  screw  of v e rn ie r 
an d  m oving v e rn ie r to  r ig h t position  a fte r p lunger touches the  b o tto m  of 
th e  cup, or its  eq u iv a len t.

Suppose we had a K jeldahl flask containing 20 cc. concen
trated sulfuric acid, a little m ercury or mercuric oxide as catalyzer 
and 0.1000 g. ammonium sulfate. As far as the nephelometric 
method is concerned, this could as well be the result of digesting 
an equal weight of almost any nitrogenous substance, such as 
a sample of fertilizer, leather, rubber, food, beer; any synthetic 
or natural organic substance, as aniline, dyes, drugs, etc. The 
m elt is now dissolved in w ater and made up to 500 cc. Although 
the heat of dilution of sulfuric acid is sufficient to warm the 
solution considerably, we do not need to bring it to room tempera
ture, provided, of course, we pipette an aliquot portion off a t  
once a t  the same temperature. A n y  error due to high tempera
ture in the flask will then be compensated b y  the same error in 
pipette and thereby autom atically eliminated.

T o  5 cc. of this solution are then added 5 cc. of A7 N aO H  and 
then drop by drop of the same solution until it is neutral to 
litmus paper. The solution is then diluted to 200 cc. with am
monia-free water, and a 10 cc. portion is treated w ith 15 cc. of 
0.003 per cent starch solution, precipitated w ith G raves’ reagent 
(5 cc.), and matched against 10 cc. of standard solution (con
taining 2.0 mg. of nitrogen per liter) similarly treated. From 
the reading and the curve we can find out at once the exact 
per cent of nitrogen. In  the first step we diluted to 500 cc.; 
and in the second step, when we took 5 cc. for a 200 cc. final 
volume, we diluted 40 times, thus giving a total volume of 20,000 
cc., or 20 liters. If the standard reading S were 20.0 mm. 
we would get for the unknown 39.10 mm., which would give us 
21.36 per cent nitrogen1 in ammonium sulfate.

1 I f  th e  reagents con ta in  am m onia  a  con tro l estim ation , using a b o u t 
Vio th e  d ilu tion  of above, will give a correction , t . r . , a  c er ta in  frac tion  of 
per cent to  be deducted  from  th e  per cent of to ta l n itrogen.

N o t only will this method save considerable time, but it  will 
eliminate the expense, attention and errors connected with 
a bank of K jeldahl stills.

(6) p h o s p h o r u s — T he estimation of phosphorus in biological 
and industrial fields, especially of small amounts, is becoming of 
increasing importance. A  large number of volum etric and 
colorimetric methods have been proposed but thus far none 
have been satisfactory for m icro-quantitative work. While 
looking for a suitable nephelometric precipitant for phosphorus, 
K ober and Egerer's attention was called to the reagent developed 
by Pouget' and Cliouchak. This reagent consists of a nitric 
acid solution of strychnine and molybdic acid and produces a 
very sensitive reaction w ith phosphates. Pouget and Chouchak 
found that it will detect one part of phosphorus in 20 million 
parts of water. A s the precipitate is slightly yellow and remains 
in suspension for a long time, the authors have recommended 
it  for a colorimetric reagent, but really the estimations were 
turbidimetric, i. e., they measured the absorbed light of the 
suspension.

On studying the reaction carefully, Egerer and Kober found 
that (1) it was not constant and quantitative, and (2) the re
agent gradually became yellow and deteriorated, probably be
cause of the action of nitric acid. Pouget and Chouchak realized 
this since their directions state that the mixing of constituents 
must be made only just before using. A fter making m any 
variations of all constituents, no marked improvement was ob
tained, but on substituting hydrochloric for nitric acid, the solu
tion not only remained practically colorless for an indefinite 
length of time, but was stable and gave quantitative and constant 
results.

V a r i a t i o n s  in  D i a p h r a g m s  o f  C o l o r i m e t e r s  a n d  N e p i i e u j m e t e r s

Show ing a  w ide a p e rtu re  as found  in m ost in s tru m en ts  (on th e  left),, 
nex t a  p inhole a p e r tu re  off optical cen ter. T h e  p inhole  a p e r tu re  (toother 
righ t) in correc t position.

The directions for making K ober and Egerer’s nephelometric 
reagent for phosphorus2 are as follows:

150.0 g. Sodium  M olybdate
250.0 cc. W ater
100.0 cc. H ydroch loric  Acid (1-1)
A dd slowly w ith  shaking
150.0 cc. S trychn ine  S u lfate  Solution (2.0 per cent)
F ilte r

Protective action in addition to any produced b y  the strych
nine does not seem to be necessary. T he reagent is so sensitive 
that ordinary filter paper camiot be used for filtering the reagent, 
as it  extracts from it a substance which seems to be a phos
phorus compound, gradually giving a very  marked phosphorus 
reaction.

A n idea of its sensitiveness m ay be obtained b y  the following.
» B ull. soc. chim., 5 (1909), 104; 9 (1911), 649.
'■J. A m . Chem. Soc., 37 (1915), 2375.
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experiment: A  solution of potassium phosphate, containing
0.0125 mg. of phosphates, 0.003 mg. phosphorus per liter, still 
shows the reaction very  plainly which means one part in 333 
million parts.

As an example of its usefulness for technical purposes the de
termination of phosphorus in a sample of cast iron will be de
scribed briefly. The weighing of the sample, its solution in 
nitric acid, and the elimination of the nitric acid by  boiling a 
few minutes w ith an equal volume of sulfuric acid require but a 
few minutes for completion.

The actual details are as follow s:
Two (2.00) g. of cast iron borings were dissolved in 100 cc. 

of t/i nitric acid b y  boiling. A fter cooling under the tap the 
solution was brought up to 100 cc. and 5 cc. taken and boiled 
for 2 min. w ith 5 cc. of concentrated sulfuric acid. This mix
ture is then diluted to 100 cc. and filtered through a dry, acid- 
washed filter paper and 25 cc. are again diluted to 100 cc. 10 cc. 
are now treated w ith 35 cc. of 0.5 N  H C 1 and precipitated with 
5 cc. of reagent. O11 m atching in the instrument with a standard 
containing 5 mg. of K H jP O i per liter the percentage1 of phos
phorus can be obtained from a curve made similarly to one shown 
with ammonia.

(c) c a l c i u m — T he estimation of calcium, owing to its wide 
distribution, is of considerable importance, and, therefore, simple 
and rapid methods of estimation would be very valuable. Lym an 
first sought to solve this problem by the nephelometric estima
tion of calcium oxalate, but was not able to obtain satisfactory 
results. He then tried, after a preliminary separation of the 
magnesium, to precipitate the calcium as a calcium soap. This 
method gave excellent results. It  reduced the time required 
in certain calcium estimations from 3 days to 2 hours for a set 
of four estimations.

Lym an’s nephelometric reagent for calcium 2 is made up as 
follows:

4.0 g. S tearic  Acid
0.5 cc. Oleic Acid

400.0 cc. Alcohol (95 per cent)
Boil, add

20.0 g. A m m onium  C arb o n ate  in
100.0 cc. H o t W ater
Boil, cool, add
400.0 cc. Alcohol (95 per cent)
100.0 cc. W ater

2.0 cc. A m m onium  H ydroxide (sp. gr. 0.90)
F ilte r

To show its sensitiveness the following experiment is made:
A  solution of calcium  oxalate in nitric acid containing 0.2 

mg. of calcium per liter still gives a decided reaction, which is 
one part in 5 million.

For the estimation of calcium in milk, 10 cc. are diluted to 
100 cc. with distilled water. F ive cc. of this mixture are then 
treated w ith 15.0 cc. of 6.5 per cent trichloracetic acid, which 
precipitates the proteins, and'filtered. The calcium is now pre
cipitated as oxalate b y  M cCrudden’s method,3 redissolved, and 
the calcium determined after precipitation as soap, nephelo- 
m etrically.

Tw enty cc. of standard calcium oxalate solution (dissolved 
in nitric acid) containing 0.4 mg. of calcium are poured into 
50 cc. of L ym an ’s reagent and gently shaken. This cloud is 
used for m atching an unknown treated in a similar manner. 
Here, as in the other estimations, only a few circumventions 
are necessary to eliminate interfering substances.

In this precipitation oleic acid acts as a protective colloid, 
a  small amount delays the agglutination for hours.

(d) a c e t o n e — M arriott has applied the extrem ely sensitive 
Scott-Wiison reagent for the nephelometric estimation of ace-

1 A check on th e  p u rity  of reagen ts  should  also be m ade b y  a  b lank  esti
m ation  and  corrections m ade if necessary.

2 J . B io l. Chem., 29 (1917), 172.
3 Ib id ., 10 (1911), 187.

tone. The acetone in each case m ay be distilled from the original 
solution into the reagent or m ay be aerated1 at room tempera
ture into sodium bisulfite solution, and then estimated nephelo- 
metrically.

The composition of H arriott’s nephelometric reagent for 
acetone2 is given a s :

10.0 g. M ercuric Cyanide
180.0 g. Sodium  H ydroxide

1200.0 cc. W ater, shaking, slowly add
400.0 cc. Silver N itra te  (0.73 per cent)

F ilter

To show the sensitiveness of the reagent, a solution of freshly 
distilled acetone containing 0.010 mg. per liter still gives a m arked 
reaction, which is one part in 100 million.

T he standard and unknown solutions are precipitated by 
distilling into 50 cc. water and 15 cc. of H a rrio tt’s reagent, 
0.5 mg. of acetone and finally making the solution or suspension 
up to 100 cc.

Standard solution if made with N /4 sulfuric acid so that it 
contains 0.5 mg. of acetone in 10 cc. will kefep for a few weeks 
at least. W ithout N /4 acid the acetone solutions quickly 
polymerize.

F i g . I X — S i l v e r  C h l o r i d e  S u s p e n s i o n s

T h e  one on th e  le ft m ade by  slow ly add ing  5 E q . AgNO* so lu tion  w ith  
shaking  o r s tirring . All the  o th e r equ iva len ts  were added  a t  once. U n 
fo rtunately , th e  large volum es pho tog raphed , which a re  m ore o r less 
opaque, m ake i t  difficult to  see the differences, except w here i t  show's the 
cu rva tu re  of the  bottom s.

As m ay be observed no additional protective colloid is added, 
as the organic nature of the complex is sufficient protection 
or, to be exact, makes the speed of agglutination low.

(ie) FATS a n d  o i l s — In quantitative work where the precipi
tate is easily thrown down, easily washed, and easily dried and 
weighed, gravimetric analysis imposes no difficulty, although 
it m ay fail to estimate small amounts. F ats and oils are difficult 
to filter and to free from solvent and, therefore, Bloor devised 
a nephelometric method which overcomes these obstacles. The 
fat or oil is extracted with an alcohol-ether mixture and then 
poured into water, when the fats or the oil separate out in fine 
globules or suspensions. Bloor’s nephelometric reagent for 
fats3 is made up as follows:

250 cc. R edistilled  E th e r  
750 cc. R edistilled  Alcohol 
As accessory
500 cc. N orm al Sodium  E th y la te

Five-hundredths of a milligram (0.05 mg.) of fat can be easily 
determined quantitatively, and a marked cloud is produced by 
one part in a million.

The usual standard and unknown are precipitated by running 
5 cc. alcohol-ether solution containing 2.0 mg. of fat or oleic 
acid into 100 cc. of water and, after adding 10 cc. of 1 : 4 H C 1 
and gently stirring or shaking and allowing to stand for 5 min., 
are read in the nephelometer.

H urlin  and Riche* have modified this method by pouring the 
fat solution into 0.05 per cent gelatin solution.5 These authors

1 Folin, J . Biol. Chem., 18 (1914), 263.
* Ibid., 16 (1913), 289.
* J .  A m . Chem. Soc., 36 (1914), 1300; J . Biol. Chem., 11 (1914), 377.
4 P rivate  com m unication.
5 1 g. gelatin in 2 lite rs  of w ater w ith 5 cc. glacial ace tic  acid.
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found that the addition of this small amount of protein as 
protective colloid delayed the coalescence of the fat globules and 
thereby enabled them to keep the suspensions photometrically 
constant for hours.

Woodman, Gookin and H eath1 have worked out a similar 
method for the essential oils.

T he solvent and extracting medium for essential oils is alcohol 
alone and 5 cc. of the standard solution— containing 100 mg. 
in 100 cc. 95 per cent (redistilled) alcohol— are precipitated by 
pouring into 25 cc. of water, or better 25 cc. of 1 : 4 H C 1.

B y  adding acid as used in the Bloor method, I found that 
one could use a much weaker standard than the authors recom
mended and still get suitable nephelometric clouds. T h ey were 
able to estimate the oils of roses, peppermint, anise, and nutmeg 
nephelometrically w ith ease and accuracy.

(/) p r o t e i n s — Proteins like other colloidal substances are 
extremely difficult to filter, and when filtered are rarely free 
enough from adsorbed substances to be useful for gravim etric 
work. Also they are dried only w ith difficulty. T he applica
tion of nephelometry to protein estimation's has been found to 
be fortunate for two reasons: (1) It  enables us to  estimate 
small amounts of proteins easily since nephelometry fits protein 
suspensions as a key does a lock; (2) because protein suspensions 
were so easily produced and maintained that the possibility of 
nephelometry as an accurate method of analysis became ap
parent, just as the difficulties mentioned with silver chloride 
prevented, without m uch doubt, the adoption of nephelometry 
for twenty or more years. The former give a true picture and 
the latter a false picture of its possible accuracy and general 

1 T h is  J o u r n a l , 8 (1916), 128.
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usefulness. K ober’s nephelometric reagent for coagulable pro
teins1 consists of:

2,000.0 cc. Sulfosalicylic Acid 
F o r Casein, 0.3 per cen t 
F o r G lobulins, 0.6 per cen t

Tim e does not permit me to go into all the details of protein 
estimations, so only a test of its sensitiveness will be given.

A  protein solution containing 1.0 mg. of protein per liter still 
gives a marked test which is equivalent to 1 part in a million.

In milk the fat is first removed, by  adding to the diluted milk 
(5 cc. of m ilk in about 200 cc. of water) 10 cc. N /10  sodium 
hydroxide, making it  up to 250 cc. and shaking w ith ether. As 
further details will be found in the original communication,2 
nothing more will be said except that the nephelometric method 
reduced the time for the estimation of casein, globulin, and 
albumin in milk. I t  requires from 2 to 3 days, if it is done ac
cording to  the usual technic, whereas with the nephelometric 
method it  can be done in 20 to 30 min.

I l l— GENERAL DISCUSSION

There are m any more applications which have not been 
touched upon, but their development and their application to  
analyses do not differ essentially from those just given.

I t  will be observed that practically all of them are of the 
nature of an organic complex, i. c., the precipitate has an organic 
constituent in its composition. In  gravim etric analysis this 
would not be an advantage, since it is necessary as far as possi
ble to have the precipitate in relatively large masses for filtering 
and in a condition easy to dry. In m any cases the occlusion 
and adsorption in gravim etric precipitates is very appreciable.

1 J .  A m . Chem. Soc., 35 (1913), 290. 
» Ib id ., SS (1913), 1589.
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In nephelometry, however, occlusions are of no consequence 
as the standard, having practically the same occlusion or ad
sorption, would cancel the error. Of course, it  does not follow 
that occlusion or adsorption in nephelometric precipitates causes 
any difference in the amount of reflected light, as the occlusion 
may be in a dissolved phase, and, therefore, would not reflect 
light. Furthermore, as organic reactions as a rule are more 
specific, and, therefore, more accurate, nephelometry and color
imetry enable us to make use of organic substances, which means 
that our sources of reagents and possible methods are unlimited.

The great advantage of nephelometric analysis over gravi
metric, outside of the enormous saving in time and labor as well 
as in material, is in its more complete control over the media of 
precipitation. B y  the great dilution necessary ordinarily in 
nephelometry, color and other interfering substances^are so 
reduced that they seldom play a rôle.

The accuracy obtainable in nephelometry, as the instruments 
and methods steadily improve in efficiency, is growing rapidly. 
W ith the instrument, as it  now is, when properly adjusted and 
used, it is not difficult to obtain an accuracy of 0.25-0.50 per cent 
in a single reading, and w ith two to three readings o. 1-0.2 per 
cent. N ot all nephelometric suspensions have been developed, 
however, so that the maximum accuracy of the instrument is 
utilized. A s in gravim etric work, the accuracy obtainable in 
final results depends on the particular method and precipitant, 
as well as on the balance. As we have become so accustomed 
to gravimetric work, to  agglutinate or crystallize our precipi
tates, it  is difficult for most of us to  consider doing our w ork in 
an exactly reverse w ay. L ike all other methods it  takes time 
to get accustomed to a new w ay of doing things, no m atter 
how good or convenient it  is. M uch more progress is made 
when the new w ay is the only w ay an experiment can be done 
at all. W e all know when once an old method has been en
trenched, as it were, b y  custom, it takes considerable tim e for 
the new to find its w ay into favor, irrespective of its merits.

Much more work remains to be done, especially the study, 
from as m any angles as possible of the quantitative production 
of suspensions.

Almost all colloidal chemistry, heretofore, the theoretical 
or practical study, especially that of colloidal suspensions, has 
been qualitative and not quantitative. W e need a great deal 
more information about quantitative colloidal chem istry for 
nephelometry to find its greatest usefulness.

How m any more applications nephelometry will find in ap
plied and quantitative chemistry the future alone will tell. 
This much we are sure of: the nephelometric method must be 
used for colorless colloidal suspension and for the accurate de
termination of amounts of material which give no delicate color 
reaction and are too minute to filter, but which are daily com
manding our interest and attention. T he use of the method has 
already been extended to  all classes of substances and since, by  
careful work, considerable accuracy can be obtained, its applica
tion promises to be general in the different branches of chemistry.

SUMMARY

T o sum up, attention has been called to the following:
I— A  few erroneous conceptions about nephelometry and the 

pitfalls of m any beginners in nephelometry.
II— The great sensitivity of :
(а) G raves’ nephelometric reagent for ammonia, which is 

able to detect 1.0 part of ammonia in 160 million of w ater and 
its usefulness in various tests and Kjeldahl estimations.

(б) Kober and Egerer’s nephelometric reagent for phosphorus 
which will detect 1.0 part in 333 million of w ater and its use
fulness in various tests and in phosphorus estimations applied 
to iron and steel as illustrated b y  an experiment.

(c) Lym an’s nephelometric reagent for calcium which will 
detect 1.0 part in 5 million of w ater and its usefulness in various 
tests and calcium estimations applied to w ater and milk.

(<Z) M arriott’s nephelometric reagent for acetone which will 
detect 1.0 part in 100 million of w ater and its usefulness in de
termining acetone quantitatively applied to  various distillates.

(e) Bloor’s method for estimating fats and oils w ith which 
0.05 mg. of fat can be estimated quantitatively and the presence 
shown of 1.0 part of fat in a million of water, its usefulness in 
nephelometric fat estimation in milks, and its application in 
Woodman, Gookin, and H eath’s nephelometric estimation of 
essential oils.

(/) K ober’s nephelometric method of estimating proteins 
which will show the presence of 1.0 part of protein in a million 
parts of water.

I l l — The advantage of nephelometry, its possible accuracy, 
its enormous field, and its possible future.

D iv i s i o n  o f  L a b o r a t o r ie s  a n d  R e s e a r c h  
S t a t s  D e p a r t m b n t  o r  H e a l t h  

A l b a n y , N e w  Y o r k

M U N ICIPAL CO N TRIBU TIO N  T O  C O N SE R V A T IO N  
TH RO U G H  G AR BAG E U T ILIZA TIO N 1

B y E d w a r d  D . V e r y

The word “ garbage” is commonly used indiscriminately to  
define any kind of refuse and is generally considered as a synonym  
for "offal,”  but for the purpose of this paper it  is used to define 
the waste of both animal and vegetable m atter which results 
from the preparation of food for human consumption. I t  is 
further limited to  that portion of this class of waste which Is 
collected and disposed of as a municipal function.

When we take into consideration the fact that this m aterial 
results from action governed b y  no set rule or regulation and is, 
in fact, subject only to the whim of the individual, there would 
seem to  be no general statement possible as to the constituents 
of garbage, and y et it  is found that this class of material, as it  
is collected in different parts of the country, does not vary  w idely 
in quantity per capita, weight per unit of volume, or in m echan
ical or chemical analysis, and it  is possible, within reasonable 
limits, to make a statement of the average content of garbage.

The average quantity of garbage produced per capita per day 
is one-half pound.

The average weight of garbage is 1100 lbs. per cu. yd.
The average sample of garbage contains:

16 per cent anim al m a tte r  
79 per cen t vegetable m a tte r  

5 per cen t rubb ish

and it analyzes, approximately:
70 per cen t m oisture 
20 per c en t tan k ag e
3.5 per cen t grease
1.5 per cen t bones 
5 per cen t rubb ish

Published analyses from the cities of N ew Y o rk , Cleveland, 
and Washington show this comparison as follows:

N e w  Y o r k C l e v e l a n d W a s h in g t o n

P ounds per cap ita  per annum . . . .  181 193 286
Pounds per cu. f t ........................ 49 47
M oistu re, per c e n t ..................... . . . 67 76 74

L a b o r a t o r y  A n a l y s e s

P er cen t P er cen t P er cen t

E th e r e x tra c t ........................... 4 .0 0 5 .0 0
Phosphoric acid as PiO#.. . . , . .  0 .5 9 0 .2 4 0.39
N itrogen, K jeldahl m ethod . . . .  0 .9 4 0 .6 4 0.71
P o tash  as K jO ......................... 0 .33 0 .3 0 0 .2 8

T he figure here given for the pounds per capita per annum 
for Washington seems a t variance w ith the others, b u t it  must be 
remembered that this c ity  has an enormous floating population 
which produces garbage but is not considered in the census. 
Then, too, in Washington practically all of the hotels and res-

1 R ead  before N ew  Y ork  Section, A m erican C hem ical Society, 
M ay  10, 1918. . ;
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taurants have their garbage collected b y  the m unicipality, 
whereas in some cities the garbage is not so collected, but is 
taken by private collectors, under an arrangement w ith the pro
prietors of these establishments.

The quantity of garbage produced varies by  seasons very  
materially, the maximum daily a lount being collected during 
the summer mouths when vegetables and fruits constitute the 
principal diet, and the minimum amount being collected during 
the winter months. Usually A ugust is the highest month, 
with about 11 per cent of the total annual amount, and February 
the lowest month, with about 6 per cent. The moisture content 
is high in percentage in the su.'nmer months and low in winter, 
whereas the grease content and the chemical plant food values 
are low in the summer and high in winter, for obvious reasons.

Fresh garbage, as it  reaches the can, will remain, in ordinary 
weather, at a temperature of about 70° F. for from 12 to 14 • 
hrs. before any change takes place. From  that time alcoholic 
fermentation sets in and this will continue for another period 
of, approximately, 12 to 14 hrs. If the can is loosely covered, 
acetic acid fermentation develops, but if cans are fairly well 
closed, the alcoholic fermentation continues for about 36 hrs., 
when there is practically no further action. There is 110 de
composition of the animal m atter, as that is inhibited b y  the 
alcoholic fermentation. B y  test it has been found th at in 
garbage which has remained in the can under ordinary tempera
tures for from 3 to 4 days, and even as long as 21 days, the free 
fa tty  acids of the grease are not more than fro 1 5 to 7 per cent, 
whereas where m atter of a like nature is subjected to putrefactive 
action, the grease analyzes from 30 to 40 per cent of free fa tty  
acids, which indicates the absence of decomposition in ordinary 
garbage as it  is contained in the can.

T he fermentation noted develops small amounts of alcohol 
and acetic acid, w ith slight changes in the vegetable oils, but 
none in the animal oils.

T he sour odor of garbage is the result of this fermentation 
developmg acetic acid, together w ith certain fruit esters, alde
hydes, and alcohol.

W e have then a material made up of a combination of moisture, 
fat, starch, sugar, albuminoid and nitrogeneous bodies, cellulose, 
and ash. The problem is to recover from this mass w hatever 
m ay be of value, in the most economical manner, having a t the 
same time due regard for the sanitary requirements.

Disregarding the method of final disposition of municipal 
wastes which attem pt 110 reclamation of by-products, we find 
the methods which have been adopted for the treatm ent of 
garbage, as herein defined, are pig feeding, or some mechanical 
treatm ent commonly known as reduction.

According to the latest statistics, there are in the United 
States, 75 cities of 90,000 population and upwards; of these,
13 resort to dumping or burial, 21 have incinerators, 11 feed to 
pigs, 6 sell or give to farmers, probably to be used for pig feeding, 
and 24 use a reduction process.

Those who have reduction plants are:
B oston, M ass. B altim ore, M d.
N ew  B edford , M ass. W ash ing ton , D . C.
B ridgeport, C onn. A kron, Ohio
Buffalo, N . Y . C inc innati, Ohio
N ew  Y ork , N . Y . C leveland, Ohio
R ochester, N . Y . C olum bus, Ohio
Syracuse, N . Y . D ay to n , Ohio
U tica , N . Y . T oledo, Ohio
Philade lph ia , P a . Ind ianapo lis , In d .
P ittsb u rg h , P a . Chicago, 111.
R eading, P a . D e tro it, M ich.
W ilm ington, D el. Los Angeles, Cal.

The feeding of garbage to  pigs is a m atter which caused con
siderable discussion, both as to its economical phase and also 
as to its propriety from the standpoint of sanitation.

Tersely, the advantages of pig feeding have been stated as 
“ using the pig as a middle-man, we find th at 25 per cent of the

protein and 45 per cent of the total energy is returned to the 
consumer as pork. The pig charges 55 per cent brokerage for 
converting vegetable protein and fat into animal protein and 
fat.”

Of course, we must remember th at there is a considerable 
portion of the garbage that the pig will not consume, such as 
fish scrap, fruit skins, coffee grounds, and miscellaneous rubbish. 
Then, too, the garbage must come to the piggery fresh, especially 
in the summer time.

Again, there is the menace of hog cholera, or the foot and 
mouth disease, which m ay cause the total loss of “ plant.” 
T o  be sure, modern science is ready w ith methods of prophylaxis, 
which m ay prove a safeguard, b u t there is always the peril of 
slip-shod methods, which result in a partial or complete loss.

T he United States Food Administration, in a booklet entitled 
“ Garbage Utilization,”  issued in February 1918, says:

"W e  have indicated that the reduction process is hardly suit
able for cities of under 100,000 population. A  proper question 
would be, is pig feeding more applicable to  cities now reducing 
than the reduction process?

“ In so far as the monetary return applies, the two methods are 
practically identical. T he reduction process possibly has the 
advantage of improvement to a greater extent than pig feeding. 
B y  improving the breed of the hog, gains m ight be made more 
economically, but the reduction process requires only simplified 
machinery, or additional recovery to make a ton of garbage 
more valuable.

“ It also seems that the larger the city  the less adapted its gar
bage to  pig feeding. One m ight say that smaller cities were 
better managed, but it  is obvious th at the difficulties of con
trolling materials placed in the garbage increase more rapidly 
than does the population. Although a pig is blessed w ith a 
digestive system capable of assimilating almost anything, its 
efficiency cannot be compared w ith the mechanical digestors of 
the reduction plants.

“ W hile from a purely conservation standpoint, pork produc
tion m ay seem more im portant than the production of grease 
and fertilizer tankage, the use of the grease recovered releases 
an equivalent amount of edible oils, while our stock of agricultural 
fertilizers is so depleted, a t the present time, that fertilizer tankage 
is a national resource not to be overlooked.

“ The test of the practicability of the feeding method of disposal 
is the selling possibilities of the pork produced. There is no 
benefit in feeding if the pork is unfit for food, or if a popular 
prejudice will prohibit it  from selling freely.

“ W e have not been able to find any m arket where garbage-fed 
hogs are being sold a t a lower price than grain-fed animals.

“ There is a t present a mistaken idea throughout the country 
as to the value of garbage. In  a large number of cases it  is a 
question whether the value will be sufficient to p ay the cost of 
collection and transportation. W here collection and disposal 
both are to be made b y  the contractor, we doubt if the work 
will be done w ithout cost to the city, unless the quality of the 
garbage is exceptional, and there is keen competition for the 
material.

“ T he ratio of 1 lb. of marketable pork to 50 lbs. of garbage has 
already been established. W ith pork on the hoof a t 15V2 
cents, this would give a gross feed value of $6.20 to a ton of 
garbage. In  a general w ay, it is safe to assume that the cost of 
disposal, after the farm is reached, including overhead charges 
at the farm, would not exceed $3.00 per ton.”

Reduction processes now in use in this country are of three 
types, the drying method, the cooking method, and the Cobwell 
process.

In the drying method the green garbage is first deposited on 
a floor or belt to facilitate the picking out of the bottles, tin cans, 
and similar refuse. T he material is then fed into a disintegrator, 
either of the chopping or the crushing type, wherein the garbage



is ground to a  fairly uniform size throughout, to allow of efficient 
drying and percolating action. From the disintegrator the 
material passes through a direct heat dryer so that the moisture 
content m ay be reduced. I t  is then fed into a percolator, in 
which, by the action of a solvent, grease is taken out and re
claimed, leaving a resultant tankage fairly free from both grease 
and moisture.

The dryer consists of a revolving cylindrical steel shell, fitted 
with lifting vanes, which keep the material moving toward the 
discharge end and a t the same time draw it to the top of the 
cylinder and drop it  in a film through the hot gases, which arc 
passing through the dryer from a furnace to the stack.

The percolator m ay be either of two styles, a stationary vertical 
or a horizontal rotary.

The former consists of a cylindrical tank, into which the 
garbage is fed through an opening at the top. W hen filled 
sufficiently, a heated solvent is introduced through perforated 
pipes at the top, and this solvent percolates through the mass 
and is withdrawn a t the bottom , taking w ith it the grease which 
it has absorbed in its passage. This introduction of solvent is 
repeated until the outgoing liquid appears to carry too little 
grease to w arrant further attem pt a t recovery. L ive steam is 
then introduced into the percolator at the bottom , in order to 
drive off, so far as possible, the solvent which has been taken 
up by the tankage. T he tankage is then taken out of the per
colator, through a door near the bottom, b y  means of a hoe, 
rake, or some similar tool.

Results from the stationary vertical percolator are unsatis
factory, principally because the solvent jets usually form channels 
through the material by  which the remaining solvent finds its 
way to the bottom  w ithout having been in contact w ith a con
siderable portion of the material being treated, thus resulting 
in an incomplete recovery of the grease. Similar channels 
are formed b y  the steam, thus giving an equally incomplete 
result in the driving off of the retained solvent.

The horizontal rotary percolator consists of a cylinder, having 
three openings on one side for receiving and discharging the 
tankage. There are three pipe sections running the full length 
of the cylinder inside, perforated for the spraying of the heated 
solvent on to the material being treated. There is also a burlap- 
covered strainer-plate, made of brass cloth, extending the full 
length, and so supported as to form a chamber beneath, into 
which the saturated solvent, after passing the strainer, passes 
to an outlet a t one end of the cylinder. There are vapor lines 
for the introduction of the steam.

The operation of this percolator is as follows:

The percolator is charged b y  feeding the material to be treated 
through the three charging openings. T he covers of these open
ings are then put in place and securely bolted. T he cylinder 
is then revolved a one-quarter turn, thus bringing the solvent 
pipes to the upper side and the strainer chamber to the lower 
side. Heated solvent is then pumped into the cylinder in suffi
cient quantity to fill all the voids and to completely submerge 
the material. This solvent is allowed to stand for about 10 
min. and is then withdrawn by pumps, after passing through 
the material, becoming thoroughly saturated, and passing through 
the strainer. This operation is repeated until the outflowing 
saturated solvent appears to carry insufficient grease to warrant 
further attem pt a t reclamation. A fter the final washing and 
after all solvent possible has been withdrawn b y  the puinps, 
live steam is introduced into the cylinder under a pressure of 
from 15 to 20 lbs. per sq. in. This pressure forces out the m ajor 
portion of the remaining solvent through the strainer. The 
cylinder is then revolved so th at the three openings are a t the 
bottom and the tankage is emptied through them onto the floor 
or into a conveyor.

The saturated solvent from the percolator, in either case, is 
piped to a still, wherein, by  the application of heat, the solvent 
is driven off as a gas, leaving the grease to be withdrawn, sepa
rated from any w ater present b y  gravity, and then barreled for 
shipment. T he vaporized solvent is then condensed and re-used.

T he last tw o washings are usually used for prim ary washing 
in succeeding treatments because they are im perfectly saturated.
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T he tankage from the percolator is passed through a dryer 
and thence to a screen and that portion which fails to pass 
through the screen is taken to a grinder and pulverized and again 
sent to the screen.

This method is practically the first used in this country and 
is still in use in Chicago, Allegheny C ity, and Buffalo. It  is 
the cheapest when first cost is considered, but the results are 
in proportion to its cost of installation, and so, while as an in
vestm ent it may prove satisfactory, it still does not give the 
full possible recovery of grease. In the drying of the material, 
carbonization takes place, which affects the quality of the grease 
and tankage adversely, and also in this part of the process there 
is a very considerable loss of ammonia.

This method is operated with a considerable resultant nuisance 
from odors because of the great volume of gases passing off from 
the dryers, which cannot be economically deodorized.

According to test made in Chicago, which is probably repre
sentative, by  this process, 46 lbs. of grease per ton were recovered.

In the cooking method the garbage is picked over for the re
moval of the glass, tin cans, etc., and is then fed into large 
vertical tanks, known as digcstors or autoclaves.

These tanks, when filled, are sealed by  a bolted cap, a small 
quantity of water is added, live steam is introduced and the 
mass is cooked, under pressure, until the whole has become a 
pulpy mass, with the grease sacs ruptured and the entrained 
grease released. The material is then pressed to express w hat 
moisture can be mechanically released, the material then passes 
to the dryer, thence to the percolator, to the redryer, the screen, 
and then to storage.

The expressed moisture is piped to a settling tank or basin, 
wherein the grease separates by  gravity, is skimmed or pumped 
off and placed in tanks to allow the final separation of the grease 
from whatever slight amount of water is present, and then the 
grease is drawn off and barreled.

These types vary  usually and only in the manner of pressing.

In one type the pressing is done in the tank, there being a 
perforated plate fitted just above the bottom, and pressure is 
obtained by the introduction of live steam at the top, resulting 
in the material being compressed and the expressed liquid being 
forced through the perforations to the pipes leading to the settling 
tanks or basin.

Another uses a roller press, having an endless perforated metal 
belt, which, after receiving the material, passes between rollers, 
causing the fluid to pass through the perforations to the pipes 
leading to the settling device.

Another uses the old cider press, wherein the mass is fed into 
forms made up of slats covered with burlap, which are built 
upon a car and are then placed under a hydraulic ram, causing 
the expression of the liquid through the burlap.

Then there is the curb press, wherein the material is fed into 
a latticed steel basket, which later is run under a hydraulic ram.

The steam cone press is also used. This press is in the form 
of two bottomless cones, lying horizontally, w ith their bases 
meeting, and fitted with a bottom  of perforated plates. A fter 
the material has been fed into this form, steam is applied and 
the liquid is forced through the perforations.

The operations of this method, which follow the pressing, are 
similar to those described for the drying method after the dis
integration, except that some operators attem pt the reclamation 
of valuable portions of the tankage which are carried aw ay in 
suspension by the expressed liquid. T his reclamation is made 
up b y  the use of triple-effect evaporators and results in a gelat
inous material, known as "stick ,”  which is added to the tankage 
before drying and adds something to the fertilizing value.

In the cooking method, the material being subjected to pres
sure and high temperatures gives a resultant grease wherein the 
free fatty  acids and glycerin are split to a great extent, causing 
a considerable loss of glycerin, and unsaponifiable bodies are
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formed to an undesirable extent. Then, too, the starches and 
sugars are changed to glucose and dextrin and are more or less 
caramelized and even carbonized, leaving them indigestible and 
of small nutritive value. The albuminoids are broken up and 
rendered difficult of digestion. T he final product is made up 
principally of cellulose fiber with small amounts of nitrogen and 
bone phosphates. T his material is under suspicion as a fer
tilizer as to its availability because of the length of time neces
sary for the chemicals to be released in the soil.

This method is in use in all of the cities of the country using 
reduction methods, except those noted above and New Y ork, 
Los Angeles, and N ew  Bedford.

The operation of this method is usually the cause of con
siderable complaint because of the odors which arise from the 
emission of gases, fumes, and liquids consequent to the different 
processes, but there are reasonable means for the elimination 
of those noxious features which can be used, although their use 
entails a consequent reduction of the value of the reclamations.

Reclam ation of grease b y  this method varies from 50 to 80 
lbs. per ton, depending upon the efficiency of the individual 
plant.

W e now come to the Cobwell process, and while I desire to 
avoid any appearance of taking advantage of your courtesy by 
introducing a  trade argument, I am forced to use this trade name 
as there is no other means of differentiating this method from 
the others, because in theory and practice it  differs m aterially 
from them. In  order to carry out m y intention to present facts 
to you w ithout any prejudice, I take the liberty of quoting 
verbatim  from a paper read before Section D, Engineering, of 
the American Association for the Advancem ent of Science, 
in Decem ber 1916, by  C. R . Tuska, consulting engineer and also 
lecturer on municipal waste disposal at Colum bia University, 
who is in no w ay connected w ith the com pany which controls 
this process.

A fter describing the other methods and their results, M r. 
Tuska said:

The operation of this process is as follows:
The raw garbage is placed in a closed tank which is sealed 

air-tight. This tank or reducer is constructed w ith jacketed 
walls and jacketed bottom. Into these jackets the steam, 
which is used in the reduction of the garbage, is delivered, 
these jackets being so designed that it is impossible, under 
proper operation, for the steam to enter the tank or come in 
contact with the garbage. In the interior of this tank there is 
an agitating device operated by power from the exterior. W hen 
the proper charge of garbage has been placed in the reducer 
and the covers placed thereon, the tanks are sealed and the 
solvent is pumped into the" reducer and steam admitted to the 
jacketed walls. The heat from the steam which is transmitted 
to the garbage through the walls of the reducer, causes the 
evaporation of the solvent and the water in the garbage.

G arbage is usually composed of over 75 per cent by  weight 
of water. The steam heat vaporizes the solvent and the water 
from the garbage and these mixed vapors are drawn off from 
the reducer to the condenser. T h e  economy in this method of 
evaporation rests in the fact that w ater is vaporized a t a lower 
temperature when evaporated with a solvent having a low boiling 
point than when evaporated w ithout such solvent.

The mixed vapors of the solvent and water, while in the con
denser together, are conveyed to a closed tank. Owing to the 
solvent being of lighter specific gravity than the water, the 
solvent and the water are separated by gravity, the solvent 
rising to the top from which it is drawn back to  the storage 
tanks from which it is pumped back to the reducers and used 
over and over again. The condensed water which has been 
largely diluted, owing to the je t condensers used, is discharged 
into sewers or waterways.

W hen the garbage has been thoroughly dried b y  this method, 
the solvent is pumped into the reducer and dissolves the grease. 
The solvent with the grease is drawn off into a closed tank or 
evaporator where the same is heated by steam pipes, where the 
steam is kept separated from the grease. The solvent therein 
is vaporized and carried to a condenser where the same is again 
liquefied and carried to storage tanks to be used again.

A fter the grease has been extracted from the garbage in the 
reducer, the garbage is further dried by  means of the steam in

the jacketed walls and is now in the form of degreased garbage 
tankage, which is used for fertilizer purposes, after being ground 
and screened.

I t  will be seen from the above description of the process that 
if there are any leakages or vents in any of the tanks or piping 
where the solvent is handled, more or less solvent is lost, and 
thereby a substantial additional expense is imposed upon the 
operation of the system. I t  is evident, therefore, that it  is to 
the financial interest of the owner of the plant to see th at the 
same is properly operated.

Furthermore, under this system, the garbage is a t no time 
brought in contact w ith the atmosphere, from the time of its 
original entrance into the reducer until, after 12 hrs. of cooking, 
it is finally discharged therefrom as finished products, dried, 
sterile, and practically odorless. These finished products are 
grease and the tankage above referred to.

It  will be seen b y  the description that the process is one of 
straight dehydration, and from the time the m aterial is a t the 
boiling point, no further chemical action takes place. N o process 
of “ digestion” occurs, and, therefore, the odors and gases in
cidental to such process are not created. O nly the volum e of 
gas contained in the raw  material is driven out and only the 
essential oils of an extremely volatile nature are carried over in 
the current of steam and solvent vapor evolved. T h a t little 
or no conversion takes place in the operation is shown b y  the 
fact that in the dehydrated material, at the end of the operation, 
there exists practically the same amount of unconverted starchy 
bodies as existed in the garbage at the tim e of its entrance into 
the reducer.

T he water condensed contains all the gases evolved and has, 
when fresh, a slight odor of the mixed essential oils. Some 
traces of alcohol are detected in the effluent and a very  small 
quantity of fixed oils is carried over. A n y  ammonia evolved, 
if it  has escaped the acid in the garbage, is neutralized b y  acid 
carried over in the vapor. W hatever albuminoid ammonia 
exists in the effluent is carried over b y  mechanical entrainment, 
as dust particles, during the steam ing out of the solvent.

The effluent from this process consists of almost pure water, 
this water being the condensed moisture drawn from the re
ducer while the garbage is being treated and from which the 
solvent has been extracted as com pletely as possible. The 
effluent is cold and gives forth no steam or vapor and is prac
tically odorless, and, as a result, can 'h ave  110 effect when run 
into a large body of water.

M r. T uska ’s paper continues to give some very  excellent data 
on this subject, but I w ill refrain from quoting further because 
m y time is limited.

The grease, which is the principal by-product from garbage 
treatment, is a combination of glycerol and fa tty  acids, the 
principal fa tty  acids being palm itic, stearic, and oleic. A t  the 
present time this is sold as recovered and the purchaser refines 
it  and obtains glycerin, stearin, stearic acid, red oil, candle tar, 
and soap fats.

T he glycerin content of grease from the reduction methods, 
other than Cobwell, runs from 5 to  6 per cent, the 
free fa tty  acids from 18 to 40 per cent. In  Cobwell the glycerin 
runs from 7 to  8 per cent and the free fa tty  acids not to exceed 
10 per cent. T h e purchaser demands th at saponifiable shall 
run about 97 per cent.

W hile there are m any solvents which m ight prove available 
in this work, economy has reduced the number to  gasoline or 
kerosene distillate, and engine distillate has been used. In 
using an economical solvent due regard must be given to the 
practicability of freeing the grease and tankage from any residue 
from it at the end of the process.

As to the cost of a reduction plant, it  is impossible to  make 
a general statement, as so much depends upon local conditions, 
and also the cost of machinery varies as the m arket price of
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steel fluctuates. However, it is usually estimated that a cooking 
method plant will cost, approximately, $1,500 per rated ton with 
steel at 3 cents per lb., while the cost of a Cobwell plant will 
be about one-third more than this. In net recovery values it 
is generally stated that for the cooking method $2.00 per ton is 
a fair average, while Cobwell gives, approximately, $1.00 more 
per ton. The only safe method of estimating is to analyze 
the material in each case. I have no definite figures as to the 
drying method.

While in most of the cities the disposal of garbage is done by 
contract, and in the m ajority of cases a bonus is paid to the con
tractor, the following cities receive paym ent from the contractor:

N ew  Y o rk ....................A t th e  ra te  of a b o u t 45 cents per ton
Los A ngeles................ A t 51 cents per ton

Minneapolis has just closed a contract for pig feeding at a 
revenue of S i .26 per ton, and Richmond, Va., under the same 
system, expects to receive $2.00 per ton. Denver was the first 
to adopt pig feeding under contract, w ithout the payment, and 
is doing so at no cost to  the c ity  nor is anything paid to it.

These figures appear very  attractive, but it  is well to be con
servative as to the expected revenues from this source, as this 
system is, as yet, under trial and the result of the experiment 
will only be assured when a renewal of such contracts show that 
the contractor has been successful in operating under such a 
method of paym ent. A n inspection of successive reports from 
the cities which operate municipal reduction plants gives a very 
good idea of the uncertainty of the revenue derived from year to 
year.

I am very m uch impressed w ith the patriotic purpose 
evidenced b y  this association in giving so much of its 
valuable time to the study of the subject of municipal waste 
disposal, w ith the intention of performing a civic duty in en
deavoring to  promote more efficient methods and better financial 
results, if possible, through the em ploym ent of the high pro
fessional skill of its members, and I, therefore, take  the liberty 
of calling your attention to the fact th at the United States 
Food Administration recommends that a t this time such energy 
be used in obtaining more efficient operation of existing methods 
rather than the evolution of new methods.

C o b w e l l  C o r p o r a t io n  
5 0  C h u r c h  S t r e e t  

N e w  Y o r k  C it y

A M E R IC A N  G A R BA G E  D IS P O S A L  IN D U ST R Y  AN D  IT S  

C H E M IC A L  R E L A T IO N 1

B y R a y m o n d  W e l l s

I t  is undoubtedly true that before the world war there were 
chemists in this country and that they were doing most wonderful 
and useful work, but we were so bewitched b y  the work done by 
German copyists and grinds, that when the awakening came, we 
were astonished to find th at the animals at home were likewise 
endowed w ith horns and of no inconsiderable magnitude.

A t  once every industry th at had ever thought of the possi
bility of chemical assistance obtained three of this rare species, 
and those that had never thought of it  a t all clamored for at 
least one. E very  business, industry, and m anufacture wished 
for this strange new thing— “ scientific control,”  obtained it 
as best it  might, and found it  good. Of course there m ay be 
some things the chemist cannot do, but they do not exist in the 
popular mind.

An industry a t this date w ithout a chemical advisor, director, 
or, at least, a  plain ordinary "lab. m an”  is in the same class 
with the great auk, and y e t there have been explorers who 
have claimed to have seen specimens of this rare bird, even at 
the present time. I t  does not take an explorer to locate the

1 R em arks' following M r. V e ry ’s p aper, N ew  Y ork  Section, A m erican 
Chem ical Society, M ay  10, 1918.

"garbage industry,”  but it m ight prove a stiff task for anyone 
without the natural instincts of the lowly ferret to find more 
than one or two even "lab. men” in the business, leaving out of 
consideration a “ regular chemist.”

An industry has grown up in this country, taking care of the 
household table and kitchen waste of 17,000,000 people, serving 
twenty-nine large cities and returning an annual revenue from 
the by-products of this service amounting to $11,500,000. A t 
the same time disposition is made of 1,200,000 tons of raw 
garbage, from which, disregarding the m onetary return, the 
nation is the richer by  producing from its own so-called waste
70,000,000 lbs. of grease and 175,000 tons of valuable fertilizer. 
And such an industry is practically w ithout a chemist or without 
even being given recognition by chemists as being one of the 
few unexplored fields, for their efforts, at the present day.

The disposition of garbage with recovery of the by-products 
is essentially a chemical problem and its neglect has been due 
to several causes. The attitude of all or of practically all men 
or corporations engaged in the business, has been one of antagon
ism toward chemists, either as individuals or as representatives 
of science. T hey were not very unreasonable in this, since all 
of those chemists attempting to work or to improve the garbage 
business, did so by  long range treatm ent of garbage as it  ought 
to be from a theoretical standpoint, and from their knowledge 
of some other business in their mind similar to it. I t  is not like 
any other business under the sun, so they fell down most lam en
tably and the so-called “ practical swill man” stood off and scoffed. 
The “ swill man,”  satisfied w ith partial success, w ith sometimes 
profit and sometimes loss, but w ith the profit just enough in the 
right pan of the balance to keep the attraction always there, 
did not like the idea of disturbing things which had been done, 
and was thus prevented from asking anything of science. H is 
whole attitude has been one of secrecy about the simplest of 
operations and one of horror a t the idea of starting anything 
which might or might not turn out to their pecuniary advantage.

D on’t  blame the swill man for his attitude. H e set out to  
make something out of nothing, out of something which every
one turned away from, about which no one knew anything, and 
in approximately thirty years built up a real industry, w ithout 
assistance from anyone. I t  was all “ try  it  and see,”  and after 
a period of several years something was arrived at, which was 
moderately satisfactory and sometimes made a little money. 
A fter that, why change? Changes m eant increased invest
ment, possible big financial failure— better to jog along and keep 
quiet, taking all that could be obtained and when not obtained, 
slip it over quietly to the next chap.

Seeing this attitude and not looking into w hat promised only 
to be a dirty, disgusting hot, sw eaty business, where things 
were accomplished b y  rather circuitous methods at times, viewed 
from political and engineering standpoints, the chemist w ith
drew to more savory and apparently more promising fields. 
As a matter of fact he chose, as usual, the line of least resistance.

In spite of this neglect from the chemist, the business has 
prospered and is doing very excellent w ork for the c ity  and for 
the nation. A  short time ago the c ity  and the nation woke up 
to the garbage situation and were surprised to find that a real 
industry existed. Im m ediately propaganda started and con
tinue to  start, which is well, for out of them  m ay grow an in
terest both popular and scientific, valuable to  the industry and 
to  the nation.

Before venturing too far in denouncing our nation as a nation 
of wasters and as a nation neglectful of its waste materials, 
it  is well to consider all of the facts in the case.

For instance, the largest city  in the United States has the 
largest garbage plant in the world and the most up-to-date 
one from the chemical and engineering standpoints, representing 
the effort and financial hazard of m any men. This plant possesses 
the sine qua non of the swill business, it is sanitary and does not
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commit a nuisance either in the legal sense or actually. It  
takes care of the waste, food material from 6,000,000 people, 
amounting even at the present tim e of conservation, to  an average 
of Soo tons daily or 320,000 tons per annum. N ot one particle 
of this material is wasted. Only the w ater is eliminated and 
that as distilled water. In  one operation the garbage is trans
formed or separated into 19,200,000 lbs. of grease of a value of 
$2,200,000 and at the same time 64,000 tons of tankage of a 
value of $1,000,000 are produced. Several other items, as rags, 
bones, etc., give an additional value of several hundred thousand 
dollars. Aside from the money value, this grease recovery 
means to the nation 1,344,000 lbs. of “ dynam ite glycerin” 
and over 150,000,000 cakes of soap. T he fertilizer value of
64,000 tons of tankage makes fertile m any acres, at a time when 
the nation is starving for fertilizer. This grease all enters the 
soap, candle, and glycerin industry and constitutes 110 small 
source of supply, and the fertilizer manufacturer regards garbage 
tankage as a most valuable “ base goods.”  These m aterials 
are in no sense low grade and they find a ready market. This 
one plant employs several hundred men and consumes daily 
200 to 250 tons of coal and 3000 to 4000 gal. of kerosene. K ero
sene is used for percolation on a huge scale, an innovation in 
the percolating line which no other industry conceived of or 
dared to try  on a large scale. When it  is noted that in the regu
lar course of operation 300,000 to 400,000 gallons of solvent 
are in constant use, and that still capacity for solvent recovery 
of 500,000 gal. actual operating capacity per 24 hrs. is required, 
then one can realize w hat the industry in one plant means. 
This is the largest of 29 garbage reduction plants in the country. 
A ll of our largest cities have them, only a few of the medium
sized cities still being unenlightened and sticking to the pre
historic and very European method of expensively burning 
valuable material. These twenty-nine cities produce the quan
tities of material mentioned in a preceding paragraph. N ot all 
of them have perfect plants, not all of them utilize all of the 
values in the garbage, but they are performing a public duty 
and doing it efficiently, as far as their equipment makes it 
possible.

It  is hoped th at the preceding statem ents m ay lead to the 
realization that a big industry of great value, not only from the 
conservation standpoint, but from that of public service and 
health, has been built up quietly and w ithout attracting, till 
this time, any public notice or any notice from the scientific 
world.

The industry is doing very well, it has improved much after 
a sleep of twenty-five years, it  has a t last a real method, now 
operating four years, which is the best y et and promises to be 
better in the near future, but even now the whole business is 
nothing more than a healthy embryo, which w ill require many 
years of patient w ork on the part of m any patient chemists to 
incubate to a real live animal and then it will have to grow.

A n a l y s is  o f  S a m p l e  o p  A v e r a g e  H o u s e h o l d  G a r b a c e

P e r cen t
M o istu re ..............................; .............  71 ,00
G rease .....................................................  4 .5 4
P ro te in ................................................. 4 .2 4
A sh ........................................................  2 .17(a)
F ib e r ....................................................  3.21
Cane S u g a r...........................................  0 .77
In v e rt S u g a r.........................................  0 .5 0
S tarch , D extrin , e tc .......................... 10.46
Alcohol................................................  0 .2 3
Acid as A cetic ................................   0 .17
Essential O ils................................................
E thers, e tc ............................................. 0.11

(a) P o tash , bone p h o sp h ate , lim e, silica, etc.

T h at it is a chemist’s problem the foregoing analysis will 
demonstrate. Garbage is a conglomerate of all the odds and 
ends of all the things which men eat, a m ixture of every 
naturally occurring organic material. Think of it  in terms of

this typical analysis and see if it  does not suggest oppor
tunities.

This analysis does not total ioo per cent, since none of the 
determinations were made “ by difference.”

The opportunities suggested by such a mixture offer for re
search almost virgin soil. And this field has never been touched 
by our erstwhile German rivals. A  nation which is lucky to 
get garbage to eat, has no garbage problem to solve. M any 
urge that we too should have no garbage cans. It  m ay be so 
some day, but not for several generations and it is a very  nice 
question, whether w ith proper methods of utilization, it  may 
not be as economically profitable to so utilize it  and not attempt 
to force on the human anatom y that which is unattractive and 
unpalatable. It  m ay be better to let a mechanical digestive 
tract turn less easily digested materials into substances of greater 
value for other purposes than for food. M aybe it is better to 
throw aw ay rancid fat, tough sinews, and potato parings and 
have the same come back as soap, fertilizer, and alcohol and 
eat the vegetable oils, animal fats, and the grain released by such 
an exchange. Nothing is ever destroyed. I t  can be badly 
mixed up and out of place, th at’s garbage. I t  is the duty of 
science to put it back into place, and chemistry is the one science 
most urgently called upon.

H o m e r , N .  Y .

TH E  P O T T E R IE S A T  S H E K  W A A N , N E A R  CAN TON , 
CH INA

B y C l in t o n  N . L a ir d  

R eceived M arch  12, 1918

T he prevalence of white ants in South China restricts the use 
of wood as a building material to a minimum, and therefore all 
but the most tem porary structures are built of brick w ith tile 
roofs. The bricks used range from sun-dried, in the poorest 
villages, to well-burned gray or red of various dimensions. They 
are made at m any different places. T h e tile are of two kinds, a 
pan tile, 9 in. square, curved like a shallow trough, and a round 
tile, approximately half of a truncated cone. The latter are 
laid in rows over the joint between the vertical rows of overlap
ping pan tile. These round tile are often glazed but the pan tile 
very  rarely. M ost of the common unglazed tile, of different 
grades, used in and near Canton, are made in F a  Uen district, 
about 30 miles north of Canton. The only place where any 
glazed roof or fancy tile or other glazed earthenware articles are 
made in South China is a t the village of Shek W aan, about 20 
miles west of Canton.

The pottery industry there is said to be over 700 years old. 
W hen the process for glazing earthenware was developed is not 
recorded, but as one of the temples in Canton has a glazed tile 
roof (never relaid and still in good condition) known to  have been 
laid 400 years ago, the process is not one of recent origin. A t 
this village are made earthenware jars and dishes of all kinds, 
clay idols and figures of men and animals, and, in recent years, 
tile pipe, as well as the glazed ware of m any kinds, in color chiefly 
brown, green, blue and yellow.

For some unknown reason or reasons, possibly through con
sideration of both beauty and expense, the use of colored glazed 
roof tile was restricted long ago to temples and imperial buildings. 
Other blue and green articles made of the same materials in the 
same w ay have had a wide use in private buildings, and after the 
F irst Revolution (1911) the restriction 011 the use of glazed roof 
tiles was removed. General use, except by  foreigners, will 
probably not become common for m any years, however, because 
of the strong association between the tiles and temples. I have 
been told b y  one who has travelled widely in the interior of China, 
that the only place he has seen the green roof tile used on build
ings other than temples is at Peking where they are  used on the 
tombs of the imperial concubines. The imperial buildings in
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Peking and the imperial temples throughout China were the only 
buildings having yellow tiled roofs.

The original deposits of clay at Shek W aan were exhausted 
long ago, and now all the materials are imported. T he clay.

F i g . 1— T i m  M i x i n g  M a c h i n e 1

which varies in color from a cream, streaked w ith red, to a dark 
gray, comes from tw o places, the more plastic from Tung Koon 
district, about 40 miles east of Canton, and the stifTer from Fa 
Uen district where the ordinary tiles are made. I t  is all bought 
at Shek W aan of the people who bring it there in boats from the 
districts named. T h e fuel used is wood, which comes down the 
river in rafts from the province to the west. I t  is cut to size and 
dried across the river from the village of Shek W aan. T he pot
teries are low, one story structures, cheaply built and poorly 
lighted, but the workers are protected from the heat and glare of 
the tropical sun.

The article to be made will determine the relative proportions 
of the two kinds of clay used in any batch. Sand is mixed with 
the clay in the proportions of one part sand to four parts clay to 
lessen the danger of cracking in the firing. N early 2300 pounds 
of clay and sand are mixed at a time b y  one man who mixes it 
with his feet, b y  tramping on it, adding a little w ater from time 
to time to make it  w ork easier. This is said to be the original 
method, and the workmen claim that it  can be done more thor
oughly this w ay than b y  machinery. T w o batches are mixed 
by each man in a day, working 4 hrs. on each batch. • Large 
lumps of clay, when mixed, are stuck up against a wall to dry 
for a day or two, depending on the weather, before being ready 
for use.

Three methods are used a t these potteries for m akingtlie various 
articles: some are formed on the wheel, others in a mold, and some 
are modeled b y  hand. T h ey are glazed in practically the same 
w ay and all are burned in the same kind of kiln. T he chief 
articles made on the wheel are earthenware dishes, pots used in 
cooking, and covers for certain kinds of jars. T he clay comes to 
the potter wet. His wheel, nearly 2 ft. in diameter, is mounted 
on a pin which rotates in a block set in the ground so that the 
upper surface of the wheel is only a few inches from the ground. 
The potter sits on a low stool. A t  his left, close to the wheel,

1 B ecause of th e  C hinese su p erstitio n  th a t  a  m an will n e v er be ab le  to  
d o  a  k ind  of w ork d ifferen t from  th a t  w hich he was doing  w hen his 
p ic tu re  was tak en , i t  is v e ry  difficult to  ge t s a tisfac to ry  p ic tu res  of th e  m en 
a t  work.

is a, flat dish about 10 in. in diameter, partly filled with rice straw 
ashes, and at his right, also close to the wheel, is a vessel contain
ing water. W ith his left hand he picks up a ball of clay from the 
dish and with his right hand dips up a little water to moisten 
the clay. The w et clay is then put on the wheel which is turned 
by his assistant. Working from the center out he shapes the 
vessel, holding his thumbs in and his fingers out. The assistant, 
generally a boy, propels the wheel b y  striking its upper surface 
w ith his right foot as he swings it  back, a running motion. Be
fore giving the first impulse to the wheel he picks up a lump of 
clay which he rolls into a ball while kicking the wheel. H e then 
throws the ball into the dish at the potter’s left on to the gritty  
ashes which make the bottom of the vessel, when finished, a 
little rough so that it will not stick to the wheel. T he boy then 
takes a piece of flexible bamboo which he holds between his hands 
in the shape of a U. This acts as a spring to help keep his hands 
far enough apart so that he will not deform the dish as he picks 
it up from the wheel and sets it  on a board. W hen the wheel is 
em pty the potter puts on another lump of clay and begins w ork
ing it. As soon as the boy has put down one dish he picks up 
another lump of clay and begins kicking the wheel again. The 
performance is repeated until the board is full, when work stops 
while the boy puts the board up into a rack over head where the 
dishes dry until the next day. T hey are then put out into the 
sun. I have seen the simplest form of dish, about i l/s in. deep 
and 6 in. in diameter made in 8 sec., though this would be under 
the average time. A  day’s work for the pair would be 1500 or 
more of these dishes. Larger vessels take more time, and more 
kicking by  the boy who has no chance to kick w ith his left leg 
occasionally for a change.

These earthenware dishes, used chiefly in the household, are 
glazed only on the inside. The glazing material is wood or rice 
straw ashes, mud from the river bottom (the fouler, the better, 
according to the workmen), and water, forming a m uddy cream. 
Some of this is poured into the sun-dried dish, and, with a short 
turning motion, most of the inside of the dish is covered with the 
cream. The rest is poured out. The dish is allowed to dry be
fore being taken to the kiln to be fired. T he final color, after 
burning, is a dark brown.

A ll the jars, roof and window tiles, tile pipe, etc., are formed in 
molds. A  wooden model is first made and from it the clay  mold. 
This is burned from 4 to 6 hrs. in a moderate fire; too hot a fire 
will ruin the mold. The clay is worked stiff and shaped into a

F i g . 2 — T h e  D r y in g  R o o m

large lump with straight sides of such a shape that a slice cut 
transversely through the lump for use in the mold will be of the 
right shape and dimensions for the particular article to be made. 
This lump is placed on a smooth table and cut into slices from 
i/( in. to */8 in. thick. T he workman then selects two flat bam
boo sticks, notched on the sides at the proper intervals, and,
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holding in those notches a  wire kept tight b y  a bow, pulls, the 
whole towards him through the lump of clay, the bottom ends 
of the guides sliding along the table. He then drops the wire 
down a notch and cuts another slice, thus working from top to 
bottom through the lump.

F i o .  3 — C u t t in g  S l ic e s  o f  C l a y  f o r  U s e  i n  t i i e  M o l d s

T he slice of clay  is placed in the mold and pressed into position 
with the fingers. Then it  is taken from the mold and sun-dried 
for 2 hrs. If  the article is, say, a lattice work tile to be used 
in windows instead of glass, the two complementary pieces are 
then put carefully together and all joints made smooth and tight 
with a little  clay put on ivith the fingers or a bamboo tool. Jars, 
smaller a t the top and bottom  than in the middle are made of 
five pieces of clay. The lower half is made in one mold of a bot
tom and two side pieces, the edges being pressed together w ith 
the fingers; the upper half is formed in another mold. The two 
sections, after partially drying in the sun, are p ut together and 
the joint made tight. These articles are then ready to be glazed 
and burned.

Glazes of three colors are common: green, blue, and yellow. 
Copper is used to get the green and cobalt for the blue. One of 
the leading tile manufacturers in the village told me that they 
add lead to get the yellow. T h e same man informed me that 
they had always made their own copper oxide b y  roasting copper, 
but I have never been permitted to see how they do it. T he 
cobalt is imported under the name "English green”  and costs 
more than the copper, but the yellow is the most expensive color 
of all, which probably explains w hy the only yellow articles made 
are roof tile for imperial buildings and burial urns.

The glazing mixture is made of powdered glass, ashes of either 
mulberry bushes or rice straw, and the coloring m atter, all stirred 
up in water to form a thick, black cream. This is kept in large 
jars near the kiln's and the articles to  be glazed are dipped a 
short time before being stacked in the kilns. T he coating is not 
uniform in thickness, as the glaze runs somewhat, giving a differ
ence of shade, if the color is green, in the final product. This is 
n ot noticeable in the roof tile when laid, but is objectionable in 
other articles. Some of the green tile will show spots or streaks 
o f blue if the firing is not done properly, but generally the color 
is nearly uniform in the green and quite satisfactory in both the 
blue and the yellow. Salt is not used in any of the glazes.

T he articles modeled by hand are of three classes. Small

birds, animals, figures of people, teapots, etc., are modeled by 
hand, some of solid lumps of clay, and are burned a t the bottom 
of the kiln used for all the other articles. T he fancy glazed tile 
of unusual shape or size are made by hand w ithout a mold but 
often forms for curves, etc., are used. These are then treated 
the same as the regular tile. The third kind are the figures and 
grotesque decorations used on buildings. Some of these are 
sun-dried, painted, and then burned like the ordinary tile; others 
are burned without being glazed and then painted or otherwise 
decorated. T h ey do not have the life of the glazed articles, but 
the purpose for which they are intended, or the style  of decora
tion, prevents firing after the decoration has been put on.

The most novel feature of the wjiole process is the kiln. There 
are seventy of these in the village. T hey are long tube-like 
structures, up to 200 ft. long, built on the sides of the hills in 
the village. As the hills slope at an angle of from 15 0 to 20°, 
(the angle m ay not be the same all the w ay up), the kilns are 
really long inclined chimneys. A t any place a cross section will 
be an inverted U. E ach kiln is protected from the sim and 
weather b y  a low roof, built in a series of steps to allow of better 
ventilation, supported on pillars without walls. Thatched palm 
leaf awnings are hung a t the sides in summer tim e for further 
protection from the sun.

One long kiln was only 3 ft. 4 in. wide and 3 ft. 4 in. high, in
side measurements, at the bottom. T h e dimensions gradually 
increase towards the top where the kiln was 6 ft. wide and 7 
ft. high in the center, also inside measurements. The walls 
are 8 in. thick, made of vitrified brick locally burned for the pur
pose. Access to the kiln is secured through openings in the sides, 
20 to 24 in. wide by  3 ft. high at the lowest opening, gradually 
increasing in height to 5 ft. at the opening nearest the upper end. 
T he openings are bricked up when the kiln is being fired. The 
articles to be burned are stacked on the sloping floor, boys doing 
the work where the kiln is small, each pile having some old 
broken burned pieces on top. A t  every 30 in. up the top of the 
kiln are transverse rows of holes, each not over 2 in. in diameter, 
through the top wall into the kiln. There are 3 holes in each 
row near the bottom and 5 holes in each row a t the top. The 
holes are generally closed with pieces of brick set in loosely.

T he fuel used is wood. A  fire is built a t the bottom and the 
smoke goes up through the kiln, warming the ware therein.

F i o . 4 — T h e  Y a r d  O u t s i d e  a  P o t t e r y . N o t e  L u m p s  o f  C l a y  D r y 
i n g  o n  t h e  W a l l , a n d  M o l d s  f o r  L a t t ic e  W o r k  T i l e  a b o v e  

T h e m ; A l s o  D r y i n g  i n  t h e  S u n , H a l v e s  o f  t h e  L a t t ic e  
W o r k  T i l e , L a r g e  T i l e  f o r  a  R id g e  P o l s , a n d  

S m a l l  I m it a t io n  B a m b o o  T i l e

W hen the fire is hot enough and sufficient draft has been created, 
no more fuel is added to the fire a t the bottom, but the burners 
take their places a t  the first row of transverse holes and feed the 
fire by  dropping in pieces of wood about 15 in. long. W hen the 
master burner thinks the fire is hot enough the burners move to 
the next row and add more fuel. T he fire is thus fed through
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each row of holes all the w ay to the top. I t  takes 2700 lbs. of 
wood and 12 hrs. work to fire a long kiln. As the fire a t the bot
tom goes out before long, the cheaper articles which do not re
quire much heat, or these that would be spoiled by  too m uch heat, 
are packed near the bottom. The top of the kiln heats more 
slowly, becomes much hotter, and cools more slowly so the better 
grades, like the colored glazed ware, are burned in the upper part 
of the kiln, and only in a long kiln.

Following the burners and their helpers, the woodcarriers, 
come another set of men who put the articles for the next run on 
top of and beside the kiln to be dried out thoroughly before being 
fired. (When the accompanying picture (Fig. 6) was taken the 
packers, working from one side, had taken off half of the articles to 
put them in the kiln.) A  kiln is packed on the first day, fired on 
the second, allowed to cool over the third, and is unpacked on the 
fourth day; but ordinarily the packers for the next run are follow
ing close on the heels of those who are unpacking the previous 
run, both crews beginning at the bottom and working up the kiln. 
A large kiln will hold up to 10,000 articles at a time. If 80 per

can get a little capital. The employers, too, have their guild 
house, said to be a very fine one.

These potteries are typical of most of the native industries 
of China in state of development, ingenuity and skill of her ar
tisans, and labor conditions. This description should also sug
gest the opportunity in China for American goods. A t  the pres
ent time those interested in reaching this m arket w ill probably 
do best to deal through the foreign (chiefly European) firms 
established in the port cities, who may, or m ay not, be interested 
in pushing American lines.

The future growth of the industries of China m ay be along one 
of two lines: either the native industries m ay be de
veloped along modern scientific lines, or the effort m ay be made 
to completely ignore the native industry and establish a foreign 
industry using a foreign process, foreign machinery, and foreign 
methods. The latter method will almost certainly fail when 
applied to most industries at most plapes because of cheap labor, 
the close relationship between the guilds of both workmen and 
merchants, and the fact that the m arket is conservative and

F i g . 5 — R o o f  o v e r  a  K il n  S b o w i n o  o v e r  t i i e  H o u s e t o p s

cent of the articles fired are m arketable, the yield is said to  be 
good. T he kilns are not owned by the shops which employ the 
labor and make the goods, but must be rented a t the rate of $5.00 
for each run, renter to furnish fuel and labor.

T he population of the village is said to be 15,000. As is usual 
at industrial centers, most of the men have left their families 
back in the country villages, so the statem ent that two-thirds 
of the people there are men and boys is not an exaggeration. 
The only industry in the village is the potteries, w ith the necessary 
shops that supply food, clothing, etc. There are a few  women 
working in the potteries, chiefly at tasks like luting together the 
halves of a fancy tile. T h ey also make most of the small figures, 
but this modeling w ork is done in their homes.

T he workmen are well organized, there being a t least sixteen 
guilds or local unions of the men. T he men doing the same kind 
of work belong to the same guild— there are four guilds of men 
working on the wheel, the members of each guild m aking a dif
ferent article. I t  is difficult to get accurate general information 
as no one can speak w ith authority about conditions in other 
guilds, and he does not care to tell much about his own. A  man 
must serve an apprenticeship of six years, during which time he 
is said not to receive any wages (this m ay mean no cash, though 
he m ay get both food and lodging), before he is adm itted to  the 
guild. A  fee of $75 must be paid the guild at the time of joining, 
but this is generally paid by  the shop or employing company. 
T he wages run up to 40 cents a day for skilled potters (a good 
carpenter in Canton will get only 25 to 30 cents a day), most of 
whom are paid b y  piece work. A  semi-skilled workman gets 
$4.00 a month and his food, and the boys about a dollar a month 
and food. A n y  of the workmen can rise to be an employer if he

F i g . 6 — L o w e r  E n d  o f  a  K i l n , S h o w in g  F i r e  P i t , H o l e s  i n  T o p  
t h r o u g h  W h ic h  F u e l  i s  F e d , a n d  V e s s e l s  D r x i n g  

O u t  f o r  t h e  N e x t  R u n

demands, in general, a low-priced article. In  lines where there 
has been no native industry it will be necessary to introduce 
foreign methods, but full recognition must be paid to economic, 
social, and labor conditions in adapting the foreign process to 
the local situation.

Those Chinese who have been educated either in the United 
States, Europe, or the few modern schools in China will be the 
ones best fitted to develop China’s industries. Being conversant 
with both local conditions and western science and practice 
they will be able to so remodel the industries that the good points 
will be conserved, no prejudices aroused, and scientific results 
obtained. British firms have equipped the engineering labora
tories at the University of Hongkong w ith British m achinery, 
thus training the students a t that institution to prefer British 
goods in future years. So far-sighted Americans, looking for 
future business in China, should see that American institutions 
in China lack no facilities for advancing American m ethods and 
products, and that at least those Chinese who are studying chem 
istry in the United States are persuaded to join the A m erican  
C h em ical S o c ie ty . Those who join will be kept in later years 
conversant with scientific developments in America and be able, 
through the advertisements, to know where to get the supplies 
they need in their own work. T he advantages to both countries 
are unlimited in having an enthusiastic body of Chinese who ad
mire the United States and turn first to Am ericans when in 
need. ‘

C a n t o n  C h r i s t i a n  C o l l e g e  
C a n t o n , C h in a
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CURRENT INDUSTRIAL NEWS
B y A. M c M i l l a n , 24 W estend  P a rk  S t., G lasgow , S co tland

N ITE R  CA K E

An interesting discussion on niter cake is reported in the 
Journal of Chemical Industry for December 15, 1917. Various 
uses for the substance were given, among which the following 
m ay be quoted: (1) T h e utilization of the niter cake as a sub
stitute for sulfuric acid in the manufacture of hydrochloric acid 
and the salt cake from salt; (2) for obtaining ferric sulfate for 
sewage precipitation b y  furnacing burnt pyrites with niter cake, 
grinding and leaching the product w ith water; (3) as a diluent 
for sulfuric acid in the manufacture of superphosphate. Dr. 
Terlinck stated that he had used niter cake as a substitute for 
sulfuric acid in .the recovery of fats from wool waters and he 
further proposed to use it in the purification of ammonium salts. 
In the N ottingham  district niter cake was used for lace bleach
ing, grease extraction from wool, pickling of metals, and mineral 
w ater manufacture. Dr. E. N aef proposed utilizing the sodium 
sulfate which, on reduction, gives sodium sulfide b y  grinding with 
anthracite, charcoal or boiler coal and heating a t 500 to 6oo° C., 
the yield obtained being 95 to 98 per cent. The free acid m ay 
be neutralized b y  adding soda during the grinding. No less 
than 50,000 tons of sodium sulfide are used for the preparation 
of sulfur dyes alone per annum. B y  treating niter cake at 300 
to 350° C . with superheated steam, 90 per cent of the free acid 
is driven off but the product is too dilute to concentrate.

PE T R O L E U M  IN  T H E  B R IT ISH  E M P IR E

T he Bulletin of the Imperial Institute states: " In  1903, a t 
the request of the Adm iralty, the Imperial Institute prepared 
a memorandum describing the known and prospective sources 
of supply of petroleum within the Empire. Since that time 
continuous attention has been given to this subject and a large 
number of samples of crude petroleum, oil shales, asphalt, etc., 
have been reported on from British Guiana, Trinidad, Barbados, 
N ew Brunswick, Gold Coast, Newfoundland, Somaliland, 
Nigeria, Australia, Papua, etc. In certain of these cases, im
portant developments have since taken placc, notably in T rini
dad, while in others, investigations are still in progress, in some 
instances with considerable promise of success. It  cannot be 
claimed that any source of supply of petroleum of first-class 
importance has y et been found within the empire, but sufficient 
has been done to show that including deposits of oil-shale, there 
is a considerable possibility of further oil production within the 
Empire.

P O T A S H  L Y E

T he manufacture of potash lye from vegetable ashes and its 
application for boiling straw in the paper industry is the sub
ject of an article by  M r. S. T anaka in a Japanese technical 
journal. I t  shows that ashes from vegetable materials have 
been investigated from the point of View of the m anufacture of 
caustic potash for the digestion of straw' for paper making. 
Ashes from soy-bean pods contained 16.19 per cent potassium 
carbonate, and from chestnut, 13.96 per cent. For the manu
facture of caustic potash it  is necessary that the ashes should 
contain more than 10 per cent potassium carbonate. Lime 
m ay be added directly to the solution of ash in w ater without 
separating the insoluble residue. The yield of caustic potash 
depends very largely on the perfection of the filtration and lixivia- 
tion processes. The potash obtained is quite efficient for the 
manufacture of straw pulp, and its substitution for caustic soda 
is a  question of cost. A  constant and sufficient supply of potash 
from these sources is hardly to be expected and the difficulties 
of the filtration process increase the cost.

OIL CLAR IFIER

According to a German patent, a cylindrical vessel fitted with 
a removable cover is provided with a false bottom, perforated, 
and covered with corrugated wire gauze w hich, in turn, is 
covered with a layer of felt secured to the false bottom  by a 
metal ring and bolts so as to make a tight joint all round. This 
arrangement also keeps the felt from pressing tightly  against 
the false bottom  and by means of the corrugations in the gauze 
increases the filtering surface. A bove the filter bed, the vessel 
is charged about 2/3 full with shavings to remove coarse impuri
ties and the oil is kept fluid by  a heating coil embedded in the 
shavings. T aps are provided at different levels to draw off the 
oil and any separated waters.

C A N A D A ’S E X P O R T  T R A D E

The expansion of Canada’s export trade, says the Times 
Trade Supplement, during 1917, was even more remarkable than 
during the preceding year. The latest available figures are 
those for the twelve months ending Novem ber last. These 
show that the total value of the trade for that period in mer
chandise alone was $1,575,233,006, which was an increase over 
1916 of 46 per cent and over 1915 of 160 per cent. T he increase 
extended to all general classifications except forest products in 
which there was a slight decrease. The most remarkable in
crease was in manufactured goods. T he total under this classi
fication was $703,147,168, which was an increase over 1916 
and 1915 of 72 and 410 per cent, respectively. The value of the 
manufactured goods exported becomes all the more remarkable 
when the fact is taken into account that it  exceeds b y  the sub
stantial sum of $104,405,262 the total export trade of all kinds 
of merchandise in 1915. A s a result of this remarkable devel
opment in the export trade, there was a favorable balance over 
merchandise imported of $563,832,904, whereas the year be
fore the war broke out, there was an adverse balance of $300,000,- 
000. The total trade balance for three years ending November 
amounts to the sum of $1,056,538,845.

IR R IG A T IO N  PL A N T

According to the Board of Trade Journal, there are very  promis
ing prospects for business to be done in irrigation plants in 
Yunnan Province, South China. A t  present, four irrigation 
sets, owned b y  a private company, are in operation within a 
few hours’ journey of the c ity  of Yunnanfu, and it  would be 
com paratively easy to install 100 such sets if the business were 
followed up and cared for, as there are immense tracts within 
easy reach of water, but at an elevation of some 15 ft. above the 
w ater level. There are also great opportunities for trade in 
m achinery at the tin  mines. Innumerable small pumps are 
needed and mining machinery in general would find a ready 
market.

R E C O V E R Y  OF SO LV E N T  N A PH T H A

According to a recent German patent, the resinous mass left 
behind in the still after refining solvent naphtha and benzol 
w ith sulfuric acid is subjected to dry distillation and decomposes 
a t  330° to 385 0 C., leaving a p itchy residue. On redistilling the 
distillate, two fractions are obtained, the bulk consisting of heavy 
naphtha w ith boiling point 160 to 220° C. T he second frac
tion is a heavy oil of mineral character which does not gum even 
in warm air and does not corrode m etals or give any deposit in 
the cold. I t  m ay, therefore, be used as a lubricant and as a 
rosin oil substitute.
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PU R E B ISM U T H

M . M ylins and E- GroscliuiT describe a satisfactory method 
for preparing pure bismuth suitable for electric and magnetic 
measuring instruments. Bism uth of 99 per cent purity m ay 
be obtained fairly easily but the 1 per cent of impurities is 
difficult to remove. B y  heating the nitrate of bismuth, the 
oxide is formed and this can be reduced b y  hydrogen. The 
residue is melted and crystallized. T he method of purifying 
bismuth b y  distillation does not w ork out in practice as most 
of the impurities remaining after the ordinary refining process 
boil at a temperature of less than 1500° C. which is the tempera
ture of boiling bismuth. T he method given above is stated to 
yield a metal which does not contain more than 0.01 per cent 
impurities and which melts a t 271 0 C. W ire of 1 mm. diameter 
has an electric resistance of 1.20 ohms a t 22° C. If the per
centage of im purity amounts to 0.1 per cent, the resistance 
value is 3 ohms.

VA R IO U S C L A SSE S OF EN G IN E S

The following average weights per brake horse power for 
various classes of engines were given in a paper recently pub
lished b y  M r. P. N .  E verett: Triple expansion steam engines 
for cargo-boats (no boilers or auxiliaries), 130; triple expansion 
including boilers and auxiliaries, 450; Diesel engines for cargo- 
boats (no auxiliaries), 250; Diesel engines w ith all auxiliaries, 
400; turbines for cross channel boats with boilers and auxiliaries, 
200; Diesel engines for submarines, 50; steam reciprocating en
gines for destroyers, 35; turbines for destroyers w ith boilers, 
etc., 30; petrol engines for motor cars, 15; petrol engines for 
racing boats, 7V2; aero engines, 2i/î.

R E G IS T E R  OF O V E R SE A S BU YE R S

The fiist edition of this register, which measures 10 in. X  7 in. 
and contains close on to 400 pages, has been compiled w ith the 
assistance of chambers of commerce and the consuls abroad 
and is issued at the price of $5 b y  Messrs. Beinrose and Sons, 
London. Besides containing a  list of the principal imports in 
allied and neutral countries, arranged geographically under the 
class of goods they import, the volume includes articles on over
seas trade, written under the authority of the chamber of com
merce abroad. T he requirements of the colonies and foreign 
countries and how to extend trade w ith them are dealt w ith 
thoroughly, as also are the causes which have hitherto impeded 
British trade development. A  large am ount of information 
is also given 011 the coinage of various countries, lighthouse, 
quay and other duties, Governm ent officials, chambers of com
merce, banking facilities, newspapers, local trading conditions, 
etc., all of which will prove useful for the development of trade.

IN D U ST R IA L U SE S OF B ISM U T H

The most important use of bismuth at present is as a component 
of fusible alloys. A n alloy of bismuth, lead, tin and cadmium 
melts below the boiling point of water. I t  m ay also be used 
as a component of the alloy used for silvering mirrors. Safety 
plugs for boilers are made of an alloy containing bismuth which 
fuses at a temperature just above the boiling point of water. 
Automatic sprinklers or fire extinguishers placed in the ceilings 
of buildings are also sealed w ith an alloy containing bismuth, 
the rise of temperature caused b y  a fire fuses the plugs and jets 
of water fall over the fire. Bolivia produces the largest quantity 
of bismuth, the output in 1915 being 559 tons valued a t $1,115,755. 
In Queensland the product in 1915 was valued a t  $67,445, 
including some wolfram. In N ew  South Wales, the output in 
1916 was 29V2 tons valued at $27,365. Smaller quantities 
are produced in Tasmania, South and W est Australia.

R U SSIAN  M O N AZITE SAND D E P O S IT S

It is stated that in Nizhi Tagil district there are deposits of 
monazite sand with a large cerium content up to 23 per cent. 
Hitherto little interest has been shown in Russia in the pro
duction of cerium which certainly does not exist in large quanti
ties in the ground in any of its combinations, in fact, only mou- 
azite and orthite have been found in the country. T he latter 
is sold in small quantities from the mines of the Transbaikal 
territory, while the former is found in m any parts of the Urals 
where it  was known long ago by the natives. I t  has also been 
found in the Cabinet lands of Transbaikalia. It  is proposed 
to send the monazite sand to Petrograd for the extraction of 
the rare metals.

M IN ERAL O UTPUT OF G REA T BR ITAIN

The report of the Inspector of Mines for the year 1916 has 
just been issued. The total output of coal for the year was 
256,375,366 tons which is an increase of 3,169,285 tons over 
the year 1915. The value of the output was $1,000,073,130, 
being no less than $210,919,780 more than 1915. T h e total 
value of the output of minerals in 1916 was $1,070,072,620, 
an increase of $217,881,330 over 1915. T he quantity of coal 
exported was 55,001,113 tons against 59,951,925 tons in 1915. 
The coal was used as follows:

T ons
E x p o rted ............................   55,001,113
Used for gas coke .............................................. 39,384,819
M anufacture  of pig iro n ...............................  19,780,690
D om estic purposes............................................ 142,208,684

The other principal minerals of value are:
T ons V alue

C halk .......................................... $ 727,520
Clay and  sh a le ........................ ___  6,500,388 6,236,690
Gold o re .................................... 3,250
Copper o re ............................... ___  787 31,170
Iron o re ..................................... . . . .  13,494,658 27,725,360
Lead o re .................................... ___  17,107 1,695,845
Lim estone................................. ___  11,115,909 6,979,150
Oil sh a le .................................... ___  3,009,232 5,161,470
S a l t .............................................. ___  1,960,448 4,520,665
T in  o re ....................................... ___  7,892 3,560,710
T u n g sten ................................... ___  394 248,495
U ranium  o re ............................ 51 5,005
Zinc o re ..................................... ___  8,476 326,520

Some of the figures show an increase and some a decrease 
over the figures for the preceding year.

The following table gives the amount and value of the metals 
obtained by smelting from the ores given above:

A ntim ony ....................................... 4 tons $ 1,700
C opper............................................  278 tons 188,970
G old ................................................. 273 oz. 4,420
I ro n .................................................. 4,319,096 tons 175,226,055
L ead ................................................  12,573 tons 1,947,245
S ilver...............................................  86,483 oz. 56,420
T in ...................................................  4,697 to n s  4,278,280
Zinc.................................................. 3,000 to n s  1,026,750

The total value was $182,729,840, an increase of nearly 
$45,000,000 over the year 1915.

EFFECT OF IN SU LA TIO N  ON ST E A M  D R U M S

The Electrical World describes an interesting test for determin
ing the loss of heat by  radiation from boiler settings and steam 
drums. The 560 h. p. Babcock and Wilcox boiler tested had 
steam drums covered w ith one course of common brick. A  
rectangular can containing a measured amount of w ater was 
placed on the top of one drum and the boiler was run a t its rated 
capacity for three days, the rise in temperature of the water 
being noted. A  course of Armstrong nonpareil insulating 
brick 2V2 in. thick was then placed on the top of the common 
brick covering and the readings repeated. T h e result showed 
that the saving in heat radiated, if converted into the equivalent 
consumption of fuel per year, would be more than enough to 
pay for the cost of the insulation brick and the labor required for 
its insulation.
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H A R D E N IN G  CA R BO N  STEE L 

A n  automatic detector fitted by  Autom atic and Electric 
Furnaces, Ltd., Westminster, London, to their electric furnace 
for use in connection w ith the hardening of carbon steel depends 
on the principle that carbon steel a t its noil-magnetic point is 
a t the best temperature for quenching. T he furnace chamber 
consists of an inner pot, which contains a special m ixture of 
salts having a com paratively low melting point but a high 
vaporizing point. T he pot is wound w ith a heating coil, and is 
provided with a  special heat-resisting lagging. Round the 
outside case of the furnace is wound an insulated copper coil, 
the ends of which are connected to a special galvanom eter. A  
current of electricity passed through the heating coil quickly 
heats the furnace and renders the salt mixture molten and also 
magnetizes any steel article that is placed in the pot. W hen 
the steel has been heated to the non-magnetic point a small 
current is induced in the outer winding and the consequent de
flection of the galvanometer needle informs the attendant that 
the best temperature for quenching has been reached. A  4 in. 
furnace will, it  is stated, harden 10 lbs. of tools, gauges, or other 
articles in an hour.

T U N G ST E N  FIL A M E N TS

A  new German process for making tungsten filaments is 
based upon the idea of forming the lamp filament out of one 
long crystal. Tungsten crystals can be made to form gradually 
out of a  mixture of tungsten powder and thorium oxide. The 
mixture is squirted through diamond dies into a filament of 
0.02 mm. to 1 mm. in diameter. This filament is then drawn 
through a chamber in which it is rapidly heated to a temperature 
of 2400° to 2600° C. and w ith a velocity  of 2.5 miles per hour, 
which is rather slower than the crystallization velocity  of tung
sten, so that a single crystal of indefinite length is formed. T he 
chamber is filled with a neutral gas and the heating is performed 
in two stages b y  a pair of electrically heated coils, through the 
center of which the filament is passed. T he filam ent in this 
state is ready for use in a lamp w ithout further treatm ent. It  
is softer than drawn tungsten wire at low temperatures and 
hard at high temperatures, making it  particularly suitable for 
use in lamps. According to the Electrician, filaments consisting 
of a single crystal of 25 in. length have been produced in this 
manner.

T A R -ST IL L  C O R R O SIO N  B Y  CH LO R IN E

Some particulars have been communicated to us, says the 
Chemical Trade Journal, 62 (1918), 360, of a useful investiga
tion carried out b y  M r. L. Crawford, late of L ittburn Colliery 
T ar W orks, Durham, with reference to the chlorine content of 
tars and the consequent corrosion of tar stills and particularly 
of the domes. In  seven different tars from varying types of 
by-product coke ovens and from vertical and horizontal gas 
retorts, M r. Crawford found the chlorine percentage varying 
from 0.0053 to 0.148 and, in one case, though the bulk showed 
only 0.111 per cent, as much as 0.226 per cent was found in a 
sample from the coolers. The investigator states that his ex
perience w ith the different tars does not enable him to draw 
conclusions but, in regard to one showing chlorine content of 
o .ix i  per cent, he has been concerned in the distillation of large 
quantities for a year and he thinks th at a chlorine content above 
0.1 per cent is above the limit compatible with longevity in still 
domes. T he results are put forward, he states, in the hope that 
others w ith experience in individual tars will contribute theirs, 
so that b y  correlation of chlorine content with corrosion effects 
a maximum permissible percentage m ight be established. It  is 
recognized that other factors m ay have an influence on still 
corrosion, but M r. Crawford believes chlorine to be the predom
inant factor.

C O T T O N -S A M P L IN G  M A CH IN E

In the course of a paper on some instances of applied science 
in the cotton trade, read before the R oyal Society of Arts, Lon
don, Dr. W . Lawrence Balls described a machine for sorting 
cotton hairs according to length. I t  consists prim arily of a 
pair of rollers which, as they revolve, are transversed or trans
lated bodily along a path a t right angles to their axis of rotation. 
The cotton to be examined is first run through ordinary drafting 
mechanism so as to cause the hairs to lie parallel and straight 
and this "sliver”  is presented to the rollers a t the beginning of 
a  traverse until they have seized a millimeter or so of the front 
ends of the hairs. T he sliver is then drawn aw ay, leaving in 
the nip of the rollers a tu ft of hairs which are all held by their 
front ends. T he rollers continue to revolve and obviously the 
first hairs to be delivered from them on the other side will be 
the shortest ones, while the longest ones (since all started with 
their front ends level) will be the last to escape. B ut since 
this feeding action of the rollers is combined with and positively 
geared to the motion which causes the traverse, it follows that 
the short hairs will escape on a suitable collecting device at the 
beginning of the traverse, the long ones a t its completion and 
intermediate lengths a t intermediate points. Thus, the cotton 
is fractionated by a  continuous cycle of repeated operations, 
as m any times as is convenient not merely into separate parcels 
of hairs but into a graduated series which m ay be subdivided 
to any degree desired. The device provides a technique b y  which 
it is possible to take a sample of raw cotton, make it into a sliver, 
treat that sliver for 2 min. only in an autom atic machine, 
weigh the graduated produce of the machine’s activ ity, and, at 
the end of half an hour, plot frequency curves of a reasonable 
and measurable degree of precision, showing the variation of 
length of staple within a sample.

T H E  L O N G -R A N G E  GUN

In the issue of Le Génie Civil for April 20, M r. Nicolas Flamel, 
a French authority, continues the discussion of the German 
long-range gun. Interesting information is given regarding the 
type of gun, powder, shell, etc. I t  appears that the Germans 
have taken one of their 15-in. naval guns and, b y  means of the 
technical process known as relining, reduced the caliber to 8.2 
in. T he powder is probably an ordinary slow-burning powder, 
the weight of the charge being increased to give the desired 
muzzle velocity to the gun. T he shell is in tw o parts: the special 
fine-pointed head and the body. T he shell has special driving 
bands turned on projecting portions of the body, in addition to 
the usual copper bands. T he burster is either T . N . T . or tri- 
nitroanisol (an explosive similar to T . N . T . but having a lower 
melting point). T h e writer of the article does not incline to 
the theory of a  special propellant shell, but the gun. has been 
produced in accordance w ith the usual practice, w ith necessary 
modifications in charge, shape of shell, and other minor details.

B R IT ISH  B O A R D  O F T R A D E

During the month of April the British Board of Trade re
ceived inquiries from firms in the United Kingdom  and abroad 
regarding sources of supply for the following articles. Firms 
which m ay be able to supply information regarding the things 
are requested to communicate w ith the Director of the Com
mercial Intelligence Branch, Board of Trade, 73 Basinghall St., 
London, E . C.
Buckles, be lt, p a p er covered M a c h i n e r y  a n d  P l a n t  f o r :

M an u fac tu re  of fasteners for 
card b o ard  boxes

P ro d u ctio n  of fish p roducts 
(canned)

M ak ing  electric  b lankets

C ider v inegar 
E yele ts , sm all, colored, b lack  and  

brow n
In k  pow der (w riting  a n d  p r in t

ing)
T u r f  c u ttin g  m achines 
V egetable iv o ry  discs (for export) 
W atch  keys (m an u fac tu re rs  only)
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SCIENTIFIC SOCIETIES
FR EN CH  SE C T IO N , A M E R IC A N  C H E M IC A L  S O C IE T Y

P a r i s ,  l e  1 5  M a i
M a j o r  H a m o r  

Gas Service, A. E . F .
D e a r  M a j o r  H a m o r :

Please find enclosed copy of the letter sent to Dr. Nichols, 
requesting the foundation of a French section of the A m e r i c a n  
C h e m i c a l  S o c i e t y .  This has been greatly delayed in order 
to obtain the signature of M rs. Curie, who is the first French 
honorary member and of whom it was necessary to ask her com
pliance.

I t  took me nearly a m onth to  find the occasion of getting in 
touch with her, m ainly due to m y lack of time.

V ery  sincerely yours,
R e n é  E n g el

D r .  W . H . N i c h o l s  
President American Chemical Society 

Washington, D .  C.
D e a r  D r . N i c h o l s :

According to the constitution of the Am erican Chemical So
ciety and the privileges granted b y  Article IX  for the formation 
of local sections, the following undersigned members have the 
honor of requesting the permission of the Council to  found in 
Paris a French section of the Society covering the entire terri
tory of France.

A  more propitious time could not be chosen for such a move
ment, as it  would contribute to the formation of an American 
chemical home for our members belonging to the Expeditionary 
Forces and bring into closer fellowship the chemists of the two 
sister Republics.

W ith our best wishes, we are
V ery  sincerely yours,

R aym ond  F . Bacon 
Ben H . N ieolet, C ap t., C . S. S., 

U. S. N . A.
G. N . Lewis, M ajo r, C . S. S., 

U . S. N . A.
Joel H . H ildeb rand , C ap t., O. R . C. 
A. R . N o rto n , 1st L t., C . S. S ., 

U . S. N . A.
A. R . Olson, 2nd L t.,  C. S. S ., 

U . S. N . A.
D. H . M cM u rtrie , 2nd L t.,  C . S. S ..

U . S. N . A.
L eonard  H  C re tcher, 1st L t., 

C . S . S., U . S . N . A.
G . S. S kinner, 2nd L t.,  C . S. S ., 

U . S. N . A.
P . R . Parm elee, 1st L t„  C. S. S ., 

U . S. N . A.
Jos. W . M acN augher, 2nd L t .,

C . S. S ., U. S. N . A.
Louis C. W hiton , 1st L t., San.

C ps., U . S. N . A.
W. A. H am or, M ajo r, C . S . S., U . S. C. W . Crowell, S g t., C. S. S .,

N . A. U . S. N . A.
L. V. W alker, 1st L t .,  C . S. S., U . S. E . B. Peek, 2nd L t.,  C . S. S .,

N . A. U . S. N . A.
M ay  14, 1918

TH E G E R M A N  U N IO N  O F T E C H N IC A L  AND SC IE N T IF IC  
S O C IE T IE S 1

A  short account of this im portant movement is as follows: 
On M arch 4, 1917, a t a meeting of the Verein Deutscher 

Eisenhüttenleute (German Iron and Steel Institute), held a t 
Düsseldorf, Dr. F r. Springorum said the w ar had intensified

1 T h e  following s ta tem e n t and  tran s la tio n s  h ave  been p repared  b y  Sir 
R obert Hadfield.

the need for closer cooperation of the German Technical Societies. 
Preliminary negotiations had therefore led to a combination 
of such Societies, and the Verein Deutscher Eisenhüttenleute 
had gladly joined such Union and promised their support.

On April 19, in an article published in a German newspaper, 
it  was stated that the M anaging Committee of the Union has 
decided to create an Intermediary Agency between the technical 
world and scientific institutions for the carrying out of scientific 
and technical research work, so that industry not equipped for 
experimental work, specially smaller concerns, m ight be afforded 
an opportunity of having problems solved through the aid of the 
Union.

In November the Union held its first General M eeting a t the 
premises of the Association of German Engineers in Sommer
strasse under the Chairmanship of P rivy  Councillor Busley, 
at which the Imperial Government Offices, Federal Council, and 
Legislative Bodies were represented. T he purposes and aims 
of the Union were explained. Herr Busley said their object 
was to establish a balance between science and practice, and 
that the technical world ought to be represented more than w as 
hitherto the case in the Legislative Bodies.

Professor Dr. Wiedenfeld, of Halle, speaking on "Econom ics 
and Technics During and A fter the W a r,”  stated the blockade 
of the sea had necessitated the remodelling of the foundations 
of German economic life, the production from her own resources 
of raw materials and food, the utilization of w aste materials 
and the production of substitutes. Technical science could only 
meet these new requirements b y  disregarding the question of 
cost price and all considerations as to the possibilities of m arkets 
and the risks involved.

The above meetings and the objects of this im portant German 
Union of Technical and Scientific Societies are described more 
fully in the accompanying statements:

Statem ent I

M eeting of the G erm an Iro n  and  Steel In s titu te  held a t D üsseldorf, 
M arch  4, 1917.

G ER M AN  UNION OF T E C H N IC A L -S C IE N T IF IC  SO C IE T IE S

Dr. F r. Springorum, during the course of his address, stated: 
T he war has intensified the need, already felt before, of closer 

cooperation of the German Technical Societies, and preliminary 
negotiations on this question have led to a  combination of the 
Technical Societies into a German Union of Technical-Scientific 
Associations. W e have gladly joined this Union and promised 
our cooperation, feeling sure that the purposes and aims of the 
Union are the right ones. T he Union leaves to  its individual 
members complete liberty in the special domain which each 
Association has hitherto been dealing with, but wishes to ensure 
joint action of the Associations (whose number has now risen to 
eleven) on all important questions.

Statem ent n

T his is a  précis of th e  full S ta te m e n t I I I ,  w hich describes the  objects 
of the  G erm an Union of T echnical a n d  Scientific Societies acting  as I n te r 
m ediary for scientific technical research  work.

IN TE R M E D IA R Y  A G E N C Y  F O R  S C IE N T IF IC -T E C H N IC A L  
R E SE A R C H  W O R K

1— Managing Com m ittee of German Union of Technical- 
Scientific Associations decided to create departm ent to act as 
intermediary between technical world and scientific societies 
of universities and technical academies for carrying out scientific- 
technical research work.

2— Knowledge of departm ents of w ork so highly specialized, 
and so many problems a t present, that sometimes few operators 
available for dealing with a certain question in scientific in
stitutes.

3— It  can direct all such problems to suitable operators, 
m ight gain very material advantage with minimum of labor. '

V. G rignard 
Edw ard B artow

Reaton S tevenson

George S ca tchard  
W. F . D urand

L. L apicquy

Elienne M eens

Y. G uyot

Baum

M . Curie

René Engel

J . E . Z ane tti
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4— G reat intellectual and material resources of scientific 
institutions of universities and technical academics, and knowl
edge and experience of their heads, might be rendered service
able to German industry more than hitherto.

5— Industry, where not equipped for carrying out the task by 
means of its own arrangements and staff (particularly smaller 
concerns less equipped for experimental research), will be 
afforded opportunity of having questions otherwise left unsolved 
conducted into proper channels for solution through aid of 
Union.

6— Sometimes even not undesirable for large industria 
establishments to come into touch in this w ay w ith academicians 
to judge on complicated questions from scientific standpoint, 
y et in cohesion with technics.

7— Large number of heads of institutions in departments of 
{a) applied and physical chemistry, (b) physics, (c) electro
technics, (d) engineering science willing to undertake such work 
through Interm ediary Agency.

S— Further, men of special experience in each of above- 
nam ed departments have placed themselves at disposal of 
A ge n cy  to assist in selecting suitable operators.

9— German Union and heads of scientific institutions hope 
'A gency will be valuable and useful not only during w ar but in 
econom ic life afterwards.

10— Union asks industrial works engaged in departments of
(a) applied physics, (b) electro-technics, (c) machinery con
struction, (d) engineering science in general to address inquiries 
to them.

Statem ent III

T h e  following s ta tem e n t describes th e  objects of th e  G erm an  U nion of 
T echn ical and  Scientific Societies, acting  as In te rm ed ia ry  for scientific- 
techn ica l research  work, A pril 19, 1917.

T h is is shown as a  précis in  S ta te m e n t II :

G E R M A N  UN IO N  OF T E C H N IC A L -S C IE N T IF IC  SO CIETIES

INTERMEDIARY AGENCY FOR TECHNICAL-SCIENTIFIC RESEARCH 
WORK

The M anaging Committee of the German Union of Technical 
Scientific Associations has decided to create, a t its offices, a 
departm ent which is to act as an intermediary between the 
technical world and the scientific institutions of the universities 
and the technical academies for the carrying out of scientific- 
technical research work.

V ery m any problems, and likewise the special knowledge 
of the departments of work, are now adays so highly specialized 
that sometimes there are but few suitable operators available 
for dealing w ith a  certain question in the scientific institutes. 
If now it were possible to direct all such problems to suitable 
operators in each instance, a very material advantage might be 
gained with a minimum expenditure of labor.

On the one hand the great intellectual and material resources 
which are extant in the equipment of the scientific institutions 
of universities and technical academies and in the knowledge 
and experience of their heads, might be rendered serviceable to 
German industry to a greater extent than hitherto. On the other 
hand, industry— as far as it  is not itself equipped for carrying 
but the task b y  means of its own arrangements and staff or other 
connections, hence in particular medium sized and small concerns 
are less am ply equipped w ith experimental research arrange
ments— will be afforded the possibility of having questions 
which would otherwise have to be left unsolved, conducted into 
proper channels for effecting their solution, through the aid of 
Union. Even to large industrial establishments it m ight some
times be not undesirable to come in this w ay into touch with 
academicians who are willing to judge as to complicated ques
tions from the scientific standpoint, yet in cohésion w ith technics.

A  large number of heads of institutions in the departments of 
applied and physical chemistry, physics, electro-technics and 
engineering science have declared themselves willing to under
take such work introduced to them through the Interm ediary 
Agency. Further, those of special experience in each of the 
departments named have placed themselves a t the disposal 
of this Agency with a view to assisting it in the selection of suit
able operators for the purpose in question.

The German Union and the heads of the scientific institutions 
hope that this Agency will be of value and prove very useful 
not only for the duration of the war but also in the subsequent 
economic life of peace time.

The Union therefore requests industrial works engaged in the 
departments of (a) chemistry, (b) applied physics, (c) electro
technics, (d) machinery construction, and (e) engineering

science in general, to address inquiries to "Vermittlungsstelle 
des Deutschen Verbandcs, 4“ Sommerstr., Berlin, N. W .,”  care 
the Secretary (member of the committee in charge of the 
secretarial office).

Statem ent IV

T his is a  précis of th e  full S ta te m e n t V, showing th e  la te s t inform ation 
w ith  regard  to  th e  work being done by  th e  G erm an  U nion of Technical 
and Scientific Societies.

T E CH N IC S D U R IN G  AND A F T E R  TH E W AR

1— German Union of some 13 technical scientific societies 
recently held its first General M eeting in Berlin.

2— Those present included P rivy  Councillor Busley (Chair
man), Representatives of Imperial Governm ent Offices, Federal 
Council, and Legislative Bodies. •

3— Object— to establish balance between science and practice.
4— M an y technical tasks could not be carried through 

w ithout collaboration of several branches of science; metallurgist 
required cooperation of technician, architect th at of engineer, etc.

5— Influence to be exerted on technical education towards 
admitting academ ically trained technicians to all administrative 
departments of Federal States.

6— Technical world should be more represented in Legislative 
Bodies.

7— Union should be consulted in preparatory work of draft
ing regulations or enactments. Imperial Treasury alone had 
availed itself of their advice in preparatory work, namely, 
taxation of coal and sources of energy.

8— Desire expressed for an Austrian and Hungarian Section 
of Union.

9— Professor Wiedcnfeld said Germ any managed with her 
own production formerly, then more dependent on foreign 
countries owing to her increased population; afterwards owing 
to sea blockade, having to produce her own war materials and 
food.

10— Technical science could only meet new requirements by 
disregarding question of cost price, which formerly was one of 
chief consideration in competing with other countries.

11— -All considerations relating to m arket and risk involved 
disregarded, and substitutes produced by new methods.

12— -Though cannot carry over all new conditions and products 
into peace times, cannot revert to old economic conditions. 
“ W hat has been will never return.”

13— Technical science had tried to help economic life in three 
ways :

(а) Procuring raw  materials formerly obtained from 
abroad partly by  re-establishing unremunerative industries, e. g.> 
manganese production, increasing iron production, sulfur pro
duction, agricultural intensification.

(б) Increasing use of waste products (term "non-utilizable 
substance”  eliminated b y  war) such as obtaining lubricants from 
coal tar, supply of enough clothing b y  using waste material.

(c) Producing substitutes, e. g., nitrogen from the air, 
substances by  synthetic processes where natural w ay not avail
able, such as cattle food from straw.

14— The speaker recalled the dictum of His Excellency 
Professor Fischer: " I  cannot imagine any substance for which a 
substitute could not be found.”  T oo much regard paid to 
quality during early part of the war. T his impossible as war 
continues.

15— Deprecated m ultiplicity of Government authorities con
trolling construction. T his had prejudiced German production 
in peace time.

16— Ought to aim, even after war, at reduced use of certain 
raw  materials. Owing to high expense for industrial war in
stallations, production would have an unfavorable aspect in 
certain departments.

17— Am ortization necessary in this respect during war of war 
installation expenses.

18— Monopolies (not necessarily State  ones) for materials 
produced wholesale.

19— Could only establish steady movement of prices by 
strictly regulated syndicates, then obtain sure remunerativeness, 
favorable to technical science, and consequent brisk investment.

Statem ent V
T h e  following s ta tem e n t shows th e  la te s t in fo rm ation  w ith  regard 

to  th e  work being done b y  th e  G erm an  U nion of T echn ical and  Scientific 
Societies, N ovem ber 1917.

T h is is show n as a  précis in S ta te m e n t IV .

T E CH N IC S D U R IN G  AN D A F T E R  TH E  W AR

The "G erm an Union of Technical Scientific Societies,”  which 
has recently been formed b y  the combining of thirteen associa-
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tions and unions, held its first General M eeting this morning 
on the premises of the Association of German Engineers in 
Sommerstrasse, where the Chairman, P rivy  Councillor Busley, 
after welcoming those present— among whom the Imperial 
Government Offices, the Federal Council and Legislative Bodies 
were represented b y  members— explained the purposes and aims 
of the Union.

Herr Busley said th at their object was to establish a balance 
between science and practice. M a n y a technical task could not 
be carried through w ithout participation and collaboration of 
several branches of science: the metallurgist required the coopera
tion of the technician, the architect that of the engineer, etc. 
An influence was also to be exerted 011 technical instruction and 
education, and towards ensuring that the academ ically trained 
technician should be adm itted to all adm inistrative departments 
of the Federal States. T he technical world ought to be rep
resented, more than was hitherto the case, in the Legislative 
Bodies. T he Union had also applied to the authorities with a 
view to being consulted in the- preparatory work of drafting 
regulations or enactments. Unfortunately, hitherto, die Im 
perial Treasury alone had availed itself of their advice, in the 
preparatory w ork for the taxation of coal and sources of energy. 
Finally, the speaker stated that a desire had been expressed 
that an Austrian and Hungarian Section should be attached to 
the Union, as to which resolutions were still to be passed.

Professor Dr. Wiedenfeld (Halle) then spoke 011 “ Economics 
and Technics During and A fter the W ar.”  T h e speaker showed, 
in a very exhaustive manner, how, in former days, Germ any 
could manage well w ith her own production, how subsequently 
she became more and more dependent on foreign countries owing 
to the increase of her population, and was then subjected, by  the 
blockade of the sea, to the necessity of 'remodelling all the 
foundations of her economic life, of producing from her own 
resources, raw materials and food. Technical science could only 
meet these new requirements b y  fundam entally disregarding the 
question of cost price, which formerly, in competing w ith other 
countries, was necessarily one of the foremost considerations. 
Disregarding all considerations as to the possibilities of the 
market and the risk involved, substitutes were produced by 
calling in the aid of new modes of production and devoting 
thereto all human powers. Although not all of these new 
conditions and products can be carried over into times of peace, 
nevertheless the old economic conditions cannot be reverted to. 
"W h at has been will never return,”  nor would this be even 
desirable. He said th at technical science had been endeavoring 
to come to the aid of economic life in a threefold manner.

1— B y  procuring tire raw materials formerly obtained from 
abroad partly b y  the re-establishment of industries which had 
become unremunerative (production of manganese, increase of 
the production of iron, production of sulfur, intensification of 
agriculture).

2— B y  promoting the technical tendency, already existing 
in pre-war times, towards increased utilization of waste products. 
The term "non-utilizable substance”  has been eliminated by 
the war. T he speaker emphasized in this respect obtaining 
lubricants from coal tar and supplying clothing requirements 
by utilization of waste material.

3— B y  producing substitutes, such as for instance nitrogen 
from the air, and the production of substances b y  synthetic 
processes, where the natural w ay is no longer available, as for 
instance the cattle food produced from straw.

The speaker recalled a  dictum of His Excellency Professor 
Fischer: " I  cannot imagine any substance for which a sub
stitute could not somehow be found.”  In the speaker’s opinion 
too much regard had been paid during the early part of the war, 
to the quality of the production, which however became im 
possible with the continued duration of the war. T he speaker 
also found fault w ith the m ultiplicity of Governm ent authorities 
controlling construction, which had already manifested itself 
in peace times to the prejudice of German production. W ith a 
view to the projects, the speaker demanded that even after the 
war we ought to aim at a reduced utilization of certain raw 
materials. Production would assume an unfavorable aspect 
in certain departments owing to the high expense for industrial 
war installations. In this respect amortization during the war 
of these expenses for war installations would be necessary. 
Further, wherever materials produced wholesale are in question, 
the speaker would be in favor of monopolies, though not neces
sarily state monopolies. He held that it  would only be by  
strictly regulated syndicates that steadiness in the movement 
of prices could be established, and an assurance of remunerative
ness, favorable to the display of technical science, and conse
quent brisk investm ent of capital, obtained. T he speaker 
concluded by attem pting to lay down guiding principles for the

collaboration of technical science and enterprise, which cannot 
do without each other.

Finally Dr. Taaks, Dr. Eng., spoke on "Technical A cadem ic 
Study A fter the W ar.”

RESEA R C H  W O R K  ON IR O N  AND ST E E L IN  G E R M A N Y 1
The following is an account of an important movement now 

going on in Germany relative to research work upon iron and 
steel. This does not appear to have yet been noticed in this 
country.

The German proposition is to found and establish a special 
institution and research laboratory to be entirely devoted to 
researches on iron and steel. Surely we in this country will not 
allow this action of the enemy to go unchallenged. W hile Great 
Britain has several important laboratories devoted to research 
on iron and steel, there is certainly required a general building 
and common meeting place for the following im portant In
stitutions.

(A) Iron and Steel Institute
(B) Institute of M etals
(C) Institution of M ining and M etallurgy
(D) Institution of M ining Engineers
(E) Faraday Society
(F) Society of Chemical Industry
(G) And others
On M arch 4, 1917, at a General M eeting of the Verein 

Deutscher Eisenhüttenleute (German Iron and Steel Institute) 
held at Düsseldorf (see the accompanying Statem ent I), Dr. 
Fr. Springorum, during the coursc of his address, said the com
mittee appointed by the Board of that Institute had recently 
discussed the subject and recognized the necessity of promoting 
progress in metallurgy by the establishemnt of a special research 
institute probably to be attached to the Kaiser Wilhelm Society.

This was followed on June 19, 1917, b y  a further meeting of 
the same Institution (see Statem ent II) at which a resolution 
was unanimously passed with regard to the establishment of 
such an institution and research laboratory to be devoted to 
research on iron and to be attached to  or affiliated with the 
Kaiser Wilhelm Society, an important new German association.

O11 July 6, 1917, at a meeting of the Senate of the Kaiser 
Wilhelm Society, held under the presidency of Professor Von 
Harnack (see Statement IV) the Senate declared itself in agree
ment with the proposal of the Verein Deutscher Eisenhütten
leute to establish this institute and laboratory for research 011 
iron and steel.

On July 28, 1917 (see Statement V), reference w as made to the 
meeting of the Verein Deutscher Eisenhüttenleute held on June 
19, and after discussing the foundation and site of the building 
the writer stated that "the means for building and maintaining 
the Institute, except a small contribution from the Kaiser 
W ilhelm Society, will be raised by the iron and steel industry of 
Germany.”

Finally, from the latest information in the possession of the 
compiler of this present statement there was held on November 
13, 1917, the first meeting of the “ Curatorium ” (Trustees 
Committee) of the Kaiser Wilhelm Institute w ith regard to the 
establishment of the research institute and laboratory for re
search on iron and steel in the "Stahl und Eisen” Building in 
Düsseldorf, when Dr. Springorum was elected Chairman. 
(See Statement VII.)

It  may be added that the Kaiser W ilhelm  Society was founded 
b y the initiative of Emperor W illiam  II in January 1911 for 
establishing and maintaining in a  scientific manner independent 
institutes for research in the sphere of physical science. It  has 
assisted in the foundation of the Institute for Chem istry; In 
stitute for Experimental Therapy; Institute for Coal Research; 
Institute for Labor Physiology; and now the Institute for R e
search on Iron and Steel; also (1914) projected the Biological 
Institute and the Institute for Aerodynamics and H ydro
dynamics.

The president is D r. Harnack and the first vice president is 
Dr. Krupp von Bohlen und Halbach. H alf the members are 
elected, the other half nominated b y  the Emperor and the 
Committee of M anagement. T he election b y  the Senate and 
confirmation by the Em peror carries with it  the obligation of a 
contribution of £1,000 with an annual contribution of £50.

Statem ent I
M eeting of the  G erm an Iro n  an d  Steel In s titu te , held a t  D üsse ldo rf, 

M arch  4, 1917.

IN ST IT U T IO N  F O R  M E T A L L U R G IC A L  R ESE A R CH

Dr. Fr. Springorum, during the course of his address, stated:
» S ta tem en t and  tran sla tio n s  p repared  by  Sir R o h eit H adfield.
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"T h e  titanic struggle of nations has confronted our iron in
dustry in every direction w ith particularly great difficulties, 
and I hope that some day, when the war-time records of our 
works and our associations m ay be more freely disclosed, not only 
the full tribute of recognition will be paid for the great things 
which have been achieved, but that it will also be possible, im
mediately, to find w ays and means of further pursuing, in the 
interest of the Fatherland, the thousandfold problems which, 
arising from the emergencies of war, could perhaps be solved 
only in part during the war. W e shall, after the war, far more 
than hitherto, have to depend on ourselves and to rely on our 
own strength. Accordingly, the demands on us w ill be enormous. 
Industry will only be able to meet them by strenuous work, and 
will, above all, have to study better utilization of fuels and the 
further perfecting of metallurgical processes. Coordination 
between metallurgical practice and metallurgical research, 
which has always been insisted on and prom oted by us, will in 
future be im peratively needed.

"T h e  weightiness of these facts has revived among our Board 
an old idea which, to our gratification, has once more been 
brought forward, of late, b y  Prof. Oscar Simmersbach, viz., to  
prepare the soil in order to call into life as quickly as possible, 
and to promote b y  financial assistance, an increased a ctiv ity  of 
research in the domain of the m etallurgy of iron and its alloys. 
F or the study of this question the Board has appointed a com
mittee which has recently held an exhaustive discussion on this 
subject. T h ey were unanimous in recognizing the necessity of 
promoting w ith all energy, b y  scientific research, the progress 
of metallurgy, with an eye to the exceedingly keen competition 
in the w orld’s markets, to be anticipated after the war. The 
only divergency of opinions still existing is as to how such 
promotion can be effected in the best and most effectual manner; 
whether by  the establishment of a special research institute, 
possibly attached to the Kaiser Wilhelm Society, or b y  the 
expansion of an already existing similar institution, or b y  study
ing the problems of research, as they arise, in one or the other 
scientific laboratory, but always while maintaining the requisite 
relations with the practical working establishment.

“ W e m ay leave the decision as to the course to be adopted to be 
quietly matured, but the Board recognized that it  seemed 
appropriate just now, in view  of the present General Meeting, 
to acquaint the members with this far-reaching and w eighty 
project, and to gain for it  adherents in the widest circles of our 
works and members. N o doubt, funds to a considerable am ount 
will be required for carrying it through; the Board has therefore 
approved the proposal of its committee th at steps should be taken 
for collecting a nucleus of funds, which should for the present 
remain a t the disposal of the Board of the Germ an Iron and 
Steel Institute. This fund is to serve in the first place to assist 
towards turning to account, in practical working, the results 
of the hitherto purely theoretical labors of the special branch 
committees of the Institute in the manner appearing most 
suitable in each case, if a research committee, to be specially 
appointed for this purpose, endorses the proposal of the respective 
special branch committee, and if the Board, on its part, considers 
the granting of funds for the respective purpose appropriate. 
In this w ay it  would be possible, by  enlisting suitable experts 
or institutions, to take in hand, w ith the least possible delay, 
the study of scientific questions im portant to the iron industry, 
and a t the same tim e we should, in this w ay, collect reliable 
data to serve as a basis for the establishment of a special in
stitution.

“ In thus submitting, for the first time in public, the idea of the 
creation of a fund for an 'Institution for M etallurgical R e
search,’ I  feel convinccd that, when hereafter the works are 
called upon to contribute towards the creation of the fund, we 
m ay also rely on general and liberal support in the shape of 
contributions. The German iron industry would thereby erect 
to itself a w orthy war memorial, a cradle for the solution of the 
manifold problems, still confronting us, and which are of great 
importance, not only as regards the iron industry, but also as 
regards the common weal of our Fatherland.”

Statem ent U
M eeting  of th e  G erm an Iro n  and  Steel In s titu te , held a t  D üsseldorf, 

Ju n e  19, 1917.

E ST A B L ISH M E N T OF A  G ER M A N  IN S T IT U T IO N  F O R  R E SE A R C H  
ON IR O N  AND STE EL

In the midst of the war, the German iron and steel industry 
has laid the foundation stone of an important w ork of peace. 
A t  a meeting of leading men of the German iron and steel in
dustry from  all parts o f the Empire, which was held on June 19, 
1917, at Düsseldorf, the establishment of an institution for re
search on iron and steel was discussed. T he invitations to the

meeting were issued by the Verein Deutscher Eisenhüttenleute 
(German Iron and Steel Institute), whose president, A . Vogler, 
General M anager o f Dortm und, took the chair at the meeting.

Dr. O. Petersen, D r. Eng., secretary of the association, gave 
an exhaustive exposition of w hat had hitherto been done in  the 
department of scientific advancem ent o f the m etallurgy of 
iron in the various countries. He pointed out the necessity of 
rendering foundry technical research more and more profound, 
in order that we m ay be well armed in every respect in  the 
inevitable economical struggle df the after-war period. He 
could only refer briefly to the great and im portant tasks de
volving on a research institution, especially as they are shortly 
to be dealt w ith more explicitly in an exhaustive commemorative 
publication. T he speaker pointed out, however, that only a 
research institution free from any one-sided direction or delimita
tion of its purpose would be capable of taking these in hand with 
any prospect o f success. T h e speaker further explained how 
such an institution should be arranged, developed, and main
tained, in  detail, thus sketching to the meeting the main outlines 
o f the new research institution itself as well as of the prereq
uisites of its fruitful working.

The subsequent expression of opinions on the part o f those 
present led, we are glad to  say, to  the momentous resolution, 
passed unanimously, that the German iron and steel industry 
was willing to  establish a special scientific institution for iron and 
steel research, to  be attached to (or affiliated w ith) the Kaiser 
W ilhelm  Society. T he preparatory w ork will be set on foot at 
once b y  the Verein Deutscher Eisenhüttenleute, and the associa
tion will also be subsequently afforded the opportunity of 
ensuring, in conjunction with the adm inistrative committee of 
the institution and a scientific advisory council, the indispensable 
cohesion between the iron industry and the new research in
stitute.
K^The locality o f the new foundation has not y et been definitely 
decided upon; the decision hereon has been left to  the Verein 
Deutscher Eisenhüttenleute. But, according to the views 
expressed in this respect a t the meeting, the research institution 
will be located in the Rhenish-W estphalian industrial region. 
The Southwestern and Silesian iron industries have unselfishly 
renounced from the outset, in the interest of the great cause, 
all claims in this direction.

The considerable funds required for the construction and main
tenance of its research institution w ill be provided by the iron 
and steel industry alone, apart from a small contribution from 
the Kaiser W ilhelm Society, while the town in w hich the in
stitution will be established will have to  undertake to provide, 
in addition to a subsidy towards the building expenses, the 
requisite ground for its site, and its connection w ith the railway 
b y  a siding, etc. T he possibility is n ot precluded that, later 
on, other industries engaged in the further elaboration of iron and 
steel, m ay themselves take a share in the new research institution.

Thus it seems that all prerequisites are provided for to enable 
this new creation to exercise a highly momentous and beneficent 
influence on the further technical development of German 
m etallurgy of iron. I t  must be considered a high merit of the 
German iron and steel industry th at the project submitted by 
Dr. F . Sp'ringorum, Doc. Eng., Councillor of Commerce, of 
Dortm und, at the last General M eeting of the Verein Deutscher 
Eisenhüttenleute, has so speedily been realized.

Statem ent III

T his is a  précis of th e  full S ta te m e n t IV , re p o rt of m eeting  of the 
S enate  of the  K aiser W ilhelm  S ociety  agreeing to  p roposal to  establish  an 
in s titu te  for research  ou  iron and  steel.

K A ISE R  W ILH ELM  IN S T IT U T E  F O R  R E SE A R C H  ON IR O N

K A ISE R  W ILH ELM  IN S T IT U T E  F O R  P H Y S IC A L  SCIEN CE

1— M eeting of Senate of Kaiser W ilhelm  Society (founded 
1911) held on July 6, 1917, under presidency of Professor von 
Harnack.

2— Also present, Dr. Schmidt, M inisterial Director, and 
Richter, P rivy  Councillor, on behalf of M inistry of Public 
Health and Education.
Senators:

Dr. Fischer 
von Gwinner 
Koppel
Dr. K rupp von  Bohlen und 

Haibach 
Franz von Mendelssohn 
von M öller
von Passavant-Gontard

D r. Planck von  R ath 
D r. von Schjem ing 
Dr. von Schnitzler 
Dr. von  Siemens 
Count Tiele-W inckler 
von  W aldthausen 
Dr. Trendelenburg, District 

Judge, Gen. Sec.
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3— Senate agreed with proposal of Verein Deutscher Eisen
hüttenleute to establish the "R esearch Institute for Steel and 
I on,”  in form of a "K aiser Wilhelm Institute.”

4— Intend to establish jointly with "Leopold Koppel Founda
tion” an "In stitute  for Physical Research.”

5— T o promote investigations of promising problems of 
theoretical and experimental physics lay m onetary grants to 
individual investigators.

6— Professor Einstein, M em ber of Academ y of Sciences, 
proposed for appointment as D irector of Institute.

7— Scientific management to be entrusted to Directorate of 
eminent pliysicists; administration to a body of Curators.

Statem ent IV

T he following s ta tem e n t is a  re p o rt of the  m eeting  of th e  K aiser W ilhelm  
Society held on Ju ly  6, 1917, a t  w hich th ey  agreed  to  th e  proposal of th e  
Germ an Iro n  and  Steel In s ti tu te  to  estab lish  a n  in s titu te  for research  on 
iron and  steel.

T h is is show n as a  precis in  S ta tem en t I I I .

K A ISE R  W ILH ELM  IN S T IT U T E  F O R  R E SE A R C H  ON IR O N

K A ISE R  W ILH ELM  IN S T IT U T E  F O R  P H Y SIC A L  SCIEN CE

On the 6th inst. a meeting of the Senate of the Kaiser W ilhelm  
Society (founded 1911) was held under the presidency of Pro
fessor von Harnack.

Dr. Schmidt, M inisterial Director, and Richter, P rivy  Council
lor, had appeared on behalf of the M inistry of Public Worship 
and Education.

There were present the Senators D r. Fischer, von Gwinner, 
Koppel, Dr. K rupp von Bohlen und Halbach, Franz von 
Mendelssohn, von M öller, von  Passavant-Gontard, Dr. Planck 
von Rath, Dr. von Schjerning, Dr. von Schnitzler, Dr. von 
Siemens, Count Tiele-W inckler, von W aldthausen, and Dr. 
Trendelenburg, D istrict Judge, General Secretary.

The Senate declared itself in agreement w ith the proposal 
of the Verein Deutscher Eisenhüttenleute to establish the "R e 
search Institute for Steel and Iron,”  projected by them in the 
form of a "K aiser Wilhelm Institute.”

It is intended to establish, jo intly w ith the “ Leopold Koppel 
Foundation” an "In stitute  for Physical Research.”  T he In
stitute is to promote the investigation of promising problems of 
theoretical and experimental physics b y  m onetary grants to 
individual investigators.

Professor Einstein, M em ber of the Academ y of Sciences, has 
been proposed for appointment as D irector of the Institute.

The scientific management is to be entrusted to a  Directorate 
of eminent physicists, and the administration of the Institute 
to a body of Curators.

Statem ent V

Verein D eu tscher E isen h ü tten leu te  (G erm an  Iro n  and  Steel In s titu te ) , 
Ju ly  28, 1917.

F O U N D A TIO N  OF A B U IL D IN G  F O R  IR O N  AND STEEL
R ESE A R CH

In the m idst of the W ar, the German iron and steel industry 
has laid the foundation of a significant peace work. A t  a 
meeting of leading men of the industry from all parts of the 
Empire, which took place a t Düsseldorf on June 19, 1917, the 
foundation of a building for research was discussed. T h e  meet
ing was convened by the German Iron and Steel Institute, the 
president of which, General-Director A . Vogler, Dortm und, gave 
an introductory address.

T h e business manager of the Institute, D r. Engineer 0 . 
Petersen, gave a detailed account of w hat has already been done 
in the w ay of scientific research for the iron and steel industry 
in various countries. H e showed the necessity which will be 
increasingly greater for technical research in all directions in 
order to arm for the business struggle which will follow the W ar. 
He could only deal shortly w ith the great and im portant tasks 
which will fall on a research institute, especially as a detailed 
memoir will shortly be published on the subject. T h e speaker 
called attention, however, to th e  fact th a t the one aim of such 
a technical research institute should be to  attain  success in every 
task coming before it. H ow  such an establishment is founded, 
built, and maintained, was the subject of the speaker’s further 
discussion, who unfolded to  the meeting in outline a picture 
of the research building and the requirements for its profitable 
working.

The concluding speeches of the m eeting produced a satisfactory 
and unanimous resolution th a t the Germ an iron and steel 
industry is willing to erect, in conjunction w ith the Kaiser

Wilhelm Society, a special Technical Institute for Ferrous 
Research. The preliminary work will be put in hand b y  the 
German Iron and Steel Union, as then the Union will be able 
later, in conjunction with the Governing Board of the Institute 
and a technical assistant counsel, to guarantee proper connection 
between the steel industry and the research institute.

The site of the new buildings has not y et been settled. T he 
decision has been left to the Committee of the German Iron and 
Steel Institute. B u t it is apparent from the views expressed 
at the meeting that the research building will be established 
in the Rhenish-Westphalian locality. T he Southwest and 
Silesian industry have renounced their claims in this direction.

T he means for building and maintaining the Institute, ex
cepting a small contribution from the Kaiser W ilhelm  Society, 
will be raised by the iron and steel industry, while the tow n in 
which it will be situated will be responsible, in addition to a 
building subsidy, for the necessary land and its connection 
to the railway, etc. I t  is not impossible that later other in 
dustries will participate in the new research institute.

A ll appearances show that the new institution will exert a 
significant and valuable influence on the technical development 
of the German steel industry. T h a t the plan has matured must 
be largely attributed to the speech of Dr. Engineer F . Springorum 
before the last General M eeting of the Iron and Steel Institute 
(see "Stahl und Eisen,”  M arch 15 and April 19, 1917).

Statem ent VI

T his is a  précis of the  full S ta tem en t V II, rep o rt of first m eeting  of 
C ttratorium  of K aiser W ilhelm In s titu te  foi R esearch  o n  Iron .

K A ISE R  W ILHELM IN S T IT U T E  F O R  R ESE A R CH  ON IR O N

1— On June 19, 1917, German iron and steel industry adopted 
a resolution to found an institution for free scientific research in 
the domain of iron.

2— On November 13, 1917, a first meeting of "Curatorium ” 
(Trustee Committee) was held in "Stahl und Eisen”  Building, 
Düsseldorf.

3— This research institution will carry on its activ ity  under 
the title of "K aiser Wilhelm Institute for Research on Iron.”

4— Curatorium consists of :
NAM fl

D r. S chm id t
(S ubstitu te  : P ro f.

K russ)
P rof. D . A. von 

H arnack 
(Sub.: D r.T re n d e l
enburg, Sec.-Gen.) 

P rof. Em il F ischer 
D r. G. K ru p p  von 

B ohlen und H albach

D r. F . Springorum

D r. O. N ied t 

A. Vogler

QU ALIFIC ATIO N S 

M in is te r of E d u ca tio n  
and  Public  W orship

R oyal P riv y  C ouncil
lor, P res id en t of th e  
K aiser W ilhelm  So
ciety

R o y al P riv y  C ouncil
lor

D r. E ng.
G eneral M anager 
C ouncillor of C om 

m erce 
M em ber P russian  U p

p e r C h am b er (D o rt
m und)

D r. Eng.
G eneral M anager 
C ouncillor of C om 

m erce (G leiw itz) 
Gen. M anager (D o rt

m und)

R E P R E SE N T A T IV E  OF

M in istry  of E d u ca tio n  
a n d  P u b lic  W orship

K aise r W ilhelm  Society

G erm an  Iro n  a nd  Steel 
In s titu te

5— The meeting, at which all above were present, except Prof. 
Fischer, was also attended by the Secretary of the Germ an 
Iron and Steel Institute, Dr. O. Petersen, D r. Eng.

6— Dr. Springorum was elected Chairman of the Curatorium.
7— On November 24, 1917, a second meeting of the Curatorium 

is to be held.

Statem ent VH

T he following s ta te m e n t is a  re p o rt of th e  first m eeting  of th e  C ura 
to rium  of th e  K aiser W ilhelm  In s ti tu te  fo r R esearch  on Iro n , N ovem ber 
13, 1917. T h is  is sh  own as a  précis in  S ta te m e n t V I.

Verein D eutscher E ise n h ü tten leu te  (G erm an  I ro n  an d  S tee l In s titu te .)

KAISER  W ILH ELM  IN S T IT U T E  F O R  R ESE A R CH  ON IR O N

Since the German iron and steel industry, on June 19 last, 
adopted the momentous resolution to found an institution for 
free scientific research in the domain of iron, the preparatory 
work intended to afford to this new centre of research aii assured 
organizatory and financial basis has been advanced by th e ' 
Verein Deutscher Eisenhüttenleute sufficiently far to adm it of 
the first meeting of the Curatorium (Trustee Committee)
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being held on the 13th inst. in the "Stahl und Eisen” Building 
in Düsseldorf. The Curatorium of the research institution 
which w ill carry on its activ ity  under the style and title  of 
"K aiser Wilhelm Institute for Research on Iron”  consists of 
His Exc. Dr. Schmidt, M inister of Education and Public W or
ship (Substitute: Prof. Kriiss) as representative of the M inistry 
of Education and Public W orship; His Exc. Prof. D . A. v. 
Harnack, R oyal P rivy  Councillor, President of the Kaiser W il
helm Society (Substitute: Dr. Trendelenburg, Secretary G en eral); 
His Exc. Prof. Emil Fischer, R oyal P rivy  Councillor, and D r. 
G ustav K rupp von Bohlen und Halbach, as representatives 
of the Kaiser Wilhelm Society; and Dr. F. Springorum, D r. 
Eng., General Manager, Councillor of Commerce, M ember 
of the Prussian Upper Chamber (Dortmund), Dr. O. N iedt, 
D r. Eng., General Manager, Councillor of Commerce (Gleiwitz), 
and A. Vogler, General M anager (Dortmund), as representatives 
of the Verein Deutscher Eisenhüttenleute. T h e meeting, a t  
which all the above-mentioned gentlemen except His E xc. 
Prof. Fischer were present, was also attended b y  the Secretary 
of the Verein Deutscher Eisenhüttenleute, Dr. O. Petersen, 
D r. Eng.; Dr. Springorum, Councillor of Commerce, was 
elected Chairman of the Curatorium. T he subjcct to be dealt 
w ith a t the meeting was the rules and regulations of the new 
research institution. A  second meeting of the Curatorium, for 
the discussion of further questions concerning the organization 
is to be held on November 24, 1917, in Berlin.

A u g u s t  13: Second Session N . A .  B. P. and A . C. Ph. F . 
T rip  to M unicipal Pier and Luncheon.
Card P arty  for Ladies.
Address of President of A . Ph. A .
Nomination of Officers.

A u g u s t  14: Session of A . Ph. A .

Section Sessions.
Dinner of Alumni Organizations.
T heatre Party' for Ladies.
President’s Reception and Ball.

A u g u s t  1 5 :  S e ssio n s o f  A .  P h . A .

Section Sessions.
Automobile Ride.
Banquet.

A u g u s t  16 : S e ssio n s o f A.. P h . A .

Section Sessions.
Election of Officers.

A u g u s t  17: Closing Sessions.

A M E R IC A N  P H A R M A C E U T IC A L  A SSO C IA T IO N

T he Annual Convention of the Am erican Pharmaceutical 
Association w ill be held in Chicago, A ugust 12 to 17 , 1918. 
Following is a brief outline of the program:

A u g u s t  12: M eeting of the N a tio n a l. Association Boards of
Pharm acy and American Conference of Pharm a
ceutical Faculties.

CA LEN D A R  OF M E E T IN G S 

National Fertilizer Association— Annual Convention, A tlantic 
C ity, N . J., week of July 15, 1918.

American Pharm aceutical Association— Annual Convention, 
Chicago, 111., A ugust 12 to 17, 1918.

American Chem ical Society— F ifty-sixth Annual Meeting, 
Cleveland, Ohio, September xo to 13, 1918.

National Exposition of Chemical Industries (Fourth)— Grand 
Central Palace, N ew  Y o rk  C ity , September 23 to 2S, 1918.

NOTES AND CORRESPONDENCE
IM P O R T A N C E  OF C H E M IS T S  R E C O G N IZ E D  B Y  SE C R E 

T A R Y  O F W A R

W a r  D e p a r t m e n t  

T h e  A d j u t a n t  G e n e r a l ’ s  O f f i c e  

W a s h in g t o n

M a y  28, 1918
From: T h e A djutan t General of the Arm y.

T o: Departm ent Commanders, Commanding Officers of
Replacem ent Training Camps, D epot Brigades and 
Recruiting Depots, and to the heads of Bureaus 
and Staff Corps.

Subject: Chemists.

x— Owing to the needs of the m ilitary service for a great 
m any men trained in chemistry, it  is considered most impor
tant that all enlisted men who are graduate chemists should be 
assigned to duty where their special knowledge and training can 
be fully utilized.

2— Enlisted chemists now in divisions serving in this country 
have been ordered transferred to the nearest depot brigade.

3— Y o u  will make careful inquiry into the nu iber of graduate 
chemists now on duty in your co imand and report their names 
to  this office. The report will include a statem ent as to their 
special qualifications for a particular class of chemical work, 
and whether they are now employed on chemical d u tie s.,

4— Enlisted graduate chemists now in depot brigades, or 
hereafter received b y  them, will be assigned to organizations 
or service b y  instructions issued from this office. T he report 
called for in paragraph 3 herein will be submitted whenever men 
having qualifications for chemical duties are received by depot 
brigades, or replacement training camps, or b y  the training camps 
organized by the various staff corps.

5— Enlisted men who are graduate chemists will not be sent 
overseas unless they are to be employed on chemical duties.

Prior to the departure of their organization for overseas duties, 
they will be transferred to the nearest detachment or organiza
tion of their particular corps.

6— T he Chief of the Chemical Service Section will be charged 
w ith the duty of listing all American graduate chemists, including 
those in the A rm y and those in civil life.

7— W henever chemists are needed b y  one of the bureaus 
or staff corps, requests will be made on the Chief of the Chemical 
Service Section for recommendation of a man having the quali
fications necessary for the particular class of work for which he 
is desired. If  men having chemical qualifications are wanted 
for only a short period of duty, they will be tem porarily attached 
to the bureau or staff corps; where the duty is of a permanent 
nature, instructions covering their transfer will be issued. When
ever the chemists thus attached or transferred are no longer 
needed for purely chemical duties a report will be made to the 
Chief of the Chemical Service Section in order that they may 
be assigned to chemical duties a t other places.

B y  order of the Secretary of W ar.
R o v  A . H i l l

A d ju tan t General

W ar Departm ent, A . G . O., M a y  .29, 1918. T o  the Chief, 
Chem ical Service Section, 7th  and B Streets, N . W ., W ashing
ton, D . C., for his information and guidance. W hen reports 
showing the number of chemists now a t recruit depots, depot 
brigades, and other places are received, they will be furnished 
you, in order th at proper notation m ay be made in your 
register of chemists and for consideration in connection with 
recommendations for assignment of chemists which you may, 
from time to time, be called upon to make.

B y  order of the Secretary of W ar.
R o y  A . H i l l

A d ju tan t General
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C O O PE R A T IO N  OF A M E R IC A N  C H E M ICA L SO C IE TY 
W IT H  T H E  C H E M ICA L SER VICE SE CT IO N

The fo llo w in g  letter to  Secretary P a rs o n s , o f tlie A m e r ic a n  

C h e m i c a l  S o c i e t y ,  h a s  b e en  p la c e d  in  o u r  h a n d s  b y  L t. C o l. 

B o g e rt , o f th e  C h e m ic a l Service Section, N . A .,  w it h  a  re q u e s t  

fo r its  p u b lic a t io n  in  th e  b e lie f t h a t  i t  w ill  b e  o f  in te r e s t  to  

th e  m em b e rs  o f  the A m e r ic a n  C h e m i c a l  S o c i e t y .— [Editor] 

W a r  D e p a r t m e n t  

C h e m i c a l  S e r v i c e  S e c t i o n ,  N . A.
Unit F , Corridor 3, Floor 3,
7th and B Streets, N . W .

W ashington, D . C.

M a y  24, 1918
Dr. Charles L. Parsons, Secretary 

American Chem ical Society 
Washington, D . C.

D e a r  P a r s o n s :

There has just been placed on m y desk a memorandum of a 
conference between you, representing (he American Chemical 
Society, and M ajor V ictor Lenher and Captain Frederick E. 
Breitliut, representing the Chemical Service Section of the N a 
tional Arm y. From this memorandum I note that a routine 
mode of procedure has been agreed upon whereby the American 
Chemical Society and the Chemical Service Section will cooperate 
in order to keep in touch w ith every available chemist in the 
country.

M ay I take this opportunity to express to you m y sincerest 
appreciation of all that you have done to aid the Chemical Ser
vice Section. W hen, in February 1917, before the United 
States entered the war, you, w ith rare foresight, sensed the 
future course of events, and began the taking of a census of our 
chemists, few of us realized how speedily such a census would 
be needed nor how dependent we would be on your records for 
the successful prosecution of our work.

The experiences and mistakes of France and England were 
known to us all. The sending of chemists to the line in a war 
which can be most accurately described as a chemical war, was a 
suicidal blunder which we all hoped would not be repeated in 
this country. B ut this feeling on our part could have meant 
but little when translated into action, had w e not had the 
necessary facts regarding the chemical man power of our coun
try. These facts you gathered, card-catalogued, and indexed in 
a manner which made im m ediately available precisely the data 
which were needed.

In thanking you for this latest offer of cordial cooperation,
I desire also to express m y great pleasure in being able to be 
associated with you in an undertaking which must mean much, 
not only for the winning of the w ar but also for the elevation 
of the chemical profession to its true status.

One of our aims in the Chemical Service Section is the 
organization and maxim um utilization of the chemical man 
power of the country for the general good. In  endeavoring to 
realize this, your w ork is going to count more than any other 
single factor.

Cordially yours,

M a r s t o n  T . B o g e r t  

L t. Col., Chem. Serv. Sect., N . A .

DU P O N T  F E L L O W SH IP S

The situation in regard to the supply of chemists and chemical 
engineers both for the present'and for the future has been giv
ing many industrial concerns a great deal of uneasiness. I t  is 
a well-known fact that the number of men studying chemistry 
and engineering in the advanced classes of all the colleges and 
universities is on the decline, due to the inroads made b y  the 
draft and b y  enlistments. T he du Pont Powder Company,

one of the largest employers of chemists in this country, has 
been finding very great difficulty in obtaining a sufficient num
ber of experienced chemists to meet the requirements involved 
in the enormous expansion required to meet the situation brought 
about by the war. As one means of inducing young men to 
continue the study of chemistry, the du Pont Com pany has 
recently set aside a sum of money to establish fellowships and 
scholarships in a number of colleges and universities throughout 
the United States. The fellowships are intended for graduate 
students and have been offered to a number of the larger uni
versities which have strong and well-developed graduate schools 
of chemistry. The scholarships m ay be granted either to seniors 
or to graduate students and have been offered to a number of 
the best of the smaller schools which have the reputation of 
doing high-grade undergraduate work. The fellowships amount 
to $750 each and the scholarships from S300 to $350. The 
money appropriated for the scholastic year 191S-19 has been 
offered to a list of forty-eight of the representative institutions 
of higher learning.

The object of this plan is to promote the study of chemistry 
and to assist deserving students who have shown special apti
tude for chemistry to pursue further work. The scholarships 
and fellowships have been granted entirely without restriction 
except that they are to be awarded by the college authorities 
to advanced students of chemistry and it is hoped that the plan 
m ay prove an initial step toward the true spirit of cooperation 
between American educational institutions and industrial 
concerns. The du Pont Company feels that the accomplish
ment of these objects should materially assist in placing the 
manufacturing and commercial interests of the United States 
on a firmer basis.

FO U R H U NDRED TH O U SAN D  D O L LA R  G IFT TO  T H E  
M A SSA CH U SE T TS IN STIT U T E  OF T E C H N O L O G Y

A t a recent meeting of the Corporation of the Institute, 
President Maclaurin announced a gift of $400,000 from an 
anonymous benefactor. T he income of this fund is to be avail
able for the general purposes of the Institute during the w ar 
and thereafter is to be applied to the development of courses 
in chemistry and physics.

I t  is a matter of the first importance in a school of applied 
science to develop the fundamental sciences of physics and 
chemistry as thoroughly as possible. The Institute has already 
a strong staff in these departments.

A  great group of the graduates of the chem istry departm ent 
are now serving the country in the development of its chemical 
industries and in the prosecution of research with reference to 
war problems, among this number being ten of the professors 
of chemistry who have been wholly Relieved from regular aca
demic duties to devote themselves to the national cause.

The building up of strong departments of physics and chem
istry at a school like the Institute of Technology which draws 
men in large numbers from all parts of the country is a m atter 
of national importance. There is not only a great need for 
well-trained chemists and physicists to  solve the v ita l problems 
of the war, but there will be a similar need in the industrial 
struggle that will come when peace is declared. The oppor
tunities presented b y  the war are being seized upon by alert 
Americans, and great chemical industries are being built up 
which will need the support of the most highly trained experts 
to carry them on successfully under the conditions that will 
later prevail. I t  is interesting to note that the rising genera
tion also recognizes the opportunity as evidenced among other 
things by  the fact th at out of 620 freshmen at the Institute of 
Technology this year, 160 are being trained for the profession 
of the chemist.
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C O A L-T A R  P R O D U C T S F O R  19 17
The United States Tariff Commission announces the comple

tion of its census of coal-tar products for 1917. This group of 
products includes not only the coal-tar dyes and the crude and 
intermediate materials required for their m anufacture, but 
also all of the medicinal and photographic chemicals, explosives, 
synthetic resins, synthetic perfume materials, and flavors which 
are in any w ay derived from coal-tar products. There were 
produced in the United States (not inclusive of explosives and 
synthetic phenolic resins) 54,367,994 lbs. of dyes and other 
finished products, which have a total value of $68,711,228. 
The production of the m aterials known as intermediates amounted 
to  322,650,531 lbs., w ith a  value of $106,942,918.

The annual production was reported for the following groups 
of products made in whole or in part from materials derived 
from coal tar: 45,977,246 lbs. of dyes valued a t $57,796,027; 
5,092,558 lbs. of color lakes valued a t $2,764,064; 2,236,161 lbs. 
of medicinal chemicals valued at $5,560,237; 779,416 lbs. of 
flavors valued a t $1,862,456; 263,068 lbs. of photographic chem
icals valued a t $602,281; and 19,545 lbs. of perfume materials 
valued at $125,960.

There w ere '81 establishments engaged in the m anufacture of 
coal-tar dyes in 1917 and their production during th at year 
was practically identical with the amounts annually imported 
before the w ar. T he imports for the fiscal year 1914 amounted 
to 45,840,866 lbs. and the production in the United States in 
1917 was 45,977,246 lbs. However, an analysis of this total 
reveals th at the domestic production, though equal in quantity 
to  the preceding imports, differs in the relative amounts of the 
various classes of dyes. Only a small production was reported 
for indigo, and the alizarin and v a t  dyes derived from anthra
cene and carbazol— classes of dyes which include some of the 
best and fastest colors known to the textile trade. T h e United 
States produced only 2,166,887 lbs. of these dyes in 1917; and

Revenue legislation, industrial curtailment, restriction of 
imports, stimulations of domestic production and freight rates 
have vied w ith each , other during the past m onth in their bids 
for public attention. Representatives of the chemical indus
tries have been prominently associated w ith these activities. 
Edgar Gilbert, the general manager of the L yster Chem ical 
W orks of N ew  Y o rk , brought to the attention of the W a y s  and 
Means Committee some interesting facts w ith regard to the 
taxation of capital invested in secret processes. W hile M r. 
Gilbert appeared prim arily in his own behalf, he stated th a t the 
m atter was one of peculiar importance to the chemical industry. 
In part, M r. G ilbert said:

"T h e  process p a te n t is of such  a  n a tu re  very  freq u en tly  th a t  w hen i t  is 
disclosed i t  m akes i t  very  difficult to  p ro te c t th e  in v en to r. I  m igh t cite ao 
illu s tra tion  th a t  is old an d  fam ilia r to  all of us, th a t  of th e  n itra tio n  of co tton .

“ W e will go b ack  to  th e  tim e w hen nitrocellulose was first in troduced ; 
i t  is an  unknow n th ing ; and  we will assum e i t  was to  be used in  th is  m arke ted  
p roduc t, because i t  h ad  no use as nitrocellulose, b u t  in  a so lven t form  it 
was used as a n itrocellu la te . N ow , th e  inven tor, if he discloses i t  to  th e  
world, discloses a t  once the  na tu re  of his p a te n t an d  of h is process. B u t he 
m ain ta ins his secret a n d  p a te n ts  i t  an d  p u ts  his n itrocellulose in  a n o th e r 
product, such as celluloid. N ow if he p a te n ts  th a t ,  he has no  m eans of 
pro tec ting  himself again st infringem ents, because nitrocellu lose appear3 
on th e  m arke t and som eone is producing  it, b u t i t  w ould be d ifficult to  know  
th a t  i t  had  n o t been produced b y  som e o th e r p a te n t. In  th a t  case th e  
inv en to r would na tu ra lly  keep secret th e  n a tu re  of h is inven tion  and  find a 
m a rk e t for i t  in  th e  finished form  of som e o th e r p ro d u c t. T here  is an  
illu s tra tion  of th a t  recently , in th e  ac t of Congress in  recognizing th e  in 
ven to r of th is  substance we have know n as G arabed, and  recognizing in  
th e  inven to r th e  rig h t of p ro tec tion . T he  n a tu re  of th e  th in g  m ay  be such 
th a t  p ro tec tion  can  be afforded ne ithe r by  a  p a te n t nor b y  a  secret process, 
because th e  disclosure would c u t sh o rt th e  p resen ta tion  of th e  p ro d u c t. 
So I  th in k  th e  rig h t of p ro tec tion  is so well established th a t  i t  is  on ly  a  s tep  
to  say  th a t  th e  p a te n t and  the  secret process are iden tical from  th e  in 
v e n to r’s p o in t of view. H e takes  w hatever course seem s to  give him  th e  
g rea test security .

the elimination of 1,876,787 lbs. of extract made from imported 
indigo, reduces the output of these dyes to less than 3 per cent 
of the pre-war imports. D yes of this class are dutiable at 30 
per cent in the Tariff A ct of 1916. T h e lack of development 
in the m anufacture of these particular dyes promises to be reme
died to a considerable extent in 1918, for a number of firms 
have begun their m anufacture and a large increase in produc
tion can clearly be foreseen.

In the classes of dyes which if imported would be dutiable at 
30 per cent plus 5 cents per lb., the Am erican manufacturers 
have shown remarkable progress, producing 43,810,359 lbs. 
at a total value of $57,639,990. T h a t this represents something 
of an excess over the Am erican needs is evidenced by the fact 
that during the fiscal year 1917, American-made dyes to the 
value of $11,109,287 were exported to  other countries. Thus 
the exports exceeded the pre-war imports in total value although 
not in tonnage nor in the variety of the dyes.

T he development of the m anufacture of intermediates is 
equally marked, for before the w ar almost all of these necessary 
materials were imported from Germ any. T h e T ariff Commis
sion finds that intermediates were manufactured b y  117 firms 
in 1917 and that the production amounted to 322,650,531 
lbs. valued at $106,942,918. These figures, however, are some
w hat misleading as there is inevitable duplication in the totals. 
I t  is well known that m any of the intermediates are derived from 
other products of the same class. T hus starting w ith benzol 
the following succession of products is obtained: nitrobenzol, 
anilin, acetanilid, nitroacetanilid, and nitranilin. Each of these 
products had to be reported b y  the m anufacturer and hence 
there has been some cum ulative counting.

T h e totals for all of the coal-tar products will be pub
lished in the final report which m ay well be expected to offer 
accurate evidence on the progress of the American dyestuff 
industry.

"N ow , ab o u t his assignee. T h e  in v en to r d iscovers a  process for 
doing a  certa in  w ork. In  one case he p a te n ts  i t  an d  in  a n o th e r case he 
keeps i t  secret. N ow , he sells to  a  co rpo ra tion  fo r a  ce rta in  consideration 
an d  th en  th a t  becom es an  item  of invested  c ap ita l fo r th e  corporation . 
N ow , in  the  la s t bill secre t processes were n o t m entioned  a t  all, and  m y 
p o in t s im ply  is th a t  in th e  red ra f t of th e  new  bill sec re t processes should be 
classified as such, because th ey  form , in  th e  chem ical in d u s try  especially, 
a  considerable item  in th e  assets of th e  corpo ra tion .

“ X had  th is  m a tte r  up  w ith  M r. R o p er’s com m ittee  for ru lings, and  they  
fe lt th a t  i t  w as p roper, th e y  were iden tical, b u t  th e y  had  no pow er to  reach 
it, th e y  th o u g h t, to  reach  a  secre t process, to  classify  i t ;  i t  h ad  to  go into 
th e  p a te n t processes."

Industrial curtailm ent is still in an uncertain stage. To re
lieve this undesirable condition, official promise has been given 
that announcement will be made of the am ount of curtailment 
i t  is necessary to make just as soon as the m atter can be weighed 
sufficiently to permit of an intelligent ruling. Careful surveys 
have been made by the W ar Industries Board and the Fuel and 
Railroad Administrations. I t  is shown conclusively th at the fuel 
supply is not adequate for all purposes. A t  the same time, steel 
and other materials cannot be m anufactured in sufficient volume 
to meet all requirements. In deciding which industries should 
be curtailed, great difficulties have been experienced. The Fuel 
Administration has a  list of some 360 industries which are classed 
as non-war activities. T he list has not been made public and the 
amount of curtailm ent that will be expected from each has not 
been determined, w ith the exception of a few  cases. T he manu
facture of pleasure cars has been reduced to 25 per cent of the 
volume of last year. Other restrictions are expected to follow 
prom ptly.

B y  heavier loading this year, the fertilizer manufacturers of 
the country have saved space equivalent to 87,000 cars. The 
average loading this year w as 30.02 tons, as c o m p a r e d  with 
2 1.3 1  tons in 1917. This shows an increased loading efficiency 
of 40.8 per cent.

WASHINGTON LE.TTE.R
B y P aul  W o o t o n ,  U nion T r u s t  B uilding, W ash ing ton , D . C.
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Hearings on the W ar M inerals bill continued throughout the 
month of April, but delay in the consideration of the bill by  the 
committee was occasioned by the enforced absence of Senator 
Henderson, the chairman of the Com m ittee on M ines and M in
ing. G reat uncertainty exists among members of the committee 
as to this legislation. Some of the most capable men in the 
country appeared before the committee and urged that no legis
lation be enacted which would permit governmental interfer
ence with delicately poised industries which handle the war 
minerals. T h e power to fix prices and to regulate the industry 
otherwise m ight have such far-reaching consequences that some 
of the members of the com m ittee, a t least, are of the opinion 
that such measure of control as is needed can be exerted under 
existing law by the W ar Industries Board.

Announcement was made b y  the W ar Industries Board 
ofja schedule of manganese prices, which ran from 86 cents per 
unit for 35 per cent m etallic manganese to  $1.30  per unit for 
54 per cent m etallic manganese. W hile the schedule did not 
cover the chemical ores, it  has direct bearing on them.

In the trade agreement recently consummated w ith Norway, 
the W a r Trade Board was particularly liberal in-allowing the 
exportation to that country of chemicals. Am ong the chemical 
substances which m ay be exported under this agreement are: 
linseed oil; turpentine; palm itic acid; stearic acid; paraffin 
wax; varnishes; rapeseed oil; ceresine and caraauba wax; rosin; 
animal and vegetable oils; fats and fa tty  acids; Chinese wood oil; 
small quantities of starch, chalk, pyrites, copper, borax, nitrate of 
soda, ^.bleaching powder, sulfuric acid, and silicate of soda; 
alum; sulfur; lead; and Solvay soda. M ost of the chemicals 
are to be shipped into N on vay consigned to the Oil and Color 
Merchants’ Association and to the Norwegian Paperm akers’ 
Association.

John Harper Long, dean of the Northwestern U niversity 
School of Pharm acy and a member for m any years of the 
A m e r i c a n  C h e m i c a l  S o c i e t y ,  died a t his home in Evanston,
111., June 14, 1918, after an illness of nine months. H e had been 
making definite progress toward recovery and was looking 
forward to complete restoration of his health when a sudden 
attack of the heart trouble from which he had been suffering 
caused his death.

Funeral services were held on June 17. Professor Long’s 
sons and son-in-law, Dr. Holgate, president of Northwestern 
University, and Dr. Ira Remsen, past president of the A m e r i c a n  
C h e m i c a l  S o c i e t y  and a close friend of Dr. Long, were the 
active pallbearers. T he colleagues of Professor Long on the 
University staff and Dr. Julius Stieglitz, past president of the 
A m e r i c a n  C h e m i c a l  S o c i e t y ,  who had been closely associated 
with Dr. Long in m any scientific undertakings, were the honorary 
pallbearers.

John Harper Long was born near Steubenville, Ohio, in 
December 1856. In  1877 he received the degree of B.S. a t the 
University of Kansas; during the years 1877-1880 he studied 
a t Tiibingen, W tirzburg, and Breslau, receiving the degree of 
Sc.D. a t Tübingen in 1879. In 1881 he became professor of 
chemistry a t Northwestern U niversity M edical School and in 
1913 was made dean of the School of Pharm acy at the same 

institution.
Professor Long was a member of the referee board of consult

ing scientific experts for the U. S. Departm ent of Agriculture, 
the revision committee for the U. S. Pharmacopoeia, the council 
on pharm acy and chem istry of the American M edical Associa
tion. He belonged to the Deutsche chemische Gesellschaft, 
the W ashington Academ y of Sciences, the Society of Biological 
Chemists, the Am erican Association for the Advancem ent of 
Science of which he was a Fellow, and the American Chemical 
Society of which he was a past president.

Charles Christopher Trowbridge, assistant professor of physics 
in Columbia U niversity and a noted ornithologist, died suddenly 
on June 2 in Roosevelt H ospital, N ew  Y o rk  C ity , of blood poison
ing. Professor Trowbridge had been a member of the teaching 
staff of Columbia since 1892. H e was in his forty-ninth year.

M r. Lester F . Weeks, assistant professor of chem istry in the 
University of M aine, has been appointed assistant professor 
of chemistry a t  C olby College to succeed D r. R obert G . Caswell, 
who has resigned.

M r. S. H. Diehl was killed in the explosion at the Aetna Chem
ical W orks in Oakdale, P a ., on M a y  18, 1918.

Additional restriction on imports have been announced b y  the 
W ar Trade Board. T hey include castor beans, castor oil, 
caffeine, and gypsum. A ll outstanding licenses allowing ocean 
shipment of castor oil and castor beans have been revoked. 
Imports m ay be made only on the approval of the Bureau of 
Aircrafts Production.

Imports of caffeine, theine, and trim ethylxanthine have been 
cut off entirely.

Importation of gypsum from overseas has been stopped, w ith  
the exception of that which can be carried on sailing vessels or 
barges, which may be designated for that purpose.

Daniel C. Jackling, director of the Explosive Plants D ivision 
of the W ar Department, announced on June 11 the completion, 
two months ahead of schedule, of the big plants a t Charleston, 
W . Va., and a t Nashville, Tenn. Sulfuric and nitric acid produc
tion at these plants began early in June.

N itrate plant No. 3 is to be constructed and operated b y  the 
Air N itrate Corporation. T he plant is to consist of two units, 
one to be built near Cincinnati and one near Toledo. In  each 
instance, construction work has started. Each of the plants 
will require the services of 1700 operators.

Exports of chemicals during April fell off decidedly, as com 
pared with forwardings abroad during the corresponding month 
of last year. According to preliminary figures, based on returns 
to the Department of Commerce, chemical exports in April 
of this year were valued at $12,646,505. This compares with 
§16,159,506, the value of chemical exports in April of last year.

F . J. Goodfellow, Secretary of the N ational W ood Chemical 
Association, has been appointed charcoal representative of the 
Fuel Administration.

A t the annual meeting of the American A cadem y of A rts and 
Sciences held on M ay 8, 1918, acting on the recommendation 
of the Rumford Committee, it was unanimously voted to award 
the Rumford Premium to Theodore Lym an for his researches 
on light of very short wave-length.

M r. Frank Maltauer, formerly employed as bacteriologist 
in charge of research work on biological chemistry problems 
a t the New Y ork State Laboratories and Research Division of 
the Heath Department, is at present serving as a private at
G.eneral Hospital No. 14, Fort Oglethorpe, Ga.

The name of Dr. A . B. Lamb, who has given generously of 
his time and energy to the work of the Bureau of M ines Experi
ment S;ation in W ashington, w as inadvertently omitted from 
the list of representative leaders in th a t work mentioned in the 
editorial "Am erica in Safe H ands” in the June issue of T h i s  
J o u r n a l .

M r. John H. Card, teacher of chemistry at the High School, 
Brockton, Mass., has joined the Chemical Service Section, N . A . 
He has been assigned to the Offensive Research Investigations at 
the American University Experiment Station, Washington, D . C.

Dr. Geo. R . Bancroft has resigned the professorship of chem
istry and physics in Transylvania College, Lexington, K y ., to 
accept a position in the U niversity of K entucky as assistant 
professor of organic and physical chemistry.

The honorary degree of Doctor of Chem istry was conferred 
upon M r. Arthur D . L ittle, of Cambridge, M ass., by  the Uni
versity of Pittsburgh a t the commencement exercises on M ay 
31, 1918.

M r. A. Gordon Spencer, consulting chemist and m etal
lurgist, 619 Transportation Building, Montreal, P. Q., is giving 
up his consulting practice to devote all his time to the munition 
and other work of the Peter L yall and Sons Construction Co., 
Montreal, as their consulting metallurgist.

M r. C. A. Clemens, formerly instructor of chem istry at Rens
selaer Polytechnic Institute, T roy, N ew  Y o rk, who is now with 
the Gas Defense Service, Sanitary Corps, has been sent to the 
Lakehurst Experimental Grounds, Lakehurst, N . J.

M r. Chas. E. W aller, formerly w ith the Pennsylvania Trojan 
Company at Allentown, Pa., is now with the Non-Freezing High 
Explosive Corporation at Kingston, N . Y .

M r. William A . W aldie, formerly chemist for the Glidden 
Varnish Company, b u t more recently w ith the Thibaut and 
Walker Company, has again returned to the Glidden Company 
as chief chemist.

PERSONAL NOTES
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In Science for M ay 10 Associate Director Edw ard R . W eidlein of the M ellon Institute, who 
D irecto r Bacon, gives the following sum m ary of the industrial fellowships in operation at the 

N a m e s  o p
I n d u s t r i a l  F e l l o w s h i p s  

N o. i n  O p e r a t i o n

92 L ea th e r B elting
95 M agnesia
99 G lyceryl P hosphates

102 F ru it  Juice
114 E nam eling
115 B read

116 R efracto ries

117 W indow  Glass

118 L ea th e r Soling
119 Iro n  Ore
120 D en ta l P roducts

121 C opper

122 Soda
123 Oil

124 C em ent

125 H air
127 Collar
128 Coffee

129 Illu m in atin g  G lass

130 F ood C onta iner
131 Gas

132 Y east

133 Glass
134 G lycerin

135 F iber

136 C opper

137 T oile t A rticles
138 Silicate
139-A O rganic S ynthesis

139-B O rganic S ynthesis

140 Silverw are

141 Insecticides
142 B y-p roducts  R ecovery
143 Coke

144 Fertilizer

145 Soap
146 Glue
147 D istillation

148 Tobacco

149 L au n d ry

I n d u s t r i a l  F e l l o w s , N a m e s  a n d  D e g r e e s

E . D . W ilson (P h .D ., U n iversity  of Chicago)
G . D . B agley ( E .E .,  U niversity  of Illinois)
F . F . R u p e r t (P h .D ., M assachuse tts  In s ti tu te  of Technology)

R . R . Shively (P h .D ., U n iversity  of P ittsb u rg h )
R . D . Cooke (M .S ., U niversity  of W isconsin)
H . A. K ohm an  (P h .D ., U n iversity  of K ansas), Senior Fellow

R . R . Irv in  (M .S ., U n iversity  of K ansas) (V acancy)
R . M . H ow e (M .S ., U niversity  of P it tsb u rg h ), Senior Fellow  (V acancy)

A. C. N o th s tin e  (B .S., Ohio S ta te  U niversity )

C . B. C ar te r (P h .D ., U n iversity  of N o rth  C arolina)
F . M . M cC lenahan  (M .A ., Y ale U niversity)
C . C. V ogt (P h .D ., Ohio S ta te  U niversity)

C. L . P erk ins (B .S., N ew  H am pshire  College)
J . W . Schw ab (B .S., U niversity  of K ansas)
C. W . C lark  (P h .D ., U niversity  of P ittsb u rg h )
H a rry  Essex (P h .D ., U niversity  of G Sttingen)
I .  W . H u m p h rey  (M .S ., U niversity  of K ansas) (V acancy)
E- O. R hodes (M .S ., U niversity  of K ansas)

B. A. S tag n er (P h .D ., U n ivers ity  of Chicago)
H . D . C lay ton  (B .A., Ohio S ta te  U niversity)
C. W- T rigg  (B .S., U n iversity  of P ittsb u rg h )

A. H . S tew art (A .B., W ash ing ton  an d  Jefferson College) (On leave of ab 
sence)

F . W . S tock ton  (A .B ., U n iversity  of K ansas)
J .  B- G arne r (Ph.D.-, U n ivers ity  of C hicago), Senior Fellow  (V acancy)

F . A. M cD erm o tt (M .S ., U n iversity  of P ittsbu rgh )
R u th  Glasgow (M .S ., U n ivers ity  of Illinois)
T . A. F raz ie r (B . C hera., U n ive rs ity  of P ittsb u rg h )
P. H . B ra tta in
I. S . H ocker (B .S., U n iversity  of Pennsy lvan ia)
E - E - B a r tle tt  (P e t.E ., U n iversity  of P ittsb u rg h )
J . E- S ch o tt (M .A ., U n ive rs ity  of N ebraska)

J . D . M alcolm son (B .S., U n ive rs ity  of K ansas)

G . A. B ragg (B .S., U n iversity  of K ansas), Senior Fellow  of all C opper 
Fellow ships (V acancy)

L. M . L iddle (P h .D ., Y ale U niversity )
M . G. B abcock (M .S ., Io w a  S ta te  College)^
G . O. C urm e, J r .  (P h .D ., U niversity  of Chicago), Senior Fellow 
J .  N . C om pton  (M .S ., C o lum bia U niversity)
H . R . C urm e (B .S., N o rth w e stern  U niversity)
E . W  R eid  (M .S ., U n iversity  of P ittsb u rg h )
H . A . M o rto n  (P h .D ., U n ivers ity  of P ittsb u rg h ), Senior Feljow 
C. J .  H errly  (B .S., P ennsy lvan ia  S ta te  College)
H . E . Peck (B .S., C larkson  M em orial College of Technology)

O. F . H edenburg  (P h .D ., U niversity  of Chicago)
W alth er R idd le  (P h .D ., U niversity  of Heidelberg)
F . W . Sperr, J r . (B .A., Ohio S ta te  U n iversity ). A dvisory Fellow  
M arc  D a rrin  (M .S ., U n iversity  of W ashington)
O. O. M alleis, (M . S ., U n iv e rs ity  of K ansas)
L . R . Office (B .S., Ohio S ta te  U niversity )
H . H . M eyers (B .S., U n iversity  of Pennsy lvan ia)

(Fellow to  be appo in ted)
R . H . Bogue (M .S ., M assach u se tts  A gricu ltu ral College)
D avid  D rogin  (B .A ., College of th e  C ity  of N ew  York)
H . F . P erk ins
W- B. P a ttiso n  (M .A ., U n iversity  of N ebraska)

H . G . E lledge (M .S ., U n ivers ity  of P ittsb u rg h ), Senior Fellow 
K . R . B each (A .B., Sou thw estern  College)

is A cting Director in the absence of 
Institute on M arch i ,  1918.

F o u n d a t i o n  S u m s  
a n d  D a t e s  o p  E x p i r a t i o n  

S3,800 a  year. A pril 1, 1918 
$4,750 a  year. N ovem ber 1, 1918 
$1,500 a  y ear. B onus, 10 per c en t 

of p ro fits. O ctober 1, 1918 
$5,000 a  year. A pril 1, 1918 
$2,200 a  year. A pril 1, 1918 
$7,500 a year. B onus, $10,000. 

M arch  1, 1919

$6,000 a  y ear. M ay  1, 1918.
Bonus, $500 

$3,000 a  year. B onus, $2,000.
Ju n e  1, 1918 

$3,500 a year. Ju n e  4, 1918 
$3,000 a  year. Ju n e  15, 1918 
$2,400 a year. B onus, ro y a lty  

on sales. Ju ly  1, 1918 
$5,400 a  y ear. Ju ly  1, 1918

$3,500 a  year. S ep tem ber 1, 1918 
$ l0 ,0b0  a  y ear. Bonus, $10,000.

S ep tem ber 1, 1918 
$4,000 a  year. B onus, $3,500.

A ugust 1, 1918 
S3,000 a  y ear. O ctober 1, 1918 
$2,800 a  year. O ctober 1, 1918 
$1,800 a  year. Bonus, 2 per cen t 

of gross receip ts. O ctober I,
1918

$900 a  year. O ctober 1, 1919

$5,000 a  year. O ctober 16, 1918 
$7,500 a  year. S ep tem ber 15,

1918
$12,700 a  year. B onus, N o v em 

ber 1, 1918

$3,000 a year. N ovem ber 1, 1918 
$3,000 a  year. N ovem ber 15, 

1918
$2,500 a  year. N ovem ber 15, 

1918
$5,000 a  y ear. N ovem ber 1, 1918

$3,500 a  y ear. D ecem ber 1, 1918 
$2,500 a  y ear. D ecem ber 1, 1918 
$10,000 a  y ear. B onus, $5,000. 

J a n u a ry  1, 1919

$5,000 a  year. Bonus, $5,000.
J a n u a ry  1, 1919 

$2,500 a  y ear. D ecem ber 11, 
1918

$3,000 a  year. J a n u a ry  1, 1919 
$3,000 a y ear. J an u a ry  1, 1919 
$7,000 a  year. J a n u a ry  1, 1919

$3,000 a  y ear. B o n u s ,  $5,000.
Ja n u a ry  5, 1919 

$2,000 a  year. J an u a ry  5, 1919 
$2,500 a  year. J an u a ry  5, 1919 
$5,300 a  y ear. J a n u a ry  18, 1919

$2,100 a  year. Bonus, $2,000.
F e b ru a ry  1, 1919 

$5,000 a  year. F eb ru a ry  15, 1919

Kenneth D. K ahn, research chemist and m etallurgist for the 
Cleveland Brass M anufacturing Com pany, Cleveland, Ohio, 
has been appointed assistant chemical engineer a t the Bureau of 
M ines Experiment Station, American U niversity, W ashington,
D . C., engaged in the manufacture of w ar chemicals.

M r. William Rhafferty, who was formerly chief chemist at 
the Camden W orks, General Chemical Com pany, and was later 
transferred to the Bayonne Works, has resigned his position to 
take up work as assistant to the superintendent of Chas. Lennig 
and Com pany, located a t Bridesburgh, Pa.

M r. M . E . Jennings, formerly w ith the Central Pharmacal 
Co., Seymour, Indiana, is now a Sergeant in Com pany E , 30th 
Engineers, and is located a t F ort M eyer, Va.

M r. F . A. Fererer has left E li L illy and Com pany and is in 
the M edical Departm ent of the Arm y, located at N ew port News.

M r. C . M . Sharp, formerly an instructor at Shortridge High 
School, is in the chemical service of the M edical Corps, located 
a t St. Louis.

M r. V . P. M cM anus, well known in drug and chemical circles 
and for m any years associated with M cKesson and Robbins, 
has severed his connection w ith that house and is now with 
H . W . Henning &  Son, 80 M aiden Lane, N ew Y o rk  C ity.

Henry Coit M acLean, for two years assistant manager of 
the Foreign Trade Bureau of the M erchants’ Association of 
N ew  Y o rk, has assumed his new duties as manager of the New 
Y o rk  Office of the United States Bureau of Foreign and Domestic 
Commerce. M r. M acLean is thoroughly familiar w ith the work 
of the Bureau of Foreign and Dom estic Commerce and has been 
in close touch w ith questions confronting exporters and importers 
arising from w ar conditions.

M r. Howard A . Winn, formerly of H. H. H ay Sons, manu
facturing pharmacists, Portland, M e., is now w ith the United 
Drug Co. in the pharmaceutical department.

Dr. A . S. Eastm an has given up his position as professor of 
chem istry at the U niversity of the South, Sewanee, Tenn., and 
is now connected w ith the research laboratory of the Hercules 
Powder Co., K envil, N . T., in charge of the research work on 
T . N . T .

Dr. Robert G. Caswell has resigned as assistant professor of 
chem istry a t  Colby College, to accept a position as one of the 
research chemists for E . I. du Pont de Nemours &  Co., W il
mington, Del.

Prof. Herman I. Schlesinger has been promoted to assistant 
professor of chemistry a t the U niversity of Chicago.
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INDUSTRIAL NOTES
Statistics compiled b y  the Bureau of Foreign and Domestic 

Commerce show that nearly twice as much sulfuric acid was 
produced in the United States in 1917 as 1913, which is taken 
as a normal before-the-war-period.

Contracts have been' awarded by the Ordnance Departm ent 
for the establishment of two large picric acid plants at Little 
Rock, Ark., and Brunswick, G a. I t  is expected that the 
Little R ock plant will be in operation in September 1918. 
These will be the first Government-controlled picric acid plants 
to be established in this country.

How 2,000,000 gallons a year of cymene which is now going 
to waste in the m anufacture of paper pulp can be used to pro
duce a line of dye colors very close in their properties to aniline 
dyes has been worked out in the Color Investigations Laboratory 
of the Bureau of Chem istry, United States Departm ent of 
Agriculture. This is the first and very important result of ex
tensive research, investigation, and experimentation conducted 
in this laboratory under the direction of Dr. H . D . Gibbs.

Paul W enger and Co., 35 Nassau Street, New Y o rk  C ity , well 
known in the metal trade, have opened a chemical branch in 
which they will act as buyers, sellers, exporters, and importers. 
They intend eventually to  enter into the manufacture of chem
icals and drugs. Charles W . Buck, who up to now has been 
manager of the Cooperative Drug Com pany, at South Norwalk, 
Conn., has been appointed manager of the new plant.

The Cobwell Corporation will have completed in Cleveland 
within the next 35 days a plant of 25 to 35 tons’ daily capacity 
handling garbage, butcher’s offal, and dead animals. This 
will be of most modern construction and will incorporate all 
of the newest features covered b y  the patents of Raymond 
Wells including a complete equipment for the manufacture of 
alcohol as an additional product. This plant has been under
taken as a large scale demonstration and experimental plant 
and will be open a t any tim e to those interested in the business 
or its development.

On June 2 the J. K . Mosser Tanning Com pany’s plant 
at Noxen, tw enty-five miles from W ilkes-Barre, Pa., was de
stroyed b y  fire. T he loss is estimated a t $3,000,000. The 
cause of the fire is believed to have been due to crossed wires in the 
hair-drying room. T h e plant was controlled by  Armourand Co.

For the first quarter of 1918 the metalliferous production of 
the Province of Ontario was $17,909,000, a gain of $2,315,000 
over the same period last year. Gold production amounted to 
1 13.387 ounces, and of that amount the Hollinger mines contrib
uted 68,804 ounces, or a little  more than half of the total. The 
increase was principally silver, owing to the higher price obtained. 
Gold, on the other hand, in the aggregate fell off, owing to 
labor difficulties. T h e three m onths’ silver total was $3,740,000, 
against $2,831,000 in 1917. T otal gold production fell from 
$2,601,000 to $2,265 >000. Nickel and copper show a small decrease. 
Hollinger is now producing gold a t  the rate of approximately 
$6,000,000 annually.

H. Koppers Com pany announce that they have been awarded 
a contract b y  the Jones and Laughlin Steel Com pany for the 
construction of a by-product coke plant of 300 ovens. This 
plant will have a carbonizing capacity of approxim ately 2,000,000 
tons per year, and w ill replace beehive coking capacity to  that 
amount. T h e plant will be complete in every respect, and will 
be equipped for the recovery of ammonia in the form of ammo
nium sulfate, of tar, and of benzol and toluol as pure products. 
The ammonium sulfate and pure toluol from this plant will be 
sold to the Governm ent for w ar purposes. The steel company 
proposes to  use the gas in its steel p lant operations. It  has 
also been announced recently that H . Koppers Com pany are 
to build two more batteries of by-product ovens for the plant 
of the Steel Corporation a t Clairton, Pa. This will give the 
Steel Corporation a plant of 748 ovens which, when completed, 
will be the largest by-product coke plant in the world. The 
plant of the Illinois Steel Co., G ary, Ind., which has recently 
added 140 Koppers ovens to  its original installation of 560 ovens, 
is a t present the largest by-product coke oven plant in the world.

The W ar Industries Board has announced that a commodity 
section on medicines and medical supplies has been created, with 
Lieut. Col. F . F . Simpson as its chief. T he w ork of this section 
will be closely coordinated w ith that of the Chemical Division. 
This new section will deal incidently w ith chemicals as they enter 
into medical compounds, preparations, etc., and will work in 
conjunction w ith the section of the Chemical Division dealing 
with fine chemicals and bulk medicinal chemicals.

A ny doubt about the status of the steel industry in relation 
to the Government was cleared away Friday, M a y  24, at the 
annual meeting and banquet of the American Iron and Steel 
Institute. A  good index to the situation was furnished by Judge 
E . H. Gary, representing the steel interests; Charles M . Schwab, 
representing the Emergency Fleet Corporation; and J. Leonard 
Replogle, director of steel supplies for the Government. The 
steel manufacturers pledged their support to the Government 
to the extent of 100 per cent of their respective outputs. T hey 
also agreed that steel would be allotted to consumers in order 
of the importance of its use for national purposes, the judge 
being the director of the steel supply. Preference is now given 
to shipbuilding steel, following which in importance comes shell 
steel, and then steel rails. M r. Replogle has announced that to 
fill the Government’s demands will require the entire capacity 
of the steel mills for at least a year. The prospects of manufac
turers engaged upon other than Government work keep growing 
dimmer, though producers are anxious to aid them so far as 
possible. Steel for Japan has begun to go forward. Already
20,000 tons have been shipped from the Pacific Coast, and the 
balance, 155,000 tons still due, will follow later.

The Independent Filter Press Com pany has removed from 
47 W est 34th Street, New Y o rk  C ity, to 418 Third Avenue, 
Brooklyn, N. Y.

Like most other countries Japan has suffered from the shortage 
of dyes and chemicals due to the European W ar. Prior to the 
war, Japan imported annually dyes valued at $3,500,000, nearly 
all of which came from Germany. As most of these dyes were 
used in the important textile industries of Japan and prices had 
been advancing by leaps and bounds, the Governm ent passed 
a law in 19x5 providing for the grant of subsidies to companies 
engaged in the manufacture of dyes (including aniline salt, aniline 
dyes, alizarine dyes, and synthetic indigo) and chemicals in 
Japan, and requiring that more than half of the capital 
of any such company be subscribed b y  Japanese subjects. 
The amount of the subsidy to be granted is sufficient to en
able the companies to pay a dividend of 8 per cent per annum 
on their paid-up capital. The subsidies are for a period of 
ten years from the date of the promulgation of the law. 
Medicines or perfumery specified by  Imperial Ordinance, 
manufactured from by-products of coal tar, are regarded as 
manufactured dyes and chemicals. The manufacture of the 
materials of gunpowder and explosives and of certain medicines, 
to be determined by Imperial Ordinance, are also regarded as 
the manufacture of dyes and chemicals. One of the results 
which attended the efforts made by the Japanese Government 
to solve the dyestuff problem was the formation of the Japan 
Dyestuff M anufacturing Com pany, Ltd., w ith a capital of
8,000,000 yen (about $4,900,000), subsidized by the Government.

The W ar Departm ent authorizes the statem ent that opera
tions in the Government's new powder plants near Charleston, 
W . Va., and Nashville, Tenn., have begun two months ahead 
of schedule. The Nashville plant started June 5, and the 
Charleston plant started June 12. These plants will produce 
sulfuric and nitric acids. T he capacity of these two plants is ex
pected to equal that of all the other American smokeless powder 
plants combined.

A t a meeting of the Iron and Steel Institute on M ay 3, 
awards of $500 from the Carnegie Research Fund were made to 
M r. George Patchin, of London, an associate of the R oyal School 
of Mines, and formerly head of the metallurgical department 
of Birkbeck College, to  enable him to pursue research on "Sem i- 
steel and its heat treatm ent;”  to M r. Samuel L. H oyt, U. S. A., 
to enable him to study “ The foreign inclusions in steel, their 
occurrence and identification;”  and to Professor J. A . Van den 
Broek, of the University of M ichigan, for research work on "T h e  
elastic properties of steel and alloys.”

During M ay nine new companies were organized for the m anu
facture of drugs, chemicals, and dyestuffs. The aggregate for 
the entire war period now stands a t $378,987,000. The figures 
for M ay compare w ith eighteen concerns formed in April for 
an aggregate capitalization of $3,980,000. The average in
corporation per company in M a y was $133,333. This figure 
compares with $221,111 in April and $439,838 in March. Tw o 
war companies were created during M ay. T h ey  were the Sw ift 
Aircraft M anufacturing Com pany w ith an authorized capital 
of $50,000, and the United States Ammunition Company, 
w ith a capitalization of $2,500,000. T he addition of these two 
concerns brings the total of investments in this industry up to 
$269,625,000.
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GOVERNMENT PUBLICATIONS
B y  R . S. M cB r id e , B u reau  of S tan d ard s , W ashington

NOTICE— Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, W ashington, D . C . Other publications can 
usually be supplied from the Bureau or D epartm ent from which 
they originate. Commerce Reports are received by all large 
libraries and m ay be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Dom estic 
Commerce, Departm ent of Commerce, W ashington. T he regu
lar subscription rate for these Commerce Reports mailed daily is 
$2.50 per year, payable in advance, to the Superintendent of 
Documents.

C O U N C IL OF N A T IO N A L  DEFENSE

L ist of Staple Surgical and M edical Supplies. Reprint 
with revisions of the lists of medicines, antiseptics, disinfectants, 
chemicals, etc., selected to  meet war conditions by  the Com 
m ittee on Standardization. 27 pp.

Laboratory Supplies. Reprint of list selected by the Com
m ittee on Standardization. 26 pp.

PAN  A M E R IC A N  U NIO N

Some Andean Sulfur D eposits. B . L . M i l l e r  a n d  J. T . 
S i n g e w a l d ,  Jr . Reprint from January 1918 number of B ull, 
of the Pan American Union. 16 pp.

P U B L IC  H E A LTH  SER V ICE

A N ew Disinfectant T esting M achine. A . M . S t i m s o n  a n d  
M . H . N e i l l .  Public H ealth Reports, 33, 529-39 (April 12).

Arsphenamine (Salvarsan) and Neo-Arsphenamine (Neo- 
Salvarsan). Public H ealth Reports, 33, 540-2 (April 12). 
Licenses ordered and rules and standards prescribed for their 
manufacture.

The D ietary D eficiency of Cereal Foods with R eference to 
Their Content in “ Antineuritic Vitam ine.”  G . V o e g t l i n ,  G. C. 
L a k e  a n d  C. N .  M y e r s .  Public H ealth Reports, 33, 647-66 
( M a y  3).

The Present Status of Our Knowledge of Fatigue Products.
E. L. S c o t t .  Public H ealth Reports, 33, 605-610 (April 26).

1— Substances carrying hydrogen ions, as lactic and /S-oxy- 
butyric acids, potassium dihydrogen phosphate, and carbon 
dioxide stand as causal agents of fatigue.

2— Certain products of protein disintegration, as indol, skatol, 
and phenol m ay produce fatigue symptoms and m ay be active 
agents in producing normal fatigue.

3— There is some evidence that the negative ion of lactic and 
/S-oxy-butvric acids and th at certain positive ions, especially 
that of potassium, are capable of producing certain fatigue 
phenomena.

4— There is no evidence that the negative ions of carbonic, 
phosphoric, or sulfuric acids are fatigue substances.

5— There is no evidence a t present for the existence of specific 
fatigue substances as proposed b y  W eichardt.

6— There is very little probability that creatin or creatinine 
have any relation to  fatigue or to muscle work in general.

7— There are no doubt numerous bodies, as purine bases, uric 
acid, etc., which may be increased b y  work, but which have no 
causal bearing on  fatigue.

G E O L O G IC A L  SU R VEY

The Lake Clark-Central Kuskokwim  Region, Alaska. P. S. 
S m i t h .  Bulletin 655. 147 pp. and 2 maps. W ith special
attention to mineral resources.

Cannel Coal in the United States. G. H . A s h l e y .  Bulletin 
659. 116 pp. Paper, 15 cents. The present paper is not in
tended as an original contribution to  the subject, though the 
writer has drawn on his own notes in describing m any of the 
deposits mentioned, particularly those in Pennsylvania, Indiana, 
and parts of W est Virginia and K entucky. I t  consists of a 
preliminary review of well-known, facts about the character, 
uses, and value of cannel coal and brief descriptions of workable 
deposits of cannel coal, including cross sections of the beds, and 
it gives such analyses of the coal as are available.

(■ The Structural and Ornamental Stones of M innesota. O. 
B o w l e s .  Bulletin 663. 199 pp. Prepared in cooperation
with the Mimiesota State  Geological Survey.

M anganese at Butte, M ontana. J. T . P a r d e e .  Bulletin 
690-E. From Contributions to Economic Geology, 1918, Part I. 
20 pp. Published April 9. A  search through the published 
reports describing the ore deposits of Butte, supplemented b y  a 
brief field examination in A ugust 1917, revealed the fact, per
haps not generally appreciated heretofore, th at the amount of 
material in the lodes that is sufficiently rich in manganese to 
be considered a possible source of th a t metal is very large. The 
smaller part of this material, which is found in the outcrops and 
upper parts of the lodes, consists of manganese oxides associated 
with more or less quartz.

B y  far the most of the manganiferous material below the oxi
dized zone at B utte  consists of rhodochrosite and rhodonite, 
the carbonate and silicate of manganese, respectively, associated 
in different proportions w ith quartz and sulfides. The most 
interesting and promising feature concerning the occurrence of 
manganese at B utte  is the fact that portions of this unoxidized 
material consist of fairly pure rhodochrosite and are, therefore, 
very valuable as a source of the metal. Reported analyses of 
material of this character in the Em m a mine run from 34 to 41 
per cent manganese and as low as 1 per cent silica. According 
to reports this material when lightly roasted gives off its carbon 
dioxide, and as a  result the percentage of manganese is increased 
in the product. The known workable bodies of this ore aggre
gate several thousand tons, and there is reason to expect that 
future developments will disclose large additional amounts.

W hether the general run of the unoxidized manganiferous 
material can be considered under any conditions as a possible 
source of manganese is a  question for metallurgists to answer. 
The amount of material that contains 15 per cent or more man
ganese and occurs within the depths ordinarily reached in mining 
is indicated, by the evidence available, to be millions of tons. 
Because they lie at the surface the oxide ores can be mined as 
rapidly as desired, and the extensiveness of the underground 
workings, of which m any that are temporarily abandoned could 
probably be made usable in a short time, will perm it the car
bonate and silicate ore also to be rapidly extracted. Therefore, 
whether B utte can be counted upon w ithout delay for a con
siderable production of manganese depends on the solution of 
problems concerning the metallurgy rather than the mining of 
its manganiferous deposits.

The Structure of Parts of the Central G reat Plains. N .  H. 
D a rT O N . Bulletin 6 91-A . From  Contributions to Economic 
Geology, 1918, Part II. 26 pp. Published April 2. M ainly 
of geologic interest.

Gold, Silver, Copper, Lead, and Zinc in Idaho and Washington 
in 1916. C. N .  G e r r y .  From M ineral Resources of the United 
States, 1916, Part I. 52 pp. Published M arch 14. Mines 
report; general report later.
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NEW PUBLICATIONS
B y  I r e n e  D e M a t t y , L ib ra rian . M ellon  In s ti tu te  of In d u s tria l R esearch , P it tsb u rg h

A griculture: T h e  T each ing  of A griculture. A. W . N o l a n . 12mo. 277 
pp. Price, $1.30. H ough ton , M ifflin Co., Boston.

B last F u rn ace : P rincip les, O peration  and  P ro d u cts  of th e  B last F u rnace . 
J .  E. J o h n s o n , J r . 8 v o . 551 pp . Price , $5.00. M cG raw -H ill Co., 
New Y ork.

Carbon an d  I ts  A llies. R . M . C r a v e n . 8 v o . 4 6 8  pp . Price, $5.00.
J . B. L ip p in co tt Co., P h iladelph ia .

Chem ical F rench . M . L. D o l t . 8 v o .  398 pp . Price , $3.00. Chem ical 
Publish ing Co., E as to n , Pa.

C hem istry: W hat In d u s try  O w es to C hem ical Science. R . B. P i l c h e r .
8vo. 164 pp . Price , 3s. A rchibald  C onstab le  & C o., London. 

Chem istry of Food and  N utrition . H . C. S h e r m a n . 2nd E d . 12mo.
545 pp . P rice, $2.00. T h e  M acm illan  C o., N ew  Y ork.

Concrete and  C em ent; a  L ist of Books. 12 pp . G ratis . T h e  Public 
L ibrary , B rooklyn, N . Y.

Enam els. R .  D . L a n d r u m . 8 v o . 106 p p .  G ratis . T h e  H arshaw , 
Fuller & Goodwin Co., C leveland.

Fuel Oil: E lem en ts  of F uel Oil and  S team  E ngineering . R o b e r t  S ib l e y

a n d  C. H . D e l a n y . 8 v o .  320 pp . Price , $3.00. T echn ical P ub . Co., 
San Francisco.

G ear C utting, In  T heo ry  an d  P rac tice . J . G. H o r n e r . 8 v o .  404 pp.
Price, 8s. 6d. E m m o tt & Co., London.

Kiln D rying of L um ber. H . D . T i e m a n n . 8 v o . Price, 18s. J . B.
L ipp inco tt Co., P h iladelphia .

L ubricants: A m erican L ubrican ts . L . B . L o c k h a r t . 8 v o .  2 3 6  p p .
Price, $2.00. C hem ical P u b . C o., E as to n , Pa.

M easu rem en t of G as by O rifice M ete r. H . P . W e s t c o t t . 12mo. 408 pp .
Price, $3.50. E lec tric  M eta l W orks, E rie , P a .

M echanics: C ours de m ecan ique p ro fessé  á  Pecóle polytechnique. L e o n

L e c o r n u . 8 v o . 6 7 6  pp . Price , 2 5  fr. G au th ier-V illars , e t  Cie, 
Paris.

M etallurgical S tudy  of th e  S tee l B ase  a s  R ela ted  to Galvanizing. G . A. 
W h i t e . 4to . 5 8  pp . Price , $ 2 .0 0 . M atth ew s-N o rth ru p  W orks, Buffalo, 
N. Y.

M etallurgy of th e  N on-F errous  M eta ls . W m . G o w l a n d . 2nd E d . 8v o .
619 pp. Price, 25s. C has. Griffin & Co., London.

Oil: A Sho rt H an d -b o o k  of O il A nalysis. A . H . G i l l . 8 th  E d . 12mo.
Price, $2.00. J . B . L ip p in co tt C o., P h iladelph ia .

P lan t P ro d u cts : An In troduction  to th e  C hem istry  of P la n t P ro d u cts . 
P a u l  H a a s  a n d  T . G . H i l l . 2nd  E d . 8vo. 411 pp . Price , $3.50. 
Longm ans, G reen & Co.. N ew  Y ork.

R ubber: I ts  P roduction , C hem istry  an d  S yn thesis. (Am er. E d .). A. 
D u b o s e  a n d  A. L u t t r i n g e r . 8vo. 383 pp . Price , $6.50. J .  B. 
L ipp inco tt Co., P h iladelph ia .

Steel and  I ts  T rea tm en t. E . F . H o u g h t o n  & C o. 3 rd  E d . 12mo.
165 pp. Price, $1.50. T he  A uthor, P h iladelph ia .

Sugar B ee t S eed , H is to ry  and  D evelopm ent. T . G . P a l m e r . 12mo.
120 pp . Price, $1.35. Jo h n  W iley & Sons, N ew  Y ork. 

T rioxym ethylene: T h e  A ction of T rioxym ethy lene on  V arious H ydro 
carbons in  th e  P rese n ce  of A nhydrous A lum inum  C hloride. V. R. 
K o k a t n u r . 8vo. 45 pp . Price, $0.50. U n ive rs ity  of M inn., 
M inneapolis.

W ater A nalysis: A Sim ple M ethod  of W ater A nalysis. J . C . T h r e s h . 
9th  E d. 18mo. 69 pp . Price , 3s. J .  a n d  A. C hurchill, London.
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Air W asher: H igh  V elocity Air a n d  G as W asher. J . L . A l d e n . The

Iron Trade Review, Vol. 62 (1918), N o. 23, pp . 1428-1429.
Amylo S accharification  P rocess. J .  S. H o r n . The Chemical Engineer, 

Vol. 26 (1918), N o. 6, pp . 204-207.
Analysis of S u lfonated  O ils. G . W . S c h u l t z . Journa l o f  the Am erican  

Leather Chemists Association, Vol. 13 (1918), N o. 5, p p . 190-192. 
A tm ospheric N itra te : T h e  B eginning of th e  A tm ospheric N itra te  In d u stry  

in Am erica. O. P. A u s t i n . The A m erican Fertilizer, Vol. 48 (1918), 
N o. 10, pp. 33-35.

Black D yes. C. S. W e h r l y . Color Trade Journa l, Vol. 2 (1918), N o. 6, 
pp. 208-212.

Calcium A rsenate . R .  H . R o b i n s o n . Journa l o f Agricultural Research, 
Vol. 13 (1918)', N o. 5, pp. 281-294.

Chem ical In d u s try  in  W ar. H e n r y  H o w a r d . The Iron Trade Review, 
Vol. 62 (1918), N o . 19, p. 1188.

Coal T a r Colors: A pplication of th e  Coal T a r Colors to W ood S tain ing .
F .  E . B u r n h a m . Color Trade Journal, Vol. 2 (1918), N o . 6, pp . 227-228. 

Coke: T h e  D e term ina tion  of M oistu re  in  C oke. A. C. F i e l d n e r  a n d  
W . A. S e l v i g . The Chemical N ew s, Vol. 117 (1918), N o . 3046, pp. 
172-175.

C ondensers: D esign  an d  L ayout of C ondensers. D . D . P e n d l e t o n .
The Iron Trade Review, Vol. 62 (1918), No. 22, pp . 1361-1365.

Copper: New M ethod  of D eterm in ing  Copper. J a m e s  M o i r . M in ing  
and Scientific Press, Vol. 116 (1918), No. 21, pp. 725-726.

D ilution F igures for the  Sulfate P rocess. J a m e s  B e v e r i d g e . P aper, 
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IN O R G A N IC  CH E M IC A LS

A ceta te  of L im e ........................................... nom inal
Alum , am m onia, lu m p .............................. 4 .0 0 @ 4 .5 0
A lum inum  Sulfate, (iron  f r e e ) ............. .............. Lb. 3 ‘A @ 3>A
A m m onium  C arbonate , dom estic ........ ..............Lb. nom inal
A m m onium  C hloride, w h ite .................. ..............Lb. 19'A @ 20
A qua A m m onia, 26°, d ru m s .................. .............L b . nom inal
Arsenic, w h ite .............................................. ■91/1 @ 16‘A
B arium  C h lo ride ...................................... 65 .00 ® 85 .00
B arium  N itr a te ................................ 11 @ 12
B ary tes, prim e w hite, fo reign ............... ..............T on 30 .00 @ 35 .00
B leaching Pow der, 35 per c e n t.............. . . .  100 Lbs. 1 .80 @ 2 .0 0
B lue V itrio l................................................... 8 .8 0 @ 9 .0 0
B orax, cry sta ls, in b ag s ........................... .............. Lb. 7 ‘A @ 8>A
Boric Acid, pow dered c ry s ta ls .............. .............. Lb. 13‘A ® 15
B rim stone, c rude, do m estic ................... nom inal
Brom ine, technical, b u lk ......................... .............. Lb. 75 ® 85
C alcium  C hloride, lum p, 70 to  75%  fu sed -----T on 22 .00 @ 25 .0 0
C austic  Soda, 76 per c e n t ....................... . . . 1 0 0  Lbs. 4 .35 © 4 .4 0
C halk , ligh t p re c ip ita te d ......................... 4*A @ 5
C hina  C lay, im p o rted .............................. 20 .00 @ 30 .00
F e ld sp a r ......................................................... 8 .00 @ 15.00
F u lle r’s E a rth , foreign, pow d ered ----- nom inal
F u lle r’s U artli, dom estic .......................... ..............T on 20 .00 ® 3 0 .0 0
G lau b er’s S alt, in  b b ls .............................. 1.25 @ 2 .5 0
G reen V itriol, b u lk ..................................... 1.15 ® 1.25
H ydrochloric Acid, com m ercial, 2 0 ° .. ..............Lb. 2 ® 2 'A
Iod ine, resub lim ed ..................................... 4 .25 ® 4 .3 0
L ead A cetate , w hite c ry s ta ls ................. 17 ® 18
L ead  N itr a te ................................................ nom inal
L itharge, A m erican ................................... 7»A 8
L ith ium  C arb o n a te .................................... 1 .50
M agnesium  C arbonate, U . S . P . .......... .............. Lb. 20 @ 21
M agnesite, " C a lc in e d " ............................ 60 .00 @ 65 .00
N itric  Acid, 4 0 ° .......................................... 8>A ® 9
N itric  Acid, 4 2 ° .......................................... 9 10
Phosphoric Acid, 4 8 /5 0 % ...................... 8‘A  @ 12
Phosphorus, yellow ................... . ............. 1.05 ® 1.30
P las te r of P a ris ........................................... 2 .0 0 2 .5 0
Potassium  B ichrom ate, c ask s ................ .............. Lb. 44 @ 45
P otassium  B rom ide, g ra n u la r ............... 1.35 ® 1 .36
P otassium  C arbonate , calcined, 80 ©  85% .. -L b. 40 ® 50
P otassium  C hlorate , crysta ls, s p o t----- ............. Lb. 39 @ 41
P otassium  C yanide, b u lk , 98-99 per c e n t ....... L b. nom inal
P otassium  H ydroxide, 88 @ 9 2 % ----- 80 ® 82‘A
P otassium  Iod ide, b u lk ............................ 3 .75 ® 4 .0 0
P otassium  N itr a te ..................................... 27 ® 30
P otassium  P erm an g an a te , b u lk ............ .............. L b . 2 .5 0 ® 3 .0 0
Quicksilver, flask ......................................... 119.00 ®  122.00
R ed  L ead, A m erican, d r y ....................... 10.79 @ 12.75
Salt C ake, glass m akers’ ......................... 2 2 .0 0 ® 25 .00
Silver N itr a te ............................................... 6 2 'A @ 65
Soapstone, in  b a g s ..................................... 10 .00 @ 12.50
Soda Ash, 58% , in  b a g s ........................... 2 .25 ® 2 .45
Sodium  A c e ta te .......................................... nom inal
Sodium  B icarbonate , dom estic .............. 3 .0 0 ® 3 .2 5
Sodium  B ich rom ate ................................... 27 ® 28
Sodium  C h lo ra te ........................................ 24 ® 25
Sodium  C yan ide ......................................... 40 @ 43
Sodium  F luoride, com m erc ial............... .............. L b . 17 @ 18
Sodium  H yposu lfite ................................... . . .  100 Lbs. 2 .5 0 @ 2 .6 0
Sodium  N itra te , 95 per cen t, s p o t . . . . . .  .100 Lbs. 4 .7 5 ® 5 .0 0
Sodium  Silicate, liquid , 40° B6............. 2 .5 0 ® 3 .0 0
Sodium  Sulfide, 60% , fused in  b b l s . . . .............. Lb. nom inal
Sodium  B isulfite, pow dered ................... .............. L b. 11 ® 12
S tro n tiu m  N i t r a te . ............................... ..............Lb. 22 ® 28
Sulfur, flowers, sub lim ed ......................... ___ 100 Lbs. 4 .05 ® 4 .5 0
S ulfur, ro l l .....................................................___ 100 Lbs. 3 .7 0 ® 4 .1 0
Sulfuric Acid, cham ber 66° B é............. ..............T on 3 7 .0 0 ® 40 .00
Sulfuric Acid, oleum (fum ing).............. ..............T on 60 .00 ® 65 .00
T alc , A m erican w h ite ............................... .............. T on 18.00 © 20 .00
T e rra  A lba, A m erican, No. 1 ................ , . .  .100 Lbs. 1.■ 17>A
T in  B ichloride, 5 0 ° ................................... 28 @ 30
T in  O xide ...................................................... .............. Lb. 1 .00 @ 1.10
W hite  Lead, A m erican, d r y ................... .............. Lb. 9 ‘A @ 1 0 ‘A
Zinc C a rb o n a te ........................................... ..............Lb. 28 © 30
Zinc C hloride, com m ercial..................... 15 ® 16
Zinc Oxide, Am erican process X X . .. ...............Lb. 14 ® 15

O R G A N IC C H EM ICALS

A cetanilid , C . P ., in bbls........................ ..............Lb. 68 © 70
Acetic Acid, 56 per cent, in bb ls........ nom inal
A cetic Acid, glacial, 9 9 '/ j% , in c arb o y s ...........Lb. 65 ® 70
Acetone, d ru m s ........................................... nom inal
Alcohol, d enatu red , 180 proof........... ..............Gal. 67 ® 68

Alcohol, sugar cane, 188 p ro o f.................... • Gal. 4 .87 ® 4 .92
Alcohol, wood, 95 per cen t, re fined ........... .G al. 90 ‘A ® 91
A m yl A c e ta te ...................................................... -G al. 5 .25 ® 5 .30
A niline Oil, drum s e x tra ................................. .L b . 26 ® 28
Benzoic Acid, e x -to lu o l.. . . - .......................... • Lb. 3 .3 0 ® 3.50
Benzol, p u re ........................................................ • G al. 23 ® 28
C am phor, refined in bulk , b b ls .................... • Lb. I .12
C arbolic Acid, U . S. P ., cry sta ls, d ru m s., • Lb. 48 50
C arbon B isulfide................................................ • Lb. 8>A ® 9
C arbon T ctrach loride , d rum s, 100 g a ls ... ■ Lb. 15‘A ® 16
C hloroform ........................................................... • Lb. 63 ® 65
C itric  Acid, dom estic, c ry s ta ls .................... • L b. 82 ® 83
C reosote, beechw ood........................................ • Lb. 2 .0 0 © 2 .10
Cresol, U. S. P .................................................... ■ L b. 18 © 20
D extrine, corn  (carloads, b a g s) ................... • Lb. 8 © 9
D extrine , im ported  p o ta to ............................. ■ Lb. 19 ® 20
E th er , U . S. P . 1900........................................ • Lb. 27 ® 30
Form aldehyde, 40 per c e n t ........................... ■ Lb. 16>A ® 16'/*
G lycerine, d ynam ite , d rum s in c lu d e d .. , . • L b. 61 © 62
Oxulic Acid, in c ask s ........................................ ■ Lb. 43 ® 45
Pyrogallic  Acid, resublim ed, b u lk .............. ■ Lb. a;.io
Salicylic Acid, U . S. P ..................................... • Lb. 90 ® 1.00
S tarch , cassav a ................................................... • Lb. —
S tarch , corn (carloads, bags) p e a r l............. 100 Lbs. 6 .5 0 ® 7.00
S tarch , p o ta to , J a p a n e se ................................ • Lb. 15 ® 16
S tarch , rice .......................................................... ■ Lb. 8 © 10
S tarch , sago flour.............................................. • Lb. 9>A @ 9‘/i
S ta rch , w h e a t...................................................... • Lb. 5 © 6
T ann ic  Acid, com m ercial............................... • Lb. 60 ® 75
T a rta r ic  Acid, c ry s ta ls .................................... • Lb. 75 © 78

OILS, W AXES, E T C .

Beeswax, pure, w h ite ....................................... .L b . 63 ® 65
Black M ineral Oil, 29 g ra v ity ..................... • Gal. 22 © 23
C asto r Oil, N o. 3 ............................................... • Lb. 29 © 33
Ceresin, yellow ................................................... ■ Lb. 17 @ 18
C orn Oil, c ru d e ................................................... 100 Lbs. 16.75 @ 17.00
C ottonseed  Oil, crude, f. 0 . b . m ill............. ■ Lb. 17‘A @ —
C ottonseed Oil, p. s. y ...................................... 100 Lbs. 21 .00 ® 22.00
M enhaden  Oil, crude (so u th e rn ) ................. • Gal. 95 ® 1.00
N e a t’s-foot Oil, 2 0 ° .......................................... .G al. 3 .45 © 3 .55
Paraflin , crude, 118 to  120 m. p .................. • Lb. 12V* ® 13
Paraffin  Oil, high v iscosity ............................ • Gal. 40 ® 41
R osin, " F ” G rade, 280 lb s ............................. . Bbl. 10 .00
R osin  Oil, first r u n ............................................ • G al. 56 © —
Shellac, T . N ....................................................... ■ L b. 63 ® 64
Sperm aceti, c a k e ................................................ .L b . 32 ® 34
Sperm  Oil, b leached w inter, 3 8 ° ................. ■ G al. 2 .2 3 © 2.25
Spindle Oil, N o . 200 ......................................... ■ G al. 38 @ 40
S tearic  Acid, doub le-pressed ......................... • L b. 23 © 25
Tallow , acidless.................................................. ■ Gal. 1.58 ® 1.60
T a r  Oil, d is tilled ................................................ G al. 35 © 36
T u rp en tin e , sp irits  o f ....................................... G al.- 63 ® 64

M E T A L S

A lum inum , N o . 1, in g o ts ............................... • Lb. 33 ® 34
A ntim ony, o rd in a ry .......................................... ■ Lb. 13 ® 13V*
B ism uth , N . Y .................................................... • Lb. 3 .5 0 © 3.65
C opper, e lectro ly tic .......................................... ■ Lb. 2 3 .0 6
C opper, la k e ........................................................ • Lb. 231A ® —
Lead, N . Y ........................................................... ■ Lb. 7 .25 ® 7.50
N ickel, e lectro ly tic ........................................... • Lb. 55 @ 56
P la tinum , refined, s o f t .................................... . Oz. nom inal
S ilver...................................................................... • Oz. 991A
T in , S tr a i ts .......................................................... ■ Lb. nom inal
T u n g sten  (W O j)................................................. P er U n it 20 .00 @ 23.50
Zinc, N . Y ............................................................ , Lb. 7*A © 8

F E R T IL IZ E R  M A T E R IA L S

A m m onium  S u lfa te ........................................... . 100 Lbs. 7 .5 0 ® 7.75
B lood, dried , f. 0 . b. C h icago ....................... • U n it 6 .7 0 ® 6 .75
Bone, 3 a n d  50, ground, ra w ........................ .T o n 37 .00 @ 40.00
C alcium  C y an am id e ......................... U n it of A m m onia nom inal
C alcium  N itra te , N orw eg ian ........................ 100 Lbs. —
C asto r M ea l........................................................ ■ U n it —
F ish  Scrap , dom estic, dried , f. 0 . b. w o rk s .. . ■ U n it 7 .2 0 © 10.00
P hosphate, acid, 16 per c e n t........................ .T o n 16.00 © 17.00
P hosphate  rock, f. 0 . b. m ine: T on nom inal

F lorida  land  pebble, 68 per c e n t............ • T on 3 .5 0 © 3.75
Tennessee, 78-80 per c e n t ........................ • T on 5 .5 0 © 6 .00

P otassium  "m u ria te ,”  basis 80 p e r c e n t . . .T on nom inal
Py rites, furnace size, im p o rted .................... • U n it nom inal
T ankage , high-grade, f. 0 . b. C hicago___ .U n it 6 .6 0
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CLASSIFIED LIST OF CH EM ICAL EQUIPM ENT
Absorption Towers

Badger & Sons Co., E. B., Boston, Mass. 
Dnriron Castings Co., N  Y . C.
Genera] Ceramics Co.. N. Y. C.
Knight, Maurice A., East Akron, Ohio. 
Lummus Co., The Walter E.. Boston, Mas*. 
Thermal Syndicate, Ltd., The, N. Y . C.
U. S. Stoneware Co., The, Akron, O.

Acid and Alkali Resistant Apparatus
Buffalo Pdy. & Mch. Co., Buffalo, N. Y. 
Cleveland Brass Mfg. Co., The, Cleveland, O. 
Duriron Castings Co., N. Y .  C.
Elyria Enameled Prod. Co., Elyria, O. 
facoby, Henry E., N. Y. C.
Pfaudler Co., Rochester, N. Y.

Acid Distillation Apparatus
Thermal Syndicate, Ltd., The, N. Y. C.

Acid Eggs
Bethlehem Fd’y  & Mach. Co., So. Beth., Pa. 
Buffalo Fdy & Mach. Co., Buffalo, N. Y. 
Devine Co., J. P., Buffalo, N. Y.
Jacoby, Henry E., N. Y. C.
Schutte & Koerting Co., Philadelphia, Pa.
U. S. Stoneware Co., The, Akron, O.

Acid Pitchers
Bausch & Lomb Optical Co., Rochester, N. Y. 
Guernsey Earthenware Co., The, Cambridge, O. 
Heil Chem. Co., Henry, St. Louis, Mo.
Knight, Maurice A., East Akron, O.
Palo Co., N. Y. C.
V . S. Stoneware Co., The, Akron, O.

Acid Plants (Complete or in Part)
Knight, M. A., Bast Akron, O.

Acid Proof Brick
Beiden Brick Co., Canton, O.
General Ceramics Co., N. Y. C.
Knight. M. A., East Akron, Ohio.
U. S. Stoneware Co., The, Akron, O.

Acids
Central Scientific Co.. Chicago. 111.
Dow Chemical Co., The, Midland, Mich. 
Eimer & Amend, N. Y. C.
Hell Chem. Co., Henry, St. Louis, Mo.
Merck & C o ., N, Y. C.
Palo Company, N. Y. C.
Powers-Welghtman-RosengartenCo., Phlla., Pa.

Acid Valves
Cleveland Brass Mfg. Co., The, Cleveland, O. 
Duriron Castings Co., N. Y. C.
General Ceramics Co., N. Y. C.
Schutte & Koerting Co., Philadelphia. Pa. 
United Lined Tube & Valve Co., Boston. Mass. 
York Manufacturing Co., York, Pa.

Acid Ware
General Ceramics Co., N. Y. C.

Acid Ware (Vitrified Clay)
Guernsey Earthenware Co., The, Cambridge, O. 
U. S. Stoneware Co., The, Akron, O.

Agitators or Mixers
Cleveland Brass Mfg. Co., The, Cleveland, O.

. Devine Co.. J. P., Buffalo, N. Y.
Dorr Co., The, Denver, Col.. & N. Y. C. 
Duriron Castings Co., N  Y. C.
Blyria Enameled Products Co., Elyria, O. 
General Filtration Co., Inc., Rochester, N. Y. 
Jacoby, Henry B., N. Y. C.
Pfaudler Co., Rochester, N. Y.
Sowers Mfg. Co., Buffalo, N. Y.
Stevens Brothers, N. Y. C.
Werner & Fflelderer Co., Saginaw, Mick.

Air Compressors
Abb£ Engineering Co., N. Y. C.
Crowell Engineering Co., Brooklyn, N. Y. 
General Electric Co., Schenectady, N. Y. 
Hubbard’s Sons, Norman, Brooklyn, N. Y . 
Schutte & Koerting Co., Philadelphia, Pa.

Air-Diffusing Plates 
General Filtration Co., Inc., Rochester, N. Y.

Air Washers
Carrier Engineering Corp., N. Y . C.

Alundum Ware
Hell Chem. Co., Henry, St. Louis, Mo.
Norton Co., Worcester, Mass.
Scientific Materials Co., Pittsburgh, Pa.

Ammeters
Brown Instrument Co.. Philadelphia, Pa. 
General Electric Co.. Schenectady, N. Y.

Ammonia
Hell Chem. Co., Henry, St. Louis, Mo. 
Powers-Weightman-Rosengarten Co..Phila.,Pa. 
Unger, John S., Chicago 111.

Ammonia Fittings and Supplies
York Manufacturing Co., York, Pa.

Ammonia— Salts of 
Hell Chem. Co., Henry, St. Louis, Mo.
Merck & Co., N. Y . C.
Powers-Welghtman-Rosengarten Co,, Phlla., Pa.

Ammonia Stills
Badger & Sons Co., E. B., Boston. Mass.

Analysis— Gas 
Sarco Co., Inc., N. Y. C.

Analysis— Gas Apparatus 
Bausch & Lomb Optical Co.. Rochester, N. Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Kn**cht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. 111.
Daigger & Co., A.. Chicago, 111.
Bberbach & Son Co., Ann Arbor, Mich.
Eimer & Amend, N. Y, C.
Emil Greiner Co., The, N. Y . C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chem Co., Henry, St. Louis, Mo.
Palo Company, N . Y . C.

Sarco Co., Inc., N. Y . C.
Sargent & Co., E. H., Chicago, 111.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H.. Philadelphia, Pa. 
Tirrill Gas Mach, Ltg. Co., N. Y . C.

Analytical Apparatus
Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Frandsc*. 
Central Scientific Co., Chicago, 111.
Daigger & Co., A., Chicago, 111.
Eberbach & Son Co., Ann Arbor, Mich- 
Eimer & Amend, N. Y. C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Sargent & Co., E. H., Chicago, 111.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H., Philadelphia, Pa. 
Tirrill Gas Mach. Ltg, Co., N . Y. C.

Analytical Laboratories
Columbus Laboratories, Chicago, 111. 
Dearborn Chemical Co., Chicago, 111.
Sadtler & Son, Samuel P., Philadelphia, Pa.

Aniline Oil— Salts of
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co., N. Y. C.

Antimony— Salts of
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co., N. Y. C.

Arsenic— Metallic & Salts 
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co.. N. Y. C.
Powers-Welghtman-Rosengarten Co.,Phlla.,Pa.

Arsenic Plants (Acid Proof Stoneware) 
Knight, M . A., East Akron, O.

Asphalt & Tar Testing Apparatus
Central Scientific Co., Chicago, 111.
Eimer & Amend, N. Y  C.
Heil Chem. Co., Henry, St. Louis, Mo. 
Scientific Materials Co.. Pittsburgh, Pa. 
Standard Scientific Co., N. Y. C.
Thomas Co., Arthur H., Philadelphia, Pa.

Autoclaves
Central Scientific Co., Chicago. 111.
Devine Co., J. P., Buffalo, N. Y.
Eimer & Amend, N. Y. C.
Heil Chem. Co., Henry, S t  Louis, Mo. 
Scientific Materials Co., Pittsburgh, Pa.
Tirrill Gas Mach. Ltg. Co., N. Y. C.

Autoclaves (Glass Enameled Steel)
Pfaudler Co., Rochester, N. Y.

Autoclaves (High and Low Pressure)
Buffalo Fdy. & Mch. Co.. Buffalo, N. Y.
Devine Co., J. P.. Buffalo. N. Y.

Automatic Pressure Regulators
Brown Instrument Co., The., Phila., Pa. 
Taylor Instrument Cos., Rochester, N. Y

Automatic Temperature Regulators
Brown Instrument Co., The, Phila., Pa.
Taylor Instrument Cos., Rochester, N. Y.

Bakelite
General Bakelite Co., N- Y. C.

Balances and Weights
Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago, 111.
Daigger & Co., A., Chicago, 111.
Eberbach & Son Co., Ann Arbor, Mich. 
Eimer & Amend, N. Y. C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Sargent & Co., E. H., Chicago, 111.
Scientific Materials Co.. Pittsburgh, Pa. 
Standard Scientific Co., N . Y. C.
Thomas Co., Arthur H., Philadelphia, Pa. 
Whltall Tatum Co., Philadelphia, Pa.

Barium— Salts of
Dow Chemical Co., The, Midland, Mich.
Heil Chem. Co.. Henry, St. Louis, Mo.
Merck & Co., N. Y. C.
Powers-Weightman-Rosengarten Co.,Phlla.,Pa.

Barometers
Brown InstrumentTCo., The, Phila., Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Taylor Instrument Cos., Rochester, N. Y. 
Standard Scientific Co., N. Y . C.

Beakers
Bausch & Lomb Optical Co., Rochester, N. Y  
Braun-Knecht-Heimann Corp., San Francisco. 
Central Scientific Co., Chicago. 111.
Daigger & Co., A., Chicago, 111.
Eimer & Amend, N. Y. C.
Fry Glass Co., H. C., Rochester. Pa.
Guernsey Earthenware Co., The, Cambridge, O. 
Heil Chem. Co.. Henry, St. Louis, Mo.
Herold China & Pottery Co.. Golden, Col. 
Kimble Glass Co.. Vineland. N . J. 
Macbeth-Evans Glass Co., Pittsburgh, Pa. 
Palo Company, N . Y . C.
Sargent & Co., E. H., Chicago, 111.
Whitall Tatum Co., Philadelphia, Pa.

Benzol
H eil C hem . Co.. H enry . S t. Louis. M o.
M erck & C o ..N . Y . C.

Betanaphthol
Heil Cbem. Co., Henry, St. Louis, Mo.
Merck & Co., N. Y. C.

Betanaphthol Apparatus
Buffalo Fdy. & Mch. Co., Buffalo, N. Y.

Bismuth— Metallic & Salts
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co.. N. Y. C. 
Powers-Weightman-Rosengarten Co.,Phlla., 

Blowers 
Abbé Engineering Co., N. Y. C.
Central Scientific Co., Chicago, III.
Crowell Mfg. Co., Brooklyn, N. Y.
Duriron Castings Co., N. Y. C.
Eimer & Amend, N  Y. C,
Heil Chem. Co.. Henry, St. Louis. Mo.
Palo Company, N. Y. C
Schutte & Koerting Co., Philadelphia, P».
Scientific Materials Co., Pittsburgh, Pa.

Boiler Covering
Magnesia Association of America, N . Y . C.

Boiler Water Treatment
Dearborn Chemical Co., Chicago, 111 
Heil Chem. Co.. Henry, St. Louis. Mo.
Merck & Co., N. Y. C.

Bolting Cloth
Abbé Engineering Co., N. Y. C.

Bone Black
Heil Chem. Co.. Henry, St. Louis. Mo 
Toch Bros., N. Y. C.

Books
Blakiston's Son &  Co., P., Phila., Pa. 
Chemical Publishing Co.. The, Easton, Pa. 
Heu Chem. Co., Henry, St. Louis, Mo 
Sargent & Co., E. H „ Chicago, III.
Van Nostrand Co., D., N. Y. C.
Wiley & Sons, Inc., John, N . Y . C.

Bottle Blowers
Wheaton Co.. T . C „ Millville, N. J.

Bottles (Glass)
Central Scientific Co., Chicago. Ill 
Eimer & Amend, N. Y. C.
Heil Chem. Co.. Henry. St. Louis. Mo 
Wheaton Co., T . C „ Millville. N. J.
Whitall Tatum Co., Philadelphia, Pa.

Brinell Machines
Central Scientific Co., Chicago, III
Eimer & Amend, N. Y. C
Heil Chem. Co., Henry. S t. Louis. Mo.
Palo Company, N. Y. C.
Scientific Materials Co., Pittsburgh, Pa.

Burner Guards
Heil Chem. Co., Henry, St. Louis, Mo.

1 Knight, M. A., East Akron, O.
Burners— Gas and Oil

Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun Corporation, Los Angeles. Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. 111.
Daigger & Co.. A , Chicago. Ill 
Detroit Heating &  Lighting Co., Detroit, Mich. 
Bberbach & Son Co., Ann Arbor, Mich. 
Eimer & Amend, N. Y. C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chemical Co., Henry. St. Louis. Mo.
Palo Company, N. Y . C.
Sargent & Co., E. H., Chicago, 111 
Schutte & Koerting Co., Philadelphia Pa. 
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co.. Arthur H.. Philadelphia, Pa. 
Tirrill Gas Mach. Ltg. Co., N . Y . C.

Burners— Sulphur
Schutte & Koerting Co., Philadelphia, Pa.

Burnishing Pots and Baskets (Acid Proof) 
Knight, M . A., East Akron, Ohio.

By-Product Machinery
Devin« Co., J. P., Buffalo, N. Y.
Swenson Evaporator Co., Chicago, 111.

Cable & Wire
General Electric Co., Schenectady, N. Y.

Cadmium— Salts of
Dow Chemical Co., The, Midland, Mich.
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co.. N. Y. C.
Powers-Weightman-Rosengarten Co.,Phila.,Pa.

Calcium— Salts of
Dow Chemical Co., The, Midland, Mich- 
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co.. N. Y. C
Powers-Weightman-Rosengarten Co.,Phila..Pa.

Calorimeters— Fuel and Gas 
Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. 111.
Daigger & Co., A., Chicago, 111.
Eimer & Amend, N. Y. C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Company, N. Y . C.
Sarco Co., Inc., N. Y. C.
Sargent & Co., E. H.. Chicago, HI.
Scientific Materials Co., Pittsburgh. Pa. 
Thomas Co., Arthur H., Philadelphia, Pa.

Capsules
Bausch Se Lomb Optical Co., Rochester, N. Y  
Braun-Knecht-Heimann Co., San Francise«.



For Laboratory and 
Industrial Uses

(Made from Gasoline)

T h e
“ D E T R O IT ”  
C o m b in a tio n  
G as
M a ch in e

Autom atically makes the best and cheapest gas for—  
Laboratory U ses of Every C haracter  

Also H eatin g , C ook ing , L ig h tin g  
(Over 30,000 in  d a ily  use)

D escrip tive  ca ta log  a n d  n a m e s  o f  u sers  in  
y o u r  lo c a lity  s e n t  on  r e q u e s t.

Made in both W eight and W ater Driven types

“ DETRO IT”
L aboratory B u n sen  Burner
W hen in need of L ab o ra to ry  B urners th in k  

of th e
“ D E T R O IT ”

T he s ty le  and  design speaks fo r itself.
Separate  contro l of b o th  a ir and  gas. T ripod  
Base th a t  will alw ays set level. G uaran teed  
to  work on C ity , N a tu ra l, o r G asoline-gas.
In  y ou r nex t order specify th e  “ D e tro it” and 
ge t the  best. T h e  nam e D e tro it” is s tam p ed  
on the  B urner— look o u t for im ita tio n s . Ask 
us for nam e of dealer in  y o u r v ic in ity  or 
o rder d irect.

D etro it H ea tin g  and  
L igh tin g  Co.
(E s ta b lis h e d  1868)

618 W ight S t., D etro it, M ich .

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

B A T A V IA , N. Y .

A n a ly t ic a l m e th o d  fu r n is h e d  u p o n  r e q u e s t

Y o u  all used P E R C H L O R I C  A C ID  

for potassium  determ inations a t  T ech, 

and k n o w .th a t  3 cents w orth replaces 

$8.00 w orth of chloro-platinic acid.

W e can now furnish you  w ith  chem i

ca lly  pure HCIO4, 60 %  by weight, and 

still further enable you  to  carry T ech  

efficiency and progress into the chem i

cal industry.

Genesee Chemical Company
D ep t. C

F A C T S O N  L E A V E S

All But Wholly Automatic
A  standardized system  of F acts. Com pact, Com plete, Up-to- 
date. N othin g com plex. A ll v e ry  simple. N o t a tim e-taker, 
b u t a tim e-saver. A  preserver of the v e ry  facts you do not 
w an t to lose— b u t do lose. T o -d a y  you  are m islaying valuable 
inform ation. Y o u  m ay be searching va in ly  for it. Tom orrow, 
w ith  L efax, you  w ill h ave it so handy, so surely, th at you will 
w onder how  you  ever g o t along w ithout Lefax.

There are over 2800 pages of chemical, engineering, business and military data avail
able in the Lefax standard loose-leaf form. Y o u  can select ju st w hat you want. New 
sheets are published monthly.
There are over 75 different forms of blank sheets for your private notes and data—

plain, ruled cross-section, engi-

L E F A X  FILE

P O C K E T  B O O K

neering and business forms. Again 
you can select just what you want.

H andy pocket binders are furnished for carrying your active 
notes and data. Handy filing boxes are supplied for filing 
your inactive sheets.

L e t  u s  e xp la in  i t  a ll to  y o u  free  fr o m  c o s t  o r  o b lig a tio n  
o n  y o u r  p a r t .  44T h e  p le a su r e  is o u r s .”  W h e n  y o u  
a c c e p t L E F A X  S E R V IC E  w e tr a n s fe r  th e  
to  y o u .  A d d ress—

LEFAX (Inc.)
S heridan  Building, 9th and Sansom  S tree ts

PHILADELPHIA, PA.
F ound ed  1910 Over 20,000 users
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(CWmtW)
C en tra l Scientific Co., C hicago, HI.
E im er & A m end, N . Y . C.

H eil Chem . Co., H enry , S t. Louis, M o. 
N o rto n  C o., W orcester, M ass.
T h erm al S ynd ica te , L td ., T he , N . Y . C.

Carbon Bisulfide
H eil Chem . Co., H en ry , S t. Louis, M o.
M erck & Co., N . Y. C.

Carbon Tetrachloride
Dow C hem ical Co., T he , M id land , M ich.
H eil Chem . Co., H enry , S t. Louis, M o.
M erck & Co.. N . Y. C.
Pow ers-W eightm an-R osengarten  C o .,P h ila .,P a .

Carboys
W hitall T a tu m  C o., Ph ilade lph ia , Pa.

Carboy Inclinators
C en tra l Scientific Co., Chicago, 111.
E im er & A m end, N . Y. C.
H eil Chem  Co., H enry , S t. Louis, M o

Carboy Stoppers
W hita ll T a tu m  Co., Ph ilade lph ia , Pa.

Carboy Stoppers (Acid Proof)
K n ig h t, M . A., E a s t  A kron , O.

Casseroles
B ausch & Lom b O ptical Co., R ochester, N . Y . 
B raun -K nech t-H eim ann  Co., S an  F rancisco . 
C en tra l Scientific Co., C hicago, 111.
D aigger & Co., A., C hicago, 111.
D uriron  C astings Co., N . Y. C.
E im er & A m end, N . Y- C.
G uernsey  E arth en w are  C o., T he , C am bridge, O. 
H eil Chem . Co., H en ry , S t. Louis, M o.
H erold  C hina  & P o tte ry  Co., G olden, Colo. 
Palo  C om pany , N . Y . C.
S argen t & C o., E . H ., C hicago, 111.
Scientific M ate ria ls  Co., P it tsb u rg h , Pa .

Castings (Acid and Heat Resisting)
B ethlehem  F d 'y  & M ach. C o., So. B eth ., P a . 
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
C leveland B rass M fg. Co., T he , C leveland , O. 
D evine Co., J .  P ., B uffalo, N . Y .
D uriron  C astings Co., N . Y . C.
Jaco b y , H en ry  E ., N . Y . C.

Castings— Caustic
Buffalo F d y . & M ch. Co., B uffalo, N . Y. 
D evine Co., J .  P ., Buffalo, N . Y .

Castings (Chemical)
B ethlehem  F d 'y  & M ach . Co., So. B eth ., P a . 
Buffalo F d y . & M ach . C o., Buffalo, N . Y. 
C leveland B rass M fg. C o., T he , C leveland, O. 
D evine Co., J . P ., Buffalo, N . Y.
D uriron  C astings C o., N . Y . C.
Jacoby , H en ry  E ., N . Y . C.
Sowers M fg. Co., Buffalo, N . Y .

Castings— Chemical, Acid and Caustic
Buffalo F d y . & M ch. Co.. Buffalo. N . Y. 
D evine Co., J . P ., Buffalo, N . Y .

Castings— Evaporator & Vacuum Pan
Buffalo F dy . & M ch. Co., B uffalo, N  ,Y . 
D evine C o., J . P ., Buffalo, N . Y.

Caustic Potash
H eil Chem . Co., H en ry , S t. Louis, M o.
M erck  & Co., N . Y . C.
Pow ers-W eigh tm an-R osengarten  C o .,P h ila .,P a .

Caustic Pots
B ethlehem  F d 'y  & M ach . C o., So. B eth ., Pa . 
Buffalo F d y . & M ch. C o., B uffalo, N . Y . 
D evine Co., J . P ., Buffalo, N . Y .

Caustic Soda
G eneral C hem . Co., N . Y . C.
Hell Chem . Co., H en ry , S t. Louis, M o. 
M allinck rod t C hem ical W ks., S t. Louis, M o. 
M erck & C o.. N . Y . C.
Pow ers-W eightm an-R osengarten  C o .,P h ila .,P a .

Caustic Soda Dissolvers— Automatic
L um m us Co., T h e  W alte r E .,  B oston , M ass.

Cement Filler 
T och  B ros, N . Y . C.

Cement Refractory
H eil C hem . Co., H en ry , S t. Louis, M o.
N orton  Co., W orcester. M ass.

Cement Testing Apparatus
B ausch & L om b O ptical Co., R ochester, N . Y. 
B raun -K nech t-H eim ann  Co., S an  Francisco. 
C en tra l Scientific Co., Chicago, 111.
D aigger & Co.. A., Chicago, III.
E im er & Am end, N , Y . C.
Griebel In s tru m e n t Co., C arbondale , Pa.
H eil C hem ical Co., H en ry , S t. Louis, M o.
Palo  C om pany , N . Y . C.
S argen t & Co., E . H ., Chicago. Ill 
Scientific M ate ria ls  Co., P ittsb u rg h , P a . 
T hom as Co., A rth u r H ., P h iladelph ia , P a .

Centrifugals 
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Cal. 
B raun -K nech t-H eim ann  C o., S an  Francisco. 
C en tra l Scientific Co.. Chicago. IU.
D aigger & Co., A., C hicago, 111.
E im er & A m end, N . Y . C.
H eil C hem ical Co., H en ry , S t. Louis, M o. 
In te rn a tio n a l E q u ip m en t Co., B oston, M ass. 
P a lo  C om pany , N . Y. C.
S argen t & Co., E . H ., Chicago, III.
Schaum  & U hlinger, In c ., Ph ilade lph ia , Pa . 
Scientific M ate ria ls  Co., P ittsb u rg h . Pa. 
S harpies S pecialty  Co., T he , W es tC h este r, Pa . 
T o lh u rs t M achine  W orks, T ro y , N . Y .

Centrifuges 
C en tra l Scientific Co., Chicago, 111.
H eil Chem . Co~ H enry , S t. Louis, M o.

Centrifugal Dryers
S chaum  & U hlinger, In c ., P h iladelph ia , Pa .

Centrifugal Engineers
S chaum  & U hlinger, In c ., P h iladelph ia , P a . 
Sharpies S pecia lty  Co., T he , W est C hester, P a . 
T o lh u rs t M achine W orks, T ro y , N . Y .

Cerium Oxalate 
M erck  & Co., N . Y . C.
P ow ers-W eightm an-R osengarten  C o .,P h ila .,P a .

Charcoal
B ooth  A p p ara tu s  Co., Syracuse, N . Y.
H eil C hem . Co.. H en ry , S t. Louis, M o.

Chemical and Process Patents 
F oster, A. B ., W ash ing ton , D . C.

Chemical Apparatus
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
C en tra l Scientific Co.. Chicago, 111.
D evine Co., J .  P ., B uffalo, N .  Y.
E im er & A m end, N . Y . C.
H eil C hem . Co., H en ry , S t. Louis, M o.
S chaum  & U hlinger, In c ., P h iladelph ia , P a . 
Scientific M ate ria ls  Co., P ittsb u rg h , P a . 
S ta n d a rd  Scientific Co., N . Y . C.
W ern e r  & P fle id erer Co., In c ., Saginaw , M ich.

Chemical Glass Tubing 
C en tra l Scientific Co., Chicago, IU.
E im er & A m end. N . Y. C
H eil Chem . Co., H enry , S t. Louis. M o.
K im ble  G lass Co.. V ineland, N . J .

Chemical Glassware
B ausch & L om b O ptical Co., R ochester, N . Y. 
B rau n -K n ech t-H eim an n  Co., San Francisco . 
C en tra l Scientific Co., Chicago, III.
D aigger & Co., A., Chicago, 111.
E berbach  & Son Co., Ann A rbor, M ich.
E im er & A m end, N . Y . C.
F ry  G lass Co., H . C ., R ochester, Pa.
G riebel In s tru m e n t Co., C arbondale, P a .
H eil C hem ical Co., H en ry , S t. Louis, M o. 
K im ble  G lass Co., V ine land , N . J.
L ab o ra to ry  S u pp ly  Co., C olum bus, O. 
M ac b e th -E v an s  G lass Co., P it tsb u rg h , Pa . 
P a lo  C om pany , N . Y . C.
S arg en t & Co., E . H ., Chicago, III.
Scientific M ate ria ls  C o., P ittsb u rg h , Pa. 
S ta n d a rd  Scientific Co., N . Y . C.
T hom as Co., A rth u r H ., P h iladelph ia , Pa. 
W h ea to n  C o., T . C ., M illv ille , N . J.
W hita ll T a tu m  C o., Ph ilade lph ia , Pa .

Chemical Mfrs.
M erck  & Co.. N . Y . C.
Pow ers-W eigh tm an-R osengarten  C o .,P h ila .,P a .

Chemical Plants (Complete Installation)
B adger & Sons Co., E . B ., B oston. M ass. 
B uffalo F d y . & M ch. Co., B uffalo, N . Y. 
D ev ine Co., J .  P ., Buffalo, N . Y.
K n ig h t, M . A ., E a s t  A kron, O.
L um m us C o., T h e  W alte r E ., B oston. M ass. 
Sw enson E v a p o ra to r  C o., C hicago, 111.

Chemical Plants (Erected and Supervised)
B adger & Sons Co.. E . B ., Boston, M ass. 
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
M cN am ara , M ., E v e re tt,  M ass.
Swenson E v a p o ra to r  C o., C hicago, 111.

Chemical Reagents
B aker C hem . Co., J . T ., P h illipsburg , N . J. 
B ausch  & Lom b O ptical Co., R ochester, N . Y. 
C en tra l Scientific Co., Chicago, 111.
D aigger & Co., A ., Chicago, 111.
E im er & A m end, N . Y . C.
G eneral C hem ical C o., B ak e r & A dam son 

W orks, E a s to n , Pa .
H eil C hem ical C o., H en ry , S t. Louis, M o. 
M erck & Co., N . Y . C.
P alo  C om pany , N . Y . C. 
Pow ers-W eigh tm an-R osengarten  C o .,P h lla .,P a . 
Scientific M ate ria ls  Co., P it tsb u rg h , P a .

Chemical Specialties 
H eil C hem . Co.. H en ry , S t. Louis, M o.
M erck  & Co., N . Y. C.
Pow ers-W eigh tm an-R osengarten  C o .,P h ila .,P a .

Chemicals
B adische C om pany , N . Y . C.
B ak er & A dam son C hem ical C o., E aston , Pa. 
B ak e r C hem ical C o., J .  T ., P h illipsburg , N . J . 
B ausch & L om b O ptical C o., R ochester, N . Y . 
B raun  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  C o., San Francisco. 
C en tra l Scientific Co.. Chicago. 111.
D aigger & Co., A ., Chicago, III 
D earbo rn  C hem ical Co., Chicago. 111.
Dow  C hem ical Co., T he , M id land , M ich. 
E b erb ach  & Son C o., A nn A rbor, M ich. 
E im er & A m end, N . Y . C.
G eneral C hem ical C o., N . Y . C.
G riebel In s tru m e n t Co., C arbondale, P a .
H eil C hem ical Co., H en ry , S t. Louis, M o. 
M erck  & C o., N . Y . C.
N a tio n a l Aniline & C hem ical C o., N . Y . C. 
N ew p o rt C hem ical W orks, In c ., N . Y. C.
Palo  C om pany , N . Y . C.
P fizer & Co.. C harles. N . Y . C. 
Pow ers-W eigh tm an-R osengarten  C o .,Ph ila .,Pa. 
R oessler & H asslacher C hem ical Co., N . Y . C. 
S a rg e n t & C o., E . H ., C hicago, 111.
Scientific M ate ria ls  C o., P it tsb u rg h , Pa. 
S ta n d a rd  Scientific C o., N . Y . C.
T hom as C o., A rth u r  H ., Ph ilade lph ia , Pa. 
T och  B ros.. N . Y . C.

Chemicals— C. P.
C en tra l Scientific Co., Chicago, 111.
E im er & A m end. N . Y  C.
H eil C hem . Co.. H en ry , S t. Louis, M o.
M erck  & Co.. N . Y . C.
P ow ers-W eightm an-R osengarten  C o .,P h ila .,P a . 
Scientific M ate ria ls  Co., P ittsb u rg h , Pa.

Chemicals— Laboratory
C en tra l Scientific Co., Chicago, 111.
E im er & Am end, N . Y. C.
H eil Chem . Co., H enry , S t. Louis, M o.
M erck & Co., N . Y . C.
Pow ers-W eigh tm an-R osengarten  C o.,PhiIa.,Pa„ 
Scientific M ate ria ls  Co.. P ittsb u rg h , Pa.

Chemicals— Medicinal
E im er & A m end, N . Y . C.
H eil C hem . Co., H en ry , S t. Louis, M o.
M erck & Co.. N . Y. C.
Pow ers-W eightm an-R osengarten  C o.,Phila.,Pa„

Chemicals— Photographic
E im er & A m end, N . Y. C.
H eil Chem . Co., H en ry , S t. Louis, M o.
M erck & Co.. N . Y. C.

Chemicals— Technical,
E im er & A m end, N . Y. C.
H eil C hem . Co., H en ry . S t. Louis, M o.
M erck  & Co.. N . Y . C.
P ow ers-W eightm an-R osengarten  C o .,P h ila .,P a .

Chemists’ and Assayers’ Supplies
C en tra l Scientific Co., Chicago. 111.
E im er & A m end, N . Y . C.
H eil C hem . Co., H en ry , S t. Louis, M o.
M erck & Co.. N . Y . C.
Pow ers-W eigh tm an-R osengarten  C o .,P h ila .,P a .

Chlorine Generators— Acid Proof
K n ig h t, M . A ., E a s t  A krou, O.

Chlorine— Liquid 
E lec tro  B leach ing  G as Co., N . Y. C.

Chromel Metal
H oskins M fg. Co., D e tro it,  M ich .

Chromium (Metal & Salts)
H eil Chem . Co., H en ry , S t. Louis, M o.
M erck & Co.. N . Y. C.
Pow ers-W eightm an-R osengarten  C o .,P h ila .,P a .

Circuit Breakers and Switches
G eneral E lec tric  C o., S chenec tady , N . Y.

Clarifiers
S harp ies S pecialty  Co., T he , W est C hester, Pa,

Classifiers
D o rr Co., T he , D enver, Colo., & N . Y . C.

Classifiers or Washers
D orr Co., T h e , D enver, Colo., & N . Y . C.

Coal-Tar Products
B adische C om pany , N . Y . C.
B a r re tt Co., T he , N . Y . C.
M erck  & Co., N . Y . C.
N a tio n a l Aniline & C hem ical Co., N . Y . C . 
N ew p o rt C hem ical W orks, In c ., N . Y . C.

Coal-Tar Products (Plants for)
D evine C o., J .  P ., B uffalo, N- Y .

Coal Testing Apparatus 
C en tra l Scientific Co., Chicago, 111.
E im er & A m end, N . Y . C.
H eil Chem . Co., H enry , S t. Louis, M o. 
Scientific M ate ria ls  Co., P it tsb u rg h , P a .

Cobalt— Metal & Salts
H eil Chem . Co., H en ry , S t. Louis, M o.
M erck  & Co.. N . Y . C.
Pow ers-W eigh tm an-R osengarten  C o.,Phila.,Pa^

Cocks— Plug (Acid Proof)
C leveland B rass M fg. Co., T he , C leveland, O. 
D uriron  C astings Co., N . Y . C.
K n ig h t, M . A.. E a s t  A kron , O.
U n ited  L ined T u b e  & V alve Co., B oston, M ass 
U. S. S tonew are  C o., T h e , A kron , O.

Coils or Worms (Acid Proof Stoneware) 
K n ig h t, M . A., E a s t  A kron, Ohio.

Colorimeters 
B ausch & Lom b O ptical Co., R ocheste r, N . Y. 
B raun  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  C o., San Francisco . 
C en tra l Scientific Co.. Chicago. 111.
D aigger & Co., A ., Chicago, 111.
E b erb ach  & Son C o., A nn A rbor, M ich.
E im er & A m end, N . Y . C.
G riebel In s tru m e n t Co., C arbondale , Pa.
H eil C hem ical Co., H en ry , S t. Louis, M o.
P alo  C om pany , N . Y . C.
S arg en t & Co., E . H ., Chicago, 111.
Scientific M ate ria ls  C o., P it tsb u rg h , P a . 
T hom as Co., A rth u r  H ., Ph ilade lph ia , Pa.

Colors— Aniline 
H eil C hem . Co., H en ry . S t. Louis, M o.
M erck  & Co., N . Y . C.

Colors— Aniline and Alizarine 
B adische C o., N . Y . C.
H eil C hem . Co., H en ry , S t. Louis, M o.
M etz  & Co., H  .A ., N . Y . C.
N a tio n a l Aniline and  C hem ical C o., N . Y . C*.

Combustion Tubes and Boats
B ausch & Lom b O ptical C o., R ochester, N . Y.. 
B rau n -K n ech t-H eim an n  C o., S an  Francisco. 
C en tra l Scientific Co., Chicago, 111.
D aigger & C o., A., Chicago, 111.
E im er & A m end, N . Y . C.
G eneral C eram ics C o., N . Y . C. #
G uernsey  E a rth en w are  Co., T he , Cambridge,JO.*. 
H eil C hem ical C o., H en ry , S t. Louis, M o. 
L ab o ra to ry  Supp ly  Co., C olum bus, O.
N orton  C o., W orcester, M ass.
Palo C om pany , N . Y . C.
S argen t & C o., E . H ., C hicago, 111.
Scientific M ate ria ls  Co., P it tsb u rg h , Pa. 
T h erm al S y nd ica te , L td ., T h e , N . Y . C.

Combustion Tubes and Boats (Platinum))
B aker 8c Co.. In c .. N ew ark , N . J .
H eil C hem . Co., H en ry , S t. Louis, M e.
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Protects Your Plant Against Corrosion
The best protection for wood or metal surfaces against corrosion is 
a reliable anticorrosive paint.
Eternium  is a scientific, high-grade, black coal-tar paint of m arvel
ous resisting properties, easily applied, quick drying and permanent.

I t  resists the action of dilute acids, alkalis, or the vapors of steam, 
gases and chemicals, forming an impervious surface that retains a 
fine gloss without chipping or cracking.

For iron or steel work, pipes, vats and containers of all kinds, for in
terior or exterior of tanks, receivers and all similar surfaces. E ter
nium will soon repay its own cost by the increased service secured.

Eternium is not "just another coal-tar paint.”  A  trial will prove 
its exceptional merits.
T he Research Department of the Barrett Company, 17 B attery 
Place, N . Y . C ity, will gladly submit further’ information, w ith sam
ples, etc., on request.

Company

N ew  Y ork Chicago Philadelphia  Boston
S t. Louis C leveland C inc innati P ittsbu rgh
D etro it B irm ingham  K ansas C ity  M inneapolis
N ashville  Sa lt Lake C ity S ea ttle  Peoria

A tlan ta  D u lu th  M ilwaukee B angor W ashington
Johnstow n  Lebanon Youngstown Toledo C olum bus R ichm ond 

L atrobc  Bethlehem  E lizabeth  Buffalo B altim ore
T H E  B A R R E T T  C O M PA N Y , L im ited: M ontreal T o ron to  W innipeg

. V ancouver S t. John, N . B H alifax, N . S- Sydney , N . S

I llu s tra tio n  is one-half 
actual size.

THE R. U. V. ULTRA-VIOLET RAY LAMP OUTFIT
Developed after years of experiment and the expenditure of thousands of dollars 
to the present sta te  of efficiency. Offered for application to various steps of 
processing and in the m anufacture of chemicals of many kinds where Ultra-Violet 
Rays are known to be advantageous as a catalytic or direct agent.

A source th a t produces Ultra-Violet Rays in large quantities, and of short wave
length. Does it consistently. Perm its and encourages the form ation of standard
methods th a t are accurate as to results and quick in action.

So lves m an y ve x in g  problem s in the research  laboratory.
In ch em ical w o rk s it  is  adaptable to variou s k in d s 

of v e sse ls .

I f  in te r e s te d  w r ite  u s  or ca ll on us.

The R. U .V .  Company, Inc., 120 Broadway, New York
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT—(Contfnue*/)
Compressors, Rotary

Crowell M fg. C o., B rooklyn, N . Y .
D evine Co., J .  P ., Buffalo, N . Y.
H ell C hem . Co., H en ry , S t. Louis, M o.

Concentrators— Sulphuric Acid
T h erm al Synd ica te , L td ., T he , N . Y . C.

Condensers (Barometric and Surface)
B irm ingham  M ch.& FcTy C o .,B irm ingham , Ala. 
Buffalo F d y . Sc M ch. C o., B uffalo, N . Y. 
D evine C o., J . P ., Buffalo, N . Y.
D uriron  C astings Co., N . Y . C.
Jacoby , H en ry  B ., N . Y . C.
L um m us Co., T h e  W alter E ., B oston , Ma»*. 
S ch u tte  Sc K oerting  Co., P h iladelph ia , P a . 
Steven* B rother», N . Y . C.

Condensers— Nitric Acid
T h erm al S y nd ica te , L td .. T he , N . Y . C.

Conductivity Measuring Apparatus
C en tra l Scientißc Co., Chicago. III.
Leeds Sc N o rth ru p  Co., T he , Ph ilade lph ia , P a .

Consulting Chemists and Chemical Engi
neers
A b b o tt, W . G ., J r .,  W Uton, N . H .
B ooth A p p ara tu s  C o., Syracuse, N . Y. 
B rickenste in , John  H ., W ash ing ton , D . C. 
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
C rdum bus L aborato ries. Chicago, Hi. 
E llis -F o s te r  C o ., M o n tc la ir , N . J .

. F o r t W orth  L aborato ries , T he, F t .  W orth , Tex. 
F oste r, A. B., W ashington , D. C.
Levin, Isaac  H ., N ew ark , N . J.
L ittle . A rth u r D ., In c ., C am bridge , M ass. 
M cN am ara , M ., E v e re tt,  M ass.
M an tiu s, O tto , 233 B roadw ay, N . Y . C. 
P a rk e r, C . L., W ashington, D. C.
S ad tle r Sc Son, Sam uel P ., P h ilade lph ia , Pa. 
S inger-P erlste in  C o., M ilw aukee, Wis.
Stillwell L aborato ries, N . Y. C.
S u tto n , F ran k , N . Y. C.
Swenson E v a p o ra to r C o., Chicago. 111. 
Tow nsend, C lin ton  P., W ashington, D. C. 
U nger, John  S.. Chicago, 111.
W ill C orpo ra tion , T he, R ochester, N . Y

Contracting Engineers
8w enson E v a p o ra to r Co., C hicago, 111.

Controlling Instruments
B row n In s tru m e n t C o., T he , Phila., Pa.
T ay lo r In s tru m e n t Cos., R ochester. N . Y.

Converters— Rotary
G eneral E lec tric  Co., S chenectady , N . Y.

Copper— Salts of
H eil C hem . Co., H enry , S t. Louis, M o.
M erck & Co.. N . Y . C.
P ow ers-W elghtm an-R osengarten  C o .,P h lla .,P a .

Cores
N orton  Co., W orcester, M ass.

Corn Oil (Extracted)
Counters— Revolution

Brow n In s tru m e n t Co., Ph ilade lph ia , Pa.
Critical Point Determination Apparatus

Brow n In s tru m e n t C o., P h iladelphia , Pa.
B im er Sc Am end, N . Y. C.
Hell Chem . Co., H en ry , S t. Louis, M o.
H oskins M fg. Co.. D etro it, M ich.
P alo  C om pany, N . Y. C.
Scientific M ate ria ls  Co., P ittsb u rg h , Pa. 
T hw ing  In s tru m e n t Co., P h iladelph ia , Pa.

Crucibles
B ausch Sc L om b O ptical Co., R ochester, N . Y 
B rau n  C orpo ra tion . Los Angeles, Cal. 
B raun -K nech t-H eim ann  Co.. San Francisco. 
C en tra l Scientific Co., Chicago. IlL 
D aigger Sc C o., A.. Chicago, 111.
D uriron  C astings Co., N . Y. C. (Acid proof.) 
E im er & A m end, N . Y. C.
G uernsey E arth en w are  Co., T he , C am bridge, O. 
Heil Chem ical Co., H enry , S t. Louis, M o. 
H erold  C hina & P o tte ry  Co., G olden, Col 
N orton . Co., W orcester, M ass. (A lundum .) 
Palo  C om pany, N . Y. C.
S argent Sc C o., E . H ., C hicago, 111.
Scientific M aterials  C o., P ittsb u rg h , Pa.
Therm al Sy ndicate, L td .,T h e .N . Y .C. (VitreosH.)

Crucibles, Platinum
A m erican P la tin u m  W orks, N ew ark , N . J . 
B aker & Co., Inc ., N ew ark . N . J.
B ishop & Co., J. M alvern , Pa.
C en tra l Scientific Co.. Chicago. HL 
E im er & Am end. N  Y  C.
H eil Chem . Co., H enry , S t. Louis. M o.
Scientific M ate ria ls  Co.. P ittsb u rg h . Pa.

Crushers and Grinders (Industrial and 
Laboratory)
A bbé E ngineering  C o., N . Y. C.
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orpora tion , Los Angde», Calif.
Ä raun K occh t-H eim ann  Co.. San Francisco. 
C en tra l Scientific Co.. Chicago. 111.
D aigger & Co., A., Chicago, 111.
E im er & A m end. N . Y. C.
Heil Chem ical Co., H enry , S t. Louis, M o.
P alo  C om pany , N . Y . C.
R aym ond  Bros. Im p a c t P tilv . Co., Chicago 111. 
S argen t & Co.. E  H ., Chicago, 111.
Scientific M ateria ls  C o., P ittsb u rg h , Pa.
T hom as Co., A rthu r H ., P h iladelphia , Pa: 
W illiam s P a ten t C rusher & Pulv. Co., Chicago.

Crystallizers— Ammonia Nitrate
Buffalo F dy . & M ch Co.. Buffalo, N . Y.
D evine Co., J . P ., B uffalo, N . Y.

Crystallizing Pans (Acid Proof)
K n ig h t, M . A., E a s t  A kron , Ohio.

Cupels
B ausch & L om b Optica! Co.. R ocheste r, N . Y. 
B rau n  C orpo ra tion , Los Angeles, Cal. 
B raun -K nech t-H eim ann  Co.. San Francisco. 
C en tra l Scientific Co., Chicago. 111.
D aigger & C o., A ., Chicago, 111.
E im er & A m end, N . Y. C.
H eil C hem ical C om pany, H enry , S t. Louis, M o. 
H ask ins M fg. Co., D e tro it, M ichigan.
N o rto n  C om pany , W orcester, M ass.

Cylinders (Glass)
B ausch & Lom b O ptical C o., R ochester, N . Y. 
B raun -K nech t-H eim ann  Co.. S an  Francisco. 
C en tra l Scientific Co., Chicago, 111.
D aigger & Co., A ., C hicago, III.
E im er & A m end, N . Y . C.
G riebel In s tru m e n t C o., C arbondale . Pa.
H eil C hem . Co., H enry , S t. Louis, M o.
K im b le  G lass Co.. V ineland , N . J .
Palo  C om pany , N . Y. C.
Scientific M ate ria ls  Co., P ittsb u rg h , Pa .
W hitall T a tu m  Co., P h iladelphia , Pa .

Decanting Pots— Acid Proof
K n igh t, M  A ., E a s t A kron, O.

Denitrating Apparatus
Buffalo F d y . Sc M ch. Co., Buffalo, N . Y. 

Diaphragms— Acid Proof
G eneral F iltra tio n  C o., In c ., R ochester, N . Y. 
H erold  C hina  & P o tte ry  Co., G olden, Colo.

Diffusion Apparatus
D evine C o., J . P ., Buffalo, N . Y .
G eneral F iltra tio n  Co., In c ., R ochester, N . Y . 
L um m us C o., T h e  W alter E ., Boston, M ass. 
Swenson E v a p o ra to r C o., Chicago, 111.

Dipping Baskets &  Jars— (Acid Proof)
K n igh t, M . A., E a s t A kron, Ohio.

D ishes (Crystallizing)
F ry  G lass Co., H . C ., R ochester. P a .

Dishes (Glass)
F ry  G lass Co., H . C ., R ocheste r, Pa.

Dishes (Petri)
F ry  G lass Co., H . C .. R ochester, Pa.
K im ble  G lass Co., V ineland , N . J .

Dishes (Platinum)
B ishop & Co., J .,  M alvern , Pa.
E im er & A m end, N . Y . C.
Heil C hem . Co., H enry , S t. Louis, M o. 

Dissolving Tanks— Automatic
B adger Sc Sons Co., E- B ., Boston, M ass. 
L um m us Co., T h e  W alter E ., B oston , Mas*. 
W erner 8c P fleiderer Co., Saginaw , M ich.

Distilling Machinery and Apparatus
B adger & Sons Co., E . B ., B oston, M ass. 
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B irm ingham  M ch.& F d’y C o.,B irm ingham , A la. 
B ooth  A p p ara tu s  Co., Syracuse, N . Y.
B raun  C orpo ra tion , Los Angeles, Calif. 
B raun -K nech t-H eim ann  Co.. San Francisco. 
Buffalo F d y  Sc M ch. Co., Buffalo, N . Y. 
C en tra l Scientific Co., Chicago, 111.
C leveland B rass M fg. Co., T he , C leveland, O. 
D aigger & Co., A., Chicago, 111.
D evine C om pany , J . P ., Buffalo, N . Y.
D uriron  C astings C o., N . Y . C.
E im er & A m end, N . Y . C.
E lec tric  H eating  A p p ara tu s  Co., N . Y. C.
E ly ria  E nam eled  P rod . Co., E ly ria , O. 
G eneral C eram ics Co., N . Y . C.
G riebel In s tru m e n t C o., C arbondale, Pa.
H eil Chem . Co., H en rv , S t. Louis, M o.
Jaco b y , H enry  E . N . Y . C.
L um m us Co., T he  W alte r E -, B oston , M ass. 
P alo  C om pany , N . Y . C.
P fau d le r Co., R ochester, N . Y.
S arg en t & Co., E. H ., C hicago, 111.
Scientific M ate ria ls  Co., P ittsb u rg h , Pa.
Sowers M fg. Co., Buffalo, N . Y.
S tokes M achine C om pany , F. J ., P h lla., P a . 
Swenson E v a p o ra to r C o., Chicago, 111.
T hom as Co., A rth u r H ., P h iladelphia , Pa.
U nger, John  S.. C hicago, 111.
Z arem ba C om pany , Buffalo, N . Y.

Draft Gauges
B rau n -K n ech t-H eim an n  Co., San_ Francisco. 
B row n In s tru m e n t Co , P h iladelph ia , Pa . 
C en tra l Scientific Co.. Chicago. 111.
H eil Chem . Co., H enry , S t. Louis, M o.
Palo  C om pany , N . Y. C.
Scientific M ate ria ls  Co., P it tsb u rg h . Pa .

Drum Dryers— Vacuum and Atmospheric
Buffalo F dy . & M ch. Co.. Buffalo, N . Y.
D evine C o., J . P ., Buffalo. N . Y.

Dry Blast Plants
C arrie r E ngineering  C orp ., N . Y . C.

Dryers— Atmospheric
B uffalo F d y . & M ch. Co.. Buffalo. N . Y. 
D evine Co., J . P ., Buffalo, N . Y .

Dryers— Centrifugals
Schaum  & U hlinger, In c ., Ph ilade lph ia , Pa .

Dryers— Vacuum
B adger & Sons Co., E . B ., B oston, M ass. 
Buffalo F d y . & M ch Co.. Buffalo. N . Y . 
D evine C o m p an y , J . P ., B uffalo, N . Y.
Jacoby , H enry  E ., N . Y. C.
Sowers M fg Co.. Buffalo. N . Y.
S tokes M ach ine Co., F . J ., P h iladelph ia , Pa. 
W erner & Pfleiderer Co.. Saginaw , M ich.

Drying Apparatus and Machinery
B adger & Sons Co , E  B.. Bo«ton. M ass. 
B irm ingham  M ch .& F d 'y  C o.,B irm ingham , Ala.

B uffalo F d y . & M ch. Co., Buffalo, N . Y. 
C en tra l Scientific Co , Chicago, 111.
D evine Co., J. P ., Buffalo, N . Y.
E im er & A m end, N . Y . C.
G eneral E lec tric  Co., Schenectady , N . Y .
H eil C hem . Co., H enry , S t. Louis, M o. 
Jacoby , H en ry  E ., N . Y. C.
Sowers M fg. Co., Buffalo, N . Y.
P alo  C om pany , N . Y . C.
W erner & Pfleiderer C o., Saginaw , M ich.

Duriron— Acid-Proof
D uriron  C astings C o., N  Y. C.

Dyestuffs
K u ttro ff, P ick h a rd t & Co., Inc ., N . Y . C. 
M erck  & Co., N . Y . C.
M etz  & Co., H  A., N . Y . C.
N a tio n a l Aniline & C hem ical Co., N . Y . C.

Dynamos and Motors
G eneral E lec tric  Co., S chenec tady , N . Y.

Efficiency Gas Burners
TirrUl G a , M ach. L tg . Co., N . Y . C.

Efficiency Instruments
B raun-K nech t-H eim ann  C o.,San Francisco,CaL 
B row n In s tru m e n t Co., P h iladelph ia , Pa. 
E im er & A m end, N . Y . C.
H eil Chem . Co., H en ry , S t. Louis, M o. 
H osk ins M fg. C o., D e tro it, M ich.
Palo  C om pany , N . Y . C.
Scientific M ate ria ls  C o., P ittsb u rg h , Pa. 
T hw ing In s tru m e n t C o., Ph ilade lph ia , Pa.

Electric Heating Devices
C en tra l Scientific C o., Chicago, 111.
H eil C hem . Co., H enry , S t. Loui« M o.

Electric Locomotives— Industrial
G eneral E lec tric  Co., S chenec tady , N . Y.

Electrical Instruments
B row n In s tru m e n t Co.. Pu ilade lph ia , Pa. 
C en tra l Scientific Co.. Chicago. 111.
G eneral E lec tric  Co., S ch^bectady , N . Y.
H eil C hem . Co., H en ry  S t. Louis, M o.
H oskins M fg. Co., D e tro it. M ich.
P alo  C om pany , N . Y  C.
T hw ing In s tru m e n t C o., Ph ilade lph ia , Pa.

Electrical Measuring Instruments '-
B row n In s tru m e n t C o., Ph ilade lph ia , Pa. 
C en tra l Scientific Co.. Chicago. 111.
G eneral E lec tric  Co., S chenectady , N . Y.
Hei] C hem . Co., H enry , S t. Louis, M o.
Leeci & N o rth ru p  Col, Ph ila ., Pa.
P alo  C om pany , N . Y . C.

Electrical Supplies
G eneral E lec tric  C o., S chenec tady , N . Y.

Electrodes— Platinum
A m erican P la tin u m  W orks, N ew ark , N . J. 
B aker & Co., In c ., N ew ark , N . J .
B ausch  & Lom b O ptical C o., R ochester, N . Y. 
B ishop & C o.. J ., P la tinum  W orks, M alvern , Pa. 
B raun  C orpora tion , Los Angeles. Cal. 
B rau n -K n c rh t-H e im an n  C o.,San Francisco,C aL 
C entra l Scientific Co., Chicago, 111.
D aigger & C o., A .. Chicago, 111.
E im er & A m end, N . Y. C.
E ngelhard , C has., N . Y . C.
H eil C hem ical Co., H en ry , S t. Louis, M o.
Paio  C om pany , N . Y . C.
S argen t & Co., E . H .. C hicago, III.
Scientific M ate ria ls  Co., P ittsb u rg h , P a .

Electrolytic Apparatus— Acid Proof
K n ig h t, M . A ., E a s t  A kron, O.

Enameled Apparatus (Acid Resistant)
E ly ria  E nam eled  Prod. Co., E ly ria , O., & N .Y.C . 
Jacoby , H en ry  E ., N . Y . C.
P fau d le r Co., R ochester, N . Y.

Enamel Paint (Impervious to Acid Fumes)
G eneral B akelite  C o., N . Y . C.
T och B ro thers , N . Y . C.

Essential Oils
M erck & Co., N . Y . C.

Evaporating Machinery
B adger & Sons C o., E . B ., B oston , M ass. 
B irm ingham  M ch. & Fdy .C o .,B irm ingham , Ala. 
Buffalo F dy . Sc M ch. C o., Buffalo, N . Y. 
D evine C om pany , J . P ., Buffalo, N . Y. 
E lec tric  H eatin g  A p p a ra tu s  Co., N . Y . C. 
Jacoby , H enry  E ., N . Y . C.
L um m us C o., T h e  W alte r E ., B oston, Mas*. 
Sowers M fg. C o., Buffalo, N . Y.
S perry  & Co., D . R ., B a tav ia , 111.
S tokes M ach . Co., F . J .,  P h iladelph ia , Pa. 
Swenson E v a p o ra to r C o., Chicago, 111.
W erner & Pfleiderer C o., Saginaw , M ich. 
Z arem ba C om pany , Buffalo, N . Y.

Evaporating Pans and Dishes
B ausch & Lom b O ptical C o., R ochester, N . Y. 
B rau n -K n ech t-H eim an n  C o.,San  Francisco,CaL 
Buffalo F d y . & M ch. Co., Buffalo, N . Y.
C en tra l Scientific Co., Chicago. 111.
D aigger & C o., A.. Chicago. III.
D evine Co., J . P ., B uffalo, N . Y .
D uriron  C astings Co., N . Y . C. (Acid Proof.) 
E im er & A m end, N . Y . C.
E ly ria  E nam eled  P rod . C o., E ly ria , O., & N .Y .C. 
G eneral C eram ics Co., N . Y  C.
G uernsey  E a rth en w are  Co., T he , C am bridge, O. 
H eil C hem ical Co., H en ry , S t. Louis, Mo. 
H erold  C hina & P o tte ry  Co., G olden, Colo. 
K n ig h t, M aurice  A., E a s t  A kron, Ohio.
Palo  C om pany , N . Y. C.
P fau d le r C o., R ochester, N . Y.
S arg en t & C o., E- H .. C hicago, 111.
Scientific M ate ria ls  Co., P it tsb u rg h , P a . 
T h erm al S ynd ica te , L td ., T he, N . Y . C.
U . S. S tonew are C o., T h e , A kron, O.
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Testing Metals for Hardness
T h e  U n ite d  S ta te s  B ureau  of S ta n d a rd s  says th e  B rinell 

m e th o d  is th e  m o st reliable b u t  th a t  th e  d e p th  (n o t th e  

d ia m e te r)  sh o u ld  be m easured .

This is all done automatically  
and in one operation with the

IMPROVED 
AMERICAN MODEL BRINELL 

HARDNESS TESTER
(Ask for booklet)

mr “  T h is m achine is especially adapted to testin g the hardness of shells

and firms doing such w ork can get im m ediate delivery.

D e sig n e d  a n d  M a n u fa c tu re d  by

Scientific Materials Company
bes Street PITTSBURGH, PA.

MODERNIZE YOUR EQUIPMENT  
Use Gas from YOUR OWN Plant

E L I M I N A T E  W O R R Y  A B O U T  C O A L  S H O R T A G E  A N D  
D I M I N I S H I N G  S U P P L Y  O F  N A T U R A L  G A S

Stansico Balance, $ 7 .5 0
W ith  Brass W eigh ts 1 eg. to 100 gram s, $11.00

Capacity 500 grams or 1 lb. Sensibility 0.01 gram. 
Beam 9 inches. Scale Pans 3 in. A dependable balance 
having many improved features. Offers best value for 
the money.

We S p e c ia liz e  in  S C IE N T IF IC  A P P A R A T U S  
A N D  L A B O R A T O R Y  SU P P L IE S , a n d  w ill be 
g la d  to  ta k e  care o f  y o u r  r e q u ire -  
m e n ts  fo r  C H E M IC A L  or P H Y S l-  
C A L A P P A R A T U S  a n d  C H E M IC A L S

STANDARD SCIENTIFIC COM PANY
147-153 Waverly Place, NEW YORK

Gas Easily and Cheaply Made
W ITH  A

T i r r i l l M * ™  GasMachine
f o r  H e a t i n g — C o o k i n g — L i g h t i n g

• n d  a ll  BRANCHES of CH EM ICAL IN D U S T R IE S  
F ully  guaranteed , easily insta lled . Affords 
the  same uses as city gas. N o th ing  to  get o u t 
of order. Does not affect insurance ra te s .

T I R R I L L  C o m b i n a t i o n  M i x i n g  V a l v e
regulates a ir and gas w ith one ad justm en t. Insures maximum 
of h e a t w ith minimum of gas consum ption. A dap tab le  to  
any  kind of gas. and unexcelled for a tm ospheric burners 
a n a  ap p ara tu s. W r ite  fo r  F R E E  B o o k l e t
Important.— W e are the  sole m anufacturers of th e  genuine 
T irrill B urners. T o  avoid getting  im itations, order d irec t from 
us or w rite us for the  nam e of the  T irrill dealer in y o u r vicinity

Tirrill G as M achine Lighting Co.
E stab lished  1864. 613T erm inal Bldg., 103 P a rk  A ve., N .Y .

S h eet m eta l sp ecia lties b u ilt  to  order 
u p on  specification .

L e t  u s  so lve  y o u r  fu e l  p r o b le m s . TIRRILL Combination mixing Valoe
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(G>n/miW)
E /aporators— Crystallizing

B irm ingham  M ch.& Fd’y  C o ..B irm ingham , A la. 
Buffalo Fdy. & M ch. Co.. Buffalo, N . Y. 
D evine Co.. J . P., Buffalo. N . Y.

Evaporators— Single and Multiple Effects
B irm ingham  M ch .& F d 'y  C o .,B irm ingham , A la. 
Buffalo Fdy. & M ch. Co., Buffalo, N . Y. 
D evine Co., J  P., Buffalo, N . Y.

Exhaust and Ventilating Fans
G eneral E lectric Co.. S chenectady . N . Y.

Exhaust and Ventilating Fans— Acid-Proof
D uriron  C astings Co., N  Y. C.

Extracting Apparatus
B adger & Son* Co.. E. B., B oston. Mas». 
C en tra l Scientific Co., Chicago, 111.
D evine Co.. J . P ., Buffalo, N . Y.
E im er & A m end. N . Y . C.
H eil Chem . Co., H enry , S t. Louis, M o.
K im ble  G lass Co., V ine land , N . J .
L u m m u j Co., T h e  W alter E.', Boston, Mass. 
Schaum  & U hlinger, In c ., Ph ilade lph ia , P a . 
Scientific M ate ria ls  C o., P it tsb u rg h , P a .

Extraction Cylinders
Badger & Sons Co., E. B., Boston, Mass. 
Lummus Co.. The Walter E., Boston, Mass.

Extraction Thimbles
Angel Co.. Inc ., H . R eeve, N . Y . C.
Central Scientific Co., Chicago, 111.
E im er & A m end. N . Y. C.
H eil C hem . Co., H en ry , S t. Louis, M o.
N orton  Co.. W orcester, M ais.

Extraction Thimbles (Greens)
B ausch  & Lom b O ptical C o., R ocheste r, N . Y . 
E im er & A m end, N . Y . C.
Scientific M ate ria ls  C o., P it tsb u rg h , P a . 
T hom as Co., A r th u r  H ., P h ilade lph ia , P a .

Extractors
Schaum  & U hlinger, In c ., P h ilade lph ia , P a .

Extractors— Centrifugal
International Equipment Co.. Boston, Maaa.
Schaum  & U hlinger, In c ., Ph ilade lph ia , P a .

Fabroil Gears & Pinions
General Electric Co.. Schenectady, N. Y .

Faucets (Stoneware— Acid Proof)
G eneral C eram ics C o., N . Y. C.
Knight, Maurice A., East Akron, Ohio.
U. S. Stoneware Co., The, Akron, O.

Fertilizer Industries Equipment
Schutte & Koerting Co., Philadelphia, Pa.

Filter Cloth (Metallic)
8weetland Filter Press Co., Brooklyn, N. Y.

Filtering Media
General Filtration Co., Inc., Rochester, N . Y. 
Herold China & Pottery Co., Golden, Colo.

Filter Paper
Angel Co., Inc.. H. Reeve, N. Y. C.
Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun-Knecht-Heimann Co., San Frandseo. 
Central Scientific Cc.. Chicago, HI.
Daigger & Co., A., Chicago, I1L 
Eimer & Amend, N. Y . C.
Hell Chemical Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Sargent fe Co., B. H., Chicago, I1L 
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H., Philadelphia, Pa. 
Whitall Tatum Co., Philadelphia, Pa.

Filter Paper Clippings
Angel Co., Inc., H. Reeve, N. Y . C.

Filter Paper (Green’s)
Bausch & Lomb Optical Co., Rochester, N. Y .  
Central Scientific Co., Chicago, 111,
E im er & A m end. N . Y . C.
Sargent & Co., E. H., Chicago, 111.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H ., Philadelphia, Pa. 

Filter Paper (Whatman)
Angel Co., H . R eeve. N . Y . C.
Bausch & Lom b O ptical Co., R ocheste r. N . Y. 
Central Scientific Co., Chicago, 111.
Daigger & Co., A., Chicago, III.
Eimer & Amend, N. Y. C.
Heil Chem. Co., Henry, St. Louis, Mo. 
Scientific Materials Co., Pittsburgh, Pa.

Filter Presses (Laboratory & Industrial)
Abbé Engineering Co., N. Y . C.
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co..San Francisco.Cal. 
Central Scientific Co., Chicago, HI.
E im er & A m end, N . Y. C.
Heil Chem. Co., Henry. St. Louis, Mo. 
Independent Filter Press Co., Inc., Brook

lyn, N . Y.
International Filtration Corp., N. Y . C. 
Jacoby. Henry E., N. Y. C.
Kelly Filter Press Co., Salt Lake City, Utah. 
Lungwitz, E. E-, N. Y. C.
Palo Company, N. Y . C.
Sargent & Co., E. H., Chicago, 111.
Shriver & Co., T., Harrison, N. J.
Sperry & Co., D. R., Batavia, IH.
Sweetland Filter Press Co., Brooklyn, N. Y.

Filter Pulp
Angel Co., Inc., H. Reeve, N. Y. C.

Filters
General Filtration Co., Inc., Rochester, N. Y. 
Norton Co., Worcester, Mass.

Filters— (Acid Proof)
General Filtration Co., Inc., Roche«ter, N. Y 
Knight, Maurice A., East Akron, Ohio.

Filters (Bone Black)
Colwell, Lewis, Chicago, 111.

Filters, Folded
Angel Co., In c ., II . R eeve, N . Y . C.
C en tra l Scientific Co.. Chicago, III.
E im er & A m end, N . Y . C.
H eil Chem . Co.. H enry . St. Louis, M o.

Filters, Folded (Greens)
B ausch & L om b O ptical Co., R ochester, N . Y . 
E im er & A m end. N . Y . C.
S arg en t & Co., E . H .. Chicago 111.
Scientific M ate ria ls  Co.. P it tsb u rg h . P a . 
T hom as Co.. A. H ., Ph ilade lph ia , Pa .

Filters— Vacuum
D evine Co., J. P ., Buffalo, N . Y.
G eneral F iltra tio n  Co., In c ., R ocheste r, N . Y .

Filters— Water
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orpo ra tion , Los Angeles, Calif. 
B raun -K nech t-H eim ann  Co., S an  F rancisco ,C al. 
B oo th  A p p ara tu s  Co., Syracuse, N . Y.
C en tra l Scientific Co., Chicago, 111.
D aigger & Co., A., Chicago, III.
E im er & A m end, N . Y . C.
G eneral Ceram ics Co., N  Y . C.
G riebel In s tru m e n t Co., C arbondale, Pa.
H eil C hem ical Co., H en ry , S t. Louis, M o.
Palo C om pany , N . Y. C.
S argen t & Co., E. H ., Chicago, 111.
S ch u tte  & K oerting  Co., Ph ilade lph ia , Pa . 
T hom as Co., A rth u r H ., P h ilade lph ia , Pa .

Filtros
G eneral F il tra tio n  C o., In c ., R ochester, N . Y .

Filtros— Vacuum
D evine C om pany , J .  P ., Buffalo, N . Y.

Fire Brick and Clay 
Beiden B rick  Co., C an ton , O.

Flasks
B ausch & L om b O ptical Co., R ocheste r, N . Y . 
B raun -K nech t-H eim ann  Co., San F rancisco . 
C en tra l Scientific Co., Chicago. HI.
D aigger & C o., A., Chicago, 111.
E im er & A m end, N . Y. C.
F ry  G lass Co., H  C., R ochester, P a .
H eil Chem . Co.. H enry , S t. Louis. M o.
K im ble  G lass C o., V ineland, N . J .
Palo  C om pany. N . Y. C.
Scientific M ate ria ls  Co., P ittsb u rg h , P a .
W hita ll T a tu m  Co., P h iladelph ia , P a .

Fuel Gas Plants
E im er & A m end, N . Y. C.
H eil C hem . Co.. H enry , S t. Louis, M o.
T irrill G as M ach . L tg . Co., N . Y . C.

Funnels
H eil Chem . Co., H en ry , S t. Louis, M o.
K im ble  G lass C o., V ineland . N . J .
K n ig h t, M . A., E a s t A kron, Ohio.
W hita ll T a tu m  C o.. P h iladelph ia , Pa.

Furnaces— Annealing— (Hardening and
Enameling)
A bbé E ngineering  C o., N . Y . C.
Brow n In s tru m e n t C o., Ph iladelph ia , Pa. 
C en tra l Scientific Co., Chicago, III.
E lec tric  H eatin g  A p p ara tu s  Co., N . Y . C. 
G eneral E lec tric  Co., Schenectady . N . Y .
H eil C hem . Co., H enry , S t. Louis, M o.
H osk ins M fg. C o., D e tro it, M ich.
P a lo  C om pany , N . Y . C.

Furnaces (Case Hardening, Rivet and Bolt)
A bbé E ngineering  Co., N . Y. C.

Furnaces— Electric Laboratory
B ausch & Lom b O ptical C o., R ochester, N . Y . 
B rau n  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  Co., San Francisco ,C al. 
B row n In s tru m e n t C o., P h iladelphia , Pa . 
C en tra l Scientific Co., Chicago, 111.
D aigger & Co., A., C hicago, 111.
E im er & A m end, N . Y . C.
E lec tric  H eatin g  A p p ara tu s  Co., N . Y . C. 
E ngelhard , C has., N . Y . C.
G eneral E lec tric  Co., Schenectady , N . Y. 
G riebel In s tru m e n t Co., C arbondale, Pa. 
H anov ia  C hem ical & M fg. Co., N ew ark, N . J. 
H eil Chem . Co., H en ry , S t. Louis, M o.
H osk ins M fg. C o., D e tro it, M ich.
Palo  C om pany , N . Y . C. (
S argen t & C o., E . H ., C hicago, 111.
Scientific M ate ria ls  C o., P ittsb u rg h , P a . 
T hom as Co., A rth u r  H ., P h iladelph ia . P a .
T irrill Ga* M ach . L tg . C o., N . Y . C. 

Furnaces— (Forge)
A bbé E ngineering  C o., N . Y . C.
B raun  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  Co., San F rancisco ,C al. 
E lec tric  H eatin g  A p p a ra tu s  Co., N . Y . C. 
H oskins M fg. C o., D e tro it, M ich.

Furnaces (Melting, Oil or Gas)
A bbé E ngineering  C o., N . Y . C.
B ausch & Lom b O ptical C o., R ochester, N . Y . 
B rau n  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  C o., S an  F rancisco ,C al. 
C en tra l Scientific Co.. Chicago, 111.
D aigger & Co., A ., C hicago, 111.
E lec tric  H eatin g  A p p ara tu s  C o., N . Y . C.
H eil C hem ical C o., H en ry , S t. Louis, M o.
P alo  C om pany , N . Y . C.
T irrill G as M ach . L tg . C o., N . Y . C.

Furnaces— Muffle
A bbé E ngineering  C o., N . Y. C.
B ausch & Lom b O ptical C o., R ocheste r, N . Y. 
B raun  C orpo ra tion , Lo» Angeles, Calif. 
B rau n -K n ech t-H eim an n  C o .,S an  F ranc isco ,C al. 
C en tra l Scientific Co., Chicago. 111.
D aigger & C o., A ., C hicago, IU.
E im er & A m end, N . Y . C.
E lec tric  H eatin g  A p p ara tu s  C o., N . Y . C.
H ell C hem ical C o., H en ry , S t. Louis, M o.

H oskins M fg. C o., D e tro it, M ich.
Palo  C om pany , N . Y . C.
S arg en t & Co., E . H ., C hicago, 111.
Scientific M ate ria ls  C o., P it tsb u rg h , Pa.

Furnaces— Sulphur
S ch u tte  & K oerting  C o., Ph ilade lph ia , Pa.

Galvanizing Tanks and Jars— Acid Proof
K n igh t, M . A., E a s t  A kron, O

Gas Analyzers
B raun-K nech t-H eim ann  Co., San Francisco. 
C en tra l Scientific Co., C hicago, 111.
D aigger & Co., A., Chicago, IU.
E im er & A m end. N . Y. C.
H eil Chem . Co., H enry , S t. Louis, M o.

Gas Apparatus
B ausch & L om b O ptical Co., R ochester, N. Y. 
B raun -K nech t-H eim ann  Co., San Francisco Cal. 
C en tra l Scientific Co., Chicago, 111.
D aigger & Co., A., C hicago, 111.
E im er & A m end, N . Y . C.
H eil C hem ical Co., H en ry , S t. Louis, M o. 
K im ble  G lass Co.. V ine land , N . J .
Palo C om pany , N .Y .  C.
S c h u tte  & K o ertin g  C o., Ph ilade lph ia , Pa. 
Scientific M ate ria ls  Co., P it tsb u rg h , Pa. 
T irrill G as M ach . L tg . Co., N . Y . C.

Gas Burners— Incandescent
H eil Chem . Co., H enry , S t. Louis, M o.
T irrill G as M ach . L tg . C o., N . Y . C.

Gas Machines
B rau n -K n ech t-H eim an n  Co., S an  Francisco. 
C en tra l Scientific C o.. C hicago 111 
D e tro it H eatin g  & l ig h t in g  C o., D e tro it,  Mich. 
E im er & A m end, N . Y. C.
H eil C hem . Co., H en ry , S t. Louis, M o.
Palo  C om pany , N . Y . C.
Scientific M ate ria ls  Co., P it tsb u rg h , Pa.
T irrill G as M ach . L tg . Co., N . Y . C.

Gas Pipe & Fittings (Chamotte)
K n ig h t, M . A., E a s t A kron. O.

Gauges— Recording. Suction & Vacuum
B ausch & L om b O ptical C o., R ocheste r, N. Y. 
B row n In s tru m e n t C o., Ph ilade loh ia , Pa.
H eil C hem . Co., H en ry , S t. Louis, M o.

Gauze— Base Metal 
H oskins M fg. C o., D e tro it, M ich.

Generators (Electro-Oxy-Hydrogen)
S hriver & Co., T . H arrison , N . J .

Glass
B ausch & L om b O ptical C o., R ochester, N. Y. 
B rau n -K n ech t-H eim an n  Co., S an  Francisco. 
C en tra l Scientific Co., Chicago. 111.
D aigger & Co., A., C hicago, III.
E b erb ach  & Son Co., A nn A rbor, M ich. 
E im er & A m end, N . Y . C.
H eil C hem . Co.. H enry , S t. Louis M o.
K im ble  G lass Co., V ine land , N . J .
Palo  C om pany , N . Y. C.
Scientific M ate ria ls  Co., P it tsb u rg h , Pa . 
W hita ll T a tu m  C o., P h ilade lph ia , Pa.

Glass Blowing
B ausch & L om b O ptical Co., R ochester, N . Y. 
B rau n  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  C o.,San  Francisco, Cal 
C en tra l Scientific Co., Chicago, IU.
D aigger & C o., A., C hicago, 111.
E im er & A m end, N . Y . C.
G re iner Co., E m il, N . Y . C.
G riebel In s tru m e n t Co., C arbondale, Pa.
H eil C hem ical C o., H en ry , S t. Louis, Mo. 
K im b le  G lass C o., V ineland , N . J .
P a lo  C om pany , N . Y . C.
S arg en t & Co., E . H ., C hicago, 111.
Scientific M ate ria ls  C o., P it tsb u rg h , Pa 
S ta n d a rd  Scientific Co., N . Y . C.
T irrill G as M ach . L tg . Co., N . Y . C.
W hita ll T a tu m  Co., P h ilade lph ia , Pa.

Glass Enameled Apparatus
E ly ria  E nam eled  P rod. Co., E ly ria , O., & N . Y. C. 
P fau d le r C o., R ochester, N . Y.

Graduates— Glass
C en tra l Scientific Co., Chicago, III.
E im er & A m end, N . Y . C.
F r y  G lass Co., H . C ., R ocheste r, Pa.
H eil C hem . Co.. H en ry , S t. Louis, M o.
K im ble  G lass C o., V ine land , N . J . 
M a c b e th -E v a n s  G lass C o.. P it tsb u rg h , Pa. 
Scientific M ate ria ls  Co.. P it tsb u rg h , Pa. 
W hita ll T a tu m  C o., P h ilade lph ia , Pa

Grinders
Abb£ E ngineering  Co., N . Y . C.
B raun  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  C o.,S an  Francisco, Cal. 
R aym ond  Bros. Im p a c t P u lv . C o., Chicago, HI. 
W illiam s P a t. C rusher & P u lv . C o., Chicago, HI.

Hardness Testing Apparatus
B raun  C orpo ra tion , Los Angeles, Cal. 
B rau n -K n ech t-H eim an n  C o., S an  Francisco. 
C en tra l Scientific Co., Chicago, 111.
E im er & A m end. N . Y . C.
H eil C hem . Co., H en ry , S t. Louis, M o.
Palo C om pany , N . Y . C.
Scientific M ate ria ls  C o.. P it tsb u rg h . Pa.

Heat Exchangers (Multi-Flow Design)
B irm ingham  M ch. & F d y . C o., Birm ingham , 
Ala.

Heat Insulation
M agnesia  A ssociation of A m erica, N . Y . C.

Heating Apparatus (Laboratory)
B ausch & L om b O ptica l C o., R ocheste r, N . Y. 
B rau n  C orpo ra tion , Los Angeles, C al. 
B rau n -K n ech t-H eim an n  Co., S an  Frandsoo. 
Brow n In s tru m e n t Co., Ph ilade lph ia , Pa. 
C en tra l Scientific Co., Chicago, IU.
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Refined 
Coal-Tar Products

Pure Benzol
D istillin g  100%  w ith in  a ran ge o f 2 0 C .

Xylol
D istillin g  100%  b etw e en  137 0 C . an d  142 0 C .

Solvent Naphtha
D istillin g  90%  a t 160° C .

Hi-Flash Naphtha
D istillin g  100%  b etw e en  150° C . and  200° C . 

G u a ra n te e d  flash -p o in t a b o v e  100 0 F .

Alpha Naphthylamin
M eltin g-p oin t 4 5 0 C ., or ab o v e.

Mono Nitronaphthalin
M eltin g -p o in t 50° C ., or above.

Ortho Cresol
M eltin g -p o in t 28° C ., or ab ove.

Cresol
U . S . P harm acop oeia  specification.

in these and otherIs assurance of high quality
Coal-Tar products.
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(CWmu«/)
Daigger & Co., A., Chicago, III.
Eimer 8c Amend, N. Y. C.
Electric Heating Apparatus Co., N. Y . C. 
General Electric Co., Schenectady, N. Y.
Hell Chem. Co., Henry, St. Louis, Mo. 
Hoskins Mfg. Co., Detroit, Mich.
Palo Company, N. Y. C 
Sargent & Co , E. H., Chicago, III.
Scientific Materials Co.. Pittsburgh. Pa.
Tirrill Gas Mach Ltg. Co., N Y C

Heating Specialties 
T irrill G as M ach . L tg . Co.. N . Y . C.

Hot Plates (Laboratory Purposes)
Bausch & LombOptical Co., Rochester, N . Y. 
Braun Corporation, Los Angeles, Cal. 
Braun-Knecht-Heixnann Co., San Francisco. 
Central Scientific Co., Chicago. 111.
Daigger & Co., A., Chicago, 111.
Eimer 8c Amend, N. Y. C.
Electric Heating Apparatus Co., N. Y. C. 
General Electric Co.. Schenectady. N. Y.
Heil Chemical Co., Henry. St. Louis, Mo. 
Hoskins Mfg. Co., Detroit, Mich.
Palo Company. N. Y. C.
Sargent & Co., E. H., Chicago, HI.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co.. Arthur H., Philadelphia, Pa. 
Tirrill Gas Mach. Ltg. Co., N Y C .

Hydrochloric Acid Apparatus
K nigh t, M . A.. E a s t A kron, O.

Hydro Extractors
Schaum & Uhlinger, Inc., Philadelphia, Pa. 
Tolhurst Machine Works, Troy, N. Y.

Hydrometers
Bausch & Lomb Optical Co., Rochester. N. Y. 
Braun Corporation, Los Angeles, Cal. 
Braun-Knecht-Heimann Co., San Francisco. 
Brown Instrument Co., The, Phila., Pa.
Central Scientific Co.. Chicago. 111.
Daigger & Co., A.. Chicago, III.
Eimer & Amend, N. Y. C.
Greiner Co., Emil. N. Y. C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chemical Co., Henry, St. Louis. Mo.
Palo Company, N. Y. C.
Sargent & Co.. E. H„ Chicago, III.
Scientific Materials Co., Pittsburgh, Pa.
Taylor Instrument Cos., Rochester, N. Y. 
Thomas Co., Arthur H., Philadelphia, Pa.

Hygrometers 
Hell Chem. Co., Henry, St. Louis, Mo.
Taylor Instrument Cos , Rochester, N . Y .

Ice-Making Machinery
General Electric Co.. Schenectady, N. Y  
York Manufacturing Co., York, Pa.

Ichthyol
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co., N. Y. C.

Impregnating and Drying Apparatus—  
Vacuum
Buffalo F d y . & M ch. Co., B uffalo. N . Y  
D evine Co., J . P ., Buffalo, N . Y. 

Incinerators 
T irrill Gax M ach. L tg . C a., N . Y . C. 

Incubators— Surgical 
Central Scientific Co., Chicago, 111.
Hell Chem. Co., Henry. St. Louis, Mo. 

Indicating Instruments
Brown Instrument Co., The, Phila., Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Taylor Instrument Cos.. Rochester, N. Y.

Indicators— (Speed & Test)
Brown Instrument Co., Philadelphia, Pa.
Heil Chem. Co.. Henry, St. Louis, Mo. 
Scientific Materials Co., Pittsburgh, Pa.

Industrial Burners & Specialties 
Hell Chem. Co., Henry, St. Louis, Mo.
Tirrill Gas Mach. Ltg. Co.. N  Y . C. 

Industrial Motor Control Devices
General Electric Co., Schenectady, N . Y.

Injectors for Acids and Gases
Knight, M. A.. East Akron. O.

Instrument— Precision Manufacturers 
Hell Chem. Co., Henry, St. Louis, Mo. 
Scientific Materials Co., Pittsburgh, Pa.

Iodine— Salts of
Heil Chem. Co., Henry, St, Louis, Mo.
Merck 8c Co.. N . Y. C.
Powers-Weightman-Rosengarten Co.,Phila.,Pa.

Iron— Metal and Salts
Hell Chem. Co., Henry, St. Louis, Mo.
Merck & Co.. N. Y. C.
Powers-Weightman-Rosengarten Co.,Phila.,Pa.

Iron and Steel Analysis Apparatus—  
Manufacturers
Eimer or Amend. N. Y. C.
Heil Chem. Co., Henry, St. Louis. Mo. 
Scientific Msterials Co.. Pittsburgh, Pa.

Jars (Hydrometer)
Fry Glass Co., H. C  . Rochester. Pa.
Kimble Glass Co., Vineland, N. J.

Jars, Museum & Specimen
Central Scientific Co.. Chicago, HI.
Eimer & Amend, N Y C
Heil Chem. Co., Henry, St. Louis, Mo.
Whitall Tatum Co., Philadelphia, Pa.

Jars (for Primary & Storage Batteries)
Central Scientific Co.. Chicago. 111.
Daigger 8c Co.. A.. Chicago, 111.
General Ceramics Co.. N. Y  C.
Guernsey Earthenware Co., The, Cambridge, O. 
Heil Chem. Co., Henry. St. Louis, Mo.
Whitall Tatum Co.. Philadelphia. Pa.

Jars and Jugs (Acid Storage)
B ausch 8c Lom b O ptical Co., R ocheste r, N . Y. 
G eneral C eram ics Co.. N . Y. C.
H eil Chem . C o.. H enry , S t. Louis. M o.
H erold C h ina  8c P o tte ry  C o ..G o ld en , Col. 

K n ig h t, M . A., E a s t A kron, O.
U. S . S tonew are Co., T he, A kron, O.

Kettles— Caustic Soda
Buffalo Fdy . & M ch. Co.. Buffalo, N . Y . 
D evine Co., J . P  , Buffalo. N . Y.

Kettles (Chemical Castings)
Buffalo F d y  & M ch. Co. Buffalo. N . Y . 
D evine Co., J  P ., Buffalo, N  Y.
C leveland B rass M fg. Co., T he , C leveland, O. 
D evine Co., J . P ., Buffalo, N . Y .
D uriron  C astings Co., N . Y . C.
Jacoby . H enry  E .. N . Y . C.
Sowers M fg. Co., Buffalo, N . Y.

Kettles (Lined)
B adger 8c Sons Co., E . B ., Boston, M ass. 
D ev ine  Co.. J  P ., Buffalo, N . Y.
E ly ria  Enam eled  Prod. C o., E ly ria , O., N .Y .C . 
P fau d le r Co.. R ochester. N . Y.
Sowers M fg. Co., Buffalo, N . Y.

Kettles (Steam Jacketed)
B adger & Sons Co.. B. B., B oston . M ass. 
B eth lehem  F d y  & M ch. Co.. So. B eth lehem .P a . 
Buffalo Fdy . & M ch. Co., Buffalo. N . Y . 
D evine Co.. J . P ., Buffalo. N . Y.
D uriron  C astings Co., N . Y . C.
E ly ria  E nam eled  P ro d . Co., E ly ria , O. 
Jacoby . H enry  E ., N . Y. C.
P faud ler Co. R ochester, N . Y.
Sow ers M fg. C o., Buffalo, N . Y .
S perry  & Co., D . R ., B atav ia , 111.
S tevens B ro thers, N . Y. C.
W erner & Pfieiderer Co., Saginaw . M ich.

Kettles (Stoneware)
G eneral C eram ics Co., N. Y. C.
K n ig h t. M. A., E a s t A kron, O.
U . S. S tonew are  C o., T he , A kron, O.

Kilns (Bone Black)
Colwell, Lew is, C hicago, 111.

Laboratory Apparatus— Designing &
Manufacturing 

C en tra l Scientific Co., Chicago, I1L 
E im er & A m end. N . Y. C.
H eil Chem . Co., H enry , S t. Louis, M o.
S argen t & Co E. H .. Chicago 111.
Schaum  & U hlinger, In c ., P h iladelph ia , Pa. 
Scientific M ate ria ls  Co., P ittsb u rg h , Pa . 
S ta n d a rd  Scientific  C o., N . Y . C.

Laboratory Burners
C en tra l Scientific Co., Chicago, I1L 
E im er & A m end. N . Y  C.
H eil C hem . Co., H enry , S t. Louis, M o. 
Scientific M ate ria ls  C o., P ittsb u rg h . Pa.
T irrill G as M ach. L tg . Co., N . Y . C.

Laboratory Chemicals 
C en tra l Scientific Co.. C hicago, 111.
D ow  C hem ical Co., T he, M id land , M ich.
E im er & A m end. N  Y . C.
H eil Chem . Co., H en ry , S t. Louis, M o.
M erck & Co., N . Y. C.
P ow ers-W eightm an-R osengarten  C o .,P h ila .,P a .

Laboratory Gas Machine
C en tra l Scientific Co.. Chicago, HL 
E im er & A m end, N . Y . C.
H ell Chem . Co., H en ry , S t. Louis, M o. 
Scientific M ate ria ls  C o., P ittsb u rg h , Pa.
T irrill G as M ach  L tg . Co., N . Y . C.

Laboratory Glassware
C en tra l Scientific Co., Chicago, HL
E im er & A m end, N . Y. C
H ell Chem . Co.. H en ry . S t. Louis. M o.
K im ble  G lass C o., V ine land , N . J .

Laboratory Supplies 
B ausch  8c L om b O ptical Co.. R ocheste r. N . Y . 
B raun  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  Co., S an  Francisco. 
C en tra l Scientific Co., Chicago, I1L 
D aigger 8c Co., A.. Chicago, IlL 
D uriron  C astings Co., N . Y. C.
E im er 8c A m end. N . Y . C.
G reiner Co., Em il. N . Y . C.
G riebel In s tru m e n t C o.. C arbondale. Pa.
H eil Chem . Co.. H en ry . S t. Louis. M o.
Palo C om pany , N . Y . C.
S argen t & Co., E . H ., Chicago, 111.
Scientific M ateria ls  Co.. P ittsb u rg h . Pa. 
S ta n d a rd  Scientific Co., N . Y . C.
Thom a* C o.. A rth u r H .. P h iladelphia , Pa. 
T irrill G as M ach. L tg . Co., N . Y . C.
W hita ll T a tu m  Co., P h iladelphia , Pa.

Laboratory Supplies, Platinum
C en tra l Scientific Co.. Chicago, IlL 
B aker & Co.. Inc .. N ew ark , N . J .
E im er & A m end. N . Y. C.
H eil Chem . Co., H en ry , S t. Louis, M o.

Lacquer
G eneral B akelite  Co., N . Y . C.

Lactic Acid
H eil C hem . C o., H en ry , S t. Louis, M o. 
P ow ers-W eightm an-R osengarten  C o .,P h ila .,Pa.

Lamps— Arc and Incandescent
G eneral E lec tric  Co.. S chenectady , N . Y.

Leaching Cells
Sw enson E v ap o ra to r Co., C hicago, IH.
Z arem ba Co., Buffalo, N . Y .

Lead Burning
McNamara, M., Everett, Mass.

Lead Lined Pipe and Accessories
Badger & Sons Co.. E. B.. Boston. Mass. 
Schutte 8c Koerting Co., Philadelphia. Pa.
United Lined Tube & Valve Co., Boston

M ass.
Lightning Arresters

General Electric Co., Schenectady, N. Y. 
Linings, Cupola

H erold  C hina  & P o tte ry  Co., G olden, Col.
Lithopone

N ew  Jersey  Zinc Co.. T he , N . Y . C.
Lubricants

Dearborn Chemical Co., Chicago, IlL
Machinery— Chemical

Buffalo Fdy. 8c Mch. Co.. Buffalo. N . Y. 
Devine Co.. J. P.. Buffalo. N  Y.
Werner & Pfieiderer Co., Inc., Saginaw, Mich. 

Machinery— Electrical
General Electric Co., Schenectady. N . Y.

Machinery— Mining and Metallurgical
Abbé Engineering Co., N. Y. C.
Braun Corporation. Los Angeles. Calif. 
Braun-Knecht-Heimann Co.. San Francisco. 
Central Scientific Co., Chicago, IlL 
Eimer 8c Amend, N. Y. C.
General Filtration Co., Inc., Rochester, N. Y. 
Heil Chem. Co., Henry, St. Louis, Mo.
Stokes Machine Co.. F. J .,  Philadelphia. Pa,

Machinery— Mixing and Kneading
Abbé Engineering Co., N. Y. C.
Elyria Enameled Products Co., Elyria, O. 
iacoby, Henry E., N. Y. C.
Pfaudler Co., Rochester, N. Y.
Sowers Mfg. Co.. Buffalo. N. Y.
Werner 8c Pfieiderer Co.. Saginaw, Mich.

Machinery— Pulverizing
Abbé Engineering Co., N. Y . C.
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co.. San Francisco. 
Central Scientific Co., Chicago, IlL 
Eimer & Amend, N. Y. C.
Heil Chem. Co., Henry, St. Louis, Mo. 
Raymond Bros. Impact Pulv. Co.. Chicago, HI.

Machinery (Special)
Badger & Sons Co., B. B.. Boston, Mass. 
Birmingham Mch.&Fdy.Co., Birmingham, Ala. 
Buffalo Fdy. & Mch. Co., Buffalo, N. Y. 
Cleveland Brass Mfg. Co., The, Cleveland, O. 
Devine Co., J . P.. Buffalo, N. Y.
Duriron Castings Co., N. Y . C.
Tacoby, Henry E., N. Y. C.
Sowers Mfg. Co., Buffalo. N. Y.
Stevens Brothers, N. Y. C.
Werner & Pfieiderer Co., Saginaw, Mich.

Magnesium— Metal and Salts
Dow Chemical Co., The, Midland Mich.
Hell Chem. Co.. Henry, St. Louis, Mo.
Merck 8c Co., N. Y . C.
Powers-Weightman-RosengartenCo.,PhHa^Ba.

Mercury— Salts of
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co., N. Y . C.
Powers-Weightman-Rosengarten Co.,Phila.,Fa.

Metallographie Apparatus
Bausch 8c Lomb Optical Co., Rochester, N. Y. 
Central Scientific Co., Chicago, 111.
Eimer & Amend, N. Y. C.
Heil Chemical Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Scientific Materials Co., Pittsburgh. Pa.

Metallurgical Laboratory Equipment
Bausch 8t Lomb Optical Co.. Rochester, N. Y. 
Braun Corporation, Los Angeles, Cal. 
Braun-Knecht-Heimann Co., San Francisco, Cal 
Central Scientific Co., Chicago, IlL 
Daigger 8c Co., A., Chicago, 111.
Eimer & Amend, N. Y . C.
Heil Chem. Co., Henry, St. Louis, Mo.
Hoskins Mfg. Co., Detroit, Mich.
Palo Company, N. Y . C.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H., Philadelphia, Pa.

M eters— Flow Air, Gas, Water
General Electric Co.. Schenectady. N. Y.

Microscopes
Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun Corporation, Los Angeles, Call/. 
Braun-Knecht-Heimann Co.. San Francisco. 
Central Scientific Co., Chicago, 111.
Daigger & Co., A., Chicago, IK 
Eimer & Amend, N. Y. C.
Heil Chem. Co., Henry St. Louis, Mo.
Palo Company, N. Y. C.
Sargent & Co., E. H.. Chicago. 111.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H., Philadelphia, Pa.

Microtomes
Bausch & Lomb Optical Co., Rochester, N. Y 
Central Scientific Co., Chicago, IlL 
Eimer & Amend. N. Y. C.
Heil Chemical Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Sargent & Co., E. H „ Chicago, IU.
Thomas Co., Arthur H., Philadelphia, Pa.

Micro Photo. Apparatus Mfrs.
Eimer & Amend, N. Y. C.
Heil Chem. Co., Henry, St. Louis, Mo. 
Scientific Materials Co., Pittsburgh, Pa.
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Anything in Hard Rubber
Tell Us o f Your Needs

T he Goodrich Hard Rubber Factory possesses 
the unique advantage o f an exclusively hard 
rubber plant associated with an immense fac
tory group manufacturing everything th at’s 
best in rubber. Its dual position combines 
the specialization o f a separate plant with the 
purchasing, production and marketing facil
ities o f  a great institution.
Our machine shop is so completely equipped for making 
molds, dies, tools and special machinery that we can give 
prompt and satisfactory service at a comparatively low cost 
to the customer. Our factory is complete within itself. No 
pains or expense is spared in producing the best possible 
product for a critical trade.

Send us your specifications

THE B.F. GOODRICH RUBBER COMPANY
Makers of the Celebrated Goodrich Automobile Tires—“ B est in th e  L ong  R un ”

The City of Goodrich—Akron, Ohio

U. S. Thrift Stamps Sold at A ll Goodrich Branches

GOODRICH
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(Continued)
Mills— Ball, Pebble and Tube

A bbé E ngineering  Co., N . Y . C.
C en tra l Scientific Co., C hicago, I1L 
E im er & A m end, N . Y. C.
H ell Chem . Co., H enry , S t. Louis, M o.
Palo  C om pany , N . Y . C.

Mixers
E ly ria  E nam eled  P ro d u cts  C o., E ly ria , O. 
P faud ler Co.. R ochester, N . Y.
Sowers M fg. Co., Buffalo. N . Y.
W erner & Pfleiderer Co., Saginaw , M ich.

Mixing Tanks
B adger 8c Sons Co.. E . B ., B oston, M ass. 
B uffalo F d y . & M ch. Co., Buffalo, N . Y . 
D evine Co.. J . P .. Buffalo, N . Y.
D uriron  C astings Co., N . Y . C.
E ly ria  E nam eled  P rod . Co.. E ly ria , O. 
LurnmuB Co.. T h e  W alte r E ., B oston, M ass. 
P fau d le r C o., R ochester, N . Y.
Sow ers M fg. Co., Buffalo, N . Y .
S tevens B ro thers, N . Y. C.
W erner 8c P fleiderer Co., Saginaw , M ich.

Molybdates
C en tra l Scientific Co.. Chicago, 111.
H ell C hem . Co., H en ry , S t. Louis, M o.
M erck  & Co.. N . Y . C.
P ow ers-W eightm an-R osengarten  C o .,PhIla .,Pa .

Molybdic Acid
B im er & A m end, N . Y . C.
H ell Chem . Co., H enry , S t. Louis, M o. 
Scientific M ate ria ls  C o., P it tsb u rg h , P a .

Montejus— Automatic
Buffalo F d y . 8c M ch. Co., B uffalo, N . Y . 
D evine Co., J .  P ., Buffalo. N . Y.
G eneral C eram ics Co., N . Y. C.
K n igh t, M aurice  A., E a s t A kron, O.
S ch u tte  8c K o ertin g  Co., Ph ilade lph ia , P a .

Mortars & Pestles 
C en tra l Scientific Co., Chicago, IlL 
E im er & A m end, N . Y . C.
H ell Chem . Co., H enry . S t. Louis, M o.
K im b le  G lass Co.. V ineland , N . J .
W hita ll T a tu m  Co., Ph ilade lph ia , Pa.

Muffles
E im er & A m end. N . Y . C.
H eil Chem . Co., H enry , S t. Louis, M o.
N o rto n  Co., W orcester, M ass.

Nickel— Salts of 
H ell Chem . Co., H en ry , S t. Louis, M o.
M erck & Co.. N . Y . C.
Pow ers-W eigh tm an-R osengarten  C o ..P h ila .,P a .

Nitrating Apparatus
Buffalo F d y . & M ch. Co.. Buffalo. N . Y. 
D evine Co.. J . P .. Buffalo. N . Y.
S chaum  & U hlinger, In c ., P h iladelph ia , Pa .

N’trating Pots
B ethlehem  F d y . 8c M ach .Co., So .B ethlehem ,P a. 
Buffalo F d y . & M ch. Co.. Buffalo, N . Y. 
D evine Co., J . P .. Buffalo, N . Y.
D uriron  C astings Co., N . Y . C.
E ly ria  E nam eled  P ro d u cts  C o.. E ly ria , O. 
G eneral C eram ics Co , N. Y . C.
K nigh t, M aurice  A., E a s t  A kron, O.
P faud ler Co., R ochester, N . Y.
Sowers M fg. Co., B uffalo, N . Y .
S tevens Bros., N . Y . C.
U. S. S tonew are  C o., T he, A kron, O.
W erner 8c P fleiderer Co., Saginaw . M ich.

Nitrators— Sulphonators, Etc.
B ethlehem  F d y . & M ach . Co., S ou th  B eth le 

hem , Pa.
S tevens B ros., N . Y . C.

Nitre Pot Acid Pipes
Buffalo F d y  & M ch. Co.. Buffalo. N . Y. 
C leveland B rass M fg. Co., T he, C leveland, O. 
D uriron  C astings Co., N . Y . C. (Special A lloy.) 
E ly ria  E nam eled  Prod. C o.. E ly ria , O. 
G eneral C eram ics Co., N . Y . C.
T herm al S yndicate . L td ., N .Y .C . (Silica W are.)

Nitric Acid Apparatus
B uffalo F d y . & M ch. Co., Buffalo, N . Y. 
D uriron  C astings Co., N . Y . C.

Nitric Acid Plants— Chemical Stoneware 
K nigh t. M aurice  A., B a s t A kron, O.

Nitric Acid Retorts
Buffalo F d y . & M ch. Co.. B uffalo. N . Y.

Nozzles (Acid Proof)
D uriron  C astings Co., N . Y . C.
S ch u tte  & K oerting  Co., P h iladelph ia , Pa.

Oil Testing Instruments
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun -K nech t-H eim ann  C o., San Francisco. 
C en tra l Scientific Co.. Chicago. 111.
D algger & Co., A ., Chicago. IU.
E im er & A m end, N . Y . C.
G riebel In s tru m e n t Co., C arbondale. Pa .
H eil C hem ical Co., H en ry , S t. Louis, M o.
P alo  C om pany, N . Y. C.
S argen t & Co., E . H ., Chicago, III.
Scientific M ateria ls  Co., P ittsb u rg h , P a .
T ay lo r In s tru m e n t Cos., R ocheste r, N . Y . 
T hom as Co.. A rth u r H ., P h iladelph ia , Pa .

Optical Instruments
B ausch & Lom b O ptical Co., R ochester, N . Y. 
C en tra l Scientific Co., Chicago. 111.
D aigger & Co., A.. Chicago, 111.
B im er & A m end, N . Y. C
H eil C hem . Co., H enry , S t. Louis, M o.
P alo  C om pany , N . Y . C.
T hw ing In s tru m e n t Co., P h iladelph ia , P a .

Optical Pyrometer
H eil C hem . Co., H enry , S t. Louis, M o.

Palo  C om pany , N . Y . C.
Scientific M ate ria ls  Co., P it tsb u rg h , Pa.

Oxygen (Pure)
Levin. Isaac  H .. N ew ark . N . J.

Packings (Condensing Tower)
G eneral C eram ics Co., N . Y. C.
K n ig h t, M aurice  A., E a s t A kron, O.
U. S. S tonew are C o., T he , A kron, O.

Paints
Toch  B ro thers, N . Y . C.

Panels, Rheostats, Motor Generator Sets 
and Tungar Rectifiers

G eneral E lectric Co., Schenectady , N . Y .
Paper, All Kinds

Angel Co.. Inc .. H . R eeye, N . Y . C.
Paranitr aniline

M erck & Co., N . Y. C.
Partition Rings (Chemical Acid Proof)

K nigh t, M aurice  A., E a s t  A kron, O.
Patent Attorneys

B rickenste in , Jo h n  H ., W ashington , D . C. 
F oste r. A. B.. W ashington, D . C.
P a rk e r, C . L ., W ashington , D . C.
T ow nsend, C linton P .. W ash ing ton , D . C.

Perchloric Acid, C. P.
G enesee C hem ical Co., B atav ia , N . Y .

Percolators
B adger & Sons Co., E . B ., B oston, M ass. 
Buffalo F d y . & M ch. Co., Buffalo, N . Y . 
D evine Co.. J . P ., Buffalo, N . Y.
E ly ria  E nam eled  P rod. Co.. E ly ria , O. 
G eneral C eram ics C o., N . Y . C.
P fau d le r Co., R ocheste r, N . Y .
W hita ll T a tu m  Co., P h iladelph ia , Pa .

Perhydrol
H eil C hem . Co., H en ry , S t. Louis, M o.
M erck & Co., N . Y. C.

Pharmaceutical Dryers
Buffalo F dy . & M ch. Co.. Buffalo. N . Y. 
W ern er & Pfleiderer Co., In c ., Saginaw , M ich. 

Pharmaceutical Preparations
M erck  & Co.. N . Y . C.
Pow ers-W eightm an-R osengarten  C o .,P h ila .,P a .

Phenol Apparatus
Buffalo F d y . & M ch. Co., Buffalo, N . Y .

Photomicrography
G ravelle, P h ilip  O., S . Orange, N . J .  

Photo-Micrographic Apparatus
B ausch & L om b O ptical Co., R ochester. N . Y. 
C en tra l Scientific Co., Chicago, 111.
E im er & A m end, N . Y. C.
H eil C hem . Co., H en ry , S t. Louis, M o.
Palo  C om pany , N . Y . C.
T hom as Co., A rth u r  H „  P h ilade lph ia , P a .

Physical Apparatus
S ta n d a rd  Scientific Co., N . Y . C.

Picric Acid Apparatus
K n ig h t, M aurice  A., E a s t Akron, O.

Pipe and Accessories (Acid Proof)
B eth leh em  F d y .& M ach .C o ., S o .B eth leh em ,P a . 
C leveland B rass M fg. Co., T he, C leveland, O. 
D uriron  C astings Co., N . Y . C.
E ly ria  Enam eled  P rod  Co.. E ly ria , O. 
G eneral C eram ics C o., N . Y. C.
H ero ld  C hina  & P o tte ry  Co., G olden, Col. 
K n ig h t, M aurice  A., E a s t A kron, O.
S ch u tte  & K oerting  C o., P h iladelph ia . Pa . 
T h erm al Synd ica te . L td .. N .Y .C .(F u sed  Silica.) 
U n ited  L ined  T u b e  8c V alve Co., B oston , 

M ass.
U. S. S tonew are  Co., T he . A kron, O.

Pipe and Fittings— Lead or Tin Lined
S c h u tte  & K o ertin g  Co., P h iladelph ia , Pa. 
U n ited  L ined  T u b e  8c V alve Co., B oston, 

M ass.
Pipe Coverings

T h e  M agnesia Association of A m erica, N . Y . C.
Pipes— Steam Jacketed

D evine Co., J . P .. Buffalo, N . Y.
Pitch for Protective Coatings 

T h e  B a r re tt Co.. N . Y . C.
Platinum (Sheet, Wire and Foil)

A m erican P la tin u m  W orks, N ew ark , N . J . 
B aker & C o., In c ., N ew ark , N . J.
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B ishop & Co.. J ., P la tin u m  W orks, M alvern , P a . 
C en tra l Scientific Co.. Chicago. IlL 
D aigger & C o., A., C hicago, 111.
E im er & A m end, N . Y  C.
H eil C hem ical C o., H en ry , S t. Louis, M o.
P alo  C om pany , N . Y . C.
S argen t & C o., E . H ., Chicago, 111.

Platinum Ware (Laboratory)
A m erican  P la tin u m  W orks. N ew ark . N . J. 
B ak e r & Co., In c ., N ew ark , N . J.
B ausch  & L om b O ptical Co., R ochester, N . Y . 
B ishop & C o., J .,  P la tin u m  W orks, M alvern , Pa. 
B ra u n  C orpo ra tion , Los Angeles, Cal. 
B rau n -K n ech t-H eim an n  Co., S an  Francisco. 
C en tra l Scientific Co.. Chicago. 111.
D aigger & Co.. A., Chicago, III.
E im er & A m end, N . Y . C.
E nge lha rd , C has., N . Y . C.
G riebel In s tru m e n t Co.. C arbondale, Pa.
H eil C hem . Co., H enry , S t. Louis, M o.
P alo  C om pany , N . Y . C.
S arg en t & Co., E . H ., Chicago. 111.
Scientific M ate ria ls  Co.. P ittsb u rg h . P a . 
T h o m as Co.. A rth u r  H ., P h iladelph ia , Pa .

Porcelain W are— Laboratory
B ausch  & L om b O ptical Co., R ocheste r, N . Y. 
B raun  C orpora tion , Los Angeles, Calif.

B rau n -K n ech t-H eim an n  Co.. S an  Francisco. 
C en tra l Scientific Co.. C hicago. 111.
D aigger & Co., A., Chicago, 111.
E im er & A m end, N . Y . C.
Griebel In s tru m e n t C o.. C arbondale. Pa. 
G uernsey  E arth en w are  Co., T he , Cam bridge, 0. 
Heil Cbem . Co., H enry , S t. Louis, M o.
Herold C hina  8c P o tte ry  Co., Golden, Col. 
Palo C om pany, N . Y . C.
S argen t & Co., E . H ., C hicago, 111.
Scientific M ate ria ls  Co., P ittsb u rg h , Pa. 
S tan d a rd  Scientific Co., N . Y . C.
T hom as C o., A rth u r  H ., Ph ilade lph ia , Pa.

Portable Ozonators
G eneral E lec tric  Co.. S chenectady , N . Y.

Potassium — Salts of
Dow C hem ical Co., T he, M id lan d , M ich.
Heil Chem . Co.. H enry , S t. Louis, M o.
M erck & Co.. N . Y. C.
Pow ers-W eightm an-R osengarten  C o.,Phila , Ps.

Pots— Acid Proof Stoneware 
K n igh t, M aurice  A., E a s t A kron, O. 

Precision Instrument Makers 
H eil Chem . Co., H en ry , S t. Louis, M o. 
Scientific M ate ria ls  C o.. P it tsb u rg h , Pa.

Protecting Tubes, Thermocouples
B row n In s tru m e n t Co., T h e , Ph ila ., Pa. 
H oskins M fg. C o., D e tro it, M ich.

Publishers
Chem ical Pub lish ing  Co.. E as to n , Pa.
Van N o stran d  Co., D ., N . Y . C.
W iley 8c Sons. Inc ., Jo h n , N .Y . C.

Pulverizers— Laboratory
A bbé E ngineering  Co., N . Y . C.
B ausch  & Lom b O ptical C o., R ochester, N. Y. 
B ra u n  C orpora tion . Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  Co., S an  Fraacisco. 
C en tra l Scientific Co., Chicago. 111.
D aigger & Co.. A., C hicago, 111.
E im er & A m end, N . Y , C.
H eil C hem ical Co., H en ry , S t. Louis, Mo.
P alo  C om pany , N . Y  C.
S argen t 8c Co.. E . H .. C hicago. 111.
T hom as Co., A rth u r H ., •Philadelphia, Pa. 
W illiam s P a te n t C rusher 8c P u lv . Co., Chicago.

Pumps
T irrill G as M ach . L tg . Co., N . Y . C.

Pum ps— Acid 
A m erican W ell W orks; T he , A urora , HI. 
B ausch & L om b O ptical Co., R ochester, N . Y. 
C en tra l Scientific Co., Chicago, 111.
C leveland B rass M fg . Co., T he, C leveland, 0. 
D ev ine Co., J . P ., Buffalo, N . Y.
D uriron  C astings C o., N . Y . C.
E im er & A m end, N . Y . C.
G eneral C eram ics Co., N . Y. C.
H eil Chem . Co., H en ry , S t. Louis, Mo.
P alo  C om pany , N . Y . C.
S ch u tte  & K o ertin g  Co., P h iladelph ia , Pa. 
U n ite d  L ined  T u b e  & V alve Co., Bostoa, 

M ass.
U. S. S tonew are Co., T h e , A kron, O.

Pumps (Chem ical)
A m erican  W ell W orks, T he , A urora , 111. 

Pumps (Laboratory Vacuum)
A bbé E ngineering  Co., N . Y . C.
B ausch & Lom b O ptical Co., R ochester, N . Y 
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
C en tra l Scientific Co., C hicago. 111.
Crow ell M fg. C o., B rooklyn, N . Y.
D aigger 8c Co.. A ., Chicago, 111.
D evine Co.. J . P .. Buffalo. N . Y .
E im er & A m end, N . Y . C .
H eil C hem . Co., H en ry , S t. Louis, M o. 
H u b b a rd ’s Sons, N orm an , B rooklyn, N . Y. 
P alo  C om pany . N . Y . C.
S arg en t & C o., E . H ., C hicago, IU.
S ch u tte  & K o ertin g  C o., P h iladelph ia , Pa. 
T hom as Co., A rth u r H ., Ph ilade lph ia , Pa.

Pumps (Vacuum)
A bbé E ngineering  Co., N . Y . C.
Buffalo F d y . & M ch. C o., Buffalo, N . Y. 
C row ell M fg. C o., B rooklyn, N . Y .
D evine C o., J . P ., Buffalo, N . Y.
Jacoby , H en ry  E ., N . Y. C.
S c h u tte  & K oerting  Co., Ph ilade lph ia , Pa.

Pump Parts Metal (Acid Proof)
D uriron  C astings Co., N . Y . C.
S ch u tte  & K oerting  Co., Ph ilade lph ia , Pa.

Pyrometer Tubes
B row n In s tru m e n t C o., T h e , P h ila ., Pa . 
N orton  Co., W orcester, M ass.

Pyrometers
B ausch  & L om b O ptical Co., R ochester, N . Y. 
B rau n  C orpo ra tion , Los Angeles, Calif. 
B rau n -K n ech t-H eim an n  Co.. S an  Frandsca. 
B row n In s tru m e n t Co., P h ilade lph ia , Pa. 
C en tra l Scientific Co.. Chicago. 111.
D aigger & Co., A., Chicago, III.
E im er & A m end, N . Y . C.
E nge lha rd , C has., N . Y . C.
G reiner Co.. Em il. N . Y . C.
G riebel In s tru m e n t Co., C arbondale, Pa. 
H anov ia  C hem ical & M fg. Co., N ew ark, N . J. 
H eil C hem  Co., H en ry , S t. Lo*»is, M o. 
H oskins M fg. C o., D e tro it, M ich.
Leeds & N o rth ru p  C o., T he , P h iladelphia . P*. 
P alo  C om pany , N . Y . C.
S argen t & Co.. E . H .. C hicago. 111.
Scientific M ate ria ls  C o , P ittsb u rg h , P». 
T ay lo r In s tru m e n t Cos., R ochester, N . Y. 
T hom as C o., A rth u r H .. P h ilade lph ia , Pa. 
T hw ing  In s tru m e n t Co., Ph ilade lph ia , Pa.

Pyrometers— Electrical
B row n In s tru m e n t Co.. Ph ilade lph ia , Pa.



July,  1918 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 47

MOST IMPORTANT EVENT OF THE YEAR
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT—{Continued)
Pyrometers (Optical)

Braun-Knecht-Heimann Co., San Frandeco. 
Brown Instrument Co., Philadelphia, Pa.
Heil Chem Co., Henry, St. Louis, Mo.

Pyrometers (Radiation)
Brown Instrument Co., The, Phila., Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Leeds 8c Northrup Co., The, Philadelphia, Pa, 
Taylor Instrument Cos., Rochester, N. Y. 
Thwing Instrument Co., Philadelphia, Pa.

Quartz
Booth Apparatus Co., Syracuse, N. Y.

Quartz Glass
Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun Corporation, Los Angele* Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Brown Instrument Co., Philadelphia, Pa. 
Central Scientific Co.. Chicago, III.
Daigger & Co., A., Chicago, 111.
Eimex 8c Amend, N. Y. C.
Engelhard, Chas., N. Y. C.
Greiner Co., Emil, N. Y. C.
Griebel Instrument Co., Carbondale, Pa. 
Hanovia Chemical 8c Mfg. Co., Newark, N . J. 
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Sargent 8c Co., E. H.. Chicago, I1L 
Scientific Materials Co.. Pittsburgh, Pa. 
Thermal Syndicate, Ltd., The, N. Y . C. 
Thomas Co., Arthur H., Philadelphia, Pa.

Radium
Eimer & Amend, N. Y. C.
Hell Chemical Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.

Reagent Bottles
Central Scientific Co., Chicago. I1L 
Eimer & Amend, N  Y. C.
Hell Chem. Co., Henry, St. Louis, Mo.
Whitall Tatum Co., Philadelphia, Pa.

Reagents— Chemical
Baker 8c Adamson Chem. Co., Easton, Pa. 
Baker Chem. Co., J. T., Phillipsburg, N. J. 
Bausch 8c Lomb Optical Co., Rochester, N. Y. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago, 111.
Daigger & Co., A., Chicago, IU.
Eimrr 8c Amend, N. Y . C.
Griebel Instrument Co., Carbondale, Pa.
Hell Chemical Co., Henry, St. Louis, Mo. 
Merck & Co., N. Y. C.
Palo Company. N. Y. C.
Powers-Welghtman*Rosengarten Co. Phila.,Pa. 
Sargent 8c Co.. E. H., Chicago. 111.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H.. Philadelphia, Pa.

Recording Instruments
Braun-Knecht-Heimann Co., San Francisco. 
Brown Instrument Co.. Philadelphia, Pa. 
Central Scientific Co., Chicago, HI.
Eimer & Amend, N. Y. C.
General Electric Co., Schenectady, N. Y.
Hell Chem. Co., Henry, St. Louis, Mo.
Hoskins Mfg. Co., Detroit, Mich.
Palo Company, N. Y. C.
Scientific Materials Co., Pittsburgh, Pa.
Taylor Instrument Cos., Rochester, N. Y. 
Thwing Instrument Co., Philadelphia, Pa.

Recording Instruments (For Pressure, 
Temperature, Etc.)
Brown Instrument Co., Philadelphia. Pa.
Hell Chem. Co., Henry, St. Louis, Mo. 
Scientific Materials Co., Pittsburgh, Pa.
Taylor Instrument Cos., Rochester, N. Y.

Reduction Kettles
Buffalo Fdy. 8c Mch. Co., Buffalo, N. Y.

1 Devine Co., J. P., Buffalo, N . Y.

Refineries— (Oil— Sugar Installation)
Lummus Co., The Walter E., Boston, Mass.

Refractories
Guernsey Earthenware Co., The, Cambridge, O. 
Heil Chem. Co., Henry, St. Louis, Mo.
Herold China 8c Pottery Co.. Golden, Colo. 
Norton Co.. Worcester. Maas.

Refrigerating Machinery and Apparatus
General Electric Co., Schenectady. N. Y.
Yock Manufacturing Co., York, Pa.

Regulators (Automatic Humidity)
Carrier Engineering Corp., N. Y. C.

Relays
General Electric Co., Schenectady, N, Y :

Resistance Ribbon— Base Metal
Hell Chem. Co., Henry, St. Louis, Mo.
Hoskins Mfg. Co., Detroit, Mich

Resistance Wire— Base Metal 
Heil Chem. Co.. Henry, St. Louis, Mo.
Hoskins Mfg. Co., Detroit, Mich.

Resistance Wire— Platinum
American Platinum Works, Newarc, N. J. 
Baker 8c Co., Inc., Newark, N. J.
Bishop & Co. Platinum Wks.. J.. Malvern. Pa. 
Heil Chem. Co., Henry, St. Louis, Mo.

Retorts
Badger 8c Sons Co.. E. B., Boston, Mass. 
Bausch & Lomb Optica] Co., Rochester, N. Y. 
Braun-Knecht-Heimann Co., San Francisco. 
Buffalo Fdy. 8c Mch. Co.. Buffalo, N. Y.
Central Scientific Co.. Chicago. 111.
Daigger 8c Co, A., Chicago III.
Devin* Co., J. P., Buffalo, N. Y.
Heil Chemical Co., Henry, St. Louis, Mo. 
Lummus Co., The Walter E., Boston, Mass.

P alo  C om pany , N . Y . C.
T herm al Synd ica te , L td ., T he , N . Y . C.

Retorts (Cast Iron)
Buffalo F dy . & M ch. Co., B uffalo. N . Y. 
D evine Co., J . P.. Buffalo, N . Y .
H eil Chem . Co., H enry , S t. Louis. M o.
S arg en t 8c Co., E . H ., Chicago, III.
Sow ers M fg. Co., Buffalo, N . Y.

Retorts— Acid (Cast Iron)
B ethlehem  F dy . & M ach. Co., So. B eth ., Pa . 
B uffalo F dy . & M ch. Co., Buffalo, N . Y. 
D evine Co., J . P ., Buffalo, N . Y.
G riebel In s tru m e n t Co., C arbondale, Pa. 
H erold  C hina  & P o tte ry  Co., G olden. CoL

Rotary Compressors or Blowers 
A bbé E ngineering  Co., N . Y . C.
Crowell M fg. Co., B rooklyn, N . Y .

Rotary Dryers— Vacuum and Atmospheric
Buffalo F d y . & M ch C o., Buffalo, N . Y . 
D evine Co., J .  P ., Buffalo, N . Y .

Rotary Lead Fans
S ch u tte  & K oerting  Co., P h ilade lph ia , P a .

Rubber Goods— Hard 
G oodrich R u b b er Co., T h e  B . F ., A kron, O.

Rubber. Tubing (Laboratory)
Angel Co., Inc ., H . R eeve, N . Y. C.
B ausch & L om b O ptical Co., R ochester, N . Y . 
B raun -K nech t-H eim ann  Co., S an  Francisco. 
C en tra l Scientific Co.. Chicago. 111.
D aigger & Co., A., Chicago, 111.
E im er & A m end, N . Y , C.
G riebel In s tru m e n t Co., C arbondale. P a .
H eil C hem ical Co., H en ry , S t. Louis, M o.
P alo  C om pany, N . Y . C.
S argen t 8c Co., E . H ., Chicago, 111.
Scientific M ate ria ls  Co., P ittsb u rg h , Pa . 
T hom as Co.. A rth u r H ., P h ilade lph ia , P a . 
T irrill G as M ach . L tg . Co., N . Y . C.
W hita ll T a tu m  Co., P h iladelph ia , Pa.

Scientific Apparatus
B ausch & L om b O ptical Co., R ochester, N . Y. 
B raun  C orpo ra tion , Los Angeles, Cal. 
B raun -K nech t-H eim ann  Co., San F rancisco . 
C en tra l Scientific Co., Chicago. 111.
D aigger & C o., A., Chicago, III.
E berbach  & Son Co.. A nn  A rbor, M ich.
E im er 8c A m end, N . Y. C.
H eil C hem ical Co.. H enry , S t. Louis, M o. 
H oskins M fg. Co., D e tro it, M ich.
P a lo  C om pany , N . Y . C.
S arg en t 8c Co., E . H ., Chicago, 111.
Scientific M ate ria ls  Co., P ittsb u rg h , Pa . 
S ta n d a rd  Scientific Co., N . Y . C.

Scientific Instrument Makers
C en tra l Scientific Co.. Chicago, I1L 
H eil C hem . Co., H enry , S t. Louis, M o. 
Scientific M ate ria ls  Co., P it tsb u rg h , Pa .

Screens (Grinding & Pulverizing)
R aym ond  Bros. Im p a c t Pu lv . Co., Chicago. IU.

Searchlights and Headlights
G eneral E lec tric  Co., S chenectady , N . Y.

Separators— Air 
R aym ond  Bros. Im p a c t. Pu lv . Co.. Chicago, HI.

Separators— Centrifugal
In te rn a tio n a l E q u ip m en t Co., B oston , M ass. 
Schaum  8c U hlinger, Inc ., P h iladelphia . P a  
Sharpies S pec ia lty  Co., T he, W est C hester, Pa. 
T o lh u rs t M achine W orks, T roy , N . Y.

Sheet M etal Apparatus (Special)
T irrill G as M ach . L tg . Co., N . Y . C.

Shelf Dryers— Vacuum 
Buffalo F dy . & M ch. C o., Buffalo, N . Y. 
D evine C o., J . P.. Buffalo, N . Y .

Shredders
W illiam s P a te n t C rusher 8c Pu lv . Co., Chicago, 

IU.
Silica— Fused

B ausch 8c L om b O ptical Co.. R ochester, N . Y. 
B raun  C orpo ra tion , Los Angeles, Calif.
B raun  K n ech t-H cim ann  Co., S an  Francisco. 
C en tra l Scientific Co.. C hicago. IU.
D aigger & Co., A.. Chicago, IU.
E im er & A m end, N . Y . C.
E ngelhard , C has., N . Y. C.
G re iner & Co., Em il, N . Y. C.
G reibel In s tru m e n t Co., C arbondale, Pa.
H eil Chem . Co., H enry . S t. Louis, M o.
P alo  C om pany . N . Y. C.
S argen t & Co., E. H ., Chicago, IU.
Scientific M ate ria ls  Co.. P ittsb u rg h , Pa. 
T h erm al Synd ica te . L td ., T he, N . Y . C. 
T hom as Co.. A rth u r H ., P h iladelphia , Pa.

Sinks, Laboratory Acid Proof
D uriron  C astings C o., N . Y . C.
K n ig h t, M aurice  A., E a s t A kron, O.

Soda Recovery Machinery
D evine Co., J . P ., Buffalo, N . Y .
Sw enson E v a p o ra to r Co., Chicago. IU.

Sodium-Benzol-Sulphonate Dryers
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
D evine Co., J .  P ., Buffalo, N . Y.

Sodium— Salts of
Dow  C hem ical Co., T he , M id land , M ich.
HeU C hem . C o., H en ry , S t. Louis, M o.
M erck & C o., N . Y . C.
Pow ers-W eigh tm an-R osengarten  C o .,P h ila .,P a .

Soldering Iron Heaters
T irrill G as M ach . Ltg. Co., N. Y . C.

Solenoids
C en tra l Scientific Co., Chicago, IU.

Solvent Recovery Apparatus (Vacuum)
Badger & Sons Co., E. B ., B oston, Mas«. 
Buffalo F d y . & M ch. Co., B uffalo, N . Y. 
D evine Co., J . P ., Buffalo. N . Y.
E ly ria  E nam eled  P rod. Co., E ly ria . O. 
L um m us C o.. T h e  W alte r E ., B oston , Mass. 
P faud ler Co., R ochester, N . Y ., 8c N . Y. C. 
Sowers M fg. Co., Buffalo, N . Y.
W erner & Pfleiderer Co., Saginaw , M ich.

Spelter
N ew  Jersey  Zinc C o., T he , N . Y . C.

Spiegeleisen
New Jersey  Z inc Co., T he . N . Y . C.

Spray Nozzles
S c h u tte  & K oerting  Co.. Ph ilade lph ia , Pa.

Steam Engineering Specialties
Sarco Co., Inc ., N . Y . C.

Steam Reducing Valves
T a y lo r In s tru m e n t Cos., R ocheste r, N . Y,

Steam Traps
Sarco Co., In c ., N . Y . C.

Sterilizers
C en tra l Scientific Co., Chicago, 111.
H eil C hem . Co., H en ry . S t. Louis, M o.

Stills— Aniline, Phenol and Betanaphthol
Buffalo F d y . & M ch. Co.. Buffalo, N . Y. 
D evine Co., J . P ., Buffalo, N . Y.

Stills— Nitric Acid and Sulfuric Add
Buffalo F d y . & M ch. C o., Buffalo. N . Y.

Stirring Apparatus 
B ooth  A p p ara tu s  Co., Syracuse, N . Y. 
C leveland B rass M fg. Co., T he, C leveland, O. 
D evine Co., J . P ., Buffalo. N . Y.
D uriron  C astings Co., N . Y . C.
E ly ria  E nam eled  P rod. Co., E ly ria , O. 
Jacoby , H en ry  E ., N . Y . C.
P a lo  C om pany , N . Y . C.
P fau d le r Co., R ochester, N . Y.
Sow ers M fg. Co., Buffalo, N . Y .
S tevens B ro thers, N . Y . C.
W erner 8c P fleiderer Co., Saginaw , M ich.

Stoneware— Chemical (Laboratory)
B ausch  & L om b O ptical Co.. R ochester, N . Y. 
B raun  C orpo ra tion , Los Angeles, Calif. 
B raun -K nech t-H eim ann  Co., S an  Francis«*. 
C en tra l Scientific Co.. Chicago. I1L 
D aigger at Co., A., C hicago, IU.
E im er & A m end, N . Y . C.
G eneral C eram ics Co., N . Y . C.
G riebel In s tru m e n t Co.. C arbondale, Pa.
HeU C hem . C o.. H en ry , S t. Louis, M o. 
K n igh t, M aurice  A., E a s t A kron, Ohio 
P a lo  C om pany , N . Y. C.
S argen t 8c C o., E . H ., C hicago. IU.
S c h u tte  & K oerting  C o., Ph ilade lph ia , Pa. 
Scientific M ate ria ls  C o., P it tsb u rg h . Pa. 
T hom as Co., A rth u r H ., Ph ilade lph ia , Pa.
U. S . S tonew are  Co., T h e , A kron, O.

Stoneware (Acid Proof— Industrial Pur
poses)
G eneral C eram ics Co., N . Y. C.
K n ig h t. M . A ., E a s t A kron, O 
S c h u tte  & K oerting  Co., PhU adelphia, Pa.
U . S. S tonew are Co., T he , A kron, O.

Stoppers— Rubber
C entra l Scientific Co., Chicago, IU.
E im er & A m end. N . Y. C.
HeU Chem . Co., H en ry , S t. Louis, M o.
W hita ll T a tu m  Co.. PhU adelphia, Pa.

Storage Battery Recharging Apparatus
G eneral E lec tric  Co., S chenec tady , N . Y.

Strontium— Salts of
H eil C hem . Co., H en ry , S t. Louis, M o.
M erck & Co.. N . Y . C.
Pow ers-W eigh tm an-R osengarten  Co^PhU a^Pa.

Sugar Mill Machinery
B irm ingham  M ch. & Fdy.C o.,B irm ingham ,A la . 
D evine Co., J . P., Buffalo, N . Y.
Sw enson E v a p o ra to r  Co., C hicago, HI.

Sulphonating Apparatus
Buffalo F dy . 8c M ch. Co., Buffalo, N . Y. 
D evine C o., J . J \ ,  Buffalo, N . Y .
D u riro n  Casting's C o., N . Y. C. .

Sulphuric Acid
H eil Chem . Co., H en ry , S t. Louis, M o.
N ew  Jersey  Zinc Co.. T he , N . Y. C. 
P ow ers-W eigh tm an-R osengarten  Co.,PhUa.*Fa.

Sulphuric Acid Apparatus
Buffalo F d y . 8c M ch. C o., B uffalo, N . Y. 
D uriron  C astings C o., N . Y. C

Sulphuric Acid Concentrating Pans
Buffalo F d y . & M ch. C o.. B uffalo. N. Y.

Sulphuric Acid Plants— Chemical Stone
ware
K n igh t, M . A ., E a s t  A kron, O.

Sulphuric Acid Recovery Apparatus
Buffalo F d y . & M ch. Co.. Buffalo, N . Y.
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J. GREEN H IG H EST Q U A L IT YB R IT ISH  M AK E

H A N D  M A D E  FILTER PAPER S
Grades J .G .5 7 5 , 595, 597 , 5 9 8 , 602 . 604 in Sheets and Flat C ircles 

H A N D  FOLDED CIRCLES GRADE J .G .588

IM P R O V E D  M A K E  E X T R A C T I O N  THIMBLES U N IF O R M  T H IC K N E S S  

N o. 2 ASH LESS DOUBLE WASHED GRADE J .G . 5892
•>‘||^ iV eigh t o f A sh  o f a  12.5 cm . circle =  .00026 gram .

Sole A gents for the U . S . A .
„ « . « « ■ » »  ' " Johnston. Horiburtfh 6? Co.,
S u p p lie d  b y  P r in c ip a l D e a le r s  2 0 -2 1  Queenhithe, London E. C. 4 . Eng.

INCREASE IN PRICE ON 
VITREOSIL LABORATORY WARE 

Effective July 1, 1918

When buying fused silica 
laboratory ware

look for the above trade
mark on wrapper

In view of the general increase in manufacturing costs, we are reluctantly 
compelled to make an advance of 25%  in the catalog prices of all vitreosil 
(fused pure silica) laboratory ware, to take effect on the first of July. 
There will also be an additional price increase on satin surface tubing 
with heavy wall in all sizes; we shall be glad to furnish particulars as to 
the new prices on such tubing upon request.

A t the new figures, vitreosil still represents the most economical form of 
laboratory equipment where resistance to extreme conditions of tem
perature and chemical action is desired.

We are glad to announce that there will be no change in price on vitreosil 
equipment for the chemical industries— concentration, condensation and 
cooling details, “ S”  bends, moulded pipe, and similar apparatus.

T H E  T H E R M A L  S Y N D IC A T E , L T D .
C H E M I S T S ’ B U I L D I N G  

N E W  Y O R K

MERCK & CO.
NEW YORK

ANALYTICAL 
MEDICINAL

PHOTOGRAPHIC 
TECHNICAL

MONTREAL ST. LOUIS
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(Conc/«¿eí/)
Switchboards

G eneral E lec tric  Co., S chenectady , N . Y.
Synthetic Oils & Chemicals

H eil Chem . Co., H enry , S t. Louis, M o.
M erck & Co., N . Y . C.

Syphons
G eneral C eram ics Co., N . Y. C 
S ta n d a rd  Scientific Co., N . Y . C.

Syphons— Steam  Jet
C leveland B rass M fg. Co., T he, C leveland, O. 

. D u riro n  C astings Co., N . Y . C. (Acid Proof.) 
E ly ria  E nam eled  P rod. Co., E ly ria . O. 
S c h u tte  & K oerting  Co., P h ilade lph ia , Pa.

Tachom eters
Brow n In s tru m e n t Co., Philadelphia , Pa.
P alo  C om pany, N . Y . C.
T ay lo r In s tru m e n t C os., R ocheste r. N . Y.

E im er & A m end. N . Y . C.
H eil Chem . Co., H enry , S t. Louis, M o.

Talc
H eil Chem . Co., H en ry , S t. Louis, M o.
M erck & Co., N . Y. C.
P ow ers-W eightm an-R osengarten  C o .,P h ila .,P a .

Tanks— (For Acid or Basic Reaction)
B adger & Sons Co., E . B ., B oston , M ass. 
Buffalo F dy . & M ch. Co., B uffalo, N . Y. 
C hadw ick-B oston  L ead Co., B oston , M ass,

• C leveland Bra* 3 M fg. Co. T he, C leveland, O. 
D evine Co., J . P .. Buffulo. N . Y.
D uriron  C astings Co., N . Y . C.
E ly ria  Enam eled  P ro d u cts  Co., E ly ria , O. 
G eneral C eram ics Co , N . Y. C.
K n igh t, M aurice  A.. E a s t  A kron, O.
L um m us Co., T he, W alter E ., Boston, M ass. 
P faud ler Co.. R ochester, N . Y.
U. S. S tonew are Co., T he . A kron, O.

Tanks— (Measuring & Self-decanting)
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
D evine Co.. J . P  , B uffalo, N . Y.
E ly ria  E nam eled  P rod . Co., E ly ria , O. 
P fau d le r Co., T he , R ochester. N . Y.
L um m us Co., T h e  W alte r E ., B oston , M ass.

Tanks— Pressure 
Buffalo F d y . & M ch. Co.. Buffalo, N . Y . 
D ev ine Co., J  P ., Buffalo, N . Y.
E ly ria  E nam eled  P rod . Co., E ly ria . O. 
G eneral C eram ics C o., N . Y . C.
P fau d le r Co.. R ochester, N . Y .
U. S. S tonew are  Co., T he, A kron. O.

Tanks (Sectional)
P faud ler Co.. R ochester, N . Y .

Tanks (Steel)
D evine Co., J . P ., Buffalo, N . Y .
S tevens B ro thers. N . Y. C.
T irrill G as M ach . L tg  Co., N . Y . C.

Tanks (Storage)
D evine Co., J. P ., Buffalo, N . Y.
E ly ria  Enam eled  P rod . Co.. E ly ria , O. 
G eneral C eram ics Co., N . Y . C.
K n ig h t. M . A., E a s t  A kron. O.
P fau d le r Co., R ocheste r, N . Y .
S tevens B ros.. N . Y . C.
T irrill Gas M ach. L tg . Co., N . Y . C.
U  S. S tonew are C o.. T he , A kron O.

Tannic Acid, Technical 
Heil Chem . Co.. H enry , S t. Louis. M o.
M erck & Co.. N . Y . C.

Temperature Control Instruments
Brow n In s tru m e n t Co.. P h ilade lph ia . Pa.
E im er & A m end, N . Y . C.
H anov ia  C hem ical & M fg. Co., N ew ark . N . J. 
H eil C hem . Co.. H enry , S t. Louis, M o.
H oskins M fg. Co., D e tro it. M ich.
Sarco C om pany. Inc ., N . Y . C.
Scientific M ate ria ls  Co., P it tsb u rg h , P a .
T ay lo r In s tru m e n t Cos., R ochester, N . Y. 
T hw ing In s tru m e n t Co., Ph ilade lph ia , P a .

Thermocouple Protecting Tubes
B row n In s tru m e n t C o., T he , Ph ila ., P a .
Heil Chem . Co.. H enry , S t. Louis, M o.
H oskins M fg. Co., D e tro it, M ich.
Scientific M ate ria ls  Co., P it tsb u rg h , P a .

Thermometers
B ausch & L om b O ptical Co., R ocheste r, N . Y . 
B raun  C orpora tion , Los Angeles, Cal. 
B raun -K nech t-H eim ann  Co., San F rancisco . 
B row n In s tru m e n t Co., P h iladelph ia , Pa. 
D aigger & Co., A.. Chicago, 111.
E im er & A m end, N . Y . C.
E ngelhard . C harles. N . Y . C.
G re iner Co., Em il, N . Y . C.
G riebel In s tru m e n t Co.. C arbondale, Pa . 
H anov ia  C hem ical & M fg. Co., N ew ark , N . J 
H eil C hem ical Co.. H en ry , S t. Louis, Mo.
P alo  C om pany , N . Y . C.
S argen t & Co., E . H .. C hicago. 111.
Scientific M ate ria ls  Co., P ittsb u rg h , P a . 
S ta n d a rd  Scientific Co., N . Y . C.
T ay lo r In s tru m e n t Cos., R ochester, N . Y. 
T hom as Co.. A rth u r H .. Ph ilade lph ia , P a . 
W hita ll T a tu m  Co., P h iladelph ia , P a .

Therm ostats
B ausch  & L om b O ptical C o., R ocheste r, N . Y . 
B raun -K nech t-H eim ann  C o., San Francisco . 
B row n In s tru m e n t Co.. Ph ilade lph ia . P a . 
D aigger & C o., A., Chicago, III.
E im er & A m end, N . Y . C.
Griebel In s tru m e n t Co., C arbondale, Pa .
H eil C hem ical Co., H en ry . S t. Louis, M o.

Palo  C om pany , N . Y . C.
Sarco Co., Inc ., N . Y. C.
Scientific M ateria ls  Co.. P ittsb u rg h , Pa. 
T ay lo r In s tru m e n t Cos., R ocheste r, N . Y . 
T hom as Co., A rth u r H ., Ph ilade lph ia , P a . 
T hw ing  In s tru m e n t Co., Ph ilade lph ia , Pa. 

Thickeners, or D ewaterers
D orr Co., T he , D enver, Col., and  N . Y . C. 
In d u s tria l F il tra tio n  C orp ., N . Y . C.

Tile (Tower)
G eneral C eram ics Co., N . Y. C.
G uernsey  E arth en w are  Co., T h e  C am bridge, O. 
K n ig h t, M . A., E a s t A kron, O.
U. S. S tonew are Co., T he, A kron, O.

Tile— Tower Grillage (Acid Proof Stone
ware)

k n ig h t .  M  A.. E a s t A kron, O.
Time Valves

T ay lo r In s tru m e n t Cos., R ochester, N . Y.
Tin

H eil Chem . Co., H en ry , S t. Louis, M o.
M erck & Co., N . Y. C.

Toluol
H eil Chem . Co., H en ry , S t. Louis, M o.
M erck  & Co., N . Y. C.

Tongs
H eil Chem . Co., H en ry , S t. Louis, M o.
H oskins M fg. Co., D e tro it, M ich.

Tower Packing or Filling (Acid Proof)
K n ig h t, M . A., E a s t  A kron, O.

Transformers
G eneral E lec tric  Co., Schenectady , N . Y.

Transmission Lines
G eneral E lec tric  Co., Schenectady , N . Y. 

Triangles
B ausch & L om b O ptical Co., R ochester, N . Y . 
B raun -K nech t-H eim ann  Co., San Francisco. 
D aigger 8c Co., A., Chicago, 111.
E im er & A m end, N . Y  C.
H eil C hem ical Co., H enry , S t. Louis, M o. 
H oskins M fg. Co., D e tro it, M ich.
Palo  C om pany , N . Y . C.
S argen t & Co., E . H ., Chicago, 111.
T h erm al S ynd icate . L td ., The, N . Y. C.

Triangles (Platinum) '
B aker & Co.. In c .. N ew ark , N . J.
H eil Chem . Co., H en ry , S t. Louis, M o.

Trinitrotoluol Apparatus
Buffalo F dy . & M ch. Co., B uffalo, N . Y. 

Tubes— Alundum 
H eil Chem . Co., H en ry , S t. Louis, M o.
N o rto n  Co., W orcester, M ass.

Tubes (Platinum'
B ishop & Co.. J ., P la tin u m  W orks, M alvern , P a . 
H eil Chem . Co., H en ry , S t. Louis, M o.

Tubing (Combustion)
F ry  G lass Co., H . C .. T he , R ochester, Pa .

Tubing (Glass)
B ausch & L om b O ptical Co., R ochester, N . Y 
B raun -K nech t-H eim ann  Co., San Francisco. 
D aigger & C o., A., Chicago, 111.
E im er & A m end, N . Y . C.
F ry  G lass Co., H . C ., R ochester, Pa.
H eil C hem . Co.. H en ry , S t. Louis. M o.
K im ble  G lass C o.. V ineland, N . J .
S argen t & Co., E . H .. C hicago. 111.
W hita ll T a tu m  C o., P h iladelph ia , Pa.

Tubing (Glass Blowers’)
F ry  G lass Co.. H . C .. T he , R ochester, Pa. 
K im b le  G lass Co., V ineland, N . J .

Tubing— India Rubber
Angel C o.. Inc ., H . Reeve, N . Y. C.
E im er & A m end, N . Y. C.
H eil C hem . Co., H enry , S t. Louis, M o.

Ultra Violet Lamp & Laboratory Outfit
R . U . V . Co., In c .. T he , N . Y . C.

Vacuum Drying Apparatus
B adger & Sons Co., E . B ., Boston, M ass. 
Buffalo F dy . & M ch. Co., B uffalo, N . Y. 
D evine Co., J . P ., Buffalo. N . Y.
E ly ria  E nam eled  P rod. Co., E ly ria , O. 
Jacoby , H en ry  E ., N . Y . C.
P fau d le r Co.. R ocheste r, N . Y.
S tokes M ach ine  Co., F  J .. P h iladelph ia , Pa . 
Sowers M fg. Co.. Buffalo. N . Y .
W erner & Pfleiderer Co., Saginaw , M ich.

Vacuum Ovens— Direct Heat 
B uffalo F d y . & M ch. Co., Buffalo, N . Y. 
D evine C o., J. P ., Buffalo, N . Y.

Vacuum Pans
B adger & Sons Co.. E . B .. B oston . M ass. 
B irm ingham  M ch.& F d’y  C o.,B irm ingham , Ala. 
Buffalo F d y . & M ch. Co.. Buffalo, N . Y . 
D evine Co., J . P . B uffalo, N . Y.
E ly ria  E nam eled  P ro d . C o., E ly ria , O. 
G eneral C eram ics C o., N . Y . C-.
Jacoby , H en ry  E ., N . Y . C.
L um m us Co., T h e  W alte r E ., B oston , M ass. 
P fau d le r Co.. R ocheste r, N . Y.
Sow ers M fg. Co., B uffalo, N . Y .
Sperry  & Co., D . R .. B atav ia , 111.
S tokes M achine Co.. F . J ..  P h ilade lph ia , Pa. 
Swenson E v ap o ra to r Co., Chicago. 111.
U. S. S tonew are C o., T he , A kron, O.
W erner & Pfleiderer Co.. Saginaw , M ich. 
Z arem ba Co., B uffalo, N . Y.

Vacuum Pumps
A bbé E ngineering  Co., N . Y . C.
B ausch & Lom b O ptical Co., R ochester, N. Y. 
B raun -K nech t-H eim ann  Co., S an  Francisco. 
Buffalo F dy . & M ch. Co.. Buffalo, N . Y. 
Crowell E ngineering  Co., B rooklyn, N . Y. 
D evine Co.. J. P ., Buffalo, N . Y.
E im er & A m end, N . Y . C.

H eil Chem . Co., H enry , S t. Louis, M o.
H u b b a rd ’s Sons, N orm an , B rooklyn, N . Y. 
S ch u tte  & K o ertin g  Co., Ph ilade lph ia , Pa.

Vacuum Recorders
Scientific M ate ria ls  Co., P it tsb u rg h , Pa .

Vacuum Stills
B udger & Sons Co., E . B.. Boston, M ass. 
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
D evine Co., J . P.. Buffalo N . Y.
E ly ria  E nam eled  P rod . Co.. E ly ria , O. 
Jacoby , H en ry  E ., N . Y . C.
L um m us C o., T h e  W alte r B.. B oston, M ass. 
P faud ler C o., R ocheste i N Y.
Sowers M fg. Co., Buffalo. N  Y.
S tevens Bros., N . Y . C.

Valves— Acid Proof
D uriron  C astings C o., N . Y . C.

Valves— Acid Proof Stoneware
K nigh t, M . A.. E ast-A kron , O.

Valves, Ammonia
Y ork  M an u fac tu rin g  C o., Y ork. Pa.

Valves and Fittings— Lead
S ch u tte  & K o ertin g  Co.. Ph ilade lph ia , Pa. 
U nited  L ined T u b e  & V alve Co., B oston , Mass

Valves— Steam  Jacketed 
D evine Co., J . P ., Buffalo, N . Y.

Varnish— Coil Impregnation
G eneral B akelite  Co., N . Y . C.

V ats— Acid Proof 
K n ig h t, M . A., E a s t A kron, O.

Vats (Rectangular)
E ly ria  E nam eled  P ro d u cts  Co.. E ly ria , O. 
P fau d le r Co., R ocheste r. N . Y.
Sowers M fg. Co., B uffalo, N . Y .

Viscosim eters
Brow n In s tru m e n t Co., T h e , Ph ila ., Pa.
H eil Chem . Co., H en ry , S t. Louis, M o.
T ay lo r In s tru m e n t Cos., R ocheste r, N . Y .

Vitreosil
H eil C hem . Co., H enry , S t. Louis, M o. 
T h erm al S yndica te , L td ., T he , N . Y . C.

Voltmeters
B row n In s tru m e n t Co., Ph ilade lph ia . Pa. 
G eneral E lec tric  Co., Schenec tady . N . Y.

Volumetric Apparatus 
E im er & A m end, N . Y . C.
H eil Chem . Co., H enry , S t. Louis. M o.
K im ble  G lass C o.. V ineland , N . J .
W hita ll T a tu m  Co., P h ilade lph ia , P a .

W ater Bath (Laboratory)
B ausch & L om b O ptical Co., R ocheste r. N . Y. 
B rau n -K n ech t-H eim an n  Co., San Francisco. 
D aigger & Co., A . C hicago. 111.
E im er & A m end, N . Y . C.
E lec tric  H eatin g  A p p a ra tu s  Co., N . Y . C.
H eil Chem . Co.. H en ry . S t. Louis, M o.
Palo C om pany . N  Y. C 
S argen t & Co., E . H .. Chicago, 111.
Scientific M ate ria ls  C o., P it tsb u rg h , P a . ‘ 
T hom as C om pany. A rth u r H .. P h iladelph ia . Pa. 
W hitall T a tu m  Co., P h ilade lph ia , P a .

W ater Softening Apparatus
B oo th  A p p ara tu s  Co., Syracuse, N . Y.

W ater Supply System s
T irrill G as M ach . L tE. Co., N . Y . C. 

Weighing M achinery— (Automatic)
W erner & P fleiderer C o., Saginaw . M ich.

W elding Apparatus
G eneral E lec tric  Co., Schenectady , N . Y.

W iring Devices
G eneral E lec tric  Co.. S chenectady , N . Y.

Wood Distillation Equipment 
B adger & Sons Co., E . B ., B oston , M ass. 
D evine Co., J . P ., Buffalo. N . Y.
E ly ria  Enam eled  P rod  C o., E ly ria , O. 
L um m us C o., T h e  W alte r E ., B oston , M ass. 
P fau d le r Co.. R ocheste r, N . Y.
Swenson E v a p o ra to r Co., C hicago, 111. 
Z arem ba Co.. Buffalo. N . Y.

Woulff Bottles— Acid Proof Stoneware
K nigh t, M . A., E a s t A kron, Ohio

Zinc, Dust
H eil Chem . Co.. H enry . S t, Louis, M o.
N ew  Jersey  Zinc C o., T h e , N . Y. C.

Zinc Oxides
H eil C hem . Co., H en ry . S t. Louis, M o. 
N evy.Jersey Zinc Co., T he , N . Y . C.

Zinc— Salts of
H eil C hem . C o.. H en ry , S t. Louis, M o.
M erck & Co., N . Y . C.

Zinc, Strip
H eil C hem . C o., H en ry . S t. Louis, M o.
N ew  Jersey  Zinc Co., T he , N . Y . C.

Zincs, Leaded
N ew  Jersey  Zinc Co., T h e , N . Y . C.
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Now 
Available

in a large variety of sizes 
including all those most in 
demand.

W hatman Extraction Thimbles 
are made from the same high 
grade materials as W hatm an 
Filter Papers, and rendered Fat- 
Free by a  special process, ab
solutely seamless, and can be 
used repeatedly.

Also W hatm an Fat-Free Strips 
for Milk Analysis, and Drop 
Reaction Paper.

Sole Representatives in the U. S. A 
and Canada:

H. REEVE ANGEL & CO., Inc.
7 to  11 Spruce S tree t N ew  Y ork

Order from  your Dealer 
—  Sp ecify  W hatm an  —

Mr. Research-Man:

STOKES 
Laboratory Vacuum Dryer?

Materials w hich are sensitive to 
heat and oxidation are dried rap
idly at a low temperature w ith
out exposure to the air. T h e  
dryer has two steam -hea ted  
shelves 1 2" x 1 8" w ith 4" clear
ance space, which may be heated 
with steam or hot water. A  
vertical surface condenser and 
receiver form the stand for the 
dryer.

F. J. Stokes Machine Co.
PH ILADELPH IA, PA.

H ave you  con sid ered  th e  ad
v a n ta g es of h a v in g  in  your  
laboratory  a

Seamless -
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The Palo Absorber
(P A T E N T E D )

P re v e n ts  tarn ish in g  and corrosion o f balances. K e e p s 
the a ir w ith in  A p p a ra tu s  C ases d ry  and acid-free. 
O rn ate , sim p le an d  p racticab le . S u p p lied  in three sizes 
for

B alan ces T estin g  A pp aratus
M icroscop es A pparatus C ases

E tc., E tc.

Write for pamphlet

Show ing P a lo  A bsorber in 
B alance Case P alo  A bso rber

TH E  ONLY RELIABLE

S u b s t i t u t e  f o r  P l a t i n u mRhotanium
N a m e  a n d  S y m b o l  R e g i s t e r e d  a s  T r a d e  M a r k s  

i n  U .  S .  P a t .  O f f . a n d  A l l o y  P a t e n t s  P e n d i n g

T r a d iî  M a r k

W e accept R hotanium  scrap! W rite fo r  catalog and R hotanium  tests!

PALS COMPANY
Laboratory Supplies and Chemicals

NEW Y O R K  C IT Y90-94 M AIDEN LANE

Kipps Generators Separatory Funnels 

Soxhlet Extractors Glass Stopcocks Information Service

Machinery, Equipment 

and Supplies
TH ERM O M ETERS  

for Powder Mills 

and Acid Plants 

in any length and 

scale. Members of the American Chemical 

Society, who may desire informa

tion concerning any special class 

or ma\e of machinery, equipment 

or supplies used in chemical or 

metallurgical operations, are invited 

to communicate With the

Also Stem Engraved 

T h e r m o m e t e r  s 

with and without 

U. S. Government 

Certificate

ADVE RT I S I NG D E P A R T M E N T
--------------------------------- OF THE---------------------------------

AMERICAN CHEMICAL SOCIETY
35 East f l i t  Street, NEW YORK CITY

3*24-26

GRIEBEL INSTRUMENT CO.
CARBONDALE, PA.


