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EDITORIALS
T H E  S P R IN G  M E E T IN G  A T  C IN C IN N A T I

T h e F o rty-n in th  M eetin g  of th e  A m erican C hem ical 
S o ciety  conven ed  in C in cin n ati, A pril 6th—10th; the 
to ta l registration  w as 658. T h e sessions were held 
a t the U n iv ersity  of C in cin n ati, tw e n ty  m inutes’ ride 
from  th e headq uarters a t th e H otel Sinton.

T h e business m eeting of the C oun cil on M onday 
even in g w as devoted  to com m ittee reports. T h e 
report of th e Supervisory C om m ittee on Standard 
M ethods of A n a lysis  w as discussed at length. A  
te n ta tiv e  report of th e special C om m ittee on Business 
M an agem en t w as m ade b y  Prof. B askerville. A fter 
som e discussion it  w as accep ted  as a report of prog­
ress and th e  com m ittee was requested to subm it 
it, w ith  a statem en t of the reasons for and against the 
plan proposed, to  th e C oun cil and local sections before 
M a y  15th , in order th a t final action  m ay be l^iken 
at th e A n nual M eetin g a t M on treal this fall.

T he form al opening of the convention  was the 
G eneral M eetin g in M cM ick en  H all, where the S ociety  
wras w elcom ed b y  th e H onorable F . S. Spiegel, M ayor 
of C in cin n ati, and b y  P resident C harles W . D ab n ey  
of th e U n iversity  of C in cin n ati. P resident T . W. 
R ich ard s responded to  th eir cordial greetings and 
con gratu lated  th e S o ciety  on th e recen tly  m ade 
statem en t th a t  the tw en tie th  cen tu ry  is to  be a 
chem ical cen tu ry . T h e scientific program  is printed  
in full in this issue.

T h e L ocal E xe cu tiv e  C om m ittee, consisting of F. 
W . W eissm ann, Stephen  J. H auser and A rch ibald  
C am p bell, deserve th e  unbounded gratitu d e of the 
S o ciety  for th e m anner in w hich th e y  handled the 
m an y d etails of th e m eeting. A rran gem ents were 
m ade w ith  th e U n iv ersity  of C in cin n ati for serving 
luncheon each d a y  at th e U n iv ersity , and th is was of 
special convenience to  those ta k in g  p a rt in th e m any 
excursions. T hese trips were in charge of M r. G. 
F arn h am  and included th e inspection of tw en ty-fou r 
im p o rtan t industria l p lan ts and points of interest 
in th e v ic in ity  of C in cin n ati, and visits to  th e N atio n al 
Cash R egister F a c to ry  a t D ay to n , Ohio, and the 
A m erican  R ollin g M ills a t  M iddletow n, Ohio. Special 
street ears or autom obiles were furnished so th a t the 
m inim um  fa tigu e  m ight result from  th e inspection 
of large plants. Special train s too k  the visitors to the 
D a y to n  and M iddletow n  factories. F u rth er details 
as to  these in stru ctiv e  and en jo yab le  excursions will 
be found elsewhere in th is Journal.

On T u e sd a y  even ing, th e com plim en tary  sm oker 
w as given  at th e H otel Sinton. A m ple supplies of 
food and fa vo rite  drinks were served along w ith 
choice brands of “ sm okes;”  th e m em bers were pro­
vid ed  w ith  colored tissue paper caps w hich added to the 
g a ie ty  of th e  occasion. M r. E . B . R em elin  
hum orously dem on strated  the sim p lic ity  of several 
M odern C hem ical D evelopm ents including th e  m anu­
fa ctu re  of sy n th etic  rubber, the ease w ith  which 
radium  m ay be prepared in large quan tities (according

to  m ethods developed b y  Prof. Parsons) and its use 
in th e rap id  cure of m alignant cancer. A  cartoonist 
sketched  fa vo rite  poses and w'ell-known charac­
teristics of prom inent personalities in th e Society, 
and th e en tertainm ent w as concluded b y  a number of 
d eft and pleasing sleight-of-hand tricks. M r. Broe- 
man and his com m ittee received th e than ks of all 
present for a m ost successful evening.

A  notable en tertainm ent was furnished by the 
C in cin n ati S ym p h on y O rchestra in  a complimentary 
concert tendered to  th e , v isitin g  m em bers of the 
S ociety  b y  th e C in cin n ati Section a t the Emery 
A uditorium  on W edn esday even ing w ith  Dr, Ernst 
K u n w ald  conductin g and M r. E m il Heermann as
violin  soloist.

PROGRAM.

1. O verture— " D e r  F re isch ü tz1’ .................................................... Weber
2. “ U nfinished”  S ym p h o n y ........................................................Schubert
3. H ungarian R hapsody N o. 1 ......................................................... Liszt
4 Concerto Grosso N o. 6 .............................................................. Haendel

D r. K u n w ald  a t the Piano.
5. V iolin  C on certo .............................................................................. ’. Bach

Em il H eermann.
6. Academ isehe F est O v ertu re .....................................................Brahms

T h e program  was rendered w ith  a sym p ath y and 
delicacy  of m usical feeling th a t on ly careful training, 
finished techn ique and perfect ensem ble work can 
m ake possible. T h e en joym en t of th e audience was 
attested  b y  h ea rty  applause and ap p reciative  compli­
m ents from  th e m any m usic lovers in th e Society.

P revious to  th e S ym p h on y C on cert the abstractors 
and editors of the S o cie ty ’s Journals were served an 
excellent dinner in the dining room  of the Ohio 
M echanics In stitu te. V arious suggestions as to the 
im provem en t and more extended distribution  of the 
S ociety  Journals were in fo rm ally  discussed. About 
th ir ty  guests were present and it  is hoped th at such 
m eetings of our editorial force m ay becom e an integral 
p a rt of our general m eetings, since th e y  will afford an 
excellent stim ulus to  th e cooperation necessary for the 
best success of th e S o cie ty ’s publication s.

T h e B an q u et on T h u rsd ay  even ing at the Hotel 
Sinton w as atten d ed  b y  over tw o  hundred guests. 
T h e large ban quet hall was a rtistica lly  decorated with 
pink carnations, ferns and sm ilax, and an exquisite 
m usical program  w as rendered during the evening. 
P rof. W ilder D . B an croft acted  as T oastm aster and 
addresses were m ade b y  C harles W . D ab n ey, Theodore 
W . R ichards, A lb ert B ettin ger and John Uri Lloyd. 
T h e S ociety  owes m uch to  the B an qu et Committee, 
headed b y  M r. L auder W . Jones, for bringing the 
C incinn ati part of th e m eeting to a close with such a 
delightfu l social function.

L adies to  the num ber of one hundred and twenty- 
five atten d ed  th e m eeting. T h eir com fort and en­
jo y m en t were provided for b y  a large com m ittee under 
th e  efficient leadership of M rs. J. W . Ellm s. About 
sev en ty  guests atten ded  th e com plim en tary dinner
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served to th e ladies a t th e H otel Sinton on T u esd a y  
evening when interestin g ta lk s  were m ade b y  som e 
of the m em bers and several of th e gu ests who had 
been connected w ith  pure food cam paigns in th e large 
cities. T h e dinner w as follow ed b y  a v e ry  en joyab le 
theatre p a rty  to  w hich th e guests were con veyed  in 
automobiles. W edn esday w as spent a t F t. T hom as 
and T hursday a t th e R o okw o od  P o tte ry . A ll of the 
regular division m eetings and excursions were open 
to the ladies. A  large num ber too k  the D ay to n - 
Middletown trip , th e  ride thence being shortened b y  
piano and vo cal solos as well as fo lk  songs in which 
the entire p a rty  joined.

The industrial a c t iv ity  of th e Queen C ity  of th e 
West, the use of its  U n iv ersity  for th e  m eetings, the 
hospitality of th e  m any in stitu tion s and factories so 
graciously throw n open, th e general com fort brought 
about b y  the sk illfu l p lanning of th e  com m ittees of the 
Local Section, w ill linger long in th e m em ories of those 
who attended th e Spring M eetin g a t C in cin n ati.

JO U RN A L O F  T H E  A M E R IC A N  W A T E R  W O R K S  
A S S O C IA T IO N

We have ju st received  th e first num ber, M arch, 
1914, of the Journal of the Am erican Water Works 
Association. T h is  Journal is to ta k e  the place of th e 
annual proceedings, and m arks a great step in ad ­
vance in the affairs of th e A ssociation , w hich is now 
thirty-four years old. A t  th e last conven tion  of the 
Association, a new  con stitu tion  wras adopted  g iv in g it 
an organization resem bling, in several features, th a t of 
the Am erican C h em ical S ociety . T h e form ation  
of sections w as authorized , and a lread y  a N ew  Y o rk  
Section has been form ed th a t  has had tw o successful 
meetings. T h e  expansion under th e  new con stitu tion  
requires a m ore prom p t m edium  for th e production  
°f the proceedings and papers a n d ' therefore, the 
executive com m ittee of the A ssociation  has established a 
Quarterly journal.
. It is planned to  issue* th e  first num ber each year 

before the annual conven tion . I t  w ill con tain  papers, 
which will later be discussed a t th e conven tion . A

second num ber will contain  the proceedings of the 
conven tion  and such papers and discussions as m ay be- 
p ro m p tly  a va ila b le  for pub lication . T h e th ird  and 
fourth  num bers will contain  th e rem aining papers and 
discussions from  th e annual conven tion , publish 
ad dition al papers su b m itted  to  th e sections, m ake 
n ecessary announcem ents of local m eetings and con­
tain  a revised  list of m em bers.

B y  this procedure th e  A ssociation  w ill present its 
papers more p rom p tly, avoid in g th e delays a tten d an t 
on a single ann ual issue. T h e  Journal will furnish 
a repository for w ater w orks literatu re , w hich will 
bring it  in closer touch w ith  th e needs and interests of 
th e m em bership, besides offering a greater incen tive 
to  contributors.

T h e first num ber contains nine papers. From  the 
ch aracter of these we see th a t  th e new  journ al will 
deal w ith  m atters of interest to  a large v a r ie ty  of 
readers including chem ists, bacterio logists, engineers, 
adm in istrators, and p ractica l w ater w orks operators.

W e hope th a t  th is new dep arture w ill m ake the 
A m erican  W ater W orks A ssociation  a greater benefit 
th a n  ever before to  its  m em bers.

T H E  D IS T R IB U T IO N  O F  IN D U S T R IE S

In a com m unication  to  the N atio n al L iberal Im m i­
gration  L eague, D r.' C . W . E lio t presents his rem edy 
for m unicipal congestion. In his opinion, th e  pre­
ven tion  of th e overcrow din g of our in dustria l centers 
and th e evils atten d in g th is overcrow din g lies n ot in 
restrictin g  im m igration, b u t in th e distribution  of 
industrial p lan ts th rou gh ou t th e cou n try .

T h is is a m a tter w hich has a lread y received  consider­
able a tten tio n  b y  econom ists, th o u gh  n ot as exhaus­
t iv e ly  as it  m ight deserve, if the fu n dam en tal condi­
tion s did n ot require so radical a change to m ake it  
practicable. T h e m ain fa cto r which a ttra c ts  
industries in A m erican  cities is th e concen tration  of 
lines of tran sp o rtatio n  at those points. W ere tran s­
p o rtation  rates a lw ays as low  a t rural points as a t th e 
cities, th e ta sk  w ould be g re a tly  sim plified. D octor 
E lio t is of the opinion th a t th e p ro ject is now  easier
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because of th e parcel post developm ent, the grow th 
of tro lley  lines, and freigh t and autom obile trucks. 
H ow ever, in d u stria l grow th  w ill depend on cheap rail­
road rates for fuel and raw  m aterials and for shipm ent 
of finished p roducts to  a degree w hich will m ake the 
other m eans of tran spo rtatio n  hard ly  w o rth y  of con­
sideration.

On th e  other hand, there are certain  characteristics 
in rural locations w hich are a ttra c tiv e  for industrial 
enterprises. T h e cost of sites for factories and resi­
dences of em ployees, the a b ility  of w orkingm en to 
h ave th eir ow n gardens, th e fa c ility  for w aste disposal, 
can, if th e fu n dam en tal conditions be m ade right, 
w ork a p ractica l revolution. B u t tran sportation  con­
ditions are th e  v ita l point and th e schem e will be im ­
p racticable  un til th e rural point can be guaran teed the 
sam e tran sp o rtatio n  rates as the city .

W . A. H a m o r

N E W  S E C T IO N  A D D E D  T O  JO U R N A L

A  new  section  on G o v e r n m e n t  P u b l i c a t i o n s  

has been added to the J o u r n a l , beginning in this 
issue, under the editorship of R . S. M cB ride, A ssociate 
C hem ist in th e B ureau  of S tandards. T h is w ork is

S T U D Y  O F  T H E  C O M P O S IT IO N  O F  W A T E R  G A S  T A R

B y  C . R . D o w n s  a n d  A . L . D b a n  

R ec e iv ed  F e b ru a ry  17, 1914

W ater gas ta r, more p rop erly  carb u retted  w^ater 
gas ta r, is th e ta rry  p rod u ct sep aratin g ou t in th e puri­
fy in g  system s of p lan ts m an ufacturin g carburetted  
w ater gas. I t  is m uch less viscous than  ord inary coal 
tar, w ith a d istin ctly  different odor, due in p a rt to  th e 
absence of th e phenols and bases ch aracteristic  of coal 
tar. I t  is understood th a t a portion of the petroleum  
used in carbu rettin g , after passing through various 
m olecular changes, appears finally  as tar, b u t of the 
exa ct n atu re of th e  tran sform ations little  is defin itely 
know n. I t  is, of course, th e o b ject of th e gas m aker 
to  change as large a percen tage of his gas oil into perm a­
n ent gases as possible and keep th e production  of tar 
to  the low est lim it.

A  search through the literatu re for data  concerning 
w ater gas ta r  yields b u t frag m en tary  and inadequate 
results. A . H. E llio tt ,1 M a tth ew s and G oulden ,2 and 
C . N . F o rrest3 h ave recorded th e results of fraction al 
d istillations of th e tar, and D ean and B atem an ,4 S. P . 
S ad tler,5 and F orrest3 h ave furnished inform ation  re­
gardin g the com position of th e creosote oils derived 
from  w ater gas ta r. Som e of th e statem en ts t o  be 
found in th e literatu re refer to  m aterial clearly  quite 
different from  the w ater gas ta r  produced in th e stan d ­
ard A m erican  in stallation s of the present d ay. T hus 
M a tth ew s and G ou ld en ’s ta r  w as ligh ter than  w ater 
and contained S .51 per cen t of “ ligh t paraffins.”

1 A m . Chem . J o u r ., 6 , 248.
* Gas W orld. 16, 625.
* Jo u r . Soc. Chem . In d . ,  30, 193.
4 U . S. F o re s t  S erv ic e . C ircular  112.
‘ T rans. A m . In s t .  Chem . "Eng., 2 , 177.

planned to  bring to  chem ists and engineers prompt 
n otice of all govern m ent reports of interest to them, 
and to  b riefly  and clearly  review  th e scope and pur­
pose of these publication s. I t  is n ot intended that 
the articles shall be fu lly  abstracted , since the work 
of Chemical Abstracts in th is line should not be dupli­
cated ; b u t a prom p t announcem ent of th e publica­
tions will do a great deal to  assist th e chem ical pro­
fession in ta k in g  a d va n ta ge  of th e m aterial now being 
issued b y  th e G overnm en t. I t  will certain ly  be more 
conven ien t for th e m em bers of our S ociety  thus to 
h a ve  condensed into  one list th e announcem ents pre­
v io u sly  scattered  th rough  a num ber of lists appear­
in g at irregular in tervals  from  th e  various depart­
m ents. A ll G overn m en t P rin tin g  Office publications 
of va lu e  to  chem ists will be review ed, including those 
which have appeared since J an u a ry  i ,  1914. The 
item s of industria l im portance appearing in the Daily 
Consular Reports w ill also be a b stracted , beginning 
w ith  M arch 1, 1914.

I t  is our belief th a t  th is up-to-date sum m ary of the 
im p ortan t in vestigation s and pub lication s of the 
G overnm en t w ill be of im m ense valu e to our profes­
sion.

T h e d a ta  presented in  th is paper were obtained on 
w ater gas tar from  th e p u rify in g  system  served by 
several stan dard  Low e system  w ater gas sets. The 
carbu rettin g oil in use a t th e tim e w as derived from 
O klahom a crudes. A s m ight be predicted, the tar 
sep arating a t differ­
en t points along the 
p u rify in g  system , as 
th e  gas passes from  
th e  sets to  th e final 
stages of purification, 
becom es p r o g r e s ­
sive ly  lighter and 
richer in th e more 
v o l a t i l e  c o n s t i t u ­
en ts.1 M ix e d  t a r
f r o m  t h e  w h o le  
system  w as used for 
the w ork described 
in th e  present paper.

S Y S T E M A T IC  F R A C ­

T IO N A L  D IS T IL L A ­

T IO N S

A  series of detailed  
fraction al d i s t i l l a ­
tion s was carried 
o u t w ith  a v iew  to 
locatin g th e boiling 
points of a n y  in d i­
v i d u a l  com pounds 
w hich m ight be 
present in su b stan tia l am ounts. T h e first distillation of 
the ta r  up to  250° C . w as carried ou t in a five gallon

1 D e a n  a n d  D ow ns, T i n s  J o u r n a l .  3, 108.

ORIGINAL PAPERS
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copper still, th e distillation  being e ffe c te d b y  im m ersing a 
resistance coil in the ta r. T h e d istillates th us obtained  
constituted th e  “ F irst Series”  of fraction s, and the

CENTIG RA DE TEM PE R A T U R E  

F i g . 2 — T h i r d  S e r i e s  D i s t i l l a t i o n

residue was saved  for later stu d y . T hese first fraction s 
were then refraction ed  from  an electrica lly  h eated  glass 
flask provided w ith  a H em pel colum n, y ield in g the 
‘‘Second Series.”  In  refraction in g th e  second and 
subsequent d istillates a m odified Y o u n g  dephlegm ator 
was em ployed up to 2000 C ., and ab ove th a t  the 
Hempel colum n. T h is Y o u n g  dep hlegm ator consisted 
of six cham bers, th e floors of w hich consisted of per­
forated glass p lates provided  w ith  overflow' tu b es as

F i g . 3 — S i x t h  S e r i e s  D i s t i l l a t i o n

indicated in F ig . 1. T o  a void  excessive condensation  
'n the cham bers the dephlegm ator wras a ir-jack eted  
UP to n o 0 C ., and ab ove th a t enclosed in an asbestos 
sheath heated b y  resistance wires. In th is w a y  th e 
Process of repeated fraction atio n , according to  the

com m on p ractice of handling th e fraction s in such 
w ork, w as continued to th e “ T h ird  Series”  of fraction s 
boiling up to 250° C. and to  th e “ S ixth  Series”  w ith  
th e low er boiling portions. T h e  curves of the third  
and sixth  series are shown in Figs. 2 and 3.

From  Fig. 2 it  is clear th a t  th e largest single con­
stitu en t boils a t a b ou t 220° C ., ap p roxim ately  the 
boiling point of n aphthalene. T h e ab ru p t rises in 
F ig. 3 a t 8o°, n o °  and 140° C . in d icate the presence 
of appreciable am ounts of in d iv id u al substances boiling 
near these tem peratures, w hich were sub seq uen tly  
p roven  to  be benzene, toluene, and th e  xylenes. A  
sm aller irreg u larity  appears near th e  boiling point of 
m esitylene, 164.5° C . I t  is believed  th a t a fa irly  
sa tisfa cto ry  separation  had been ach ieved  in this sixth 
series, and during considerable portions of th e dis­
tillatio n  when the d istillates appeared to be n ea rly  pure 
com pounds, fraction s were ta k en  a t each degree rise 
in tem p eratu re and corrections m ade for th e em ergent 
therm om eter stem .

G E N E R A L  C H A R A C T E R IS T IC S  O F  T H E  D IS T IL L A T E S

i n d i c e s  o f  r e f r a c t i o n — T h e indices of refraction  
of th e  fraction s of the fifth  series were determ ined at 
30° C . w ith th e results shown in th e follow ing table:

T e m p . R e fra c tiv e T e m p . R e fra c tiv e
of f rac tio n index of f rac tio n index

0 C . a t  3 0 °  C. 0 C . a t  3 0 °  C .

7 9 -  83 1 .4938 125-130 1 .4916
8 3 -  85 1 .4938 130-137 1 .4935
8 5 -  90 1 .4933 137-145 1.4967
9 0 -  95 1 .4923 145-150 1 .4987
9 5 -1 0 0 1.4921 150-155 1 .4976

100-109 1 .4910 155-160 1 .4968
109-113 1 .4909 160-165 1 .4979
113-115 1 .4910 165-172 1 .5 0 3 0
115-120 1 .4908 172-179 1 .5 1 8 0
12Q-125 1 .4912 179-185 1 .5269

b r o m i n e  a b s o r p t i o n  

T h e brom ine absorptions of th e fraction s were used 
as a re lativ e  m easure of th e un satu rated  hydrocarbon s. 
T h e  determ in ations were m ade b y  allow ing an excess 
of a ten th  norm al solution  of brom ine in carbon tetra-

S ix th  scries f ra c tio n s  G . B r a d d e d  T h ird  series f ra c t io n s  G . B r ad d e d
0 C . p e r  cc. 0 C. p e r  cc.

7 8 .9 -  7 9 .7 0 .0 1 3 3 180-205 0 .4 4 8 7
7 9 .7 -  8 0 .7 0 .0181 205-235 0 .2 5 2 6
8 0 .7 -  8 5 .0 0 .0 1 3 3 235 -2 5 0 0 .1 6 2 9
8 5 .0 -  9 2 .0 0 .0 1 8 2
92  -1 0 1 0 .0 1 9 2 S econd  series

101 -1 0 9 0 .0141 frac tio n s
109 -1 1 0 .5 0 .0 1 0 4 250 -260 0 .0 4 7 9
1 1 0 .5 -1 1 4 0 .0 1 3 3 260 -2 7 0 0 .0 4 3 2
114 -1-20 0 .0 2 4 7 270 -280 0 .0 6 1 0
J2 0  -1 3 0 0 .0 3 6 4 280 -290 0 .0 4 4 2
130 -1 3 8 0 .0671 290 -300 0 .0 9 6 3
138 - 1 4 2 .5 0 .1 0 9 8 3 00 -3 1 0 0 .0771
1 4 2 .5 -1 4 5 0 .1 7 2 4 3 10 -3 2 0 0 .0 7 0 0
145 -1 5 0 0 .2 1 8 6
150 -1 5 5 0 ,1 8 3 2
155 -1 6 0 0 .1 6 1 6
160 -1 6 4 0 .1 5 2 2
164 -1 6 7 0 .4 1 7 6
167 -1 7 2 0 .4 8 2 4
172 -1 7 7 0 .4 0 0 8
177 -1 8 2 0 .5 5 2 0

chloride to  react on I  cc. of a  sam ple for 15 m inul
the vessel contain ing th e m ixture being im m ersed in a 
b ath  of ice and sa lt and k ep t in  th e dark. A fter  this
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reaction  period th e unused brom ine and th e hydro- 
brom ic acid  form ed were both determ ined, and from  
these determ inations th e gram s of brom ine added per 
cubic cen tim eter of oil could readily  be calculated.

“ p a r a f f i n s ”

Since th e  hydrocarbon s of w ater gas ta r have their 
origin in petroleum  oil it  m ight be supposed th a t con­
siderable quan tities of “ paraffins”  w ould be found in 
the d istillate therefrom . T o  th row  ligh t on th is point 
the fraction s were sulfon ated w ith  concen trated  sul­
fu ric  acid  and th e percentage b y  volum e of the unsul- 
fon ated  residues determ ined.

m p. of fra c tio n  P e r  c e n t T e m p , of f rac tio n P e r  ce n t
6 th  scries X Jnsulfonatcd 6 th  series u n su lfo n a ted

75 -  79 0 .0 6 138 -1 4 2 .5 1 . 2
79 -  90 N one 142 .5 -1 4 5 2 .4
80 -  81 N one 145 -1 5 0 1 . 2
81 -  85 N one 150 -1 5 5 2 . 2
85 -  92 N one 155 -161 ' 1 . 6
92 - 1 0 1 N one 161 -1 6 6 .5 1 . 8

101 -1 0 9 N o n e 1 6 6 .5 -1 7 2 1 . 6
109 -1 1 0 .5 N o n e 172 -1 7 7 N o n e
1 1 0 . 5 -1 1 4 N one 3 rd  series
114 - 1 2 0 N o n e 180 -2 0 5 5 5 .0
120 -1 3 0 0 .4 205 -2 3 5 1 .4
130 -1 3 8 0 .4 235 -2 5 0 2 . 2

T h e extraord in arily  high percentage in the d istillate 
from  iS 0 °-2 0 5 ° calls for som e com m ent. T h e residues 
from  all the other fraction s were washed to clear oils, 
b u t the m aterial obtained  here was of p u tty-lik e  con­
sisten cy and resinous odor, and appeared to  be a p o lym ­
erization  p rod u ct of som e un saturated  hydrocarbon 
rath er th a n  a “ p araffin .”

L O W - B O IL IN G  F R A C T IO N

On repeated  distillation  of the first fractions below 
75° C . a sm all am ount of a v e ry  vo latile  liquid  w as ob­
tained, boiling betw een  44° C . and 65° C ., m ost of it 
com ing over betw een  6o° and 62°.

So sm all a q u a n tity  of this m aterial w as obtained th a t 
a n y th in g  m ore th an  a few  q u alita tive  tests was not 
feasible. I t  charred and le ft no residue of undissolved 
oil w hen trea ted  w ith  concen trated  sulfuric acid. It 
reacted  v io le n tly  wdth strong n itric  acid, and absorbed 
brom ine rap id ly  from  brom ine w ater, form ing a brom i- 
nated  p roduct heavier th an  w ater. N o te st for sulfur 
could be obtained. These tests com bine to indicate 
a hydrocarb on  m ixture of m arked ly  unsaturated  
character.

T I I I O P H E N

T h e sulfur contain ing com pound thiophen  (C4H4S) 
appears to  be a lw ays associated  w ith  benzol in coal ta r  
ligh t oil. B ecause of the closeness of its boiling point 
(84° C .) to th a t of benzol, it  can not be rem oved b y 
fractio n al d istillation. T h e presence of thiophen in 
w ater gas ta r  d istillates w as indicated  b y  th e indo- 
phenine test w ith isatin  and concen trated  sulfuric 
acid. T h e m ethod of D en igès1 w as follow ed in m aking 
q u a n tita tiv e  estim ations of th is com pound. T he 
average of th irteen  an alyses of th e fractions betw een 
79° C . and 90° C . w as 2.1 per cent.

T ests  for th e higher hom ologues of thiophen were ob­
tained  w ith  th e higher boiling fraction s, b u t no q u an ti­
ta tiv e  estim ations were attem p ted .

1 C om pt. rend., 90 , 781.

B E N Z E N E

A n inspection  of th e distillation  cu rve of the sixth 
series shows a decided rise a t th e boiling point of ben­
zene, in d icatin g  th e presence of a b ou t 0.4 per cent of 
th a t com pound. T h e d istillate betw een  79° and 810 
could be readily  n itrated , g iv in g a good yield  of nitro- 
benzol boiling betw een 106.5o and 10 7 .5 0 an d showing 
no evidence of “ paraffins”  b y  the m ethod given by 
L u n g e.1 D initroben zen e, m elting point 90o, and ani­
line distilling betw een 182o 'an d  18 5 o were also pre­
pared from  th e purified benzene obtained  from  water 
gas tar. T h e aniline w as colorless and turned only 
sligh tly  brow n on stan din g four m onths protected from 
sunlight.

A  num ber of sam ples were prepared conforming to 
th e requirem ents of th e com m ercial grades of benzol. 
T h e startin g  m aterial was a crude ligh t oil obtained in 
th e in itia l d istillation  of w ater gas ta r  in a large still. 
T h is w as fraction ed  up to iS o °  C . from  a large plain 
distilling bulb  and the distillate refraction ed through 
a H em pel colum n ta k in g  the follow ing fractions:

 1.....................................  6 8 ° -  79°
 2.................................  7 9 ° - t0 0 °
 3....................................  1 0 0 °-1 2 5 °
 4....................................  1 2 5 °-1 5 5 °

P ure benzene w as prepared from  th e fraction  No. 2 
b y  a g itatin g  w ith  concen trated  sulfuric acid, followed by 
wTashing w ith  d ilute acid  and w ater, and agitation  with 
cau stic  soda solution follow ed b y  thorough washing. 
U nder lab o rato ry  conditions a loss of 4 per cent was 
experienced b y  these treatm en ts. T h e washed prod­
u ct w as carefu lly  redistilled  w ith  a H em pel column 
and Y o u n g  dephlegm ator, y ield in g a p roduct of correct 
boiling point. T h is c. p . benzene ga v e  no test for 
thiophen , no discoloration  w ith  concen trated  sulfuric 
acid , w as of sw eet odor and has shown no yellowing 
on stan din g for tw o  years.

P rep aration s of 90 per cen t benzol and 50 per cent 
benzol were also m ade from  w ater gas ta r  light oil 
b y  fraction al d istillation  and w ashing w ith  sulfuric acid 
and cau stic  soda. W ith  these products much less 
exact fraction al d istillation  w as required than  with the 
c. P. benzol. B oth  prep arations were free from  thio­
phen, ga v e  no color w ith  concen trated  sulfuric acid, 
and h a ve  rem ained w ater w hite and sw eet for two 
years. T h e loss in w ashing w as sm all.

I n  preparing 1600 benzol or so lven t n ap h th a the same 
general process of w ashing w as follow ed b u t the loss in 
w ashing w as m uch greater, am ountin g to  over 15 pef 
c e n t .  T h e p rod u ct w as of good color and odor, and 
g a v e  b u t a v e ry  pale straw' color w ith  co n ce n tra te d  

sulfuric acid.
T O L U E N E

A n  inspection  of th e “ Sixth  Series”  distillation curve 
shows a rise of a b ou t 0.8 per cen t a t th e boiling point 
of toluene. A  portion of this fraction  of the sixth 
series w as n itrated , g iv in g 85 per cen t of the theoretical 
y ield , and show ing b u t a trace of paraffins.

T h e fraction  N o. 3 from  th e H em pel column dis-, 
filia tio n  m entioned under “ B en zen e”  above was w a s h e d  

w ith sulfuric acid  and alkali (w ith a loss of 6 per cent)
1 " C o a l T a r  a n d  A m m o n ia ,” 3 rd  E d itio n , p . 641.
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and the w ashed oil fraction ed  w ith  a H em pel colum n. 
The fraction  95 120° w as redistilled  w ith  th e sam e
apparatus and th e fractio n  109.5 0—1 1 1 .5 °  taken . T his 
product com pared fa v o ra b ly  w ith  stan dard  m akes of 
c. P . toluene and ga v e  no te st for th iotoluen e and no 
color w ith con cen trated  sulfuric acid.

X Y L E N E S

The next decided rise in th e d istillation  curve after 
that at th e toluene fraction  appears around 140°, 
suggesting th e presence of xylenes. T h e curve- in d i­
cated abou t 1.2 per cent of these hydrocarbon s.

The separation of th e three isom eric xylenes b y  frac­
tional d istillation  is n ot feasib le because of th e  nearness 
of their boiling points. B y  th e  use of L even stein ’s 
method1 one sam ple of xylene fraction  yield ed  75 per 
cent m etaxylene, 20 per cent para, and, b y  difference, 
5 per cent of th e  ortho. On another sam ple of w ater 
gas tar the results were 77 per cen t m eta, 19.5 per cent 
para, 2.0 per cent ortho, and 1.5 per cent “ paraffin s.”  
It is doubtful w hether th e  ortho-xylene is present in 
more than traces since a q u a lita tiv e  te s t2 failed  to 
reveal its presence.

The sodium  salts of th e ortho- and m eta-xylene su l­
furic acids were prepared according to  Jacob sen .3 
The needle-like crysta ls  sim ilar to  those described for 
the ortho salt were on ly present in v e ry  sm all am ounts. 
Metaxylene boiling i3 8 ° - i3 9 °  w as prepared according 
to Jacobsen b y  decom posing th e  m eta-xylen e sulfuric 
acid.

m e s i t y l e n e

A slight irreg u larity  of th e  d istillation  cu rve around 
165° suggested th e presence of m esitylen e. T h e “ Sixth  
Series” d istillate obtained  at th is point w as tw ice re­
distilled w ith  a G lin sk y  dep hlegm ator and th e  distillate 
between 164° and 16 7 ° n itrated . A  solid nitro-com - 
pound was obtained w hich a fter careful w ashing and 
recrystallization ga v e  a con stan t m eltin g point of 236°. 
The nitration of another portion  ga v e  a p rod u ct m elting 
at 235°. M ulliken  gives th e m elting point of trin itro  
mesitylene as 235° C.

From, the alcohol used to  wash th e crysta ls  of tr i­
nitro m esitylene a sm all crop of barrel-shaped crysta ls 
was obtained w hich on repeated  recrysta llization  gave 
a melting point of 167°, and contain ed 16.31 per cent 
of nitrogen. T h e  th eoretical n itrogen  con ten t of tri- 
mtro-trimethyl benzenes is 16.47 per cent, b u t the 
melting point is far too low  for trin itro pseudocum ene. 
The amount of this com pound w as too sm all for further 
experiments, and it  rem ained unidentified.

n a p h t h a l e n e

Inspection of th e d istillation  curve for the th ird  series 
shows th at th e m ost decided rise in the w hole curve 
appears betw een 2 15 ° and 235°, in d icatin g  a re la tiv e ly  
large proportion of nap hthalene. A n a ttem p t w as 
Wade to estim ate the am oun t of nap hthalene in w ater 
£as tar as follow s: 500 gram s of ta r  were distilled  to
Jio° C. and th e nap hthalene sep aratin g in th e d istillate

1 Jour. Soc. C hem . In d . ,  i ,  78.
'  M ulliken, " Id e n t if ic a tio n  of P u re  O rg an ic  C o m p o u n d s ,"  Vol. I ,  p . 202.
'  Ber., 10, 1009.

filtered off and pressed in  a screw  press; th e filtrate  w as 
placed in a freezin gm ixtu re and th e n e w cro p  of n ap h th a ­
lene crysta ls  sim ilarly  rem oved; th is filtrate w as dis­
tilled  collecting a fraction  from  i 8 5 °-2 6 5 °, w hich was 
cooled, filtered and  th e n ap hthalene pressed; th e new 
filtrate  w as refractioned, ta k in g  a fraction  i9 5 °-2 3 5 ° , 
w hich w as sim ilarly  dep rived  of its  n ap hthalene and 
th e  new  filtrate  d istilled, collecting a fraction  2 10 °- 
225°, which yielded  b u t a v e ry  sm all separation  of 
n ap hthalene when placed in a freezin g m ixture; th e 
to ta l w eigh t of th e solids th u s recovered am ounted to 
8.0 per cent of th e tar.

N ap h th alen e w as prepared from  th e solids pressed 
from  th e  distillate obtained  from  w ater gas ta r  betw een 
200° and 250°. T hese solids were d istilled, rejectin g  
th e first and last 10 per cent, and th e d istillate trea ted  
w ith  su lfuric acid  con tain in g a little  dichrom ate. T he 
product, a fter thorough w ashing w ith  w ater, was 
pressed and distilled, g iv in g  a p roduct boiling a t 2 17 ° C-. 
(uncorrected) and m elting at 80°, whi,ch show ed no 
discoloration  w ith  con cen trated  sulfuric acid  and re­
m ained p e rfe ctly  w hite a fter an exposure of four 
m onths to  th e light.

a n t h r a c e n e

T h e above described exp erim ental w ork w as carried 
out for th e  m ost p a rt on th a t  p a rt of th e w ater gas ta r  
w hich distilled below  250° C . in the in itia l d istillation. 
T h e residue ab ove 250° C . w as w orked up in collab o­
ration  w ith  D r. F . L . H aigh of th is lab oratory .

T w o  m ethods of distilling th is residue were tried; 
in one th e  d istillation  w as carried ou t w ith  h eat alone, 
in the other steam  w as in troduced  into the still in con­
siderable volume." In  both  ty p e s  of d istillation  m ost 
of th e fraction s showed, a separation  of solid m aterials 
on cooling. T hese solids were rem oved, pressed and 
w eighed and the anth racene in th em  determ ined a c­
cording to  th e  m ethod proposed b y  M eister, L ucius 
and B ru n in g ,1 “ w ith  ap p en d ix .”  T h is m ethod con­
sists in con vertin g  th e  anthracene into  anthraquinone 
b y  trea tm en t w ith  chrom ic acid  in glacia l acetic  acid  
solution. T h e  anth raquin one w as fu rth er purified b y  
solution in fum in g su lfuric acid  and reco very  therefrom  
b y  dilution.

T h e results of th e  d ry  d istillatio n  were as follow s:

P e r
c e n t of P e r  c e n t T e m p e ra ­ P e r  c e n t P e r  c e n t

T e m p e ra tu re so lids a n th ra c e n e tu re of so lids a n th ra c e n e
° C . in  f rac tio n s in  so lids 0 C . in  frac tio n s in  so lids

-2 6 5 N o n e 335-345 4 .1 9 4 1 .7 5
265-305 N o n e 345-355 4 .2 7 3 4 .8 5
305-315 1 .3 2 6 5 .4 9 355 -3 6 0 3 .3 9 26 .4 1
315 -325 2 .3 2 6 1 .3 5 360 -3 7 0 4 .3 6 7 .41
325 -335 3 .8 5 4 2 .8 2 370 -4 0 0 N o n e

T h ese results show th e  presence of 0.392 per cen t of 
anth racene in  the residue above 250°, eq u iva len t to 
0.29 per cent of th e  original tar.

T h e  therm om eter readings in th e steam  distillation  
were of little  va lu e; th e  fraction s were accord in gly  
cu t at a b ou t each 250 cc. of oil d istillate in distillations

1 A llen , “ C o m m erc ia l O rg an ic  A n a ly s is ,"  3 rd  E d ., V ol. I I ,  P t .  I I ,  p . 229.
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of 5000 gram s of th e “ R esidue.”  T h e solids were deter­
mined and an alyzed  w ith th e results g iven  below :

P e r  c e n t of
V o lum e W t. of so lid s  a n th ra c e n e

F ra c t io n  C c. in  f ra c tio n s  in  so lids

 1........................................... 250  N o n e
 2........................................... 260 N o n e
 3........................................... 250 N o n e
 4 ........................................... 260 1 .2  5 8 .2 0
 5 ........................................... 250  5 .8  4 7 .2 6
 6........................................... 260 1 1 .0  4 6 .8 3
 7 ........................................... 250 1 5 .2  4 0 .5 2
 8........................................... 250  4 4 .4  4 3 .7 6
 9 ................ r .......................  250 12 .1  3 9 .1 9

1 0 ........................................... 250 5 .4  2 1 .7 3
1 1 ........................................... 260  N o n e
1 2 ........................................... 250 N o n e

In  th e steam  distillation, therefore, 0 .517 per cent of 
anthracene' w as recovered from  th e “ R e sid u e”  above 
250°, eq u iva len t to  0.383 per cen t of th e original tar. 
T h ere w as clearly  less decom position when steam  was 
used, since th e pitch  contained b u t 5.6 per cen t of free 
carbon, w hereas th a t from  th e dry d istillation  averaged 
57 per cent. P ra ctica lly  all of the anthracene comes 
over under 360° in th e dry d istillation, and a t th a t tem ­
perature little  crackin g has ta k en  place, the p itch  con­
tain in g b u t 6.0 per cent free carbon. A b o v e 360° an 
orange-colored, viscous, sem i-solid m aterial appears 
in th e  d istillate and seem s to  be in d icative of m arked 
decom position.

F a ir ly  pure anthracene w as prepared from  th e ex­
pressed solids b y  w ashing w ith  gasoline, and sublim ing 
th e residue. T h is anthracene m elted a t 2 0 7 ° - 2 ii°  C. 
and when m ixed w ith  a sam ple of K a h lb a u m ’s a n th ra­
cene, the m ixture m elted at 2 o 8 ° - 2 ii° .

A s a fu rth er test of th e q u ality  of th e solids pressed 
from  th e high boiling d istillates of w ater gas ta r, 50 
gram s of these solids recovered from  the distillate 
b etw een 289° and 36 1° were oxidized w ith bichrom ate 
and sulfuric acid. T h e anth raquin one after purifi­
cation  w as sublim ed g iv in g 18.2 gram s of crystallin e 
anthraquinone. A n thraquinone prepared in this w ay  
w as converted  into th e sodium  anthraquinone-m ono- 
sulfon ate w hich in tu rn  w as con verted  into alizarine. 
A  b eau tifu l orange-red crystallin e preparation  of a liz­
arine w as obtained  on sublim ing the product. Under 
lab o rato ry  conditions th e tran sform ation  of a n th ra­
quinone in to  alizarine is difficult, and the yields ob­
tain ed  correspondingly low. From  abou t 20 gram s of 
anth raquin one on ly abou t 7 gram s of alizarine were ob­
tained.

S U M M A R Y

A  system atic  fractio n al d istillation  of w ater gas tar 
shows th a t it  possesses a general resem blance to  coal 
ta r in its hydrocarb on  con ten t although, of course, 
the bases, phenols, and free carbon of the la tter  are 
absent or n early  so. T h e sm all am ounts of m aterial 
in th e d istillates resisting th e action  of sulfuric acid 
in d icate an absence of paraffin  and naphthene h yd ro ­
carbons, and th e m arked variation  in th e c a p a city  for 
halogen addition  points to  variab le  am ounts of un­
satu rated  linkings outside th e benzene ring.

Benzene, toluene, th e xylenes, m esitylene, n ap h th a ­
lene, and anthracene were shown to  be present in su b ­

stan tia l am ounts. T h e preparation  of th e pure hydro­
carbons and of com m ercial products could be effected 
b y  m ethods sim ilar to  those em p loyed  w ith coal tar, 
and w ith ou t encountering special difficulties.

It  w ould appear probable th a t  w ater gas ta r m ay offer 
a com m ercial source of sup ply for th e various grades 
of benzol and solven t n ap htha. N aphthalen e could 
readily  be produced, b u t there is no adequate demand, 
and it  is lik e ly  th a t  th e present trad e conditions would 
n ot w arran t th e production  of anthracene.

S h e f f i e l d  C h e m i c a l  L a b o r a t o r y  
Y a l e  U n i v e r s i t y  

N e w  H a v e n , C o n n .

T H E  R A D IO A C T IV IT Y  O F  S O M E  T Y P E  S O IL S  OF THE 
U N IT E D  S T A T E S

B y  R i c h a r d  B .  M o o r e  

R ec e iv ed  M a rc h  6 , 1914

S tr u tt1 first called  atten tion  to  the radioactivity  of 
igneous and sedim entary rocks. T h e average of his 
results on igneous rocks showed a radium  content of
3.3 X  io~12 gram s of radium  per gram  of rock. The 
radium  con ten t of the sedim entaries w as somewhat 
less. J o ly 2 has exam ined a large num ber of rocks for 
radium  and thorium . H is radium  values are somewhat 
larger th an  those of S tru tt and other workers. The 
average of a num ber of his thorium  determinations 
indicates th e presence of 1.58 X  io~5 gram s of thorium 
per gram  of rock. F le tch er,3 w orkin g prim arily with 
secon dary rocks, has confirm ed J o ly ’s results and at 
th e  sam e tim e pointed ou t . th a t, w ith  the exception 
of th e calcareous rocks, those of th e  sam e types have 
a lw ays v e ry  n early  th e sam e radium  content.

A lth ough  a considerable am oun t of w ork has been 
done on the ra d io a ctiv ity  of rocks and minerals, very 
little  has been attem p ted  along th is line w ith soils. 
A  know ledge th a t  th e atm osphere w as radioactive was 
n atu ra lly  follow ed b y  an in vestigation  of the activity 
of th e underground air. E lster and G eitel, Bumstead, 
B lan c, G adourian, W ilson, E b ert, E ve , Sanders, Sat- 
te rly  and others have con trib u ted  to  our knowledge 
of th is su b ject. W hereas a s tu d y  of th e u n d ergro u n d  

air indicates v e ry  p la in ly  th a t the soil is radioactive, 
it  does not g iv e  a n y  absolute va lu es for th e activity  of 
th e soil itself, as th e a c t iv ity  of th e underground air 
depends as m uch upon th e em an atin g power of the 
rad ioactive m atter in th e soil as it  does upon the am ount 

of th a t m aterial a ctu a lly  present. Som e rough mini­
m um  determ inations h a ve  been attem p ted . Wilson 
states th a t  there is p rob ab ly  seven tim es as much 
thorium  as uranium  in th e surface soils a t Manchester. 
B lan c, on th e other hand, estim ates th a t from  5 per 
cen t to  70 per cent of th e a c t iv ity  of .the Roman soil 
is due to  thorium ; while San derson ’s4 w ork indicates 
th a t 1 cc. of soil a t N ew  H aven produces radium  emana­
tion  in equilibrium  w ith  8.9 X  io~14 gram s of radium, 
and thorium  em anation  in equilibrium  w ith  1.35 X i°  5 
gram s of thorium . F letch er5 gives th e radium  content 

1 Proc. R o y . Soc., ( /I )  77 (1906), 472.
1 P h il. M ag .,  17 (1909). 760; 18 (1909), 140; 23 (1912), 201.
• I b id . ,  23 (1912), 279.
4 A m . Jo u r . S c i., 32 (1911), 169. 
s P h il. M ag ., 23 (1912), 279.
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of two D ublin  soils passing a so-m esh sieve as 5.2 X
io-12 gram s and 2.8 X  io~12 gram s per gram  of soil.

Strutt1 states th a t  th e radium  con ten t of th e  C a m ­
bridge G au lt is 1 X  io~12 gram s per gram  of m aterial.

Satterly2 m easured th e  am ount of rad ium  em anation  
in the air of different soils a t different in terva ls  exten d ­
ing over a year. For depths of from . 100-150 cm. in 
gravelly soil th e am ount of em anation  is on th e  average 
200 X io -12 curies per liter. T h is is abou t 2,000 tim es 
as much as is u su ally  in th e atm osphere. He foun d th a t  
a liter of soil air w as in association  w ith  1200 gram s of 
dry or 1400 gram s of dam p soil, and calcu lated  from  th is 
that the apparen t radium  con ten t of th e soil is 1.7 X
io-11 gram s per gram  of d ry  soil. As th e  a ctu al radium  
content of th e soil is certain ly  v e ry  m uch larger th an  
this, it follow s th a t on ly a sm all portion  of th e em an a­
tion generated in th e soil escapes under norm al condi­
tions from th e soil particles into  th e  air surrounding 
them.

Satterly also m easured th e proportion  of radium  
emanation to  thorium  em anation  in soil air a t various 
depths. He foun d th a t  th e  ratio  increased from  1600 
near the surface to  26,000 a t a depth of 400 cm . A t  
150 cm. it is 8,600 and ta k in g  th e radium  con ten t of 
the soil at 1.1 X  xo~12 gram s per gram  of soil, he calcu ­
lated th at th e thorium  con ten t w ould be 1.4 X  io ” 5 gram s 
per gram of soil.

Apparently no system atic  a ttem p t has y e t  been m ade 
to correlate th e ra d io a c tiv ity  of soils w ith  th eir other 
properties. R e ce n tly  an elaborate s tu d y  of th e chem ­
ical com position of a num ber of ty p e  soils of th e U n ited  
States has been un dertaken  b y  G. H. F a ily er  and W . 
0 . Robinson, of th e U. S. B u reau  of Soils. A  m ineral- 
ogieal exam ination has been m ade of th e sam e soils 
by Professor W . J. M cC au g h ey . T h e  author has these 
unpublished results a t  his disposal and has exam ined 
the soils for their radium  conten t. T h e present paper 
constitutes a report on th e results obtained.

Since radium  is foun d in v a ry in g  am ounts in all 
rocks, spring w aters, and even  in un derground w aters, 
it is not surprising th a t b otan ists h ave tried  th e  effects 
of the radium  ray s on th e germ in ation  of seeds and 
the growth of p lants. Since ra d io a ctiv ity  is a factor 
of plant environm ent, it  is p ossibly  an agen t in p lan t 
growth. N ot on ly  m ust th e direct effect of th e rays 
themselves be considered, b u t th e  chem ical action  in­
duced by these rays, sligh t rises of tem p eratu re , etc., 
must be taken  into accou n t. T h e em anation , or gas, 
given off b y  radium  salts diffuses through th e soil, is 
dissolved b y  th e soil solution, and com es in in tim ate 
contact w ith th e p la n t roots even  though th e radium  
itself is in th e soil as an insoluble su lfate or silicate. 
It is therefore m ore probable th a t  if th e presence of 
radium in th e  soil does affect th e  grow th  of plants 
appreciably, th is effect w ill be m ore d irectly  due to  the 
influence of th e em anation  th an  to  th e radium . Som e 
experimenters h ave not taken  th is fa c t into  accou n t 
and the influence of the ¡3 and 7  ray s on plan ts has in 
many cases been tested  rath er th a n  bringing th e roots 
in contact w ith th e diluted em anation.

1 Proc. R oy. Soc., ( /I )  78 (1 9 0 6 -0 7 ).
! Proc. Camb. P h il. Soc .. 16, p. 6 .

A  far m ore serious ob jection  to  th e experim ental 
w ork w ith  plan ts is th a t  m uch greater am ounts of 
radium  h ave been em p loyed  th an  arc ever present in 
th e soil n atu ra lly , or like ly  to  be added in actu al 
agricu ltu ral or greenhouse practice. T h e am ount 
n orm ally  present in soils is sensibly th e sam e, nam ely, 
a b ou t 3 m illigram s per acre foot. T o  increase this 
con ten t one m illigram  per acre foo t in  the form  of ground 
ore w ould cost abou t 20 dollars, and as pure radium  
sa lt abou t 120  dollars. T h e experim ental w ork so 
far done in dicates th a t a t least several m illigram s per 
acre w ould h a ve  to be added to  produce an appreciable 
effect on th e crop. N evertheless, it  seem s well to call 
specific atten tion  to  som e of the m ore im p o rta n t in ves­
tig atio n s in th is direction.

D a n y sz1 foun d th a t  th e  rays from  radium  and the 
em anation  hindered all species of b acteria  in their 
developm ent, som e varieties being m ore sensitive th an  
others.

D ixon 2 sta te d  th a t th e grow th  of cress seedlings w as 
retarded  b y  th e ¡3 and 7  rays from  radium  salts. D ixon 
and W igh am  also found th a t  /3 rays exercised an inhibi­
to ry  action  on th e  grow th  of certain  bacilli.

G erm ination  of the spores of Aspergillus nigcr3 w as 
found b y  K oern icke to be in h ib ited  b y  exposure to 
th e /3 and 7  rays. G en erally  sp eakin g, he foun d th a t 
roots were m ore sen sitive  th a n  shoots.

H ussakof,4 in a review  published in  19 0 7 , show ed 
th a t up to  th e tim e of his p u b lication  there w as a 
general agreem ent on th e follow ing conclusions:

(1) T h e rays from  radium  affect th e  life processes of 
p lan ts as well as anim als. T h e R oentgen  ray s h a ve  a. 
sim ilar effect.

(2) D ifferen t species of p lants are affected  differ­
en tly  in degree. (POL/TECH,

(3) Y o u n g e r  tissues are m ore sen sitive than  ohj^r 
ones.

(4) T h e general effect is to  retard  all a c t iv ity . T h e r e "  
are a few  exceptions.

(5) T h e  grow th  and a c t iv ity  of en zym es are affected  
b y  the rays from  radium .

Gager® found th a t in general the germ in ation  of 
both  d ry  and w et seeds w as retarded b y  th e radium  
rays. T im o th y  grass seeds exposed to  radium  of w eak 
a c t iv ity  showed an in itia l slow ing up and then after 
five d a ys an increased m etabolism  over th e control 
culture. A  sim ilar result w as ob tain ed  w ith  bean seeds.

On th e other hand, when unsoaked o a t grains were 
planted  a t d istances of 7, 22, and 4 5 m m . from  a sealed 
glass tu b e contain ing 10  m g. radium  brom ide of 1 ,5 0 0 ,- 

000 a c tiv ity  inserted in th e  soil, germ in ation  and su b ­
sequent grow th  were accelerated. T h e seeds farth est 
from  th e radium  were accelerated  m ost; those nearest, 
least. W hen tim o th y  grass w as grow n  in  an a tm o s­
phere contain ing radium  em anation , the result w as d e­
p endent upon th e  am ount of em anation  used, the 
height ab ove th e soil a t w hich th e  em anation  was 
delivered, etc. G ager sum s up b y  sta tin g  th a t  “ the

1 C om pt. R end . A ca d . S e t. P a r is ,  136 (1903), 461.
i N a tu re ,  69 (1903), 5.
3 Ber. deut. B ot. Ges., 22 (1904), 155.
« M ed . Record, 72, J u ly  20 , 1907.
5 M em oirs  N ew  Y o rk  B o tan ica l G ardens, 4 (1908).
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ray s  of radium  act as a stim ulus to  protoplasm . R e ­
tard ation  of grow th  follow ing an exposure to the rays 
is an expression of overstim ulation. A cceleration  
of grow th  indicates stim ulation  betw een a m inim um  
and an optim um  p o in t.”

F a b re 1 also studied  th e effect of radium  em anation  
in th e air on th e germ ination  of seeds and the grow th 
of plants. T h e spores of Slerigmatocystis nigra on 
gelatin  showed a retarded grow th  when exposed to  
stron g doses of th e em anation, the retardation  being 
v e ry  large ly  proportionate to  th e am ount of em anation. 
W ith  Linum  catharticum  th e germ ination  of the seeds 
and th e developm ent of the plants were increased b y  
increasing doses up to  1.5 m icrocuries per tw o liters 
of air. A b ove this, grow th w as retarded. I t  required 
a larger am ount of em anation  to  retard  germ ination. 
T h ere seem ed to  be, how ever, an appreciable increase 
in th e num ber of leaves developed on plan ts subjected  
to  radium  rays.

A cq u a 2 gives th e results of th e effect of radium  rays 
on the germ ination  of seeds, developm ent of seedlings, 
grow th  of pollen tu b es and m ovem ents of protoplasm  
in several green plants. G reat differences in reaction 
to  th e rays  existed  betw een different species and even 
betw een  different organs of the sam e species. T h e 
root system  gen erally  responded when a more or less 
com plete arrest of developm ent w as shown, although 
there were m an y exceptions. T h e aerial parts proved 
h igh ly resistant, show ing no general response either 
in stem s or foliage. The pollen gave diverse results, 
som e not grow in g at all, while others ga v e  no reaction  
to the rays. P rotoplasm ic m ovem ents seem to  be 
to ta lly  unaffected.

R A D IU M  C O N T E N T  O F  T H E  S O IL S

A ll sam ples of soil used in th is in vestigation  were 
obtained  b y  p u ttin g  through a sieve of six meshes to 
the linear inch and grinding to  an im palpable powder. 
S tr u tt ’s3 m ethod of ge ttin g  the m aterial in solution was 
used. T h e soil w as fused  w ith  four tim ’es its  w eight 
of m ixed alkali carbonates, trea ted  w ith  w ater, filtered, 
the residue w ashed w ith  sodium  carbonate solution to 
preven t hyd rolysis, and then  dissolved in hydrochloric 
acid. A fter  stan din g a m onth, th e com bined em anation  
from  th e alkalin e and acid  solutions w as introduced 
into th e electroscope, which w as of the C . T . R . W ilson 
ty p e , m odified b y  B oltw ood .4

T h e stan dard  used is th a t suggested b y  B oltw ood .5 
I t  depends upon the fa ct th a t in old uranium  m inerals, 
the radium  present bears a constan t ratio  to  th e 
uranium  con ten t of th e m ineral. Expressed in figures, 
1 gram  of uranium  is in rad ioactive  equilibrium  w ith
3.3 X  io~7 gram s of radium . Therefore, if th e per­
cen tage of uranium  in such a m ineral is know n, the 
am oun t of radium  present is also know n, and the 
em anation  ob tain ed  from  th is radium  can be used for 
stan dardizin g th e electroscope providin g a correction 
is m ade for th e am oun t of em anation  which n atu ra lly

* C om pl. R end . Soc. B io l.,  70 , 187; 69, 523 ; 70 , 419.
2 . I n n .  B ol. Rom e, [2] 8 (1910), 223 -238 .
1 Proc. R oy . Soc ., (.-1) 77 (1906), 472.
4 -4m. J o u r . S c i., 4 th  S er., 18 (1904), 97.
' I b id . ,  18 (1904), 381.

escapes a t ord inary tem peratures from  th e particular 
sam ple of m ineral used. T h is m ust be determined for 
ev ery  sam ple of uranium  m ineral used for standardi­
zation.

M c C o y 1 and B o ltw o o d 2 showed th a t the ratio of 
radium  to  uranium  in p rim ary m inerals, such as pitch­
blende, w as constan t. Their resiilts were confirmed 
b y  M a rck w ald  and R u ssell.3 M ile. G led itsch ,4 how­
ever, ob tain ed  different ratios for different samples 
of pitchblen de and follow ing th is there w as a tendency 
to  use dilute solutions of a pure radium  sa lt as a stand­
ard. From  such solutions, how ever, a portion of the 
radium  n early  a lw a ys p recip itates sooner or later even 
though barium  chloride is added. H eim ann and Marck­
w ald5 h ave recen tly  taken  th e m atter up again and ob­
tain ed  the sam e ratio  of radium  to  'uranium in eight 
sam ples of p itchblen de from  different parts of the 
w orld, the average error being less th an  0.5 per cent. 
I t  seem s to  be preferable, therefore, to  use an analyzed 
pitchblen de as a stan dard  rath er th an  a solution con­
ta in in g a radium  salt.

T h e ap p aratu s used for boiling off the emanation 
from  the p itchblen de for stan dardizin g, and from the 
solutions obtained  from  th e  soils, w as th a t designed 
b y  'S ch lu n d t and M oore.0 A ll of th e  well known 
designs of ap p aratu s for this purpose h ave been tested 
and com pared b y  R a n d a ll,7 who finds th a t the tw o forms 
of ap p aratu s used b y  Sch lun dt and M oore give the 
h ighest ion ization  currents and th e more uniform 
results.

J o ly 8 has criticized  the rad ioactive  results obtained 
b y  th e  present m ethod of gettin g  rocks and minerals 
in solution. He claim s th a t it  is alm ost impossible 
to  get solutions p e rfe ctly  lim pid  and th e  precipitated 
silica carries dow n w ith  it  som e of th e radium . Al­
though th is is true to som e exten t, fa irly  concordant 
results can be obtained  in th e  case of rocks and minerals 
b y  its use. M uch more d ifficu lty  is experienced with 
soils th a n  w ith  rocks. H yd rolysis n early  alw ays takes 
place and the filtering process is both  long and tedious. 
On stan din g a short tim e silica in v a ria b ly  separated 
from  th e solutions. T h is w as filtered off and fused 
again  w ith  a lk ali carbonates, and th e process repeated 
until clear solutions were obtained. E ven  with the 
greatest care, som e of th e solutions becam e turbid 
before th e em anation  was boiled off. In  order to lessen 
the d ifficu lty  w ith th e silica, som e of th e soils were 
first treated  w ith  hydrofluoric and a little  sulfuric acid. 
A fter  evap oratio n  and ignition, th e y  w'ere fused with 
fusion m ixture in th e ord in ary  w a y. T h e addition of 
the sulfuric acid  a t first sight would seem to  be inad­
visable, b u t as the solutions ob tain ed  b y  this m ethod 

rem ained m ore lim pid, and as p ra ctica lly  all soils con­
tain  both  su lfates and barium , it  w as th o u gh t that the 
ad va n ta ges w ould outw eigh  th e disadvan tages. The

1 B er. der deut. chem. Gesell., 36 (1903), 3093 ; J o u r . A m . Chem. Soc., 
27 (1905), 391.

> P h il. M ag ., 9 (1905). 599.
1 Ber. der deut. chem. Gesell., 44 (1911), 771.
4 L e R a d iu m ,  8 (1911), 256.
5 Jahrb . R a d . u. E lek lron ., 10 (1913), 299; P h y s. Z c it ..  14 (1913). 303.
• Jo u r . P h y s . Chem'., 9 (1905), 320.
7 T ra n s . A m . Electrochem . Soc., 21 (1912).
» P h il. M ag .,  22 (1911), 134.
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results obtained, how ever, seem ed to  be low , so du pli­
cate samples of th e soils trea ted  in  th is m anner were 
fused in the ord in ary  w a y  and a com parison of th e 
results is given  in T a b le  I. In  colum n B th e results 
are given when th e soil w as trea ted  w ith  hydrofluoric 
and sulfuric acids previous to  fusion. C olum n  A  gives 
the results when these acids were not used.

T a b l e  I
R a d i u m  

(G ram  X  IO -l s p e r
g ra m  o f soil)

NO. n ß P T ii A B
1 Volusa s ilt lo am , N a p le s , N . Y .................. 0 * - 8 " 0 . 9 3 3 . 7 6
2 Volusa s ilt lo am , N ap le s , N . Y .................. 8  " - 3 6 " 1 . 1 0
3 Cecil c lay , C h a r lo tte , N . C .......................... 0 " - 6 ” 1 . 9 4 0 . 5 4
4 Cccil c lay , C h a r lo tte , N . C ........................... 6 " - 3 6 " 0 . 7 8
5 Cecil s a n d y  lo am , C h a r lo tte , N . C ........... 0 " - 8 * 1 . 2 6 0 . 2 8
6 Cecil s an d y  lo am , C h a r lo tte , N . C ........... 8 " - 3 6 " 1 .9 5 1 . 3 3
7 D urham  s a n d y  lo am , A n ch er, N . C ......... O '-IO " 1 .7 3 0 . 4 5
8 D urham  s a n d y  lo am , A n ch er, N . C ......... 1 0 * - 3 6 " 1 . 6 6
9 Norfolk s a n d y  lo am , L a u r in b u rg , N . C .. O '- 1 4 ' 2 . 5 6

10 Norfolk s a n d y  lo am , L a u r in b u rg , N . C . . 1 4 " - 3 6 " 2 . 8 0
11 D ecatur c lay  lo am , H o lly w o o d , A la ......... 0 * —4 " 2 . 7 8
12 D ecatu r c lay  loam , H o llyw ood , A la ......... 4 'r- 3 6 " 1 . 5 2 1 . 2 7
13 H agerstow n lo a m ............................................... 0 ^ - 8 ^ 2 . 5 7 1 .2 1
14 H agerstow n lo a m ............................................... 0 . 8 3 1 . 1 3

When the a c t iv ity  w as determ ined b oth  w ith  th e use 
of sulfuric and hydrofluoric acids, and w ith ou t, the 
results in six of th e e igh t cases were u n ifo rm ly low er 
when sulfuric acid  w as used. In  th e case of th e  V olusa  
silt loam soil, w hich is an exception, th e results are 
so much at varian ce w ith  th e others th a t  a suspicion 
as to the re liab ility  of th e  figure 3.76 X  io~12 a t once 
arose. A n exam ination  of th e records show ed the 
possibility, though n ot th e certa in ty , of a con tam in a­
tion of this solution ow ing to an acciden t. T h is  possi­
bility of contam in ation, how ever, should cause the 
above figure to be rejected . In  th e case of th e H agers­
town loam  th e tw o  va lu es are close, b u t there is no 
explanation for th e d iscrep an cy w ith  th e  oth er results. 
A prelim inary report on th is w o rk 1 w as m ade before 
the two m ethods were used on th e sam e sam ples. 
This prelim inary report, therefore, does n ot show th e 
variations in th e results obtained.

In four cases, as show n in T a b le  II , th e  soil is more 
active than the subsoil; in three, th e reverse is true. 
The average a c t iv ity  of th e  soils is 1.97 X  io -12, and 
that of the subsoils is 1.52 X  io -12.

There seems to. be a fa ir ly  definite relationship  b e­
tween the a c t iv ity  and  th e com bined am oun ts of b ar­
ium and strontium . In  th e m a jo rity  of cases th e soil 
or subsoil w hich has th e h igh est a c t iv ity  also has the 
largest am ount of barium  plus stron tium . T h e H agers­
town loam and D ecatu r c la y  loam  are exceptions, the 
soil of the la tter  h a vin g  a con sid erably  larger a c t iv ity  
than the subsoil, b u t carries a little  less barium  and 
strontium. T h e sam e reaction  holds fa ir ly  w ell w ith  
the amount of sulfur present. In  th e C ecil c la y  and 
Durham sandy loam  th e  am oun t of sulfur in th e soil 
and subsoil in each case is th e  sam e, although th e ac­
tivity of the soil is greater. In  on ly  one case, how ever, 
the Decatur c la y  loam  again, are th e figures a ctu ally
reversed.

This relationship betw een  th e a c t iv ity  of the soil
5 Orig. Com. 8th In te rn . Congr. A p p l . Chem .

and th e am ount of barium , stron tium  and sulfur present 
is n ot surprising. Since radium  has an insoluble su lfate, 
w hich p recip itates w ith  th e su lfates of barium  and 
stron tiu m , th e above results seem to  in d icate th a t 
radium  in th e soil is v e ry  largely, if not en tirely, in 
th e form  of su lfate.

T h e num ber of sam ples tested  does n ot ju s tify  a n y  
a ttem p t to correlate th e  a ctiv ities  of the different soils 
w ith  their p ro d u c tiv ity . Such figures w ould be reliable 
o n ly  when a m uch larger num ber of results are a v a il­
able.

T h e am ount of rare earths present in th e soils as 
determ ined b y  F a ily er  and R obin son 1 w as so sm all th a t 
no conclusion can be draw n b y  a com parison of the 
rare earth  conten t w ith  th e am ount of a c tiv ity .

T a b l e  I I  
A c t i v i t y  

G ra m  X 10“ l J p e r  B aO (a) 
g ram  of m a te r ia l a n d  S rO (o ) SuLPUR(a)

S o i l  Soil S u b so il S oil S u b so il S oil S ubso il

•C e c il c l a y .........................................  1 .9 4  0 .7 8  0 .1 0  0 .0 5  0 .0 7  0 .0 7
D u rh a m  s a n d y  lo a m ..................  1 .7 3  1 .6 6  0 .1 6  0 .1 4  0 .0 6  0 .0 6
D e c a tu r  c la y  lo a m ....................... 2 .7 8  1 .5 2  0 .0 6  0 .0 7  0 .1 3  0 .1 9
H a g e rs to w n  lo a m ......................... 2 .5 7  0 .8 3  0 .1 7  0 .1 7  0 .3 9  0 .1 4
V o lusa  s ilt lo a m ............................  0 .9 3  1 .1 0  0 .0 8  0 .1 0  0 .0 9  0 .1 0
C ec il s a n d y  lo a m .......................... 1 .2 6  1 .9 5  0 .0 5  0 .0 5  0 .0 4  0 .0 9
N o rfo lk  s a n d y  lo a m .................... 2 .5 6  2 .8 0  0 .0 2  0 .0 3  0 .0 7  0 .1 3

1 3 .7 7  1 0 .6 4  0 .6 4  0 .6 1  0 .8 5  0 .7 8
A v e ra g e ........................................  1 .9 7  1 .5 2  0 .0 9  0 .0 9  0 .1 2  0 .1 1

(a) U n p u b lish ed  d e te rm in a tio n s  b y  F a ily e r  a n d  R o b in so n .

Since th e  a c t iv ity  of a t least secon dary rocks of the 
sam e ty p e  is fa ir ly  con stan t, it  w ould  seem th a t  there 
ou gh t to  be m ore connection  betw een  th e m ineralogical 
com position  of a soil and its  a c t iv ity . U n fo rtu n a tely , 
th e m ineralogical d ata  a t m y disposal are n ot suffi­
c ien tly  com plete to  draw  a n y  such connection. O nly 
th e  potash  feldspars and m icas were determ ined q u a n ti­
ta tiv e ly — th e others q u a lita tiv e ly , and as m ost ro ck 1 
form ing m inerals occur in  all soils, th e q u a lita tiv e  re­
su lts show ed no significance. M o n azite  occurs in 

.som e soils, b u t w as n ot sp ecia lly  looked for in  the 
tw e lv e  sam ples exam ined and w as n ot listed  am ong 
th e  m inerals in a n y  of them .

T H O R IU M  C O N T E N T  O F  T H E  S O IL S

A fte r  experim entin g w ith  other m ethods,2 th a t  used 
b y  J o ly  for determ ining th e thorium  of rocks and m in­
erals w as fin ally  decided on. F ig. I show s th e ap ­
paratus. A  is th e flask contain ing th e  solution  of th e 
m aterial to  be tested . In th is case it contained either 
th e  acid  or a lkalin e solution  ob tain ed  from  fusion of 
th e  soil w ith  fusion  m ixture. B  is a d ry in g tu b e con­
ta in in g a t one end calcium  chloride and a t th e other, 
phosphorus pentoxide, th e tw o  sep arated  b y  a plug 
of glass wool. C  is a tu b e of sm all d iam eter, w ith  a 
bulb  a t th e top and d ippin g a t th e b otto m  into a fa irly  
h e a v y  oil. D  is th e electroscope and a t E  there is a 
needle v a lv e  (not show n).

T h e flask A  is first disconnected  from  th e  ap p aratu s 
and th e  solution  boiled  v igorou sly  for ten  m inutes. 
T h is  is to  get rid of th e  radium  em anation. T horium  
em anation  is boiled off, of course, a t th e sam e tim e,

1 P r iv a te  co m m u n ic a tio n .
2 I  d es ire  to  th a n k  M r. W . O. R o b in so n  of th e  B u re a u  of S oils fo r v a lu a ­

b le  a s s is ta n c e  in  th is  p a r t  of th e  w ork .
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but as the half-life period of the radium  em anation  is 
4.8 d ays and th a t  of th e  thorium  em anation  54 seconds, 
the la tter  is v e ry  rap id ly  and th e form er v e ry  slow ly 
reform ed. H ence a n y  a ctiv e  gas w hich is found in the 
solution after th e ten  m inutes’ boiling and during the 
progress of th e experim ent can be considered as thorium  
and n ot radium  em anation.

T h e flask A is now connected w ith B and gen tly  
boiled w hile a constan t current of air is draw n through 
the whole ap p aratu s in th e direction of th e electroscope. 
T h is curren t can be controlled  b y  th e needle va lve . 
C assists in  regu latin g th e  pressure in the apparatus. 
I f  th e boiling is ste ad y  th e leaf does not v ib rate  and 
readings are readily  made.

If the air is pulled too rap id ly  through th e apparatus, 
the em anation  is too m uch diluted; if too slow ly, a 
considerable portion of th e em anation  decays before it 
reaches th e electroscope. A  m axim um  effect can 
therefore on ly  be obtained  b y  trial.

T h e a c t iv ity  of a n y  g iven  soil is, of course, th e sum 
of th e activ ities  of th e acid and alkaline solutions 
obtained from  th a t soil.

T h e n atural leak  of th e electroscope under the ex­
perim ental conditions is obtained  b y  su b stitu tin g  for 
A , a sim ilar flask contain ing distilled w ater and boiling 
as a lread y described. It  was n oted th a t if air w as

passed over calcium  chloride and phosphorus pent- 
oxide and then through th e electroscope, the leak  was 
sm aller than  when no air w as passed. A lso, if the leaf 
w as stead y  and air w as then  passed, th e leaf slow ly  rose 
during a period of ten  m inutes and u sually  over abou t 
five sm all scale divisions. T h is result is p rob ab ly  
closely  connected w ith  th e observation s m ade b y  
Sch lun dt and M o ore1 in a som ew hat sim ilar case, and 
discussed b y  R a n d a ll2 in a later paper. R eadin gs were 
m ade on ly  a fter th e m axim um  point w as reached.

T he electroscope w as stan dardized  b y  using an acid  
solution of a thorium  m ineral in w hich th e d isin tegra­
tion products are in equilibrium . In the present case 
an an alyzed  specim en of th o rian ite  w as used. A  flask 
contain ing distilled w ater, to  w hich a certain  volum e 
of the stan dard  th o rian ite  solution  w as added, was 
su b stitu ted  for A  a fter first boiling to  get rid of the 
radium  em anation. T h e effect on th e electroscope 
of th e  em anation  from  a know n  q u a n tity  of thorium

1 T rans. A m . Eleclrochem. Soc ., 8 (1905), 292.
2 Ib id .,  21 (1912), 463.

could therefore be observed and com pared with the 
results obtained  from  the soil solutions under similar 
conditions a fter th e leak  was deducted  in each case.

In order to test the accu racy  of the m ethod, different 
thorianite solutions of know n stren gth  were used and 
the results com pared. For exam ple, 10 cc. containing 
0.002 1 gram  thorium  m etal gave (leak deducted) a 
drop of tw elve  divisions per hour. 40 cc. of the same 
solutions ga v e  a drop of 47.8 divisions per hour.

T h e results obtained  are shown in T a b le  III.

T a b l e  I I I
T h o r iu m  g ram  X 10"* 

D e p th  p e r  g ram  of soil

D u rh a m  s a n d y  lo a m .................................. 10*-36* 5 .4
N orfo lk  s a n d y  lo a m ................................ 0*—14* 3 .3
D e c a tu r  c lay  lo a m ................................... 4*—36* 5 .6
H a g e rs to w n  lo a m .........................................  8* -36*  4 .0 2
Y o rk  s i l t  lo a m ...............................................  0 ff-8 *  4 .37

T h e results are n ot num erous enough to  justify  any 
conclusions as regards the re lativ e  am ounts of thorium 
in the soils and subsoils. C om parin g them  w ith Joly’s 
results on rocks, th e y  seem to in d icate th a t soils contain 
more thorium  th an  m ost rocks, th e average of the above 
results being m uch higher th an  th e average of Joly's 
results, viz., 1.58 X io _s gram  per gram  of rock. The 
figures are also higher th an  those obtained b y Blanc 
for R om an  soils.1

S tru tt2 has shown th a t the am ount of radium  in the 
e a rth ’s crust is m ore th an  sufficient to account for its 
internal heat. H e did not ta k e  into  accoun t the tho­
rium  present. A verag in g  th e am ount of radium  in the 
soils and subsoils and reducing th is b ack  to  the uranium 
conten t, it  can readily  be seen th a t th e amount of 
uranium  present is ab ou t 10 per cen t th a t of the 
thorium . W hile it  is difficult to  state  ju st to what 
exten t th e thorium  assists in m ain tainin g ,the earth’s 
internal heat, th e effect m ust a t least be appreciable.

T h e  sm all variation  in the am ount of thorium  in the 
five sam ples tested  is n otew o rth y.

M y  th an ks are due to D r. F ra n k  K . Cam eron, Chief 
of the D ivision  of P h ysica l and C hem ical Investiga­
tions, B ureau of Soils, for m an y courtesies extended 

during the progress of th is in vestigation .
B u r e a u  o p  S o i l s  

W a s h i n g t o n ,  D . C .

P A R T IA L  A N D  IN T E R M IT T E N T  C O M B U S T IO N  OF GAS

B y  E . E . S o m e r m e i e r  

R ec e iv ed  N o v e m b e r  21, 1913

C O M B U S T I B L E , IN F L A M M A B L E  A N D  E X P L O S IV E  

M IX T U R E S

A  combustible mixture is u su ally  defined as a mixture 
of a com position such th a t  if a n y  p a rt of it is raised 
to  its  ignition  tem perature a reaction  between the 
com ponents w ill becom e self-sustaining and will ex­
ten d  to all parts of th e m ixture; an inflammable mixture 
as a m ixture of a com position such th a t  if it is ignited 
a t a n y  point a visib le flam e will spread throughout 
th e entire m ixture; an explosive mixture as a mixture 
of a com position such th a t if a portion  of it is raised 
to  its  ign ition  tem perature an explosive reaction will

1 P h il. M ag .,  18 (1909), 146-148.
• Proc. R oy . Soc., ( 4 )  77 (1906), 472-485 .



May, 19 1 4  T E E  J O U R N A L  OF 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 375

take place th rou gh ou t th e entire mass. G iven  a 
sufficiently large volum e of gas an y m ixture which is 
combustible or inflam m able is also explosive.

With the com bustion  once sta rted  a n y  one of three 
things is possible: T h e reaction  m ay decrease in
rapidity; it  m ay rem ain con stan t; or it m ay increase 
in rapidity. A n  ex a ctly  constan t rate  of reaction  is so 
rare that it  m ay be d isregarded as a p o ssib ility  and the 
reaction m a y be expected  either to  accelerate or to  
decrease in v e lo city . If  it  accelerates an explosion 
will occur, provided  a sufficiently large volum e of gas 
is present. If  it decreases, th e com bustion  will die 
out and the gas, p ra ctica lly  speakin g, w ill be incom ­
bustible or a t least on ly p a rtia lly  com bustible.

DATA O N  T H E  C O M P O S IT IO N  O F  C O M B U S T IB L E  A N D  

E X P L O S I V E  M IX T U R E S

The data  in the literatu re regardin g the low er lim its 
of com bustible and explosive m ixtures of gas w ith air 
or with oxygen  differ grea tly . A s an illu stration , 
Hempel1 gives the low er lim it of com bustible m ixtures 
of hydrogen w ith air as from  5 to 6 per cent. M ost 
other authorities g iv e  from  9 to 10 per cent. T e c h lu 2 
gives the low er lim its of an explosive m ixture ofm ethane 
with air as 3.2 per cent. B urrell3 g ives 5.5 per cent. 
Most other authorities g ive abou t 6.0 per cent. In 
comparing such w idely different values one is a t a 
loss as to  the real fa cts. T h a t differences of such 
magnitude are due to  errors of m anipulations on th e 
part of some of th e experim enters is h a rd ly  probable 
and they are rath er to  be ascribed to differences in 
conditions and in m ethods of w ork.

Some of the more p robable factors co n trib u tin g to 
these differences in experim ental resu lts are: (1)
Impurities in th e gases w ith  w hich th e experim ents 
were perform ed. (2) D ifferences in the in itia l te m ­
perature of th e gas. (3) D ifferences in th e in itia l 
pressure of th e gas. (4) D ifferences in th e vo lu m es of 
gas used. (5) D ifferences in m ethod of ignition.
(6) Differences in th e design or sty le  of th e  containers.

The recorded results, unless otherw ise n oted, were 
presumably obtained  b y  sta rtin g  a t ord in ary  lab o rato ry  
temperature and at atm ospheric pressure, and it  is 
hardly possible th a t  a n y  large am ounts of unknow n 
impurities were present in the gas m ixtures used. 
It would therefore appear th a t no great d iscrepancies 
m results are to  be explained b y  a n y  or all of th e first 
three sources of error, and large variation s are more 
probably to  be explained as due to  the latter three. 
By varying these conditions th e w riter, as will be shown 
later in this paper, ob tain ed  results, w hich, while 
they are not en tirely  concordan t, do tend  to  suggest 
reasons for the different values g iven  for com bustible 
and explosive m ixtures.

E X P E R IM E N T S  T O  T E S T  T H E  I N F L U E N C E  O F  V O L U M E  O F 

G A S, M E T H O D  O F  I G N I T I O N  A N D  S T Y L E  O F  

C O N T A IN E R

In the experim ents described in th is paper the 
Allowing volum es of gas m ixtures were used:

1 Gas A naly sis ,”  H em p e l.
: J- Prakl. C h e m .,  7 5  ( 1 9 0 7 ) ,  2 1 2 .
* T u is  J o u r n a l ,  5  ( 1 9 1 3 ) ,  1 8 1 .

C o n t a i n e r

D im en sio n s

D iam . L e n g th  C o n d itio n  of
N o . C m . C m . K in d  V ol. ec. e x p e rim en t

 1.......................  . .  G lass  flask  145 G as  confined
 2.............  8 26 I ro n  cy lin d e r  1 ,3 0 0  G as confined
 3.............. 9 .5  29 G lass cy lin d e r  2 ,1 0 0  O pen  a t  end
 4.............  20 38 I ro n  cy lin d e r 1 3 ,0 0 0  G as  confined
 5.............. 30 42 Iro n  cy lin d e r  3 0 ,0 0 0  G as confined

d i m e n s i o n s  o f  t h e  c o n t a i n e r s — F or the sm allest 
contain er an ord inary short-n eck globular C 0 2 flask 
w as used. T h is flask when stoppered had a c a p acity  
of 145 cc.

E ach  of the iron cylin ders w as fitted  w ith  an opening 
for th e a tta ch m en t of a w ater-sealed glass tu b e, w ith 
an opening for th e insertion  of a stopper carryin g 
copper lead wires to  w hich th e  wire fuses were a ttach ed  
and w ith  tw o  pet cocks or openings through w hich gas 
could be a d m itted  or w ithdraw n  and also through 
w hich w ater could be a d m itted  to  replace th e gas 
w ithdraw n  in sam pling.

T h e accom p an yin g cut of the 13,000 cc. cylin der 
shows th e  general arran gem en t of the stirring apparatu s, 
glass d elivery  tu b e, paraffined paper-top, etc. T he

projectin g flange a t th e top is of ga lvan ized  iron and 
w as used when it  w as desired to  secure a w ater seal 
around paraffined paper. In experim ents w ith  m ix­
tures rich enough to  produce m uch of a reaction  
several thicknesses of paraffined paper were used and 
th e necessary w eigh t to  hold th e paper in place secured 
b y  using th e rin g ab ove th e  paper as th e fu lcrum  of a 
lever j  or 6 feet long, upon the end of which w eights 
were placed. In  th is w a y  pressures eq u ivalen t to  700 
or 800 pounds upon th e  head of the cylin der were readily  
secured.

T he follow ing m ethods of ign ition  were used:
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1 0 .5  to  0.75 cm . N o . 34 p la t in u m  w ire, h e a te d  to  w h ite  h e a t.
2 ' 0 .5  a n d  5 cm . N o . 34 p la tin u m  w ire, fused .
3 0 .5  a n d  5 cm . N o . 34 iro n  w ire, fused .
4  5 cm . N o . 34  ta n ta lu m  w ire, fused .
5 0 .2 5  cm . s p a rk  from  in d u c tio n  coil.
6  O x y g e n -n a tu ra l gas flam e.

In perform ing the experim ents w ith  closed con­
tainers, tw o  m ethods qf observin g w hether or n ot a 
reaction  too k  place were used.

(1) A  b en t glass tu b e  w as a ttach ed  to th e con­
tainer, th e open end of w hich dipped into w ater. 
W ith  a vigorous reaction, gas w as forced through the 
tu b e and bubb led  up through the w ater. W ith  a less 
vigorous reaction, the w ater in the tub e wras depressed 
through a  n oticeable distance.

D i a m e t e r s  o f  D e l i v e r y  T u b e s  U s e d  

145 cc. f la sk  3 m m . tu b e  1 3 ,0 0 0  cc. cy lin d e r  12 m m . tu b e
1 ,3 0 0  cc. c y lin d e r  6  m m . tu b e  3 0 ,0 0 0  cc. cy lin d e r 12 m m . tu b e

(2) T h e  m outh of the container w as closed with 
paraffined paper, w hich, being flexible, w as visib ly  
m oved b y  a slight reaction  in th e gas m ixture, while 
w ith  a vigorous explosion or com bustion it w as ru p ­
tured. T h is m ethod w as em ployed in some of th e 
experim ents w ith th e cylin ders of capacities of 1300 
cc. and 13,000 cc.

In the experim ents in w hich a d elivery  tub e was 
used, a n y  gas which escaped w as replaced b y  w ater, 
and the analysis of th e residual gas did not need to  be 
corrected  for dilution w ith air. T h e com position of 
the residual gas from  experim ents in w hich th e cylinders 
were closed w ith  paraffined paper w as usually  som e­
w h at affected  b y  dilution  w ith  air. T here w as more 
or less leakage of gas ou tw ard  around the edge of the 
cylin der when the gas w as su b ject to the pressure 
caused b y  com bustion  or explosion, and this was 
follow ed b y  a resu ltan t leakage of air inw ard upon 
th e cooling and con traction  of th e gas. T h e errors 
in th e results caused b y  th is leakage were, how ever, 
of m inor im portance and had  no b earin g on th e general 
conclusions deduced from  th e  analysis.

In  using th e 145 cc. flask no effort w as m ade to  m ix 
th e gas and air, as w ith  th is sm all volum e diffusion 
was deem ed sufficient to g ive  a uniform  m ixture after 
a few  m inutes. In using cylin ders containing 1300 
cc., 2000 cc., and 30,000 cc., m ixing w as secured b y  
in vertin g th e cylin der ten  or tw e lv e  tim es and allow ing 
it  to  stan d  each tim e for a few  seconds up to  several 
m inutes before reversing. In  using a cylin der of 13,000 
cc., m ixing w as accom plished b y  m eans of a pair of 
fan blades on a ro ta tin g  sh aft w hich w as turned several 
hundred tim es before th e ignition  of th e m ixture.

T h e current used for heatin g the. 0.5 to 0.75 cm . of 
N o. 34 p latin um  wire to  a w hite heat w as obtained 
b y  using tw o 32 candle pow er carbon lam ps in parallel. 
F or fusing th e  p latin um , iron and tan talu m  wires, 
three to  four 32 can dle pow er lam ps in parallel were 
used. In the fusin g of the platinum  wire less th a n  one 
calorie of h eat w as developed. In th e fusion of the 
iron and ta n ta lu m  wires sligh tly  more heat m ay have 
been developed ow ing to  som e oxidation. In the 
experim ents w ith  th e 13,000 cc. cylin der one calorie 
of heat w ould be sufficient to  raise th e tem perature 
of th e gas m ixture o n ly  abou t 3° C .

A ll th e experim ents were perform ed a t laboratory 
tem peratures w-hich varied  for different d ays from as 
low  as 18 0 C . to  as high as 27 0 C . Som e of the results 
obtained  w ith  th e  different m ethods of ignition  and the 
different volum es of gas together -with analyses of the 
resu ltan t gases are as follow s:

HYDROGEN AND AIR

w i t h  t h e  145 cc. f l a s k — Method of ignition, 0.5 cm. No. 34 
platinum wire heated to white heat for 2 seconds. A blank on 
air under the same conditions gave a 5 cm. depression of water 
in the delivery tube.

R e s u l t s  w i t h  D i f f e r e n t  P e r c e n t a g e s  o f  H y d r o g e n  i n  A ir  

P e r  c e n t D ep ress io n  P e r  c e n t D ep ress ion
h y d ro g en  C m . h y d ro g e n  C m .

4 .5  10 6 .0  20
5 .0  15 7 .1  70
5 .5  20 8 .2  F la s k  b low n  off of the’stopper.

T urn in g on the current for tw o additional intervals of one 
second each gave  further reactions as follows:

P e r  c e n t 
h y d ro g en  

5 .0  
5 .5

D ep ress io n s
C m .

15 a n d  10 
20 a n d  10

P e r  c e n t 
h y d ro g en  

6.0 
7 .1

D epressions
C m .

20 a n d  12 
20 a n d  15

A fter the th ird  ignition of the 5.5 per cent m ixture, analysis 
of residual gas for oxygen showed th a t only 0 . 2  per cent of the 
oxygen had burned, equ ivalen t to  0 . 4  per cent o f hydrogen.

R e s u l t s  w i t h  a  0.25  C m . S p a r k  f o r  0.5  S e c . f r o m  a n  I n d u c t io n  C o il

P e r  c e n t D ep ress ion P e r  c e n t D epression
h y d ro g en C m . h y d ro g en Cm.

4 .3 5 .6
1 s t  s p a r k -----.........  20 1s t  s p a rk .  . . , 25
2n d  s p a r k . , . . . . .  20 2 nd  s p a r k . . 25
3rd  s p a r k ___.........  5 7 .0

1s t  s p a rk .  . . 75
2 nd  s p a r k . . 50

w i t h  t h e  1 3 0 0  cc . c y l i n d e r — M ethod of ignition, fusion of 
0 . 7 5  cm. o f N o. 3 4  iron wire. E x te n t of reaction noted by 
m ovem ent of paraffined paper on th e head of the cylinder.

P e r  c e n t  P e r  ce n t
h y d ro g e n  R e s u lt  h y d ro g e n  R esu lt

4 .5  N o  v isib le  re a c tio n  7 V ery  fa ir  reac tio n
4 .6  V ery  fa in t  re a c tio n  8 W e ak  explosion
5 .0  F a i r  re a c tio n  9 F a ir  explosion , n o t violent
6 .0  F a i r  re a c tio n  10 V ig o rous  explosion

w i t h  t h e  c y l i n d e r  w a t e r - s e a l e d ,  glass tube to allow the 
escape of gas, and an iron wire fuse, several experiments with 
7 . 7  per cent hydrogen all gave  vigorous reactions, gas being 
forced o u t through th e water-seal. A n alysis of the residual 
gas for oxygen showed th at from 1.4 to  2  per cent of hy­
drogen had burned.

w i t h  t h e  1 3 , 0 0 0  cc . c y l i n d e r ,  iron wire fuse and 6  per cent 
hydrogen, about 5 0 0  cc. of the gas w ere forced out through 
2 0  cm . of w ater. A n  analysis of the residual gas for oxygen 
showed th a t about 0 . 5  per cen t of hydrogen had burned. 
W ith  7 . 7  per cent hydrogen abou t 2  liters of gas were forced 
out of the cylinder. A n  analysis o f the residual gas showed 
th a t 0 . 4  per cent hydrogen had burned. . Ignition of the residual 
gas b y  m eans of additional fuses gave com bustion reactions up 
to  1 0  fuses. U p  to the fourth fuse the reaction produced forced 
gas out of the cylinder through 3 0  cm. of water. Using 0.5 

cm. of N o. 3 4  platinum  w ire heated to a  w hite heat for two sec­
onds, a 7 . 7  per cen t m ixture of hydrogen gave tw o distinct 
reactions, the gas escaping through 2 0  cm. of w ater in two dosel) 
succeeding b u t d istin ctly  separate portions. Analysis of the 
residual gas showed th a t 1.6 per cent of hydrogen had burned
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Using a spark from  the induction coil for abou t o. 1 second, a 
7.7 per cent m ixture of hydrogen gave a v ery  vigorous reaction, 
several liters of gas being forced out of the cylinders. A nalysis 
ol the residual gas indicated th a t 0.8 per cen t of hydrpgen 
had burned. W ith  7.6 per cent hydrogen and w ith  the spark 
left running for several seconds, three d istinct reactions were 
observed.

w it h  t h e  30,000 cc . c y l i n d e r  and iron wire fuse, m ixtures 
of from 7.3 to  7.7 per cent hydrogen gave  fair reactions as w as 
indicated b y  th e forcing of gas out of th e cylinder through w ater. 
Analysis of th e residual gas show ed th at on ly abou t 0.4 per cent 
of hydrogen had burned. A  7.7 per cent m ixture ignited 
with a dozen successive fuses gave reactions each tim e; up to 
the ninth fuse, the reaction forced gas out of the cylinder through 
18 cm. of w ater; whereas, the burning of a  fuse in the cylinder 
filled with air gave  no v isib le  depression.

N ATU RAL GAS AND AIR 

Natural gas from  the Colum bus, Ohio, c ity  m ains w as used. 
This gas on analysis w as found to consist of approxim ately 
85 per cent of m ethane and 15 per cen t of ethane.

w it h  t h e  14 5  c c .  f l a s k , a  5 p e r  c e n t  m ix t u r e  o f  n a t u r a l  g a s  

and a ir g a v e  n o  v is ib le  r e a c t io n  w h e n  ig n it e d  w i t h  0 .7 5  c m . o f  

No. 34 p la t in u m  w i r e  h e a t e d  t o  a  w h it e  h e a t .

Per cent
natural T im e  of D ep res- P e r  c e n t T im e  of D ep res-

gas s p a rk sion n a tu r a l  gas sp a rk sion
in air S p ark  S eco n d s C m . in  a ir S p a rk S econds C m .
4.4 1s t 1 30 5 .6 1s t V* 75

2nd 1 20 2 nd 2 6Q
3rd 1 20 3 rd 2 50

5.0 1s t 1 , 30 4 th 4 75
2nd 1 25 B la n k  on  a ir 1s t 1 10

2 nd • 5 20

On several other tests w ith  m ixtures containing from  5.7 
per cent to 5.2 per cen t of gas and using a  spark for 0.5 second, 
the flask was blown from  the stopper.

w it h  t h e  1300 cc . c y l i n d e r — M ethod of ignition, fusion 
of from 0.5 to  0.75 cm. N o. 34 platinum  or iron wire. A  4.6 
per cent m ixture o f gas and air produced a 4 cm. depression. 
A blank 011 air produced a depression ol 1 cm.

A mixture of 4.8 per cen t of gas- and air produced vigorous 
reactions, gas being forced ou t against a  pressure of 5 lbs. per 
square inch. A n alysis showed th e presence of 2.6 per cent CO2, 
indicating th at abou t one-half of the gas had been burned 
W ith paraffined paper closing one end of the cylinder, and w ith 
a 0.75 cm. platinum  wire heated to fusion, a fair reaction w as 
detected w ith  as low  as 4.6 to  4.7 per cen t m ixtures of natural 
gas and air. M ixtures of from  4.9 to  5 per cent of gas and air 
Save fair combustion, a d istin ct flame being visible.

r e s u l t s  w i t h  5  c m . n o . 34 i r o n  a n d  p l a t i n u m  f u s e s — B lan ks 
oil fuses in air ga ve  for the iron fuse a  depression of 12 cm . and 
for the platinum fuse a  depression of 10 cm. A  4.3 per cent 
mixture of gas and air gave  a  depression of 30 cm. w ith an  iron 
fuse and a depression of 20 cm. w ith  a  platinum  fuse. U sing a 
5 cm. tantalum wire fuse, blanks on fuse in air gave  a depression 

12 cm. M ixtures of 4.3 per cent and 4.4 per cen t of gas and 
air gave depressions of 40 and 50 cm ., respectively.

w ith  t h e  13,000 cc. c y l i n d e r , iron w ire fuse, paraffined 
paper head on cylinder.

W ith a 4.7 per cen t m ixture of natural gas, no v isib le  reaction 
"'as produced.

With a 4.8 per cent m ixture of n atural gas, a fain t reaction was
produced.

With a 5 per cen t m ixture of n atural gas, a  fair reaction w as
Produced.

With a 5.2 to  5.3 per cen t m ixture of n atural gas, a  fair reaction 
"as produced, the paper head of th e cylind er being scorched 

i the heat of the com bustion.

T ests a fter com bustion on the residual gas from  m ixtures 
containing 5.2 and 5.3 per cen t of natural gas gave results for 
CO2 of from  0.8 to  1.2 per cent, indicating th at approxim ately 
this am ount of the natural gas had burned. These values are, 
how ever, som ew hat too low, owing to the leaks inw ard of air 
a fter com bustion. T his is shown b y  the more com plete analysis 
after com bustion of the residual gas from  a 5 per cent m ixture 
of natural gas, upon which values w ere obtained as follows: 
CO2 1.4, CH< 2.7, C sH 6 0.6 per cent.

On the basis of natural gas consisting of' approxim ately 85 
per cen t CH< and 15 per cent C ;H 0 the original m ixture con­
tained 4.25 per cent of CH* and 0.75 per cent of C 2Ho. On the 
residual gas after com bustion the C 2H 6 is 0.15 per cen t low er 
and the CH< 1.55 per cent low er th an  in the original m ixture. 
I f  these am ounts burned to CO2 the CO2 form ed w ould equal 
i -55 +  0.30 =  1.85 per cent as against 1.4 per cen t of CO2 
actu a lly  found. T h is corresponds to a dilution of the original 
m ixture w ith  approxim ately 25 per cen t of air.

E FFE CT ON IGNITION B Y  A W HITE HOT PLATINUM  W IRE COMPARED 

W ITH IGNITION B Y  FUSION OF THE W IRE

A  5.1 per cen t m ixture w ith 0.75 cm . N o. 34 platinum  wire 
heated to a  w hite heat for tw o seconds gave  no visible reaction, 
b u t upon turning on additional current and fusing the wire, a  
fair reaction occurred, abou t 500 cc. of gas being forced out of 
the cylinder. A n alysis of the residual gas for carbon dioxide 
and oxygen indicated th at on ly about 0.2 per cen t of the natural 
gas had burned.

T h e  ignition of the gas b y  fusion of the wire and its failure to 
ign ite  from  the wire raised to a w h ite  heat shows v ery  clearly  
the great effect of a  v ery  high tem perature of ignition upon the 
startin g of the reaction.

EXPERIM ENTS WITH TH E OX YGEN -N ATURAL GAS FLAME AS A 

SOURCE OF IGNITION

M ixtures of natural gas and air, and hydrogen and air were 
collected over w ater in the 2100 cc. glass cylinder which w as 
then closed w ith  a  glass plate. T h e  gases were m ixed b y  in­
vertin g the cylinder a num ber of tim es, and then w ith the 
cylinder inverted, it w as qu ick ly  slipped off of the glass plate 
w hich closed it  and passed over the oxygen gas flame, the flame 
being in the cylinder for abou t one-half second. T h is  flame 
w as abou t 10 cm . long and consum ed abou t 3 cc. o f n atural gas 
per second. W ith  natural gas no visible com bustion w as ob­
tain ed w ith  5 per cen t of gas, b u t w ith  a 5.5 per cen t m ixture the 
com bustion w as quite  evident, a  blue flam e spreading slow ly  
throughout the cylinder. W ith  hydrogen 110 reaction was de­
tected w ith a 6 per cen t m ixture. W ith  a 7 per cen t and a  7.7 
per cen t m ixture no visible flam e w as noticeable b u t an ap­
preciable reaction w as indicated b y  the deposit of a film of 
m oisture upon the cold sides of the cylinder. T h a t an appreci­
able reaction is started  b y  the oxygen-natural gas flam e in m ix­
tures of natural gas and air lower than 5.5 per cent is shown b y  
the follow ing experim ents upon different m ixtures of gas and 
air in the 13,000 cc. cylinder: In  m aking the experim ents a
cork w as rem oved from  a 2 cm. opening in the side of the cylinder 
and the tip of the flam e inserted into th e cylinder for from 1 to 3 
seconds. Considerable reaction occurred as w as show n b y  the 
rapid sw elling o f th e paraffined paper top  used to  close the cylin ­
der and b y  the rapid escape of gas through the opening in which 
the flam e w as inserted. In  each case the effect w as greater 
than th a t w hich w as produced in  blank tests upon the cylinder 
filled w ith  air. B u t  in the m ixtures used no v io lent reaction 
occurred. T h e  exten t of the reaction w as approxim ately de­
term ined b y  analysis of the residual m ixtures for CO2. T h e 
flam e used 3 cc. of natural gas, and produced approxim ately 
3 cc. of CO2 per second; or in the 13,000 cc. m ixture less than 
0.03 per cen t of CO2 per second was added from  this source. 
T h e  results obtained upon the residual m ixtures were as follows:
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T im e  of P e r  c e n t A p p ro x i­
P e r  c e n t of flam e in C O i in P e r  c e n t of m a te  cc. of
n a tu ra l  gas cy lin d e r re s u l ta n t C O 2 from C O 2 from n a tu r a l  g as
in m ix tu re S econds m ix tu re flam e gas b u rn e d b u rn e d

4 .4 5 1 . 0 0 .1 5 0 .8 5 100
4 .0 5 1 . 0 0 .1 5 0 .8 5 100
3 .2 3 0 . 6 0 . 1 0 0 .5 0 60
2 . 0 4 0 .3 0 . 1 0 0 .2 0 25

These results all show appreciable com bustion around the flame. 
T h is com bustion was in all cases greater than  is shown b y  these 
results on account of the expansion of the gas and the dilution 
of the rem aining gas w ith  a ir upon contraction before the gas 
w as sam pled and analyzed. T h a t partial com bustion of such 
m ixtures occurs is shown b y  the well known lengthening of a 
lam p flam e in air containing fire damp.

A N A L Y S IS  O F  R E S U L T S

T h e experim ents here recorded show  con clusively  
th a t  w ith a high in itia l ign ition  tem perature a reaction  
m ay sta rt in a gas m ixture, w hich, as a w hole, m ay be 
incom bustib le because th e h eat of com bustion is not 
sufficient to  m aintain  th e tem perature a t th e kindling 
point. H ence all of the m ixture will not burn although 
the reaction  m ay be sufficiently extensive as to  m ake 
the m ixture appear to be com bustible or explosive. 
W ith  the source of high tem peratu re em ployed to 
cause ign ition  actin g for only a v e ry  brief in terva l of 
tim e, as during the fusion of p latinum  or iron wire, the 
resultan t reaction  q u ick ly  ceases b u t n ot until a  com ­
bustion of gas has occurred, th e heat of which is in some 
cases eq u iva len t to  hundreds of tim e th e en ergy re­
quired to  heat the platin um  or iron fuse. T h e heat 
liberated  b y  the fusion of 0.75 cm . of N o. 34 p latin um  
or iron wire is on ly a fraction  of a calorie. In  a 7.7 
per cent m ixture of hydrogen  th is fuse, as has been 
shown, causes a com bustion  of 0.4 per cen t of hydrogen 
in  a 30,000 cc. m ixture or of 120 cc. of hydrogen. 
T h is liberates ab ou t 300 calories of h eat. In the sm aller 
containers a greater percen tage of th e hydrogen  w as 
burned. For exam ple, in the 1300 cc. cylin der as high 
as 2 per cen t of hydrogen  burned or on ly  26 cc. From  
th is it  w ould appear th a t when th e com bustion  is 
started  from  a source of v e ry  high tem perature, more 
gas is burned in a large vo lu m e of m ixture than  in a 
sm all volum e, b u t th a t  the greater percen tage of the 
gas is burned in th e sm aller m ixture. T h is is a t least 
p a rtia lly  accoun ted  for b y  th e  cooling of th e  gas b y  
the w alls of th e container, esp ecially  where sm all 
volum es are burned; b u t w ith large volum es of gas, as 
in th e  case of th e tw o large cylin ders holding 13,000 
and 30,000 cc., resp ectively , th is w ould be of little  
effect, and in a room  full of gas th e  effect w ould be 
en tirely  negligible. W ith  a continuous source of high 
tem perature, as w ith  a w hite hot wire, a lam p flam e or 
a running electric sp ark, th e reaction  produced m ay be 
in term itten t. T h e  gas im m ed iately  around the point 
of ign ition  burns and expands, and com bustion  around 
th a t poin t ceases until another portion of th e m ixture 
of gas and air has replaced the expanded gas and prod­
ucts of com bustion, w hereupon another reaction  takes 
place resulting in a series of com bustions or explosions.

T h e lim its of appreciable ign ition  or com bustion 
of hydrogen  and of n atu ra l gas in air v a ry  w ith  the 
volum e of gas used, th e  source of ign ition  and th e sty le

of th e container. In a 2000 cc. open cylin der the lower 
lim it obtained  for n atural gas is abou t 5.5 per cent. 
W ith  hydrogen  th e low er lim it for v e ry  appreciable 
ign ition  w as above 7 per cent. In a closed container 
th e low er lim it for n atural gas using 0.5 cm. of No. 34 
p latin u m  wire heated  w hite hot, w as over 5 per cent. 
W ith  a 0.5 cm . platin um  or iron wire fused the lower 
lim it obtained w as 4.7 to  4.8 per cent. W ith a 5 cm. 
N o. 34 wire fused  the low er lim it obtained was about
4.3 per cent. W ith  a 5 cm . N o. 36 tantalum  wire 
fused th e low er lim it w as ab ou t 4.3 per cent. With a
0.25 cm. spark from  an in duction  coil th e lower limit 
of appreciable reaction  was a b ou t 4.3 per cent. With 
closed containers, 6 to 7 per cent m ixtures of hydrogen 
and air ga v e  vigorous reactions w ith  0.5 cm. platinum 
or iron w ire fuses. W ith  th e electric spark, mixtures 
as low  as 5 per cen t ga v e  v e ry  n oticeable reactions, 
and fa in t reactions were obtained  w ith  mixtures as 
low  as 4.3 to  4.6 per cent.

F or th e sam e percen tage of gas and th e same method 
of ignition, sm all volum es of gas ga v e  more vigorous 
reactions th a n  large volum es, b u t in to ta l amount of 
gas burned, the com bustion  obtained  in large volumes 
w as greater th a n  th a t obtained in sm all volumes.

W ith  sm aller containers, or w ith  a more powerful 
spark, or a longer w ire fuse, u n d o u b ted ly  ve ry  appreci­
able reactions can be obtained  w ith  m ixtures of lower 
percentages th an  those given, b u t w ith  ordinary 
sources of ign ition , large volum es of gas will not react 
ap p reciab ly  unless th e m ixture is richer in gas than the 
low est lim its obtained in these experim ents. How­
ever, th e therm al calcu latio n s1 based on 850° and 700° 
as th e ignition  tem perature required  for explosive 
m ixtures of n atural gas and of hydrogen  with air 
in d icate th a t  m ixtures of n atu ra l gas in excess of 
2 per cen t and of hydrogen  in excess of 5.9 per cent 
are p o ten tia lly  explosive if conditions favorable to 
th e reaction  are present. Som e of these conditions, 
in addition  to  a vigorous source of ignition, are un­
u su ally  high in  in itia l tem peratu re of the mixtures 
of gas and air, presence of fine com bustible dust, and 
an increase in the pressure of th e  m ixture.

T h e  results of these experim ents indicate that a 

co m p a ra tiv ely  sm all excess of hydrogen  above the 
th eoretical requirem ent is n ecessary to  produce a 
vigorous reaction. N atu ral gas or m ethane, on the 
other hand, ignites w ith such d ifficu lty  that, with 
ord inary m ethods , of ignition, an appreciable r e a c t io n  

does n ot occur unless a v e ry  large excess of gas is 
present above th a t  required b y  th e therm al calculation.

D e p a r t m e n t  o p  M e t a l l u r g y  
O h i o  S t a t e  U n i v e r s i t y  

C o l u m b u s

W O O D  D IS T IL L A T IO N ],U N D E R  D IM IN IS H E D  PRESSURE 
A  C O N T R IB U T IO N  T O  T H E  P R O B L E M  O F  U TILIZA­

T IO N  O F  W O O D  W A S T E
B y  M a x w e l l  A d a m s  a n d  C h a r l e s  H i l t o n  

R e c e i v e d  D e c .  2 7 ,  1 9 1 3

T h e rap id  decrease in the su p p ly  of long leaf pine 
a vailab le  for th e  production  of turpentin e and the 
im m ense w aste of resinous wood in th e lum ber indus- 

1 T h i s  J o u r n a l ,  6 ,  1 9 1 .
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try throughout th e  cou n try  has stim u lated  chem ists 
in an effort to devise som e p ractical m ethod for the 
extraction of w ood tu rp en tin e  from  stum p s, lapw ood 
and mill waste. A ccord in g to th e R ep o rt of th e  B ureau 
of Chem istry1 there are m ore th a n  five m illion cords 
of waste wood left an n u ally  in th e forests in th e lu m ­
bering of resinous woods. T h e am ount of w aste is 
greatly increased when we add to th is th e dead and 
fallen tim ber of th e u n cu t forest.

The m ethods for extra ctin g  tu rp en tin e from  resi­
nous wood, so far proposed, m ay be classed under four 
heads: 1. D estru ctive  distillation, w ith  or w ith ou t
steam. 2. S team  d istillation. 3. D istillatio n  w ith  
hot rosin. 4. E xtra ctio n  w ith  v o la tile  solven ts. T hese 
methods have all been tried  out w ith  v a ry in g  degrees 
of success, b u t it is som ew hat d ou b tfu l if a n y  of them  
have developed b eyon d  th e exp erim ental stage. T h e 
commercial success of a n y  m ethod w ill depend largely  
upon the dem and for th e b y-p rod u cts, and th e  u tiliza ­
tion of all parts of th e wood. T h e steam  distillation  
process in conjun ction  w ith  th e  m anufacture of paper 
pulp appears prom ising2 and th e d estru ctive  dis­
tillation m ethod has often  been successful where 
charcoal, creosote and rosin oils are in dem and.

The m ethod described in this paper proposes to 
improve the ord in ary  d estru ctive  d istillatio n  process 
by controlling th e  tem peratu re and dim inishing th e 
pressure at w hich th e d istillatio n  ta k es  place, th ereb y  
avoiding superheating and a t th e  sam e tim e vaporizin g 
the turpentine a t a tem p eratu re below  which it  will 
not decompose.

According to V io le tte ,3 when w ood is carefu lly  heated 
to 150o C. w ater on ly is distilled, and decom position 
begins at about 1600 C. T h ese results w ill p rob ab ly  
vary with the kind  of w ood. In  order to  determ ine 
the effect of heat upon th e v a r ie ty  of w ood to  be used 
in later experim ents a sam ple of w estern  yellow  pine, 
Pinus ponderosa, w as placed in a flask im m ersed in a 
sulfuric acid b ath  and heated  v e ry  slow ly. C are was 
taken th at th e tem peratu re • of th e b ath  did n ot ex ­
ceed th at of th e interior of th e  flask  b y  more th a n  five 
degrees. A t 94 ° (the b arom etric pressure of th e lab o ra ­
tory being 645 m m .) d istillation  of w ater and tu rp en ­
tine begins. W hen k ep t a t 1600 C . for several hours 
the. wood turns brow n, and ab ove th is tem peratu re 
there is abundant evidence of decom position. Gaseous 
decomposition begins when a tem peratu re of 220° C. 
is reached.

Although pure tu rp en tin e distils a t 15 5—6 °, y et 
when dry wood is heated  on ly  a sm all percen tage of 
the turpentine present is driven  off when decom posi­
tion begins. T h is is explained b y  th e  fa c t  th a t  ordi­
nary pitch as it  occurs in w ood is a solution of rosin 
and various w axes in tu rp en tin e; when a substance is 
dissolved in a liquid, th e vap o r pressure of th e sol­
vent is lowered a t all tem peratures, and the solution 
must therefore be h eated  to  a higher tem peratu re than  
would be required for th e  pure so lven t, before dis­
tillation begins.

1 Bull. 1 59 .
: Bur. of C hem ., B u ll. 189.
1 S ad tler's  " I n d u s tr ia l  O rgan ic  C h e m is t r y / ’ p . 348.

T h e rosin is n ot vo la tile ; as th e tu rp en tin e distils 
and th e solution  grow s m ore con cen trated , th e  vap o r 
pressure is low ered, and th e boiling point is corre­
sp on d in gly  raised, until th e  tem p eratu re of decom posi­
tion  is reached, and a large p a rt of th e turpen tin e is 
destroyed  before it  is vaporized. T h e presence of 
w ater in th e wood, how ever, adds a fa cto r w hich p a rtly  
counterbalan ces this, and low ers the boiling point
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of th e turpen tin e in th e m ixture. A ccordin g to  the 
law  of R e g n a u lt1 for im m iscible liquids, w ater and 
tu rp en tin e will d istil a t  the tem peratu re a t w hich 
the sum  of their vap o r pressures is greater th an  atm os­
pheric pressure, n either influencing th e vap o r pressure 
of the other. T h e  q u a n tity  of each liquid  foun d in 
th e  d istillate will be proportional to  their vapo r densi-

1 Pogg. A n n .,  93, 537.
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ties and can be calcu lated  b y  m eans of A v o g a d ro ’s If we consider the gram  m olecular volum e at 930
law . , . 2 2 .4  (273 +  93) ,

as being —  — liters, and assum e turpentine
A  m ixture of w ater and turpentin e (the b arom etric 273

pressure in th e lab o rato ry  being 652 mm.) boils a t to  consist of pinene w ith  a m olecular w eight of 136,

C o n t a in e r
Oil R e se rv o ir

Gqs
Mom

F i g . 2

then  th e  m ixed vap o rs w ill be foun d to  consist of
18 X  588 x r j  136 X 64
 —  = 16. 2 p arts of w ater vap o r a n d ------------  =

652 652
13 .3  p arts of tu rp en tin e vapor. T h e  ratio  of the 
w eight of w ater to  tu rp en tin e in th e  va p o r is approxi­
m ately  100 to  80, and th is is also the ratio of their 
w eights in  th e  d istillate .

T h e d en sity  of tu rp en tin e is 0 .8 5, therefore the vol­
um e of w ater and the vo lu m e of tu rp en tin e are prac­
tic a lly  equal w hen th e  distillation  tak es place at 
atm ospheric pressure, b u t th e proportion  of turpentine 
in the d istillate should be con sid erably  increased 
when th e d istillatio n  is carried  on under diminished 
pressure, as is show n b y  th e  exam ination  of the vapor 
pressure curves in F ig . x.

T h e va p o r pressure of tu rp en tin e a t 30 0 is 6 .9  mm. 
and th a t  of w ater a t th e  sam e tem peratu re is 31.5 
m m .; a to ta l of 3 8 .4  mm. B y  a p p ly in g  the preceding 
m ethod of calcu latio n  we find th a t th e m ixed vapors

at 30° w ill consist of I-~ ^  3 1 • 5 _   ̂ parts of water
38 .4

vap o r and —— =  24.4  parts of turpentin e vapor.
38 .4

T h u s th e am ount of tu rp en tin e vap o rized  is practically 
double th a t of th e  w ater, when th e distillation  takes 
place a t 38 mm . pressure. T h ese results are confirmed 
b y  experim ent.

W hen we ap p ly  th e steam  d istillatio n  method to 
th e extractio n  of tu rp en tin e from  w ood, the propor­
tion  of turpen tin e is v e ry  m uch dim inished, and the 
distillation  tem p eratu re is considerably higher, due 
to th e presence of dissolved resins, w hich have greatly 
dim inished the vap o r pressure of th e turpentine. 
E xp erim en ts show  th a t, under th e m ost fa v o ra b le  

conditions, 15 p arts of w ater rem ove 1 p a rt of turpen­
tin e. T h e proportion  of w ater, how ever, vanes

93 0 C . W ater a t th is tem perature has a vapor pressure 
of 588 m m . T h e rem aining 64 mm. pressure m ust 
be due to the turpentin e. T h e vapo r pressure of

F ig . 3

pure tu rp en tin e1 shows th a t  a m ixture of it  and w ater 
should boil at a b ou t 9 1 0 C . T h e slight so lu b ility  of 
each in the other doubtless low ers the vapo r tension 
of both.

1 “ S m ith so n ian  P h y s ic a l T a b le s ,”  p . 126.
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widely, depending upon the rate of d istillatio n  and the 
size of the wood chips.

T a b l e  I
E x p t . N o . 1 E x p t . N o . 2 

P ress, n o rm a l P ress. 35 m m .

Number T e m p , of T e m p , of V ol. V ol. V ol. Vol.
of oil b a th  d is t. flask  tu rp . w a te r  tu rp .  w a te r

fraction °C . °C . Cc. C c. C c. Cc.
A ...........................   100-150  4 0 -  94 0 .0  0 .0  7 .2  3 .1
B ...............................  150-190  9 4 -1 2 0  5 .3  4 .2  2 .8  2 .2
C ...............................  190-200  120-140 4 .3  3 .2  2 .5  1 .9
D ..............................  2 0 0 -2 2 0  140-160  1 .4  0 .6  1 .1  1 .5
B . . . . ......................  220 -2 7 0  160-180  1 .8  1 .6  2 .1  3 .0
F ............................... 2 7 0 -3 0 0  180-200  2 .3  4 .0  4 .6  3 .2
G ..............................  3 0 0 -3 3 0  200 -2 2 0  3 .1  6 .1  6 .4  4 .1

By decreasing th e pressure, accordin g to  th e pre­
ceding theoretical considerations, th e am ount of the- 
turpentine produced a t a g iven  tem p eratu re should be

T a b l e  I I

E x p t . N o . 3 , p ress, n o rm a l E x p t . N o . 4, p ress . 80 cm .

V ol. V ol. V ol. Vol.
c ru d e  S p . gr. re fined  c ru d e  S p. g r. refined

D ist. te m p . tu rp .  c ru d e  tu rp .  tu rp . c ru d e  tu rp .
Frac. °C . C c. tu rp . C c. C c. tu rp .  Cc.

A . . . .  U p to  220 570 0 .8 5 5  501 920  0 .8 8 7  722
B . . . .  220-250  220 0 .8 8 4  176 3 20  0 .9 3 4  182

considerably increased. A cco rd in gly , an ordin ary  dis­
tilling apparatus, w ith  a c a p a c ity  of a b ou t 200 gram s 
of wood shavin gs, w as fitted  up and a tta ch ed  to a

T a b l e  I I I
V ol. 

V ol. o f  re -  
of ref. fined
tu rp . tu rp .
o b t. o b t.  a t

T e m p . a t  o rd . 8 0 c m .
V arie ty  of of d is ti l . T im e  o f p ress. p ress,
wood u sed  F ra c . °C . of d is til. C c. Cc.

Pinus M o n o p h y lla .. . A U p  to  220 1 h r  30  m . 180 250
Pinus M o n o p h y lla .. .  B  22Ct-250 1 lir. 108 150
Pinus Je f ry ii ..................  A  U p  to  200 1 a n d  %  h r . 100 150
Pinus J e f ry ii ................... B 200 -2 2 0  1 h r . 95 105
Pinus J e f ry ii ..................  C  220 -250  1 h r . 80 75

pump capable of m ain tainin g th e  ap p aratu s a t a 
pressure of 35 mm. T o  avoid  superh eating, th e dis­
tilling flask w as p laced in an oil b ath . A  sam ple of 
thoroughly dry, w estern yello w  pine, fa ir ly  rich in' 
pitch, was cu t into  chips, w hich w ould pass through.

represent th e  extrem es of variation . T im e being an 
im p ortan t fa cto r  in determ in ing th e q u a n tity  of d is­
tilla te  ob tain ed  from  w ood, th e tem p eratu re w as 
raised 200 in ap p ro x im ately  30 m inutes. T im e and 
tem p eratu re thus being th e sam e in both exp eri­
m ents, th e va riatio n  in th e am ount of d istillate  secured 
in th e d ifferen t fraction s m ust depend upon the pres­
sure. T h e d istillate  com ing over below  160°, th e 
tem p eratu re a t w hich th e decom position of wood be­
gins is 20 per cent greater under dim inished pressure 
th an  th a t  d istillin g a t ord in ary  pressure. T h e  fra c ­
tion s com ing over, both  ab ove and below  160°, under 
dim inished pressure are m uch ligh ter in color th an  
those d istillin g a t atm osp heric pressure. W hen the 
tem p eratu re reaches 220° gaseous decom position  be­
gins and dim inished pressure can no longer be m ain­
tained.

In  order to repeat th e  ab ove experim ents on a larger 
scale, a double-w alled  retort, cap able of holding 
ab ou t 25 kilos of wood, and sim ilar in form  to th e one 
described b y  P ritc h a rd 1 w as constructed.

T h e plan of th e ap p aratu s is show n in F ig . 2. Oil 
is passed th rough  copper coils heated  in a gas flam e. 
T h e hot oil is forced to  circu late  th rough  th e outside 
ja c k e t of th e reto rt b y  m eans of a sm all cen trifugal 
pum p. B y  th is m eans th e tem p eratu re is under com ­
plete control and sup erh eating is avoided. T h e door, 
through w hich th e retort is filled, is closed w ith  a 
ground jo in t, and m ade a ir-tigh t b y  m eans of set 
screws. T h e va p o rs from  th e retort pass through a 
condenser into  a receiver, which is conn ected  w ith  a 
G eryk  va cu u m  pum p, cap able of m ain tainin g th e en ­
tire ap p aratu s, when in operation, a t a pressure of 80 
cm . T h e oil used to  con d u ct th e heat to  th e  reto rt 
has a flash point of over 300° C . and is cap able of w ith ­
stan din g a tem p eratu re of 400° C. w ith ou t crackin g, 
when heated  in a closed vessel under pressure.

T o  te st th e efficiency of th e  m ethod, a sam ple of 
western yellow  pine w as cu t in to  pieces one foo t long 
and a b ou t one inch in diam eter, th o ro u g h ly  dried, 
d ivid ed  into  th ree equal portions of 22 kilos each, 
and su b jected  to  th e follow ing trea tm en t: I. D is­
tilled  in a reto rt b y  d irect h eat, w ith o u t a n y  a ttem p t 
a t tem p eratu re control or fraction al separation  of

T a b l e  IV  .
T e m p e ra -  P e r  c e n t  P e r  c e n t  P e r  c e n t  T a r  D i s t i l l i n g  P e r  c e n t

tu r e  Vol. in  S p . g r. w ood ac e tic  * * . p itc h  P e r  ce n t
■N'°- °f of r e to r t  ‘ cc. of p y ro . of p y ro . a lcoho l ac id  in  V ol. in  cc. of S p . gr. below  b e tw e en  be tw een  re s id u e  w a te r

fraction ° c .  ac id  o b ta in e d  ac id  in p y ro . ac id  p y ro . ac id  t a r  o b ta in e d  of t a r  180° C . 1 8 0 °-2 4 0 °  2 4 0 ° -3 2 0 °  in  flask  in ta r

A ..............................  1 6 0 - 2 0 0  1 2 7 5  1 . 0 0 2  0 . 4 9  0 . 6 4  8 3 5  0 . 8 5 5  8 3 . 5  3 . 0  2 . 1  9 . 6  1 .8
B ............................... 2 0 0 - 2 4 0  5 6 0  1 .0 1 3  0 . 9 1  1 . 1 3  2 8 0  0 . 8 8 4  6 2 . 5  4 . 2  5 . 0  2 7 . 2  2 . 1
C ..............................  2 4 0 - 2 7 0  8 8 5  1 .0 4 1  1 . 4 3  4 . 0 1  5 9 0  0 . 9 3 0  3 9 . 6  1 2 . 8  1 4 . 6  3 1 . 1  1 .9
D .............................. 2 7 0 - 2 8 0  6 7 5  1 .0 5 3  1 . 6 5  5 . 0 6  4 2 0  0 . 9 5 3  2 5 . 2  1 6 . 9  1 9 . 2  3 5 . 8  2 . 9
E ..............................  2 8 0 - 2 9 0  1 0 4 5  1 .0 6 1  2 . 1 5  5 . 4 8  9 2 5  0 . 9 9 3  1 3 . 9  1 2 .5  1 6 . 3  4 4 . 7  2 . 8
F ..............................  2 9 0 - 3 0 0  9 7 5  1 .0 7 0  3 . 6 8  4 . 5 4  1 0 0 0  1 .0 2 5  1 0 .1  1 2 . 2  1 4 . 3  6 1 . 4  2 . 0
G - - ......................  3 0 0 - 3 6 0  9 2 0  1 .0 7 3  2 . 6 7  2 . 6 5  9 6 0  1 .0 3 2  7 . 4  1 1 . 2  1 3 . 8  6 5 . 3  2 . 3

a half inch mesh. T h e sam ple w as th o ro u g h ly  m ixed th e crude d istillate . I I .  D istilled  in an oil-jacketed
an<l  I 7S gram s were used in each experim ent, the re- reto rt under atm ospheric pressure. I I I .  D istilled  in
suits of which are given  in T a b le  I .  an o il-jacketed  retort under a pressure of 80 cm.

On account of th e difficulties of h eat control there M eth od  N o, I  yielded 1606 cc. of ta r  from  w hich 
was some va riatio n  in th e oil b ath  tem peratures of w as extra cted  4 2 4  cc. of a ligh t brow n, ill sm elling,
Experiments 1 and 2. T h e num bers in C olum n 2 1 t h i s  j o u r n a l ,  4, 338.
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T a b l e  V

V ol. of P e r  c e n t P e r  c e n t 
V a rie ty  of w ood p y ro lig n eo u s  w ood ac e tic

used  in  th e  ac id  a lcoho l in  ac id  in  V ol. of
d is ti l la tio n  in  l i te r s  p y ro . ac id  p y ro . ac id  t a r  in  li te rs

S u g a r  p in e ...........................  9 .8  0 .5 2  2 .6  1 .2 6
Y ellow  p in e ...................  1 2 .4  0 .5 5  2 .2  2 .0 9
S tu m p  w o o d -p in e . . . .  1 0 .9  0 .5 7  2 .4  3 .5 0
R e d  f i r ............................  11 .1  0 .4 8  1 .8  1 .78
S ilve r f i r ........................  10 .1  0 .51  2 .1  1.23
M ill s t a t e s ...........................  9 .6  0 .61  2 .7  1.81
S age b r u s h ........................... 9 .4  3 .5 4  11 .53  1 .94

w ood turpen tin e, d istillin g below  170°. T h e results 
ob tain ed  from  E xp erim ents 3 and 4 are given  in T ab le
II.

Sam ple A  is alm ost colorless and easily  purified b y  
distillation, b u t Sam ple B contains im purities, which 
can be rem oved  on ly  b y  a ltern a tely  w ashing w ith 
cau stic  soda and sulfuric acid  and redistilling.

E xp erim ents 3 and 4 were repeated, using sam ples 
of oth er kinds of wood w ith  results g iven  in  T ab le  III.

From  th e  ab ove results it  is ev id en t th a t th e yield  
of turpen tin e under dim inished pressure is from  10 
to  20 per cent higher th an  th a t  obtained  at ord inary 
pressure, using th e sam e m ethod of heat control, 
while it  is double th a t  ob tain ed  b y  the com m on de­
stru ctive  d istillation  m ethod. In addition  to  th is the 
q u a lity  of th e product is m uch im proved. If, how ­
ever, as shown b y  a num ber of experim ents in this 
lab o rato ry , th e  wood used is green, and contains 
w ater in large excess of th e vo lu m e of turpentin e, 
then the process becom es one of steam  distillation  and 
th e dim inished pressure, while brin gin g th e d istillate 
over a t a low er tem perature, produces no decided in ­
crease in th e to ta l y ield  of turpentin e.

T h e sam ples of purified wood turpen tin e, obtained 
from  each of these varieties of w ood, is w ater w hite 
and looks like ord in ary  spirits of turpen tin e, b u t th e y  
differ from  it, and from  each other, in odor and optical 
properties. T h e y  are under exam ination  in th is 
lab o rato ry  in an effort to id en tify  th e various terpenes 
present.

W hen th e tem perature of th e  reto rt reaches 250°, 
the volum e of th e gases g iven  off is  so great th a t the 
pum p is no longer efficient in reducing th e pressure, 
and d istillation  under dim inished pressure becom es im ­
possible. In order, how ever, to  determ ine th e to ta l 
am ount and the properties of th e different products o b ­
tain ed  at various tem peratures from  w estern yellow  
pine, 22 kilos of a sam ple of d ry  “ ligh t w o o d ”  were 
su b m itted  to  d istillation  in an oil-jacketed  retort 
w ith  results ta b u la ted  in T a b le  IV .

A fter  the d istillation  there rem ained 7 .8  kilos of 
charcoal. T h e tim e for the d istillation  of each fra c ­
tion  w as one and a half hours and th e tem perature 
w as raised a t alm ost uniform  rate.

T h ere are m an y varieties of w ood indigenous to  the 
P acific coast, conccrning th e  d istillation  products of 
w hich there is no published d ata. Sam ples of a n um ­
ber of these varieties, as th e y  occur in th e lum ber dis­
tricts of th e Sierra N ev a d a  M ountains, were su b ­
m itted  to  d estru ctive distillation. T h e results o b ­
tained are set dow n in T a b le  V . T h e am ount of wood 
used in each experim ent was 25 kilos, and the m ethods

P e r  ce n t
P e r  c e n t P e r  ce n t m ixed

tu rp e n tin e creo so te h e a v y P e r  c e n t P e r  ce n t K ilos of
oil in  ta r o il in  ta r oil in  t a r p itc h  in  ta r w a te r  in  ta r charcoal

8 .5 9 .0 15.7 5 6 .1 1 0 . 2 3.64
1 0 . 6 6 . 2 2 0 .2 4 6 .9 6 .5 4 .32
18.1 9 .0 2 0 .4 5 0 .4 2 .4 4 .09
16.1 7 .8 1 8 .4 4 7 .1 1 1 . 2 5.03
1 1 . 2 1 1 . 0 1 8 .4 53 . 1 8 .4 4 .77
9 .2 8 . 1 2 0 .7 4 8 .8 1 1 . 8 4.53

1 6 .2 1 4 .7 1 5 .6 4 8 .0 7 .8

used in th e  exam ination  of th e d istillate  are those 
described in A llen ’s “ C om m ercial O rganic A n alysis.”

S U M M A R Y

T h e ab ove experim ents show  th a t:
I. T h e  w estern conifers contain  w ood turpentine in 

com m ercial quan tities.
II . U nder fa vo ra b le  conditions a cord (4,000 lbs.) 

of yellow .p in e w ill y ie ld  25 gallons of wood turpentine.
I I I . T h e  y ield  of turpen tin e from  a given  sample of 

d ry  wood can be increased b y  d istillin g under dimin­
ished pressure.

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

U n i v e r s i t y  o p  N e v a d a  
R e n o

T H E  N A T U R E  O F  B A S IC  L E A D  C A R B O N A T E
B y  E d w i n  E u s t o n  

R ec e iv ed  F e b ru a ry  24, 1914

In  an a rtic le1 “  On th e C om position  of W hite Lead,” 
reasons were presented for th e  assertion th a t white 
lead  consists of a m ixture of norm al lead  carbonate 
w ith  a basic carbon ate of lead of th e  composition 
P b C 0 3 .P b (O H )2. T h e purpose of th e  present paper 
is to  consider th e  n ature of the com bination  of the 
com ponents of th is basic carbo n ate of lead. T he exist­
ing assum ption in te x t  books on pigm ents is that, in 
basic carbon ate of lead, th e lead  carbonate and the lead 
hydroxide are firm ly united  in actu al chem ical combi­
n ation, b u t the results ob tain ed  in th e experim ents here 
to  be m entioned in d icate rath er th a t th e  basic car­
b onate of lead should be considered as am ong those 
substances described b y  Z sigm on d y2 as m ixtures of 
colloidal substances w hich can, under certain  condi­
tions, act as chem ical com pounds. “ N ot o n ly 3 have 
colloid com pounds or colloidal m ixtures, in which two 
colloids are un ited, been erroneously described as chem­
ical com pounds, b u t so also have m ixtures or adsorption 
com pounds of crysta llo id s w ith  collo ids.”

T h e fa ct th a t  th e lead  hydroxide portion of basic 
lead  carbon ate is soluble in  am m onium  chloride solution 
b u t n ot in cane sugar solution, indicates th a t the lead 
hyd ro xid e is n ot present in mere m echanical mixture 
and y e t is n ot so firm ly held as to  be prop erly  considered 
in  chem ical com bin ation. D irect evidence th a t the 
basic carbon ate of lead is an “ adsorption  com pound’ 
is afforded b y  th e fa ct th a t, in m ore th a n  fifty  trials, 
various sam ples of w hite lead and of lead carbonate, 
when trea ted  w ith  basic lead  acetate  solution at room 
tem peratu re b y  stirrin g or a gitation , in v aria b ly  with­
drew lead hydroxide from  th e  solution and co rresp o n d -

1 T h i s  J o u r n a l , M a rc h , 1914.
- “ C ollo ids a n d  th e  U ltra m ic ro sco p e ,’* N . Y ., 1909, p . 68 .
3 Ibid., p. 69.
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ingly gained in w eight. In  com position  th e sam ples 
before treatm en t ranged from  12.0 to  16.3 per cent 
CO», and after trea tm en t contain ed as low  as 10.1 and
10.3 per cent C 0 2 in extrem e cases. T h e exten t of the 
reaction under uniform  tem peratu re conditions is 
dependent on the b a sic ity  of th e lead acetate  solution, 
on the relative am ounts of the sam ple to be trea ted  and 
of the available lead hydroxide in th e  solution, and on 
the duration of the trea tm en t. M erely  enough a g ita ­
tion is required to  ensure uniform  treatm en t. T h e 
process proceeds slow ly, requiring, for exam ple, six 
hours in one instan ce to  enable a sam ple contain ing 
14.7 per cent C 0 2 to  join  w ith  enough lead  hydroxide 
from the solution to  reduce to 10.1 per cen t CO2 in 
the 'final product. E xcess of basic lead  a cetate  in 
solution beyond th e ca lcu lated  am ount is required for 
complete action, as th e end point of the reaction  is an 
equilibrium determ ined b y  th e re lativ e  b asic ity  of the 
solution and of the sam ple under treatm en t. W ith  a 
sample containing both  norm al lead carbon ate and basic 
lead carbonate th is equilibrium  can be d isturbed in 
either direction a t will b y  the addition  of a fu rth er 
quantity of basic lead  acetate  solution or b y  th e ad di­
tion of neutral lead acetate  solution. Sam ples pre­
pared from  lead carbon ate in th e  m anner described 
respond to th e  tests  for basic lead  carbon ate to  th e 
extent th a t their an alyses indicate.

To learn w hether norm al lead carbon ate is unique in 
its ability to  w ith d raw  lead hyd ro xid e from  basic lead 
acetate solution, sim ilar tria ls, using considerable 
excess of basic lead  a cetate  solution, were then  m ade 
with kaolin, com m ercial zinc oxide, basic zinc carbon ate, 
whiting, precip itated  calcium  carbon ate, precip itated  
barium sulfate and p recip itated  barium  carbonate. 
The kaolin gained 10.6 per cent in w eigh t b y  addition  
of lead hydroxide, and  tw o  different brands of zinc 
oxide gained on ly  0.6 per cen t each. T h e other sub­
stances nam ed form ed com pounds corresponding ap ­
proximately to  th e follow ing form ulae:

Basic zinc carbon ate becam e Z n C 0 3 -Z n (0 H )2.- 
3Pb(OH )2.

W hiting becam e 2 C a C 0 3 .P b (0 H )2.
Precipitated CaCC>3 becam e 2 C a C O j.P b (O H )2.
Precipitated BaSO.[ becam e 3 B a S O j.P b (O H )2.
Precipitated BaCC>3 becam e 3 B a C 0 3 -2 P b (0 H )2.

The calcium  com pounds and th e b arium  sulfate 
compound were so lack in g in o p a city  as to  be w orthless 
as pigments. T h e barium  carbon ate com pound and the 
basic zinc carbonate com pound showed m arked im ­
provement in den sity, in o p acity , in  brushing q u ality , 
and in rap id ity  of d ryin g w ith linseed oil, in these 
respects closely resem bling w hite lead. In  tin tin g  and 
spreading pow er the basic zinc carbon ate com pound 
equalled w hite lead, and th e b arium  carbo n ate com ­
pound considerably exceeded it. These results show 
that other substances than  norm al lead carbon ate form  
compounds w ith lead  hyd ro xid e from  basic lead  ace­
tate solution, and th a t  th e lead hyd ro xid e so com bined 
tends to give to  such com pounds, in v a ry in g  degree, 
characteristics as pigm ents heretofore ascribed only 
to white lead. F u rth er sim ilarity  is shown b y  th e lead 
hydroxide portion of th e com pounds being soluble in

am m onium  chloride solution b u t not in cane sugar 
solution.

T h e slow  w ith d raw al of lead  hydroxide from  basic 
lead  acetate  solution  b y  norm al lead carbonate to 
form  basic lead  carbonate, th e like  action  of some other 
substances in form ing lead hydroxide com pounds, th e 
sim ilarity  in som e properties conferred b y  the lead 
hydroxide on these different com pounds, and th e fa ct 
th a t the lead hyd ro xid e is present n either in  m echanical 
m ixture nor in true chem ical com bin ation, indicate th a t 
basic lead  carbon ate is an adsorption com pound.

E u s t o n  W h i t e  L e a d  C o m p a n y , S t .  L o u i s

T H E R M A L  R E A C T IO N S  IN  C A R B U R E T IN G  W A T E R  G A S  
P A R T  I— T H E O R E T IC A L

B y  M . C . W h i t a k e r  a n d  W .  F . R i t t m a n  

R ec e iv ed  A pril 13, 1914

M uch careful scientific w ork has been done on the 
eq uilib ria  in v o lved  in th e m an ufacture of un carbureted  
blue w ater gas. In  the com bined processes of m anu­
factu rin g and carbu retin g blue w ater gas according 
to  present p ractice, few  experim ents h ave been m ade 
on th e equilibria  of th e con stitu en ts to  find out th e 
effect of v a ry in g  pressure, tem peratu re and concen­
tratio n  conditions. In th e tech n ical literatu re of gas 
m anufacture, one rarely  finds a reference to  th e  rela­
tionship  w hich may- exist betw een  th e  spheres of re­
action  in  th e process. T h e  n atural conclusion has 
been th a t  th e w ater gas and oil gas reactions are sep a­
rate  and influence each other b u t little .

I t  is proposed to  consider som e of th e fa cto rs in 
which the H 2, C O , C 0 2 and H 20  of the blue w ater gas 
m ay affect th e proportions of CHY, C 2Hg, C 2H 4, H 2, 
etc., resulting from  th e crack in g of th e gas oil w hich 
is added. L ikew ise th e influence of th e gases com ing 
from  the oil on the percen tage com position  of th e final 
gas m ixture w ill be considered.

W hen the blue w ater gas or oil gas are m an ufac­
tu red  in sep arate operations, hydrogen  is th e on ly  
gas w hich is foun d in th e free state , in  a n y  q u a n tity . 
B u t if th e  tw o gases, sep ara tely  m ade,'should  be b rough t 
togeth er a t high tem peratu re in a contain er such as a 
gas p la n t superheater, w ould there ' not be new eq u i­
libria  to  be satisfied? F or exarnple, m ight not the CO  
and H 2 of one becom e C H , and H 20  of th e  other, or 
vice versa? In case of these new equilibria  there would, 
of course, be v ita l reactions b etw een  th e ga.ses of the 
tw o  processes. In  a ctu al m an u factu rin g practice, 
all the gases produced are in in tim a te  con tact at high 
tem peratu re for th e greater part of th e m anufacturin g 
period, i. e., w hile passin g th rough  th e  carbureter and 
superheater. Is it  then  correct to  regard  carbureted  
w ater gas as th e result of tw o  d istin ct reactions?

E qu ilibriu m  conditions ten d  to  establish th e m ­
selves b oth  during the periods of in itia l crack in g of 
th e oil and th e subsequent passage of th e  m ixture 
through th e carbureter and superheater. G as oil 
itse lf can be “ c ra c k e d ”  in  a short distance, as has 
been show n in p ra ctica lly  all lab o rato ry  experim ents; 
in  the lab o rato ry  the length  of the crack in g tu b e  is 
u su ally  a question of inches. I t  w ould seem on 
a priori groun ds th a t  th e on ly  im p o rta n t reason for 
th e existence of the superh eater is to enable th e  variou s
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gases present to  in teract (“ f ix ” ) and reach a fa v o ra ­
ble equilibrium .

T h is lab o rato ry  has begun a com prehensive stu d y  
of th e reactions and eq uilib ria  in vo lved  in w ater gas 
m anufacture. W hile unable to  cover the field in tw o 
years, it  has com e to  a fu ll realization  of the im por­
tan ce of the in vestigation . T h e present paper will 
be confined to  a th eoretical consideration  of th e prob ­
lem . F u rth er papers w ill ta k e  up experim ental data.

T h e problem  has been a tta ck ed  en tirely  from  the 
p oint of v iew  of p h ysica l ch em istry, and from  the 
stan dp oin t of m ass action  and therm odyn am ics. 
In  so doing, th e m echanism  of th e reactions in vo lved  
has not been seriously considered. T h e m aterials 
a t th e  sta rt, the final products desired, th e energy 
tran sform ations essential to bring the la tter  from  the 
form er, th e  tem perature, th e pressure and the concen­
tratio n  conditions fa vo ra b le  to  the changes h ave had 
p rim ary consideration.

B asin g an experim ental in vestigation  upon the 
th eoretical considerations evolved , we h ave been able, 
am ong other things, to  establish th e follow ing results:

(1) Increase th e y ield  of illum in an ts over the best 
results recorded in the literatu re b y  more th an  100 
per cent.

(2) D ecrease the carbon deposited to  less th an  
1 per cent, b y  w eight, of the oil used.

(3) M ake an oil gas in w hich 56 per cen t of the fixed 
gases are illum inants.

These figures result from  the application  of condi­
tions more favo rab le  to  the theoretical deductions 
th a n  at present used in w ater gas m anufacture. C o n ­
versely  b y  ap p lyin g conditions more u n favorable 
to th e th e o ry  in vo lved , and com paring the m axim um  
yield  under these conditions w ith  a m axim um  yield  
ob tain ed  under ord in ary  conditions, it  has been found 
possible to:

(4) D ecrease th e y ield  of illum in an ts b y  25 per cent.
(5) Increase th e carbon deposited to 5 1 .3  per cent, 

b y  w eight, of the oil used.
(6) M ak e an oil gas contain ing only 5 per cent 

to ta l illum in an ts.'
F u rth er, it  has been found possible to produce:
(7) A  viscous ta r  of re lativ e ly  high specific g ra v ity  

contain ing n aphthalene and anth racene; or
(S) A  liquid  “ t a r ”  of re lativ e ly  low  specific g ra v ity  

resem bling petroleum  oil, and containing no n ap h th a­
lene and anthracene.

In  dealing w ith th e problem , no single reaction  can 
be considered exclu sively  b y  itself. A ll the reactions 
are v ita lly  interrelated , th o u gh  a n y  single reaction, 
or set of reactions, m ay be extrem ely  im portan t as 
in d icatin g a ten d en cy. T h e  experim ents are designed 
to  ob tain  th e largest y ield  of hydrocarbon s, and to
elim inate, as m uch as possible, C 0 2, w ater vapor,
deposited carbon, and ta r  vapors. T h e goal is to  in ­
crease th e yield  of illum inants.

M A N U F A C T U R E  O F  U N C A R B U R E T E D  B L U E  W A T E R  G A S

T h e m anufacture of blue w ater gas m ay be repre­
sented b y  th e equations:

C  +  H 20  =  C O  +  H 2—  29,300 cal. (1)
C +  2H2O = C 0 2 +  2H 2—  19,000 cal. (2)

K  =

T h e tw o equations are com bined b y  subtracting 
(2) from  (1) in order to elim inate th e carbon:

C 0 2 +  H 2 = C O  +  H 20  —  10,300 cal.

E qu ilibriu m  is established betw een these gases 
when

Pco  £11.0
/'COj Plh

where K  represents the usual equilibrium  constant; 
i. e., the valu e of the product of th e p artia l pressures 
of C O  and H 20  d ivid ed  b y  th e p roduct of the partial 
pressures of C 0 2 and H 2.' K  has a definite value for 
each definite absolute tem perature.

F o r a  practical illustration of the significance of equilibrium 
conditions in the m anufacture of blue w ater gas, assume a theo­
retically  ideal m ixture consisting of 50 per cen t H 2 and 50 per 
cent C O . Pass the tw o gases through a cham ber heated to 700° 
C . (1390 0 F .) until th ey  reach the equilibrium  of this tempera­
ture; w h at are the resulting gases? K  a t this temperature is 
in the neighborhood of 0.32.

3C O  +  H 2 =  C 0 2 +  H 20  +  2C +  67750 cal.

U nder equilibrium  conditions
L e t X  =  v o lu m e C O 2 

th e n  X  — v o lu m e H jO  
0 .5  —  X  =» v o lu m e H j 
0 . 5 — 3 X  ■= v o lu m e CO  
1

X
1 —  2X  

X
1 —  2X

0 .3 2

- 2X

p a r t ia l  p re ssu re  COa

p a r t ia l  p ressu re  H î O

Pc02 Phso
p sCO PHt

to ta l  fina l v o lum e 

0 .5  — X  =
1 —  2 X  "

0 . 5 — 3 X  
I —  2X

x  )  - 2 X '

p a r t ia l  p ressu re  Hi

=  p a r t ia l  p ressu re  CO

( r - r 2x ) ( ,
/0.5 / 0 .5  - X  '
v 1 —  2 X  '  \  1 —  2 X  J 

S o lv ing , X  — 0 . 0 6 9  =  6 . 9  p e r  c e n t

2X*(1 - 
(0 .5  -

- 2X)
3X);

8 p e r  c e n t CO*

8 p e r  c e n t H jO

34 p e r  c e n t CO

=  50 p e r  c e n t H j

2 X  =  gas lo s t in  re a c tio n  =  1 3 .8  p e r  c e n t 

X  =  0 .0 6 9  
1 —  2 X  “  0 .8 6 2  "

X  0 .0 6 9  
1 —  2 X  =  0 .8 6 2  

0 .5  — 3 X  =  0^293 
1 — 2 X  0 .8 6 2  

5 —  X  0 .431
1 —  2 X  0! 862

A p p ly in g  th e ab ove calcu lation s to  a m ixture of 
1,000 cu. ft. each of carbon m onoxide and hydrogen, 
and assum ing th a t no h ydrocarb on s are formed, 
there w ould be a n et loss of 13 .8  per cen t (276 cu. ft.) 
due to  the reaction, lea vin g  1,724 cu. ft. of m ixed gases, 
as follow s:

1724 x  0 .0 8  =  138 cu . f t. C O 2
1724 X  0 .0 8  =  138 cu . f t .  H jO
1724 X  0 .3 4  -  586 cu . ft. CO
1724 X 0 .5 0  =  862 cu . f t, H 2

The water in condensing leaves a net volume of permanent 
gases equal to 1724— 138 = 1586 cu. ft. This permanent gas 
is composed of 8.7 per cent C0 2, 37 per cent CO and 5 4 .3  Per 
cent H2. There would be also a deposit of 9.25 pounds of car­
bon. In other words, there are only 1586 —  138 = ¡44$ cu- 
ft. of the original H. and CO remaining.

D ifferen t tem p eratu re conditions w ould obviously 
g iv e  different results. A  num erical problem  of this
n ature shows how  v ita lly  equilibria  conditions influ­
ence gas m anufacture, and indicates th e  commercial 
im portance of an understanding of such equilibria
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conditions. Ju st as the equilibria  conditions here 
are of im portance, it  can be show n th a t th e y  are no 
less im portant when the reactions are betw een  C O , 
H«, CO2, and H 20  com ing from  th e blue w ater gas 
on one hand, and H 2, C H 4, C 2H 6, C 2H 4, and ta r  vapors, 
etc., com ing from  the gas oil on th e other hand.

The blue w ater gas reactions and equilibria  h a ve  been 
investigated1 and are w ell understood, so th a t we kn ow , 
what conditions are favo rab le  and w h at arc u n fav o ra ­
ble; i. e., degree of tem perature, q u a n tity  of steam , 
depth of fuel bed, etc.

M A N U F A C T U R E  OF S T R A I G H T  O i l .  GAS

The m anufacture of an oil gas as carried out b y  
the Pintsch or B lau  G as com panies is an old process, 
but is n o t’ as well understood as th e blue w ater gas 
equilibrium. F ew  experim ental equilibria  of the 
various com ponents of oil gas h ave been w orked out, 
as have been th e C 0 2, C O , H 20  and H 2 relations , of 
blue w ater gas. H ere, one a t once faces the fa ct 
that in the oil crack in g process, instead of th e four 
gases of th e  blue w ater gas reaction, there are all 
the members of th e m ethane, eth ylen e and acetylen e 
series, as w ell as those h ydrocarb on s w hich consti­
tute the tars produced in p yrogen etic  decom position.

Synthetic m ethane has been m ade from  carbon 
and hydrogen ,2 where equilibrium  exists when

K  =  ¿ p  
P* H ,

Sim ilarly, we m ay conclude th a t  equilibrium  exists 
between H; and all of th e other hydrocarbons.

B y com bining th e  ethan e and ethylen e equations 
through the elim ination  of carbon, one gets C2H6 = 
C2H4 +  H2, w here equilibrium  conditions prevail 
when

P c ,n ,  P iu  

P c tn ,

For a practical illu stration  of th e  m eaning of th is ex­
pression, assum e a volum e of C 2H 6 and heat it. E lim ­
inating other reactions th an  th e one betw een  ethane 
and ethylene, consider th e resu ltan t re lativ e  q u an ti­
ties of H2, C ,H 6 and C 2Hj at a tem peratu re of 900° C ., 
taking the va lu e of K  equal to  1. 26

C 2H 6 =  C2BU +  H 2 '

L e t X  *=* v o lu m e  H j 
th e n  X  ®= v o lu m e C 2H 4 
1 —  X  — v o lu m e  C»Hg 
I -f- X  =  to t a l  fina l v o lu m e

X
p a r t ia l  p re ssu re  C*H<

I X  
i - T x

K  =

1 + x  
X p a r t ia l  p re ssu re  C jH a

j ^  “  p a r t ia l  p re ssu re  H i

1.26 M +  X 'M  +  X / X*

( — ) M +  X '

X*

S o lv ing , X  =  0 .7 4  

0 .7 4 =  4 2 .6  p e r  c e n t C j l l 4,

a n d
0 .2 6  
1 .7 4  !

°*74 * * t r— —. = * 4 2 .6  p e r  c e n t H i 
1 .7 4

1 4 .8  p e r  c e n t C jH e.

In dealing w ith a n y  of these equilibria expressions, 
one m ust be careful to rem em ber th a t  no single eq ui­
librium  can be considered b y  itself. In  th e e th a n e - 
h yd ro gen -eth y len e  equilibrium  a t 900° C ., for instan ce, 
th ere is a pronounced ten d en cy for the ethan e to go  
to eth ylen e; and in p ractice one should, therefore,, 
exp ect a high eth ylen e yield , b u t b y  referring to  th a  
e th ylen e-b en zen e system  one finds th a t a t 9000 C . 
there is an even greater ten d en cy  for th e eth ylen e to 
be rem oved b y  p o lym erization  to benzene. A ssum in g a 
vo lu m e of C 2H 4 and bringing it  to  equilibrium  a t 900 0 C ., 
observe th e resu ltan t re lative  quan tities of C 2Hi and 
C 6H 6:

3C2H4 =  C 6H 6 +  3H 2 +  32500 cal.

U nder equilibriu m  conditions

X  => v o lu m e  C«H*
3 X  «=» v o lu m e  Ha 

1 —  3 X  =  v o lu m e CaH< »
1 +  X  =  to ta l  fina l v o lum e

X
——— =  p a r t ia l  p re ssu re  o f CeH< 
*r X
3X
— . =  p a r t ia l  p re ssu re  o f Hz 
- r  X

» C .H . P h ,  ......................  M + x A l  +  X ^  2 7 X <

j  3x
■ =  p a r t ia l  p ressu re  CiH<

1 "T X

P*C2IH
68 X  10®

S o lv ing , X  =  0 .3 3

0 .3 3  „  tt„ =  2 4 .8  p e r  c e n t CcH i,
1 .33

 ̂ 1 + x '
(1 +  X ) ( l  —  3X)»

0 "  1A A . TT— = 7 4 . 4  p e r  c e n t H«

‘ B ureau  of M ines . B u lle tin  7 , 1911; J ü p tn c r ,  C hem . Z tg ., 1904,
p. 902; K . N e u m a n , S ta h l u nd  E isen , 1913, p . 394 ; O. H a h n , Z . P hysik. 
Chem., 44, 5 1 3 -5 4 7 ; C . L e C h a te lie r  a n d  K . N e u m a n , S ta h l tittd  E isen , 
1913, p. 1485; E . A . A llcu t. E ngineering . 1911, p. 601.

3 P ring  a n d  F a irlie , R e p o r t  of E ig h th  In te rn a t io n a l  C o n g ress ; Ip a t ie w , 
Jour, prakt. Chem ., 1913, pp . 4 7 9 -4 8 7 ; P r in g  a n d  F a ir lie , Jo u r . Chem . Soc., 
1SI)6 p. 1591; /{ .¡ j 1911i p  1796; I b i i ' 1912j pp . 9 i _ i o 3 ; B one a n d
Coward, J .  Chem . Soc.. 1908, p. 1975. Proc. Chem . Soc., 1910, p . 146.

a n d  =  0 .8  p e r  c e n t C 2H 4.
1 .33

T h u s an experim ental test, using th e first eq u i­
librium  w ith o u t a consideration  of th e  second, would 
result in d isappoin tm ent. F u rth er, n ot on ly  m ust 
th e eth an e-h y d ro g en -eth ylen e-b en zen e  equilibrium  be 
satisfied, b u t each of these con stituen ts m ust, in turn, 
be in equilibrium  w ith m ethane, acetylen e, propane, 
naphthalene, etc. In short, there w ill be a grand 
sym p h o n y of eq uilib ria  betw een all com ponents of 
th e system .

E q u ilib ria  expressions, such as th e ones ju st given, 
are therefore of valu e when prop erly  understood and 
used as a basis for experim ental proof. F irst of all, 
th e tim e elem ent is v e ry  im p o rtan t to  insure final eq ui­
librium ; and secondly, their m ath em atical derivations 
in v o lve  in tegration  factors based on ph ysical proper­
ties such as specific heat, va p o r pressure, heat of rea c­
tion , etc., under conditions w hich h ave n ot been 
exp erim en tally  determ ined. E xp erim ental d em on stra­
tion based upon a few  selected and isolated  equilibria  
is alm ost certain  to  result in failure, due to  overlookin g 
other eq u a lly  im p ortan t equilibria  which m ight m odify  
or even reverse th e direction  of final reactions.

Sufficient experim ental and com m ercial w ork has 
been done on the m aking of all oil gas under atm ospheric 
conditions1 to  give em pirical d ata  in d icatin g  th a t  as

1 H a b e r  a n d  co -w orkers . Jo u r . Casb., 1896, p p . 377, 395 , 435, 452 ; 
H em p e l, D is se r ta tio n . Jo u r . Gasb., 1910, p p . 53 , 77, 101, 137, 155.
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the tem perature goes above 8oo° C. th e y ie ld  ^of 
hydrocarbon s rap id ly  decreases; on th e other hand, 
th e hydrogen and carbon rap id ly  increase.

C A R B U R E T E D  W A T E R  G A S  P R O C E S S  

In the carbureted  w ater gas p ractice  as carried out 
to -d a y , there is a com bin ation  of th e  blue w ater gas 
and th e oil gas process. M uch is know n abou t the 
b lue gas; it  is also know n th a t th is blue gas is carbureted  
b y  sp rayin g in and crackin g oil w hich furnishes the 
h ydrocarb on s and illum in an ts. There is little  scien­
tific in form ation , how ever, regardin g th e interaction s 
and eq uilib ria  w hich are reached when th e tw o processes 
are com bined. T h e form ation  of hydrocarbon s and 
w ater from  C O  and H 2 or from  C 0 2 and H 2 is not th eo ­
retical sp ecu lation ;1 likew ise th e destruction  of h yd ro­
carbons w ith  w ater to  form  C O  and H 2 or C 0 2 and 
H 2, as carried out in the all oil gas process, is not th eo­
retical speculation . W hichever course prevails de­
pends en tirely  upon conditions. C on seq uently, one 
is justified  in  concluding th a t the present com posi­
tion  of carbureted  w ater gas is n ot the result of ad di­
tiv e  processes. In stead  there is a m ixture of blue 
w ater gas and cracked  oil gas passing through the

ten d en cy of th e A m erican  m anufacturer to  combine 
processes; it m ay appear th a t the a ttem p t to  do every­
th in g  in a single v a t rather th an  ca rry  it  out in stages 
is n ot the m ost econom ical m ethod in the end.

E Q U A T IO N S  A N D  T H E O R E T IC A L  E Q U I L I B R I A  IN V O L V E D

T h e form ation  of m ethane from  carbon monoxide 
and hydrogen , or from  carbon dioxide and hydrogen 
is an exotherm ic reaction and consequently is 
favored  b y  low  tem peratures, a lthough a t these low 
tem peratures a greater am ount of tim e is required 
for com plete reaction. T h e reaction  m ay be greatly 
stim u lated  b y  c a ta ly tic  agen ts such as n ickel and cobalt. 
In  v iew  of th e fa c t th a t there is a decrease in volume, 
one should exp ect pressure to  be fa vo ra b le  to hydro­
carbon form ation. E quilibrium  exists betw een CO 
and H 2 or C 0 2 and H 2 on the one side and C H 4 and 
H20  on the other.

C O  +  3 H 2 =  C H 4 +  H 20  +  48 ,20 0  cal.

C 0 2 +  4 H 2 =  C H 4 +  2H 20  +  3 7 ,9 0 0  cal. 

w ith equilibrium  established when

K  =  Pco p3,u and K '  =
P c h(Puzo PcmP mo

T a b l e  I - -Q u a l i t a t i v e  S t u d y  o f  E q u i l i b r i a  

B

CM . +  H sO  ' . C O  +  311;

K  -  c o  X  (H l) ’
c m  x  H :d

C sH . 4- ^ . 0 7 ^  2C O  +  4H s 
(CO)* X (H*)*K

C sH . X  (H sO )1
CsHs +  2 HsO , 2C O  +  3 H i

„  _  (C O )1 X  (H s)*
=  C iH * X (H sO )1 

F a v o r a b l e  w h e n  C O  a n d  H i a r e  L a r g e  
a n d  HsO is  S m a l l

C H . - f  2H iO  ^ ___ C O i +  4 H j
. .  _  C O , X  (Hs)<

C H . X  ( H sO ) 1 
C iH , +  4H sO  2COs +  6 Ha

K = (COl)I X (H,)‘
C .H . X  (H sO )«

CsHs +  4 HsO 2C O 2 +  5H s
K  _  (C O 2)1 X  (H,)>

”  CsHs X  (H sO )4 
F a v o r a b l e  w h e n  COs a n d  Hs a r e  L a r g e  

a n d  H sO  i s  S m a l l

c h . +  c o s  : 2C O  +  2Hs

K (CO)= x  (H s)1
C O s  X  C H .

C s I I .  +  2 C O s  4 C O  +  2 H j

_  ( C O ) *  X  ( H , ) 1 

“  C t H .  X  (C O i) >

C H s  +  2 C O s  4 C O  +  H s

K  =  ( C O ) *  X  H s
”  C j H j  X  ( C O s ) 1 

F a v o r a b l e  w h e n  C O  a n d  H s a r e  L a r g e  
a n d  C O s i s  S m a l l

carbureter and superheater w hich con stitu te a sin ­
gle unbalanced system  of gases; n atu ra lly , there is a 
ten d en cy to  establish equilibrium  betw een th e con­
stitu en ts ju st as surely  as there is a ten d en cy to estab ­
lish an equilibrium  betw een  th e  constituen ts of either 
th e  blue gas or the all oil gas when m ade in d ivid u ally. 
T h is  equilibrium  a t the usual tem peratu re of the super­
heater has fo rtu n ate ly  favored  the form ation, or at 
least th e preservation, of hydrocarbons. T h is fact, 
how ever, does not prove th a t the process is w orking 
under conditions of, or approaching, m axim um  effi­
ciency. N or docs it  prove th a t  th e present m ethod 
of carbu retin g w ater gas is th e  m ost econom ical from  
th e side of th e q u a n tity  of gas oil consum ed.

M a n y  questions arise a t th is point. I t  m ight be 
possible to  a lter conditions in such a w ay  as to  solve 
or assist in solving th e nap hthalene and carbon p rob ­
lem s of the gas m anufacturer. I t  m ight still further 
be w orth while to  question  the soundness of the natural

1 M a y e r , H en se lin g  a n d  A ltm a y e r , J .  f .  Gasb., 1909, p p . 166, 194, 238, 
326; P . S a b a t ie r ,  Chent. Z tg ., 1913, p . 148; P . S a b a t ie r , F r . P a te n t  355,325, 
1905 ; Ib id ., 355 ,900, 1905 ; Ib id .,  361 ,616 ; Ib id ., 400,656; E n g . P a te n t  
14,971, 1908 ; Ib id ., 27 ,045; h .  V ignon , F r . P a te n t  416,699, 1909 ; Com pt. 
rend., 1913, p p . 131—134; G a u t ie r , Ib id .,  1910, p . 1565; E lsw o rth y  a n d  W il­
liam son , E n g . P a te n t  12,461, 19 0 2 ; B ed fo rd  a n d  W illiam s, E n g . P a te n ts  
17,017, 22,219, 1909 ; H . J .  C o lem an , J o u r . Gas L ig h tin g , 1908, p . 683 ; E . 
E rd m a n , J o u r . f .  Gasb., 1911, pp . 7 3 7 -743 ; E . O rlow , Jo u r . R uss . P h y s . Chetn., 
1908, p . 1588; P . J o c k u m , J o u r . f .  Gasb., 1914, pp . 73, 103, 124, 149; T . H oi- 
g a te , G as XVorld, 1914, p . 9 0 ; G e rm a n  P a te n ts  183.412, 190,201, 191,026, 
237,499, 226,942, 177,703, 174,343 a n d  250,909.

C om bin ing the tw o equations w ith  elim ination  of HjO, 

2CO  4 - 2H2 = C H 4 +  C 0 2 +  58,500 cal.
A 2 J.2

K "  =
P C H . P COS

In  like m anner the equilibria  betw een C O , C 0 2, and 
H 20 , on th e one side, and C 2H 4, C 2H 2 and H 20  on the 
other, are considered below :

C 2H 4 -f~ 2H0O 
C 2H 4 +  4 h 2o  

+  2H 20
+  4H2O
+  2C 0 2

c 2h 2
c 2h 2
c 2h 4
c 2h 2 +  2C 0 2 =

2CO +  4H2 —  44,000 cal. 
2CO2 +  6H 2—  23,400 cal. 
2CO +  3H 2—  500 cal. 
2CO2 +  5H 2 —  20,100 cal. 
4C O  +  2H2 —  64,600 cal. 
4C O  +  H2 —  21,100 cal.

W ith  these there is sufficient d a ta  to  determ ine in a 
qualitative w a y  th e con cen tration  conditions favorable 
to  the m ethane, eth ylen e and a cety len e desired in the 
resu ltan t gas (see T a b le  I).

T h e original com plex state  of affairs is th us partially 
clarified. One sees th a t conditions favorab le  to the 
form ation  of hydrocarbons, or a t least unfavorable 
to th e decom position of hydrocarbon s; exist when in

A , B and C  there is an excess of H2,
A  and C , there is an excess of C O ,
A  and B, there is a m inim um  of w ater vapor,
B, there is an excess of C 0 2,
C , there is a m inim um  of C 0 2.
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An excess of hydrogen  is favo rab le  under a n y  condi­
tions; a m inim um  of w ater vap o r is fa vo ra b le  under 
any conditions; an excess of C O  appears to  be fa v o ra ­
ble under an y conditions; in the case of CO2, how ever, 
one condition in dicates an excess as fa vo ra b le  w hereas 
another indicates an excess as u n favorable.

IN F L U E N C E  O F  T E M P E R A T U R E  O N  E Q U I L I B R I U M  C O N D I­

T IO N S

While these q u a lita tiv e  relations are extrem ely  
valuable in th e consideration  of fa vo ra b le  conditions, 
they do not give a sufficien tly  concrete idea of the 
conditions w hich p revail a t different tem peratures. 
Each equilibrium  con stan t has a definite va lu e  for a 
definite tem perature. If  th is va lu e  of K  is considered 
for 500° C. th e reaction  m ay proceed in one direction; 
whereas on considering the va lu e  of K '  for th e sam e 
reacting agents a t 9000 C ., th e reactio n  m ay proceed 
in the opposite direction. Q u a litativ e  expressions 
point m erely in  general directions and give no ideas 
as to m axim a or m inim a in  th e  curve of favorable 
conditions. As a m atter of fa ct, ta k in g  th e eq uilib ­
rium

g  _  Pco P ja i 
Pcm  P h jo

where K  equals ap p roxim ately  0.001 for 5000 C .; at 
900° C. the equilibriu m  con stan t for th e sam e re­
lationship has the approxim ate va lu e K '  346 or 346,000 
times as great. T h is illu strates th e im portan ce of 
getting num erical figures for th e con stan ts expressing 
equilibrium conditions for th e variou s gases, even  
though th ey be approxim ate.

Taking the C O , H 2, CHU, and H 20  equilibriu m  under 
consideration, it  appears th a t  excesses of H 2 and C O  
would be favorab le  to  th e form ation  or preservation  of 
hydrocarbons both  a t 500° C . and 9000 C . I t  will 
further appear, how ever, th a t  a t 900° C . th e excess of 
Hi and CO to  stim u late  th e reaction  tow ard s h y d ro ­
carbons will h ave to  be enorm ous, w hile a t 500° C. 
it need be only m oderate. T h is can be seen from  a 
mathematical ob servation  of th e equilibrium  pu rely  
aside from th e ch em istry  in vo lved . A t  500° C . th e 
denominator is o b vio u sly  the predom in an t factor. 
At 9000 C. th e n um erator has becom e th e  predom inant 
factor. In fa c t th e situ ation  is so d ifferen t th a t  it  
would take m any tim es as m uch H 2 and C O  a t 9000 C . 
as it would at 500° C . T a k in g  th e tw o  equilibrium  
constants and ca lcu latin g th eoretical m ixtures th e 
following contrastin g results are obtained:

CH., +  H20  — i  C O  +  3H ,
X  =  final v o lum e C O  V i (1 — 4 X ) — fina l v o lu m e C H .

3X  "  final v o lum e H 2 Vs (1 — 4 X ) =  fin a l v o lu m e  HsO

3>co P3m  ______108 X*_____
P a n  p it30 16 X 1 —  8 X 4 -  1

P e rcen tag es
T em p. --------1 -------------  — ................

0 C . K c a ]c . C O  H i CH< II .O

500 .....................................  0 .0 0  1 5 15 4 0  40
900 ................................ 346 2 4 .3  7 2 .9  1 .4  1 .4

The water vapo r of these eq uilib ria  is u su ally  not 
considered in p ractice because it  n ever appears in 
‘Cither the gas of th e  ta n k  holder or in th e gas sam pling

tu b e and resulting . analysis. T h is  does not prove its 
absence in  th e m achine. A lso equal pressures of h y ­
drogen and C O  in a g iven  system  are not necessarily 
of th e sam e influence. T h is is show n in equilibrium  
conditions for th e  C H 4, H 20 , C O  and H 2 system , 
where for instan ce H 2 is raised to  th e th ird  pow er, 
while the C O  is of the first power. In  v iew  of th e fa ct 
th a t in  m an u factu rin g p ractice  th e to ta l pressure is 
ap p roxim ately  one atm osphere, th e p a rtia l pressures 
are expressed b y  such decim als as 0.5. T h e  th ird  pow er 
of 0.5, or 0.125, is m uch less th a n  th e first pow er, 0.5. 
In  other words, th a t  con stitu en t whose p artia l pressure 
is raised to th e  sm aller pow er is of greater positive 
influence in determ ining th e direction  of the reaction, 
so long as the p artial pressures are expressed b y  decim als.

E xam p les to  show the effect of tem peratu re on the 
sta te  of equilibrium  can be foun d in stra ig h t h y d ro ­
carbon  reactions. T h e equilibriu m  betw een  acetylen e 
and benzene shows the follow ing results:

600° C 900° c  2000° c

K  =  9 X  io M 1.2 X  io 13 6 X  10-4
(.C2n j j

I t  appears th a t th e va lu e  of K '  at 2000° C . is 1.5 X 
io 27 tim es as great as th e value of K  at 6000 C. T h is 
leads to  th e exp ectation  th a t while a t 6000 C . the 
ten d en cy is for all th e acetylen e to  polym erize to 
benzene, a t 2000° C ., under «proper conditions of 
pressure, the ten d en cy  is for the benzene to depolym - 
erize to  acetylene.

In  th e equilibrium  existin g betw een  ethane and 
eth ylen e, C 2H 6 = C 2H 4 +  H 2 —  37900 cal.

the va lu e of K '  a t 900 0 is a p p roxim ately  1.28, w hereas the 
va lu e  of K  a t 150° is ap p roxim ately  0.00000000000007. 
E th a n e at 900° C. has a pronounced ten d en cy  
to  go to  eth ylen e; th e ten d en cy  for th e eth ylen e to 
com bine w ith  hydrogen  a t 150° C . to  form  ethan e is 
even  m ore pronounced. T h e re la tiv e ly  sm all am ount 
of ethan e in oil gas m ade a t 900° C . w ould seem  to 
v e rify  the first equilibrium  con stan t; th e large y ield  
of ethane th rough  th e reduction  of eth ylen e w ith 
h yd rogen  in  the presence of pallad iu m  a t 150° C . in ­
dicates th e second constan t.

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

In  passing from  ethane to  acetylen e, C 2H 6 = C 2H 2 +  
2H2, there is an increase in  th e num ber of vo lu m es; 
on th e other hand, when acetylen e polym erizes to 
benzene, 3 C 2H2 — >■ CeHs, there is a decrease in th e 
num ber of volum es. A ccord in g to  the principle of 
L eC h atelier  one w ould n ot exp ect the sam e pressure 
conditions to  be fa vo ra b le  to  both. A gain , th e  in ­
form ation  is q u a lita tiv e  and gives no concrete idea of 
th e re lativ e  .influence of one-third atm osphere when 
added to  one atm osphere pressure absolute as com ­
pared to  adding th e sam e on e-third atm osphere to  ten  
atm ospheres pressure absolute. A s a ty p e  reaction  
consider

B 2
A — >- 2B where K  = —

A
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For num erical illu stration , assum e th e valu e of X  to 
be equal to  x (an y  other va lu e servin g eq u a lly  well). 
From  this, one finds for p a rtia l pressures, 

when A  =  100, B =  10 or when A  =  o.ox, B = o .i .  

In th e first case th e p artia l pressure of A  is ten  tim es 
as g rea t as th a t of B ; in th e second case the p artial

T h e general relationship of B to  A  changes only in 
degree th e greater th e change in the num ber of volumes, 
as can be seen b y  considering the curve for

B 3
A  — > 3B ”K

A
B 3 -= K A

A - 2 B ,  ■ j = K = . l ,  . - .B = - 7 I Â

0%A,100%B

1007oA,07oB

F rom  the curves shown, one can readily  see that the
effect of reducing pressure 
from  one atm osphere to two- 
th ird s of an atm osphere gives 
an a d va n ta ge  w hich is of little 
p ractica l consequence when 
com pared w ith th e  advantage 
gained b y  th e same reduc­
tions when n earer the absolute 
zero of pressure. One-thirtieth 
of -an atm osphere added to- 
o n e-th irtieth  atm osphere pres­
sure doubles th e  to ta l pressure 
on a system  ju st as effectually 
as an increase from  100 to 200- 
atm ospheres.

E F F E C T  O F  C O N C E N T R A T IO N  

I N  G A S E O U S  R E A C T IO N S

.1.2.3 .5 1 12 2  3

Total Pressure
C u r v e  I — R e a c t i o n  I s o t h e r m

pressure of A  is only one-tenth as large as the 
p artial pressure of B . In  other words, b y  sim ply 
chan gin g the to ta l pressure on th e system  and keeping 
all other conditions con stan t, th e ratio of A  to  -B for 
the pressures shown has been divided  b y  100. B y  
ta k in g  th e first differential of the relationship, and 
eq u atin g it  to o,

B 2 . B 2

in Atmospheres
T h e addition  of an end 
p roduct in a n y  decomposi­
tion  or dissociation process,, 
such as 
->■ P C Ij +  c i  
->• N H i +  H C l

2SO 2 +  o 2 
- >  N i +  311;

checks th e  decom position or dissociation. In other 
w ords, less PCI5 w ill dissociate in an atmosphere of 
chlorine th a n  in an atm osphere of nitrogen or air. 
A m m on ium  chloride when h eated  in an atmosphere of

r c u  ■ 
' n h . c i  •

2SOa • 
2 N H i ■

K A  =
K

. B = o
A - 3 B ,  - f £ = K = . l ,  . - .B = - y iA

dA _  2B 
r/B "  K  ~  0

one sees there is a m axim um  
or m inim um  in the ratio  of A  0%A,100%B 
to  B as zero pressure is ?0-
approached. B y  ta k in g  the 80-

second differen tial 70 -

d2 A  2 «0-
</B2 _  K  50

one finds th e  sign to be posi- 40
tiv e , in d icatin g  th a t  th e p artia l 30
pressure of A  as com pared  20

w ith  th e p a rtia l pressure of 10
B approaches a m inim um  as 100%A,0%B 
th e  pressure approaches the 
abso lu te  zero; or con versely  
th ere w ould  be a m axim um  
relativ e  y ield  of B th e closer
one approached zero pressure absolute. T h e rate of 
change can b est be seen b y  determ in ing points for the 
parab ola, B 2 =  K A ,  and p lo ttin g  th e resu ltin g c u rv e .1

1 S in ce  m o s t of th e  v a lu es  o f  K  en c o u n te re d  in  th e  p ra c t ic a l s tu d y  of 
th e  p ro b le m  w ere  re p re se n te d  b y  dec im als , C u rv e s  I  a n d  I I  w ere  p lo t te d  
on  th e  b asis  of K  =* 0 . 1 .

Total Pressure in Atmospheres
C u r v e  I I — R e a c t i o n  I s o t h e r m

a m m o n ia  w il l  n o t  d is s o c ia te  t o  t h e  s a m e  e x t e n t  as in a 

v a c u u m  o r  in  a n  a tm o s p h e r e  c o n ta in in g  neither 

a m m o n ia  n o r  h y d r o c h lo r ic  a c id  g a s .  L ik e w is e  i t  would 

b e  e x p e c t e d  t h a t  e t h y le n e  w o u ld  n o t  d e c o m p o s e  to  the 

s a m e  d e g r e e  w h e n  s u b je c t e d  to .  a  h ig h  te m p e r a tu r e  m
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the presence of hydrogen  as when su b jected  to  the 
same tem perature in an atm osphere of nitrogen. 
Further, if the eth ylen e were su b jected  to  th e  sam e 
high tem perature in th e presence of both  hydrogen  
and methane, these tw o  con stitu en ts in th e c th y le n e - 
methane-hydrogen equilibriu m  could be in excess; 
as a result, less of th e eth ylen e should be decom posed 
in the form ation  of m ethane and h ydrogen . B ro a d ly  
speaking, to  crack  petroleum  in an atm osphere con­
taining all th e h yd ro carb on  gases w ith  th e  exception  
of ethylene, one w ould exp ect all th e fixed gas com ing 
from the petroleum  to  be eth ylen e, at lea st un til the 
ethylene content of the system  is sufficient to  conform  
to the equilibrium  conditions. T h e consideration  of 
these principles seems to  question the n ecessity  of using 
valuable gas oil in co n tin u ally  gen eratin g new  end 
products, such as tar- and h ydrogen ; if th e y  could be 
artificially supplied the equilibrium  conditions w ould 
be satisfied w ith ou t producing new decom position and 
polymerization en'd products.

C O M B IN ED  I N F L U E N C E  O F  P R E S S U R E  A N D  C O N C E N T R A ­

T IO N  O N  G A S E O U S " R E A C T IO N S

Theoretical consideration  of th e effect of pressure 
on gaseous reactions in dicates th a t an increased yield  
of gaseous h ydrocarb on s w ill be obtained  as th e to ta l 
pressure on the system  approaches zero; also an in ­
creased yield  of illum in an ts w ill be ob tain ed  b y  c ra ck ­
ing the oil in an atm osphere of end p roducts such as 
hydrogen and m ethane. On com bin ation  th e  logical 
conclusion is th a t one should ob tain  th e m axim um  
yield of illum inants b y  crack in g th e  petroleum  a t low 
pressures and in an atm osphere of end products. 
Upon first consideration  one m ight reason ab ly  ques­
tion the idea of addin g h yd rogen  or m ethane to  a 
vacuum, b u t th is in v estig a tio n  deals w ith  re lative  
partial pressures, regardless of w hether th e to ta l 
pressure equals fifty  atm ospheres or one-fiftieth of one 
atmosphere absolute.

IN F L U E N C E  O F  C A T A L Y S T S  O N  G A S E O U S  R E A C T IO N S

C atalytic  agents such as p latin u m , pallad ium , 
■cobalt and nickel do not, in a n y  w ay, influence final 
■conditions of eq uilibriu m ; th e y  m erely hasten  th e rate 
■at which the system  reaches its final equilibrium . 
Whereas ethylene and h yd ro gen  do n ot com bine to  an 
•appreciable degree w hen h eated  to  io o °  C . in the 
•absence of a cata lyzer, th e  sam e m ixture passed over 
■colloidal palladium  h eated  to  io o °  C . unites to  form  a 
•considerable percen tage of ethan e. L ikew ise C O  and 
H2 or C 0 2 and H 2 can be in in tim a te  co n tact a t 2000 
to 3000 w ithout appreciable reaction  in  the form ation  
■of methane, b u t when the sam e proportions are b rought 
together in th e presence of a c a ta ly tic  agen t such as 
nickel or cob alt there is a ve ry  large y ield  of m ethane 
■and w ater.1 V ign o n 2 finds th a t  lim e has m uch the sam e 
•effect on the com bin ation  of C O  and H 2.

THE V A N ’T  H O F F  D I F F E R E N T I A L  E Q U A T IO N  S H O W IN G  

T H E  R E L A T I O N  O F  K  T O  k '

To all students of p h ysica l ch em istry  the proposi-.
1 M ayer, H enseling  a n d  A ltin a y e r , Jo u r . f .  Gasb., 1909, p p . 166, 194;

■ Jockum, 76/d., 1 9 14  pp. 73 103 , 124, 149; O rlow , Jo u r . R uss . P h y s . C hem ., 
ls 08> P - 1588.

* Vignon, L .. C om pt. rend ., 1913, p p . 131-134.

tion  of B erth elot and Thom son  th a t “ ev ery  chem ical 
change gives rise to  th e production  of those substances 
w hich occasion th e greatest developm ent of h e a t”  
is fam iliar. W ere th is true, it  w ould be easy to  p re­
d ict w hich of tw o  given  reaction s w ould ta k e  place 
a t a g iven  tem perature. C hem ists to d a y  recognize 
th e fa lla c y  of th e statem en t because in all chem ical 
reactions one deals w ith  th e ad dition al so-called 
“ laten t en erg y .”  B e rth e lo t’s principle disregards this 
m olecular en ergy, and assum es the free en ergy, term ed 
m axim um  w ork, to  be equal to  th e to ta l en ergy change. 
N ernst m ain tains th a t th is is true o n ly  at the absolute 
zero, i. c., th e en tro p y  of liquids and solids a t absolute 
zero tem peratu re equals zero.

T h e v a n ’t  Hoff eq uation  show ing the relation  b e­
tw een  K  and K '  is expressed by

/ T  dog <■’ K t ) =  or d (log j  K P) =  ^

U pon in tegration  th is becom cs

log e K p =  +  constan t

W ere it  a sim ple m atter to  determ ine the value of 
th is con stan t of in tegration , as well as th e va lu e  of 
q at th e different tem peratures (in other words in tegrate  
the expression to  absolute units) this w ould con sti­
tu te  a m ath em atical expression for w hat som e consider 
a th ird  law  of therm odyn am ics. A s y e t  there is no 
such accep ted  in tegration , and th e b est solution is 
to  use ap p roxim ate expressions, rem em bering a t all 
tim es th a t the expressions are approxim ate, and m aking 
in telligen t use of them  as such. I t  is possible to 
a void  th e con stan t of integration , how ever, b y  in te ­
gratin g  betw een  lim its p ' and p to

log c K P. —  log e K P =  ^

T h is in tegrated  expression is extrem ely  im portan t 
in  determ in ing the va lu e  of K '  for an y desired tem p era­
ture a fter the valu e of K  for a n y  other tem perature 
has been exp erim en tally  determ ined. I t  is also of 
valu e in show ing relationships betw een  K  and K ’ 
for tw o  different tem peratures, where n either has 
been determ ined, b u t in th is case it  expresses relatio n ­
ships and n ot d irect values. F or instan ce, assum e 
th a t  one wished to  find th e relationship  betw een K  
and K '  for th e reaction

2C +  H 2 = C2H2—  58100 cal. 

a t th e tem p eratu res 600 ° and 900° C.

log e Kp, -  log « Kp =  ° °  -  g J3)  = 8.49

log e =  8.49 or, logm = 3-69
T ip  A  p

whence Keoo =  9°°4900

T H E  N E R N S T  A P P R O X IM A T IO N  F O R M U L A  F O R  K

E ven  though correct, i f  is a va lu e  based on th e as­
sum ption th a t sufficient tim e elapses to  allow  th e sy s­
tem  to  reach com plete equilibrium . W hen dealing
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w ith h ydrocarb on s at different tem peratures, . this 
m ust not be overlooked. In fa c t th e tim e elem ent 
is of such p rim ary  m om ent th a t n um erically  correct 
values for K  w ould be of little  more p ractical use in 
gas m an ufacture th a n  approxim ate values. In th e 
case of rea ctin g  gases one does not have th e speed 
conditions th a t ord in arily  exist in solutions. On 
th e other hand, gases b rough t togeth er at sufficiently 
high tem p eratu res do reach equilibrium  p ra ctica lly  
in sta n tly . I t  is im p o rta n t to  brin g out these lim ita ­
tion s despite th e  va lu e  of approxim ate q u an tita tive  
expressions- such as th e N ernst form ula; th e y  are of 
im m ense valu e in  predictin g the ten d en cy of a reaction. 
In th is paper the expression is m erely used; its  d eriva ­
tion  w ith  com m ents can be found in the seven th
G erm an edition  of N ern st’s “ T h eoretical C h em istry ,”  
Jellin ek ’s “  P h ysikalisch e C hem ie der G asreaktion en ,”  
or S ack u r’s “  Therm ochem ie und T h erm o d y n a m ik .” 1

log K  =  — —  +  2 d 1.75 log T  +  2 vC
4-5711

w here q is th e h eat developed a t ordinary tem p era­
tures and under con stan t pressure, as ta k en  from
therm ochem ical tables; 2jj represents the volum e 
changes, and ^ vC  represents a sum m ation  of constants. 
T hese constan ts are g iven  as follow s:

I i :  1 .6  CsHs 2 .6  C2H 2 3 .2  CO  3 .5  H -0  3 .6
C H . 2 .5  CsH« 2 .8  C$H , 3 .0  C O i 3 .2  O: 2 .8

T o  use N ern st’s words, th e equation  gives a “ fa irly  
a c c u r a te ”  idea of th e state  of equilibrium  in a system . 

T h e approxim ation  is applied  in th is fashion:

C  +  2H2 = C H i -f- 18900 cal.
+  18900 —

log Ktoo =  4 S71 - g7~3 —  1 .7 5 1 o g 8 7 3  —  0 .7  =  — 1.11 -  2 .8 9 (a )

+  18900 —
log K im  -  4 5 7 i x  1023 ~  1 ' 75 log  1023 ~  0 7 =  — 1-93 -  2 .0 7

+  18900 —
log K 900 -  4 5 n  x  H 7 3  —  1 .75  log 1173 —  0 .7  =  — 2 .5 5  -  3 .4 5

w h e n c e ,

Kcoo =  0.077 Kiso =  0 .012  K 900 =  0.003

( a )  N e g a t i v e  l o g a r i t h m s  m u s t  b e  c o n v e r t e d  i n t o  l o g a r i t h m s  w i t h  p o s i t i v e  
m a n t i s s a .

In  sim ilar m anner, th e  values of K , K ' , and K "  for 
E q u atio n s i ,  2, 3, 4, 5, 6, 7, 13, 16, 17, 18, and 
22 in T a b le  II h ave been calcu lated . In  those 
reactions in v o lv in g  C O  and CO», as 19, 23, and 26, 
use has been m ade of th e approxim ation  form ulas 
for the sam e as w orked out b y  M a yer and co-w orkers,1 
b u t su b stitu tin g  th e values ,of q shown in the table.

C A L C U L A T IO N  O F  H E A T S  O F  R E A C T IO N S  F O R  D I F F E R E N T  

E Q U I L I B R I A

T h e heat absorbed or em itted  in a given  reaction  
was determ ined b y  m eans of th e ord in ary  therm ochem ­
ical m ethods of addition  and su b traction , as in the 
follow ing ty p ica l exam ples:

(a) 2 C  +  8 1-I -  2 C H t +  37800 cal.
2C  +  4 H  -  C;H< —  14600 c a l.
2CH< =  C 3H 4 +  2 H ; —  52400 cal.

(¡0 6 C  +  6 H  =  3 C !H i —  174300 cal.
6 C  +  6 II  -  C sH t —  11300 ca l.
3C=H: -  Cell« +  163000 cal.

1 M a y e r ,  H e n s e l i n g  a n d  A l t m a y e r ,  Jo u r . Gasb., 1909, p p .  166, 194, 238.

(c) C  +  2 H 2 -  CH< +  18900 cal.
2H  + 0  =  IlaO  4 - 58300 cal.
CH< +  H 2O »  3 H i 4- C  4- O —  77200 cal.
C  4- O =  C O  +  29000 cal.
CH< 4- H jO  =  3 H i 4- C O  —  48200 cal.

I t  is likew ise possible to  com bine the values of K  for
one reaction  w ith  K '  for a second reaction in order
to  determ ine K "  for the resultan t reaction.

C  +  2H0 = C H 4 K  =  ¿ p
P'm

.a C  +  H 2 =  C 2H 2 K ' =
P l \3

D ivid in g  th e square of th e m ethane equilibrium  by 
the acetylen e equilibrium , one gets

rrn _  ( K  )  _  Pctm PjUl _  P ClHi P3lll
( A ) “ P iu P 'c iw  P2 c m  

T h is operation can be represented b y  th e equation

2CH4 =  c 2h 2 +  3 h 2

In  th is w ork the values of K  and K '  have been com­
bined in th e m anner ju st shown in order to  determine 
values for equations 8, 9, 10, 11 , 12, and 14. The 
N ern st approxim ation  form ula could be applied di­
rectly  to each of these equations w ith  th e same results. 
A ll reactions in d icated  in T a b le  II m ay go in either 
direction. A tten tio n  is again called  to  the fact that 
th e reactions given  m ust be used w ith  a consideration 
of all fa cto rs in v o lve d ; no eq uation  b y  itself repre­
sents a com plete system . A ll th e gases mentioned,, 
togeth er w ith  m any others, are tending to reach 
equilibrium  w ith  one another. T a r  com pounds were 
not listed. Benzene, C 6H 6, has been used as typical 
of all ta r  form ations. In tech n ical p ractice one gets 
benzene and other ta r com pounds from  methane 
h ydrocarbon s; from  experim ental evidence, it is- 
know n th a t from  eth yle n e1 or a ce ty le n e2 the same re­
su lts are reached. T h rou gh ou t th e literature one 
finds questions as to  w hether m ethane goes to  acetylene, 
or acetylen e to  m ethane, ethane to  ethylene, ethylene 
to  ethan e, etc. C onsidered in th e ligh t of this study 
it  appears th a t regardless of w hich hydrocarbon is- 
used in itia lly  there is a pronounced tenden cy for the 
system  to  reach a com m on equilibrium  dependent upon 
th e  existin g tem perature. W ith  hydrocarbons the 
result seems to  depend more upon conditions of temper­
ature, pressure and concen tration  th a n  upon the initial 
hydrocarbon s. In  other words, w ith proper condi­
tions of tem perature, pressure and concentration, and 
w ith  sufficient tim e for com plete reaction, the final 
equilibrium  w’ill be th a t of th e m entioned hydrocarbons 
and their reaction  products, regardless of whether 
decane, hexane, ethan e, m ethane, ethylen e or acetylene,5 
sin gly or in m ixtures, are used in th e beginning.

T a b le  II furnishes th e basis for th e e x p e rim en ta l 

w ork of th is research. Its  in terp retation  serves as- 
a guide in determ ining the direction of exp erim en ts .

1 Ip a t ie w , B er., 1911, p . 2978; Ip a t ie w  a n d  R o n ta la , Ib id .. 1913, p. 1748.
= R . M ey e r , Ib id ..  1912, p , 1609; M e y e r  a n d  T a n z e n , Ib id ., 1913, p. 3183.
3 W . A. B one, Jo u r . f .  Gasb., 19C8, p . 803; D . T . D ay , A m . Ckem- 

Jo u r ., 1886, p, 153; V . L ew es, Proc. R oy. Soc., 1894, p . 90; Worstall 
a n d  B u rw ell, A m . Chcm . Jo u r .,  1897, p . 815; B one a n d  C ow ard , Jour. 
Chem . Soc., 1908, p . 1197; S a b a t ie r  a n d  S en d cren s , Com pt. rend., 130,. 
1559; C . P a a l , C hcm . Z tg ., 1912, p . 60; Ip a t ie w , Ber., 44, 2987.
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Taking E q u ation  9 as ty p ic a l, w here -fiT6oo =  0.0000001 K»°» K«o k mo

and Kooo =  0.0004, - it  seem s a d visab le  to exceed 16 c  +  HiO ^— c o + Hi  0.2 3.1 25.0
900° C. in tem perature. H ow ever, referring to  19 CH* + H«0 ^— CO+3H1.. 0.06 8.7 346.0
Keoo -  0.077 and X 90o =  0.003 for E q u a tio n  3, it  is and th a t a tem peratu re of 9000 C . is fa vo ra b le  to  th e  C O
evident th a t th e  rate  a t w hich m ethane w ould  de- and H 2 form ation  of 16, b u t u n favorab le  to th e  m ethane
compose to carbon  and hydrogen , in accordan ce w ith  preservation  in E q u ation  19. On th e  other hand, 
Equation 3, m ight easily  be sufficient to  offset all * a tem p eratu re of 6000 C . is un favorab le  to  preserva- 
C2H4 form ation, in accordan ce w ith  E q u a tio n  9. tion  of CO  and H 2in E q u a tio n  16 b u t is m ore fa vo ra b le

Considering E q u atio n s 16 and 19, tw o  of th e m ost th a n  900° to  h yd ro carb on  form ation  or preservation,
vital in present carbu reted  w ater gas m anufacture, one Also it  is m ore fa vo ra b le  to  form ation  of C 0 2 as shown
finds • b y  E q u a tio n  17. T hese tem peratu re effects can be

T a b u s  I I — Q u a n t i t a t i v e  S t u d y  o f  E q u i l i b r i a

A p p r o x i m a t e

H e a t s  o p V o l u m e (F o rm u la s  re fe r  to
No. R e a c t io n s R e a c t io n .

+ 9 7 6 5 0

— 39650

C h a n g e s  

1 to  1

1 to  2

p a r t ia l  p ressu res)

A  =  5 ° !

Keoo 

6 9 X  1024

K 750 Kfloo

2. C O , +  r  - 7 ^  2 C O ..............................

02

K  -  (C O )! 
CO i

0 .1 3 .9 5 9 .0

3. C +  2 H , C H . ................................ +  18900 2 to  1 ,
g

|l
II*

0 .0 7 7 0 .0 1 2 0 .0 0 3

4. 2C +  3 H i C -H «............................ +  23300 3 to  1 * II

¿4 
' '¿

L

2 .2  X  10-» 1 .7  X  10-8 2 .5  X 10 »

5. 2C  +  2 H j C 3H 1 ............................ — 14600 2 to  1
(H i)1

6 .0  X  10“ 10 1 .6  X  10-» 3 .2  X  10-8

6. 2C  +  H i C iH i ............................. — 58100 1 to  1 K  =  Ci-H = 
H i

1 .1  X  I0 “ 1J 1 .5  X  IO "” 5 .7  X  IO-10

7. 6C  +  -ITT, C .H . ........................... — 11300 3 to  1
C tH s

(H i)8
1 .2  X  10-»» 1 .7  X 1 0 - “ 2 .2  X  IO“ “

8. CiH» C iH . +  h , .......................... — 37900 1 to  2
C iH , X  H i

K  — — ........
C iH e

0 .0 0 2 7 0 .0 9 4 1 .2 8

9. • 2C H , v C .H . +  7.11?...................... — 52400 2 to  3
C iH , X  (H i)1

A =  ----------------------
(C H t)>

0 .0000001 0 .00001 0 .0 0 0 4

10. 2C H , C 1H 1 +  3 H ; .................. — 95900 2 to  4
C 1H 1 X  (H a)3 

(C H ,)1
1 .8 6  X  IO -» 0 .0000001 0 .0 0 0 0 6

11. C iH , -v C iH i +  H i .......................... — 43500 1 to  2
C 1H 1 X  H i

A =*
C iH ,

0 .0 0 0 1 8 0 .0 0 9 3 0 .1 7 8

12. C iH 6 . C iH i +  ? H a ....................... — 81400 1 to  3
C iH i X  (H i)1

K  =  • .........
C iH ,

0 .0000005 0 .0 0 0 8 9 0 .2 2 8

13. C ,H j 2 C iH , ..................................... — 31800 1 to  2
„  (C 1H , ) 1
A  =  -----------

C ,H a
1.41 3 1 .6 2 5 8 .0

14. 3C iH i C«H6..................................... +  163000 3 to  1
C .H ,

(C iH i)3
9 X  10« 5 X  101» 1 .2  X 101*

15. 3C iH , CsHs +  3 H i .............. + 3 2 5 0 0 3 to  4
C cH , X ( H i) 3 

(C iH ,)3
5 .5  X  1 0« 4 .1  X  lO ii 6 .7  X  10i°

16. C  +  H iO  C O  +  H i ................... — 29300 1 to  2
C O  X  H i 

A. — •
H jO

0 .2 3 .1 25

17. C  +  2H iO  ____ C O : +  2 H s ............. — 19000 2 to  3
w  C O 2 X  (H j)1
K  — .................... - ..-

(HsO)2
0 .4 2 .5 11

18. H iO  +  C O  ____ C O i +  H i .............. +  10350 2 to  2
K  _  C O 2 X  Ha 

H 2O  X  CO
1 .95 0 .8 1 0 .4 2

19. C H , +  H iO  " 7 ^  C O  +  3 H i ........ — 48200 2 to  4
C O  X (H 2)* 

C H 4 X H iO
0 .0 6 8 .7 3 4 6 .0

20. C jH , +  2 H iO  2C O  +  4 H i. . ., — 44000 3 to  6
(C O )j X  (H 2)4 

C 2H 4 X  (H 20 )  =

21. ____ r  (C O )2 X  (H 2)3
C iH : - f  2HaO ^ ------ 2C O  +  3 H i. . . — 500 3 to  5

C 2H 2 x  (H 2O ) 2

22. CsHg +  6H 1O 6 C O  +  9 H i. . ,. — 164500 7 to  15
(CO)« X  (H 2)9 

C elle X  (H 2O)«
1 .2  X IO” 7 0 .4 9 48000

23. , — 37900 3 to  5
C O 2 X  (H s)4

0 .3 16 280
C H < X (H 20 )2

24. C iH , +  4 H iO  2C O i +  6 H 1.. . +  23400 5 to  8
(C O 2)2 X  (H 2)6 

C 2H 4 X  (H 2O ) 4

25. C1H 1 +  4 H ,0  '  2C O i +  5 H i..  , +  20100
(C O 2)2 X  (H t)s

C 2H 2 X  (H 2O)*

26. C H , +  C O , 2C O  +  2H i . . . . . — 58500 2 to  4
r  (C O ) 2 X  (H i)*  

CH< x  C O i
0 .0 1 7 5 354

27. C iH , +  2C O i 4 C O  +  2 H i . . . . — 64600 3 to  6
K  (C O ) 4 X  (H i)* 

C 2H 4 X  ( C 0 2) 2

28. C1H1 +  2C O : ^ ± l 4 C O  +  H i — 31100 3 to  5
(CO )« X  H i 

C 2H 2 X  (C O 2)2
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m ore clearly  understood b y  reference to  t h e . first 
num erical problem  cited, and to  th e th eoretical m ix­
tu res given  for E q u ation  19 a t tem peratures of 6oo° 
and 900° C . I t  appears im possible to  find a tem pera­
ture fa vo ra b le  to b oth  when th e tw o reactions are 
sim ultan eously  carried out. In order to preserve 
th e hyd ro carb on s it  becom es necessary to  form  H 20 , 
CO2 and deposit carbon; or in order to  avoid  form ing 

. w ater vap o r, C 0 2 and deposit carbon, it  becom es 
necessary to  d estroy hydrocarbon s. T h e tw o cannot 
be reconciled.

S U M M A R Y

On th eoretical grounds, therefore, it  appears:
I— Possible to  so create conditions th a t the oil 

crack in g process can be carried out at a higher tem pera­
ture th an  is now  used in oil gas processes, and th ereby 
g rea tly  increase the y ield  of va lu ab le  hydrocarbons.

II— Possible to  “ c ra ck ”  oil w ithout depositing carbon, 
and w ith o u t th e form ation  of w ater vapor and C 0 2.

I I I — Possible to  p a rtia lly  control the q u a n tity  and 
com position  of “ t a r ”  produced in gas m anufacture.

IV — Im possible to  preserve hydrocarbon s and a t 
th e sam e tim e avoid  C 0 2, w ater vap o r, and deposited 
carbon, when oil is “ c ra ck e d ”  as in the present car­
b ureted  w ater gas process.

In terp retatio n  of T ab le  II  and th e results w hich 
could be exp ected  in gas reactions, in v o lvin g  the 
con stituen ts shown, could be expanded indefinitely. 
T h a t these th eoretical considerations are of more 
th a n  academ ic interest will be brought out in subsequent 
papers.

C h e m i c a l  E n g i n e e r i n g  L a b o r a t o r y  
C o l u m b i a  U n i v e r s i t y  

N e w  Y o r k

A M E T H O D  F O R  T H E  D E T E R M IN A T IO N  O F  M A G N E S IU M  

IN  C A L C IU M  S A L T S  1

B y  J . C . IIO S T E T T E R

In th e course of th e preparation  of some calcium  
silicates for therm al stu d y , certain  sam ples of calcium  
carbonate were tested  to  determ ine their su ita b ility  
as sources of lim e. A n alyses of these sam ples showed 
th a t, of th e n on-volatile  im purities determ ined b y  the 
m akers, th e am ounts reported  b y  them  were sub stan ­
tia lly  correct for all elem ents2 excep t m agnesium . T h is 
elem ent w as foun d to  be present to  th e  exten t of se v ­
eral ten th s of a per cen t as oxide, even though the 
salts a n a lyzed  were of th e v e ry  highest grades o b ta in ­
able, and th e  m akers’ an alyses had shown b u t a 
“ tra c e ,”  or, a t  m ost, 0.005 per cent M gO . A  dis­
crep an cy of th is large order could h a rd ly  be passed 
over w ith o u t in vestigation , even though the problem  
th us presented w as b u t a mere side issue. T h e  w riter ’s 
results on these sam ples had been obtained  b y  the 
calcium  su lfate  separation , b u t, since th e lab o rato ry  
m anipulation  of this m ethod w as too  in vo lved  for 
routine testin g  when large sam ples were ta k en , a m ethod 
w as developed b y  m eans of w hich ve ry  sm all am ounts

1 R e a d  a t  th e  R o c h e s te r  M e e tin g  of th e  A m erican  C h em ica l S o c ie ty , 
S e p te m b e r  11, 1913.

7 W ith  th e  possib le  ex c ep tio n  of so d iu m , fo r w h ich  th e  m a k e rs ’ " t r a c e ’ * 
w as fo u n d  to  b e  0.02 p e r  c e n t  N aiO .

of m agnesium  could be determ ined in  th e presence of 
m uch calcium , and w hich in v o lved  on ly  the simplest 
lab o rato ry  m anipulation . A fte r  th is method had 
been developed, a num ber of calcium  salts, from both 
dom estic and foreign m akers, were tested  to determine 
th eir su ita b ility  for th e  p articu lar problem  in hand, 
b u t th e surprisingly large q u an tities of magnesium 
found to be present were th e source of much disap­
pointm ent. In  a few  cases, th e m akers’ results were 
of th e sam e order of m agn itude as those obtained by 
th e new m ethod, b u t usually  th e m agnesia actually 
present w as from  fifty  to even  several hundred times 
greater th an  th a t  reported  b y  th e m aker. The proba­
ble source of th e observed differences will appear in 
w h at follows.

M ost of th e m ethods em p loyed  for the determina­
tion  of m agnesium  in th e  presence of calcium  involve 
a rem oval of the la tte r  b y  p recip itation  and a subse­
q uent estim ation  of th e form er in th e filtrate. In 
general, when testin g for m inute am ounts of impurity, 
th e procedure of first rem ovin g th e m ain element by 
precip itation  should never be follow ed. In  some cases 
it  can be justified , b u t these are rare and th ey  can be 
determ ined on ly  b y  d irect te st; in th e greater number of 
cases the p recip itatin g  sa lt carries w ith it  a large por­
tion, if not all, of th e im p u rity , and hence the amount 
of th e la tte r  sub seq uen tly  foun d is m uch less than that 
a ctu ally  present. M a n y  m ethods of separation which 
are excellent when applied to  tests in w hich the elements 
to  be separated  are present in n early  equal amounts 
fa il u tte rly  when th e one elem ent is present to the 
exten t of a thousan d  tim es th a t of th e  other. This 
la tter  condition  is the m ain one in v o lved  in the prob­
lem  here studied, and failure to  recognize this is the 
general reason w h y chem ical m anufacturers have often 
failed  to  find all of th e m agnesium  present in their 

. calcium  salts. T h e specific m anner in which loss of 
m agnesium  m ay occur in th e ord in ary  methods of 
sep aratin g calcium  and m agnesium  w ill appear in 
the discussion w hich follow s.

r e m o v a l  . o f  c a l c i u m  a s  o x a l a x e — T h e extensive 
in vestigation  of R ichards, M c C la ffre y  and Bisbee1 
on th e occlusion of m agnesium  b y  calcium  oxalate has 
shown th a t when th e la tter  is p recip itated  in the pres­
ence of m agnesium  under certain  conditions, the 
resu lting calcium  oxide m ay carry  as much as 164 
per cen t M gO ; under th e usual conditions for this 
p recip itation , th e occlusion m ay still am ount to about 
1 per cent. O nly w ith careful a tten tion  to the details 
of th e m ethod proposed b y  them  can a satisfactory 
separation  of calcium  from  m agnesium  be made with 
one precip itation  of th e calcium  oxalate.

O rdin arily, in exa ct analysis, tw o  precipitations of 
the oxalate  are deem ed n ecessary for a good separation, 
and when th e elem ents are present in nearly the same 
am ount, th is is justified . W hen large amounts of 
calcium  and mere traces of m agnesium  are present, 
how ever, tw o  precip itation s, or even  more, will not 
separate these tw o elem ents q u a n tita tiv e ly .

In  view  of th e con vin cin g ch aracter of the work

1 Z . anorg. Chem ic, 28 (1901), 7 1 ; Proc. A m . A ca d . A r ts  Sci.. 36 (1901).
375.
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cited above, it  is indeed surprising th a t  te x ts  on the 
subject of reagen t testin g  should continue to  prescribe 
the determ ination of m agnesium  in a solution from  
which calcium  has been rem oved as oxalate , when 
calcium salts are to  be tested  for th is im p u rity . As 
carried out b y  K ra u c h ,1 and b y  K rau ch -M erclc,2 
the calcium of 1 gram  of th e sa lt is p recip itated  as 
oxalate and the sa lt is considered sa tisfa cto ry  if sodium  
phosphate solution  gives no p recip itate  in th e filtrate 
on standing tw e lv e  hours.

r e m o v a l  o r  c a l c i u m  a s  s u l f a t e — T h is separation, 
as outlined b y  C lassen ,3 is co m p a ra tiv e ly  free from  
the errors inherent in th e o xalate  and carbonate 
precipitations. T h a t-c a lc iu m  su lfa te  p recip itated  in 
the presence of m agnesium  carries a negligib le am ount 
of magnesia (occluded or otherw ise) is shown b y  the 
following experim ent: T h e calcium  of 5 gram s of a
pure calcium  chloride in alcoholic solution w as pre­
cipitated w ith sulfuric acid  in th e presence of 250 mg.
MgO (added as chloride). T h e calcium  su lfate  was
filtered off and w ashed w ith  50 per cent alcohol in the 
prescribed m anner. A fter  d ry in g, the m agnesia was 
determined in th is calcium  su lfate  b y  th e new  m ethod 
to be described sh o rtly , and foun d to  be b u t 0.005 
per cent.'1 In  m an y cases th e m agnesia th us lost 
would be insignificant, b u t th is loss could not be to ler­
ated in the analysis of th e purest calcium  salts.

Though this m ethod of rem ovin g calcium  is fa irly  
satisfactory in regard  to  th e am oun t of m agnesia 
occluded, it  has th e d isa d van ta ge  th a t when large 
amounts of calcium  are to  be rem oved, the lab o rato ry  
manipulation becom es difficult. T h is  is due to  the
bulky nature of th e  p recip itated  calcium  sulfate, the
many tedious w ashings of th e  p recip itate  w hich are 
required, and the evap oratio n  to  dryn ess of several 
liters of alcoholic solution. A ccord in gly , we have 
discontinued the use of th is m ethod excep t as an oc­
casional check.

The discrepancy observed betw een  th e m akers’ 
magnesia determ inations and th e w riter ’s results b y  
the calcium  sulfate sep aration  can be com pletely  
accounted for on th e  reasonable assum ption th a t the 
makers follow the o xalate  separation  as given  in th e 
standard texts on reagen t testin g . D irect evidence 
on this pojnt is gen erally  lack in g , b u t in th e case of 
one maker at least, the labels sp ecify  th a t th e salt 
has been tested  accordin g to  K ra u ch .5 In th e absence 
of specific inform ation  on th is su b ject from  th e other 
makers,8 we can on ly assum e th a t their results were also 
secured with th e calcium  oxalate separation  on a com ­
paratively sm all sam ple.

R E M p v A L  O F  C A L C IU M  A S C A R B O N A T E  I t  i s  w e l l

known th a t th e separation  of calcium  as carbonate 
involves the sam e source of error as the o xalate  separa-

1 T esting  of C h em ica l R e a g e n ts ,”  3 cd ., p . 60.
! 'C hem ical R ea g en ts , T h e ir  P u r i ty  a n d  T e s ts ,”  p . 80.
1 Ausgcw&hlte M e th o d e n  d . A nal. C h e m .,”  E r s te r  B a n d , p . 835.
* In th is  co n n e c tio n , i t  is in te re s tin g  to  n o te  t h a t  m ag n esiu m  is  oc­

cluded less b y  p re c ip ita tin g  b a r iu m  s u lfa te  th a n  a n y  o th e r  m e ta l w h ich  h as  
been studied . A llen a n d  J o h n s to n , J .  A m . Chem . S o c ., 32 (1910), 612; 
Johnston and A dam s, Ib id ., 33 (1911), 832.

1 M erck an d  C o m p a n y , " B lu e  L a b e l R e a g e n ts .”
! R equests  for in fo rm a tio n  on th is  p o in t  w ere  ig n o re d  b y  a n  A m erican  

maker.

tion— som e m agnesium  is occluded b y  th e calcium  
carbonate. T h e  ex te n t of th is occlusion is indicated  
b y  th e  am oun t of M gO  rem aining in calcium  carbonates 
of the h igh est grade— abou t 0.08 per cen t.1

T H E  M E T H O D  O F  H IL D E B R A N D  A N D  H A R N E D  T h is ex­
cellent m ethod for th e determ in ation  of m agnesium  
in th e presence of calcium  (and other m etals) is a 
p recip itation  of the m agnesium  as h yd ro xid e, the 
p recip itan t being sodium  hyd ro xid e and the changes 
in hydrogen  ion concen tration  being follow ed b y  m eans 
of th e h yd ro gen  electrode.2 Since th e  u n certa in ty  in 
th e end point, as given  b y  them , m ay am ount to  as 
m uch as 4 m g. M gO , it is ev id en t th a t  th is m ethod 
could be used in connection  w ith th e  present problem  
o n ly  in th e case of h igh ly  im pure calcium  salts.

T H E  P R O P O S E D  M E T H O D

T h e essential featu re of th e m ethod th a t follow s is 
th e concentrating of th e m agnesium  from  a large 
sam ple of th e sa lt being tested  into a p recip ita te  con­
ta in in g  b u t a sm all proportion  of th e calcium . A fter  
this has been accom plished th e ord in ary  m ethods m ay 
be used to  sep arate these elem ents w ith sa tisfa cto ry  
results, since th e  ratio  C aO  : M gO  is no longer 1,000 
or 10,000 : 1, b u t has been reduced to  10 or 100 : 1. 
T h is  con cen tratin g is effected  b y  p recip ita tin g  the 
m agnesium  as hyd ro xid e b y  addin g eith er calcium  
oxide (m ade, in m an y cases, b y  ign ition  of th e salt 
itself) or a solution  of sodium  hyd ro xid e in slight 
excess over th a t n ecessary to  p recip itate  the m ag­
nesium .3 T h e d etails of th e m ethod fo llow .

T en  gram s of th e calcium  sa lt are b rou gh t into solu­
tion  in  w ater, and th e vo lu m e m ade up to  100 cc. If 
acid  is used to  bring th e  sa lt into  solution, th e excess 
is n eutralized  w ith sodium  hyd ro xid e, after th e ex ­
pulsion of CO2, SO2, etc., b y  boiling. T h e calcium  
oxide m ade from  0.3 to 0.5 gram 4 calcium  carbo n ate 
b y  ign ition  is now added and th e solution  heated  to  
boilin g; th e p recip itate  is filtered  off b u t n ot w ashed. 
T h e p recip itate  is dissolved  in d ilute h yd ro ch loric  
acid  and th e  calcium  rem oved  b y  tw o p recip itation s 
w ith  am m onium  oxalate . T h e filtrates from  these 
tw o  precip itates are com bined and the m agnesium  
in  th is com bined filtrate  is determ in ed b y  p recip itation  
as am m onium  m agnesium  ph osphate w ith  m icrocosm ic 
salt. T h is  p recip itation  is easily  b rough t abou t b y  
shakin g in a stoppered flask. A fter  stan din g several 
hours, th e p recip itate  is filtered off, w ashed free from  
phosphoric acid  w ith  10 per cen t am m onia, and fin ally  
ign ited  to  m agnesium  pyrop h o sp h ate w hich is w eighed.

F A C T O R S  A F F E C T I N G  T H IS  M E T H O D

I .  S O L U B IL I T Y  O F  C A L C IU M  H Y D R O X ID E  I N  S O L U T IO N S

o f  c a l c i u m  c h l o r i d e — A  know ledge of the so lu b ility  
of calcium  hyd ro xid e in 10 per cent calcium  chloride 
solution  is n ecessary in order to  determ ine th e am ou n t

1 T h e  a v e ra g e  of th e  M gO  c o n te n ts  of th e  ca lc iu m  c a rb o n a te s  g iven  in  
T a b le  I I .

2 O rig. Com . 8th In te rn . Congr. A p p l . C hem ., 1, 217; J .  A m . C hem . Soc ., 
35 (1913), 867.

* C o m p a re  th e  m e th o d  of an a ly s is  of h ig h -g ra d e  z inc  b y  I?. M y liu s  
a n d  O. F ro m m , in  w hich  th e y  c o n c e n tra tc  th e  im p u ritie s  in to  a  su lfide 
p re c ip ita te  c o n ta in in g  v e ry  l i t t l e  z inc. Z . anorg. C hem ., 9 (1895), 149.

4 T h is  need  b e  w eighed  o n ly  to  5 p e r  c e n t.  T h e  a m o u n t to  be u sed  
d ep e n d s  on  th e  M gO  c o n te n t of th e  sa lt . C f. Postea.
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of calcium  oxide to  be added to  the chloride solution. 
The calcium  oxide m ust be added in am ount som ew hat 
m ore th an  sufficient to  satu rate  th e solution  w ith re­
spect to  calcium  hydroxide, and to  p recip itate  th e 
m agnesium  as hydroxide. F rom  th e d ata  of Z a h o rsk y1 
and of L u n g e ,1 we find th a t  xoo cc. of a 10 per cent 
calcium  chloride solution  w ill dissolve 0 .13-0 .14  gram  
calcium  oxide a t 8o° to 100°. One gram  of calcium  
carbo n ate y ield s 0.560 gram  calcium  oxide, and for 
th e p recip itation  of 1 gram  m agnesia there is required 
1.392 gram s calcium  oxide. These figures, together 
w ith  th e  so lu b ility , show  th a t the calcium  oxide m ade 
from  0.5 gram  calcium  carbonate w ill satu rate  the 
solution and is in sligh t excess over th a t required to 
p recip ita te  0.100 gram  M gO — equal to  1 per cent on a 
10 gram  sam ple. S im ilarly, calcu lation  shows th a t 
0.4 gram  calcium  carbonate w ill p recip itate 0.6 per 
cent M gO  in  a 10 gram  sam ple, and 0.3 gram  calcium  
carbon ate w ill p recip itate  0.2 per cent M gO . I t  is 
o b vio u sly  of great a d va n ta ge  to  use ■ th e sm allest 
possible am ount of calcium  oxide in this precipitation , 
and, for m ost salts, th e oxide from  0.3 gram  calcium  
carbon ate suffices.

I I .  S O L U B IL IT Y  O F  M A G N E S IU M  H Y D R O X ID E  I N  C A L ­

C IU M  C H L O R ID E  S O L U T IO N S  S A T U R A T E D  W IT H  C A L C IU M

h y d r o x i d e — No inform ation  on th is su b ject has 
been foun d in th e literatu re . W e h a ve  q u a lita tiv e ly  
estim ated  th e effcct of this so lu b ility  on the m ethod, 
and h ave concluded th a t  it  is n early  negligible. T he 
tests were m ade b y  determ ining the m agnesia in 10 
gram  portions of a certain  sam ple of calcium  chloride, 
keeping all conditions con stan t excep t th e volum e of 
th e solution in w hich the m agnesium  h ydroxide was 
precip itated. T h is vo lu m e w as varied  from  25 cc. 
to  200 cc. T h e results showed th a t th e change of 
so lu b ility  w ith  increasing dilution  is, fo rtu n ate ly , sm all. 
W e h ave accordin gly  chosen th e 10 per cen t dilution 
as a conven ien t volum e in  w hich to  w ork and one in 
w hich th e error due to  so lu b ility  is p ro b ab ly  not over 
0.2 mg. M gO  for 100 cc.

T h is crude m ethod of in vestig a tin g  the so lu b ility  
of m agnesium  hydroxide in solutions of calcium  chloride 
sa tu rated  w ith calcium  hyd ro xid e was m ade necessary 
on accoun t of the d ifficu lty  of ob tainin g calcium  salts 
free from  m agnesium  and m agnesium  salts free from  
calcium . I t  w as th o u gh t to be beyond the scope of 
th is paper to  prepare su itable m aterials and a ctu a lly  
determ ine th is so lu b ility . One experim ent on the 
so lu b ility  of m agnesium  hydroxide in calcium  h y d ro x­
ide solution  sa tu rated  at 90° w as m ade b y  determ ining 
th e m agnesium  in the liquid  phase a fter h avin g rem oved 
the calcium  as su lfate. T h e m agnesia in 100 cc. of 
th is solution  is p ro b ab ly  less th a n  0.1 m g., since the 
p recip itate  of am m onium  m agnesium  phosphate was 
too sm all to be filtered off and w eighed.

I I I .  U S E  O F  S O D IU M  H Y D R O X ID E  A S T H E  P R E C I P I T A N T

— It is ob vious th a t a know n am ount of sodium  h y ­
droxide m ay be used to  p recip itate  th e m agnesium  
and a slight excess of calcium  hydroxide. W here acid 
has been used to  bring a calcium  salt into  solution,

1 A s g iven  by  Seidell, “ S o lu b ilitie s  of In o rg a n ic  a n d  O rgan ic  S u b ­
s ta n c e s ,”  p. 91 , 1st ed.

th e excess acid  is carefu lly  n eutralized , using methyl 
orange as indicator, and then  an am oun t of sodium 
h ydroxide solution is added, sufficient to precipitate 
th e m agnesium  and a sligh t am ount of calcium  hy­
droxide. P rom  th is point on, the procedure is exactly 
as outlin ed under the calcium  oxide precipitation.

In the w ork of H ildebrand and H arned quoted above, 
it  is m entioned th a t  the change in hydrogen  ion con­
cen tration  when the m agnesium  hydroxide has all 
been p recip itated  and th e calcium  h ydroxide is be­
ginning to  precip itate , is too  gradual to be shown by 
an indicator. N evertheless, it  w as hoped that an 
in d icator could be foun d b y  th e change of which an 
indication  w ould be given , when sodium  hydroxide 
w as used, th a t  th e hydrogen  ion concentration cor­
responding to a p recip itation  of som e sm all amount of 
calcium  hydroxide had been reached. Several indi­
cators of approp riate turnin g point (io~ 12 to io-13) 
were tested , b u t th e results obtained  were erratic. 
T h is w as p a rtly  due to  the fa c t th a t there are compara­
tiv e ly  few  indicators g iv in g sharp color changes in 
th is region of hydrogen ion concen tration, and very 
p ro b ab ly  also th a t there w as a large “ salt effect” 
due to  th e h igh ly  con cen trated  calcium  chloride 
solution.

t h e  p r e c i s i o n  o b t a i n a b l e  b y  th e hydroxide con­
cen tration  m ethod, and the agreem ent between it 
and th e su lfate  separation , are shown in Table I.

T a b l e  I — P iiR C t t N T A G iis  o p  M a g n e s i a  

By h y d ro x id e  B y  su lfa te  
S am p le  c o n c e n tra t io n  s e p a ra tio n

0 .0 9 1  0 .0 7 4
0 .0 9 1  0 .0 9 0
0 .0 8 9  
0 .0 9 0

B ........................... 0 .2 5  0 .2 5

T hese analyses on carefu lly  m ixed sam ples of calcium 
carbo n ate were run side b y  side. On still another 
sam ple of calcium  carbonate, th e  w riter obtained 
0.09 per cent M gO , using th e  new  m ethod with but 
one precip itation  of the oxalate , w hile Dr. H. S. 
W ashington , of this lab o rato ry , foun d 0.12 per cent 
M gO , using th e sam e m ethod b u t m akin g tw o careful 
precip itation s of th e calcium  oxalate . T h e difference 
is a b ou t w h at w ould be occluded b y  the first precipitate 
of calcium  oxalate.

n o t e s  o n  t h e  m e t h o d — Since the effect of the salts 
of other acids on the so lu b ility  of m agnesium  hydroxide 
in calcium  chloride solutions sa tu rated  w ith  calcium 
hyd ro xid e has n ot been determ ined, it  is advisable 
to ign ite such calcium  salts as th e n itrate, acetate, 
form ate, and oxalate to  oxide, and then  dissolve all 
bu t a portion eq u iva len t to  the 0.3-0.5 gram of 
C a C 0 3, in d ilute hydrochloric acid, using methyl 
orange as indicator. T h e reserved portion  of oxide 
is added as th e precip itan t, th us rem ovin g the possibility 
of in trod u cin g m agnesium  as an im p u rity  in the cal­
cium  oxide m ade from  calcium  carbonate, or in the 
sodium  hydroxide. T h e carbonate, hydroxide, oxide, 
sulfite, and su lfate  should be dissolved directly in 
hydrochloric acid.

T races of calcium  as tricalciu m  phosphate are fre­
q u en tly  present to th e exten t of som e 0.3-0.5 mg. >n
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the magnesium  p yroph o sph ate , and m ay be corrected 
for by dissolving th e ign ited  (and weighed) p recip itate  
in a little  d ilute su lfuric acid , addin g alcohol, and 
allowing to stan d  over n ight. T h e calcium  sulfate is 
filtered off and w eighed as such; or it  m ay be con­
verted into o xalate  and w eighed as oxide.

It is obvious th a t  there is p ra ctica lly  no lim it to the 
size of the sam ple from  w hich th e m agnesium  can be 
concentrated b y  th is m ethod, th u s a llow in g alm ost a n y  
desired precision in th e am ount of m agnesium  weighed. 
A 10 gram sam ple w ill perm it of 0.001 per cen t M gO  being

on th e m agnesia con ten t of all the sam ples tested  b y  
the new m ethod. A s w ill be seen b y  an inspection  of 
th e tab le , these sam ples are from  all of the m ore w idely  
know n m akers of an alyzed  chem icals. In  presenting 
these results there is ab so lu tely  no discrim ination, and 
we th in k  th a t  a com parison of th e  m akers’ d eterm in a­
tions as g iven  in  th e ta b le  w ill sup port our statem en t 
th a t all th e m akers are eq u a lly  a t fa u lt in th is p a r­
ticu lar. W e publish these d a ta  n ot as a criticism  of 
the m akers, b u t solely  to present th e  fa cts  in the case 
as we find them , w ith th e hope th a t th eir p u b lication

T a b l e  I I - - M a g n e s i a  F o u n d  i n  H i g h - g r a d e  C a l c i u m  S a l t s  f r o m  D i f f e r e n t  M a k e r s

M a g n e s i u m  O x i d e

Sa lt M a k e r D e s c r ip t io n L ot N o .
M a k e r ’s
an a ly s is

H y d ro x id e
c o n c e n tra t io n

m e th o d

M gO  calc, 
as  p e r  c e n t 

o f C aO

A ceta te ............ . B  & A " C .P .” N o  nnal. 0 .0 2 7 % 0 .0 7 6 %
A ceta te ............ E  & A " T e s te d  P u r i ty ” B 83 — 0 . 0 0 1% 0 .0 4 1 0 . 1 1

A ceta te ............ , J  T  B “ C .P .”  A n a ly zed 51313 — 0 .0 01 0 .0 0 1 0 .0 0 2

C a rb o n a te . . . . B  & A " C .P .”  A n a ly zed " T r a c e ” 0 .0 9 0 0 .1 6
C arb o n a te ___ B  & A " C .P .”  A nalyzed N o  ana l. 0 .2 5 0 .4 4
C a rb o n a te .. . , B  & A " S p e c ia l” N o  ana l. — 0 .0 0 1 0 .0 0

C a rb o n a te .. . , J  T  B " C .P .”  A nalyzed 8212 0 .0 0 1 0 .0 3 9 0 .0 6 8
C a rb o n a te .. . . . J  T  B “ C .P .”  S pecia l — 0 .0 0 1 0 .0 4 8 0 .0 8 5
C a rb o n a te .. . . . J T B " C .P .”  A n a ly zed 10 12 1 2 0 .0 0 1 0 .0 5 6 0 . 1 0

C a rb o u a te .. . . . J T B " C .P .”  A n a ly zed 5513 0 .0 0 5 0 .0 2 7 0 .0 4 8
C a rb o n a te .. . . . J T B " C .P .”  A nalyzed 101613 0 .0 0 5 0 . 1 0 0 .1 7
C a rb o n a te___ . E  & A " T e s te d  P u r i ty ” B  33 0 .0 0 5 0 .2 7 0 .4 8
C arbona te , . K b " Z u r  A nal. in. G a ra n tie s c h e in ” 4782 0 .000 0 .0 6 2 0 . 1 1

C arb o n a te  , M " B lu e  L a b e l R e a g e n t” 10853 * F re e — 0 .0 0 1 0 .0 0

C a rb o n a te .. . . . M " B lu e  L a b e l R e a g e n t” 12303 F re e 0 .000 0 .000

C a rb o n a te ... . 

C hloride.......... B  & A

Ic e la n d  S p a r  

" C .P .” F u se d  G ra n u la r " T r a c e ”

0 .0 4 7

0 .0 5 8

0 .0 8 4

0 . 1 1
C hloride.......... J T B " C .P .”  A n a ly z ed  C ry s t 103012 0 .0 0 1 0 .0 0 9 0 .0 2 3
C hloride.......... . J T B " C .P .”  A n a ly z ed  C ry s t. (DifT. B o ttle ) 103012 0 .0 0 1 0 .0 0 6 0 .0 1 5
C hloride.......... . J T B " C .P .”  A n a ly z ed  A n h y d . 10912 0 .0 0 1 0 .0 4 2 0 .0 8 3
C hloride.......... J T B " C .P .”  A n a ly z ed  A n h y d . 11612 0 .0 0 1 0 .1 5 0 .2 9
C hloride.......... J T B " C .P ’” A n a ly z ed  A n h y d . (12-m esh) 121812 0 .0 0 5 1 .4 4 2 .8 5
C hloride.......... J T B " C .P .”  A n a ly z ed  A n h y d . 1 1 2 1 1 2 0 .0 1 0 .2 3 0 .4 5
C hloride.......... . J T B " C .P .”  A n a ly z ed  C ry s t. 1222 11 0.0 0 2 0 .0 6 5 0 .1 7
C hloride.......... M “ B lue  L a b e l R e a g e n t”  F u se d 10353 N o t  d e t. 0 .0 2 3 0 .0 4 5

F o rm a te .......... , J T B " C .P .”  A nalyzed 61812 N o n e 0 .0 0 5 0 .0 3 8

H yd ro x id e . . . . J T B " T e c h n ic a lly  P u re ” 32213 0 .0 5 0 .8 7 1 .14
H y d ro x id e . . . . M " B lu e  L a b e l R e a g e n t” 1472 N o t  d e t. 0 .6 8 0 .8 9

N itra te ............. J T B " C .P .”  A n a ly z ed  C ry s t. 101712 0 .0 0 1 0 .1 4 0 .5 9
N it r a te ............ E  & A " T e s te d  P u r i ty ” B 13 N o n e 0 .3 1 1.31

O xala te ............ . K b W h ite  L a b e l L  2801 N o  an a l. 0 .0 4 1 0 .0 8 4

O xide................ J T B F ro m  M a rb le 32413 0 .5 1 1 .1 8 1 .1 8
O xide................ . K b " Z u r  A n a l. m . G a ra n tie s c h e in ” N o t  d e t. 0 .7 7 0 .7 7

S u lfa te ............ . M " B lu e  L a b e l R e a g e n t” 11513 F re e 0 .0 0 7 0 .0 2 1

S ulfite.............. . E  & A " T e s te d  P u r i ty ”  C ry s t. B  83 0 .0 5 0 .3 6 1 . 0 0

A b b r e v i a t i o n s

B & A : B ak e r & A d am so n  C hem ica l C o m p a n y , E a s to n , P a .
J  T  B : J .  T . B a k e r  C h em ica l C o m p a n y , P h ill ip sb u rg , N . J .
E  & A : E im e r & A m en d , N e w 'Y o rk , N . Y .
K b : C. A. F . K a li lb a u m , B erlin .
M : M e rc k  & C o m p a n y , N ew  Y o rk , N . Y .

approxim ately determ ined. W e have used a t tim es 
samples of 20 and even  100 gram s w ith this m ethod.

The oxalate separation  has been used a fter th e h y ­
droxide concentration  in order to  com bine in one p re­
cipitation the rem oval of calcium  and also th e slight 
amounts of iron and alum inum  w hich m ay be present. 
While the sulfate separation  is u n d o u b ted ly  the better, 
it requires an evap oration  and a sep arate p recip itation  
for the other im purities.

R e s u l t s  o b t a i n e d  b y  t h e  h y d r o x i d e  c o n c e n ­

t r a t i o n  m e t h o d — In T a b le  II  are given  th e results

N o a n a l.:  N o  a n a ly s is  on  la b e l.
N o t  d e t . : A n a ly s is  o n  la b e l b u t  M g O  n o t  d e te rm in e d . 
F re e : F re e  from  M gO  a s  te s te d  b y  K r a u c h ’s m e th o d . 
— 0 .0 0 1 :  L ess th a n  0 .0 0 1 %  M gO .

m ay help to  bring ab ou t th e  m ore com plete elim ination 
of m agnesia from  calcium  salts, and hence to  help 
raise th e stan dard  of an alyzed  chem icals. W e th in k  
th a t in presenting th e m atter in this w ay, it is fairest 
b oth  to  th e m aker and to  th e user. W ith  th is presen ta­
tion  of th e  su b ject, our d irect interest m ust end, since, 
as stated  a t th e beginning, th e problem  w as b u t a 
m ere side issue, and fu rth er testin g  of calcium  salts 
on our p a rt has been rendered unnecessary, as we 
h ave secured b y  purchase enough of th e purest of th e 
lo ts tested  to last us several years.
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For m any purposes w here the highest grade^ cal­
cium  salts are used, th e  presence of m uch m agnesia 
m ay be regarded as a m atter of indifference. T h e tw o 
elem ents are ch em ically  v e ry  sim ilar; the reactions 
of one m ay not interfere w ith  those of th e  other. 
W h eth er th e  presence of m agnesium  in calcium  salts 
is ob jection ab le  for certain  purposes or n ot is, how ever, 
aside from  the m ain issue. T h e point to be em phasized 
is th a t  th e m akers’ an alyses should represent exa ctly  
th e am ounts of im purities present. O nly in this 
m anner can the m akers’ analyses be of a n y  real service 
to  the user of an a lyzed  chem icals.

G e o p h y s i c a l  L a b o r a t o r y  
C a r n e g i e  I n s t i t u t i o n  o p  W a s h i n g t o n  

W a s h i n g t o n

P A R A F F IN  B O D IE S  IN  C O A L  T A R  C R E O S O T E  A N D  T H E IR  
B E A R IN G  O N  S P E C IF IC A T IO N S 1

B y  S. U . C h u r c h  a n d  J o n s  M o r r i s  W e i s s

In specifications for coal ta r  creosote, there is usually  
a paragraph sta tin g  th a t th e oil shall be a pure product 
of coal tar, and free from  adulteration  w ith  a n y  oil 
or products from  a n y  other tar. T h e purpose of th is 
clause is u su ally  to  p rovide against adm ixture w ith 
petroleum  products, such as w ater gas ta r  or oil tar 
d erivatives. In  th e present paper, th e w riters wish to 
consider one requirem ent w hich is som etim es in tro ­
duced w ith  the o b ject of enforcing this provision.

C oal ta r  is m ade up m ain ly  of arom atic com pounds, 
and the presence of bodies belonging to  th e satu rated  
paraffin  series has been regarded b y  som e as d irect and 
u n m istak able  evidence of contam in ation  of coal ta r 
creosote b y  d istillates from  other tars.

■ D ean and B atem an 2 proposed a sulfonation  test for 
creosote oils, based on th e principle th a t  arom atic h y ­
drocarbons dissolve in  concen trated  sulfuric acid  to  
sulfonic acids, w hile bodies of th e paraffin series 
rem ain u n attack ed . T h e y  applied this test to  num er­
ous creosote oils, and concluded th a t a n y  oil yield ing 
a su lfon ation  residue w as contam in ated  w ith products 
of other source th an  coal tar.

A  m odification of this test, devised b y  J. M „ W eiss, 
was proposed in an article b y  S. R . C h u rch ,3 w hich did 
not in a n y  w a y  change th e results of th e test, b u t m erely 
m ade it  easier of operation, so far as th e detection  of 
traces w as concerned. L ater B atem an 4 m ade further 
m odifications in th e test, w hich m ade it a still more 
conven ien t lab o rato ry  operation. T h is  m odification 
was endorsed b y  C h u rch 5 after tria l, as m ore convenient 
and p ractica l th an  the earlier proposals.

C h ap in 5 proposed the su b stitu tio n  of a d im ethyl 
su lfate  test to be used to determ ine paraffin h yd ro­
carbons in creosote oil, as well as in creosote oil dips.

1 P re s e n te d  b e fo re  th e  A m erican  A sso c ia tio n  fo r th e  A d v a n c e m e n t of 
S cience , E n g in e e r in g  S ec tio n , A tla n ta ,  D ecem b er 31 , 1913.

5 D ean  a n d  B a te m a n , “ T h e  A n aly s is  a n d  G ra d in g  of C re o so te s ,” 
F o re s t  S erv ice . C ircular  112.

3 C h u rch , T h is  J o u r n a l ,  3 (1911), 227.
4 B a te m a n , "M o d if ic a tio n  of th e  S u lp h o n a tio n  T e s t  fo r C re o s o te ,” 

F o re s t S erv ice , C ircular  191.
5 C h u r c h ,  T h i s  J o u r n a l , 5  ( 1 9 1 3 ) ,  1 9 5 .

6 C h a p in , “ D im e th y l S u lfa te  T e s t  fo r C reo so te  O ils a n d  C reo so te  D ip s ,” 
B u re a u  of A nim al In d u s tr y ;  C ircular  167.

R eeve and L ew is1 h a ve  used th is test, and have given 
a num ber of results obtained  b y  it.

A  brief description  of th e tests in question may be 
useful in th is connection.

S U L F O N A T IO N  T E S T

“ T en  cubic centim eters of th e fraction  of creosote 
to  be tested  are m easured into a B ab co ck  m ilk bottle. 
T o  th is is added 4Q cc. of 37 N  su lfuric acid, 10 cc. at 
a tim e. T h e b o ttle  w ith  its conten ts is shaken for 
tw o  m inutes after each addition  of 10 cc. of acid. 
A fter  all the acid  has been added, th e bottle  is kept 
a t a con stan t tem peratu re of from  98° to  io o °  C. for 
1 hour, during w hich tim e it  is shaken vigorously 
e v e ry  ten m inutes. A t  th e end of an hour, the bottle 
is rem oved, cooled and filled to  the top of th e graduation 
w ith  ord in ary  sulfuric acid , and then  whirled for 5 
m inutes in a B ab co ck  separator. T h e unsulfonated 
residue is then  read off from  th e  grad u atio n s.”

D IM E T H Y L  S U L F A T E  T E S T

' ‘ F iv e  cubic cen tim eters of th e fractio n  are pipetted 
into a narrow  25 cc. b u rette, and shaken  w ith 8 cc. of 
d im eth yl su lfate a fter closing th e  b u rette  w ith  a smooth, 
close-fitting • cork. Sep aration  of th e residual oil oc­
curs in a short tim e in th e  form  of a clear, almost 
colorless, sup ern atan t liquid  la y e r .”

W c shall first b riefly  discuss th e  re lativ e  merits and 
dem erits of th e sulfonation  test and th e dim ethyl sul­
fa te  test, and then  consider in  w h a t m anner the results 
of such a test should be in terpreted , particularly as 
regards creosote oil specifications.

W e h ave m ade som e experim ents using the dimethyl 
su lfate  test, as recom m ended b y  C hap in, and the 
m odified sulfonation  test w ith  fum ing sulfuric acid 
and th e B ab co ck  b ottle , as proposed b y  Bateman. 
A v erag e  sam ples of coal ta r oil and w ater gas tar oil 
w ere distilled, and fraction s ta k en  from  2400 to 270° C., 
and from  270° to  300° C . T h ese fraction s were then 
su b jected  to th e d im eth yl su lfate te st and the sul­
fon ation  test,-w ith  the fo llow ing results:

S u lfo n a tio n
te s t  D im ethyl

re s id u e  su lfate  test 
P e r  c e n t residue

C oal ta r  d is ti l la te  2 4 0 -2 7 0 °  C ...........................  1 .2  0
C oal t a r  d is ti l la te  2 7 0 -3 0 0 °  C  ’............... 2 .0  0
W a te r  g as  t a r  d is ti l la te  2 4 0 -2 7 0 °  C ................ 4 .0  0
W a te r  gas t a r  d is ti l la te  2 7 0 -3 0 0 °  C ................ 6 .8  0

Fu rth er tests on other oils were also m ade, with the 
follow ing results:

S u lfo n a tio n
te s t  D im e th y l sulfate

re s id u e  te s t  residue
P e r  c e n t  P er cent

W a te r  g as  t a r  d is ti l la te  2 4 0 -2 7 0 °  C ....................  2 .4  0 .0
W a te r  gas t a r  d is ti l la te  2 7 0 -3 3 0 °  C ....................  1 .2  0 .0
M ix ed  ta r  d is ti l la te  2 4 0 -2 7 0 °  C ............................. 2 .0  0.0
M ixed  t a r  d is ti l la te  2 7 0 -3 3 0 °  C ............................. 3 .0  0 .0
B la s t  fu rn a c e  ta r  d is ti l la te  2 4 0 -2 7 0 °  C .............. 1 7 .6  2 3 ,0
B la s t fu rn a c e .ta r  d is ti l la te  2 7 0 -3 3 0 °  C   2 3 .2  3 8 .0
O il t a r  d is ti lla te  2 4 0 -2 7 0 °  C .................................... 1 4 .4  2 2 .0
O il t a r  d is ti l la te  2 7 0 -3 3 0 °  C .................................... 1 8 .8  28 .0

I t  can be seen from  these results th a t  the dimethyl 
su lfate m ethod showed no residue in m any oils that

1 R e e v e  a n d  L e w is ,  T h i s  J o u r n a l , 6  ( 1 9 1 3 ) .  2 9 3 .
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gave m easurable residues b y  th e  su lfon ation  m ethod, 
and we feel th a t the form er test is of no va lu e so far 
as the detection of sm all am ounts of sa tu rated  h y d ro ­
carbons in the presence df arom atic hydrocarbon s is 
concerned. U n d o u b ted ly , if there were considerable 
amounts of petroleum  or b last furnace ta r d istillates 
present, where there m ight be a sulfon ation  residue of 
from 10 to 20 per cent, th e d im eth yl su lfate test w ould 
detect it, b u t where there is on ly a question of com ­
paratively sm all adm ixtures of m aterial, itself low  in 
sulfonation residue, th is test w ould n ot seem to  be of 
any value.

We have experienced great d ifficu lty  in ob tainin g 
dimethyl su lfate; m oreover, we find th a t it  changes 
rapidly on stan din g, so th a t  fresh supplies m ust fre ­
quently be had. A n oth er ob jection  to this reagen t 
is the danger a tten d an t upon h andling it.

In a great deal of our lab o rato ry  w ork on oils dis­
tilled from  various kinds of ta r, th e results h ave been
clouded b y  u n ce rta in ty  as to th e a u th e n tic ity  of the 
sample. Som e time, ago, therefore, we procured sam ­
ples of tars from  ty p ic a l coke ovens and gas plan ts

SUI.PONATION RESIDUES OP OtLS 

U p  to  2 1 0 -  2 2 5 -  2 3 5 -
Oius D e r iv e d  F ro m  210° 22 5 °  23 5 °  245°

Semet-Solvay coke o ven  t a r .................................  0  0  0  0
Koppers coke o ven  t a r ............................................  0  0  0  0
United O tto  coke o v en  t a r .................................... 0  0  0  0
Horizontal gas r e to r t  t a r ........................................  0 . 2  0 . 2  0 .4  0
Inclined gas r e to r t  t a r ................................. .. 2 . 0  2 . 0  2 . 0  4 .
Vertical gas rep o rt t a r ..............................................  5 .8  3 .6  3 .6  4 .
Water gas ta r ,  1 ..........................................................  0 .4  0 .4  0 .4  0
Water gas ta r ,  2 ..........................................................  3 .2  5 .2  6 . 0  6 .
Oil ta r ......................... '.....................................................  9 .2  2 2 .8  2 6 .4  26 .
Blast furnace t a r ..................................................................... 1 1 . 6  1 4 .4  16.
Lignite t a r ...................................................................... 7 .0  7 .0  9 .8  11.

under such conditions as to m ake accid en tal con tam i­
nation or adm ixture p ra ctica lly  im possible. T hese 
tars were distilled  to  p itch , and th e d istillate  oils re­
covered. T h e oils were su b jected  to  a num ber of tests, 
partially along th e lines of D ean  and B ate m an ’s w ork 
(loc. cit.). I t  is n ot our in ten tion  to  g iv e  th e details of 
this work at present, excep t in so fa r as th e y  affect the 
question of the sulfon ation  test.

Coal tars m a y  be d ivid ed  into  tw o  classes:
1— Coke oven tars, w hich m a y be fu rth er su b ­

divided according to th e ty p e  of oven  in w hich the coal 
is carbonized.

2— Gas w orks tars , w hich m ay be d ivid ed  sim ilarly  
into horizontal, inclined and  v e rtica l gas w orks tars.

In this in vestig a tio n , we had one or m ore sam ples 
from each of th e  different ty p e s  of in stalla tion , both  
coke oven and gas w orks, and have, we believe, exam ­
ined a sufficient num ber of sam ples to  draw  correct 
conclusions.

The exam ination  of th e oils, w h ic h . is of interest in 
this connection, w as a H em pel d istillation  (m ade in 
accordance w ith  th e  F orest Service m ethod for analysis 
of creosote oil), ta k in g  fraction s a t th e fo llow ing tem ­
peratures, C en tigrad e:

210 * 235 -245  265 -275  295-305
210-225 245 -255  275-285  3 0 5 -3 2 0
225-235 255-265  285 -295  320 -3 3 0

These fractions were th en  sub jected  to  th e sulfonation  
test, using B a te m a n ’s m odified m ethod, as described

ab ove. In  th e appended ta b le  are given  th e results of 
these tests of th e various oils exam ined, represen tative 
tests of each ty p e  of in stallation  being selected. W here 
there were a n y  great variation s betw een oils of the 
sam e origin, th e tests of th e tw o m ost w idely d ivergent 
m aterials exam ined are given.

A  consideration  of th e creosote oil specifications in 
a ctiv e  use in d icates a ten d en cy  tow ard  th e use of th e 
sulfon ation  test. T h e  requirem ents of th e te st v a ry  
w id ely; in one case, th e sulfonation  residue is lim ited  
to 10 per cent, in others to  1 per cent, w hile still others 
sp ecify  th a t  in th e fraction  300° to  360° C . it shall not 
exceed 0.25 cc.

In a F orest S ervice circular, C . P . W in slo w 1 gives 
th e  requirem ent for C lass 1 and C lass 2 coal ta r creo­
sotes (the on ly  ones considered b y  him  as pure coal 
ta r  creosotes) th a t there shall be no su lfon ation  residue. 
In  “ m ixed coal ta r  creosotes,”  he allow s, in C lass 1, 
10 per cent of th e 305—320° C . fractio n  as a su lfon ation  
residue, and in C lass 2, 20 per cen t of th e  fraction  305- 
320° C ., expressing it in th e form  th a t  “ th e vo lu m e of 
the su lfon ation  residue in cubic cen tim eters should

f r o m  A u t h e n t i c  S a m p l e s  o f  T a r  

2 4 5 -  2 5 5 -  2 6 5 -  2 7 5 -
2 55° 265°

0 0
0 0
Q 0

6 0 . 8  0 .8
0 5 .6  6 .4
6  5 .6  5 .6
4  0 .4  0 .8
4  7 .2  9 .2
4 2 6 .0  3 3 .2
4  1 7 .2  2 0 .4

13 .4 1 4 .8

0
0
0
0. 8
5 .2
6.2 
0.8

1 0 .4
3 1 .6
21.2
1 7 .0

2 85°
0
0
0
0.8
6 .4
4 .8
0. 8

10.0
3 5 .6
2 2 .0
2 0 .4

2 8 5 -
295°

0
0
0
0.8
6 .0
6 .0
0.8

1 4 .2
4 2 .4  
2 0.8
2 0 .4

2 9 5 -  3 0 5 -  3 2 0 -
3 2 0 ° 3 3 0 °

0
0
0
0 .4
5 .6
4 .0
0 .8

1 3 .6  
3 6 .0  
2 0 .4
1 9 .6

0 0
0 0
0 0
0 .4  0 .4
5 .2  4 .0
4 .4  2 .2
0 .4  0 .4

1 3 .6  1 2 .4
3 2 .0  3 2 .0
1 8 .0  1 6 .4
1 9 .0 12.0

n ot be greater th an  on e-tenth or one-fifth, resp ective ly , 
of th e w eigh t of th e fraction  in gram s.”

In  th e opinion of th e w riters, th e  requirem ent of no 
sulfonation  residue is unfair as a basis of classification  
of pure coal ta r  creosotes, and a v e ry  high lim it for 
m ixed creosotes, such as 10 to  20 per cen t, is useless, 
in v iew  of th e fa c t  th a t a grea t m a jo rity  of th e w ater 
gas ta r  d istillates h a ve  considerably less th an  this 
am oun t of su lfon ation  residue in a n y  fraction , and this 
m akes it  un necessary, per se, to  h a ve  a n y  coal ta r  
creosote a t all present. If  a requirem ent for no su l­
fon ation  residue should be enforced, on ly  stra ig h t coke 
oven tars could be used to  produce such creosote oils, 
and in m ost cases this is certa in ly  a com m ercial im ­
p o ssib ility . If a lim it of 1 per cen t is set, th e  coke 
oven ta r  oils and som e of th e horizon tal gas w orks ta r  
oils w ould m eet th e requirem ent, b u t som e of th e  la tte r  
w ould require th e adm ixture of coke oven ta r  oils to  
bring th e residue below  th is lim it. A  requirem ent th a t 
the su lfon ation  residue shall not exceed 2 per cent 
w ould  n ot be unfair, and would n ot ord inarily  bar a n y  
norm al coal ta r  creosote oils. I t  w ould p rev en t the 
addition  to coal ta r  creosotes' of large proportions of 
b last furnace oils and petroleum  products other th an  
those from  w ater gas tar. T h e adm ixture of w ater 
gas ta r  d istillates w ith  coal ta r  creosote oil w ould, of 
n ecessity, h a ve  to  be ta k en  care of in som e other w a y  
th an  b y the su lfon ation  test, as it  is v e ry  plain  th a t cer-

1 W inslow , “ C o m m erc ia l C re o so te s ,"  F o re s t  S erv ice , C ircu lar  206.
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tain  m ixtures of coke oven ta r oil and w ater gas ta r  
oil w ould show  a lesser residue th an  certain  other oils 
obtained  w holly  from  gas w orks coal tars.

In conclusion, th e  authors believe th a t the sulfon- 
ation  test in itse lf has been shown to  be of com p a ra tiv ely  
little  value in d etectin g th e adm ixture of oils of p etro­
leum  origin, p a rticu la rly  those derived  from  w ater 
gas tar, w ith  creosote oil.

In a later paper, we hope to  publish additional data  
from  our analyses of au th en tic  tars, indicatin g the 
value of certain  other tests as m eans for determ ining 
the origin of oils used for creosoting.

R e s e a r c h  D e p a r t m e n t  L a b o r a t o r y  
B a r r e t t  M a n u f a c t u r i n g  C o m p a n y  

N e w  Y o r k  C i t y

A V O L U M E T R IC  M E T H O D  F O R  T H E  D E T E R M IN A T IO N  
O F  LE A D

B y  A l f r e d  A l d e r  a n d  M .  F . C o o l b a u g i i  

R ece iv ed  F e b ru a ry  16, 1914

T h e principles of th e determ ination  are based upon 
the p recip itation  and separation  of th e lead  as sulfate, 
th e solution  of th is p recip itate  in sodium  h ydroxide 
and th e  p recip itation  of the lead from  the solution, 
a fter sligh tly  a cid ify in g  it  w ith  nitric acid, b y  a solu­
tion  of potassium  iodate. T h e p recip itate  of lead 
iodate is dissolved in d ilute hydrochloric acid. It  
is then  titra te d  in th e presence of a few  cubic cen ti­
m eters of chloroform , with a stan dard  solution of am ­
m onium  su lfo cyan ate  to  th e first appearance of a 
v io le t color in  the chloroform .

T h e outline schem e for th e analysis of an ore is as 
follow s: T re a t 0.5 to 1 gram  w ith  n itric  acid , and, if
necessary, w ith  a sm all q u a n tity  of hydrochloric acid. 
T h en  add a few  cc. of sulfuric acid  and evap orate  to 
dense fum es of su lfuric anhydride, lea vin g  n ot more 
th an  2 to  3 per cen t of free su lfuric acid  present when 
the solution  is d iluted  to  100 cc. C ool the thoroughly 
decom posed m aterial and add a b ou t 100 cc. of w ater, 
bring to  a vigorous boil and  add 10 to  15 cc. of alcohol. 
Cool and allow  to  stan d  until th e p recip itate has com ­
p le te ly  settled , and th en  decant upon a filter paper 
and wash the residue w ith  a m ixture of 1 per cent 
sulfuric acid  and 10 per cen t alcohol, and fin ally  w ith 
th e  alcohol alone. D issolve th e lead sulfate in a sm all 
q u a n tity  of h ot sodium  hydroxide (10 to 15 cc. of a 
10 per cen t solution w ill usually  be sufficient). W ash 
th e residue and filter paper th o rou gh ly  w ith  hot w ater, 
follow ed b y  h o t w ater sligh tly  acidified w ith n itric  acid 
and fin ally  b y  w ater s ligh tly  alkalin e w ith  sodium  
hydroxide. A d d  a few  drops of phenolphthalein  to 
the solution  and a q u a n tity  of potassium  iodate so­
lution  sufficient to  p recip itate  all of the lead and h ave 
a sm all am ount in excess. H eat the solution, and while 
hot add n itric  acid  (1.2 sp. gr.), drop b y  drop, until 
the pink of the ph enolphthalein  is discharged, and then 
15 to  29 drops in excess. B rin g the whole to  a boil, 
cool s ligh tly , add 15 to  20 cc. of alcohol and then  cool 
to  room  or ta p  w ater tem peratu re. D ecan t th e  so­
lution  through a filter paper and wash b y  decantation  
w ith  one p a rt of alcohol to  three p arts of w ater until 
th e wash solution  gives no te st for iodate when treated  
w ith hydrochloric acid, chloroform  and am m onium

su lfocyan ate. T ran sfer th e filter paper and precipi­
ta te  to  a 250 cc. stoppered flask. W ash out the pre­
cip itation  vessel w ith  40 to 50 cc. of a cold solution 
of hydrochloric acid  (1 vol. conc. H C 1 to 2.5 vols. water) 
and tran sfer to  the flask w ith th e m ain portion of the 
precip itate. . A d d  3 to  5 cc. of chloroform  to  the above 
solution and titra te  at once w ith  th e stan dard ammo­
nium  su lfocyan ate to th e first v io le t w hich remains 
in th e chloroform  after vigorous shakin g. For ores 
high in lead it  is ad visab le  to  ad d. to  th e flask before 
the end point is reached 1 0 'to  15 cc. of cold HC1 (1.1 
sp. gr.).

N O T E S  O N  T H E  D E T E R M I N A T I O N

T h e above m ethod w as tested  ou t w ith  purified lead 
su lfate and gave the follow ing results:

G . PbSO * G . P b  in G . P b G . PbSO< G . P b  in G. Pb
ta k e n PbS04 found ta k e n PbSO« found

0 .3 0 .2 0 4 9 0 .2 0 4 7 0 .3 0 .2 0 4 9 0.2046
0 .3 0 .2 0 4 9 0 .2 0 3 8 0 .3 0 .2 0 4 9 0.2044
0 .3 0 .2 0 4 9 0 .2 0 5 6 0 .3 0 .2 0 4 9 0.2045
0 .3 0 .2 0 4 9 0 .2 0 5 2 0 .4 0 .2 7 3 2 0.2728
0 .3 0 .2 0 4 9 0 .2 0 4 9 0 . 2 0 .1 3 6 6 0.1369
0 .3 0 .2 0 4 9 0 .2051 0 . 1 0 .0 6 8 3 0.0684
0 .3 0 .2 0 4 9 0 .2 0 4 9

A  num ber of ores were run b y  th is m ethod using 
0.5 gram  sam ples for th e determ inations. The lead 
in these ores h ad  been p reviou sly  determ ined by a 
careful analysis, w eighing up the lead as the sulfate. 
T h e follow ing are som e of the results obtained:

L e a d  b y  Lead^ by
P b S O i m e th o d  io d a te  m ethod  

P e r  c e n t P e r  ce n t

. .  3 .1 8  3 .2 6
4 .2 0  4 .1 8
4 .4 2  4 .3 7

. .  50 .5 1  5 0 .6

. .  6 4 .3 9  6 4 .2 7

A m m onium  acetate , sodium  acetate  and potassium 
h ydroxide, as well as th e sodium  hydroxide were used 
in the solution  of th e  lead  su lfate ob tain ed  from the 
decom position  of th e ore, or th a t w hich w as used as 
the stan dard. From  th e am m onium  acetate  or sodium 
a cetate  solutions, either n eutral or acid  w ith acetic 
acid, the lead iod ate p recip itated  slow ly  and incom­
p lete ly . B oilin g, long stan din g and a decided excess 
of potassium  iod ate tended to  m ake th e  precipitation 
com plete, b u t under m ost careful conditions gave quite 
decidedly low  results. T h e potassium  hydroxide gave 
eq u a lly  as good results as th e sodium  hydroxide. It 
is difficult to  wash th e filter paper free from  the solu­
tion  obtained  b y  th e trea tm en t of th e  lead sulfate with 
th e sodium  hydroxide. E xp erim ents ga v e  results as 
m uch as 10 per cen t low . T h is d ifficu lty  is corrected 
b y  w ashing w ith  d ilute n itric  acid  follow ed b y  washing 
w ith  a dilute solution of sodium  hydroxide.

T h e -so lu b ility  of lead  iodate is given  as 0.012 gram 
in a liter of w ater a t 2° C . and 0.019 gram  in a liter 
of w ater a t 1 8 0 C . (K oh lrau sch  and B ottger). It 
is stated  th a t its  so lu b ility  in n itric  acid  is only slight, 
som e authorities going so far as to  say  th a t it is in­
soluble in hot d ilute n itric  acid. E xp erim ents were made 
to te st this point. T h e p recip itates of lead iodate 
were washed w ith  h ot d ilute n itric  acid  and the lead 
con ten t determ ined. T h e sam e w as repeated using

N o . o re  
1 ............

2 . . . .
 3........
 4........
 5........
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the cold dilute acid. T h e follow ing are a few  of th e 
results obtained:

Lead ta k e n : 0 .2049 g ram
Lead found : 0 .1969, 0 .1995, 0 .1957 a n d  0.1971 g ram

When w ater w as used to wash th e p recip itate , low  
results which w ould n ot agree w ith  each other were 
obtained. In w ashing w ith  n itric  acid  or w ater, the 
wash water could n ot be freed from  iodate as given  
by the test w ith hyd roch loric  acid, chloroform  and a m ­
monium su lfocyan ate. T h e solu b ility  of th e lead 
iodate in dilute H N O 3 w ith a slight excess of potassium  
iodate and alcohol present w as shown b y  evap oratin g  
the filtrates from  seven solutions ou t of w hich th e lead 
had been precip itated  as iod ate accordin g to  th e o u t­
line scheme. T h e original solutions contain ed 1.7 
grams of lead. T h e solutions w hich were evap orated  
were fumed w ith  H 2S 0 .i and th e lead determ ined as 
sulfate according to  th e regular m ethod. T h e  am ount 
of lead sulfate foun d w as 0.6 mg.

If lead iodate is p recip itated  in th e cold it  com es 
down in a flocculent form  and is n ot readily  purified. 
Unless an extra  am ount of tim e is ta k en  in th e w ashing 
the results w ill be high, due to  th e reten tion  b y  th e p re­
cipitate of som e of th e excess of potassium  iodate. 
When the lead is p recip itated  hot, or boiled after pre­
cipitation it  com es dow n w ith  a coarsely  crystallin e 
structure. T h e p recip itate  settles rap id ly  and is 
readily purified from  the excess iodate. F o r ty  to  fifty  
cc. of the alcoholic solution  h ave proved  am ple for 
washing, even when 0.25 gram  of lead  in  th e form  
of iodate was being treated . T oo  m uch alcohol added 
to the solution a t th e  precip itation  of th e lead  iodate, 
or too strong an alcoholic solution  used for w ashing 
purposes will m ake th e rem oval of th e excess of p o tas­
sium iodate difficult, since this substance is m uch less 
soluble in alcohol th a n  in w ater. T oo m uch potassium  
iodate should not be added in  excess because of the 
expense of the reagen t, and th e  added d ifficu lty  of 
washing it out. I t  is im p o rta n t th a t  th e  solution  from  
which the lead is p recip itated  as iod ate should be m ade 
distinctly acid w ith  H N O 3, otherw ise som e lead  will 
be present as th e hyd ro xid e and th e  results w ill be low . 
Lead iodate is decidedly  soluble in an excess of a fixed 
alkali hydroxide.

The lead iodate is soluble in d ilute cold hydrochloric 
acid without th e decom position of the iod ate  radical. 
If the hydrochloric acid  is con cen trated  or the d ilute 
solution hot, chlorine w ill be liberated  and th e iod ate 
radical decom posed. T h is reaction  can  p ossibly  be 
represented b y  the follow ing equation:

12HCI +  P b (I 0 3)2 = 8 C 1 +  2ICI +  P b C l2 +  6 H 20

Whenever chlorine is liberated , th e determ in ation  is 
ruined since th e results w ill be decidedly  low . T h e 
strpngth of hydrochloric acid  used in th e outlin e schem e 
will not liberate chlorine unless th e solution  is hot. 
The reaction betw een th e lead iodate and th e N H 4 C N S  
is most rapid when th e iodate is com p letely  in  solution. 
If, after the titra tio n  has been started , it  is n oticed  
that some of th e iodate is n ot in solution, it  is best to 
add more of th e h yd ro ch loric  acid. T h e  reaction  of 
titration is:

3 P b ( I 0 3)2 +  4 N H 4 C N S  +  12 HCI =  6IC1 +  3 PbC li  
+  4N H 4CI +  4 H ;SO., +  4H C N  +  2H ,0

T h e end point is caused b y  the liberation  of the I from  
th e I C 1 and its absorption  in th e chloroform . The 
equation  for the end point is p ro b ab ly  the follow ing:

6 I C 1 +  N H ,C N S  +  4H2O =  61 +  NH4CI +  H 2S 0 4
+  5H CI +  H C N

W hen sufficient h ydroch loric acid  is present th e re­
action  of titra tio n  is a v e ry  rapid  one, and the end point 
v e ry  sharp and distin ct, lea vin g  n othin g to be desired 
in th a t direction. T h e  approach to  the end point is 
in d icated  b y  the ra p id ity  of th e discharge of a y e l­
low ish red color th rou gh ou t th e solution. T h e end 
point can, in fa ct, be determ ined quite closely  even  
w ith ou t th e use of chloroform , b y  th e  perm anent for­
m ation  of th is yellow ish red color. T h e chloroform  
can be used over again  b y  decantin g off the larger por­
tion  of the filter paper pulp and solution  and then 
adding th e p recip itate  from  another determ in ation.

T h e am m onium  su lfocyan ate  is m ade b y  dissolving 
abou t 2.5  gram s of th e pure sa lt in a liter of w ater and 
th en  stan dardizin g it  accordin g to  th e  w ell know n 
V o lh ard  m ethod for silver b y  titra tin g  a know n silver 
n itra te  solution  w hich has been m ade b y  dissolving 
pure silver in n itric  acid  and boiling off th e n itrous 
fum es. T h e silver stan dard  of th e am m onium  sul­
fo cya n a te  m ultiplied  b y  1.4398 gives th e lead stan dard. 
T h e N H 4 C N S  m ay also be stan dardized  b y  titra tio n  
again st c. p .  lead  su lfate or m etallic lead. T h e  above 
stren gth  of solution  w ill equal abou t 1 per cen t of lead 
for each cubic ccn tim eter when 0.5 gram  sam ple is 
ta k en  for analysis.

T h e elem ents encountered in th e ord in ary  ore analysis 
w hich m ight interfere w ith  th e determ in ation  of the 
lead  b y  g iv in g  insoluble iodates are barium , calcium , 
copper, silver, b ism uth, m ercu ry and ferric iron. Of 
these on ly  th e barium , calcium , silver and bism uth 
are like ly  to  interfere since the copper and m ercury 
can be com p letely  rem oved  and th e ferric iron n early  
rem oved  from  th e lead  b y  filtering them  off from  the 
insoluble lead  su lfate form ed in the decom position of 
the ore. T h e solutions m ust contain  calcium  in rath er 
large concen tration  before th is elem ent w ill p recip itate 
as iod ate under the conditions g iven  for th e lead de­
term in ation . In no experim ent tried  w as it  foun d to 
interfere w ith  th e a ccu racy  of th e m ethod for lead. 
B ariu m  form s an insoluble iod ate w hich is s ligh tly  
soluble in d ilute n itric  acid, b u t barium  sulfate is n ot 
affected  b y  sodium  hydroxide and on ly  v e ry  s ligh tly  b y  
dilute n itric  acid, so th a t n ot enough of it  is carried into  
solution to be p recip itated  as the iodate. E xp erim ents 
w ith  these tw o elem ents show their influences upon 
th e determ ination.

G. PbSO* G . B aS O i G . CaSO< G . P b  in G . P b
ta k e n ta k e n ta k e n P b S 0 4 fo u n d

0 .3 0 . 1 0 .2 0 4 9 0 .2 0 5 2
0 .3 0 . 2 0 .2 0 4 9 0 .2 0 4 6
0 .3 0 . 2 0 . 1 0 .2 0 4 9 0 .2 0 4 2

It is difficult b y  th e ordin ary  m ethods of treatm en t 
to  rem ove all the silver and bism uth from  th e insoluble
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lead sulfate p recip itate. T hese elem ents form , ,when 
treated  w ith  sodium  h ydroxide solution, insoluble 
silver oxide and bism uth  hydroxide w hich are readily  
soluble in dilute n itric  acid. T o  keep these from  going 
in w ith the lead solution, and a t the sam e tim e to  pu rify  
the filter paper from  the lead, it  w as found necessary, 
a fter th e filtration  of th e solution obtained b y  the 
treatm en t of the lead su lfate w ith  the sodium  hydroxide, 
to  rem ove th e filtrate and trea t th e  residue and filter 
paper w ith  hot w ater sligh tly  acidified w ith n itric  acid. 
T h e filtrate  ob tain ed  b y  th is treatm en t is m ade quite 
stro n gly  a lkalin e w ith  sodium  hydroxide and filtered 
through th e sam e filter paper. From  the com bined 
filtrates the lead iod ate  is precip itated. T h e follow ing 
experim ents show  th a t these elem ents, when the tre a t­
m ent is m ade according to the above m odifications of 
th e outlin e schem e, h a ve  no effect upon the a ccu racy  of 
the results. F erric iron is n ot readily  precip itated  
as the iodate in presence of n itric  acid  also has no 
effect upon the results.

3. PbSO* G. AgiSOi G. Ke:(SOi)* G. Bi,(SO<)j G. Pb in G. Pb
taken taken taken taken PbSO« found
0.3 0.1 0.1 0.2049 0.2047
0.3 0.1 0.1 0.2049 0.2043
0.3 0.015 . . .  0.2049 0.2051

T h e determ in ation  of lead in an ore b y  this m ethod
can be m ade in 45 m inutes to  one h ou r’s tim e. T h e 
cost of the reagents in the determ ination  is not ex­
cessive, and should not exceed a few  cents per deter­
m ination when 0.5 to  1 gram  sam ples are used. F or 
low -grade lead ores th e cost is m aterially  reduced b e­
cause of th e  sm aller q u a n tity  of potassium  iodate re­
quired. Som e of th e ad van tages of th e determ inations 
are ra p id ity  of m anipulation , definiteness of th e re­
actions of titra tio n , n on-interference of th e elem ents 
u su ally  associated  w ith  lead m inerals and exactness of 
th e end point.

S o u t h  D a k o t a  S t a t e  S c h o o l  o f  M i n k s  
R a p i d  C i t y

T H E  D E T E R M IN A T IO N  O F  A R S E N IC  IN  H Y D R O C H L O R IC  
A N D  S U L F U R IC  A C ID S

B y  R . F .  T a r b e l l  

R ec e iv ed  J a n u a ry  22, 1914

It  is a lw a y s n ecessary in the m anufacture and 
purchase of hydrochloric and sulfuric acids th a t are 
to  be used in th e preparation  of food products to m ake 
som e sort of test to  determ ine the percentage of 
arsenic present.

T h e w riter has w orked out a m ethod which he has 
found v e ry  sa tisfa cto ry  and accurate. Once the ap ­
paratu s is set up and the stan dard  solutions and reagents 
prepared, a determ in ation  requires ve ry  little  a tte n ­
tion.

P R I N C I P L E S  IN V O L V E D

I t  is well know n th a t arsine and iodine react to ­
gether under certain  conditions form ing arsenious 
iodide. T h is reactio n  seem s to  hold when th e iodine 
is dissolved in sp ecia lly  prepared gasoline. In  the 
fo llow ing m ethod arsine is generated  in the usual w ay, 
passed through a solution  of lead acetate  to  rem ove 
an y  hydrogen  sulfide form ed and then passed through a

know n volum e of an iodine-in-gasoline solution of 
know n stren gth . T h e excess of iodine is reduced by 
addin g a know n am ount of a sodium  arsenite solution 
and then titra te d  b ack  w ith an iodine solution using 
starch  as in dicator. T h e w riter has found that by 
th is m ethod one atom  of arsenic is eq u iva len t to eight 
atom s of iodine. T h is would correspond to the fol­
low ing equations:

A sH 3 +  3I , =  A s l3 +  3 H I 
2A sI3 +  3H 2O = A s:0 3 +  6 H I 
A s20 3 +  2I2 -f- 2H 2O — AS2O5 -f- 4HI

A P P A R A T U S

A  train  is connected as follow s: A  500 cc. flask
is fitted  w ith  a tw o-hole rubber stopper. Through 
one hole in th e stopper is fitted  a 125 cc. globe-shaped 
sep aratory  fun nel turned up at its low er end to prevent 
th e escape of gas. T h rou gh  the other hole is fitted a 
K je ld a h l connecting bulb. T h is is in turn connected 
w ith  a K o e n in ck ’s potash  bulb. T h e potash bulb is 
next connected to a single bulb  such as alw ays comes 
w ith and precedes a M e y e r ’s bulb tube. To this is 
conn ected  a M e y e r ’s bulb  tub e. T h ere should be at 
hand a 500 cc. S q u ib b ’s pear-shaped sep aratory  funnel.

R E A G E N T S  A N D  S T A N D A R D  S O L U T IO N S

Gasoline— A  q u a n tity  of gasoline is prepared from 
ordin ary  600 gasoline in the follow ing w ay: Fill
a gallon b o ttle  three-fourths fu ll of the gasoline and 
add 200 cc. c. P .  sulfuric acid. Stir th is eight or 
ten  hours w ith  air, le t settle, pour off th e gasoline into 
a sim ilar b ottle , add 200 cc. c. p. sulfuric acid as 
before and le t stan d  several d ays w ith  occasional 
shakin g. Pour th e  gasoline from  th e acid, add a 
d ilute solution  of sodium  h y d ro x id e  and a g itate  ten or 
fifteen  m inutes to n eutralize all acid. W ash gasoline 
w ith  w ater, let settle, and when clear it  is ready for 
use.

Stannous Chloride Solution— D issolve 25 grams 
C . p . tin  in arsenic-free hyd roch loric  acid  and evaporate 
alm ost to dryness. T a k e  up w ith w ater and make up 
to  500 cc.

Arsenic-free Hydrochloric A cid— D ilu te  c. P .  hy­
drochloric acid  to  sp. gr. 1.10, add a sm all amount of 
eith er copper su lfate  or m ercuric chloride and pre­
cip ita te  w ith hydrogen  sulfide. L e t stan d  four or 
five d ays, filter and distil.

A lkalin e Sodium  Arsenite Solution— D issolve 0:2640 
gram  pure arsenious oxide and 1 gram  sodium  car­
b onate in 100 cc. hot w ater. A fte r  cooling, add 1 
gram  sodium  b icarb on ate and m ake to ta l volume 1 
liter w ith w ater.

Iodine Solution— D issolve 0.6773 gram  pure iodine 
and 1.2 gram s potassium  iodide in w ater and make 
th e  vo lu m e up to 1 liter.

Iodine-in-G 'jsoline Solution— D issolve 0.6773 gram 
pure iodine in the prepared gasoline and m ake the 
vo lu m e up to  1 liter w ith  gasoline.

Zinc— Use c . p . arsenic-free stick  zinc.

M E T H O D  O F  A N A L Y S IS

F ill th e potash bulb w ith  lead  acetate  solution to the 
top  of the first bulb . P u t 20 cc. iodine-in-gasoline
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solution, 80 cc. gasoline and 20 cc. w ater in to  th e 
bulb tubes. P lace a stick  of zinc w eighing ab ou t 35 
grams in the flask and connect the apparatu s, seeing 
that all joints are tig h t. W eigh out abou t 25 gram s 
of the acid to be tested . T h e w eight of sam ple and the 
quantity of iodine-in-gasoline solution  used will of 
course v a ry  w ith th e arsenic con ten t of th e acid , b u t a 
little experience w ill enable th e operator to  ad ju st 
these quantities. If  hydrochloric acid, its specific 
gravity should be m ade ab ou t 1.10  b y  adding either 
water or arsenic-free h ydroch loric acid as m ay be 
necessary. If sulfuric acid, its  specific g r a v ity  should 
be made about 1.40 b y  adding either w ater or c. p. 
sulfuric acid as m a y be n ecessary. P our th e sam ple 
through the sep aratory  funnel in to  th e flask. T hen  
pour x cc. stannous chloride solution through the 
funnel. Pour th rou gh  enough w ater to wash th e 
funnel. Close the sto p cock  and le t th e reactions 
proceed with all connections tig h t for ab ou t 2 hours, 
heating the flask on a w ater b ath  if th e action  be­
comes too slow. T h en  add 20 cc. c . p. su lfuric acid 
(sp. gr. 1.40) through th e  sep a ra to ry  fun nel and allow  
the test to proceed for 1 hour more. E m p ty  th e  con­
tents of the bulb tu b e - in to  th e  500 cc. sep aratory  
funnel. W ash the bulb tu b e w ith  w ater into the 
same funnel. R u n  out th e w ater from  below  and add 
20 cc. sodium arsenite solution to  th e  conten ts of the 
funnel. Shake till th e  solution  is colorless, a llow  to 
settle into tw o layers and draw  off th e  low er layer 
into a w hite dish. A d d  starch  in d icator and titra te  
with the iodine solution  in the regular w a y: 1 cc.
iodine solution =  1 cc. sodium  arsenite solution  =
I cc. iodine-in-•gasoline solution =  0.0000 5 gra
arsenic.

R e s u l t s O b t a i n e d

Mg. As M g . I M g. As M g . As M g. I M g . As
taken ta k en  b y  As fôund ta k e n ta k e n  b y  As found
0.02 0 .3 4 0 .0 2 0 .5 0 6 .7 3 0 .5 0
0.02 0 .2 7 0 .0 2 0 .5 0 6 .4 2 0 .4 7
0.05 0 .6 1 0 .0 4 1.00 13 .45 0 .9 9
0.05 0 .7 4 0 .0 5 1.00 12 .9 0 0 .9 5

, 0 .10 1 .15 0 .0 8 1 . 8 8 2 5 .1 2  . 1 .85
0 .10 1 .42 0 . 1 0 2 .5 0 3 4 .0 7 2 .51
0.25 2 .9 8 0 .2 2 3 .7 5 5 0 .5 8 3 .7 3
0.37 4 .8 6 0 .3 6

A number of analyses were m ade using different 
volumes of solutions of sodium  arsenite of know n 
strength. ICahlbaum ’s arsenious oxide w as used in 
making these solutions. T h e  num bers in th e last 
column are obtained  b y  m u ltip ly in g th e figures in the 
second column b y  0.07382.

N a t i o n a l  Z i n c  C o m p a n y  
K a n s a s  C i t y , K a n s a s

ONE C A U SE O F  L O W  R E S U L T S  IN  T H E  A S S A Y  O F 
P E P P E R M IN T  O IL

B y  H a r r y  W .  R e d f i e l d  

R ec e iv ed  A pril 26, 1913

Articles in Hygienic Laboratory B ulletin , N o. 4 9 » 
‘Digest of C om m en ts on th e  P harm acop oeia  of th e 
United States of A m e ric a ”  (E ig h th  D ecen nial R e ­
vision), pages 222 and 223, and in Hygienic Laboratory 
Bulletin No. 7 5 » “  D igest of C om m en ts on th e  P h arm a ­
copoeia of th e U n ited  S ta tes of A m e ric a ”  (E igh th

D ecennial R evision ), pages 395 to  396, point out the 
fa c t th a t low  results are often  obtained in th e  assay 
of pepperm in t oil.

One possible source of error th a t  seem s to  h ave re­
ceived  no a tten tion  is the low  efficiency of th e  reflux 
condenser th a t  is em p loyed  when th e oil is boiled for 
one hour w ith  a N /2  alcoholic solution  of potassium  
h ydroxide, in th e determ in ation  of m enthol as ester; 
and later in  th e m ethod when th e oil is boiled for one 
hour w ith  acetic  acid  anhydride, and also when the 
a cety lized  oil is boiled for one hour w ith  a N /2 alcoholic 
solution  of potassium  hydroxide, in  th e determ in ation  
of to ta l m enthol. A n y  oil lost th rough  incom plete 
condensation  w ould, ob viou sly , cause low  results.

T herefore, a num ber of determ in ations of m enthol 
as ester and of to ta l m enthol were m ade on six different 
sam ples of pepp erm in t oil ob tain ed  from  as m any 
sources. T h e three form s of condenser illu stra ted  
were used.

In  P ig. 1 is show n th e A llihn  condenser.

AC=A)
-Xy.2-

-Ft'jZ- 
-Fiÿ./-

In F ig. 2 is show n th e  C h am o t-S oxh let glass ball 
condenser. T h e device a t F  is w o rth y  of m ention as 
it  enables th e  experim enter to  see a t a glance how' m uch 
w ater is flow ing th rou gh  th e condenser.

In F ig. 3 is show n the F ritz  F riedrichs condenser, 
w hich m ay be used as a reflux condenser b y  allow ing 
th e vap o r to  enter at C , or w hich m ay be used in  dis­
tillation s b y  allow ing th e  vap o r to  enter at D . T h e 
w ater for cooling enters th rough  A E  and escapes 
through B.

e x p e r i m e n t  I— A  pepperm int oil w as used th a t 
had a specific g r a v ity  of 0.9056 a t 25° and show ed a 
p olarization  o f — 19.87 a t 25°. E q u a l vo lu m es of the 
oil were w eighed in three 125 cc. flasks and th e required 
am ounts of N /2  alcoholic potassium  hyd ro xid e added. 
In to  th e n eck  of one of th e flasks w as inserted  an 
A llihn  condenser, into th e  neck of another w as inserted 
a C h am o t-S oxh let condenser, and in to  th e neck of the 
th ird  w as inserted a F ritz  F riedrichs condenser. T h e 
outlet D of each condenser w as loosely plugged w ith 
cotto n  wool. T h e condensers were connected in series,
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the cooling w ater first ' flowing through th e F ritz  
Friedrichs condenser, then through th e C ham ot- 
Soxhlet condenser and fin ally  through th e A llihn  con­
denser. H eat w as supplied under th e  flasks b y  sm all 
ring burners and the assay follow ed out according to 
the P harm acop oeia  m ethod.

e x p e r i m e n t  2 w as m ade on th e sam e oil th a t was 
used in e x p e r i m e n t  i ; the direction of the cooling 
w ater w as reversed and it w as m ade to  flow first through 
the A llihn  condenser and finally through th e F ritz  
F riedrichs condenser. T h e purpose of this w as to  
ascertain  w hether an y ad va n ta ge  had been given  to 
th e  F ritz  F riedrichs condenser in th e previous exp eri­
m ent, b y  reason of the fa ct th a t the tem perature of the 
w ater flowing through the condensers w as found to  be 
2 , i°  higher when it  entered the A llihn  condenser than  
it w as when it  entered the F ritz  Friedrichs condenser, 
in th e first experim ent.

e x p e r i m e n t  3— A  pepperm int oil w as used th a t had 
a specific g ra v ity  of 0.9002 a t 250 and showed a polari­
zation  o f — 24.73 at  25°. T h e condensers were connected 
in the sam e m anner as in the first experim ent.

e x p e r i m e n t  4— T h e sam e oil th a t  was u sed  in the 
third  experim ent was used again, and the condensers 
were connected in the sam e m anner as in the second 
experim ent, for th e sam e reason.

e x p e r i m e n t  5— A  pepperm int oil w as used th a t had 
a specific g ra v ity  of 0.9021 at 25° and showed a p o lari­
zation  of — 20.37 at 25°. The condensers were con­
n ected  in the sam e m anner as in the second experim ent.

e x p e r i m e n t  6 — A  pepperm int oil w as used th a t 
had a specific g r a v ity  of 0.9045 a t 25 0 and showed a 
po larization  of — 20.03 a t 25°. T h e condensers were 
connected in the sam e m anner as in th e second exp eri­
m ent.

e x p e r i m e n t  7 — A  pepperm int oil w as used th a t had 
a specific g ra v ity  of 0.8987 at 250 and showed a polari­
zation  of — 24.S8 a t 25 0. T he condensers were con­
n ected  in th e sam e m anner as in the second experim ent.

e x p e r i m e n t  8— A  pepperm int oil was used th a t 
had a specific g r a v ity  of 0.9010 a t 250 and showed a 
p o larization  of — 26.34 a t 25°. T h e condensers were 
connected in the sam e m anner as in the second experi­
m ent.

T h e an a lytica l results obtained  in these eight experi­
m ents are g iven  in the follow ing table:

F r i e d r i c h s  S o x h l e t  A l l i h n

C o n d e n s e r  C o n d e n s e r  C o n d e n s e r

%  m e n t h o l  %  m e n t h o l  %  m e n t h o l

E x p . N o .

2 ........................
 3..........................
 4............................
 5............................
 6.......................

8 ........................
A v e ra g e .......................
V a r i a t i o n  f r o m  m a x ,

S U M M A R Y

W hile the results ob tain ed  when using either th e 
F ritz  F riedrichs condenser or the C h am o t-Soxh let

condenser were alm ost the sam e, th e results were 0.33 
per cent low  for m enthol as ester and 4.87 per cent low 
for to ta l m enthol when the A llihn  condenser was used.

C o r n e l l  U n i v e r s i t y  
I t i i a c a , N e w  Y o r k

O B S E R V A T IO N S  U P O N  T H E  A S S A Y  O F  D IG ESTIVE 
F E R M E N T S 1

B y  H o w a r d  T . G r a b i : k

In a previous paper, ‘ ‘ Som e O bservation s upon the 
A ssay of D igestive  F erm en ts,”  appearin gin  T h i s J o u r n a l  

I ga v e  a rdsum6 of tests applied in standardizing Di­
gestive F erm ents, w ith  special reference to their 
peculiarities. A  second paper, ‘ ‘ Influence of Size and 
Shape of B o ttles upon the A ssay  of P ep sin ,”  appearing 
in th e Journal of the Am erican Pharmaceutical Associa­
tion (V ol. II , N o. 12, D ecem ber, 1913), deals with the 
assay of pepsin. F u rth er observation s w ith these 
sensitive enzymes have shown the follow ing peculiari­
ties w ith:

P A N C R E A T IN

In the first m entioned paper I called  attention to 
th e fa c t th a t in assayin g diastasic ferm ents for starch 
hyd ro lyzin g pow er, th e kind of starch  used is very 
im portan t, and th a t the use of p o tato  starch gives an 
a c t iv ity  Vs greater than  th a t g iven  when corn starch 
is used. I now w ant to carry  this statem en t further 
and show th a t one can use tw o different sam ples of the 
sam e kind of starch; for instan ce, tw o  sam ples of corn 
starch , and unless th e ph ysical properties of the two sam­
ples are iden tical, the results w ill be of wide variation. Of 
these ph ysical properties reaction is the m ost important. 
T h e U. S. P. says the starch  should be neutral to litmus 
paper, but as a m atter of fa ct, litm us paper is not suffi­
c ien tly  sen sitive. I have found th a t if the corn starch 
is s lig h tly  acid  to  cochineal indicator, this acidity 
sligh tly  accelerates the a c t iv ity  of the enzym e, although 
litm us paper w ould show  the starch to be neutral, and 
further, a stren gth  of acid  in the starch  which would 
show acid  to litm us paper, w ould inh ib it the activity 
of th e  diastase.

On the oth er hand, a slight a lk a lin ity  in the starch, 
shown b y  cochineal solution, w ould in h ib it the diastasic 
a c t iv ity , although here again  the a lk a lin ity  would be 
so sligh t as to cause th e starch  to appear neutral to 
litm us paper. T h e follow ing experim ent will illustrate 
these points:

 1........... 6 . 6 6  0 .1  N e u tra l  S lig h tly  0 .0 0 2 3  . . .  1 : 25 in  4 mins.
ac id

 2........... 4 .6 6  0 .1 8  N e u tra l  A lka line  _ 0 .0 3 1  1 : 25 in  10 mins.
 3........... 6 . 6 6  0 .1  N e u tra l  N e u tra l  . . . .  . . .  I : 25 in  4 mins.

15 secs.

T h e ta b le  show s th a t starch  N o. i ,  in which the pan- 
creatin  tests i  = 25 in 4 mins., has an a c id ity  b y  cochineal 
of 0.0023 Per cent H C 1 absolute b y  w eight, although it

1 P re se n te d  a t  th e  4 7 th  M ee tin g  of th e  A. C . S ., M ilw aukee, March 
2 5 -2 8 . 1913.

A s es te r T o ta l As es te r T o ta l As es te r T o ta l
7..97 64,,98 7 .,98 6 4 .4 9 7 .76 58..06
7 ..94 64 .39 7..89 6 4 .3 4 7 .74 58. 10
6 .61 70 .30 6 ..71 7 0 .0 9 6 .26 65. 58
6 .59 69,.23 6 , 57 6 9 .2 0 6 .23 64, 97
9 .33 63 .74 9,,28 6 3 .5 9 9 .02 60,.20
8 .23 60.. 19 8 ,,17 6 0 .0 7 7 .84 55,.72
8 .97 69..42 9 ..07 6 9 .2 6 8 .59 64..57
8 ,.43 58,.36 8 . 40 5 8 .4 0 8 .03 54. 07
8 ..01 65,,08 8 . 01 6 4 .9 3 7 .68 60..21
0 ..00 0 ,.00 0 . 00 -—0 .1 5 — 0 .33  ■ 87
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seems neutral to litm us paper, and if th is a c id ity  be 
carefully n eutralized, th e  diastase requires 15 seconds 
more to h ydrolyze the starch  and if now th e starch  be 
made to have an a lk a lin ity  eq u iva len t to 0.031 per cent 
KOH, the a c t iv ity  of th e pan creatin  changes from  1 : 2 5  
in 4 mins. to 1 : 25 in 7V2 m ins., a lthough the starch 
still meets the U. S. P. requirem ents and is neutral to 
litmus paper.

It would therefore appear to one unaccustom ed to  
working with these en zym es th a t  the pan creatin  had 
lost some of its d iastasic a c t iv ity , when the real truth  
of the m atter is th a t the presence of the slight a lk a lin ity  
in the starch inhibited  the starch  h yd ro lyzin g  pow er 
of the diastase.

The percentage m oisture in th e corn starch  on the 
market varies, b u t a difference of. 2 per cent more or 
less is not an im p ortan t factor, as th e follow ing figures 
show.

If the diastase tests 1 : 25 in 5 m inutes on starch  of 
4.66 per cent m oisture, it  tests 1 : 25.5 in 5 m inutes on 
starch of 6.66 per cen t m oisture, or 1 : 25 in 4 m inutes 
54 seconds: i .  c., 2 per cent more m oisture in the 
starch, or w hat is the sam e th in g, 2 per cen t less starch, 
showed the disatase to have an acceleration  of b u t 6 
seconds. H ow ever, a difference in m oisture conten t 
as great as 10 per cen t w ould show  a decided effect 
upon the final stren gth  of th e diastase, b u t th e average 
samples of starch would not v a r y  to  such an extent.

It is m y custom , before adoptin g a sam ple of starch  
for diastasic assay, to  w ash it  th o ro u g h ly  w ith  10 tim es 
its volume of distilled  w ater and after d ry in g to  de­
termine its m oisture and ash con ten t, then  to  shake it 
up with neutral, recen tly  boiled and cooled, distilled 
water, and after filtering to  te st th e filtrate  w ith 
cochineal indicator, and to  m ake use of the starch  only 
when it shows neutral to  this in dicator. A s a further 
check, I test a know n sam ple of pan creatin  w ith it.

A third precaution to elim inate variation s in assay, 
is to use alw ays a  d iluted  iodine solution  of the sam e 
temperature. A  w arm  iodine solution  does n ot show 
the starch iodide reaction  so readily  as a cold one.

These three precautions then  should a lw a y s-b e  o b ­
served if uniform  results are to be ob tained:

I— The starch  should be n eutral or at m ost b u t 
very w eakly acid.

II— It should be chosen of average m oisture conten t 
with a preference tow ard  th e use of anhydrous starch.

HI— The tem perature of th e d ilu ted  iodine solution 
should be constant.

D i g e s t i v e  F e r m e n t s  C o m p a n y  
D e t r o i t

L A B O R A T O R Y  S T U D IE S  O N  M A L T  E X T R A C T 1
B y  H o w a r d  T . G r a b e r

Some years ago I sta rted  an in vestig atio n  upon th e 
concentrated glycerin e ex tra cts  of m alt to  determ ine 

nature of the changes w hich ta k e  place in m alt 
extract upon agin g and th e causes of said  changes.

was not successful in assigning a n y  specific com posi­
tion change and therefore did n ot subm it m y results

1 Presented a t  the  47th m e e tin g  of t h e  A. C. S., M ilw au k e e , M a rc h  
« -28 . 1913.

for publication . H ow ever, as there m ay be som e 
points of interest in the w ork done, the results are p u b ­
lished herew ith.

For m any yea rs it  has been know n th a t m alt ex­
tracts , of th e  concen trated  glycerin  va rie ty , assum e a 
dark color v e ry  soon after m anufacture, and upo; 
aging a yea r  or m ore acquire an acid taste and an odr 
of decom position.

T h e questions h ave been: ( i)  D oes this char
affect th e ’ d iastasic pow er of the extract? (2) Is t 
change b rou gh t abou t b y  an y ch aracteristic  chang 
the com position of th e extract?

T o  answ er the first question, sam ples of mal 
tra ct, th e d iastasic pow er of w hich had been < 
m ined a t th e date of m anufacture, were cai 
selected from  a series extendin g b ack  tw e lv e  1 
and their starch  h yd ro lyzin g  pow er again deterr

F ive  gram s of th e e x tra ct were diluted to 
w ith distilled w ater and th o rou gh ly  m ixed: 
of th is dilution  were then added to 100 cc. of 
cen t starch paste of 40° C . and the m ixture m? 
at 40° C. until h yd ro lysis w as com plete, nc 
tim e required to  com pletely  digest the st£ 
point of com plete hydrolysis being ta k en  at 
when one drop of th e digested starch  liquc 
produce th e sligh test tra ce  of color when r 
cc. of a solution  contain ing 0.0006 g. of 
0.0012 g. of potassium  iodide. T h e result'
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A ll of th e above extracts  were 
and m ost of them  had developed 
I t  is ev id en t th a t th e  change w.' 
had n ot affected  th e diastasic, 
m edicinal properties of th e extrr

T h e second question is not si: 
ex tra ctiv e  m atter dissolved fr 
m eans of w ater and glycerin , c 
phosphates, m altose and de 
peculiar principle term ed diast 
and carb o h yd rates of a hig 
"m alto -d e x trin e .”  T o  form  
n ature of th e changes ta k ir  
of these ingredients should 
w ork I selected sam ples rr 
w eeks to  three years.

T h e th e o ry  of th e m et' 
haust th e m alt ex tra ct w 
th is alcoholic ex tra ct the 
dextrose as well as other
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residue from  th e alcoholic e x tra ct after careful d ryin g 
w as exhausted  w ith  distilled  w ater and from  th is w ater 
ex tra ct th e percen tage of dextrins and album enoids 
was obtained.

T h e  ap p aratu s used consisted of th e usual Soxhlet 
extracto r, w ith  bulb  condenser, cellulose filter abou t 4 
inches long, sand w hich had been previously  washed 
w ith  hyd roch loric  acid  and sub seq uen tly  freed of acid, 
and absolute alcohol which had stood over unslaked 
lim e w hile boiling 24 hours in a reflux condenser and 
distilled  im m ed iately  before use.

In to  th e  cellulose filter introduce abou t 30 gram s of 
the dried sand: filter and sand were carefu lly  tared  upon 
an a n a lytica l balance and upon th e sand 10 gram s of 
th e m alt .extract were accu rate ly  weighed. T h e filter 
w ith  its  conten ts w as th en  placed in the extracto r and 
th is w as in tu rn  connected a t its upper end w ith a bulb 
condenser and a t its  low er end w ith  a 16 ouncc distilling 
flask b y  t ig h tly  fittin g rubber stoppers covcred  w ith 
tin foil. T h e 16 ouncc d istillin g flask contained abou t 
10 ounces of recen tly  redistilled  absolute alcohol, and 
w as shielded from  the direct flam e of a Bunsen burner 
b y  a sand b ath .

T h e extractio n  of the m alt ex tra ct b y  the absolute 
alcohol w as continued for abou t 48 hours a t in ter­
m itten t in tervals  of 8 hours a t a tim e, or until a  por­
tion  of th e alcohol siphoning from  the m alt ex tra ct 
fa iled  to reduce F eh lin g ’s solution, showing th a t all 
the sugars had been extracted , and also left no w eighable 
residue upon evap oration .
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32 1 .82 60 .51 5 8 .8 5 9 .3 8 .4 2 2 9 .2 6
30 0 .5 7 5 3 .6 6 52 .0 1 13 .3 12 .7 3 1 .0 4
24 1 .84 5 5 .6 8 5 0 .2 7 8 .8 6 7 .1 9 3 2 .3 4
23 0 .6 5 5 2 .5 3 4 9 .6 4 1 5 .3 4 13 .50 3 3 .3 7
17 1 .16 5 7 .5 0 5 3 .3 6 12 .37 10.87 2 9 .1 6

8 0 .7 1 5 5 .8 2 5 3 .5 4 6 .2 5 4 .5 2 3 6 .0 0
1 0 .6 5 5 9 .9 6 5 2 .6 2 1 1 .1 1 9 .0 6 3 0 .4 7

T h is alcoholic extra ct contains all of the sugars,
som e coloring m atters w ith  resins from  the hops and 
som e glycerin . I t  w as evap orated  to  dryness a t 8o° C ., 
the residue dissolved in distilled w ater and the solution 
m ade up to  500 cc. w ith  distilled w ater and filtered 
upon counterpoised filter papers.

F rom  this solution th e follow ing determ inations were 
m ade:

1— T h e percen tage of ex tra ct soluble in alcohol but 
insoluble in  w ater. T h is w as determ ined b y  dryin g 
and  w eighing th e conten ts of th e filter paper above.

2— T h e percen tage of to ta l solids in th e portion 
soluble in alcohol and  soluble in w ater. T h is was 
determ in ed b y  w eighing 20 cc. of th e solution in a tared  
dish, evap o ratin g  to dryn ess and w eighing again.

3— T h e percen tage of reducin g sugars w as deter­
m ined g ra vim etrica lly  b y  m eans of F eh lin g ’s solution, 
ca lcu latin g th e w eigh t of reduced C uO  to  m altose b y

m eans of D eF ren s’ ta b le  g iven  in L ea ch ’s “ Food and 
D rug In sp ection ,”  pages 595 to 597. T h is finished the 
w ork on the alcoholic extract.

T h e ap p aratu s consisting of the cellulose filter, sand, 
balance of th e m alt ex tra ct, togeth er w ith  the distilling 
flask were carefu lly  dried; and, a fter d ryin g were con­
n ected up as before, using th e sam e q u a n tity  of dis­
tilled  w ater as of absolute alcohol in the previous 
extraction.

T h e d istillation  w as continued for another 48 hours 
a t 8-hour in tervals  or until a portion  of the water 
siphoning from  th e filter did n ot leave a weighable 
residue upon evaporation.

T h is con stitu ted  th e second or aqueous extract. It 
w as m ade up to  500 cc., th o rou gh ly  m ixed and from it 
th e follow ing determ inations were m ade:

1— T o ta l solids and
2— T h e percentage of dextrin  and album enoids.
T h e to ta l solids were obtained  as in the alcoholic

extra ct. T h e percen tage of dextrins and albumenoids 
was calcu lated  as the difference betw een the total 
solids and th e per cen t of ash. T h e other determina­
tions m ade were m oisture, ^ acid ity  and diastasic 
strength.

T h e a cid ity  w as determ ined b y diluting 2 grams of 
the original ex tra ct to 250 cc. w ith  distilled water and 
titra tin g  w ith  N /10  sodium  hydroxide using phenol- 
phthalein  as indicator direct, or if th e solution was too 
dark th e dropping p late  w as used, and the acid calcu­
lated  to la ctic  acid. T h e results follow .
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0 .8 8 101 .77 9 9 .2 3 0 .7 7 10 45 4.5

2 .0 4 100.61 9 8 .3 6 1 .6 4 10 45 4.26

1 .67 100 .39 9 3 .2 5 6 .7 5 6 9
1 .8 4 103 .73 9 9 .0 0 1.00 6 10

1 .5 101 .69 96 .0 5 3 .9 5 8 13
1 .73 100.51 9 6 .5 0 3 .5 0 9 9
2 .0 5  • 10 4 .2 4 94 .8 5 5 .1 5 6 6 0.09

C O N C L U S IO N S

I— M a lt ex tra ct even after h avin g changed to an
alm ost b la ck  color and h avin g a disagreeable taste is 
n ot necessarily in a ctive , and when properly made it is 
poten t for a t least one year.

II— A lth o u gh  th e  analysis of the extracts of differ­
en t age did n ot show  an y defin ite series of changes 
in sugar or dextrin  con ten t, no definite conclusions 
could be draw n as to  ju st w h at th e n ature of change 
w as w hich too k  place. T h e results do indicate what 
th e cause m ight be and further experim ents have con­
vin ced  me th a t  th e cause of th e  deterioration of the 
d iastasic pow er of m alt e x tra ct is due to  the develop­
m ent of lactic  acid  and when th e am ount reaches a 
stren gth  of 1 per cent or more it g re a tly  im pedes starch 
h yd rolysis. T h is  developed a c id ity  'a lso u n d o u b te d l)  

causes th e  ab ove m entioned b lackenin g of the extract.
D i g e s t i v e  F e r m e n t s  C o m p a n y  

D e t r o i t
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LABORATORY AND PLANT
T H E  P Y R O M E T E R  IN  T H E  A S S A Y  M U F F L E 1

B y  F rederic P . Dewey*

Standing alone, b y  itself, t a  pyrom eter readin g has 
absolutely no va lu e as a control of assay operations in 
a muffle or as a guide to  th e  assayer in carry in g  on such 
operations. T h e reasons for th is are varied  and com ­
plex. (1) T h e tem perature th a t controls th e success of 
the operation is th a t  of th e lead  b u tto n  undergoing 
oxidation. A t present we h ave no m eans of learning 
this tem perature under practical w orking conditions, 
so that some suitab le place m ust be selected w ithin  
the muffle for the locatio n  of a pyrom eter. (2) U n for­
tunately, how ever, there is abso lu tely  no approach 
even to a fixed relation  betw een  th e p yrom eter reading 
at any given point a vailab le  and the tem peratu re of 
the oxidizing button . T h e oxidation  of th e lead sup­
plies much heat to th e button , b u t its  effect upon the 
pyrometer is negligible. One fa cto r govern in g the 
amount of heat utilized  b y  th e b u tto n  is th e rate of 
oxidation of the lead, and th is in tu rn  is, w ithin  wide 
limits, largely influenced b y  th e passage of th e air over 
the button, so th a t to  fu lly  utilize and a p p ly  th e p y ­
rometer reading we m ust also know  th e height of the 
barometer and the effect of variation s in th e barom eter 
readings upon th e  d ra ft of th e p articu lar m uffle under 
consideration. F u rth er and m ost im p ortan t, from  a 
practical standpoint, is th e freedom  of en tran ce for the 
air to the muffle. In  oth er w ords, b y  m an ipulating 
the door or th e stopper of th e m uffle, w id ely  va ry in g  
differences betw een th e b u tto n  tem p eratu re and the 
pyrometer reading m ay be produced. T h e effect of 
the door conditions is tw ofo ld . I t  affects the su p p ly  of 
air to the b utton  and also th e actu al tem peratu re of 
the bottoms of the muffle on accoun t of th e v a ry in g  
amounts of air th a t h ave to  be h eated  there in passing 
through the furnace. F in a lly  th e relation  of th e posi­
tion of the b u tton  w ith in  th e  muffle to th a t of th e p y ­
rometer is v ita l. T herefore, to  in te llig en tly  utilize 
any stated pyrom eter readin g it  is essential to h ave 
exact inform ation upon a v a r ie ty  of other conditions 
surrounding the operation.

Bradford3 pointed out th e inconsistencies of various 
statements regarding p yrom eter readings in assayin g 
and well established facts, such for in stan ce as ad­
vising a tem perature of 700° to  750° for cupellation  
when it requires a t least 906° to  fuse litharge. In  a 
series of tests he dem on strated  the large am ount of 
heat supplied b y  th e oxidation  of th e lead and the 
higher tem perature' th ereb y  atta in ed  b y  th e button . 
His arrangem ent of ap p aratu s w as ingenious, b u t 
nsky to the p yrom eter couple and n ot applicable to 
routine work. He gives an excellen t description  of 
the conditions im m ediately  surrounding a cupellation.

Pulton, Anderson, G oodner and Ossa4 determ ined

1 l resen tcd  a t  th e  4 9 th  M e e tin g  of th e  A . C . S ., C in c in n a t i, A p ril 7 -10 ,
and published  b y  p erm ission  of th e  D ire c to r  of th e  M in t. P u b lish ed  

niu tancousiy by  th e  A m erican  I n s t i t u te  of M in in g  E n g in eers .
Assayer, B u rea u  of th e  M in t.

1 T h is  Journai,, 1, 181.
* West. Chem. M et., i ,  31.

th e difference in tem perature betw een  an em p ty  cupel 
and the cupelling lead in an adjoin ing cupel as 14 5 0, 
and also g ive  various other tem peratu re determ inations, 
under the conditions em p loyed  b y  them .

F or a long tim e I h ave been engaged upon an in v es­
tigatio n  into  th e  conditions surrounding th e assay of 
gold bullion as affecting the accu racy  of the results 
obtained. N a tu ra lly  the question of the tem perature 
of cupellation  early  a ttra cte d  atten tion , b u t there were 
so m an y other conditions to be in v estig a ted  where our 
inform ation  w as m eagre, while th e  tem perature ques­
tion  seem ed to  be u n d e rfa ir ly  good control b y  the eye 
of experienced cupellers, th a t the use of the p yrom eter 
w as n ot a ctiv e ly  taken  up until recen tly .

In th e early  d a ys of the in vestig atio n  various points 
regardin g tem p eratu re were carefu lly  considered and 
som e of the problem s were w orked out. Som e of the 
problem s presented them selves w ith em phasis. In 
th is connection a careful distinction  should be draw n 
betw een the problem  of ascertain in g th e effect of the 
various c o n d itio n s. of th e cupellation  upon th e  te m ­
perature of th e  cupelling bead and the problem  of the 
regulation  and a d ju stm en t of these conditions so as 
to  produce th e best possible conditions for cupelling, 
and th e final problem  of establishing a su itab le in d i­
cator or guide to  show th a t th e proper conditions are 
being m ain tained, and esp ecially  an in d icator which 
m ay be applied in different m uffles and under v a ry in g  
conditions.

In a broad  and general w a y  the tim e required to 
w ork off a given  w eight of lead  is a crude indication  of 
th e tem perature of the cupellation . W hen carryin g 
on uniform  w ork in q u a n tity  th e decreasing size of th e 
b u tto n  is a general guide for th e  tem p eratu re and a 
rough n otation  of th e tim e will often  be useful in ex­
plainin g irregularities of th e results. If  th e general 
conditions rem ain uniform , a prolonged cupellation  
indicates la ck  of heat, and a rapid  one an excess of heat. 
In m akin g tim e observation s it  is essential to  adopt 
some fixed point in th e operations to  begin ta k in g  the 
tim e and another to  stop. If all the other conditions 
could be rig id ly  controlled and th e tim e be v e ry  
carefu lly  observed, it  w ould furnish a good guide 
to  th e  tem perature, b u t it  w ould be availab le  on ly at 
th e finish of th e  run and could not be used to  change 
conditions during the run. A lso, it  could n ot be a p ­
plied a t other tim es or places or under different condi­
tions. A gain  it  fu rn ish es no prelim inary evidence th a t 
the furnace is in good condition  before startin g  th e w ork.

It  is, how ever, h a rd ly  ever possible to  control the other 
conditions and som etim es accid en tal variation s creep 
in. On one occasion, when the conditions, including 
the tem perature, appeared to  be norm al, it  becam e 
e v id e n t-th a t the lead was not oxidizing fa st enough. 
A n  exam ination  showed th a t  in settin g a new  muffle 
the w orkm an had n ot put the slit in the b ack  of the 
muffle ex a ctly  opposite th e chim ney ou tlet. T h is  
choked off th e  d ra ft and retarded  th e oxidation. T h e 
retardation  of th e w ork w as, of course, excessive, b u t



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  Vol. 6, No. 5

th is experience em phasizes th e n atu ra l effect of changes 
in th e  barom eter upon cupellation. A  resetting of the 
muffle corrected  th e difficulty.

A n other post facto  tem peratu re in d icator is the 
am ount of gold absorbed b y  th e  cupel in  gold  bullion 
assayin g, high absorption  under sim ilar conditions, 
in d icatin g high tem perature. H ere again controlling 
the other conditions is difficult and I have foun d this 
in d icator to  be of va lu e largely  in em phasizing th e fa ct 
th a t variation s in th e other conditions m ay fa ls ify  
th e p yrom eter reading. It  m akes a difference w hether 
the p yrom eter is rising or fallin g. If  we could hold the 
p yrom eter a t the sam e point for a long tim e before 
m akin g th e cupellation  this cause of difference w ould be 
m inim ized, b u t this is im practicab le in ev ery-d a y  w ork. 
I t  m akes a difference if the muffle be new and in good 
condition  or old and n early  worn out, and it m ust not be 
forgotten  th a t a new muffle m a y be poor and leak more 
than  an old one, which was of good q u a lity  when new.

T h e on ly  feasible place to put a pyrom eter in an 
assay muffle is close to th e top  of th e arch of th e muffle 
and for convenience it  m ust be inserted from  th e back. 
W e all know , of course, th a t closing th e muffle increases 
the tem perature and th a t on m oving tow ard  th e b ack  
of th e muffle th e tem perature rises, as p ractical e v e ry ­
d a y  w orking facts. In order to  get a m ore exact idea 
as to th e difference in the tem perature in different parts 
of th e muffle and th e relations betw een these tem pera­
tures and th e fixed p yrom eter readings, a second por­
ta b le  pyrom eter w as placed on th e b otto m  of the 
muffle in v a ry in g  relations to  the fixed p yrom eter as 
follow s: d irectly  under the fixed pyrom eter, a t th e right 
side and a t the le ft side in the sam e cross-section as the 
fixed pyrom eter, close to  th e fron t in th e  m iddle and on 
each side of th e muffle. In some of th e arrangem ents 
e m p ty  cupels were placed beside th e b otto m  pyrom eter.

T here are three principal causes for differences in 
th e tw o pyrom eter readings: position w ithin  th e muffle, 
freedom  of entrance of air to  th e m uffle, and condition 
of the burners on either side of the muffle. In general, 
the door conditions, govern in g th e en tran ce of air to 
the furnace, exert a pow erful influence upon the te m ­
perature w ithin  the m uffle, and often  cause wide d if­
ferences in tem perature in different parts of th e muffle. 
U nder th e conditions of these tests, on opening the 
closed muffle, either pyrom eter m ay fa ll 1000 or more 
in ten m inutes, and a fu rth er io °  or 200 before becom ing 
stead y. In th e closed muffle th e  tw o  pyrom eters 
registered a like in on ly  one instance, and differed 400 
in one. In ev ery  instan ce the m ovable pyrom eter, 
on th e b otto m  of the m uffle, fell m ore th a n  the fixed 
pyrom eter, a t th e top of th e arch, on opening th e closed 
muffle, and in one instance 4 0 0 more.

A  point of grave concern is th e s ta b ility  of th e p y ­
rom eter. In th e above tests both of th e pyrom eters 
were p ra ctica lly  new and m ay be depended upon, but 
th e effect of long use, for continuous periods, in the 
litharge-laden  atm osphere of th e  muffle upon the 
instrum ent is unknow n. I t  is know n th a t the hot 
lith arge fum e is d estru ctive  to  th e tu b e, and it is only 
a question  of tim e when it w ill a ffect th e enclosed couple. 
A t  present there are no rea d y  m eans for testin g the 
a ccu racy  of the pyrom eter from  tim e to tim e, and

it is difficult for an assayer to ju d ge when it  is beginning 
to  fail.

In conclusion, I w ould sa y  th a t, notw ithstanding the 
objections I h a ve  described, the pyrom eter occupies 
a useful field as a general guide to th e heat conditions 
in th e assay m uffle. In  th e old and established prac­
tice  of assayin g in the M in t service, in th e large labora­
tories, one or tw o  men do p ra ctica lly  all of the cupelling 
and th ey  grow  to be v e ry  exp ert in ju d gin g the heat of 
the muffle and th e condition  of th e cupelling bead by 
the eye, b u t th e careful and proper use of a pyrometer 
w ould often help them , w hile the man who cupels 
on ly in term itten tly  w ill find it  a good general aid. 
B u t too m uch dependence m ust n ot be placed upon the 
pyrom eter, and th e m an who depends upon it entirely 
will n ever be a good cupeller.

B ureau op the M int 
T reasury Department, Washington

A P P R O V E D  B U R E A U  O F  M IN E S  E X P E R IM E N T  STATION 
A T  P IT T S B U R G H

Plans for the proposed $500,000 E xp erim en t Station 
of th e U n ited  S ta tes B ureau of M ines to  be located in 
P ittsb u rg h , h ave been approved  b y  th e commission 
appointed b y  C ongress for th a t purpose.

Congress, a year ago, in the P u b lic  Buildings Bill, 
authorized  a new hom e for th e B ureau  of Mines to 
cost $500,000. I t  is now  exp ected  th a t Congress, in 
its present session, w ill m ake a specific appropriation 
so th a t  construction  w ork  m a y begin. It  is hoped that 
co n tracts m a y be let b y  J u ly  1st and th e buildings com­
pleted  in th e fa ll of 1915.

T h e S ta te  of P en n sylvan ia  has appropriated  $25,000 
for cooperation  in establish ing th is E xp erim en t Station.

T h e group consists of three m ain buildings facing 
Forbes Street. T h e cen tral build in g of the group, the 
M ining B uild in g, w ill be three stories in height, flanked 
b y  tw o m ain buildings, one th e  M echan ical and the 
other th e C hem ical B uild in g. In  the rear of these and 
enclosing a cou rt will be the S ervice B uild in g. Beyond 
the Service B uild in g and spanning w h at is known as 
P an th er H ollow  and th us connecting th e Bureau of 
M ines B uildin gs w ith  th e C arnegie Schools, will be 
tw o buildin gs over the roofs of which w ill pass the 
ro ad w ay from  Forbes Street to th e Carnegie School 
B uildin gs and Sch enley P ark.

B etw een  th e m ain group and th e pow er and fuel 
group will be th e en tran ce to  a series of mine shafts. 
One of these will be used as an e levator to  carry heavy 
m aterial and passengers from  the low er level to the 
upper; another will be for tests of hoisting ropes and 
sim ilar m ining appliances; another w ill be an entrance 
to  tun nels extendin g under the buildings and in which 
m ining experim ents, such as figh tin g mine fires, will 
be conducted.

T h e portion  of P an th er H ollow  above the Power 
B uildin gs w ill be arranged as a M in ers’ F ield, the slopes 
of the ravine being utilized  as an am phitheatre which 
w ill accom m odate 20,000 sp ectators w ho m ay assemble 
here to  w itness dem onstrations and tests in mine rescue 
and first-aid.

T h e  M ining B uild in g w ill contain  the administrative 
offices, and those of th e m ining force. In it will be
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Approved Bureau of M ines E xperiment Station at Pittsburgh

an assembly and lecture hall, a lib ra ry  and sm oke and 
other rooms for dem on strations and train ing in mine 
rescue and first-aid. T h e M echan ical B uildin g will 
be for experim ents and tests of m ining m achin ery and 
appliances and the C hem ical building for in vestigation  
and analyses of fuels, explosives and various m ineral 
substances.

T H E  C H E M IS T ’S D U P L E X  S L ID E  R U LE
B y  H . H . Hanson 

R ec e iv ed  F e b ru a ry  12, 1914

In these d ays of efficiency and sp ecialization, an y 
contrivance or device w hich tends to  sa ve  tim e w ith ou t 
sacrifice of accu racy  is eagerly  seized upon. T h e slide 
rule has long been used b y  engineers. I t  is on ly  w ithin
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recent years, how ever, th a t  its use has been applied 
to chemical problem s. There h a ve  been p laced upon 
the m arket several so-called “ C h em ist’s Slide R u les ,”  
but the “ D u p lex ,”  in ven ted  b y  D r. R . H arm on A sh ­
ley, of the U n iv ersity  of M aine, and m an ufactured  b y  
the Keuffel &  Esser C o., of N ew  Y o rk , seems to  be a 
material ad van ce over previous rules of th is kind. 
This rule has both  the regular and the 
inverted scales, w ith  th e graduation  
incident to instrum ents of th is kind, 
so that in itself it is com plete, and 
upon it m ay be carried out all of 
the arithm etical com putation s which are usually 
required of a chem ist or chem ical engineer. In 
addition to this it  carries one hundred and th irty - 
five chem ical sym bols, th e acids, bases and salts 
being on the regular side, and oxides and elem ents

being on the in verted  side. T h e le ft index of th e rule 
is m arked “ S o u g h t,”  the left index of the slide is 
m arked “ G iv e n ,”  so th a t  no m istake can be m ade in 
th e settin g  it  be used. W ith  the large n um ber of 
chem ical sym bols given  alm ost a n y  stoichiom etric 
problem  m ay be solved, as hundreds of com bin ations 
arc possible w ith th e instrum ent. C on version  factors 
are v e ry  easily  and q u ick ly  obtained  w ith  one settin g 
of the rule. T h e percen tage com position of various 
com pounds m ay be foun d, and problem s in both  
gravim etric  and vo lu m etric  analysis m ay be easily  
solved as described in the m anual w hich accom panies 
the rule. T h e m olecular w eights of substances not 
inscribed on th e rule are easily  obtained, even  though 
th e com pounds m ay n ot be g iven , as fo rty -tw o  different 

elem ents are inscribed upon the in vert 
side. T h e illu stration s show  the 
general appearance and plan of the 
instrum ent, w hich is v e ry  finely m ade 
and a ccu rate ly  m arked. T h e gra d u a ­

tions and sym bols are inserted  m echanically, thus 
elim inatin g th e errors necessarily accom p an yin g hand 
m arkings of th is kind. T h is rule is a ccu rate  to  th ree 
significant figures w ithin  a lim it of error which does not 
exceed th a t of th e average operation  of th e a n a lytica l 
chem ist, and w ill be foun d useful for shortening opera­
tion s and calcu lation s in all branches of chem ical
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w ork. In the m anual a ccom p an yin g the instrum ent 
the th eory  of the slide rule is briefly  and carefu lly  ex­
plained, and the m anner of operation  is described in 
detail.

Maine Agricultural Experiment Station, Orono

ADDRESSES
T H E  C H E M IS T S ’ C L U B 1

By Wiu .iam I,. Dudley 

Almost all the professions in the United States have, in addi­
tion to their scientific associations and societies, an organiza­
tion whose purpose is to foster and develop personal and pro­
fessional acquaintance among the membership of that profes­
sion in a direction and to an extent not possible in strictly 
scientific associations. The scientific associations are not

P resen ted  a t  th e  C in c in n a ti M e e tin g  of th e  A m erican  C h em ica l 
Society, A pril 6 -1 0 , 1914.

adapted to bring about this result to the greatest degree, pri­
marily for the reason that between their meetings there is no 
opportunity for individuals to meet; the opportunities afforded 
by such scientific associations for personal intercourse are there­
fore intermittent and discontinuous. Continuous opportunity 
for such acquaintance and intercourse is offered only by those 
professional associations known, for short, as "dubs,”  which 
have club features as a basis, associated or combined with pro­
fessional facilities and opportunities peculiar to each profes­
sion. These two classes of organizations are therefore mutually



408 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  Vol. 6, No. 5

com plem entary and helpful and are not in a n y  conflict w ith  each 
other.

U p to  three years ago, the chem ical profession in the U nited 
States w as n ot equipped w ith  any association or organization 
having th e continuous d u b  feature as an elem ent. I t  is true

Entrance Hall

th at prior to  th at tim e T h e  C hem ists’ C lub, founded in 189S, 
w ith  its quarters a t  108 W est 55th St., N ew  Y o rk  C ity , dis­
charged to  a  greater or less exten t the functions of a  d u b , b u t in 
a maim er not sufficiently continuous to  m eet in an y  satisfactory 
degree the needs of the chem ical profession of the U n ited  States.

I t  w as through the energy, devotion and self-sacrifice of a 
num ber of far-sighted, broad-m inded and public- 
spirited chem ists th at the chem ical profession, about 
three years ago, becam e possessed of quarters which 
contain all the d em en ts nccessary for continuous 
opportunity of social and professional intercourse 
am ong chem ists under conditions of the usual d u b  
accom m odations connected w ith  unique and com ­
plete facilities for the conduct of professional 
business of all kinds under one and the same 
roof. T o  those w ho are engaged in the practice of 
industrial chem istry, such an opportun ity means 
m uch. A  chem ist w ith  his laboratory is not wel­
com e as a  ten an t in m odern high class, cen trally  
located and w ell equipped buildings, and, as a 
result, in m ost of the cities, and p articu larly  in 
N ew  Y o rk , the chem ist and his laboratory are 
crow ded into the less desirable sections of the 
city , and then only in the less desirable buildings.

W hen th e chem ists desire to  hold a m eeting, th ey  
gen erally  do so in rented quarters, poorly equipped 
for dem onstration and experim ental purposes. I f  a 
d iem ist desires access to  chem ical literature, he 
w ill find in on ly isolated cases a  su itably library, 
and in still rarer instances w ill he find such library 
in charge of one who has an understanding of w hat 
chem ical literature is, and w h at a chem ist’s literary 
needs are. I f  a m anufacturer desires to  engage a  chem ist for a 
piece of w ork requiring particular experience, he has, apart from 
T h e  C hem ists’ C lub, practica lly  on ly the colleges and universi­
ties as a  source of supply. I f  a  chem ist desires' a position, he 
is in m ost cases lim ited to  the sam e source of inform ation.

T h e  new  quarters o f T h e  Chem ists’ C lub  constitute the only 
place in the w orld where chem ists, above all others, are wel­
come, are sought as tenants and h ave  laboratory and library
facilities, under one and the sam e roof; w here competent at­
ten dants provide them  w ith  literature, keep them  informed of 

current even ts in their in dividual specialties, pro­
vide them  w ith  tem porary laboratories, with 
apparatus and w ith  chem icals, and enable them to 
engage help such as th ey  m ay need. A t the same 
tim e, th ey  have, under the sam e roof, all the accom­
m odations of a hotel, With the particular homelike 
features of a  club, where th ey  can always meet
m en of their own training and of their own line of 
thought; in short, once installed a t  T he Chemists' 
C lub , there is hardly a n y  need of their leaving the 
building for anyth in g th at th ey  m ight want in the 
w a y  of professional or laboratory facilities, for social 
intercourse, for shelter or for food.

T h e  Chem ists’ C lub, although it is a New York 
corporation, and although it  is located in New York 
C ity , aim s to serve all the chem ists and chemical 
industries of the entire U nited S tates, and for that 
purpose it  has divided its mem bership into resident 
and non-resident. I t  is p erfectly  obvious what the 
resident m embers can get ou t of T h e  Chem ists’ Club, 
and th at w h at th ey  can  get is greater than what 
non-residents ordinarily w ould get, and that is 
w h y  the resident m em ber m ust p a y  larger annual 
dues th an  the non-resident.

I t  is clear, however, th a t an organization based 
upon national lines and doing w ork of a national 
scope m ust have more th an  local support, and in 

order to  accom plish the greatest good m ust receive the widest 
possible support from  those liv in g  outside of the resident 
m em bership area. W hen a  non-resident m ember goes to 
N ew  Y o rk , he can have, during his stay , all th e advantages 
th at a  resident m em ber can enjoy, and it is perfectly 
d e a r  th a t those chem ists resident outside of New York

Social Room

C ity , and who m ake even on ly occasional trips to  N ew  York, 
would be greatly  benefited b y  acquiring non-resident member­
ship and availing them selves of th e C lub facilities and opportuni­
ties when in N ew  Y o rk  C ity . Such m em bers m ay very well 
w an t to have a  tem porary laboratory abou t w hich they can
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T he Membership op T he C hemists’ C lub
R e s id e n t, N o n -re s i­

life  A nd d e n t  an d
Y ea r h o n o ra ry foreign J u n io r T o ta l
1898 41 48 89
1899 135 56 191
1900 130 109 239
1901 143 118 261
1902 138 123 261
1903 150 134 284
1904 172 142 *7 321
1905 164 166 11 341
1906 169 165 22 356
1907 195 161 25 381
1908 208 167 24 399
1909 225 167 19 411
1910 308 341 28 677
1911 412 524 47 983
1912 447 570 75 1092
1913 447 607 80 1134
1914 455 638 92 1185

throw all the p rivacy  of their own laboratory. T h e  C hem ists’ 
Club is prepared to  su p p ly this need, a service n ot offered b y  
any other professional organization in the world.

As to non-resident m em bers w ho never reach N ew  Y o rk , 
the advantages and benefits of T h e  C hem ists’ C lu b  are perhaps

T hose mem bers of the chem ical profession, and all engaged 
in industrial pursuits dependent upon chem ists or in w hich the 
chem ist p lays a  part, owe it  to  them selves and to the future 
of their own profession or business to  see to  it th a t op p ortun ity 
for grow th and developm ent is as great as possible. T h e  C hem ­

ists’ C lub  offers th e best opportun ity for such 
grow th and developm ent, and it cannot reach its 
highest state  of efficiency until every  public- 
spirited and high-m inded m em ber of the chem ical 
profession or industry has contributed his «hare to

C handler Library

not quite so obvious, b u t nevertheless valu ab le  and certain; 
some day these non-resident m em bers w ill w an t to  have litera­
ture compiled or translated for them  in a hurry, and a t  no place 
can it be done as w ell as a t  T h e  Chem ists’ C lu b ; or th ey  m ay 
wish to have inform ation as to  the literature of a  certain  art, 
and that can be done no better anyw here th an  a t T h e  Chem ists' 
Club; they m ay w an t to  have in their hands a 
book not accessible a t  their local libraries; if such 
book is in duplicate in T h e  C hem ists’ C lub  library, 
it is loaned to  them , and if n ot in duplicate, a 
copy, photographic or otherwise, w ill be m ade and 
forwarded a t a  substantial cost; or th ey  m ay 
want to obtain the services of a  m an skilled in  a 
particular branch— the on ly place th a t th ey  can 
turn to and get satisfactory  inform ation is T h e 
Chemists’ Club. I t  m ay v e ry  well be th a t a 
particular non-resident m em ber m ight w a n t , such 
service only once in tw o years, b u t if he does, 
whatever he has expended in the w a y  of m em ber­
ship fees is undoubtedly am ply repaid b y  the very  
fact that such opportunities exist and arc a lw ays 
at his command. Preparedness and a b ility  to  do, 
or have done, such things is som ething of such great 
value, th at beside it the annual contribution  to ­
wards the realization and m aintenance of such a state  
of affairs is w holly  insignificant; each chem ist m ust 
make his contribution so th at these opportunities 
may exist when he needs them . I t  is m erely another 
variation of " I n  tim e of peace prepare for w a r.”

Cooperation is the on ly w a y  in  w hich a  pro­
fession can advance, and the op p ortun ity  of co­
operation necessary to  th e advan cem en t of the 
chemical profession is offered b y  T h e  C hem ists’
Club. W ithout personal con tact w ith  men of the same profession 
ai’d without op p ortun ity for such professional contact, the growth 
of the profession m ust necessarily be slow, if it  does n ot diminish 
to an extent properly to  be described as a standstill.

the extent, a t least, of becom ing a non-resident 
member, and m aking full use of the opportuni­
ties offered.

A n  organization like T h e  C hem ists’ C lub grow s 
w ith  the service required of it, and w ith  the 
support given it;  it is to  be hoped th a t every  
chem ist w herever he m ay reside in the U nited States, 

and every  person engaged in business in volvin g chem istry, will feel 
th at he has n ot done his full d u ty  b y  the profession and business 
of chem istry until he has a ctiv e ly  identified him self in some w a y  
or other w ith  T h e  Chem ists’ C lub.

I t  is now three years since the new quarters a t  50-52 H ast 
41st Street, N ew  Y o rk  C ity , were opened, and those w ho h ave

Dinino Room

sacrificed much time and effort in developing The Chemists’ 
Club to its present state feel encouraged by the growth in the 
interest in the Club which is manifested throughout the United 
States.
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T he translations average 2,826 words each and 26,300 words 
per month, or 10 average translations per m onth. These ser­
vices, i. c., translations, clippings, searches and copies or photo­

graphs as well as th e use of the library are available 
to the public and,are not restricted to  the member­
ship of T h e  C hem ists’ Club.

EM PLOYM ENT BU REA U  

T his was begun in 1905. I ts  activities are re­
flected below ; its use is open to  all, whether mem­
bers of T h e Chem ists’ C lub  or not:

In  order th at a m ental picture of the grow th of T h e  Chc*nists' 
C lub and its influence m ay be  obtained, inform ation has been 
collected as per table  on preceding page.

LABORATORIES

O f these there arc five floors and all of them  rented to perm a­
nent tenants. T h e  three " tra n s ie n t”  or so-called " C l u b ” 
laboratories, which are m aintained b y  T h e  Chem ists’ Club, 
have all been taken  and usually  there is a  w aitin g list of satis­
factory .size.

LIBRA RY , CLERICAL, L IN G U ISTIC  AND LITERA RY  SERV ICES

T h e lib rary  now contains 36,000 volum es, including 400 
journal sets. M a n y  of the volum es (18,000) are duplicates 
or trip licates and are availab le  to  mem bers for loan purposes 
for which 110 charge is m ade except th at necessary (25 cents) 
to cover cost of packing and insurance, the m em ber paying trans­
portation charges both w ays.

T h e range of service rendered b y  the library staff includes

Positions

E nro lled  * Filled
28 21
51 20

108 86
64 39

120 72
217 92

216 Î2Ô
‘294 119

66 15

1164 584

T h e clerical, linguistic and literary  service w as begun in 
M arch, 1913, and the following statistics show a  satisfactory 
and wholesom e grow th in th e w ork:

S u b sc rib e rs  Searches, 
literaryT ra n s la tio n s to  th e

1913
M a r c h ................
A p r i l ....................
M a y ....................
J u n e .....................
J u ly .....................
A u g u s t ...............
S e p te m b e r .........
O c to b e r . ............
N o v e m b e r.........
D e c e m b e r .........

1914
J a n u a r y .............
F e b r u a r y ..................... 28

T o t a l ..............

N o . N o . o f w ords
clipp ing
serv ice

and
p a te n t

2 2 ,8 5 0 4 1
3 8 ,0 1 0 6 6
3 3 7 ,5 0 0 8 10
6 9 ,5 4 0 21 14
9 1 5 ,0 3 0 22 7
5 1,325 24 7

17 2 5 ,3 0 0 28 10
14 2 5 ,5 2 5 30 10
9 9 0 ,8 0 0 48 7

11 3 6 ,9 4 0 51 11

14 2 6 ,5 2 5 55 18
28 6 2 ,6 7 5 58 19

121 3 4 2 ,0 2 0 — 120

Applicants

E n ro lled P lac ed
1 9 0 5 . . . . ............ ____ 60 21
1906..................... ____ 80 20
1907 ..................... ____ 351 86
1908..................... ____ 582 39
1909 ..................... ____ 220 72
1910 ......................____  245 92
1911.....................
1912..................... ___  464 120
1913 .................. ___  647 119
1914— J a n u a ry a n d

F e b r u a r y ----- . . . .  112 15

T o t a l .............. ____ 2761 584

Entrance to Auditorium

n ot only copies or photographs of publications or of pages 
thereof and translations into English from  other languages, 
h u t also the collection of the literature in n ot on ly the library 
o f T h e  C hem ists’ C lu b  b u t other libraries in N ew  Y o rk  C ity  or 
elsewhere, if necessary; further, system atic recording of current 
literature in which mem bers m ay be professionally and other­
wise interested and for which th ey  pay a  nom inal fee; searches

Users ok T he C hemists’ Club Library
1911 1912 1913 1914

J a n u a r y ...................................  124 148 346
F e b r u a r y ................................  137 190 348
M a r c h ......................................  127 196 . . .
A p r il .........................................  129 224
M a y ..........................................  133 252
J u n e ..............................  82 151 257
J u ly ...............................  77 150 227
A u g u s t ......................... 75 131 260 . . .
S e p te m b e r ......................  98 134 256
O c to b e r .......................  109 125 261
N o v e m b e r ..................  106 105 250
D e c e m b e r ................... 115 100 330 . . .
A v e ra g e ........................... 95 129 238 347

of literature, patent and otherwise, on intricate and com plex 
chem ical questions as w ell as statistical and sim ilar searches 
and com pilations are undertaken.

T h e  num ber of users of the library is increasing as shown in 
the preceding table.

A  total of 584 positions w as filled in 8 years 
(om itting 19 11 for w hich figures are not available), 
or an average of 73 positions per year; the dis­
p a rity  betw een positions availab le  and positions 
w anted, nam ely 2 to  5, or in numbers 1597. 
clearly  shows th e desirability of encouraging 
em ployers of chem ists and of chem ical assistants 
to  m ake more extended use of th is branch of 1  he 
C hem ists’ C lub.

RESTA U RAN T

In  January, 1912, T h e  C hem ists’ C lub  took over the manage­
m ent of the restaurant from  the caterer, w ho had theretofore 
conducted it. T h e  num ber of meals served for each month 
since is as follows:

1912 1913 1914
J a n u a r y ...................................... 901 1 ,482
F e b r u a r y ...................................  1 ,1 6 2  1 ,5 2 2  2 ,245
M a r c h ......................................... 1 ,577  2 ,0 5 1  . . .
A p r il ............................................ 1 ,643  1 .9 2 4
M a y ............................................. 1 ,483  1,631
T une............................................. 1 ,3 9 2  1 ,4 8 8
J u ly .............................................  1 ,352  1 ,5 4 0
A u g u s t ........................................ 1 ,5 9 9  1 ,3 2 0  . . .
S e p te m b e r ................................  3 ,9 3 0  1 ,328
O c to b e r ......................................  1 ,3 9 2  1 ,5 0 3  . . .
N o v e m b e r ................................. 1 ,4 0 9  1 ,462
D e c e m b e r .................................  1 ,495  1 ,6 0 0

T o t a l ......................................  19 ,335  18,851
M o n th ly  a v e ra g e .....................  1 ,611 1,571 2 ,0 7 0

M a n y  tim es the patronage th a t has so far been bestowed 
upon the restaurant could be satisfactorily  served, without in 
the slightest crow ding or overw orking the mechanical equip­
m ent of the restaurant (which is the sm allest unit th at could be 
installed).
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S L E E PIN G  ROOMS 

The inform ation regarding these shows clearly  how our non­
resident membership is increasing its use of the quarters pro­
vided; the ten an cy of these 18 room s is divided into resident 
members and non-resident m em bers and guests; the num ber of 
times per month th at the quarters w ere all taken, i. e., “ sold 
out”  and th at members had to be sent to the “ A n n e x ”  (The 
Murray H ill H otel) for the n ight is shown in the following:

R e s id e n t
N o n ­

re s id e n t G u es ts
“ Sold

T o ta l  o u t ”

J a n u a ry ...............  9 22 45 53 12 11 66 86  0 3
F e b ru a ry   13 15 55 41 10 3 78 59 1 1
M arch ..................  14 14 49 47 9 4 72 65 0 2
A pril.....................  15 16 37 48 11 5 63 69 4 5
M a y ......................  17 17 47 47 2 12 76 76 1 4
Ju n e ......................  21 14 37 47 8 10 66 71 11 5
J u ly .......................  21 17 37 46 8 13 66 76 8 8
A ugust.................  21 19 28 32 2 9 51 60 3 8
S ep tem ber  14 17 37 45 4 5 55 67 7 3
O ctober................ 17 19 40 49 10 4 67 72 1 7
N o v em b er  18 18 36 45 7 6 61 69 1 2
D ecem ber  15 21 40 60 9 7 64 88 0 4

1914
J a n u a ry ................ 16 62 15 93 8
F e b ru a ry   16 53 8 77 4

However, even  w ith  this encouraging showing, it  is never­
theless true th a t T h e  C hem ists’ C lub  itself can provide hotel a c­
commodations to  v ery  m any more th an  are now m aking use of 
it.

SOCIAL G ATHERINGS

From January n ,  1912, to  M arch  1, 1914, m  private 
dinners or public banquets and all connected w ith  m eetings 
of a chemical nature w ere given  in the quarters of T h e C hem ists’ 
Club; these were attended b y  6539 persons.

RUMFORD HALL

This is an auditorium  seating 300; is equipped w ith  ample 
demonstration and experim ental facilities. I t  is the regular 
meeting place of the N ew  Y o rk  Sections of T h e A m erican C hem ­
ical Society, T h e S ociety  of C hem ical In d ustry  and T h e  A m er­
ican Electrochem ical Society.

A  number of social, m usical and literary  organizations not 
connected w ith  T h e  C hem ists’ C lub  also use R um ford H all for 
their several functions.

This showing dem onstrates a  h ea lth y grow th in the m em ber­
ship of and in the interest in T h e  C h em ists’ C lub since it  le ft 
its modest quarters a t F ifty-fifth  Street, where it provided 
merely a m eeting place for the N ew  Y o rk  Sections of T h e 
American Chem ical Society, T h e  S ociety of Chem ical Industry, 
The American Electrochem ical Society  and T h e Verein D eutscher 
Chemiker; there it  had its own m odest library, com bined w ith  
the libraries of the A m erican  Chem ical S ociety  and the Society 
of Chemical Industry.

The new quarters and th e new facilities are due to the in itia­
tive, the foresight, the loyal enthusiasm  and abiding faith  in 
the ultim ate outcom e of an enlarged C hem ists’ C lub, on the 
Part of its form er president, the la te  Professor M orris Loeb. B y  
founding T h e Chem ists' B uild ing C om pany, whose sole aim  
and object w as to  finance, build and develop a structure su it­
able for w h at w as then considered as the true and full purpose 
of The Chem ists’ C lub, the start was m ade tow ard an actual 
realization of w h at had long been in the m ind’s eye of m any of 
the thoughtful and far-seeing chem ists of the country, as a  true 
and real and serviceable Chem ists' Club.

The Chem ists’ B uilding, w hich is the hom e of T h e  C hem ists’ 
Club, is an eleven story  fire-proof structure, cen trally  located 
in New Y o rk  C ity  and having a 56-foot frontage. T h e struc­
ture put up and the facilities provided are on the sm allest scale 
that could reasonably be regarded as being efficient. N e v er­
theless, the total investm ent of T h e  C hem ists’ B uild ing C om pany 
m the building occupied to  the extent of 50 per cent of its a va il­

able renting space b y  T h e  C hem ists’ C lu b  is appraised a t $440,- 
000 for taxation  purposes. P ractica lly  all the stock of T h e 
C hem ists’ B uild ing C om p an y is sold, and fu lly  paid up, and is 
held w h olly  b y  mem bers of the chem ical profession and busi­
ness. T h e capita l stock w as taken  b y  171 subscribers; 139 
subscribers dom iciled in th e resident mem bership area took 
seven-eighths of the cap ita l stock and 32 subscribers dom iciled 
in the non-resident mem bership took the rem aining one-eighth.

Som e of the stockholders, following the exam ple of the la te  
Professor Loeb, have cancelled their stock, or transferred it to 
T h e C hem ists’ C lub. T h e  issued stock calls for a cum ulative 
3 per cen t dividend; 110 dividend has y e t been paid nor are the 
stockholders insisting upon such paym ent. T h is m agnanim ous 
and generous action on the p art of the stockholders is bringing 
nearer and nearer the d a y  of a  com plete realization of w h a t wras 
planned b y  the Founders of T h e  C hem ists’ B uilding C om pany 
and it is confidently expected th a t these dividend obligations, 
for w hich T h e  C hem ists’ C lu b  is in the final analysis w h olly  re­
sponsible, w ill be u ltim ate ly  fu lly  discharged.

T h e  C lub  itself represents an investm ent over §60,000 in library 
and equipm ent, thus bringing the to tal financial investm ent 
in this enterprise up to m ore th an  $500,000.

H ow ever gratify in g  the grow th show n in the foregoing m ay 
be to  those w ho have given  the best of their efforts, tim e and 
th ough t to  the realization  of T h e C hem ists’ C lub, y e t it is per­
fectly  clear th a t the m em bers of the chem ical profession gen­
erally  h ave  not m ade a  contribution  tow ard the continuance and 
m aintenance of T h e  C hem ists' C lub  com m ensurate w ith  the 
benefits derived or to  be derived from  it, nor can it  be tru th fu lly  
said to be even proportional to the effort and energy contributed 
tow ards it b y  the Founders of T h e C hem ists’ B uild ing C om pany.

Vanderbilt University
N a s h v i l l e , T e n n e s s e e

C H E M IC A L  A B S T R A C T IN G
B y  J o h n  J .  M i l l e r  

R e c e i v e d  M a r c h  1 9 , 1 9 1 4  

A t various tim es and places during the last few  years the 
question of international cooperation in chem ical abstracting 
has been prom ulgated and has brought forth som e com m ent. 
So far as w e know, however, no com prehensive d ata  concerning 
this subject have been gathered other th an  those recen tly  p u b ­
lished in Scienca Gazcto, the official organ of the International 
Esperanto Scientific A ssociation. T h e  appearance therein of 
an article giv in g th e mem bership of the G erm an, French, L o n ­
don and A m erican  societies, the costs of the ab stract journals per 
member, pages of abstracts, etc., prom pted an  investigation 
of the figures given  and finally  the w riting of this article.

T ab le  I gives the d a ta  (for 1911) printed in the above m en­
tioned periodical and T ab le  I I  the results of our calculations:

T able I
c o o .0 c — o

C h e m i c a l  
A b strac ts .. 

J . C  h  e m  .
S o c .............

C h e in . Z e n tr . 
B u ll. soc. 

ch im . F r . .

5 ,6 0 3  $ 3 1 ,5 5 7 .0 0  $ 5 .6 5  4 ,7 4 1  2 0 ,9 1 6  0 .1 7  1 ,5 4 2  5 ,1 7 9

3 ,1 3 2
3 ,3 5 2

1 3 .0 3 1 .0 0
1 4 .7 0 6 .0 0

4 .1 5
4 .4 0

2 ,5 8 6
4 ,4 2 2

5 ,1 5 9
9 ,2 3 1

0 .4 1
0 .3 9

169
17

161
1 ,0 9 7

1 ,0 2 4  7 ,1 5 9 .5 0  7 .0 0  2 ,2 9 1  4 ,0 7 3  0 .4 3

T o t a l   13 ,111  6 6 ,4 5 3 .5 0 1 4 ,0 4 0  3 9 ,3 7 9 1 ,7 2 8  6 ,4 3 7

T h e great discrepancies are due to various errors in T a b le  I. 
F or exam ple, for the Journal of the Chemical Society no edi­
torial expense seems to  have been considered. F o r Chemisches 
Zentralblatl the tota l m em bership of th e G erm an S ociety  is
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used instead of the num ber of subscribers to  Chemisclies 'Zen- 
tralblatt. In  our calculations three-fourths of th e salaries of 
the editors of the Journal of the Chemical Society have been 
counted as abstract expense and the sam e is true of the Journal 
of the Society of Chemical Industry. Less th an  one-half of the 
pages of the Journal of the Chemical Society is taken up w ith 
original com m unications, so w e figure th at because of their 
com plete index and th e attention  of the editors n aturally  re­
quired for abstract w ork as com pared w ith  journal work, three- 
fourths of the editors’ energy and tim e is given to the abstract 
part of th e periodical. O n ly  one-fourtli of the Journal of the 
Society of Chemical Industry is original m aterial, wherefore it 
seems proper to  consider three-fourths of th e editorial expense 
as due to  w ork on th e abstract section.

T ab le  I I  portrays a num ber of interesting facts, am ong w hich 
m ay be m entioned: ( i)  Chemical Abstracts is the largest (in
num ber of abstracts) chem ical abstract journal in the world;

evident th a t no foreign abstract journ al can la y  claim  to com­
pleteness even if the field of patents be excluded. T h e  question 
arises, how ever, as to w hether Chemical Abstracts in its effort 
to  abstract alt chem ical m aterial is including too much material 
th a t is only of indirect chem ical interest. T h is is a subject which 
has often been discussed b y  the editors and abstractors of Chem­
ical Abstracts bu t in variab ly  the verdict has been that our 
journal is not too com prehensive. T h e  editors realize the dan­
ger of including too much m aterial and are persistently struggling 
against error in this regard. E ven  a h a sty  exam ination of the 
other abstract journ als w ill show th a t som e of them  print ab­
stracts w hich w e would exclude on non-chem ical grounds or 
because of their news-item  nature. T h e  Journal of the Society 
of Chemical Industry prints industrial reports which we would 
like to include b u t cannot because of lack of funds. Such a 
stu d y  m ight suggest th a t if these other ab stra ct publications 
were to  follow  their present rules as to  desirability for abstracting

T a d le  I I
C o st C o s t p e r C o s t N u m b e r C ost

S u b ­ T o ta l p e r T o ta l p a g e  per p e r of per
sc rib e rs co s t m e m b er pages m e m b er page a b s tra c ts ab strac t

C hem . Z e n tr ., 1909 I I ,  1910 l(<*>.................... .................... 1 ,542 $ 2 1 ,0 2 7 .6 7 $ 1 3 .6 4 4 ,3 6 4 $ 0 .0 0 3 $  4 .8 2 10,542 SI .99
/  0 .0057-7-2  = 24.30-v- 2 = 1

J .  S . C . I . .  1912 ...................................................... ...................  4 ,1 9 8 2 3 ,5 9 3 .8 0 5 .6 2 971 \  0 .0 0 2 8 12. 15
J-7 ,2 0 0 3.28

J . C . S oc ., 1912...................................................... .................... 3 ,2 4 8 1 6 ,3 3 8 .2 0 5 .0 3 2 ,6 4 8 0 .0 0 1 8 9 6 .1 7 5 ,8 3 3 2.80
C hem . A b ., 1912.................................................... .................... 6 ,2 1 9 3 2 ,5 9 6 .0 0 5 .2 4 3 ,5 4 4 0 .0 0 1 4 7 9 .1 9 7 2 2 ,6 5 9 1.438
C h em . A b ., 1913.................................................... .................... 6 ,6 7 3 3 7 ,2 5 8 .0 0 5 .5 8 4 ,0 9 6 * 0 .0 0 1 3 6 9 .0 9 25 ,971 1.434

(®) N o  la te r  figures a re  a v a ilab le .

(2) it  costs less either on a  basis of per page per mem ber 
or per abstract than any other journal.' C redit has been given 
for the fact th a t the pages of the Journal of the Society of Chem­
ical Industry contain a  little  over tw ice as m uch m aterial as 
those of Chemical Abstracts. In  the Scienca Gazeto article the 
basis of com parison is the cost per m em ber and in T ab le  II  
this sam e com parison is m ade, b u t obviously such a  basis is 
not the fairest possible because of the great difference in am ounts 
of m aterial furnished the subscribers of the various journals. 
N eith er do w e th in k  the cost per ab stract to  be the best test 

,of efficiency, because the shortest abstracts w ill be the cheapest 
and probably n ot the m ost satisfactory. T h e  only com parison 
th a t seems w orth  w hile is the one based 011 the cost p e r ‘ page 
per m em ber and therefore we wish to lay  emphasis on the 
figures given in Colum n 5 of T ab le  II.

Colum n 6 indicates th a t increase in membership means
nearly a  proportional increase in cost per page if the num ber of

T a bi.13 I I I

N o . of N o  of
N o . of a b s tra c ts . a b s tra c ts .

jo u rn a ls in c lu d in g exc lud ing
a b s tra c te d p a te n ts p a te n ts

C hem . Z e n t r ..................... . 161 (1913) 1 0 ,8 6 2  (1913) 9 ,9 4 8
J . C h em . S o c .................... , 140 (1911) 5 ,8 3 3  (1912) V ery  few  p a te n ts
J .  S . C h em . I n d .............. , 151 (1913) 7 ,2 0 0  (1912) 2 ,4 0 0
Z . angew . C h e m ............ 110 (1913) 5 ,2 0 0  (1913) 3 ,4 1 2
C hem . Z t g ......................... 13 ,7 9 2  (1913) 9 ,6 0 7
C h em ica l A b s t ra c ts ----- . 633 (1913) 25 ,9 7 1  (1913) 1 9 ,025

pages printed is k ep t constant, and this is true because of the 
printing factor; e. g., if w e should print 3,000 pages and had 
3,500 m em bers ou r printing and distribution (not counting 
postage) cost w ould be S 3 .12  per page. Ou keeping the pages 
con stan t and increasing the subscribers to  4,000, 5,000, 6,000,
10,000 our per page costs, according to  our recent printing con­
tract, w ould be respectively, $3.32, S 3 .72 , S4.09, S 5 .7 1 .

T ab le  I I I  reveals perhaps m ore than anyth in g else the com ­
pleteness w ith  w hich the field of chem istry is covered b y  the 
various abstract journals.

T h e  num ber of journals in each case is taken from  th e printed 
list a ttach ed  to  th e  index of the y e a r indicated. I t  is perhaps

of articles in all of our 633 journals, the articles abstracted by 
all of them  w ould exceed ours in number.

In  another w a y  a m ost interesting com parison can be made 
betw een four of the ab stract journals, nam ely, Journal of the 
Society of Chemical Industry, Cltemisches Zentralblatt, Journal of 
the Chemical Society and Chemical Abstracts. F o r example, it 
m ay be of im portance to  know  w h at class of chemical 
articles is abstracted b y  Chemical Abstracts and om itted by the 
others.

W e regret th at it has been impossible to obtain  the same data 
for Zeitschrift fur angewandte Chemie and Chemiker Zeitung, 
b u t it w ould be considerable trouble so to do and perhaps is 
h ardly neccssary. Through constant reference to  these three 
journals it has been observed th a t their abstracts are mainly 
of articles of an industrial nature. Chemisclies Zentralblatt 
and the Journal of the Chemical Society confine their work largely 
to  pure science, whereas Chemical Abstracts covers both branches 
of chem istry. B u t  in order to  determ ine w hether Chemisches 
Zentralblatt and Journal of the Chemical Society are complete 
even in abstracts of pure chem istry w e need only to note the fig­
ures in the third and fourth columns of T ab le  IV , in the depart­
m ents of G eneral and Ph ysical C hem istry, Electrochemistry, 
A n alytica l C hem istry, M ineralogical and Geological and Bio­
logical C hem istry. A s to  the reverse of this query, th at is to 
say, is Chemical Abstracts missing articles abstracted in these 
other journals, w e would sa y  th at such an  interrogation is proper 
and im portant. T h e  answer is th a t the abstract part of every 
issue of the following journals is checked sh ortly  after arrival 
a t this office and th a t any article (of a chem ical nature) which 
has been overlooked is assigned for abstracting (from the orig­
inal if possib le): Chemisches Zentralblatt, Journal of the
Chemical Society, Journal of the Society of Chemical Industry, 
Chemiker Zeitung, Experiment Station Record, Bulletin of Agri­
cultural Intelligence and Plant Diseases, Neues Jahrbuch and 
Stahl und Eisen. O ther abstract journals are w atched b y  various 
abstractors so there is little  danger o f missing an article of value.

T h e facts so far given are likely  to suggest even to the casual 
observer th at m uch of this abstracting w ork is a m atter of dupli­
cation and th a t some step should be taken to  bring about a 
more econom ical abstracting system . W ith  this we agree,.
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T a b l e  IV

N o . of 
a b s tr a c ts  .

N o . n o t  fo u n d  a n y w h e re  in

in  o n e  issue  
of C . A . J . 

A p p a ra tu s .......................  20
S. C . I . 

18

C h em .
Z e n tr .

9

J .  C . S oc. 

13
G en. a n d  P h y s ............. 61 56 12 24
R a d io a c t iv ity ................ 20 20 8 14
E lec tro c h em ................... 32 30 27 32
Inorg . C h e n i.................. 19 14 2 4
A naly t. C lie in ................ 33 20 14 14
M in. a n d  G e o l............... 6 5 5 2
M et. an d  M e ta l lo g . . . . 85 61 60 70
O rg an ic ............................ 84 73 5 H a v e  n e a tly
B io log ica l........................ 232 M isse d  a lm o s t a ll 166
Biological(fl) ................. 209 145
Biological(a ) ................. 315 240
F o o d s ................................ 20 19 8 16
W a te r ................................ 23 22 16 18
Soils a n d  F e r ti l iz e rs  . . 21 19 8 14
F erm . a n d  D is t. L iq ... 28 23 6 22
P h a rm a c e u tic a l............ 26 25 9 23
Acid9................................. 4 4 3 4
G lass a n d  C e ra m ics .... 17 16 16 16
C e m e n t............................ 20 20 18 20
F u e ls .................................. 31 28 25 27
P e tro le u m ....................... 20 18 14 18
C ellu lose.......................... 3 1 1 2
E xp losives ....................... 7 5 3 7
E xplosives(a ) ............... 19 14
D yes an d  T e x ti le s . . . . 15 10 10 14
P igm en ts , R u b b e r , e tc . 1 1 1 1
F a ts ................................... 8 2 6
F a ts (a ) ............................. 17 13
S u g a r ................................. 2 2 2
Sugar (fl) .......................... 21 10 16
L e a th e r ............................ 2 1 2
L e a th e r(a ) ..................... 8 3
I ,e a th e r(a ) ..................... 18 14

(°) In  o rd er to  o b ta in  re p re s e n ta tiv e  figures th e se  d e p a r tm e n ts  w ere  
checked in  m ore  th a n  one  n u m b e r  of C hem ical A bstracts.

but before further discussion desire to  subm it th e facts given 
in Table V.

That there is duplication  in abstracting in all of these coun­
tries is im m ediately evid en t and th a t th is condition is m ost 
serious in G erm an y is also clear. T h e  size, scope and valu e 
of the above-m entioned G erm an journ als are such as to  m ake

Table V— Chemical Abstract Journals oe the World 

Germany

C hem isches Z e n tra lb la tt .
C h em iker-Z e itung .
Z e itschrift fu e r  a n g e w a n d te  C hem ie .
Z e n tra lb la tt fu e r  B iochem ie  u n d  B io p h y sik .
B iederm anns Z e n tr a lb la t t  fu e r  A g r ik u ltu r -chem ie .
N eues J a h rb u c h  fu e r  M inera log ie .
Z e itsch rift fu e r  U n te rs u c h u n g  d e r  N a h ru n g s -  u n d  G en u ssm itte l. 

France

B ulletin de la  so c ié té  c h im iq u e  d e  F ra n c e .
Le M ois sc ie n tif iq u e  e t  in d u s trie l.
R evue de m e ta llu rg ie .

England 
Jou rnal o f .th e  C h em ica l S ocie ty .
Jou rnal of th e  S o c ie ty  of C h em ica l In d u s try .

C hem ical A b s tra c ts
United States

cooperation betw een Chcmisches Zentralblatt and foreign ab ­
stract journals on ly  an initial step. E ffective  com bination would 
necessarily include m ost of these other G erm an journals. In 
France the Bulletin de la société chimique has fa irly  im portant 
industrial com petitors in the Le mois scientifique et industriel 
and Revue de metallurgie. In  E ngland the field is abou t evenly 
divided. In the U nited  S tates the Experiment Station Record

and Science Abstracts are so lim ited in scope as not to encroach 
upon the province of Chemical Abstracts.

T h e  tw o propositions re la tive  to  abstracting recen tly  sug­
gested b y  an  International Com m ission are (1) the publication 
of an International Journal o f A b stracts in three languages;
(2) the publication of three editions o f an International Journal 
of A bstracts, viz., in English, French and Germ an.

N o. 1 doubtless means th at the abstracts should appear in the 
language of the original article w hen th a t language is English, 
French or G erm an. P rob ab ly  all other languages w ould be 
translated into G erm an because the m ajority  of chem ical arti­
cles are printed in G erm an. (According to  statistics in Scienca 
Gazeto 50 per cent of all chem ical articles arc in G erm an, 13 
per cen t in French, 27 per cen t in English, and the rem ainder 
or 10 per cent in Italian , Russian, etc.) T h is is the m ethod 
of th e Botanisches Centralblatt, w hich is a  rather sm all journal 
and has com p aratively  few  readers in this country. I t  has been 
estim ated b y  one of the professors of bo tan y a t Ohio S tate  U ni­
versity  th at not more th an  300 m en in  this country m ake con­
sistent use of this journal and th a t those who do are research 
men who can p robably read French and G erm an readily. W hen 
w e consider th at there are now about 6700 A m erican subscribers 
to  Chemical Abstracts and th a t perhaps th e same num ber of English 
chem ists are tak in g  an ab stract journal (in 1912 the m em ber­
ship of the Chem ical S ociety  of London was 3,248 and of the 
Society  of Chem ical In d u stry  4,198) there is some objection 
to their being required to read 60 per cent of their abstracts 
in G erm an and 13 per cen t in French. T h e  cost of Chemical 
Abstracts to  each m em ber of th e A m erican C hem ical S ociety  
was, in 1912, $5.24. A ssum ing th a t there w as an international 
ab stract journal (taking th e place of Chemical Abstracts) pub­
lished in accordance w ith  plan N o . 1, it w ould need to  contain 
about 25,000 abstracts, of w hich 15,000 W'ould be in G erm an 
and 3,250 in French. A lm ost an y  of us w ould rather p ay 
our S 5 .24  and have our abstracts in English. T h e  tim e lost 
in translating on the p art of Am ericans and Englishm en m ight 
in volve such an econom ic loss as to  elim inate an y  possibility 
of saving due to  cooperation in an abstract journal of th is kind. 
B u t our international journal w ould approach so nearly in cost 
per m em ber our $ 5.24 th a t w e w ould be required to  do all 
this reading of foreign languages for alm ost nothing. T h e  
Scienca Gazeto figures th at an international journal w ould cost 
one-third less per subscriber th an  Chemical Abstracts is now cost­
ing the m em bers of th e A m erican  C hem ical Society, which 
w ould be equivalent to  receiving $ 1 .7 8  per year for this extra 
work. W e cannot b u t conclude th a t D r. W . A . N o yes satisfied 
a great need and perform ed a  valu ab le  service to  Am erican chem ­
istry  when he established an A m erican  ab stract journal.

B u t w hether a  sav in g  of $1 .78 per m em ber is possible is still 
a  question. I t  is m ore in the nature of a  good guess, we believe, 
th an  of a  calculation. In  going over our printing bills for 
1913 and refiguring them  on th e basis of an  abstract journal 
of the sam e size as Chemical Abstracts to be sent in lieu of the 
Journal of the Chemical Society, Journal of the Society of Chemical 
Industry, Chemical Abstracts, Bulletin de la société chimique de 
France, and Chemiches Zentralblatt w e obtain as the to ta l cost 
of printing and w rapping $45,247. T h e  num ber of copies 
needed w ould be 18,600 (see T ab le  V I).

Since T ab le  V I  show s th a t th e printing cost of an a b stra ct 
journal is abou t 60 per cen t of the tota l cost, this w ould give 
as the tota l cost of an international journ al abou t $75,000 
and w e have not considered the fact th a t th e sending of the 
copies from  G erm an y (it would probably be printed in G er­
m any) to  other countries w ould cost in postage abou t $2,800 
per y ear more th an  a t present. T h is  w ould m ake the to ta l 
$77,800 per year. T h e  ab stract journal w ould then cost each 
mem ber $4 .18  per y e a r  instead of $5.24, and still tw o-thirds
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of it  w ould be in a  foreign language. I f  th e printing cost is 
66 per cen t of th e to ta l cost, th e cost per mem ber would be $3.83. 

T able V I
P r in tin g

a n d  d is tr ib u ­ P e r  c e n t of
T o ta l  co s t tio n  co s t to ta l  co s t.

C h em ica l A b s t r a c t s ----- $ 3 2 ,5 9 6 $ 1 9 ,5 6 2 60
J .  C h em . S o c ......................___  16 ,3 3 8 10,613 65
J . S oc. C hem . I n d ........... , . . .  $ 2 3 ,5 9 3 15 ,6 0 6 66
C h em . Z e n t r ....................... 2 1 ,0 2 7 11 ,7 8 4 52

A v erage , 61

B u t  there rem ain several factors w hich have n ot been taken 
into consideration: (1) A  m ovem ent of this sort w ould surely
reduce the m em berships of th e various societies and thus raise 
the cost above the figures given. T here are hundreds of m em ­
bers in the A m erican C hem ical S ociety  alone w ho w ould not 
subscribe for a  "m ix ed  lan gu age”  journal. (2) T h e  discon­
tinuance of Chemical Abstracts would necessarily mean an in­
crease in cost of the Journal of the American Chemical Society 
and Journal of Industrial and Engineering Chemistry and other 
journals of which the abstracts are a part. (3) A  part of the 
benefit of h avin g  an A m erican  abstract journal is th at it helps 
financially alm ost 300 abstractors, m akes them  more fam iliar 
w ith the literature than th ey would otherwise be and keeps up 
interest in the Society. (4) A m erican chem ists (especially 
industrial chemists) seem to require abstracts from  an A m er­
ican point of view  and because of the different character of the 
chem ical industries in the various countries doubtless the sam e 
requirem ent arises on th e p a rt of foreign chemists. This, Charles 
Baskerville has a p tly  stated: " I  realize th at it m ay be more de­
sirable for us to  w rite our own abstracts absolutely independ­
ently, inasm uch as w e have our national w a y  of looking a t  th ings.”  
F or this reason alone independent national abstract journals 
m ight spring up and com pete successfully w ith an international 
periodical. (5) T h e  above estim ate of $77,Soo is m ade on the 
basis of 0 .1 7  page as the average length of an abstract. T h e 
average length of an ab stract for Chemisches Zentralblatt is 0 .39 
page, for the Journal of the Chemical Society 0 .4 1, and the 
Bulletin de la société chimique de France 0.43. U sing 0 .35 
page as the proper length of an abstract (for the other socie­
ties w ould doubtless not be satisfied w ith less; th ey  w ould proba­
b ly  ob ject to  th e conciseness of sty le  and the abbreviations 
necessary in C. A. and would desire more detail), this would 
m ean an increase in size of the abstract journal of 100 per cent 
over th at which would cost $77,800. If it is argued th a t the 
Journal of the Chemical Society and Bidletin de la société chimique 
de France have less m aterial on a  page th an  Chemical Abstracts, 
it should be rem em bered th a t Chemical Abstracts is printed in a 
sty le  and size of typ e  w hich m akes the cost lower and th at the 
$77,800 estim ate is based on the Chemical Abstracts type. A n  
increase of 100 per cent in space w ould raise the printing bill 
to  $76,343 instead of $45,247. T o  this m ust be added another 
$2,800 postage to  foreign countries, m aking $79,143. B u t 
this is on ly prin tin g and distribution expense. T h e  addition 
o f $29,753 w hich we previously figured as abstracting, salaries 
and other expense (and which would be considerably too sm all 
for th e proposed international journal) would bring th e  total 
cost of an International A b stract Journal sim ilar to  Chemical 
Abstracts to  $108,896. I f  it  were only $100,000, the cost per 
member, provided there was no falling off in members, would 
be $ 5.37. T h e cost to Am erican chem ists w as in 1912 $5.24.

I t  is evident from  the foregoing th at, disregarding the ques­
tion of the desirability o f an international abstract journal 
and confining ourselves to  the econom ic phase only, the proposi­
tion in accordance w ith  plan N o. 1 is n ot a ttractive. M a y  we 
suggest to  its advocates th a t th ey  should begin their discussions 
concerning it w ith  a  consideration of the scope of the proposed 
journal and the average length o f its abstracts?

Plan N o. 2 contem plates the publication of English, German 
and French editions of an  international ab stract journal. In 
discussing plan N o. 1 w e gave all possible advantage to the co­
operation idea b y  assum ing th a t th e subscription list would be 
the com bined subscription lists of the present journals, or 
18,600. I t  w ill be best to note, however, th at there are per­
haps 1200 subscribers to  the Journal of the Society of Chemical 
Industry in this cou ntry who also tak e  Chemical Abstracts, and 
the duplication of purchasers of the Journal of the Chemical 
Society and Journal of the Society of Chemical Industry will 
probably am ount to 2,000. Therefore w e believe it fair to 
say  th at the subscribers to  the international journal would num­
ber in th e U nited S tates 5,000 and in E n glan d 5,000 (instead 
of more th an  7,000). Such a  com prehensive abstract journal 
in th e G erm an language ought to raise the Germ an subscrip­
tion  to  3,000 and the French to  1,100, m aking a  total of 14,100 
subscribers or m embers of the international association. But 
again th e question of scope of the journal and length of abstract 
is of param ount im portance. If the average journal is to be 
as com plete as Chemical Abstracts, it w ill cost: for printing the 
English edition about $42,202; for the G erm an edition about 
$21,379; and for the French $15,687; on the basis of 0.35 page 
per abstract. U sing the sam e low  figures as before for editing, 
etc., and adding to abstracting cost $4,000 for translating ab­
stracts into three languages, the cost of the entire journal per 
m ember per year for the m embers of the international associa­
tion would be $8.26. If A m erican  chem ists are to  profit finan­
cially  from any such cooperation it w ill have to be through ret­
rogression in regard to  com pleteness of the abstract journal, 
which is surely not desirable. In  order to  hold the cost to tlic 
figures given, however, the other societies w ould have to per­
m it the extensive use of form ulas and abbreviations such as 
are now used in Chemical Abstracts. T h is is a  question which 
m ust be settled before accurate costs under either of these plans 
can be ascertained.

B u t  there are other objections to plans N os. 1 and 2, in that both 
require the collecting of the cop y a t  one office and redistribu­
tion of the printed m aterial from  th a t point. Aside from the 
excess postage cost there is the disadvantage of delay involved. 
F or exam ple, nowr we can abstract Am erican journals within a 
few days of publication and have the abstracts to our members 
in a few  w eeks. T h e G erm ans can do likew ise w ith  their period­
icals, and so can th e French. U nder the proposed scheme 
Am ericans or Englishm en could n ot receive abstracts from their 
respective journals until the trip to  Europe and back had been 
m ade and under plan N o. 2 these Am erican and English abstracts 
would necessarily rem ain in th e central office until translated. 
A ll abstracts w ould under plan N o. 2 have to  be held up until 
translations w-ere m ade and then printed sim ultaneously with 
the translations.

T here seems to  be a  point a t  w hich centralization  becomes a 
nuisance and w e believe this point is reached when we try to 
cross the language line or span th e ocean.

T h e  Esperanto idea w ill not be discussed in detail for two 
reasons: (1) W e  are told th a t Esperanto is not flexible enough
to  m eet the dem ands of chem istry. (2) I f  there is to be a uni­
fication of languages for chem ists throughout the world, the 
place to  start the sam e w ould best be in the college or univer­
sity , then p rin t all chem ical journals in the one language and 
finally use th is language in th e abstract journals. U n less  

all the chem ical periodicals are printed in the one language, 
it  means sim ply the learning of a  new language for the sake 
of reading the abstract journal. A n d for w h at end? T h e re  
m ight be a  saving of $1 or $2 per y e a r per chem ist b y  issuing 
on ly one journal, b u t econom y is not the goal of life.

In  our opinion the solution of this problem lies in letting 
each society do as it sees fit about the abstracting question. It 
would not be right to force a member of the London Chemical
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■Society to subscribe more to  an international journal th an  he is 
now paying for the Journal of the Chemical Society abstracts 
just because the Am erican chem ists w ill not be satisfied w ith  
an incomplete abstract journal or because the Germ ans w an t 
longer abstracts. E ach  of the leading ab stract journals is supe­
rior in some respects to the others and is subscribed to  b y  those 
to whom this superiority appeals. E a ch  phase of th e ab stract­
ing is emphasized in some one of these journals so a chem ist 
has his choice and gets w h a t he w ants a t  a less cost th an  if all 
abstracts were rcduccd to  a  dead level and he had to  bu y every­
thing that anyone else m ight desire.

The proposition th at appeals to  us more than anythin g is 
suggested by an announcem ent in the Proceedings of the Lon­
don Chemical Society to the effect th at representatives of the 
Journal of the Chemical Society and the Journal of the Society 
of Chemical Industry were to m eet to discuss cooperation 
in England alone. T his is feasible because of the u n ity  of lan ­
guage and land. A nd for the sam e reason, if Chemisettes Zentral- 
blatt, Chemiker Zeitung, Zeitschrift fitr angewandte Chemie and 
other German abstract journals should com bine there would be 
greater economy and greater satisfaction  th an  in any possible 
kind of international journal. In  France the Bulletin de la 
société chimique de France m ight com bine w ith  Le mois scientifique 
et industriel.

In closing w e w ould suggest th a t there is a  possibility of sav­
ing a little abstracting expense for each ab stract journal and 
that-broader coopération to  th a t exten t m ay be practicable. 
It could best be attained b y  having the ab stract journals ex­
change, w ithout charge, their corrected page proofs. T hen  if 
there is any advan tage in copying or translating abstracts in­
stead of taking the abstracts from  the originals, the practice 
could be followed to th a t extent. T here would be nothing 
compulsory about it, and a n y  practice w hich proved unprofita­
ble could be discontinued sum m arily and w ithout confusion. 
It would mean cooperation w henever cooperation is beneficial; 
at no other tim e is it  desirable.

Ohio State University 
Columbus

THE P R E S E N T  S T A T E  O F  T H E  C Y A N A M ID  IN D U S T R Y 1
B y  E . J .  Pranke 

Cyanamid is a dry, grayish black pulverized m aterial, which 
is made by com bining pure atm ospheric nitrogen w ith calcium  
carbide at a  tem perature o f 1100 to  1200° C . Its  principal use 
in this country is as a  source of nitrogen in m ixed fertilizers.

Fertilizers have an intim ate relation to  the cost of liv in g  th at 
should be more generally recognized. I t  is a well known fact 
that the cost of living has increased in this cou ntry a t  a much 
more rapid rate th an  it  has abroad. W hen w e consider the facts 
closely, we find th a t the extraordinary increase in this country 
has been in the cost of food products, w hile other than foods 
have increased a t only the general rate  prevailing throughout 
the world. From  1900 to  1910, for instance, all com m odities 
in this country increased in cost about 26 per cent, as com pared 
with 9 per cent in England, and 12 per cent in France, or 15 
per cent in the world, including the U nited States. B u t  other 
than foods in this cou n try  increased on ly 17 per cent, while foods 
increased 35 per cent, or more than  tw ice as m uch. W hile 
population increased 21 per cen t in the ten  years, crop production 
increased only 10 per cent.

The rapid increase in the cost of foods in this country m ust 
be cheeked b y  increased crop production, ju s t as food prices are 
held down in the more densely populated European countries; 
the yields per acre m ust be increased. In  Europe the yields of 
the staple crops average from  50 to  100 per cent larger per acrc 
than in this country. C rop rotation, seed selection, and thor-

1 P resen ted  befo re  th e  N ash v ille , T e rm ., S ec tio n  of th e  A. C . S ., F ebruary- 
20, 1914.

ough cultivation  are estim ated to be responsible for one-half 
the increased yields, w hile the use of fertilizers is considered, b y  
com petent authorities, to cause as much increase as all other 
factors p u t together. T h e  countries of highest agricultural 
developm ent are the largest consumers of fertilizers. G erm any, 
for instance, spends as m uch m oney per annum  for fertilizers 
as we do, although she has on ly ‘ /is of the acreage under cu ltiva ­
tion th a t we have. This, m oreover, is in a country of abundant 
cheap farm  labor, w hich would indicate th a t mere muscle cannot 
take the place of p lant food in the growing of crops.

T h e developm ent of an increased use of fertilizers in this 
cou ntry is m ostly  a  m atter of education of the farm er, and to 
some extent a m atter of fertilizer prices. T h e  farm er m ust be 
taught th at there is a  right w a y  and a  wrong w a y  to bu y and use 
fertilizers, and th a t the right w a y  is profitable; the wrong w ay  
m ay or m ay not be. A  lower price, how ever, w ill a lw ays m ake 
it easier to  earn a  profit, and the lower the price the larger the 
profit, the greater the incentive to  use fertilizers, and the larger 
the crops produced. H ence, any im provem ent in  the a rt of 
m anufacturing fertilizers or fertilizer m aterials th at w ill m ake 
them  cheaper, w ill u ltim ately  low er the cost of foods, and hence, 
the cost of living.

A n y  considerable* reduction in the cost of fertilizers is hardly 
to  be expected, how ever, unless it takes place through a  reduction 
in the cost of the m ost expensive ingredient, nitrogen. T h e  
price of phosphoric acid is now p robably about as low as it  w ill 
ever be. T h e m ain source of this ingredient, nam ely, phosphate 
rock, is found in enorm ous deposits th a t w ill last a great m any 
years. T h e  present m ethod of treatm en t w ould seem to be about 
as economical as a n y  th a t is lik ely  to  be devised. So w ith  potash. 
P ractica lly  all of our potash is im ported from G erm any, where 
it  occurs in great natural beds th a t w ill last for m an y thousands 
of years a t  the present rate  of developm ent. I t  is true th a t la te ly  
there has been considerable ta lk  o f obtaining potash b y  the 
incineration of a  sea-weed, known as kelp, found in abundance 
on the Pacific coast. W hether potash from  this source can be 
produced and shipped to the Eastern  part of the U nited  S tates 
a t a much lower cost than the G erm an potash can be delivered 
remains to  be seen. A  pound of nitrogen costs about four tim es 
as much as a  pound of phosphoric acid or a  pound of potash. 
T h e cost of th e nitrogen in the average fertilizer m akes up abou t 
45 per cent of the to ta l cost. 'T h e  higher price paid for nitrogen, 
however, is justified b y  the fact th a t this is the elem ent usually  
m ost needed to  increase the p ro d u ctivity  of the average soil, and 
m oreover, its application seems to be in m ost cases a prerequisite 
for the effective utilization  of the other ingredients, phosphoric 
acid and potash. A  typ ical instance is found in th e results of 
55 years of continuous experim ents on w h eat in England, a t  th e 
R otham sted Experim ent Station. These are as follows:

Ter Acre

F ertilizer . Y ield Increase

N o n e ...................................................................... 1 2 .9  b u . ..............
P h o sp h a te  a n d  p o ta sh  o n ly .......................  1 4 .8  b u . 1 .9  bu .
N itro g e n  o n ly .................................................... 2 0 .5  b u . 7 .6  bu .
N itro g e n , p h o s p h a te  a n d  p o ta s h .............  3 1 .6  b u . 1 8 .7  b u .

F ertilizer nitrogen m ay be classified according to  its sources,
into organic, derived from  anim al or vegetable m atter, 
and inorganic, derived from m ineral sources. T h e  price o f the 
organic am m oniates, chief of which are cottonseed meal, tan kage, 
dried blood and dried fish, is steadily  tending upward. T h is is 
due principally to th e decreased per cap ita  production of anim al 
and vegetable products in recent years, and to  the increased 
uses to  w hich by-products are applied. R ecen tly , the above 
by-products w ere used m ostly  in fertilizers, now th ey  are used 
to  a  considerable exten t in stock foods. T h e inorganic am - 
moniates, chief of w hich are sodium  nitrate, am m onium  sulfate  
and cyanam id, h ave  la te ly  been suffering a  general decline in
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prices. T h e general price level of this class of nitrogen is ubout 
the sam e as it w as ten  years ago, in spite of the increase of about 
26 per cent in the cost of all com m odities in th a t tim e. T he 
lower prices now  prevailing are undoubtedly due to  the rapidly 
increasing production of inorganic am m oniates. P rob ab ly  the 
m ost im portant single factor in this m ovem ent is the production 
of cyanam id.

In  this cou n try  th e dem and for cyanam id has kept pace w ith  
the su pply a t th e current prices for inorganic am m oniates, and 
som etim es a t  higher prices. Y e t ,  th is fa c t has led some of those 
w ho stand in the position of advisors to the farm er to  assert 
th a t th ey  can n ot recomm end a new m aterial until its advantages 
have been proved superior, and in  addition its  prices m ade lower 
th an  th a t of the older am m oniates. T h e y  overlook the fact 
th a t no industry in the early  stages of its developm ent has turned 
ou t as perfect a  product a t as low prices as w as later found 
possible. Pioneering is alw ays costly, and a  pioneer industry 
m ust have the support of the public from the start in order to 
develop a t  all. I t  is the h istory o f great m anufacturing enter­
prises th a t where th e  support of the public has been accorded, 
th e final benefits to  the public are ou t of all proportion to w h at 
could have been expected in the beginning. T h e  only question 
th at broadm inded men should ask, is: H as th e process inherent
m erit? W ill it  prove to  be a great public good? W ith  regard 
to  the cyanam id process the answer m ust be: Y es. T h e cya n ­
am id process is probably the cheapest known process for producing 
a  com m ercial nitrogen com pound on a large scale. I t  is on ly a 
question of tim e until an ideal product is developed, and sold 
a t  the low est prices. In  the m eantim e, however, the in dustry 
m ust have the support of the public. F ortu nately, it  has this 
support now, as is evident from  a glance a t the statistics.

In  1904 the w orld’s production of cyanam id w as 5,000 tons. 
In  1909 it  w as 50,000 tons. In  1914 it  w ill be 275,000 tons. 
T h e  A m erican C yan am id  C om pan y began operations a t  N iagara  
F alls in January, 1910, w ith  a cap acity  o f 12,000 tons per annum . 
T h is w as increased in 1913 to  32,000 tons per annum . F urth er 
extensions, w hich w ill reach com pletion in A pril, 1914, will m ake 
the y e arly  cap acity  of the Am erican p lant 64,000 tons. T h e 
w orld ’s ou tp u t of cyanam id brings a t wholesale prices about 
$14,000,000 per annum , the European product being of som ewhat 
higher nitrogen content than the Am erican.

N o w  if one were to  turn to  the literature on cyanam id, and 
on the basis of w h at he reads there, hazard an opinion as to  the 
rate  o f grow th of th e industry in the past ten years, he would 
probably fall far short of th e truth  in his estim ate. I f  the litera­
tu re w ere taken b y  the public as the sole basis of judgm en t of 
th e value of cyanam id as a  fertilizer, it  is doubtful w hether there 
would be enough cyanam id sold to  keep one sm all factory  busy 
furnishing the w orld's supply, instead of the fourteen large fac­
tories w ith  their ou tp u t of fourteen million dollars w orth of prod­
uct per annum . I t  is conceivable th a t a  sm all am ount of an 
inferior m aterial m ight be disposed o f b y  clever salesmen for 
one or tw o seasons, b u t the fa c t of such steady rapid grow th 
as th e cyanam id in dustry has m ade is inconsistent w ith  essential 
inferiority. T h e  fa c t is, th a t the great m ajority  of lim itations 
th a t have been attribu ted  to  cyanam id sim ply h ave no bearing 
upon the practical use of the m aterial. Som e of th e lim itations 
m entioned in the literature do not exist a t  all, while the practical 
significance o f others is found, on exam ination, to  approach 
zero in value.

A dvan cem en t in the knowledge of a  substance begins when 
its properties are expressed qu an titatively . P ractically  all of 
th e problem s of the early days of th e cyanam id industry have 
been solved b y  p ayin g atten tion  to  the quantities involved. 
L e t  us now consider some of th e characteristics of cyanam id 
th at have been claim ed in the literature to  be disadvantageous, 
and le t us note in each instance how  the supposed difficulty w as 
solved.

CALCIUM CARBIDE

T his substance w as occasionally found to the extent of several 
per cen t in the m aterial produced in the earlier days of the in­
dustry abroad. I t  is now entirely  rem oved in the course of 
m anufacture b y  the addition of sufficient w ater to  entirely de­
com pose it. T h e  A m erican practice of hydration  makes the 
presence of undecom posed carbide impossible. In  Europe, the 
last step before shipping the m aterial is to  test for carbide.

CHANGE IN  W EIG H T AND SUPPOSED LOSS OF N ITRO G EN  IN  STORAGE

On exposure to the air, cyanam id absorbs m oisture and carbon 
dioxide, which m akes it w eigh more. A s the total weight 
increases, the percentage o f nitrogen w ill of course decrease. 
T h e new w eight, however, m ultiplied b y  the new percentage of 
nitrogen will show the sam e num ber of pounds of nitrogen present 
a fter storage as there w as a t the beginning. E a rly  observers 
noted the decrease in nitrogen analysis, b u t failed to  take ac­
count of the increase in w eight; hence th ey  reported large losses 
of nitrogen. A ll attem pts, however, to  show  a loss of nitrogen 
in goods stored in factories have failed, w hen the final weight 
of the pile was determ ined, as well as the analysis of a sample 
draw n in a  uniform  m anner from  all parts of the pile. When 
storage is desirable and necessary, it  is a  re la tively  simple opera­
tion to  draw  a practical average sam ple for analysis at the 
conclusion of the period of storage. I t  should be mentioned 
here too th at other fertilizer m aterials are b y  no means perfect 
in respect to their storing qualities. T h e  practical man, however, 
does not ask for perfection; it  is usually  too difficult of attain­
m ent, and too costly  and often  quite useless. A ll th at is re­
quired is th a t a thing be good enough for the purpose.

I t  is true tha't laboratory experim ents have shown th at when 
a few  gram s of cyanam id are exposed in a  thin  layer to a con­
stan tly  saturated atm osphere of m oisture for a  long tim e an odor 
of am m onia is given off, and a loss am ounting to  about 0.02 per 
cen t of the to ta l nitrogen for each 1 per cent gain in weight of 
the exposed sam ple can be detected after allow ing for the in­
crease in w eight. I t  is doubtful, how ever, w hether this has any 
practical significance. T h e fact th at iron filings w ill rust over 
n ight in a dam p atm osphere does n ot preven t th e use of iron for 
building bridges or other structures exposed to  damp weather. 
T h e  fa c t th a t iron filings are readily burned b y  dropping them 
through th e flam e of a m atch has n ot prevented th e use of iron 
as a  non-com bustible building m aterial. E v e n  assuming that 
the severe conditions of the laboratory experim ent w ith cyan­
am id could be applied to  conditions of factory  storage, the loss 
of nitrogen w ould be insignificant. In  facto ry  storage cyanamid 
gains in w eight on an average on ly abou t 1 per cen t a month. 
H ence a m aterial containing 16 units of nitrogen would contain, 
a fter one m onth, som ewhere betw een 15.997 and 16.000 units. 
T o  the practical fertilizer man such differences are inappreciable. 
E v e n  in one year, a t  this rate, the loss w ould be only 0.036 unit 
of nitrogen. T h e  best fertilizer analyses for nitrogen, however, 
have no m eaning w ithin  0.100 per cent, and sometimes 0.200 
per cent. A s a  m atter of fa c t the im m aterial loss of actual 
nitrogen from  cyanam id is probably m uch less th an  the actual 
losses knowm to  occur in th e decom position 'of organic fertilizer 
m aterials in storage. A ll these are so insignificant th at nobody 
pays an y  attention  to  them .

DUST

A tten tion  has often been called to  the dustiness of the pow­
dered cyanam id, and to its caustic action on th e skin and mucous 
membranes. In  som e fertilizer factories loosely constructed 
elevators and m ixing m achines, and open screens perm it the 
escape of the fine m aterial, w hich settles on th e exposed parts 
of the laborer’s body. I f  then the laborer fails to  wash the dust 
off a t  the conclusion of the d a y ’s w ork, the lim e compounds will 
absorb m oisture and p robably some of th e natural oils from the 
skin, and cause some irritation. If, how ever, the laborer will
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rub any kind of oil or grease on th e exposed parts of his body 
before he commences work, and w ill use oil or grease again a t the 
conclusion of the d a y 's  w ork, he will find th a t the dust w ill not 
burn during the day, and is v ery  easily w iped off when he is 
through with his work. O f course the dust m ust be rem oved 
from the skin a t least once a  day. Laborers w ho w ork in the 
factories where eyanam id is m ade never have skin irritation. 
They take the simple precautions th a t have ju s t been described.

It is a peculiar fact th a t w hen alcohol is taken  the into body 
after one has breathed eyanam id dust, there follows w ithin a 
few minutes a reaction colloquially know n as a  "flu sh .”  This 
is characterized b y  an increased flow of blood to  th e skin of the 
upper part of the body, deepening its color, and giv in g a  sug­
gestion of swelling. T h e  su bject also has a feeling of oppression 
in his breathing. In  110 case has anyone ever been know n to 
suffer harm from a "flu sh ,”  b u t only tem porary discom fort, 
the degree depending upon th e am ount of alcohol im bibed. 
The effects u su ally  pass aw ay  w ithin  an hour after taking the 
alcohol. M oreover, alcohol is the only known cause of this 
effect of breathing the dust. T o ta l abstainers never experience 
the "flush.”

In the better equipped fertilizer factories, the m achinery is 
enclosed in such a  wra y  th a t practically  no dust escapes. A s 
soon as the eyanam id becom es a p art of the m ixture th e dust 
is effectively laid b y  the large excess of other m aterials, m an y of 
which are naturally damp.

GRANULATED CYANAMID

During the past y ear there w as placed on the m arket in this 
country a granulated eyanam id, w hich is p ractically  free from 
dust. This m aterial is m ade b y  pressing dam p eyanam id into 
briquets, which after hardening are ground, and the product 
screened to sizes betw een 15- and 60-mesh sieves. On the 
basis of the original estim ated cost of granulating, this im proved 
product was sold a t  a  prem ium  of seven to  eight per cent over 
the price of the powdered m aterial. A ctu a l operation records 
show, however, th a t the cost of granulating is more than double' 
this amount. W hen the price of granulated eyanam id w as ad­
vanced sufficient to  cover the m anufacturing expense of pro­
ducing it, the demand practica lly  ceased. Consum ers apparently  
will not pay a prem ium  of fifteen per cent for dustless m aterial.

AGRICULTURAL U SE  AND VALUE

Perhaps the m ost im portant question th a t can be asked about 
eyanamid is: W h a t is its fertilizing value? D oes it g ive to the 
farmer year a fter y ear a consistent profit 011 his investm ent, th at 
compares favorably  w ith  th e profit on an equal expenditure 
for some other m aterial?

One w ay to  answer the question is to  fertilize one-third of a 
field in the ordinary w a y  w ith  a  properly com pounded com m ercial 
eyanamid m ixture, fertilize another one-third w ith some other 
standard m ixture of equivalen t analysis, and om it fertilizers 
from the rem aining one-third. T h e  answer given  b y  such an 
experiment usually is th a t eyanam id m ay be profitab ly sub­
stituted for an equ ivalen t am ount of nitrogen in other standard 
forms.

Unfortunately, a  com m ercial fertilizer m ixture is usually 
regarded b y  the orthodox scientific in vestigator as too com plex to 
fit into the logical schem e of his fertilizer test plats. H e w ants 
to test the unm ixed eyanam id, and he usually  w ants to use it 
in quantities far more generous th an  an y  th at the farm er would 
ever think of applying. T h e  results of his sm all p lat or pot 
experiments often do n ot agree w ith the farm er’s field experience. 
There are four principal reasons for the difference: (1) Excessive
applications of a n y  of the com m on inorganic am m oniates m ay 
cause injury to  the plants, and eyanam id is som ewhat more active  
>n this respect than the others, (2) eyanam id behaves agricultur­

a lly  like an organic am m oniate and is not strictly  com parable 
w ith  the other inorganic am m oniates, (3) certain  m ixtures of 
tw o or more different kinds of nitrogen u su ally  give a  larger 
yield  than th e sam e q u an tity  of nitrogen in one form alone, and
(4) the eyanam id in com m ercial m ixtures is transform ed b y  inter­
action  w ith phosphates, and loses its identity.

T h e farm er’s use of fertilizers in general is guided solely b y  
the profits derived therefrom . H e is continually seeking to 
learn in w h at w a y  and in w h at am ounts he shall ap p ly  his fertil­
izers so as to  derive a m axim um  profit. T h e broad result of 
this general searching for the best w ays is the form ation of 
certain  standards of fertilizer practice. T hese standards are in 
actual operation on the farm s where the m ost m oney is being 
m ade. F o r the great staple  crops, w heat, oats, corn, hay, and 
cotton, the application of nitrogen gives increasing profits up 
to  the point where abou t 200 lbs. of eyanam id or the equ ivalen t 
thereof in other form s is applied per acre. A b o ve  this am ount of 
nitrogen, additional applications w ill produce additional yields 
b u t th e valu e  of the extra  yield  w ill not, except in the case of 
v e ry  good soils, exceed the extra cost th a t it took to  produce it. 
N o w  if eyanam id produces satisfactory  results w ith this m axim um  
econom ical application, w h at reasonable objection  can  there 
be if it  does not produce satisfactory results when used in quan­
tities from  tw o to  four tim es as large? Y e t  objections have 
been m ade again st it, based upon such excessive applications 
in sm all p la t or pot experim ents.

T h e effect of excessive applications of um nixed eyanam id 
is more evid en t on acid ligh t sandy soils th an  on an y  others. 
T h is is p robably due to  tw o causes: first, th e absorbing pow er 
of such soils is low, since th e coarse soil particles do not present 
the large am ount of surface th a t is offered b y  the m uch finer 
particles in the loam  and clay  soils; and second, bacteria  are 
notably deficient in such soils. T h e  remedies for this situation, 
if it is necessary to  use the unm ixed eyanam id, are tw o: first, 
not more than 250 lbs. of eyanam id per acre should be applied, 
either spread broadcast and w orked w ell into the soil, or if applied 
in rows, p u t down in tw o applications; second, the acid soil 
conditions should be rem oved and the bacterial condition 
im proved b y  the use of sufficient lime, before fertilizing or as a 
p art of the fertilizer. In other words, the ob ject is to  avoid  too 
high a  concentration of eyanam id in a n y  one portion of soil, 
and to  favor the conversion of the eyanam id to  other form s of 
nitrogen.

P ractically, there is 110 more necessity for ap plyin g excessive 
quantities of one kind of am m oniate, th an  there is for feeding 
an anim al an excessive am ount of one kind of food. T here 
are stock-foods, green clover, for instance, th a t m ay kill an  
anim al if fed to  excess a t one tim e, and there are m an y articles 
of hum an food th a t w ill cause serious illness if eaten  to excess, 
b u t th a t is no objection to  their use in norm al econom ical quan­
tities. W hen it is necessary to  apply large quantities o f nitrogen 
to certain  crops, such as truck  crops, potatoes, fan cy  tobacco, 
etc., it  is custom ary and desirable to  derive the nitrogen from  
several sources, and n o t from  one only. T h e  use of 200 lbs. 
o f eyanam id per acre in rows, or 300 lbs. broadcast w ould be 
economical and satisfactory on such crops, b u t additional ni­
trogen should be derived from other sources.

Experience has tau gh t the practical fertilizer m anufacturer 
th a t a  m ixture o f different form s of nitrogen, properly chosen, 
alm ost in variab ly  gives better results th an  an  equivalent am ount 
of nitrogen in a  single form. I t  is w ell know n th a t different 
am m oniates yield their nitrogen to the p lant in an  availab le  form  
a t  m uch different rates, depending upon the n ature of the 
fertilizer, soil conditions, clim ate, etc. T hus, w ith  respect to  
the rap id ity  w ith  which th ey  yield availab le nitrogen the comm on 
am m oniates m ay be arranged in abou t the following order, 
beginning w ith  the m ost rapid:
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1— Sodium Nitrate. 4— Dried Blood, Dried Fish,
2— Ammonium Sulfate. Tankage.

. 3— Cyanamid, Cottonseed 5— Steamed Bone, Ground Raw
Meal, Castor Pomace. Bone.

When applied at the usual rate the quick-acting ammoniates 
supply an abundance of nitrogen in the early stages of growth, 
but little or none in the last stages. The slow-acting ammoni­
ates do not supply an adequate amount of nitrogen in the early 
stages, while those of medium activity are ineffective both in 
the beginning and in the final stages of growth. It is obvious 
that a mixture of ammoniates that will furnish a uniform stream 
of available nitrogen from the beginning of growth to maturity 
will produce better results than a single ammoniate of equal 
nitrogen content that furnishes an over-supply of available 
nitrogen at one time and is deficient at other times.

The above applies only to the economical fertilizing of plants, 
where just enough nitrogen is added to supply the plants’ re­
quirements. Where there is a great excess of nitrogen applied, 
there is almost certain to be a sufficient supply to meet the 
plants’ requirements at all stages of growth. Even the most 
active form of nitrogen would last longer than the period of 
growth of the plant if enough were applied at the start, but such 
applications would not be economical on account of unavoidable 
losses.

The common practice, therefore, of estimating the relative 
value of different ammoniates by measuring their results when 
applied to a common task is not strictly accurate. Fertilizer 
materials have as much individuality and are as different in 
their functions as are different kinds of building material, or 
different breeds of horses, or different kinds of clothing. Some 
excel in one respect, and others in another respect. Cyanamid, 
for instance, may take the place of the organic ammoniates of 
intermediate activity, because the nitrogen in these materials 
becomes available at about the same rate, and under the same 
conditions as cyanamid nitrogen. It cannot, however, act as 
successfully as sodium nitrate, when the object is to produce 
forced growth, because cyanamid is not in the class of forcing 
ammoniates. The fact that a draft horse cannot travel a mile 
in three minutes argues very little as to his ability as a draft 
horse.

The great majority of the reports on the fertilizing value of 
cyanamid as found in the literature, therefore, have little sig­
nificance for the American manufacturer of fertilizers. The 
question to which he wants an answer has been very little touched 
upon. This is: "What is the effect of putting cyanamid in place 
of one or more of the other ammoniates, especially the expensive 
organic ammoniates, in fertilizer mixtures?” From observation 
of practical mixtures, however, the answer is, that cyanamid is a 
successful substitute for the medium to slow-acting organic 
ammoniates.

Another reason why results with the pure cyanamid may not 
hold for the actual cyanamid mixtures sold in America is found 
in the fact that practically all the cyanamid used in this country 
is sold to fertilizer manufacturers, and practically all of it is used 
in acid phosphate mixtures. A very little is used in basic slag 
mixtures, and a small amount in other ways.

When cyanamid is mixed with acid phosphate there is an 
immediate reaction, resulting in the complete breaking down 
of the calcium cyanamid. The calcium is fixed as mono- and 
di-calcium phosphates— the nitrogen is hydrolyzed to urea. 
Urea, from the fertilizer standpoint, seems to be the ideal form 
of organic nitrogen. It is extremely soluble, can be directly 
assimilated by plants, but if not immediately absorbed, reacts 
with the soil particles, and becomes fixed as rather insoluble 
double ammonium salts, that do not easily wash out of the soil. 
By this chemical reaction therefore, the identity of the original 
cyanamid is destroyed, and a new set of properties is established, 
namely, the properties of a mixture of urea nitrogen with mono-

and di-calcium phosphates. This is what the American farmer 
gets when he buys a commercial cyanamid mixture made with 
adid phosphate as the source of phosphoric acid. The practical 
results from such mixtures are, as one would expect, entirely 
satisfactory.

Basic slag mixtures are used to some extent in the states 
along the Atlantic Coast. On acid sandy soils basic slag is 
probably somewhat more effective than acid phosphate, probably 
owing, in a large measure, to the action of the lime in neutralizing 
soil acids, and permitting the restoration of bacteria in proper 
numbers. Slag contains from 15 to 18 per cent iron, and about 
5 per cent manganese, both of which are powerful catalyzers 
of cyanamid to the urea form. The practical experience with 
these mixtures seems to be entirely satisfactory.

We see, therefore, that practically there is no need of applying 
more than 200 lbs. of unmixed cyanamid per acre at one time 
on the staple crops, or 300 lbs. per acre on truck crops. If more 
nitrogen than this is needed, it should be derived from additional 
sources. The great majority of the reports found in the litera­
ture on cyanamid are practically worthless because the experi­
ments were made with excessive quantities. The only thoroughly 
satisfactory and valuable test from the farmer’s point of view, 
is one that conforms to the economic requirements that govern 
the use of any fertilizer, and is made under practical farm con­
ditions. Since practically all the cyanamid sold in this country 
reaches the farmer as a mixture of urea nitrogen and mono- and 
di-calcium phosphates, it is only necessary to know what results 
are being obtained with such mixtures. The reports are almost 
unanimously favorable.

M IXIN G  W ITH  ACID PHO SPHA TE

The statement can be found in many places in the literature 
that "Cyanamid must not be mixed with acid phosphate, since 
thereby the available phosphoric acid is converted to the in­
soluble form.” On charts showing incompatible mixtures of 
fertilizer materials, the mixtures of cyanamid and acid phosphate 
are always indicated as not practical. Nevertheless, as was 
said above, practically all of the cyanamid sold in this country 
is used in mixtures containing acid phosphate.

In the average phosphate most of the phosphoric acid is in 
the water-soluble condition (as free phosphoric acid and mono­
calcium phosphate), a small amount is present as di-calcium 
phosphate, not soluble in water but soluble in ammonium citrate 
solution, and a small amount is present as phosphates insoluble 
in ammonium citrate solution. When a small amount of cyan­
amid or other active lime compound is added to acid phosphate, 
there is an immediate reaction between the lime and the water- 
soluble phosphoric acid, resulting in a change of the latter to 
the citrate-soluble form. Both of these forms have about the 
same agricultural value, and both have the same commercial 
value. When a large amount of cyanamid is added to acid 
phosphate, however, there is a more complete neutralization, 
resulting in the formation of forms containing more lime than 
di-calcium phosphate contains, and these forms are not soluble 
in citrate solution; hence, they have no commercial value.

Now it happens that the experiments reported in the literature 
were mostly made with large quantities of cyanamid, hence the 
results were unfavorable to such mixtures. On closer investiga­
tion of this problem, however, paying attention to the quantita­
tive factors involved, it was found that as the quantity of cyan­
amid used with respect to the acid phosphate decreased, the loss of 
available phosphoric acid decreased. When the quantity of cyan­
amid is as small as 60 to So lbs. of cyanamid to a ton of average 
complete mixture containing approximately 1000 lbs. of acid 
phosphate, the loss of available phosphoric acid is not appreciable. 
It is at this rate that most of the cyanamid sold in this country is 
used in commercial fertilisers. In some cases as much as 15° 
lbs. is successfully used. The acid phosphate must be dry in 
this case, and as much bulky organic matter as possible used.
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M IXTURES W ITH  AMMONIUM SULFA TE

It lias also been said that cyanamid must not by any. means 
be mixed with ammonium sulfate, since the lime in the former 
will drive out free ammonia from the ammonium sulfate. This is 
true if we consider a simple mixture of only the two substances. 
It is also true for mixtures of cyanamid, ammonium sulfate and 
acid phosphate, if large quantities of cyanamid are used. If, 
however, we pay attention to the quantitative factors again, 
we find that when there are not more than 150 lbs. of cyanamid 
present along with ammonium sulfate and 1000 lbs. of acid 
phosphate, there will be no escape of ammonia from the mixture. 
The ammonia set free by the lime is caught by the acid phosphate, 
and fixed as ammonium phosphates. Since the use of acid 
phosphate with cyanamid imposes a limit of less than 150 lbs. 
of cyanamid per ton of mixture it is not possible to reach a large 
enough quantity of cyanamid in such mixtures to cause a loss 
of ammonia. Hence, in all commercial acid phosphate mixtures, 
made with due regard to the necessity of keeping the phosphoric 
acid available, there is no possibility of liberation of free am­
monia.

SPECIAL ADVANTAGES

It may not be amiss here to name the special advantages that 
commend the use of cyanamid to the fertilizer manufacturer: 
(1) It is a low-priced material; (2) It has a powerful drying- 
out action on damp materials used in mixtures; (3) It removes 
free acids from the acid phosphate, thus preventing rotting of 
bags, and loss of nitric acid from sodium nitrate in the mixture;
(4) It adds agriculturally available lime to the mixture; and,
(5) It can successfully replace part or all of the more expensive 
organic materials in a fertilizer.

SUMMARY

I— The cost of food products in the United States has in­
creased about twice as fast as the cost of other commodities, 
and about twice as fast as the general cost of living throughout 
the world. This tendency can be offset by an increased crop 
production, which will lower the price of food products, and 
hence the cost of living. Fertilizers are the most important 
single factor in increasing the crop production.

II— Nitrogen is the most expensive and agriculturally most 
necessary element in commercial fertilizers. A general reduction 
in the cost of the latter must come through increased production 
of nitrogen at lower cost. The cyanamid process is probably 
the cheapest known source of fertilizer nitrogen.

HI—The rapid successful development of the economically 
important cyanamid industry has been full of difficulties, prac­
tically all of which have been overcome or minimized by paying 
attention to the quantitative factors involved.

IV—The greatest common error in the experimental testing 
°f cyanamid has been in the use of excessive quantities. When 
used in normal agricultural quantities, the results are entirely 
satisfactory.

V— All difficulties from the farmer’s standpoint are removed 
by the complete reaction of the cyanamid with acid phosphate 
in commercial mixtures. Such mixtures consume practically 
all of the American output of cyanamid.

VI Cyanamid has several special advantages as an ingredient 
in mixed fertilizers.

528 Elucott Squaric 
Buffalo

INDUSTRIAL MALTOSE
B y  Chester B. Duryea 

R ece iv ed  J a n u a r y  29. 1914 

It is common knowledge that literature records numerous 
instances of checks or lapses in the development of various 
industries or arts. In the field of starch products, the maltose 
industry is an example of this sort. Its existence has become so

obscure, as to have practically disappeared from the public eye.
An examination into this decadence, and as to whether or not 

it has been a simple case resulting from a survival of the fittest, 
seems very timely, especially because of its direct bearing on 
the justifiability of glucose, which, as a product and as a com­
mercial term, is still in active controversy. Sufficient references 
will be found appended to supply an introduction to the existing 
literature.

With the possible exception of Japan, where malt-converted 
or maltose products have been highly esteemed since remote 
antiquity, cane sugar has generally served as the standard of 
artificial sweetening, from a very early time. About the be­
ginning of the nineteenth century, owing to the high cost of the 
established industrial sugar and the persistence of the sweetening 
habit, attention became effectively awakened with regard to 
possible substitutes.

This condition became greatly intensified in Europe. About 
the year 1809, France felt the vital need of some new commercial 
product that would more or less replace or "piece out” cane sugar. 
This particular situation was a result from the bearing of the 
Empire’s prolonged conflicts with England upon its supply of 
Colonial sugar. Ingenuity and invention were stimulated by 
means of national premiums offered for cane sugar substitutes, 
and the grape was very hopefully regarded as a source from 
which an easy and abundant supply of "saccharine matter” 
could be had. In fact, the first prizes were directed toward 
competition in respect to syrups and sugar from grapes. A 
little later, as this source was found to be impracticable, special 
inducements were extended to cover any one who might dis­
cover "the easiest and cheapest process for making syrups, 
which shall be most like those from cane.” Thus it was a general 
but more particularly a National necessity which demanded a 
cheap and easily obtainable substitute for cane sugar. Without 
a doubt these were the stimulating incentives that led to the 
discovery of the availability of starch as an economical source 
of syrups and solids which were more or less sweet.

The acid process for the "saccharification” of starch, or 
rather of starch pastes, was the first in the field. Credit for 
this discovery and the consequent facilitation of an industry 
dealing with the commodity now so long known as glucose, is 
generally conceded to Kirschhoff, in the year 1811. The prin­
ciple of action upon which this process depends is a non-selective 
or general one— that is, as opposed to specificity— and essentially 
for this reason it was relatively simple to develop its practice 
to a point where the products were easy and cheap to produce 
as compared with cane sugar.

When the Continental Blockade was raised, the pressure of 
necessity for sugar substitutions was very materially reduced. 
The impetus, however, already given to the glucose industry, 
sufficed to establish a stronghold for it upon the imagination 
and life of the people. The idea was especially attractive, be­
cause of the great novelty of a ready supply of cheap, sweet 
products of great apparent prospects. The development of 
the beet sugar industry likewise exerted a sharp influence in 
minimizing the popular demand for sucrose substitutes. A t 
this period it should be remembered that the science of carbo­
hydrates and proteins was in its infancy, as was also true of 
dietetics and physiological chemistry.

It was not until very considerably later that the European 
maltose industry began to spontaneously develop; that is 
to say, its inception quite lacked the special features of forced 
opportunity and the support of an ovation accompanying an 
apparently unique realization, under which the glucose process 
was conceived and fostered.

The characteristic sugar of malt-converted products, more 
difficult to study than the sugar glucose, was not discovered 
by De Saussure until the year 1819. It remained until 1847 but 
imperfectly discerned, when Dubrunfaut carried recognition
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very much further and gave to this carbohydrate individual 
the name maltose which it now bears. Although this well 
defined work upon the part of Dubrunfaut became obscured 
and the facts were not rediscovered by O’Sullivan until later 
years, nevertheless, Dubrunfaut himself seems at the time to 
have had some very clear impressions in regard to the nature 
and significance of the syrups and sugars which starch was 
capable of yielding.

However, this may have been, industrially speaking, except 
with regard to Japan, it is to Dubrunfaut that credit appears 
to be due as having been the pioneer in the development of malt- 
converted syrups and sugars. Cuisenier became associated with 
him, and it was mainly owing to these two workers that the 
application of the commercially designated maltose products 
reached the stage attained about the year 1883.

The establishment of glucose had introduced a new factor 
into a situation theretofore dominated by the products of the 
cane. The new physical properties of the starch syrup, that 
had become commercially entrenched, had led to a number of 
attractive developments in candies, confections, etc., not practic­
able before. Hence it was that maltose found itself competing 
in two totally different directions: with glucose against sucrose 
on the one hand, and on the other by itself against its starch 
derived predecessor.

Great difficulties were encountered. Although recognition 
of various merits of the new commodities was readily secured, 
the processes in use stubbornly resisted every attempt to equalize 
the manufacturing expense with glucose costs.

ANALYSIS OK P IO N E E R  M ALTOSE PROCESSES

The methods that have been and to a limited extent still are 
employed in the manufacture of industrial maltose may be di­
vided, in a general way, into two classes.

One depended upon the use of very crude starchy materials 
such as ground maize, corn grits, etc., while the other, by. far 
the less successful, apparently began operations with a more or 
less impure starch-fiour. In either event large proportions of 
malt were required to effect amylolysis. From fifteen to twenty- 
five per cent of barley-malt (dry basis) reckoned on the starchy 
base may be taken as representing that industrial factor.

The general nature of the established processes is well known, 
and need not be particularized here. Details vary, but all 
include four essential manufacturing stages, namely, Aqueous 
Cooking, Saccharification, Refining, and Concentration; and 
these remain to be dealt with by any specific starch saccharifica­
tion process yielding edible syrups and solids, except perhaps 
some future electro-magnetic method which may act effectively 
upon ungelatinized starch granules, in the presence of neutral 
or conducting water.

The basic materials were all thick-boiling. By this is meant 
that constituent starch granules were not modified : they remained 
in their original state as regards well known paste-forming 
properties. This was a fundamental impediment. It was not 
surmounted and from its very nature, as will be shown, its dis­
advantages could not be overcome.

The chemical and physical properties connotated by the 
thick-boiling type of the materials operated on, imposed a num­
ber of grave peculiarities upon the established processes. Owing 
to this, aside from the bearing of any other condition, it was 
mechanically impracticable to reach cooking concentrations 
which were at all comparable with the densities of first “ light 
liquors” of the glucose industry. Especially was this the case 
when using more or less impure thick-boiling or unmodified 
starch itself, freed from the protecting influence of enclosing 
cellular tissue, thus allowing viscosity effects to fully develop. 
Such a factor of a greatly depressed limit to initial concentration 
is fatal to any process wherein low cost of evaporations, and 
plant and labor minimums, are elements in economic practice.

Low as the mechanical limit was, it could not be utilized be­

cause of the restrictive influence of various chemical and physical 
properties associated with the thick-boiling character of the 
crude unmodified bases. Working concentrations, in terms of 
starch represented in the pastes, as established by cooking 
operations, needed to be held to a minimum, in order to insure 
good carbohydrate yields, even though more than liberal use of 
malt in subsequent treatments was resorted to. Higher initial 
concentrations lead inevitably and progressively to restriction 
of diastatic reactivity, and the presence of amylaceous end 
products or residues of a very slimy and refractory nature. 
These remainders (the old so-called insoluble starch-cellulose, 
etc.), in addition to entailing very material direct economic loss, 
adversely affected filtratious to a hopeless extent.

At this point it should be recalled that in dealing with aqueous 
starch pastes, in conjunction with characteristic barley-malt 
amylase (homogenous or composite as it may be) the early stages 
of amylolysis, comprising extension of simplification, hydration, 
and solution, are the most difficult for the enzyme to effect. 
It should also be remembered that restrictive limits or tendencies 
are encountered depending upon the conditions of existence 
of the starchy colloids, and more or less hydrated granule residues, 
that may contribute to the composition of any given paste.

It may be here generally stated, that the controlling con­
ditions involved contain two factors which are to an extent 
independent and of different significance: one being the quali­
tative and quantitative extent of hydration of the complex 
starchy basis of the pastes, and the other the freedom, relative 
or actual, of the water present, a condition only in part associated 
with the total water.

Extensive hydration and great freedom of sufficient water 
are, of course, favorable to enzymic amylolysis, and these de­
siderata are facilitated by low cooking densities, as is well known.

Thus it was owing mainly to the above outlined circumstances, 
among them some not obvious or apparent in work conducted 
at ordinary laboratory concentrations, that in the best practice 
the use of thick-boiling bases continued to require large pro­
portions of malt and low cooking densities for even adequate 
completion of solution of the cooked pastes.

Use of large proportions of malt, as demanded by the irrational 
base, was an incurable disadvantage in itself. It was expensive 
in first cost. It contributed large percentages of objectionable 
nitrogenous and some other extractives to the sweet liquors 
in process, and this contamination alone sufficed to fix a quality 
of crudeness and carbohydrate inconsistency upon the finished 
products, despite elaborate and expensive refining. The business, 
moreover, was encumbered and handicapped in a number of 
ways, through the necessity of dealing with the excessive malt 
factor in a manner compatible with the conservation of a general 
enzymic agent and the recovery of an equivalent of its own as­
sociated starch.

Crudeness in the raw starchy materials, in lacking purity 
for the purpose, was an additional basic obstacle. The super­
fluous constituents tended to impede operations and promote 
losses in devious ways. In addition to the fact that they seriously 
increased the difficulty and cost of refining, in the end various 
contaminating effects could not be eliminated from the finished 
products. The large percentages and easily decomposable 
character of the major impurities present contraindicated any 
advantages that might have been apparent through acidic cook­
ing, as a means of starch liquefaction in the manufacture of high- 
grade maltose products of great purity, for reasons that may be 
readily understood, though such considerations may very 
limitedly apply in alcohol and other manufacture.

It follows then that the practice of ordinary aqueous cooking, 
commonly under steam pressure, was a limit largely imposed 
by the impurity of the raw materials. It was, however, a defect 
of primary magnitude, owing to its leaving the starch paste 
and granule debris in such physical and chemical shape that
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work of great difficulty still remained for the malt to do, re­
quiring impracticably large percentages of that commodity.

An additional word may not be superfluous as regards the 
mechanical limits set to cooking as controlling initial concen­
tration. Some exception might seem to exist in the case of 
comparatively pure starch or starch-flour in the unmodified 
condition. It might reasonably appear that acidic cooking 
should be advantageous in that instance, at least, as it might 
enable the starch equivalent content to be adequately increased 
by addition of the raw material during cooking, without ex­
ceeding mechanical practicability, because a free acidity would 
tend to maintain a thinning down effect upon the charge. The 
answer is that irrespective of the accentuation of evils already 
indicated that would follow from the application of a method of 
general hydrolysis to the crude impurities still associated with 
the starch, it is not advantageous to so influence the density 
of the cooking charge, inasmuch as to avoid incomplete cooking 
on the one hand, or overcooking 011 the other, hydrolytic action 
upon all of the cooking starch should begin and cease at sub­
stantially the same time. This requirement may be clearly 
recognized as imperative in connection with the enzymic manu­
facture of typical maltose products, as compared with the rel­
atively unimportant influences of abnormal conversions carried 
out in glucose practice.

To sum up, it may be stated that the pioneer maltose pro­
cesses, without exception, developed and declined while shackled 
by some or all of the limiting conditions which may now be 
outlined as follows:

1. The basic materials were all thick-boiling.
2. They were impure.
3. Cooking treatments were necessarily restricted essentially 

to disintegrating effects, and ordinary paste formation.
4. Prohibitive proportions of malt were required.
5- Soluble impurities, or rather undesirable organic and 

inorganic constituents, were introduced and developed during 
process to a ruinous extent.

6. Evaporations, size of plant for a given output, the labor 
involved, etc., were all excessive owing to unavoidably low initial 
concentration.

7- Refining was expensive and incomplete.
8. The products were crude and relatively costly, and hence 

of limited utility.

PARTIAL FA IL U R E  OF GLUCOSE PROCESSES

As already mentioned the non-specificity of the principle 
employed in glucose manufacture made it comparatively easy to 
develop the resulting type of products so that they were cheap. 
This absence of specificity, however, results in the development 
of secondary and even more profoundly decomposing actions 
during the course of transformation of the starch and its as­
sociated impurities. Hence it is that notwithstanding the elab­
orate and disproportionately costly refining methods resorted 
to, as following easy first steps, advanced decomposition products 
remain in the finished glucose to a detrimental extent, along 
with the peculiar contamination contributed by the refining 
methods themselves. Moreover, the non-self-limiting action 
of acid hydrolysis as employed, engenders special losses in yield 
not shared in common with specific methods. These draw­
backs, which are in excess of numerous other objections which 
are held by many to attach to the use of the glucosic type of 
starch products (whether acid hydrolyzed or not) as common 
foods, and certain technical defects to be mentioned later, M ve 
not been mastered after a century’s continuous experience. 
The nature of the fundamental reasons and the inherent actions 
involved justify the statement, at this late day, that they are 
not likely ever to be mastered.

Itfforts have been made to found methods and develop sac­
charine commodities free from the defects of acid saccharification 
Processes and products, which should be independent of barley-

malt. The commercial exploitation of maize maltase, so as to 
enzymically manufacture glucose, is a case in point. None of 
these procedures have succeeded so well as those utilizing com­
mon diastase, nor have any held out the encouragements of 
that ancient agent in effectiveness, or in general dietetic de­
sirability and type of results.

G EN ERA L PR IN C IP L E S  BEA RIN G  ON REL A T IV E ECONOMICS

Apparent simplification in procedure or detail is properly 
held to be a criterion of industrial advance. This principle, 
however, is not universal, because a real simplification in a 
process as a whole and a reduction in costs may be brought 
about by radical changes which, superficially considered, may 
seem not to bring the advance within the general rule. More­
over, as regards the manufacture of food products there arc 
other criteria, and inherent standards, which in the last resort 
are quite extrinsic to adventitious business policies and artificial 
markets. It seems certain, however, that industrial maltose 
does not require that exceptions be invoked upon this score. 
Apart from other considerations, glucose manufacture, at least 
as it deals with maize, still retains an incubus in the way of 
secondary steps which are out of all proportion to the results 
secured, whereas, abolishment of the primary difficulties of 
pioneer maltose processes will automatically reduce refining 
to relatively simple and inexpensive means.

Although obvious, it may not be superfluous to point out 
that in earlier times, ordinary "green starch” (notably from 
maize) had not become an easy fact of industry, and that by­
product economics had not taken on the remarkable importance 
of the present day. Certain limitations impressed upon the 
point of view of the older workers have disappeared. A t the 
early time referred to, the idea of profitable carbohydrate yield 
seemed to be restrictively associated with the factors of extraction 
and saccharification in a direct attack upon the starch. Pre­
liminary separations, or refinements, were considered to involve 
unjustifiable economic waste.

It seems important to remark the significance of the fact that 
this notion was also associated with glucose manufacture, re­
maining a formidable and unnecessary handicap until a very 
recent date, and to emphasize the circumstance that despite 
the late amelioration of this defect, so far as practicable, glucose 
manufacture remains heavily weighted by the requirement of 
excessive refining.

COMPARATIVE VALUE OF M ALTOSES AND GLUCOSES

The author’s activity in the subject being examined has 
covered a considerable period of time, and includes somewhat 
extensive experimental and small scale manufacturing work of 
an original nature, which will be discussed in a later paper. 
With the exception of the years 1896-7 and 1902, during which 
the preliminary experimental steps were taken in connection 
with the firm of Duryea & Co., in New York and in Sioux City, 
all the practical work referred to has been executed privately 
in the author’s personal laboratories in New York, during 1904-5, 
and at Cardinal, Ont., during the years 1906-8, both inclusive. 
It seems ill-advised to omit to publicly record and submit what 
appear to be the more important results, conclusions, and views 
attained.

During the year 1896, the author became convinced that 
physiological or enzymically manufactured starch products of 
the maltose type were particularly adapted to direct dietetic 
uses, because of their natural constitutional suitability. The 
characteristic sugar and true physiological dextrins of such 
products seemed exceptionally well qualified to withstand bac­
teria as encountered in the stomach. In addition, they pos­
sessed a blandness and non-irritating quality with respect to 
the stomach lining by no means universally shared by common 
sugars. Moreover, while readily subject to normal enzymic 
completion of availability at the assimilative portions of the
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alimentary tract, nevertheless they present conditions which 
require gradual actions; there can be no excessive rate and total 
of translation and delivery into the field of active metabolism 
at any point.

It would appear that these ideas, in agreement with much 
“recorded at that time (1896), have been confirmed by the great 
preponderance of subsequent work in physiological chemistry 
and in dietetics. Enlightened science approves the normal.

About the year 1907, the author discovered that suitable 
maltose products possessed commanding technical advantages 
in the difficult and commercially important art of hard candy 
manufacture. In order of interest, at this juncture it may not 
be illogical to dwell briefly on this factor, as it may bear upon 
the future of industrial maltose.

Certain persisting difficulties associated with the manufacture 
and use of the glucose type of starch products— particularly 
acid-converted glucose— are tolerably well known. These are 
real defects, i. e., are inherent in both manufacture and prod­
ucts. The extreme sensitiveness of ¿-glucose to merest traces 
of alkalies on the one hand, and the delicacy of sucrose in relation 
to acidity on the other, place glucose manufacturers in a quan­
dary. The process employed makes it practically impossible 
to regularly produce products which are neutral from the points 
of view of both the ¿-glucose and sucrose, regarded as raw 
materials for hard candy-making, unless sophisticating sub­
stances are added. The familiar sulfurous friend of the glucose 
industry, colloquially known as "good old dope”— that is, sulfites 
in one form or another that are so used— thoroughly exemplifies 
the desperate character of the requirement in question.

While in principle maltoses resemble glucoses in relation to 
alkalies, as compared with sucrose, nevertheless in practice, 
according to the author’s experience, the greater inherent 
technical suitability of maltoses for use in hard candy-making 
tends, in material measure, to protect these particular products 
from the mutability of typical physiological sugars. Moreover, 
as perhaps a matter of minor importance, maltose products, 
during manufacture, are not necessarily subject to heavy con­
tamination by electrolytes— such as sodium chloride, thus in 
this case also being free from a well known misfortune of modern 
glucose. This particular defect of gluQose results, of course, 
from neutralization of the hydrolyzing agent employed. In 
addition to the influence of NaCl on the palatability of sac­
charine products, it is generally recognized to have an inverting 
effect upon sucrose, under conditions of candy manufacture.

Aside from consideration of limitations in the manufacture of 
the ingredients used, hard candies must not only be dry and non­
caramelized when made, but they must remain dry— that is, 
must not become sticky. Assuming everything else to be equal, 
typical maltose products of suitable type do not need sophistica­
tion, and tend to yield permanently dry candies, as contrasted 
with the divergent properties of glucose. That this is a basic 
condition is subject to proof by experimental candy manufacture 
using chemically pure ¿-glucose and maltose, as the author has 
done. Pure maltose-sucrose and pure ¿-glucose-sucrose candies 
stand customary cooking conditions equally well, and are very 
white and dry when made. Subjected to a test of artificial 
moistening, the author has found that such maltose candies 
dried out perfectly under usual room conditions and did not show 
any signs of "running.” On the other hand the (¿-glucose candies, 
submitted to the same tests alt the same time, exhibited a strong 
disposition to dissolve and spread, did not completely dry out, 
and remained sticky— until finally the free water was taken up 
by crystallization, quite ruining salable appearance. Glucose 
products tend towards deliquescence; maltose products exhibit 
a drying nature. It may be that in the presence of suitable other 
carbohydrates, and under appropriate conditions, the very 
strong bond for water which characterizes the sugar maltose

may lend itself to thorough non-aqueous saturation by means 
of carbohydrate compounding.

In brief, numerous practical candy-cooking experiments 
conducted in the author’s laboratories and elsewhere have shown 
that good industrial maltose products stand cooking heats as 
well or better than the best glucoses; a given degree of hardness 
is reached at lower temperatures in the case of maltose; maltose 
candies present a more attractive appearance in the matter of 
surface glaze or luster; are blander and more luscious upon the 
palate— entirely lacking the somewhat acrid after-taste of 
glucose; and finally, as contrasted with glucose, maltose candies 
remain dry under all ordinary atmospheric conditions.

It may be correctly said that the chemical individual maltose 
is not so sweet as ¿-glucose, which in turn is inferior to sucrose 
in this respect. Dealing with industrial maltoses and glucoses 
this seeming deficiency of 'maltose does not appear. Numerous 
comparisons on this score between products of approximately 
corresponding "conversions,”  for instance, maltoses of [<*]d =  

155° and R = 0.70 on the one hand, and glucoses showing 
about [a]D = 138° and k = 0.45 for organic solids on the other, 
have demonstrated that the sweetness of the momentary first 
taste may be about the same, but substantially from that point 
on, in the act of tasting and consuming, the maltoses are in­
dubitably sweeter. As thus compared without flavoring or 
admixture, high-grade industrial maltose syrups produce a 
profound impression of superiority upon the palate. The author 
believes the greater sweetness of the maltoses to be due to the 
true physiological type of the dextrin components and their 
ready reaction with salivary ptyalin, thus rapidly developing a 
large excess of total free sugar, as compared with the glucoses, 
upon the surfaces controlling the act of taste.

In addition to the factors determining the intrinsic value of 
the products, touched upon in the foregoing without exhaustion 
of the list, another and very general consideration remains which 
cannot be neglected. Whatever the reason or reasons may be, 
glucoses are universally recognized to be unattractive or un­
suitable for use alone; improvement or disguise is a pre-requisite 
to sale and consumption, even in such a simple and direct ap­
plication as involved in the case of table syrups. It is certainly 
a circumstance of extraordinary significance that commercial 
glucose, after a century of continuous effort and applied ex­
perience, should today occupy a surreptitious or submerged 
position among carbohydrate foodstuffs.

Finally, it is perhaps unnecessary to state that high-grade 
maltose syrups possess every physical advantage and keeping 
quality of the best industrial glucoses.

CONCLUSION

The examination embodied in this paper would seem to show 
that a modern revival of industrial maltose, if practicable, would 
present many advantages, and furthermore, that such a develop­
ment is by no means fanciful, provided only that radical and 
correct solutions be found for pioneer problems. The glucose 
industry, by nature, does not appear fitted to survive.

The foregoing review and discussion, and the references 
appended have seemed desirable in order to co6rdinate the sub­
ject in outline in an accessible manner. The presentation is 
intended further, in avoidance of excessive complexity and length, 
to serve as an introduction for a paper shortly to follow, which 
will submit the ways and means of the new industrial maltose 
process which has resulted from the author’s study of this special 
aspect of an, to him, exceedingly interesting field of industrial 
chemistry.

The subjoined list of references is sufficient for an introduction 
to the subject, in view of the excellent bibliographies, etc., con­
tained in several of the volumes noted. For first attention, the 
author would venture to particularly recommend Effr°nts
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(Prescott) "Enzymes and Their Applications,” and Sadtler's 
"Industrial Organic Chemistry” in so far as it covers "Manu­
facture of Maltose.”
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B r o o k l y n , N . Y .

MILLING OF WHEAT AND TESTING OF FLOUR1
B y  H a r r y  M c C o r m a c k

There is one great industry which thus far has depended very 
little on the service of the chemist and chemical engineer in the 
preparation and marketing of its products. I refer to the wheat 
and flour milling industry.

During the year 1912, approximately 400,000,000 bushesls of 
winter wheat valued at $323,000,000 and 330,000,000 bushels of 
spring wheat valued at $231,000,000 were produced in this coun­
try. Practically all of this wheat is marketed as such or made 
into flour and marketed with no particular reference to its chem­
ical composition. No particular attention is paid to the com­
position of wheat which is used for seec’ , as the product obtained 
from it is sold on optical inspection rather than on chemical 
analysis.

The principal markets for wheat in this country are : Chicago,
Minneapolis, Duluth, St. Louis, Milwaukee, Kansas City and 
Omaha. The rules of the Boards of Trade governing the in­
spection and grading of wheat received in these markets are not 
uniform so that a dealer in Minneapolis selling wheat to Chicago 
parties may have wheat of one grade in Minneapolis and find 
that it is wheat of another grade when it reaches Chicago. This 
fact has accounted for much of the difficulty encountered by 
grain dealers under inspection of Federal Officials seeking to 
enforce the Pure Food Laws.

The grading of wheat on the Chicago market may be taken as 
typical of the grading at all of the principal markets mentioned, 
as the differences are not very marked and all of them recognize 
the same varieties and grades of wheat, viz:

Winter Wheat, Spring Wheat, Pacific Coast Wheat and Mixed 
Wheat. The Winter Wheat is classified as: White Winter 
Wheat, under which there are four grades depending upon the 
weight per bushel and the percentage of other varieties of wheat 
present in the mixture; and the same number of grades of Red 
Winter Wheat and Hard Winter Wheat, depending upon the 
same conditions. Under the division of Spring Wheat, we have 
the sub-divisions: Hard Spring Wheat, Northern Spring Wheat 
of which there are four grades: White Spring Wheat with four 
grades corresponding to those under Spring Wheat, Durum 
Wheat of which there are four grades and Velvet Chaff Wheat 
of which there are four grades. The Pacific Coast Wheat is 
Red or White; each of these have three grades, depending as 
do the other wheats on the weight per bushel and the percentage 
of dirt and mixed varieties present with it.

The grading of this wheat, as it comes on the market, is pri­
marily a matter of the exercise of judgment on the part of the 
buyer and seller. Many times their decision is at variance with 
that of the grain inspector or his judgment may conflict with 
that of either the buyer or the seller. In such a case there is 
no definite recourse for any of the parties concerned. The ques­
tion can be decided only by the judgment of parties not interested

1 P resen ted  a t  th e  4 8 th  M e e tin g  of th e  A. C . S ., R o c h e s te r , S e p te m b e r  
8 ~ 1 2 . 1913 .

in the transaction, but who have*no more definite basis for their 
opinion than have the first parties concerned.

This condition of affairs has led some of the large millers and 
also some of the large grain companies to seek the services of 
the chemist, to see if a more satisfactory basis for trading in wheat 
cannot be reached. The present paper aims to present some of 
the problems encountered in the attack on this problem and will 
attempt to point out some of the conditions which it will be nec­
essary to meet before the handling of wheat on a scientific 
basis is possible.

Grain dealers primarily interested in the establishment of a 
scientific basis for buying and selling of wheat are those who 
really buy and sell wheat, not mere traders on the Board of Trade 
and, in addition to this, they are the dealers whose trade is 
largely with the milling interests. The miller, of course, is 
interested primarily in securing a wheat which will give him a 
satisfactory flour with as large a yield of the better grades of 
flour as is possible. By the term satisfactory flour, wc mean a 
flour which corresponds in grade to the customary product of 
his mills and which meets the demands of his customers. It 
may be a so-called Hard Winter Wheat flour, a Soft Winter 
Wheat flour, a Hard Spring Wheat or a Soft Spring Wheat. 
These names are supposed to refer to the wheat from which the 
flour is milled, but do not always. We have many instances 
in which Winter Wheat flours contain no Winter Wheat and other 
instances in which Spring Wheat flours contain no Spring Wheat. 
At the same time these flours must meet in a general way the 
prevailing demands for color and texture, which are supposed 
to be characteristic of flours milled from these varieties of wheat.

A  person not familiar with the variations in wheat composition 
may be of the opinion that wheat of the same variety, from the 
same locality, will not vary much in composition from season 
to season. This, however, is incorrect as has been shown by the 
work of Le Clerc and others who have studied the effect of vary­
ing climatic conditions on the same variety of wheat. Further 
than this it has been shown by the same investigators that the 
same variety of wheat grown in different localities will change 
very materially in composition. Taken in connection with this, 
it is necessary to state that a grain dealer in the largest market 
rarely has accurate information as to the precise origin of the 
sample of wheat he is purchasing. These statements indicate 
the necessity for a constant examination of the samples of wheat 
being purchased.

We must realize, at once, that the laboratory milling of a 
wheat cannot be done in the same manner as in the mills of the 
large flour manufacturers. We must then, at the outset, take 
into account the fact that it is impossible for us to mill experi­
mentally a flour which can be compared directly to the flour 
produced in the large mill and at this point, it may be well to 
say that the grading and testing of flour is very largely a matter 
of comparison. The miller desires a wheat as has been said, 
which will give him his customary flour. The wheat which will 
do this is determined by milling it experimentally and com­
paring the flour produced with the flour he is producing in his 
mill This will mean that if the comparison is to give any indi­
cation as to the value of the wheat in producing the desired flour, 
the methods of milling the wheat must be the same at all times 
for the same variety of wheat. Any variation in the milling will 
produce a variation in the flour and thus an incorrect opinion 
as to the value of the wheat may be deduced. This is shown 
very clearly in Tables A and A i which give the results 
obtained on the same sample of wheat sent to several laboratories, 
these being the ones best known to the milling trade and with 
the highest reputation for the character of their work. These 
tables show, very clearly, that each laboratory has its own 
method of milling and to some extent its own method of testing 
a flour obtained by this milling. The majority of laboratories 
milling wheat and testing flour have approximately the same
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laboratory milling equipment,’ yet the way they conduct the 
milling differs and leads in most instances to quite different 
results. Table A shows the comparison of the flours produced, 
using a soft Winter Patent as standard. Table A i gives the 
original data from which these comparisons 011 Table A were 
computed.

The milling apparatus employed in preparing the flours, the 
data upon which are presented in this paper, is a Standard Type 
of Experimental Milling Equipment and will, therefore, be 
described at this time.

crease dirt, a considerable portion of the outer bran coat, and 
the beard from the end of the kernel. The scourer is capable 
of wide adjustment to suit various sizes of stock, and this par­
ticular machine was built to scour as closely as possible and also 
to deliver all the product at the exit openings of the scourer, 
leaving no residual material to contaminate the succeeding sam­
ple. A sufficient quantity of wheat, usually 1200 grams, is 
weighed out for scouring. The loss in scouring is determined 
and 1000 grams of this cleaned wheat is weighed out for the 
milling.

T a b l e  A.— C o m p a r a t i v e  F l o u r  T e s t  R e p o r t s  0 »  t h e  S a m e  W h e a t  d y  D i f f e r e n t  L a b o r a t o r i e s .  T w o  S a m p l e s  o f  t h e  S a m e  L o t  o f  K a n s a s 'N o .  2 
I I D  F u r n i s h e d  t o  E a c h .  A l l  F i g u r e s  R e f e r r e d  t o  S o f t  W i n t e r  P a t e n t  a s  1 0 0  P e r  C e n t  P e r f e c t

A rm o u r G ra in  Co. L a b . C L a b . D L a b . B

G lu te n , p e r  c e n t ................................. 9 .1 5 9 .1 5 9 .5 9 .0 9 .3 6 9 .6 8 9 .3 9 .4
A sh , p e r  c e n t ........................................ 0 .4 6 0 .4 7 0 .4 4 0 .4 5 0 .4 8 3 0 .4 6 6 0 .4 3 0 .43
A b so rp tio n , p e r  c e n t ........................ 5 6 .0 5 6 .0 5 4 .7 5 3 .8 5 4 .2 5 3 .3 5 7 .0 5 7 .0
C o lo r ........................................................ 10 0 .0 100 .0 10 0 .0 100 .0 9 4 .0 9 3 .0 9 2 .0 9 2 .0
L o a v es  p e r  b a r r e l ............................... . 10 2 .6 102 .6 10 0 .0 9 9 .7 10 0 .0 100 .6 100 .0 100.0
S ize of lo a f ............................................. . 10 6 .0 106 .6 9 7 .9 101 .5 1 0 5 .2 100 .5 100 .0 100.0
Q u a lity  of lo a f ..................................... 10 2 .0 102 .0 10 0 .0 100 .0 9 8 .5 9 8 .5
A v erage  v a lu e ...................................... 102 .7 102 .7 9 9 .7 9 8 .4 9 7 .6 9 7 .6
F e rm e n t p e r io d ................................... 100 .0 1 0 0 .0 1 1 1 .0 111 .0 101 .3 101.8
Q u a lity  of g lu te n ................................ 103 .0 1 0 3 .0 115 .7 109 .8 9 8 .6 98 .1
P e r  c e n t s t r a ig h t  f lou r m ille d ___ 6 5 .0 6 5 .5 7 4 .5 7 5 .0 6 6 .4 9 6 1 .0 2 6 7 .0 6 7 .5

I t  w ill be n o te d  th a t  each  la b o ra to ry  ex c ep t D  m illed  on  th e  tw o  sam p le s  a p p ro x im a te ly  th e  sam e  a m o u n t of flour. T h e  re s u lts  o b ta in e d  in testing 
th e  flour a re  fa ir ly  c o n c o rd a n t, to o , w h ere  th e  sam e  a m o u n t of flour is m illed . L a b o ra to ry  D . w ith  c o n s id e rab le  v a r ia tio n  in  m illing , a lso  show s consider­
ab le  v a r ia tio n  on  th e  v a lu es  re p o rte d  fo r c e r ta in  te s ts .

The milling equipment consists of a special Allis-Chalmers 
Experimental Mill comprising three sets of six-inch rolls and a 
jig bolting machine. Two sets of the rolls are corrugated: one 
set 16 and 12 to the inch and the other 24 and 18 to the inch. 
These rolls grind dull to sharp and the fast roll runs a little 
more than twice as fast as the slow one. The smooth rolls have 
a differential of 7 to 10, that is, the fast roll makes 10 revolutions 
while the slow one makes 7. Accurate adjustment of the rolls 
is provided by two large screws on the side of each roll, which 
allow the rolls to be adjusted so that they are in the same plane,

Any successful milling of a wheat requires the very gradual 
reduction of the wheat to flour and it is in this gradual reduction 
that the experimental mill falls short of what may be accom­
plished with a commercial milling equipment. At the same, 
time, the experimental milling must follow along the same lines 
as the commercial milling if the flour obtained is to accurately 
represent the flour-producing value of the wheat.

A  somewhat extended line of experiments convinced us that 
it is neccssary to decide for each variety of wheat approximately 
the quantity of straight flour we desire to produce from it and

T a b l e  A l — R e p o r t s  o n  M i l l i n g  a n d  B a k i n g  T e s t s  o n  t h e  S a m e  W h e a t  b y  D i f f e r e n t  L a b o r a t o r i e s .  E a c h  S e n t  T w o  S a m p l e s  o f  t h e  L o t  o f
K a n s a s  N o . 2  H D

A rm o u r G ra in  Co. L ab.. D L a b . B L ab . C

W h e a t p ro te in ............................ 10 .7 1 0 .6 11.0 11.01 11.33 10 .9 10 .8
W h e a t a s h ............................................ .................  1 .9 0 1 .92 1 .7 0 1 .6 0 1 .55 1.575 1 .73 1 .73
W h e a t m o is tu re .......................................................  1 2 .5 1 2 .7 11.0 10 .3 8 .6 8 9 .1 8 1 2 .2 1 2 .2

M il l in g  T e s t
W t. w h e a t m illed , g ra m s .............. .................  1000 .0 1 0 0 0 .0 2 0 0 0 .0 2 0 0 0 .0 9 8 5 .0 9 7 5 .0 8 0 0 .0 8 0 0 .0

6 C oarse 6 C oarse 3 C oarse

V 7 S m o o th 9 S m o o th 10 S m o o th 12 S m o o th

W t. o f b ra n , g ra m s ......................... .................  2 9 7 .0 2 8 3 .0 7 8 .0 8 5 .0 2 5 0 .0 2 5 0 .0 2 0 0 .0 20 0 .0
W t. o f sh o rts , g ra m s ....................... .................  5 3 .0 6 2 .0 2 5 8 .0 2 5 8 .0 8 0 .0 13 0 .0 6 5 .0 6 0 .0
W t. of flour, g ra m s ......................... .................  6 0 0 .0 6 2 2 .0 1 490 .0 1502 .0 6 5 5 .0 5 9 5 .0 5 3 5 .0 5 4 0 .0
F lo u r  p ro te in ...................................... .................  9 .1 5 9 .1 5 9 .5 9 .0 9 .3 3 9 .5 7 9 .3 9 .4
F lo u r  a s h .............................................. .................  0 .4 6 0 .4 7 0 .4 5 0 .4 4 0 .4 8 3 0 .4 6 6 0 .4 3 0 .4 3
F lo u r  m o is tu re ................................... .................  12 .48 12 .18 12 .8 0 1 2 .5 0 12 .25 1 2 .5 0 1 3 .2 13 .3

B a k in g  T e s t

A b so rp t io n ........................................... .................  5 6 .0 5 6 .0 5 4 .7 5 3 .8 5 4 .2 5 3 .3 5 7 .0 5 7 .0
T im e  of m ax . exp ., m in ................ .................  16 7 .0 179 .0 3 1 6 .0 3 2 8 .0 151 .0 15 0 .0 18 0 .0 180 .0
N o . o f r is e s .......................................... .................  2 .0 2 .0 4 .0 4 .0 3 .0 3 .0
Vol. of lo a f, cu . i n ............................ .................  8 6 .1 8 4 .9 1 8 6 .0 1 9 3 .0 9 0 .0 8 6 .0 102 .2 102 .0
F lo u r  p e r  loa f, g ra m s ..................... .................  3 4 0 .0 3 4 0 .0 3 4 0 .0 3 4 0 .0 3 4 0 .0 3 4 0 .0 3 5 0 .0 3 5 0 .0
W t. o f loa f, g ra m s ............................ .................  4 9 0 .0 4 9 2 .0 4 8 9 .0 4 8 7 .0 4 1 0 .0 4 1 6 .0 5 1 5 .0 5 1 0 .0

and by two smaller screws to set them parallel. The rolls are then mill in such a manner as to produce the very be
thrown “ in" and “ out” by means of a lever. A  mechanical jig 
bolting machine completes the equipment of the mill. Frames 
of standard bolting-cloths are made to fit this jig; and as many as 
four frames may be inserted at one time.

Before going to the mill the wheat must be clean, as that 
term is ordinarily understood. This is usually accomplished 
by the use of some sort of fanning mill, which does not, however, 
remove much dirt from the crease. In these experiments a 
Eureka Horizontal Close Scourer was used. It removes the

possible from the wheat and of the percentage previously de­
termined. Different varieties of wheat are capable of producing 
different quantities of first-class straight flour and any attempt 
to produce more than this percentage of flour from these wheats 
will at once lower the quality of the flour secured.

Our experimental work convinced us that the Northern 
Spring wheats gave the best straight flour when milled to pro­
duce about 66 per cent of product. Hard Winter wheats pro­
duced the best flour when milled to about 63 per cent of straight
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flour. Soft Winter wheats should not be milled to produce 
an excess of about 58 per cent of straight flour. A more intensive 
milling of any of these wheats leads at once to a marked re­
duction in color and also to an increase in the percentage of ash, 
both showing that bran particles are finding their way into the 
flour. This is most marked on the Soft Winter wheats and the 
result of a too intense milling of a No. 2 Red Soft Winter Wheat 
is shown in Table B.

The adjustment of the rolls in the experimental mill will be 
determined by the size of the wheat kernels being milled. The 
wheat should pass through the rolls set first so that the wheat 
kernels will be cracked and' this as lightly as possible. They

T a b l e  B — M i l l i n g  T e s t s  on S a m p l e  o r  N o . 2  R e d  W h e a t  

S h o w in g  th e  EiTect of T o o  In te n se  M illing

Milled t o ....................  6 5 .5  5 8 .5  C o lo r ........................ 9 4 .0  10 1 .0
G lu ten ......................  9 .6  9 ,5  A v erag e  v a lu e . . . 9 5 .3  9 8 .5
Ash............................  0 .4 3  0 .3 7  Q ual. of lo a f  9 6 .5  100 .5

should then be brought closer and closer together until they
finally run almost touching as the wheat receives its final milling 
on this set of rolls. After each passage through the rolls, the 
product goes to the sieves. Our customary arrangement of 
the sieve is to place at the bottom of the jig a No. n
flour sieve, on top of this a No. 34 bran sieve and on top of this 
a No. 16 or No. 18 coarse bran sieve. In the first set of rolls 
only the product remaining on the upper sieve is remilled. 
When the milling has been completed on the first set of rolls, 
which will be accomplished in about three passes, the material 
remaining on both of the bran sieves is passed to the second set of 
rolls. About three passes on these will be sufficient. The ma­
terial from both the first and second bran sieves is then weighed up 
and discarded from further milling operations. Up to this 
time, only a very small percentage of flour has been produced 
and has found its way from theflour sieve to thereceptacle provided 
for it. The material remaining on the flour sieve then passes 
to the smooth rolls for final milling. In our laboratory, it is 
customary to pass the material through the smooth rolls eight 
times, with sieving between each passage and with the space 
between the smooth rolls being made smaller and smaller. 
Practically all of the flour is produced in this milling on the smooth 
rolls. The material remaining on the flour sieve after this milling 
is weighed up and discarded. The material which has passed 
through the flour sieve is resifted through a No. 13 flour sieve 
to remove some of the bran particles and dirt which may have 
escaped the No. 11 sieve and is weighed to give the percentage 
of flour produced. The flour produced in this way should be 
very uniform in texture and color, and should be entirely free 
from any specks of bran or dirt.

The flour thus produced will compare very favorably with 
the straight flour produced in any commercial mill. It will, 
of course, not be equal to the patent flour marketed from a 
commercial mill, as this patent flour is made by taking- the 
straight flour milled and by subjecting it to a system of air sep­
aration and seiving to remove much of the bran particles and some 
°f the germ, which otherwise find their way into the straight 
flour. The patent flour will vary with different mills and 
brands all the way from 45 per cent to 90 per cent of the straight 
flour milled.

The milling description, which has been given, applies to 
wheats which have recently been harvested and which contain 
their normal moisture content. In case the wheat has been 
harvested for some months and has lost a considerable per­
centage of its normal moisture, it is necessary to add water to 
the wheat and allow this water to be taken up by the wheat 
before milling. This process is known as tempering and is for 
the purpose of softening the bran layers so that they will flatten 
out in the rolls instead of cutting up.

The methods of milling are stated because they are the ones

we found best and not because we believe it is impossible to im­
prove on them. These methods are suggested for use until 
better ones are devised and until the various laboratories can 
agree on a common method of milling.

At present each laboratory is a law unto itself in its methods 
of milling. They are like us, they know their methods are best 
and have no use for the methods used in any other place. Many 
of them seem to think the milling of wheat is a secret process 
and thus instead of disclosing in their reports the methods of 
milling employed in producing a flour, the testing of which is 
covered in report, the report is formulated in such a way as to 
conceal as much of the process as is possible.

This led us to send out some samples of wheat to certain lab­
oratories, these samples being accompanied by a data sheet such 
as we desired filled out. Most of the laboratories supplied the 
data requested, but from some of them we were never able to 
secure statements covering their methods of operation which 
were complete enough to enable us to make an intelligent com­
parison between their methods and results and the methods and 
results as obtained by ourselves and others. The data we were 
able to secure is shown on Tables A2 to A5 inclusive.

T a b l e  A 2 — C o m p a r i s o n  o p  R e p o r t s  o n  t h e  S a m e  L o t  o p  W h e a t  k y  
D i p p e r e n t  L a b o r a t o r i e s

N o . 2 S p rin g  W h e a t M illing , B a k in g  a n d  C h em ica l D a ta  

A rm o u r
G ra in  Co. L a b . A L a b . C  L a b . B

W h e a t p r o te in ............................. 14 .3 13.1 1 3 .8
W h e a t a s h ..................................... 1 .87 1 .8 1 .88
W h e a t m o is tu re .......................... 12.1 1 1 .2 1 2 .2

M il l in g  T ust

W t. w h e a t m illed , g ra m s. . . . 

P asse s  o n  ro lls .............................

1 000 .0  
(  3 C oarse

V 7 S m o o th

2 0 0 0 .0 8 0 0 .0

3 C oarse  
12 S m o o th

W t. of b ra n , g ra m s ................... . .  2 9 7 .0 9 3 .0 2 0 0 .0
W t. of sh o rts , g ra m s ................ 5 3 .0 2 9 8 .0 6 5 .0
W t. of flour, g ra m s ................... . .  6 3 2 .0 1487 .0 5 3 5 .0
F lo u r  p r o te in ............................... 12 .75 1 2 .6 12 .3
F lo u r  a s h ....................................... 0 .4 9 0 .5 0 0 .4 5
F lo u r  m o is tu re ............................ 11 .5 6 1 2 .7 1 3 .2

B a k in g  T e st s

A b so rp t io n .................................... . .  5 6 .0 6 7 .0 5 6 .8 6 1 .0
T im e  of m ax . ex p ., m in .......... 181 .0 12 5 .0 3 1 0 .0 2 0 5 .0
N o . of r is e s ................................... 2 .0 3 .0
V ol. of loa f, cu . i n ..................... 8 8 .2 3 8 .0 2 0 3 .0 10 9 .0
F lo u r  p e r  loa f, g r a m s ................ 1 0 0 .0 3 4 0 .0 3 5 0 .0
W t. of lo a f .................................... . .  4 9 4 .0 4 9 4 .0 5 1 5 .0

It is our opinion that most of the variations shown throughout 
this data sheet are due to variations in milling, as when we sent 
out flour samples for comparative tests the results were more 
concordant.

The determinations made in the chemical analysis of the 
flour are: ash, moisture, total nitrogen, and on some samples 
gliadin nitrogen. '

These determinations were made in the customary way. It 
is, therefore, unnecessary to describe them further than the 
following comments:

Ash can best be determined in an electrically heated muffle 
furnace, first at a low temperature, then increasing to a full red 
heat.

Moisture can best be determined using a glass tube to contain 
the sample: a tube about 1/s X 3 inchls is used and placed 
in the oven horizontally. After drying it must be weighed in 
a telescopic weighing tube as it is highly hygroscopic.

Some trouble was experienced in the distillation for the nitrogen 
determination when a certain type of safety bulb tube was used. 
Some of the alkaline liquor was invariably carried over; it is 
recommended, therefore, that only the form known as the Hop­
kins safety bulb tube be used.

These determinations are made use of in the valuation of a 
flour about as follows: the ash tells us in a rough way about
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how much of the bran has found its way into the straight flour 
milled, as the patent flours have the lowest ash of any on the 
market. The patent flours made from the different varieties 
of wheat have somewhat nearly a constant ash and by comparing 
the ash of our straight flours with those of the patent flours 
obtained from corresponding varieties of wheat, we have a mea­
sure of the value of a wheat which is being tested for its production 
of patent flour.

The moisture determination is used in calculating all of the

T a b l e  A 3— C o m p a r i s o n  o f  R e p o r t s  o n  t h e  S a m e  L o t  o f  W h e a t  b y  
D i f f e r e n t  L a b o r a t o r i e s  

N o . 2 R e d  W h e a t  M illing , B ak in g  a n d  C hem ica l D a ta  

A rm o u r
G r a i n  C o . L a b .  A L a b .  D L a b .  B

W h e a t  p r o t e i n ............................... 1 1 . 5 1 1 .3 3 1 1 . 3 0
W h e a t  a s h .......................................... .  1 . 9 3 1 . 5 5 1 . 8 2
W h e a t  m o i s t u r e ........................... 1 0 .7 8 . 4 5 1 1 . 8

M i l l i n g  T e s t

W t .  w h e a t  m i l l e d ,  g r a m s . . .. .  1 0 0 0 .0 9 7 5 . 0 8 0 0 . 0

6  C o a r s e 3  C o a r s e

V 6  S m o o t h
1 0  S m o o t h 11 S m o o t h

W t .  o f  b r a n ,  g r a m s ..................., .  3 0 3 . 0 2 9 0 . 0 1 9 5 . 0
W t .  o f  s h o r t s ,  g r a m s ............... 4 7 . 0 8 0 . 0 7 0 . 0
W t .  o f  f l o u r ,  g r a m s .................... .  6 0 6 . 0 6 0 5 . 0 5 3 5 . 0
F l o u r  p r o t e i n .................................. 9 . 5 8 9 . 4 1 9 . 6
F l o u r  a s h ............................................ 0 . 4 7 0 . 4 5 0 . 3 9
F l o u r  m o i s t u r e .............................. 1 1 .3 2 1 2 .2 5 1 2 .6 5

B a k i n g  T e s t

A b s o r p t i o n ........................................ 5 4 . 5 6 2 . 0 5 1 . 6 5 7 . 0
T i m e  o f  m a x .  e x p . ,  m i n . . . , 1 7 4 . 0 1 1 3 . 0 1 4 . 0 1 5 0 . 0
N o .  o f  r i s e s ....................................... 1 . 0 4 . 0 3 . 0
V o l .  o f  l o a f ,  c u .  i n ...................... 7 8 . 5 3 4 . 5 9 6 . 0 1 0 2 .2
F l o u r  p e r  l o a f ,  g r a m s ............... .  3 4 0 . 0 1 0 0 . 0 3 4 0 . 0 3 5 0 . 0
W t .  o f  l o a f ......................................... . 4 9 2 . 0 4 1 5 . 0 5 1 0 . 0

T a b l e  A 4 — C o m p a r i s o n  o f  R e p o r t s  o n  t h e  S a m e  L o t  o f  W h e a t  b y  
D i f f e r e n t  L a b o r a t o r i e s  

N o. 2 S p rin g  W h e a t S p rin g  P a te n t  a s  S ta n d a rd

A r m o u r  
G r a i n  C o . L a b .  A  L a b .  C L a b .  B

G l u t e n ,  p e r  c e n t ............................... .................  1 2 .7 5 1 2 . 6 1 2 . 3
A s h ,  p e r  c e n t ..................................... .................. 0 . 4 5 0 . 5 0 0 . 4 5
A b s o r p t i o n ,  p e r  c e n t ................... .................. 5 6 . 0 6 7 . 0  5 6 . 8 6 1 . 0
C o l o r .......................................................... .................. 1 0 0 . 0 8 7 . 0  9 8 . 0 9 8 . 0
L o a v e s  p e r  b b l ................................. .................. 9 5 . 0 101 . 8  1 0 1 . 0 9 9 . 4
S iz e  o f  l o a f ........................................... .................. 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0
Q u a l i t y  o f  l o a f .................................. .................. 1 0 0 . 0 9 0 . 0  ____ 9 8 . 5
A v e r a g e  v a l u e ................................... ..................  9 8 . 7 9 7 . 7
F e r m e n t i n g  p e r i o d .......................... ................. 1 0 0 . 0 1 0 3 . 6
Q u a l i t y  o f  g l u t e n ............................ .................. 1 0 0 . 0 9 6 . 6
P e r  c e n t  s t r a i g h t  f l o u r  m i l l e d .................. 6 5 . 0 7 4 . 3 6 7 . 0

T a b l e  A 5 — C o m p a r i s o n  o p R e p o r t s  o n  t h e S a m e  L o t  o f W h e a t  b y

D i f f e r e n t  L a b o r a t o r i e s  

N o . 2  R e d  W h e a t  

A r m o u r  
G r a i n  C o .  L a b .  A  

G l u t e n ,  p e r  c e n t ..............................  9 . 5 8

L a b .  D  

9 . 6 8

L a b .  B  

9 . 6 0
A s h ,  p e r  c e n t ...................................... 0 . 4 7 0 . 4 5 0 . 3 9
A b s o r p t i o n ,  p e r  c e n t ................... 5 4 . 5  6 2 . 0 5 1 . 6 5 7 . 0
C o l o r .......................................................... 1 0 2 . 0  9 5 . 0 9 5 . 5 9 4 . 0
L o a v e s  p e r  b a r r e l ........................... 1 0 0 . 0  9 8 . 3 9 9 . 6 1 0 0 . 0
S iz e  o f  l o a f ............................................ 9 9 . 0  9 0 . 7 1 1 2 . 4 1 0 0 . 0
Q u a l i t y  o f  l o a f .................................. 1 0 1 . 2  9 7 . 0 1 0 0 . 0 9 9 . 0
A v e r a g e  v a l u e ................................... 1 0 0 .5  9 5 . 4 1 0 1 .6 9 8 . 2
F e r m e n t i n g  p e r i o d ......................... 1 0 0 . 0  1 3 2 . 8 1 1 1 . 0 1 0 2 .7
Q u a l i t y  o f  g l u t e n ...................... ..  . 9 8 . 5  8 9 . 3 1 0 9 .8 9 7 . 4
P e r  c e n t  s t r a i g h t  f l o u r  m i l l e d . 6 5 . 0  4 5 . 0 6 2 . 0 5 6 7 . 0

samples tested to a constant basis of moisture content. It is 
also used in calculating the quantity of water absorbed by the 
flour in the preparation of a dough of standard consistency.

The nitrogen determination is on the same basis as the ash 
determination. It is a comparison between the nitrogen of the 
straight flour and that of the patent flour prepared from the 
same varieties of wheat. As the nitrogen on the whole wheat 
is higher than in either the straight flour or the patent flour

prepared from it, the value of the wheat as a source of patent 
flour varies inversely as the ratio between nitrogen in straight 
flour and nitrogen in patent flour.

The determination of gliadin nitrogen is made in order to 
compute the ratio between total nitrogen and gliadin nitrogen. 
In general, the higher this ratio the higher is the quantity of 
the flour. Whole wheat flours have the lowest gliadin number 
and there is a constantly increasing ratio from the whole wheat 
up to the patent flour. Some determinations of total nitrogen, 
gliadin nitrogen and the gliadin numbers are shown in Table C.

The testing of the flour for its bread-producing qualities is 
carried out in all of the laboratories in about the same way and, 
as previously stated, there is not much difficulty in getting 
concordant results from different laboratories working on the 
same sample of flour.

The determinations made in the baking test are absorption, 
color, the size of the loaf, the texture of the loaf and fermenting 
period, and from these determinations are calculated the loaves 
per barrel, the average value of the flour and the quality of the 
gluten. The absorption is expressed as the quantity of water 
necessary to add to a hundred parts of flour to make a dough of 
standard stiffness. The other figures are comparative using 
the standard flour as 100 per cent on each of the items mentioned.

There are two general types of dough-ha'ndling adapted to 
the baking of tinned bread. These are generally known as the 
"sponge” method and the "straight dough” method.

In the sponge method somewhat less than one-half of the 
flour is mixed with an equal weight of water and all other in­
gredients. It is then allowed to ferment for i '/ 2 to 2 hours, 
depending on the type of flour, and is then mixed with the re­
mainder of the flour and water to make a dough of the proper 
consistency. It is then allowed to rise twice and is formed into 
loaves, placed in the pan in which it is to be baked, and allowed 
to rise a definite amount. It is then baked. The complete 
operation takes about 4V2 hours.

The straight dough method is in general the same as the sponge 
method with the omission of the sponging stage. In other words

T a b l e  C — P r o t e i n  a n d  G l i a d i n  D e t e r m i n a t i o n s  w i t h  C a l c u l a t e d  
G l i a d i n  N u m b e r s

D e sc rip tio n  of w h e a t from
w h i c h  f l o u r  is  m a d e P r o t e i n G l i a d i n G l i a d i n  N o .

N o .  1 H a r d  S p r i n g

1 1 0 2 1 1 .2 6 . 6 2 5 9 .1
1 1 0 8 1 1 .3 6 . 7 0 5 9 . 3

N o .  1 V e l v e t  C h a f f

1 1 0 3 1 1 . 4 6 . 9 7 6 1 .1

1 1 0 9 1 1 . 6 . 6 . 9 0 5 9 . 5

N o .  1 B l u e  S t e m

1 1 0 4 1 1 . 8 6 . 9 2 5 8 . 6

1 1 1 1 1 1 . 9 6 . 9 2 5 8 .1

D u l u t h  N o . 1 N o r t h

1 1 0 5 1 1 . 3 6 . 9 2 6 1 . 2

1 1 0 7 1 1 .7 6 . 8 7 5 9 . 7

N o .  1 H a r d  S p r i n g

1 1 0 6 1 1 . 6 6 . 9 5 6 0 . 0

1 1 1 0 1 1 . 8 7 . 0 7 6 0 . 0

S p r i n g  P a t . ( p u r c h a s e d ) 1 0 . 8 7 . 4 0 6 8 . 5

the dough is mixed to the proper consistency for baking at the 
very start of operations instead of after a sponging stage. This 
naturally subtracts the time of sponging from the operation 
and enables a far larger number of samples to be handled.

In fact, with the same equipment, it has been found that just 
double the number of samples can be handled in one 8-hour day 
if the straight dough method is used instead of the sponge 
method. The quality of the loaves will be uniformly slightly 
lower, but the results being comparative with each other, this 
cannot affect the test.

For the above very potent reasons, the straight dough method 
is used in our laboratory.
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T H E  BAKING TEST

m e t h o d — A modification of the baking tests as outlined in 
Bulletin 117 of the Kansas State Agricultural College was used, 
because several things were thought necessary to bring the test 
into such form that its results would more closely give the actual 
commercial value of the flour.

For instance it was found that some flours from the red wheats 
of the southern states could not be baked satisfactorily by the 
above original method, whereas they are used to good results in 
practice. The modification that follows gives very good loaves.

In making baking tests on different flours it is above all de­
sirable that the test should be so conducted that the differences 
in the results should be caused by the inherent qualities of the 
flour and not by variations due to the method employed. How­
ever, in practice the skilled baker adapts his method to suit the 
different flours he uses, and he remedies the defects in the flour 
so some extent by the method of baking he uses. Therefore it 
has been the writer’s aim to conduct these tests in such a way as 
to get as good bread as possible from the different flours, and if 
necessary to vary the method of baking in some slight details 
to be able to do this. That such a method will yield results 
that more closely approximate the results the flour is going to 
give in actual use is apparent.

The actual baking and its associated tests were made as follows:
t h e  s t r a i g h t  DOUGH TEST— In these tests "dough” means a 

flour mixture that has been subjected to a short period of fer­
mentation and baked as soon as the dough has risen a standard 
amount. This amount is fixed by preliminary trial and is uni­
form in all these tests. The short period of fermentation varies 
from 1 to 3 hours and is secured by using fresh yeast in large 
quantities.

Before making the dough we must know the percentage of 
water that the flour will absorb to be of correct stiffness. This 
is found by weighing out 30 grams of the flour into a strong 
teacup and running in distilled water from a burette until the 
resultant dough is “ right.” The best test that the dough is 
"right” is to put it on the bottom of the cup in the form of a 
round ball and watch it for about 3 minutes. If it gradually 
settles down until it touches the rim of the circle on the bottom 
of the cup it is satisfactory. If it stays in the original shape 
it is too stiff, whereas if it quickly subsides and overlaps the 
edge of the cup it is too thin. This test will be found to be 
sensitive in careful hands to within cc. on 30 grams of flour. 
The water that the flour absorbs is figured in percentage.

Now the dough can be made: 340 grams of flour, 10 grams 
of sugar, and 5 grams of salt are weighed out. The amount of 
water as determined by the absorption test, less 50 cc., is also 
measured out. The flour is placed in the pan in which it is to be 
baked and placed in the constant temperature oven until it reaches 
35° C. As many grams of yeast as are necessary for the whole 
batch of loaves are weighed out and dissolved in enough cold 
water to just be able to draw out 50 cc. of the resultant solution 
for each batch of dough: 10 grams of yeast should in this way
get into each batch of dough.

When the flour is warmed to the right temperature it is re­
moved from the oven and two-thirds of it is placed in a dish. 
The water as measured out is heated to 42 0 C. and the sugar and 
salt dissolved in it. Then exactly 50 cc. of the yeast solution 
are withdrawn in a pipette and added to the sugar and salt solu­
tion. The temperature of the resulting mixture should be very 
close to 35 0 C. This liquid mixture is then added to the flour. 
The resultant batter is beaten up with a large spoon or spatula 
until there are no more lumps, which usually takes about 2 min­
utes. The remainder of the flour is then added and the dough 
mixed, first by means of spatulas and then the hands, to a ball 
of well kneaded consistency. After this operation, which usually 
takes but two or three minutes, the dough is placed back in its 
Pan, which has been buttered in the meantime, and put back

in the rising oven where it is kept at 350 C. The dough is 
weighed at this time to ascertain the loss during the kneading. 
This loss is unavoidable, and usually is about 15 grams. It is 
due mostly to evaporation of moisture and sticking of some dough 
to the hands.

The dough is now allowed to rise the standard amount and 
if it is a very weak flour from a soft wheat, it is immediately 
baked, but if the flour has any reasonable strength it is knocked 
down, rekneaded, and allowed to rise a second time, and at the 
termination of this rise if the dough of one of the loaves shows 
signs of collapsing that loaf is then baked, otherwise a third rise 
is used. Most flours coming from sound wheats will stand three 
rises; they will even need them. The times of rising are carefully 
noted, and all loaves are baked exactly 30 minutes at 238° C. 
About 1/i to ’ /< of an hour after the loaf has been standing in 
the open air, it is weighed, and this weight is recorded as the 
weight of the hot loaf. This must, of course, be corrected for 
the small amount of dough lost in the kneading.

In measuring the volume of the loaf it is put in an oblong 
box that already contains some turnip seed. Then the box is 
filled with the seed, gently rapped, and the seed leveled off at 
the top. The seed is poured out and weighed, and from the 
weight of seed that the box will contain when there is nothing 
but seed in it, the volume of the loaf can be obtained, since 
the volume of the box is known. This method has been found 
to be accurate to within 5 grams of seed, which correspond to 
about 2-5 cu. ill. in volume.

The volume should be measured approximately one hour after 
removing the loaf from the oven as it will shrink more and 
more the longer it stands.

G LU TEN  EX PA N SIO N  DOUGH TEST

This is for the purpose of testing the quality of the gluten 
and checking the relative fermentation period of the flour. 
The procedure is identical with that for the straight dough 
except that 100 grams of flour are used instead of 340 grams, and 
the other ingredients in proportionate amounts. A t the point 
where the regular dough would be panned, this dough is placed 
in the bottom of a well greased glass cylinder which is at a tem­
perature of 35 0 C. and placed in the rising oven at 35 ° C.

For the first hour no attention is required, but after that the 
height of the dough and the time should be recorded every 15 
minutes; and later when it is evident that the dough is near its maxi­
mum volume, every five minutes. When the dough just begins 
to fall the volume and time are noted. From the difference in 
initial and final volumes the relative* qualities of the glutens are 
calculated. Since we start with the same amount of flour, the 
quality of the gluten itself will be equal to the net rise divided 
by the per cent gluten in the sample. This figure is then re­
ferred to the similar figure of the standard flour on a percentage 
basis.

Another method of performing this test which seems to yield 
more definite results uses the gluten itself instead of the dough. 
For this purpose the gluten is washed out of the flour in the usual 
way, and then 10 grams of each gluten are placed, wet, in a tin 
cylinder 1 inch in diameter and placed in the bake oven at 200 0 C. 
It will be found that the gluten will expand and after twenty- 
five minutes will have formed a porous column within the tin. 
The height of this column will be directly proportional to the 
quality of the gluten.

In making all these tests, there is selected and tested at the 
same time a flour, the baking qualities of which are known. 
The results are compared on a percentage basis and in this way 
the unknown flour is judged.

We are led from our laboratory experience to make the sug­
gestion that some form of mechanical kneading apparatus 
which can be kept at constant temperature should be used in 
all of the kneading operations. If this is not done, there is 
considerable chance for variation in the results obtained for
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fermenting period, texture and size of loaf. We also suggest 
that the color be determined on the samples of flour rather than 
on the bread and that this color be determined with an instrument 
such as the Lovibond tintometer and that it be expressed in the 
number of standard color used rather than by any percentage 
system which may be based 011 the standard flour. A t present 
there seems to be a different method of expressing color in use 
by each laboratory engaged in flour testing.

We may sum up the results we have been able to obtain in 
our experimental work on the milling of wheat and testing of 
flour by saying that we are able to secure results which are 
satisfactory to us in showing the flour-producing qualities of 
any wheat. We shall qualify this statement by saying that, 
at the present time, it is very difficult to express our results in 
such a way that they will convey an adequate understanding 
of these results to other parties such as millers or flour 
jobbers.

The primary object of this paper is to present the need for 
uniform methods to be employed in the milling and testing 
operations and a uniform method of expressing the results ob­
tained so that any party receiving a report from any laboratory 
on any particular wheat or flour, will be able to read this report 
intelligently and to compare it with any other report which he 
may receive from this or any other laboratory on the same sample 
of wheat. It is impossible to interest the millers, or to any 
considerable extent the grain dealers, in the testing of wheat 
and flour, until they arc able to obtain concordant and satis­
factory reports on any sample which they may submit.

The first move in the satisfactory solution of this question 
must be made by the chemist and the chemical laboratories who

FULLER’S EARTH
According to official figures as given in the Oil, Paint and 

Drug annual report, the value of Fuller’s earth produced in the 
United States in 1912 was $305,522, and Florida was the leading 
producing State. The principal use of Fuller’s earth in this 
country is in the bleaching, clarifying or filtering of fats, grease 
and oils. The market for Fuller’s earth was quiet, but steady 
through the year, and prices varied according to quality. Im­
ports of Fuller’s earth for the fiscal year with comparisons were:

T o n s  V alues

1 9 1 3 . . . .   1 6 , 8 6 6  $ 1 4 5 , 5 8 8
1 9 1 2 ....................................................................  1 6 ,1 7 5  1 3 8 ,1 1 1
1 9 1 1 ....................................................................  1 5 , 8 1 3  1 2 5 ,8 9 9
1 9 1 0 ....................................................................  1 3 ,1 9 2  1 1 8 ,9 5 6
1 9 0 9 ....................................................................  1 1 ,4 8 9  1 0 0 ,2 6 9

FINANCIAL AND LABOR CONDITIONS ON ENGLISH 
RAILROADS

In an editorial comment on the railway situation, during the 
past year in England, Engineering (Loudon), 97 (1914), 322, 
publishes the following:

"The past year has, on the whole, been a very prosperous 
one for the railways, but the gross increases have, to a very 
large extent, been swallowed in additional charges. The Lon­
don and North-Western Railway Company, for example, have 
had a record year: the net receipts amounted to $30,722,786, 
which is an increase of $4,525,000. Expenses, however, 
increased by $3,472,600, of which a very large fraction is 
attributable to increased wages. The Great Western Rail­
way Company’s receipts again showed an increase of $5,194,350 
on the year. At the same time charged increases by $3,482,300. 
These figures may be taken as fairly typical. The increased

are seeking the trade of the grain dealer and the miller. The 
importance of this work may be inferred to some extent by stating 
that on single days in the past year one firm of grain dealers 
disposed of, to millers, more than 200,000 bushels of wheat.

Another factor which enters into the importance of such work 
is that in many years the wheat crops of certain localities are 
short, while an abundance of wheat of a different variety may be 
obtainable from other sections. This is very well illustrated 
by the conditions of the past year, when the winter wheat crop 
throughout the country was unusually low. Millers using 
quantities of Winter Wheat in their milling mixture had to pay a 
considerable premium above the normal price of wheat to secure 
varieties of wheat they desired. In some instances this premium 
amounted to 16 cents per bushel or $160.00 per car. Substitutes 
for the desired varieties of wheat were consequently in demand 
and these substitutes also brought a considerable premium in 
price, ranging from 8 to 16 cents per bushel.

You will note, therefore, that any grain company, which by 
the service of its chemist may be able to pick up any quantity 
of these wheats so much desired by the millers will thus make 
a handsome profit above the expense connected with the opera­
tion of a laboratory.

The extension of the wheat and flour testing will undoubtedly 
be determined by: (1) The ability of the chemists to agree
upon a uniform method for conducting the testing and in ex­
pressing their results; (2) The ability of the chemists to convince 
the grain dealer and the miller of the profit which may be derived 
from a satisfactory knowledge of the wheat being purchased.

Armour Institute of T echnology Laboratories 
C hicago

wages cost is, of course, not wholly due to increased rates of 
pay or shorter hours, but in part to the necessity of employing 
additional hands to meet the necessities of the exceptional traffic. 
Such additional labor is necessarily somewhat inefficient, and 
a feeling of good comradeship also has its effect in inducing the 
old hands to slack of! a little, so as to avoid the risk of "working 
the new men out of a job.” In the case of the London and North- 
Western Company, for example, of the two and ouc-half million 
dollars total increase in the pay bill, only one and one-half 
million was due to the extra rates of pay. The companies have, 
of course, to pay, in addition, insurance charges, which in the 
case of the London and North-Western line were equivalent to 
nearly 1 per cent on the net receipts. The total wages bill 
is equivalent to about one-fourth the gross receipts. The 4 
per cent increase in rates demanded by the railway companies 
is claimed to be very far from meeting the increased wages cost.

“ The very large amount of capital which must be ventured 
to provide employment for one railwayman is truly remark­
able— averaging about $10,000 per head. This is, of course, 
out of all proportion greater than in other large industries, and 
the tendency is for it to increase. In the shipbuilding industry 
the capital risked per workman amounts to 110 more than $900, 
according to an estimate made by Dr. J. Inglis.

"One of the great problems of the day is the arrangement of 
some reasonable modus vivendi with labor. Notices for the 
termination of the existing agreement as to conciliation boards 
have been handed in pretty generally. To no small extent the 
difficulty with labor resides in the circumstance that while the 
men demand more wages, the capital for necessary extensions 
and developments can only be obtained if these wages are actually 
earned. The men, however, in many cases object to the adop­
tion of the only means by which this desideratum can be attained, 
since every improvement in operating methods devised by the

CURRENT INDUSTRIAL NLW5
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administration of a railway line, by enabling more work to be 
done per head, checks temporarily rates of promotion. Hitherto, 
undoubtedly, there has been somewhat too great a tendency to 
substitute regulations for explanations, and to adopt generally 
the attitude of the Roman centurion. Direct access to officers 
or directors with powers of initiative may do much to make 
matters work more smoothly, and many of the companies are 
proceeding on these lines. On the Great Eastern Railway, 
for example, the company is represented on the Conciliation 
Board by a special director, and a somewhat similar policy is 
being pursued by other lines. Much of the trouble experienced 
in the past has been due to a feeling on the part of the men that 
the companies were evading the terms of various awards. It 
will be the business of these special diplomatists to remove such 
apprehensions before matters come to a crisis.”

D a te V essel B arre ls

A pril 28 H y a n th e s ........................................... ___  150
M ay  25 R ic h a rd  W . C la r k ......................... . . . .  4 ,1 5 0
Ju n e  1 B a rk  A lice K n o w le s ..................... ____ 650
Ju n e  29 B rig  D a is y ........................................ ____ 375
J u ly  14 S eh r. E llen  A. S w if t ..................... ____ 450
A u g u st 8 S eh r. A. W . N ic h o lso n ................ ____ 550
A ugust 9 B a rk  C h as . W . M o rg a n ............. ____ 1 ,2 0 0
A ugust 15 S eh r. J o h n  R . M a n ta .................. 200
S ep tem b er 4 B a rk  G a y  H e a d ............................. ____ 900
O ctober 25 S eh r. E . R . S m ith ......................... . . . .  4 ,5 5 5
November* 13 S eh r. R ic h a rd  W . C la r k ............. ___  4 ,4 2 5
N o v em b er 13 S tr .  B e r l in ......................................... ____ 1 ,485

BY-PRODUCT PRODUCERS IN GERMANY

Several German companies have had in operation for some 
time by-product producer-gas power plants built according to 
a system invented by an Englishman, A. H. Lymn. The Journal 
of Gas Lighting and Water Supply, 97 (1914), 715, says:

A large plant on this principle has been in operation with

highly successful results for three years at the works of the Zell- 
stoff-fabrik Waldhof, Mannhein (a Company having a capital 
of from $15,000,000 to $20,000,000) and another plant on Mr. 
Lymn's system has been built by his German licensees, Messrs. 
Ehrliardt and Sehmer, for the Badisclie Anilin- und Soda-Fabrik 
of Ludwigshafen-Rhein— probably the largest chemical works 
in the world. It is interesting for us to be able to add that Mr. 
Lymn’s new and improved system has now been adopted by 
the German Government for their central power station at 
Heinitz. This plant is at first being constructed for 3000 K.W., 
but it is intended to double it later on. It will supply gas to 
large engines built by Messrs. Ehrhardt and Sehner.”

IM PORTS OF SPERM OIL DURING 19 13

According to the Oil, Paint and Drug annual report the 
importations of sperm oil during 1913 were as follows:

T o ta l ................................................................................................  19 ,090

Note— On December 31st, the stocks of unsold sperm oil in 
New Bedford amounted to 1,100 barrels.

POTASH SHIPMENTS DURING 19x4

Consul-General R. P. Skinner, Berlin, Germany, states that 
the executive authorities of the German Potash Syndicate have 
resolved to authorize the following deliveries for domestic and 
foreign consumption during the year 1914 in accordance with 
the provisions of the potash-syndicate law (the amounts being 
in metric tons of pure potash, K 20 ) :

F o r  dom es- F o r  foreign  
tic  con- co n su m p - 

su m p tio n  tion
% M e tr ic  tons

Carnallite with at least 9 per cent and less than
12 per cent KiO ............................................................ 7 ,1 0 0  100

Raw salts with 12 to  15 per cent K î O ................ 3 3 9 ,0 0 0  141 ,100
F ertilizer s a lts  w ith  20 to  22 p e r  c e n t K aO   2 ,3 0 0  4 8 ,3 0 0
Fertilizer salts w ith  30 to 32 per cent K jO   4 ,0 0 0  16 ,000
Fertilizer salts with 40 to  42 per cent K 2O, in­

cluding potash fertilizer w ith  38 per cent
K jO .................................................................................  2 1 1 ,3 0 0  6 7 ,0 0 0

Chloride of p otash ........................................................  6 9 ,7 0 0  1 8 7 ,500
S ulfate of p o ta sh  w ith  m ore  th a n  42 p e r  c e n t

K > 0 .................................................................................  1 ,7 0 0  5 5 ,0 0 0
Sulfate of potash-m agnesia ....................................... 200 15 ,000

T o ta l ............................................................................... 6 3 5 ,3 0 0  5 3 1 ,3 0 0

Grand to ta l.................................................................. 1 , 166,600

GERMAN FOREIGN TRADE IN IRON
In the year 1913 Germany’s foreign trade in iron, like her 

foreign trade as a whole, showed a considerable increase. Technik 
und Wirthschaft, 7 (1914), 213, gives the following data:

Exports
1912 1913

Iro n  a n d  iro n  p ro d u c ts .........................   $296,450,000 $334,800,000
M a c h in e ry ..................................................   157,575,000 169,600,000

T o ta ls ..................................................... $454 ,025 ,000  $504,400,000
Imports

1912 1913
I ro n  a n d  iro n  p ro d u c ts ...................................  $27 ,550 ,000  $26,025 ,000
M a c h in e ry ............................................................. 19,250,000 20,225,000

T o ta l s ........................................................  $46 ,800 ,000  $46,250 ,000

In weight, the iron exports, exclusive of machinery, reached the 
figure of 6,500,000 tons, while the total output of iron in Ger­
many and Luxemburg was 19,100,000 tons (metric). The amount 
exported was 7.5 per cent more than in 1912, but the value of 
the exports showed an increase of 13 per cent. The reason for
this is that the exportation of the cheaper forms of iron fell off

Exports op Iron and Iron Products

Y e a r  M e tr ic  to n s
191  1............................  5 ,380,000
191 2 ............................  6 ,042,000
191 3 ............................  6 ,497,000

in 1913, while that of finished products increased 15 to 17 per 
cent. The proportion of raw iron to the total iron export was 
13.2 per cent and shows a condition similar to that in Great 
Britain, where the proportion of raw iron to the total iron ex­
ported sank from 25.7 per cent in 1912 to 22.2 per cent in 1913.

In the following table Germany’s iron imports and exports for 
the last two years are classified in four groups; it will be seen here 
that the amount of machinery exported is seven times as great 
as that imported, a great increase over 1900, when the exports 
were only two and a half times the imports.

Imports E xports

1912 1913 1912 1913

R aw  iron , s c rap , e tc . (m e tr ic  to n s) 493 ,000 451,000 1,911,000 1,754,000
R o llin g  m ills’ p ro d u c ts .......................  118,000 125,001) 3 .304 ,000 3 ,801 ,000
M a c h in e ry ................................................  78,000 88 ,000 537 ,000  594 .000
O th e r  p r o d u c ts ........................................ 63 ,000 42 ,000 806.000 943,000

It is noteworthy that the exports to Great Britain, British 
East Indies, East Asia and South America have more than made 
up for the falling off of the exports to other European countries; 
even the small amount exported to the United States was doubled. 
The following table shows the destinations and amounts of the 
greater part of the iron exported:

1910 1912 1913

G re a t  B r i t a in ..................................................... 910 ,000  1,024,000 1,208,000
B e lg iu m ................................................................  753 ,000 798,000 648,000
N e th e r la n d s .....................   386 ,000  555 ,000  595,000
B raz il a n d  A rg en tin e  R e p u b l ic ................  395 ,000  381 ,000  471 ,000
S w itz e r la n d ......................................................... 262 ,000 356 ,000  333.000
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N A T U R A L  G A S  IN  C A N A D A

Remarkable progress is reported for 1913 by the Canadian 
Western Natural Gas, Light, Heat and Power Co. According 
to the Journal of Gas Lighting and Water Supply, 97 (1914),
639, the daily consumption amounts to some 26,000,000 cu. ft., 
which is paid for at the rate of 15 cents per 1000. The distri­
bution has a capacity of 33,000,000 cu. ft. daily, but enlarge­
ments are in contemplation, since 500 consumers are being added 
monthly. The pressure in the borings is over 600 lbs. per sq. 
in., and this is practically as great as when the well was first 
started. It may, therefore, be assumed that the supply will 
last for some years. The total capital of the company at the 
end of 1913 amounted to more than $9,747,000.

T A R  A N D  B E N Z O L  P R IC E S

» The Journal of Gas Lighting and Water Supply, 97 (1914),
640, quotes an article in the Journal fur Gasbeleuchtung, in which 
appears a diagram (drawn up by Professor Dr. Ost) showing 
the remarkable fluctuations in the prices of tar and benzol be­
tween the years 1S80 and 1905. The price of a ton of tar in 
1880 was about 30 marks; in 1883’ it had risen to 55; in 1S87 
it was down to about 16; in 1892 it was up to 40 again; from 1889 
to 1905 it was round about 20 marks. The variations in the 
benzol curve are even more remarkable. Between 1885 and 1886 
the price of 100 kg. dropped from 400 marks to 40, owing to the 
advent of benzol washing in coke-oven practice. In 1890 it 
again rose to 110 marks; in 1S95 it was below 27; and in the next 
year it shot up to 75 again. From 1899 to 1905 it was fairly 
steady round about 20 marks. The prices in the London market 
last week were about 32 marks per ton of tar, and 27 to 28 marks 
per 100 kg. for benzol.

D O M E S T IC  L IG H T IN G  F IF T Y  Y E A R S  A G O

The Journal of Gas Lighting and Water Supply, 97 (1914), 
516, quotes the following paragraph from The Builder for Feb. 
20, 1864:

"O f late, in provincial towns, and even in some villages, gas­
lights have been introduced into the dwellings of the working 
classes— a practice which adds to the cheerfulness of homes and 
is not more expensive than candles. In Manchester most new 
houses, of even the third class, have gas-pipes laid 011 at the time 
of building. In London this is not so generally done, even in 
new houses of this class; and to lay the pipes to old ones, by re­
opening the pavements, is a seldom recurring art. Of late, 
however, lamps constructed for the use of paraffin or petroleum 
and colza oils are coming much into use in the houses of the work­
ing classes; and it is stated that in the longest days of winter, 
when light is needed from between four and five o’clock p. m . 

till between ten and eleven, and also in the morning, the cost 
is only about 8d. a week. Common candles would come to about 
a shilling, while the paraffin gives three or four times the volume 
of light that could be obtained from candles for that money.”

G A S E S  IN  IR O N  A N D  S T E E L

An investigation by W. Herwig, Stahl und Eiseti, 33, 1721, 
on the gas contained in blisters formed on steel plates during 
rolling and annealing is quoted in the Journal of Gas Lighting 
and Water Supply, 97 (1914), 502. This gas consists chiefly 
of nitrogen. The gases evolved during the solidification of iron 
immediately after tapping from the blast-furnace include large 
quantities of hydrogen and carbon monoxide; white iron contains 
more hydrogen, and hot-blast gray iron more carbon monoxide. 
By heating in a current of hydrogen, the nitrogen in steel turn­
ings was reduced from 0.022 to 0.006 per cent; and, though 
it was not increased by heating in a current of nitrogen, yet 
from a mixture of nitrogen and hydrogen in equal proportions 
a steel was obtained, in one case with as much as 0.052 per cent 
of nitrogen. The author considered that similar action takes

place in the converter. A steel containing 0.04 per cent of nitro­
gen, when tested, broke without elongation, but was improved 
by prolonged annealing.

T H E  C IN E M A T O G R A P H  IN  R E S E A R C H

In an extremely interesting lecture before the Frankisch-Ober- 
pfalzischer Section of the Verein deutscher Ingenieure [Zeit- 
schrift des Ver. deui, Ing., 58 (1914), 268], Dr.-Ing. Hanz Goetz 
outlined the part cinematography had played in scientific and 
technical research and suggested some of the things that may be 
expected of it in the future. After an introduction giving sta­
tistics, describing apparatus and outlining the history of the 
invention, the lecture takes up the position of moving picture 
photography among the means of reproducing phenomena to 
the census. It differs from other means in that it correlates 
two of the basic quantities that physics deals with, time and 
extension in space.

The most obvious way in which the cinematograph may act 
as an aid to science is in recording rare phenomena such as scenes 
in the life of seldom seen or difficultly accessible animals, unusual 
surgical operations, etc.-— fields in which considerable success 
has been attained. Its usefulness only begins here, how­
ever. Just as the scale of objects may be varied when they are 
represented graphically, so the time scale of actions may be 
changed when they are represented by the cinematograph. 
By an increase in speed, Professor PfefTer, of Leipzig, has been 
able to reproduce in three minutes a ten-day period of growth 
of a horse-chestnut twig; pictures for this reproduction were 
taken at five minute intervals. A large field for the study of 
the growth of both plants and animals is thus opened up. Just 
as slow motions can be hastened so that it is possible to see the 
total effect in a truer perspective, so it is possible to retard and 
analyze quick movements, and the limits are only those of the 
speed with which the pictures can be taken. With the most re­
fined mechanical devices it is not possible to take more than 250 
pictures per second, but by illuminating the moving object with 
regularly succeeding electric sparks and photographing on a film 
moving continuously rather than intermittently, it was found 
possible to increase the number of exposures to 2000 per second. 
Bull has studied the flight of insects in this manner.

From an engineering point of view the cinematograph has been 
most useful in studying projectiles and their effect on armor 
plate. Much higher frequencies had to be used than Bull ob­
tained, and the apparatus employed differed from his in not 
using a mechanical interrupter; in series with the illuminating 
spark-gap was a large condenser, and in parallel with it a small 
one; the large condenser is charged by an induction machine, 
and when it is discharged the small condenser is alternately 
charged and discharged across the gap. The period of the 
alternations can be judged with fair accuracy by the tone. 
Since an explosion can take place in the five-thousandth part 
of a second, the speed of nine to fifty thousand exposures per 
second, obtained by this method, is sufficient to furnish inter­
esting results. Since it is obviously impossible to have the 
camera near the object photographed,- a special arrangement is 
used.

The cinematograph can also be used for making quantitative 
measurements of movements. The fall of a body has been 
studied by photographing on the same film the falling object 
and the hand of a chronograph, and in the same way the action 
of a steam hammer has been timed.

In these lines the cinematograph has just begun to be de­
veloped, and offers great possibilities in solving problems deal­
ing with time and space in fields as wide apart as engineering 
and biology, and makes possible the study of motions so slow 
that it has hitherto been impossible to form conception of their 
whole meaning, or so fast that it has been almost impossible to 
form any conception of them at all.
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C H E M IC A L  IN D U S T R IE S  IN  JA P A N  S IN C E  1 9 1 1

Japan’s foreign trade has increased considerably in the last 
year. Imports in 1912 amounted to $318,000,000, in 1913 to 
$372,000,000; exports in 1912 amounted to $269,000,000, and in 
1913 to $321,000,000. Chemical trade has in general shared 
in this increase; though the establishment of several factories 
in Japan, financed chiefly by foreign capital, has greatly cut 
down the importation of some substances such as formalin and 
acctic and salicylic acids. On January 1, 1911, there were, in 
Japan, 470 factories producing chemicals or related products; 
of these 159 manufactured explosives, 83 oils and waxes, 77 
pharmaceutical products, 21 rubber, 13 toilet preparations, 
30 soaps. 5 dyes, 49 fertilizers, and 33 were unclassified in the 
official statistics. Germany and England have furnished the 
larger part of the imports, but in the last three years American 
competition has made itself keenly felt.

The Cliemiker-Zeitung, in which appear the above data, 
publishes also, 38 (1914), 395, the following table of chemical 
imports for 1911 and 1912:

A cids: B o ric ................................................... $
C it r ic .................................................
A c e tic ................................................
C a rb o lic ............................................
S a licy lic ...........................................
T a r ta r ic ............................................

A lu m .................................................................
A m m onium  c a rb o n a te .............................
A m m onium  c h lo r id e .................................
A nilin s a l t s .....................................................
A n tifc b r in .......................................................
A n tip y rin e .....................................................
B ism u th  n i t r a t e ...........................................
C alcium  a c e ta t e ..........................................
C am phor, b o rneo l, e t c .............................

, C ocaine s a l t s .................................................
E xplosives: D y n a m i te ..............................

D e to n a to r s ...........................
O th e r  ex p lo siv es ................

F o rm a lin .........................................................
G e la tin .............................................................
G ly c e r in e .  ..................................................

1911 1912

4 9 ,1 5 0 6 1 ,0 0 0
1 5 ,550 2 0 ,0 0 0
5 ,4 0 0 3 ,4 5 0

6 9 ,5 0 0 135 ,000
101 ,400 5 3 ,8 5 0
2 4 ,1 5 0 4 2 ,7 0 0

5 ,6 5 0 400
3 4 ,2 5 0 4 5 ,9 0 0

4 5 ,9 5 0
2 5 ,1 0 0 7 1 ,5 5 0
20 ,4 5 0 19 ,450
8 4 ,5 5 0 8 6 ,1 0 0

177 ,150 8 3 ,3 0 0
1 4 6 ,000

4 1 ,7 5 0 1 6 ,3 5 0
3 9 ,7 5 0 8 2 ,2 5 0

3 2 8 ,7 5 0 3 8 0 ,0 5 0
7 1 ,9 0 0 4 2 ,6 5 0
2 0 ,1 5 0 5 0 ,4 5 0

112 ,550 5 9 ,5 5 0
3 2 ,9 5 0 3 7 ,3 5 0

4 0 8 ,1 0 0 3 9 3 ,3 0 0

1911 1912
G u a ia co l c a rb o n a te ................................. 6 6 ,4 0 0
G lu e ................................................................ 156 ,450 1 9 1 ,100
M ag n es iu m  c a rb o n a te ........................... 8 ,7 5 0 9 ,1 5 0
M ilk  s u g a r ................................................... 2 8 ,4 5 0 3 4 ,0 5 0
M o rp h in e  s a l t s .......................................... 4 9 ,5 5 0 7 3 ,8 5 0
P h o sp h o ru s , y e llo w ................................. 9 7 ,8 0 0 13 2 ,500
P h o sp h o ru s , r e d ........................................ 1 85 ,350 187 ,600
P o ta s s iu m  c h lo r a te .................................. 6 2 0 ,1 0 0 6 5 0 ,1 0 0
P o ta s s iu m  b ic h ro m a te ........................... 4 9 ,4 5 0 125 ,700
P o ta s s iu m  b ro m id e ................................. 8 ,8 0 0 2 5 ,6 5 0
P re p a ra t io n s , m ed ical, a lcoho lic  . . . . 4 6 ,4 5 0
Q u in in e  s a l t s .............................................. 4 2 ,3 0 0 4 7 ,8 5 0
R h u b a r b ....................................................... 8 ,7 0 0 10 ,300
S a n to n in ....................................................... 3 1 ,7 5 0 7 6 ,4 5 0
S en eg a  r o o t ................................................. 4 2 ,4 5 0 2 9 ,2 5 0
S od ium  b o r a t e ........................................... 3 8 ,5 0 0 7 0 ,6 0 0
S o d iu m  b ic a rb o n a te ............................... 134 ,100 135 ,450
S oda, c a u s tic , r a w ................................... 6 3 0 ,4 5 0 5 8 4 ,2 0 0
S o d a  a s h ....................................................... 5 6 4 ,5 5 0 6 9 4 ,2 5 0
C hem ica ls , a ro m a t ic ............................... 14 ,950
O th e r  c h e m ic a ls ........................................ 1 ,6 8 9 ,0 0 0 1 ,6 3 3 ,9 0 0
D ru g s, e t c .................................................... 131 ,250 6 6 ,8 0 0

THE PAPER INDUSTRY IN INDIA
The chief difficulty the paper industry in India has to over­

come is lack of raw material, since no wood pulp is to be had in 
the country. This lack is supplied partly by importation, partly 
by the use of native grasses, and largely by the use of cotton rags, 
the supply of which may be judged from the fact that in India 
over 400,000 tons of cotton goods are used annually. Other 
raw materials arc jute and hemp, and experiments are now being 
made with bamboo and bagasse, so far without practical results. 
The Chemiker-Zeitung, 38 (1914), 109, gives the following figures 
for the year 1911: India imported 13,500 tons pf raw paper
materials worth $530,000, of which 5,500 tons came from Sweden,
5,000 from England and 1,600 from Germany. The paper 
consumption amounts to 70,000 tons annually with a value of 
over $6,000,000; of this $2,500,000 worth is of domestic manu­
facture and $3,500,000 worth or more is imported. In 1911 
there were seven paper factories in operation with a combined 
capital of about $2,000,000.
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3. T h e  D e t e r m i n a t i o n  o f  M ix e d  C a r b o h y d r a t e s  i n  I n f a n t  F o o d s .  

T. M . R e c t o r  a n d  E . B . W e t t e n g e l .
4 . T h e  D e t e r m i n a t i o n  o f  T a n n i n  i n  T e a .  H .  C . F u l l e r .
5. A R a p id  M e th o d  f o r  t h e  D e t e r m i n a t i o n  o f  S o d iu m  C h lo r id e  

in  B u t t e r  a n d  i t s  S u b s t i t u t e s .  T .  M .  R e c t o r .
6. A  R a p id  M e th o d  f o r  t h e  D e t e r m i n a t i o n  o f  U n s a p o n if la b le  

M a t t e r  i n  F a t s  a n d  O ils . T .  M .  R e c t o r .
7 . T h e  D e t e r m i n a t i o n  o f  C a f le in  i n  C o ffee  a n d  T e a .  H .  C .  

F u l l e r .

8. T h e  O ff ic ia l  M e th o d  f o r  D e t e r m i n i n g  C r u d e - F ib e r  a s  A p p lie d  
t o  C o t t o n s e e d  M e a l .  C iias, K. Francis.

9. T h e  A r s e n a t e s  o f  L e a d .  H. V. T artar and R. H. Robinson.
10. T h e  C h a n g e s  P r o d u c e d  b y  t h e  W r a p p i n g  o f  B r e a d .  H . E .

Bishop.
11. T h e  D e t e r m i n a t i o n  o f  L e c i t h i n - P h o s p h o r u s  i n  M a c a r o n i  

a n d  F a r in a c e o u s  A r t ic le s .  H. C. F uller.
12. O n  t h e  C o m p o s i t io n  o f  L o b s te r .  H. S. Bailey.
13. T o m a to  S e e d  O il. H. S. Bailey.
14. T h e  D ig e s t i b i l i t y  o f  C o r n  C o n s u m e d  b y  S w in e .  S . C.

Guernsey.
15. C h e m ic a l  C h a n g e s  O c c u r r in g  d u r i n g  t h e  P e r io d  o f  S ila g e  

F o r m a t i o n .  Ray E . Neidig.
16. P r e l i m i n a r y  N o te s  o n  t h e  C u r in g  o f  C u c u m b e r  P ic k le s .

H. N. Riley.
17. A G r a p h ic  M e th o d  o f  C a l c u l a t i n g  D ie t a r ie s  a n d  R a t io n s ,

D . L. Randall.
18. T h e  H y d r o ly s is ,  u n d e r  P r e s s u r e ,  o f  S u g a r  S o lu t i o n s .  W . 

S . Hubbard and W . L .  M itch ell.
19. N o te s  o n  t h e  D e t e r m i n a t i o n  o f  T o t a l  S u l f u r .  Philip L . 

Blumentiial.
20. B a r i u m  i n  V a r io u s  P l a n t s .  Nicholas K night.
21. T h e  N o n - U n i f o r m i t y  o f  D r y in g  O v e n  T e m p e r a t u r e s .  Lorin 

H. Bailey.
22. T h e  A n a ly s is  o f  A lk a l i  S o ils .  C. N. Catlin.
23. D a te s :  C o m p a r a t iv e  C o s t  o f , i n  A k r o n , O h io .  C has. P.

Fox .
24. T h e  C o m p o s i t i o n  o f  G o o s e b e r r ie s  w i t h  S p e c i a l  R e f e r e n c e  

t o  T h e i r  P e c t i n  C o n t e n t .  E . H. S. Bailey.
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25. A  R a p i d  M e th o d  f o r  C o m m e r c i a l  A n a ly s is  f o r  M a r l s  a n d  
L i m e s to n e s .  O . B .  W i n t e r .

26. A  M e th o d  f o r  t h e  E s t i m a t i o n  o f  C a lc iu m , S t r o n t i u m ,  a n d  
M a g n e s iu m  i n  t h e  P r e s e n c e  o f  P h o s p h o r i c  A c id  a n d  I r o n .  O . B .
W i n t e r .

27. T h e  C h e m is t r y  o f  t h e  D e c o m p o s i t io n  o f  P e a t  a n d  M u c k .
C . S .  R o b i n s o n .

28. S o m e  P o t  E x p e r im e n t s  w i t h  M ix tu r e s  w i t h  P e a t  a n d  M a n u r e  
i n  C o n n e c t io n  w i t h  V a r io u s  F e r t i l i z e r s .  C .  S . R o b i n s o n .

B IO L O G IC A L  C H E M IS T R Y  D IV IS IO N

C a r l  L . A l s b e r g ,  C hairm an  I .  K . P h e l p s .  Secretary

1. C o a g u l a t i o n  o f  A lb u m e n  b y  E le c t r o ly te s .  W i l d e r  D .  B a n ­
c r o f t .

2 . C o l lo id a l  S w e ll in g  a n d  H y d r o g e n  I o n  C o n c e n t r a t i o n .  L  J .  
H e n d e r s o n ,  W .  W .  P a l m e r  a n d  L .  H .  N e w b u r g h .

3. T h e  F u n c t i o n s  o f  A m m o n i a  a n d  P h o s p h o r i c  A c id  i n  t h e  R e g u ­
l a t o r y  E x c r e t io n  o f  A c id . L .  J .  H e n d e r s o n  a n d  W . W . P a l m e r .

4. P a r t i t i o n  o f  t h e  N i t r o g e n  o f  P l a n t ,  Y e a s t  a n d  M e a t  E x t r a c t s .  
F .  C .  C o o k .

5. C o m p a r i s o n  o f  t h e  V a r io u s  M e th o d s  f o r  t h e  Q u a n t i t a t i v e  
D e t e r m i n a t i o n  o f  S u g a r  i n  B lo o d . M a x  K a i i n .

6. C lin ic a l  S tu d ie s  o f  t h e  R u s s o  T e s t .  Max K ahn.
7. U r in a r y  C a t a la s e  i n  H e a l t h  a n d  D is e a s e .  M a x  K a h n  a n d

C .  J .  B r i m .
8. O n  t h e  P r e s e n c e  of O le ic  A c id  i n  G a s t r i c  C o n t e n t s  o f  P a t i e n t s  

S u f f e r in g  w i t h  G a s t r i c  C a r c in o m a .  M a x ' K a h n  a n d  J .  S u b k i s .
9 .  T h e  L ip in s  o f  D is e a s e d  H u m a n  L iv e r s . J . R o s e n b l o o m .

10. T h e  P o t a s s i u m  C o n t e n t  o f  C e r e b r o s p i n a l  F lu id  i n  V a r io u s  
D is e a s e s .  J . R o s e n b l o o m  a n d  V. L . A n d r e w s .

1 1 . T h e  N i t r o g e n  D i s t r i b u t i o n  i n  F e c e s .  A . R .  R o s e .
12. A  S t a n d a r d  i n  t h e  D e t e r m i n a t i o n  o f  A m m o n i a  b y  N e s s le r iz in g  

w i t h  t h e  D u b o s e  C o lo r i m e t e r .  A . R .  R o s e  a n d  K a t h e r i n e  R .  C o l e ­
m a n .

1 3 . N e p h e l o m e t r y  i n  t h e  S t u d y  o f  N u c le a s e s .  P .  A . K o b i j r .
14. A  S o lu b le  P o ly s a c c h a r id e  i n  L o w e r  F u n g i .  A . W . D o x .
15. T h e  C h e m ic a l  D y n a m i c s  o f  L iv in g  P r o to p la s m .  W . J .  V.

O s t e r i i o u t .
16. T h e  P h y s io lo g ic a l  W a te r  R e q u i r e m e n t  a n d  t h e  G r o w t h  o f  

P l a n t s  i n  G ly c o c o ll  S o lu t i o n s .  A l f r e d  D a c h n o w s k i  a n d  A .  G o r m l e y .
17. T h e  E s t i m a t i o n  o f  A m in o  A c id s  a s  S u c h  i n  t h e  S o il. R .  S . 

P o t t e r  a n d  R .  S .  S n y d e r .
18. M e th o d s  A d a p te d  f o r  t h e  D e t e r m i n a t i o n  o f  D e c o m p o s i t io n  

i n  E g g s  a n d  i n  O t h e r  P r o t e i n  F o o d  P r o d u c t s .  H .  W . H o u g h t o n  a n d  

F .  C .  W e b e r .
1 9 . F a c t o r s  I n f lu e n c in g  t h e  Q u a l i t y  o f  A m e r i c a n  S a r d in e s .

F .  C .  W e b e r  a n d  H .  W . H o u g h t o n .
20. T h e  C o m p o s i t io n  a n d  N u t r i t i v e  V a lu e  o f  t h e  P r o p r i e t a r y  

I n f a n t  F o o d s .  F .  C .  C o o k  a n d  F .  C .  W e b e r .
2 1 . T h e  E l e c t r i c a l  S t i m u l a t i o n  o f  T i s s u e .  O l i v e r  E .  C l o s s o n .
22. A  N ew  A p p a r a t u s  f o r  D e t e r m i n i n g  C r u d e  F ib e r  i n  F o o d s ,  

F e e d i n g - s t u f f s ,  a n d  F e c e s .  ( D e m o n s t r a t i o n . )  A .  D .  E m m e t t .
23. T h e  C a r b o n  D io x id e  E x c r e t io n  a s  M o d if ie d  b y  B o d y  W e ig h t .

G . O .  H i g l e y .
24. E n z y m e s  o f  t h e  C e n t r a l  N e rv o u s  S y s t e m . H .  M .  E n g l i s h  

a n d  C. G . M a c A r t h u r ,
25. P r o t e i n s  o f  t h e  C e n t r a l  N e r v o u s  S y s t e m .  H .  H .  M c G r e g o r  

a n d  C. G . M a c A r t h u r .
26. S p e c i f ic i ty  i n  t h e  A c t io n  o f  D r u g s  o n  B r a i n  a n d  H e a r t  P h o s -  

p h a t i d s .  C .  G .  M a c A r t h u r  a n d  G .  H .  C a l d w e l l .
2 7 .  R e d u c t i o n  P r o c e s s e s  i n  P l a n t  a n d  S o il. M .  X . S u l l i v a n .
28. T h e  P a s s a g e  o f  N u c le ic  A c id  f r o m  P l a n t  t o  M e d iu m .  M .  X . 

S u l l i v a n .
29. C h e m ic a l  S tu d ie s  u p o n  t h e  G e n u s  Z y g a d e n u s .  C . L .

Alsberg.
F E R T I L I Z E R  C H E M IS T R Y  D IV IS IO N

J .  E . B r e c k e n r i d g e ,  C h a irm an  F . B . C a r p e n t e r ,  S ecretary

1. C h a i r m a n ’s  A d d r e s s .  C h e m is t r y  a n  I m p o r t a n t  F a c t o r  i n  
t h e  F e r t i l i z e r  I n d u s t r y .  J .  E . B r e c k e n r i d g e .

2 . T h e  P r e p a r a t i o n  o f  N e u t r a l  A m m o n i u m  C i t r a t e ,  E r m o n

D .  E a s t m a n  a n d  J o e l  H .  H i l d e b r a n d .
3. A  C o m p a r i s o n  o f  N e u t r a l  A m m o n i u m  C i t r a t e  w i t h  S o d iu m  

C i t r a t e  a n d  N /1 0  C i t r i c  A c id . P a u l  R u d n i c k ,  W . B . D e r b y  a n d  

W . L .  L a t s h a w .
4. T h e  S e p a r a t i o n  o f  O r g a n ic  N i t r o g e n  f r o m  M ix e d  F e r t i l i z e r s .

C .  H .  J o n e s .
5 . S e p a r a t i o n  o f  P h o s p h o r i c  A c id  f r o m  L im e .  F . K .  C a m e r o n
6. S e p a r a t i o n  o f  P o t a s h  f r o m  K e lp .  ( L a n t e r n ) .  F . K .  C a m e r o n .

C o m m i t t e e  R e p o r t s  
N i t r o g e n .  P r o g r e s s  o n  t h e  A n a ly s is  o f  C o m m e r c i a l  N i t r a t e  

o f  S o d a . P a u l  R u d n i c k ,  C hairm an .
P h o s p h o r i c  A c id . G . Farnham, C hairm an .
P o t a s h .  J .  E . B r e c k e n r i d g e ,  C hairm an .
P h o s p h a t e  R o c k . F . B . C a r p e n t e r ,  C hairm an .
F e r t i l i z e r  L e g is la t io n .  F . B .  C a r p e n t e r ,  C h a irm a n .

IN D IA  R U B B E R  C H E M IS T R Y  S E C T IO N

D. A. C utler, C ha irm an  Dorris Whipple, Secretary

1. T h e  I n f lu e n c e  o f  T e m p e r a t u r e  i n  t h e  P h y s i c a l  T e s t in g  of 
R u b b e r  G o o d s . T. L. Wormley and J .  B . T uttle.

2. R e v ie w  o f  R e p o r t  o f  J o i n t  R u b b e r  I n s u l a t i n g  C o m m itte e .
Dorris W hipple.

T h e  m a in  tim e  of th e  m ee tin g  w as ta k e n  u p  w ith  a  r e p o r t  of th e  Ana­
ly t ic a l C o m m itte e  a n d  a  g en e ra l d iscussion .

IN D U S T R IA L  C H E M IS T S  A N D  C H E M IC A L  E N G IN E E R S  D IV IS IO N

Geo. P . Adamson, C hairm an  S. H . Salisbury, Jr., Secretary

1. N ew  V o lu m e t r i c  D e t e r m i n a t i o n  o f  S u l f u r  i n  I r o n  O res.
L . Seline.

2. P i t o t  T u b e s  f o r  t h e  M e a s u r e m e n t  o f  G a s  V e lo c i t i e s .  Andrew 
M. Fairlie.

3. A  C o m p a r i s o n  o f  V a r io u s  M o d if ic a t i o n s  o f  t h e  K je ld a h l  
a n d  D u m a s  M e th o d s  f o r  t h e  D e t e r m i n a t i o n  o f  N i t r o g e n  i n  C oal 
a n d  L i g n i te .  A. C . Fieldner and C. A. T aylor.

4. T h e  M e c h a n i s m  o f  t h e  R e a c t i o n  b e t w e e n  P h e n o l i c  B odies 
a n d  A c tiv e  M e th y l e n e s .  L. V. Redman, A. J .  Weith and F . P . Brock.

5. F lu o r e s c e n c e  o f  P e t r o l e u m  D is t i l l a t e s .  (L a n te rn .)  B. T. 
Brooks and R . F . Bacon.

6. T h e  M a n u f a c t u r e  o f  G a s o l in e  f r o m  H e a v y  P e t r o l e u m  Oils. 
(L a n te rn .)  B. T . Brooks, R . F . Bacon and C. W . Clark.

7. S o m e  E c o n o m ic  P h a s e s  o f  t h e  G a s o l in e  S u p p ly .  Benjamin 
T . B rooks.

8. A b s o r p t io n  o f  C a u s t i c  S o d a  b y  C e l lu lo s e .  W . D . Bancroft.
9. T h e  S t a b i l i t y  o f  R o s in  a t  S l ig h t ly  E le v a t e d  T e m p e r a tu r e s .  

A  C o r r e c t io n .  C has. H. Herty and H. L. Cox.
10. T h e  C h e m i s t s ’ C lu b .  (L a n te rn .)  William L . Dudley.
11. T h e  C h e m is t ,  a  G ro w in g  F a c t o r  i n  M e r c h a n d i z in g .  A. V 

H . Mory.
12. T h e  M e th o d  o f  A n a ly s is  o f  G a s o l in e .  G. W . Gray.
13. T h e  M e th o d  o f  T e s t in g  I l l u m i n a t i n g  O ils . G. W . Gray.
14. C o a l A s h  i n  S o m e  U n u s u a l  P h a s e s .  S. W . Parr.
15. A  T h e r m o e le c t r i c  M e th o d  o f  D e t e r m i n i n g  t h e  P u r i t y  of 

P l a t i n u m  W a re .  G . K . Burgess and P . D . Sale.
16. A  N e v a d a  O il S h a le .  C has. Baskerville.
17. T h e  M e ta l lo g r a p h y  o f  M a l l e a b l e  I r o n .  J .  C ulver Hartzell.
18. T h e  P y r o m e t e r  i n  t h e  A s s a y  M u ff le .  F . P . Dewey.
19. N o te  o n  a  C a u s e  o f  S p o n ta n e o u s  C o m b u s t i o n  i n  C o a l M in e s . 

Horace G . Porter.
20. G r a p h ic a l  S tu d ie s  o f  t h e  U l t i m a t e  A n a ly s e s  o f  C o a ls . Oliver 

C. Ralston.
21. A  G r a p h ic  M e th o d  o f  C la s s i f i c a t io n  o f  C o a ls . Oliver C. 

Ralston .
22. O sa g e  O r a n g e :  I t s  V a lu e  a s  a  C o m m e r c i a l  D y e s tu f f .  F . W.

K ressmann.
23. S o m e  P r e l i m i n a r y  E x p e r im e n t s  o n  t h e  H y d r o ly s is  o f  W h ite  

S p r u c e  w i t h  S u g a r  a n d  E t h y l  A lc o h o l  Y ie ld s .  ( L a n t e r n . F ,  W. 
K ressmann.

24. A  M e th o d  f o r  t h e  R a p id  Q u a n t i t a t i v e  A n a ly s is  o f  B ra ss  
a n d  B ro n z e .  (P b , C u , S n ,  S b , R e , Z n .)  R . E. Lee, J . P . T rickey 
and W. H . Fegely.

25. A  M e th o d  f o r  t h e  R a p i d  'Q u a n t i t a t i v e  A n a ly s is  o f  B a b b i t t  
M e ta l s .  (P b , C u , S n ,  S b .)  R . E. L ee, J . P . T rickey and W . H. 
F egely.

26. T h e  C o m p o s i t i o n  a n d  T e s t in g  o f  P r i n t i n g  I n k s .  J- B. 
T uttle and W. H . Smith.

27. T h e  D e t e r m i n a t i o n  o f  C a r b o n  i n  I r o n  a n d  S te e l  b y  th e  
B a r i u m - C a r b o n a t e  T i t r a t i o n  M e th o d .  J .  R. Cain.

28. D e t e r m i n a t i o n  o f  A m m o n i a  i n  I l l u m i n a t i n g  G a s . J .  D. 
Edwards.

29. T h e  I o d in e  N u m b e r  o f  L in s e e d  a n d  P e t r o l e u m  O ils . W . 
H . Smith and J . B. T uttle.

30. C h e m ic a l  J u r i s p r u d e n c e .  L o u is  Hogrepe.
31. R e p o r t  o f  t h e  C o m m i t t e e  o n  A lu m  S p e c i f ic a t io n s .  W m.

M. Booth.
32. R e p o r t  o f  t h e  C o m m i t t e e  o n  P l a t i n u m .  W . F . Hillebrand.

O R G A N IC  C H E M IS T R Y  D IV IS IO N

F . B . Allan, C hairm an  C . G . Derick, V ice-C hairm an  and Secretary

1. T h e  C h e m is t r y  o f  E n z y m ic  A c t io n .  (O ne h o u r.)  J . U. N e f .
2. T h e  C o n s t i t u t i o n  o f  A c e t y l a c e to n e - T h io u r e a .  W . J- Hale.
3. A  C o n t r i b u t i o n  t o  t h e  S tu d y  o f  t h e  C o n s t i t u t i o n  o f  H y d ro x y -  

a z o  C o m p o u n d s .  William McPherson and George W. Stratton.
4. A  G e n e r a l  M e th o d  f o r  t h e  P r e p a r a t i o n  o f  O r th o q u in o n e s .  

Cecil Boord and William McPherson.
5. T h e  O x id a t io n  o f  P r o p y le n e  G ly c o l . Wm. Lloyd Evans,

E. J . T itzemann and P . R . Cottringer.
6. A  S tu d y  o f  t h e  M e c h a n i s m  o f  t h e  G r ig n a r d  R e a c t io n .  L. 

T horp and O. K amm.
7. T h e  S t r u c t u r e  o f  t h e  T h r e e  D ih y d r o - /3 - n a p h t h o ic  A cids. 

C . G . Derick and O. K amm.
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8 . T h e  R e a r r a n g e m e n t  o f  T r i a r y l m e t h y l  A z id s . J .  K .  S e n i o r .
9 . T h e  A c t io n  o f  T r io x y - m e t h y le n e  o n  t h e  A r o m a t i c  H y d r o ­

c a rb o n s  i n  t h e  P r e s e n c e  o f  A l u m i n i u m  C h lo r id e .  G e o . B .  F r a n k ­
f u r t e r  AND V . R .  K O K A T N U R .

10. S tu d ie s  o n  O r g a n ic  P e r io d i d e s .  I .  P e r io d id e s  o f  M e t h a c e t i n ,  
P h e n a c e t in  a n d  T r i p h e n i n .  W . O . E m e r y .

11. P e r io d id e s  o f  A n t ip y r i n .  W . O. E m e r y  a n d  S .  P a l k i n .
12. M o le c u la r  R e a r r a n g e m e n t s  o f  H y d r a z in e s .  J .  S t i e g l i t z  

a n d  J . K . S e n i o r .
13 . T h e  P h o s p h a t e s  o f  D e s t e a r i n .  R .  R .  R e n s h a w  a n d  R .  R .  

S t e v e n s .
14. E l e c t r o m e r s  a n d  S t e r e o m e r s  w i t h  P o s i t iv e  a n d  N e g a t iv e  

H y d ro x y l. L . W . J o n e s  a n d  L . F . W e r n e r .
15. H a lo g e n  S u b s t i t u t e d  H y d r o x a m ic  A c id s . L .  W .  J o n e s  a n d  

I , .  F .  W e r n e r .
16 . F o r m y l - /3 - b e n z y lh y d ro x y la m in e .  L .  W . J o n e s  a n d  M . C. 

S n e e d .
17. T h e  A d d i t i o n  C o m p o u n d s  o f  D im e th y lp y r o n e  w i t h  O r g a n ic  

A cids. J a m e s  K e n d a l l .
18. E r r o r s  i n  t h e  D u m a s  M e th o d  f o r  D e t e r m i n i n g  N i t r o g e n  

D ue to  O c c lu d e d  G a s e s  i n  C o p p e r  O x id e . C . A. T a y l o r  a n d  A. C . 
F i b l d n e r .

19. T h e  I s o m e r i c  O c ta c e t a t e s  o f  L a c to s e .  C . S. H u d s o n  a n d  
J .  M .  J o h n s o n .

2 0 . S u b s t i t u t i o n  i n  t h e  B e n z e n e  N u c le u s  a n d  i n  t h e  S id e  C h a i n  
f ro m  t h e  S t a n d p o i n t  o f  t h e  E l e c t r o n i c  C o n c e p t io n  o f  P o s i t iv e  a n d  
N eg a tiv e  V a le n c e s .  H .  S .  F r y .

2 1 . T h e  S a l t s  o f  A c r id in e .  L . H . C o n e .
2 2 .  T h e  A c t io n  o f  H a lo g e n  o n  4 - N i t r o - w - C r e s o l .  L .  C . R a i f o r d .
2 3 . A  S im p le  M e th o d  f o r  t h e  D e t e r m i n a t i o n  o f  t h e  A c c u r a c y  

of th e  C o n d u c t a n c e  D a t a  o f  O r g a n ic  E l e c t r o l y t e s .  C . G . D e r i c k .
2 4 . T h e  I o n i z a t i o n  C o n s t a n t  o f  P y r o r a c e m ic  A c id . C . G . D e r i c k  

a n d  S t . E l m o  B r a d y .
2 5 . S y m p o s iu m — T h e  T e a c h in g  o f  O r g a n ic  C h e m is t r y .
I . T h e o r y  o f  E l e m e n t a r y  O r g a n ic  C h e m is t r y .  T h e  T e a c h in g  o f  

E le m e n ta r y  O r g a n ic  C h e m is t r y  w i t h o u t  t h e  U se  o f  A to m i c  a n d  
M o le c u la r  H y p o th e s e s .  J . B . A l l a n . D iscussion .

II . T h e o r y  o f  O r g a n ic  C h e m is t r y  f o r  G r a d u a t e  S t u d e n t s .  M . T . 
B o g e r t . D iscussion . W h a t  S h a l l  B e  t h e  C h a r a c t e r  o f  t h e  A d ­
v a n c e d  I n s t r u c t i o n  i n  O r g a n ic  C h e m is t r y ?  R .  R .  R e n s h a w . G e n ­
eral discussion.

I I I .  L a b o r a to r y  T e a c h in g  o f  O r g a n ic  C h e m is t r y .  T h e  T e a c h in g  
of O rg a n ic  C h e m is t r y  i n  t h e  L a b o r a to r y .  I , .  W .  J o n e s . D i s c u s s i o n .

P H A R M A C E U T IC A L  C H E M IS T R Y  D IV IS IO N

F .  R .  E l d r e d , C ha irm an  v A. P .  S y , Secretary

1. M e th o d s  o f  A n a ly s is  o f  t h e  F o r t h c o m i n g  P h a r m a c o p o e ia .
H . W . W i l e y .

2 . S e a s o n a l  V a r i a t i o n s  i n  t h e  I o d in e  C o n t e n t  o f  t h e  T h y r o id  
G la n d . A t h e r t o n  S e i d e l l  a n d  F r e d e r i c k  F e n g e r .

3 . S o m e  P e c u l i a r i t i e s  o f  P r e s e n t  F o o d  a n d  D r u g  L a w s . F r a n k  
O . T a y l o r

4 . N o te s  o n  t h e  D e t e r m i n a t i o n  o f  A n t ip y r i n e .  G e o r g e  D .  
B e a l  a n d  D u a n e  T . E n g l i s .

5 . F u r t h e r  N o te s  o n  L lo y d 's  R e a g e n t  f o r  A lk a lo id s .  S . W a l d -
b o t t .

6. E s t i m a t i o n  o f  P h e n a c e t i n  a n d  A c e t a n i l i d e  i n  A d m ix t u r e .
W . O . E m e r y .

7 . E s t i m a t i o n  o f  A n t ip y r i n .  W . O. E m e r y  a n d  S. P a l k i n .
8. E s t i m a t i o n  o f  C a f fe in e  a n d  A n t i p y r i n  i n  A d m ix t u r e .  W . O. 

E m e r y  A N b  S. P a l k i n .
9 .  E s t i m a t i o n  o f  P h e n a c e t i n  a n d  S a lo l  i n  A d m ix t u r e .  W . O . 

E m e r y , C. C . L e F e b v r e  a n d  G . C . S p e n c e r .
10. A M e th o d  f o r  t h e  E s t i m a t i o n  o f  P o d o p h y l lu m  R e s in .  W . M . 

J e n k i n s .

11. C o m m e r c i a l  P a p a i n  a n d  I t s  T e s t in g .  H .  M .  A d a m s .
12. S o m e  O b s e r v a t io n s  o n  t h e  L e a c h  T e s t  f o r  C o u m a r in .  

W i l l i a m  G .  G a e s s l e r .
13. D ig i ta l i s  A s h .  C h a r l e s  T . P. F e n n e l .
14. T h e  E s t i m a t i o n  o f  M o r p h in e .  H .  M . G o r d i n .
15 . T h e  E s t i m a t i o n  a n d  V a r i a b i l i t y  o f  A lc o h o l  i n  G a le n ic a l s .  

L . F .  K e b l e r .

16 . R e s u l t s  o f  t h e  E x a m i n a t i o n  o f  S o m e  M e d ic a l  A g e n ts  i n  t h e  
D is t r i c t  o f  C o lu m b ia .  I , .  F .  K e b l e r .

17 . E x t r a c t i o n  o f  M o r p h in e  f r o m  A q u e o u s  S o lu t i o n .  H .  B u c h - 
b i n d e r .

P H Y S IC A L  A N D  IN O R G A N IC  C H E M IS T R Y  D IV IS IO N

G . A. H u l e t t , C ha irm an  R . C . W e l l s , Secretary

1. R a p id  D e t e r m i n a t i o n  o f  A r s e n ic  i n  P o is o n  C a s e s  w i t h  t h e  
M a rs h  T e s t .  J a m e s  R .  W i t h r o w .

2 . T h e  D e c o m p o s i t io n  V o l ta g e s  o f  S a l t s  i n  L iq u id  A m m o n i a .
I . T h e  A m m o n i u m  S a l t s .  H .  P .  C a d y  a n d  C .  A. N a s h .

3 .  A d s o r p t io n  a n d  S t a b i l i z a t i o n .  J .  C. B l u c h e r  a n d  E . F .  
F a r n a u .

4. T h e  I d e a l  D if f u s io n  C o e f f ic ie n t  a n d  a  N ew  F u n d a m e n t a l  
L a w  o f  D if f u s io n .  G . M c P . S m i t h .

5. F u r t h e r  O b s e r v a t io n s  o n  t h e  P r e p a r a t i o n  o f  S e le n ic  A c id  
a n d  S e l e n a t e s .  P h i l i p  L . B l u m e n t h a l .

6. C o n c e r n in g  t h e  A to m i c  W e ig h ts  o f  C a r b o n  a n d  S u l f u r .  
T .  W . R i c h a r d s  a n d  C .  R .  H o o v e r .

7. T h e  C r i t i c a l  P o i n t  a n d  t h e  S ig n i f i c a n c e  o f  “ b ” i n  t h e  E q u a t i o n  
o f  V a n  d e r  W a a ls .  T h e o d o r e  W .  R i c h a r d s .

8. T h e  P r e s e n t  S t a t u s  o f  t h e  A b s o lu te  S c a le  o f  P r e s s u r e .  T h e o ­
d o r e  W .  R i c h a r d s .

9. A  M e th o d  f o r  P r o d u c i n g  a  R e p r o d u c ib le  C o n t a c t  P o t e n t i a l  
b e t w e e n  L iq u id s .  E . P .  S c h o c h .

10. T h e  R e l a t i o n  b e t w e e n  t h e  C o n c e n t r a t i o n s  a n d  t h e  P o t e n t i a l  
o f  t h e  F e r r o u s - F e r r i c  S a l t  P o le .  ( L a n t e r n . )  E .  P .  S c h o c h .

11. N ew  E l e c t r o a n a l y t i c a l  M e th o d s  f o r  L e a d ,  T i n ,  C o p p e r  a n d  
A n t im o n y .  ( L a n t e r n . )  E . P .  S c h o c h  a n d  D .  J .  B r o w n .

12. C o n t r i b u t i o n  t o  t h e  K n o w le d g e  o f  t h e  A c t i n i u m  S e r ie s .  
H e r b e r t  N . M c C o y  a n d  E d w i n  D .  L e m a n .

13. S o lu t i o n s  o f  S o m e  F o r m a t e s  a n d  o f  H y d r o g e n  C h lo r id e  in  
( A n h y d r o u s )  F o r m i c  A c id . C a s e s  o f  A g r e e m e n t  o f  S t r o n g  E l e c t r o ­
ly t e s  w i t h  t h e  E q u i l i b r i u m  L a w s . I I .  I .  S c h l e s i n g e r  a n d  A .  W .  M a r ­
t i n .

14. V a p o r  P r e s s u r e s  i n  A lc o h o l ic  S o lu t i o n s .  O. F . T o w e r .
15. A r s e n io u s  O x id e  a s  a  S t a r t i n g  M a t e r i a l  i n  A c id im e t r y .  

A l a n  W .  C .  M e n z i e s  a n d  F .  N . M c C a r t h y .
16. E q u i l i b r i a  i n  t h e  S y s t e m s :  W a te r ,  A c e to n e  a n d  I n o r g a n i c  

S a l t s .  G e o . B . F r a n k f o r t e r  a n d  L i l l i a n  C o h e n .
17. T h e  C o lo r i m e t r i c  D e t e r m i n a t i o n  o f  M a n g a n e s e  b y  M e a n s  

o f  P e r io d a t e .  H . I I .  W i l l a r d  a n d  L .  H . G r e a t h o u s e .
18. E l e c t r o m o t iv e  B e h a v io r  o f  S o lu b le  S u lf id e s .  R . C . W e l l s .
19. T h e  P h a s e - R u le  I n v e s t i g a t i o n  o f  A d d i t i o n  R e a c t i o n s .  ( L a n ­

t e r n . )  J a m e s  K e n d a l l .
20. P e c u l i a r  A c t io n  o f  I o d in e .  C h a r l e s  T . P .  F e n n e l .
21. D i s t r i b u t i o n  o f  C a f fe in e  a n d  A n t i p y r i n  b e t w e e n  C h lo r o f o r m  

a n d  A q u e o u s  S o lu t i o n s .  W . O. E m e r y  a n d  C .  D .  W r i g h t .
22. R e a c t i o n  i n  N o n - A q u e o u s  S o lv e n t s .  O. L . B a r n e b e y .
23. S e p a r a t i o n  o f  P o t a s s i u m  f r o m  S o d iu m  b y  E x t r a c t i o n  o f  

t h e i r  C h l o r p l a t i n a t e s  w i t h  A c e to n e .  O. L . B a r n e b e y .
24. T h e  A c t io n  o f  P o t a s s i u m  A m id e  o n  t h e  A m id e s  o f  S ilv e r , 

B a r i u m ,  S t r o n t i u m ,  C a lc iu m , L i t h i u m  a n d  S o d iu m .  E d w a r d  

C .  F r a n k l i n .
25. T h e  A c t io n  o f  P o t a s s i u m  A m id e  o n  C a d m iu m ,  N ic k e l,  

a n d  C h r o m i u m  S a l t s  i n  L i q u id  A m m o n i a  S o lu t i o n .  E d w a r d  C .  

F r a n k l i n .
26. G a s  A n a ly s is  b y  L i q u e f a c t io n s  a n d  F r a c t i o n a t i o n s .  ( L a n ­

t e r n . )  G .  A . B u r r e l l  a n d  F .  M .  S e i b e r t .
27. T h e  C o n d i t i o n  o f  N a t u r a l  G a s  i n  t h e  E a r t h ’s S t r a t a .  ( L a n ­

t e r n . )  G .  A . B u r r e l l  a n d  F .  M .  S e i b e r t .
28. C o l l i s io n a l  a n d  D i f f u s io n a l  V is c o s i t i e s .  E u g e n e  C .  B i n g h a m .
29. T h e  C h e m ic a l  a n d  H e a t  E n e r g y  o f  M o le c u le s ,  A to m s ,  S u b -  

A to m s ,  a n d  E l e c t r o n i c  E n e r g y .  F . P. S i i i b e l .
30. E l e c t r o s t e n o ly s i s .  H a r r y  N . H o l m e s .
31. A B u r e t t e  C a l ib r a t i n g  P i p e t t e .  C . W .  F a u l k .
32. P r e p a r a t i o n  o f  a  S t a n d a r d  M a g n e s iu m  S a l t  S o lu t i o n .  C . W . 

F a u l k  a n d  O. R .  S w e e n e y .

W A T E R , S E W A G E  A N D  S A N IT A T IO N  S E C T IO N

E d w a r d  B a r t o w , C ha irm an  H .  P .  C o r s o n , Secretary

1. S a n i t a r y  S u rv e y  o f  W h i t e  R iv e r .  ( I l l u s t r a t e d . )  J o h n  C . D i g g s .
2. H y p o t h e t i c a l  C o m b i n a t i o n s  i n  R e p o r t i n g  W a te r  A n a ly s e s .

R .  B . D o l e .
3. N ew  A p p a r a t u s  f o r  t h e  D e t e r m i n a t i o n  o f  H y d r o g e n  S u lf id e  

i n  W a te r .  G e o r g e  B . F r a n k f o r t e r .
4. S a n i t a r y  S u r v e y  o f  t h e  O h io  R iv e r  b y  t h e  U . S . P u b l i c  H e a l t h  

S e rv ic e . W . H .  F r o s t  a n d  H .  W . S t r e e t e r .
5. T h e  U se  o f  L iq u id  C h lo r in e  i n  T r e a t i n g  t h e  W a te r  S u p p ly  o f  

I n d i a n a  H a r b o r ,  I n d .  H . E .  J o r d a n .
6. A d a p t a t i o n  t o  W a te r  A n a ly s is  o f  P o t a s s i u m  a s  P e r c h l o r a t e .  

C l a r e n c e  S c h o l l .
7. T h e  P r e p a r a t i o n  o f  S t a n d a r d s  f o r  t h e  D e t e r m i n a t i o n  o f  T u r ­

b i d i t y  o f  W a te r .  F r a n c i s  D .  W e s t .
8. R e p o r t  o f  t h e  C o m m i t t e e  o n  S t a n d a r d  M e th o d s  o f  W a te r  

a n d  S e w a g e  A n a ly s is .
9. C h e m ic a l  S tu d ie s  o f  t h e  P o l lu t i o n  o f  t h e  O h io  R iv e r ,  E a r l  

B . P h e l p s .
10. I n v e s t i g a t i o n  R e l a t i n g  t o  t h e  U se  o f  C a l c iu m  H y p o c h lo r i t e  a s  

a  D i s i n i e c t a n t  f o r  W a te r  S u p p l ie s .  W . G . T i c e  a n d  C .  H .  B l a n c h a r d .
11. S o m e  F u r t h e r  R e s u l t s  o f  t h e  H y p o c h lo r i t e  D i s in f e c t io n  o f  

t h e  B a l t im o r e  C i ty  W a te r  S u p p ly :  A  C o m p a r i s o n  o f  t h e  R e d u c ­
t i o n  o f  t h e  D i f f e r e n t  M e m b e r s  o f  t h e  B . coli G r o u p .  J .  B o s l e y  

T h o m a s  a n d  E .  A .  S a n d m a n .
12. F i l t r a t i o n  a n d  S o f te n i n g  o f  t h e  C le v e la n d  W a te r  S u p p ly .  

H i p p o l y t e  G r u e n e r .
13. T h e  R e l a t i o n  b e t w e e n  A l u m i n i u m  S u l f a t e  a n d  C o lo r  i n  

M e c h a n i c a l  F i l t r a t i o n .  F r a n k  E .  H a l e .
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EXCURSIONS
The Cincinnati Filtration Plant is the largest Mechanical or 

Rapid Sand Filter Plant in the world. It is a part of the New 
Water Works which comprise an Intake Pier, Tunnel under 
River, River Pumping Station, two large Settling Reservoirs, 
Filtration Plant, three Coagulation Basins, Clear Water Reser­
voir, 4V2 mile Tunnel to Main Station, Main Distribution 
Pumping Station, several Sub-Pumping stations and many miles 
of large distribution pipes. The total cost was over 10 million 
dollars including properties, rights of way, etc.

The purification system, including two settling reservoirs 
of about 400 million gallons capacity, three coagulation basins 
of about 22 million gallons capacity, filtration plant and clear 
water reservoir, cost about 2 Yu million dollars.

The filtration plant consists of a chemical house, head house 
and filter house. There are 28 filter units with a total capacity 
of 112 million gallons per day. All valves, over 200 in number, 
are electrically operated.

The bacteriological and chemical laboratories are used for 
controlling the operation of the plant. The laboratory force con­
sists of a chief chemist and bacteriologist, one assistant and a 
helper.

Since the operation of this plant the city has had an uninter­
rupted supply of pure, clear and sweet water, and typhoid fever 
has been reduced over 80 per cent.

Over 150 members and guests of the Society visited this plant; 
this was a large number considering the fact that there was a 
steady downpour of rain during the entire afternoon.

The Globe Soap Company Plant at St. Bernard consists of 
seven buildings connected by 2 miles of private railroad track 
in an area* of 23 acres. The entire factory is steam-heated and 
electrically equipped. About 75,000,000 lbs. of soap products 
are produced annually requiring approximately 100,000,000 
lbs. of raw materials; 100 cars per day can be unloaded and loaded; 
about 275 persons are employed and the company maintains a 
Local Secretary who works directly under the Bocal Y . M. C. A. 
carrying on welfare and community work.

Five Chemical Engineers are employed and the entire manu­
facturing process from start to finish is under strict chemical 
control.

The Proctor and Gamble Plant at Ivorydale occupies 58 per­
manent and 22 somewhat temporary buildings in 85 acres of 
ground. Including the soap, glycerine, stearic acid, red oil, 
refined oils, lard compound and Crisco, the business of last year 
exceeded $50,000,000.

The power plant is fitted for the most part with Sterling boilers, 
with automatic stokers, and has a rated capacity of 15,000 H. P. 
All grades of soap are made as well as of glycerine, including 
C. P. and that for dynamite manufacture. The soap department 
equipment includes 64 kettles of 150 tons capacity each.

One main laboratory and several small special laboratories 
examine all raw materials upon arrival and control products 
and process. The chemical force includes about twelve chemists 
in the control and research laboratory, besides a number of 
chemists who have charge of various departments.

The factory employs a force of 1500. A committee looks 
after all dangerous places and makes recommendations for al­
terations or safeguarding employees. For over 25 years a 
Profit Sharing plan that has proven highly satisfactory to both 
the company and its employees, has been in operation. There 
are special provisions for medical attendance and all employees 
are insured in one of the large Insurance Companies, for which 
uie employee pays a small amount and the company the balance.

A very large delegation visited the Globe Soap Works and 
the Proctor and Gamble Plant on the afternoon of April Sth 
leaving the University of Cincinnati in special cars. Dainty 
souvenirs of products were presented to the visitors and a very 
refreshing tea was served in the Proctor & Gamble Plant.

The National Cash Register Company Plant at Dayton, 
covers eight city blocks, has thirty-eight acres of floor space 
and employed 7600 persons in 1913. The annual payroll is 
over $6,000,000. The number of registers made in 1912 was 
136,489.

R a w  M a t e r i a l s  U s e d  i n  1 9 1 2
11,000,000 lbs. s h e e t s tee l 183,994 lbs. t in
5 .500 .000  lbs. fo u n d ry  m e ta l 135,602 p ieces  re g is te r  s lab s
6 .500 .000  lbs. g ra y  iro n  c a s tin g s  602,190 locks
6 .800 .000  f t. of lu m b er 610,000 y d s . te x tile
5 ,000 ,000  lb s . of p a p e r  236,893 p ieces  g lass
3 ,129 ,006  lbs. c o p p e r  38 ,392 to n s  coa l

Of the fifteen men on the laboratory staff, there arc four 
chemists, two chemical engineers, two mechanical engineers 
and two mechanically trained men. Chemical control is ac­
complished by means of process specifications covering many 
shop operations such as staining, enameling, varnishing, mixing 
of alloys, fluxes, etc.

The laboratory controls the operation of the water softener, 
purity of the water supply, food and milk supply, purchase of 
materials (80 specifications), fuel and lubrication. As an 
unusual duty of the laboratory, many talks on simplified physi­
ology and health subjects have been prepared.

The welfare and educational work of this company among 
its employees is well known to the industrial world.

N a t i o n a l  C a s h  R e g i s t e r  C o m p a n y  I t i n e r a r y

A rriv ed  in  D a y to n , 9 .1 5  a .m .
A ssem bled  fo r p h o to g ra p h .
F a c to ry  le c tu re  in  H a ll of In d u s tr ia l  E d u c a tio n . ( I l lu s t r a te d  b y  slides 

a n d  k in e m a c o lo r  m o tio n  p ic tu re s )  9 .40  a .m.
T r ip  th ro u g h  fa c to ry  ( P a r ty  d iv id e d  in to  g ro u p s  a n d  fu rn ish ed  with 

gu id es), 1 0 .3 0  a .m .
L u n c h eo n  in  O fficers’ C lu b , 11.45 a.m.
T ra in  fo r M id d le to w n , 12.45 p.m.

The American Rolling Mills at Middletown, in 1832, made the 
first crucible steel produced in the U. S. This mill is the home 
of Ingot Iron. The plant known as the Hast Works, finished in 
1911, is the. most up-to-date of its kind in the country.

A m e r i c a n  R o l l i n g  M i l l s  C o m p a n y  I t i n e r a r y

A ddress  of W elcom e, G eo rge  M . V e rity , P re s .
In s p e c t io n  of E a s t  W o rk s , 2 .1 5 -3 .3 0  p.m. (P a r tie s  d iv id ed  in to  groups 

of tw en ty -f iv e  ea ch ; each  g ro u p  in  c h a rg e  of a  c o m p e te n t guide).
R o u te  d u r in g  in sp ec tio n  of E a s t  W o rk s : O pen  H e a r th  D ep a rtm en t; 

B o iler a n d  P o w e r H ouse ;' S o a k in g  P i t ,  B lo o m in g  M ill, an d  B ar 
M ill; S h e e t M ill; A n n ea lin g  D e p a r tm e n t;  G a lv a n iz in g  D e p a rtm e n t; 
S h ip p in g  D e p a r tm e n t.

E n t ir e  p a r ty  tr a n s fe r re d  b y  t r a in  to  C e n tra l  W o rk s  fo r inspec tion  of 
R e s e a rc h  L a b o ra to ry .

In s p e c tio n  of R e se a rc h  L a b o ra to ry , 3 .45 to  4 .30  p .m.
R e fre s h m e n ts  s e rv ed  in  W a re h o u se .
T ra in  le f t  fo r C in c in n a t i, 5 .00  p .m.

In his address, Mr. Verity stated that his company are spend­
ing large sums on chemical control and research, with the result 
that many fallacies in methods of procedure have been corrected 
and their products greatly improved.

The New Cincinnati City Hospital occupies grounds covering 
27 acres. The power house is a 2000 H. P. plant, equipped with 
three dynamos and an ice-making machine, and having four 
of its boilers equipped for burning natural gas.

The Lloyd Library and Museum contains forty thousand 
volumes devoted to Botany, Pharmacy, Materia Medica and 
allied sciences with a section of eclectic medicine. The institu­
tion is incorporated, is free to the public, will never be sold, and 
will always remain a public institution for the benefit of science.

The National Lead Company Plant at Cincinnati is in five 
acres of grounds, has 75,000 sq. ft. of floor space in its buildings 
and 60,000 sq. ft. in its corroding yard; 10,000 tons of raw ma­
terials are used annually. The employees number 175 and the 
annual payroll is $175,000. No effort is spared to insure the 
best working conditions for the employees; locker rooms 
shower baths, dining and rest rooms and a kitchen are furnished 
and personal cleanliness required. One chemical engineer 
supervises the chemical control which is exercised throughout 
the process.

The Lunkenheimer Company, occupying over 500,000 sq. ft. 
of floor space, has the largest plant in the world devoted ex­
clusively to the manufacture of high-grade engineering specialties. 
These include almost numberless articles used in steam and
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marine engineering, in motor engines, in automobiles, and allied 
branches. Much of the company’s reputation is based on its 
valves and fittings for extra high pressure and superheated steam. 
There are two foundries, one being for the non-ferrous metals 
and the other for the ferrous metals such as cast-iron, semi-steel, 
malleable cast-iron and special iron alloys. All departments 
are under chemical control, for which purpose the plant is ex­
cellently equipped with analytical, research and physical labor­
atories. These laboratories link together the sciences of metal­
lurgy and steam engineering. The fullest provisions are made 
for preserving the safety and welfare of the employees, and a 
perfectly furnished hospital is centrally located in the plant 
and under expert supervision

W. T. Wagner’s Sons prepare artificial Mineral and Table 
Waters from pure distilled water and is one of the two firms in the 
U. S. that follows the chemical analyses of natural waters as a 
standard for artificial waters. The factory covers 16,000 sq. ft. 
of ground with 50,000 sq. ft. of floor space. The factory equip­
ment includes two 100 H. P. Tubular Boilers and a water still 
having a daily capacity of 2500-3000 gals. All pipe lines and tanks 
for cold water are of Block Tin and those for steam and hot water 
lines are tinned copper. Over 600,000 gallons of finished products 
are made annually. The chief chemist who is a recognized author­
ity on mineral water manufacture is in charge of a very complete 
research laboratory for bacteriological and chemical investigation, 
the equipment of which includes a fine Leitz Microscope and Kruess 
Spectroscope. Proper safety and welfare provisions are provided.

The Eagle White Lead Comptny uses about 2 million lbs. of 
raw materials annually and turns out 2*/2 million lbs. of finished 
products. About 250 men are employed on a $200,000 payroll. 
The plant is under chemical control. The Old Dutch Process 
of Corrosion is used. In addition to white lead in dry form and 
ground in oil, other lead pigments are produced as well as Plumb­
ers’ Metal Supplies such as lead pipe, traps, bends and solders 
of Babbitt metals. The welfare work is chiefly done in connection 
with the habits of cleanliness necessary for good health and safety.

The Wm. S. Merrill Chemical Company manufactures pharma­
ceutical products and is one of the three oldest concerns in the 
city. The founder of the business was said to be the first chemist 
in the Ohio Valley.

The “ Icy-Hot”  Bottle Company, only five years old, now manu­
factures 400 models of bottles, jars, carafes, pitchers, luncheon 
outfits, etc., each embracing the original vacuum principle.

The Fleischmann Company are manufacturers of compressed 
yeast in the U. S., Canada, Mexico and Cuba. The last ten 
years have brought about great changes in the methods and 
processes of manufacture and while originally compressed yeast 
was a by-product of the distillery it is today the main product 
of the Fleischmann factories; distilled spirits and distilled 
vinegar are the by-products of their various plants.

The Frank Tea & Spice Company attribute their success and 
reputation for pure products to the closest chemical supervision 
of the products of importation. The firm is one of the largest 
importers, grinders and manufacturers in this line.

The Dolly Varden Chocolate Company and Colgate & Com­
pany expressed their appreciation of what chemical science has 
done for them by presenting the lady members and guests with 
souvenirs of their productions.

The Cincinnati Health Department Laboratory exercises the 
most rigid control of all food products as well as offering free 
medical attention to all its school children in connection with 
free clinics.

The National Biscuit Company— Muth’s Bakery— makes 
bread only— over 100,000 loaves daily.

The U. S. Food and Drug Inspection Laboratory is a branch 
of the Bureau of Chemistry, Department of Agriculture. Its 
Purpose is to carry out the provisions of the Food and Drug 
Act of June 30, 1906.

The Union Distilling Company Plant was entirely wiped out 
by fire in 1909 but was rebuilt in 1910 and is now a model as to 
construction and equipment.

The following plants and institutions were also open to visitors:
Andrews Steel Co. 
Wiedemann Brewing Co. 
Old “ 76” Distilling Co. 
James Heekin Spice Co.

American Diamalt Co.

The Zoological Garden.
American Oak and Leather Co.
J. H. Day Co. (Special Machinery). 
Laidlaw-Dunn-Gordon Co. (Pump­

ing Machinery).
U. S. Public Health Service Lab­

oratory.

INDUSTRIAL CH EM ISTS AND CHEMICAL ENGINEERS  
DIVISION— REPORT OF COM M ITTEE ON 

ALUM SPECIFICATIONS

[It was voted by the Division that this report be printed in 
T h is  Jo u r n a l , so as to give time for study and discussion of the 
specifications included, preparatory to final action at the Mon­
treal meeting.— E d it o r .]

co m m er cial  a l u m — Shall contain not less than 16 per cent 
alumina (A120 3) and not more than 1.25 per cent iron (FejOj).

Shall be free from foreign matter, mechanically mixed through 
mass.

sta n d a r d  g r a d e— Shall be a clean product, containing not 
less than 17 per cent alumina (A120 3), nor more than 50 per 
cent iron, figured as Fe20 3. Shall be slightly basic.

n e w s p a p e r  a lu m —  r. Must be readily soluble in water.
2. Practically free from insoluble matter other than alumina. 

(Insoluble alumina in small amount will not be considered 
objectionable.)

3. It shall contain not more than 1.00 per cent total iron, 
calculated as ferric oxide (Fe20 3), nor more than 0.05 per cent 
of iron, calculated as ferric oxide and present in the ferric condi­
tion.

4. It must contain no free acid.
5. Must contain not less than 17 per cent alumina (A12Oj) 

combined in the form of sulfate and soluble in water.
6. (Optional.) It must, unless otherwise specified, be ground 

to pass a 10 mesh sieve.
ir o n  f r e e  a lu m — i .  It must be readily soluble in water.
2. It must be practically free from insoluble matter other 

than alumina (insoluble alumina in small amount will not be 
considered objectionable).

3. Must be snow-white in color.
4. Shall not contain more than 0.05 per cent iron, calculated 

as Fe20 3.
5. Must contain no free acid.
6. Shall contain not less than 17 per cent alumina (A120 3) 

combined in the form of sulfate and soluble in water.
7. (Optional.) It must, unless otherwise specified, be ground 

to pass a 10 mesh sieve.
f il t e r  alu m — i .  Must be readily soluble in water.
2. Insoluble matter must not exceed 0.15 per cent.
3. A120 3, at least 17 per cent.
4. Basicity, at least 3 per cent of the total alumina (A120 3) 

present, i. e., a 17 per cent alum must contain 0.51 per cent 
basic alumina (A120 3).

5. Iron must be less than 0.65 per cent reckoned as Fe20 3.
6. Payment made on actual percentage alumina (A120 ») 

present.
color  m a k e r s  a lu m — i .  Must be readily soluble in water.
2. Insoluble matter shall not exceed 0.15 per cent.
3. Must be free from dark and gritty matter.
4. A120 3, at least 16 per cent.
5. Must be basic.
6. Iron must not exceed 0.01 per cent reckoned as Fe20 3.
sa m plin g  an d  w e ig h in g — A  separate sam ple is to  be taken
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from a number of barrels, in good condition, representing at 
least 5 per cent of the total shipment, each sample to be taken 
from the middle of the barrel. The individual samples are to be 
thoroughly mixed and quartered and reduced down to sufficient 
size, into two equal portions marked A and B. Each portion 
is to be immediately enclosed in an air-tight bottle and each 
bottle marked with initial A or B, with date and car number 
identifying the shipment.

Portion A is to be considered available for test by purchaser 
and B is to be considered available for test by seller.

Shipper and consumer are each to sample in this manner at 
shipping and receiving points, respectively.

In case of disagreement on tests between buyer and seller, 
all portions of all four samples remaining are to be submitted 
to independent reference laboratory to be agreed upon, and 
quality, as determined by said reference laboratory is to be 
final, and the cost of reference work to be paid by the party 
most in error.

That portion of a shipment of alum which does not fulfill 
the requirements upon independent test as herein provided for, 
as proof thereof may be rejected, the shipper paying the freight 
both ways on the rejected material; or such shipment may, at 
the option of the consumer, be accepted and claims made com­
mensurate with the degree of shortage or of inferiority as de­
termined by the herein provided independent investigation.

W m . M .  B o o t h .

THE AMERICAN ELECTROCHEMICAL SOCIETY 
TWENTY-FIFTH GENERAL MEETING 
NEW YORE! CITY, APRIL 16 -18 , 19 14

The Twenty-fifth General Meeting of the American Electro­
chemical Society was held in New York City, April 16-18, 1914, 
the sessions being in The Chemists’ Club and Earl Hall, Columbia 
University.

Friday, April 17th was given over to an all-day excursion by 
steamboat around New York Harbor and Staten Island. The 
plants of The American Smelting and Refining Company, 
The United Lead Company and The Waclark Wire Company 
were visited. This excursion and the Smoker at the Chemists’ 
Club on Friday evening were complimentary to the guests, 
being tendered by the New York Section of the Society. A 
Subscription Dinner Dance at The Chemists' Club closed the 
meeting.

P R O G R A M  O F  P A P E R S

S o m e  E c o n o m ic  a n d  A e s th e t i c  A s p e c ts  o f  E l e c t r o c h e m i s t r y .  
P r e s i d e n t i a l  A d d r e s s .  ( P r i n t e d  i n  f u l l  b e l o w . )  E . F .  R o e b e r .

C h a r a c t e r i s t i c s  o f  E l e c t r i c a l  E n e r g y  a s  A f f e c t in g  C h e m ic a l  
I n d u s t r i e s .  C . P .  S t e i n m e t z .

E f f ic ie n c y  o f  P o w e r  T r a n s m i s s i o n  versus  U t i l i z a t i o n  i n  L o c a l  
E l e c t r o c h e m i c a l  I n d u s t r i e s .  P .  S o t h m a n .

S o m e  E c o n o m ie s  i n  t h e  U se  o f  E n e r g y  i n  E l e c t r i c  F u r n a c e s .  
F .  A .  J .  F i t z G e r a l d .

P o w e r  f o r  E l e c t r i c  F u r n a c e  W o r k .  W . S .  H o r r y .
E l e c t r o l y t i c  F l a m e s .  ( I l lu s tra te d .)  W i l d e r  D . B a n c r o f t .
E l e c t r i c  S t e e l  C a s t i n g s .  C .  A .  H a n s e n .
E l e c t r i c  F u r n a c e s  f o r  S te e l  M a k in g .  E u g e n e  B .  C l a r k .
A d v a n ta g e  o f  S o u t h e a s t e r n  A la s k a  f o r  H y d r o e l e c t r o c h e m ic a l  

I n d u s t r i e s .  W . P .  L a s s .
P r o g r e s s  i n  L e a c h in g  a n d  E l e c t r o l y t i c  T r e a t m e n t  o f  C o p p e r  

O re s  i n  S o u t h  A m e r i c a .  E . A . S m i t h .
H y d r o - e l e c t r o m e t a l l u r g y  o f  C o p p e r .  R o b e r t  R .  G o o d r i c h .
L e a c h in g  o f  C o p p e r  T a i l i n g s .  R u d o l p h  G a h l .
M e t a l  I n v e n t o r y  i n  a n  E l e c t r o l y t i c  C o p p e r  R e f in e ry .  R a l p h  W .  

D e a c o n .
A d d i t i o n  A g e n ts  i n  t h e  D e p o s i t i o n  o f  Z i n c  f r o m  a  S o l u t i o n  o f  

Z i n c  S u l f a t e .  O . P .  W a t t s  a n d  A .  C .  S h a p e .
T h e  E f f e c t  o f  A d d i t i o n  S u b s t a n c e s  i n  L e a d  P l a t i n g  B a t h s .

F r a n k  C. M a t h e r s  a n d  O .  R a l p h  O v e r m a n .
E l e c t r o d e p o s i t i o n  o f  C a d m iu m .  F r a n k  C. M a t h e r s  a n d  H u g h  

M .  M a r b l e .
E l e c t r o d e p o s i t i o n  o f  N ic k e l .  C . W . B e n n e t t . H . C . K e n n y  a n d  

R .  P .  D u g l i s s .
E l e c t r o l y t i c  D e p o s i t i o n  o f  B r a s s  o n  a  R o t a t i n g  C a t h o d e .  C . W . 

B e n n e t t  a n d  A. W . D a v i s o n .

A N ew  M e th o d  f o r  t h e  D e t e r m i n a t i o n  o f  F r e e  C y a n id e  i n  E lec tro ­
p l a t i n g  S o lu t i o n s .  G u s t a v e  E . F .  L u n d e l l .

E l e c t r i c  C o n d u c t io n  a t  H ig h  T e m p ^ / r 1 >• e s  a n d  M e th o d a  of 
M e a s u r e m e n t .  ( I l l u s t r a t e d . )  E . F .  N o r t h i u

A N e w  R a i lw a y  T r a c k  C e ll. E . L .  M a r ^ . . i l l .
L a b o r a to r y  N o te s  o n  S o m e  E l e c t r i c a l  P r o p e r t i e s  o f  S ilv e r  Sulfide.

F .  A .  J .  F i t z G e r a l d .
P o l a r i z a t i o n  S in g le  P o t e n t i a l s .  C l a u d e  N .  ^ t” »,c h c o c k .
N e w  C e ll A r r a n g e m e n t s  f o r  D i r e c t  D e te r s  - t i o n  o f  t h e  Free 

E n e r g y .  R e i n h a r d  B e u t n e r .
E x p e r im e n t s  o n  W h i t e  L e a d .  R .  S t u a r t  O .  e n s .
A M ic r o s c o p ic  S tu d y  o f  E l e c t r o l y t i c  I r o n .  O l i v e r  W . S t o r k y .
T h e  E f fe c t  o f  A d d i t i o n  A g e n ts  i n  t h e  E le c t r o d e p o s i t i o n  o f  Iro n . 

O . P .  W a t t s  a n d  M .  H . L i .
T h e  P e r m a n e n c y  o f  B a s e - M e ta l  T h e r m o c o u p le s  a s  A ffec te d  by 

t h e i r  M ic r o s t r u c t u r e .  O . L .  K o w a l k e .

The following papers had already been presented before the 
New York Section and were discussed:

T h e  P o w e r  P r o b le m  i n  t h e  E l e c t r o l y t i c  D e p o s i t i o n  o f  M eta ls . 
L a w r e n c e  A d d i c k s .

T h e  P o w e r  P r o b le m  i n  t h e  E l e c t r o l y t i c  D e p o s i t i o n  o f  M eta ls .
H . E . L o n g w e l l .

S o u r c e s  o f  D i r e c t  C u r r e n t  f o r  E l e c t r o c h e m i c a l  P ro c e s s e s .  F . D. 
N e w b u r y .

I m p r o v e m e n t s  i n  t h e  M e ta l lu r g y  o f  Z in c .  G . C .  S t o n e .
E l e c t r i c  Z in c  S m e l t i n g .  W . R .  I n g a l l s .
E l e c t r o l y t i c  Z in c .  J o s .  W . R i c h a r d s ’

PRESIDENTIAL ADDRESS

SOME ECONOMIC AND AESTHETIC ASPECTS OF 
ELECTROCHEMISTRY

B y  E . F . R o b b e r

There is beauty in electrochemistry. The late Ludwig 
Boltzmann once said that of all artists the mathematical 
physicist is nearest to the World's creator in the simplicity, 
directness, and economy of his methods; Boltzmann made this 
remark in appreciation of the work of Kirclihoff and Maxwell. 
But we can apply it with equal truth to the electronic theory 
of our own time which in the simplicity of its fundamental 
conceptions and in the comprehensiveness of its outlook has all 
the elements of pure beauty. The intellect which builds the 
structure of the atoms of the different chemical elements out of a 
positive electric nucleus in association with varying numbers of 
negative electrons, and makes his atoms produce the desired 
result, is a true creator and his model has a,beauty like that of 
the visible world around us.

But more beauty is hidden in electrochemistry than the 
mathematical beauty of electrochemical theory. The research 
electrochemist who works out a new process, whether it is the 
.production of aluminum from its oxide or the conversion of 
amorphous carbon into graphite or the production of calcium 
carbide from lime and coke or whatever else, proceeds exactly 
along the same methodical lines as the artist, whether he be 
sculptor or painter or poet. The artist must take nature as 
it is. But for his work he takes from nature only what his 
imagination tells him to be essential to the idea he has in mind. 
It is this selective copying of the essential from nature and this 
restriction to the essential that makes a work of art beautiful.

The method is exactly the same with the creative electro- 
chemist. He cannot improve on Nature’s processes and methods. 
All he can do is to imitate or copy Nature’s processes and com­
bine them to a certain end. But because his goal is a certain 
product he can select the starting materials which are essential 
and use nothing else, and he can select those processes of pro­
duction which are essential and combine them into the most 
direct way of production and produce only what is wanted. 
Artificial graphite made in the laboratory is superior to natural 
graphite, because nature does not set out to make pure graphite 
and man does. This makes the economic value of artificial 
graphite, but it also makes the artificial graphite process in the 
bold directness of its execution a true work of art. Wherever 
a process is so designed as to reach its object in the most direct
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way with greatest economy, it is beautiful in the eyes of those 
who understand its rationale and this is broadly true and not 
restricted to electi ~ nistry. But the trained engineer’s or 
scientist’s intellects 'e is needed to see this type of beauty.

The thoughts on s./ne particular aspects of electrochemistry 
which I want to submit to you for reflection to-night are of a 
cognate nature. 'r hey refer to the part which electrochemistry 
plays in the chi., .¿e now going on in modern civilization in 
economic and aesthetic valuations. Our age is called an age of 
unrest and revolution. Whether we are really so much more 
restless than our ancestors is open to discussion and hard to 
decide. But that the scientific and concomitant engineering 
advances of the last century have brought an entirely new 
phase (in the phase-rule sense) into the play of human reactions 
which make up the history of mankind, is not open to question. 
That the effects of modern science and engineering go far beyond 
their spheres of immediate interest is undisputed. What then 
is the effect of electrochemistry on two apparently so remote 
fields as political economy and aesthetics?

To express the question concisely I borrow Friedrich 
Nietzsche's phrase of the revaluation of values. M y subject 
is: How does electrochemistry bring about a revaluation of 
economics and aesthetic values? I have brought Nietzsche’s 
name into this discussion for still another reason. Nietzsche’s 
brilliant and at first sight extraordinarily daring attempt of a 
revaluation of ethical values for the sake of creating the "Ueber- 
mensch” is'perhaps in the final analysis of its positive aspects 
nothing more than a robust reassertion of what was strong and 
healthy in the viewpoints and valuations of classic Greece and 
Rome, but has been lost in the last nineteen centuries to an 
exaggerated weak sentimentality. Nietzsche wanted to make 
restitution of this lost strength and health from classic Greece 
to modem civilization and then create a new ethics. Now, 
it would seem that the effect of science and engineering on 
aesthetics is acting at present in the same direction in emphasiz­
ing the necessity of a return to the aesthetic viewpoint of classic 
Greece, as embodied in Socrates’ view of the kinship of beauty 
and utility. It is for this reason that before speaking of 
aesthetic aspects of electrochemistry it is necessary to take up 
its economic aspects.

How are economic values being created by industrial electro­
chemistry? For this discussion Prof. Karl Knies ’ old and well- 
known conception is very useful that economic value is of three 
kinds— place value, time value, and form value. If I may use 
the text book illustration, ice in winter in the Maine woods has 
no economic value because there is no market for it there. 
Brought to New York, it gets place value, because there is a de­
mand for it in New York. Stored and sold in summer time, 
it gets an additional economic value— time value. Nothing 
has been done to the ice itself by man. The place value has 
been created by transportation, the time value by storing, 
and as we shall see later these two points are of importance 
for the production of economic values by electrochemistry.

But for the present let us consider the third kind of economic 
value— form value, i. e., the value created by the work done by 
man on the materials of nature, comprising mechanical work 
as well as chemical changes. Any chemical reaction produces 
or annihilates form values economically speaking. But what is 
the distinguishing characteristic feature of the form values 
produced by the electrochemical industries? Let us take a 
few typical examples.

By the electrolysis of a solution of common salt we get caustic 
soda and chlorine and we work up the latter perhaps into bleach­
ing powder. The excess of the value of the caustic soda and 
bleaching powder over that of common salt is the form value 
produced by this process. So it is in the production of calcium 
carbide from lime and coke, of nitric acid and nitrates from 
atmospheric nitrogen and so on.

The fixation of atmospheric nitrogen representing an extreme 
case is most instructive. The raw material is atmospheric air 
which as such has no economic value at all, so that we might 
say that in the production of nitrate from air the economic 
efficiency becomes infinitely high. It sounds very well to speak 
of a process with an infinitely high economic efficiency, but 
if we take the time to remember that exactly this process which 
is now worked with fair financial results in Norway turned out a 
commercial failure some ten years ago in Niagara Falls, it is 
evident that our consideration must have been in some way so 
one-sided as to be misleading.

Why was fixation of atmospheric nitrogen a failure at Niagara 
Falls and why is it a success in Norway? Not primarily on 
account of the process because the Bradley-Lovejoy process 
worked with about the same technical efficiency as the Birke- 
land-Eyde process, though the apparatus was considerably 
more complicated. No, the decisive element which caused 
failure at Niagara Falls and success in Norway, is the cost of 
electric power which is three to five times lower in Norway than 
at Niagara Falls. And this brings us right to the root of the 
whole matter.

In discussing the economic value of some electrochemical 
products we have so far in a one-sided way compared only the 
value of the starting materials and of the end products, but we 
have entirely neglected the fact that in these cases we have not 
only to do with materials as such, but rather with the storage 
of energy in materials. The form value of many products of 
electrochemical industries is essentially due to their high energy 
content. A large amount of chemical energy is stored in electro­
chemical products; it is latent under ordinary condition, but 
it may be gotten out wherever and whenever necessity arises 
and this fact makes them useful and economically valuable.

Let us carry this consideration a little further by making 
use of the conception that the energy of a given system may be 
considered as the product of two factors— the capacity factor 
and the intensity factor, to use the terms of Ostwald. The 
total amount of energy remains the same. But for the engineer­
ing applications it makes an enormous difference whether we 
make the capacity factor small and the intensity factor large 
or the former large and the latter small.

In case of a waterfall the amount of water passing over the 
fall in a certain time is the capacity factor, the height of the fall 
is the intensity factor. The engineering requirements of the de­
velopment of a waterfall with little water and a high fall are 
very different from the case of a lot of water with a small fall, 
though the energy may be exactly the same in both cases.

In the case of electrical energy the current passing in a certain 
time, measured in coulombs, is the capacity factor, the pressure 
in volts is the intensity factor. For electric power transmission 
we make the intensity factor the voltage, as large as possible, 
in order to decrease the transmission loss.

In the case of electrochemical products, the weight of the 
materials is the capacity factor, the specific energy stored in 
them per unit of weight is the intensity factor. If we make the 
latter high, if we store a lot of energy in a little matter, it will 
again be favorable as reducing the cost of transportation.

Now the element of transportation brings us to the con­
ception of the place value of electrochemical products. If their 
form value is due to their high energy content, their place value 
is due to the possibility of chemical power transmission by ma­
terial transportation of electrochemical products. These prod­
ucts of the electrochemical industries which are characterized 
by a high specific energy content are the principal medium of 
chemical power transmission.

There are two points of chemical power transmission to be 
specially emphasized. One is that it is not bound to a fixed 
route. It requires no line wires. It makes use of the ordinary 
transportation facilities for materials— railways, ships, etc.
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This is important as it opens fields for chemical power trans­
mission where electrical power transmission fails. For in­
stance, there are still very large areas in this country, Canada 
and elsewhere which arc so little populated that it would not 
pay to erect an electric transmission system to provide electric 
lighting. Here acetylene lighting is of supreme importance. 
Acetylene lighting is a case of chemical power transmission. 
A t Niagara Falls the electric furnace produces calcium carbide 
from lime and carbon and chemical energy is thus stored in the 
carbide which is transported with its energy to any place where 
acetylene is required for lighting.
. If transportation creates place value, storage creates time 
value. The use of chemical energy after it has been trans­
mitted is not limited to a certain time and that is the second 
important feature of chemical power transmission. With 
electrical energy which cannot be stored as such, it is necessary 
to use the transmitted energy at once or to provide special 
means for storing it. In this respect chemical power trans­
mission differs essentially from electric power transmission 
and is superior to it. Chemical energy is in itself essentially 
stored latent energy and is used, therefore, in connection with 
other systems of power transmission for storage purposes, as 
in the case of storage batteries for electric power systems. The 
time value of calcium carbide is due to the fact that we can store 
it and can produce the acetylene just at the moment when it 
is needed for lighting.

There is a long list of electrochemical products which may 
be considered from the viewpoint of chemical power trans­
mission. In bleaching powder we transmit the possibility of 
producing a bleaching or a disinfecting liquid whenever and 
wherever it is needed. In the series of peroxides we transmit 
their avidity to give off an atom of oxygen when and where we 
want it, or the reaction caused by it.

As pretty and concrete an illustration of chemical power 
transmission as we may wish we have in Hans Goldschmidt's 
ingenious aluminothermic reaction. The heat of reaction of 
aluminum and oxygen in forming alumina is relatively very 
high per unit of weight of aluminum. This is just the reason 
why the economical production of aluminum from alumina did 
not succeed until electrolysis was resorted to. Now the funda­
mental idea of the aluminothermic method is that we have in 
metallic aluminum a medium which gives us by combination 
with oxygen a large amount of energy wherever or whenever 
needed. In thermit, the mixture of aluminum and iron oxide, 
wre transport essentially the capability of producing at any 
place and at any time, highly superheated molten steel for 
welding rails, for making repairs, and so on.

Again in the new and important Norwegian nitrate industry 
we have an example of what we may call international chemical 
power transmission, as the economical value of Norsk salt­
peter depends on its easy transportation by ship to other 
countries. Thus we have at the same time creation of economic 
values in Norway by building up a new and important industry 
and creation of economic values in other countries by using 
Norsk saltpeter to further agriculture.

I have dwelt on the relation of electrochemistry to chemical 
power transmission at such length because so many electro­
chemical products can be considered from this viewpoint. But 
it would be wrong to think that the whole of electrochemistry 
can thus be viewed. There , are quite a number of very im­
portant electrochemical products in which with no stretch of 
imagination I am able to detect time value. But in all cases 
the form value is high.

In the case of aluminum we have the aspect of chemical 
powTcr transmission only in the aluminothermic reaction, which 
though big in itself uses only a small amount of the total output 
of aluminum. In cooking utensils, in line-wire construction 
and other applications it is simply the mechanical and electrical

properties of aluminum which count and which give it a high 
form value.

In electrolytic copper refining, the oldest and certainly one 
of the biggest electrochemical industries, the increase of form 
value is remarkable. It is a double one: (1) The gold and
silver are recovered; (2) the copper itself is considerably in­
creased in form value, due to its greater purity and resulting 
higher electric conductivity.

All those products of electrochemical industries which have 
nothing to do with chemical power transmission have a high 
form value and must have it because otherwise it would not pay 
to use an electrochemical process in View of the high cost of 
electrical power. Hence, the well-known axiom that in all 
such applications the use of electrochemical processes should be 
restricted as much as possible to the finishing touches, that is, 
to the refining of a comparatively advanced product.

In addressing the American Electrochemical Society I need 
hardly show at length how this creation of economic values by 
the electrochemical industries has affected and is affecting modern 
civilization in its various phases. What w'as waste before, and 
what was considered a nuisance, becomes valuable. When the 
early Colorado gold seekers discovered the tungsten ores in 
Boulder Canyon, they cursed them as they were not what they 
wanted. But "heavy black sand” electrochemistry has given 
to civilization ferro-tungsten and the tungsten lamp. From 
culm, the waste material of the anthracite coal mines, Acheson 
has given to th e. world artificial graphite with its ' numerous 
applications. Then there are the enormous electric-fumace 
industries of artificial abrasives in use in so many walks of life. 
And so I could go on through the list of electrochemical prod­
ucts down to Cottrell’s electrostatic process of recovering values 
from obnoxious smelter fumes. I should add, however, that 
electrolytic copper refining, itself made possible by the dynamo, 
has paid its debt to electrical engineering and by furnish­
ing firm high-conductivity copper has made modem electric 
power transmission possible. And as we have seen, in chemical 
power transmission electrochemistry has brought into modern 
civilization an absolutely new element by which what is now 
waste power is being scattered all over the world to build up 
industries, to further agriculture with fertilizers, to light cities 
with acetylene, to aid public health with bleaching powder and 
to affect civilization in general in its most heterogeneous aspects. 
That electrochemists as true creators are bringing about a re­
valuation of economic values there can be no doubt. But 
what has electrochemistry to do with aesthetics?

If beauty is perceived through our senses, the first question 
is: How has modern engineering affected our senses? The
answer is simply that modern engineering has given us artificial 
senses in addition to our natural senses. In the old days when 
the apparatus in physical and chemical laboratories were home­
made affairs, it' was said that experimental physicists and 
chemists should be able to see with their ears and hear by touch, 
smell with their tongues and measure temperatures with their 
eyes. Now' modern engineering has given us instruments and 
apparatus which really represent new senses and which are 
available to a much more general public. And what is more, 
our artificial senses can be repaired or replaced by new and 
better ones and they give us permanent records.

I am not stretching the meaning of the t e r m  senses i n  speak­
ing of instruments as artificial senses. To the electrical engineer 
the readings of the voltameter and wattmeter are as real and as 
true indications of the outside world as though he put his head 
out the window to feel whence the wind blows. P y r o m e t e r s  

: give as real, though much more exact indications of t e m p e r a ­

ture, as the touch of a hot body by.hand or the trained eye of 
the furnace man. The photographic camera i s  a new a r t i f i c i a l  

eye that preserves the record of what it sees. Successive photo­
graphs put together in a moving picture show enable us to
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crowd into a period of five minutes what may have happened 
in a year. We can see crystals and plants grow. The electric 
oscillograph gives us a record that permits us to see in leisure 
transient phenomena that happen in portions of a second, and 
study over them for hours. The telephone stretches the ability 
of the human ear so that it can hear in Denver what is said in 
New York. And if we hear our children of three or four years 
talk to us over the long-distance telephone in such a self-evident 
matter-of-fact way as though they were sitting on our knees, 
we cannot escape the conclusion that a new generation is rising 
to which the perception of the outside world conies through 
new senses and which consequently looks at the world with new 
eyes. What has electrochemistry to offer to this new generation 
in aesthetic ideals?

It seems to me that the fundamental contribution which 
electrochemistry has to make to aesthetics is to carry to its last 
consequence the principle that waste can never be beautiful. 
Of course this principle is as old as art. Waste of words in a 
work of literature, waste of lines or colors in pictures, waste of 
space in architecture have always been considered the opposite 
of beautiful. But the growing multiplicity of our sensual 
knowledge due to the magnified and projected extension of our 
senses forces us to see waste where our ancestors saw beauty and 
had a right to see beauty.

Permit me to concentrate my remarks on the one subject 
that is uppermost in this connection in the minds of American 
electrochemists— the question of the power development of 
Niagara Falls. I use it as a dear cut example of what revalua­
tion of aesthetic values by electrochemistry means. The 
magnificent group of electrochemical industries of Niagara 
Falls which are the pride of every American electrochemist and 
should be the pride of the whole American nation suffers seriously 
from the power famine due to the cessation of power develop­
ment by international agreement between the United States 
and Canada. This agreement is based on the alleged will of the 
people of both countries to have the falls preserved as a scenic 
spectacle on the principle of conservation of natural beauty. 
The battle cry is conservation of natural beauty for the people.

The counter-argument has been made that the natural beauty 
conservationists want to conserve something that no longer 
exists. With this I agree, but I cannot agree with the ex­
pression usually given to this argument, that, if Niagara Falls 
could be preserved in its original magnificence, it would be 
worth while but that Niagara as a majestic spectacle has never 
belonged to the present generation and that its beauty has 
been given up to noisy and offensive exploitation long before 
the first power station was created.

This may be true, but it seems to me that this argument does 
not reach the root of the matter. The beauty of Niagara Falls, 
like all beauty, is subjective in the onlooker. The question is 
simply: What do we see when we stand at the brink of Niagara 
Falls?

Our ancestors who knew nothing of the principle of con­
servation of energy, of transformation of different forms of 
energy into each other looked simply at the material side of the 
Falls and saw beauty and had a right to see beauty. And if we 
force ourselves into such a one-sided attitude of mind, we can 
still see beauty.

But if we stand as modern men at the Falls with a free attitude 
of mind, we don’t see simply water, we see power. We see the 
possibilities of using this power for electric power transmission 

’ for lighting, traction, and industrial purposes on a wider area. 
We see the even greater possibility of storing this power in 
electrochemical products and utilizing them all over the land 
in all walks of life. If we look at the Falls with this attitude of 
mind which is the natural one for us, every cubic foot of water 
that goes thundering over the falls unutilized appeals to us as 
waste and nothing but waste.

Now waste can never be beautiful. If the artist’s selection 
of the essential and nothing but the essential makes a work of 
art beautiful, anything that strikes our imagination as waste 
must prevent aesthetic enjoyment. If we could look at Niagara 
Falls with the eyes of our ancestors it would be different, but in 
full possession of our extended senses which an engineering 
age has given us, the Falls of Niagara— as much of them as is 
not utilized— must simply impress us as a waste of immense 
proportions.

And just the element of bigness which was an element of 
beauty to our ancestors, has necessarily become to us the re­
verse, emphasizing only more emphatically the criminal negli­
gence of letting waste on such a tremendous scale go on. Un­
developed, Niagara Falls remains spectacular even to the modern 
man, but it is no longer beautiful.

The perverse mind of Nero could enjoy the spectacle of Rome 
burning. A savage tribe could naively enjoy a conflagration 
that would consume for spectacular purposes a million tons of 
coal a week. We let the equivalent waste go on in water­
power and hear it called saving beauty for the people.

But there is little use in arguing in aesthetic matters. All 
we can really do is to make people see for themselves, use their 
own senses, all of them, their natural ones and their artificial 
ones. This is what the engineering developments tend to do 
every day and we can depend upon it that as surely as day 
follows night, a new generation is rising that will use its senses, 
all of them, and make its own aesthetics.

When that time has come, the Falls of Niagara running dry 
will reveal to the world immense beauty, health and wealth 
scattered by electrical and chemical means all over the country, 
while the grandeur of the whirlpool rapids, unchanged and un­
diminished, will have a higher aesthetic value, a deeper meaning 
of beauty than they can possibly have for us. The world will 
then smile at the aesthetic scruples of so many well-meaning 
people of our own time and will wonder what all that talk of 
saving Nature’s beauty was about.

TH E AMERICAN INSTITUTE OF ELECTRICAL  

ENGINEERS— 293rd M EETIN G

The 293rd meeting of the American Institute of Electrical 
Engineers was held in Pittsburgh, April 9-11, 1914. About 200 
members attended.

Wilfred Sykes presided at the first day’s session, which was 
largely devoted to a discussion of the use of electricity in mines. 
H. O. Swoboda presented a paper on "Self-Contained Portable 
Electric Lamps,”  in the course of which he demonstrated an 
incandescent lamp which may be used in any position and so 
protected as to resist damage and to prevent the emission of 
sparks on rough handling.

H. H. Clark discussed "T he Regulation of Electrical Installa­
tions in Mines.”  Among other matters dealt with were the 
rules proposed by the Bureau of Standards, American Mining 
Congress, and the English and German laws for electrical in­
stallations in mines.

The banquet was held 011 Thursday evening, April 9th. A. M. 
Dudley, chairman'of the Pittsburgh Section of the Institute, 
delivered the address of welcome.

On April 10th, safe mine operating and the installation of 
electric signal and telephonic systems were taken up and dis­
cussed; and G. M. Eaton read a paper on "The Development 
of the. Electric Mine Locomotive.”

On April n th , the convention closed after trips of inspection 
to the Westinghouse plants and to the station of the Bureau of 
Mines. W. A. H a m o r .
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NOTES AND CORRESPONDENCE.
THE INVENTION OF CELLULOID

Editor of the Journal of Industrial and Engineering Chemistry:
Being the author of the article on celluloid in the new edition 

of Thorpe’s "Dictionary of Applied Chemistry,”  from which Prof. 
Chandler submits a mangled quotation with his emphatic 
disapproval,1 and looking back on thirty years’ experience in 
the celluloid industry, I feel constrained to reply to the remark­
able statements of the learned Professor.

A t the risk of wearying the reader, I  must rehearse that part 
of the history of the nitrocellulose industry which bears on the 
pyroxylin-camphor compound best known as celluloid. I con­
cede at the outset that the word "celluloid,”  the registered 
trade mark, was coined by one of the Hyatt brothers and that 
several books On the industry, all of them written by outsiders, 
and some of them not fit for a kindergarten course, ascribe the 
invention to Hyatt or the Hyatt brothers. Even Beilstein’s 
great handbook falls into this error. All of this goes to show 
that a legend skilfully launched and brazenly defended is 
tenacious of life.

The first mention of camphor in conjunction with pyroxylin 
is contained in the British Patent 1,638 of July 26, 1854, 
granted to James A. Cutting of Boston, U. S. A., for photographic 
pictures. Cutting dissolves 32 grains of camphor in a pint of 
collodion, already containing 80 grains of potassium iodide, 
and claims by this addition to increase the vigor and distinctive­
ness of delineation of the positive picture and particularly the 
half tints, also the beauty of the picture, by giving a fineness 
of deposit not heretofore attained by any other means. The 
very nature of his solvent prevented him from observing any 
solvent action on the pyroxylin due to the presence of camphor, 
and nobody in his senses will be rash enough to assert that 
this disclosure of Cutting constitutes the invention of the pyrox­
ylin-camphor compound.

We find the next mention of camphor in the British Patent 
" m a n u f a c t u r e  o p  c o m p o u n d s  o f  p y r o x y l i n ”  No. 1313, of 
May n ,  1865, of Alexander Parkes, Birmingham, the one 
which the romancers rely on when they try to rob Spill of the 
credit due him. Parkes mentions in this specification four sol­
vents of low volatility, anilm, nitrobenzol, glacial acetic acid, 
and camphor, the latter only casually. The three former are 
specifically enumerated in his claim, but camphor is omitted, a 
point of significance to any one familiar with patent matters, 
especially in view of the fact that Parkes and Spill were as­
sociates. There is not a word in either this or any other of 
Parkes’ patents that directs the joint use of absolute alcohol and 
camphor, as has been deduced by some from the famous decision 
(rendered August 21, 1884) which held Spill’s U. S. Patent of 
November 30, 1869, invalid. In No. 1313 Parkes recommends, 
as he does elsewhere, absolute wood alcohol or what he con­
ceives to be such; and in his British Patent No. 2675 of October 
28, 1864, " p r e p a r i n g  c o m p o u n d s  o f  g u n c o t t o n  a n d  o t h e r  

s u b s t a n c e s , ”  he states that alcohol, treated in an analogous 
manner» may be substituted for wood alcohol. Now both of 
these alcohols gelatinate pyroxylin, so the dissolving power of 
camphor was not disclosed. Spill, who was a keen observer, 
noted that it was possible to use moist pyroxylin, as may be 
gathered from several of his patents, and drew the conclusion 
that in certain combinations the employment of anhydrous 
alcohols -was not essential. In his British Patent No. 2,666 of 
September 21, 1867, " t r e a t i n g  x y i . o i d i n e , ”  he gives us the 
important solvent commercial' grain alcohol mixed with benzol. 
Two years later, British Patent No. 3,102 of October 26, 1869 
and U. S. Patent 97,454 of November 30, 1869, he published 
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his famous formula of a solution of camphor in commercial grain 
alcohol, and this formula and this disclosure are and have been 
the foundation of the celluloid industry. Spill’s process of gel- 
atinating pyroxylins by means of this solvent and masticating 
the pasty mass between rolls is and has been the process followed 
by celluloid manufacturers all over the world, Hyatt and his 
backers included, and not the visionary, inoperative process of 
U. S. Patent 105,338 of July 12, 1870, granted to John W. 
Hyatt, Jr., and Isaiah S. Hyatt. The patent covering this 
alleged invention was several times re-issued, exalted to the 

* state of a fetich, and made an instrument of the most oppressive 
patent litigation. H yatt disclaims the use of alcohol, but in 
practice cannot do without it. What his actual knowledge was, 
is best evidenced by this quotation from the text of 105,338: 

"The product is a solid about the consistency of sole leather, 
but which subsequently becomes as hard as horn or bone by the 
evaporation of the camphor. Before the camphor is evaporated 
the material is easily softened by heat, and may be molded into 
any desirable form, which neither changes nor appreciably 
shrinks in hardening.

"We are aware that camphor made into a solution with alcohol 
or other solvents of camphor has been used in a liquid state as 
a solvent of xyloidine. Such use of camphor as a solvent of 
pyroxylin we disclaim.”

In passing, I may remark that the step of the first claim 
"Grinding pyroxylin into a pulp” was published in British 
Patent No. 2,249 of September 15, i860, granted to Stephen 
Barnwell and Alexander Rollason. '

That Hyatt experienced great difficulty in circumventing 
Spill’s patents and in fact did not succeed, does not constitute 
him the inventor of the pyroxylin-camphor compound which 
Spill first made, and which is made to-day by Spill’s original 
method.

The decision that the step taken by Spill was too short to 
entitle him to a patent may have appeared very obvious in 
1884, especially to his rivals, but I am of the opinion that it was 
a tremendous leap forward in 1869. But whichever way one 
may view this decision, it does not establish that Hyatt was 
the inventor of celluloid, the material, not the trade mark, nor 
that H yatt’s process is the one used in the industry. Rather 
the reverse, it says that anybody may use Spill’s process, Hyatt’s 
backers, the defendants in this suit, included.

Considering the exceptional opportunities which Prof. Chand­
ler has enjoyed to acquaint himself with the real processes and 
the history of the celluloid industry, nothing could be less 
defensible than the use he tries to make of Spill's British Patent
1.739, of M ay 11, 1875. For the benefit of unbiased readers, 
I append herewith a circular of the Xylonite Company, Limited, 
bearing date of March 31, 1871, which shows better than 
anything else what had been accomplished at that early date: 

T H E  X Y L O N IT E  C O M P A N Y  L I M I T E D

Manufactory: Hackney W ick, London, N. E.
M r. D . Sp ill, M a n a g e r  

X ylon ite: a  s u b s t i tu te  fo r I v o ry , B one , H o rn , T o rto iseshell, Hard 
W oods, V u lc a n ite , P a p ie r  M ac h é , M a rb le s , B rass , a n d  V eneers  for Cabinet 
W o rk , I t  is  a lso  ap p lied  to  W a te rp ro o fin g  F a b ric s , L e a th e r , C lo th , Book 
B in d e rs ’ C lo th , C a rd  C lo th , W ritin g  T a b le ts , B ag a te lle  B alls a n d  Pianoforte 
K ey s , G e a r  a n d  F r ic t io n  W heels, a n d  B ea rin g s  fo r M ach in e ry , Spinners 
B osses, T u b in g ; a n d  a s  a n  In s u la to r  a n d  p ro te c to r  o f T e leg rap h  Wires.

I t  m a y  b e  em bossed , tu rn e d , po lished , a n d  w o rk ed  in  th e  sam e manner 
a s  th e  su b s ta n c e s  ab o v e  n a m e d ; is n o t  a ffec ted  b y  chem ica ls , or atm ospheric 
changes, a n d  is, th e re fo re , v a lu a b le  fo r sh ip m e n t t o  h o t  c lim ates.

I t  is a lso  ap p lic a b le  to  P h o to g ra p h ic  p u rp o ses , viz., a s  w indow s for the 
D a rk  R o o m , fo r  w h ich  th e  m a te r ia l  is  ch e m ica lly  p re p a re d  so as to  arrest 
th e  a c tin ic  r a y s  of l ig h t. I t  c a n  a lso  b e  s p re a d  u p o n  fab ric s  fo r th e  purpose 
o f F ie ld  T e n ts , th u s  av o id in g  th e  u se  o f co lo red  g la ss  w indow s; and  lastly, 
d if fe re n tly  p re p a re d , is a  s u b s t i tu te  fo r g lass p la te s  fo r N eg a tiv es , i t  having
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th e  ad v a n tag es  of b e in g  lig h t, flexible, a n d  d u ra b le , a n d  p e r fe c tly  s tr ic -  
tureless.

IN S T R U C T IO N S  T O  S U R F A C E  A N D  P O L IS H  X Y L O N I T K  S H E E T

T h e  S u rface  of th e  s h e e t c a n  be  m a d e  s m o o th  w ith  e i th e r  a  file, g lass 
paper, scraper, o r  p la n e ; o r b y  g rin d in g  on a  s to n e , e i th e r  w ith  fine em ery  
pow der a n d  w a te r, fine em ery  p o w d er a n d  oil, o r  p u m ice  s to c k  a n d  w a te r; 
i t  m ay  also  be  p ressed  to  a  sm o o th  su rface  b e tw e en  po lish ed  p la te s  of m e ta l 
heated  to  a b o u t 212 deg rees  F a h re n h e it .

Polish w ith  oil a n d  crocus , o il a n d  ro tte n -s to n e , o r  oil a n d  w h itin g , 
com bined w ith  f r ic t io n ; 'i t  m a y  a lso  b e  F re n c h  po lish ed , in  th e  sam e  m a n n e r  
as ca b in e t w ork  o r  h a rd  w oods.

T h e  fric tion  po lish  is m o s t d u rab le , a n d  m a y  b e  o b ta in e d  b y  th e  u se  of 
a ro ta ry  w heel o r  o sc illa tin g  fla t p la te , h a v in g  a  le a th e rn  o r  w oollen su rface  
well supp lied  w ith  th e  ab o v e -n a m e d  p o lish in g  po w d ers , c o m b in ed  w ith  oil 
or w ater. F in ish  w ith  a  r o ta t in g  o r  o sc illa tin g  b ru s h  o r  w heel m a d e  of h a ir , 
co tton  o r wool, w ell su p p lie d  w ith  w h itin g  co m b in ed  w ith  oil o r  w a te r.

IN S T R U C T IO N S  F O R  W O R K IN G  A N D  F A S T E N IN G  H A N D L E S

T o  w ork X y lo n ite  H a n d le s  fo r T a b le  o r  P o c k e t C u tle ry , th e  m a te r ia l 
should be firs t s u rfaced  o r  sh a p e d , e i th e r  w ith  a  h a rd e n e d  s tee l file, o r  b y  
grinding up o n  “ fine g r i t”  s to n e s , su p p lie d  w ith  w a te r  in  a n y  c o n v e n ie n t 
w ay; th e n  po lished  on  a  le a th e r  su rfaced  o r  bu ff w heel, w ell su p p lie d  w ith  
ro tten -s tone  a n d  oil, o r p o w d ered  p u m ice  s to n e , a n d  o il; a n d  fin ished  on  a  
ro ta tin g  do lly  o r w heel com posed  of h a ir , c o t to n , w oollen  ra y s , o r fe lt, w ell 
supplied w ith  w h itin g  co m b in ed  w ith  oil o r  w a te r. T h is  w ill g ive a  h igh  
gloss, s im ilar to  iv o ry .

In  m a n y  in s ta n c e s  th e  o rd in a ry  m e th o d  of p o lish in g  iv o ry  w ill suffice.
P rev ious to  w ork ing  X y lo n ite  in to  T a b le  o r  P o c k e t K n ife  H an d le s , 

in large p rac tice , i t  is d e s ira b le , in  o rd e r  to  av o id  th e  p o ss ib ili ty  of th e  
w arping o r co n to r tio n  of th e  m a te r ia l,  t h a t  th e  a r t ic le  s h o u ld  be  sh a p e d  
approx im ate ly  to  i ts  fin ished  fo rm , e i th e r  b y  file o r  g r in d in g ; th e  ho le d rilled  
for th e  ta n g ; a n d  th e  ro u g h  h a n d le  th e n  seaso n ed  a n d  s e t,  b y  ex p o sin g  i t  
for from  14 to  21 d a y s  to  a  w a rm  a n d  free  a tm o s p h e re  of a b o u t  100 to  130 
degrees F a h re n h e it. A fte r  th is  i t  m a y  b e  su rfaced  a n d  po lished .

X y lon ite  m a y  be m o u ld ed  in to  fo rm  u n d e r  co m b in ed  p ressu re  a n d  h e a t. 
The m ould a n d  m a te r ia l sh o u ld  b e  h e a te d  to  a b o u t  212 d eg ree s  F a h re n h e it ,  
pressure th e n  a p p lied , a n d  th e  m ou ld  a llow ed  to  re m a in  u n ti l  cool, o r  i t  m a y  
be p lunged  in s ta n t ly  in to  co ld  w a te r, in  o rd e r  to  s e t  th e  sh a p e  q u ic k ly .

T o  p e rm a n e n tly  fa s te n  X y lo n ite  H an d le s , w h ich  w ill n o t  b e  a ffec ted  
by clim ate  o r b o iling  w a te r, a n d  d o  n o t  re q u ire  p in n in g  o r  r iv e tin g :

H e a t th e  ta n g  of th e  b la d e  in  a  g as  f lam e to  a b o u t  300 deg rees  F a h re n ­
heit, or, say  a  b lu e  h e a t.

F ill th e  d rill ho le  of th e  h a n d le  w ith  f lou r of s u lfu r  o r  p o w d ered  b r im ­
stone, th e n  in s e r t th e  h o t  ta n g ;  th is  w ill m e lt  th e  p o w d er, th e  excess of 
which w ill e scape  w h ile  a d ju s t in g  th e  h a n d le ; in  a  few  seco n d s  th e  ta n g  
will be  sufficien tly  cool fo r th e  h a n d le  to  beco m e firm ly  s e t .  H a lf  a  dozen  
tangs m ay  b e  h e a te d  a t  o n e  tim e  b y  a n  o rd in a ry  g as  f lam e a t  th e  w o rk m a n ’s 
bench in  a b o u t one  m in u te , th u s  econom izing  tim e , av o id in g  th e  in c o n ­
venience a n d  risk  o f fires, a n d  th e  u se  of th e  m e ltin g  p o t.

I f  necessary  to  rem o v e  h a n d le s  from  th e  ta n g , h o ld  th e  b la d e  firm ly  
in  a  vice, th e n  w ith  a  le v e r  o r  s p a n n e r  fo rc ib ly  tw is t  th e  h a n d le  ro u n d , 
a t  the  sam e tim e  p u llin g  i t  off; th is  m a y  b e  e x e cu ted  w ith o u t in ju ry  to  th e  
article.

K n ives h a v in g  X y lo n ite  h a n d le s  fa s te n e d  a s  a b o v e  describ ed  m a y  b e  
cleaned w ith  bo iling  w a te r  w ith o u t  r isk  of b ec o m in g  c ra c k e d , d isco lo red , 
loose on th e  ta n g , o r  in ju re d  in  a n y  w ay , a s  n e i th e r  th e  m a te r ia l  n o r  th e  
fastening  w ill b e  a ffec ted  b y  h e a t  co n s id e rab ly  ab o v e  th e  te m p e ra tu re  of 
boiling w ate r.

T h e  o rd in a ry  fa s te n in g s  w ith  R osin  w ill n o t  an sw er w ith  X y lo n ite  
handles.

7. G r e a t  W i n c h e s t e r  S t r e e t  B u i l d i n g s ,  E . C .
L o n d o n , 3 1 s t  M a r c h ,  1 8 7 1

G e n t l e m e n  :

I  beg to  in fo rm  y o u  t h a t  th i s  C o m p a n y  h a s  a p p o in te d  M essrs . B e a c h  

& C o., of H a r tfo rd , C o n n e c tic u t, th e  so le  A g en ts  fo r th e  U n ite d  S ta te s  of 
A m erica an d  C a n a d a .

Y ou  will, th e re fo re , ob lige  b y  fo rw a rd in g  to  th e m  y o u r  o rd e rs  fo r th e  
fu tu re , w hich  w ill rece ive  p r o m p t a t te n t io n .

M essrs. B each  & C o. w ill h a v e  th e  p le a su re  of a ffo rd in g  y o u  fu ll p a r ­
ticu la rs  of th e  v a r io u s  u ses  of o u r  m a te r ia l,  to g e th e r  w ith  P ric e  L is ts , e tc .

I  a m . G e n tle m e n , Y o u rs  o b e d ie n tly ,
H e r b e r t  J .  C a n n i n g ,  Secretary

Tons of Spill’s xylonite were at this time imported into this 
country. Worden’s description (“ Nitrocellulose Industry,”  pp. 
571, 572) of Spill’s work is incomplete. His criticism of Parkes’ 
processes {Ibid., p. 568, foot-note) does not tally with the facts.

In regard to the dehydration of pyroxylin by means of alcohol, 
Mr. Hyatt labors under a misapprehension. This process is 
about as old as collodion itself, and was first patented by 
Cutting in 1845. It was first employed in an industrial way by 
J- R- France, the late President of the Arlington Company 
(died in 1895), a^d when his company was sued for infringement

of the H yatt alcohol dehydration patent, it took only one hearing 
to cause a discontinuance of the suit.

The invention of celluloid has been discussed1 before in a 
manner sufficiently lucid to cause anybody not possessed of the 
light-heartedness of Prof. Chandler and Dr. Baekeland to make 
a little more sure of his premises. I think I gave Mr. Hyatt 
due credit in the article which Prof. Chandler takes exception 
to, as I also did in 1 8 9 5 , when I said:

"In the United States, J. A. McClelland and John W. Hyatt 
were at work to utilize the valuable properties of soluble pyroxylin. 
But an invention overshadowing all the others in importance 
was made by Daniel Spill in 1 8 6 9 , when he first produced a 
pyroxylin-camphor composition, plastic at about 750 C., by 
gelatinizing pyroxylin by means of a solution of camphor in 
commercial grain alcohol. As far as the chemical side is con­
cerned, Daniel Spill must be hailed as the father of the celluloid 
industry, while to John W. Hyatt, at that time of Albany, N. Y., 
the greatest credit is due for devising suitable machinery for the 
intricate processes involved, for discerning the importance of 
pure materials, and for the perseverance which he exhibited 
under most adverse conditions.”

It would have been much better to have the presentation of the 
Perkin medal to Mr. Hyatt based on the things which he ac­
complished, of which there are a good many.

R o b e r t  C. S c h Op p h a u s

175 Pearl Street, N ew Y ork 
M a rc h  27, 1914

LABORATORIES IN THE CHEMISTS* BUILDING
The Chemists’ Building Company, organized primarily to 

finance the construction and operation of a building in which 
to house The Chemists' Club and various Chemical Societies 
in New York City, starts on M ay 1st next, a new form of leases 
for its tenants.

There has been a good demand for laboratories in the 
Chemists’ Building and only a few of them are left. They 
rent at a uniform rate of $ 2.0 0  per square foot per annum. 
Each laboratory has its own gas supply and meter. Heat, 
electric light, water, compressed air and vacuum are supplied 
by the building. Laboratories have openings for hood con­
nections. The Chemists ’ Building is most conveniently located at 
5 0  E. 41st Street close to the Grand Central and Subway Stations.

The Chemists’ Club acts as agents for the Building Company, 
and all inquiries may be addressed to the House Committee 
or the Superintendent of the Club.

AN INVESTIGATION OF THE PRESENCE OF FURFURAL 
IN CIDER VINEGAR— A CORRECTION

Through an oversight the final paragraph of the article under 
the above title in T h i s  J o u r n a l , 6 , 2 1 4 , was omitted. It fol­
lows: "T he vinegars used above, except the farmers’ vinegars, 
were made under the direction of Asst. Prof. H. Louis Jackson 
for his study of pure cider vinegar. The test for furfural was 
made at his suggestion.” A g n e s  A .  A n d e r s o n

State Food Laboratory
University of K ansas, L awrence 

A pril 13. 1914  _

CORRECTION
The articles on "Sociological Work of the New' Jersey Zinc 

Company” by F. Hughes, "Welfare and Safety Provisions at 
the Welsbach Company's Plants” by H. Lyon, T h is  J o u r n a l , 
6,333 and 336, were presented at the J o in t  M e e t in g  of the New 
York Sections of the American Chemical Society, The Society 
of Chemical Industry and the American Electrochemical 
Society, Dec. 12, 1913, and not at the Annual Meeting of the 
American Institute of Chemical Engineers as stated in the 
foot-notes.

1 S c b f l p p h a u s ,  J o u r . Soc. C hem . In d . ,  1 4  (1895), 557 a n d  2 6  (1907), 
3 8 3 ;  Jo y c e , T h i s  J o u r n a l ,  3  ( 1 9 1 1 ) ,  1 9 4  a n d  702.
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PERSONAL NOTL5
Sir Ernest Rutherford, F.R.S., of the University of Man­

chester, England, spoke before the National Academy of 
Sciences, April 21st, 22nd and 23rd on "The Constitution of 
Matter and the Evolution of the Elements.”  This is the be­
ginning of a series of lectures covering several years and de­
signed to give a clear and comprehensive outline of the broad 
features of inorganic and organic evolution in the light of recent 
research. The expenses of this series are taken care of by 
the William Ellery Hale Foundation, made in memory of the 
late William Ellery Hale of Chicago.

The Columbia University Commencement this year takes the 
form of a celebration of the 50th Anniversary of the founding 
of the School of Mines. An especial feature will be the Inaugura­
tion of the Chandler Lectureship and the Award of the Chandler 
Medal on M ay 29th. The first Chandler Medal will be awarded 
to Dr. Leo.' H. Baekeland.

A portrait of Sir William Ramsay, painted by Mr. Mark 
Milbanke, has been presented to University College, London, 
by former colleagues and past students. Prof. J. Norman 
Collie made the address. A replica of the portrait has been 
presented to Lady Ramsay.

The Pratt Institute Chemical Alumni Association of Brooklyn 
held their 16th Annual Reunion and Dinner at the Hotel 
Gregorian on the evening of April 16th. The dinner was well 
attended and brought together graduates of the three-year 
evening course for the last eleven years. Reports from various 
members showed that many responsible positions are being 
filled by graduates of the Institute. Arthur S. Somers 
acted as Toastmaster. Dr. W. R. Whitney of the Gen­
eral Electric Co talked interestingly on the research that led 
up to the production of the metal filament incandescent 
lamp. Dr. S. G. Rogers, Medical Inspector of the N. Y . State 
Department of Labor, told how they were trying to render labor 
more efficient by improving sanitary conditions. Other 
speakers were: District Attorney James C. Cropsey of Kings
County, Geo. A. Hitchcock, Samuel S. Edmonds of Pratt In­
stitute and Arthur F. Wiehl. All the past presidents of the 
Association were seated at the head table with the guests of the 
evening. The officers for the coming year are: Arthur F. 
Wiehl, President; Harry W. Lange, Vice-President; Irving A. 
Schumann, Secretary-Treasurer; A. J. Farry, Harry J. Bloom, 
Wm. J. Bedell and G. Clarence Woolley, Directors.

Dr. Max A. Kunkler, research chemist for The Joslin-Schmidt 
Co. of Cincinnati, died March 29th at the age of 26.

On March 28th the members of the "Round Table” at the 
Bearon Café, New York City, gave a luncheon to their honored 
member, Adolf du Faur, commemorating the 88th anniversary 
of his birth. Chemists, Mining Engineers, Metallurgists and 
Chemical Merchants meet daily for luncheon at the "Round 
Table”  which is known the world over. The luncheon was 
under the direction of Dr. Hugo Schweitzer, who, in the name 
of the "Stammtisch,”  delivered an address of congratulation in 
German. Dr. Emil Schill then presented Mr. du Faur with 
an engrossed certificate of honorary membership (the first 
awarded) in the N. Y . Section of Verein Deutscher Chemiker. 
Mr. du Faur responded, acknowledging his pleasure at the 
honor accorded him. Among those present were: F. A.
Schütz and F. F. Schütz, Jr., son-in-law and grandson of Mr. 
du Faur; Emil Schill, E. A. Widmann, H. C. A. Seebohn, H. 
Lieber, T. J. Parker, T. B. Wagner, E. Bilhuber, F. Stobaeus, 
Aston and Karl Eilers, Mr. Fohr, Willard P. Ward, Theo. 
Geisenheimer, Carl Beckmann, H. C. Schüpphaus, Bernhard 
C. Hesse, L. Saarbach, F. de Jahn and many others.

Mr. Faber du Faur was born March 27, 1826 in Wasseral- 
finger, Wurtemberg. He attended the Polytechnicum in Stutt­

gart and studied chemistry under Fehling. His faithfully kept 
college diary was presented by him to the Library of The 
Chemists' Club. He landed in the United States, Jan. 1, 1851, 
where as a Mining Engineer and Patent Attorney he has led 
an active and eventful life. Among his numerous inventions, 
for which he was granted valuable patents, the Tilting Furnace, 
invented in the early sixties and still in common use deserves 
especial .mention. During the Civil War, he served as Adjutant 
to General Meigs and as Captain of Engineers was entrusted 
with the task of fortifying and defending Washington.

Dr. N. Edward Loomis, Assistant Professor of Chemistry at 
Bowdoin College, Brunswick, Maine, has recently been called 
to take charge of the newly organized Department of Physical 
Chemistry at Purdue University, Lafayette, Indiana.

G. H. P. Lichthardt, Analyst of the Sacramento Department of 
Health, calls attention to a new adulterant which he has found 
in Ice Cream Cones. These yielded 0.50 and 0.45 per cent of 
strongly alkaline ash which had a silica content of 50 and 47 
per cent. • Inspection of the manufacturing plant showed that 
water glass solution was being used, acting, no doubt, as a pre­
servative and allowing the use of a thin batter in making up the 
cones.

On April 15th, the reorganizers purchased the property of 
the American Water Works & Guarantee Co. at the receiver's 
sale. The consideration was $1,250,000.

The Connellsville, Pa., coke production, which has been 
around 350,000 tons weekly, is being materially curtailed. 
During the middle of April, the Frick Company closed 1,300 
ovens, and if was reported that other interests had shut down 
many ovens. The number of ovens in operation for an output 
of 350,000 tons per week (9,700 cars) is 27,000.

The Itinerary of the Annual Chemical Inspection Trip for 
Advanced Chemistry and Chemical Engineering Students of the 
University of Illinois included visits to the following plants in 
and near Chicago: Universal Portland Cement Co., Buffing­
ton, Ind.; Indiana Steel Company; The By-Product Coking 
Plant; Illinois Steel Co.; Standard Oil Refinery, Whiting, Ind.; 
Grasselli Chemical Co.; U. S. Metals Refining Co.; American 
Smelting & Refining Co.; Sherwin-Williams Co.; Armour & 
Co. Soap Works; Peoples’ Gas, Light & Coke Co.

The American Manganese Manufacturing Co., which is in 
possession of a large deposit of manganese ore in Minnesota, 
proposes to produce ferro-manganese at the plant of the Dunbar 
Furnace Co., Pittsburgh, Pa.

Sir Ernest Rutherford of Manchester, England, lectured on 
“ Recent Advances in Radioactivity” on April 18th under the 
auspices of the Columbia University Department of Physics. 
In substance the lecture was the announcement-of the following 
conclusions drawn from recent experiments as yet unpublished:
(1) Absolute proof that the a-particles projected from radio­
active substances are helium atoms. (2) Experiments studying 
the scattering of the a-rays by matter show that positive elec­
trons are excessively concentrated, even more so than the 
negative ones. (3) The charge on the nucleus of an atom is 
proportional to the atomic weight of the element. (4) Study 
of the "magnetic spectra”  of radioactive elements indicates 
that the escape of /9-partides from the nucleus of an atom 
starts a radiation that is the 7-radiation and that is the char­
acteristic mode of vibration of that particular kind of atom.
(5) Further studies of the 7-radiation lead to the conclusion 
that the charge on the nucleus of an atom controls its properties; 
i. e., that elements of different atomic weights may have identical 

■ properties, e. g., Radium B and lead have the same "magnetic 
spectrum” as reflected from rock salt crystals.
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GOVERNMENT PUBLICATIONS
B y R .  S. McBridb, A sso c ia te  C h e m is t, B u re a u  of S ta n d a rd s ,  W a sh in g to n

NOTICE.— Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Govern­
ment Printing Office, Washington, D. C. Other publications 
can usually be supplied from the Bureau or Department from 
which they originate. Consular Reports are received by all 
large libraries and may be consulted there, or single numbers 
can be secured by application to the Bureau of Foreign and 
Domestic Commerce, Department of Commerce, Washington. 
The regular subscription rate for these consular reports mailed 
daily is $2.50 per year, payable in advance, to the Superin­
tendent of Documents.

HOUSE OF REPRESENTATIVES 
Radium— Report from Committee on Mines and Mining 

favoring House Bill No. 12741, which is intended "to provide 
for and encourage prospecting, mining, and treatment of radium- 
bearing ores in lands belonging to United States, for purpose 
of securing adequate supply of radium for government and 
other hospitals in United States,” dated February 3, 1914. (18
pages; paper, 5c.) In this connection House Joint Resolutions 
185 and 186 and Senate Bill 4405 and the hearing reports on 
them, are of interest. These latter are not published lor general 
distribution, but can be secured from members of Congress in 
some eases

STATE DEPARTMENT 
Transactions of 15th International Congress on Hygiene and 

Demography. Edited by the Secretary General. 6 Vols., 9 
parts. Complete report, with accompanying papers, of the 
sessions held in Washington, D. C., September 23-28, 1912. 
Not available for general distribution. Of value to those in­
terested in hygiene, sanitation and allied subjects.

PATENT OFFICE 
Official Gazette. Weekly publication for sale by Superin­

tendent of Documents, $5 per year or 10c. per copy, in advance. 
Reports all patents granted and court decisions on patent 
cases; lists trademarks, designs, labels and prints at time when 
filed with office and announces their subsequent registration, 
when listing and registration are not simultaneous.

Classification Bulletin. 16 pp. Paper, 10c. Revised classi­
fication of subjects of invention, prepared by Classification 
Division for July 1 to Dec. 31, 1913.

BUREAU OF THE CENSUS 
Report of the 13th Census. Volume X— Manufactures. 

975 PP- Cloth, S i.25. The statistics of manufactures for cer­
tain selected industries were published as separate bulletins as 
rapidly as the statistics were compiled. These bulletins are 
now collected in the present volume, which is one of the eleven 
volumes constituting the full report of the 1910 census. The 
report for each industry gives data from operations in the 
calendar year 1909 of all establishments operating under the 
factory system, excluding "neighborhood, household, and hand 
industries.” Some of the major classifications of the indus­
tries of chemical interest are the following: Textiles; metal­
lurgical; electrical machinery and supplies; packing-house; 
dairy; canning; milling; starch and glucose; manufactured-ice; 
salt; sugar; general chemical and allied; bone, carbon, and lamp­
black; dyestuffs; explosives; fertilizers; essential oils; acids; 
wood distillation; coke; gas; petroleum; soap; turpentine and 
rosin; leather; paper and pulp; clay products; and glass.

The large mass of data prevents review of the material pre­
sented; in general, there are statistics given on the following 
phases of each subject: General statistics, summary by geo­
graphical location, character of ownership, size of establishments, 
number of persons engaged, expenses, character of supplies and 
products, and values of each.

Data are given in detail for each state in addition to general 
summaries, and statistics for the metropolitan districts are also 
separately reported.

Separate bulletins are available in some cases, or the full set 
of reports may be consulted at libraries. An "Abstract of the 
Census”  has also been prepared which is more convenient for 
general use. The section on chemicals and allied industries 
(other than those particular ones listed above) is obtainable 
as a separate paper for 15 cents.

Report of the 13th Census. Volume XI— Mines and Quar­
ries. 369 pp. Cloth 65c. Statistics for mines and quarries 
similar to those outlined above for manufactures, being a general 
report and analysis. The most important mineral products 
are shown to be as follows, in order of value of product for year 
1909: Bituminous coal, natural gas,' anthracite coal, iron, cop­
per, precious metals, limestone, lead and zinc, granite and trap- 
rock, sandstone, phosphate-rock, marble, slate, gypsum, sulfur 
and pyrite, clay, talc and soapstone, and mercury.

In addition to general summaries, there are detailed figures 
for each state; and elaborate reports on coal, iron, petroleum 
and natural gas are included.

INTERNAL REVENUE COMMISSIONER 
Alcohol. Several reports and decisions on alcohol have ap­

peared recently from this office, as follows:
Regulations and instructions relating to manufacture, redis­

tillation and dénaturation of domestic alcohol. Regulations 30 
revised, supplement 2. 16 pp. Paper '5c.

Denatured alcohol, formula 2B, for especially denatured alcohol 
for use in manufacture of pyroxylin plastics. Treasury decision 
1954. 4 pp.

Use of Mash fit for distillation in production df artificial 
wines. Treasury decision 1949. 2 pp.

GEOLOGICAL SURVEY 
List of Publications. Circular No. 15 of the Superintendent 

of Documents office gives a recently revised list of all publica­
tions of the Survey.

Contributions to General Geology. Certain “ professional 
papers”  will each be made up of a number of short articles, 
and will form a series under the above title. The first of this 
series of articles are just out, published as separates from Pro­
fessional Papers 85 and 90; the following two are included: 

Resins in Paleozoic Plants and in Coals of High Rank. By 
D a v id  W h it e . Professional Paper 85-E, 32 pp. Evidence is 
presented that anthracite and bituminous coals, as well as those 
of lower rank, originated as peats and in certain cases from 
resin-bearing plants. The significance of the relative resin 
content of coals is pointed out.

Geology of the Pitchblende Ores of Colorado. B y  E. S. 
B a s t in . Professional Paper 90-A. 5 pp. A brief account
of the occurrence of radium-bearing minerals in this district 
is given advance publication in this paper.

Mineral Resources of the U. S., Calendar Year 1912. P a r t  

I, M e t a l s . 1079 pages; P a r t  II, N o n m e t a l s , 1218 pp. Sta­
tistics of the production, importation, and exportation of min­
eral substances in the United States, including accounts of the 
chief features of mining progress, comparisons of past and pres­
ent production and conditions, and the application of the prod­
ucts in the useful arts. A consolidation of 63 advance chapters, 
each covering a single mining industry or group of allied indus­
tries. Among the chapters of chemical interest are those on: 
Abrasives; borax; gypsum; magnesite; phosphates; salt and 
bromine; bauxite and aluminum; gas, coke, tar and ammonia; 
precious and semi-precious metals (in several special districts). 

Contributions to Economic Geology, 1912. P a r t  I, M e t a l s
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a n d  N o n m e t a l s  e x c e p t  F u e l s , Bulletin 540. 563 pp. This 
bulletin is made up of 30 brief reports on such investigations 
of mineral deposits as have a direct economic bearing; separate 
copies of the reports are available in most cases. Topics of 
pure geological or mineralogical interest are not taken up. Each 
report deals with certain minerals or ores for one district only. 
Among the subjects so treated are: deposits of gold, copper, 
lead-silver, iron, titaniferous magnetite, alunite, granite, mar­
ble, clay, phosphates, potash and other salines, salt and borax, 
sodium sulfate, borates, niter, sulfur, magnesite, celestite, and 
diamond-bearing peridotite.

P a r t  I I ,  F u e l s . Bulletin 5 4 1 .  This section is not yet 
complete, although some separates have appeared.

BUREAU OF MINES
Fuel Briquetting Investigations, July, 1904 to July, 1912. By

C. L. W r ig h t . Bulletin No. 58, 277 pp and 21 plates. Paper 
45c. This bulletin reports the results of fuel briquetting begun 
under the U. S. Geological Survey in 1904 and continued at 
various places until July, 1912. Results previously reported 
in government publications as well as new information are as­
sembled in the present bulletin. The condition of the bri­
quetting industry, costs, machinery used, and fuels available 
for use in this work are discussed. A large amount of tabular 
data are given, including: results of analyses, physical tests and 
combustion experiments on the fuels, binders and briquets of 
different sorts. Detailed data for many coals and lignites are 
reported.

The Sampling and Examination of Mine Gases and Natural 
Gas. B y  G. A. B u r r e l l  and F. M. S e i b e r t . Bulletin No. 
42, 116 pp. and 2 plates. Paper 20c. The subject matter is 
arranged under principal headings among which are the follow­
ing: Collection of samples of mine gases; determination of
moisture; apparatus and methods used (for air analysis, deter­
mining C 0 2, CO, Hj, N2, and CH4) ; apparatus used in analyzing 
other gas mixtures (such as illuminating gases); detection of 
carbon monoxide (by mice and birds); determination of oxides 
of nitrogen in mine air; use of the gas interferometer; and ap­
paratus for analyzing natural gas. A large amount of old ma­
terial is included from former reports of this Bureau and other 
sources, but experimental results from recent work and extended 
discussion of the various methods are also given. Much of the 
material would be of value to a person interested only in arti­
ficial gas or air analysis, both in regard to apparatus and methods.

Petroleum Technology. A new sub-series in the bulletins of 
this Bureau is given this title; this sub-series is made up, as is 
the sub-series on "mineral technology,” of bulletins numbered 
serially as a part of the full list of the bulletins.

Permissible Explosives. By C l a r e n c e  H a l l . Technical 
Paper No. 71. 12 pp. Paper 5c. A list of all explosives found
by tests previous to January 1, 1914, to conform to rules of the 
Bureau of Mines. (See earlier publications of this Bureau for 
full reports on methods of testing and proper storage and handling.)

.Metal-Mine Accidents. Compiled by A. H. F a y . Tech­
nical Paper 61. 74 pp. Paper, 10c. Classified statistics for
operations of 1912, showing causes and distribution (both geo­
graphic and by character of mine) of accidents.

Mud-laden Fluid Applied to  Well Drilling. By J . A. P o l ­

l a r d  and A. G. H i g g i n . Technical Paper 6 6 . 20  pp. A pro­
posed method for gas and oil-well drilling is described, by which 
wells may be drilled and the oil recovered without waste of the 
gas which accompanies it. This is an important matter where 
gas is struck when there is immediate commercial demand only 
for oil.

Production of Explosives in the U. S. Compiled by A. H. 
F a y . Technical Paper 6 9 . 7 pp. The total production o f

explosives during 1912 was reported as follows:

PO O N D S
B lack  P o w d e r ......................................................................... 230,233,369
P e rm iss ib le  e x p l o s i v e s . . . . ...............................    24,630,270
" H ig h "  exp losives (d y n a m ite  n itro g ly ce rin e , d y ■ 

n a lite , g u n c o tto n , e tc .) ,  o th e r  th a n  p erm issib le
ex p lo siv es ...............................................................     234,469,492

T o t a l ,  489,333,131 

The locality and purpose of use are shown by full data; utiliza­
tion is accompanied by an average of 0.59 fatalities per 1,000,000 
lbs. of explosive used.

Relative Effects of Carbon Monoxide on Small Animals. By 
G. A. B u r r e l l , F. M. S e i b e r t  and I. W . R o b e r t s o n . Tech­
nical Paper 62. 23 pp. Paper 5c. Of value in study of mine-
accident prevention.

BUREAU OF STANDARDS
Copper Wire Tables. Circular No. 31, 2nd Edition. 70 pp. 

This circular with its tables was prepared at the request and 
with the cooperation of the standards committee of the American 
Institute of Electrical Engineers. The data on which the 
tables are based were formally adopted as international copper 
standards by the International Electrotechnical Commission 
in September, 1913. Tables, accompanied by full discussion, 
give the resistivity, temperature coefficient and density of an­
nealed copper, comparison of wire gages, data for copper-cable 
and aluminum-wire resistivities, etc.

Testing of Barometers. Circular No. 46. 12 pp. The
characteristics of barometers suitable for various uses are given, 
and the limitations of each type briefly indicated. A descrip­
tion is included of the tests made by the Bureau of Standards 
in the calibration of mercury or aneroid barometers and instruc­
tions are given regarding application for tests and fees charged. 
The fees vary from $10 for a determination of the gas correc­
tion or a calibration with high accuracy, to $2 for test at one 
point on a common barometer with ordinary accuracy. Fees 
for tests on aneroids vary with character of test and number of 
instruments submitted.

The Testing of Mechanical Rubber Goods. Supplement to 
Circular of this name, which is No. 38. 16 pp. Preliminary
report and recommendations of Joint Rubber Insulation Com­
mittee for specifications for rubber compounds and for the pro­
cedure for analysis of rubber compound. These specifica­
tions are adopted as tentative for one year’s trial by the Com­
mittee. A model specification for 30 per cent Hevea rubber 
compound is also proposed in preliminary form. (The original 
circular No. 38 deals largely with the processes of manufacture 
and mechanical testing of rubber goods.) [See T h i s  J o u r n a l , 

6> 75-]
Testing of Hydrometers. Circular 16, 3rd edition. 16 pp. 

A revision of the Bureau’s hydrometer specifications, instruc­
tions for the use of hydrometers, description of methods and 
statement of fees for testing them.

Standard Specifications for Incandescent Electric Lamps. 
Circular 13, 6th edition. 20 pp. Revised specifications used 
by the U. S. Government in lamp contracts and proposed as 
suitable for general use by other purchasers.

Bulletin, V o l . 9, No. 4, and V o l . 10, Nos. 1 and 2 have come 
from press since January 1st. These include the following 
scientific papers, each of which are obtainable as separates:

( 1 )  A Micropyrometer. B y  G. K .  B u r g e s s . S c ie n tific  

Paper 19 8 . 4 p p . The m ic r o s c o p e  a n d  p y r o m e t e r  u se d  for 

m e lt in g - p o in t  d e te r m in a t io n s  o n  m in u t e  s p e c im e n s  o f  m eta ls, 

e t c . ,  a r e  c o m b in e d  in  o n e  in s t r u m e n t  t o  e n a b le  a  s in g le  o b serv er 

t o  w a t c h  t h e  m e lt in g  a n d  t o  m a k e  t h e  te m p e r a t u r e  m easu re­

m e n t .

(2) Melting Points of the Refractory Elements. I— Ele­
ments of Atomic Weight from 48 to 59. By G. K. B u r g e s s  

and R. G. W a l t e n b E r g . Scientific Paper 205. 14 pp. Micro- 
pyrometric measurements of the melting points in hydrogen 
of these elements gave the following results: Ni 1452 *  3 ;
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Co 1478 ± 5; Fe 1530 =*= 5; Mil 1260 =*= 20; Cr 1520 to greater 
than Fe; Va 1720 =*= 20; and Ti 1794 =*= 12.

(3) Simplified Formula for the Change in Order of Inter­
ference Due to Changes in Temperature and Pressure of Air. 
By I. G. P r i e s t . Scientific Paper 199. 4 pp.

(4) New Calorimetric Resistance Thermometers. By H. C. 
D i c k i n s o n  and E. F. M u e l l e r . Scientific Paper 200. 10 pp. 
A new form of electrical resistance thermometer having small 
lag and numerous advantages for use in high precision calori­
metric work.

(5 ) The Silver Voltameter. Part III. By E. B. R o s a ,  G. 
W , V i n a l  and A . S. M c D a n i e l .  Scientific Paper 2 0 1 . 6 0  

pp. Reports the second scries of quantitative experiments 
and the preparation and testing of silver nitrate for this work. 
(Previously abstracted in C. A.)

(6) Note on Cold-Junction Corrections for Thermocouples. 
By P. D. Foote. Scientific Paper 202. A discussion of the im­
portance and method of making this correction; omission of 
the correction may cause errors as great as 50° C.

(7) Latent Heat of Fusion of Ice. By H .  C. D i c k i n s o n , D . 

R. H a r p e r  3d, and N. S. O s b o r n e . Scientific Paper 209. 
31 pp. Measurements by two independent methods in a pre­
cision calorimeter on 92 samples of 100 to 500 grams of ice from 
various sources give results agreeing within 1 part in 1000. 
The mean of the final 21 determinations on samples of "plate,” 
"can” and "natural” ice gave for the latent heat of fusion 
79.63 calories (15°) per gram mass, equivalent to 143.3 B. t. u. 
per pound mass or to 143.5 B. t. u. per pound weighed in air 
against brass or iron weights.

(8) Melting Points of Some Refractory Oxides. By C. W . 

K a n o l t .  Scientific Paper 2 1 2 . 1 8  pp. Measurements in a
graphite resistance furnace, using an optjfal pyrometer; the re­
sults reported are as follows:

O xide M .P . S u p p o r tin g  m a te r ia l
CrîOa 1990° T u n g s te n , g ra p h ite
AljOa 2050° T u n g s te n , g ra p h ite
C aO 2572° T u n g s te n , C aO
M gO 2800° G ra p h ite

Special Studies in Electrolysis Mitigation. By E. B. R o s a  

and B. M c C o l l u m . Technologic Paper 27. 55 pp. A  report
on the preliminary study of conditions in Springfield, Ohio, 
with recommendations for mitigation. The results are pre­
sented for this one case, but the principles laid down can be 
taken as of general interest and value.

Viscosity of Porcelain Bodies. By A. V. B l e i n i n g e r  and 
P a u l  T e e t o r . Technologic Paper 30. 11 pp. As a measure
of viscosity the deformation under tensile strain was used at 
temperatures from 1060 0 to 1310°. Tabular results and curves 
are given.

DEPARTMENT OF AGRICULTURE
Agriculture Bulletins. Publications of bulletins and circu­

lars by the bureaus of the Department of Agriculture has been 
discontinued; all such contributions (from bureaus of Chemistry, 
Soils, Animal Industry, Plant Industry, ’etc.) will hereafter be 
published in the new series of Bulletins issued from the office of 
the Secretary of Agriculture and called "Agricultural Bulletins.”

Journal of Agricultural Research. Monthly, free only to 
certain libraries and institutions generally on exchange. An­
nual subscription price $2.50 per volume of 12 numbers, paya­
ble in advance to the Superintendent of Documents. The 
numbers of this year have thus far contained the following arti­
cles of chemical interest:

(1) Environmental Influences on the Physical and Chemical 
Characteristics of Wheat. B y  J .  A .  L e C l e r c  and P .  A .Y o d e r .

(2) Presence of Some Benzene Derivatives in Soils. By E d ­
m u n d  C .  S h o r e y .

(3 ) Crystallization of Cream of Tartar on Fruit of Grapes. B y  
W i l l i a m  B .  A l w o o d .

(4) Reduction of Arsenic Acid to Arsenious Acid by Thiosulfuric 
Acid. By R o b e r t  M .  C h a p i n .

A Special Flask for the Rapid Determination of Water in 
Flour and Meal. By J o h n  H. C o x , Asst, in Grain Standard­
ization, Bureau of Plant Industry. Agricultural Bulletin 56. 
7 pp. Paper 5c. Simple description and directions for use of 
this flask in flour and grain testing.

Tests of the Waste, Tensile Strength, and Bleaching Quali­
ties of the Different Grades of Cotton. By N. A. C o b b , Agri­
cultural Technologist, Bureau of Plant Industry. Agricultural 
Bulletin 62. 8 pp. Paper 5c. A  preliminary report on mill­
ing tests of interest in cotton-mill work.

Manufacture of Flavoring Extracts. By E .  M. C h a c e . Re­
print (new edition) from yearbook of 1908. 10 pp. Paper 5c.

Respiration Calorimeter and Results of Experiments with It. 
By C. F. L a n g w o r t h y  and R. D. M i l n e r . Reprint (new 
edition) from Yearbook of 1910. 12 pp. Paper 5c.

Giant Kelps of the Pacific Coast as a Source of Potassium 
Salts. By F. K. C a m e r o n . Bureau of Soils. An extended re­
port on this subject is ready for press; it will be accompanied 
by maps of the kelp beds and includes recommendations as to 
the utilization of the new source of potassium for use as a fer­
tilizer.

List of Publications. Circular 40 of Superintendent of Docu­
ment Office is an alphabetical subject list of the bulletins and 
circulars of the Bureau of Chemistry and of the published 
proceedings of the annual conventions of the A. O. A. C., so far 
as they are now in stock.

Methods of Food Analysis. This Bulletin (No. 107 of Bureau 
of Chemistry), which gives the official and provisional methods 
for food analysis of the A. O. A. C., will be revised within a 
year; but another reprint of the current edition has been made 
and copies are to be had from the Superintendent of Documents 
for 20c.

CONSULAR REPORTS, MARCH
Ramie Fiber and its Manufacture. Description of the cul­

tivation and manufacture of ramie fiber in China and Cuba 
and of the experiments toward its production in the Philippines. 
This material is mostly used for making "grass cloth” and paper, 
especially banknote paper. On account of its strength and re­
sistance to moisture, ramie fiber is being used in one English 
factory as a substitute for hemp and flax. (Pp. 801-9.)

Alum Production of Shabin Kara Hissar. From 2000 to 3000 
tons of alum are produced annually from natural deposits near 
this Turkish town. (P. 812.)

A new Cement Factory, with an annual production of 800,000 
barrels is about to be erected in the Gori district of the Caucasus. 
(P. 825.)

Mineral Oil and Natural Gas have been reported from Mar- 
vaor, Nyitra County, Hungary. (P. 827.)

Iron Ore shipments from Korea in 1913 amounted to 1351263 
tons, an increase of 3,000 tons over 1912. (P. 846.)

A Soap and Candle Factory started operations at Panama 
on Feb. 1, 1914. (P. 846.)

A Seed-Oil Clearing House has been established in Liverpool.
(P- 875.)

Tests of Para Rubber-seed Oil and Cake showed that the 
oil has drying properties inferior to those of linseed oil and is 
not suited to the manufacture of linoleum, but can be used in 
making soft soap. Feeding experiments showed that the 
seed cake is suitable for feeding cattle, but not sheep. (P. 854.)

Colored Oil for Oleomargarine may be made from palm oil, 
which, when carefully prepared, has a high melting point (75 °- 
100° F.) and has no disagreeable taste. (P. 875.)

The Sulphate of Ammonia Industry in Germany produced
500,000 metric tons in 1912, and 418,000 metric tons in 1911. 
Owing to competition between manufacturers in Bochum and 
in Ludwigshafen, the price is likely to decrease. (P. 878.)
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Petroleum Fields in Bolivia are likely to be developed soon 
by two syndicates. (P. 879.)

Experiments on Electric Sparks and Mine Explosions in Wales, 
showed that sparks from a line at 9 volts (used in signaling) 
could not ignite an explosive atmosphere. (P. 879.)

Molded Electrical Insulation and Plastics. By E m i l e  H e m ­

m i n g . New York: Ward Clausen Co. 207 pages. Illus­
trated. Price, $3.00.
This a new book in the very meaning of the word since no 

treatise on that subject has heretofore appeared. The author 
by saying in the introduction— " a  series of new inventions in 
the field of electrical insulation products have been developed 
and enormous progress has been made”— is fully justified, since 
practically a new industry has grown up in the manufacture of 
plasties and insulating materials, due to the remarkable progress 
made in the electrotechnical art and not the least due to the rapid 
development of chemistry also in this field within the last decade.

The reader, passing over in the book the very striking defi­
nition of molded insulation and the history of its development 
within the last ten years, finds himself transferred "in  medias 
res,”  the curtain is raised and there is presented to the spec­
tators’ eyes a very intuitive and original classification of molded 
insulation products and plastics. How important a part in the 
manufacture of these compounds plays the proper selection of 
the raw materials is shown in the chapter, "R aw  Materials,” 
which surely will be of special interest to the chemist.

Articles like “ Hydraulic Cement,”  "Shellac,” "Formalde­
hyde,” "Phenol,” "Condensation,” may be especially marked.

In the following chapters, dealing with the different classes 
of molded materials and describing the hot and cold molding 
processes, there are very instructive essays, e. g., "Ceramics,” 
“ Rubber Compounds,” “ Organic Plastics” (Celluloid Albu­
minoids) and "Synthetic Resinous Materials.” The author 
gives a clear and full discussion of the properties of the 
molded materials as to life, puncture tests, mechanical strength, 
weather and heat-proof qualities, resistance to chemical action, 
etc., which shows the intimate knowledge and broad experience 
of the worker.

A feature of the book is the many illustrations of molded 
articles from properly composed plastic materials. The author 
shows how, by chemical synthesis, plastics have recently been 
produced, which have superseded a great many of the older 
insulating materials.

The chemist, chemical student, engineer and manufacturer 
will find in this book what has been done in the manufacture of 
plastics and insulating products and what is to be done yet to 
improve the qualities of these materials in order to fulfill the 
conditions necessary to produce a pcrfeot insulator.

W. S a n g e r

Die Chemie und Technologie der Natürlichen und Künstlichen 
Asphalte. D r . H i p p o l y t  K ö h l e r . Zw-eite Vollständig Um­
gearbeitete und Stark Vermehrte Auflage Herausgegeben von 
Dr. Hippolyt Köhler, Direktor der Rutgerswerke-Aktiengesell- 
schaft, Berlin, und D r .  Edmund Graefe, Direktor der Duet- 
schenTrinidad-Asphalt-Gessellschaft m.b.H., Dresden. 504 +  
xxi pages. Braunschweig, Verlag von Friedr. Vieweg & Sohn, 
1913. Paper, $4-50.
This publication forms the 7th part of the "Neues Handbuch 

der Chemischen Technologie” which is being issued under the 
editorship of Dr. C. Engler. The first edition, by Kohler alone, 
appeared in 1904 and was a noteworthy compilation at that time. 
In associating with himself Dr. Edmund Graefe, Dr. Köhler 
has been enabled to bring the subject in essential particulars

Cement is manufactured in Haiphon (French Indo-China) 
and together with Coal and Zinc Ore formed the principal min­
eral exports. (P. 902.)

The principal Essential Oils exported from Hongkong to the 
U. S. and Europe are aniseed, cassia, and peppermint. (P. 906.)

up to date in a most satisfactory manner, especially as regards 
the uses of the native bitumens in the United States in the con­
struction of pavements and roads, owing to Dr. Graefe’s con­
nection with the industry in this country and his intimate ac­
quaintance with the processes which are being employed.

The contents of the book are divided into three parts: 
First, an historical consideration of the materials under con­
sideration, the occurrence of the natural asphalts as known at 
the present time, the origin of bitumen and of asphalt, the physical 
and chemical properties, composition and components of as­
phalts, and finally, a chapter on "Artificial Asphalts” prepared 
from coal-gas tar, brown coal tar and from petroleum, as well as 
reference to oil-gas tar, water-gas tar, montan pitch, the pitches 
obtained in the saponification of the fats and resin pitches.

The Second, or technical part, is descriptive of the industries 
in which asphaltic materials are used, structurally for pave­
ments, roads and water-proofing, and industrially in the prepara­
tion- of roofing felts and water-proofing papers, as well as for 
insulating material. Attention is also called to the uses of 
asphalt in rubber substitutes, in varnishes and cementing ma­
terials, in the formation of tubes, cork asphalt, as an insulating 
material and in photographic processes.

The Third, or analytical .part, summarizes very thoroughly 
the physical and chemical methods in use in the investigation 
of the natural and so-called artificial asphalts, and the technical 
testing and examination of asphaltic materials of all descriptions.

The book is a compilation of the results of practically every­
thing that has been done in all parts of the world, in the study 
of the solid native bitumens and their surrogates, both as to their 
occurrence, nature and origin, and their applications in all of 
the industries. The data have been assembled with that thor­
oughness and detail which is characteristic of books of this type 
which are published in Germany. It can be criticized only 
because it is too thorough in this respect, and includes much 
material which the exercise of good judgment might have elimi­
nated as being of doubtful value. Looked at from any point of 
view, the book is a monumental one, and will be found of the 
greatest value in the hands of any one who can make use of the 
German language, and it can be highly recommended to all who 
are interested in the subject of which it treats. The new edition 
contains 504 pages as compared with the 433 of the first edition.

C l i f f o r d  R ic h a r d s o n  

Solvent Oils, Gums, Waxes and Allied Substances. F. H. H y d e .

D. Van Nostrand Company, New York. $2.00.
This book is a very shortcompilation of the chemical and phys­

ical properties of the above substances. It includes some of the 
more common methods of analysis and tests for oils and fats and 
concludes with chapters 011 alkaloidal substances, bitter prin­
ciples and various miscellaneous substances.

Such a conglomeration condensed to 170 small pages must 
necessarily be of very limited value.

The chapter on proteins which the author labels “ Albumenoids 
or Proteids” is particularly antiquated. S i d n e y  B o r n

Practical Science for Engineering Students. B y  H. S t a n l e y .

Published by Methuen and Company, Ltd., 36 Essex S t r e e t ,

Strand, W. C., London. Price, $0.75.
This book was written, according to the author, "primarily

BOOK REVIEWS
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to suit the needs of evening students who have passed the very 
elementary stages. It should also be useful, it is hoped, to 
those entering on an engineering training proper, who have not 
gone through a good course of laboratory work.”

In the opinion of the reviewer, while the book contains some
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B oric  A cid , c ry s ta ls  (p o w d .) .................................... . .L b . 7 @ 8
B rim sto n e  (crude , d o m e s t ic ) .................................... ,.  .T o n 22 .00 @ 22 .50
B ro m in e , b u lk ................................................................. . . . L b . 30 35
C a lc iu m  C h lo ride , fu s e d ............................................. . . . C . 57 V* @ 65
C h a lk  (lig h t p re c ip i ta te d ) .......................................... . .L b . 4 @ 4 1/*
C h in a  C la y  ( im p o r te d ) ............................................... . .T o n n o m in a l
F e ld s p a r .............................................................................. 8..00 @ 12 .00
F u lle r ’s E a r th ,  p o w d ered , F o re ig n ........................ 16,.00 @ 17 .00
G reen  V itr io l (b u lk ) ..................................................... . .C . 55 @ 60
H y d ro ch lo r ic  A cid  (1 8 ° ) ............................................ . .C . 1..15 @ 1,.65
Io d in e  (re s u b lim e d ) ...................................................... . . Lb . 3..55 @ 3,,60
L e ad  N i t r a t e .................................................................... . .L b . 8 @ 8»/s
L ith a rg e  (A m e ric a n ) ..................................................... 5 V* 5*/4
L ith iu m  C a r b o n a te ....................................................... . .L b . 65 70
M ag n es iu m  C a rb o n a te ................................................ . .L b . 21 @ 35
M ag n es ite  " C a lc in e d ” ................................................. . .T o n 28..50 @ 29.,50
N itr ic  A cid, 3 6 ° .............................................................. . .L b . 3 7/ 8 @ 4V4
P h o sp h o ric  A cid (sp. gr. 1 .7 5 )................................. . .L b . 20 @ 24
P h o s p h o ru s ........................................................................ . .L b - 45 1. 00
P la s te r  of P a r is ................................................................ 1. 50 @ 1.,70
P o ta s s iu m  B ic h ro m a te , 5 0 ° ...................................... . .L b . 6*/< @ 7
P o ta s s iu m  B ro m id e ...................................................... . .L b . 39 40
P o ta s s iu m  C a rb o n a te  (ca lc ined), 80 @ 8 5 % . . . . .C . 3 V» @ 3V4
P o ta s s iu m  C h lo ra te , c ry s ta ls .................................... . .L b . 7V4 @ 7»/4
P o ta s s iu m  C y a n id e  (bu lk ), 9 8 - 9 9 % ..................... . .L b . 19 22
P o ta s s iu m  H y d ro x id e ................................................... . .C . 3 .■ 87 V* @ 4 .37 V*
P o ta ss iu m  Io d id e  (b u lk ) ............................................. . .L b . 2..95 3 . 00
P o ta s s iu m  N it r a te  (c ru d e ) ........................................ . .L b . 4J/4 @ 5V4
P o ta s s iu m  P e rm a n g a n a te  (b u lk ) ............................ . .L b . 9*/4 @ 10
Q uicksilver, F la s k  (75 lb s . ) ....................................... 37..50 @ —
R ed  L e ad  (A m e ric a n ) .................................................. . .L b . 6 @ 6»/<
S a lt  C ak e  (g lass m a k e rs ’) .......................................... . .C . 55 @ 65

Oz. 36V« 38V.
T on 10 .0 0 @ 12.00

,e . 67»/* @ 72»/,
L b . 3*/4 @ 4»/«
C. 1 .0 0 @ 1.10

.L b . 2»/4 @ 3
L b . 4*/» @ 4V*
C. 60 @ 80

, L b . 7V4 @ 7»/*
,e . 1 .55 @ I . 571/1
0 . 1 .3 0 @ 1.60
0 . — @ 2.25

,0 . 65 @ 1.50
. Lb. 6*/< @ 7
e . 2 .2 0 @ 2 .60
0 . 1 .85 @ 2.15
c . 85 @ 1.00
T on 15 .0 0 @ 20.00
C. 75 80
L b . ll» /4 @ 12»/,
L b . 42 44
L b . 5V4 @ 5»/,
Lb. 8»/* @ 9
Lb. 4 V* @ 5
L b. 5 V . @ 6V*
L b. 2V« 2*/»

O IL S , W A X E S , E T C .

B eesw ax (p u re  w h ite ) ......................................... ............ L b . 45 @ 47
B la ck  M in e ra l O il, 29 g ra v i ty  ...................... ............ G al. 13»/, @ 14
C a s to r  O il (N o . 3 ) ................................................ ............ L b . 8»A @ 8»/,
C eresin  (y e llo w ).................................................... ............ L b . 12 @ 22
C o rn  O il.................................................................... ............ C. 6 .4 5  @ 6 .50
C o tto n se e d  O il (c ru d e ), f. 0 . b . mill ............ G al. 47 @ 47»/,
C o tto n se ed  O il (p . s. y . ) ................................... ............ L b . 7*/« @ 7*/«
C y lin d e r  O il ( ligh t, f il te re d ) ............................ ............ G al 21 » /, @ 32
J a p a n  W a x ............................................................... ............ Lb 12»/, @ 13
L a rd  Oil (p rim e  w in te r ) .................................... ............ G al. 93 @ 95
L inseed  O il ( r a w ) .................................................. ............G al. 50  @ 51
M e n h a d e n  Oil (c ru d e ) ........................................ ............ G al nom inal
N e a ts fo o t Oil ( 2 0 ° ) .............................................. 96 @ 98
P ara ffin e  (c ru d e , 120 & 122 m . p . ) .............. ............ L b . 3»/« @ 3»/i
P a ra ffin e  O il (h igh  v is c o s ity ) .......................... ............ G al. 27 @ 28
R o sin  ( " F ”  g rad e) (280 lb s . ) .......................... ............ B b l. 4 .3 5  (à —
R o sin  Oil (f irs t r u n ) ............................................ ............ G al. —  @ 27
S hellac , T . N ..................................... ..................... Í6  @ 16»/*
S p e rm a c e ti ( c a k e ) ................................................ ............ L b . 30 @ 31
S p e rm  O il (b leach ed  w in te r) , 3 8 ° ................. ............ G al. 72 @ 73
S p in d le  O il, N o . 2 0 0 ............................................ ............ G al. 17»/, @ 18»/*
S te a r ic  A cid  (d o u b le -p re sse d ) ......................... ............ L b . 8*/4 @ 111/4
T a llo w  (ac id le s s ) ................................................... 65 @ 66
T a r  Oil (d is ti lle d ) ................................................. 30 @ 31
T u rp e n tin e  (sp ir its  o f ) ....................................... ............ G al. 47 @ 47»/4

M E T A L S

L e ad , N . Y ..

T i n ...............................................................................
Z in c .............................................................................

F E R T I L I Z E R  M A T E R IA L S

A m m o n iu m  S u lf a te ............................................................. C.

. .L b . 17*/4 18»/4

. .L b . 7 @ 7»/4
. .L b . 2 .0 5 2 .10
. .L b . 50 3 .00
. . C . 14 .3 0 @ 14.37»/*
. .L b . 14 V* 14 V*

3 80 @ —
. .L b . 50 55

4 3 .5 0 @ 44 .50
. .O z. 58 @ 58»A
. .C . 3 6 .0 0 @ 37.00
. .C . 5 .2 0 @ .

2 .7 5 2 .80

P h o sp h a te  ro c k ; f. o. b . m ine: 
F lo r id a  la n d  p eb b le , 68 p e r  cen

— @ 3.45
2 9 .0 0 @ 30.00

.C . 2 .0 5 @ 2.15

.U n it nominal

.U n it nominal

.T on 7 .0 0 @ -

,T on 2 .2 5 @ 2 .50
.T on 5 .0 0 @ 5 .50
,Tnn 3 9 .0 7 @ -

0.13«/4
3 .2 0 & 10


