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The W i r e  th a t  M a d e  
Elec tri ca l H ea t  P oss ib le

A n n o u n c i n g

) HIGH TEMPERATURE

COMBUSTION FURNACES
T h e s e  f u r n a c e s  a r e  e q u ip p e d  w i th  H o s k in s  N o . 10 

e l e m e n t s ,  a n d  c a n  b e  r u n  a t  2300° -  2400° F . 
T h e  t e m p e r a t u r e  is  c lo se ly  c o n t r o l l e d  t h r o u g h  a  
r e g u l a t i n g  t r a n s f o r m e r ,  h a v i n g  16 s t e p s .  T h e  f u r n a c e s  
a r e  m a d e  i n  S in g le  a n d  D o u b le - B o re .  F o r  m o r e  i n 
f o r m a t i o n ,  w r i t e  t o  y o u r  d e a le r .  H o s k in s  M a n u f a c -  

C .o m p a n y , D e t r o i t ,  M ic h ig a n .
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M O D E L  3D
with A U T O M A T IC
T E M P E R A T U R E  C O M P E N S A T O R

Only Those F e at ur e s  Included 
Which Have Proved To Be 

ACCURATE,  RE L I ABL E,  RUGGED
R u gge d  and S im p le — O p e rate d  anywhere by

2  __ F le x ib le — w ide V a rie ty  of S E A L E D  E L E C -
T R O D E  A sse m b lie s available.

3 A ssy m e try  correctors on all m odels. A u t o 
matic Temperature Corrector for specia l conditions.

4 Buffer standardization insures consistent ac
curacy because the Instrument is corrected to A C 
T U A L  operating conditio ns.

P O R T A B L E — Com pact and Fu lly  S e lf  Contained.

" M E A S U R I N G  p H  
u 'ith  th e  

G L A S S  E L E C T R O D E , '  
"M e asuring p H  with the 
G la ss  E le ctro d e " an 18 
page original work b y  
one of A m e rica 's  lead
ing authorities. Covers a 
discussion o f the theory 
of the glass electrode and 
factors that must be co n 
sidered In Its practical 
a pplication. Includes a 
b ib lio gra p h y of 1 3 0  sc i
entific articles bearing on 
the subject.

M a i l e d  o n  R e q u e t i

Coleman Glass Electrodes are Factory 
Sealed and do not require periodic 
refilling, because the usual unstable solu
tions are replaced with a stable chloride 
in which is immersed a stabilized silver- 
silver chloride electrode. The whole is 
hermetically sealed at the factory, pre
venting evaporation and thereby insuring 
continued constancy. This feature is 
covered by pending patents and available 
only with Coleman instruments.
The New Coleman Glass Electrode is 
small, and adaptable to measuring the p H  
of nearly any material that is capable of 
wetting the surface of the bulb. The 
Glass Electrode is completely insulated 
from G rid  Current— b y the original True 
Impulse Am plifier.

Convenient, P ra ctica l 

Construction
O n ly  the latest electronic developments 
are incorporated in the self-contained 
M odel 3 Coleman Electrometer. Cap
ability of accurate and rapid measurements 
of p H  and R E D O X  under any and all 
conditions...positive and reproducible re
sults...precision without complication... 
A l l  of these factors have resulted in the 
widespread adoption and popularity of 
the Coleman Electrometer.

THE COLEMAN GUARANTEE
Every Colem an Instrument end A cce sso ry  Is g u a r • 
u n i te d  free from defects In material and workman
ship. W e  w ill repair or replace any Colem an In
strument or part thereof (e xce p t tubes or batteries) 
found defective within 9 0  d ays after d e live ry  to 
customer. The Colem an electrodes are sealed at 
the factory and g u a ra n teed  a g a in s t c h e m ic a l d e te r io ra - 
Hon for a period o f six months from date of pur* 
chase.

THERE IS A N  A D A P T A T IO N S  THE COLEMAN pH ELECTROMETER TO MEET A N Y  pH REQUIREMENT. 
ON REQUEST, THESE RELIABLE DEALERS STAND READY TO ADVISE REGARDING YOUR pH PROBLEMS

G e o . T . W alker *  C o .
3 2 4  Fifth A v e n u e , South  

M in n e a p o lis, M in n .

W ilk e n s-A n d e rso n  C o .
111 N o rth  Canal Street 
C h ic a g o , Illin o is  

Burrell T e ch n ica l S u p p ly  C o . 
1 9 3 6  Fifth A v e n u e  
Pittsburgh, Pennsylvania  

Eberbach & S o n  C o .
2 0 0  East L ib e rty  Street 
A n n  A rb o r , M ich iga n  

C incinnati Scientific  C o .
2 2 4  M ain  Street 
G n cin n a ti, O h io

W . A .  Ta y lo r & C o . , Inc.
8 7 2  L in d e n  A v e n u e  
Baltim ore, M aryland
N e w  Je rsey Laboratory S u p p ly  C o . 
2 3 5  Plane Street 
N ew ark, N e w  Je rsey

Phipps & B ird , Inc.
91 5 East C a ry  Street 
Richm o nd, V irg in ia  

H o w e  & French, Inc.
9 9  Broad Street 
Boston, Massachusetts

Em il G re iner C o .
55 Vandam  Street 
N e w  Y o rk , N e w  Y o rk

Canadian Laboratory S u p p lie s , L td
32 G re n v ille  Street
Toronto, O n tario

R. W . Bergen
32 8  Chestnut Street
Philadelphia , Pennsylvania

Redm an Scientific  Com pany
58 5  H o w ard Street
San Francisco, California

G re ene Brothers, Inc. 

1 8 1 2  G riffin  Street 

D allas, Texas

The D enver Fire C la y  C o . 
D enver, C o lo rad o

COLEMAN ELECTRIC COMPANY, INC.
308 MADISON ST., MAYW OOD, ILLINOIS

Exclusive with the accurate, reliable and
rugged COLEMAN pH ELECTROMETER _____
WRITE
FOR

CIRCULAR
. . . .  T h e  O n l y  
F a c t o r y  S e a l e d  
El e c t r o d e s
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Ask your laboratory supply dealer or send for Bulletins HD735 and HD123S

H E V I  D U T Y  E L E C T R I C  C O M P A N Y
LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY 

M I L W A U K E E ,  W I S C O N S I N

In th e  e x p e r im e n ta l la b o ra to r ie s  of m a n y  

la rg e  u n iv e rs itie s  H ev i D u ty 's  la b o ra to ry  

fu rn a c e s  a r e  s ta n d a r d  eq u ip m e n t. T he i llu s

tra tio n  sh o w s  a  ty p ic a l  o rg a n ic  co m b u stio n  

tra in  a t  C o lu m b ia .
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KIMBLE GLASS COMPANY • • • • v i n e l a n d ,  n. J.
N E W  Y O R K *  - C H I C A G O  • ' P H I L A D E L P H I A » »  D E T R O I T - *  B O S T O N

CHEMISTRY
and.
CONCRETE

T h e  m agic o f  in d u s tr ia l c o n s tru c tio n  c re a te s  a s te ad y  
call fo r  c o n c re te . M a m m o th  d am s sp rin g  in to  b e in g  —  
g re a t a q u e d u c ts  h o n e y c o m b  th e  m o u n ta in s  —  end less 
r ib b o n s  o f  ro a d s  th re a d  th e  n a tio n .

1 11 ,615 ,000  b a rre ls  o f  P o r tla n d  c e m e n t w ere  p ro 
d u c e d  in 19 3 6 — a n d  b a c k in g  th is  tre m e n d o u s  p ro d u c tio n  
is a c c u ra te  q u a lity  c o n tro l  in  th o u s a n d s  o f  m o d e rn , 
w e ll-e q u ip p e d  la b o ra to r ie s  fo r  re se a rc h  a n d  ex p erim en t.

K im ble  Blue L ine E xax  G lassw are  has alw ays b een  
c lo se ly  a s so c ia te d  w ith  th e  c e m e n t a n d  allied  industries. 
Its  re liab ility  in  ana lysis  a n d  c o n tro l  p ro te c ts  v a s t in 
v e s tm e n ts  in  c ru d e  m ateria ls  a n d  assu re s  a fin ished  p ro d 
u c t  o f  g r e a t  s e r v i c e  t o  i n d u s t r y .  B lu e  L in e  E x a x  
w are  is r e te s te d  a n d  a n n e a led  (s tra in - f re e ) . Its b rillian t 
BLUE L IN E S  a re  fu se d - in  fo r  d u rab ility .

W h e re v e r  c o n tro l  a n d  re se a rc h  are  in v o lv e d — in ch e m i
cal fields, in  clin ical o r  m ed ica l in s t itu tio n s , in b io log ica l 
a n d  b a c te rio lo g ic a l w o rk  — Blue L ine E xax  G lassw are  is th e  
la b o ra to ry  s ta n d a rd  fo r  a c c u ra c y , se rv ice  a n d  assu rance .

Stocked by leading Laboratory Supply Houses 
throughout the U nited States and Canada

• • • T/ze Visible Guarantee of Invisible Quality  » * •

£/ K  ^
(U <TxÄx> Ü

BLUE
L I N E
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B R A N D  
G L A S S W A R E

MEETS ALL LABORATORY 

R E Q U I R E M E N T S ___ 

CENCO-THE SATISFACTORY 

SO U R C E  OF SUPPLY

L ab o ra to ry  workers have learned not only that “Pyrex” 
brand glassware promotes economy and satisfaction wher
ever used . . . bu t th a t additional economy and satisfac
tion are obtained through purchasing it in convenient case 
quantities from the dealer best fitted to supply all normal 
demands promptly and completely.

Cenco has been chosen as the best source of supply during 
the past year by users of some 13,000 cases of “Pyrex” 
brand glassware—an increase of almost th irty  per cent, 
over the preceding year! A demand of this magnitude— 
about 24 carloads per year—requires a normal stock in 
excess of 3.000 cases.

Enjoy the pleasure of Cenco quick delivery service and 
acquaint yourself with the excellence of the fast filtering, 
molded “Pyrex” brand Analytical Funnels—Order a few 
or a case. No. 15056 “Pyrex” brand molded funnel in the 
65 mm size for 9 cm filter papers is packed 72 to a case. 
They are priced a t 35c each or $22.68 per case.

Main Oflice & Factory 
1700 Irving Park Blvd. 

Lakeview Station 
CHICAGO, ILL.

S C I E N T I F I C
INSTRUMENTS

New York • Boston •

3P
C H I C A G O

L A B O R A T O R Y
A P P A R A T U S

Toronto • Los Anseles

Eastern Division 
79 Amherst Street 

Cambridge A Station 
BOSTON, MASS.
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THE PUDDLER and

S E T T I N G  T H E  P A C E  I N  C H E M I C A L  P U R I T Y  S I N C E  1 8 8 2  “ J O

Ba k e r  A d am so n  ^
Division of G E N E R A L  CHEM ICAL COMPANY, 40 Rector St., New York L. H  f\cUC(S
Afionra .  Boitimore • Boslon •  Buffalo •  Charlolte*Chico9o •  Cleveland • Denver •  H ouston  •  Kansas CitY* los AnBeles •  Minneooolis •  P h ila d e '^ o  •  Piltsburgh •  Providence •  San Francisco •  St. lo u is

O f the characters w ho m ake up  the story o f iron, one, 

the pudd ler, stands apart. H e was the m an w ho once 

"m ade the iro n .” H is strong  arm s agitated  the m olten 

m etal and slag  in the bath . H is keen eye, by observing 

the color o f b u rn in g  gases, determ ined the iron ’s chemi

cal content. H is skill was the key to quality  production.

But no two puddlers produced iron that was chemi

cally and physically the same. A nd, m oreover, the lim it 

o f a m an’s streng th  placed lim its on  quantity .

T he in troduction  o f  new  and larger types o f furnaces 

changed the scene. T h e  chem ist w ith his 

exact m ethods o f analysis was called 

upon to  replace the p u d d le r’s less re lia

ble m ethods o f  judgm ent. N ow , iron 

and steel are produced to specification.

Baker & A dam son reagent chemicals have long  con

tributed  to  advancing the quality  o f  iron  and steel. 

B & A A nhydrous Calcium C hloride, as one im portan t 

example, is used in  alm ost every iron  and  steel testing 

laboratory as the drying agent in the carbon determ ina

tion test. W ith o u t this exact test, m ost irons and steels 

do not leave the p lant.

Baker & A dam son A nhydrous Calcium C hloride is 

of the h ighest quality. I t is m anufactured under the most 

rig id  of specifications, and is in tended for use in the 

laboratory w here uniform ity and extrem e 

purity  are constant requisites. Chemists 

everywhere, w hen an efficient dryer is 

required, th ink im m ediately o f B & A 

A nhydrous Calcium Chloride.
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NEW MODEL

W ILE Y LABO RATORY M IL L
W ITH SEVERAL IMPROVEMENTS REDUCING THE POSSIBILITY OF LOSS, 

EVAPORATION OR CONTAMINATION OF SAMPLE

■4275

W IL E Y  L A B O R A T O R Y  M I L L , N ew  M o d e l. F o r  th e  p re p a ra tio n , w ith o u t loss of m o is tu re  from  
hea ting , of ce rta in  com m ercial m a te ria ls  fo r la b o ra to ry  analysis. O rig inally  designed fo r use w ith  fe r ti
lizer m a te ria ls  b u t now  w idely  used for a  g re a t v a r ie ty  of o th e r  m a te ria ls  such  a s :
Agar
Animal Hair, Fur, Hoofs, 

Horn, etc.
Bakelite
Barks
Chicken Feathers 
Com Stalks and Grain

Cotton Seed, Cake and Meal
Crab Shells
Drugs, Organic
Fish Scales
Gelatine
Grass
Licorice Roots

Leather, incl. chrome tanned 
Oats
Shavings coated with resi

dues of impurities in coke 
oven and water gas 

Straw

Tankage
Tanning Materials (valonia 

cups, myrobalans, wattle 
bark, etc.)

Tobacco Stalks 
Wheat

F o u r  kn ives on  a  revo lv ing  sh a ft w ork  w ith  a  sh earin g  ac tio n  ag a in s t six s e t in  th e  fram e. T h e  screen 
is do v eta iled  in to  th is  fram e  so th a t  none of th e  m a te r ia l com es o u t of th e  g rind ing  ch am b er u n til i t  is 
fine enough  to  p ass th ro u g h  th e  m esh. H inged  fro n t p e rm its  ea sy  cleaning.

M ill is 21 inches h igh  a n d  requ ires floor space 14 X  20 inches. G rind ing  ch am b er 8  inches inside d i
am ete r. S hould  be o p e ra ted  a t  from  400 to  800 r.p .m . an d  requ ires l/ i  to  1 h .p . m o to r. R e ce n t im p ro v e
m ent«  in  th e  sh ap e  of th e  b o d y  castin g  a t  b o tto m  a n d  sieve fram e, w ith  lid  on  h o p p er, e tc ., reduce possi
b ility  of loss, ev ap o ra tio n  or co n tam in a tio n  of sam ple.

Bibliography
Samuel W. Wiley, Ind. $ Eng. Chem., Mar., 1925, p. 30b.
Samuel W. Wiley, The American Fertilizer, Feb. 7, 1925.
K. Maiwald, Die Landwirlschaftlichen Versuchs-Slationen des Deulschen Reiches, 1928, p. 15.
I. D. Clarke and R. W. Frey, The Journal of the American Leather Chemists Association, Vol. X X III , No. 9 (Sept., 1928), p. 

412.
Carl R. Blomstedt, Paper Trade Journal, Vol. XC II, No. 18 (Apr. 30, 1931), p. 43.

4275. Wiley Laboratory  Mill, New M odel, as above described, with three sieves of 1/ i mm, 1 mm and 2 mm mesh, respec
tively. With tight and loose pulleys for belt drive, but without motor........................................................  195.00
Code Word.................................................................................................................................................................  Elnfc

For m ore  d e ta iled  d escr ip tio n  o f  th e  Wile,y M ill, to g e th e r  w ith  a m o d e l f o r  d irec t m o to r  drive  a n d  a sm a ll  
m o d e l fo r  p reparing  sa m p le s  fo r  M icro -ana lysis , see pages 277 a n d  278 o f  o u r  c u r r e n t ca ta logue.

ARTHUR H. THOMAS COMPANY
R E T A IL — W H O LESALE— E X P O R T

LABORATORY APPARATUS AND REAGENTS
W EST W ASHINGTON SQUARE 

PH ILAD ELPH IA, U.S.A.

C able  A ddress, “ B a la n ce ,” P h ilad e lp h ia
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Determ ining Ash in High-Carbonate Coals
A Study o f  the Modified M ethod

O. \V. REES, Illinois S ta te  Geological Survey, U rbana, 111.

THIS paper presents the results of an investigation of a 
modified procedure for determining ash and mineral m at
ter in coals high in pyrite and calcium carbonate, first pro

posed by S. W. Parr. This investigation was carried on to 
determine the causes of difficulties encountered in attem pting 
to use this method as described, and, if possible, to find a way 
of eliminating them. Since the method has received wide
spread distribution in textbooks (2) and as a recommended 
optional procedure of the American Society for Testing M a
terials for determining the mineral m atter content of high- 
sulfur, high-carbonate coals for classification purposes (1), it 
was deemed desirable to call the attention of the coal analyst 
to the fallacies involved in the procedure outlined and to 
recommended changes which would make it more reliable.

Samples which contain comparatively large amounts of 
both pyrite and carbonate are frequently encountered in coal 
analysis. These two minerals m ay undergo various reactions 
in the course of the regular determination of ash. Pyrite is 
mainly burned to ferric oxide and sulfur dioxide, but some 
may be oxidized to ferric sulfate, which on further heating will 
be decomposed to give ferric oxide with the loss of sulfur tri- 
oxide. Calcium carbonate m ay decompose to some extent to 
give calcium oxide and carbon dioxide and m ay react with 
pyrite to give calcium sulfide and ferric oxide with loss of 
carbon dioxide. The calcium sulfide so formed may be par
tially oxidized to calcium sulfate, while the calcium carbonate 
and oxide m ay react with sulfur dioxide and oxygen or with 
sulfur trioxide to form calcium sulfate. I t  is apparent tha t 
no definite composition will be reached by the usual ashing 
procedure and th a t some special procedure is necessary for 
samples containing high amounts of pyrite and carbonate.

As early as 1916 P arr (8), realizing these facts, published a 
special method for use in such cases. His method was based on

the idea th a t if the sample was first ashed as usual and then 
treated with a few drops of sulfuric acid all calcium sulfide, 
calcium oxide, and calcium carbonate would be converted to 
calcium sulfate and could be weighed as such, after careful re
moval of the excess sulfuric acid by heating a t  a definite tem
perature for a definite time. If the mineral carbon dioxide con
ten t of the sample was determined and if it was assumed th a t all 
mineral carbon dioxide was present as calcium carbonate, an as
sumption for which there is proof, it would be possible to cal
culate back to the calcium carbonate basis by subtracting three 
times the equivalent of carbon present as carbon dioxide from 
the ash as weighed. Parr (3) described his method as follows:

For coals whose mineral carbon dioxide values are large 
enough to call for correction, say up to 1 per cent or greater, 
the ash, after the preliminary burning off of the carbon and 
cooling, is moistened with a few drops of sulfuric acid (diluted 
1 to 1) and again after drying brought up to 750° C. and retained 
at that temperature for 3 to 5 minutes. The capsule is cooled 
in a desiccator and weighed.

In  the course of regular coal analysis in this laboratory the 
author encountered a series of samples having large amounts 
of both carbonate and pyrite. As it was evident th a t a  special 
procedure was necessary, he attem pted to use P arr’s special 
method. Disconcerting d iscrepancies were found in the results 
obtained. In some cases these unit coal values by P arr’s modi
fied method differed to an unexpected degree from those calcu
lated using regular ash values as bases for calculated mineral 
m atter values. Furthermore, a comparison of these values 
with appropriate county average unit coal values showed them 
to be entirely too high.

Table I  shows th a t the mineral m atter values obtained by 
calculation (1.08 ash +  0.55 sulfur) from regularly determined 
ash values vary considerably from the values obtained by

T a b l e  I. C o m p a r a t i v e  V a l u e s

(W oodford  C o u n ty  N o. 2 C oal)
-M in e ra l  M a tte r ----------

C a lcu la ted  
from  ro u tin e  ash

L ab . N o. Ash S u lfu r CO j d e te rm in a

C-993 19 .4 2 .2 4 1 .6 3 2 2 .1 8
C -994 1 1 .0 1 .6 8 0 .4 8 1 2 .8 0
C -995 1 4 .3 1 .7 7 0 .5 9 16 .42
C -996 1 9 .7 1 .9 7 1 .81 2 2 .3 6
C-997 3 0 .5 2 .8 7 4 .4 9 3 4 .5 2
C -998 3 6 .5 3 .9 5 3 .9 3 4 1 .5 9

°  R o u tin e  ash  to  m in e ra l m a tte r . b C O i co rrec tio n .

D ete rm in ed  
)y P a r r  rae thc

2 2 .7 6
13 .22
1 6 .6 0
2 3 .1 9
3 6 .0 2
4 1 .7 9

F ro m  ca lcu la ted  
m in era l m a tte r  

v a lu e  a,b
14744
14742
14786
14443
14515
14957

- U n i t  C oal V alue  -
F ro m  P a r r  

m in era l m a tte r  
d e te rm i n a tio n  &

14854 
14814 
14818 
14599
14855 
15008

C o u n ty  
A v erage  U n it 
C oal V alues

14690
14690
14690
14690
14690
14690
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T a b l e  II. C o m p a r is o n  o f  V a l u e s  O b t a in e d  b y  T w o  
D i f f e r e n t  A n a l y s t s

U n it  C oal V alues
M in e ra l M a tte r  V alues (C O j C orrec tio n )

1st 2nd 1st 2 nd
L ab . N o. a n a ly s t a n a ly s t a n a ly s t a n a ly s t

C-993 2 2 .7 6 2 1 .9 4 14854 14700
•C-994 13 .22 12.71 14814 14727
C -995 16 .6 0 17 .13 14818 14912
C-996 2 3 .1 9 2 2 .3 0 14599 14431
C-997 3 6 .0 2 3 6 .6 8 14855 15010
C-998 4 1 .7 9 4 2 .1 9 15008 15112

F u r th e r  R esu lts  on S am ples C -997 a n d  C -998
C -997 3 6 .2 1 3 6 .2 9 14899 14918
C -998 4 1 .9 8 4 2 .0 1 15057 15065

P a rr’s modified method. This is especially true in sample 
C-997 and to a lesser extent in sample C-998, both of which 
are high in sulfur and carbon dioxide. U nit coal values cal
culated from the mineral m atter values differ considerably. 
By use of the regular A. S. T . M. ash method, widely varying 
results were obtained on duplicate portions of the same sam
ples.

110

100

9 0

I “
£  70 «0
a SO
u.o
ui 5 00
1  4 0  uo
u  30 
CL

20

10

0
600

/

/

F i g u r e  1.

700 8 0 0  900  1000 1100
TEM PERATURE -  DEGREES C.

D is s o c ia t io n  C u r v e  f o r  C a l c iu m  S u l f a t e

Because of these discrepancies a second analyst was asked 
to check these determinations, using the modified ash deter
mination method. Table I I  shows a comparison of these two 
sets of values, together w ith a comparison of unit coal values 
in whose calculation these two sets of mineral m atter values 
were used. Deviations which are greater than desirable are 
noted in this table.

Because of these discrepancies i t  seemed advisable to  study 
further the method recommended by Parr. Samples C-997 
and C-998, which have the highest amounts of sulfur and 
mineral carbon dioxide, seemed to  be best suited to such study. 

In making unit coal calculations

, , B .t.u . -  50/S wParr formula: 77^ ;--------^ --------------------------------- ¡7— r  X  1001 100 — (1.08 ash +  0.5d sulfur)

three values are used— namely, calorific, sulfur, and mineral 
m atter values. The mineral m atter value is obtained either 
by calculation from the usual ash value (A. S. T . M. standard 
method) and sulfur value or by P arr’s modified method of ash 
determination described above. The unit coal values in whose 
calculation mineral m atter values obtained by the modified 
method had been used appeared to  be too high. Since the 
determination of calorific and sulfur values is well standardized, 
the author suspected th a t this modified method of ash deter
mination was giving high results.

In  P arr’s method as described above, the sulfuric acid 
which is added converts any calcium oxide or calcium sulfide 
to calcium sulfate, in which form it is weighed, and also con-

verts iron and aluminum oxides a t least partially to sulfates. 
However, these should be quantitatively decomposed upon 
ignition to the oxides if the method is to give dependable re
sults. Therefore, a t the time of weighing the sample after 
the ignition following the acid treatm ent, the sulfate present 
should be exactly equivalent to the calcium present.

In  order to  see if the above condition held, two 1-gram sam
ples of coal C-997 were treated by the P arr modified proce
dure and weighed. The ash was then extracted with hot 1 to 1 
hydrochloric acid and determinations of calcium oxide and 
sulfate were made. The quantity  of sulfate present was far 
in excess of th a t required for calcium sulfate by the calcium 
oxide found present.

This fact suggested th a t the heating period of 3 to 5 minutes 
was not sufficient to expel the excess sulfuric acid or to con
vert any iron and aluminum sulfates completely to  the oxides. 
A longer heating period a t  750° C. or a higher tem perature 
should be used. However, in order to use either of these 
safely it is necessary to know their effect on the decomposition 
of calcium sulfate. If the procedure is to  be usable a t all, 
calcium sulfate m ust not be decomposed during the actual 
procedure and all other sulfates m ust be quantitatively de
composed. In this connection Parr (8) published some data 
on the decomposition of calcium sulfate a t different tem pera
tures, according to  which the decomposition of calcium sul
fate begins a t  about 700° C. and increases rapidly from 900° 
to 1100° C. He shows th a t calcium sulfate is decomposed to 
the extent of about 3.5 per cent a t 750° C., while a t 1050° C. 
the decomposition is about 48 per cent. P arr states th a t 
there were no values available on the vapor pressures a t  dif
ferent tem peratures for the decomposition of calcium sulfate, 
and th a t “from the decrease in the weight of ash and the cor
responding decrease in sulfur trioxide a  dissociation curve 
m ay be constructed” which he assumes to be the dissociation 
curve for calcium sulfate (Figure 1). From these data and 
the decomposition data for calcium carbonate Parr concluded 
th a t the sulfated ash should be heated above 700° C. but th a t

T a b l e  III. E f f e c t  o f  H e a t i n g  C a l c iu m  S u l f a t e  a t  
D i f f e r e n t  T e m p e r a t u r e s  f o r  4 -  a n d  0 0 - M i n u t e  P e r io d s

T em 
p e ra tu re  

0 C.
550
600
650
700
750
800
850
900
950

1000
1050
1100

4 -M in u te  P eriods 
S am ple  S am ple  

1 2
%

14
».00 
M 9  

14
1.37 
.32

1.37 
».37
1.37 
».37
,28  

».85

-L o ss  in  W e ig h t—

0.00
0.00
0 .4 3
0 .1 6
0 .4 6
0 .2 5
0 .4 2
0 .3 7
0 .4 2
0 .3 8
0 .1 9
0 .8 9

%
0 .
0.
0 .
0 .
0.
0.
0.
0.
0.
0.
0.:
0.

Av.
%

0 .0 7
0.00
0 .3 1
0 .1 5
0 .4 2
0 .2 9
0 .4 0
0 .3 7
0 .4 0
0 .3 8
0 .2 4
0 .8 7

6 0 -M in u te  P erio d s  
S am ple  S am ple

1
%

0 . 1 0
0 .2 5
0.22
0 .2 8
0 .3 7
0 .3 3
0 .3 5
0 .3 7
0 .3 3
0 .3 7
0 .5 8
1 .3 2

2
%

0 .10
0 .4 1
0 .4 5
0.22
0 .3 7
0 .4 1
0 .4 0
0 .3 8
0 .4 6
0 .5 4
0 .5 3
1 .41

A v.
%

0 .10
0 .3 3
0 .3 4
0 .2 5
0 .3 7
0 .3 7
0 .3 8
0 .3 8
0 .4 0
0 .4 6
0 .5 6
1 .3 7

CaSO*
D ecom posed®

4 m in . 60 m in .

a A ssum ing losses 
C onv ers io n  fa c to r  1.'

in  w eigh t b y  h ea tin g  d u e  to  loss of SOa 
7005.

%
12

.00
53
26
71
49

.68
63
68
65
41
48
from

0 .1 7
0 .5 6
0 .5 8
0 .4 3
0 .6 3
0 .6 3
0 .6 5
0 .6 5
0.6 8
0 .7 8
0 .9 5
2 .3 3
CaSO*.

T a b l e  IV. E f f e c t  o f  H e a t i n g  C a l c iu m  S u l f a t e  a t  7 5 0 °  
f o r  D i f f e r e n t  P e r i o d s  o f  T im e

CaSO*
T im e of 
H ea tin g

-----------------Loss in  W e ig h t------
S am ple  1 S am p le  2 A v.

D ecom posed ,
A v erag e“

M in . % % % %
4 0 .3 3 0 .4 3 0 .3 8 0 .6 5
8 0 .5 7 0 .4 3 0 .5 0 0 .8 5

12 0 .5 1 0 .4 7 0 .4 9 0 .8 3
16 0 .5 2 0 .4 2 0 .4 7 0 .8 0
20 0 .5 2 0 .4 2 0 .4 7 0 .8 0
24 0 .3 7 0 .3 8 0 .3 8 0 .6 5
28 0 .4 2 0 .3 7 0 .4 0 0 .6 8
32 0 .4 7 0 .3 8 0 .4 2 0 .7 1
36 0 .4 7 0 .4 2 0 .4 5 0 .7 7
60 0 .4 7 0 .3 7 0 .4 2 0 .7 1
80 0 .6 9 0 .5 7 0 .6 3 1 .0 7

110 0 .3 6 0 .4 3 0 .4 0 0 .6 8
a A ssum ing  losses in  we ig h t b y  h e a tin g  d u e  to  loss of SO i fro m  C aSO «.

C onv ers io n  fa c to r  1.7005.
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T a b l e  V. E f f e c t  o f  H e a t  (750° C.) o n  S u l f a t e d  A s h  
✓—P e r  C e n t S u lfa te d  A sh—- , P e r  C e n t S O a    * P e r  C e n t C aO  *

T im e D u p lic a te D u p lic a te D u p lic a te SOa, C aO , S O a/C aO M inera l U n it
H e a te d  d e te rm in a tio n s D ifference d e te rm in a tio n s D ifference d e te rm in a tio n s D ifference M ole % M ole % M ole R a tio M a tte r C oal

M in .
4 4 8 .0 6 . 4 3 .7 2 4 .3 4 2 0 .4 5 , 2 1 .2 0 0 .7 5 5 .3 5 , 5 .3 2 0 .0 3 0 .2 6 0 2 0 .0 9 5 2 2 .7 3 3 2 47 .26 17,872

A v. 4 5 .8 9 2 0 .8 3 5 .3 4
8 3 6 .3 4 , 3 7 .1 7 0 .8 3 8 .4 9 ,  8 .9 9 0 .5 0 5 .6 4 , 5 .5 4 0 .1 0 0 .1 0 9 2 0 .0 9 9 7 1 .0953 37 .40 15,057

A v. 3 6 .7 6 8 .7 4 5 .5 9
12 3 6 .4 0 , 3 6 .3 0 0 .1 0 8 .3 4 ,  8 .2 9 0 .0 5 5 .7 2 , 5 .7 0 0 .0 2 0 .1 0 3 9 0 .1 0 1 8 1 .0 2 0 6 36 .9 6 14,951

A v . 3 6 .3 5 8 .3 2 5 .71
16 3 6 .2 1 , 3 6 .4 6 0 .2 5 8 .2 9 , 8 .3 4 0 .0 5 5 .2 8 , 5 .8 4 0 .5 6 0 .1 0 3 9 0 .0 9 9 1 1 .0484 3 6 .9 5 14,949

A v. 3 6 .3 4 8 .3 2 5 .5 6
20 3 6 .1 9 , 3 5 .4 3 0 .7 6 8 .1 9 ,  7 .6 4 0 .5 5 5 .3 0 , 6 .0 0 0 .7 0 0 .0 9 8 9 0 .1 0 0 7 0 .9 8 2 1 36 .37 14,813

A v. 3 5 .8 1 7 .9 2 5 .6 5
30 3 6 .2 7 , 3 6 .2 5 0 .0 2 7 .8 4 , 7 .9 9 0 .1 5 5 .5 0 , 4 .9 8 0 .5 2 0 .0 9 8 9 0 .0 9 3 4 1 .0589 36 .86 14,928

A v. 3 6 .2 6 7 .9 2 5 .2 4
40 7 .7 4 , . . . 5 .4 0 , . . 0 .0 9 6 7 0 .0 9 6 3 1 .0042

A v. “  ’ . . . * * * 7 .7 4 5 .4 0
60 3 6 .1 1 , 3 6 .3 4 0 .2 3 7 .8 4 ,  7 .8 4 0 .0 0 5 .3 6 , 5 .2 0 0 .1 6 0 .0 9 7 9 0 .0 9 4 1 1 .0404 36 .83 14,921

A v. 3 6 .2 3 7 .8 4 5 .2 8

it should not be heated too hot or too long because of the pos
sibility of decomposing calcium sulfate. Therefore, he chose 
the arbitrary  tem perature of 750° C. and a heating period of 
3 to  5 minutes.

This short heating period is evidently not sufficient to effect 
removal of excess sulfur trioxide. Before using a longer 
heating period it seemed best to check the effect of heat on 
calcium sulfate, varying the tem perature and time of heating.

In  Table I I I  are given data for the decomposition of cal
cium sulfate from 550° to 1100° C., heating for 4- and 60- 
minute periods a t each temperature. The calcium sulfate 
used in these experiments was M allinckrodt reagent quality 
C aS04-2H20  which had been heated to 500° C. in platinum 
to remove the water of crystallization.

In  Table IV will be found data  on the effect of heating pure 
calcium sulfate a t 750° C. for increasing periods of time.

Table I I I  indicates th a t calcium sulfate is decomposed 
only slightly even a t temperatures up to 1100° C. and with 
heating periods of 4 or 60 minutes. When the differences ob
tained in duplicate determinations as shown in Table I I I  are 
taken into account, the decomposition is small indeed. Ac
cording to  P arr’s curve, data for which were obtained by heat
ing samples of sulfated ash, calcium sulfate is dissociated to 
the extent of about 34 per cent a t 1000° C. On the basis of 
the evidence obtained from the experiments on calcium sul
fate and a knowledge of the composition of coal ash, the author 
believes th a t P arr’s curve is not a dissociation curve for calcium 
sulfate b u t rather indicates the decomposition of iron and 
aluminum sulfates present in the ash after treatm ent with sul
furic acid. This curve is in accordance with the known dis
sociation data  for iron sulfate.

In  Table IV it will be noted th a t increasing the time of 
heating calcium sulfate does not result in material increase of 
decomposition. From these data it appears th a t increasing 
the tem perature or the tim e of heating the sulfated ash would 
be perfectly safe and desirable. This is in accordance with 
the findings of Valdez and Camps-Campins (4), who studied 
the restandardization of the sulfated ash method for determin
ing ash in sugar products.

In view of the above facts, the effect of increased heating 
periods at 750° C. on the sulfated ash of sample C-997 was 
studied. This coal had a moisture-free total sulfur value of 
2.87 per cent, a moisture-free mineral-matter carbon dioxide 
value of 4.49 per cent, and a moisture-free calorific value of 
9569 B. t. u. Eight 1-gram portions of this sample were ashed 
and treated with sulfuric acid in accordance with the procedure 
described by Parr. The first portion was heated ^ minutes, the 
second 8 minutes, and so on, up to 60 minutes. The samples so 
heated were first cooled and weighed to give sulfated ash values 
and then dissolved and analyzed for sulfur trioxide and calcium 
oxide. The molar ratios of these two constituents were cal
culated, as well as mineral m atter values and unit coal values, 
using the mineral m atter values so obtained.

In  Table V the duplicates of the portion heated for 4 min
utes show a large deviation, the molar ratio of sulfur trioxide

to calcium oxide is almost 3 to 1 (2.7332) whereas it should be 
1 to 1, and the unit coal value calculated from the mineral 
m atter so obtained is unreasonably high. The portion heated 
for 8 minutes shows a much smaller deviation between dupli
cates in per cent of sulfated ash, the molar ratio of sulfur 
trioxide to calcium oxide is only slightly greater than one 
(1.0953), and the calculated unit coal value is much more rea
sonable although possibly a little high yet. The portions which 
were heated 12 minutes and more in general show small devia
tions between duplicates in per cent of sulfated ash, the ratios 
of sulfur trioxide to calcium oxide are very close to one, and 
calculated unit coal values compare much more favorably 
with the county average value of 14,690 B. t. u. for this coal.

C on clu sion s

The following facts have been brought out by this investi
gation:

1. A heating period of 3 to 5 minutes a t 750 ° as described by 
Parr is not sufficient to expel all sulfur trioxide in excess of 
th a t in calcium sulfate.

2. The so-called “dissociation curve for calcium sulfate” as 
published by P arr is not a dissociation curve for calcium sul
fate. The loss may very probably be due to decomposition 
of iron and aluminum sulfates.

3. The dissociation of calcium sulfate is not materially in
creased by increased temperature from 750° to 1000° C. or by 
increased heating periods up to  110 minutes.

4. In  making modified ash determinations on coal samples 
high in carbonate, P arr’s procedure may be followed as far as 
the place where he directs th a t the sulfated ash be heated 3 to 
5 minutes. Instead of heating as directed, the sulfated sam
ples should be heated to  constant weight, which should be 
reached in 15 to  20 minutes. This will ensure complete ex
pulsion of excess sulfur trioxide.
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Scattering in the Near Infrared
A M easure o f  P article Size and Size D istribution

D. L. GAMBLE A N D  C. E. BARNETT, T he New Jersey Zinc Com pany, P a lm erto n , Pa.

SIN C E  the reinforcing characteristics of pigments in rub
ber depend to a large extent upon their degree of fineness, 

there lias been considerable interest in the measurement of the 
particle size of these materials. The principal methods 
which have been employed are:
(1) the direct microscopic meas
urement, (2) the “count” method 
u s in g  th e  m ic ro sc o p e  w ith  
“dark field” illumination, (3) the 
indirect turbidimetric methods, 
and (4) the sedimentation rate 
and equilibrium sedimentation 
methods.

P resen t M eth od s o f  M eas
u rin g  P artic le  D iam eters

In  the first of these methods, 
a m inute am ount of the m ate
rial to  be examined is dispersed 
in  so m e m o u n t in g  m e d iu m  
such as a melted gum or resin, on a microscope slide. A 
photograph m ay be made of the field and the actual diameter 
of each particle measured on an enlargement, or projection of 
the negative, or on a directly projected image. The principal 
advantage in this direct method of particle measurement is 
th a t it yields a size distribution curve and, therefore, is not 
restricted to a single average diameter. There are several ob
jections to  the method:

1. To obtain a satisfactory field for projection or photography, 
the mount should not be more than a few particles thick. This 
requires pressure on the cover glass or some other method of rub
bing out the sample to a very thin layer and on such small 
amounts of material the procedure may result in a greater 
degree of deaggregation than it is possible to attain by the 
usual methods of commercial dispersion. According to the pro
cedure of the individual investigator, all the aggregates in a 
sample may be broken up or only part of them. In most cases, 
the particle size as observed microscopically will be at consider
able variance with the effective particle sizes in an oil or rubber 
dispersion. The fume products such as zinc oxide which are 
relatively free of aggregation will show this difference to a lesser 
degree than precipitated materials.

2. In the case of nonuniform materials, difficulty is experi
enced in bringing both coarse and fine particles into focus at the 
same time. The lack of uniformity experienced in many pig
ments makes the method extremely laborious because of the 
necessity of measuring a large number of particles in order to ob
tain truly representative data.

The dark-field count measurement of particle size as exem
plified in the Goodyear method (2) gets away from the varia
tions in grinding between the microscopic m ount and actual 
application, since a rubber compound is used in making the 
counting suspension. However, this method gives only the 
diameter of the particle of average volume, D, from which the 
number of particles per gram m ay be calculated, bu t since no 
information as to  size uniformity is obtained, the specific sur
face cannot be calculated. I ts  application is restricted to 
relatively fine and uniform pigments. In  the case of samples 
which are relatively nonuniform, it  has been shown (4) th a t 
the D diameter is of less significance in indicating the proper
ties of a pigment in rubber than the diameter from which 
specific surface m ay be calculated, d3, or the diameter of the 
particle of average weight, dt. This is because the first

named fails to  evaluate the coarse particles in the degree to 
which they affect the behavior of paint or rubber. The signifi
cance of the several average diameters has been covered 
extensively by Green (8).

Wells (9) has given a rdsumd 
of the turbidimetric methods. 
The particle sizes of many of 
the pigments which are of in
terest in rubber and in paint are 
in the range where the tu r
bidity or opacity of the suspen
sion to visible radiation is due 
to both ordinary reflection and 
scattering p h e n o m e n a .  Since 
the two phenomena are affected 
by particle size in different ways, 
i t  is difficult to  apply these 
methods to materials lying in the 
pigment range b e c a u s e  of the 
complexities in v o lv e d .  Their 

application is restricted because of the marked influence 
of size distribution characteristics, and the particle size in
formation obtainable is limited. In  the writers’ laboratory, 
for example, one of these methods (7) has been used exten
sively on relatively fine zinc oxide bu t i t  has been possible to 
correlate the results only with the di or arithm etical mean 
diameter, which is probably the least significant average di
ameter as far as rubber properties are concerned. Others 
working with coarser particles (1 micron or larger in average 
diameter), where the turbidity  is due to  simple reflection and 
depends on the projected area of the particles, have been 
successful in correlating with specific surface. The methods 
are indirect in th a t one of the direct methods m ust be used for 
standardization, and are limited to samples which are simi
lar to the standards in their uniformity of particle size distri
bution. Unless a practical dispersion is used in preparing the 
suspension, it is open to the same objections as the microscopic 
method in th a t the degree of dispersion of the test suspension 
is not necessarily the same as obtained in actual compounding.

Ultracentrifugal methods as developed by Svedberg (5) and 
others (I) are a t present the best of the sedimentation 
schemes, but the necessary equipment is so expensive th a t i t  
m ay be enjoyed by only a very few laboratories. However, 
recent work by Hauser and Reed (5) using a cylindrical bowl 
supercentrifuge appears to be very promising.

From the above discussion it  is obvious th a t a fairly rapid 
method of attaining size distribution characteristics of pig
ments in a sta te  comparable w ith th a t prevailing in actual use 
is highly desirable.

Pfund (6) has proposed the adaptation of infrared scatter
ing to  this purpose and the present paper merely represents 
the application and extension of his work on scattering in the 
near infrared region.

R a y le ig h ’s Law o f  S ca tter in g  an d  In terp re
ta t io n  o f  E xp erim en ta l D ata

The extent to which radiation incident upon a suspension 
of particles in a transparent medium is transm itted is deter
mined by the optical constants of the particulate m aterial and 
the medium, the size of the suspended particles, and the wave

T h e p resen t m eth o d s o f  m ea su r in g  th e  
p a rtic le  s ize  and  s ize  d istr ib u tio n  o f  
pow ders are review ed and  th e  n eed  o f  a  n ew  
m e th o d  is  sh ow n . S u ch  a m e th o d , based  
u p o n  th e  tra n sm iss io n  o f  su sp en sio n s  a t  
various w ave le n g th s  in  th e  v isib le  and  near  
in frared  reg ion s, is  described . F rom  th e  
sh ap e  o f  th e  sp ectra l tra n sm iss io n  curve  
o b ta in ed , th e  re la tive  average s ize  an d  s ize  
d is tr ib u tio n  ch a ra cter istics  o f  pow ders can  
be estim a ted .

310
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F i g u r e  1. A g r e e m e n t  b e t w e e n  C a l c u l a t e d  a n d  
O b s e r v e d  T r a n s m i s s i o n

length of the radiation. The transparency of the suspension 
a,t various wave lengths and the degree to which transparency 
varies with the wave length yield information as to  the average 
size and size distribution characteristics of the material. 
Rayleigh has worked out the form of the wave length-trans- 
mission curve for the case in which all particles present are 
small in comparison w ith the short wave length limit of the 
spectral range employed. This curve m ay be calculated from 
the well-known Rayleigh scattering law. The Rayleigh for
m ula for the transmission of radiation through a scattering 
medium according to Wien-Harms (10) is:

r r rSirYn* -  nos\ /  3n„s \ iV T J1 I  =  J0 exp. -  +

■where
I  — intensity of the transmitted radiation 
la =  intensity of the incident radiation 
n =  refractive index of particle 
n0 = refractive index of medium 
Ar =  number of particles per cc.
V = volume of each particle 
X =  wave length

By assuming the refractive index terms in the above equa
tion  as constant, and since the mass per unit volume or con
centration, c, is equal to N-V-p  where p is the specific gravity

C
of the particles, we may substitute N-V- =  -  in the simplified

P
N V 1 CV

exponent, K , and obtain j j-K .  At a constant concen

tration  of one single pigment and considering the volume V  
as proportional to d3, where d is the diameter of an equivalent

T K d3 '
spherical particle, the equation becom es/ =  h  exp. — - ^ j -  .

Thus the intensity of the transm itted radiation varies di
rectly as the fourth power of the wave length and inversely as 
the third power of the particle diameter.

Figure 1 shows the experimental wave length-transmission 
curve for a uniform, fine particle size zinc oxide (0.3 micron) 
compared with th a t calculated from the above equation. 
■Good agreement is obtained over the region in which the par
ticle size-wave length relationships fulfill Rayleigh’s assump

tions. In  calculating this curve, the value for the particle 
diameter was taken from a direct microscopic determination 
using the D diameter which is theoretically the diameter in
volved in the Rayleigh law. The constant K  was calculated 
from the observed transmission a t a wave length of 1.0 micron, 
a point a t which the Rayleigh conditions should be fulfilled. 
I t  should be borne in mind th a t in extending the curve into 
the near infrared no corrections have been made for possible 
changes in the optical constants of the pigment and medium, 
and th a t the Rayleigh law should hold rigidly only when the 
ratio of the indices of refraction of the particle and medium 
approaches one.

When the Rayleigh conditions are not fulfilled and the par
ticle size more closely approaches the wave length of the radia
tion, the transmission becomes less and less dependent upon 
the wave length, and when the particle becomes equal to  or 
larger than the wave length it is no longer selective in itfl 
transmission characteristics and its opacity depends only upon 
the optical constants and the projected area of the particle.

The method employed here consists in merely measuring 
the spectral transmission of the pigment suspended in either 
oil or rubber from the visible blue to a wave length of about 
4.0ju in the infrared. From the shape of this spectral trans
mission curve, the relative average size and size distribution 
characteristics can be estimated.

Typical transmission curves are shown in Figure 2. Low 
transmission in the short wave length region is indicative of 
small particle size and the greater the selectivity (slope of the 
transmission curve towards longer wave lengths) accompany
ing the low transmission the finer is the particle size. High 
transmission in the short wave length region without selec
tivity is indicative of coarse particle size. Low transmission 
in the long wave length region is also indicative of a large par
ticle size. The average particle size of the pigment is roughly 
indicated by the point in the spectral transmission curve a t 
which selectivity begins to  develop. This occurs a t  a point 
where the particle size approaches the magnitude of the wave 
length.
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F i g u r e  2 . T y p i c a l  I n f r a r e d  T r a n s m i s s i o n  
C u r v e s

Curve A  of Figure 2 represents a  uniform material of ex
tremely fine size, as indicated by the marked selectivity, high 
transmission a t the long wave lengths, and low transmission 
a t the extremely short wave lengths, the maximum opacity 
occurring a t  wave lengths shorter than those included in the 
illustration. Curve B  represents a material of fairly small
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average size, as indicated 
by low transmission and 
appreciable selectivity in 
the fairly s h o r t  w a v e  
length region b u t con
ta in in g  a very appreci
able portion of c o a rs e  
m aterial as indicated by 
the relatively low trans
m is s io n  in  th e  lo n g  
wave le n g th  re g io n .
C u rv e  C represents a 
uniformly coarse m a te 
rial, as i n d ic a t e d  b y  
relatively h ig h  t r a n s -  F ig u r e  3 . 
m is s io n  in  th e  short 
wave le n g th  r e g io n ,
nonselectivity in this same region, and relatively low trans
mission a t long wave lengths.

An example of the differences which may exist between the 
particle size exhibited in a microscopic m ount and th a t indi
cated by an infrared examination of the pigment in a practi
cal grind is shown in the photomicrographs of Figure 3 and the 
corresponding infrared transmission curves of Figure 4. Mi
croscopically, the two pigments, which have the same chemi-

P h o t o m ic r o g r a p h s  C o r r e s p o n d in g  t o  T r a n s m is s io n  
C u r v e s  o f  F i g u r e  4

4 0

0  1.0 2 .0  
W A V E  L E N G T H

3 .0  4 .0
M I C R O N S

F i g u r e  4 . T r a n s m is s io n  C u r v e s  o f  P ig m e n t s

cal composition, appear to be essentially equal in particle size, 
yet the infrared transmission curve corresponding to  the pig
m ent of A  (Figure 3) shows its effective size to  be extremely 
coarse while th a t corresponding to the pigment of B  is very 
m uch finer. Judging from the point a t which selectivity be
gan to develop, the average particle size of A  appears to be in 
the region of 2.0 microns while the average size of B  is more 
nearly 0.5 micron, whereas microscopically the two pigments 
appear to be equal in average size a t about 0.35/n. In prac
tical paint grinds, pigment A  shows the properties of an ex
tremely coarse pigment and B  those of a much finer material. 
For example, A  has a tinting strength of 70 per cent of a given 
standard and B, 120 per cent of the same standard.

A pparatus and  Procedure
The usual type of rock salt prism spectrometer was employed 

in conjunction with a vacuum thermopile and suitable galva
nometer for recording the energy transmitted. An ordinary single
filament automobile lamp is used as a source of radiat ion for meas

urements a t wave lengths 
below 4.5 m in the infrared. 
The samples to be meas
ured are m o u n te d  in  a 
holder which p r o v id e s  
space for several samples 
and travels on a carriage 
mounted in front of the 
entrance slit of the spec
trometer. The intensity of 
the transmitted radiation 
is measured and the as
sumption made that in the 
case of the white pigments 
the radiation not trans
mitted is lost by scattering.

If the material to be ex
amined is a rubber pig
ment, it is dispersed in the 
usual way on a rubber mill.
The compound is th e n  

made into a suspension of the desired concentration with carbon 
tetrachloride, and a cell consisting of two microscope cover slips 
separated by a brass ring is filled with this suspension. The per
centage transmission of this suspension is measured in comparison 
with that of a similar suspension containing an equivalent 
amount of the unpigmented rubber compounds. The ratio of the 
galvanometer deflections obtained when the clear rubber suspen
sion and the pigmented suspension are alternately moved in front 
of the ent rance slit of the spectrometer gives the per cent trans
mission. I t is obvious that the thickness of the cover slips and 
of the separating rings must be controlled accurately. If the 
pigment to be measured is principally of interest in paint, it is 
made into a paint which is diluted with the particular vehicle to 
the appropriate concentration, depending largely on the refrac
tive index of the p'igment. The measurements are made in com
parison with a cell filled with the clear vehicle as the standard. 
Films of dry powders may be studied by mulling in butyl alcohol, 
and spreading on plates of glass or rock salt in thin uniform layers, 
and many other variations in the preparation of the sample are 
possible.

E xperim enta l A p p liea tion
Figure 5 shows the infrared transmission curves for a series 

of zinc oxides of varying particle size. The curves are 
labeled with the particle size of the zinc oxides which were 
determined by the dark field count m ethod on rubber suspen
sions. The transmission curves were measured on similar 
suspensions. The coarser oxides in this series were made by 
reheating the finest one. As the particle size increases, the 
opacity of the pigments in the visible spectrum  increases and 
then decreases in accordance with the results of Stutz and

153 r
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F ig u r e  5 . T r a n s m is s io n  C u r v e s  o f  Z in c  
O x id e s
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WAVE LENGTH IN MICRONS

1 .15 MU.
2  .5 0  MU,
3  .2 0  MU. MIXTURE OF I AND 2
A  .2 0  MU SINGLE PIGMENT

F i g u r e  G. E f f e c t  o f  M i x i n g  M a t e r i a l s  o f  D i f f e r 
e n t  P a r t i c l e  S iz e

Pfund (7). In  the long wave length region, the three re
heated oxides have approximately the same transmissions, 
indicating th a t there is a definite size limit beyond which the 
particles will not grow a t  a given temperature. All these 
curves show an unusually sharp break a t the point where the 
transmissive characteristics of the pigment change from selec
tive scattering to simple, nonselective reflection. The dis
tinctiveness of this transition point is largely determined by 
the uniformity of particle size of the pigment and in this case 
the original zinc oxide was of a high degree of uniformity and 
was actually improved in this respect by the heat treatm ent.

Figure 6 shows the effect of mixing equal proportions of 
the oxides of 0.15/i and 0.50/1 average diameters. By actual 
measurement the average particle size of this mixture in a 
rubber suspension was determined a t  0.20//. This is in excel
len t agreement with the value of 0 . 19m» calculated from the

0  1 .0  2 . 0  3 . 0  4 . 0
W A V E  L E N G T H  IN M I C R O N S

F ig u r e  7 . T r a n s m is s io n  C u r v e s  o f  C a r b o n  
B l a c k

average diameters of the components of the mixture. How
ever, this average diameter fails to indicate the presence of the 
coarse particles in the mixture which are clearly shown by the 
infrared transmission curve, particularly by the transmissions 
at the longer wave lengths. In fact, the radiation transm itted 
by the mixture is an approximate average of tha t transm itted 
by the separate components over the entire range of the 
curves. The transmission curve for a zinc oxide of the same 
average diameter as tha t of the mixture, but with a size dis
tribution corresponding to th a t of the finest oxide, is included 
in Figure 6 for comparison. This curve parallels th a t for the 
zinc oxide of 0.15/t average diameter but is slightly displaced 
towards longer wave lengths. T hat the coarse particles have 
a marked effect on the physical properties of rubber com
pounds is shown by the following data  obtained in a formula 
containing 3 per cent of Hexa, 4 per cent of sulfur, 1 per cent 
of stearic acid, and 18.5 volumes of zinc oxide in addition to 
the rubber:

P a rtic le  Size T ensile E n e rg y  to T e a r A b rasio
of Z inc Oxide S tren g th B reak R esis tan ce Index

M L b ./sq . in . F t. lb ./cu . in .

1 0 . 15 3750 698 325 162
2 0 .5 0 1850 282 149 68
3 0 .2 0  (m ix tu re) 2415 349 262 94
4 0 .2 0  (single p igm ent) 3800 579 331 150

Although the average diameter of the mixed oxide is close 
to th a t of the finest pigment in the series, the physical proper
ties are not far from those of the coarse component and are 
very much poorer than those of the zinc oxide having the same 
average diameter but a much more uniform size distribution.

0  1.0 2 .0  3 . 0  4 .0
W A V E  L E N G T H  IN M I C R O N S

F i g u r e  8 .  T r a n s m i s s i o n  C u r v e s  o f  W h i t i n g s

Figure 7 shows the application of the infrared transmission 
method to rubber suspensions of carbon black. Curve A  is 
for a channel process black, B  a fine therm al decomposition 
black, and C art extremely coarse and liighly aggregated ther
mal decomposition black. The physical properties of these 
three carbon blacks in rubber are in good agreement with the 
particle size characteristics as indicated by the infrared trans
mission curves. In a formula accelerated with diphenyl- 
guanidine and containing 25 volumes of each of the pigments, 
the following results were obtained at the optimum cures:

T ensile  W ork of T e a r  A brasion
S tren g th  E x ten s io n  R esis tance  R es is ta n ce

L b ./‘ i .  in . F t. lb .feu . in .
A  4200 710 797 330
B  3070 565 338 95
C  2610 330 150 50

4 6  /*
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According to the above physical properties, pigments A  and 
B  are definitely reinforcing, while C has comparatively little 
reinforcing value. In  the curves of Figure 7, A  exhibits a high 
opacity in the visible spectrum, marked selectivity in this 
region, and a fairly high transmission in the infrared, all 
characteristics of a fine material. B  is similar to  A  b u t with 
less opacity and less selectivity through the visible spectrum 
and slightly lower transmission in the long wave length re
gion, while the selective portion of the curve is shifted slightly 
towards longer wave lengths. All these characteristics show 
th a t B  has a larger effective average particle size and contains 
a greater proportion of very coarse particles than A . The 
curve for C shows a high transmission throughout the entire 
spectrum with no selectivity, indicating an extremely large 
effective particle size. The slope of curve C in the visible 
spectrum is due to  superimposed selective absorption of light 
by the black.

In  Figure 8 are given transmission curves for several whit
ings in rubber. The average diameters shown were deter
mined by the count method on th e  same rubber suspensions 
from which the curves were obtained. The high trans
mission in the near infrared and the lack of opacity accom
panied by marked selectivity in the shorter wave length 
region indicate A  to  be a fine material of high uniformity. B  
and C are coarser materials. Both exhibit very similar selec
tiv ity  in the short wave length region but the appreciably 
greater opacity of C in the near infrared indicates th a t it dif
fers from B  in containing a larger fraction of coarse particles, 
which accounts for its somewhat larger average diameter. D 
is indicated to  be a very nonuniform material. I ts  unusually 
high opacity throughout the long wave length region shows the 
presence of a large fraction of coarse material. The rapidity 
with which it develops selectivity on passing into the short 
wave length spectral range indicates the presence of a very 
appreciable portion of m aterial fine in comparison to  the wave 
length of visible light. Thus th is m aterial is indicated to  be 
highly nonuniform with a large size range.

S u m m a ry
The method described permits, in many cases, an estima

tion of relative particle sizes and yields certain qualitative in

formation regarding the size distribution characteristics. Its  
big advantage lies in allowing a relatively rapid examination 
of the material in the sta te  in which it is actually being used. 
This has been found very helpful since, especially in precipi
ta ted  pigments, the effective particle size has been found to 
vary over wide ranges, depending upon the treatm ent of the 
pigment. Work has been planned which should make i t  pos
sible to obtain quantitative results.

The method is limited in the case of colored materials by 
the selective absorption which is superimposed on the reflec
tion and scattering phenomena. Because of the effect of the 
refractive index difference between the suspended particles 
and the medium, intercomparisons are limited to  systems in 
which the optical constants are similar. Although it would be 
possible to  obtain more data  on size distribution by extending 
the measurements further into the infrared, this has not been 
done because of the heavy absorption of most suspension 
media in this region and corresponding changes in optical 
constants. In  spite of these limitations, the method has 
proved very helpful in pigment investigations.
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T he Use o f  an E lectric H eater for the Lane and E ynon T itration  
o f  R educing Sugars

D. T. ENGLIS AND E. G. LYNN, University o f Illinois, U rbana, 111.

SEVERAL years ago Lane and Eynon (3) proposed a 
method for the determination of reducing sugars, involv

ing a complete reduction of a definite am ount of Fehling’s 
solution by a titra ted  volume of sugar solution, which can 
vary within certain limits. The end point is detected by 
means of methylene blue as the inside indicator. The method 
has been carefully studied (1, 2) and amplified, and on ac
count of its rapidity is becoming widely used.

The solution is brought to a  boil under carefully regulated 
tem perature conditions and the final small quantity  of sugar 
solution is added to the boiling reaction mixture. This makes 
necessary holding or supporting the buret over the reaction 
flask, which m ust be kept boiling gently to prevent atmos
pheric oxidation of the indicator after the end point is reached. 
When the flask is heated over a gas burner, as is ordinarily 
specified, the analyst m ust tu rn  the flame high in order to 
maintain the desired temperature. Because of the stray  heat 
coming up around the outside of the flask, manipulation of the

buret in the final additions of the sugar solution is often 
troublesome, and the buret and solution which it  contains 
may reach a tem perature which makes questionable the 
volume used.

Adoption of a suitable electrical heating device, which can 
be adjusted to give the proper rate  of heating, tends to  mini
mize these difficulties. The authors have used a Cenco heater 
(2.3 amperes a t  110 volts) w ith 2.5-inch opening and variable 
rheostat with good success. O ther analysts may find this or 
similar heaters advantageous.

L itera tu re  C ited
(1) Assoc. Official Agr. Chem., J .  .¿Usoc. Official Aar. Chem., 9, 35

(1926).
(2) Ibid., 12, 38 (1929).
(3) Lane and Eynon, J . Soc. Chem. Ind., 42, 32T (1923).

R e c e iv e d  M a y  20, 1937.



Determ ination o f Unsaponifiable Matter in Rosin
I. E. KNAPP,' Newport

PUBLISH ED methods for determining the unsaponifiable 
m atter in rosin are few in number and of doubtful ac

curacy. Both Griffin’s method (2) and the proposed A. S. T . M. 
method (1) call for the ether extraction of a  dilute (2.5 to
5.0 per cent) solution of the saponified rosin soap. Rosin soap 
is strongly hydrolyzed in aqueous solution, and ether extracts 
appreciable quantities of resin acids and /o r rosin soap from 
such a solution. The above methods make no attem pt to 
remove these impurities from the ether solution. Moreover, 
the final residue is dried under conditions which cause serious 
losses by volatilization. M atlack and Palkin (S) recognized 
the presence of both resin acids and soaps in the residue ob
tained by the A. S. T. M. method. They washed the ether 
solution with dilute alkali and w ater until the wash water 
showed no cloudiness on acidifying, thus ensuring the absence 
of rosin soap. They also recognized the volatility of the un
saponifiable m atter and dried the final residue in a vacuum at 
70° C.

In  the present study it has been found th a t even with the 
procedure of M atlack and Palkin the final residue contains 
an appreciable quantity  of titratable acidity. On an average 
rosin this is equivalent to from 0.3 to 0.6 per cent of resin 
acids (calculated as abietic acid). In  the method described 
below, the final residue, after weighing, is dissolved in neutral 
alcohol and titra ted  with standard alcoholic caustic alkali. 
The equivalent quantity  of resin acid, calculated as abietic 
acid, is then deducted from the final residue to yield the net 
unsaponifiable m atter in the rosin. This correction is similar 
to th a t recommended in the determination of the unsaponi
fiable m atter in soap (6).

In  order to  ensure complete extraction of the unsaponi
fiable m atter a continuous extractor was designed as shown in 
Figure 1. (This special piece was constructed from Pyrex 
glass by the Scientific Glass Apparatus Co., Bloomfield, N. J. 
The Erlenmeyer flask and reflux condenser, shown in Figure 2, 
each with a standard-taper ground-glass connection, were 
stock items obtained from the same company.) This is similar 
to the apparatus described by Palkin, M urray, and Watkins 
(4), with the following modifications:

1. The construction of the inner tube or solvent distributor 
is simplified by having only three small holes in the bulb.

2. The depth of the soap layer is increased so that the drop
lets of solvent travel further and are therefore in longer contact 
with the soap solution.

3. The use of standard-taper ground-glass joints is advan
tageous in preventing contamination and loss of solvent.

The operation of the extractor needs little explanation. As 
shown in Figure 2, the solvent (ether) is placed in the Erlen
meyer flask which is set in a beaker of warm water. The 
condensate collects in the inner tube until the “head” becomes 
sufficient to force the solvent out through the small holes a t 
the bottom  of the tube. The droplets of solvent then rise 
through the aqueous rosin soap solution, collect in a layer 
above it, and overflow back into the flask. Thus the rosin 
soap is continuously brought into contact with fresh solvent.

P rocedure

The necessary preliminary saponification of the rosin is 
conducted as follows:

Dissolve 30.00 grams of rosin in 200 ml. of anhydrous alcohol 
in a 500-ml. round-bottomed flask, and to the slightly cooled

1 P re s e n t ad d ress , G oo d y ear Y ellow  P in e  C o ., P ica y u n e , M iss.

•ics, Inc., Pensacola, Fla.

solution add 6.0 ml. of 50 per cent sodium hydroxide solution 
(sp. gr. 1.52). Boil gently under a reflux condenscr for 1.5 hours 
and then add 150 ml. of water together with an ebullition tube. 
Set the flask in an oil or glycerol bath and connect it to a con
denser. Hold the temperature in the bath a t 120° to 130° C. 
until the total volume of the distillate amounts to 210 ml. Trans
fer the rosin soap solution quantitatively to a 250-ml. volumetric 
flask, cool, and dilute to the mark with distilled water.

To obtain the unsaponifiable matter, pipet a 50-ml. aliquot 
into the extractor. Place 100 ml. of ethyl ether in the Erlen
meyer flask, connect it to the extractor, and set it in a water 
bath which is maintained a t 50° to 55° C. by an electric hot 
plate. Continue the extraction for 6 hours with the reflux rate 
approximately 3 drops per second. Pour the ether solution 
into a 500-ml. Squibb separatory funnel and rinse out the flask 
with two 15-ml. portions of fresh ether. Shake thoroughly with 
50 ml. of 1 per cent sodium hydroxide solution. Draw off the 
aqueous layer into a second separatory funnel and to it add 30 
ml. of fresh ether; shake thoroughly and discard the aqueous 
layer. Run the ether back into the first separatory funnel and 
wash the combined ether solutions three times with 50-ml. 
portions of distilled water. Run the washed ether solution into 
a carefully tared 250-ml. flask, rinsing the separatory funnel 
with 15 ml. of fresh ether. Immerse the flask in a water bath 
and distill off the ether. Then raise the temperature of the 
water to 67° to 70° C. and maintain a vacuum of 20 to 25 mm. 
of mercury for 30 minutes. Remove the flask, cool, and weigh. 
The material recovered is the "net washed extract.” Dissolve
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T a b l e  I. E f f e c t o f  W a s h i n g  t h e  E t h e r  E x t r a c t

✓---------R o s in --------- » N e t W ashed Loss on
N o. K in d A p p a ra tu s S o lven t G ross E x t r a c t E x tra c t W ash ing

G ram s Grains % Grams % %
1902 B w ood 10 .0 0 F u n n e ls  ÓX E th y l  e th e r 2 .3 0 3 2 3 .0 3 1.817 18 .17 4 .8 6
4910 B  w ood 1 0 .0 0 C o n tin u o u s E th y l  e th e r 2 .5 6 9 2 5 .6 9 2 .0 3 0 2 0 .3 0 5 .3 9
4911 B w ood 1 0 .0 0 C o n tin u o u s E th y l e th e r 2 .6 5 2 2 6 .5 2 2 .0 6 6 2 0 .6 6 5 .8 6
5915 B w ood 10 .0 0 C o n tin u o u s P e tro le u m  e th e r 1 .2 9 5 1 2 .9 5 1 .1 6 5 11 .6 5 1 .3 0
1904 B  w ood 10 .0 0 C o n tin u o u s T o luene 2 .2 3 0 2 2 .3 0 1 .871 18.71 3 .5 9

it in about 40 ml. of neutral alcohol and titrate with standard 
alcoholic potassium hydroxide (preferably 0.1 Ar), to a phenol- 
phthalein end point.

= % of extract, E 

=  % of abietic acid, A

(Weight of net washed extract) X 100 
Weight of rosin in aliquot (=  G.00)

(Ml. of standard alkali) X normality X 30.2
Weight of rosin in aliquot (=  6.00)

Then
E — A = % of unsaponifiable matter 

D iscu ssio n
I t  was very difficult to obtain satisfactory results when in

dividual samples were saponified and extracted, chiefly be
cause of the difficulty of transferring the rosin soap solution into 
the extractor quantitatively w ithout using too large a volume 
of water. The procedure was greatly simplified by saponi
fying a large sample and transferring aliquot portions of the 
soap solution to the extractor by means of a pipet. This pro
cedure also provides sufficient rosin soap solution for check 
determinations.

The removal of the alcohol from the soap solution is likely 
to be accompanied by severe bumping and foaming unless 
the foregoing directions are followed in detail. I t  appears to 
be necessary to  distill practically all the alcohol out of the 
soap solution, for if this is not done a considerable volume of 
ether will dissolve in the soap layer during the extraction 
step. The result m ay be th a t the soap solution will overflow 
into the ether reservoir.

Numerous attem pts were made to increase the size of the 
sample so th a t the 50-ml. ali
quots would contain the equiva- . 
lent of 10.00 grams of rosin.
However, when the concen
tration was appreciably greater 
than 12 per cent th e r e  w as 
considerable separation of rosin 
soap. Even the 12 per cent 
solution m ay become cloudy on 
standing overnight a t a tem
p e r a tu r e  as low' as 20° C., 
bu t i t  will again become homo
geneous on warming slightly.
These statem ents a p p ly  to  
gum rosins and to decolorized 
wood rosins. In  the special 
case of rosins of abnormally 
high unsaponifiable c o n t e n t ,  
such as B wood resin, the size 
of the sample m ay be increased 
to  4 0 .0 0  grams— i. e., 8.00 
grams in the 50-ml. aliquot—  
without separation or clouding.
(The U. S. D epartm ent of Agri- 
c u l tu r e  has ruled th a t the 
dark-colored resinous material 
w h ic h  is o b ta in e d  as a by
product in the decolorizationof 
FF  wood rosin shall not be sold 
as a “rosin” but shall carrv

the special d e s ig n a t io n  “ B 
wood resin.” )

The tune required for com
plete extraction varies some
what with the kind of rosin. 
Tests made with W\V gum and 
WW wood rosins showed prac
tically complete extraction in 
3 hours; continued e x t r a c 
tion with fresh ether for an a d 

ditional S hours showed only 0.10 to 0.15 per cent net extract. 
B ut with B wood resin this additional extraction time yielded 
more than 1.0 per cent net extract. W ith this special resin 
the extraction should be run for a t least 10 hours.

As to the choice of solvent, Tables I  and I I  show' unmistaka
bly th a t ethyl ether is superior to  petroleum ether. While 
petroleum ether does not extract as large a proportion of resin 
acids and/or soaps as does ethyl ether, it does not extract 
all of the unsaponifiable m atter, especially from the lower 
grades of rosin such as F F  rosin and B wood resin. E thyl 
ether appears to be generally applicable to all kinds of rosin. 
A few extractions were made with benzene. This solvent 
appears to be satisfactory on dark rosin, but on the pale grades 
it yields low results and produces troublesome emulsions.

The necessity for washing the ether extract to remove resin 
acids and/or soaps is shown by Table I. In  these runs the 
ether solution wras evaporated directly and W'eighed to give 
the gross extract (column 5). This was then redissolved 
in ether and the solution was washed with dilute alkali and 
water (as described above) and again evaporated and dried 
to give the net washed extract (column 6). I t  is evident 
from these results th a t the omission of the washing yields 
extremely high results.

Very little trouble has been experienced with emulsions in 
the washing of these ether solutions. In  those few' cases 
where an emulsion was formed, the addition of a few cubic 
centimeters of 1 per cent sodium hydroxide solution caused 
the emulsion to break quickly and completely.

The data show' th a t the separatory-funnel method does not ex-

T a b l e  II. U n s a p o n i f i a b l e  M a t t e r  i n  V a r i o u s  R o s i n s

N o.
---------------- R o s in —

K in d A p p a ra tu s S o lv en t
N e t W ashed  

E x t r a c t

T itr a ta b le  
A cids 

(C a led , as 
A bietic)

N e t
U n sa p o n i

fiable
M a tte r

28A B wood
G ram s

8 .0 0 F u n n e ls  3 X E th y l  e th e r
G ram s
1 .4 8 8

%
1 8 .6 0

% %

29 A B w ood S . 00 F u n n e ls  3X E th y l e th e r 1 .5 6 8 19 .6 0
28B B wood 8 .0 0 F u n n e ls  6X E th y l  e th e r 1 .7 1 8 2 1 .4 7 0 .6 7 2 0 .8 0
29B B  w ood 8 .0 0 F u n n e ls  6X E th y l e th e r 1 .7 2 5 2 1 .5 6 0 .6 7 2 0 .8 9
19 B w ood 8 .0 0 C o n tin u o u s E th y l  e th e r 1 .8 0 8 2 2 .6 0 1 .00 2 1 .6 0
24 B  wood S .00 C o n tin u o u s E th y l  e th e r 1 .800 2 2 .5 0 0 .7 9 2 1 .7 1
30 B  wood 8 .0 0 C o n tin u o u s E th y l  e th e r 1 .8 4 0 2 2 .6 2 0 .8 8 2 1 .7 4
37 B wood 8 .0 0 C o n tin u o u s P e tro le u m  e th e r 1 .3 3 0 16 .62 0 .5 0 16 .12
38 B w ood 8 .0 0 C o n tin u o u s P e tro le u m  e th e r 1 .332 15 .6 5 0 .4 0 16 .2 5
35 B wood 8 .0 0 C o n tin u o u s B enzene 1 .784 2 2 .3 0 0 .7 0 2 1 .6 0
36 B w ood 8 .0 0 C o n tin u o u s B enzene 1 .7 7 7 2 2 .4 6 0 .8 0 2 1 .6 6

14 F F  wood 8 .0 0 C o n tjn u o u s E th y l  e th e r 1 .100 1 3 .7 5 0 .7 5 13 .0 0
15 F F  w ood 8 .0 0 C o n tin u o u s E th y l  e th e r 1 .094 13 .6 7 0 .6 7 1 3 .0 0
16 F F  w ood 8 .0 0 C o n tin u o u s P e tro le u m  e th e r 0 .8 3 6 10 .4 5 0 .1 1 10 .34
17 F F  w ood 8 .0 0 C o n tin u o u s P e tro le u m  e th e r 0 .8 4 5 10 .5 6 0 .0 6 10 .5 0

01 W W  w ood 6 .0 0 C o n tin u o u s E th y l  e th e r 0 .5 5 5 9 .2 5 0 .2 7 8 .9 8
02 W W  w ood 6 .0 0 C o n tin u o u s E th y l e th e r 0 .5 4 0 9 .0 0 0 .1 8 8 .8 2
03 W W  w ood 6 .0 0 C o n tin u o u s P e tro le u m  e th e r 0 .5 3 6 8 .9 3 0 .1 0 8 .8 3
04 W W  wood 6 .0 0 C o n tin u o u s P e tro le u m  e th e r 0 .5 2 6 8 .7 7 0 .0 9 8 68
05 W W  w ood 6 .0 0 C o n tin u o u s B enzene 0 .4 9 1 S . 18 0 .0 9 8 .0 9

06 W W  g u m  N o. 1 7 .5 0 C o n tin u o u s E th y l  e th e r 0 .8 8 8 11 .84 0 .3 1 11 .53
13 W W  g u m  N o. 1 7 .5 0 C o n tin u o u s E th y l  e th e r 0 .8 8 8 11 .84 0 .3 4 11 .50

26 W W  g u m  N o . 2 6 .0 0 C o n tin u o u s E th y l  e th e r 0 .6 5 7 1 0 .9 5 0 .3 1 10 .64
27 W W  gum  N o. 2 6 .0 0 C o n tin u o u s E th y l  e th e r 0 .6 7 5 11 .2 5 0 .4 5 10 .80
39 W W  g u m  N o. 2 6 .0 0 C o n tin u o u s B enzene 0 .5 2 0 8 .6 7 0 .1 5 8 .5 2
40 W W  gum  N o. 2 6 .0 0 C o n tin u o u s B enzene 0 .5 0 4 8 .4 0 0 .1 0 8 .3 0

20 N  gum 6 .0 0 C o n tin u o u s E th y l  e th e r 0 .6 0 9 10 .1 5 0 .3 6 9 .7 9
22 X  gum 6 .0 0 C o n tin u o u s E th y l  e th e r 0 .6 1 2 1 0 .2 0 0 .5 2 9 .6 8

31 H  gum 6 .0 0 C o n tin u o u s E th y l  e th e r 0 .6 8 5 11 .4 2 0 .8 9 1 0 .5 3
32 H  gum 6 .0 0 C o n tin u o u s E th y l  e th e r 0 .6 7 5 11 .2 5 0 .5 9 10 .6 6



JULY 15, 1937 ANALYTICAL EDITION 317

trac t all the unsaponifi- 
a b le  m a t t e r .  Even 
w h en  th e  ro s in  soap 
solution is shaken out 
with ether six times, 
in s te a d  of th e  c u s 
tomary three times, the 
q u a n t i t y  of neutral 
m a te r ia l  e x t r a c te d  
(Nos. 28B and 29B in 
Table II) is distinctly 
lo w e r th a n  tha t ob
tained by the continu
ous extractor (No. 30) 
on an aliquot of the 
same soap solution.

T h e  unsaponifiable 
m atter in rosin is dis
tinctly volatile at 100° 
C., and special precau
tions must be taken in 
drying it. The data in 
T a b le  I I I  show the 
losses on drying vari
ous samples under dif
ferent conditions. The 
lo ss  in  th e  oven at 
105° C. (No. 78) is ob
v io u s ly  excessive. A 
m o d e ra te  vacuum a t 
100° C. (No. 11) pro
duces a s im i la r  lo ss  
in  w e ig h t .  A h ig h  
v a c u u m  a t  tempera
tures above 75° C. (No. 
14) is also too severe. 
The best results were 
obtained with a vacuum 
of 23 mm. a t a tem-

differences do not appear to be related either to the source or 
the grade of the rosin. I t  is possible th a t in certain rosins 
the presence of resin acids having a molecular weight lower 
than th a t of abietic acid may be partly responsible. This is 
not the whole explanation, however, for if it were, B wood resin 
should show the greatest difference; actually it shows the 
least. M atlack and Palkin (S) found a somewhat similar 
anomaly which they could not explain.
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S u m m ary

In determining the unsaponifiable m atter in rosin, data 
show th a t the results obtained by previously published methods 
are not accurate. A method is described which eliminates 
many of the sources of error in these former methods. The 
use of a continuous extractor of special design, requiring a

T a b l e  I I I .  L o s s e s  o x  D r y i n g  U n s a p o n i f i a b l e  M a t t e r

N o. D ry in g  T im e T em p . P ressu re
N e t

W eigh t

Loss in  W eig h t 
D u rin g
perio d  T o ta l

78

M in .
20

° C. 
100

M m . Ho  
300

Gram
0 .9 9 1

Gram Gram

A dd itio n a l 30 105 762 0 .9 5 6 o !035 0 .0 3 5
A dd itio n a l 60 105 762 0 .9 1 9 0 .0 3 7 0 .0 7 2

11 20 100 300 0 .8 2 5
A dd itio n a l 30 100 300 0 .7 9 3 0ÍÓ32 0 .0 3 2

14 30 72 23 1 .1 0 0
A d d itiona l 30 77 23 1.069 0 .0 3 1 o!031
A dd itio n a l 30 76 23 1 .056 0 .0 1 3 0 .0 4 4
A dd itio n a l 30 73 23 1 .0 4 8 0 .0 0 8 0 .0 5 2

15 30 70 23 1 .1 0 0
A d d itional 30 68 23 1 .0 9 7 0ÍÓÓ3 0ÍÓÓ3
A d d itional 30 68 23 1 .0 9 5 0 .0 0 2 0 .0 0 5
A d d itional 30 65 23 1 .0 9 4 0 .0 0 1 0 .0 0 6

R osin

B wood 
F F  w ood 
W W  w ood 
W W  g u m  N o. 1 
W W  gum  N o. 2 
N  gum  
H  gum

A cid N o.

108
153
168 .0
1 5 9 .8
157.6
160.3
160 .1

perature under 70° C. as shown 
in No. 15, bu t even under 
th e s e  conditions the residue 
could not be dried to a con
s tan t weight. A t lower tem
peratures (60° C.) there was 
a tendency for droplets of water 
to  re m a in  under the residue, 
making it impossible to obtain 
an accurate result. I t  w as 
finally decided to dry the resi- = = = = ^ = =  
due for 30 minutes under a 20-
to 25-mm. vacuum a t a temperature of 07° to 70° C. in the 
water bath. Under these more or less arbitrary conditions 
satisfactory check determinations were obtained, as shown 
in Table II.

The saponification number of a rosin is the number of 
milligrams of potassium hydroxide required to saponifj' one 
gram of rosin. This can, of course, be expressed as a per
centage of abietic acid (molecular weight 302). I t  would 
seem as if the difference between this percentage and 100 
might be a rough approximation of the unsaponifiable m atter 
in the rosin, bu t the data presented in Table IV show tha t 
such an assumption is incorrect. The saponification numbei 
of each of the rosins used in this study was determined and 
then the unsaponifiable m atter was calculated by difference 
(column 5). The results show very poor correlation with 
the percentages actually found by analysis (column 6). "the

T a b l e  I V .  C o m p a r is o n  o f  F o u n d  a n d  C a l c u l a t e d  V a l u e s  f o r  U n s a p o n i f i a b l e  M a t t e r

S apon ifica
tio n  N o.

144
169
170 .5
168 .4
167 .0
174 .2
168 .3

A bie tic  A cid U n sapon ifiab le  M a tte r
C a lc u la te d  as C a lcu la ted  by
S aponifiab le difference Found® D ifference

% % % %
7 7 .7 0 2 2 .3 0 2 1 .6 8 0 .3 8
9 1 .1 0 8 .9 0 1 3 .0 0 4 .1 0
91 .91 8 .0 9 8 .9 0 0 .8 1
9 0 .7 8 9 .2 2 11 .51 2 .2 9
9 0 .0 3 9 .9 7 10 .72 0 .7 5
9 3 .9 1 6 .0 9 9 .7 3 3 .6 4
9 0 .6 8 9 .3 2 10 .60 1 .2 8

« M ean  values from  T ab le  I I  o b ta in ed  w ith  e th y l e th e r  in  th e  co n tin u o u s e x tra c to r .

minimum of attention during the ether extraction, offers a 
marked improvement over the tedious separatory-funnel 
method. The method described shows a reproducibility of 
0.25 per cent or better on check determinations, and appears 
to be generally applicable to  the commercial grades of both 
gum and wood rosin.
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Analysis o f Mixtures o f Furfural and 
Methylfurfural

ELIZABETH E. HUGHES a n d  S. F. ACREE, N ational B ureau  o f S tandards, W ashington , D. C.

T h e  e s t im a tio n  o f  p en to sa n s  and  m e th y l-  
p en to sa n s  in  n a tu ra l p rod u cts is  based  
u p on  th e  a m o u n t o f  fu rfu ra l an d  m e th y l
fu rfu ra l w h ich  th ey  y ie ld  u p o n  d is tilla tio n  
-with 12 per cen t h yd roch loric  acid . I t  is  
d iff icu lt  to  d is tin g u ish  b etw een  th ese  a ld e
h y d es b ecau se  o f  th e  s im ila r ity  o f  th eir  
ch em ica l and  p h y sica l behaviors. T h e  
grav im etric  procedure u su a lly  em p loyed  is  
n o t sa tisfa cto ry . N o v o lu m etr ic  procedure  
w h ich  can  b e app lied  to  m ix tu res o f  th e  tw o  
h a s b een  reported .

In  stu d y in g  th e  rea ctio n  o f  b rom in e  w ith  
m eth y lfu rfu ra l in  1 N  hydroclilor ic  acid  a t

TH E  pentosans and methylpentosans, together with some 
hexose derivatives present in natural products, yield fur

fural, methylfurfural, and aj-hydroxymethylfurfural upon dis
tillation with mineral acids. I t  is difficult to  distinguish be
tween these distillation products because of the similarity of 
their chemical and physical behaviors. When pentosans are 
determined in wood, methylfurfural m ay be present in the 
distillate up to about 5 per cent of the furfural. One to 2 per 
cent of w-hydroxymethylfurfural m ay be slowly formed from 
hexoses, starch, and cellulose, and m ay be a cause of error in 
the pentosan determination. This error may be largely 
avoided if the distillation is stopped when there is no ap
preciable further evolution of furfural, as indicated by the 
aniline acetate test. The production of furfural is rapid and 
is almost completed before much w-hydroxymethylfurfural 
is collected in the distillate.

No accurate method for determination of mixtures of fur
fural and methylfurfural has been reported. Both m ay be 
determined gravimetrically by using phloroglucinol (1), 
thiobarbituric acid (4), or better, 2,4-dinitrophenylhydrazine 
(10, 15, 18). In  working w ith pure methylfurfural distilled 
from rhamnose it  was found th a t the methylfurfural pliloro- 
glucide was more soluble in hot ethyl alcohol than the fur
fural phloroglucide (5, 6, 19). The usual method of deter
mination of pentosans includes an extraction of the phloro- 
glucides, using Krober’s tables (11) for solubility corrections. 
The method, which is long and tedious, is not satisfactory as 
a means of determining these aldehydes in mixtures because 
investigators are not in agreement on the empirical correction 
factors (4, 7, 10).

Furfural has been determined volumetrically with such 
reagents as hydroxylamine, potassium bisulfite, and phenyl- 
hydrazine, and more successfully by various modifications of 
the excess bromine method (8 ,12,13, 14). A ttem pts which 
have been made to apply volumetric methods to methylfur
fural have been w ithout success (10, 12).

Other investigators have studied colorimetric and volu
metric procedures, and the effect of methylfurfural and oy- 
hydroxymethylfurfural on the pentosan determ ination (2). 
M ost of the methods are discussed by Dorée (3) and Schorger 
(17). The large error in the determination of furfural when 
methylfurfural is present has been considered unavoidable.

0° C ., i t  w as fo u n d  th a t th e  secon d  m o le  o f  
b rom in e  reacts m ore rapid ly  w ith  m e th y l
fu rfu ra l th a n  w ith  fu rfu ra l. T h e  a m o u n ts  
o f  in d iv id u a l a ld eh yd es are ca lcu la ted  from  
th e  resu lts  o f  t itr a tio n s  o f  a liq u o t p ortion s  
a t  tw o d ifféren t periods o f  t im e , u s in g  eq u a 
tio n s  expressing th e  m olar c o n su m p tio n  o f  
b ro m in e  by th e  m ix tu re . T h is  v o lu m etr ic  
m eth o d  h a s b een  fo u n d  sim p ler  in  a p p lica 
tio n  and  m ore reliab le  th a n  th e  gravim etric  
procedure. T h e  m ea n  error o f  th e  ca lcu 
la ted  values is a b o u t 0.5 m g . in  sam p les  
w h ich  c o n ta in  from  3 to  50 m g . o f  m e th y l
furfural.

The reaction of bromine with furfural in 1 N  hydrochloric 
acid a t 0° C. has been reported (8). In  applying the method 
to  methylfurfural it was found th a t the second mole of bro
mine reacts more rapidly with m ethylfurfural than  with fur
fural, and th a t the difference in the rates of reaction is suf
ficiently large a t 0 ° C. to  distinguish quantitatively between 
these two aldehydes. The calculation of the am ounts of in
dividual aldehydes present is based upon titrations of unused 
bromine in two aliquot portions of the solution reacting for 
different periods of time. The analysis is accurate to within 
about 0.5 mg. of methylfurfural present in samples which 
contain from 3 to 50 mg.

E xp erim en ta l P rocedure
M ethylfurfural was prepared from sucrose by the method 

of Rinkes (16). I t  distilled a t 86-7° C. a t 21 mm. and gave 
quantitative precipitation with thiobarbituric acid and 2, 4- 
dinitrophenylhydrazine.

The procedure was the same as that used in experiments on 
furfural (8). The freshly distilled methylfurfural was sealed in 
glass bulbs to prevent oxidation of the aldehyde and loss in 
weighing. Solutions were prepared by breaking the weighed 
bulbs under water in a volumetric flask and aliquot portions were 
withdrawn by means of pipets. The methylfurfural solution 
was added to 200 ml. of 1 iv hydrochloric acid in a special side- 
arm titration flask, a sketch of which was given in an earlier 
paper (9). One arm of the flask contained 25 ml. of approxi
mately 0.1 N  potassium bromate-bromide solution and the other 
arm contained 10 ml. of approximately 10 per cent potassium 
iodide solution. Several flaslcs were prepared with reagents for 
each series of experiments. The titration flasks were modified 
by attaching to each ground-glass stopper a thermometer well 
which extended into the solution. By this means the temperature 
may be observed without opening the flask.

In these experiments an ice bath was used to cool the solutions. 
About 0.5 hour was required for them to attain a temperature of 
0° to 0.5° C., which was maintained throughout the reaction. 
Shaved ice may be used to cool the solutions more quickly or 
they may be placed in a refrigerator regulated a t 0° C. The reac
tion was timed with a stop watch which was started when the 
bromate solution began to flow from the side arm into the methyl
furfural and hydrochloric acid solution. At the end of the de
sired period of time the potassium iodide solution was added from 
the other side arm and the flask shaken to ensure complete ab
sorption of bromine vapor. The iodine thus liberated was ti
trated with 0.1 N  sodium thiosulfate using starch as an indicator. 
Blanks were run in a similar manner.

318
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The molar consumption of bromine a t any 
period of time is given by the expression

(milliequivalents of bromine consumed) X (0.05505) 
grams of methylfurfural present

where the am ount of bromine consumed is the 
difference between the number of milliequiva
lents of bromate solution added and the number 
of milliequivalents of thiosulfate used in the ti
tration.

R ea ctio n  o f  M eth y lfu rfu ra l w ith  
B rom in e  in  N orm al H ydro

ch loric  A cid

T a b l e  I . R e a c t io n  o p  M e t h y l f u r f u r a l  w i t h  B r o m in e  a t  0 °  C .  i n  
N o r m a l  H y d r o c h l o r ic  A c id

A llow ed fo r 0.05133 g ram  
R ea c tio n  m e th y lfu rfu ra l

-B ro m in e  C onsum ed® -

M iU i- M o le s/ M il liIfo-~-*V mole o f equiva
M in . aldehyde lents

5 1 .2 8 8 1 .3 8 1 .141
10 1 .538 1 .65 1 .340
20 1.813 1 .94 1 .601
30 1 .975 2 .1 1 1 .788
40 2 .0 6 5 2 .2 1 1.852
60 2 .1 5 4 2 .3 1 1 .937

a A t th e  s ta r t  of th e  reac tio n  th e re

0.04570 g ram  
m e th y lfu rfu ra l

aldehyde
1 .37
1 .61
1 .93
2 .1 5
2 .2 3
2 .3 3

0.02561 g ram  
m e th y lfu rfu ra l 

M iU i- M o le s/ 
equiva- mole o f

lents aldehyde

0.01280 g ram  
m e th y lfu rfu ra l 
M U li- M o le s / 
equiva- mole o f  

lents aldehyde
0 .6 4 9
0 .7 7 8
0 .9 2 4
1 .0 2 9
1 .074
1 .1 0 8

1 .3 9
1 .6 7
1 .99
2 .2 1
2 .3 1
2 .3 8

0 .3 9 4
0 .4 8 0
0 .5 1 4

0 . 5 5 9

1 .6 9
2 .0 6
2 . 2 1

2 ! 40

T h e

R e a c t i o n  a t  R o o m  T e m p e r a t u r e . Prelimi
nary experiments a t room temperature showed -----
th a t the consumption of b ro m in e  w as  n o t  
limited to one or two moles per mole of methylfurfural, 
but was about 2.3 moles in 1 minute and 2.4 moles in 30 
minutes. The effect of temperature upon the rate of the 
reaction necessitated accurate control of temperature of the 
solution for consistent results. As with furfural, it was found 
more satisfactory to make measurements a t 0° C. than a t room 
temperature.

R e a c t i o n  a t  0 °C . Four sizes of methylfurfural samples 
were used, varying from 12 to 50 mg. The size of the sam
ples was limited by the am ount of bromate added, this being 
2.5 milliequivalents in all the experiments. The periods of 
time used were 5, 10, 20, 30, 40, and 60 minutes. The data 
given in Table I  show the number of milliequivalents of bro
mine consumed and the corresponding molar consumption of 
bromine for each period of time. The molar ratio of bro
mine consumed to aldehyde present as a function of time is 
illustrated in Figure 1. The curves for methylfurfural rep
resent the reaction of approximately 13-, 26-, 46-, and 51- 
mg. samples of methylfurfural with bromine a t  0 ° C. under 
the conditions given above. For comparison, the curve for 
furfural from data given in an earlier paper (§) is also shown. 
I t  is readily seen th a t methylfurfural reacts rapidly with the 
first mole of bromine, as does furfural; and th a t the reaction 
continues a t  a fairly rapid rate until over 2.3 moles of bromine 
are consumed, whereas the reaction of the second mole of 
bromine with furfural is very slow under the same conditions. 
The effect of the ratio of the concentration of bromine to 
th a t of aldehyde is larger in the reaction with methylfurfural 
than  previously noted with furfural (8). As the amount of 
methylfurfural used in the solutions is decreased^ there is 
available a greater excess of bromine, leading to an increased 
molar consumption of bromine for a given time period.

moles of b rom ine consum ed  p e r  m ole of m e th y lfu rfu ra l a re  eq u a l to
(m illiequ iva len ts  of b ro m in e  consum ed) X  (0.05505) 

w eigh t of m e th y lfu rfu ra l in  gram s
T h e  re su lts  for 0.05133 a n d  0.02561 g ram  a re  averages  of d u p lic a te  d e te rm in a tio n s  agree ing  
w ith in  **«0.5%, w hile th o se  fo r 0.04570 a n d  0 .01280 g ram  are  s ing le  expe rim en ts.

This effect may be taken into account by using the three 
variables, time, size of sample, and milliequivalents of bro
mine consumed, to express the results in a three-dimensional 
graph as illustrated in Figure 2. Acknowledgment is made 
to Baker Wingfield for valuable aid in devising and drafting 
this graph.

5 10 15 20 25 3 0  35 4 0  45 50
TIM E OF REACTION IN MINUTES

F ig u r e  1. R e a c t io n  o p  M e t h y l f u r f u r a l  a n d  F u r f u r a l  
w it h  B r o m in e  a t  0 °  C .  i n  N o r m a l  H y d r o c h l o r ic  A c id

F ig u r e  2 . R e a c t io n  o f  M e t h y l f u r f u r a l  w i t h  B r o 
m in e  a t  0 °  C . i n  N o r m a l  H y d r o c h l o r ic  A c id

X .  M illieq u iv a le n ts  of b ro m in e  consum ed  
Y .  M in u te s  of re a c tio n  tim e  
Z . G ram s of m e th y lfu rfu ra l

On the X  axis there is plotted the number of milliequiva
lents of bromine consumed; on the Y  axis, the tim e allowed 
for the reaction; and on the Z  axis, the weight of methylfur
fural in the sample. The curves extending upward into 
space represent as a function of time the 13-, 26-, 46-, and 51- 
mg. portions of methylfurfural as they react with bromine 
under the specified conditions. Although the slopes of the 
curves are not quite the same, owing to the effect of the con
centration of bromine and aldehyde, the points for a given 
period of time lie on a straight line. Lines have been drawn 
through these points and designated “time lines.”

An illustration of the method of analyzing an unknown is 
shown in Figure 2. Suppose 1.200 milliequivalents of bromine 
are consumed by an unknown amount of methylfurfural during a 
30-minute period of reaction. As indicated by the small dotted 
lines, the value for X  is then 1.200 and Y  is 30, which gives the 
point X Y . In order to find Z, a line is now projected from X V  
parallel to the Z  axis to the 30-minute “time line” on the curved 
surface: this is the point X Y Z . The number of milligrams of 
methylfurfural, Z, may then be found by dropping down the 
distance Y  from X Y Z , obtaining X Z, and finally projecting across 
to the Z  axis for the point Z.
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Since it is difficult to use the chart on a small scale, values 
which have been interpolated graphically between the ex
perimental points are given in Table II.

D eterm in a tio n  o f  M eth y lfu rfu ra l and  F urfural 
in  M ixtures

Because of the difference in the rates of reaction of the two 
aldehydes with bromine (Figure 1), it is possible to calculate 
the am ount of each aldehyde present from the results of 
titrations made on aliquot portions which have been allowed 
to react for two periods of time.

T a b l e  II. M e t h y l f u r f u r a l  C o r r e s p o n d in g  t o  B r o m in e  
C o n s u m e d  a t  D i f f e r e n t  P e r io d s  o f  T im e

Solving these equations for m and /  gives

m = (0.055) 

=  (0.048)

g ¡X* — goX, 
dibj — a«bi 
b-iXi — ba-j 
n,b. — a2bi

(3)

(4)

B rom ine A t 5
—M e th y lfu r fu ra l F o u n d — 

A t 10 A t 30
C o n su m ed m in. m in . m in .

M illiequivalen  ts G ram G ram Gram
0 .4 0 .0 1 5 6 0 .0 1 2 7
0 .5 0 .0 1 9 6 0 .0 1 6 2 o !Ô Ü 2
0 .6 0 .0 2 3 6 0 .0 1 9 7 0 .0 1 3 9
0 .7 0 .0 2 7 6 0 .0 2 3 2 0 .0 1 6 7
0 .8 0 .0 3 1 6 0 .0 2 6 6 0 .0 1 9 5
0 .9 0 .0 3 5 7 0 .0 3 0 0 0 .0 2 2 2
1 .0 0 .0 3 9 8 0 .0 3 3 3 0 .0 2 4 9
1 .1 0 .0 4 3 8 0 .0 3 6 7 0 .0 2 7 6
1 .2 0 .0 4 7 8 0 .0 4 0 1 0 .0 3 0 4
1 .3 0 .0 5 1 8 0 .0 4 3 5 0 .0 3 3 1
1 .4 0 .0 4 6 8 0 .0 3 5 8
1 .5 0 .0 5 0 2 0 .0 3 8 5
1 .6 0 .0 5 3 6 0 .0 4 1 3
1 .7 0 .0 4 4 0
1 .8 0 .0 4 6 8
1 .9 0 .0 4 9 5
2 .0 0 .0 5 2 2

Let

The following equations express the consumption of bro
mine a t  two periods of time, based upon the molar consump
tion of bromine for each aldehyde.

/  = grams of furfural 
m = grams of methylfurfural
Xi and x2 =  milliequivalents of bromine consumed by ali

quots at times h and i2 
fi\ and as = molar consumption of bromine by furfural at <i 

and U.
ht and h2 =  molar consumption of bromine by methylfur

fural at ti and /2

Table I I I  gives the results of titrations made on a number 
of mixtures. Assuming th a t the furfural reacted independ
ently of the methylfurfural in the mixtures, the am ount of 
bromine -which the furfural would consume was subtracted 
from the am ount which the mixture consumed by experi
ment, and thus the molar consumption of bromine by the 
methylfurfural in the mixture was calculated. An average 
of the values for each period of tim e was taken, giving 1.38 
for 5 minutes, 1.63 for 10 minutes, and 2.10 for 30 minutes. 
These values are not appreciably different from those given in 
Table I, and are used in these equations as the factor b. I t  
might appear from the data in Table I  th a t it would be ad
vantageous to apply a variable factor dependent upon the 
am ount of bromine in excess, as has been done in the case of 
methylfurfural alone (Figure 2 and Table I I) . However, in 
the experiments with the mixtures, the variation in the ex
cess of bromine was much less than th a t for the pure methyl
furfural samples; also, the equations used for calculating the 
mixtures are based upon differences which in some cases are 
very small, and the above factors simplify the use of the 
equations and give satisfactory results.

I t  is obvious from Figure 1 th a t when short periods of 
time, 5 and 10 minutes, are used for the reactions, the factor 
a for furfural is 1.00. A t 30 minutes a is 1.02, owing to in
creased bromine consumption (8). Specifically, for the 5- 
and 10-minute reaction periods, Equations 3 and 4 become

m =  (0.055) 

/  = (0.048)

(l.QO)fa) -  (l.OO)fa)
(1.00)(1.63) -  (1.00)(1.38) 

(1.63) (x.) -  (1.38) (i2)
(1.00) (1.63) -  (1.00)(1.38)

At ti, xi 

At Xt

f
0.048

/
0.04S

<“ > +  0 5 5  (6l)

<«■» + oJk «

(1)

(2)

T a b l e  III. A n a l y s e s  o f  M i x t u r e s  o p  F u r f u r a l  a n d  M e t h y l f u r f u r a l  b y  
R e a c t io n  w i t h  B r o m in e  a t  0 °  C . i n  N o r m a l  H y d r o c h l o r ic  A c id

E x p e rim e n ta l D a ta
T im e of B rom ine m ° a n d / m a a n d / rn m
re a c tio n , consum ed . P re se n t D e te rm in ed P re se n t D e te r  mil
ti a n d  f* xi a n d  xî in  M ix tu re in  M ix tu re* in  M ix tu re in  M ix ti

M Ü li-
M in . equivalents Gram Gram % %

5 1 .2 3 0 in  -  0 .0 2 5 9 m  «  0 .0 2 5 5 4 8 .0 4 7 .4
10 1 .3 4 6 /  «* 0 .0 2 8 1 /  -  0 .0 2 8 3

0 .0 5 4 0 0 .0 5 3 8
5 0 .8 7 3 m  «  0 .0 1 1 5 m  »  0 .0 1 2 5 2 9 .0 3 1 .S

10 0 .9 3 0 /  -  0 .0281 /  »  0 .0 2 6 8
0 .0 3 9 6 0 .0 3 9 3

10 1 .6 2 6 m  -  0 .0 1 4 7 m «  0 .0 1 5 3 2 0 .4 2 1 .4
30 1 .7 8 0 /  »  0 .0 5 7 3 /  -  0 .0 5 6 3

0 .0 7 2 0 0 .0 7 1 6
5 1 .4 8 9 m  »  0 .0 1 3 0 m  -  0 .0 1 2 3 1 8 .8 1 7 .9

10 1 .5 4 5 /  «  0 .0 5 6 0 /  »  0 .0 5 6 6
0 .0 6 9 0 0 .0 6 8 9

10 1 .3 7 3 m  =  0 .0 0 6 0 m  -  0 .0 0 5 5 9 .5 S . 6
30 1 .4 4 4 /  «  0 .0 5 7 3 /  «  0 .05S 1

0 .0 6 3 3 0 .0 6 3 6
10 1 .2 8 5 7/i »  0 .0 0 3 0 m  «  0 .0 0 2 8 5 .0 4 .6
30 1 .3 3 3 /  *  0 .0 5 7 3 /  -  0 .0 5 7 7

0 .0 6 0 3 0 .0 6 0 5
10 1 .6 4 2 m  0 .0 0 3 0 m  «  0 .0 0 2 5 3 .9 3 .2
30 1 .6 9 5 f  «  0 .0 7 4 4 /  -  0 .0 7 5 2

0 .0 7 7 4 0 .0 7 7 7

* m «* m e th y lfu rfu ra l, /  ■ 
B y  E q u a tio n s  3 a n d  4.

fu rfu ra l.

The data in Table I I I  show the varying proportions of fur
fural and methylfurfural, the number of milliequivalents of 
bromine consumed by aliquot portions of the mixtures a t two 
different periods of time, and the calculated am ounts of the 
two aldehydes, using Equations 3 and 4 as one would for un
knowns. The figures given are the results of single experi
ments. The higher percentages of methylfurfural in some of 

the mixtures are rarely encountered in the usual 
= = = =  pentosan determinations, but were used to show 

the application of the method. The lowest weight 
of methylfurfural used is 3 mg. Below this the 
error in the titration becomes significant, al
though it is possible to obtain measurable dif
ferences for amounts as low as 1 mg. The av
erage error in these experiments is about 0.5 mg., 
covering a range of 3 to 25 mg. of methylfurfural 
in the mixtures.

Conclusions
The rate of reaction of methylfurfural with 

bromine liberated from 0.1 N  potassium bromate- 
bromide in 1 N  hydrochloric acid a t  0° C. has 
been studied. Using the values for molar con
sumption of bromine per mole of methylfurfural 
a t definite periods of time, it is possible to  deter
mine the am ount of methylfurfural in solution by 
allowing the reaction to proceed under the given 
conditions for known periods of time.

Since methylfurfural reacts more rapidly with 
bromine than does furfural under the same con
ditions, the method has also been applied to 
mixtures of the two aldehvdes. The amounts
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of individual aldehydes are calculated from the results of 
titrations of aliquot portions a t two different periods of time, 
using equations which express the molar consumption of 
bromine by the mixture.

This volumetric method has been found simpler in appli
cation, and more reliable, than  the gravimetric procedure. 
The mean error in  the calculated values is about 0.5 mg. in 
samples containing from 3 to 50 mg. of methylfurfural.
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Small Chemical Changes in an Insulating Oil 
Associated with Oxidation

l t .  N. EVANS a n d  J . E. DAVENPORT 
Research B ureau, Brooklyn Edison Co., Inc., Brooklyn, N. 'i .

A n a ly tica l procedures arc given for the  
d eterm in a tio n  o f  stron g  acid , so lu b le  cop
per or lead , an d  sapon ifiab le m ateria l in  
in su la t in g  o il. T h e  m od ifica tion  o f  th e  
procedures co n sists  ch iefly  in  refin em en t o f  
m ea su rem en t w ith  esp ecia l em p h asis on  
th e  d etec tio n  o f  sm a ll ch an ges in  com p osi
tio n  o f  th e  o il. A type o f  o il ox id ation  in h i
b it io n  is  illu s tr a te d  in  w h ich  a strong acid  
is  th e  on ly  m easu rab le  p rod u ct o f  the reac
tio n .

THE initial chemical changes associated with the oxida
tion of an insulating oil can be revealed only by analytical 

procedures which aim towards greater refinement in experi
mental technic. The formation of strong acid in the first 
stage of the deterioration is not normally associated with oxi
dation; nevertheless, by means 
of improved apparatus for the 
determination of acidity in oil 
(1) i t  is possible to illustrate 
this point definitely. The be
havior of the oil deterioration 
products in the p re s e n c e  of 
copper and paper is discussed 
under conditions which simu
late those of the high-voltage 
oil-filled cable in o p e r a t io n .
The oil is a commonly used in
sulating oil with a viscosity of 
100 se c o n d s  (Savbolt) a t 
37.78° C. (100° F.).

The term  “strong acid” des
ignates a type of acid which 
exhibits a comparatively high 
hydrogen-ion a c t i v i t y  fo r  a 
given concentration of acid in 
n-butanol— for example, such

acids as hydrochloric, picric, or sulfuric. Strong acids m ay be 
distinguished from weak acids in th a t when both are present in 
the nonaqueous titration medium, two points of inflection are 
obtained in the potentiometric titration  curve. Additional 
proof of the strength of an acid may be obtained by titration  
with the potassium salt of a weak acid. Thus, potassium 
stearate will react w ith a strong acid as readily as does potas
sium hydroxide but cannot react with a weak acid. In  this 
manner, it is possible to neutralize a strong acid without the 
concomitant formation of water of neutralization—a result 
which also may be accomplished by the use of sodium /i-butyl- 
ate. In Figure 1, A  represents the titration of oil sample 
8 (Table I), which had been exposed to ultraviolet radiation 
a t room temperature and pressure. I t  is clear th a t the entire 
titration could have been carried out employing potassium 
hydroxide, in which event the strong-acid point of inflection 
would have indicated the same quantity  of acid. Curve B  
represents the titration of the water extract of oil sample 8 , 
the aqueous layer having been concentrated to a volume of 1 
ml. by evaporation before the addition of 100 ml. of »-butanol

T a b l e  I. C h a n g e s  i n  C h e m i c a l  P r o p e r t i e s  o p  O i l

N e u tra liz a tio n S apon ifica tion
P erio d N u m b er, N u m b er

of E le c tro m e tr ic E lec tro -
N o. Sample® O xygen T e s t S tro n g W eak m etric* B a a d e r1

M onths

1
2

As received  
100 m l. oil Excess

0
8 .5

0
0 .0 0 2

0 .0 0 5
0 .0 0 6

0 .3 6 0 .0 8
0 .1 3

100 m l. oil, 10 g. pap e r Excess 8 .5 0 0 .0 0 7 0
3 100 ml. oil, 0.1 g. copper Excess 8 .5 0 .0 0 9 0 .0 4 7 0 .2 8
4

5

100 m l. oil, 10 g. p ap e r, 0.1 g.
copper 

100 m l. oil
l/»  a tm o sp h e re  

N il
9

17
0 .0 0 7
0

0 .0 6 3  
0 .0 0 5 0 Í3 8

0 .0 9

6 100 m l. oil, 10 g. pap e r N il 1 9 .5 0 0 .0 2 1 0
7 100 m l. oil, 10 g. p ap e r, 0.1 g. 

copper N il 1 9 .5
H ours

0 0 .0 3 0 0 .0 7

8 100 ml. oil, u lt ra v io le t ra d ia tio n V* a tm o sp h ere 30 0 .0 0 5
9 25 m l. oil, u ltra v io le t ra d ia tio n N il 30 0

10 25 ml. oil, 0.1 g. copper, u l t r a 
N il 30v io le t rad ia tio n 0

C opper, 
D ith izo n e  
c M e th o d  
P. p. m.

2 .5

4 .5

°  9am  Dies 1 -7  inc lusive, aged  a t  60° =*= u.uo~ o -x u , luc iuaivo , »<. icm pcim ru ic . ¿ .«vA tue  ¿ iu , v* m i
aaed  sam p les  T O  a p p ro x im a te ly  zero. P erox ide  N o. of oil a s  received  w as 6.

? H ydro ly sis  in  a  m ix tu re  of 20 per c e n t w a te r, 40 p e r c e n t e th a n o l, a n d  40 p e r  c e n t benzene.
* H ydro ly sis  in  a  m ix tu re  of 40 per c e n t benzene a n d  60 per c e n t m e th an o l, u sing  a lk a li b lu e  as  th e  t i t r a t io n

in d ica to r.
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In  the course of the development of the method, it was 
shown synthetically th a t coarse particles of copper produced 
no measurable positive error due to solvent action of the pyri
dine and th a t the metals were completely removed by ob
taining negative results when the oil sample was re-treated 
employing the procedure described above. Considerable ex
perim ental work was carried out endeavoring to  differentiate 
between free copper and copper soap by a mild hydrolytic 
action of dilute alcoholic sulfuric acid, followed by the more 
strenuous aqueous nitric acid treatm ent for free copper. While 
the m ethod showed some degree of success when working with 
known compounds, for the type of oi] under consideration it 
was felt th a t because of the initial formation of strong acid, 
the presence of soap would not be expected. In  a sample of 
an oil, 0.1 microgram of copper or lead can be detected. D u
plicate analyses of samples containing 1 to 5 p. p. m. of soluble 
m etal agree within 10 per cent of the reported value where the 
matching of colors is accomplished visually.

The sta te of chemical combination of the copper was further 
investigated by means of a potentiometric titration  method in ' 
which strong acid in excess is added to the oil sample in diox- 
ane, whereupon the following reaction takes place:0 .4

ML. OF O.OI M ALKALI

+ 2 H ß

R — weak acid radical 
P  =  strong acid radical

The increase in titer of the weak-acid point of inflection rep
resents the weak acid liberated from the soap, whereas the 
difference in titer of the strong acid with and w ithout the oil

O.l 0 .2  0 .3
ML.OF 0 .0 0 9  M 

POTASSIUM S T E A R A T E — •

0  02. 0 .4  0 6  0 8  1-0
ML. OF 0.01 M ALKALI

F i g u r e  1. T it r a t i o n  o f  O i l  A c id it y

A cid ity  d e te rm in a tio n  on  10 g ram a o f oil 8  (T a b le  I) 
A c id ity  d e te rm in a tio n  of w a te r  e x t ra c t  of o il 8 
T i tr a t io n  of 1 m l. of 0 .0025 N  su lfu r ic  ac id

as the titration  medium. Curve C is the titration  of 1 ml. 
of 0.0025 N  sulfuric acid plus an equivalent am ount of weak 
acid.

The chemical behavior of a cable oil m ay not be considered 
w ithout some attention to  the effect of the presence of paper 
and copper on oil deterioration. The soluble m etal content 
of the oil—approximately 1 p .p .m . in practice— exerts a 
marked influence on the rate of chemical change. The use 
of diphenyltliiocarbazone as a test reagent for copper (and 
lead) in aqueous solutions was reported by Fischer and Leo- 
poldi (2). Later—indeed as the authors’ work wras in prog
ress—Wichmann et al. (3) published their work on the colori
metric lead determ ination by means of dithizone. Since the 
test procedure has been thoroughly presented by previous in
vestigators, only a discussion of the transfer of the soluble 
m etal from oil to water will be included.

ML. OF PO TA SSIU M  STEARA TE 0 .0 0 9 M

Ten grams of oil were diluted with 50 ml. of a mixture of 10 
per cent by volume of pyridine in benzene and the solution was 
centrifuged for 15 minutes. The solvent was then removed in a 
stream of nitrogen a t an elevated temperature and 10 ml. of 10 
per cent aqueous nitric acid were added to the oily residue. 
After refluxing for 15 minutes and cooling, the oil was removed by 
extraction with ether and the aqueous layer was evaporated re
peatedly to dryness in the presence of sulfuric-nitric acid mixture. 
When the residue was taken up with a definite amount of heavy 
metal-free water, both copper and lead were determined as origi
nally outlined by Fischer and Leopoldi.

ML. OF A LKA LI O.OI M

F ig u r e  2 . A c t io n  o f  P ic r ic  A c id  o n  C o p p e r  S t e a r a t e  i n  
D io x a n e

L ow er, t i t r a t io n  of 5 m g . of co p p e r s te a r a te  p lu s  excess p ic ric  ac id  
B la n k , s tro n g  ac id , 2 .25  m l.; w eak ac id , 1.20 m l.
U p p er, t i t r a t io n  of 4 .0  m g . of co p p e r s te a ra te  p lu s  excess p ic ric  ac id  
B la n k , s tro n g  ac id , 2 .40 m l.
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sample measures the am ount used up in the above reaction. 
Originally it  was expected th a t the weak-acid titer increase 
would serve as a  measure of the soap content of the oil sample, 
b u t i t  was later found, as previously reported (I), th a t many 
copper soaps are readily neutralized, yielding a point of in
flection as distinct as the corresponding acids. Consequently, 
no increase in weak-acid titer would be expected. A typical 
curve m ay be seen in Figure 2, in which the first point of in
flection corresponds to  the excess picric acid, the second 
corresponds to  the copper picrate, and the third is a measure 
of the liberated plus the free weak acid. Copper chloride, 
sulfate, and trichloroacetate behaved in a similar manner— 
th a t is, a distinct point of inflection resulted when titrated, 
due to the alcoholysis or hydrolysis of the salt. There was 
no difference in result when potassium stearate was substi
tu ted  for potassium hydroxide. If one assumes tha t the dis
appearance of strong acid is a result only of the reaction in
dicated in the previous equation, then the decrease in titer 
m ay serve as a  measure of the soap. Because of such a con
troversial assumption and because for small amounts of copper 
(1 p .p .m .) the excess strong-acid point of inflection tends to 
merge with th a t of the copper salt, limiting the smallness of 
the am ount which m ay be determined, it was considered un
profitable to  continue this phase of the work. However, the 
appearance of the copper sa lt point of inflection was believed 
observed in several titrations of the oil samples aged in the 
presence of copper (Curve C, Figure 5, 1).

In  Table I  the change in chemical properties of the oil is 
listed as a result of exposure to  different experimental conditions.

In samples 1, 2, and 3 the three compartments containing oil, 
oil plus paper, and oil plus copper were interconnected and thus 
were subjected to the same oxygen pressure. No attempt was 
made to ascertain the initial inhibitory period of the oil oxidation 
reaction, since in the present study it was desired to show that 
oxygen was a necessary requisite for strong-acid formation. 
Sample 4 was protected from atmospheric contamination by 
means of an ascarite and dehydrite tube. In samples 5, 6, and 
7, the oil was evacuated for a period of 10 days; the last 3 days 
produced no change in the residual gas pressure (0.1 micron as 
measured with a MacLeod gage). After sealing off from the 
vacuum pump, inversion of the flask permitted the oil to run 
down onto the paper or the copper. Samples 8 and 9 were pre
pared like samples 4 and 5, respectively, and exposed to ultra
violet radiation through Pyrex glass. Here again yield per unit 
time was considered unimportant except as it had a bearing on 
the relative formation of strong acid. In sample 10 the oil was 
evacuated in contact with the copper particles.

The apparatus for saponification experiments is shown in 
Figure 3. I t  was designed to perm it saponification in an 
atmosphere of nitrogen and transference to the titration 
beaker w ithout absorption of carbon dioxide from the air.

C on clu sion s
The chief conclusions which m ay be drawn from the 

limited data in Table I  are: (1) Oxygen must be present to 
bring about strong-acid formation. (2) E ither the strong 
acid has been absorbed by the paper or its tendency to form 
has been decreased by substances removed by the oil from the 
paper. In  an a ttem p t to decide whether the alkalinity of 
the paper or the specific absorption action of the paper was 
responsible for the decrease in strong-acid formation, experi
ments w ith acid-treated paper were inconclusive. Thus, the 
mere contact of oil and paper, after the strong acid had been 
formed in the oil, caused a disappearance of strong acid, but 
acid-treated paper was only slightly less active in this respect 
than paper which had not been washed with acid. (3) Copper 
was instrum ental in increasing the strong-acid formation, the 
data in Table I  representing the free acid. (4) In  the absence 
of copper, the paper completely removed the saponifiable 
m aterial from the oxidized oil.

Consideration of the chemical and physical properties of

F i g u r e  3. A p p a r a t u s  f o r  D e t e r m in a t io n  o f  S a p o n if ic a t io n  
N u m b e r  o f  O il s

the strong acid suggested its similarity to sulfuric acid. Ex
traction of oil sample 8 (Table I) with water and partial evapo
ration of the water layer, followed by addition of acidified 
barium chloride, produced a precipitate which was similar in 
appearance to  the precipitate formed when an equal volume 
of sulfuric acid of the same concentration was treated in like 
manner. I t  was concluded th a t the oil contained a sulfur 
complex which in its role as an oxidation inhibitor forms a 
strong acid. The presence of the strong acid precludes the 
formation of copper soaps and compounds of a peroxide na
ture. Furthermore, it would appear th a t the application of 
a theoretical oxidation mechanism to oil would be, in practice, 
greatly complicated by side reactions.
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A New Photoelectric Method for Measuring 
Vitamin A

RONALD L. M e FAR LAN, J . WALLACE REDDIE, a n d  EDWARD C. M ERRILL 
D epartm en t o f Research and Technology, U nited Drug Com pany, Boston, Mass.

TH E  existence of a  relation between the vitam in A poten
cies of fish-liver oils and their ultraviolet absorption spec

trum  has been known for some time (1, 2, S). Comparisons 
of physical tests  and biological activity  of these oils have led to 
the establishment of a relationship between the 3280 A. absorp
tion band and vitam in A content. On the basis of this rela
tionship, various physical instrum ents have been developed for 
measuring vitam in A concentrations. All these instruments 
measure quantitatively the absorption of light in the 3280 A. 
region by oils containing vitam in A. This paper describes a 
new instrum ent for measuring quantitatively the absorption 
of light in the 3280 A. region by means of photoelectric cells.

D escr ip tio n  o f  th e  In s tr u m e n t

The principles underlying this instrum ent can best be 
understood by reference to  Figure 1.

C h o i c e  o f  L i g h t  S o u r c e . Monochromatic radiation of ap
proximately 3280 Â. wave length may be obtained in one of 
two ways: Light from a source em itting radiation of high 
intensity in the 3280 A. region can be passed through a suit
able filter, or this region may be segregated by means of a 
prism-slit system. In  designing the present instrum ent the 
filter method of producing monochromatic radiation seems 
preferable, since it perm its the use of light beams having a 
large cross-section area. Much larger photoelectric currents 
are thus made available for measurement.

Heretofore, vitam in A measuring instrum ents in which 
filters are employed to  obtain a monochromatic beam of radia
tion have used the copper arc as a light source. The spectrum 
em itted by the copper arc is shown in Figure 2. (These 
spectra were taken by G. R. Harrison of the M assachusetts 
Institu te  of Technology.)

Two very intense lines occur, one a t 3274 A. and the other 
a t 3247 A. Both lines fall near the peak of the vitam in A 
absorption curve (1) s h o w  in Figure 3. Consequently their 
absorption by oils containing vitamin A should give a  measure 
of the vitamin A present. But, as is evident from Figures 2 
and 3, the copper spectriun contains m any wave lengths of 
appreciable intensity, which do not lie near the peak of the 
vitam in A absorption curve, and so are not absorbed in pro
portion to  the vitam in A content of oils through which they 
m ay pass. In  order to eliminate this extraneous radiation as 
much as possible, various types of filters have been tried.

One type consists of a half-silvered quartz plate combined with 
a thin plate of Woods glass. The copper arc radiation trans
mitted through this filter is shown in Figure 2 in the spectrum 
marked Cu-siTver filter. This spectrum shows considerable radia
tion intensity not lying in the 3280 A. region.

The other filter is the Corning No. 597 Red Purple Ultra. 
Unfortunately, the authors do not have a spectrum of the copper 
arc taken through this filter, but it is possible to check its effi
ciency by examining the spectrum marked Cu-Corex filter. This 
spectrum, which was taken through a 5-mm. thickness of Corning 
Red Purple Corex, No. 980, shows a large amount of radiation 
intensity lying outside the vitamin A absorption curve. The 
transmission curves published by the Corning Glass Company 
show that the No. 597 filter transmits radiation farther into the 
visible region than does the No. 986. Consequently, even more 
radiation lying outside the 3280 A. region will be transmitted by 
the No. 597 filter than is shown in the spectnun of the No. 986 
filter. It would thus appear that neither of these light source- 
filter combinations provides a good monochromatic beam of radia
tion for vitamin A absorption measurements.

In addition, the well-known difficulties of maintaining a steady 
copper arc of constant intensity help to make this arc an unsatis
factory source. However, it is possible to eliminate all these dif
ficulties by substituting a sodium arc for the copper arc. The 
spectrum obtained when radiation from the sodium arc is filtered 
through a 5-mm. thickness of Corning Red Purple Corex No. 9S6 

is shown in Figure 1 in the spectrum 
marked Na-Corex filter. The resulting 
radiation is perfectly monochromatic, 
and has a wave length of 3303 A., which 
is only 23 A. removed from the vitamin 
A absorption peak, as compared with 6 
and 33 A. for the principal lines of the 
copper arc. The sodium arc has the 
further advantage of being glass-en
closed, and is thus free from the varia
tions of the copper arc.

O p t i c a l  S y s t e m . Radiat ion from the 
sodium arc passes through a fused- 
quartz collimating lens, and is then di
vided into two beams by two fused- 
quartz total reflecting prisms. The in
tensity of each of these beams is con
trolled by a variable-area slit. One of 
these slits is connected to a logarithmic 
scale by a mechanism such that logio- 
,4o/.4 may be read directly. -to and /I 
represent the full open and variable slit 
areas, respectively. The light beam 
controlled by this slit also passes through 
an absorption cell containing the diluted 
oil under examination. The two variable- 
area slits have the same m a x i m u m  
aperture. Both light beams pass through 
a Corning Red Purple Corex No. 986 
filter before reaching the phototubes. 
The absorption cells are covered with 
fused-quartz windows, and the cells are

/so oms too OHMS
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so constructed that the thickness of the enclosed liquid sample is 
exactly 1 cm. Although all optical parts in the present instru
ment are made of fused quartz, some of the ultraviolet glasses 
could be substituted without loss of light intensity.

C h o i c e  o f  P h o t o t u b e s .  The choice of the proper phototubes 
is governed by two considerations: I t is desirable to obtain the 
maximum possible response to radiation in the 3280 A. region, 
and there must be no response to any other radiation which may 
succeed in getting through the filter system. In Figure 2, the 
spectrum marked Na-Corex filter shows all the radiation to be 
concentrated in the 3303 A. line. However, only radiation of 
wave length less than 7000 A. appears in this spectrum, while 
above 7000 A. the Corning Red Purple Corex No. 986 filter again 
begins to transmit appreciable radiation. Since any hot body, 
including the sodium arc, will emit appreciable black body radia
tion above 7000 A., it is essential that there be no phototube re
sponse above this wave length. Several commercially available 
phototubes satisfy these requirements, and in the present instru
ment the F.J-76 tubes manufactured by the General Electric 
Company are used.

A m p l i f i e r  C i r c u i t . The currents produced in the two FJ- 
76 phototubes are amplified by means of the circuit shown in 
Figure 1. (This circuit was designed by F. H. Shepard, Jr., of 
the Research and Development Laboratory, RCA Mfg. Company, 
Inc. The authors wish to express their appreciation for his many 
courtesies.) The 6H6 tube provides the direct current potentials 
for the phototubes. The currents from these phototubes are 
bucked against each other, and the resultant current is fed on to 
the grid of the first 38 tube. Successive amplifications by the 
two 38 tubes permit easy reading of the resultant phototube cur
rent on the meter.

M eth o d  o f  O peration
An absorption cell containing a vitamin A oil dissolved in cyclo- 

hexane is inserted in the path of the light beam impinging on 
phototube B (Figure 1). The calibrated variable-area slit con
trolling this light beam is opened wide. The other variable-area 
slit, which controls the light intensity falling on phototube A, 
is then adjusted to give zero resultant phototube current. The 
absorption cell is next removed from the instrument, and the 
calibrated variable-area slit is adjusted until zero resultant photo
tube current is again obtained. The calibrated scale reading 
corresponding to this balance point indicates the amount of light 
absorbed. The same procedure is followed for a cell filled with 
the pure solvent, and the difference between the two observed ab
sorptions gives the actual absorption by the vitamin A oil.

This m ethod of operation eliminates any necessity for 
matched phototubes, since the use of two variable-area slits 
automatically compensates for any inequality in current re
sponse of the phototubes. Furtherm ore, this method of 
operation effectively recalibrates the instrum ent for each 
reading. Errors arising from changes in light intensity are 
autom atically eliminated by the use of two phototubes. 
However, if the am bient tem perature of the phototubes is 
perm itted to  drop too far below room temperature, say 10“ 
to 20° C., the current response from the phototubes is small, 
and the instrum ent becomes sluggish and inaccurate. But if 
the phototubes are operated a t  ordinary room temperature, 
say 18° to  30° C., the above method of operation gives repro
ducible results.

Calibration’. In  Figure 4 is shown the experimental relation

between concentration and logi0 j  as read on the instrument. 
The curve is th a t of U. S. P. reference cod liver oil. Each

point on this curve represents an indi
vidual reading, and not -an average. Be

tween the logio j  range of 0.1 to 1.0 the
curve is accurately a straight line. The 
data shown in this graph have not been 
corrected for the absorption of the cell and 
solvent. An analysis of the absorption 
factors leads to the relation

logio j  =  0.049 +  E

where E  is the extinction coefficient for a p per cent 
solution. A value of 1.32 is obtained for E  a t  3303 A. 
and—considering the reference oil to contain 3000 vitamin 
A units per gram—the conversion factor is 2270. As is 
evident from Figure 4, constant and accurate results are 
obtained over a large range of concentrations. This permits 
much greater flexibility in making dilutions, and consequently 
increases the rapidity with which tests can be made. The 
time required for a single reading on a diluted oil is about 1.5 
minutes.

In Table 1 arc given various determinations as made on 
several oils by the present instrument, and also by a spectro
photometer. (The spectrophotometer readings were very 
kindly made by the A tlantic Coast Fisheries Corporation of 
New York.) The oils were received by the authors on 
July 31, 1936, and the tests were made with the new instru
ment on December 2, 1936. The values are expressed in 
vitamin A units. The spectrophotometer readings were made
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T a b l e  I .  D e t e r m i n a t i o n s  o n  O i l s

P h o to e lec tr ic
In s tru m e n t S p ec tro p h o to m e te r

25,590 25,450
32,230 32,100
78,890 74,040

102,200 98,010
177,800 176,760

T a b l e  II. C o m p a r a t i v e  M e a s u r e m e n t s

S o lu tio n  I S o lu tio n  I I

1 .1 4 0 .5 5 2
1 .10
1 .0 0
1 .13

a t  3280 i .  The agreement between these readings is well 
within the limits of experimental error.

Comparative absorption measurements have also been 
made by several laboratories on two potassium bichromate 
solutions. (For these measurements the authors are indebted 
to  C. S. Leonard of the H ealth Products Corporation, A. W. 
Wells of the Atlantic Coast Fisheries Corporation, G. R. 
Harrison of the M assachusetts Institu te  of Technology, and 
Albert E . Sidwell, Jr., of the University of Chicago.) These 
measurements have all been made with a monochromatic 
beam as near to 3303 A. wave length as possible, and on the 
same solution which was diluted in the authors’ laboratory. 
The values which were obtained (for logio Io /I)  are shown in

Table II, and compare very satisfactorily with the values 1.10 
and 0.544, as read on the authors’ instrument.

C on clu sion s

A new photoelectric instrum ent for measuring vitam in A 
has been developed which incorporates the following features:

1. A monochromatic beam of light of high intensity, lying 
in the 3280 A. region.

2 . Accurate measurement of the vitam in A absorption 
coefficient over the log 70/7  range of 0.1 to  1.0. W ith care 
this range m ay be extended somewhat.

3. Rapid and easy measurements. The time required for a 
single measurement on a properly diluted oil is less than 2 
minutes.

4. An accuracy of 1 per cent in reading absorption coeffi
cients, which m ay with care be pushed to less than 0.5 per cent.

5. Reproducible results day after day.
6 . Elimination of personal matching errors.
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Determ ination o f Carbon and Hydrogen
In G asoline and Other V olatile Liquids

HARRY LEVIN A N D  KARL UHRIG, T he Texas Com pany, Reacon, N. Y.

A n ap paratus an d  procedure are described  
w h ich  en ab le  o n e  to  d e term in e  th e  carbon  
an d  h yd rogen  c o n te n t  o f  g a so lin e  or o th er  
vo la tile  liq u id s b y  co m b u stio n .

A fea tu re  o f  th e  ap p aratu s is a device by  
m ea n s o f  w h ich  th e  ra te  o f  v o la tiliza tio n  
can  b e  con tro lled  and  co m b u stio n s  co n 
d u cted  to  co m p le tio n  in  a n  a tm o sp h ere  o f  
oxygen  w ith o u t exp losion .

AN  APPARATUS and technic have been developed which 
make the determination of carbon and hydrogen by 

combustion, in volatile liquids such as gasoline, a much less 
unpleasant experience.

A number of devices have been described in the literature 
(1, 8-7) for use in determining carbon and hydrogen in 
volatile products. Although some m ay be satisifactory for 
pure chemical substances, they are troublesome when applied 
to  gasoline, which consists of a series of hydrocarbons of 
varying boiling points, boiling frequently over a range of 
300° F.

Losses of volatile hydrocarbons were generally experienced 
in devices into which gasoline was weighed by difference, 
as well as in all which had to  be opened outside the com
bustion tube. Incomplete combustion of heavy or oxidized 
gasoline residues frequently resulted from vaporization out

side the combustion tube. Control of volatilization rate  was 
rarely possible with those devices which suddenly exposed 
the entire volatile sample to  tem peratures above its initial 
boiling point— for example, breaking a weighing bulb by 
means of plunger rods. Explosions were common with 
devices which required th a t oxygen be passed through or 
over the entire gasoline sample. The procedure recently 
described by Bruun and Faulconer (2) has not been tested by 
the authors.

The apparatus which the authors have developed has the 
following advantages: (1) I t  permits weighing of sample 
in a  sealed glass bulb; (2) the bulb is not opened until it is 
within the combustion tube and the la tter is assembled for 
test; (3) vaporization of the contents of the weighing bulb 
is a t all times under control; (4) vaporization residues are 
left in the weighing bulb and can be completely burned after 
crushing the bulb within the combustion tube; and (5) 
combustion is carried out in an atmosphere of oxygen, en
suring completeness, w ithout explosion hazard. Though 
hundreds of determinations have been made by this method 
during the past 6 years, no explosions were experienced.

A pparatus
A i&ultiple-unit type of electric combustion furnace having 

three heating elements has been found satisfactory when 
equipped with the usual accessories for combustion analysis. 
A special combustion tube and a bulb-crusher assembly are 
needed.
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The special combustion tube consists of a long and a short 
section joined by a shorter capillary section, as illustrated 
in Figure 1. The capillary section is of heavy-walled 3-mm. 
inside diameter tubing. This tube, made of Pyrex glass, has 
been furnished on order by the Em il Greiner Co., New York, 
N. Y.

c<W ° gnlaS be M R

F i g u r e  1 . B u l b - C r u s h e r  A s s e m b l y  w i t i i  S a m p l e  i n  P l a c e

(C on n ec ted  to  p re p a re d  co m b u stio n  tu b e .)

The m etal parts of the bulb-crusher assembly were made 
of Monel m etal in the authors’ machine shop, in accordance 
with Figure 2, which is drawn to scale. I t  is seen assembled 
and in position in the combustion tube in Figure 1.

C o m b u s t io n  T u b e . The combustion tube is filled by insert
ing a roll of copper gauze about 5 cm. (2 inchcs) long and of such 
diameter as to fit tightly within the tube. This is forced down 
as far as it will go and should be within 2.5 cm. (1 inch) of the 
capillary portion of the tube. Kahlbaum’s lead chromate is 
then poured in to a depth of within 12.5 cm. (5 inches) of the 
other end of the tube. (The lead chromate was chosen because 
it retains sulfur and prevents the passage of sulfur dioxide 
into the carbon dioxide absorber; many incompletely refined 
gasolines contain appreciable amounts of sulfur.) This is fol
lowed by another roll of copper gauze about 8.75 cm. (3.5 
inches) long and of similar diameter to the first. Before using 
this tube for an actual determination it should be burned out 
by placing it in the combustion furnace, bringing the tube to a 
dull red heat, and slowly passing 20 liters (5 gallons) of oxygen 
through it while being so heated.

The combustion tube should not be placed directly upon the 
metal trough which usually comes with the electric furnace; 
the tube frequently becomes hot enough to fuse and adhere to 
the metal, and then upon cooling, the combustion tube may be 
fractured because of the difference of expansion. To avoid such 
destruction, a strip of asbestos tape 1.9 cm. (0.75 inch) wide and 
as long as the tube itself is interposed.

P u r i f y in g  T r a i n . The usual purifying train for the removal 
of carbon dioxide and moisture from the oxygen and air used in 
this test is preceded by a Fisher bubble counter of the same size 
as that used after the absorbers. This bubble counter should 
contain a small amount of concentrated sulfuric acid, through 
which the gases pass before entering the purifying train.

B u l b - C r u s h e r  A s s e m b l y . This is prepared as shown in 
Figures 1 and 2. Before actual use those metal portions of the 
bulb crusher, which in the final assembly will oe within the 
combustion tube, should be heated in a flame to ensure removal 
of combustible impurities from its surface.

The bulb-crusher assembly (minus the weighing bulb) con
sists of (1) the bulb crusher; (2) glass T 0.6-cm. (0.25-inch) 
outside diameter, one arm of which is 1.9 cm. (0.75 inch) long and 
the other arm 3.1 cm. (1.25 inches) long. The vertical portion 
of the T is 5 cm. (2 inches) long; the longer arm carries the rubber 
stopper; (3) a one-hole rubber stopper that fits into the com
bustion tube; (4) two pieces of rubber tubing of diameter to 
make a gas-tight connection between the spindle of the bulb 
crusher and the glass T  through which it passes; the smaller 
rubber tubing is placed over the spindle and within the T, the 
larger over the T  and the small tubing.

A b s o r p t i o n  T r a i n . This consists of one Marchand drying 
tube filled with Anhydrone (anhydrous magnesium perchlorate; 
absorbs water) and another Marchand drying tube filled with 
Ascarite (sodium hydroxide asbestos; absorbs carbon dioxide).

P rocedure
The combustion tube is brought to a dull red heat, the 

three heating units being together and as near the outlet end 
of the furnace as they can be placed. While the furnace is 
reaching the desired tem perature the sample and absorbers 
are weighed. During all this time a slow stream of oxygen is

kept flowing through the train  of scrubbers and the combus
tion tube, with the bulb-crusher assembly (minus the bulb) 
in place; the purpose of this is to dry all parts thoroughly 
and to ensure the presence of oxygen within the tube.

The sample (60 to 100 mg.) is taken in a glass weighing bulb 
in the following manner:

The outside of the empty bulb is rinsed with ethyl ether, 
waved dry, placed in a desiccator to come to normal temperature 
conditions, and very carefully weighed. The bulb is then gently 
warmed, and the capillary end is promptly immersed in the 
sample to be tested, which for this purpose is kept in a small 
crucible. As the bulb cools, the sample is drawn into it, and 
experience soon teaches when the desired amount of sample has 
been obtained. The weighing bulb is then removed, held in an 
upright position, and a few drops of ether are poured on the 
outside of the bulb in order to chill it sufficiently to cause all 
the liquids within it to flow from the stem into the bulb proper. 
Holding the bulb in an upright position, the tip of the stem is 
sealed by fusing in a flame. The bulb is then again desiccated, 
and subsequently weighed. Throughout all these operations 
it is important to handle the bulb so that its contents do not 
flow into the stem. The bulb is now returned to the desiccator to  
remain there until introduced into the combustion tube.

The weighed Anhydrone and Ascarite absorbers are then 
connected in the usual manner to the outlet end of the com
bustion tube, and to  the latter absorber is attached a Fisher 
bubble counter containing a small am ount of concentrated 
sulfuric acid.
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F i g u r e  2 . B u l b - C r u s h e r  D e t a il s

A plate of shatterproof glass 60 cm. (2 feet) square, sup
ported in a  suitable manner, is placed between the inlet end of 
the combustion tube and the operator, where it is kept, for 
safety, throughout the test. This precaution m ay appear 
unnecessary, since with their apparatus and method the 
authors have never had an explosion, but explosions with 
other devices recommended for combustion analysis o f 
volatile liquids have been so unpleasant as in their opinion 
to justify this additional safety precaution.

The bulb-crusher assembly is withdrawn from the tube; 
in its jaws is immediately placed the bulb containing the 
sample, and the assembly is prom ptly returned to its original 
position. The spindle of the bulb crusher is so adjusted 
that, when this assembly is returned, the tip  of the closed 
capillary of the bulb is almost in contact with the roll of 
copper gauze in the combustion tube. Figure 1 shows th& 
bulb-crusher assembly with the sample in place, connected to  
the combustion tube.

The stream of oxygen is now regulated so th a t 40 to 60' 
bubbles per m inute emanate from the bubble counter.

A small forward pressure applied by hand to  the spindle of 
the bulb crusher serves to  force the capillary stem of the bulb 
against the roll of copper gauze in the combustion tube, 
breaking the stem a t  its point of contact. The contents of
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the bulb are now able to escape into the tube in vapor form, 
and are assisted in this volatilization by  the very cautious 
and gentle application of heat from a Bunsen burner to the 
section of the combustion tube containing the bulb. This 
heating m ust be carried out with extreme caution so as to 
volatilize the sample slowly. A too rapid volatilization will 
result in incomplete combustion and erroneous results.

T a b l e  I. R f. s u i .t s  on'  K n o w n s  a n d  U n k n o w n s

F o u n d  T h eo re tica l
C a rb o n H y d ro g en C arb o n H y d ro g en

% % % %
B enzene 
E th y l  e th e r

9 2 .1 0
64 .6 1

7 .7 5
13 .49

9 2 .2 5  * 
6 4 .8 0

7 .7 5
13 .6 0

G aso line  1 
R u n  1 
R u n  2

8 6 .2 9
8 6 .2 2

1 3 .5 7
1 3 .5 7

G aso lin e  2 
R u n  1 
R u n  2

8 6 .2 3  
8 6 .4 4

13.41
1 3 .2 3

G aso line  3 
R u n  1 
R u n  2

£ 5 .3 1
8 5 .4 5

14 .54
14 .4 8

G aso line  4 
R u n  1 
R u n  2

8 5 .4 9
8 5 .2 8

14 .64
1 4 .6 8

G aso line  5 
R u n  1 
R u n  2 
R u n  3 
R u n  4

8 4 .6 4  
8 4 .4 3  
8 4 .5 6  
81 .6 1

15 .2 7
15 .37
15 .37  
15 .22

When all visible liquid has left the bulb proper, the nearest 
heating un it of the furnace is gradually moved until it en
circles the bulb, where it is left for about 5 minutes, while a 
stream of cold air through a fishtail is directed a t  the last 
inch of the combustion tube to avoid overheating the rubber 
stopper used a t the inlet.

The heating unit is then returned to its former position 
and kept there until the bulb is cool enough to proceed with 
the next step, which is its crushing by means of the lever of

the bulb crusher. The bulb is crushed by advancing the 
movable jaw of the bulb crusher by means of the spindle 
handle w ithout opening the tube, after which the heating 
un it is again moved to cover the bulb area and kept there 
until the broken glass parts are absolutely clean— th a t is, 
until all carbon has been burnt— when it is returned to its 
original position.

The stream of oxygen is now replaced by air, and when 
1500 cc. of air have passed through the apparatus, the com
bustion products are usually removed and the absorption 
train contains air, as a t the commencement of the test. The 
combustion usually requires about 2.5 hours. In  sweeping 
out the combustion products, the air is passed through the 
tube about twice as fast as was the oxygen during the com
bustion.

The absorption train is removed, properly stoppered, and 
allowed to cool and remain near the balance for 30 minutes. 
The stoppers are then removed and the absorbers are weighed 
against a  counterpoise in the usual manner. From the in
crease in weight of the Anhydrone tube (water) the hydrogen 
is calculated, and from the increase of the weight of the As- 
carite tube (carbon dioxide) the carbon is computed.

Table I indicates the accuracy and reproducibility of this 
method when applied to known and unknown volatile liquids.
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(3) Clarke, J . Am. Chem. Soc., 34, 746 (1912).
(4) Meyer, Hans, “ Lelirbuch der organisch-chemischen M ethoden,"

4th cd., pp. 191-230, (1922).
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A New Qualitative Test for Selenium. I.
H . A. LJUNG, G uilford  College, G uilford  College, N. C.

SIN C E the advent of the use of selenium in steels, and since 
its poisoning effect on plants and animals through its pres

ence in soils have become known, much work has been done 
on its qualitative detection and quantitative determination. 
Recently published papers give details for the determination 
of selenium in plants (6), in animal tissue, milk, and urine (S), 
and in steels (2, S). K night (4) has recently spoken on the 
selenium problem with regard to  agriculture in the midwest 
and west.

The present work on selenium was undertaken with a view 
to finding and developing a new method for quantitative de
termination, in which a stable reducing agent might be used. 
Common reducing agents, such as potassium iodide and sul
fur dioxide, are objectionable because of their instability as 
standard solutions. The use of the thiocyanate ion as a re
ducing agent in other analytical reactions has suggested it as 
a possible reducing agent for selenious acid. The literature 
contains no reference to such application, however, and no 
theoretical data are available.

I t  has been found in this laboratory th a t the thiocyanate 
ion is capable of reducing the selenite ion in solutions made 
acid with hydrochloric acid. I t  was thought, since the alkali 
and ammonium thiocyanates are stable reagents and can be 
conveniently standardized, th a t this reaction might be used as 
a  basis for the quantitative volumetric determ ination of sele
nium. In  this work it was necessary to begin with a study

of the concentration of reducing agent, the hydrogen-ion con
centration, the time of completion of the reaction, the tem pera
ture a t  which the reaction takes place, the sensitivity of the 
reaction, and the interfering elements. W ork is now in prog
ress on the applications of the reaction.

Since hydrogen sulfide is evolved during the reaction and 
red metallic selenium is precipitated, the following equation 
may be w ritten to represent the reaction between these two 
ions:

Se03— +  2CNS- +  0H + — Se° +  2C N - +  2S~~ +  3H,0

However, the volumetric relationships indicate th a t a whole 
molecular weight of thiocyanate is required by the selenite ion. 
Preliminary determinations of the equivalent weight of the 
thiocyanate ion indicate this to be true; hence another equa
tion m ust be w ritten to represent the exact quantitative re
lationship between the ions. This is now under investigation. 
Solutions were made up, however, in accordance with the 
above equation and experiments were carried out to  determine 
the properties of the reaction before the above volumetric 
relationship was known.

The selenite and the thiocyanate ions react in solutions 
acid with sulfuric acid, forming a yellow-orange precipitate. 
The results obtained thus far seem to  indicate th a t the reac
tion is slow to sta rt, but takes place rather rapidly.
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R eagen ts
A standard solution of selenious acid was prepared by weighing 

out resublimed selenium dioxide, previously dried for 1 hour at 
150° C., and dissolving in water to make a solution containing 
approximately 1 mg. of selenium per cc. This solution was 
subsequently standardized by reducing the selenious acid with 
sulfur dioxide in acid solution, filtering on a  Gooch crucible, 
drying, and weighing. The results agreed satisfactorily with the 
weighed amount of selenium dioxide. This solution contained 
1.0473 mg. of selenium per cc. (0.05289 N).

T a b l e  I. E f f e c t  o f  V a r y i n g  T h i o c y a n a t e - I o n  
C o n c e n t r a t i o n

HC1 T o ta l N or F il
N o. H-SeOa N H «C N S (12 N ) H 20 V olum e m ality tra te

Cc. Cc. Cc. Cc. Cc.
1 0 .5 0 .5 5 .0 4 .0 1 0 .0 6 +
o 0 .5 1 .0 5 .0 3 .5 1 0 .0 6 +
3 0 .5 1 .5 5 .0 3 .0 1 0 .0 6 +
4 0 .5 2 .0 5 .0 2 .5 1 0 .0 6
5 0 .5 2 .5 5 .0 2 .0 1 0 .0 6 —

6 0 .5 3 .0 5 .0 1 .5 1 0 .0 6 —

7 0 .5 3 .5 5 .0 1 .0 1 0 .0 6 —

8 0 .5 4 .0 5 .0 0 .5 1 0 .0 6 —

9 0 .5 4 .5 5 .0 0 .0 1 0 .0 6 —

10 0 .5 5 .0 5 .0 0 .0 1 0 .0 5 .8 8 —

A solution of ammonium thiocyanate was prepared, approxi
mately 0.025 V, in accordance with Equation 1, and was stand
ardized against a standard solution of potassium iodate according 
to the method suggested by Andrews (/).

A solution of potassium iodate was prepared by weighing out 
sufficient pure salts, previously dried at 110° C. for 1 hour, to 
make a solution approximately 0.1 N.

Ordinary concentrated c. p . hydrochloric acid was used, of 
B & A grade.

G eneral Procedure
The sample of selenious acid was measured out, and water was 

added, followed by the hydrochloric acid and the thiocyanate 
solution, calculating the volumes so that the total volume of 
the mixture would be 10.0 cc. The solution was then heated to 
boiling and boiled for 1 minute except where otherwise noted, 
and the observations were made. All tests were carried out in 
15-cm. (6-inch) test tubes.

V aria tion  o f  R ed u cin g  A gent
Table I shows the effect of the variation of the thiocyanate- 

ion concentration. The acid concentration was held a t 6 N  
because the reduction of selenious acid with sulfur dioxide pro
ceeds better in a high hydrogen-ion concentration. Upon com
pletion of each test the solutions were filtered, if necessary, 
and tested for complete precipitation, using sulfur dioxide. A 
qualitative color comparison test was used here, as the small 
am ount of selenium remained suspended in solution for at 
least an hour. The color imparted to the solution depends 
upon the am ount of selenium precipitated. The color of the 
precipitate varied from red to green to greenish yellow to al
most white by reflected light. W ith large amounts of sele
nium, the color imparted to the solution is reddish blue by 
transm itted light. Observations made by transm itted light 
are not as delicate as those made by reflected light. In each 
ease the solution gave a positive test with the thiocyanate ion. 
In  the last column of Table I a plus or minus sign indicates the 
type of test obtained.

Table I shows th a t the selenium is completely precipitated 
a t the thiocyanate-ion concentration shown, which is twice 
th a t indicated by Equation 1. The am ounts of selenium ob
tained in the filtrates using sulfur dioxide showed a decrease 
from No. 1 through No. 3. The reaction proceeds much faster 
as the concentration of the thiocyanate ion increases. The 
selenium began to  show up within 10 seconds after reaching 
the boiling point.

V ariation  o f  A cid C on cen tration

Table I I  shows the effect of the variation of the hydrogen- 
ion concentration. In addition to the thiocyanate test, the

solutions were tested with sulfur dioxide. In each case the 
solution gave a positive test with the thiocyanate ion.

T a b l e  II. E f f e c t  o f  V a r y i n g  H y d r o g e n - I o n  C o n c e n t r a t i o n

N o. HsSeOi N H iC N S HC1 H î O
T o ta l

V olum e
N o r

m a lity
F il

t r a te

1
Cc.
0 .5

Cc.
2 .0

Cc. 
2 .0  (AT)

Cc.
5 .5

Cc.
1 0 .0 0 .2 +

2 0 .5 2 .0 4 .0  (AT) 3 .5 1 0 .0 0 .4 +
3 0 .5 2 .0 6 .0  (N ) 1 .5 1 0 .0 0 .6 +
4 0 .5 2 .0 2 .0  U N )  

2 .5  (4X )
5 .5 1 0 .0 0 .8 +

5 0 .5 2 .0 5 .0 1 0 .0 1 .0 +
6 0 .5 2 .0 5 .0  (4A ) 2 .5 1 0 .0 2 .0 +
7 0 .5 2 .0 3 .4  (12A') 4 .1 1 0 .0 4 .0 8 4*
8 0 .5 2 .0 5 .0  (12Ar) 

6 .7  (12Ar)
2 .5 1 0 .0 6 .0

9 0 .5 2 .0 0 .8 1 0 .0 8 .0 4 —.

10 0 .5 2 .0 7 .5  (12Ar) 0 .0 1 0 .0 9 .0 —

The reduction of the selenite ion is complete in 6 Ar acid solu
tions. The reaction proceeds more rapidly as the hydrogen- 
ion concentration increases, as shown by the time required for 
the appearance of the selenium precipitate; in the case of No. 
10, the precipitate began to appear within 2 to 3 seconds after 
reaching the boiling point. Table I I  indicates th a t the thio
cyanate ion requires a higher hydrogen-ion concentration to 
effect the reduction of the selenite ion than is commonly em
ployed when sulfur dioxide is the reducing agent. The tests 
obtained in Nos. 1 to  5 were poor, bu t increasingly better in 
the same order.

V ariation  o f  T im e

Table I I I  shows the effect of the variation of time allowed 
for boiling after the solution had reached the boiling point. 
After boiling for the time indicated, the solutions were cooled 
immediately under the tap to room temperature, filtered, 
heated to boiling, and tested with sulfur dioxide if necessary.

T a b l e  III. E f f e c t  o f  V a r y i n g  B o i l i n g  T i m e

HC1 T o ta l N o r F il
'io. IlîSeO a N H tC N S (12 AO H tO V olum e m a lity  T im e tr a te

Cc. Cc. Cc. Cc. Cc. Sec.

1 0 .5 2 .0 5 .8 5 1 .7 1 0 .0 7 10 +
2 0 .5 2 .0 5 .8 5 1 .7 1 0 .0 7 20 —

3 0 .5 2 .0 5 .8 5 1 .7 1 0 .0 i 30 —

At this concentration the reduction is complete within 20 
to 30 seconds. F iltrates 1 and 2 gave a faint coloration upon 
reboiling, fainter in No. 2; filtrate 3 showed no coloration. 
F iltrate 1 gave an exceedingly faint test with sulfur dioxide. 
As the heating period became longer, the precipitate became 
more compact and less finely divided.

S en sitiv ity

Table IV shows the effect of reducing the am ount of sele
nium in each test solution.

As little as 1 part of selenium in 20,040,000 parts of solution 
can be detected by this reaction. The tests became increas
ingly faint, beginning to give a greenish color with No. 7 and 
fading off to almost white with Nos. 12,13, and 14. Tests 13 
and 14 showed up only after standing for 48 hours. An ex
cess of thiocyanate was added to the tests in the la tter part of 
the series, it being noted th a t the tests showed up very slowly. 
In the presence of an excess of thiocyanate the reduction pro
ceeds much more rapidly. In the cases of Nos. 12, 13, and 14 
the selenious acid solution and thiocyanate solutions were di
luted so th a t readable volumes could be used. This dilution 
is not indicated, but the volumes are read in terms of the origi
nal solutions for this series, obtained by diluting the first so
lution of selenious acid to ten times its volume and diluting the 
first solution of thiocyanate to twice its volume.
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T a b l e  I V .  E f f e c t  o f  R e d u c i n g  A m o u n t  o f  S e l e n i u m

HC1 T o ta l N or-
N o. H iS eO i N H *C N S (12 N ) H tO V olum e m a lity  S o lu tion

Cc. Cc. Cc. Cc. Cc.

1 1 .0 0 0 .8 0 5 .8 5 2 .3 5 1 0 .0 7 G ood
2 0 .8 0 0 .6 5 5 .8 5 2 .7 0 1 0 .0 7 G ood
3 0 .6 0 0 .5 0 5 .8 5 3 .0 5 1 0 .0 7 G ood
4 0 .4 0 0 .3 5 5 .8 5 3 .4 0 1 0 .0 7 G ood
5 0 .2 0 0 .2 0 5 .8 5 3 .7 5 1 0 .0 7 G ood
6 0 .1 0 0 .1 0 5 .8 5 3 .9 5 1 0 .0 7 G ood
7 0 .0 5 0 .0 5 5 .8 5 4 .0 5 1 0 .0 7 F a in t
8 0 .0 4 0 .0 4 5 .8 5 4 .0 7 1 0 .0 7 +
9 0 .0 3 0 .0 3 5 .8 5 4 .0 9 1 0 .0 7 +

10 0 .0 2 0 .0 2 5 .8 5 4 .11 1 0 .0 7 +
11 0 .0 1 0 .0 1  +  0 .5 5 .8 5 4 .1 3 1 0 .0  +  0 .5 7 +
12 0 .0 0 5 0 .0 1  +  0 .5 5 .8 5 4 .1 4 1 0 .0  +  0 .5 7 +
13 0 .0 0 3 7 5 0 .0 1  +  0 .5 5 .8 5 4 .1 4 1 0 .0  +  0 .5 7 +
14 0 .0 0 2 5 0 .0 1  +  0 .5 5 .8 5 4 .1 4 1 0 .0  +  0 .5 7 4-

T em p era tu re-T im e  V ariation
In  order to find the lowest tem perature a t  which the reac

tion begins, a series of experiments was conducted by mixing 
the proportions of solutions indicated, placing them in a Thiele 
melting-point tube, heating slowly to  the tem perature in
dicated ±  1° C., and holding a t this tem perature for the time 
indicated. The solution was then cooled to  room temperature 
and filtered, and a portion of the filtrate was heated to boiling 
prior to testing for complete precipitation.

T a b l e  V .  T e m p e i i a t u r e - T i m e  V a r i a t i o n

N o r- T em -
HC1 T o ta l m al- pera-

N o . H jS eO j N H 4C N S  (12 N ) H jO V olum e ity tu re  T im e F il t r a te
Cc. Cc. Cc. Cc. Cc. 0 C. M in .

1 2 .5 1 0 .0 2 9 .3 5 8 .5 5 0 .0 7 40 30 N o reac tio n
2 2 .5 1 0 .0 2 9 .3 5 8 .5 5 0 .0 7 55 15 +
3 2 .5 1 0 .0 2 9 .3 5 8 .5 5 0 .0 7 55 30 +  <  N o. 2
4 2 .5 1 0 .0 2 9 .3 5 8 .5 5 0 .0 7 60 15 +  >  N o. 3
5 2 .5 1 0 .0 2 9 .3 5 8 .5 5 0 .0 7 60 30
6 2 .5 1 0 .0 2 9 .3 5 8 .5 5 0 .0 7 65 15 +  F a in t
7 2 .5 1 0 .0 2 9 .3 5 8 .5 5 0 .0 7 70 15 —

From Table V it  is seen th a t the reaction is complete a t this 
concentration within 30 minutes a t a tem perature of 60° C.; 
th a t with an increase in tem perature the time required for com
pletion becomes less; and th a t the reaction is complete within 
15 minutes a t 70° C. The reaction begins rapidly a t 60° C.

A similar experiment showed th a t the reaction takes place a t 
room tem perature, bu t is not complete within 30 hours.

In terferen ces
In  order to determine the interfering ions, experiments simi

lar to  those previously conducted were carried out in the pres
ence of approximately 100 mg. of each ion shown in Table VI, 
in the cases of the noninterfering ions the precipitates were 
filtered off, dissolved in nitric acid, and tested for the metal. 
In  no case was a  positive test for the m etal obtained.

T a b l e  VI. I n t e r f e r e n c e s  

I n te rfe r in g  Io n s  F e * * , S b * * * , S n * *
N o n in te rfe r in g  Io n s  F e * * * , M n  + *. C r* * + , A1 + + *. Z n * * , N i» * , C o * * , 

P b * \  C u * \  B i* * * , C d * * , H g * *

S u m m a ry
A new reaction has been used in the development of a test 

for the selenite ion, and is sensitive to  1 p art of selenium in 20 ,-
040,000 parts of solution. The sensitivity is much greater (1 
part of selenium in 38,168,000 parts of solution) if the solution 
is allowed to  stand for a t  least 48 hours.

The reduction of the selenite ion is complete in solutions 6 N  
w ith respect to hydrochloric acid.

There is an exact stoichiometric relationship between the 
reacting ions.

The reaction takes place only slowly a t  room temperature, 
much more rapidly a t elevated temperatures, and for small 
quantities of selenium is complete within 20 to 30 seconds a t 
the boiling point.

A ck n ow led gm en t

The problem of selenium determinations was first suggested 
to the author by G. Frederick Smith, D epartm ent of Chem
istry, University of Illinois. The author wishes to express his 
appreciation to  J . T . Dobbins, D epartm ent of Chemistry, 
University of N orth Carolina, for his interest in the writing 
of this paper.
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Feeding D evice for B oiler C om pound
J .  L. SMITH

Naval Boiler L aboratory, U. S. Navy Yard, Philadelphia, Pa.

TH E feeding device illustrated is in use a t  this plant 
for adding boiler compound a t steady rates to boiler 
feed water. I t  maintains a constant head and constant rate 

by floating the intake end of the delivery tube. I t  is simple 
in construction and the necessary materials should be found 
in any laboratory.

A 20-liter (5-gallon) and a 4-liter (1-gallon) tin  can, a small 
glass funnel, copper tubing, a glass stopcock, rubber stoppers, 
scrap lead, small-bore rubber tubing, and a piece of glass tub
ing are all the materials needed. The device as illustrated 
will deliver from 20 to  180 ml. per m inute a t  constant rate. 
Higher or lower rates may be obtained by varying the ballast 
in the float to vary the head, or by using tubing and stopcock 
of larger or smaller bore.

R e c e i v e d  M ay  14, 1937



Determ ination o f Barium, Sulfur, and Sulfates
A Rapid and Accurate V olum etric Method

STEPHEN J . KOCIIOR, 185 M adison Avc., New York, N. Y.

TH E  a p p r o v e d  s t a n d a r d  
gravimetric sulfate deter

mination has the inherent dis
advantages of b e i n g  t e d i o u s  
and of giving low or high re
sults depending upon whether 
precipitation is made after re
moval or in the presence of un
desirable ions. M any investi
gators t h e r e f o r e  h a v e  b e e n  
searching for a time- and labor- 
saving method, having reason
able accuracy and wide applica
tion. The ever-increasing number of papers appearing in the 
literature is sufficient proof th a t the analytical chemist of to
day is still in need of a satisfactory and practical procedure.

Much significant and valuable work has been done in recent 
years to achieve this purpose. Of all the various means of 
approach, the most promising were the volumetric methods 
using oxyquinone derivative solutions to determine the end 
point. E laborate literature references are given by Stre- 
binger, Zombory, and Poliak (3) and by Schroeder (£).

Over a thousand volumetric sulfate determinations were 
made by the writer, following proposed methods in which 
oxyquinone derivative solutions to  determine the end point 
are used. In  more than 20 per cent of these determinations, 
he was unable to obtain check or acceptable figures, as the 
gradual color change made the end-point observation very 
difficult.

He therefore started  an elaborate investigation to  determine 
the causes or factors th a t were responsible for obtaining ac
curate results in some instances and not in others. A t the 
very beginning, experimental evidence showed th a t it was not 
sufficient to accept the fact th a t oxyquinone compounds form 
red-colored barium salts, and th a t the presence of interfering 
ions is the cause of the discrepancies in the results. He there
fore attem pted to  clear up the mechanism of the end-point 
reaction and studied the very interesting behavior of these 
compounds in solution. This investigation is not yet com
pleted, and its results will be the subject of a separate paper.

The method described herein is the first practical achieve
ment of this investigational work. I t  has been tried out on a 
large number of coal samples and on samples of various in
dustrial products, yielding satisfactory check results in every 
case.

In  the present m ethod the author coordinates well-known 
analytical procedures. For the end-point determination he 
takes advantage of the fact th a t w ith a spot test on filter 
paper, using oxyquinone compound solutions as reagents, the 
presence of less than l y  of B a++ ion m ay be positively de
tected. As a reagent either tetrahydroxyquinone or dioxy- 
diquinone (rhodizonic acid) salt solutions can be used. The 
preparation of these reagents is described by Homolka (1). 
The author prefers to  call these compounds reagents instead of 
indicators, for the reason th a t they do not follow Wilhelm 
Ostwald’s theory, accepted for organic indicators.

The following solutions arc necessary for the determination:

Standard barium chloride solution. The normality may vary 
according to the amount of SO< ion to be determined and the 
degree of accuracy desired.

Standard sodium or potassium 
sulfate solution. The normality 
should correspond to that of the 
barium chloride solution.

Oxyquinone compound solution, 
p r e p a r e d  in the laboratory or 
secured on the market.

G eneral Procedure
Introduce the solution contain- 

in g  th e  sulfate into a 250-cc. 
beaker, render acid with hydro
chloric acid, evaporate to a volume 
of about 25 cc., and treat with 
an excess of ammonia. If the 

presence of phosphates is suspected, precipitate with ferric 
chloride. Without filtering, evaporate the mixture to about 
10 cc. and introduce barium chloride solution until a drop 
produces a definite red coloration on filter paper previously 
treated with the reagent solution. I t is advisable to mark a 
strip, 10 to 12.5 cm. (4 to 5 inches) long and 0.6 cm. (0.25 inch) 
wide, with the reagent solution, so that successive tests can be 
made on the same paper, thus facilitating comparison with the 
reaction previously obtained. To make the spot test, the solu
tion containing all precipitated matter must be ammoniacal in 
reaction.

Evaporate again to a volume of 10 cc., add approximately 0.5 
gram of sodium acetate as a buffer, and test to see whether Ba + + 
is still in excess; render alkaline with ammonia and retitrate with 
the sodium sulfate solution until the presence of B a++ is no 
longer shown. The addition of 0.1 cc. of standard barium chlo
ride or sodium sulfate solution is sufficient (10 cc. volume) to bring 
about the reappearance or the disappearance of the red coloration 
on the test paper. The discharge of the red color is taken as the 
end point. The difference in readings of the two burets gives the 
exact result. Where great accuracy is not the chief requirement, 
the time of evaporation can be saved, but corrections should be 
made for volume differences previously ascertained on blank 
determinations.

S t a n d a r d i z i n g  S o d iu m  S u l f a t e  S o l u t i o n  a g a i n s t  B a r i u m  
C h l o r i d e . (1 cc. = 1 mg. of S  = 2.5 mg. of S O s = 3 mg. of 
SO,.) To 29 cc. of barium chloride add 30 cc. of the sodium 
sulfate solution, and evaporate to a volume of about 10 cc. Ren
der it alkaline with 3 drops of strong ammonia and add about 0.5 
gram of sodium acetate. If the spot test is negative introduce 
1.5 cc. more of the barium chloride solution when a definite rose- 
red border line develops on the test paper. For back-titration 
0.5 cc. of the sodium sulfate is used. Addition of 0.1 cc. of either 
solution is sufficient to make the red color appear or disappear on 
the test paper.

Three gravimetric checks are made. Each time 30 cc. of sodium 
sulfate solution are drawn from the same buret and the average 
weight of barium sulfate equals 0.2172 gram or 29.85 mg. of 
sulfur.

D e t e r m i n a t i o n  o f  S u l f u r  i n  C o a l . Neutralize the collected 
washings of the calorimetric bomb, after the B. t. u. determina
tion, with the usual sodium carbonate solution, using methyl 
orange as an indicator. In most cases the volume of sodium 
carbonate solution used gives an indication of the approximate 
amount of sulfur present. First neutralize the solution with hydro
chloric acid, add 8 to 10 drops in excess, and then oxidize with 
5 to 6 cc. of saturated bromine water. Evaporate the solution 
to 20 to 25 cc., then render it ammoniacal, and evaporate further 
to about 10 cc.

Add barium chloride solution in excess (spot test positive) 
and follow the general procedure. Filtration now is not neces
sary, as by making the spot test on the prepared filter paper, the 
precipitates present in the drop will remain fixed in the center. 
In the case of bituminous coals, which contain 12 to 25 mg. 
of sulfur per gram, standard barium chloride solution having 
a value of 1 mg. of sulfur per cc. is used. For hard coals, in 
which more than 1 per cent of sulfur is rarely found, the use of 
a 0.025 N  barium chloride solution is advisable (1 cc. =  0.4 mg. 
S =  1 mg. SOa = 1.2 mg. SOt)-

T h e  p resen t m eth o d  coord inates various  
w ell-k n ow n  an a ly tica l procedures. I t  is  
based  on  th e  fa c t th a t th e  presence o f  a few  
te n -m illio n th s  o f  a gram  o f  B a ++ ion  can he  
defin itely  d etected  by m ean s o f  a sp o t reac
tion  on  filter paper w ith  a so lu tio n  o f  oxy- 
b en zo q u in o n e  derivatives. B y u s in g  s ta n d 
ard so lu tio n s o f  varying n orm alities a d e
sired accuracy can  be very easily  ob ta in ed  
in  all practica l d eterm in ation s.
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T a b l e  I .  T o t a l  S u l f u r  D e t e r m i n a t i o n

,----------------S u lfu r F o u n d  in  R u b b e r --------------- .
A naly sis  G rav im e tr ic  S p o t te s t

M g . M g.

1 18 .1 2  1 7 .5
2 16 .9 3  17 .9
3 1 7 .5 “ 1 8 .3
4b  1 5 .8  1 5 .7

a G rav im e tr ic  d e te rm in a tio n  m a d e  a f te r  th e  b u lk  of zinc h a d  been re 
m oved  from  th e  so lu tio n  w ith  so d iu m  hyd ro x id e .

b T w o 1 -g ram  sam p les  w ere b u rn e d . A fte r  o x id a tio n  a n d  p re c ip ita tio n  of 
th e  b u lk  of zinc from  th e  u n ite d  b o m b  w ash ings, th e  f i l tra te  w as b ro u g h t to  
200 cc. v o lum e. T h e  co llo ida l zinc h y d ro x id e  p re c ip ita te  w as w ashed  8 
tim es  w ith  cold w a te r, 6 to  8  cc. a t  a  tim e . A v o lu m e of 100 cc . w as u sed  for 
each  d e te rm in a tio n .

T h e  zinc h y d rox ide  p re c ip ita te  w as red isso lved  in  h y d ro ch lo ric  ac id , t r e a te d  
acco rd ing  to  th e  gene ra l p ro ced u re , a n d  t i t r a t e d  w ith  a  0 .025 N  b a r iu m  
ch lo ride  s o lu tio n . In  th e  zinc hy d ro x id e  p re c ip ita te  3 .0  m g . of su lfu r were 
fo u n d .

The following is a  tabulation of sulfur results, on a gram 
basis, obtained in several types of coal, by both the gravi
metric and the present volumetric methods:

G ra v im e tr ic  S p o t T e s t
M g. M g.

B arley  1 0 .2  1 0 .3
S em ib itu m in o u s s lack  3 6 .4  3 6 .9
B itu m in o u s  n u t  2 1 .6  2 1 .6
B itu m in o u s  R /M .  2 4 .8  2 4 .8

In  a  series of 30 determinations a 0.5-mg. deviation was the 
largest found. In  18 cases there were no differences in the re
sults found by the two methods. On the remaining samples 
the checks were between 0.1 and 0.3 mg.

A B. t. u. and volumetric determination can be finished 
conveniently in 2 hours. In  routine work 6 sulfur determina
tions m ay be made in 3.5 to 4 hours’ time by one operator with 
two oxygen bombs a t  his disposal.

T o t a l  S u l f u r  D e t e r m i n a t i o n  i n  R u b b e r . Burn a 1-gram 
sample with' oxygen (25 atmospheres) in the calorimetric bomb. 
After oxidizing the collected washings with bromine water, follow 
the general procedure. In spite of the presence of amphoteric 
zinc, exceeding 10 to 20 times the amount of sulfur, the end point 
determination is definite and accurate to a t least 0.2 cc. of the 
standard solution used.

Four volumetric determinations and gravimetric checks 
were made on the same rubber sample, each time using 1 
gram of the sample (Table I). The gravimetric determination 
was made in the presence of zinc. The determinations when 
the author’s procedure was pursued were finished in 1 to 1.25 
hours, including the weighing time.

D e t e r m i n a t i o n  o f  S u l f a t e  i n  P l a s t e r  o f  P a r i s . Weigh 
preferably 5 grams of the sample, dissolve, and make up to 500 cc. 
volume, to assure a fair representation of the material. Take a 
10-cc. aliquot for a determination, or transfer a 0 .1-gram sample 
into a 250-cc. beaker and dissolve in hydrochloric acid and water, 
according to standard methods. The total volume should not 
exceed 20 to 25 cc. Introduce into the hot solution standard 
barium chloride solution (1 cc. =  1 mg. S )  in excess and then 
follow the general procedure described above.

In 10 cc. of solution representing 0.1 gram of plaster of 
Paris, the gravimeter method gave 82.5 per cent of CaSOj • l/ s 
H20 , and the spot test 82.8 per cent. The to tal time consumed 
in making this type of analysis, using a 0 .1-gram sample, was 
between 0.5 and 0.75 hour.

D e t e r m i n a t i o n  o f  S O t —  i n  C e m e n t . Transfer a 1-gram 
sample into a 250-cc. beaker, bring it into solution according to 
approved methods, and dilute with hot water to 20 to 25 cc. 
Introduce into the hot acid solution 0.025 N  barium chloride 
solution in excess, heat to boiling, and follow the general procedure 
for an end-point determination.

An analysis of a cement gave the following results: by the 
gravimetric method, 18.3 mg.; by  the proposed spot test,

18.7 mg. The time consumed for the volumetric analysis, 
including the weighing, was 0.75 hour.

D e t e r m i n a t i o n  o f  S O * —  i n  Z i n c  S u l f a t e . After solution, 
follow the general procedure.

In  10 cc. of zinc sulfate solution analyzed by both methods 
the following quantities of SO* ions were found: gravi
metric, 49.5 mg.; volumetric, 49.8 mg. The volumetric 
analysis was performed in 0.5 hour.

D e t e r m i n a t i o n  o f  SO < i n  A l u m  o r  A l u m i n u m  S u l f a t e . 
To an aliquot of the sample, introduce the standardized barium 
chloride solution in excess. Heat to boiling, neutralize, add an 
excess of ammonia, then follow the general procedure.

Using both methods, in 10 cc. of solution the following 
quantities of SO4—  ions were found: gravimetric, 46.14 m g.; 
present volumetric method, 45.6 mg. The volumetric analy
sis took 15 to 20 minutes.

The barium sulfate precipitate after weighing was ex
tracted with dilute hydrochloric acid. The filtrate was evapo
rated to  a  volume of 2 to 3 cc. and then made alkaline with 
ammonia in excess. A white flocculent precipitate soluble 
in sodium hydroxide was produced, showing the presence of 
occluded alumina in the barium sulfate and thus accounting 
for the higher value obtained by the gravimetric method.

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  a n d  S t e e l . Dissolve the 
iron or steel in an evolution flask in the usual way and collect the 
hydrogen sulfide in 25 cc. of water containing 1 gram of sodium 
hydroxide. Acidify with hydrochloric acid, oxidize with bromine 
water, and evaporate to 3 to 5 cc. volume. Then add ammonia, 
and follow the general procedure, using the 0.025 N  solutions of 
barium chloride and sodium sulfate.

Analysis of two 5-gram samples gave by the cadmium sulfide 
method 2.45 and 1.70 mg., by the volumetric method 2.32 and
1.52 mg. of sulfur.

D e t e r m i n a t i o n  o f  G e l a t i n - A s h  S u l f a t e  C o n t e n t . A s h  
5 grams of gelatin by the standard method in a platinum dish. 
Dissolve the ash in 5 to 10 cc. of hot water and 2 to 3 cc. of strong 
hydrochloric acid. Add 2 to 3 drops of ferric chloride solution, 
neutralize, and render it ammoniacal with ammonia, after which 
introduce 0.025 N  barium chloride solution in excess and follow 
the general procedures.

Analysis of a 5-gram gelatin sample gave by the gravimetric 
method 11.5 mg., and by the volumetric m ethod 11.28 mg. of 
sulfur. After ashing was completed, the determination by the 
author’s m ethod was finished in 15 to  20 minutes.

D e t e r m i n a t i o n  o f  S u l f u r  i n  I n s e c t i c i d e  S o l u t i o n s . 

Two samples of insecticides were analyzed by the gravimetric 
and volumetric methods. For the gravimetric determination 
in each instance two 2.5-gram samples were burned with 
oxygen a t 30 atmospheres’ pressure in the calorimetric bom b; 
for the volumetric determination a 2.5-gram sample was used. 
The SO4—  ions resulting from the combustion were deter
mined in the gravimetric determinations according to the 
standard procedure, and in the volumetric determination by 
the present method. The time consumed for the volumetric 
determination, including weighing the sample, was 1.25 hours.

Mq. °
S am p le  1

G ra v im e tr ic  4 .2
V o lu m e tric  4 .4

S am p le  2
G ra v im e tr ic  3 .8 8
V o lu m e tric  3 .8 8

a R e su lts  c a lcu la ted  to  a  2 .5 -g ram  sam p le .

D iscu ss io n
The examples were selected a t  random. All the volumetric 

determinations (except check determinations of sulfur in steel) 
were made by the writer. All the gravimetric analyses and 
their checks (except coal analysis) were made by workers with
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15 to 25 years of analytical laboratory experience. In  every 
instance the results by the volumetric method were completed 
in the t ecified time, bu t those by gravimetric methods were 
not con >te until the following day. A great number of 
precise gravimetric tests in triplicate were made on coal and no 
result was higher than any obtained by the proposed method. 
In all tests performed by the author’s present method, there 
was no instance when a definite end point could not easily 
be secured within a range of 0.1 to 0.2 cc.

No interference was experienced when common ions were 
present. The strontium  ion if present m ay interfere with 
obtaining the true end point, as it gives a red-colored pre
cipitate with oxyquinone compounds; however, this precipi
tate is soluble in dilute acetic acid.

From the qualitative experimental evidences presented, it 
appears th a t the method can be applied not only for the 
accurate determination of sulfur or sulfate in inorganic 
technical products, b u t also in biochemical laboratories (urine 
analysis, etc.), and in the organic chemical industries—for 
instance, for the rapid determination of free sulfuric acid and 
sulfonated components in phenol and naphthalene sulfona
tion mixtures.
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A Sim ple Gas Therm oregulator
R. M. KINGSBURY

B ureau o f C hem istry  and  Soils, U. S. D epartm ent of A griculture, W ashington, D. C.

TH E R E  are occasions in m any laboratories when, if for 
any reason an electric thermoregulator is not convenient 
or available, a gas regulator could be used. In  most gas regu

lators now in use, the flow of gas is controlled by a column of 
mercury which is adjusted to  close a  small inlet a t the tem
perature desired. A common fault of these regulators is that 
the current of incoming gas causes small globules of mercury

to rise and adhere to the sides of the tube, thereby causing a 
rise in temperature above th a t which is desired.

The accompanying sketch illustrates a gas regulator in 
which the flow of gas is controlled by a glass valve, 2, which 
closes or opens the inlet opening as the mercury column rises 
or falls because of changes of temperature. Thus, any splash
ing of mercury and consequent change of tem perature are 
prevented. The regulator can be adjusted to the desired 
temperature by turning the thumbscrew, 7, as in other gas 
regulators.

The principal dimensions are indicated on the sketch. Tubes 
1, 4, 6, and 9 are of 5-mm. inside diameter, the mercury bulb, 5, 
and the valve chamber, 3, are of 15- and 8-mm. inside diameter, 
respectively, and the valve, 2, is of 4-mm. outside diameter.

The opening in the inlet tube which acts as a valve seat is pre
pared before sealing by cutting the tube off square and filing, if 
necessary, to make it perfectly flat. A small notch about 0.25 
mm. deep is made across one edge, and the end is then uniformly 
polished in a flame. The valve is made by drawing out a thin- 
walled tube to a diameter of 1 or 2 mm. and sealing it so as to 
leave a prong about 1 cm. long. The tube is heated carefully and 
a slight bulb is blown at the point where the tube starts to taper. 
The opposite end is then drawn out and sealed about 3 cm. from 
the bulb. The valve is then inserted and the inlet tube is sealed 
in place.

Any thumbscrew taken from a small ringstand clamp can be 
used "for an adjusting screw. A small nut, selected to fit the 
screw, is filed down to about 6 or 7 mm. in diameter and cemented 
into the enlarged opening in the side arm, 6, with a thick litharge 
and glycerol cement.

In order to permit accurate adjustment for all temperatures, 
the top of the mercury in the adjusting arm should be about 5 
mm. below the level of the mercury in the main column when at 
room temperature.

Other details of construction are evident from the sketch.

A regulator of this type has been in use for more than a year, 
and controls the temperature of a 12-liter water bath within a 
range of 50° to 100° C., with a variation of about =*=0.5° C.

R e c e i v e d  M ay 3, 1937



2,4-Dihydroxyacetophenone as a Qualitative 
Reagent for Ferric Iron

S. R . COOPER, H ow ard U niversity, W ashington, D. C.

SEVERAL methods have been proposed for the qualitative 
detection of ferric iron, but the ferroeyanide and thio- 

cyanate methods of W agner (3) are commonly employed in 
systematic analysis. Necki and Sieber (1) prepared 2,4- 
dihydroxyacetophenone and observed th a t it gave a red color 
with a solution of ferric chloride.

The purpose of this investigation was to ascertain if this 
color reaction could be used as the basis for a sensitive quali
tative detection of ferric iron.

P reparation  o f  R eagen ts
The 2,4-dihydroxyacetophenone was prepared and purified 

according to the method given by Necki and Sieber (1). One 
and five-tenths parts by weight of anhydrous zinc chloride were 
dissolved in 1.5 parts by weight of glacial acetic acid, through 
the application of heat, and to the solution one part by weight 
of resorcinol was added. The mixture was heated on a sand 
bath until it had started to boil (145° to 150° C.). Then the 
flame was removed and the reaction allowed to complete itself 
while the mixture remained on the sand bath. The tempera
ture was kept below 150° C. in order to prevent the formation of 
resinous products. Upon diluting the reaction mixture with 
cold water, the crystalline compound separated. These crystals 
were washed with a cold dilute solution of hydrochloric acid to 
remove the zinc chloride. The substance was further purified 
by mixing it with dilute hydrochloric acid solution and animal 
charcoal, and boiling for a few minutes. The hot solution was 
filtered, and upon cooling the compound precipitated. This 
procedure was repeated several times, giving a final product which 
consisted of white needles. The melting point of the compound 
was 142° C. A solution consisting of 10 grams of the compound 
dissolved in 100 ml. of 95 per cent ethyl alcohol was made.

The following solutions were prepared and standardized:
(1) a solution of ferric chloride containing approximately 2 mg. 
of iron per ml. and 5 ml. of 6 M  hydrochloric acid per liter; (2) 
solutions of copper nitrate, mercurous nitrate, mercuric nitrate, 
chromic nitrate, cobalt nitrate, nickel nitrate, manganese chlo-

T a b l e  I. S e n s i t i v e n e s s  o f  T e s t  f o r  I r o n  w i t h  2,4-Di-
HYDROXYACETOPHEN ONE

V olum e of S o lu tio n  W e ig h t of Iro n O b se rv a tio n
An. M g.

i 0 .0 0 4 0 L ig h t red  color
i 0 .0 0 3 3 L ig h t red  color
i 0 .0 0 2 5 L ig h t red  color
i 0 .0 0 2 2 V ery  lig h t red  color
i 0 .0 0 2 0 F a in t  re d  color
i 0 .0 0 1 8 N o  v isib le  color

T a b l e  II. S e n s i t i v e n e s s  o f  T e s t  i n  P r e s e n c e  o f  I n t e r -
f e r i n o  M e t a l  I o n s

S a lt

W e ig h t of 
L im it of D e te c tio n  In te rfe r in g  M e ta l 

fo r Iro n  P re se n t
R a t io  of 

M e ta l to  Iro n
M g ./m l. M o ./m l.

C u(N O s)i
C o(N O j)*
N i(N O i)»
M nC ls
H g j ( N O j ) j
H r ( N O j ) i

Cr(N O a)»

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

86 .7 1  
102 .34  

S 8 . l l  
101 .49  
103 .65  
110.94  
100 .59  
112 .53

300
1,800

440
25,000
30.500 
11,440
32.500 

225

T able III. L i m i t i n g  C o n c e n t r a t i o n s  o f  C o m m o n  Acins
Acid l im i t in g  C o n ce n tra tio n W eig h t of Iro n

JV M g.

HC1 0 .0 6 0 6 1 .0 0 0
H N O j 0 .0 6 0 8 1 .0 0 0
HjSO* 0 .0 3 1 4 1 .0 0 0

ride, and aluminum chloride containing approximately 100 mg. 
of metal ion per ml.; (3) approximately 2 N solutions of hydro
chloric, nitric, and sulfuric acids.

S en sitiv en ess  o f  T est  for Iron

One milliliter of the iron solution to  be tested was placed on 
a colorless watch glass, and 2 drops of the reagent were added. 
The coloration produced was compared w ith 1 ml. of the 
same solution to which 2 drops of alcohol had been added. 
All the solutions of ferric iron were made from the stock solu
tion by proper dilution with distilled water. The results are 
given in Table I.

The limit of detection was 0.002 mg. of iron in 1 ml. of 
solution, or 2 parts of iron in 1,000,000 parts of solution.

A ctio n  o f  F oreign  S a lts  an d  A cids o n  Color T est

Solutions of salts of silver, lead, mercury, bismuth, copper, 
cadmium, arsenic, antimony, tin, divalent iron, aluminum, 
chromium, cobalt, nickel, manganese, zinc, barium, stron
tium, calcium, sodium, potassium, magnesium, and the am
monium radical were tested with the reagent to  observe if any 
reactions occurred. No reactions were noted except in the 
following cases: mercurous nitrate gave a light yellow pre
cipitate upon standing, mercuric n itrate gave a white precipi
tate upon standing, and aluminum and manganese chlorides 
gave white precipitates.

Tests were next made to ascertain the maximum quantity 
of the interfering m etal salts, which could be present without 
interfering with the detection of the iron. For these tests 
1 ml. of a  mixture of the ferric iron solution and the interfering 
substance was placed on a watch glass, and 3 drops of the 
reagent were added. The colors produced were compared 
with 1 ml. of the mixture containing 3 drops of alcohol and 
placed on a similar watch glass. The results are given in 
Table II.

In the cases of chromium, cobalt, nickel, and copper, the color 
of the solutions interferes with the detection of tire red color.

Similar tests were made to obtain the maximum quantity  of 
the common acids which could be present without affecting the 
reaction. The results are shown in Table I II .

D iscu ssio n

By the use of an alcoholic solution of 2,4-dihydroxyaceto
phenone i t  is possible to detect 2 parts of ferric iron in 1,000,- 
000 parts of solution if no other metallic salts are present. 
This compares favorably with the 2.1 parts per 1,000,000 for 
the thiocyanate, and 2.6 parts per 1,000,000 for the ferroc3Ta- 
nide tests as reported by Nichols and Cooper (2), which were 
performed under similar conditions.

Copper, cobalt, nickel, manganese, mercuric, mercurous, 
aluminum, and chromium salts interfere, either because of the 
color of their solutions, or because they give a precipitate with 
the reagent. Mercurous, mercuric, aluminum, and manganese 
salts give a precipitate with the reagent. However, the in
terference which these metallic salts offer is not great, since 
the iron can be detected in the presence of 300 times as much 
copper, 1800 times as much cobalt, 400 tim es as much nickel,
25,000 times as much manganese, 30,500 times as much mer
curous mercury, 11,440 times as much mercuric mercury, 
32,500 times as much aluminum, and 225 times as much
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chromium. I t  is possible in solutions of ordinary analyti
cal strength  (10 mg. of m etal ion per ml.) to detect the ferric 
iron in the  original solution, since aluminum, mercurous mer
cury, mercuric mercury, and manganese salts do not precipi
ta te  before the red color has appeared.

The solution can be approxim ately 0.06 N  in hydrochloric 
acid, 0.06 N  in nitric acid, or 0.03 N  in sulfuric acid without 
affecting the sensitiveness of the test. However, if the solu
tion is strongly acid, i t  can be neutralized to the point of in
cipient precipitation with ammonium hydroxide or sodium 
hydroxide solution and then the te st applied.

Oxalates, ta rtra tes, and citrates are not usually present in a 
solution which is to  be examined qualitatively, bu t if they are 
present they interfere with the detection. From the very

nature of the test, phosphates m ust be absent since they pre
cipitate the ferric iron. Sugar and glycerol have no effect 
upon the reaction.

In short, the test compares favorably with the common 
methods which are employed for the detection of ferric iron. 
Above all, the compound is not difficult to  prepare and is not 
costly.
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A Sloping M anometer
MILTON BURTON 

D epartm en t of Chem istry, New York University, New York, N. \ .

N E IT H E R  the McLeod nor the Dubrovin gages are suit
able for the measurement of pressures of the order of 

1 mm. when the pressure is subject to constant variation and 
m ust be continuously followed. In  a previous article (1) 
reference was made to a  sloping manometer used for rapid 
and accurate measurement of such pressures; because of its 
convenience, some curiosity has been expressed as to its 
design and the m ethod of filling. The complete manometer, 
together with the filling equipment, is shown in Figure 1. 
Although the method of filling is fully as rapid as tha t of 
Doja (S), there is an advantage in th a t the mercury is boiled 
out within the apparatus and th a t the mercury which passes 
into the manometer does not come into contact with stop
cocks or the grease there present. The rapidity and con
venience of this method are an advantage over Cameron’s 
distillation method (2). Ordinary boiling out is, of course, 
an unsatisfactory method of filling this type of manometer 
because of m anipulative difficulty and because even a trace 
of residual gas becomes an im portant factor in sloping ma
nometers.

The manometer in Figure 1 is affixed to the filler a t A, and is 
so designed tha t the legs, B  and C, are in the same plane when 
in use. The trap, D, is slightly below the piano when in use. 
The tube, C, is constricted at the end within the trap, and the 
upper end is, as usual, somewhat thickened. Leg C is about 30 
cm. long; the other parts are in proportion.

To fill, the manometer is baked out under vacuum and the 
mercury in the 250-cc. bulb, E, is boiled a t the same time with the 
stopcock, F, set as shown. The mercury is permitted to become 
completely cool and the manometer is then rebaked and cooled. 
Stopcock F is then turned so as to admit air slowly into tube G, 
and the mercury is thus forced over through tube H  into the 
manometer. When the mercury stands approximately halfway 
in tubes B  and C, stopcock F is turned back to the position shown, 
thus interrupting the mercury stream. The manometer may 
then be cut off at A. Whenever desired, more mercury may be 
introduced into bulb E  through stopcock F.

This type of manometer is particularly useful when it is 
im portant th a t the manometer liquid shall not be a solvent 
for the gases studied. The constriction a t  the open end of 
tube C reduces the effect of the mercury hammer. The trap, 
D, is employed because it is found as a  m atter of practice that, 
when gases are suddenly introduced into a sloping manometer 
(as often occurs in use), there is a tendency toward pulling 
over bubbles into the closed leg. The trap  prevents this.

TO ttSCtfKT YJUW KUO*

Any bubbles pulled over collect just below the inner seal and 
have no effect on the pressure reading.

If subsequent sticking is to be avoided, the gage should be 
thoroughly cleaned before any attem pt is made to  fill it.

The author has used the manometer successfully a t a slope 
ratio of 25 to 1. The method of filling is, of course, equally 
satisfactory for the ordinary vertical U-tube manometer.
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Rapid Analysis o f Barite Ores Containing 
Calcium Fluoride

W ithout the Use o f  Fusions

ELLIS S. 1IERTZOG, U. S. B ureau  o f M ines, Tuscaloosa, Ala.

TH E analysis of barite ores th a t contain a considerable 
am ount of calcium fluoride presents a number of unusual 

difficulties, especially if a  large number of samples m ust be ana
lyzed in a short time. The books on quantitative analysis 
give methods suitable for the  determ ination of barium sulfate 
in a high-grade barite ore, and methods for fluorine in fluor
spar, but these m ethods were not intended for samples in 
which barium sulfate and calcium fluoride occur in combina
tion.

The following method was designed for use in the control 
work on a series of concentration tests made on barite ores a t 
the Southern Experiment Station of the U. S. Bureau of Mines. 
One of the main purposes of these tests was the elimination of 
calcium fluoride from the ores and for this reason its estima
tion was of first importance. M ost m ethods for the determina
tion of fluorine require fusions in platinum  or involve a dis
tillation process, which makes their use inadvisable when a 
large number of quick determinations are necessary. This 
method does not employ fusions, and for most control work 
the use of platinum is not required. Calcium carbonate, 
barium sulfate, and calcium fluoride are all determined on the 
same sample, with an accuracy th a t compares favorably with 
other methods when used upon ores of this particular kind. 
However, this method is not presented as being applicable to 
any and all ores of barium sulfate—for example, all the barite 
samples on which this method was used were fairly low in silica, 
making the uncorrected barium sulfate accurate. Another 
requirement is th a t the fluorine m ust be present as calcium 
fluoride. However, this investigation has encountered no 
samples containing fluorine combined in any other way than 
as calcium fluoride, a t least in amounts detectable by ordinary 
chemical analysis. In  all the samples the presence of the char
acteristic crystals of fluorite left no doubt as to  the form in 
which the fluorine occurred. The samples were taken from 
several different states and all th a t contained fluorine were 
easily analyzed by this method.

T h e  M eth od

All calcium compounds other than  calcium fluoride are first 
leached from the sample and reported as calcium carbonate. 
Then the calcium fluoride, together with other acid-soluble 
compounds, is decomposed by a new wret method, leaving the 
barium sulfate and a small am ount of silica behind as a resi
due. The am ount of calcium oxide obtained from the dé
composition of the calcium fluoride is then determined, and 
from this the fluorine or calcium fluoride is calculated.

P r o c e d u r e  1 . D e t e r m i n a t i o n ’ o p  C a l c i u m  C a r b o n a t e . 
Weigh out a 1-gram sample of <  100-mesh ore into a 100-cc. lipless 
beaker, add 10 cc. of 10 per cent acetic acid, and give the beaker 
a rotary motion until the sample is thoroughly wetted by the 
solution. Cover with a watch glass and digest on hot plate for 
1 hour. Keep at a temperature considerably below boiling, by 
placing the beaker at a distance from the part heated by direct 
flame. Give the beaker a rotary motion from time to time to 
bring the sample into contact with fresh liquid. Filter through a 
retentive type of filter, such as C. S. & S. 5S9 blue-label paper, and 
wash six times with cold water. If the sample contains gypsum 
more washings will be necessary. However, none of the samples 
encountered in this investigation contained more than a trace 
of gypsum, if indeed they contained any at all.

Ignite the filter and residue at a temperature of about 537.77 0 C. 
(1000° F.) for 30 minutes, weigh the residue, and report the 
loss in weight as calcium carbonate. If the loss on ignition at 
537.77° C. (1000° F.) for 30 minutes is obtained from an un
leached sample and subtracted from the above calcium carbonate, 
a more nearly correct figure will be obtained. This treatment is 
assumed to remove all calcium except that combined as calcium 
fluoride from the sample. No compounds that would render 
this assumption incorrect have been found in any samples tested.

P r o c e d u r e  2. D e t e r m i n a t i o n  o f  B a r i u m  S u l f a t e . Return 
the ignited insoluble to the 100-cc. beaker and add 20 cc. of con
centrated hydrochloric acid and then approximately 0.5 gram of 
crystalline boric acid. The purpose of the boric acid is to speed 
up and make complete the decomposition of the fluorspar. Boil 
gently for 15 minutes and then add 1 cc. of concentrated nitric 
acid. Continue just below boiling for 45 minutes longer. The 
volume of the solution should be down to about 7 or 8 cc.; if 
it tends to get below this volume before the time is up, add 
a little concentrated hydrochloric acid as needed. When the 
time is up, remove from the hot plate and add concentrated hy
drochloric acid till the volume is approximately 10 cc. This may 
be gaged with sufficient accuracy by comparing with a similar 
beaker containing 10 cc. of water. Return to the hot plate and 
boil gently for about 5 minutes, then wash the contents into a 
250-cc. beaker, and dilute to about 75 cc. with distilled water. 
Add 2 'drops of methyl red indicator and make alkaline, using 
concentrated ammonium hydroxide. Add concentrated hydro
chloric acid, drop by drop, till acid and then add 2 cc. in excess. 
If, as sometimes happens, the methyl red is decolorized before 
the neutralization can be completed, litmus paper may be used 
as the indicator.

Dilute to 100 cc. using distilled water, and allow to stand for 
1 hour. Heat quickly on a hot plate, and when near boiling 
add 2 cc. of dilute sulfuric acid (1 part of concentrated sulfuric 
acid to 39 parts of water), boil 5 minutes, and filter while hot. 
After the filter has drained, fill with hot water, drain completely, 
and repeat, then give four ordinary washings with cold water. 
Ignite the filter and residue a t 815.5° C. (1500° F.). Weigh and 
report as barium sulfate. If the barium sulfate is fairly high 
(95.0 per cent or over), this figure will be fully as accurate as 
any of the usual fusion determinations. If the ore contains very 
little quartz, it will be accurate at much lower percentages of 
barium sulfate. If desired, this barium sulfate may be corrected 
for any silica it contains by treating it according to Procedure 2S.

P r o c e d u r e  2 S .  C o r r e c t i o n  o f  B a r i u m  S u l f a t e  f o r  
S i l i c a . Transfer the barium sulfate residue to a platinum cru
cible, ignite for a minute, cool, and weigh crucible and contents. 
Add 5 cc. of concentrated hydrofluoric acid and 4 or 5 drops of 
concentrated sulfuric acid, evaporate to dryness, fume off the 
remaining sulfuric acid, and ignite 15 minutes a t about 815.5° C. 
(1500° F . ) .  Report the weight of the residue as barium sulfate 
after adding 0.002 gram to the weight of this residue to allow for 
its solubility in the hydrochloric acid from which it was filtered. 
This correction is not recommended unless the barium sulfate 
has been purified from silica as above, as the two sources of error 
tend to balance each other.

P r o c e d u r e  3. D e t e r m i n a t i o n  o f  C a l c i u m  F l u o r i d e . Heat 
the filtrate from Procedure 2 to about 60° C., add 2 drops of 
methyl red indicator, and then add concentrated ammonium 
hydroxide till alkaline. Make just acid with 10 per cent oxalic 
acid solution and then add 12 cc. in excess. Bring quickly to a 
boil and continue for about 2 minutes, remove from the hot 
plate, and add 100 cc. of a saturated solution of ammonium oxa
late. Allow to stand 1 hour and filter cold. Wash 6 times with 
a hot 2 per cent solution of ammonium nitrate, to which has been 
added a little ammonium oxalate. Ignite filter paper and precipi
tate at S70° to 925° C. (1600° to 1700° F . )  for an hour. Cool 
in a desiccator and weigh promptly. The weight of the calcium 
oxide times 1.3923 equals the weight of calcium fluoride.

The filtrate from Procedure 2 contains all the calcium derived 
from the decomposition of the fluorspar, the other calcium com
pounds having been removed by the acetic acid extraction. I t is 
only necessary to determine the calcium in this solution and then

336
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T a b l e  I .  I n t e r f e r e n c e  P r o d u c e d  b y  D e f i n i t e  A m o u n t s  o f  
C e r t a i n  M i n e r a l s

(O ne g ra m  of b a r i te  sam p le  X  u sed  in  each case. P ro ced u re  3 L  to  e lim ina te  
le ad  n o t used  in  th e se  te sts .)

A nalyses by
P rocedu res  1, 2, a n d  3

In te rfe rin g
M in e ra l A dded C o m p o u n d C aC O j B aSO i C a F i

G ram % % %
N one 1 .92 96 .1 9 1 .03
N one 2 .0 3 96 .0 7 1 .00

S p h a le rite 0 .0 5 5<Vo ZnS 1.91 9 6 .2 2 1 .06
c. p .  FetOa 0 .0 5 5<% F ejO i 1 .86 9 5 .9 0 1 .06
G alena 0 .0 1 1 7̂o P bS 1.91 96 .0 9 1 .00
G alena 0 .0 5 5 Vo P bS 1 .75 9 6 .2 3 1 .18
C eles tite 0 .0 1 1 % SrSO i 2 .0 8 96 .3 7 1 .35
C eles tite 0 .0 5 5 iVQ SrSO* 2 .4 2 97 .41 2 .53
P h o sp h a te  rock 0 .0 1 y0 C aj(PO «)j 2 .2 5 9 6 .2 4 1 .42

to calculate the amount of calcium fluoride from which it was 
derived. However, procedures commonlj’ recommended for 
calcium cannot be used here. In the first place, iron and alumi
num cannot be separated from calcium by the use of ammonium 
hydroxide, because calcium fluoride is precipitated alone with 
the iron and aluminum as soon as the solution becomes alkaline. 
Therefore, the calcium is precipitated as oxalate in an acid solu
tion. At this point, if there is much lead in the sample it will be 
partially precipitated along with the calcium, and so the method 
splits into two variations. If the sample contains not over 1 per 
cent of galena or lead sulfide the interference of the lead is very 
slight and may be neglected. If more than this amount of lead 
is present, use Procedure 3L.

P r o c e d u r e  3L. D e t e r m i n a t i o n  o f  C a l c iu m  F l u o r i d e  i n  
t h e  P r e s e n c e  o f  M o r e  t h a n  1 P e r  C e n t  o f  G a l e n a . Pass 
hydrogen sulfide into the filtrate from Procedure 2 for 5 minutes. 
A black precipitate will form if lead is present. Then add 2 cc. 
of 1 to 1 ammonium hydroxide and pass in hydrogen sulfide for 
about 3 minutes longer. Filter off the lead sulfide and wash 
several times with hydrogen sulfide water. The filtrate should 
still be acid. Boil the filtrate for about 1 hour to drive off the 
hydrogen sulfide, then make alkaline with ammonium hydroxide. 
If a black precipitate forms, make the solution acid with hydro
chloric acid and boil longer to drive off all the hydrogen sulfide. 
Then on making alkaline the iron will come down as a reddish 
brown precipitate of ferric hydroxide, rather than a black one 
of iron sulfide. Now make acid with hydrochloric acid, adding 2 
cc. in excess, and treat the solution by Procedure 3.

encountered in these tests contained strontium  either as sul
fate or carbonate. Strontium carbonate if present would in
terfere only with the calcium carbonate analysis. If any 
strontium sulfate is present, a portion of it will positively 
appear in the calcium oxide obtained from Procedure 3. As 
this calcium oxide contains only traces of barium and is com
paratively free from other metals, it can easily be tested quali
tatively for strontium. A heavy precipitate of strontium  could 
always be obtained from this calcium oxide if as little as 1 per 
cent of celestite (strontium sulfate) had been added to any of 
the barite samples. On the other hand, if the sample was fused 
to get into solution and then separated according to the usual 
scheme of qualitative analysis, 1 part of strontium  sulfate in 
95 parts of barium sulfate was very hard to detect.

Calcium phosphate is another constituent th a t should not 
be present if great accuracy is desired in the calcium fluoride 
determination. However, judging from the small amount of 
phosphorus present (Table II) in all the samples tested, it is 
not likely to cause trouble.

Table I I  gives data on four of the original untreated ores, 
each from a different locality. These analyses show' th a t the 
minerals causing serious interference either were not present 
in the ores or else were there in such small amounts th a t their 
effect was negligible. The effects of the various correction 
procedures are also shown.

A ccuracy o f  M ethod

The results obtained by this method, especially in regard to 
the calcium fluoride determination, were carefully checked. 
The calcium fluoride was run on several samples, using a 
method that depended on entirely different principles. This 
method, referred to in Table I I I  as the distillation method, 
was modified from one used by the Krebs Chemical Company, 
and, briefly, was as follows:

A 10-gram sample was placed in a flask, and 100 cc. of concen
trated phosphoric acid wpre added. Then water was added until 
the total volume was 12o cc. This mixture was distilled at con-

In ler feren ce  o f  O ther M inerals

This method is intended to give the amount of calcium car
bonate, barium sulfate, and calcium fluoride present in the 
barite ores. If an appreciable amount of silica is present an 
approximate idea of its am ount can also be obtained by cor
recting the barium sulfate for silica. Other constituents may 
be present in relatively small amounts. Those occurring in 
the ores tested in this work, named in order of importance, 
were ferric oxide, galena, and sphalerite. The sphalerite was 
present in only one sample, and then in very small amount.

Some data  which will give an idea of the amount of inter
ference caused by various minerals are reviewed in Table I. In 
every analysis, a 1-gram sample of the same high-grade barite 
was used, and a given am ount of the mineral to be tested 
was added— for example, if 5 per cent of galena is mentioned 
it means th a t 0.05 gram of galena was added to the 1-gram 
sample of barite. This was not strictly a 5 per cent sample, 
but it did contain an am ount of galena equal to 5 per cent of a 
1-gram sample. By using 1 gram of barite in every case, the 
same analysis would always be expectd from the barite and 
any deviation (outside of the limits of experimental error) was 
due to the mineral whose effect was being studied. Table I 
shows th a t 5 per cent of ferric oxide, 5 per cent of sphalerite, 
and 1 per cent of galena cause practically no interference in the 
analysis. Higher percentages of galena are cared for by using 
Procedure 3L. Any considerable percentage of strontium sul
fate interferes with the accuracy of the method; it appears in 
the analysis as calcium carbonate, barium sulfate, and calcium 
fluoride, and some is not recorded a t all. None of the samples

T a b l e  I I .  D e t a i l e d  A n a l y s i s  o f  F o u r  o f  t h e  O r i g i n a l  O r e s

C o n s titu e n t

C aC O j (u n co rrec ted  for 
ign ition  loss)

L ass on ign ition*
C aC O j (co rrec ted  fo r igni

tion  loss)*
BaSO* b y  P rocedu re  2 
BaSC>4 b y  P ro ced u re  2S* 
SiOt by  P rocedu re  2S* 
C aF i*
FeiO j*
PbS*
P*
G ypsum , m ax im um  per 

cent*
BaCOa, m ax im um  per 

cent*
SrSOi
SrCOa
T o ta l of co n s titu en ts  

m arked  w ith  as te risk s

S am p le  A
— C onstitue  

S am ple  B
m t P r e s e n t -  

S am p le  C S am ple
% % % %

8 .7 8 2 .2 6 1 .41 0 .5 2
0 .8 5 0 .4 5 0 .6 9 0 .1 8

7 .9 3 1.81 0 .7 2 0 .3 4
8 1 .8 9 34 .51 87 .5 7 9 4 .2 3
8 1 .9 8 3 4 .2 0 87 .4 2 9 4 .0 2

0 .1 1 0 .51 0 .3 5 0 .4 1
7 .8 9 56 .4 2 4 .8 7 4 .4 8
0 .4 4 0 .2 9 5 .4 2 0 .1 5

N one 5 .3 0 N one N one
0 .0 1 0 .0 2 0 .0 1 0 .0 1

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

0 .0 1 0 .0 0 0 .0 1 0 .0 1
N one N one N one N one
N one N one N one N one

9 9 .3 5 99 .1 1 9 9 .5 8 9 9 .6 7

T a b l e  III. C a l c i u m  F l u o r i d e  A n a l y s e s  b y  Two U n r e l a t e d  
M e t h o d s

-C a lc iu m  F lu o r id e -
M e th o d  described

Sam ple No. D is til la tio n  m e thod in  th is  p ap e r
% %

1 16 .56 16.71
2 2 .5 9 2 .7 4
3 7 .7 5 7 .8 9
4 1 .32 1 .38
5 2 6 .4 0 26 .31
6 4 .8 1 4 .8 7
7 11.16 11 .26
8 4 .4 9 4 .4 8
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T a b l e  IV. C o m p a r i s o n  o f  O r i g i n a l  O r b  A n a l y s e s  w i t h  
C u m u l a t i v e  A n a l y s e s  f r o m  C o n c e n t r a t i o n  T e s t s

P ro d u c t CaCO a
-A n a ly se s—

BaŚO« C aF î
% % %

F ra c tio n  A -l 2 .8 8 9 5 .3 9 1 .2 8
F ra c t io n  A-2 7 .2 9 8 6 .3 6 5 .2 6
F ra c t io n  A-3 2 1 .1 7 5 3 .2 1 2 2 .7 2
°C o m p o site , all frac tio n s 8 .7 6 8 2 .0 0 8 .0 0
O rig ina l ore A 8 .7 8 8 1 .8 9 7 .8 9
F ra c t io n  B - l 0 .4 2 9 7 .4 0 1 .9 5
F ra c t io n  B-2 1 .0 7 8 3 .9 6 1 2 .5 6
F ra c t io n  B-3 1 .6 2 7 1 .0 0 2 2 .3 0
°C o m p o site , a ll frac tio n s 0 .5 6 9 4 .4 3 4 .2 5
O rig ina l ore B 0 .5 2 9 4 .2 3 4 .4 8

° C u m u la te d  on  b as is  of in d iv id u a l w eigh ts a n d  an a ly ses .

stant volume through a condenser into a small quantity of 
ammonia water. After 400 cc. had been distilled over, all the 
fluorine was in the distillate. This distillate was then purified 
and the fluorine was precipitated by calcium acetate. I t was 
then filtered off, washed, ignited, and weighed. This method 
appears to be reliable and closely checks the method described in 
this paper, as is shown in Table III.

Perhaps the best te s t of the accuracy of the method was 
given by analysis of the products in the various concentration 
tests. In  the first place, an analysis of the original ore was

made and then the ore was pu t through the concentration proc
ess which separated it  into several fractions of widely differ
ent chemical composition. These new fractions were then 
analyzed separately and were composited, each in propor
tion to its weight percentage, to determine the cumulative 
analyses. In  other words, the cumulative analysis is the re
sult th a t would have been obtained if all the fractions had been 
thoroughly mixed into one sample and this single sample ana
lyzed.

Theoretically the cumulative analysis should be exactly the 
same as th a t of the original ore. Small losses during the con
centration operations and experimental errors in the analyses 
themselves are responsible for slight departures from the ideal. 
However, when the analyses of the original ore and the calcu
lated cumulative analyses are reasonably close together over a 
large number of tests, there is good reason to believe th a t the 
method is reliable. Table IV contains detailed analyses ob
tained from the samples of two concentration tests. I t  gives 
a  general idea of w hat m ay be expected of this method, and 
shows th a t the method is not confined to samples whose analy
sis is limited to a certain narrow range.

R e c e i v e d  A pril 22, 1937. P u b lish ed  b y  perm ission  of th e  D ire c to r , U . S. 
B u re a u  of M ines . (N o t su b je c t to  co p y rig h t.)

A Kjeldahl Digestion  
Apparatus

WESLEY M. CLARK 
C olum bia Breweries, Inc. 

T acom a, W ash.

TO DRAIN 
PIPE

THE easily constructed Kjeldahl digestion apparatus de
scribed below m ay be effectively used w ithout a fume 

hood. I t  has no costly fittings, is economical of space, and 
each un it may be run independently of all the others, thus 
reducing operating expenses to a minimum.

The figure shows a six-unit set, but larger ones are also prac
tical. The apparatus consists of a horizontal water reservoir 
pipe, A, into which are welded couplings, B, threaded to accom
modate valves, C. Connected to the valves by short pipe fit
tings, D, are glass suction pumps, E  (University of Minnesota 
model, purchased from E. H. Sargent and Company, Chicago, 
111.). These, like all the glass parts, are joined together by tap

ing over the ordinary rubber-tube connection. 
This type of union allows for sufficient flexibility of 
the parts to make the danger of breaking negli
gible.

The lower bulbs of the two-bulb stoppers, F, fit 
snugly against the lips of the Kjeldahl flasks, while 
the ends, projecting into the flasks, fit loosely. 
This facilitates use, and avoids breakage when re
moving the flasks for shaking, yet serves ade
quately to suck out the vapors during digestion. 
When not in use, the ends of the bulb-stoppers 
rest in a half section of acid-proofed pipe or 
shallow lead trough, G, by means of which a small 
amount of sulfuric acid drip is drained into the 
sink. Connecting the suction pumps to the drain 
pipe (below the table and not shown in the dia
gram) are pieces of glass tubing, H, of the same 
diameter as the lower arm of the pumps. These 
fit into holes in the drain pipe by means of rubber 
stoppers, which are then sealed with pitch and 
taped. The ring supports, I, for the flasks are ad
justable, and for convenience are attached rigidly 
by two clamps to the heating unit. The burners, 
J, are the Fletcher adjustable type, with threads 
in the base for screwing into the gas line. The 
shutoff valve, while not necessary, is convenient 
in case it is desired to drain A or repair one of 
the valves, C.

As for the corrosive action of the hot 
vapors and strong acid on the rubber-tube 
connections, the union between the bulb- 
stopper and the pump would be the only one 
seriously affected, the other two being on 
the w ater line and continually flushed out by 
the flowing water. However, because of the



JULY 15, 1937 ANALYTICAL EDITION 339

large volumes of air drawn through this connection when 
the suction is on, which keep the upper end of the flask and 
the bulb-stopper cool, any action on the rubber is very greatly 
minimized. Furtherm ore, the operator can manipulate his 
flasks with perfect comfort and safety.

If a larger number of units is desired, it is only necessary to 
increase the size of the w ater supply and drainage pipes. For 
the six-unit set a  3.75-cm. (1.5-inch) supply and a 7.5-cm. 
(3-inch) drainage pipe serve adequately when the pressure 
is 2.8 kg. per sq. cm. (40 pounds) or more. F o ra  12-unit set 
a 6.25-cm. (2.5-inch) supply and a 10-cm. (4-inch) drain pipe 
would suffice.

The material for the apparatus, including pressure gage 
and shutoff valve, costs only §25. The set has been in con
stan t use for more than 2 years, during which tim e hundreds 
of digestions have been made without any breakage or re
placement of a single connection.

A ck n ow led gm en t

The writer wishes to express his thanks to Edward Ehmke 
for the construction of the diagram.

R e c e i v e d  M arch  4, 1937.

Diphenylguanidine as a Standard in 
Neutralization Processes

WILLIAM M . THORNTON, J r . ,  Loyola College, A N D  CHARLES L. CHRIST, Joh n s H opkins University, B altim ore, M d.

SOM E 14 years ago Carlton (7) proposed the use of sym
metrical diphenylguanidine as a reference substance in 

acidimetry and alkalimetry. His test determinations are 
excellent; hence, in view of the obvious advantages to be 
gained through the employment of a  soluble and sufficiently 
strong (18) organic base, i t  is rather surprising th a t the 
method has no t attracted  more widespread attention. Sev
eral other authorities (6 , 9, 14, 15), presumably on the basis 
of experience, have commented upon the material in question 
with great lack of agreement. Accordingly, the somewhat 
controversial sta te in which the subject seems to exist led 
to the present re-examination.

E xp erim en tal

In putting the m atter to the test, reliance was placed 
upon constant-boiling hydrochloric acid; for the compo
sition of aqueous hydrogen chloride, when distilling a t a 
fixed tem perature under the existing pressure, appears to 
have been exhaustively studied (1-5, S, 10,11, 18,16,17,19,  
21-27). Having prepared a considerable quantity of such 
acid, an approximately 0.1 N  solution was obtained by di
luting an appropriate am ount of i t  to the requisite volume. 
The normality factor of the resulting liquid was calculated 
and found to be either 0.10057 (13) or 0.10059 (10). For 
greater surety, the value of the solution was established 
gravimetrically by precipitating the chloride ion with silver 
nitrate, taking the usual precautions th a t make for accuracy 
(12, 20). Two such experiments showed the hydrochloric 
acid to be 0.10054 N  and 0.10049 N.

In the purification of diphenylguanidine the instructions 
of Carlton (7) were conscientiously followed, using a sup
posedly high-grade specimen of the base, which had been 
purchased from a reputable supply house. Moreover, in 
carrying out titrations w ith the above-described hydrochlo
ric acid, Carlton’s “double indicator” (bromophenol blue 
and methyl red) was introduced into the alcoholic solution 
of the recrystallized diphenylguanidine to reveal the point 
of complete reaction. Four experiments yielded the fol
lowing concordant results: 0.10114 jV, 0.10117 N, 0.10114 A', 
and 0.10111 N ,  the average of which is 0.10114 N.

C on clu sion s

This discrepancy between the normality deduced from 
constant-boiling hydrochloric acid (0.10058 N)  and obtained 
by titrating  the basic substance, amounting to nearly 0.56

per cent of the lower value, leads to  the conclusion th a t di
phenylguanidine, as procured in the open market, may not 
yield a reliable product under Carlton’s treatm ent (7). On 
the other hand, could it be readily purified, such an organic 
base would be an eminently convenient volumetric standard. 
In fact, diphenylguanidine itself seems to react definitely with 
a strong acid, and the end point is sharp and easily discerned.

The present authors are planning to pursue the investiga
tion further in the hope of either preparing really pure di
phenylguanidine in a way th a t will not be too difficult or, 
acting upon the suggestion of Callan and Strafford (6), ob
taining triphenylguanidine of the correct composition.
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A Modification o f the Berl-Kullmann Melting 
Point Block

The copper block, FGIIIf together 
with the lamp used for the illumi
nation of the melting point speci
men and its housing, ABODE, is 
shown in Figure 1. The block it
self is 5 cm. in diameter by 7 cm. 
in length (the dimensions in Figure 
1 are given in inches) and it is 
pierced by a hole, IJ ,  parallel to 
the bottom and intersecting the ver
tical axis. A small hole, G, is drilled 
along the axis of the block to enter 
IJ ,  while a second hole, KP, is 
drilled from above to intersect I J  
a t the center. The angle <f> which 
this hole makes with the vertical is 
45-50°, and the angle 0 between 
the intersecting planes determined 
by GI-PK and GP-PJ is 45-55°.
If 4> is 90°, it is difficult to observe 

the specimen in  th e  
capillary because of re
flections from the sur
face of the glass. The 
thermometer is placed 
in H, which is drilled 
s l i g h t l y  b e l o w  the 
bottom of P J  so that 
the m e l t i n g  p o i n t  
specimen in the capil- 

. lary will be approxi-
\  „ mately on a level with

or s/51 th e  c e n t e r  of  t h e
I thermometer. A little

f\ glass wool or copper
I p o w d e r  is placed in

the bottom of II  to 
I l e s s e n  the danger of F i g u r e  2

-4 breaking the thermome-
I r  ter.

r Tlie bottom of the capillary is illuminated through 
~J. the slanting hole, KP, by means of the electric

lamp, B, which is surrounded by a housing, A, 
made of brass tubing 0.8 mm. (0.03 inch) in thick
ness. The open end of C, which fits snugly against 
the melting point block, should be ground concavely 

i»ft- to \ he same radius of curvature. The holes, I, J,
o J  and K, are covered with small mica windows held

in place by means of Monel metal or stainless steel 
frames (see L) with a radius of curvature equal to 
that of the block. (The author is indebted to the 
department mechanician, Mr. Grebmeier, for the 
design of these window frames, and for the actual 

 i — construction of the block.) The window, K, clos
ing the slanting hole, KP, is 12 mm. (0.5 inch) 
wide, instead of the 10 mm. (0.375 inch) shown in 
Figure 1 at L. Small mica windows, such as are 

i described, show less tendency than larger ones to
v1 split in use.
\  Four small metal washers, FF, held on the top

of the block by set screws, serve to support the 
I block in a ring of 5-cm. (2-inch) internal diameter

/  (it may be necessary to cut away a portion of the

I ring to accommodate C). An alternate support is
afforded by four set screws (with large heads) 
around the side of the block near the top.

Heat is supplied by a Bunsen burner shielded 
from drafts by a thin brass or steel cylinder or pipe, 
but the portion of the block below /  can be wound 
with asbestos-covered Nichrome wire and heated 
electrically in the manner described by Monsch (<?).

TO AVOID the use of liquid baths for the determination 
of melting points, Thiele (7) constructed a copper block, 

which proved to  be satisfactory only in the modified form de
scribed by Berl and Kullmann {I; cf. 3, 5, 6, 8). This block 
is of considerable value when one is concerned w ith sub
stances of high melting point, but it suffers from the dis
advantage th a t the capillary is observed against an illuminated 
background, so th a t the contents appear almost black and 
i t  is very hard to observe color changes or sweating prior to 
melting. I t  is felt th a t these difficulties have been overcome 
in the present modification, since the capillary is illuminated 
by light directed from above a t an angle, the contents ap
pearing therefore as in the customary liquid bath.

An electrically heated glass melting point apparatus de
signed for use with an ordinary 250° or 360° thermometer 
w ithout stem correction is also described.

30nmr*
50mriT

OPEN t  
-3"Ex+.-

F ig u r e  1

E lectrically  H eated Glass M elting P oin t Apparatus

F. W. BERGSTBOM, Chem ical L aboratory  o f S tan fo rd  U niversity, Calif.
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It is recommended that the block be heated rapidly to a tempera
ture 10° or 15° below the melting point of the specimen, and then 
at a rate gradually diminishing to 1° or 1.5° a minute within 3° to 
5° of the melting point. If the block is heated too rapidly, the 
thermometer lags, and the observed melting point is low. The 
results, with proper operation, are as reliable as those obtained 
with a liquid bath.

For observation of the capillary and its contents (through 
window I), it is best to use one eye only, the other being kept 
open and directed against a dark background to avoid strain. 
One or two cheap magnifying glasses are placed in front of I  and 
a square of metal (painted black) or black paper is placed behind 
window I, unless the substance in the capillary is dark colored 
or gives a dark-colored melt, in which case a dully illuminated 
white asbestos or transite board background is generally more 
satisfactory.

G lass M eltin g  P o in t A pparatus

The electrically heated glass melting point apparatus shown 
in Figure 2 is a modification of th a t described by Dowzard 
and Russo (2).

The heating element of Nichrome wire (No. 24, 1.63 ohms per 
foot) is wound on a long Pyrex tube, B, whose dimensions vary 
with the thermometers available. The spacing of the windings 
is uniformly 1.5 or 2.0 cm. To provide some insulation, an outer 
tube, A, is placed around B, being held in place by two asbestos

“stoppers” made by wrapping slightly moistened asbestos paper 
(2.5 cm. or 1 inch, in width) several times around B. The terminals 
of the heating element are tied to two small glass rings a t the ends 
of B, and are brought through the asbestos stoppers to the outside. 
The melting point tube is fastened to the thermometer by means 
of fine copper wire or asbestos string. The thermometer passes 
through a cork stopper closing the top of tube B, the cork having 
a small V-groove cut on the side parallel to the axis. Heat regula
tion is provided by a rheostat (capacity 6 amperes) or by a bank 
of lamps. The rate of heating near the melting point should not 
exceed 1° a minute.

The melting point apparatus just described may be made with 
a Dewar seal a t the top, as in the heater described by Franklin 
«)■
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Quantitative Determination o f Oil in Fish Flesh
MAURICE E. STANSBY A N D  JAM ES M. LEMON 

U. S. B ureau o f Fisheries, Technological Laboratory, College P ark , M d.

F ish  o ils , b e in g  u n u su a lly  su scep tib le  to  
ox id ation  and  p o ly m eriza tio n , are d ifficu lt  
to  ex tra ct q u a n tita tiv e ly  from  fish  flesh  
excep t a fter  drying th e  flesh  in  a vacuum  
d esicca tor  for a  period o f  a w eek or m ore. 
A m e th o d  is  described  in  w h ich  th e  drying  
an d  o il-ex tra ctio n  processes are com bined  
by ex tra ctin g  th e  fish  w ith  aceton e. T he  
crude o il th u s  o b ta in ed  is  purified by trea t
m e n t  w ith  e th y l e th er . A rapid sem i-

q u a n tita tiv e  m eth o d  is  a lso  described  in  
w h ich  th e  oil is extracted  by a g ita tin g  th e  
m o ist  fish  flesh  w ith  anhydrous sod iu m  su l
fa te  and  e th y l eth er.

D ata  are p resen ted  to  show  th a t  the  
w idely q u oted  value o f  7.1 per cen t for th e  
oil c o n ten t o f  th e  co m m o n  m ackerel is  in  
error, a va lue o f  12 to  15 per cen t b e in g  
closer to  th e  average o il c o n te n t o f  th is  
species.

OR D IN AR Y  methods of determining oil in flesh products 
such as m eat are not entirely satisfactory for fish, be

cause of the tendency of fish oil to decompose very readily 
when heated with the flesh. Such decomposition prevents a 
complete extraction of the oil from the fish. In the methods 
ordinarily used for such products the substance is first dried 
thoroughly, in order to prevent the extraction of water 
soluble m aterial and to  ensure a complete recovery of the oil. 
The dried m aterial is then extracted for about 15 hours in a 
continuous extractor, using ethyl ether or petroleum ether, 
more frequently the former. The solvent is then removed by 
evaporation and the oil is dried and weighed.

In  fish flesh, the greatest decomposition of the oil usually 
occurs during the drying process; in order to minimize these 
changes, i t  is customary to employ a vacuum desiccator for 
this step, drying the fish over sulfuric acid. Since fish con
tains large quantities of gluelike substances, it has a tendency 
to  dry to a hornlike mass, enclosing moisture which is very 
difficult to  remove. By mixing the fish flesh with sand or 
cotton, this difficulty is lessened, and a fairly thorough dry

ing is attained in from 10 days to 2 weeks. This procedure 
may result in a loss of oil either during the mixing of the flesh 
with the sand or during the subsequent transfer of the dried 
material to the extraction apparatus. Moreover, such a 
lengthy procedure is undesirable and in endeavoring to avoid 
it, the following methods were developed. The first method 
described is a rapid semiquantitative one. The second 
method is believed to give a t  least as great precision as any 
existing method and w ith a considerable saving in time. 
This method, in conformance with general usage, assumes 
th a t the oil content of a substance is equivalent to the con
ten t of substances extracted by ethyl ether from the dried 
material.

S em iq u a n tita tiv e  M ethod
A brief description by Sebelin (4) has been given of a 

method, devised by Bull, for determining the oil content of 
fish. This method consists of mixing a weighed portion of 
finely ground fish with anhydrous sodium sulfate and then 
shaking with a measured quantity  of benzene. An aliquot
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T a b l e  I .  F a c t o r s  A f f e c t i n g  E x t r a c t i o n  o f  O i l  b y  C o l d  M e t h o d

E ffec t of S o lv en t 
(Na;SO< U sed  as D e h y d ra n t)  

O il

E ffec t of D e h y d ra n t-
(E th e r  U sed  as S o lven t)

S o lv en t recovered  D e h y d ra n t

B enzene
E th e r
C hlo ro fo rm
A cetone

S hak in g
tim e

O il
fo u n d M eth o d

— E ffec t of M ix ing  D e h y d ra n t w ith  F is h -  
O il

S o lv en t fo u n d  A v.
O il

fo u n d A v.
% M in . % %

F ish  1
% %

F ish  2
%

1 7 .8 CaCU 10 2 .3 , 2 .1 W ell m ixed B enzene 8 .4 ,  7 .8 8 .1 5 .5 , 5 .4 5 .4 5
1 7 .7 NatSO« 10 4 .4 , 4 .6 W ell m ixed E th e r 8 .3 ,  7 .4 7 .9 5 .3 5 , 5 .5 5 5 .4 5
1 7 .5 C aC l: 30 6 .4 , 8 .9 N o t w ell m ixed B enzene 5 .2 ,  5 .1 5 .1 5
1 4 .3 NaiSO< 30 8 .3 , 8 .4 N o t w ell m ixed E th e r 8 .6 ,  7 .6 8 .1 5 .4 5 , 5 .7 5 5 .6

C aC li 60 1 0 .2 , 9 .9
N aiS O ł 60 10 .1 , 1 0 .7

portion of the benzene solution is then pipetted into one pan 
of a special balance equipped w ith a heating unit. The ben
zene is evaporated, and the balance then indicates directly 
the percentage of oil in the fish. The principle of this method, 
the extraction of oil by shaking with an oil solvent and de
hydrating agent, has been used as a  basis for the present 
method. A number of solvents and dehydrants were tried. 
I t  was observed th a t when benzene was used, as in the original 
Bull method, a very thorough mixing of the dehydrant with 
the fish flesh was required, a process involving the risk of loss 
of oil. When ether was used this difficulty was eliminated, 
similar results being obtained with or w ithout mixing. D ata 
regarding these experiments are shown in Table I. From a 
consideration of these data, it was decided th a t ethyl ether 
and sodium sulfate gave the best combination to  be used.

T a b l e  II. E f f e c t  o f  T im e  o f  S h a k i n g  o n  O i l  R e c o v e r e d

S am p le  I S am p le  I I

O il fo u n d
S h ak in g

tim e O il fo u n d
% M in . %

8 .3 ,  8 .4 5 9 .6 ,  3 .7
1 0 .1 , 9 .8 15 1 1 .3 ,1 0 .8
1 0 .7 ,1 0 .1 30 1 2 .1 ,1 1 .7

60 1 2 .3
120 1 2 .7
240 1 2 .8

S hak ing
tim e
M in .

10
30
60

For shaking the samples a machine was used which had a 
12.5-cm. (5-inch) horizontal stroke repeated 228 times per 
minute. Using this machine, the effect of the time of shak
ing upon the oil content found was determined as shown in 
Table II. I t  was concluded th a t a  1-hour shaking period was 
most suitable from the standpoint of obtaining most of the 
oil in the shortest possible time. While glass-stoppered 
bottles are most suitable, in the present work they could not 
be used, since the shaking machine required a special type of 
bottle. Cork stoppers gave the best results, neither dissolv
ing in the ether nor allowing an appreciable escape of liquid; 
rubber stoppers are unsuitable. The following procedure was 
adopted:

Twenty grams of the finely ground flesh, free of skin and bones, 
are weighed into a shaking bottle. Twenty-five grams of 
anhydrous sodium sulfate and exactly 100 ml. of ethyl ether are 
added, and the bottle and contents are shaken for 60 minutes. 
After allowing most of the fine solid particles to settle out, a 
20-ml. aliquot of the solution is pipetted through a filter and into 
a weighed beaker. The filter is washed with three 3- to 5-ml. 
portions of ether. The ether is evaporated off on a water bath 
or in front of an electric fan and the oil dried for 1 hour a t 100° C. 
and then weighed.

Results using this method compared with other methods 
are shown in Table IV. This m ethod is especially valuable 
in cases where subsequent tests are to be made on the oil 
where it  is essential th a t no decomposition can have taken 
place. In  such cases, a further aliquot of the ether solution is 
used for these tests.

When less than about 10 per cent of oil is present in the 
fish flesh this method is not a t all accurate and a more thor
ough extraction using fresh solvent is required. In  such 
cases the following modified procedure is used:

Twenty grams of the ground fish flesh and 25 grams of an
hydrous sodium sulfate are stirred electrically for 5 minutes in a 
250-ml. centrifuge bottle with about 50 ml. of ethyl ether. The 
bottle is centrifuged and the solution decanted through a sintered- 
glass crucible. This process is then repeated five times and the 
filter washed. The combined filtrates are then transferred to a 
weighed dish, the ether is evaporated, and the oil is dried and 
weighed as in the previous method.

This m ethod is more accurate than  the shaking method, 
bu t i t  is not suitable for running m any samples a t once, and 
hence is often of less value. For fish of low oil content, how
ever, it is the only available rapid method. This modifica
tion is also suitable for the determ ination of the oil content of 
fish livers.

Q u a n tita tiv e  M eth od
Where a higher degree of accuracy is required, the follow

ing method has proved to be satisfactory:

A 15- to 20-gram sample of finely ground fish flesh is placed 
in a continuous extractor and heated for 16 hours, replacing the 
solvent with fresh acetone after 2 hours. The solutions are then 
heated on a steam bath until all of the acetone and most of the 
water is removed. They are then put in a vacuum desiccator 
over freshly boiled sulfuric acid and the desiccator is evacuated. 
When practically all of the water has been removed, as indicated 
by the cessation of foaming and bubbling or after about 3 hours, 
the oils are removed, and 35 ml. of ethyl ether are added. After 
thorough shaking, the solution is poured through a filter, prefer
ably one of the sintered-glass type. The residue is washed with 
several small portions of ether until the wash liquid is colorless, 
pouring the solution in each case through the filter. The oil 
solution is washed into a weighed beaker and the ether removed 
in front of an electric fan. When the odor of ether is no longer 
apparent, the beaker is placed in an oven a t from 100° to 105° C. 
for 45 minutes. The beaker and oil are then cooled and weighed.

T a b l e  III. E f f e c t  o f  T i m e  o f  A c e t o n e  E x t r a c t i o n  o n  
P e r  C e n t  o f  O i l  F o u n d  

E x tra c tio n  T im e  O il O b ta in ed
H ours  %

6
12
16
16 m o re  w ith  e th e r  
A. O. A. C . m e th o d

1 2 .3 2 ,1 1 .8 2  
1 3 .1 0 , 13 .2 5  
1 4 .0 3 , 1 4 .1 4  
1 4 .3 3 , 14 .3 9  
1 4 .0 1 ,1 4 .1 1

T a b l e  IV. C o m p a r i s o n  o f  R e s u l t s  O b t a i n e d  b y  t h e  
D i f f e r e n t  M e t h o d s

S am p le A. 0 .  A. C . A cetone

C old-
C e n tr i-

M e th o d

C o ld -
S h ak in g
M e th o dN o. M e th o d M e th o d

% % % %
I 18 .81 18 .7 4 1 8 .6 2 1 8 .0

18 .7 9 18 .6 9 1 8 .5 4 1 7 .6
A v . 18 .8 0 1 8 .7 1 1 8 .5 8 1 7 .8

I I 12 .5 9 12 .7 1 12 .5 9 1 2 .3
12 .7 0 1 2 .6 5 1 2 .5 4 1 1 .9

A v . 1 2 .6 4 1 2 .6 8 1 2 .5 6 1 2 .1
I I I 6 .1 1 6 .1 4 6 .1 1 5 .3

6 .1 8 6 .1 9 6 .1 5 4 .7
A v. 6 .1 4 6 .1 6 6 .1 3 5 .0

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

A v. 2 .5 1 2 .5 4 2 .6 1 1 45
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Using this method a number of precautions must be observed in 
order to obtain the best results.

Sampling. If the oil content of the edible portion of the 
fish is desired, i t  is necessary to remove skin and bones. In 
removing the skin care m ust be taken to avoid loss of oil, 
since in m any species of fish a considerable portion of the 
oil occurs next to  the skin. I t  is better to leave some of the 
skin adhering to the flesh, if necessary, rather than to lose 
considerable oil. Fish flesh loses water by evaporation very 
readily, and for this reason it is im portant to complete the 
initial steps, to the point where the flesh has been weighed 
out, as rapidly as possible.

E x tr a c tio n . For this work the Fire Underwriters model 
extraction apparatus was used, although undoubtedly any 
type of continuous extractor would be suitable. Extractions 
longer than 16 hours give very little additional oil. A few 
experiments were run in which the fish which had been ex
tracted for 16 hours wTith acetone was then reextracted for 16 
hours with ethyl ether. The second extraction gave a small 
am ount of oil, sufficient to change the results by only a few 
tenths of a per cent. On the other hand, a  minimum of 
nearly 16 hours of extraction is required, as was shown by 
lower values obtained with shorter extraction periods. 
Some of these results are shown in Table I II .

The fact th a t a 16-hour heating w'ith acetone does not de
crease the solubility of oil in ether was established by reflux- 
ing a pure sample of fish oil with acetone for this period, re
moving the acetone, and dissolving in ether. The oil was 
then completely soluble.

R em oval o f  A c e to n e  and W a ter . M ost of the water 
as well as the acetone should be removed on a steam bath, 
since otherwise a  considerable period of time will be required 
to remove wrater in the desiccator. On the other hand, it was 
believed to be safer to  remove the last portion of water in a 
desiccator rather than to risk any oxidation which might 
occur upon prolonged heating. Probably a small trace of 
the w ater is not removed by the desiccator a t all, but this 
am ount is not large enough to interfere with the method. 
The acetone-water solution containing a little oil obtained 
from the first 2 hours’ extraction should be kept in a separate 
container from the main bulk of oil and acetone throughout 
the drying process, since this greatly aids in removing the 
water.

P u r if ic a tio n  o f  C rude O il. After removal of acetone 
and water, oil and other extractives remain in the flask. 
These extractives are of a somewhat gummy consistency, in
soluble in ether and soluble in water. There is often present 
also some fine protein material th a t has passed through the 
thimble. The oil can be very easily separated from these 
substances by a short shaking period with ether. If the oil 
solution is filtered through paper, considerable difficulty is 
encountered in washing the oil from the paper. This can 
be avoided by the use of a fine grade of sintered-glass cru
cibles. The residue remaining after treatm ent with ether 
should be completely soluble in water.

D ry in g  o f  O il. This step is one of the most unsatis
factory of any, since even a short heating tends to decompose 
the oil. How'ever, a certain amount of heating is required to 
remove water. Experience has shown that when a 45-minute 
period is used, the error will be small unless considerable 
water is present; this m ay occur if the preceding steps were 
not carried out properly. In  order to make certain that the 
oil is dry, it is well to  heat for a second 45-minute period, and 
then re weigh.

F ro zen  and S a lte d  F ish . Frozen and salted fish which 
have been kept in storage for a considerable period will give 
very poor results when the oil content is determined by any 
method employing ether or any of the other well-known oil 
solvents. This is due to the decreased solubility of decom

posed fish oils in the various solvents. Instances have been 
encountered in which there was an apparent drop in oil con
tent of nearly 50 per cent for fish kept in storage for several 
months. This difficulty cannot be overcome until some other 
solvents are found which will dissolve both fresh and decom
posed fish oils. These considerations apply to fish meal to an 
even greater extent.

R esu lts
The method of the Association of Official Agricultural 

Chemists (1) for oil determination in meats w'hich allows a 
number of variations in drying procedure was used as a  stand
ard to compare the methods developed in this paper. The 
method used involved drying the fish flesh mixed with sand in 
a vacuum desiccator over sulfuric acid. Results in Table IV 
compare these methods. The acetone-extraction method com
pares very well with the ordinary ether-extraction method. 
The cold-shaking method gives approximate results on fairly 
oily fish. On samples having a low oil content, the cold- 
centrifuge method gives much better results.

T a b l e  V .  V a r i a t i o n  i n  O i l  C o n t e n t  o f  M a c k e r e l  (Scomber
scombrus)

M o n th  F ish A verage
C au g h t Oil C o n te n t

%
A pril 4 .3
M ay 8 .5
J u n e 9 .0
Ju ly 1 0 .6
A u g u st 1 8 .3
O ctober 10 .1
N o v em b er 8 .2

The acetone method has been applied to the determination 
of oil in the common mackerel (Scomber scombrus), w'hich is 
listed in a number of charts and reference works (2, 3, 5) as 
having an oil content of 7.1 per cent. The authors’ studies 
indicate a wide variation in the oil content of this fish, with 
an average value of about 12 to 15 per cent. Aside from a 
few fish caught in the spring, or late fall, a value of 7 per cent 
is rarely encountered. Table V shows the seasonal variation 
in the oil content of mackerel. I t  should be pointed out 
th a t over 70 per cent of the mackerel are caught from July 
through September.

While these methods have not been applied to  any sub
stances other than fish or fish products, it appears probable 
th a t they would be of value for oil determinations in other 
food materials.
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The Determ ination o f Dissolved Nitrogen  
in Water

NORRIS W. RAKESTRAW AND VICTOR M. EMM EL 
Woods IIolc O ceanographic In s titu tio n , Woods Hole, M ass.

IN TH E COURSE of the study of sea water it became 
necessary to  make determinations of its nitrogen content. 

Earlier measurements were not explicit on the separation of 
the argon and other inert gases, and a method was accordingly 
sought which would yield values for nitrogen directly, rather 
than by difference. I t  was essential th a t the analysis be 
fairly rapid, to permit the routine determination of as many 
samples as possible, and accurate to about 1 per cent of the 
nitrogen present, and th a t it require not more than about 100 
ml. of water.

The procedure to be described consists of two definite 
parts: removal of the total gas from the water sample, and 
its analysis for nitrogen. The first step is accomplished by 
repeatedly spraying the water into an evacuated chamber, 
removing the extracted gas after each injection. The quantity  
of extracted gas is measured manometrically in a constant 
volume, and its content of oxygen and nitrogen, respectively, 
measured in the same way after reaction with phosphorus 
and with lithium. Calcium, magnesium, and lithium have 
all been used as reagents for combination with free nitrogen, 
bu t preliminary work showed th a t lithium was the most 
suitable under the conditions necessary for this work.

termined before sealing them into the line, and should lie be
tween 1.5 and 2 ml., approximately the volume of the sample to 
be analyzed.

The analytical part of the apparatus as far as stopcock 5 is 
evacuated by means of a Hy-vac pump, and the suction line 
contains a 3-way stopcock (not shown) through which dry air 
can be admitted to the system through calcium chloride and soda 
lime.

The mercury used in D should be dried in an oven occasionally, 
and the manometer evacuated to remove moisture.

M a n ip u la tio n
P r e p a r a t i o n ’ o f  P h o s p h o r u s . After filling the phosphorus 

chamber with pieces cut under water, and plugging the end with 
glass wool, the moisture must be removed by heating and evacua
tion, being careful that bubbles do not carry phosphorus out of 
the tube. The removal of water is complete when the pressure 
in the system is constant on heating and cooling.

P r e p a r a t i o n  o f  L i t h i u m . Bright pieces of lithium are cut 
under dry carbon tetrachloride and placed in the steel crucible 
and the chamber is closed and evacuated as rapidly as possible. 
After evacuation the lithium is melted to drive off all volatile 
matter. It was found that the first heating of fresh lithium 
liberated some volatile products, most of which recombined with 
the metal on continued heating. The noncombined residue is 
then pumped off, after which repeated heating and cooling pro-

D escrip tion  o f  A pparatus

Figure 1 shows the necessary working parts 
of the apparatus, with a slight exaggeration of 
scale for the smaller parts.

I t is constructed ent ¡rely of Pyrex glass, although 
soft glass may of course be substituted for the long 
manometer arms. All connections are made of 7- 
mm. tubing, and the section in which the analysis 
is carried out, between a, b, d, and / ,  is of 7-mm. 
capillary, to reduce the volume.

The mercury reservoir, D, which serves as a 
pump, has a volume of 250 ml. The evacuation 
chamber, E, in which the gas is extracted, has 
a volume of 300 ml., and connects with a large 
mercury leveling bulb, as shown. Chamber F, in 
which the water sample is measured and stored, has 
a capacity of 100 ml. Ground-glass joints occur at 
a, / ,  g, and b, and the latter, which is not lubri
cated, is protected with a mercury seal held in 
place by a short piece of rubber tubing.

The phosphorus chamber, A, has a volume of 
between 2 and 3 ml. with a small plug of glass 
wool. The lithium chamber, B, has a similar 
volume and contains a deep steel crucible made by 
drilling out a steel rod. The chamber is sur
rounded with an asbestos shield.

The tip of the jet, h, where it enters E, is drawn 
down to about 0.5 mm. This orifice should be as 
small as possible, without danger of clogging. 
The water enters E  through this orifice, at high 
velocity.

The inverted U-tube contains ascarite, calcium 
chloride, and dehydrite, in that order, separated 
by plugs of cotton, for the purpose of removing 
carbon dioxide and water vapor from the ex
tracted gas. It is made of S-mm. tubing, about 
20 cm. from /  to a. It can be removed from the 
line at the ground-glass joints for refilling, and 
short lengths of glass rod are inserted in the 
male parts of these joints, to reduce the volume.

The volumes of chamber C and stopcock 2 are de-



duce no further changes in pressure. The nature of this phenome
non was not further investigated, but it was observed that 
subsequent reaction of the lithium and nitrogen proceeded more 
rapidly if only the noncombining residue was pumped off. 
Lithium from which all the volatile substances were removed 
during heating was very slow to react with nitrogen the first two 

or three times, but its reactivity increased 
thereafter.

The lithium prepared in this way can be 
used for as many as ten analyses.

C a l i b r a t i o n  o f  V o l u m e . A reference 
mark is established at e, about 1 cm. below 
the end of the capillary tubing, and all 
pressure and volume measurements are 
made with the mercury at this mark. The 
gas being measured is in every case con
tained in C and in the rest of the system be
tween 1, 3, and e. The volume of C being 
known accurately, this quantity of dry air 
can be introduced into the system and the 
pressure read on the manometer. The differ
ence between this reading and that of the 
evacuated system calibrates the manometer 
for subsequent readings, subject, of course, 
to changes in atmospheric conditions.

M e a s u r e m e n t  o f  W a t e r  S a m p l e .  The 
water sample is measured in F, between 
stopcock 6 a n d  a r e f e r e n c e  mark, k . ' 
Chamber F and the inlet connections around 
to the end of tube s are first filled with 
mercury and the sample is sucked in slowly 
from the original bottle. The volume con

tained in this chamber is calibrated by the weight of water re
moved from a sample. For this particular apparatus it was 
101 ml.

G as E xtraction
I t  is convenient to arrange three supports for the main mercury 

leveling bulb: one at the level of 5, another at the level of 10, 
and another about 80 cm. below 10.

The water sample is sucked into F as described above. Cham
ber E  is evacuated by filling with mercury and lowering. Raising 
the mercury bulb, the water is forced from F into E, by both suction 
and pressure. This is continued until mercury comes through h . 
As the water issues from the orifice at high velocity and strikes 
the neck of the flask, the greater portion of the dissolved gas is 
removed from solution. The water sample is run down into F 
again, through 7 and 8. Mercury is then run up into E, through 
7, and the extracted gas is forced into the drying tube, which in 
the meantime has been evacuated by the oil pump, along with 
the remainder of the analytical line. There will always be a few 
drops of water on the surface of the mercury and a little of this 
must be run up into the stopcock and later removed very carefully 
by suction.

Chamber E  is then evacuated by lowering the mercury and 
the water sample again injected through 8, 6, and h .  The small 
amount of gas extracted in this stage is also forced into the 
(trying tube. Four such circulations of the water, or at most 
five, will remove all but insignificant amounts of dissolved gas. 
The first stage is always somewhat slower than the subsequent 
ones, because of air bubbles.

A n alysis o f  G as
After reading the manometer with the analytical line evacuated, 

stopcock 1 is closed, 3 and 4 are opened, and the mercury is 
lowered in D, whereby most of the extracted gas is removed from 
the drying tube. Stopcocks ,3 and 4 are closed and the gas is 
forced into C. Stopcock 2 is then closed and the remaining gas 
in the drying tube is pumped into D by lowering the mercury 
again. Thus is also forced into C, leaving only an insignificant 
residue in the drying tube. Opening 2, the volume of total gas 
is measured manometrically between 1, 3, and s. _

By means of the mercury in D the gas is pumped out of C into 
A. The phosphorus is melted by gentle heating and allowed to 
react for 5 minutes, after which the remaining gas is pumped out 
of .4 into D and then back again, where it is allowed to react with 
the melted phosphorus for a few minutes longer.

The deoxygenated gas is pumped back again into G, in two 
stages as before, and its volume measured manometrically. In 
the same way, it is then pumped in two stages into the lithium 
chamber, B. The lithium is heated above its melting point. 1 his 
can be done electrically, but it was found more convenient to 
use a Bunsen burner. As combination of the nitrogen with the 
lithium goes on it is necessary to lower the mercury level con
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tinually, to keep the inside level approximately at d .  The reac
tion is generally completed in 5 minutes.

After cooling, the residue is pumped into C again and its 
volume is measured by the manometer. From the four pressure 
readings and the laboratory temperature and pressure it is pos
sible to calculate the total volume of gas dissolved per liter of 
water and the relative and absolute amounts of oxygen and nitro
gen in the gas.

The entire process of extraction and analysis requires about 
an hour and a quarter, but the actual time may be consid
erably shortened by carrying out the analysis of one sample 
and the extraction of the next simultaneously. The drying 
tube may be evacuated and closed off ready for the next 
sample as soon as the preceding one has been pumped out 
of it.

A ccuracy o f  th e  M ethod

Attem pts were made to check the accuracy of the method 
by comparing the volumes of gas extracted from air-saturated 
distilled water with accepted values. W ater was shaken with 
air in a flask for 15 minutes and then allowed to stand open 
in the laboratory for several days. The volumes of air ex
tracted from such water samples and the accepted values for 
the solubility of air are given in Table I. Uncertainty as to 
the degree of saturation of the water may partially account 
for the fact th a t the observed results were about 1 per cent 
below the theoretical. Nevertheless, this percentage of error 
is not considered unreasonable.

The completeness with which oxygen is removed by this 
method was checked by comparing the values obtained for 
oxygen in samples of sea water against the results obtained 
simultaneously by the standard Winkler method. Table I I  
shows this comparison. Only in the last case is the discrep
ancy significantly beyond the limits of error of the two 
methods.

Samples of air were analyzed for oxygen and nitrogen, 
further to check the accuracy of the method. This was done 
by filling chamber C with air passed through calcium chloride 
and soda lime. The volume of this sample, 1.52 ml., is ap
proximately th a t obtained from 100 ml. of sea water. Table 
I I I  shows the results, compared with values from Interna
tional Critical Tables.
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T a b l e  I. D e t e r m i n a t i o n  o f  D i s s o l v e d  A i r

-D isso lved  A ir----------------- .
T em p. O bserved T h eo re tica l
° C . . M L /l.

2 4 .3 1 7 .3 1 7 .5
2 2 .0 1 8 .0 1 8 .0
2 2 .0 1 7 .8 1 8 .0
2 2 .0 1 7 .8 1 8 .0
2 3 .0 17 .3 1 7 .7
Av. 1 7 .6 1 7 .8

T a b l e  I I .  R e m o v a l  o f  O x y g e n

Oj b y Oj by O j by O ï b y  
W ink le rE x tra c tio n W inkler E x tra c tio n

M l./I . M L /l. M L /L M L /L
4 .4 5 4 .4 6 4 .3 1 4 .2 8
4 .8 5 4 .8 9 5 .1 2 5 .1 2
5 .0 1 4 .9 4 5 .1 5 5 .2 0
4 .6 0 4 .5 2 5 .4 2 5 .5 4
4 .7 6 4 .7 1 A v. 4 .8 5 4 .8 5

T a b l e  I I I .  A n a l y s i s  o f  A m

o 2 N , O* N ,

% % % %

2 0 .7 7 7 .7 2 0 .9
2 0 .7 7 8 .1 2 0 .8 7 8 Ü
2 0 .9 7 7 .8 2 1 .1 7 8 .1
2 1 .1 7 7 .1 A v. 2 0 .8 7 7 .9
2 0 .6
2 0 .6 7 8 .3 T h eo re tica l 2 0 .9 9 7 8 .0 3  (C ritica]
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S torage o f  W ater Sam ples

Since the apparatus was not adapted for use on board 
ship, it was necessary to store the water samples taken a t sea 
in such a way as to prevent interchange of gas between the 
water and the atmosphere. I t  is impossible to keep samples 
in the ordinary type of citrate bottle, tightly clamped with no 
cushion of air over the w'atcr, w ithout a  large percentage of 
breakage. This difficulty was completely overcome by the 
device shown in Figure 2, which consists of a  U-tube partially 
filled with mercury and inserted in a citrate bottle completely 
filled with water. Expansion and contraction merely move 
the mercury column, and although water m ay escape outward 
past the mercury none passes the other way. When inserting 
the tube care must be taken th a t water completely fills the 
short arm  and th a t no air is trapped by the stopper. Samples 
are stored in a refrigerator until analyzed, especially the 
deeper, colder samples, wliich m ay become supersaturated a t 
higher temperatures.

A nalyses

To show the results of the application of the method to 
actual sea water some analyses are given in Table IV. These 
samples are from various depths a t two different stations in

T a b l e  IV. A n a l y s e s  o p  S e a  W a t e r

D e p th
—S ta t io n  2666 - 

T em p . N itro g e n D e p th
—S ta t io n  2667- 

T em p . N itro g e n
M eters 0 C. M l./ l . M eters 0 C. M l. / l .

0 25 9 .7 2
10 2 2 .5 9 .5 0 ‘ io 2G.Q 8 .8 3
40 1 4 .3 1 1 .0
60 1 2 .5 1 1 .0 ’ ¿6 2 0 .9 9 .6 7
80 1 2 .0 1 0 .8

100 1 2 .3 11.1
150 7 .9 11 .4
200 9 .6 1 1 .7 ¿66 ¿8 .2 9 .6 4
300 7 .7 1 2 .4
400 5 .2 1 2 .6
500 4 .7 1 2 .7 ‘506 Î7 i3 1 0 .3
600 4 .7 1 2 .5
800 5 .2 1 2 .6 ’¿66 i 4 .8 1 0 .4

1000 4 .0 1 2 .5 1000 1 1 .5 1 1 .3
1200 4 . 1 1 2 .8
1500 3 .6 1 2 .8 is 6 6 5 .2 1 2 .6
2000 3 .5 1 3 .0
3000 2 .6 1 3 .3

4 6 0 6 S Ä 13 .9

the Atlantic south of Cape Cod: No. 2666, north of the 
Gulf Stream; and No. 2667, south of the Gulf Stream. 
Further studies on the content of dissolved nitrogen in sea 

•water will be reported in a  subsequent paper.
R e c e i v e d  A pril 21 , 1937. C o n tr ib u tio n  N o . 141 fro m  th e  W oods H o le  
O ceanog raph ic  I n s ti tu tio n .

An Im proved Salt Bridge for E lectrom etric M easurem ents
WILLARD M . BRIGHT a n d  ELMER L. M ILLER, U niversity o f Toledo, Toledo, Ohio

IN T H E  course of making electrometric measurements, it 
was found th a t available salt bridges were not entirely 

satisfactory. At the present tim e the bridges most recom
mended are those developed by Irving and Smith (S) by a 
modification of an earlier type described by La Mer and Baker 
(4, 5), or of the type devised by Stern (8). Other apparatus 
of this nature has been introduced by Clark (I), Müller (7), 
and Michaelis (if).

The chief disadvantage of such siphon bridges has been the 
necessity of maintaining the same liquid level throughout the 
system, or using a bridge containing an aqueous gel such as 
agar saturated with potassium chloride. The former method 
is inconvenient and the gels are unsatisfactory, as the presence 
of a  foreign porous m aterial a t a  junction m ay be a cause of 
error (8). Also, i t  is advantageous to  use a free liquid junction 
in  order to  ensure a rapid attainm ent of equilibrium conditions.

The bridge shown in the figure is entirely constructed of hard- 
glass tubing with 0.5-cm. bore, except for reservoir B  which is

made from the bottom of a 250-mm. Pyrex test tube. The 
ground-glass plug shown at D, which is used to maintain the 
liquid column in the tube below it, may be replaced by a short 
rubber tube and a clamp.

In preparing the bridge for use, the reservoir is filled with the 
chosen salt solution. After closing the stopcock a t A,  which is 
part of the reference electrode vessel, the reservoir is forced on 
rubber stopper C. This will fill the bridge to E, with any excess 
being drawn off through the lower stopcock. The vertical tube 
is then filled by drawing the salt solution up into it with the 
stopcock at F open, then closing F while the plug at D is fitted 
into the tube. An extension tube may be fastened to G to allow 
any convenient height arrangement of the apparatus as is usual 
in titrations or pH determinations.

This bridge has been used in a number of other ways. The 
tip  of a single electrode vessel m ay be introduced a t D in place 
of the plug while the stopcock in the vertical tube is closed, 
for determination of cell potential. Measurement of concentra
tion cells has also been accomplished with this apparatus.

This salt bridge m ay be left connected in  a circuit for a 
long time, as it provides a very long path for diffusion. I t  
gives a free liquid junction, and m ay be used a t  any height 
in reference to the liquid levels in the rest of the system. The 
only precaution to  be observed is th a t connections m ust be 
air-tight to  prevent siphoning.
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Julius Springer, 1922.
(7) Müller. E ., Z. Elektrochem., 30, 577 (1924).
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A Pressure Regulator for Vacuum Distillation
R. L. EMERSON A N D  R. B. WOODWARD 

M assachusetts In s titu te  of Technology, Cam bridge, Mass.

AF T E R  considerable experience with various forms of 
apparatus similar to those described by Bertrand and 

others (i, 2, S) for regulating pressure in vacuum distillation, 
a pressure regulator was developed which is more compact 
and better adapted for practical usage, as showTi in Figure 1.

The apparatus is mounted by a buret clamp on the stem, L, 
in such manner that it may be rotated clockwise. The system 
to be evacuated is attached a t A and the pump at B. When the 
desired vacuum is approached, the stopcock, D, is opened slightly 
and mercury is allowed to rise almost to the inlet, H. When 
the vacuum is within 1 or 2 mm. of that desired, the mercury 
is allowed to rise further to close off inlet II  so that a globule of 
mercury, 1 to 2 mm. high, circulates in the system KL.

If there is no bleed or introduction of gas into the distilling 
system, the circulation of the mercury will soon cease and the 
pressure will remain constant. If there is an intentional bleed, 
the circulation of the mercury in K L  is dependent on the vol
ume of the bleed and the capacity of the pump. If the capacity 
of the pump is far in excess of the gas entering as a bleed, a grad
ual reduction in pressure may develop when the distillation is 
continued over several hours. This can be prevented by the 
addition of a side tube on the inlet tube, A, above the junction,
H, which is controlled by a pinchcock and a piece of pressure 
tubing. This is opened sufficiently to balance approximately 
the pump capacity and bleed. The circulation of the mercury 
in K L  is thus maintained constant, and the mercury does not 
tend to rise in inlet tube A. At the close of the distillation and

I.5mm. i.d. 
capUlatu

}/b pressure 
tubing

F ig u r e  1

1.5twa.

F ig u r e  2

before the pump is shut off, the apparatus is rotated clockwise, 
stopcock D is opened, and the mercury is allowed to flow back 
into the manometer.

The apparatus can be constructed w ithout a stopcock and 
the regulation controlled by the rotation of the apparatus 
held in the buret clamp. In  this case it  is best to evacuate 
with the regulator rotated to  a nearly horizontal position. 
W ien the desired vacuum is approached, the apparatus is 
rotated anticlockwise to form the 1- to  2-mm. mercury seal 
circulating in KL.

A flexible manometer head, attached ju st below stopcock 
D, as shown, obviates the use of a rotating  clamp and can be 
used when a rigid apparatus is desired. The flexible ma
nometer head is simply lowered a t  the close of the operation, 
the stopcock is opened, and the mercury is allowed to  return 
to the bulb before shutting off the pump. The stopcock can 
also be omitted in this form, if desired, but the circulation 
of the mercury in K L  is not so uniform.

Another modification is shown in Figure 2.

The manometer is replaced by a bulb, C  which is controllable 
by the oblique three-way stopcock, E'.  The circulation of mer
cury in K'L '  is the same as above described, but the manipu
lation of the mercury in C  requires considerable care. The 
regulator is connected as described above, with both stopcocks 
open and the air in C  a t atmospheric pressure. Before starting 
the pump, both stopcocks are closed. When the desired vacuum 
is approached, stopcock D’ is opened and mercury is allowed to 
approach H' as before.

To lower the pressure, the air in reservoir C  must be evacu
ated by the careful manipulation of stopcock E'.  Unless con
siderable caution is exercised, the momentary increase in pres
sure in the regulator arms, K '  and L', wiU force mercury through 
A '  into the system. When the pressure in C  is the same as that 
throughout the regulator, stopcock D' is carefully opened. When



I n  . T h i s  O r g a n i c  R e s e a r c h  D e v e l o p m e n t  L a b o r a t o r y  S m a l l - S c a l e  L a b o r a t o r y  P r o c e s s e s  A r e  
S t u d i e d  B e f o r e  a  P r o d u c t  I s R e l e a s e d  f o r  F a c t o r y  P r o d u c t i o n .  L i l l y  R e s e a r c h  L a b o r a t o r i e s ,
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the level in K '  and 
L '  has fallen suffi
ciently, D' is again 
closed, and the air is 
withdrawn from the 
system until equal
ization takes place at 
a lower pressure.

If it is desired to 
raise the pressure, air 
must first be allowed 
to enter the system 
so that the mercury 
will not back into the 
system through A ’. 
Stopcock D' is then 
opened and the mer
cury is allowed to rise 
higher in tubes K '  
and L'.

To end the opera
tion, the procedure is 
much the same as 
that described above, 
b e i n g  careful that 
the pressure in C" is 
the same as that of 
the other portion of 
the regulator. Then 
the mercury is al
lowed to fall from 
tubes K '  and L '  al
together, and assume 
a position of rest in 
the lower part of the 
regulator. The stop
cocks are now shut, 
to avoid splashing 
a r i s i n g  from any 
fortuitous change in 
pressure when shut
ting off the pump.

If it is desired to 
regulate the pres
sure within narrow 
limits, especially in

the range of 1 to 10 mm., a larger size (Figure 3) can be 
used which is filled with «-butyl plithalate instead of mercury. 
The phthalate may be colored with Sudan I I I  if desired. In  
the phthalate type the inlet tube in the trap  above E  has a 
vent close to the ring seal. This allows the regulator to  func
tion, even though phthalate m ay have been carried over 
accidentally from the upper trap  on L.

Butyl phthalate m ay also be used in place of mercury in 
the types described above having one stopcock. In  these the 
dimensions shown to the left in Figure 3 m ay be used and a 
suitable manometer, either fixed or flexible, attached just 
below stopcock D. The type with the flexible manometer 
is much easier to operate than th a t shown in Figure 3 with 
two stopcocks.

The proper functioning is dependent on a more or less 
constant exhaust system. Nitrobenzene was distilled a t 
variously reduced pressures and the resulting curve agreed 
with th a t derived from data in the International Critical 
Tables.

Of the three forms shown, the second and third can be 
fused to other glass parts of the complete apparatus, if all
glass construction is desired, while the first m ust be connected 
by pressure tubing to allow for the rotation of the regulator. 
All forms function satisfactorily, bu t in the th ird  style the 
control of the mercury by the pressure in the bulb C" requires 
some care and experience.

Of the two sizes, the mercury one is more compact, the 
total range is higher, and the manometer fluid is not sus
ceptible to the casual entrance of vapors, while in the phthal
a te  type the adjustm ent can be regulated within narrower 
limits.
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Separation and Determination o f Impurities 
in Lead

I. T in

BEVERLY L. CLARKE, LELAND A. WOOTEN, A N D  J . D .  STRUTHERS 
Bell Telephone Laboratories, New York, N. Y.

TH E  accurate determination of commonly occurring im
purities in lead has been difficult because of the prob

lems involved in effecting a quantitative separation of the 
impurities from the lead. Certain impurities, such as bis
muth, copper, and silver, can be rapidly and efficiently sepa
rated by “internal’'  electrolysis (i), bu t metals less noble 
than lead are not susceptible to  this method of attack . The 
separation of lead as sulfate cannot be employed for accurate 
work because of the notably strong tendency of lead sulfate 
to adsorb other m etal ions. Moreover, the nitric acid solu
tion of the sample, which is usually employed for lead, is en
tirely unsuitable when the objective is the determination of 
small quantities of tin, arsenic, and antimony.

In  the first p art of this paper an apparatus is described in 
which the solution of a lead sample in hydrochloric acid and 
the separation of the lead from the impurities are accom
plished simultaneously. The second p art of the paper de
scribes the application of the method to the separation and 
determination of small quantities of tin  in lead.

L ea d -S o lu tio n  A pparatus

The apparatus described below was designed to take ad
vantage of the very large difference in solubility of lead 
chloride in hot and cold hydrochloric acid solution (2, 4)- 
All impurities th a t form soluble chlorides are thus separated 
from the lead, which is precipitated as lead chloride in pure 
crystalline form as rapidly as dissolved. The advantages 
gained by solution in hydrochloric acid by the method de
scribed a re : the high purity  of the lead chloride precipitate 
obtained; and the favorable conditions afforded by a hy
drochloric acid solution for the subsequent determination 
of such impurities as tin, arsenic, and antimony.

The apparatus, details of which are shown in Figures 1 and 
2, consists of the following parts:

The solution flask, A, in which the solution of the sample is 
effected.

The lead chloride trap, B, in which precipitation of the lead 
chloride occurs, thereby separating the lead from the other metals 
present in the solution. The trap is equipped with a scaled-in 
cooling coil through which ice-cold water is continuously circu
lated. The solution from flask A, nearly saturated with lead 
chloride at approximately 100° C., is thus cooled o p  entering the 
trap, with the result that lead chloride crystallizes out. A filter 
pad, carried by a perforated glass plate sealed inside the trap, 
retains the lead chloride crystals in the trap but permits the liquid 
to pass through.

Air lift and connecting crosspiece, C. The air lift is connected 
to the low-pressure air supply and a slow, regular stream of air 
is admitted at D. By means of this air, the solution passing 
through the lead chloride trap, B, is pumped back into the solu
tion flask, A, and is thus made available for effecting further solu
tion of the sample.

Condenser and trap, E. The hot vapors from the solution flask 
.1 are condensed by the condenser and returned to the flask, thus 
keeping the volume of the solution constant. Any volatile 
chlorides not returned by the condenser are caught in the trap 
which contains dilute hydrochloric acid.

Heater. Since the temperature of the solution in flask A 
must be maintained at 90° to 100° C., it is essential to use a heater 
equipped with a heat-output control. Cenco electric flask heaters

with rheostat control have been found very satisfactory for this 
purpose.

The apparatus is made of “E. J .” Pyrex glass. All connec
tions are made by means of standard interchangeable ground- 
glass joints.

P r o c e d u r e  f o r  S o l u t i o n  o f  t h e  S a m p l e . The lead sam
ple should be reduced to  coarse filings or turnings of a 
particle size of approximately 10 mesh or larger. M aterial 
of a smaller particle size, owing to  the larger surface area 
presented, will cause a more rapid rate  of solution. As a 
consequence the solution in the fiask, A,  m ay become satu
rated with lead chloride; if this occurs the tube leading from 
A  to B (Figure 1) m ay become clogged with crystals of lead 
chloride. W ithin limits, this difficulty can be obviated by 
increasing the rate  of circulation proportionately to  the in
crease in rate of solution of the sample. The reagents used 
are hydrochloric acid, 1 to 3; hydrochloric acid, 5 per cent 
by volume; concentrated nitric acid, and paper-pulp sus
pension.

1. In effecting the solution of the sample, the apparatus is
assembled as shown in Fig
ure 1 and is supported by 
clamps and stands.

2. Form a thin filter pad 
in the lead chloride trap by 
pouring in some paper-pulp 
suspension and allowing the 
water to drain off. Connect 
the trap to the air lift, and 
then fill the trap with suffi
cient 1 to 3 hydrocliloric acid 
to cover the cooling coil. 
Connect the solution flask 
to the trap and then place in 
the flask 50 g r a m s  of the 
sample being analyzed for 
impurities. Add 1 to 3 hy
d r o c h l o r i c  acid until the 
level of t h e  s o l u t i o n  is 
slightly above tha t of the 
s i p h o n i n g  arm; then add 
10 ml. of nitric acid. Fit 
the flask with the condenser 
and trap which should be 
half-filled with 5 per cent 
hydrochloric acid. Connect 
the a i r  l i f t  a n d  flask by 
means of the crosspiece; to

E revent the crosspiece from 
eing lifted by the air pres
sure, it should be fastened by 

means of rubber bands to the 
air l i f t  a n d  a l s o  to the 
flask.

3. When the apparatus 
has b e e n  t h u s  assembled, 
pass a stream of cold water 
through the cooling coil in 
the trap and through the 
condenser. To o b t a i n  as  
l ow a t e m p e r a t u r e  as 
p o s s i b l e  in the trap, the 
water before entering the coil 
should be passed through a
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copper coil placed in an ice bath. To facilitate 
ease of operation, the water passing from the 
trap can be used as the cooling water in the 
condenser. Connect the air lift to the low- 
pressure air supply and pass in a slow stream 
of air. This air breaks the solution from the 
trap into droplets and carries them over into 
the solution flask. Regulate the air pressure so 
as to give a steady flow. (The rate of circula
tion must be so adjusted that the solution in 
flask A never reaches saturation with respect to 
lead chloride.) As the solution in the trap is 
carried into the flask, that in the flask is siphoned 
over into the trap, thus effecting a continuous 
circulation of the solution.

4. Place the heater in position and heat 
the solution in the flask to between 90° and 
100° C. Maintain this temperature through
out the. process of solution and do not at any 
time allow the solution to boil. The solution of 
the alloy requires from 12 to 24 hours and is 
most conveniently effected bv a l l owi ng  t he  
apparatus to run overnight. By morning, solu
tion of the alloy will have been completed.

5. W ien the alloy is dissolved, remove the 
source of heat and continue the circulatory 
process for at least 1 hour, by which time the 
temperature of the solution in the flask should 
not be over 10° C. Remove the trap from the 
condenser and then shut off the air supply.
Wash down the walls of the condenser, open 
stopcock F, and allow' the solution in the trap 
to run into a 1-liter beaker. Remove the flask,
A, and transfer the solution in it to the same 
beaker, w a s h i n g  out the flask with water.
Close stopcock F, and fill the trap to above 
the cooling coil with hot 5 per cent hydrochloric 
acid.

Break up the mass of lead chloride crystals 
by means of a glass rod to permit more efficient 
washing of the crystals. C o n t i n u e  passing 
ice-cold water through the coil. When the solu
tion in the trap is cooled to at least 10° C., 
run it into the beaker containing the solution 
from the trap and flask. Repeat once more the 
washing of the lead chloride with hot 5 per cent 
hydrochloric acid. Wash out any liquid remain
ing in the air lift and add it to the solution in the liter beaker. 
Add also the solution in the condensed trap.

Reserve the combined solutions for the determination of im
purities.

S ep aration  and  D eterm in a tio n  o f  T in

The sample is dissolved in hydrochloric acid in the lead- 
solution apparatus as described above. Ferric chloride is 
added to the solution obtained from the apparatus and the 
tin  is co-precipitated with the iron by the addition of ammo
nium hydroxide. The precipitated hydroxides are dissolved 
in hydrochloric acid and the tin is determined iodometrically 
after reduction with lead (3).

The apparatus consists of the lead solution apparatus 
and the tin-reduction apparatus (3).

The reagents used are (1) hydrochloric acid, 1 to 3; (2) con
centrated nitric acid; (3) hydrochloric acid, 10 per cent by 
volume; (4) ferric chloride solution, 10 ml. containing 100 mg. 
of iron; (5) superoxol; (6) concentrated ammonium hydrox
ide; (7) 1 per cent aqueous solution of ammonium chloride; 
(8) ammonium hydroxide, 1 to 3: (9) concentrated sulfuric 
acid; (10) concentrated hydrochloric acid; (11) c. p .  sodium 
chloride; (12) granular test lead; (13) 1 per cent aqueous 
solution of starch; (14) 10 per cent aqueous solution of 
potassium iodide; (15)0.01 N  iodine solution; and (16) stand
ard tin  solution, 0.4000 gram per liter.

Sta n d a rd iza tio n  o p  I o d in e  S o l u t io n . The iodine solu
tion is standardized against pure tin  as follows:

Transfer a volume of a standard tin solution equivalent to 10 
mg. of tin to a 500-ml. wide-mouthed Erlenmeyer flask. Add 75
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ml. of hydrochloric acid and dilute to 300 ml. with water. Add 
5 grams of test lead and 20 grams of sodium chloride. Place the 
flask on the hot plate. Insert the stopper carrying the air con
denser, etc., and pass a stream of carbon dioxide through the 
apparatus.

Heat to boiling and boil gently for 1 hour. Cool in ice water, 
regulating the current of carbon dioxide so as to prevent back 
pressure. When the solution has cooled to at least 10° C., re
move the glass plug in the stopper and immediately add, by means 
of a pipet, 5 ml. of potassium iodide solution and 5 ml. of starch 
solution. Insert the tip of the buret containing the iodine solu
tion and titrate to the first permanent shade of blue.

Deduct the volume of iodine solution required for a blank deter
mination on the reagents.

, weight of tin taken
T in  equivalen t per ml. =  , . .— r---------r~r-—ml. of iodine solu tion

P r o c e d u r e . 1. Dissolve 50 grams of the lead sample in the 
lead-solution apparatus as described above. Transfer the solu
tion and washings to a 1-liter beaker.

2. To the solution in the beaker add 20 ml. of ferric chloride
solution and a few drops of superoxol to ensure oxidation of the
iron. Boil gently for a few minutes to remove the excess super
oxol. Cool to between 70° and 80° C. Add ammonium hy
droxide until the precipitate of ferric hydroxide no longer redis
solves on stirring, and then add 10 ml. in excess. Boil for 1 or 
2 minutes, allow to settle, and then filter on a No. 41 Whatman 
paper. Wash with hot ammonium chloride solution.

3. Dissolve the precipitate on the filter paper in 1 to 3 hydro
chloric acid, collecting the solution in the beaker in which the first 
precipitation was made. Dilute to 150 to 200 ml. Add 1 to 3 
ammonium hydroxide dropw-ise until all of the ferric hydroxide 
but little or none of the lead hydroxide is precipitated. (The 
beginning of the precipitation of lead hydroxide is shown by the 
appearance of a white cloudiness in the solution. The addition 
of ammonium hydroxide should be stopped before this point is 
reached.) Boil for 1 minute, filter on the paper used to collec-
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the first precipitate, and wash with hot ammonium chloride solu
tion.

4. Dissolve the precipitate in a small quantity of 1 to 3 hydro
chloric acid, collecting the solution in the beaker in which the 
precipitation was made. Reserve the solution. Transfer the 
filter paper to a 500-ml. wide-mouthed Erlenmeyer flask, and 
add 5 ml. of sulfuric acid and sufficient nitric acid to destroy all 
organic matter. Evaporate to fumes of sulfur trioxide, and con
tinue heating until a clear solution is obtained, adding more nitric 
acid if necessary. Cool. Add 10 ml. of water and again evapo
rate to fumes. Cool.

5. Transfer the hydrochloric acid solution obtained in Para
graph 4 to the residue in the 500-ml. Erlenmeyer flask. Add 75 
ml. of hydrochloric acid and dilute to 300 ml. with water. Add 20 
grams of sodium chloride and 5 grams of test lead. Insert the 
stopper carrying the air condenser, etc., and proceed with the 
reduction and titration of the tin exactly as described above under 
“Standardization of Iodine Solution.”

Deduct the volume of iodine solution required for a blank deter
mination on the reagents.

Ml. of 12 solution X Sn equivalent X 100 _ 
sample weight % tin

E x p e r i m e n t a l  D a t a . Fifty-gram samples of a commer
cial lead were placed in the solution flask. Known amounts 
of tin  in hydrochloric acid solution were added and the sam
ple was then treated as recorded in the procedure. The 
lead used in these experiments had the following approximate 
percentage composition :

C opper 0 .0 6  
B ism u th  0 .0 1 5  
S ilver 0 .0 0 6
Iro n  < 0 .0 0 1

A n tim o n y
A rsenic
T in

0.002
< 0 .0 0 1

0.0002

The tin solutions were prepared from Kahlbaum’s “for 
analysis” tin. The results obtained are shown in Table I.

T a b l e  I .  D e t e r m i n a t i o n  o f  T i n  i n  t h e  P r e s e n c e  o f  L e a d  
a n d  C o m m o n  I m p u r i t i e s  o f  L e a d

A verage 
D e v ia tio n  

from  M ean  
Mo.

=*=0.03

Lead T in T in "
P re sen t P re se n t F o u n d E rro r
Grams M0. Mo. Mo.

50 1 .00 0 .9 4 - 0 . 0 6
50 1 .0 0 0 .9 7 - 0 . 0 3
50 1 .00 0 .9 6 - 0 .0 4
50 1 .00 0 .9 8 - 0 . 0 2
50 1 .00 1 .02 +  0 .0 2
50 1 .0 0 1 .0 2 + 0 .0 2

A v. 0 .9 8 - 0 . 0 2
50 4 .0 0 4 .0 0 0 .0 0
50 4 .0 0 4 .0 0 0 .0 0
50 4 .0 0 4 .0 5 + 0 .0 5

A v. 4 .0 2 + 0 .0 2
50 5 .0 0 4 .9 5 - 0 . 0 5
50 5 .0 0 4 .9 6 - 0 . 0 4
50 5 .0 0 5 .0 0 0 .0 0
50 5.tK) 5 .0 6 + 0 .0 6
50 5 .0 0 5 .0 0 0 .0 0
50 5 .0 0 5 .0 3 + 0 .0 3
50 5 .0 0 4 .9 4 - 0 . 0 6
50 5 .0 0 5 .0 2 + 0 .0 2
50 5 .0 0 4 .9 7 - 0 . 0 3

Av. 4 .9 9 - 0 .0 1
50 10 .0 0 9 .7 9 - 0 .2 1
50 10 .0 0 9 .8 5 - 0 . 1 5
50 10 .00 9 .8 4 - 0 . 1 6
50 10 .00 10.12 + 0 .1 2
50 10 .00 10.12 + 0 .1 2
50 10 .00 10.06 + 0 .0 6
50 10 .00 10.10 + 0 .1 0

A v. 9 .9 8 - 0 . 0 2
20 2 0 .0 0 2 0 .0 0 0 .0 0
20 2 0 .0 0 20 .11 + 0 .1 1
20 2 0 .0 0 20 .0 2 +  0 .0 2
20 2 0 .0 0 2 0 .0 9 +  0 .0 9

A v. 20 -05 + 0 .0 5

*0.02

* 0 .0 3

* 0 .0 5

° R esu lts  co rrec ted  fo r b la n k  ru n  on le ad  used.
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T w o  samples of lead containing tin were also analyzed by 
the above method. The results are shown in Table II.

T a b l e  II. P r e c i s i o n  o f  M e t h o d  A p p l i e d  t o  T y p i c a l  S a m p l e s

S am ple  D esigna tion T in
D ev ia tio n  

from  M ean
% %

C om m ercia l le ad  co n ta in in g  tin , 
S am ple  A

0 .0 0 2 6
0 .0 0 2 6
0 .0 0 2 5
0 .0 0 2 6

0 .0 0 0 0
0 .0 0 0 0

-0 .0 0 0 1
0 .0 0 0 0

A v. 0 .0 0 2 6 0 .0 0 0 0
C om m ercia l le ad  co n ta in in g  tin , 

S am p le  B
0 .0 0 5 6
0 .0 0 5 6
0 .0 0 5 3
0 .0 0 5 4

+ 0 .0 0 0 1
+ 0 .0 0 0 1
-0 .0 0 0 2
-0 .0 0 0 1

Av. 0 .0 0 5 5 * 0 .0 0 0 1

The purity of the lead chloride precipitate obtained in 
these experiments was determined by means of the spectro
graph. The presence of tin was not detected in any of the 
samples analyzed. Traces of copper and iron were found, 
but neither was present in a significant quantity. Silver 
also was found present, as would be expected from the in
solubility of its chloride.

In  a future paper quantitative data on the separation of 
arsenic and antimony from lead will be presented.
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A Semimicro Qualitative Test for the Nitro 
Group in Organic Compounds

W. M. HEARON a n d  R. G. GUSTAVSON 
University o f Denver, Denver, Colo.

SEVERAL qualitative tests for the nitro group have been 
reported.

Vortmann (IS) suggests three: reduction to amino group and 
subsequent indentification, formation of chloropiorin which may 
be recognized by its odor, and the red or yellow coloration pro
duced by boiling solutions of alkaline hydroxides. Mulliken and 
Barker (13) have shown these to be inadequate and present two 
additional tests. The first involves the reduction with zinc and 
alcohol to a substituted hydroxylamine which in turn is identified 
by its reducing action on ammoniacal silver nitrate. The second 
test utilizes the oxidizing power of the nitro group to change “ani
line oil” (equal parts of o- and p-toluidine, and aniline) to the 
highly colored magenta red. Mulliken does not quote this last 
text in his “Identification of Pure Organic Compounds” (12).

Janovsky (9) found that aromatic dinitro compounds in ace
tone gave colorations with aqueous potassium hydroxide. This 
work was extended and its limitations observed by Bitto (3), 
Reitzenstein and Stamm (15), and Rudolph (17). Bost and 
Nicholson (5) have confirmed this test and find that, in general, 
mononitro aromatic compounds give no colorations, dinitro com
pounds give a purple, and trinitro compounds produce a blood red 
coloration. The presence of amino or hydroxyl groups in the 
nucleus, however, interfere. Konowalow (11) tested for primary 
and secondary nitro groups by treating their sodium salts with 
ferric chloride and extracting the colei's in suitable organic sol
vents. Dimethyjaniline (19) gives colors with many nitro com
pounds. Anhydrous aluminum bromide in benzene (14) has 
also been reported to give a red color with aromatic nitro com
pounds. Rosenthaler (16) states that nitromethane when 
treated with ammonium hydroxide and vanillin and heated gives 
a red color which disappears on cooling. If sodium nitroprusside 
is used in place of vanillin, he states that an indigo blue coloring 
appears, which gradually changes to green and then to yellow.

The higher homologs were found to give a brick red coloration. 
Bose (4) has found that all except mononitro aromatic compounds 
will split off potassium nitrite with strong potassium hydroxide 
which in turn is identified with Griess-Ilosvay’s reagent. Kamm 
(10) has described a test which involves the reduction of the group 
to various colored compounds by means of sodium amalgam and 
alcohol.

The presented test is dependent upon the oxidation of a 
suspension of ferrous hydroxide by the nitro compound. Fer
rous hydroxide has been used m any times in the past for pre
paring amino compounds from nitro compounds For ex
ample, (m-aminophenyl)-gloxylic acid (6), o-aminophenyl- 
propiolic acid (1), o-aminobenzaldehyde (2), and o-amino- 
cinnamic acid (7) have been prepared by the reduction of the 
corresponding nitro compounds by means of ferrous hydroxide. 
Jacobs and Heidelberger (8) have prepared a number of 
amino acids, amides, and ureas by reducing the nitro com
pound with ferrous hydroxide and ammonia. The authors 
have been unable, however, to find any reference to the use of 
this reagent in a qualitative test.

P rocedure

Two solutions are required.

1 . I r o n  S o l u t i o n -  A 500-ml. portion of distilled water is 
boiled for 15 minutes to remove any dissolved air. After cooling, 
2 5  grams of ferrous ammonium sulfate and 2  ml. of concentrated 
sulfuric acid are added. An iron nail may be added to retard 
oxidation by the air.

2 . B a s e  S o l u t io n . 3 0  g r a in s  o f  s t i c k  p o ta s s iu m  h y d ro x id e  
a r e  d is s o lv e d  in  3 0  m l.  o f  d i s t i l le d  w a te r  a n d  th e n  a d d e d  t o  2 0 0  
m l. o f  95  p e r  c e n t  e th y l  a lc o h o l .

A 0.7-ml. portion of the iron solution is pipetted into a 4-ml. 
test tube, and a small quantity (10 mg.) of the finely powdered un

known is added. Then 0.5 ml. of the base solution is added and 
a stream of natural gas (or any inert gas) is passed through the 
tube to remove any air. The tube is quickly stoppered and 
shaken. A positive test is indicated by the formation of a red- 
brown to brown precipitate of ferric hydroxide. Negative tests 
in many cases gave a very light green precipitate. However, in 
some cases the precipitate became dark due to slight oxidation.

D iscu ssio n  an d  C on clu sio n

In  the aromatic series, forty-five nitro compounds were 
tested and all gave a positive test in less than 30 seconds. 
Unfortunately nitromethane was the only representative of 
the aliphatic series available, and it  gave a positive test only 
after a minute. The speed with which the iron is oxidized 
was seen to be a function of the solubility of the nitro com
pound. Thus p-nitrobenzoic acid gave a positive result al
most immediately, while nitronaphthalene required 25 
seconds. Obviously any organic oxidizing agent powerful 
enough will oxidize the ferrous hydroxide, and it is seen th a t 
nitroso compounds, aliphatic nitrates and nitrites, quinones, 
and hydroxylamine will also show a positive test. As in any 
color test, highly colored compounds cannot be successfully

T a b l e  I. R e s u l t s  o f  T e s t s

C o m p o u n d C o lo r of P p t . T im e
Sec.

C o m p o u n d s  C o n ta in in g  th e  N itro  G ro u p
N itro m e th a n e B row n 60
M o n o n itro b e n zen e B row n 2
m -D in itro b en zen e B row n 10
N itro n a p h th a le n e  
p -N itro b e n zo ic  ac id

B row n 25
B row n 2

p -N itro p h e n y la c e tic  ac id B row n 2
p -N itro a ce ta n iiid e B row n 10
2 ,4 -D in itro p h en o l
w i-N itroan iline

B row n
B row n

3
3

o -N itroan iso le B row n 2
m -N itro b en za ld eh y d e B row n 1
p -N itro b e n zy lcy a n id e B ro w n 5
m -N itro b en zh y d raz id e B row n 5
m -N itro p h en y lh y d raz in e B row n 2
2 ,4 ,6 -T rin itro -l,3 -d im e th y l-5 -ie ri-

b u ty lb en zen e B ro w n 25

C om p o u n d s N o t C o n ta in in g  th e  N itro  G ro u p
M in .

E th y l  a lcohol L ig h t green 5
n -A m y l a lcoho l L ig h t g reen 5
B en za ld eh y d e L ig h t g reen 5
A cetone L ig h t g reen 5
B enzoic ac id L ig h t g reen 5
B enzo in D a rk  green 5
B enzy l D a rk  green 5
B enz id ine G ray  g reen 5
D im e th y la n ilin e
B e n z a lae h y d e -p h en y lh y d ra zo n e

L ig h t g reen 5
L ig h t green 5

G lucosazone Y ellow  green 5
A cetam id e L ig h t green 5

Sec.
E th y l  n it r i te B ro w n 5
E th y l  n it r a te  
1 ,4 -N ap h th o q u in o n e

B row n 
D a rk  b row n

30
30

B enzoqu inone B row n 5
M in .

B en zo y l perox ide L ig h t g reen 5
Sec.

o-N itroso-m -creso l B row n 3
T e trach lo ro q u in o n e B row n 7

M in .
A n th ra q u in o n e R e d  so lu tio n 5
D im e th y l su lfa te L ig h t green 5
R eso rc ino l L ig h t green 5
D ip h e n y l su lfone  
S od ium  benzene su lfo n a te

L ig h t g reen 5
L ig h t green 5

T r ip h e n y l p h o sp h a te L ig h t green 5
Sec.

H y d ro x y la m in e  h y d ro ch lo rid e B row n 2
M in .

B enzophenone L ig h t g reen 5
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tested. Seventy-five compounds not containing the nitro 
group were tested and were all found to be negative w ith the 
exceptions noted above.

The test as outlined, when used in correlation with other ac
cepted tests, will be a decided aid in the detection of the nitro 
group in organic compounds.
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R e c e i v e d  A p r i l  1 9 , 1 9 3 7 .

An Im proved Reaction M icroapparatus
D. S. BINNINGTON

G rain Research Laboratory, Board of G rain C om m issioners for Canada, W innipeg, Canada

N UMEROUS micromethods 
involve th e  e v o l u t i o n  

and quantitative a b s o r p t i o n  
of  v a r i o u s  gases and vapors. 
The usual setup for this type of 
analysis is frequently cumber
some and inefficient because of 
the use of rubber stoppers and 
connections. The all-glass ap
paratus described here obviates 
these difficulties, is very com
p a c t ,  a n d  titrations m ay be 
carried out directly in the ap
paratus. I t  was originally de
signed for the microdetermina
tion of bromine by evolution 
and absorption in potassium 
iodide solution, b u t  m a y  be 
employed without modification 
for a  wide range of analyses.

D e t a i l s  of construction are 
shown in Figure 1, Pyrex glass 
a n d  s t a n d a r d  t a p e r  ground 
joints being used throughout. 
The use of the apparatus is illus
trated  by the technic employed 
in carrying out bromine deter
minations by a modification of 
the Yates (£) method developed 
in this laboratory.

The sample, equivalent to not 
more than 500 gamma of bro
mine, is transferred to the reac
tion flask with 7 cc. of water, and 
2.5 cc. of concentrated sulfuric 
acid are added through the tap 
funnel over a period of 10 minutes, 
cooling the flask in ice water dur
ing this addition. This is fol
lowed by 4 cc. of chromic acid 
solution (20 grams of C r03, 40 cc. 
of concentrated sulfuric acid, and 
120 cc. of water). The inlet to 
the tap funnel is then connected 
to a wash bottle containing 20 per 
cent potassium hydroxide solu

tion. The main a b s o r b e r  is 
charged with 3 cc. of 10 per cent 
p o t a s s i u m  iodide solution con
taining 3 to 4 drops of 0.5 per cent 
s t a r c h  s o l u t i o n  prepared ac
cording to the method of Nichols 
(1) and the secondary absorbing 
trap with 1 cc. of the above po
tassium iodide solution. Air is 
then aspirated through the sys
tem at a rate of approximately 
o n e  b u b b l e  per second, for 5 
hours. At the end of this period 
the absorption unit is d i s c o n 
n e c t e d ,  t h e  upper stopper is 
loosened, and the contents of the 
trap are blown into the main ab
sorber which is then washed with 
two successive 1-cc. portions of 
the 10 per ccnt potassium iodide 
solution. Titration is carried out 
in the main absorber with 0.001 N  
sodium thiosulfate.

Prior to the development of 
this reaction vessel, the per
c e n t a g e  recovery of bromine 
was in the order of 95 to 96 per 
cent, while with its use the re
covery ranges between 98 and 
100 per cent with greatly re
duced variability between repli
cates.
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O peration o f A nalytical M icrobalances H ighly  
Sensitive to T em perature Changes

FKITZ BREUER,1 D epartm en t o f C hem istry, Pennsylvania S ta te  College, S ta te  College, Pa.

TH E  high degree of sensitivity attained by most analytical 
microbalances is not infrequently impaired by their great 

temperature sensitivity. Some instruments are more sensi
tive toward tem perature fluctuations than others of the same 
manufacture, and according to information from an experi
enced m aker of microbalances the causes of this different be
havior have not yet been traced definitely.

The precautions which were found necessary to make prac
tical weighings to =t 1 gamma with an extremely temperature- 
sensitive instrum ent of the long-beam type are reported in 
this note. They should be of general value if microana- 
lytical weighings have to be carried out under handicap.

P ro tec tio n  o f  th e  B alan ce

P r o t e c t i o n  f r o m  O u t s i d e  D i s t u r b a n c e s . A protective 
case shields the balance against drafts and heat radiating 
from the operator. Between weighings the side windows of 
the balance case are kept open and the smoothly working 
sash window of the protective case is raised 2 to 3 cm. to per
m it “acclimatization.” Five minutes after the manipulation 
of weights, etc., all windows are closed and after 5 more 
minutes the outer (protective) case is opened only long enough

1 P re se n t add ress , O hio S ta te  U n iv e rs ity , C o lum bus, O hio.

to permit starting  the balance to swing. During the weighing 
proper this case is kept closed.

P r o t e c t i o n  f r o m  E f f e c t s  o f  M a n i p u l a t i o n s  i n  t h e  

B a l a n c e  C a s e . An aluminum sheet separating the beam 
from the lower part of the balance (pans) was kindly installed 
by Christian Becker, Inc., New York, and the balance floor 
was covered with sheet copper to dissipate local heating of the 
balance floor. By lengthening the rider carrier and release 
handles for 20 cm., the inconvenience of counterbalancing the 
heat radiation of the hand can be omitted.

M a n ip u la tio n  o f  W eigh ts and  O bjects to  Be 
W eighed

Ordinary crucible tongs 24 cm. long to which the ivory- 
tipped forceps of the set of analytical weights are attached, 
and another pair of these tongs for boats, weighing flasks, etc., 
minimize heat radiations from the hands of the operator. 
Pregl’s carbon dioxide- and water-absorption tubes are han
dled by a wire fork of such length th a t the hands always re
main well outside the balance case.

W ith this technic it was even possible to use an often-fre
quented office as weighing room.
R e c e i v e d  A pril 9, 1937. P a r t  of a  re p o r t p re se n te d  before th e  D iv is ion  
of P h y sica l a n d  In o rg an ic  C h em is try , S y m posium  on  R e c e n t A dvances  in  
M icrochem ical A nalysis , a t  th e  8 9 th  M eetin g  of th e  A m erican  C hem ica l 
S ocie ty , N ew  Y ork , N . Y ., A pril 22 to  20 , 1935.

Modified M icro-Dumas N itrogen D eterm ination  with Readily  
Available, Air-Free Carbon D ioxide

FRITZ BREUER, D epartm en t o f Physiology, Ohio S ta te  University, C olum bus, Ohio

TH E success of Pregl’s micro-Dumas nitrogen determina
tion depends mainly on procuring carbon dioxide of 

exceptional purity. Various generators have been described 
(1, 2, 4, 7, 8, 10), among them P oth’s apparatus (8). This 
has proved very satisfactory, bu t it is somewhat fragile and 
the starting operations are rather involved. Reproducible 
blanks have been made possible by the modification of Trautz 
and Niederl (11).

Much would be gained, particularly for the laboratory 
th a t does not specialize in microanalysis, if carbon dioxide 
of the required degree of purity  could be provided with a 
minimum of preparation in an apparatus of simple construc
tion. These requirements are fulfilled in Dum as’ original 
well-known technic. Pregl (9), in tent upon the general 
applicability of his methods, discarded the idea of generating 
carbon dioxide from magnesite or sodium bicarbonate, be
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cause of the danger of volatilizing part of the sample by the 
hot carrier gas in the initial scavenging of the tube. More
over, the highly im portant rate of gas flow could be secured 
more safely with the K ipp generator. Dubsky (.3), Govaert 
(5), and Ide (6‘) have successfully applied magnesite to the 
micro-Dumas analysis of less volatile material.

The apparatus shown in Figure 1 supplies a well-con
trolled flow of carbon dioxide a t room temperature. Its  con
struction requires little skill in glass blowing.

A Pyrex test tube, preferably heavy-walled (bomb tubing), A, 
10 to 15 cm. long is attached by means of a rubber stopper to a 
gasometer, such as B , of 250- to 300-cc. capacity. A two-way 
stopcock, C, permits removal of air from A. Cock D takes over 
the functions of regulating the gas flow, the customary stopcock 
between microazotometer and combustion tube thereby being 
eliminated. Sodium bicarbonate (analytical grade), being 
generally available in the laboratory, is used instead of magnesite, 
of which a special grade (Kahlbaum’s) is required. Mercury 
serves as confining liquid in the gasometer. One charge of sodium 
bicarbonate, packed tightly, will serve for seven to eight analyses 
(one day’s work).

By gently heating for 2 to 3 minutes the portion of test tube A 
covered with wire gauze, air is expelled through C. Gasometer B  
is then filled with carbon dioxide. Water formed in the liberation 
of carbon dioxide condenses on the mercury surface and does not 
interfere with the determination. I t is removed through C 
when recharging test tube A. When first assembling the appara
tus and after it has been unused for some time, it is necessary to 
flush the storage vessel two to three times with carbon dioxide, 
to remove air adsorbed on the walls. Care should be taken to 
eliminate air pockets from the pressure tubing connecting the 
gasometer and leveling bulb. By evacuation through C, traces 
of air can also be removed.

The combustion proper and the measuring of the nitrogen vol
ume are carried out according to Pregl’s directions (9). Since the 
gases in the combustion tube are at a pressure close to atmos
pheric, the mercury level confining the potassium hydroxide 
solution in the microazotometer should extend only a few milli
meters over the gas inlet tube. When starting the scavenging 
operation, the flame of the movable burner should hit the empty 
portion of the combustion tube about 1 cm. from the filling. 
After gas evolution in the nitrometer has ceased, stopcock D 
should be manipulated slowly and with great care. Results are 
well within 0.1 per cent (absolute) of the theoretical value. 
Ordinarily, no blank determination is necessary. When not in 
use, the gasometer remains filled with mercury, both stopcocks 
being closed.

The m ethod described in this paper has been in use for 
some time in this and in another laboratory.

S u m m a r y

A simple carbon dioxide generator is described which 
prom ptly supplies gas of the required purity. Pregl’s appara
tus is further simplified by placing the precision stopcock 
between combustion tube and generator.
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A Macro- or M icro-Gooch Filter
RALPH E. DUNBAR, Iowa S ta te  College, Ames, Iowa

A SMALL Gooch funnel can be readily fashioned from 
two sizes of laboratory glass tubing, as shown, and is 

particularly convenient for determining halo
gens by indirect methods (2). Other uses, 
where small precipitates are handled quantita
tively, will suggest themselves. I t  combines 
the essential features of the usual Gooch 
crucible, supporting funnel, and connecting 
rubber tubing, and is prepared and used like 
any typical Gooch filter.

The smaller size of tubing should be about 
6 or 8 mm., to enter readily the openings of 
ordinary rubber stoppers, and the larger size 
will depend upon the probable uses of the 
funnel. A solid, round glass bead will serve 
as a loose support for the asbestos fibers, which 
are added in the usual manner.

The prepared funnel can be most conven
iently heated in an electric oven or electric or 
gas micromuffle (I).  After the c o m b i n e d  
silver halides are weighed, the funnel may be 
placed in a heated tube. A slow stream of chlorine passed 
through the tube displaces the bromine or iodine present.

L iteratu re C ited
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A M anom eter for Carbon and H ydrogen  
Pressure R egulation

WILLIAM II. HAMILL 
Fordham  University, New York, N. Y.

THE maintenance of correct pressure relations in the micro- 
determination of carbon and hydrogen is facilitated by 

the introduction of a simple water manometer between the 
carbon dioxide absorption tube and 
the M ariotte flask. The addition of a 
drop of ink to the water assists in 
reading; a small bulb precludes the 
possibility of sucking water into the 
gas line.

The rate of gas flow may be ad-- 
justed in the usual manner or with 
the temporary assistance of a second 
m a n o m e t e r  a t the junction of the 
combustion tube and the water ab
sorption tube, the pressure regulator 

*and the M ariotte flask being so ad
j u s t e d  as to maintain atmospheric 
pressure a t this junction. The proper 
difference in water levels is marked 
on the first manometer and this dif
f e r e n c e  is maintained during sub
sequent runs.
R e c e i v e d  M ay 19, 1937,



A M icrocentrifuge
W . M acNEVIN, Ohio S ta te  U niversity, C olum bus, Ohio

TH E a d v a n t a g e s  of 
centrifugation o v e r  

filtration in mi c r o  a n d  
semimicro operations are 
well recognized a m o n g  
microchemists. In  using 
the ordinary bucket type 
of head for centrifuging in 
semimicro q u a l i t a t i v e  
analysis, the author has 
found it difficult to keep 
solutions hot during the 
operation. The head de
scribed below can be kept 
hot and has other advan
tages over th e  b u c k e t  
type.

The head is similar to 
t h a t  on t h e  s o - c a l l e d  
“angle” centrifuge (1) and 
consists of a cylindrical 
aluminum block (diame
ter, 7.5 cm.) with two or 
more holes for holding 

centrifuge tubes, drilled opposite each other and a t an angle 
of about 45° to the horizontal. The head is fastened to a 
drive shaft operated by electric, hand, or air power. A 
Cenco stirring motor fastened in an inverted position is con
venient for this purpose.

In the hot-water extraction of lead chloride from silver and 
mercurous chlorides, it is necessary to keep the centrifuge 
tube and contents hot during the centrifuging process. For

this purpose a microburner is suspended ju st below the 
aluminum block, which can then be heated to 100° C. in 1 to 2 
minutes. I t  can likewise be cooled rapidly for subsequent use 
a t room temperature. The draft produced by the rotating 
head does not extinguish the burner.

The maximum speed necessary to  throw down quickly any 
precipitates encountered in the usual schemes of qualitative 
analysis does not exceed 1200 r. p. m. From experience in 
this laboratory with aluminum centrifuge heads of the size 
used here, i t  is estimated th a t the maximum rotational speed 
attainable with the Cenco stirring m otor is not more than one- 
tenth th a t required to split the block. For this reason it is 
not necessary to use a device for the protection of the worker.

For heads designed to carry microcentrifuge tubes only, 
the author has found a large cork sufficiently strong and light 
enough to be driven a t  the required speed by the air pressures 
usually available in a laboratory.

A ck n ow led gm en t

Thanks are due to R. P. Schneider of the D epartm ent of 
Industrial Engineering, Ohio S tate University, for casting the 
aluminum blocks used and to John Betz, technical assistant 
to the D epartm ent of Chemistry, Ohio S tate University, for 
the excellence of his mechanical wrork in the construction of 
the apparatus.
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S H R G E R T
L H B O R f l T O R y  S U P P L I E S
E.H.5RRGEnT RfiD c o m p n n s
1 5 5  E R S T  S U P E R I O R  S T ., C H I C A G O

Shepherd Fuel Gas Analyzer
D esig n ed  in  accordan ce w ith  th e  m o d ifica tio n s  a n d  p e r 
f e c t io n s  o f  th e  O rsa t p r in c ip le  as d e te r m in e d  b y  M a rtin  
S h e p h e rd  o f  th e  N a tio n a l B u reau  o f S ta n d a rd s  a n d  as d e 
sc r ib e d  in  th e  “ Jo u rn a l o f  R esea rch ,”  Vol. 6, J a n u a ry  1931.

For precise determination of carbon dioxide, oxygen, 
carbon monoxide, methane, acetylene, ethylene, ethane, 
propane, hydrogen and nitrogen. For technique refer 
to National Bureau of Standards Research Paper 266.

To secure the maximum precision of reading, the 
burette is graduated w ith complete circles at even 
numbered milliliters, with all marks extending over 
half way around, and the burette is well illuminated by 
a specially designed illuminator providing diffused light 
confined to the point of reading.

A further assurance of precise results is made by 
reducing capillary dead space in the manifold to a 
minimum by providing individual stopcocks for each 
pipette and by a small uniform bore whose volume may 
be calibrated when the utmost accuracy is required.

Manometer and compensator constitute a single unit, 
removably contained in a water jacket, and less subject 
to breakage than the usual types. Pressure adjust

ment is accurately determined by electrical contact and 
balance is indicated by a neon lamp.

Pipettes are of an efficient bubbling type, two of which 
are provided with finely perforated platinum disks fused 
into the admitting tubes, greatly increasing the rate of 
absorption of such gases as oxygen. A third pipette is 
of simple bubbling form and the fourth is a combus
tion pipette designed with an easily replaceablefilament.

S-37775 GAS ANALYSER—S h ep h erd , F uel G as, 
N .B .S .,  P y r e x  G l a s s .  Complete including four 
pipettes, three leveling bulbs, sampling tube, rubber 
connections, rheostat, ammeter, illuminating device 
and connecting cord and plug for attachment to stand
ard outlets. For operation from 110 volt A.C. or D.C.
circuits............................................................................ $250.00
A c o m p le te  d e sc r ip tio n  a n d  sp ec ifica tio n s  w ill be  
s e n t on  re q u e s t or refer to  th e  S a rg en t C a ta log  
N o. 50, p a g es  577, 578.
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A R esearch In s tru m en t for q u a n tita tiv e  analysis w ith  the  
highest degree of accuracy. T he L eitz  S lit U ltra  M icroscope 
com bines ve rsa tility  w ith  ease o f  operation .

A dvantages:
A ccurate contro l o f a rea  and d ep th  o f illum ination  for de

term inations o f partic le  sizes o f colloids.
P erm an en t a lignm ent o f high in ten sity  illum inating  un it.
Fu ll range o f m agnifications possible w ith  high and low 

power objectives.
D ustp ro o f precision slit ad ju s tab le  in length and  w idth .
D irec t reading of th e  d ep th  of illum ination  by  a  scale on 

th e  op tica l bench and slit drum .

M icro cells availab le  for exam inations o f fluids in m inu te  
q u an titie s  (drops).

C ham ber for observation  o f C ataphoresis, c ap ac ity  4 x  4.5 
sq. cm.

S upplem entary  equ ipm ent for polarized light.
F o r fu rth e r deta ils , ask for L ist M icro 7043.

730 Fifth A ven u e E. LEITZ, Inc. N ew  Yo rk , n .  y.
Washington Chicago Detroit

W estern A g e n ts: Sp indler & Sau p p e , In c ., L o s  A n g e le s — San Francisco

for S t u d y in g  C o l lo id s !
There7s Nothing Simpler than Using 
the SLIT ULTRA M ICROSCOPE

H-ION APPARATUS
For use with glass, antimony and quinhydrone electrodes.

A  1» V  A  >  T  A  G  E  S
1. Measures p H  from 0 to 14.
2. Usable with most electrodes.
3. Direct p H  readings.
4. No Polarization.
5. Used b y unskilled operators.
6. Operates relay for control.
7. N o  time lag.
8. Inexpensive ($ 6 0 .0 0 ).

W rite fo r  B u lle tin  fo r  com plete details

P A L Q - M Y E R S im
A p p a r a tu s  f o r  I n d u s t r ia l  a n d  L a b o r a to r y  Use  

81 Reade Street N ew  Y o rk , N . Y .
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Indirect Titration of Sulfates
INDICATOR— Sodium rhodizonate
METHOD—Volumetric by back-titrating excess 

of barium chloride
ADVANTAGES— Sharp color ch a n g e .. .greater accuracy...  

s im p lic ity .. .rapidity
IKEFEItEXCE— M utschin and Poliak, Zeitschrift f i ir  

analytische Chemie 108, 8 and 309 (1937)

Sodium Rhodizonate (No. 2942, 1/10 g.—$1.00) is one of the new 
analytical reagents included in the latest edition of Eastman Or
ganic Chemicals, List No. 28. An abstract of the procedure in
volving the use of this reagent will be forwarded upon request. 
Eastman Kodak Co., Chemical Sales Division, Rochester, N. \ .

E A S T M A N  O R G A N I C  C H E M I C A L S

BRING YOUR LAB. UP-TO-DATE

H ighest sensitiv ity : 
r e a d i n g  t o  0 . 01  
mg. and 0.001 mg. 
by  estim ation . 20 
g. m axim um  load.

S A R T O R I U S  
MICRO-BALANCE M-1
With new optical reading device. Zero point 
adjustment from outside the case, (after Pregl)
3 14’ beam : special alloy w ith g raduations, p ro 
vided w ith notches for accurate  p lacem ent o f rider, 
divided in to  100 divisions from  left to  righ t, from  
0 to  100. T he rider has to  be placed in 0 in case 
of unloaded balance. M oving th e  rider by  one 
scale division corresponds to  0.1 mg. 1 } /\'  dia. 
pans o f a rgen tan , p latinum  p lated . R ider a d ju s t
m en t: double rider hook actu ated  by ro ta ry  knob 
from  outside o f case. C om pensating suspensions 
gold-plated. Optical reading device fixed to  the  
pillar, m aking for a  co n stan t zero po in t.

Price, in oak c ab in e t.................................$216
in m ahogany c ab in e t................... $234

P a m p h le t  o n  req u est s h o w in g  o ther S a r to r lu s  b a la n ces , w i th  beam  
pro tec to r, a i r - d a m p in g  device , a n d  o u ts id e  r id e r  m a n ip u la tio n .

-  Pfaltg & Bauer, Inc. —
EMPIRE STATE BUILDING, NEW  YORK

Why have your Re-agents scattered 
on open shelves, covered with dust 

when it is possible, 
at a small outlay, 
to file them in a 
neat, orderly way, 
instantly at the 
finger tips when 
required, and — 
away from dust 
and detrim ental 
effects of light.

SCH W ARTZ S E C T IO N A L  SYSTEM 
I N D I A N A P O L I S ,  I N D .

Install the 
SCHWARTZ SECTIONAL SYSTEM
which so many have to their complete 

satisfaction.
Send fo r  illustrated catalog with net 

price list.
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Ashless Filter 
Tablets

facilitate and expedite 

difficult Filtrations

A dopt the technique of Chemists 
in Iron, Steel, Fertilizer, Mining and 
other Industrial Laboratories where 
speed and accuracy must be combined. 
Use W H A T M A N  Ashless Fi Iter Tablets 
to expedite such time consuming filtra
tions as Iron Hydroxide or Silica and 
to improve the retention of Barium 
Sulfate, Metastannic A c id  and other 
finely divided precipitates.

Send for sample and literature, or 
better still, order a box of W H A T M A N  
Ashl ess Filter Tablets from your dealer 
today.

W hy not standardize your labora
tory on W H A T M A N  Filter Papers 
exclusively?

H . REEVE A N G E L  & C O ., IN C . 
7-11 SP R U C E  S T ., NEW  Y O R K , N . Y

O N L Y  H A L F  T H E  S T O R Y  |

The especial care that our wrapping 
and shipping department takes with 
your order tells only half the story 
The other half is this—“The Will 
Corporation guarantees without ex
ception the safe delivery to you of 
every item you order.” Of course, 
breakage sometimes occurs. Neither 
we nor the railroads are infallible.
But since the beginning of our 
Company, we have striven to reduce 
this annoyance to an absolute mini
mum. As a result Will Corporation 
has established an enviable record 
for safe deliveries. Remember— 
our guarantee stands squarely back 
of every shipment.
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BRAUN DIRECT-DRIVEN PULVERIZER

THE LAST WORD
i n  L a b o r a t o r y  P u l v e r i z e r s
The new Braun Direct-Driven Pulverizer 
is th e  m ost u p -to-d ate and efficient m a
chine yet m anufactured for reducing sam 
ples in  assay, m etallurgical and industrial 
laboratories.

This Pulverizer has m any advantages in  
the laboratory. It is com pact—takes up a 
space of less than two by three feet. It is 
driven by a b u ilt-in  2 h .p. m otor, elim ina
ting all belts, pulleys and shafting.

The m otor is fu lly protected against sta ll
ing by a therm al relay, and against dust 
by a dust collector. The Pulverizer is ball 
bearing equipped throughout.

Like all Braun Pulverizers, it  reduces m a
terial o f y± inch or finer to a pulp of the 
desired m esh  in  a single operation. It is 
easy to clean, easy to operate, easy to 
m aintain . No lubrication is ever required.

Write D epar tm en t 1-7 fo r  Bulletin C-1J5 
w hich  gives com ple te  details.

BRAUN
C O R P O R A T  IO  N

2260 E. 15th  S treet, Los A n geles, C alif., U . S. A.
S a n  F rancisco  S e a tt le , W ash ing ton

B raun-K necht-H eim ann-C o. Scientific Supplies Co.

MODEL S-3

This instrument provides a rapid and 
accurate means for determining the sul
fates in boiler waters. It is only neces
sary to take a sample, acidify, add sodium 
chloride, dilute to 200 ml., add barium 
chloride and shake for one minute. The 
turbid solution is then poured into the 
apparatus and a reading taken at once. 
The entire procedure requires less than 
five minutes.

Equal rapidity and convenience exists 
w'hen using this turbidimeter for the de
termination of sulfur in fuels, SOs in Port
land cement, sulfates in plating solutions 
and other routine tests of a similar 
nature.

W rite  f o r  B u lle tin  E-38

PARR INSTRUMENT CO.
MOLINE, ILLINOIS

T h e  P a r r  T u r b i d i m e t e r
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STOKES
L A B O R A T O R Y  

E Q U I P M E N T  
i m p i e  

t r o n g  

K - J  e r v i c e a b l e

Vacuum Pumps that produce a vacuum within .01 mm. of 
absolute; suitable for laboratory and commercial purposes; 
rugged and dependable, self-contained— (of the rotary, oil- 
sealed plunger type), they are simple and compact with only 
three moving parts. Continuous oil clarifier removes im
purities and water from sealing oil. Arranged for motor drive. 
Stock sizes: from 10 to 225 cu. ft. per m inute capacity.

Practical, Vacuum Shelf Dryer 
for laboratory and experimental 
use. Compact, with two 18" x 12" 
shelves with 4" clearance. Vertical 
surface condenser and receiver 
built into base. Illustration shows 
high vacuum pump connected to 
dryer. Full line of commercial 
dryers also.

W ater stills, autoclaves and other 
laboratory equipment available. 
Advisory Service on Laboratory 
Installations.

FJS tdkes m achine com pany
5944 Tabor Road, Olney P. O., Philadelphia, Pa.

N E W

P R IC E

$ 7 5 0

f .o .b .  N e w  Y o rk

JEN A  KPG  
A L L -G L A S S  STIRRER

Stirring contents of flasks 
maintained under low pressure 
or vacuum is now made easy

R ep laces  c lu m sy  m e rcu ry  sea l. N o  su p p le m e n ta ry  
sea l o r  s tu ffing  box need ed . P re ssu re  d iffe rences as 
g re a t as 60 m m . b e tw e en  in s id e  a n d  o u ts id e  of flask 
cause  no leakage. A lso k eep s  o u t  im p u ritie s .

A p p a ra tu s , as  su p p lied , co n sis ts  of b e a rin g  and  
sh a f t p rec ise ly  f it ted  to  each  o th e r. In n e r  su rface  
d im ension  of th e  b e a rin g  tu b e  is a c c u ra te  w ith in  
1 to  2 m icrons.

D u ra b le ; even  a t  1000 r .p .m ., m in im u m  life of 
th e  b ea rin g s  is 1000 ho u rs . H ow ever, fo r o rd in a ry  
use, low er speeds of a b o u t  600 r .p .m . a re  ad v is 
ab le , fo r th e  less speed  th e  less w ear.

R ecom m ended  fo r all ty p e s  of chem ica l w ork , p a r 
tic u la r ly  fo r o rg an ic  a n d  e lec tro ch em ica l research , 
as  th e  all-g lass c o n s tru c tio n  e lim in a te s  chem ical 
effect of a  m e ta l s t ir r e r  o r  m e rcu ry  seal.

A t  all leading laboratory supply dealers 

L ea fle t J S  262 on request

F I S H - S C H U R M A N  C O R P O R A T I O N ,  2 5 0  E , 43rd  St., N e w  Y o rk  C ity  W " j j J T
U . S. A g en ts— J e n a  G lass W orks , S c h o tt  & G en.

Fish-Schurmarr

WANTED/
B a ck  J o u r n a ls  o f  t h e  
A m e r ic a n  C h e m ic a l S o c ie ty  

IN D U ST R IA L  A N D  E N G IN E E R IN G  
C H E M IST R Y
Industrial Edition—Vol. 28, No. 3 @ .25 each 
Analytical Edition—Vol. 6, No. 3 @ .50 each 

8, No. 1 @ .25 each 
News Edition—Vol. 5, No. 6 @ .25 each 

6, No. 1 @ .25 each

C H EM IC A L A B ST R A C T S
Vol. 1, Nos. 12, 13, 14, 16 and 22 @ $1.00 each
Vol. 1, Nos. 2, 3, 15, 17, 18, 19, 20, 23 and Index @ .75

each
1, Nos. 4, 5, 8, 9, 10 and 24 @ .50 each
1, Nos. 1, 6, 7, 11 and 21 @ .25 each
2, Nos. 1, 3, 6, 7, 8, 11, 17 and 19 @ .75 each
2, Nos. 2, 4, 5, 9, 10, 12, 13, 14, 15, 16, 18, 20, 21, 22, 

23 and 24 @ .50 each
3, Nos. 1, 2, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19, 20, 21, 22, 23, 24 and Index @ .25 each
4, Nos. 1, 2, 5, 8, 9, 15, 16, 17, 22 and 24 @ .25 each
5, Nos. 1, 6, 10, 11, 12, 13, 14, 15, 16, 17 and 24 @ .25 

each
30, Nos. 5 and 6 @ .50 each 

JO U R . A M E R . C H E M . SO C IE T Y
Vol. 58, Nos. 2 and 3 @ .25 each

Address all packages to the American Chemical Society, 
20th and Northampton Streets, Easton, Pa., and pay trans
portation charges. Express collect packages will be refused. 
Be certain that your name and address appear thereon. Also 
send memorandum to Charles L. Parsons, Secretary, Mills 
Building, Washington, D.C. Journals must be received in good 
condition. This offer is subject to withdrawal without notice.

MEASURING MICROSCOPES

T H E  M easuring Microscope offers one of the 
m ost desirable, accurate and som etim es the 

only possible method of measuring short dis
tances and small displacements especially if the 
object to be measured is inaccessible or is to 
remain undisturbed.

The Gaertner Scientific Corporation m anu
factures a complete line of these instruments 
and invites your inquiries.

THE GAERTNER SCIENTIFIC CORP.
1211 Wrightwood Ave. Chicago, III.
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N e w  1 9 3 7  M o d e ls  Type CT-1 and Type CT-2

B u r r e l l  C o m b u s t i o n  F u r n a c e s

— t h e  fir st  to  g iv e  th e  ex tra  h e a t  n eed ed  for fa s te r , m o re  
a c c u r a te  c a r b o n s—offered  in  tw o  n e w  ty p e s  in c o r p o r a tin g  
im p o r ta n t  im p r o v e m e n ts , w ith  ad d ed  fe a tu r e s , d eve lop ed  
f r o m  a  p r a c t i c a l  k n o w l e d g e  o f  l a b o r a t o r y  n e e d s

New Pyrometer on furnace for e a sy  rea d in g

High temperatures up to 2550° F— 
fo r  fa s t ,  c le a n  c o m b u s t io n s  . . .

Economical—only 1200 to 1550 watts necessary jor top temperature.

Two Types—Choose either one or two tube furnaces ................................

Tubes — Use any size combustion tube up to PA" I. D .............................

Type CT-2 with PYROMETER

Ask for 
B u lle tin  

76-01

B u r r e l l  T e c h n i c a l  S u p p l y  C o . P i t t s b u r g h , P a .

SHELDON LABO RATORY FORNITORE
B U I L T  and  I N S T A L L E D  for  S E R V I C E
Outlets conveniently located— adequatestoragespaces properly 
placed —  metal and/ or w ood that "stands-up" for long years 
under severe conditions.

S H E L D O N  L A B O R A T O R Y  F U R N I T U R E
Makes "G o o d  House-Keeping" easy and is always "There" 
with the necessary facilities in both research and routine work. 
S H E L D O N  factory men available to give you our experience 
in situations comparable to yours —  360 page catalog of 
standard items.

E. H. SHELDON CO. S Ü

D E T E R M I N A T I O N
o f  B a++, S and SO*

in  10 to 4 5  MINUTES
can now be made accurately by using

Ba - Re
(Barium Reagent)

S o l u t i o n
A stable solution of oxybenzoquinone com

pounds.

Detailed description of procedure elsewhere 
in this issue.

Price $3.00 plus delivery charges for 25cc. 
sufficient for 500 to 750 determinations. Ship
ping weight 12 ounces.

Sent only C.O.D. with directions.

Ba = Re Company 
185 Madison Avenue 

New York, N. Y.
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INTERNATIONAL
E X P L O S IO N  P R O O F

C at.
N o. W a tta g e A ctive

L e n g th
T u b e

L e n g th P rice
3073-A 50 33" 49" $ 6 .0 0
3073 -B 100 20" 36" 6 .0 0
3073-C 200 20" 36" 6 .0 0
3073-D 300 30" 46" 6 .0 0
3073-F 500 50" 66" 7 .0 0
3073-G 750 50" 66" 8 .0 0
3973-H 1000 56" 72" 10.00

A. DAIGGER & CO.
LABORATORY APPARATUS & CHEMICALS 
159 W . K INZIE ST . - - CH ICAG O , IL L IN O IS

OIL TESTING CENTRIFUGES
Three models have been developed primarily to meet the demand for 
an explosion proof electric driven tester for use in hazardous locations 
to make the A .S .T .M . standard method D96-30 B.S. & W . Test. There 
are, however, many other uses in industrial chemistry for these 
Centrifuges.

M odel A E  O il Testing Centrifuge
The motor developes constant speed of 1750 R.P.M. with 8-place 
Head w hich takes the standard 100 ml. A .S .T .M . long tapered bot
tom glass oil tubes. There is an approved explosion proof disconnect 
switch and a conveniently located hand brake for rapid stopping. 
Either 4 or 8 place heads are available and a large assortment of stand
ard accessory equipment.

M odel D E
O i l  Testing Centri
fuge is equipped 
with an explosion 
proof motor capable 
of holding constant 
s p e e d  o f  1 7 5 0  
R.P.M. with a 4 tube 
head. There is a 
choice of two heads: 
one takes four of the 
standard 100 ml. 
A .  S. T. M . p e a r  
shaped glass oil 
tubes and the other 
takes four 15 ml. 
glass oil tubes, grad
uated 100 per cent, 
for the A .P .I. test.

The 6 -V o lt  M odel 
FE, vapor proof, O i l  
Testing Centrifuge

(not shown here) is a portable tester, designed for use in the o il field 
or where electric current is not available. The 6-volt motor, for bat
tery use, drives a 2-place Head w ell above the speed required by the 
A .S .T .M . formula and draws only 9  amperes.

Send for S p e c ia l B u lletins

INTERNATIONAL EQUIPMENT CO.
352 Western Avenue Boston, Mass.

Makers o f  Fine Centrifuges

S C O R E S  O F U SE S  I N  E V E R Y  
L A B O R A T O R Y  FO R T H E SE  
" P R E C ISIO N "  LO W -D R IFT  
IM M E R SIO N  H E A T E R S  •
“ p R E C I S I O N "  L o w -D rift Im m ersio n  H e a te rs  a re  idea! fo r a  

-*• g re a t m a n y  la b o ra to ry  h e a tin g  jo b s — in  c o n s ta n t te m p e ra tu re  
b a th s , v a ts , ta n k s , an d  e x te rn a l h e a tin g  ja c k e ts  u ti liz in g  a  liq u id  
h e a tin g  m ed ium . H e a t d iss ip a tio n  is  d ire c t to  th e  l iq u id  in  w h ich  th e  
u n it  is im m ersed , b u t  a n  in a c tiv e  le n g th  of 8" a t  each  en d  of each  u n it  
p e rm its  am p le  ex tension  of th e  h e a te r  tu b e  o u ts id e  th e  liq u id , to  
s im p lify  in s ta lla tio n . H ig h  ra t io  of m ass to  w a tta g e  sa feg u a rd s  
a g a in s t h ea tin g  o v erlo ad s  th ro u g h  ac c id e n ta l n on -im m ersion , a n d  
c o m p a ra tiv e ly  low  w a tta g e  p e r u n it  le n g th  m eans ex trem ely  low  d r if t  
c h a ra c te r is tic s  in su rin g  in s ta n t  th e rm a l response  w hen h e a te rs  a re  
tu rn e d  on a n d  off a t  s h o r t in te rv a ls . L ong  life n ickel c h ro m iu m  
e le m e n ts  a re  em b ed d ed  in  a  co m p ac te d  m in era l su b s ta n c e  s h e a th e d  
in  seam less  co p p e r tu b in g .

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

T E R M IN A L S  
PRO TEC TED  

B Y  CAPS  
M A K E  

SO LD E R  UN
N E C E S S A R Y

T H R E A D E D  
-*• te rm in a l con 

nec to rs , eq u ipped  
w ith  n u ts  an d  
w ashers, a re  fu lly  
enclosed  in  B ake- 
lite  w iring  gu ard s  
m a d e  up  of tw o  
sep arab le  p a rts . 
T h e  u p p e r  p o rtion  
p rov ides  a  rigid 
g rip p in g  su rface 
fo r h e a te r  m o u n t
ing  b locks o r  th e  
u sual a p p a ra tu s  
clam ps, an d  also 
encloses th e  w iring  
lead  connections  
to  th e  te rm in a l. 
N o  live p a r t s  a re  
exposed. I t  is n o t 
necessa ry  to  use 
so lder in  o rd e r  to  
secu re  a  good con 
nection .

•

L o w -D rif t h e a te rs  w ill b end  
a ro u n d  d ia m e te rs  as sm all 
a s  Vs'»' can  be b e n t, tw is ted  
a n d  sh ap ed  ea sily  b y  h an d  
in to  h u n d re d s  of fo rm s, as 
show n  in  th e  il lu s tra t io n  a t  
th e .to p .
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pH D e t e r m i n  a t i o n s
with

A N Y  S I Z E  O F  S A M P L E

. . . B E C K M A N

p H  M E T E R
( G L A S S  ELE C TR O D E)

T h ere  is  a  B e c k m a n  G la ss  E lec tro d e  for  
a c c u r a te ly  a n d  q u ic k ly  m e a s u r in g  pH  w ith  
a n y  s iz e  o f  s a m p le  u s in g  th e  B e c k m a n  pH  
M eter .

0.005 m l—Sufficient sam ple for th e  “ M icro” Elec
trode. Invaluable for horm one research 
and  o ther m icro-chem ical investigations.

0.05 m l—Sufficient sam ple for th e  “ O ne-drop” 
Electrode. C onvenient for sem i-m icro in 
vestigations.

0.5 m l—M easurem ents m ade w ith  s tandard  glass 
electrode using special V2 m l beaker.

5.0 m l—M ost com m on sam ple size for standard  
electrodes, using 5 m l beaker regularly- 
fu rn ished  w ith  m eter.

50.0 m l—Using s tan d ard  glass electrodes and  50 m l 
beaker fitted  to  door ring  s ta n d  by special 
adapter. Convenient for titra tio n s.

500.0 m l—and larger volumes. Large electrodes up 
to  2 feet in  leng th  are available for in d u s
tr ia l use.

M easurem ents of any size of sam ple up  to  50 m l m ay 
be m ade w ith  Glass electrodes fitted to  door of the 
Beckm an pH M eter. M easurem ents on larger vol
um es easily m ade w ith  special shielded cable.

T h e  sp e c ia l S h ie ld e d  C ab le a lso  p e r m its  
th e  u s e  o f B e c k m a n  G la ss  E lec tro d es  for  
m e a s u r e m e n ts  a t  r e m o te  p o in ts  fro m  
M e te r — in  v a ts , l iv in g  sp e c im e n s , c o n t in 
u o u s ly  f lo w in g  s o lu t io n s , e tc .

W rite  for l ite r a tu r e  

N A T IO N A L  T EC H N IC A L L A B O R A T O R IE S  
3325 E. C olorad o  S t . P a sa d e n a , C alif.

THE FINEST IN 
RUBBER STOPPERS

No. 9902 Amber Pure Gum 
Floating Stock

S O L ID , O N E  A N D  T W O -H O L E S
These Rubber Stoppers are the toughest, purest and 

most resilient that have ever been placed on the market. 
They were born and brought up in the laboratory. 
They are meeting every demand.

A M B E R  S T O P P E R S  W IL L  G IV E  4 T O  5 T IM ES L O N G E R  
S E R V IC E  T H A N  O R D IN A R Y  S T O P P E R S

Amber Pure Gum Stoppers are made of pure crepe gum and an accelera
tor. The amber color is natural and not due to any coloring m atter or 
filler. They are recommended where extreme purity as well as long 
life are desirable—they guard against contamination of materials 
— they are recommended especially for long time set-ups. They 
are non-blooming; heat resisting; full floating. They have a specific 
gravity of only .97. Bomb tests equivalent to five years o f aging under 
normal conditions show little change in tensile strength and elasticity 
and less than 5%  increase in hardness.

S I Z E S  A N D  A P P R O X I M A T E  N U M B E R  P E R  P O U N D

No.

M M
T o p

D iam .

M M
B ot.

D iam . Solid
1-

H ole
2-

H ole N o.

M M
T o p

D iam .

M M
B ot.

D iam . Solid H ole
2-

Ho!e
00 14 10 160 170 180 8 40 33 16 17 18
0 16 12 106 114 122 9 45 37 13 13 14
1 IS 14 76 82 87 10 50 42 10 11 11
2 20 16 66 71 76 1 0  y2 53 44 9
3 23 18 50 53 56 11 56 48 8 8 9
4 25 20 44 47 49 UM 60 50 6
5 27 23 37 39 41 12 65 58 6 6 6
5M 29 25 32 33 35 13 70 60 5 5 5
6 32 26 28 29 31 14 90 75 2
6H 34 27 25 26 28 15 110 82 2
7 36 30 20 21 23

Amber Pure Gum Stoppers are lighter in weight than ordinary stoppers, 
giving you from 32-38%  more stoppers per pound. When long life and 
quality are also considered they are less expensive than ordinary 
stoppers.

T H E  C H E M IC A L  RU BBER C O M P A N Y  
1900 West 11 2th Street 

Cleveland, O h io

The Chemical Rubber Company 
1900 West 112th Street 
Cleveland, Ohio

. P lease  sen d  the  follow ing samples of 
Rubber Stoppers FREE.
1 N o  So lid  1 N o  1-hole 1 N o  2-hole

S ign ed ....................................................................................................................

Institution...............................................................................................................

Street A d d ress.....................................................................................................

C ity  & State..........................................................................................................
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A.P.W.

P la t in g  with S i l v e r  
999.5+ F in e

This new A .P .W . Silver Purity Standard w ill 
be supplied to you in our regular

A.P.W. FINE SILVER ANODES
They are made from pure silver refined by the 
electrolytic process.
For this extra high guaranteed fineness we 
charge no premium.
A .P .W . Silver Anodes 9 9 9 .5 +  fine are also 
specially annealed for fine grain, an important 
factor for even dissolution and consistently 
good plating results.
Prompt Shipment— Uniform Delivery. Shape 
and size made up as required.
A .P .W . Silver Anodes 9 9 9 .5 +  fine w ill give 
you the utmost satisfaction.

We invite ( g )  your inquiries

DEPENDABLE
—because it is brazed with  

A.P.W. Silver Solders

You may have problems which can easily be 
overcome through the use of one of our Standard 
grades of

A.P.W. SILVER SOLDERS
The melting points range from 1325°F to 1600°F 
and vary mainly with the amount of Silver con
tained. They flow freely and penetrate deeply 
making a ductile and tough joint. W e have 
various grades of solders for: Brass, Bronze, 
Copper, Nickel, Iron, Stainless Steel, Monel 
Metal, etc. A sk for further information. State 
Details. ___________________

P L A T IN U M  A N D  P L A T IN U M  M E T A L S  
in Metals, A llo ys  and Salts 

P L A T IN U M  L A B O R A T O R Y  W A R E S

THE AM ERICAN  
PLATINUM W ORKS
N.J. R. R. Ave. at Oliver St. NEWARK, N.J.

Refiners and Manufacturers of Platinum, G o ld  and Silver

PH CONTROL
M O D E R N

H E L L I G E  
COMPARATORS

W ITH  T E X T O L IT E  H O U SIN G S  
A nd N o n -F a d in g  G la ss  C olor  

S ta n d a rd s  
Made in  U. S. A.

Permanent non-fading glass color standards 
have always been an outstanding feature of 
H ELLIG E colorimetric comparators.

Now, the d u r a b i l i ty  of the comparators has 
been greatly increased by housings of T E X T O 
LITE, a corrosion-resistant, molded plastic, made 
by General Electric Co.

As this material is neither affected by acids 
and alkalis nor by laboratory fumes, the com 
parators will last indefinitely, and always retain 
their fine appearance.

Bulletin on request

HELLIGE
I N  C  O  R .  P  O R .  A T  E  D

37I8 NORTHERN BLVD.. LONG ISLAND CITY, N.Y


