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a
S p  e  c t r o p h o t e l o  m e t e r

12315 "SPECTROPHOTELOMETER," Cenco-Sheard, a precision photoelectric spectrophotometer 
for research in spectral transmission of solid and liquid media and for routine precision clinical and 
chemical analysis. The range of the instrument 
is from approximately 325 m  ̂ to 750 mju, the 
lower limit depending upon the characteristics 
of tho light source used for illumination.

(Write for full particulars.)

Complete with two slit plates for 2.5, 5, 10, 
and 20 rti/j. bands, two glass light filters and two 
absorption colls, but without« illuminator, bench, 
transformer, condensing lens or galvanom

eter............................. .. .Each $375.00 T r M n a m l M t o n  c u r v »  w i t h  t h e  " S j > e c t r o p h o t « l o m a t e r ”  s h o w i n g
h i g h  p « a o lv l n g  p o u r n

S u b je c t to 1 0 %  F ed era l E xc ise  Tax.

S t e j E N S L g j g j !

CHICAGO 
1700 Irving Pk. Road 

Lakevlew 
Station

S C I E N T I F I C  r F M f h  
INSTRUMENTS y j } ®

N«w York • Boston

LABO RATO RY 
A P P A R A T U SRfi?n*Sv*5fE

C H I C A G O  • Toronto • San Francisco

BOSTON 
79 Amherst St. 
Cambridge A  

Station



ACID
LIN ES

P ortion  of head o f  res in k e ttle . A rro w  ind ica tes  
the  sim ple, s trong , easily-opened head  o f  th e  L& N  
Therm ocouple w hich is  d e tec tin g  te m p era tu re  o f

SIX BENEFITS GAINED
By This Micromax Control of Acid Bath

M EA SU RIN G  IN STR U M E N T S • C O N T R O L S • H E A T -T R E A T IN G  FU R N A C ES

LEEDS &. NORTH RUP COMPANY, 4920 STENTON AVE., PH I LA,, PA.

Operation Guided 
By Micromax Pyrom eters 

In Reichhold Plant
The operator of a processing kettle for 

jlastic resins in the Elizabeth, N. J., plant of 
ieichhold Chemicals, Inc., has just paused 
it the Micromax Pyrom eter to see how closely 
te is controlling the tem perature w ithin the 
cettle.

M I C R O M A X  C O N D U C T I V IT Y  R A T IO  RE C O RD E RS

C O N D U C T I V IT Y  CEL LS 

IN ACID BATH

ACID  FEED VALVE 

C O N T R O L  D R IV E

H a lf  a dozen specific benefits cam e to  th e  m en o f B o tany  W o rs te d  M i lk  w hen  

they changed from  m anua l co n tro l to  M ic ro m ax  A u to m atic  C o n d u c tiv ity  C o n tro l 

o f the C om pany’s “ carb o n iz in g "  baths . T h ese  ba th s apply  H 0 S O 4 fo r ox idation  

o f vegetab le  m a tte r  in  w ool j th e  nom inal s tre n g th  o f  th e  b a th  is ab o u t 3 °  Be. 

P rin c ip a l benefits o f au to m atic  co n tro l a re :

1) B ath  s tren g th  is m ore u n ifo rm  th a n  th e  best hu m an  o p e ra to r could  m ain 

ta in . 2 )  Less acid is used. 3 )  C o lo r is m ore  “ level” . 4 )  P ro d u c tio n  proceeds 

w ith  g rea te r sm oothness. 5 )  T h e  process is recorded  fo r the  benefit o f th e  op e ra to r. 

6 ) A ny  effect o f  carbon iz ing  on o th e r processes can  be stu d ied  accu ra te ly  and  

objectively , by co n su ltin g  th e  records.

T h e  M ic ro m ax  equ ipm ent used on th is process is s ta n d a rd  an d , w ith  changes 

in  th e  in s tru m en t range and  in  th e  type o f  conduc tiv ity  cell, is w idely  applicab le  

to  the  record ing  and o ften  the co n tro l o f so lu tions in  m any  process in dustries . 

I f  you have a problem  along  these lines, please consu lt us.

This comparatively low tem perature must 
be recorded both accurately and promptly, 
because the kettle man's job requires him  to 
change the tem perature from time to time 
according to a prearranged cycle, and the 
limits of this cycle are extremely close. M icro
max is particularly well suited to this service, 
because the operator can either read its bold 
scale from a distance or can consult its clear 
record when a close-up is desired.

Appealing, too, to m any users is the fact 
that Micromax is a machine ra ther than a 
motorized instrument. Its linn, rigid con
struction and crisp, powerful w av of oper
ating are principal reasons for its w idespread 
use, for recording and controlling tem pera
tures as detected by electrical resistance 
thermometers, thermocouples or our own 

Rayotube” radiation detectors.
Micromax Pyrometers are m ade in 5 

models and hundreds of ranges. Particu lars 
are given in our catalogs; outline your prob
lem and we w ill send the appropriate  publi
cation.

J r i  A d  E N -060Û B U 4)
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allow  the use 
possible Chromel wire. For 
exam ple, the 110-V  wire is 
.0 7 2 ' d ia ., for 110 and  220 
it would be .0 4 5 '.

INSULATION« 4
The insulation is 4V s' thick 
all around. The furnace is well 
made in a ll respects. W e 
don 't build a  "ch e ap "  fur
nace, because a  cheap  fur
nace can’t be good. Hoskins 
Furnaces are cheaper in the 
long run.

9  You install the Chromel wire merely by 
wrapping it around the grooved muffle.

•  This furnace can be had, equipped with a 
small inexpensive pyrometer and couple.

The sliding door saves heat. To remove a 
crucible you don’t need to open the door 
all the way.

The turns of the Chromel coil are “ con
densed” to compensate for heat losses at 
the door.

#  These furnaces are available as muffle, 
carbon combustion and small crucible 
types, good for 1850-2000° F.

Hoskins electric laboratory furnaces deliver 
the goods, month in and out. Their Chromel 
Units are durable—almost beyond belief. 
We don’t invite you to abuse these furnaces, 
but if you must force them through an emer
gency, you’ll see what a good factor of 
safety has been built into them. Hoskins 
Furnaces are dependable. Write to your 
dealer or us. . . . Hoskins Manufacturing 
Company, Detroit, Mich.

•  When the unit wears out, all you need to 
buy is the Chromel wire itself, which 
comes as a coil.
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Lines That Solved A Difficult Problem

Pattern 11

G-E XRD Unit successfully analyzes two 
different chemical compounds which have 

identical chemical formulae
H o u se  p a in t  a n d  w e ld in g  ro d s  m a y  se e m  as f a r  a p a r t  as 
th e  p o le s , y e t  th e  p r o d u c t io n  o f  e a c h  is  d e p e n d e n t  u p o n  
th e  u s e  o f  t i ta n iu m  o x id e  c o m p o u n d s . H o w e v e r , s in c e  
th e s e  c o m p o u n d s  m a y  a s s u m e  tw o  v e ry  d if fe re n t  c ry s 
ta l l in e  fo rm s , r u t i l e  a n d  a n a ta s e , th i s  p ro b le m  h a d  to  
b e  so lv e d :

R u t i le  a n d  a n a ta s e  h a v e  id e n t ic a l  c h e m ic a l fo rm u la e , 
T i0 2 —y e t  w h e n  u s e d  as a c o a tin g  f o r  w e ld in g  ro d s  o r  as 
a  c a ty l i t ic  a g e n t in  s p e e d in g  u p  c h e m ic a l r e a c t io n ,  th e y  
h a v e  e n t i r e ly  d if fe re n t  b e h a v io r s .  O b v io u s ly , th e n ,  in  
o r d e r  to  in s u re  a  c o m p le te ly  s a tis fa c to ry  f in ish e d  p r o d 
u c t,  i t  is  n e c e s s a ry , w h e n  p r e p a r in g  th e  p u r e  o x id e s  o f  
t i ta n iu m , to  k n o w  th e  c o n c e n t r a t io n  o f  e a c h  o f  th e  
fo rm s  in  th e  o x id e  so  th a t  p re c is e  c o n tr o l  o f  q u a l i ty  
c a n  b e  e s ta b lis h e d .

W h e n  c o n v e n tio n a l  m e th o d s  o f  a n a ly s is  f a i le d  to  fin d  
th e  a n sw e r , x -ray  d if f ra c t io n  so lv e d  i t  e a s ily  a n d  q u ic k ly . 
W ith  th e  G -E  X R D  U n i t ’s P o w d e r  C a m e ra  i t  is  p o s s ib le  
to  m a k e  a  d if f ra c t io n  p h o to g r a p h  o f  th e  p o w d e re d  s a m p le  
w h ic h  w ill  r e a d i ly  d if f e r e n t ia te  b e tw e e n  th e  tw o  o x id e s . 
P a t t e r n  (A) e s ta b l i s h e d  th a t  th e  s a m p le  w as p u r e  r u t i l e ,  
w h ile  P a t t e r n  (B) w as e s ta b l is h e d  a s  p u r e  a n a ta s e .

I f  y o u  e m p lo y  th e  o x id e s  o f  t i t a n iu m  in  y o u r  m a n u fa c 
tu r in g  p ro c e s se s , th e  G -E  X -R a y  D if f ra c tio n  U n i t  w ill 
p ro v e  a n  in v a lu a b le  a id  in  d if fe re n t ia t in g  b e tw e e n  th e s e  
tw o  c o m m o n  fo rm s . M o d e rn , p ro g re s s iv e  a n a ly t ic a l  la b 
o ra to r ie s  h a v e  b e e n  q u ic k  to  re c o g n iz e  th e  G -E  X R D  
U n it  as a  d e p e n d a b le  " p r o b le m  s o lv e r .’’ W h y  n o t  d o  as 
th e y  d id ?  U se  th e  c o n v e n ie n t  c o u p o n  to  r e q u e s t  f u l l  in 
fo r m a tio n  a b o u t  th e  G -E  X R D  U n it  a n d  i t s  a p p lic a t io n  
to  y o u r  p ro b le m s . T h e  s e rv ic e s  o f  o u r  X -R ay  D iff ra c tio n  
L a b o r a to r y  a re  y o u rs  f o r  th e  a sk in g ; a d d re s s  y o u r  r e 
q u e s t  to  D e p a r tm e n t  R  4 2 .

T h e  G-E X R D  Poivder C am era is constructed  especia lly  f o r  the  
routine  app lica tion  o f  the  im portan t a n d  w id e ly  used  "po ivd er” 

d iffra c tio n  m ethod  o f  analysis to a n y  sort o f  m ateria l.

r  CLIP, SIGN, and MAIL, TODAY ,

Please send m e com plete in form ation  ab o u t th e  G-E XRD 
X-Ray D iffraction U nit.

Name___________________________________    J

Position_________________________________________________

(Please atlach to, or write on, your company letterhead)

GENERAL @ ELECTRIC 
X-RAY CORPORATION
2 0 1 2  J A C K S O N  B L V D .  C H I C A G O /  I L I . ,  U .  S .  A .

-------------------------------  - - - - - - - - - . - - - - . - . - . - - - . - - . « « „ „ J
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N ew  B lo o d  P lasm a  C en t r ifu g e  

I n t e r n a t io n a l  M o d el  B P

D esigned Especially For The 
600 ml. and  650 ml. Bottles

SPEED 2 5 0 0  R.P.M .

W indshielded H ead To 
M inim ize H eating o f  B lood

The New Model BP Centrifuge was designed to provide an intermediate model which 
would be stronger than the Size 2 and yet less expensive than the Size 3. Ih e  centrifuge is 
sliipped as a complete portable self-contained unit, wired and ready to plug into any lighting 
circuit.

To insure adequate protection when swinging the large 600 and 650 ml. bottles an extra 
large shaft has been provided as well as a heavy all welded steel boiler plate guard with bar 
lock cover. The centrifuge is powered with a specially designed motor and is equipped with 
an indicating tachometer and 50 step speed control rheostat.

The four place head shown above will accommodate the Cutter 650 ml. Saftifuge bottles, 
the Baxter 600 ml. Centrivac bottles and the T. C. Wheaton 550 ml. blood bottles, as well as 
the proposed Corning and Fenwal 650 ml. refillable blood plasma bottles. The head and cups 
are entirely wind-shielded by enclosure in a bowl and cover of spun aluminum which provide a 
dead air space in which the bottles swing, thus reducing air friction and minimizing heating of 
the blood.
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PYREX VOLUMETRIC WARE HAS A

In  addition to its general Research Laboratories, Corning also maintains a special

ized Volumetric Control Laboratory.

Here skilled technicians maintain the accuracy of all calibrating instruments, 

check and double check calibrations on all catalog items and supervise the 

marking of volumetric ware made special to order.

All volumetric standards are in accordance with U. S. Bureau of Standards' 

recommendations. Standard "Pyrex" Volumetric Ware is held within twice the 

tolerance, while Corning Certified "Pyrex'' Ware is held to within the tolerances 

and specifications prescribed by the Bureau.

Sturdy, accurate, made of b a la n c ed  glass, "Pyrex" Volumetric Ware is recom

mended for all general purposes where a glass of high chemical stability is re

quired. For work necessitating extreme accuracy, Corning Certified "Pyrex'' Ware 

should be specified. Both are available through your regular source of supply.

L A B O R A T O R Y  W A R E
“ P Y R EX ”  and  “ V Y C O R ”  are reg istered  trade-m arks and indicate manufacture by

CORNI NG GLASS WORKS .  CORNI NG,  NEW YORK
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Cable Address, “Balance,” Philadelphia
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A.H.T. CO. SPECIFICATIO N

ELECTROANALYSIS APPARATUS
FOR T H E  Q U ANTITATIVE ANALYSIS OF METALS, A LLO Y S  OR MATTES

Vol. 14, No. 2

E L E C T R O A N A L Y S IS  A P P A R A T U S , S in g le  U n it , A .H .T . C o . S p e c if ic a t io n , fo r  th e  q u a n t i t a t i v e  
a n a ly s is  o f m e ta ls ,  a llo y s  o r  m a t te s .  A n  a s s e m b ly  w h ic h  p ro v id e s  m a x im u m  f le x ib i l i ty  a n d  g r e a t e s t  
p o ss ib le  p r o te c t io n  f ro m  a c id  fu m e s  fo r  th e  e le c tr ic a l  c o n tro l  p a r t s .

C o n s is t in g  of a  p o w e r  u n i t  fo r  s u p p ly in g  c o n tro l le d  lo w  v o l ta g e  d i r e c t  c u r r e n t ,  f r o m  a  1 1 0 -v o lt, 
6 0 -cy c le , s in g le  p h a s e , a l t e r n a t in g  c u r r e n t  c ir c u i t ,  c o n n e c te d  w ith  a  s e p a r a te  e le c tro d e  s u p p o r t  w i th  b a s e  
a n d  sw in g -o u t b e a k e r  sh e lf  o f C o o rs  p o rc e la in , a n d  v a r ia b le  sp e e d  e le c tr ic  s t i r r e r  f o r  r o t a t i n g  a  g la ss  
s t i r r in g  ro d  o r  o n e  o f t h e  e le c tro d e s .

The power un it is enclosed in a ventilated sheet metal micro tes ts  when used w ith cells of the Clarke-IIermance type,
case with overall dimensions 12 inches high X 7 inches wide T he electrode support consists of an acid-proof Coors
X 6  inches deep, m ounted on rubber feet and w ith slotted porcelain base 8 ’/ j  X GlA inches with 20 X 'A-inch rod of
openings in the back for hanging on the wall. I t  contains aluminum alloy w ith “Alumilite” finish; beaker shelf of
a dry disk rectifier and a variable transform er for delivering Coors porcelain on swinging arm ; non-corrosive electrode
stepless direct current up to  5 amperes, and an outlet for clamp w ith adjustable aluminum binding posts and elamp
connection to stirring motor. On the front face are mounted holder; and electric stirrer consisting of brushless; shaded
the transformer dial, a  voltmeter, range 0  to  10  volts in pole m otor totally  enclosed in acid-resisting housing with
0.2 divisions, an ammeter, range 0 to  5 amperes in 0.1 divi- aluminum supporting rod and w ith rheostat, and two alumi-
sions, a  replaceable safety fuse and switches for the stirrer, num chucks, one attached to  the m otor for holding the spe-
the electrolytic current and for changing the polarity of the cial glass stirring rod which ro tates inside a platinum  elec-
electrodes, and binding posts for connecting the electrode trode, and a smaller chuck for insertion in the m otor chuck
leads. The power un it is suitable for macro determinations to  take electrode stems up to  B&S gauge-16 wire when ro-
and because of its  wide range of control, is also suitable for ta ting  electrode is used.

4785-L. Electroanalysis Apparatus, as above described, complete as shown in illustration, w ith power un it and electrode 
support for stationary or rotating electrodes, insulated lead wires with terminals, Pyrex beaker 180 ml, two 
extra fuses, cord and plug, and directions for operation bu t w ithout platinum  electrodes. For 110 volts, 60
cycles, single phase, a. c...............................................................................................................................................  98.75
Code W ord....................................................................................................................................................................... Exulk

4785-N . E lec tro ly tic  P o w e r  U n it, on ly , as su p p lie d  w ith  ab o v e . C o m p le te  w ith  tw o  e x t ra  fuses, c o rd  a n d  p lu g , b u t  w ith o u t  co n n e c tin g  co rds
fo r e lec tro d es  o r  e lec tro d e  s u p p o r t.  F o r  110 v o lts , 60 cycles, s in g le  p h a se  a . c ....................................................................................... 70.00
C ode W o rd .................................................................................................................................................................................................................................... E z u m i

4 7 8 5 -P . E le c tro d e  S up p o rt, on ly , as  su p p lie d  w ith  ab o v e . C o m p le te  w ith  C oo rs  p o rce la in  b ase  a n d  sw in g o u t b e a k e r  shelf, n o n -co rro s iv e  e lec
tro d e  c lam p , c lam p  h o ld e r a n d  s tir r in g  m o to r  w ith  tw o  chucks, g lass s tir r in g  ro d  a n d  rh e o s ta t ,  b u t  w ith o u t p la t in u m  e lec tro d es,
b ea k e r  or c o n n e c tin g  le a d s ....................................................................................................................................................................................................  28.25
C ode W o rd .........................    E x u n f

N O T E — N o. 8307 a n d  8308 P la t in u m  E lec tro d e s , as lis ted  on  p ag e  660 of ou r ca ta lo g u e , a re  s u ita b le  fo r u se  w ith  ab o v e . W e a lso  offer 
a  specia l ano d e , w e ig h t 8 .5  g ram s, a n d  tw o  sp ec ia l e lec tro d e s , 6 .5  a n d  8  g ra m s  re sp ec tiv e ly , fo r  th e  s a m e  p u rp o se .

More detailed information sent upon request.

4785-L
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Research with the Polarograph
OTTO  II . M U L L E R , D e p a r tm e n t o f  A n a to m y , C ornell U n iv e rs ity  M ed ical C ollege, New Y ork , N . Y.

L IK E  m any new  analy tica l tools, th e  polarograph has 
been ballyhooed a t tim es an d  belittled  a t  others. T he  

enthusiasm  of early  w orkers w as m isin terpreted  as suggesting 
th a t an y  an d  all analyses could be carried o u t w ith  th is  
m achine b y  a n y  laym an. As a  result, th ere  w as skepticism  
and  an  unfavorable reaction  w hen ac tu a l tests  revealed th a t  
th e  polarograph h ad  a  definitely lim ited  field of application  
and  th a t  a  specially tra ined  chem ist w as essential for its  
operation . T o d ay  i t  is generally  agreed th a t  th is in s trum en t 
is of unquestionable value, and  th is paper will serve to  
dem onstra te  some of its  uses.

Polarography
E q u i p m e n t .  T o sim plify studies w ith  th e  dropping m er

cu ry  electrode, th e  polarograph w as designed by  Iie}Tovsky 
an d  S h ika ta  in 1925 (22) for p lo tting  current-voltage curves 
au tom atica lly . As is show n in F igure 1, i t  consists of a  
po ten tiom etric  wheel, P , driven by  a  m otor, M , and  geared 
to  a  cam era, C, in  a  fixed ratio  for recording deflections of the 
galvanom eter, G. (For sim plicity, only th is type  of polaro
graph  is discussed here. H ow ever, several o ther in s tru 
m ents for use w ith  th e  dropping m ercury  electrode are  pro
duced by  A m erican m anufacturers and  sold under various 
trad e  nam es.) T he  current-vo ltage curves ob tained  w ith 
it  (polarogram s) are  of value only if th ey  indicate specifically 
th e  processes going on a t  one of th e  electrodes. I t  is there
fore essential to  have an  electrolytic cell w ith  one large non- 
polarizable an d  one sm all easily polarizable electrode. A 
large calom el electrode and  th e  dropping m ercury  electrode 
are  undoub ted ly  the  best com bination m eeting these re
quirem ents. (O ther easily polarized electrodes can also be 
used under p roper conditions, b u t th ey  lack th e  advan tage  
of an  easily reproducible fresh surface and  are  seldom free 
from  th e  effects of previous polarization.)

P r i n c i p l e s .  U sing such a  cell i t  is possible to  ob ta in  w ith 
the polarograph w h a t its  nam e im plies—th a t  is, a  graph 
showing th e  polarization  of th e  sm all electrode w ith  increas
ing applied voltage. T he presence of an y  depolarizer a t  the 
electrode surface is ind icated  on such a  g raph  b y  a  flow of 
cu rren t. U nder suitable, well-defined conditions, th e  de
polarizer can  reach th e  electrode only b y  sim ple diffusion, 
so th a t  th e  cu rren t w ill be lim ited  b y  th e  q u a n tity  of de
polarizer w hich can  diffuse to  the  electrode surface in  u n it 
tim e. T h is so-called “ diffusion cu rren t” is p roportional to 
th e  concentration  of th e  depolarizer and  serves for q u a n tita 
tive analysis (25). T he  po ten tia l a t  w hich the  depolariza
tion  occurs is a n  indication  of th e  n a tu re  of th e  depolarizer 
an d  serves for q ua lita tive  analysis (20). I f  m ore th a n  one 
depolarizer ac ts  over a  given range of th e  applied voltage, a

complex polarogram  w ith  several c u rre n t increases a t  dif
feren t po ten tia ls  (waves) m il  be ob tained, p e rm itting  th e  
sim ultaneous qu a lita tiv e  and  q u an tita tiv e  analysis of a  num 
ber of substances. A n exam ple of such a  curve in  w hich 
op tim um  conditions prevail is show n in F igure  2.

HeyrovskJ- and  collaborators have m ade  a  system atic  in
vestigation  of th e  factors w hich govern th e  polarographic 
w ave an d  have been able to  give a  theore tica l exp lanation  
of th e  observed facts, th u s changing po larography  from  an 
em pirical in to  an  exact m ethod . F o r details, th e  reader is 
referred to  the  original lite ra tu re  (18, 20, 21, 25) o r to  review 
papers (27, 88, 39, 52) and  m onographs (19, 24, 28, 42).

T heoretically , every  substance can be analyzed  polaro- 
g raphically  if i t  is electroreducible or -oxidizable w ith in  th e  
po ten tia l range of th e  electrode. T he  m axim al range of the

F ig u r e  1. D ia g r a m  o p  P o l a r o g r a p h  a n d  E l e c t r o l t t ic  
C e l l
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F i g u r e  2 . P o l a r o g r a m  D e m o n s t r a t in g  S im u l t a n e o u s  
A n a l y s is  o f  C o p p e r , L e a d , C a d m iu m , Z in c , a n d  M a n g a 

n e s e  i n  a  S o l u t io n  o f  C a l c iu m  C h l o r id e

dropping m ercury  electrode is from  E b - c - e -  +  0.6 to  —2 .6  
volts, b u t in  m ost solutions i t  is m uch sm aller. I f  th e re  is a 
g rea t num ber of different e lec troactive substances in  solu
tion, th e  analysis becomes difficult, since som e of th em  m ay 
have characteristic po ten tia ls (half-w ave po ten tia ls, 20) 
t h a t  overlap or come so close together th a t  th e  resolu tion  of 
individual w aves becomes im possible. Such coincidences 
m ay  som etim es be overcom e b y  a lte ring  th e  p H  of th e  medium  
in w hich th e  reaction  is carried ou t, or b y  changing th e  re
ac ta n ts  in to  complexes, from  w hich th e y  deposit a t  po ten 
tials fa r enough a p a rt so th a t  each w ave can  be m easured 
separately . F igure 3 shows a  ch a rt of inorganic reduction

poten tia ls in  different m edia (4%). I t  m ay  be seen th a t  w ave 
coincidences can be overcom e in a good num ber of cases. 
I f  th is is n o t possible, or if an  ion w ith  a  m ore positive reduc
tion  po ten tia l is p resen t in  excess, recourse m u s t be tak en  to  
ord inary  chemical m ethods to  bring  ab o u t a  prelim inary  
separation . T his is th e  case in  m ost p rac tica l analyses 
w hich require a  careful com bination  of electrochem ical and  
general analy tical procedures executed b y  a  w ell-trained 
chem ist. H ow ever, some analyses w ith  th e  dropping m er
cury  electrode, a lthough possible, becom e so com plicated 
th a t  i t  is best to  use a  different m ethod. T hese points are  well 
dem onstrated  by  th e  procedure for th e  analysis of brass (24) 
w hich is shown in  T ab le  I . Copper, zinc, nickel, lead, iron, 
an d  tin  are  all polarographically  determ inable. H ow ever, for 
sim plicity, th e  procedure is d iv ided in to  one grav im etric  and  
th ree polarographic analyses in  different m edia.

T here  are  b u t few procedures published in  as m uch detail 
as th e  one ju s t m entioned, and  even these should be used w ith  
reservation  b y  either novice o r expert. W ith  ra re  exceptions, 
therefore, every  contem plated  polarographic analysis p resents 
its  own problem , for 
w hich th e  investigator 
m ust develop his own 
technique. T h is con
sists largely  of finding 
supporting  electrolytes 
o r G rundlomngen  which 
bring  ab o u t th e  neces
s a r y  s e p a r a t i o n  o f 
w ave coincidences, so 
t h a t  e v e r y  p o l a r o 
graphic w ave is signi
ficant and  m e a s u r 
able. T he  reliability  of 
each procedure m u s t be 
tested  b y  th e  construc-

SYc f lÈ p M
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F i g u r e  4 . P o l a r o g r a p h ic nZ in c  
W a v e s  R e p e a t e d  T h r e e  T im e s

T a b l e  I. B r a s s  A n a l y s i s

(D e te rm in a t io n  of C u , Z n , N i, P b , F e , a n d  S n  ac co rd in g  to  H o h n , 24 ) 
D isso lve  0 .5  g ram  of sam p le  in  c o n c e n tra te d  H N O j, e v a p o ra te  to  d ry n e s s ; 

h e a t w ith  5  cc . of c o n c e n tra te d  H N O a, a d d  w a te r, a n d  filte r

SnO*
D e te rm in e  
g ra v i m e tr i
ca lly

C u , Z n , N i, P b ,  F e  _  „ ___
A d d  15 cc. of c o n c e n tra te d  N H a a n d  5 cc. of 2 N  (N H O jC O i 
a n d  filte r

P b . F e
D isso lv e  in  h o t  2  N  
H N O a, m a k e  u p  to  fixed 
v o lu m e . D e te rm in e  p o 
la ro g ra p h ic a lly  in  s lig h tly  
ac id  NH<C1 so lu tio n

C u , Z n , N i
M a k e  u p  to  fixed v o lu m e.
D e te rm in e  p o la ro g ra p h ic a lly
(а) in  N H a +  NH<C1 so lu 

tio n  to  g e t  C u  a n d  su m  
of Z n  +  N i

(б ) in  K C N  +  N aiSO a so lu 
tio n  to  g e t  N i o n ly

F i g u r e  3 . T a b l e  o f  H a l f - W a v e  P o t e n t i a l s  o f  M e t a l  
I o n s  (42)

tion  of calib ration  curves under iden tical conditions a t  wlfich 
the  analysis is to  be carried ou t. A  clear understand ing  of 
the  fundam ental principles is obviously essential, A  person 
tra ined  in  physical chem istry  should be able to  acquire  a  good 
deal of experience in  a re la tively  sh o rt tim e b y  carry ing  ou t 
th e  series of experim ents described in  th e  Journal o f Chemical 
Education (42). F o r these no po larograph is needed an d  th e  
necessary equ ipm ent should be available in  m ost laboratories. 
Once a  p a rticu la r procedure has been fu lly  developed, th e  
analyses can  be carried  o u t b y  anyone w ith  some tra in ing  in 
chemical analysis— for instance, classes of m edical s tu d en ts  
have been able to  m ake polarom etric oxygen an d  chloride 
determ inations w ith  b u t  a  few m inu tes of instruction . I t  is 
well, how ever, to  have  expert advice available, since ex
perience has show n th a t , even in  th e  sim plest analyses, ir
regularities of unforeseen origin are  bound  to  occur.
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F ig u r e  5 . A  S t e p  i n  A n a l y s is  o f  a  M a g n e s iu m  A l l o y
L o o k in g  fo r c o m p o n en ts  of s o lu tio n  b y  rec o rd in g  cu rv es  a t  d iffe re n t s e n s itiv itie s  of g a l
v a n o m e te r . A c c id en ta lly , m id d le  (zinc) w av e  of c u rv e  S  1 /1 0  w as re p e a te d  ov er v o ltag e  

in c re m e n t in d ic a te d .

R e v e r s i b l e  R e a c t i o n s .  T he ideal exam ple 
of a  reversible reaction  a t  th e  dropping m ercury  
electrode is given b y  qu inhydrone an d  its  com
ponents (4S). In  a  well-buffered solution, th e  
curve due to  th e  reduction  of quinone (F igure 
6 , a) will have th e  sam e characteristic  half-w ave 
po ten tia l (corrected for I R ) as the  curve due to  
th e  oxidation of hydroquinone (F igure 6 , c ). T h is 
po ten tia l is also ob ta ined  if qu inhydrone is 
stud ied  (F igure 6 , b). H ere one half of th e  curve 
represents an  oxidation of hydroquinone a t  th e  
m ercury  anode, while th e  o ther ha lf represents 
a reduction  of th e  quinone a t  the  m ercury  elec
trode  w hich is now  cathode. G eneralizing, 
one can say  th a t  an  oxidation-reduction  system  
is rever-

S e n s i t i v i t y  a n d  A c c u r a c y .  T he polarographic m ethod  is 
applicable over a  concen tration  range of 1 0 - 0  to  1 0 m olar; 
for best results, how ever, a  1 0  to  10  ~ 3 m olar so lu tion  is 
desirable. In  th e  la t te r  case, an  accuracy  of ± 1  per cent 
can be reached by  repeating  polarogram s of th e  sam e solution 
several tim es (Figure 4) and  averaging th e  individual m eas
urem ents of th e  diffusion cu rren t. T h is can  easily be done 
if th e  volum e of th e  so lu tion  is 1 cc. or more, because the 
q u a n tity  of m ateria l electrolyzed is so sm all th a t  th e  body of 
th e  so lu tion  rem ains unaltered  and  subsequent polarogram s 
are  identical. T h is  is clearly  dem onstrated  in  th e  m iddle 
curve of F igure 5, w here p a r t  of th e  curve w as accidentally  
repeated , causing m erely  a  th ickening of th e  lines draw n. 
W hen sm aller volum es of solution are  analyzed, special pre
cautions are  necessary, since th e  q u a n tity  of m ateria l which 
is rem oved by  electrolysis an d  also th e  end products form ed 
becom e significant under these conditions. F u rth e r
m ore, a  residual cu rren t, w hich is inheren t in th e  
m ethod , becom es appreciable in  d ilu te  solutions 
an d  necessitates a  correction of th e  observed 
sm all cu rren ts. I n  'general, therefore, th e  ac
curacy and  sensitiv ity  of th e  m ethod  are  as 
follows: in  practice, 1 cc. of a  1 0 - 5  M  solution 
or 1 m icrogram  of m ateria l (if its  m olecular w eight 
is 1 0 0 ) can  be analyzed w ith  an  accuracy  of ± 1  to  
3 per cent. U nder extrem e conditions, 0.01 cc. of 
a  1 0 - 6  M  solution or 0 .0 0 1  m icrogram  of m aterial 
(if its  m olecular w eight is 1 0 0 ) can  be  analyzed, 
b u t  th e  error is ab o u t =*= 1 0 0  per cent.

S c o p e .  T h e  scope of th e  polarographic m ethod  
includes a  large v a rie ty  of inorganic and  organic 
ions and  com pounds. A nalyses have been m ade 
of p ractically  a ll m etallic  ions, of m an y  anions 
w hich form  complexes or p recip ita te  w ith  m ercury, 
an d  of a  num ber of complex anions such as brom ate 
an d  n itra te  ions. E ven  dissolved gases—e. g., 
oxygen, su lfu r dioxide, and  cyanogen—have been 
determ ined. I n  th e  organic field an  ever-increas
ing num ber of com pounds has been found su it
able for polarographic analysis. Besides th e  group 
of know n reversible oxidation-reduction system s, a  
g rea t m an y  com pounds have been stud ied  w hich 
are  irreversib ly  reduced or oxidized a t  th e  dropping 
m ercury  electrode. I n  a lm ost all these reactions, 
th e  p H  of th e  so lu tion  has a n  influence on th e  re
duction  po ten tia l. F o r th is reason and  because 
reactions, a t  th e  electrode can either produce or use 
up hydrogen ions (39,41) > adequa te  buffering of the  
solution becomes essential in  organic analyses.

sible in  a  
t h e r m o 
d y n a m ic  
s e n s e  

w h e n e v e r  identical 
polarographic half
w ave po ten tia ls are  
obtained  in  th e  reduc
tion  of th e  oxidant 
and  oxidation of the 
r e d u c t a n t  ( 3 9 ) .  
These reversible re
ductions and  oxida
tions a re  best for 
o b t a i n i n g  a  c le a r  
u n d e r s t a n d i n g  of 
th e  p o l a r o g r a p h i c  
w a v e  a n d  w il l  b e  
d i s c u s s e d  f u r t h e r  
herein.

F i g u r e  6 . P o l a r o g r a m  o f  S o
l u t io n  B u f f e r e d  a t  pH  6.67

a  q u in o n e , b q u in h y d ro n e , a n d  c h y d ro 
q u in o n e  (45)

o.io K L. 
0.6  m L  

.1  m L

A c idF i g u r e  7 . P o l a r o g r a m s  S h o w i n g  O x i d a t i o n  o f  A s c o r b i c  
u n d e r  V a r y i n g  C o n d i t i o n s  (46)

F o r  e a ch  cu rv e , p o te n t ia l  co rre sp o n d in g  to  t h a t  o f  ca lom el half-ce ll— i. e ., w hen  a p 
p lied  v o ltag e  is  zero— is  in d ic a te d  b y  a  circle



102 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 14, No. 2

F i g u r e  8

F ig u r e  9.
A .

P o l a r o g r a m s  D e m o n s t r a t in g  B r d ic k a ’s  R e a c t io n  (9)
. of2 cc. of 8  X  10~* M  C o C l: +  1 cc. of I N  N H iC l +  6  cc. of II iO  - f  1 cc,

1 N  N H tO II  +  0.1 cc. of h u m a n  b lood  p la sm a  
B .  L ike  A  b u t  w ith o u t p la sm a

L ik e  A b u t  w ith  HaO in s te a d  of C oC lj 
P o te n t ia l  co rresp o n d in g  to  ca lom el half-cell (app lied  v o ltag e  zero) in d ic a te d  b y  circle

Similar treatm en t of cholesterol and stigmasterol has also pro
vided a means to analyze these compounds polarographically 
(17).

C a t a l y t i c  R e a c t i o n s .  In  add ition  to  these reversible 
and  irreversible d irect reductions a t  th e  dropping m ercury  
electrode, there  are  some w hich seem  to  be ca ta ly tic  in 
na tu re .

Brdicka (9) found th a t  sulfur-containing proteins produce a  
large double wave (Figure 9, A )  on th e  polarogram if th e  re
duction is carried ou t in a buffered cobalt or nickel solution. 
No such double wave is obtained in the absence of these metals 
(Figure 9, C). For th is and other reasons which cannot be 
enumerated here, Brdicka concluded th a t the hydrogen evolution 

from the sulfhydryl groups in th e  proteins was ca ta
lyzed by the metals (10). Cystine and cysteine react 
similarly bu t produce only a single wave on th e  polaro- 
gram (11). When a num ber of blood proteins from 
different individuals were studied, the interesting ob
servation was made th a t serum from cancer patients 
produced a protein double wave th a t was definitely 
smaller than  th a t resulting from the serum of normal 
individuals (12). This seemed to offer possibilities for 
the diagnosis of cancer and stim ulated research on the 
subject (7, 8 ,18, 55). Unfortunately, other diseases— 
e. g., pneumonia (14) and arthritis (36)—were found to 
have a similar effect, so th a t the tes t is not specific for 
cancer. M uch promising work, however, is still in 
progress and even now valuable information is being 
obtained on the course of disease.

T h e o r e t i c a l  A p p l i c a t i o n s .  Aside from  th e  
foregoing practical applications, there  are  num erous 
theoretical problem s in  w hich th e  po larograph has 
been of service.

I r r e v e r s i b l e  R e a c t i o n s .  B y fa r th e  m ajo rity  of organic 
analyses involve reactions w hich are  n o t s tr ic tly  reversib le— 
th a t  is, reactions in  w hich th e  end products canno t be re
oxidized or reduced to  th e  s ta rtin g  m ateria l a t  th e  sam e 
electrode potential. T o th is group belong th e  reductions of 
aldehydes, ketones, un sa tu ra ted  acids, and  n itro  com pounds. 
A lthough th e  po tentialities of th e  m ethod  a re  g rea t in th is 
field, only few practical applications have so fa r been m ade.

An example of an irreversible oxidation (46) is given in Figure 
7, which shows polarograms of the oxidation of ascorbic acid. 
This vitam in can be determined in fruits in an acid medium (26), 
bu t its polarographic determ ination in blood has not yet been 
accomplished. Of the other vitamins, members of the B group
(32) and vitam in K  (16), as well as substances related to  vitam in 
E  (50), have been found reducible in pure solution; procedures 
for their practical analysis should soon be developed.

Perhaps the best example of w hat can be done by a combina
tion of organic chemistry and polarography is the work of Fieser 
and collaborators (17, 58, 59) who used the dropping mercury 
electrode for the determination of some sex hormones in urine. 
Eisenbrand and Picher (15) had found th a t th e  a -/3 unsaturated 
ketonic steroids (Figure 8 , II) testosterone, progesterone, cortico
sterone, and desoxycorticosterone were polarographically deter
minable, while the 17-ketosteroids androsterone and isoandro- 
sterone (Figure 8 , 1) as well as dehydroisoandrosterone (Figure 8 , 
I I I)  were not. The im portant contribution from Fieser’s 
laboratory was the introduction of an active group into the 
electro-inactive molecule. This was done by treatm ent with 
Girard reagent 7’ (trim ethyl acethydrazide ammonium chloride). 
The otherwise inactive 17-ketosteroids thus not only were made 
reducible bu t they also showed a different reduction potential 
than  the similarly treated  A'-ketosteroids (Figure 8 , II). There
fore, by preparing the Girard derivatives, both types of com
pounds could be determined simultaneously (59). An addi
tional accomplishment was the Oppenauer oxidation of dehydro
isoandrosterone (Figure 8 , I I I)  with aluminum-i-butoxide in 
acetone, which changed the position of the double bond in the 
rings and oxidized the hydroxyl group a t  position 3  to  form 
A * -a n d ro s te n e d io n e -3 ,1 7  (Figure S, IV). The Girard derivative 
of this compound showed two waves, as might be expected.

To get a  clear picture of the happenings a t  the 
electroae-solution interface, let us again consider the 
polarogram of quinhydrone in a  well-buffered solution 
(Figure 10, A ). Since the electrode-reaction is re
versible in this case, the polarographic wave will 

be practically identical w ith th e  familiar electrometric titra tion  
curve (Figure 10, B). In  both, the m idpoint of the curve 
gives us Eo, the  characterizing potential of th e  oxidation- 
reduction system, yet the conditions responsible for these curves 
are fundam entally different. The polarographic wave indicates 
only the condition of the electrode-solution interface. The cur
rent of electrons flowing from or to  th e  electrode corresponds to  
the titra ting  agent added to this interface while the body of the 
solution remains unchanged. In  th e  electrometric titrations, 
the whole of the solution is altered and the  electrode serves only
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F ig u r e  10 . (A )  P o l a r o g r a m  o f  Q u i n h y d r o n e  i n  B u f f e r e d  
S o l u t i o n , R e p r e s e n t i n g  D ir e c t  T it r a t i o n  o f  E l e c t r o d e -  
S o l u t io n  I n t e r f a c e , W h i l e  B o d y  o f  S o l u t io n  R e m a in s  
P r a c t ic a l l y  U n c h a n g e d . (B) T y p ic a l  P o t e n t io m e t r ic  
O x i d a t iv e  o r  R e d u c t iv e  T it r a t i o n  C u r v e , R e p r e s e n t i n g  

C h a n g e s  T h r o u g h o u t  B o d y  o f  S o l u t io n  (39)



F ig u r e  12. P o l a r o g r a p h ic  R e c o r d  o p  C u r r e n t - T im e  
C u r v e s

R a te s  of oxygen  co n su m p tio n  of y e a s t cells, (a) in  ab sence  of su b 
s t r a te ,  (6 ) in  p resen ce  o f g lucose (42)

to dem onstrate th is change. The information gained in both 
cases is identical (39). Speed, ease of operation, and the absence 
of a need for a suitable titra ting  agent are advantages of the 
polarographic method, while higher accuracy and familiarity with 
the procedure speak for the electrom etnc titrations.

A good example of such studies is given in Figure 11, which 
shows the reduction of a-oxvphenazine (37), one of the semi- 
quinone-forming compounds investigated by Michaelis (35). I t  
is reduced in two steps in very acid solutions, while in more 
alkaline solutions the reduction proceeds in a single step. By 
means of the polarograph these studies have been extended (37) 
to measurements in the overvoltage range of potential and to 
irreversible systems. In the inorganic field similar investiga
tions have been carried out w ith numerous complex metal ions
( S I ) .

T here  are  m any  o ther theoretical polarographic problems 
in which th e  reductions are  n o t reversible. T o these belong 
studies on th e  effect of substitu tions in an  organic molecule 
upon its  reduction  po ten tia l (1, 48, 43, 56); ra te  studies such 
as th e  inversion of sucrose (S3), o r th e  tautom erization  of an 
optically  ac tive azom ethine (6); studies in keto-enol tau tom -
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erism and  the polym erization of pyruvic  acid (43); 
and  studies of the effectiveness of buffers (41).

F i g u r e  11. P o l a r o g r a m s  o f  cc-O x y p h e n a z in e

In  M c llv a in e  b u ffe rs  of p H  6  a n d  8 , a n d  in  0.1 a n d  0.01 N  H N O a so lu tio n s  (37). 
P o te n t ia l  c o rre sp o n d in g  to  ca lom el ha lf-ce ll (app lied  v o ltag e  zero) in d ica ted  b y  circle

Polarometry
K i n e t i c  S t u d i e s .  All polarographic analyses 

require enough tim e to  d raw  th e  curve an d  to  
evaluate  th e  result. T o save tim e, m odifications 
of th e  technique have been developed w herein 
th e  curren ts obtained  a t  a  constan t applied voltage 
a re  observed and  recorded. T h is is possible w hen
ever the reduction  produces a  w ave w ith  an  ex
tended p lateau  (42)—for instance, th e  oxygen con
cen tration  in  a  solution (54) has been determ ined 
by  applying a  fixed voltage of E s . c . e .  —0.5 v o lt 
and  noting  th e  corresponding galvanom eter de
flections (3, 5, 57). Also, changes in oxygen con
cen tration  w ith  tim e have been recorded by  m eans 
of th e  polarograph. F igure 12 shows th e  ra te  of 
oxygen consum ption of a  yeast suspension (a) in  
the  absence of su b s tra te  and  (b) in th e  presence 
of glucose (42). These curves dem onstra te  the  
well-known fac t th a t  the  ra te  of oxygen consum p
tion of yeast is of zero order u n til very  low oxygen 
pressures are  reached.

T i t r a t i o n s .  T he foregoing stud ies suggest re
actions in w hich an  analyzable com ponent of the  
so lu tion is a lte red  by  titra tio n  w ith  a  p rec ip ita ting  
agent, while th e  cu rren t is observed a t  a  constan t 
applied voltage. Such titra tio n s have been called 
polarom etric titra tio n s  (S3) to  show th e ir re la tion 
ship to  th e  polarographic m ethod. [Kolthoff an d  

Pan  (S9) have proposed the  term  "am perom etric” to  describe 
these titra tions. As w ill be ap p aren t from  w h a t is said  
below, the ir term  fails to  be specific, since i t  is also ap 
plicable to  o ther unre la ted  m ethods in  w hich cu rren t is 
m easured.] F ou r m ain types a re  know n a t  p resen t and  
their respective titra tio n  curves a re  show n in  F igure 13.

In  *4, the electroactive substance is removed from solution by 
precipitation w ith an inactive substance—e. g., lead titra ted  
with sulfate ion (S0! 34, 51). In  B, to an inactive substance an 
electroactive precipitating agent is added—e. g., sulfate titra ted  
with barium ion (34). In  C, both the component of the solution 
and the precipitant are reducible a t the given applied voltage— 
e. g., lead titra ted  with dichromate ion (29, 47). The end points

cc.reagent added cc.reageni added
F i g u r e  13 . T y p e s  o f  P o l a r o m e t r i c  T i t r a t i o n  C u r v e s  (42)

cc. reagent added cc. reagent added
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F i g u r e  14 . C h a n g e s  d u r in g  R e s p i r a t io n  o p  Y e a s t  i n  R i n g e r ’s
S o l u t io n  (3)

to  be ac tiva ted  spontaneously  a t  alm ost regular 
in tervals.

Conclusion
I t  should be em phasized th a t  th is  résum é of re 

search w ith  th e  polarograph necessarily h ad  to  be 
crowded and  is therefore fa r  from  com plete; th e  
references given represen t n o t even 10  per cen t of 
the  lite ra tu re  on th is sub ject. I t  is hoped, however, 
th a t  enough m ateria l has been incorporated  in  th is 
paper to  dem onstra te  th e  versa tility  of th e  polaro
graph  and  th e  general usefulness and  lim itations of 
polarography.
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D eterm ination o f the A niline P oint 
o f Dark Petroleum  Oils

IJRUCE B . CARR A N D  ¡VI. S. A G R U SS, T h e  P u re  O il C o m p an y , C h icago , III.

TH E  A m erican Society for T esting  M ateria ls  has defined 
aniline p o in t (!)  as th e  m inim um  equilibrium  solution 
tem pera tu re  for equal volum es of aniline an d  oil and  has p u b 

lished a m ethod  for determ ining th e  aniline po in t by  observing 
th e  tem p era tu re  a t  w hich a  50/50 m ix ture of oil and  aniline 
becom es tu rb id  upon cooling. S ince th e  use of th e  A. S. T . M . 
m ethod  is lim ited  to  oils of less th a n  8  A. S. T . M . color (1), 
th e  au th o rs  have  developed a  m ethod  for determ ining the 
aniline p o in t of d a rk  oils based on th e  v isual observation of a 
th in  film form ed on th e  glass wall of th e  appara tus.

Previous investigators have observed th e  clouding of a  th in  
film of aniline and  oil and  have m ade use of th is principle to  
determ ine approxim ate aniline points. T he  m ethod  described 
by  th e  In s titu tio n  of P etro leum  Technologists (8) suggests 
th a t  th e  aniline p o in t of dark  oils can  usually  be determ ined 
w ith  su itab le  illum ination  or b y  observation of th e  th in  film 
of th e  m ix tu re  which is w ashed up  on th e  sides of th e  tu b e  dur
ing stirring . D onn (2) u tilized  th e  sharp  b reak  in  th e  vis
cosity tem p era tu re  curve to  ind ica te  th e  aniline point, b u t re
sorted  to  an  approxim ate m ethod  for d ark  oils in  w hich a 
drop of th e  h o t so lu tion  w as observed under á  microscope. 
V anW ijk an d  Boelhouw er (6) and  M atteson , Zeitfuchs, and 
E ldredge (4) m ake use of th e  varia tion  in transparency  to  
in frared  rad iation .

Description of Apparatus
The apparatus shown in Figure 1 consists essentially of a 

double jacketed Pyrex test tube having a  triple-junction copper - 
constantan thermocouple cemented to  the inner wall of the tube. 
The aniline-oil m ixture is stirred by swinging th e  apparatus back 
and forth over a small arc in such a  m anner th a t th e  contents 
run from one end of th e  tube to the  other, alternately covering 
and exposing the thermocouple a ttached  to th e  wall of the tube. 
This stirring action m ay be accomplished in a  number of ways; 
the authors clamped th e  apparatus to  a  vertical arm which is 
pivoted a t  its lower end. The arm is moved back and forth 
about 25 times per m inute by a slow-speed motor geared down

to this speed. A small 7-w att light and shield are clamped on 
th e  arm  to illuminate the film, and the apparatus is heated by a 
Bunsen burner which is also clamped on th e  oscillating arm. 
The tem perature m ay be measured by any type of millivoltmeter 
or potentiom eter which is calibrated to  0.1  millivolt in th e  range 
of 0 to  15 millivolts. An instrum ent calibrated to  0.01 millivolt 
should be used if greater than  0.5° F . accuracy is desired.

The inner tube (Figure 2) is 15 mm. in outside diam eter and 
125 mm. long (not including th e  standard-taper ground-glass 
joint which is sealed to  the top of th e  tube to  hold th e  glass 
stopper). The triple thermocouple junctions are brought into 
the tube through two small holes which are located about 90 mm. 
from the bottom  of the tube. The junctions are separated to 
cover more of th e  tube surface and cemented in place w ith air-
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drying Insalute cement. The inner tube is supported in the 
jacket by means of a  second ground-glass standard-taper joint.

The outer jacket is a double-walled tube 6  cm. in outside 
diam eter and 19.5 cm. long, the inner surface of which is ground 
a t the top to form half of the ground-glass jo in t which supports 
the inner tube. The jacket is vented near the top. A short 
section of glass tubing (not shown in the photograph) should be 
attached to the outer jacket ju s t below the clamp to aid in 
blowing cold air through the jacket if this is necessary. A 
clamp is provided to hold the apparatus on the stirring mecha
nism.

Opera lion
Three cubic centimeters each of oil and aniline arc pipetted 

into the inner test tube; the glass stopper is inserted and fastened 
by means of a  rubber band. The apparatus is then clamped in 
a nearly horizontal position and the flame and stirring device 
are started. As the mixture is heated the inner tube should be 
vented a t  least every 50° F. The aniline point is taken as the 
tem perature a t which a  cloudy film first appears on the glass wall 
surrounding the thermocouple junctions as the mixture is coolcd 
from above its solution tem perature. The rate of cooling should 
be controlled as specified in the A. S. T . M. procedure; however, 
when using a millivoltmeter, which may be read instantly, instead 
of a potentiom eter the ra té  of cooling was found to  have very 
little effect. The apparatus m ay be easily cleaned by pouring 
a suitable solvent into the tube and evacuating into a trap  
through a glass tube of small diameter. The oil sample and 
aniline should be prepared as described in the A. S. T . M. pro
cedure.

Calibration
A t high tem perature, the tem perature gradient through the 

apparatus becomes so large th a t a  small correction m ust be added 
to the potentiom eter reading, representing the tem perature dif
ference between the glass wall and the liquid film on the glass. 
This correction, which varies from about 0.5° F. a t  150° F . to  
2.5° F. a t 215° F., was obtained by determining the aniline point 
of several light-colored oils in both the A. S. T . M. and the dark 
oil apparatus. A calibration curve for the apparatus is shown 
in Figure 3. The broken curve is the thermocouple calibration 
curve.

T able I  gives a  com parison of th e  resu lts ob tained  by  th e
A. S. T . M . m ethod and  th e  dark  oil app ara tu s on a  series of 
light-colored sam ples, an d  also shows th e  check resu lts which 
a re  obtainable by  different operators on sam ples of black oil.

T he  blends of N o. 6  fuel oil in  180 viscosity  n eu tra l were 
m ade to  bring  th e  neu tra l to  an  8  A. S. T . M . color.

Precision
T he precision of th is te s t is lim ited m ain ly  by  th e  precision 

w ith  w hich the  po ten tiom eter can  be read, since th e  p o ten ti
om eter reading a t  w hich th e  film around  th e  therm ocouple 
becomes cloudy is highly reproducible. D up lica te  de term ina
tions by  different operators check w ith in  0.5° F . T he ac
curacy of th e  te s t depends largely on the therm ocouple cali
brations o r th e  overall calibrations of th e  ap p ara tu s . T he 
au thors used constan t-tem pera tu re  (± 0 .0 2 5 °  F .) viscosity 
b a th s  to  ensure accu ra te  calibrations; however, a  periodic 
check should be m ade on th e  calibration. I f  th e  ap p ara tu s  
is carefully calibrated  and corrected as show n in  F igure 3 
an accuracy of ± 0 .5 °  F . should be easily a tta inab le .

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

A. S. T . M .
A n iline D a rk  O il

M a te r ia l P o in t M eth o d
0  F . ° F.

K ero sen e 1 2 0 120 .3
K ero sen e 1G1 16 1 .2
K ero sen e  d is ti l la te 168 1 6 8 .0
K erosene  d is ti l la te 159 158 .7
C rac k ed  gaso line 97 9 7 .0
N o. 3 fu rn a c e  o il 150 14 9 .5
85 v isco s ity  n e u tra l 203 2 0 3 .0
180 v isco s ity  n e u tra l 216 2 1 6 .3
B lend  fu e l o il in  n e u tra l 209 2 0 9 .2
B lend  fuel o il in  n e u tra l 2 1 2 2 1 2 . 0
N o. 6  fu e l o il (b la ck ), o p e ra to r  1 
N o. 6  fu e l o il (b la ck ), o p e ra to r  2

168 .7
1 6 8 .S

S til l  b o tto m s  (b lack) 150 .4
B lack  oil 14 6 .0
700 E . P . g as  o il ( 8  p lu s  N . P . A . color)
20 g ra v i ty  b o tto m s  (S w eet L a k e  cru d e— black)

1 1 8 .0

O p e ra to r  1 2 2 1 . 0
O p e ra to r  2 2 2 1 . 2
O p e ra to r  3 2 2 1 .3

28 g ra v i ty  to p p e d  c ru d e  (R oscom m on  cru d e— black) 
O p e ra to r  1 178 .6
O p e ra to r  2 178 .7
O p e ra to r  3 178 .2

Discussion
T he sim plicity  in  design and  construction  of the app ara tu s  

m akes i t  available a t  very  litt le  cost to  a n y  labo ra to ry  which 
is equipped w ith  the  necessary m illivoltm eter or poten tiom eter. 
In  ease of operation  and  tim e consum ed th e  m ethod  is com 
parab le  w ith  th e  proposed A. S. T . M . m ethod  for light-colored 
sam ples. T he m ethod  is applicable to  b lack  stocks such as No.
6  fuel oil and  m ost still bo ttom s; how ever, in  th e  case of 
heavy  ta rs  th e  film m ay  n o t be tran slu cen t even a fte r 50 per 
cen t d ilu tion  w ith  aniline. If  th e  solu tion  tem p era tu re  is 
below room  tem pera tu re  th e  aniline po in t m ay  be determ ined 
b y  blowing cold d ry  a ir  th rough  th e  o u te r jacke t, or b y  a 
m ethod  (4) involving th e  use of a  s tan d a rd  d iluen t hav ing  an 
aniline po in t a round  140° F . T he  aniline p o in t of a  50/50 
per cen t b y  volum e m ix tu re  of sam ple an d  d iluen t is de te r
m ined, th e  aniline po in t of th e  sam ple th en  being obtained 
from  a  curve showing th e  relation  betw een aniline points of 
oils and  oil d iluen t blends. T he  aniline po in t of very  black 
sam ples could presum ably  be determ ined in th e  sam e m anner.
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D eterm ination o f Free Sulfur in Lubricating Oil
HARRY LEV IN  A N D  ERV IN  S T E IIR , T h e  T exas C o m p an y , B eacon , N . Y.

TH E  increasing use of sulfurized fa t ty  and  m ineral oils in 
lubricating  oil has m ade im p o rtan t a  m ethod for de te r

m ining free su lfur in such products.
In  th e  sulfurization  of f a t ty  and  m ineral oils by  d irec t 

reaction w ith  elem entary  su lfu r a t  elevated  tem peratures, 
control of th e  final free su lfu r con ten t is im p o rtan t because 
for some products, such as certa in  cu tting  and  extrem e 
pressure oils, a  re la tively  high free su lfur con ten t is desired, 
whereas for o thers, such as au tom otive  oils, com plete ab 
sence of free sulfur is com m only required. In  those cases 
where presence of free su lfur has been considered desirable, 
th e  benefits have been variously  a ttr ib u te d  to  cooling effect, 
increasing film streng th , and  antiw elding properties.

V arious m eans have been used to  determ ine su lfur in re 
la ted  products. G arner and E vans (2) describe a  m ethod for 
determ ining free sulfur in gasoline, involving refluxing the 
fuel w ith  copper-bronze powder, solution of th e  m etal and  its 
sulfides in  brom ine w ater, oxidation to  sulfate, and  final re
covery of th e  sulfur as barium  sulfate. These au thors also 
review th e  considerable previously published lite ra tu re  on 
w hat has been variously  called free sulfur, active sulfur, cor
rosive sulfur, and  loosely bound su lfur in gasoline and  o ther 
light petro leum  products. These generally involve th e  follow
ing steps:

Fixation of the sulfur as metallic sulfide by heating or agitating 
with a metal, usually sodium, mercury, copper, or an alloy.

E ither determ ination of the increase in weight of the metal 
(calculated to  sulfur), oxidation of the sulfide and final weighing 
of barium sulfate, or conversion of the sulfur to thiosulfate or 
hydrogen sulfide and its determination iodometrically.

An ad ap ta tio n  of the  doctor te s t (alkaline p lum bite solu
tion) has been applied by  W irth  and  S trong  (5), and  Com ay 
{1) has reduced th e  free su lfur of ligh t petro leum  d istillates 
d irectly  w ith nascen t hydrogen.

V ery little  lite ra tu re  exists on the  determ ination  of free 
sulfur in  heavier petro leum  products such as lubricating  oil. 
S ivertsev and  M eerzon [4) shake th e  sam ple of oil w ith  m er
cury, filter, tr e a t  th e  sulfide w ith hydrochloric acid and use

hydrogen to  sweep th e  hydrogen sulfide in to  cadm ium  chlo
ride solution, filter th e  cadm ium  sulfide, and  com plete th e  
determ ination  iodom etrically. G arner describes th e  d if
ficulties of filtering th e  sulfides of m ercury , particu la rly  when 
free su lfur is high. A nother d isadvantage to  th e  use of m er
cury is th e  lack  of ready  evidence of com pletion of su lfur 
rem oval. A purchaser’s specification has been encountered  
which contains a  m ethod  for ac tive su lfur based on d igesting 
the oil w ith copper pow der a t  149° C ., filtering to  rem ove 
copper and  its  sulfides, and  determ ining to ta l su lfur (bom b 
m ethod) in  th e  oil before and  a fte r  th is  tre a tm en t. T he 
p resent au th o rs’ experim ents have shown th a t  th is  tre a tm e n t 
m ay  cause a  reduction  of several per cen t in  th e  su lfur co n ten t 
of an  oil though  i t  ac tua lly  contains no free sulfur.

H ardm an  and  B arbehenn (8) determ ine free su lfur in 
rubber b y  ex trac ting  th e  sam ple w ith  boiling acetone in  th e  
presence of copper, liberating  hydrogen sulfide from  th e  
m etallic sulfide by  digesting w ith  concentrated  hydrochloric 
acid, and  absorbing th e  hydrogen sulfide in  am m oniacal 
cadm ium  chloride where i t  is determ ined iodom etrically  a fter 
acidification. T his m ethod  is in  m any  respects sim ilar to  
some th a t  had  been applied to  gasoline and  discussed by 
G arner and  E vans. H ardm an  an d  B arbehenn  discuss 
previously published m ethods for determ ining free su lfu r in 
rubber and  m ost of these ind icate  a  sim ilarity  to  th e  problem  
as applied to  gasoline.

Of th e  various m ethods to  w hich reference is m ade, th e  p rin 
ciple of th a t  em ployed by  H ardm an  and  B arbehenn  fo r ru bber 
seemed, and  subsequently  proved, m ost prom ising for free 
sulfur in oil. T heir so lven t had  to  be modified to  ensure com
plete so lu tion  of oil sam ples and  the  ap p ara tu s  and  technique 
modified to  ensure com plete recovery of th e  large am oun t of 
free sulfur found in some products. Loss of sulfide had  been 
reported  by  o thers (2 ) w orking w ith som ew hat re lated  m e th 
ods on gasoline.

T he following detailed  m ethod  has proved satisfac to ry  
for determ ining free su lfur in  pure petro leum  lubrica ting  oils, 
in such oils blended w ith  fa t ty  oils or sulfurized fa t ty  or un- 

saponifiable oils, as well as in  su lfur
ized fa t ty  or sulfurized unsaponifiable 
oils them selves.

Apparatus
A pparatus for removing solvent is 

shown in Figure 1. The filter stick, C, 
shown in place in A , is 70 to  80 mm. 
long and 2  mm. in bore, expanded to  6 
mm. for a distance of 10 mm., the en
larged head being packed w ith fine glass 
wool.

A pparatus for liberating and determ in
ing hydrogen sulfide (Figure 2 ) includes 
a buret provided with rubber stopper a t 
the bottom  for tigh t fit in neck of flask B.

Reagents
Copper gauze, 40-mesh, cut into pieces

2.5 cm. (1 inch) square and folded double. 
These strips are reduced by heating in 
a  flame to  redness and prom ptly drop
ping into a tes t tube containing methyl 
alcohol. The strips, after rinsing with 
acetone, are stored under benzene until 
used.

Cadmium chloride stock solution, 36 
grams of CdCl2.2 VjH jO dissolved in 300 
ml. of water, to  which a mixture of 800
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F i g u r e  2 . A p p a r a t u s  f o r  L i b e r a t in g  a n d  D e t e r m i n i n g  H y d r o g e n  S u l f i d e
.-1 . 300-cc. E rle n m e y e r  flask  eq u ip p e d  w ith  60-cc. s e p a ra to ry  fu n n e l th ro u g h  g ro u n d -g la ss  s to p p e r
B . S pecia l flask (g round -g lass  jo in t)  fo r a b s o rp tio n  a n d  t i t r a t io n .  A tta c h e d  25-co. s e p a ra to ry  fu n n e l is jo in e d  a t  

i t s  low er en d  to  flask b y  2 -m m . (in s ide  d ia m e te r)  g lass tu b in g
C. T e s t  tu b e  (tra p )

ml. of w ater and 12 0 0  ml. of concentrated ammonium hy
droxide is added.

S tandard iodine solution, 0.025 N ;  1 per cent aqueous starch 
solution; nitrogen (low purity); acetone, c. p., free of uncom
bined sulfur; and benzene, c. p., free of uncombined sulfur.

Procedure
The sample is weighed into a 300-cc. flask (A, Figure 1), the 

am ount taken depending upon the free sulfur content; 1 gram is 
usually satisfactory. F ifty  milliliters of c. p . benzene are added, 
with agitation to dissolve the sample, and 10 0  ml. of c. p. acetone 
are added. (The use of acetone, employed by H ardm an and 
Barbehenn, was retained because it  appeared to  exert a  catalytic 
effect in the reaction between copper and sulfur.) A piece of 
prepared copper gauze is pu t in the flask and the solution is re
fluxed under a water-cooled condenser for 2 hours. The copper 
is then inspected (through the bottom  of the flask) to  detect 
discoloration. If there is no discoloration, the sample does not 
contain free sulfur. I f  there is darkening of the gauze, three 
additional clean pieces of gauze are added (without removing the 
first) and heating is repeated. If  the newly added gauze is dis
colored, the addition of fresh gauze and heating are repeated un
ti l newly added copper is nob discolored.

T he Squid in the flask is removed through the filter stick as 
illustrated in Figure 1, and discarded. The residue in the flask 
is washed successively w ith benzene and acetone, the washings 
being removed through the same filter stick. The wad of glass 
wool is pushed from the filter stick into flask A by means of a 
stiff iron wire and the filter stick is added to  the flask. The small 
am ount of solvent adhering to  the flask is removed by warming 
on a  steam bath  while introducing a gentle stream  of nitrogen, 
and the flask is then connected to  the evolution apparatus 
(Figure 2, A).

T h irty  milliliters of cadmium chloride stock solution are 
diluted w ith distilled w ater to  160 ml. and 135 ml. of this solution 
are placed in flask B  (Figure 2), the remainder in  tes t tube C. 
After 30 ml. of concentrated hydrochloric acid are added to  the 
separatory funnel over flask A and all connections are made 
secure, nitrogen gas under low pressure (approximately 75 mm. 
of mercury) is allowed to  pass into the separatory funnel and dis
place the acid. The stopcock of this separatory funnel is ad
justed  so th a t the gas continues to  pass through the apparatus in

a slow stream  (3 bubbles per second). Flask A  is then heated 
gently w ith a  flame until the acid begins to  boil. The flame is 
removed and the flask agitated for about 0.5 minute to  bring the 
acid in contact w ith all the copper sulfide in the flask. This 
method of heating and shaking is repeated three or four times 
and the apparatus is left for 10  minutes, the continuous passage 
of nitrogen serving to  sweep out the hydrogen sulfide.

T o effect titra tion  of the sulfide, flask B  is removed from the 
apparatus and the delivery tube, attached to  its neck, is rinsed 
into the flask w ith a few milliliters of dilute hydrochloric acid. 
Starch solution (2 ml.) is added, followed by 30 ml. of concen
trated  hydrochloric acid, and th e  flask is quickly stoppered. 
Flask B  and its contents are cooled by tap  water, the stopcock

of the attached separatory fun
nel being opened momentarily 
to  equalize pressure, and 2 0  
ml. of dilute cadmium chloride 
solution (stock solution diluted 
with one volume of w ater) are 
added to  the separatory funnel. 
The stopper on flask B  is re
moved and a buret, w ith a  ru b 
ber stopper attached to its tip, 
is prom ptly inserted to  make a 
tigh t connection a t  the neck of 
the flask. The stopcock of the 
separatory funnel is then 
opened and standard iodine so
lution is added from the buret 
while the flask is agitated. 
The gas displaced by the io
dine solution passes through 
the separatory funnel where 
hydrogen sulfide is trapped.

W hen the solution in the 
flask turns blue, the addition 
of iodine is discontinued and 
the stopper attached to  the 
buret is loosened to  perm it the 
solution from the separatory 
funnel to  enter the flask; the 
additional liberation of hy
drogen sulfide commonly dis

charges the blue color. The stopper of the buret is again 
tightly  inserted into the flask and the solution in tes t tube C is 
introduced into the separatory funnel of flask B. The titra tion  
is continued to  the blue end point and the separatory funnel is 
drained as before. Finally the test tube is rinsed with dilute 
hydrochloric acid and water, the rinsings are added to  flask B  
through th e  separatory funnel, and iodine reagent is added drop- 
wise to  the usual blue end point.

A blank tes t is run on the reagents and its  tite r  is subtracted 
from th a t of the sample.
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T a b l e  I. A n a l y s is  o f  S y n t h e t i c  S a m p l e s

F re e  S u lfu r C o n te n t
O il S u lfu r S u lfu r C a lcu 

P re s e n t A dded F o u n d la te d F o u n d
M g. M g . M g . % %
1 0 0 0 2 .2 5 2 .4 0 0 . 2 2 0 .2 4
1 0 0 0 2 .2 5 2 .3 5 0 . 2 2 0 .2 3
1 0 0 0 5 .6 3 5 .7 4 0 .5 6 0 .5 7
1 0 0 0 5 .6 3 5 .7 1 0 .5 6 0 .5 7
1 0 0 0 11 .2 7 11 .3 4 1 . 1 1 1 . 1 2

1 0 0 0 1 1 .2 7 1 1 .4 5 1 . 1 1 1 .1 3

Calculation
1 ml. of 0.025 N  iodine o  0.4 mg. of S
Free sulfur %  =  ('d ~  B ) X  ° ' 4  X 100  

wt. of sample in mg.
A =  ml. of iodine required for sample
B  =  ml. of iodine required for blank

Where mere qualitative information or confirmation is desired, 
th e  darkened copper gauze is rinsed w ith benzene and acetone 
to  free it  of oil, covered w ith 1 to  1 hydrochloric acid, and heated 
in a tes t tube, and the vapors are tested  for hydrogen sulfide with 
lead acetate paper in the usual manner.

Sam ple know ns were m ade b y  add ing  a  benzene so lu tion  
of e lem entary  su lfur to  1 g ram  of oil know n to  be free of un -
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T a b l e  II . A n a l y s e s  o f  C o m m e r c i a l  P r o d u c t s

T o ta l  S u lfu r F re e  S u lfu r
S am p le (B om b  M eth o d ) (P ro p o se d  M e t l

% %
T o p p e d  M ex ican  crude® 4 .0 0 . 0 0
V enezue la  crude® 2 . 0 0 . 0 0
S p ec ia l n a p h th e n ic  D iese l lu b r i

c a tin g  o il S A E  30° 2 .1 8 0 . 0 0
S pecia l n a p h th e n ic  D iese l lu b r i

ca tin g  o il S A E  4 0° 1 .9 0 0 . 0 0
S pecial n a p h th e n ic  m o to r  o il“ 2 .4 2 0 . 0 0
S p ec ia l c u t t in g  o il A 3 .0 8 0 .9 7 - 1 .0 1
S pecia l c u t t in g  o il B 2.0G 1 .0 9 -1 .1 1
S u lfu rized  g ea r o il A 1 .3 0 0 .5 0 - 0 .5 8
S u lfu rized  g e a r  o il B 2 .2 5 1 .2 7 -1 .3 3
S u lfu rized  m in e ra l o il 1 .0 3 0 .5 2 - 0 .5 6
S u lfu rized  f a t t y  o il 1 0 . 0 1 0 . 0 0

°  T h e se  p ro d u c ts  a re  p osse ssed  of th e ir  h ig h  to t a l  s u lfu r  c o n te n t, n a tu 
ra lly .

com bined sulfur. T he  resu lts of typ ica l analyses are  given 
in  T ab le  I.

A  v a rie ty  of com m ercial petro leum  products of relatively  
h igh to ta l su lfur con ten t were analyzed and  consistent results 
for free su lfur obtained. T ypical of these are  th e  results 
in T ab le  I I .

T he  m ethod  has been used for over tw o years and  proved 
su itab le  for rou tine testing . As little  as 0.001 per cen t of 
free sulfur has been determ ined  w ith  it . Investigation  of the

u tility  of th e  m ethod  for oils contain ing added  soaps, halo- 
genated  m ateria ls, etc., has n o t been com pleted. H owever, 
tes ts  m ade w ith  m ineral oils contain ing e ither 5 per cen t of 
lead n aph thena te , 5 per cen t of lead linoleate, u n sa tu ra te d  
acids (5 per cen t oleic acid), u n sa tu ra ted  hydrocarbons (30 
per cen t pine oil), or large am ounts of oxidized oils from  en
gine tes ts  or labo ra to ry  oxidation te s ts  (contain  peroxides) 
showed no significant interference b y  these substances.
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M ercury Cathode M ethod for D eterm in ing Sm all A m ounts o f  
T itanium  and Sim ilar M etals in  A lloys

M . H . ST EIN M ET Z  
S clicn cc tad y  W orks L ab o ra to ry , G en era l E lec tric  C o m pany , 

S ch en ec tad y , N . Y.

TH E  m ercury  cathode m ethod  of analysis 
as described b y  Lundell, H offm an, and  
B righ t (1, 2) has been used in  th is lab o ra to ry  

for m any  years. W hen using an  average size 
cell and  charge (0.5 gram ) i t  takes overn igh t 
(14 hours) before all th e  am algam -form ing 
elem ents are  deposited in  th e  m ercury .

T o  shorten  tim e, w hen only sm all am ounts 
or traces of titan ium , alum inum , m agnesium , 
or vanadium  are  presen t, a  la rger cell (F igure 
1) has been used w hereby a  larger charge 
(5.0 gram ) m ay  be used and  tim e shortened  
to  5 hours. F o r th e  larger cell, 2  to  3 am 
peres and  1 0  vo lts  a re  used, as con trasted  
w ith  th e  sm aller cell using 1 am pere and  5  
volts. In  some cases w here am oun ts of ti
tan ium , etc., are very  sm all, tw o or th ree  5 - 
g ram  charges are  ru n  th rough  th e  cell, th ee lec- 
tro lyzed solutions are  com bined, and  analy 
sis is carried o u t b y  usual m ethods.
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Determ ination o f Lead in Sugars and 
Sugar Products

An Adaptation o f the Diphenylthiocarbazone Reaction

T IIO S . D . G R A Y 1, W e s te rn  S u g a r  R e fin e ry , S a n  F ra n c is c o , C a lif .

AV E R Y  sho rt and  convenient dith izone m ethod  for th e  de
term ination  of lead in  sugars and  sugar products has been 

developed. T his is accom plished w ith o u t ashing th e  sugar 
product, w ith o u t the use of a  centrifuge for separating  th e  
aqueous and  chloroform layers, and  w ithou t th e  use of a  shak
ing m achine for dissolving and  ex tracting  sam ples. Only- 
one concentration  of d ith izone is necessary for th e  w hole pro
cedure, including final colorim etric com parison and  qualita 
tive tes ts  on w ater and  reagents.

W ith  th e  exception of lead n itra te , w hich should be recrys
tallized prior to  use in  p repara tion  of s tan d a rd  lead solution, 
th e  reagents, including E astm an  K odak  C om pany reagent 
grade dithizone, need no purification, as th e  b lank  is suffi
c iently  low for o rd inary  testing . F o r analy tical research, 
however, d ithizone and  o ther reagents m ay  be purified ac
cording to  m ethods of th e  A ssociation of Official A gricultural 
C hem ists (1, 2).

T he simple, inexpensive equ ipm ent required  consists of a 
few bure ts, separa to ry  funnels, N essler tubes, Pyrex  flasks 
and  bo ttles, a  vacuum  p ipe t for tak ing  a liquo ts of chloroform 
solutions, and  a  Pyrex  still for m aking lead-free w ater.

A  discussion of th e  theory  of th e  d iphenylth iocarbazone re
action  and  its  application , as well as a de ta iled  description 
of th e  procedure, is p resented  in  th is paper.

M an y  discussions of the  d ithizone reaction  m ay  be found in 
th e  lite ra tu re . P articu la rly  in teresting  are  those relating  to  
the exam ination  of pharm aceutical chemicals (6), biological 
m ateria ls (5 ), soils (7), m aple sirup  (<?), and  foods (1); to  ex
perim ental m ethods used in th e  s tu d y  of the  role of heavy  
m etals in  p la n t n u tr itio n  {10); and  to  a  m ethod  used in  deli
cate contro l of lead in  cancer research (9 ).

Diphenylthiocarbazone Reaction
D iphenylth iocarbazone is phenylazothioform ic acid phenyl- 

hydrazide, abbrev ia ted  in  th e  lite ra tu re  to  “dith izone” . 
T h is highly colored organic com pound produces a  b rillian t 
green color w hen dissolved in  chloroform  and  com bines w ith  
tw elve or m ore m etals, form ing complexes w hich are  violet, 
yellow, or red. These colors, w hen m ixed w ith  th e  green of 
uncom bined dithizone, a re  changed to  shades of green, violet, 
blue, and  red, depending upon th e  concentration  of th e  com
plexes form ed and  th e  concentration  of th e  unused dithizone 
in th e  chloroform  solution. T h e  principal m etals w hich 
form these complexes w ith  d ith izone are  copper, silver, m er
cury, gold, zinc, cobalt, nickel, cadm ium , stannous tin , lead, 
bism uth, and  thallium .

Suppose a dilute solution (50 to 100 ml., containing 50 micro
grams or less) of the chlorides or nitrates of any or all of these 
metals is placed in a separatory funnel and a dilute solution of di
thizone in chloroform (10 ml. of a  concentration of the order of 15 
mg. per liter) is added. Dithizone is not specific, bu t under the 
proper conditions of hydrogen-ion concentration in the aqueous 
phase, these metals m ay be separated into groups. If  the  aque
ous phase is made'alkaline w ith ammonia (pH 8.0 to 11.0) and 
the separatory funnel is shaken vigorously, a  group of th e  metals 
will pass from th e  aqueous phase to  the chloroform phase and 
form colored complexes with the dithizone. After standing for 
a few minutes, the layers will separate and th e  colored dithizone

1 P re s e n t ad d ress , 1248 C ap u c h in o  A ve., B u rlin g am e . C a lif .

layer can be drawn oil into a suitable vessel. If another portion- 
of the dithizone is added and the separatory funnel is shaken 
again, more metals are extracted, bu t this extract does not con
tain as high a proportion of colored complexes as the first. This 
process of extractive enrichm ent m ay be repeated until th e  di
thizone layer remains pure green, an indication th a t all the metals 
which form complexes a t  th a t pH have been extracted.

If, in addition to  making th e  aqueous phase alkaline (pH  8.0 to
11 .0 ), we add potassium cyanide, complexes of all the  metals of 
the alkaline group except lead, stannous tin, bismuth, and thal
lium will be formed w ith the potassium cyanide. These com
plexes will not react w ith dithizone. If the solution is then  sub
jected to  extractive enrichm ent w ith dithizone, the combined 
extracts will contain only lead, stannous tin, bismuth, and thal
lium.

The acid solution of these metals can be adjusted to the opti
mum pH  a t  which bism uth and stannous tin  react w ith dithizone 
and the  dithizone extraction repeated for their removal. The 
remaining m etals in th e  group are thallium and lead. Thallium 
is rare and its presence m ordinary work is unlikely (S). The 
solution containing lead can then be readjusted to pH  8.0 to  11.0, 
potassium cyanide added, and th e  lead isolated as a  dithizone 
complex by extractive enrichment, as before.

The lead in th e  combined dithizone extracts is transferred to 
dilute acid of definite volume and concentration by shaking in a 
separatory funnel. The dithizone is drawn off and discarded. 
T he acid-aqueous layer is adjusted to  a  definite hydrogen-ion con
centration and is a m ixture of ammonia, citric acid, and potas
sium cyanide of definite volume and concentration added for the 
purpose of forming fixation or competitive complexes, as before. 
Dithizone of a definite volume and concentration is then  added, 
the mixture is shaken vigorously, and the dithizone is drawn off 
into a Nessler tube. A set of standards is prepared by using the 
technique described above, w ith known quantities of a standard 
lead solution. The standards are arranged in order in Nessler 
tubes and the lead content of th e  unknown is determined by 
m atching its color w ith a standard.

Development of a M ethod Applicable to Sugar 
Products

A num ber of problem s requ ired  solu tion  before th e  d ith i
zone reaction  could be  applied  d irectly  to  sugar p roducts. 
T he  m ethod  of th e  A ssociation of Official A gricu ltu ra l C hem 
ists  for lead  in  foods (1) is a  long process, b u t resu lts ob tained  
b y  i t  m ust be assum ed to  approxim ate th e  t ru th  v ery  closely. 
I t  w as th e  purpose of th is  investigation  to  develop a  very  
sh o rt and  convenient m ethod  w hich could be app lied  d irectly  
to  th e  sugar p ro d u c t and  a t  th e  sam e tim e produce correct re
sults.

S o l u t i o n  o f  t h e  S a m p l e .  H ydrochloric and citric acids a t 
room tem perature are used for dissolving the sample. N itric 
acid cannot be used in a sugar solution because active substances 
are formed which combine with potassium cyanide and prevent 
the cyanide from forming complexes w ith zinc (8), which are 
necessary to prevent extraction of zinc by dithizone. A  conven
ient concentration of hydrochloric acid for the solution of the 
sample is th a t  used in  th e  colorimetric comparison. This con
centration (180 ml. of concentrated hydrochloric acid per liter) 
is used by Perlm an (S) in th e  preparation of color standards. I t  
has been found th a t all th e  lead in a 10 -gram sample of a sugar 
product will be dissolved when agitated for 5 m inutes in th e  cold 
w ith a m ixture of 15 ml. of hydrochloric acid of this concentra
tion, 10 ml. of 50 per cen t citric acid, and 25 ml. of water.

P r e v e n t i o n  o p  P r e c i p i t a t i o n  o f  A m m o n iu m  H y d r o x i d e  
G r o u p .  Before extraction w ith dithizone, the solution m ust be 
made alkaline w ith ammonia. U nder ordinary circumstances, 
th e  iron and aluminum group, phosphates, and the alkaline earth  
group (calcium) would be precipitated; th is precipitate would oc
clude lead and thus prevent its extraction w ith dithizone. B p -

110



February  15, 1942 A N A L Y T I C A L  E D I T I O N  111

„ssaecsssr;-.

E q u i p m e n t  f o r  P r e p a r a t i o n  o f  L e a d - F r e e  W a t e r

cause dithizone reacts only w ith metals in solution, the solution 
m ust be perfectly clear after it  is made alkaline with ammonia. 
The 10 ml. of citric acid added w ith the hydrochloric acid for the 
solution of the substance accomplishes this.

O p t im u m  pH. The optimum pH  for dithizone extraction of 
lead from a sugar solution was found to  be 9.5.

A m m o n iu m  H y d r o x i d e  R e q u i r e d  f o r  pH  A d j u s t m e n t .  
From 10 to  13 ml. of concentrated ammonium hydroxide are re
quired for pH  adjustm ent, depending upon the concentrations of 
the hydrocnloric and citric acids and of the ammonium hydrox
ide. T he presence of the 5- to 10- gram sample normally has little 
effect. The concentrations of the acids approximate the values 
given under “Solution of th e  Sample” and the ammonium hydrox
ide loses ammonia upon standing- The am ount of ammonium 
hydroxide required for adjusting the pH  to 9.5 m ust, therefore, be 
determined periodically.

P o t a s s i u m  C y a n i d e  R e q u i r e d .  For normal samples of 
sugar products, in the quantities used in this analysis, the pres
ence of 1 gram of potassium cyanide is sufficient for the formation 
of competitive complexes. These complexes are formed with all 
the metals of the  alkaline group except lead, bismuth, stannous 
tin, and thallium. Therefore, 5 ml. of a  solution of potassium 
cyanide (2 0  grams per 1 0 0  ml.) are added before the dithizone 
extraction. The extract can contain only lead, bismuth, stan
nous tin, and thallium.

B i s m u t h ,  S t a n n o u s  T i n ,  a n d  T h a l l i u m .  T ests m ade on 
sugar p roducts b y  th e  m ethod  of th e  Association of Official 
A gricultural C hem ists (4) show th e  absence of b ism uth  and 
stannous tin . S tannic  tin  is p resen t in m inu te  quantities in 
sugar p roducts b u t i t  w ill n o t reac t w ith  dithizone under th e  
conditions given above. T hallium  is rare  and  its  presence in 
o rd inary  w ork is unlikely (S'). U nder the conditions ou t
lined, th e  d ith izone ex trac t will contain  lead only.

D i t h i z o n e  C o n c e n t r a t i o n  a n d  V o l u m e .  W hen em
ploying th e  usual technique for ex tracting  a  solute from  a solu
tion  by  m eans of an  im m iscible solvent, a  partitio n  of the 
solute betw een th e  tw o solvents nearly  alw ays exists and  th is 
m akes i t  necessary to  ex trac t th e  solution m any  tim es w ith  
small qu an tities  of th e  im miscible solvent to  m ake the  separa

tion com plete (7). T his process is called “ ex trac tive  enrich
m en t” . T he chloroform  layer settles o u t perfectly  a fter 
each successive ex traction  w hen there is no sugar p resen t in 
th e  aqueous layer. W hen sugar is p resent, and  th e  solution 
has been ag ita ted  w ith  a sm all volum e of dithizone, th e  use of 
a centrifuge is necessary for breaking up th e  em ulsion and  
separating  the layers. I t  often requires 30 m inu tes’ cen tri
fuging to  accom plish this. E x trac tiv e  en richm ent under 
these conditions w ould be very  im practical, if no t im possible. 
T he problem  becomes one of confpletely ex trac ting  th e  lead  
from a  sugar solution under any  conditions.

A technique has been devised in which this is accomplished 
with a single dithizone extraction and w ithout the use of a cen
trifuge for separating the aqueous and chloroform layers. A 
large volume of dilute dithizone is used to  extract a  small quan
tity  of lead from a  comparatively small volume of solution; 15 
micrograms or less of lead, in th e  presence of 10  grams of sugar in 
75 ml. of solution, under the proper conditions of hydrogen-ion' 
concentration, etc., will be completely extracted when shaken with 
125 ml. of a  chloroform solution of dithizone of a  concentration of
7.5 mg. per liter.

S e p a r a t i o n  o f  A q u e o u s  a n d  C h l o r o f o r m  L a y e r s .  T he ex
traction is made in a 500-ml. volumetric flask. The layers sepa
rate^ upon standing for 10 minutes. Centrifuging is not neces
sary'.

T a k i n g  a n  A l i q u o t  f r o m  t h e  C i i l o r o f o r m - D i t i i i z o n e  
L a y e r .  A  75-ml. aliquot is taken from the dithizone layer on 
the bottom  of the flask by connecting the pipet to a  source of 
vacuum. The vacuum pipet is described in detail below.

Preparation of Reagents
L e a d - F r e e  W a t e r .  Redistill ordinary distilled w ater in an 

all-Pyrex glass still, or dissolve 4 grams of disodium phosphate in 
12 liters of ordinary distilled w ater in a large Pyrex bottle, add 4 
grams of calcium carbonate, and stir thoroughly. Let it  settle 
overnight, and filter into 4-liter bottles w ith standard  taper stop
pers. The filter papers should be perfectly clean and about 45 
cm. (15 inches) in diameter, and should cover th e  funnels. T est 
each bottle of prepared w ater for lead.

T he  au th o r is indeb ted  to  P . R . S to u t of th e  U niversity  
of California for th is m ethod  of p reparing  lead-free w ater.

H y d r o c h l o r i c  A c i d  R e a g e n t .  T o  180 ml. of hydrochloric 
acid in a  liter flask, add 300 to  400 ml. of lead-free water, cool to  
room tem perature, and make up to 1 liter w ith lead-free water.

C i t r i c  A c i d  R e a g e n t .  H eat 500 grams of citric acid in a 
minimum quantity  of lead-free w ater in a beaker. A fter i t  has 
dissolved, cool and make up to 1 liter with lead-free w ater in a 
volumetric flask.

A m m o n iu m  H y d r o x i d e  R e a g e n t ,  concentrated ammonium 
hydroxide, 28 per cent.

P o t a s s i u m  C y a n i d e  R e a g e n t .  Dissolve 100 grams of po
tassium cyanide in lead-free water and make up to  500 ml. in a 
volumetric flask.

D i t h i z o n e  R e a g e n t .  Dissolve 7.5 mg. of diphenylthiocarba- 
zone in 1 liter of chloroform.

A m m o n i a - C y a n i d e - C i t r a t e  R e a g e n t .  Dissolve 10 grams of 
citric acid in lead-free water, add 500 ml. of ammonium hydrox
ide, dissolve 2 0  grams of potassium cyanide in lead-free water, 
and add it  to the ammoniacal solution in a volumetric flask. 
Make up to  1 liter w ith lead-free water.

L e a d  N i t r a t e  S t o c k  S o l u t i o n .  Recrystallize from 5 to  10 
grams of lead n itra te  by evaporating an aqueous solution on the 
water bath. F ilter and dry th e  crystals a t  100° to  constant 
weight. Preserve the product in a small, tightly  capped reagent 
bottle. Weigh very accurately 3.197 grams of the purified salt, 
dissolve it  in dilute nitric acid (0 .1  to  1 .0  per cent), and make up to 
1 liter with lead-free w ater in an accurately calibrated volumetric 
flask; 1 ml. of th is solution will contain 0 .0 0 2  gram of lead.

S t a n d a r d  L e a d  S o l u t i o n .  Using accurately calibrated 
volumetric equipment, dilute 1.5 ml. of lead n itra te  stock solu
tion to  2 0 0 0  ml. w ith hydrochloric acid reagent; 1 ml. of this 
solution will contain 1.5 micrograms of lead. This solution is 
used in the preparation of color standards.

Apparatus Required
T he vacuum  p ipet consists sim ply of a  convenient m eans of 

m aking and  breaking connection betw een a  vacuum  line and  
a  pipet, an d  of m aking an d  breaking connection betw een a



source of lead-free w ater and  th e  p ipet. T he  connections 
m ust be m ade of m ateria l w hich will cause no lead contam ina
tion  in th e  p ipet, as shown by  a  negative te s t for lead m ade on 
w ater which has passed th rough  th e  connections and  th e  pipet. 
B y  m eans of su itab le  clam ps, tw o pipets, 75-ml. and  10-ml., 
a re  held rigidly in  place a t  th e  proper d istance above a  sink to 
allow 500-ml. volum etric flasks and  125-ml. separa to ry  funnels 
to  be held under th e  tips.

V olum etric flasks, 500 m l., a re  required. T he  500-ml. 
graduation  m arks a re  n o t used in  th e  lead determ inations. 
T he neck of each flask m u s t be of such length  th a t  th e  tip  of 
a  75-ml. p ipe t will be 3 to  4 m m . from  th e  b o tto m  of th e  flask 
w hen tak ing  an aliquo t from  the  chloroform  layer.

S epara to ry  funnels, N essler tubes, an  all-Pyrex glass still, 
Pyrex  bo ttles (one 12-liter and  several of 4-liter capacity), 
and  tw o or m ore 25 cm. (10-inch) glass funnels are  also used. 
T he  Pyrex  bo ttles and  funnels are  used in  th e  prepara tion  of 
lead-free w ater w hen an  all-Pyrex glass still is n o t available.

Isolation and Determ ination of Lead
Weigh 5.5 to  10.0 grams of the sugar product in a  50-ml. Pyrex 

beaker, and measure 25 ml. of lead-free w ater into another 50-ml. 
beaker from a buret of large capacity. By transferring water 
portionwise from this beaker to  the one containing the sample, 
wash th e  sugar or sirup into a  500-ml. Pyrex volumetric flask, and 
add 15 ml. of hydrochloric acid reagent and 10 ml. of citric acid 
reagent, accurately measured from burets. R otate the flask for 
5 minutes, and add the quantity  of concentrated ammonium hy
droxide (28 per cent) necessary for adjusting the pH  to 9.5, de
termined periodically as described later.

Place th e  flask in a cooling bath  and allow it to  remain for 5 
minutes, agitating the contents occasionally while cooling. Re
move it from the bath  and add immediately 5 ml. of potassium 
cyanide solution and 125 ml. of dithizone. W ithout stoppering the 
flask, agitate the contents vigorously for 2  minutes, and let it
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stand for 10 minutes. Place the vacuum pipet in the flask so 
th a t the tip  m il be very close to the bottom, adjust the vacuum 
so th a t a  minimum of disturbance will result, and draw out a 75- 
ml. aliquot of the chloroform-dithizone layer from the bottom  of 
the flask. Allow the dithizone extract to run into a 125-ml. sepa
ratory  funnel containing exactly 11 ml. of hydrochloric acid re
agent. Connect the pipet to  a source of lead-free water and rinse 
immediately w ith sufficient w ater to make it free from lead. 
Stopper the separatory funnel and shake vigorously for 1 minute. 
Let stand for 10 minutes. Draw off the chloroform-dithizone 
layer and discard; it m ay be run into a container for waste di
thizone and the chloroform reclaimed later by distillation.

The lead is contained in the acid-aqueous layer remaining in 
th e  separatory funnel. W ith th e  vacuum pipet, draw out a 10- 
ml. aliquot of the acid solution and allow it to  run into a 1 00- 
ml. Nessler tube. Connect the 10-ml. pipet to  the source of lead- 
free w ater and rinse immediately w ith sufficient w ater to make it 
free from lead. To th e  solution in th e  Nessler tube add exactly 
10  ml. of ammonia-cyanide-citrate reagent, mix well by rotating 
th e  tube, and allow it to stand for a few m inutes to  cool. Ada 
exactly 10  ml. of dithizone, place a  cork stopper in the tube, and 
shake for 1 m inute. Remove the stopper and cover th e  tube with 
a 50-ml. beaker. Rinse th e  stopper w ith 200 ml., or more, of 
lead-free water.

Let the Nessler tube stand until the  dithizone layer has settled. 
This layer will be colored green, blue, purple, red, or pink by the 
lead-dithizone complex and th e  excess dithizone. Compare the 
tube to  a set of standards containing known quantities of lead, 
arranged in order from 0 to 15 micrograms. A convenient interval 
between them  is 1.5 micrograms. This interval m ay be divided 
into three parts by estimation. If the exact quantity  cannot be 
determined in this way, one or more extra standards m ay be 
prepared by measuring out the appropriate volumes of standard 
lead solution, which fall within this interval, into Nessler tubes 
and proceeding as directed under “ Preparation of Standards” . 
The lead content of extracts m ust be kep t within the range of 0 
to 15 micrograms by adjusting the quantity  of the sample taken 
for extraction. If the color of an extract is found to m atch the 
standard which represents 15 micrograms of lead (the highest in 
th is range), it is advisable to repeat the determination, using a 
smaller sample. The extract of the smaller sample will m atch 
a standard having a smaller lead content and all possibility of 
exceeding the range, w ithout detection, will have been eliminated.

Make a  blank determ ination on water and reagents, following 
th e  procedure given above, b u t substituting from 5 to  10 ml. of 
w ater for the sample of th e  sugar product.

Having determined the number of micrograms of lead con
tained in the extract, deduct the quantity  found in the blank and 
calculate to  parts per million in the sample. For example: The 
sample weighed into th e  volumetric flask was 9.52 grams. In  
th e  colorimetric procedure it  was found th a t, after deducting the 
equivalent in milliliters of standard  lead solution found in the
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blank determination, the sample contained the quantity  of lead 
which is equivalent to  3.0 ml. of th a t solution:

3.0 X 1.5 =  4.5 micrograms =  0.0000045 gram of lead

Two aliquots were taken during the analysis. Considering 
these ratios, the weight of th e  sample represented in the final 
colorimetric comparison was

X X 9.52 =  5.19 grams

Then the sample contains

0.0000045 X 1,000,000 A „„ „ „ x f , ,
------------- g  —  =  0.86 or 0.9 p art per million of lead

Lead is eliminated from glassware by rinsing about six times 
w ith lead-free water, occasionally using dilute nitric acid before 
using water. Allow a small quantity  of the w ater from the last 
rinsing to remain in each vessel. Pour the water from a dozen or 
more vessels into a  large separatory funnel and make a qualitative 
tes t for lead. The hands of the operator m ay be immersed in 
0 .1  per cent nitric acid and rinsed w ith lead-free w ater as a pre
cautionary measure. Rinse cork stoppers used in Nessler tubes 
with about 2 0 0  ml. of lead-free w ater immediately after use, and 
cover w ith beakers after rinsing. Before using new cork stoppers, 
shake them  in a bottle w ith dithizone and dilute ammonia.

D ith izone ex tractions a re  m ade in  th ree  different types of 
containers—separa to ry  funnels, N essler tubes, and  500-ml. 
flasks. T he  usual technique of ag ita tion  for separa to ry  fun
nels m u s t be varied  for ex tractions m ade in  N essler tubes and 
flasks. T he  appearance of th e  emulsion in  a  separa to ry  fun
nel is no ted  while shaking dith izone w ith  hydrochloric acid 
reagent, an d  N essler tubes and  500-ml. flasks are ag ita ted  
in  a m anner w hich will cause th is  sam e appearance of com
pleteness in  th e  emulsion. N essler tubes will require a more 
gentle ag ita tion  an d  flasks will require a m ore vigorous shak
ing th a n  separa to ry  funnels to  produce th is result. R egard
less of th e  ty p e  of vessel, th e  ag ita tion  should never be more 
vigorous th a n  necessary to  p roduce th is appearance of com
pleteness in  th e  emulsion. T h e  q u a n tity  of nonsugars should 
be k ep t to  a m inim um  in  th e  first ex traction  b y  using sm aller 
sam ples for th e  analysis of p roducts of very  low purity . If 
th e  layers in  a  N essler tu b e  do n o t separate, th e  entire con
ten ts  of th e  tu b e  m ay  be filtered in to  ano ther tube  through a 
p ledget of co tton  in  a  sm all funnel, and  th e  clear filtra te  com
pared  w ith  th e  standards. Perm anence in  th e  em ulsion will 
rare ly  occur u nder th e  conditions outlined above. F iltra tion  
will n o t im pair th e  accuracy  of th e  te s t if th e  appara tu s  has 
been rinsed un til free from  lead.

Determ ination of Quantity of Ammonium
Hydroxide Required for Adjustm ent of pH 

for Dithizone Extraction
Mix 30 to 35 ml. of lead-free water w ith exactly 15 ml. of hy

drochloric acid reagent and exactly 10  ml. of citric acid reagent 
in a 100-ml. beaker. Add 9 ml. of concentrated ammonium hy
droxide, cool in a  w ater ba th  to about 20°, add 5 ml. of potassium 
cyanide solution, and determine the  pH  w ith a pH  meter. Add 
ammonium hydroxide in quantities of about 1 ml. until the  pH 
is 9.5. N ote the number of milliliters required. Make this de
termination periodically, whenever new reagents (hydrochloric 
acid, citric acid, or potassium cyanide) are prepared, or a  new 
bottle of ammonium hydroxide is used.

W hen determ ining lead  in  sam ples of sugar p roducts whose 
com position is abnorm al (old sam ples, dam aged samples, 
sirups w hich have  been sub jected  to  some special trea tm en t 
for experim ental purposes, etc.) th is  procedure m ust be modi
fied and  a  de term ination  m ade for each abnorm al sam ple.

Dissolve 5  to  10  grams of the  sample in 25 ml. of lead-free water 
in a  100-ml. beaker, add exactly 15 ml. of hydrochloric acid re
agent and exactly 10  ml. of citric a,cid reagent, and proceed as be
fore.

February  15, 1942 A N A L Y T I C L E D I T I O N  113

S e p a r a t o r y  F u n n e l s  a n d  N e s s l e r  T u b e s  f o r  D i t h i z o n e  
C o l o r im e t r ic  P r o c e d u r e

Preparation of Standards
Arrange eleven Nessler tubes in a  row and measure into them  

accurately, by means of calibrated burets, the following quanti
ties of standard lead solution (1 ml. contains 0.0000015 gram of 
lead) and hydrochloric acid reagent:

N essler tu b e  n u m b e r  1 2 3 4 5 6 7  8 9  10 11
S ta n d a rd  le ad  s o lu tio n , m l. 0 1 2 3 4 5 6 7 8  9 10
H y d ro ch lo ric  ac id  re a g e n t, m l. 10 9 8 7 6 5 4 3 2  1 0

After mixing the contents by rotating the tubes, add exactly 
10 ml. of ammonia-cyanide-citrate reagent to  each tube. Mix 
well and allow them  to stand until cool. Then add 10 ml. of 
dithizone, place cork stoppers in the tubes, and shake them  for 1 
minute. Remove the stoppers and cover w ith 50-ml. beakers. 
Wash each stopper w ith a t least 200 ml. of lead-free water. 
Allow the Nessler tubes to  stand until th e  dithizone layers have 
settled.

These layers will exhibit various shades from  green in  th e  
first tube  to  p ink  in  th e  la s t one, w ith  in te rm ed ia te  blues, 
purples, and  reds, depending upon  th e  p roportions of lead- 
dithizone complex and  uncom bined d ithizone. T he  colors 
represent quan tities of lead  in  th e  range of 0 to  15 m icrogram s 
and are  arranged a t  in tervals of .1.5 m icrogram s.

Qualitative Test for Lead
W a t e r . Add 2 drops of citric acid to 30 to 50 ml. of w ater in a 

separatory funnel, make alkaline with ammonia, and then  add 
1 ml. of potassium cyanide. Mix well and add about 5 ml. of 
dithizone. Shake th e  separatory funnel vigorously and allow the 
layers to  separate. A pink color in th e  chloroform layer shows 
the presence of lead. A green color or a  mixed color containing 
green and red indicates th a t  the excess dithizone has no t been 
transferred from the chloroform phase to  th e  aqueous phase. 
Add more w ater and ammonia or run th e  chloroform layer into 
another separatory funnel containing w ater and amm onia and 
potassium cyanide. In  either instance, shake the separatory 
funnel vigorously and allow the  layers to  separate. A w ater- 
white chloroform layer is a  negative tes t and a  pink color in  this 
layer is a positive test for lead.

C h l o r o f o r m  (new or reclaimed). To 50 ml. of chloroform in 
a  separatory funnel add about 15 ml. of lead-free water, 2 drop3 
of citric acid, and sufficient ammonia to  m ake the  aqueous phase 
alkaline. Add 1 ml. of potassium cyanide and about 10 ml. of 
dithizone, and shake vigorously. A pink color in th e  chloroform 
layer indicates the presence of lead. If a  green color, due to  ex-
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T a b l e  I .  C o m p a r a t i v e  R e s u l t s

(A . M e th o d  A sso c ia tio n  of Official A g ric u l tu ra l C h e m is ts 'f u r  le ad  in 
foods. B . D ith izo n e  co lo r im e tr ic  p ro c e d u re  fo r le ad  in  su g a rs  a n d  su g a r  

p ro d u c ts , desc rib ed  in  th is  p ap e r.)

L e ad  F o u n d
S am ple A B

P . p. m . P . p . in.

1 0 .5 0 .5
2 O.G 0 .5
3 1 . 2 1 .4
4 1 .3 0 .9
5 1 .7 1 .7
G 1 . 8 1 .7
7 1 . 8 1 . 8

S 1 .9 2 .0 5
9 2 . 2 2 . 1

1 0 2 .3 2 . 0

1 1 3 .0 2 .3
1 2 3 .5 3 .5
13 3 .9 5 4 .0
14 5 .2 5 .0

cess dithizonc, is also present in the chloroform layer, remove it as 
in testing water.

O t h e r  R e a g e n t s .  A bout 20 nil. of the  reagent arc trea ted  
in th e  sam e m anner as a  sam ple of w ater, w hen a ttem p tin g  to  
locate a  source of contam ination  in q u an tita tiv e  or q u a lita 
tive determ inations. In  th e  d ithizone colorim etric procedure 
th e  combined contam ination  of all the  reagents sim ply ap 

pears as a  m inu te  q u an tity  of lead in th e  b lank  determ ination  
and , unless the  b lank  becomes higher th a n  usual, i t  is no t nec
essary to  m ake qua lita tive  tes ts  on individual reagents.

R esu lts ob tained  w ith  th is m ethod  (T able I) agree w ith 
those obtained  w ith  th e  m ethod  of th e  A ssociation of Official 
A gricultural C hem ists for lead in  foods (1). T he accuracy  of 
results ob tained  w ith  th e  new procedure depends, to  a  very  
g rea t ex ten t, upon ab ility  to  m atch  colors, upon ab ility  and  
willingness to  dispense exact quan tities of solutions from  
burets, and  upon  th e  exclusive use of glassw are w hich has 
been found b y  qua lita tive  tes ts  to  be free from  lead.
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Determ ination o f Zinc in Rubber Compounds
A New Internal Indicator Method

W IL L A R D  P . T Y L E R  
G e n e ra l  C h e m ic a l  l a b o r a to r i e s ,  T h e  B . F .  G o o d r ic h  C o ., A k ro n , O h io

A SU R V E Y  of the  chemical lite ra tu re  reveals very  little  
inform ation regarding th e  determ ination  of zinc in ru b 

ber com positions. Some of th e  earlier s tan d ard  procedures in
volve th e  use of th e  g rav im etric  sulfide m ethod, b u t th e  only 
d irec t references to  th e  use of ferrocyanide as a  volum etric 
p rec ip itan t w ith an  external indicator applied  to  th e  analysis 
of ru bber com pounds a re  those of the  A. S. T . M . (I)  and  
Casazza (3). T he  A. S. T . M . m ethod  is used in  th e  rubber 
in dustry  w ith  various m odifications, and , in  th e  absence of 
evidence to  th e  con trary , is assum ed to  be th e  only  volum etric 
m ethod in  general use for th e  determ ination  of zinc.

T he difficulty of m an ipulation  and  th e  low degree of ac
curacy of th e  external ind icator procedure led to  th e  considera
tion  of a new m ethod  for th is  de term ination . T he  principal 
in ternal indicator m ethods for th e  determ ination  of zinc have 
been considered b y  K olthoff and  F u rm an  (7). One m ethod  
employs ferrocyanide as p rec ip itan t and  ferrous iron as an  
indicator and  th e  o ther, based on th e  w ork of Cone and  C ady  
(4) supplem ented by  th a t  of K olthoff (6 ), utilizes th e  ferri- 
cyanide-ferrocyanide oxidation-reduction  system  in  equilib
rium  w ith  p recip ita ted  zinc potassium  ferrocyanide, using 
d iphenylam ine or diphenylbenzidine as ind icator. W ith  th e  
la tte r  m ethod  as a  basis th e  experim ental w ork for th e  
developm ent of a  procedure su itab le  for th e  analysis of all 
types of ru bber com pounds was undertaken .

Experimental
W ith  som e m odifications th e  diphenylbenzidine ind icator 

m ethod  proved satisfac to ry  in  th e  presence cf th e  ions usually  
found in  an acid solution of th e  ash obtained  from  rubber

com pounds. I t  was also successful w ith  rubber com pounds 
of certa in  sim ple types, if th e  ash  was tre a ted  in such a 
m anner as to  rem ove all oxidizing agents, reducing agents, 
and  iron, if chlorides were presen t in  only sm all quan tities, 
and  if there  were no m ore th a n  10  g ram s of am m onium  sa lts  
presen t in th e  solu tion  to  be ti tra te d .

H ow ever, w hen th is  m ethod  was applied  to  th e  analysis of 
ru b b er stocks contain ing  clay  or o ther silicates, th e  zinc found  
was from  10 to  30 per cen t low. T h is observation  ap p aren tly  
has n o t been repo rted  in  the  lite ra tu re . Investiga tion  of 
th is phenom enon revealed th a t  i t  occurs w ith  an y  m ethod  of 
analysis which involves ashing as a  prelim inary  s tep  because 
of a  reaction  betw een zinc oxide and  silicates w hich occurs 
even a t  th e  low est possible ashing tem pera tu re . T he  re
action  p roduc t is n o t decom posed b y  o rd inary  acid tre a tm e n t 
and  even prolonged acid d igestion gives resu lts  5 to  10 per cen t 
low. T he  presence of lead  oxide also causes low an d  incon
s is ten t results , b u t th e  reasons for th is effect have n o t been 
investiga ted  ye t.

Because of these phenom ena it  becam e necessary to  re so rt 
e ither to  fusion or to  w et oxidation  (digestion) in  order to  
find a  generally  applicable m ethod  for th e  prelim inary  de
stru c tio n  of th e  sam ple. T he  la tte r  m ethod  is th e  m ore 
p ractical. C oncen tra ted  n itric  acid, brom ine, an d  fum ing 
n itric  acid used successively will oxidize m ost of th e  organic 
m a teria l in  a ru b b er com pound. T he  best reagen t for oxidiz
ing th e  carbon b lack  an d  organic m a tte r  rem aining in  th e  
residue is perchloric acid, an d  w hen its  add ition  is preceded 
b y  th e  above oxidizing agen ts th is reagen t is safe to  use. 
U nfo rtuna te ly , even sm all q u an tities  of perchlorates had  a



detrim en ta l effect on th e  color change and  position of the end 
po in t w hen d iphenylam ine or d iphenylbenzidine was used as 
ind icator. Since no w ay of overcom ing th is  effect was found, 
i t  becam e necessary to  d iscontinue th e  use of these indicators 
in connection w ith  w et-oxidation m ethods of determ ination .

B ecause of these fac ts  i t  was necessary to  devise a new 
m ethod  su itab le  for determ ining the  zinc a fte r  w et oxidation 
of th e  sam ple. G rav im etric  m ethods were discarded as being 
im practical. P rec ip ita tion  m ethods, such as p recip itation  
w ith an th ran ilic  acid or 8 -hydroxyquinoline followed by  
volum etric de term ination  of th e  prec ip ita te , were discarded 
as being tim e-consum ing an d  none too accura te  in solutions 
contain ing as m an y  ions and  added sa lts  as are  inev itab ly  
present. T he  problem  centered on finding a  su itab le  indicator 
to  be used w ith  th e  ferricyanide-ferrocyanide system  in the 
m anner of diphenylbenzidine.

O nly ind icators from  stock  w hich w ere th o u g h t to  possess 
oxidation  po ten tia ls  in th e  neighborhood of + 0 .7 5  v o lt were 
tried . T he resu lts ob tained  indicated  th a t  th e  po ten tia l of 
a  su itab le  ind ica to r m u s t be no h igher th a n  + 0 .7 5  v o lt and 
p robably  n o t m uch lower. T he  com pounds which proved 
to  be unsatisfac to ry  in  color developm ent or in reproduci
b ility  of end po in t were p-phenetid ine, benzidine aceta te , N -  
pheny lan thran ilic  acid, p-am inodiphenylam ine, 2,4-diam ino- 
d iphenylam ine, d iphenylcarbazide, and  tw o p-phenylene- 
d iam ine derivatives. All these indicators were tried  under 
vary ing  conditions of tem p era tu re  and  acid ity , bo th  by d irect 
an d  b ack -titra tion . p-A nisidine showed prom ise as an  in
d ica to r b u t proved to  give very  high results . o-Tolidine gave 
sa tisfac to ry  resu lts  b u t th e  color change, yellow through  
yellow-green to  blue-green, was n o t sharp  enough to  ensure 
accuracy w ith o u t considerable experience.

Schulek and  R 6 zsa (10) described a  new m ultifo rm  in
dicator, p-ethoxychrysoidine, which presum ably had the 
p roperties desired for th is  purpose, a lthough  th e  lite ra tu re  
does n o t describe th is  use for it. A sam ple of th is dye was 
prepared  as described below and  i t  was found to  be an  excel
len t ind ica to r under a t  least tw o sets of conditions applicable 
to  th e  analysis of rub b er com pounds.

Tananaev and Georgobiani (11) reported the use of “blue 
ethyl acidic R R (B )” , ¿-(p-ethylaminophenylazo)-l,8 -dihydroxy- 
naphthalene-3,5-disulfonic acid sodium salt, as an indicator for 
lead titra tion  w ith ferrocyanide and suggested its use for the 
determ ination of other metals. According to  Rowers Colour 
Index (5), E thy l Acid Blue R R (B ) is dye No. 59, which is the 
sodium salt of p-dimethylaminobenzeneazo-l,8-dihydroxynaph- 
thalene-4-sulfonic acid. This was available from Eimer & 
Amend, New York, as Azo Acid Blue B, originally obtained from
G. Grubler and Co., Leipzig. This dye was not received until 
the work described below was completed, bu t it  was then tried 
as a substitu te indicator. The end point was not quite so sharp 
as w ith p-ethoxychrysoidine and results were somewhat erratic, 
bu t further work on conditions of operation might prove it to  be 
a  satisfactory indicator.

As a  re su lt of th e  experim ental w ork tw o m ethods of analy
sis were devised and  tested . M ethod  I  is th e  m ore general 
and  is, w ith  sligh t m odification, applicable to  all rubber com
pounds, vulcanized and  unvulcanized, and to  latices. M ethod 
II is applicable only to  rubber stocks and  latices free of lead, 
silicates, o r o th er fusible ash, and  containing b u t small 
am oun ts of acid-insoluble fillers.

M ethod I. Wet-Oxidation Method
R e a g e n t s  a n d  S o l u t io n s . Indicator. p - E th o x y c h r y s o id in e  

( p - e th o x y p h e n y la z o - m - p h e n y le n e d ia m in e ) ,  0 .2  p e r  c e n t  m  s u l
fu r ic  a c id  ( s p .  gr. 1 .84 , d i lu te d  1 t o  1 w i th  w ater). T h e  in d ic a to r  
is  p r e p a r e d  b y  coupling d ia z o t iz e d  p - p h e n e t id in e  h y d ro c h lo r id e  
w i th  m -p h e n y le n e d ia m in e .  An a n a lo g o u s  p r e p a r a t io n  fo r  c h ry s -  
o id in e  is  d e s c r ib e d  b y  Houben-Weyl (a). Recrystallization of 
t h e  d y e  is  u n n e c e s s a r y .  Store t h e  s o lu t io n  in  t h e  darj£ .

Standard Potassium Ferrocyanide Solution. Approximately
0.04 M  solution of reagent grade potassium ferrocyanide tri
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hydrate. If  available, highly purified crystals may be used as 
a  prim ary standard bu t the solution is no t stable (cf. standardiza
tion).

Standard Zinc Chloride Solution. Zinc solution (0.06 M ) made 
from zinc of known purity  dissolved in hydrochloric acid, or 
impure zinc compound dissolved in acid and standardized 
against potassium ferrocyanide (cf. standardization).

Potassium Ferricyanide. One per cent of the reagent grade 
crystals dissolved in water. This solution is stable only if kept 
in the dark.

Nitric Acid-Bromine Mixture, reagent grade nitric acid (sp. 
gr. 1.42) saturated  with bromine. Free bromine m ust be 
present.

Perchloric Acid, reagent grade, 60 or 72 per cent acid.
Sulfuric Acid, reagent grade (sp. gr. 1.84) diluted 1 to  1 .
Ammonium Hydroxide, reagent grade (sp. gr. 0.90).
IPas/i Solution, 25 grams of ammonium sulfate and 10 ml. of 

ammonium hydroxide per liter.
Fuming N itric Acid. The red fuming type is preferred. Re

agent grade.
P r o c e d u r e  A (for vulcanized rubber compounds only). Place 

the ground sample of rubber (0.5 to  2.0 grams) in a 400- to  500- 
ml. wide-mouthed flask. Add 15 ml. of nitric acid-brom ine mix
ture, cover the flask, and let stand for 10 m inutes or longer. 
Add 10 ml. of red fuming nitric acid, replace the cover, and place 
on a steam plate or bath  until the rubber is disintegrated. T rans
fer to  an electric ho t plate or a burner, remove the cover, and 
evaporate to  10 to  15 ml. Cool partially, add 10 ml. of per
chloric acid, and evaporate until all carbon and organic m aterial 
are destroyed.

(Caution. To ensure safety to the operator, the operations in
volving the oxidation of organic m atter with perchloric acid 
should be done behind a safety screen. The evaporation of 
perchloric acid to  fumes should be done under a hood whose flue 
is free from condensed organic vapors, organic dust, and carbon 
or soot.)

This operation requires a  tem perature of about 200° C. Con
tinue evaporation to  about 5 ml. Dense white fumes should be 
evolved and the ho t solution may be a  pale yellow color bu t 
should become colorless on cooling unless much iron is present. 
If lead is present add 3 ml. of sulfuric acid and evaporate until 
dense fumes again appear.

D ilute to  50 ml., boil for a  minute, cool, neutralize w ith am
monium hydroxide, add 5 ml. in excess, and boil for one minute. 
F ilter hot and wash with four 25-ml. portions of hot wash solu
tion. For greater accuracy when there is a  large flocculent pre
cipitate, wash only twice w ith 2 0 -ml. portions of wash solution, 
wash the precipitate into the original flask, add 5 ml. of sulfuric 
acid, digest, precipitate as before, filter, and wash the precipitate 
w ith four 2 0 -ml. portions of wash solution. Evaporate the 
combined filtrates to 100 to 125 ml., making sure in every case 
th a t nearly all of the ammonia is boiled off to prevent the forma
tion of excess ammonium salts. Add 5 ml. of sulfuric acid and 
titra te  in the m anner described below. The tem perature m ust 
be 90° C. a t  the s ta rt of the titra tion  and should no t fall below 
70° C.

Add 4 to  6  drops of indicator and 4 to  7 drops of ferricyanide 
solution, the la tte r always in am ounts equal to  or greater than  
the former. Shake until the red color changes to  yellow and 
titra te  with standard ferrocyanide solution until a  strong salmon- 
pink color persists. B ack-titrate w ith standard zinc solution to 
a pale green color. Continue “back and forth” titra tion  (as 
few times as possible) until a  few drops of zinc solution cause the 
color to  fade through a  neutral shade to  a  very pale apple green. 
The last few drops m ust be added slowly, with shaking between 
drops, since the precipitation equilibrium is reached slowly. 
Because of the equilibrium conditions the zinc m ust always 
be added last. W hen only small quantities of zinc are present 
the indicator may no t fade readily upon addition of ferrocyanide. 
This m ay be remedied by adding several milliliters of zinc solu
tion first.

Standardization. If the zinc solution is a  prim ary standard, 
standardize the ferrocyanide with it  according to  the method ju s t 
described, using a  hot solution containing the zinc, 5 ml. of sul
furic acid, and 5 grams of ammonium sulfate per 100 ml. of solu
tion. If the zinc solution is no t standard, standardize the 
ferrocyanide w ith 0 .1  iV potassium perm anganate according to 
the method of Kolthoff and Furm an (8). This method specifies 
th a t about 1 gram of ferrocyanide in 120 ml. of 1 N  sulfuric acid 
be titra ted  w ith perm anganate and th a t a  fresh, approximately 
1 per cent ferricyanide solution be used for color comparison a t  the 
end point. The ferrocyanide solution m ay also be standardized 
against perm anganate or eerie sulfate using o-phenanthroline- 
ferrous complex (ferroin) as indicator. The zinc solution may 
then be standardized against the ferrocyanide solution.
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P r o c e d u r e  B (for latices and unvulcanized rubber stocks). 
Because of the difficulty of destroying unvulcanized rubber 
readily w ith nitric acid-bromine mixture to such an extent th a t 
the use of perchloric acid is safe, the following modification of 
Procedure A is necessary.

Add 20 ml. of nitric acid-brom ine mixture to the sample of 
latex or thinly sheeted unvulcanized rubber compound and 
warm until vigorous reaction starts, keeping the flask covered.
If overnight digestion is convenient, add 20 ml. of red fuming 
nitric acid after the first reaction has subsided, cover the flask, 
and allow it to  stand overnight on a steam plate or bath. After 
this treatm ent perchloric acid m ay be added and the evapora
tion safely continued as in Procedure A. If  the determination 
m ust be completed w ithout interruption, add 10  ml. of red fuming 
nitric acid after the first reaction has subsided, heat gently until 
the rubber is disintegrated, and evaporate nearly to  dryness. 
Add 10 ml. of red fuming nitric acid and 10 ml. of perchloric 
acid and evaporate as in Procedure A. Whichever method of 
digestion is used, complete the determination according to 
Procedure A. The actual rubber content of samples should not 
exceed 2 grams. Do riot evaporate or coagulate latices before 
the oxidation.

Method II. Ashing Method
T his m ethod m ay  be used for unvulcanized and  vulcanized 

com pounds and  latices w hich contain  no clay  or lead, and 
have a  com paratively  low acid-insoluble ash.

R e a g e n t s .  Same as in M ethod I  where specified with the 
addition of reagent grade hydrochloric acid (sp. gr. 1.2 ), satu
rated bromine water, and 1 per cent diphenylbenzidine in con
centrated sulfuric acid.

P r o c e d u r e  A (p-ethoxychrysoidine as indicator). Ash a 
sample of from 0.5 to  2.0 grams of rubber in a crucible in an over
night ashing muffle furnace which is capable of slowly ashing the 
sample w ithout combustion a t a  maximum tem perature of 
550° C. Ashing m ay be accomplished over a  burner if the sample 
is no t allowed to  flame.

T reat the ash with 5 ml. of hydrochloric acid and 5 ml. of 
sulfuric acid, warm if necessary to  free the precipitate from the 
crucible, and transfer to a  beaker. D ilute to  50 ml., boil to  
dissolve all the ash possible, add 5 ml. of bromine water, cool, 
neutralize w ith ammonium hydroxide, and continue the prepara
tion of the solution and the determ ination exactly as in Method 
I, Procedure A, except th a t the solution m ust be boiled for a t 
least 10  minutes after acidification before titration.

P r o c e d u r e  B (diphenylbenzidine as indicator). Up to  the 
point of adding the indicator, follow M ethod II, Procedure A, 
exactly. In  place of p-ethoxychrysoidine add 4 drops of di
phenylbenzidine and 4 to  5 drops of ferricyanide solution. If 
a  deep blue color does no t develop, add sulfuric acid in 2 -ml. 
portions until it does appear on shaking. T itra te  w ith ferro
cyanide solution until the blue fades markedly to  a gray-green, 
stop titrating, and shake w ith the addition of small portions of sul
furic acid until a  deep purple color appears; then continue drop- 
wise titra tion  to a  yellow-green color. B ack-titration is per
missible b u t the ferrocyanide m ust be added last.

Discussion of Methods
I n d i c a t o r s .  T he use of p-ethoxychrysoidine m ay  require 

some experience in  determ ining th e  b es t ra tio s  of ind icator 
to  ferricyanide. W hen there  was m uch varia tio n  in  th is 
ra tio  from  th a t  specified in  the  procedure th e  accuracy  was 
affected to  a  sm all ex ten t, because th e  equilibrium  betw een 
th e  ions from  th e  precip ita te , the  ferrocyanide ions from  re
duced ferricyanide, and  th e  excess ferrocyanide ions necessary 
to  reduce th e  indicator is sensitive to  varia tions in  th e  quan 
tities of indicator and ferricyanide. Because of th is equilib
rium  and  because of th e  g reater sharpness of th e  end-poin t 
color change, th e  titra tio n  m ust be finished w ith  th e  zinc 
solu tion .

Since th e  diphenylbenzidine m ethod  checked well w ith 
electrom etric titra tio n  and  also w ith th e  p-ethoxychrysoidine 
m ethod  in  standard iza tion  titra tio n s, M ethod  I I ,  Procedure 
B , m ay  be used as a  stan d ard  to  check experim ental w ork 
w ith  p-ethoxychrysoidine. H ow ever, th e  au th o r found th a t  
p-ethoxychrysoidine end points were b e tte r  th a n  those ob
ta ined  w ith  diphenylbenzidine because th e  la t te r  indicator
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fades du ring  ti tra tio n  and  i t  is frequen tly  difficult to  bring  
th e  color b ack  sufficiently to  ob ta in  a  sharp  end po in t.

In  s tandard iza tion  w ith  d iphenylbenzidine ind icator, 5 
gram s of am m onium  su lfate  and  5 m l. of sulfuric acid per 
100 m l. of solution m u s t be presen t. M ore sulfuric acid 
usually  m u s t be added  during titra tio n  as is no ted  in  M ethod  
I I ,  P rocedure B .

N either ind ica to r w orks well w ith  less th a n  10 m g. of zinc 
b u t s tan d ard  zinc solu tion  m ay  be added  to  th e  reaction  
m ix ture as soon as there  is evidence of too  little  zinc in  th e  
solution.

T he  use of ferricyanide incorporated  in th e  s tan d a rd  ferro
cyanide solu tion  as advocated  b y  K olthoff and  F u rm an  (7) 
was n o t sa tisfac to ry  w ith  either indicator.

I n t e r f e r e n c e s . Oxidizing and  reducing agen ts which 
will affect th e  ferricyanide-ferrocyanide system  or th e  in 
d icato r will in terfe re  w ith  b o th  m ethods, b u t all such su b 
stances are  rem oved by  th e  prelim inary  trea tm en ts . M an 
ganese and  copper will in terfere, b u t th ey  a re  n o t usually  
found in rub b er com pounds except those contain ing certain  
organic copper ru bber dyes. A ny o ther m etals w hich form  
precip ita tes w ith  ferrocyanide in strong  acid solu tion  will 
in terfere, w ith  th e  exception of lead  w hich is successfully 
rem oved b y  M ethod  I  b u t n o t by  M ethod  I I .  R esults of 
tr ia l determ inations of m ixtures contain ing lead  ind ica te  
th a t  th ere  should be no m ore th a n  a  sligh t positive e rro r 
when using M ethod  I , even if som e lead su lfa te  is p resen t 
a t  th e  tim e of ti tra tio n . A bout 5 g ram s of chloride ion can 
be presen t in  M ethod  I  and  ab o u t 3 g ram s in  M ethod  I I  
w ithou t im pairing th e  end-poin t colors. A m m onium  su lfate  
m u s t be presen t for q u an tita tiv e  p recip ita tion , b u t am oun ts 
g rea ter th a n  1 0  g ram s ten d  to  dim inish th e  in ten s ity  of the  
end-poin t colors.

Iro n  m u s t be rem oved if p resen t to  an  ex ten t g rea t enough 
to  cause a  very  noticeable b lue color w hen ferrocyanide is 
added. A  very  sm all trace  of iron  appears to  sharpen  th e  
end-po in t colors b u t m ost ru bber com pounds contain  too 
m uch iron  to  leave in  th e  solution. A  num ber of substances 
which form  complex ions w ith  ferric iron  were em ployed in  an 
a tte m p t to  e lim inate th e  rem oval of iron. T a rtra te , c itra te , 
oxalate, fluoride, phosphate , an d  pyrophosphate  were w ith 
o u t effect, a lthough  th e  la s t was cited b y  A ruina (2) as being 
effective for th is purpose.

A p p l i c a t i o n s .  In  ad d ition  to  being applicab le  to  p rac
tica lly  all ru bber stocks and  latices, th e  m ethod  will probably  
be equally  effective w ith  sy n the tic  ru bber m ix tures w hich do 
n o t contain  appreciable qu an tities  of sa tu ra te d  hydrocarbons. 
O rganic zinc com pounds can  be read ily  determ ined  by  e ither 
m ethod . Ino rganic  zinc com pounds can be determ ined  by  
titra tio n  of an  acid  so lu tion  of th e  m ateria l using either in 
d ica to r if in terfe ring  ions are  rem oved. A pplication  to  
alloys would be m ore difficult because of th e  necessity  of re
m oving in terfe ring  ions presen t and  added  during  prior tr e a t
m en t. T he  rem oval of in terfe ring  ions by  prec ip ita tion  w ith  
hydrogen sulfide is n o t recom m ended because d ras tic  t r e a t
m en t, such as evapora tion  w ith  perchloric acid, w ould be 
necessary to  rem ove th e  excess hydrogen sulfide, traces of 
w hich a re  very  in jurious to  th e  determ ination . T he  d e te r
m ination  of sm aller q u an titie s  of zinc b y  m eans of a  m ore 
d ilu te  ferrocyanide solution, a  larger sam ple, or b o th , is now 
being investigated .

Discussion of Results
T h e  precision and  accuracy  of th e  titra tio n s  of s tan d a rd  

zinc solu tion  were te s ted  b y  a  series of com parisons of th e  p- 
ethoxychrysoidinc m ethod  w ith  th e  diphenylbenzid ine m ethod  
and  w ith  elec trom etric  titra tio n . T h e  d iphenylbenzidine 
end  p o in t coincided w ith  th a t-o b ta in e d  w ith  electrom etric
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T a b l e  I. R e s u l t s  o p  a  S t u d y  o p  t h e  M e t h o d s

%  Zinc 
O xide

%  Z inc 
O xide

P rec isio n , 
A v erage  %

A ccu racy , %  
D e v ia tio n  of

S am p le F o u n d , D e v ia tio n  from M ean  from
N o. P re s e n t A v erag e M ean , ± T ru e  V alue

E x te rn a l In d ic a to r  M e th o d , U ra n y l A c e ta te  on  S p o t P la te

1 ° 4 .2 0 4 .5 9 1 .3 +  9 .3
2 ° 4 .1 7 3 .5 2 6 . 0 - 1 5 . 6
3° 4 .0 5 3 .4 0 3 .0 - 2 7 . 0
4 0 2 1 . 1 0 1 9 .5 0 2 .5 -  7 .6

M e th o d  I I ,  P ro c e d u re  B , U sin g  D ip h e n y lb e n z id in e

I a 4 .2 0 4 .0 8 1 . 0 -  2 . 8
2 ° 4 .1 7 3 .1 2 4 .0 - 2 5 . 0
2b 4 .1 7 3 .3 0 9 .0 - 2 1 . 0
3° 4.G 5 3 .8 2 2 .3 — J8 . 0
36 4 .6 5 3 .9 0 2 .5 - 1 6 . 0
4 a 2 1 . 1 0 2 0 .7 5 0 .9 6 -  1 .7
4b 2 1 . 1 0 2 0 .9 0 0 .3 8 -  0 .9 5

M e th o d  I I ,  P ro c e d u re  A , U sin g  p -E th o x y c h ry so id in e

1 ° 4 .2 0 4 .1 6 0 .4 0 -  1 . 0
4b 2 1 . 1 0 2 1 .0 3 0 . 1 0 -  0 .3
6  b 2 .7 5 2 .4 4 3 .5 0 - 1 2 . 7

I a 4 .2 0

M e th o d  I ,  P ro c e d u re  A

4 .1 7  0 .5 4 -  0 .7
2 a 4 .1 7 4 .1 8 0 .7 0 +  0 . 2
2  b 4 .1 7 4 .2 2 0 . 2 0 +  1 . 2

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

a O ne p re c ip ita tio n  of a m m o n ia -in so lu b le  m a te r ia l.
6 T w o  p re c ip ita tio n s  of a m m o n ia -in so lu b le  m a te ria l.

t i tra tio n  w ith in  ± 0 .2  per cent. T he  precision obtained in 
five successive titra tio n s  using diphenylbenzidine was ± 0 .2  
per cen t average dev iation  from  th e  m ean. T he average of 
tw en ty  successive p-ethoxychrysoidine ti tra tio n s  was th e  
sam e as th a t  of th e  d iphenylbenzidine titra tio n s  and  a pre
cision of ± 0 .2  per cen t was ob tained  w ith  a  m axim um  devia
tion  of ± 0 .5  per cen t. In  th is  la s t series of titra tio n s th e  
ra tio  of ind ica to r to  ferricyanide was varied  th rough  all com
binations of from  4 to  6  d rops of ind ica to r and from  4 to  7 
drops of ferricyanide in  w hich th e  ferricyanide was present 
in am oun ts equal to  or g rea ter th a n  th e  indicator. W hen 
ra tio s outside these lim its were used th e  values obtained  were 
m ore e rra tic  b u t still had  a precision w ith in  ± 0 .5  per cent.

T ab le  I  shows th e  resu lts of analysis of especially prepared 
ru bber com pounds b y  th e  u rany l ace ta te  indicator m ethod 
(.1) b y  M ethods II-B , II-A , and  I-A . T he experim ental 
com pounds were carefully weighed and  m ixed in  500- and 
1000-gram batches. T he  quan tities  of zinc oxide added and 
th e  ba tch  w eights were carefully checked. T he pu rity  of th e  
zinc oxide used was 1 0 0  ±  0 .2  per cent, as determ ined b y  
analysis according to  a  simplified form  of M ethod I-A . T he 
com pounds were vulcanized in  th e  form  of sheets, 6  X  8  X
0 .1  inch, an d  sam ples from  various p a rts  of th e  sheets were 
ground together for analysis. T he  experim ental com pounds 
contained th e  following principal fillers:

1 . 2 1 %  carbon black
2. 21%  whiting, 21%  clay, and 10.5% titanium  dioxide
3. 23%  barytes and 23% clay __
4. 21%  whiting, 10.5% magnesium carbonate, and 2.5%

ferric oxide
5. 31% barytes and 18.5% clay
6 . 16.5% carbon black and 11% litharge

T he resu lts  tab u la ted  in  T able  I  show very  clearly the 
effect of ashing on th e  accuracy of zinc determ inations in 
ru bber com pounds contain ing  clay or lead. T he d a ta  leave 
little  choice betw een th e  accuracy and  precision of M ethods 
I  and  I I ,  providing lead  and  clay are absent. T he poor re
sults ob tained  w ith th e  external ind icator m ethod are  difficult 
to  explain and  m ay  n o t be  typ ica l of th e  m ethod, although 
difficulty has frequen tly  been encountered in th is labora to ry

w ith regard  to  ob tain ing th e  sam e ty p e  of end po in t in  th e  
determ ination  as in th e  standard iza tion . T he  am o u n t of 
reagen t used for a  b lank  w ith  th e  external ind ica to r m ethod  
is large and  inconsistent.

In  order to  te s t M ethod  I  fu rther, resu lts ob tained  in  ro u 
tine  analysis in  th e  labo ra to ry  over a  period of several m on ths 
were exam ined for precision. Only those determ inations 
in  w hich tw o or m ore analyses were ru n  were considered in  
compiling th e  averages. E igh teen  sam ples, vary ing  from  
1 .2  to  6 .1  per cen t in  zinc oxide conten t, wrere analyzed w ith  a 
precision (average percentage deviation  from  th e  m ean) of 
± 1 .1 4  per cen t and  a  m axim um  single dev iation  from  th e  
m ean of 2.60 per cent. Seven o ther sam ples contain ing from
14.0 to  45.0 per cen t zinc oxide were analyzed w ith  a  pre
cision of ± 0 .31  per cen t and  a  m axim um  single dev iation  
from  th e  m ean of 0.85 per cent.

A te s t of M ethod  I , P rocedure B , was m ade involving 
eigh t successive determ inations of zinc oxide in  a  la tex  mix. 
T he average value was 1.97 ±  0.9 per cen t. T h is  is sa tis
fac to ry  precision when i t  is considered th a t  ob tain ing  a 
hom ogeneous sam ple of a  la tex  mix as heavily  com pounded 
as th e  one used in  these te s ts  is n o t alw ays easy. I t  was 
found th a t , ordinarily , n o t m ore th a n  tw o sam ples could be 
taken  from  a  la tex  mix w ithou t thoroughly  rem ixing th e  ba tch  
to  m ain ta in  hom ogeneity.

T o sum m arize th e  in te rp re ta tio n  of th e  d a ta  ob tained  in 
testing  these procedures: A ny of th e  in te rn a l ind ica to r
m ethods described is capable of accuracy and  precision suf
ficient for m ost analyses for research in  ru bber technology 
and is also well su ited  to  th e  speed required  in contro l 
analyses w ithou t appreciable loss of accuracy. E ach  m ethod, 
howrever, m u s t be used only under th e  conditions m ost favor
able to  its  success.

A com parison of th e  m erits  of th e  m ethods b y  ana ly s ts in 
th is  labo ra to ry  resu lted  in a  general preference for M ethod  I  
over th e  ex ternal ind ica to r m ethod . N o com parisons w ith 
M ethod  I I  wrere m ade b y  th e  analysts, b u t th e  a u th o r’s 
experience has been th a t  th e  titra tio n  using p-ethoxychrys- 
oidine as ind ica to r w ith  either m ethod  is m ore rap id  th a n  th e  
titra tio n  using diphenylbenzidine. T he  b ack -titra tio n  nec
essary w hen p-ethoxychrysoidine is used is of ad v an tag e  
when sm all or unknow n quan tities  of zinc a re  p resen t, and  
there is no u n ce rta in ty  concerning th e  approach  of th e  end 
po in t as th ere  frequen tly  is w ith  diphenylbenzidine. W ith  
diphenylbenzidine, th e  re tu rn  of th e  purp le  color p rio r to  
final titra tio n  to  an  end p o in t is frequen tly  slow and  th e  
speed of color re tu rn  appears to  be a  function  of th e  prox
im ity  to  th e  end po in t w hen titra tio n  is in te rru p ted  and  to  
th e  q u a n tity  of sulfuric acid in  th e  solution.

Summary
Two in te rna l ind ica to r volum etric  m ethods for th e  de te r

m ination  of zinc in rub b er com pounds have been devised 
and investiga ted . T h e  first m ethod  is a  w’et-ox idation  m ethod  
em ploying n itric  acid, brom ine, and  perchloric acid  as oxi
d an ts , and  p-ethoxychrysoidine, a  new  oxidation-reduction 
ind icator for th is  use, as indicator. I t  is of general applica
tion  to  all types of rub b er com pounds. T he second m ethod , 
less generally  applicable to  rubber com pounds, utilizes e ither 
th e  new  ind ica to r or th e  well-known ind icator, d iphenyl
benzidine. T h is m ethod  depends on ashing of th e  sam ple, 
and  canno t be used for th e  analysis of zinc in  ru b b er com
pounds containing lead or silicates, since i t  has been found 
th a t  no m ethod  in  w'hich th e  sam ple is ashed will yield ac
cu ra te  resu lts if these m ateria ls  are  p resen t. B o th  m ethods 
use potassium  ferrocyanide as th e  vo lum etric  p rec ip itan t 
and  potassium  ferricyanide as an  in teg ra l p a r t  of th e  ind ica to r 
system . B o th  m ethods a re  applicable to  o th er organic and
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inorganic zinc-containing m ateria ls. T he first m ethod ap 
pears to  have a  slight advan tage  in  ease of m anipulation , 
to ta l tim e of de term ination , and  range of applicability . 
T here  is little  choice betw een th e  m ethods or indicators as 
regards precision, accuracy, or th e  ac tua l tim e used by  th e  
an a ly s t for a  de term ination , providing each m ethod  and  in
d ica to r is used only under th e  proper conditions. B oth  
m ethods a re  superior to  th e  external ind icator m ethod  using 
urany l ace ta te , th e  m ethod  now in com m on use in  rubber 
laboratories.
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P r e s e n t e d  befo re  th e  D iv is io n  o f R u b b e r  C h e m is try  a t  th e  1 01st M ee tin g  
of th e  A m e r i c a n  C h e m i c a l  S o c i e t y , S t. L ou is, M o.

C ontinuous Liquid E xtractor for Large V olum es o f  Solution
R A L P H  H O S S F E L D  

D iv is io n  o f  A g r ic u l tu r a l  B io c h e m is try ,  U n iv e rs i ty  o f  M in n e s o ta ,  S t .  P a u l ,  M in n .

TH E  need for prolonged ex trac tion  of com paratively  large 
quan tities  of solutions w ith  an  im m iscible so lven t of lesser 

specific g rav ity  usually  leads to  th e  use of a  continuous 
liquid-liquid ex traction  device sim ilar to  th a t  described by  
M arshall ( i ) ,  in  which th e  solvent is m ade to  bubble up 
th rough  th e  solution b y  m eans of a  long funnel tu b e  leading 
from  a  reflux condenser. T he so lven t together w ith  th e  ex
trac ted  m ateria l is th en  re tu rned  th rough  a  su itab le  overflow 
to  th e  boiling flask. A lthough having th e  advan tage  of sim 
plicity  in  construction  and  operation , such an  ap p a ra tu s  is 
necessarily inefficient because of lim ited  con tac t of th e  so lven t 
w ith  th e  m ateria l to  be ex trac ted . F urtherm ore , i t  canno t be 
used conveniently  w ith solutions, such as neutralized  cook

liquors from  w ood-pulping studies, th a t  con tain  finely divided 
solids w hich occlude a  p a r t  of th e  ex trac tab le  m a teria l and  
se ttle  out.

T he  ap p a ra tu s  described herein obviates th e  above diffi
culties by  providing vigorous ag ita tion  an d  continuously  re 
circulated  dispersion of th e  solvent from  the  so lven t layer 
th rough  th e  lower layer being ex trac ted . B y so doing, th e  
concentration  of ex tractives in  th e  solvent layer is m ain tained  
near th e  lim it of d is tribu tion  betw een th e  tw o phases. T h is 
concen trated  ex trac t is continuously  replaced b y  fresh reflux 
from  th e  boiling flask. T he  principle is th a t  of a  centrifugal 
pum p, th e  ro to r being th e  hollow T -s tirre r (2 ) ind icated  in  the 
d iagram . T he  so lven t is d raw n  from  th e  so lven t layer 
th rough  a  hole well up the  stem  of th e  s tirre r, an d  flows dow n 
th e  s tem  of th e  T , from  which, in  a  finely divided s ta te , i t  is 
throw n in to  th e  solu tion  by  centrifugal force.

F o r com plete ex trac tion  of a  2-liter b a tch  of neu tralized  
wood-cook liquor, th e  usual ty p e  of ex trac to r requ ired  from  
4 to  6  days, w hereas th e  p resen t ap p a ra tu s  required  from  10 
to  12  hours.

The diagram is self-explanatory. Pyrex glass was used 
throughout in the construction. The extraction flask is a  dis
tilling flask of from 2 - to  5-liter capacity as required. The bearing 
for the stirrer is a short section of glass tubing of such size as will 
fit the stem  snugly and is sealed a t  the outer end by means of a 
short section of well-lubricated rubber tubing.

T he extraction flask is filled to  w ithin about 200 ml. of the side 
arm  w ith the solution to  be extracted, the remaining volume being 
occupied by the solvent. If  the solution contains suspended 
solids which are preferentially wetted by the solvent, a  small cot
ton  plug placed in the entrance of the overflow' tube serves well 
as a filter.

Should an emulsion form during operation, it m ay bo suppressed 
by varying the speed of the stirrer: the more stable the emulsion, 
the slower the speed permissible to  m aintain the level of the emul
sion slightly below the intake hole of the stirrer. The optimum 
speed for good circulation with a  minimum of moderately stable 
emulsion was found to  be about 500 r. p. m. w'hen using a 3-cm. tip  
on a  stirrer of 7-mm. bore.
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Rapid Tur bidim etric Method for D eterm ination  
o f Sulfates

J O S E P H  F . T R E O N  A N D  W . E . C R U T C H F IE L D , J r .
K e t te r in g  L a b o ra to ry  o f  A p p lie d  P h y s io lo g y , C o lleg e  o f  M e d ic in e , U n iv e rs i ty  o f  C in c in n a t i ,  C in c in n a t i ,  O h io

SIN C E  benzene, phenols, and  various o ther cyclic com
pounds a lte r th e  ra tio  of inorganic to  ethereal (organic) 

su lfates in  urine, i t  seem ed desirable to  ob ta in  a rap id  m ethod 
for th e  determ ination  of th is  ra tio . G rav im etric  m ethods 
have been used largely for th is  purpose b u t they  are  tim e- 
consum ing. A nephelom etric m ethod  for de term ination  of 
inorganic su lfates in  biological fluids has also been reported  
recently  b y  M edes and S tavers (2).
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F i g u r e  1. D i f f e r e n c e s  b e t w e e n  W e d g e  R e a d in g s
f o r  S a m p l e s  w i t h  V a r y in g  C o n c e n t r a t io n s  o f  S u l f a t e  

a n d  B l a n k s . 0 .5 - I n c h  C e l l  U s e d

T he au tho rs  first devised a  colorim etric m ethod (4)> based 
on p recip ita tion  of th e  su lfa te  w ith  benzidine and  coupling 
of th e  benzidine w ith  chrom otropic acid to  yield D ianil Blue 
R  (colour index N o. 390, 3). Since i t  proved to  be som ew hat 
tedious, however, th e  sim pler and  shorter photom etric 
m ethod here reported  was developed.

T he advan tages in  th is  m ethod  over gravim etric m ethods 
are: ( 1) th e  speed of de term ination  is increased; (2 ) a  small 
aliquot m ay  be used ; (3 ) for th e  final m easurem ent of the 
sulfates there  is a  choice of several in strum en ts namely, 
th e  n eu tra l wedge photom eter, th e  spectrophotom eter, and 
th e  Leitz clinical photoelectric colorim eter.

Procedure
D e t e r m i n a t io n  o f  I n o r g a n ic  S u l f a t e s  i n  U r i n e - The 

u r in e  is  c o l le c te d ,  t h e  t o t a l  v o lu m e  is  m e a s u re d ,  a n d _ 7 .o  m i. 
are p i p e t t e d  in to  a  s m a l l  B u c h n e r  f u n n e l  e q u ip p e d  w i th  W h a tm a n

No. 12 paper, and filtered by suction. As soon as the filtration 
is complete, the paper is washed three times with 15 to 20 ml. of 
distilled water. Three drops of alcoholic m ethyl red are added 
to the filtrate, which is made faintly alkaline with approximately 
N  sodium hydroxide and then the acidity is regulated by making 
it ju s t acid with hydrochloric acid (-1 p a rt of concentrated hydro
chloric acid plus 4 parts of water). An excess of 1 ml. of hydro
chloric acid (1 +  4) is added and the solution is diluted to  250 
ml. with distilled water in a volumetric flask and shaken.

In  order to eliminate any slight variation caused by the color 
of the urine, ju s t enough solution is withdrawn for a  blank (about
1.5 ml.) and read in a  1.25-cm. (0.5-inch) precision cell on the 
neutral wedge photometer, with a 540-millimicron filter (Aminco 
No. 54). To the remaining solution in the 250-ml. volu
metric flask is added 1 gram of 20- to 30-mesh barium  chloride. 
(This m ay be prepared from reagent-grade barium chloride, or 
obtained already screened from the Parr Instrum ent Company, 
Moline, 111.) As a m atter of convenience, a  scoop m ay be made 
which will deliver 1 gram. The solution is shaken well, placed 
in the same cell, and read immediately on the neutral wedge 
photometer a t 540 millimicrons. This reading is converted to  the 
am ount (in milligrams) of sulfate in 7.5 ml. of urine by reading 
from the standard curve (Figure 1).

H y d r o l y s is  o f  E t h e r e a l  S u l f a t e s  a n d  D e t e r m i n a t io n  o f  
T o t a l  I n o r g a n ic  a n d  E t h e r e a l  S u l f a t e . A 7.5-ml. sample 
of urine is pipetted into a  150-rnl. Erlenmeyer flask containing 
2 ml. of water and 7.5 ml. of hydrochloric acid (1 +  4), and a cold- 
finger condenser is inserted into the top of the flask. The solution 
is boiled for 20 to  30 minutes, then cooled. Three drops of al
coholic methyl red are added to  the sample. I t  is made ju s t 
alkaline with approximately N  sodium hydroxide and is filtered 
by suction through a  W hatm an No. 12 paper in a  small Buchner 
funnel. The paper is washed three times with 15 to  20 ml. of. 
distilled water. The filtrate is made ju s t acid w ith hydrochloric 
acid ( 1 + 4 ) .  An excess of 1 ml. of hydrochloric acid (1 +  4) is 
added, and the solution is diluted to  250 ml. w ith distilled w ater

F ig u r e  2 . S p e c t r o p h o t o m e t r ic  D e n s i t y  R e a d in g s  w i t h  
V a r y in g  C o n c e n t r a t io n s  o f  S u l f a t e . 0 .5 - I n c h  C e l l  

U s e d
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in a volumetric flask and shaken, after which the procedure for 
th e  determination of inorganic sulfates is followed.

P r e p a r a t io n  o p  S t a n d a r d  C u r v e . The standard curve is 
prepared from a series of readings on known amounts of sulfate 
in “ synthetic urine” solutions prepared as described by Cholak
(1), and containing approximately 5 mg. of sulfate per milliliter. 
The exact am ount of sulfate is determined either by direct weigh
ing of anhydrous sodium sulfate (Merck reagent) or by titrating  
diluted sulfuric acid (sulfate equivalent to  acid) against standard 
alkali.

To 7.5 ml. of synthetic urine is added 1 ml. of the standard sul
fate solution described above. In  a similar manner solutions are 
made with 0.0, 2.0, 3.0. 4.0, 5.0, and 6.0 ml. of standard sulfate. 
They are made ju s t alkaline to  alcoholic m ethyl red w ith ap
proximately N  sodium hydroxide, and then ju s t acid with hydro
chloric acid (1 +  4), after which an excess of 1 ml. of hydrochloric 
acid (1 +  4) is added. The solutions are washed thoroughly into 
250-ml. volumetric flasks, diluted to  the mark, and shaken. 
The procedure is continued as described for determ ination of 
inorganic sulfates in urine.

The differences between the wedge readings for samples and 
blanks are plotted against the concentration (milligrams of sul
fate in 7.5 ml. of urine) to  give a standard curve (Figure 1).

C a l c u l a t i o n  o f  P e r  C e n t  o f  I n o r g a n i c  S u l f a t e s  i n  

U r i n e .  T he am oun t of inorganic sulfates in  th e  en tire  
sam ple is calculated as follows:

f _  to ta l volume of urine
Milligrams of sulfate as read from curve X ----------------  =

quantity  of inorganic sulfates (in milligrams)

Inorganic plus ethereal su lfates in  th e  en tire  sam ple:

. to tal volume of urine

F i g u r e  3 . R e a d in g s  w i t h  V a r y in g  C o n c e n t r a t io n s  
o f  S u l f a t e , O b t a in e d  w i t h  L e it z  C o l o r i m e t e r . 

S t a n d a r d  L e it z  C e l l  U s e d

or

Milligrams of sulfate as read from curve X -
Total milligrams of inorganic sulfate

7.5
quantity  of inorganic plus ethereal sulfates (in milligrams)

P er cent of inorganic su lfates in urine:

 Milligrams of inorganic sulfate as read from curve______
Milligrams of inorganic +  ethereal sulfate as read from curve

%  inorganic sulfates in urine
X 100% =

T a b l e  I. C o m p a r is o n  o f  S p e c t r o p h o t o m e t r ic  a n d  G r a v im e t r ic

S ource  of U rin e

M e t h o d s

(F in d in g s  in  100 m l. of u rin e ) 
In o rg a n ic

E th e r e a l  In o rg a n ic  
M e th o d  U sed  BaOS< BaSO*

In o rg a n ic

E th e r e a l  In o rg a n ic  In o rg a n ic
so«-- so«-- so<--

N o rm a l m ixed  h u m a n T u rb id im e tr ic
G ra v im e tr ic

M g.

3 5 6 .8

M g.

3 2 7 .2

M g .
1 4 8 .7
1 4 7 .8

M g .

1 3 9 .3
1 3 4 .7

%
9 3 .6
9 1 .1

R a b b i t  243 T u rb id im e tr ic
G ra v im e tr ic 2 2 7 .6 2 0 2 . 6

9 8 .0
9 3 .7

8 9 .3
8 3 .4

9 1 .1
9 1 .5

R a b b i t  244 T u rb id im e tr ic
G ra v im e tr ic 3 8 5 .0 3 3 2 .0

1 5 6 .0
1 5 8 .4

1 3 4 .6
1 3 6 .3

8 6 .3
8 6 . 0

R a b b i t  245 T u rb id im e tr ic
G ra v im e tr ic 2 4 0 .0 2 1 2 . 0

1 0 6 .6
9 S .S

9 5 .3
8 7 .0

8 9 .3
8 8 . 0

R a b b i t  240 T u rb id im e tr ic
G ra v im e tr ic 4 1 6 .0 3 6 3 .0

15 7 .3
1 7 1 .2

15 3 .3
1 4 9 .4

9 7 .4
8 7 .0

R a b b i t  241 T u rb id im e tr ic
G ra v im e tr ic 4 4 5 .0 3 4 3 .5

1 9 2 .0
183 .1

1 5 7 .3
14 1 .1

8 1 .9
7 7 .2

R a b b i t  242 T u rb id im e tr ic
G ra v im e tr ic 15 5 .2 14 1 .2

7 8 .0
6 3 .9

7 3 .3
5 7 .7

9 4 .0
9 2 .0

R a b b i t  24S T u rb id im e tr ic
G ra v im e tr ic 4 3 0 .4 3 7 8 .0

1 7 4 .0
17 7 .1

1 5 7 .3
1 5 5 .6

9 0 .4
8 7 .9

R a b b i t  249 T u rb id im e tr ic
G ra v im e tr ic 4 2 9 .2 4 0 0 .4

1S 9 .3
1 7 6 .6

1 7 0 .6
1 6 4 .7

9 0 .1
9 3 .3

R a b b i t  245 T u rb id im e tr ic
G ra v im e tr ic 4 0 6 .5 3 5 0 .5

15 7 .3
1 6 7 .3

1 3 4 .6
1 4 4 .0

8 5 .6
8 6 . 0

R a b b i t  246 T u rb id im e tr ic
G ra v im e tr ie 3 0 9 .0 2 7 3 .0

1 3 3 .3
1 2 7 .2

1 0 8 .0
1 1 2 .3

8 1 .0
ss.o

R a b b i t  26S T u rb id im e tr ic
G ra v im e tr ic 2 6 5 .0 2 3 6 .5

1 1 7 .3
109 .1

1 0 6 .6
9 7 .3

9 0 .9
S 9 .0

R a b b i t  269 T u rb id im e tr ic
G ra v im e tr ic 2 0 S . 0 1 S 9 .5

9 1 .9
S 5 .6

8 6 . 0
7 8 .0

9 3 .6
9 1 .0

R a b b i t  270 T u rb id im e tr ic
G ra v im e tr ic 2 7 4 .0 2 4 3 .2

13 2 .7  
1 1 2 . S

1 1 7 .3
1 0 0 . 1

8 8 .4
S S .7

R a b b i t  271 T u rb id im e tr ic
G ra v im e tr ic 5 9 9 .2 5 6 1 .2

2 1 2 . 0
2 4 6 .5

2 0 0 . 0
2 3 0 .5

9 4 .3
9 3 .6

_______________________  _  . x
Total milligrams of inorganic +  ethereal sulfate _

1 0 0 %  =  %  inorganic sulfates in urine

As s ta ted  above, one of th e  advan tages of 
th is m ethod  is its  flexibility. T he spectropho
tom eter, th e  L eitz clinical photoelectric color
im eter, o r even th e  D uboscq colorim eter m ay  
be em ployed. S eparate  s tan d a rd  curves m ust 
be prepared , how ever, for each in strum en t.

A  s tan d ard  curve is show n in F igure 2 in 
which densities, read  on th e  spectrophotom eter 
a t  560 m illim icrons, a re  p lo tted  against th e  
concentration  (m illigrams of sulfate  in  7.5 ml. 
of urine). A  s tan d ard  curve for th e  Leitz 
in s tru m en t is show n in  F igure 3. T hese solu
tions were read  th rough  th e  s tan d a rd  green 
filter N o. F  401, supplied by  E . Leitz, Inc., 
N ew  Y ork, N . Y .

Discussion
A fter th e  solu tion  has been m ade ju s t acid, 

th e  sam e resu lts a re  ob tained  if 0.5 or 1.0 m l. of 
hydrochloric acid (1 +  4) is added  in  excess.

T he  w ave length  of th e  filter is n o t of p a r
ticu la r im portance since no selective color is 
being m easured ; how ever, w ave lengths have 
been selected to  w hich th e  eye is sensitive.

If  aqueous barium  chloride is used instead 
of 20- to  30-m esh crystalline barium  chloride, 
th e  suspension is n o t lasting  an d  very  low and  
inconsistent resu lts a re  obtained.

T he  resu lts on urine sam ples ob ta ined  by  
th e  g rav im etric  m ethod  were com pared w ith  
those ob tained  b y  th e  photom etric  m ethod , the  
spectrophotom eter being em ployed to  m easure 
densities (T able  I) . F igures for am oun ts and  
ra tios were calculated  on a  basis of 1 0 0  m l. of 
norm al urines. A lthough in  som e instances 
th e  am oun ts are  n o t in  good agreem ent, th e  
ra tios are;
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S e n s i t i v i t y .  A  difference of 0.25° in  th e  spectrophoto- 
m etric  readings corresponds to  ab o u t 0.25 mg. of su lfate in 7.5 
m l. of urine. In  th e  case of th e  n eu tra l wedge photom eter, a  
difference of 1 u n it (1 m m .) corresponds to  ab o u t 0.33 mg. of 
su lfate  in  7.5 ml. of urine. B o th  in s trum en ts are  calibrated 
for slightly  finer divisions, b u t th e  readings given above m ay  
be duplicated  w ithou t difficulty. A lthough determ inations 
m ay  be m ade over a  g rea ter range w ith  th e  Leitz in strum en t, 
th e  sensitiv ity  is little  m ore th a n  1 mg. of su lfate in  7.5 ml. 
of urine for a  difference of 1 un it.

P r a c t i c a l  A p p l i c a t i o n .  T he m ethod  works well in  prac
tice. T he  u rine sulfates of rab b its  tre a te d  w ith  cyclic com
pounds were determ ined by  th e  photom etric m ethod and  the 
proportion  of the  inorganic su lfates w as found to  have fallen 
to  10 per cen t or less. U pon cessation of th e  trea tm en t, th e  
inorganic sulfates re tu rned  to  a norm al of 85 to  95 per cent.

T he  presence of proteins does n o t in terfere m easurab ly  
w ith th e  m ethod, since a  solution contain ing 15 m g. of su lfa te  
and  0.125 m l. of m onkey blood serum  yielded 15 m g. of su l
fate.
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Ceric Sulfate in  the D eterm ination  o f  Iron Using  
the M olybdisilicic (S ilicom olybdic) Acid M ethod

A L B E R T  C. T IT U S  A N D  C L A U D E  W . S IL L , U n iv e rs i ty  o f  U ta h ,  S a l t  L ak e  C ity , U ta h

TH E  au th o rs  have  varied  th e ir m ethod  for th e  determ ina
tio n  of iron  (S) b y  su b s titu tin g  ceric su lfate  for po tas
sium  dichrom ate, an d  have found th a t  o-phenanthroline 

ferrous ion ind ica to r is sa tisfac to ry  in place of JV-phenyl- 
an th ran ilic  acid in  th e  ceric su lfa te  runs . T he m ethod and 
general procedure for runs, b lanks, and  standard iza tions 
follow th e  ideas presented  in  th e  earlier paper.

T h e  “ stock  ferric chloride” and  “ stock  dichrom ate” were 
those  used in  th e  previous paper. T he norm ality  of 0.09733 
for th e  form er was tak en  from  th a t  paper. F o r th e  nor
m ality  of th e  d ichrom ate 0.10058 was used in  place of 0.10073 
being ob tained  from  pure  d ichrom ate from  volum e ra tios of 
th e  respective solutions used in titra tin g  th e  stock ferric 
chloride b y  th e  m olybdisilicic acid m ethod. T his m ethod 
of su b s titu tio n  allows cancellation of errors in th e  procedure 
and  blanks, giving an  “abso lu te” norm ality .

F rom  th e  d ich rom ate  th e  ceric su lfa te  was standardized 
b y  an o th e r su b s titu tio n  procedure, cancelling ou t an y  slight 
errors (1 ,4 ) -  T he  oxidizing solutions were in tu rn  ru n  in to  
potassium  iodide and  acidified w ith  sulfuric acid, and  th e  
iodine libera ted  was ti tra te d  w ith  a sodium th iosu lfate  solu
tion . F rom  th e  re lative volum es of the  la tte r  th e  norm ality  
of th e  ceric su lfate  was ob tained, after m aking a  suitable 
correction for ac id ity  differences.

T he ceric su lfate  w as also standard ized  against sublimed 
arsenic trioxide, using osm ium tetroxide ca ta lyst and  o- 
phenanthro line ferrous indicator. T h is m ethod gave a 
no rm ality  of 0.09664 for th e  ceric sulfate, which is som ew hat 
lower th a n  th e  values of 0.09704 and 0.09697 obtained by  
th e  molybdisilicic (suggested by  M . B. M ellon as a  nam e 
preferable to  silicomolybdic) acid m ethod a t  the end and  
beginning of th e  work, using the  stock ferric chloride whose 
s ta ted  norm ality  was shown in th e  preceding paper to  be 
abso lu te  and  so independent of th e  m ethod used there. 
However, th e  th iosu lfa te  m ethod gave 0.09682 for th e  ceric 
su lfate norm ality . I t  appears th a t  a fter application of th e  
blanks th e  molybdisilicic acid m ethod w ith ceric su lfate gives 
slightly  too  low resu lts for iron, since th e  volum e of ceric 
su lfate  used seem ed to  be as m uch as 3 parts  in  a thousand 
too low, giving too high a  no rm ality  above.

In  T able  I  a re  com parisons of th e  volum es of ceric su lfate 
used for th e  titra tio n  of iron, w ith  different indicator com bina
tions. Unless otherw ise noted , each figure represents the

average of four runs from  w hich no ru n  varies b y  over 0 .0 2  
ml. In  u n tab u la ted  cases th e  b lanks were positive b u t n o t 
over 0.02 ml. I t  will be noted  th a t  nonapplication  of th e  
b lanks resulted  in  m uch b e tte r  agreem ent th a n  did applica
tion . T he b lanks for th e  molybdisilicic acid m ethod  and  
th e  volum es tab u la ted  are  those used in  calculating  th e  
norm alities given above. H ad  th e  b lanks n o t been applied 
for th e  ru n s a t  th e  beginning of th e  w ork th e  no rm ality  w ould 
have been 0.09684 in place of 0.09697, a  b e tte r  agreem ent w ith 
th e  o ther m ethods. T here  is som e question as to  th e  real 
significance of th e  b lanks, especially since th e ir  app lication  
in the  earlier paper resu lted  in  sligh tly  low values for iron  as 
com pared w ith  th e  value by  weight. T he  use of o-phe
nan thro line ferrous ind icator appears to  be m ost sa tisfac to ry  
(Table I) .

T a b l e  I. T i t r a t i o n  o f  S t o c k  F e r r i c  C h l o r i d e  w i t h  C e r i c  
S u l f a t e “

C eric  S u lfa te  p e r A pp lied  E x p e r i C o rre c te d
M e th o d 45.00  M l. of FeCU m e n ta l B la n k V olum e

Ml. Ml. Ml.
M o lybd is ilic ic  ac id , N- 4 5 .2 3 - 0 . 0 6 4 5 .1 7

p h e n y la n th ra n i lic  ac id  
(f irs t ru n s)

4 5 .2 3 - 0 . 0 7 4 5 .1 6

S am e ( a t  e n d  of w ork) 4 5 .2 2 - 0 . 0 8 4 5 .1 4
4 5 .2 1 - 0 . 0 8 4 5 .1 3

M ercu ric  ch lo ride  o- 4 5 .2 3 Less th a n
p h e n a n th ro lin e , cold 4 5 .2 2 - 0 . 0 2

M olybdisilic ic  ac id , o- 4 5 .2 3 « - 0 . 0 2 4 5 .2 1
p h e n a n th ro lin e  (sam e 
d ire c tio n s  a s  w ith  N - 
p h e n y la n th ra n i lic  ac id )

4 5 .2 0 - 0 . 0 2 4 5 .1 8

°  32 m l. of 1 to  1 I I 1SO 4 a d d e d  in  a ll ru n s , in  a d d itio n  to  e q u iv a le n t of 8  m l. 
p re s e n t in  a d d e d  ce ric  su lfa te  v o lum e.

b N o  tro u b le  (£) experienced  w ith  a d s o rp tio n  of in d ic a to r  on  ca lom el 
w ith  sm all excess of s ta n n o u s  ch lo rid e  u sed . 

e T h re e  ru n s  on ly .

Literature Cited
(1) Furm an and Wallace, J . A m . Chem. Soc., 53, 1283 (1931).
(2) Lang (private communication cited), Oesper, “ Newer M ethods

of Volumetric Analysis” , p. 191, New York, Van N ostrand 
Co., 1938.

(3) T itus and Sill, I n d .  E n o .  C h em ., A n a l .  E d . ,  13, 416 (1941).
(4) Vosburgh, J . A m . Chem. Soc., 44, 2130 (1922).

C o n t r i b u t i o n  6 8  from  th e  C h em ica l L a b o ra to r ie s  of th e  U n iv e rs ity  of U ta h .



Determ ination o f Phosphorus in Lubricating Oil
IIA R R Y  L E V IN , F .  P .  F A R R E L L , A N D  A. J .  M IL L E N D O R F  

T h e  T ex a s  C o m p a n y , B e a c o n , N . Y .

TH E  increasing use of lubricating  oil add itives of the  
organically com bined phosphorus ty p e  em phasizes the 

need of a m ethod  for phosphorus determ ination . These 
additives, which are  p redom inantly  organic phosphates 
(3, 12), phosphites (13), and  phosphatides (14), a re  em ployed 
to  im prove th e  service behavior of the  lubricating  m ineral oil 
w ith  respect to  oxidation stab ility , sludge form ation, cor
rosiveness, and varnishing of engine parts .

A lthough i t  is occasionally desirable to  know  th e  precise 
n a tu re  of th e  phosphorus-type additive, th is  entails th e  usual 
leng thy  and  complex organic analysis w hich is rendered m ore 
difficult by  th e  sm all am oun t p resen t in  lubricating  oil. 
W ith  sam ples of th is kind one is generally con ten t w ith 
detec tion  and’ determ ination  of th e  phosphorus, so th a t  th e  
q u an tity  of add itive can be calculated when its  n a tu re  is 
known.

Of th e  m ethods available in  th e  lite ra tu re  for determ ining 
phosphorus, th e  colorim etric and  solid volum etric  appeared  
m ost w orthy of investigation because of the ir speed and  
sim plicity.

The colorimetric methods of Deniges (2) and Fiske and Sub- 
barow (6) for inorganic phosphorus compounds have been ex
tended by Goodloe (8) to the photometric determination of added 
phosphorus in oils. This author ignites a  gram of sample w ith a 
like am ount of zinc oxide and after appropriate solution of the 
residue in dilute sulfuric acid, addition of molybdate, and reduc
tion by stannous chloride, measures the intensity of the blue re
duced molybdenum solution w ith an electric colorimeter whose 
scale is calibrated in terms of phosphorus. The present authors 
found th a t  th is procedure requires a  considerable experience and 
is unreliable on used oils (for which its author, however, had not 
proposed it), since oils through use may accumulate impurities 
which, though not phosphorus, also reduce molybdenum. This 
lack of specificity gave preference to  precipitation methods in 
which phosphorus is a constituent of the precipitate which, unlike 
the colorimetric method, serves a t  once for qualitative as well as 
quantitative determination.

Form ation of yellow ammonium phosphomolybdate has long 
been used for the detection and determination of phosphorus in 
inorganic materials. Goetz (4, 7, 10) extended its application to 
steel by centrifuging the solution and precipitate and estimated 
the phosphorus from the volume of precipitate. This method ap
peared attractive because i t  involves apparatus commonly found 
in petroleum laboratories, and is the second step  in the method 
finally adopted and used successfully in the authors’ laboratories 
for three years. Recently Piercy, P lant, and Rogers (11) de
scribed a method for phosphorus in linseed oil and employed a 
similar centrifuging operation. To convert the phosphorus of 
the linseed oil to  inorganic water-soluble form, these authors 
ignite 2 grams of oil in a  standard P arr oxygen bomb. Though 
this, in the opinion of the present authors, is a  dangerously 
large sample for ignition in such a  bomb [the A. S. T . M. (1) 
recommendation for bomb sulfur being 0 .6  to  0 .8  gram], it  is 
still much too small for the application of the centrifugal method 
to  many commercial mineral lubricating oils because of their low 
concentration of phosphorus additives. For the same reason the 
classical Carius (16) method is unsuitable.

In  th e  present m ethod  th e  phosphorus is converted to  in 
organic soluble form  by  ignition w ith  sodium  n ap h th en a te  
which is soluble in  oil and  basic in n a tu re . Ign ition  w ith  oil- 
insoluble m aterials, such as potassium  n itra te  an d  potassium  
hydroxide (5) and  calcium  carbonate  (9) recom m ended for 
o th er substances, yielded low and  unreliable resu lts  w hen ap 
plied to  lubricating  oils, probably  owing to  loss of organic 
phosphorus because of lack  of sufficiently in tim a te  adm ix ture  
of th e  oil and  th e  reacting  agen t w hich is insoluble in  it. 
T he  use of th e  relatively  oil-insoluble sodium  stea ra te  like
wise yielded low results.

Apparatus
An International Size 2 centrifuge, with special centrifuge 

tube (Figure 1), equipped with a  capillary stem having a  capacity 
of about 0.25 cc. The capillary has an inside diam eter of ap
proximately 2 mm., an inside length of about 4 cm., and seven 
graduations a t  each 0.030 cc. with subdivisions of five equal 
spaces.

No. 3 porcelain dishes.

Reagen ts
Ammonium molybdate prepared (15) by dissolving 90 grams 

of pure ammonium molybdate in 100 ml. of 6  N  ammonium 
hydroxide plus sufficient water to effect solution, adding 240 
grams of ammonium nitrate, and diluting to  1 liter.

N itric acid, approximately 5 N.
Sodium naphthenate.

Procedure
N ew  O i l s . In to  a  No. 3  porcelain dish weigh 5 to 5 0  grams 

of sample (depending upon phosphorus content and limited by 
calibrated stem of centrifuge tube. This range of weight is 
satisfactory for samples containing 0 .0 0 1  to 0 .1 0 0  per cent of 
phosphorus. Samples of higher concentration have been an
alyzed by th is method modified to  use appropriately smaller 
samples) and approximately 2 .5  grams of sodium naphthenate, 
and dilute to  approximately 5 0  grams w ith ordinary phosphorus- 
free mineral oil.

H eat to  150° to 160° C. and keep a t  th a t tem perature for not 
less than  2 minutes while stirring w ith a thermometer. Wipe 
the bulb of the thermom eter w ith a  piece of filter paper and add 
it  to  the dish. Ignite and burn until volatile m atte r is gone 
and a small am ount of carbon is left.

Allow the dish to  cool, add 20 ml. of 5 N  nitric acid, boil 
gently for 5 minutes to  convert pyrophosphates to  orthophos
phates, and filter into a 100-cc. special centrifuge tube (Figure 1). 
Wash the dish, sediment, and filter paper w ith 5 successive small 
washings of hot water, taking care not to  use too much liquid, as 
the final volume m ust be 10 0  ml.

Bring the contents of the centrifuge tube to  50° to  55° C. by 
placing it  in a w ater bath a t th a t tem perature, add 10  ml. of
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ammonium m olybdate reagent, and stir for 5 to 10 minutes. 
Perm it to cool and adjust the volume to  100 ml. by adding water.

Centrifuge for 10 m inutes a t 2000 r. p. m. If the volume of 
precipitate is difficult to  read, owing to  uneven surface, stir the 
surface w ith a fine, clean platinum  wire, recentrifuge the tube 
for 1 to  2  minutes, and read the volume.

Determ ine the am ount of phosphorus by reference to Figure 2, 
which was prepared from tests on known solutions of lecithin in 
oil and confirmed by direct precipitation of standard solutions 
of disodium phosphate.

U s e d  O i l s .  T hrough  use, lubricating  oils comm only 
becom e con tam inated  w ith m etals, salts, and  soaps of lead, 
copper, alum inum , iron, and  tin . T o  determ ine th e  organi
cally com bined phosphorus still p resent in solution in th e  oil, 
a  sam ple is clarified b y  centrifuging.

Some soluble heavy  m eta l (lead, etc.) sa lts or soaps in solu
tion in th e  oil used for phosphorus determ ination  would 
cause high results, due to  form ation of insoluble heavy 
m etal m olybdates. T herefore, th e  ash  resulting from  b u rn 
ing th e  clarified used oil w ith  sodium  n aph thena te  is trea ted  
in th e  following m anner:

Carefully add approximately 10 ml. of concentrated hydro
chloric acid to  the ash, covering the dish with a watch glass to 
prevent loss through spattering. After washing spattered m ate
rial from the w atch glass into the dish, evaporate the solution to 
dryness on a  steam  bath  and add 20 ml. of 0.3 N  hydrochloric acid. 
W arm the acid solution and saturate with hydrogen sulfide to 
precipitate the copper, lead, and tin. _ Eliminate the excess of hy
drogen sulfide by heating the solution and then filter through 
paper (W hatm an No. 44) and wash thoroughly with approxi
m ately 50 ml. of hot water. Evaporate the combined filtrate 
to dryness, add 20 ml. of 5 Ar nitric acid, and filter the solu
tion into the special centrifuge tube. The presence of soluble 
iron and aluminum salts does not interfere. The procedure 
from this point is identical with th a t used for the determination 
of phosphorus in new oil.

W hen th is  m ethod  was applied to  m ineral lubricating  oils 
to  which know n am ounts of organic phosphorus compounds 
(additives) had  been added, th e  results shown in Tables I  and 
II were ob tained, from  which th e  accuracy and the  precision 
of th e  m ethod  can be seen. T he additives contained 2 to  10 
per cen t of com bined phosphorus.

T he  las t th ree  sam ples (T able I) contain m any  tim es the 
phosphorus found in modified lubricating  oils. T hough good 
results were obtained, th e  m ethod is n o t particu larly  recom 
m ended for p roducts so high in phosphorus, because very 
sm all sam ples m u s t be used.

E xperience indicates th a t  approxim ately  1 hour of a  m an  s 
applied tim e and  2  hours of elapsed tim e are  required for a  
single sam ple tes ted  in  duplicate. T he  m ethod is very  su it
able for rou tine m ass testing.

T he qualita tive  value of th e  te s t is indicated  by  th e  fact 
th a t  sam ples (25 gram s) containing 0.00003 per cen t of or
ganically combined phosphorus consistently  gave a  precipi
ta te  though i t  was too little  for q u an tita tiv e  purposes. 
Sam ples contain ing 0.00001 per cen t of phosphorus did no t 
consistently  give a  p rec ip ita te  b u t the  so lu tion  alw ays was 
yellow com pared to  a  b lank test.

Summary
A simple accurate  m ethod  for determ ining organically 

combined phosphorus in lubricating  oil involves ignition of 
th e  sam ple w ith sodium  n ap h th en a te  which serves to  b ind th e  
phosphorus in  inorganic w ater-soluble form . T he w ater 
solution of th e  phosphate  is reacted  to  form  am m onium  phos- 
phom olybdate, which is centrifuged, and  th e  phosphorus is 
calculated from  th e  volum e of precip ita te .

T he m ethod has been used for over th ree  years, du ring  
which i t  has been applied satisfactorily  to  new and  used 
lubricating  oils containing phosphorus organically  com bined 
as phosphate, phosphite, and  phosphatide.

L E D I T I O N  123

T a b l e  I .  D e t e r m i n a t io n  o f  P h o s p h o r u s  i n  O il s

P h o sp h o ru s P h o sp h o ru s P h o sp h o ru s P h o sp h o ru s
S am ple P re s e n t F o u n d S am ple P re s e n t F o u n d

% % % %
1 0 . 0 0 1 0 . 0 0 1 1 0 0 .0 2 5 0 .0 2 5
2 0 . 0 0 2 0 . 0 0 2 1 1 0 .0 2 5 0 .0 2 5
3 0 .0 0 3 0 .0 0 3 1 2 0 .0 2 5 0 .0 2 4 - 0 .0 2 4
•1 0 .0 0 5 0 .0 0 5 13 0 .0 5 0 0 .0 4 8 - 0 .0 1 8
5 0 . 0 1 0 0 . 0 1 0 14 0 .0 5 0 0 .0 4 9 -0 .0 5 1
6 0 . 0 1 0 0 . 0 1 0 15 0 .0 9 2 0 .0 9 3
7 0 . 0 1 1 0 . 0 1 1 16 3 .0 0 2 .9 8
8 0 . 0 1 1 0 . 0 1 2 17 4 .0 0 3 .9 8
9 0 . 0 2 2 0 .0 2 3 18 5 .0 0 5 .0 0

T a b l e  I I .  D e t e r m i n a t io n  o f  A d d i t i v e  ( P h o s p h o r u s  T y p e )
A d d itiv e A d d itiv e A d d itiv e A d d itiv e

S am ple P re s e n t F o u n d S am ple P re s e n t F o u n d
% % % %

1 0 . 0 0 0 .0 6 8 0 . 2 1 0 . 2 1
2 0 .0 9 0 .0 9 9 0 .2 5 0 .2 5
3 0 . 1 0 0 . 1 0 1 0 0 .2 5 0 .2 5
4 0 . 1 0 0 . 1 0 1 1 0 .5 0 0 .5 2
5 0 . 1 0 . 0 . 1 0 1 2 0 .5 0 0 .5 3
G 0 . 1 0 0 . 1 0 13 1 . 0 0 1 .0 3
7 0 . 1 0 0 . 1 2
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D eterm ination o f Moisture in Sugar Products
Corn Sugar “ 7 0 ” or “ 8 0 ”
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TH E  first paper of th is series (17) d ea lt w ith  m oisture 
determ ination  in  corn sirup and  corn sugar by  th e  filter 
paper m ethod. A n average analysis of confectioners’ corn 

sirup w as given, since all m anufactu rers produce a  p roduc t 
w ith  essentially  the  sam e com position. H owever, th e  com
position of crude corn sugar varies considerably, n o t only  in  
dextrose equ ivalen t (reducing sugars as dextrose, d ry  sub
stance basis), b u t in  residual constituen ts, such as acid ity , 
protein, and  ash, w hich are also p resen t in  g reater am oun ts 
in  corn sugar th a n  in corn sirup. T he  com position of these 
crude sugars can  be expressed best by  tabu la tion  of th e  range 
of values for th e  critical te s ts  usually  m ade on them  (dry 
b asis):

R ed u c in g  su g a rs  as d ex tro se  82 to  92
R es id u a l a c ia ity  as h y d ro ch lo ric  ac id  0 .0 2  to  0 .0 4
C ru d e  p ro te in  0 .0 6  to  0 .1 5
A sh 0 .8  to  1 .5

T he crude sugars, either chipped or in  b illet form, are gener
a lly  sold in  tw o grades: “ 70” corn sugar, contain ing n o t less, 
th a n  70 per cen t reducing sugars as dextrose, and  “80” corn 
sugar, containing n o t less th an  80 per cen t reducing sugars as 
dextrose.

A lthough the filter paper m ethod  has been found sa tis
fac to ry  for num erous sam ples analyzed, occasional sam ples 
show ap p aren t in s tab ility  a t  100° C. in  vacuum . T h is is 
m anifested by  a  tendency  to  lose w eight v ery  slowly, a t  a  ra te  
w hich w ould be neglected norm ally, b u t w hich w ould n o t be 
called a  drying “p la teau ” as exhibited b y  corn sirup. T his 
condition calls for an  a rb itra ry  definition of constancy, w hich 
is n o t regarded as a  sa tisfac to ry  basis for tru e  m oisture. 
Such a  corn sugar has been th e  sub jec t of m an y  d ry ing  tech
niques, in  an  a tte m p t to  establish  a m ethod  applicable to  all 
corn sugars..

T he  following te s t m ade on an  “SO” sugar is an  exam ple of 
th is slow “creep” o r failure to  reach  a  definite m oisture 
p lateau . T he procedure w as th e  F ilter-C el m ethod  (9) car
ried ou t a t  100° C. in  a W eber oven w ith  a pressure of 1 m m . or 
less.

E lap sed
T im e  S am p le  W e ig h t M o is tu re
H ours G ram s G ram s % %

4 2 0 .5 2 3 5 2 1 .6 1 4 0 5 0 .0 0 5 0 .0 2
19 5 0 .1 6 5 0 .1 5
24 5 0 .1 8 5 0 .1 8
29 5 0 .2 7 5 0 .2 7
73 5 0 .8 5 5 0 .8 7

C onstancy of w eight norm ally  w ould be s ta ted  to  occur in  
th e  period from 19 to  24 hours and  such  deviation  usually  
w ould be passed over. H ow ever, there  is no question  th a t  de
com position occurs la te r. T h is casts a  shadow  of d o u b t over 
th e  assum ption th a t  constancy occurs earlier, as a  very  slow 
decom position m ight be tak ing  place.

In  order to  elim inate an y  shadow  of doubt, a  series of te s ts  
w as em ployed as follows:

A. 100° C., air oven, Filtcr-Cel method. To ascertain 
w hether the vacuum was removing a  possible volatile constituent.

B. 100° C., vacuum oven, Filter-Cel method. Short intervals 
of drying to  see if constancy could be attained within reasonable 
limits.

C. 1 0 0 ° C., vacuum oven, Filter-Cel method. Extended 
period of drying to  estim ate the am ount of decomposition.

D. S0° C., vacuum, Filter-Cel m ethod. To find the effect of 
a  lower tem perature.

E . 3S° C., modified Lobry de Bruyn, Filter-Cel method. To
ascertain the effects of a still lower tem perature, wherein, if de
composition is a factor, it  is possibly going on a t all times under 
normal storage.

F. 110-112° C., toluene distillation, Filter-Cel m ethod. To
measure the w ater directly and not a loss by weight.

G. 80-82° C., benzene distillation, Filter-Cel method. To
measure w ater directly a t a lower tem perature.

H. 76-78° C., carbon tetrachloride distillation, Filter-Cel
method. To measure w ater directly a t  a  still lower tem perature. 
So far as the authors know, this method has not been applied to 
sugar products, although developed and used for moisture in 
dynamite (1). The solvent here is heavier than  water, neces
sitating a different type of trap. This type of trap  offers me
chanical disadvantages for similar development of the new bulb 
types of traps which have been successfully employed w ith 
benzene and toluene.

T he d a ta  obtained on corn sugar for tes ts  m entioned above 
appear in T able  I.

W ith  th e  exception of th e  benzene and  carbon tetrach lo ride  
d istillation  m ethods, all have been described in  previous 
papers of th is series. Since the determ ination  of tru e  m oisture  
in  corn sugar has been obtained  in p a r t by  correlation  of dis
tilla tion  m ethods to  gravim etric m ethods, a  review  of the 
developm ent of th e  form er will be given.

Historical
T he lite ra tu re  on m oisture determ ination  reveals th a t  a  

g rea t deal of a tten tio n  has been devoted  to  d is tilla tion  
m ethods. A large num ber of organic liquids, covering a  wide 
range of boiling po in ts and  densities, have been proposed and  
used w ith  m any  m ateria ls. F o r general purposes, th e  m ost 
useful ones appear to  have  been benzene and  its  homologs, 
to luene and  xylene. O thers extensively used are  carbon te t r a 
chloride and  th e  lighter fractions of petroleum .

Hoffmann (24) in 1908 presented an  interesting résumé of work 
on distillation up to  th a t time. A ttention was called to  the fact 
th a t  a German p a ten t was granted in 1901 on a  process for the 
determ ination of w ater in solids and liquids by distillation. T he 
substance to  be examined was either distilled w ith a liquid im
miscible w ith w ater bu t w ith a higher boiling point or heated 
w ith such a  liquid and then distilled w ith another liquid, likewise 
immiscible w ith w ater bu t w ith lower boiling point. In  either 
case, the w ater collected in the distillation was measured. The 
method was originally designed for analysis of cereals and cereal 
products, and employed such liquids as petroleum fractions and 
toluene. I t  was quickly varied to  make application to  other sub
stances by G ray (23), to  other foods by Thorner (41), to  cellulose 
products by Schwalbe (36), and to  lignite by Gräfe (22). These 
investigators used a  wide range of liquids immiscible w ith water.

Hoffmann presented da ta  on hops, showing th a t th e  distilla
tion process w ith turpentine and toluene gave results which very 
closely agreed w ith those obtained by older methods of drying 
in  vacuo w ith phosphorus pentoxide or in drying chambers a t 
80° C. T he author sta ted  th a t for any substance in which water 
is to be determined, a t  least one of the ten  variations of the 
method mentioned in  the article will be found suitable.

Marcusson (28) worked w ith oils, fats, soaps, etc. (in 1905), 
and used xylene or benzene as his immiscible liquids. Testoni
(40) made determ inations on molasses by distillation in 1904.

Schwalbe (36) in 190S reported th e  application of th e  distilla
tion method to p lan t m aterials. “ In  examination of dense ma
terials, it  is im portant to  select for th e  liquid of high boiling 
point one such th a t the tension of the aqueous vapor above 1 0 0 ° 
m ay be great enough to  enable the bubbles of steam to overcome 
the resistance of passing through the mass.” M any workers ap
pear to have taken th is view also, bu t it  is no t necessarily true 
with adequate dispersion.

124
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In  1910 Sadtler (35) reported on the use of benzene for distilla
tion of w ater from cheese, egg albumen, etc. Folpmers (20) 
used benzene, toluene, and xylene in his work on spices which he 
reported in 1916. Sindall (39) tried kerosene on spices previous 
to  1917 and Besson (4) used “petroleum spirit” on cheese and 
soap about the same time’.

In  1917, van der Linden, Kauffman, and Leistra (27) published 
their results of distillation on molasses and other sugar factory 
products. They placed 50 grams of molasses or other product 
with 350 cc. of the immiscible liquid in a copper distilling flask 
connected to  an upright condenser, th e  lower end of which dis
charged into a  250-cc. measuring cylinder graduated to  0.05 cc. 
H eating was so regulated th a t 100 cc. passed over in th e  first
0.75 hour, after which the rate  was accelerated so th a t a  second 
100 cc. came over in the fourth quarter hour. When 200 cc. had 
been collected, the determination was assumed to  be complete.

These workers observed th a t xylene gave very satisfactory re
sults, provided a certain ra te  of distillation was observed, bu t th a t 
prolonged heating would cause decomposition of the product 
with formation of water. They further stated  th a t other volatile 
immiscible liquids, such as benzene, toluene, kerosene, and mix
tures of these gave less satisfactory results.

I t  would appear th a t the earlier workers failed to make the 
liquids of lower boiling point work satisfactorily on viscous ma
terials because of apparatus lim itations and no sample disper
sion. The Dean and  S tark (12) “distilling receiver tube” had not 
been developed nor had the improvements in dispersion due to 
Rice (33) and Fetzer, Evans, and Longenecker (19) made their 
appearance'.

The development of the Dean and Stark device, which permits 
continuous refluxing and separation of the water, was a  great 
forward step, as it provided means of removing the last traces 
of water efficiently. In  1925, Bidwell and Sterling (5) improved 
the design for precise work and their well-known “ traps” are now 

'standard  equipment.
Norman (32) presented work on fats, oils, soaps, etc., in 1925 

and drew attention  to  a special still head provided with a built- 
in reflux condenser of simple design to perm it continuous re- 
fluxing. Accurate results were claimed and the use of benzene in
stead of xylene was recommended.

Y amada and K oshitaka (43) modified Norman’s apparatus 
and recommended it for water determination of crude camphor in 
1927. I t  was claimed th a t adhesion of condensed water on the 
wall of the still head can be completely avoided by a special still 
head w ith built-in reflux condenser having an inverted part a t its ■ 
end. The use of toluene or xylene was recommended instead of 
benzene for camphor.

In  1926, Dedlow and Smith (13) found th a t xylene distillation 
caused decomposition when applied to  m eat extract and suc
cessfully modified the method by conducting the distillation with 
xylene under vacuum. This is an interesting variation and gives 
a flexibility which should prove useful for many products, al
though it is a  little complicated for routine work.

In  1936, Alexander (1) reported on an interesting variation in 
which a volatile liquid heavier than  water—i. e., carbon te tra 
chloride—was used with a special tube adapted to the reverse of 
usual conditions. T he paper stated  th a t the method has long 
been in use in laboratories of the Hercules Powder Company for 
routine moisture determinations on dynamite. This liquid has 
some advantages, notably nonflammability. I t  has been in
vestigated in th is laboratory on corn sirup and corn sugar and 
results are reported below.

In  1929, Rice (33) contributed much to  the successful operation 
of the distillation method for sugar products by placing Fnter- 
Cel in the distillation flask and running the sirup in on top. 1 his 
yery useful technique was further developed in 1935 by Petzer, 
Evans, and Longenecker (19) to apply to extremely viscous ma
terials, such as high-gravity corn sirup. Trusler (42) in 1940 
presented a very interesting study which reported on the use of 
benzene, toluene, and xylene w ith soaps.

The literature reveals th a t the method has been applied to 
mineral, vegetable, and anim al oils, fats, sulfonated oils, cam
phor, tars, m eat extract, cheese, eggs, cereals and cereal prod
ucts, cellulose products, spices, hops, coal, fruits, sugar refinery 
products, corn products, tobacco, and many others, with varying 
degrees of success. M any ingenious improvements have been 
made and development has carried it to ra ther high precision but 
it appears to  be ignored or neglected frequently under condi
tions where it  m ight be of great use.

Among other contributions to the subject of moisture determi
nation by distillation are: 0

Blythe (6), sulfonated oils; Barber (3), sulfonated oils by 100  , 
oven, paraffin, benzene, toluene, gasoline, and xylene; liaKKer 
and Stunliauer (2), foods and spices; Boiler (7), determination of 
water with hydrocarbons; Cone and Davis (10), tobacco; Calder- 
wood and Piechowski (8), technique; do Couto (11), oils and tar;

T a b l e  I. D a t a  o n  C o r n  S u g a r

E lap sed
T e s t S am p le  W eig h t T im e /■------ M o is tu re -------%

Grama G ram s H our s % %
A 1 0 .8855 11 .8610 16 4 9 .5 8 4 9 .6 1

60 4 9 .8 0 4 9 .8 2
84 4 9 .9 0 4 9 .9 1

129 5 0 .1 2 5 0 .1 1
B 1 1 .7250 1 0 .4780 2 4 7 .7 6 4 8 .5 1

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

1 2 4 9 .6 5 4 9 .6 7
C 15 .7759 1 3 .9630 15 4 9 .6 3 4 9 .6 3

60 4 9 .8 5 4 9 .9 6
D 1 4 .0200 1 5 .2040 15 4 9 .6 3 4 9 .6 5

2 2 4 9 .6 4 4 9 .6 6
37 4 9 .6 5 4 9 .6 7
52 4 9 .6 5 4 9 .6 7

E 13 .2823 1 0 0 4 9 .5 0
300 4 9 .6 0
500 49. 62
600 4 9 .6 4
700 4 9 .6 4

F 4G .5593 4 6 .5 2 2 5 1 0 4 9 .6 2 4 9 .6 3
15 4 9 .6 3 4 9 .6 4
2 2 4 9 .6 7 4 9 .7 6
52 5 0 .4 1 5 0 .4 0

G 3 5 .0 2 0 2 3 6 .8 5 3 0 1 2 4 9 .6 6 4 9 .6 8
18 4 9 .6 6 4 9 .6 8
50 4 9 .6 6 4 9 .6 8
70 4 9 .6 6 4 9 .6 8

H T h e  com m on  sa m p le  of su g a r  used  fo r th e  ab o v e  te s t s  cou ld
n o t  be u sed  fo r ca rb o n  te tr a c h lo r id e  d is ti l la tio n , aa th e  up- 
p a r a tu s  a v a ila b le  w as th e  s ta n d a rd  H ercu le s  d is ti l la tio n  
tr a p s  of 6 -m l. c a p a c ity . A cco rd ing ly  a  h ea v ie r  g ra v i ty  of 
su g a r  w as  u sed . I n  th e  e m p lo y m e n t of d isp e rs io n  fo r ca rb o n  
te tra c h lo r id e  d is ti lla tio n , th e  te c h n iq u e  m u s t  bo a l te re d  from  
t h a t  fo llow ed fo r benzene  a n d  to lu en e . T h e  a m o u n t of F ilte r -  
C el m u s t be  red u ce d , a s  th e  m ass  re q u ire s  m ore  sp ace  b ecau se  
of m ore  v ig o rous a g i ta t io n  of ca rb o n  te tra c h lo r id e . In  
c a lib ra t io n  of th e  t r a p s ,  th e  a m o u n t of w a te r  reco v e red  is 
nev e r th e  fu ll v o lu m e ad d e d . T h e  b la n k  is h igh , a m o u n tin g  
to  4*0.14 m l. fo r th e  a p p a ra tu s  em p lo y ed . O th erw ise , th e  
p ro ced u re  fo llow ed w as t h a t  of A lex a n d e r ( / ) .  W ith  th e  
com m on  su g a r  p ro d u c ts  te s te d , w a te r  reco v e ry  w as m ore  
r a p id  a n d  co m p le ted  in  less t im e  as  c o m p ared  to  ben zen e  
d is ti lla tio n . T h e  d a ta  o b ta in e d  w ere:
80° C . V acuum  O ven 

%  %
2 0 .1 9  20 .2 1

C a rb o n  T e tra c h lo r id e  D is til la tio n  
% %

2 0 .1 8  2 0 .2 3

Dohmer (15), case-hardening m aterials; Drefahl (16), wood 
preservatives; Fuchs (21), benzene method for mineral oils; 
Feder (it?), methods proposed for sausages; Holtappel (25), foods 
with xylene; Jones and McLachlan (26), moisture by th e  toluene 
m ethod; Mvhill (31), coals w ith benzene, toluene, and xylene; 
Michel (30), foods; Marcusson (28, 29), lubricating greases 
(among earliest papers); Sindall (38, 39), distillation method 
recommended for spices; Rogers (34), leather w ith toluene; 
Schwalbe (37), further work on cellulose products; and DeLoureiro
(14), improvements in technique.

T he m ethod m ay  be said to  suffer from  two fau lts . One 
would seem to  be inadequa te  appreciation  of th e  im portance 
of dispersion of viscous m ateria ls and  th e  second, a  tu b e  de
sign w hich lim its size of sam ples in  precise work.

Experimental
F or th is tes t, a  corn sugar sirup , 90.7 per cen t dextrose 

equivalent, was m ade, 26.45° Bé. (Bé. =  Bé. 140°/60° F . +
1.00), ad justed  to  pH  5, carefully d iv ided  in to  sam ples in 
120-ml. (4-ounce) bottles, fitted  w ith  screw caps lined w ith 
wax paper. These were placed in  th e  refrigerator for subse
quent analysis, one bo ttle  being used for each analysis.

The moisture traps of the usual Bidwell and Sterling design 
have a  capacity of 5 ml. in 0.1 ml. The outside diam eter is ap
proximately 10  mm. in order to  obtain relatively large intervals 
for each 0 .1-ml. division—essentially a microburet.

Larger traps (10-ml.) are obtained by increasing the diam eter 
of the trap  but w ith a ttendan t sacrifice of precision in reading 
the meniscus; 10-ml. traps are the largest type practical for the 
usual apparatus. The small traps lim it the test to materials con
taining comparatively small amounts of water, whereas it is de-
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F i g u r e  1. M o is t u r e  T r a p s

sirable in the interest of experimental precision to use large 
samples. M aterials such as sirups, containing relatively large 
percentages of water, require a small am ount of sample for 5- 
and 10-ml. traps, w ith a corresponding decrease in precision.

The usual 5-ml. traps were altered to include an ovoid bulb a t 
the bottom  (Figure 1). The bulbs ohosen for sirup work were 
15-, 20-, and 30-ml., blown on the usual 5-ml. (in 0.1-ml.) receiv
ers, giving a total trap  capacity of 20, 25, and 35 ml.

These traps have been used with a great deal of success. In  
order to  enable the w ater to run freely into the bulb, special pre
cautions m ust be observed in cleaning them : Scour w ith a
cleanser powder (D utch Cleanser), employing hot w ater and a 
small tube brush. Close the bottom  opening and fill the trap  
with warm bichromate-sulfuric acid cleaning solution. Allow to 
stand a  few hours, rinse well w ith distilled water, fill trap  w ith 2 
per cent sodium or potassium hydroxide solution (14), and allow 
to stand for a  short period. Rinse thoroughly, drain, and dry by 
means of a radiant infrared lamp, which has been found more 
successful than  an alcohol or ether wash.

B enzene D istilla tion
B enzene d istilla tion  presents a mixing problem  w hen ap 

plied to  a F ilter-C el sirup m ass, particu larly  in  th e  case of vis
cous corn sirup, w here m ixing m u s t be thorough if th e  w ate r is 
to  be rem oved quickly  and  com pletely. T he azeotropic bi
n a ry  m ix ture  of benzene and  w ater s ta r ts  to  boil around  69° C. 
I t  is therefore necessary to  guard  against evaporation  during 
incorporation  of F ilter-C el and  sirup. T h is w as accom plished 
by  slipping a  leng th  of G ooch filter rubber tub ing  over the  
neck of th e  flask, th en  passing th e  stirring  rod th rough  and 
wiring th e  tub ing  to  th e  stirring  rod. T he  rubber tub ing  pro
vides a  flexible jo in t for stirring  th e  F ilter-C el sirup  m ass and  
no v apo r is lost from  th e  flask.

In  th is work, all th e  trap s w ere ca lib ra ted  by  d is tilla tion  of 
weighed quan tities of w ater as in an  a c tu a l determ ination .

A p p a r a t u s . Distillation flask, 250-ml. standard flask (9), 
used throughout this work for distillation and vacuum oven 
work.

Benzene, M allinckrodt, analytical reagent grade.
Filter-Cel, prepared as previously described (9).
P r o c e d u r e . Approximately 30 grains of prepared Filter-Cel 

are run into a distillation flask, and brought to  a constant weight 
in a  vacuum oven (usually 4 hours). The sample is run on top of 
the Filter-Cel and reweighed for sample weight, then incorporated 
w ith the Filter-Cel. ThenlOOm l.ofbenzene are run into the flask, 
which is fitted w ith rubber closure (described above), and Filter- 
Cel, sample, and benzene are thoroughly worked into a homogene
ous mass. The flask is connected w ith the  trap  and condenser, 
and distillation is started gradually—2 drops per second. N inety 
per cent of the water is removed within an hour, after which the 
rate  of distillation is increased to  4 drops a  second. After con
stancy has been attained, the trap  water is brought to  2 0 ° C.

and read. Large traps require considerable care in th is operation, 
as do pycnometers, and the technique is much the same.

T he  d a ta  ind icate  th a t  on a  corn sugar w hich does ad m it of 
decom position w ith  prolonged heating , a  value equal to  or 
deviating  by  very  little  can be obtained  b y  th e  F ilter-C el 
m ethod, provided th e  tim e elem ent is 8  to  1 2  hours from  th e  
a ir oven a t  1 0 0 ° C., vacuum  oven a t  1 0 0 ° C., and  to luene dis
tilla tion . V acuum  oven a t  80° C., L obry  de B ruyn  a t  38° C., 
and  benzene and  carbon te trach loride d is tillations—all F ilte r- 
Cel m ethods—yield d ry ing  p la teaus w hich are  m ain tained  for 
periods th a t  extend beyond an y  an tic ipa ted  m oisture te s t and  
w eight constancy can  be regarded as true  m oisture.

T he distilla tion  m ethods as applied  to  sirups cannot be 
relied upon unless th e  m ateria l is dispersed over a  large sur
face. D irec t use of th e  solvents w ithou t dispersion will lead 
to  erroneous results, e ither th rough  failure to  ob ta in  th e  re
lease of all th e  m oisture, or by  decom position, w hich m ay  be 
in itia ted  in  th e  m ass b y  a  delayed elim ination of th e  w ater.

In  order to  com plete th e  p ictu re  of m oisture m ethods as 
applied  to  hydro ly tic  p roducts of starch , a  sam ple of corn 
sirup w as rerun  to  include th e  benzene-F ilter-C el d istillation , 
w ith  results as follows:

° c. % %
(1) (2) (1) (2)

100 V acuum  o ven  F ilte r-C e l m e th o d  19 .1 1  19 .11  3 1 .9 9  3 .1 9 7
38 L o b ry  d e  B ru y n  F iltter-C el m e th o d  1 9 .1 0  ......................

110-112  T o lu en e  d is ti lla tio n  F ilte r-C e l m e th o d  1 9 .1 2  19 .1 1  ..........
8 0 -  82 B enzene  d is ti lla tio n  F ilte r-C e l m e th o d  19%09 1 9 .1 0  ............
7 6 -  78 C a rb o n  te tra c h lo r id e

d is ti lla tio n  F ilte r-C e l m e th o d  —  . . .  3 1 .9 6  3 1 .9 7

Conclusions
T hree m ethods have been recom m ended for d e term ina

tion  of tru e  m oisture of crude corn sugar:

8 0 °  C. vacuum oven, Filter-Cel method.
3 8 °  C. Lobry de Bruvn, Filter-Cel method.
8 0 - 8 2 °  C. benzene distillation, Filter-Cel method.
The increased capacity of the type of receiver tube designed 

for this work permits much greater precision because of larger 
sample weights employed. The authors consider this practically 
essential in a  research which aims a t true moisture.

Dispersion is greatly facilitated by dilution and th e  use of large 
samples, where the purpose of the work is to determine stability 
of soluble materials such as viscous sugar sirups.

T he  80° C. vacuum  oven, F ilter-C el m ethod, has been 
adop ted  for determ ination  of m oisture in  “80” corn sugars by 
th e  Technical A dvisory C om m ittee of th e  C orn  Industries 
R esearch F oundation .

T he  so-called “ 70” sugars are  often difficult b y  oven m eth 
ods and  in  these cases th e  value of benzene d istilla tion  is 
stressed. Some tan n ers’ sugars (“ 70” ) decom pose fairly  
rap id ly  a t  100° C. and  s tubborn ly  re ta in  lost traces of mois
tu re  a t  80° C. In  these cases a  vacuum  oven tem pera tu re  of 
90° C. is recom m ended as resu lts a t  th is level are  m ost re
producible and  check benzene d istilla tion  or th e  modified 
L obry  de B ru y n  m ethod  a t  38° C.

S tab ility  of corn sugar on drying is dependen t upon th e  pH  
of the .m ateria l. M axim um  stab ility  is a tta in ed  betw een pH
4.5 and  5.5. P recau tions also should be observed in  m oisture 
tes ts  on tan n e rs’ corn sugar. These bleached sugars often 
contain  as high as 1500 p. p. m . of su lfur dioxide and  a re  sub 
jec t to  “ creep” in drying. Ash con ten t is also often  a  factor 
in  the  s tab ility  of th e  corn sugar in  d rying. T he above d a ta  
have been obtained  on s tan d a rd  hydro ly tic  p roducts of s tarch  
w ith  norm al ash  conten ts.
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Refiners’ Sirup, Final Molasses (B lackstrap), and Hydrol

TH E  success of the  new m oisture m ethods, previously de
scribed for th e  hydro ly tic  p roducts of s tarch  (1~4), 
caused th e  investigation  to  be extended to  m ore troublesom e 

sugar refinery products, such  as refiners’ sirup, b lackstrap  
molasses, an d  hydrol, th e  m olasses from  th e  m anufacture  of 
dextrose. I t  is im possible, of course, to  cover th e  com plete 
range of such products, an d  those used for testing  were con
sidered typical. I t  is recognized th a t  a  m ore thoroughly 
exhausted  b lackstrap  or m ateria l w hich had  been subjected

to  inim ical m anufacturing  conditions m igh t n o t be com par
ab le  to  th e  m ateria ls studied .

T he m ethods used have previously been discussed in  de
ta il (1-4). T he  A. O. A. C. sand  m ethod  w as used for com 
parison b u t a lte red  in order to  m ake i t  m ore w orkable. 
T he m oisture dish w as alum inum  w ith  a tigh t-fitting  cover. 
A fter th e  first weighing of th e  dried  sam ple, th e  dish w as 
closed tig h tly  w ith  th e  cover, inverted , and  in  order to  loosen 
th e  sand, th e  bo ttom  w as tapped  sharp ly  w ith  a sp a tu la  
handle. T hen  th e  con ten ts of the  d ish were shaken  to  assure 
a  free-flowing m ateria l w ith  a  m axim um  exposure of surface. 
C onstan t w eight w as defined as a  change of 1 mg. or less per 
3-hour heating  in terval.

Refiners’ Sirup
T he sam ple used has th e  following analysis based on d ry  

substance:
%

S ucrose  4 4 .2 0
I n v e r t  4 7 .1 0
A sh  2 .7 0
O rgan ic  n o n su g a rs  6 .0 0

T he d a ta  obtained  are given in  T ab le  I  an d  F igure 1.
A t 70° C. in  vacuum , th e  F ilter-C el m ethod  a tta in ed  con

stancy . T h is value w as checked by  th e  following m ethods: 
filter paper, A. O. A. C., A. O. A. C. modified, A. 0 .  A. C. 
sand and  F ilter-C el m ixture, modified L obry  de B ruyn  F ilte r- 
Cel m ethod, 38° C., and  benzene F ilter-C el d istilla tion . D a ta  
a t  100° C., the F ilter-C el m ethod  in  vacuum , and  to luene dis
tilla tion  show evidence of decom position.

Final Molasses (Blackstrap)
T he molasses used in th is te s t had  th e  following analysis, 

dry-substance basis:
%

S ucrose  4 4 .0 8
I n v e r t  2 2 .6 2
A sh 1 2 .9 3
O rgan ic  n o n su g a rs  1 6 .3 7

T he d a ta  obtained appear in  T ab le  I I  and  F igure 2.
Since th e  to luene d istilla tion  and  100° C. F ilter-C el m ethod  

in  vacuum  gave decom position on refiners’ sirup , th e y  w ere 
n o t tried  on b lackstrap , w hich is m ore susceptible to  decom 
position. T he benzene d istilla tion -F ilte r-C el m ethod ; 70° C  .
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T a b l e  I. D a t a  o n  R e f i n e r s ’ S i r u p 2 9 -
T e m p e ra  C o n 

M e th o d tu r e s ta n c y T im e M o is tu re
0  C. H ours % %

A . 0 .  A . C . san d , 70 D o u b tfu l 1 0 2 2 .3 2 2 2 .3 1
v a c u u m 14 2 2 .3 0 2 2 .3 2

18 2 2 .3 2 2 2 .3 5

F il te r  p a p e r, 70 Y es S 2 2 .3 2 2 2 .3 1
v ac u u m 1 2 2 2 .3 2 2 2 .3 1

F ilte r-C e l, 60 N o 70 2 2 . 2 2 2 2 .2 3
v a c u u m

F ilte r -C e l , 70 Y es 2 0 2 2 .3 2 2 2 .3 1
v a c u u m 25 2 2 .3 3 2 2 .3 4

35 2 2 .3 3 2 2 .3 4

F ilte r-C e l 70 Y es 15 2 2 .3 0 2 2 .3 2
p lu s  s a n d , 30 2 2 .3 4 2 2 .3 4
v ac u u m 39 2 2 .3 4 2 2 .3 5

B enzene 8 0 -82 Y es 1 2 2 2 .2 5 2 2 .2 6
2 0 2 2 .2 9 2 2 .3 1
30 2 2 .2 9 2 2 .3 1

L o b ry  d e  B ru y n , 38 Y es 758 2 2 .2 7 2 2 .2 9
v a c u u m 1238 2 2 .2 7 2 2 .2 9

F ilte r-C e l, 1 0 0 N o 8 2 2 .9 2 2 3 .0 4
v a c u u m 13 2 3 .3 8 2 3 .3 8

18 2 3 .6 6 2 3 .7 1

T o lu en e 1 1 0 - 1 1 2 N o 0 2 3 .3 5 2 3 .3 7

F ilte r-C e l, 70 Y es 15 2 2 .2 5 2 2 .2 5
v a c u u m 0 2 1 2 2 .2 5 2 2 .2 6

29 2 2 .2 5 2 2 .2 6

C a rb o n  te t r a  7 6 -7 8 Y es 3 2 2 . 2 1 2 2 .2 4
chloride® 18 2 2 . 2 1 2 2 .2 4

30 2 2 . 2 1 2 2 .2 4

® T h e  la s t  tw o  re su lts  w ere o b ta in e d  m o n th s  la te r  a n d  sam p les  h a d  lo s t som e 
w a te r  d u r in g  s to rag e .

T a b l e  II . D a t a  o n  B l a c k s t r a p  M o l a s s e s

M e th o d

A. O. A. C . san d , 
v ac u u m

Filtcr-C el, 
vacuum

L o b ry  d e  B ru y n

B enzene

F ilte r-C e l, 
v a c u u m

C a rb o n  te t r a 
ch lo ride

a C o n s ta n c y  w as o b ta in e d  b y  em p lo y in g  3 -h o u r h e a tin g  in te rv a ls . T e s ts  
em p lo y in g  longe r h e a tin g  in te rv a ls  fa iled  to  a c h iev e  co n s ta n c y  w ith  final 
v a lu es  exceed ing  L o b ry  d c  B ru y n  v a lu es .

Filter-C el vacuum ; A. 0 .  A. C. modified sand ; and  L obry  
de B ruyn -F ilte r-C el m ethod  a t  3S° C. a ll checked, indicating  
th a t  th e  value obtained  was probably  th e  tru e  m oisture of the 
sam ple.

H y d r o l

T he  hydrol w hich w as tes ted  had  th e  following composi
tion, dry-substance basis:

%

T e m p e ra  C o n 
tu re s ta n c y T im e M o is tu re

° C. H ours % %
70 Y esa 2 0 2 8 .5 0 2 8 .5 1

23 2 S .5 2 2 8 .5 5
26 2 8 .5 2 2 8 .5 5

70 Yes® 2 1 2 8 .5 7 2 8 .5 7
24 2 8 .5 7 2 8 .5 7
27 2 S .5 7 2 S .5 7

38 Y es 800 2 8 .5 7 2 8 .5 4
900 2 8 .5 7 2S .54

80-S 2 Y es 3 2 8 .5 5 2 8 .5 7
18 2 S .5 5 2 S .5 7

70 Y es 6 2 7 .5 8 2 7 .5 9
1 2 2 7 .6 0 2 7 .6 0
18 2 7 .6 0 2 7 .6 0

7 6 -7 8 Y es 3 2 7 .6 2 2 7 .6 1
18 2 7 .6 3 2 7 .6 2

R ed u c in g  su g a rs  as d ex tro se  
D e x tro se  (S ich e rt-B ley e r) 
A sh
C ru d e  p ro te in

7 3 .1
5 9 .0

7 .2 5
0 .3 7

T he d a ta  obtained  a re  given in T ab le  I I I .  Again, close 
agreem ent w as ob tained. H owever, sufficient sam ples of 
hydro l have  n o t been analyzed to  s ta te  w hether th e  m oisture 
can be determ ined in  all hydro l b y  th e  benzene-F ilter-C el 
m ethod  or b y  th e  70° C. vacuum  oven-F ilter-C el m ethod.

C o n c l u s i o n s

V arious m oisture m ethods for determ ination  of m oisture 
in  sugar by -p roducts have been com pared.

BENZEN E DIST.-i.
F ILTER -C EL  METHOD 

Ç 7 0 °C, PRES. 0.5 M M
DE BRUYN 

38°C PRES. 0.011 Mf 
9 5 0  H0UR5

T I M E  IN H d U R S
----------- TO SO 30“

F i g u r e  2 . B l a c k s t r a p  M o l a s s e s

F o r determ ination  of m oisture, th e  70° C. vacuum  oven- 
F ilte r-C el and  th e  benzene d istilla tion -F ilte r-C el m ethods 
are  recom m ended, except in  possible cases w here constancy 
canno t be a tta in ed  b y  these. R ecourse is had  th en  to  cali
b ra tion  by  m eans of th e  modified L obry  de B ruyn -F ilter-C el 
m ethod  a t  38° C.

T he  A. 0 .  A. C. sand  m ethod , as modified, can  be forced to 
give resu lts com parable to  those ob tained  b y  th e  o ther m eth 
ods. I t  is n o t recom m ended b y  th e  au thors, as m uch a tte n 
tion  m u s t be devoted  to  m an ipu la tion  an d  a  series of results 
m ay  v a ry  w idely.

T a b l e  II I . D a t a  o n  H y d r o l

T e m p e ra  C o n 
M e th o d tu re s ta n c y T im e M o is tu re

° C. H ours crVO %
F ilte r-C e l, 70 Y es 15 2 1 .9 0 2 1 . 8 8

v ac u u m 2 0 2 1 .9 6 2 1 .9 4
25 2 1 . 9S 2 1 .9 6
30 2 1 . 9S 2 1 .9 6

L o b ry  d e  B ru y n , 38 Y es 1 0 0 2 1 .6 0
v a c u u m 300 2 1 .7 5

500 2 1 .9 0
600 2 1 .9 1
700 2 1 .9 1

B enzene 8 0 -8 2 Y es 2 0 2 1 .8 9 2 1 .9 2
44 2 1 .9 0 2 1 .9 3
6 8 2 1 .9 1 2 1 .9 3
80 2 1 .9 2 2 1 .9 4

1 0 0 2 1 .9 4 2 1 .9 2

F ilte r-C e l, 70 Y es 15 2 6 .1 8 2 6 .1 8
vacuum ® 2 0 2 6 .2 0 2 6 .2 0

25 2 6 .2 0 2 6 .2 2
30 2 6 .2 0 2 6 .2 1

C a rb o n  te t r a  7 6 -7 8 Y es 3 2 6 .2 1 2 6 .2 0
chloride® 18 2 6 .2 2 2 6 .2 0

24 2 6 .2 3 2 6 .2 0

°  L a s t tw o  re s u lts  w ere o b ta in e d  o n  a  d iffe re n t s am p le .

G e n e r a l  S u m m a r y

In  th is series of five p apers1, a  m ethod  of analy tica l pro
cedure has been ou tlined  for the  determ ination  of true  mois
tu re  in  those m ateria ls  w hich, in  th e  past, have  been reported  
largely on a  re la tive m oisture basis. T h is  technique consists 
of four essential po in ts used in  conjunction  w ith  th e  ap p ara tu s  
and  procedures laid  dow n:

1 . Use of adequate dispersion of the sample, so as to expose 
maximum surface of the m aterial in subsequent drying. By 
th is means, w ater is removed quickly and completely. Quick re-

1 P rev io u s  fo u r can  b e  found  in  I n d .  E n g . C h em ., A n a l .  E d ., 13, 855, 85S 
(1941 ); Ib id ., 14, 27 (19 4 2 ); a n d  th is  issue , p ag e  124.
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moval decreases the possibility of decomposition by reducing 
th e  m aterial to the dry sta te  in the minimum of time. Complete 
removal precludes the possibility of “ slow creep” , or inability 
to  obtain constancy, which is defined as decomposition, loss of 
volatiles, etc.

2. Use of the modified Lobry de Bruyn technique of drying a t 
38° C., high vacuum, and extended tim e to obtain moisture and 
corresponding dry substance. Under these conditions, the tem
perature does no t exceed th a t of normal storage conditions, and if 
decomposition is a  factor, it  m ay be expected to  be present under 
storage conditions.

3. Use of the vacuum oven a t  60° C. upwards, to determine a  
tem perature constancy curve, whose final values correlate those 
obtained by the low-temperature drying method of 2 . This 
technique involves high drying tem peratures, high vacuum, and 
relatively short time. By it, the tem perature limitations of the 
m aterial are determined for this common laboratory drying 
practice.

4. Use of distillation m ethods to  determine actual water. 
This procedure gives a  range of tem perature from 76° (carbon 
tetrachloride) to  140° C. (xylene), atmospheric pressure, and time 
limits which m ay be shorter than  corresponding vacuum oven or, 
in any event, shorter than  the modified Lobry de Bruyn technique. 
By distillation methods, the effect of vacuum in the removal of 
volatiles or other possible decomposition of the material should be 
substantially decreased if no t entirely eliminated from the results. 
Thus, a  drying curve should be obtained whose final values equal

those of the Lobry de Bruyn or vacuum oven methods. If no 
correlation can be obtained, volatiles or decomposition m ay be 
considered a factor. In  any event, a  closer relative moisture 
value will be' obtained.

A tten tio n  should be called to  th e  in terchanging features 
of the  ap p ara tu s  described. W ith  use of s tan d a rd  ta p e r  jo in ts, 
i t  is possible to  oven-dry  a  sam ple and  check th e  sam e sam ple 
fu rth er b y  d istillation , or vice versa. T hus, i t  is o ften  desir
able, for example, to  te s t a  d istilla tion  sam ple upon comple
tion  by  m eans of various oven tem pera tu res for s tab ility , e tc.

T he  m ethods described in th is series of papers have  been 
tes ted  and  approved by  various laboratories of th e  corn p rod 
ucts in d u s try  th rough  th e  T echnical A dvisory C om m ittee of 
th e  Corn Industries  R esearch F oundation , w hich have been 
m ost thorough in  the ir criticism .
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D eterm ining Liquid and Vapor Densities in  
Closed Systems

A Precise Method

G . H . W A GN ER, GRANT C. B A ILEY , A N D  \V. G . EV ER SO LE 
S ta te  U niversity  o f Iow a, Iow a C ity , Iow a

TH E  m ethod  proposed here for m easuring densities m akes 
use of a q u a rtz  bob suspended from  a quartz  helix. If  the 
helix an d  bob  a re  suspended in a  homogeneous m edium , the 

system  will be buoyed u p  according to  A rchim edes’ p rin 
ciple, causing a  change in  the  length  of th e  helix. T hus the 
length  of th e  helix can be related  to  density  by  a calibration  in 
a  series of m edia of know n density . A ctually , it  is possible 
to  m easure b o th  liquid  and  vapor densities w ith  the same 
bob and  helix, using a  separa te  calibration  for each phase. 
B ecause of th e  lim it im posed on th e  m ass of th e  bob b y  the 
s tren g th  of th e  helix, th is  is best accom plished by using a bob 
w ith  a  density  less th a n  th a t  of th e  liquid, so th a t  th e  helix is 
stre tched  upw ard  in  th e  liquid w hen th e  helix assem bly is 
to ta lly  im m ersed and  th e  helix suspended from  below. T o ta l 
im m ersion in  th e  phase whose density  is being determ ined 
simplifies th e  buoyancy  correction for th e  helix and  elimi
nates errors due  to  surface tension.

T he experim ental a rrangem ent for th e  m easurem ent of both  
liquid and  vapor density  in th e  sam e system  would then  con
sist of a  helix and  bob suspended in  a  sealed glass tube, so th a t  
th e  helix assem bly could be com pletely im m ersed in e ither 
phase, a t  will, by  m erely  inverting  the  appara tus. T his should 
serve as a n  excellent m ethod  for determ ining densities in 
closed system s w here th e  absence of a ir and  m oisture is de
sired or w here th e  pressure is above atm ospheric. T he m ethod 
is also capable of high precision th rough  th e  optim um  choice 
of helix sensitiv ity , bob size, and  m easuring instrum ent. T he 
chief d raw back  is th a t  a  considerable am oun t of labor is in 
volved in th e  purification  of th e  liquids and  th e  m easuring of 
th e  several lengths necessary for th e  calibration for each phase 
a t  each tem p era tu re ; m oreover, vapor densities are n o t ac
cu rately  know n over a  wide range. H owever, b y  th e  extensive 
use of helices for density  m easurem ents in  th is laboratory , 
certain  p roperties of q u artz  helices and  m ethods of calibration

have evolved w hich m ake th e  calib ration  m uch less laborious 
w ithou t sacrificing precision of m easurem ent.

Theory and M ethod of Calibration
R e l a t i v e  D e n s i t i e s .  T he leng th  to  w hich a  helix ex

tends under th e  influence of g rav ity  is a  function  of th e  tem 
pera tu re , T, and  density , p, of th e  m edium  in  w hich i t  is sus
pended, such th a t  an y  change in  leng th , AL, m ay  be w ritten

AL ~ ( ï ï ) A + ( a - a)
T he tem pera tu re  and  density  coefficients of th e  helices used 

in  th is  labo ra to ry  have been found to  be co n stan t over a  25° 
or g rea ter tem pera tu re  range, and  over a  considerable range 
of length , so th a t  E q ua tion  1 m ay  be w ritten  for th is  range

AL  =  a A T  -f- bAp  (2 )

F o r an  unloaded q u a rtz  helix, 4 X  0.9 cm ., m ade  from  a

fiber of 0.2-m m. d iam eter and  consisting of 63 tu rns,

is approxim ately  0.15 cm.* per g ram . A 1-cc. q u a rtz  bob sus
pended from  th e  helix increases th is va lue  to  approxim ately  
5 cm . 4 per gram . T h is sensitiv ity  can  be increased indefi
n ite ly  (w ith a  corresponding decrease in  th e  range of densi
ties which can be m easured) by  increasing th e  volum e of th e  
bob, and  using a  bob density  only  sligh tly  different from  th a t  
of th e  m edium  in  order to  avoid  overloading th e  helix. B y  
such m eans i t  is easily possible to  m easure sm all changes in  
density  w ith  a  precision w hich canno t be justified b y  th e  pos
sible precision of tem p era tu re  contro l. U nder norm al load 

1 .1  g ram  in  air) a  helix of th e  dim ensions given above will 
extend to  approxim ately  9.0 cm. I t  should s tre tch  to  from  12 
to  20 cm. before breaking. T h e  tem p era tu re  coefficient, a, 
is of a  m uch lower order of m agnitude th a n  th e  density  coef-
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ficient, b, b u t i t  m u s t be tak en  in to  accoun t for precise w ork 
a t  different tem peratures.

B y  m easuring th e  leng th  of th e  helix a t  d ifferent tem pera
tu res in  m edia of know n density , a and  b can  be found  by  
solving th e  sim ultaneous equations resulting  from  E q u a tio n  2.

E q ua tion  2 can be p u t in to  th e  useful form

p« +
a  (T !  -  T«) -  (L , -  L) (2 b)

H ere L , is th e  length  of th e  helix in th e  s tan d a rd  m edium  of 
density , p., a t  th e  s tan d a rd  tem pera tu re , T\, and  L  is th e  
lengtli in  a  m edium  of density  p a t  a  tem p era tu re  T°. E q u a 
tion  2 b expresses density  in  te rm s of th e  den sity  of a  stan d ard  
m edium  and  is applicable to  b o th  liquid an d  v apo r density  
m easurem ents, once a and  b a re  know n.

A b s o l u t e  D e n s i t i e s .  F o r th e  vapor, th e  calib ra tion  can 
be m ade practically  independen t of s tan d a rd  densities. T he 
density  coefficient, b, m ay  be w ritten

= f È k \  f ^ K \
\d M  )  t \  dp )  t (3)

M  is th e  ap p a ren t effective m ass of th e  helix and  bob as 
ind icated  by  th e  leng th  of th e  helix.

As w ith  so rp tion  balances (2 ), can  be determ ined

from  th e  changes in  leng th  caused by  th e  add ition  of sm all 
w eights to  a  p la tinum  bucket w hich is suspended from  th e  
helix in a  m edium  of constan t den sity  and  tem pera tu re . In  
th is calib ration  th e  bob is rem oved and  th e  ca lib ration  is ex

tended  over th e  range of leng th  where ^  is constan t. T he

m ass and  volum e of th e  bob should be such th a t  all density  
m easurem ents are  m ade in  th is  co n stan t range.

/ 0 M \ =  ZdAf»\ , ZöAfA 
\  )  t  \  d p  )  t  \  d p  )  t

(4)

M i  and  M , are, respectively, th e  ap p a ren t effective m ass of 
th e  bob and  th e  spring and  F t an d  V, a re  the  corresponding 
volum es.

M t  =  Vb U  -  p )  (5)

w here ps and  p are  th e  densities of th e  bob  and  th e  m edium , 
an d

/d ftfA
\  dp ) t

-  F„ (6)

T h is  is th e  ac tu a l volum e of th e  bob and  its  va lue  can be d e 
term ined  b y  weighing in  liquids of know n density .

On th e  o ther h an d  )  r  is n o t th e  negative of th e  ac tua l

volum e of th e  spring. T h e  reason for th is  is th a t  th e  ap p a ren t 
effective m ass is ob tained  from  L  by  m eans of a  ca lib ration  
which is m ade in  term s of w eights suspended from  th e  lower 
end of the  spring. T h e  m ass of th e  spring  is n o t located  a t  th e  
lower end b u t is d is tribu ted  over th e  en tire  leng th . I f  there  
are  n  tu rn s  in  a  perfect hehx, an y  given elem ent of m ass lo
ca ted  a t  tu rn  t will s tre tch  only th e  t tu rn s  w hich a re  above it, 
and  th e  elongation produced will be  only  t / n  tim es as g rea t 
as was produced b y  th e  sam e m ass in  th e  calib ration . I f  
<y, is th e  volum e of q u artz  fiber in one tu rn  of th e  helLx, and  
p, is th e  density  of q u artz , th e  elem ent of m ass is 

(P* — p) dt and  th e  ap p aren t effective m ass of th e  spring is

M , P(t/n) (p3 — p)<r, dt = (p. — p)<r, (n /2 )

a n d  therefore

/Ö M A  
V dp ), — a, n /2  =  — V,

(V)

(8)

T his is one half of the ac tu a l volum e of th e  helix. T hux  V . 
for a  perfect helix m ay  be determ ined  from  th e  w eight of the 
helix and  th e  density  of fused q u artz . I t  will be noticed th a t  
th e  fac to r V 2 will cause only one suspension end to  be  included 
in  F ,. T h is is exactly  w hat is desired, since th e  m ass of th e  
low er suspension end ac ts  on a ll n  tu rn s , while th e  upper sus
pension end ac ts  on none of the  p a rts  of th e  spring w hich is 
being m easured. A lthough th e  helices used in  th is labo ra to ry  
a re  slightly  tapered , V , as determ ined  b y  th is sim ple calcula
tion  has been found to  agree w ith in  ± 0 .0 0 2  cc. w ith  th e  value 
V. (— 0.025 cc.) determ ined  experim entally . T h is corre
sponds to  a  1 0  per cen t error in th e  ap p a ren t effective volum e 
of th e  helix, b u t in troduces an  erro r of only  0 .2 / Fj, per cen t in  
th e  m easured density .

V , is determ ined experim entally  from  
length  m easurem ents on th e  unloaded helix 
in  m edia of know n density , and  from

E quations 3 and  4 is equal to  — 

w hen th e  bob is absen t. T he  value of 

^ for th e  unloaded helix m ust be de

term ined  by  m easuring  th e  change in 
leng th  caused b y  th e  add ition  of a  sm all 
w eight to  th e  unloaded helix. T h is is 
necessary because th e  elongation per gram  
is d ifferent for sm all loads th a n  for nor
m al loads. A 0.02- to  0.03-gram  piece of 
qu artz  fiber w ith a  sm all hook for sus

pending from  th e  suspension po in t of th e  helix (see F igure 1) 
m akes a  satisfac to ry  w eight. A ny b u t a  perfect helix will 
give tw o different values for F ., depending on w hich end of 
th e  helix is up.

C om bining E q u a tio n s 2b, 3, 4, 6 , and  8  and  using the  
leng th  of th e  helix loaded w ith  bob in  vacuum , L i,  a t  tem pera
tu re  TS as s tandard , we o b ta in  for th e  density

F i g u r e  1

=  a (T i  -  T°) - (LS -  L)

’ ” - (m),lr‘ + y'>
(9)

V apor or liquid  densities calcu lated  to  th e  fou rth  signifi
c a n t figure from  E q u a tio n  9 m ay  be considered absolute, since 
th e  s tan d a rd  liqu id  densities necessary for determ in ing  Fi. and 
V ,  a re  know n w ith  th is  accuracy .

T he  size and  density  of th e  bob used will depend on the 
density  of th e  m ateria l to  be m easured and  th e  elastic prop
erties of th e  helix. W hen helix an d  bob a re  to  be used for 
b o th  liquid  an d  v apo r density  m easurem ents, a  bob density  
w hich is ab o u t th e  average of th e  densities of th e  tw o phases 
is preferred. T h is  perm its th e  use of a  bob  of larger volum e, 
w ith  correspondingly increased precision of m easurem ent, 
w ithou t exceeding th e  load lim it of th e  helix in  e ither phase. 
T h e  bob  is blow n in  an  oxyhydrogen flame from  a  q u a rtz  tu b e  
w hich has a  d iam eter an d  w all th ickness ca lcu lated  to  give 
th e  desired bob  volum e and  w eight, so th a t  th e  extension in

b o th  phases falls w ith in  th e  co n stan t range of 

P r e c i s i o n

T he  valid ity  of th is m ethod  of ca lib ra tion  has been checked 
for b o th  liquid and  vapor. U sing a  helix of th e  dim ensions 
given above, a  bob hav ing  a  volum e of ab o u t 1.35 cc. and  
w eight (in vacuum ) of ab o u t 1 gram , and  a  m easuring  m icro
scope (3) w hich could be  read  to  0.00006 cm ., th e  d ensity  
values for w ater from  10° to  35° C. were checked to  0.00003 
g ram  per cc., using w ater a t  25° C. as th e  s tan d a rd  liqu id . 
W ith  th e  sam e helix and  bob  assem bly, v ap o r densities of 
su lfur dioxide in equilibrium  w ith  its  solutions a t  15°, 2 0 °, and  
25° C. checked w ith  th e  densities calculated  from  vapor pres-
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sure d a ta  to  0 .0 0 0 0 1  gram  per cc., using th e  sa tu ra ted  vapor 
of pure sulfur dioxide as stan d ard . N um erical d a ta  are  re 
ported  in  ano ther paper (4).

F o r th e  precision w ith  w hich these m easurem ents were car
ried ou t, i t  w as necessary to  devise suspension points for bo th  
helix and  bob so th a t  th e  helix was never d is to rted  w hen sus
pended, b u t hung freely. Precise indices w hich were o u t of 
th e  axis of th e  tu b e  were also necessary for p roper focusing. 
T he  cross p o in t in a  figure-eight loop of th e  helix fiber (I, 
F igure 1 ) was used to  suspend th e  helix from  a  loop of 0.1-mm. 
(0.004-inch) p la tinum  wire and  likewise to  suspend th e  bob 
from  th e  helix. T he  indices ( f f ,  F igure 1) consisted of 0.5- 
mm . loops in  th e  helix fiber a t  e ither end of th e  helix. T hey  
h ad  sufficient cu rva tu re  to  perm it th e  m ost accura te  setting  
of th e  m icroscope cross h a ir a t  th e ir ou ter edge and were in 
good enough alignm ent so th a t  no change in  th e  focus of th e  
m icroscope was necessary w hen reading th e  two ends.

I t  is generally  recognized th a t  q u a rtz  helices exhibit no 
hysteresis a fte r once being annealed. Q uartz  is also no t easily 
corroded and  has a  very  low therm al coefficient of volum etric 
expansion, 1.2 X 10- 6  per ° C. F o r a  2-cc. quartz  bob, and  a  
change in  tem p era tu re  of 15°, th e  volum etric expansion 
am ounts to  0.000036 cc. T h is is negligible for ord inary  vapor 
density  m easurem ents b u t appreciable for precise m easure
m ents of liquid density , and  will accoun t for th e  sm all d iver

gence which th e  au tho rs  have found in  w ater. H ow ever, th is  
effect can  be elim inated  b y  m aking  th e  necessary correction  
for th e  change in th e  volum e of th e  bob.

T he  volum e of a  hollow q u artz  bob of su b s tan tia l wall 
th ickness is also n o t g rea tly  affected by  pressures of th e  order 
of 4 a tm ospheres (approxim ate v apo r pressure of su lfu r di
oxide a t  25 ° ). I f  th e  bob is sealed off a t  atm ospheric  pressure, 
th e  effect of 4 atm ospheres is reduced to  th a t  of 3 a tm ospheres. 
U sing B ridgm an’s (1) value for th e  com pressib ility  of m in
eral quartz , th e  change in  th e  volum e of a  1-cc. bob would 
be 0.27 X 10- 5  cc. per a tm osphere . T he  erro r resu lting  from  
this cause can be reduced if necessary b y  determ in ing  th e  a p 
proxim ate com pressibility  of the  bob before i t  is sealed off.

I t  is believed th a t  th is m ethod will be found useful for th e  
precise m easurem ent of densities in  m any  system s w hich are  
n o t accessible to  m easurem ents b y  th e  usual m ethods.
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Heats o f  W etting for the Evaluation o f  
Gas-Adsorbing Coconut Carbons

IIO S M E R  W . STO N E A N D  RAYMOND O. C LIN TO N , U n ivers ity  o f  C a lifo rn ia , Los A ngeles, C alif.

rTUIE use of h ea t of w etting  as a  m eans of evaluating  gas- 
.L adsorbing carbons has been suggested by  several au thors 

in  recen t years (1, 7), an d  restric ted  sem ianalytical m ethods 
have been developed b y  M acy  (8) and  B urstin  and  W inkler 
(4). T h is m ethod  has th e  d is tinc t advantages, in com pari
son w ith  o th er m ethods, of extrem e rap id ity  and  satisfactory  
accuracy, and  b y  su itab le  correlation affords d a ta  as to  o ther 
analy tica l characteristics of th e  carbon, as is shown below.

A large num ber of m ethods for evaluating  th e  gas-adsorbing 
qualities of carbons have appeared  in th e  literatu re , m ost of 
w hich have  been critically  discussed by  C haney, R ay , and 
S t. John  (5 ), an d  by  B erl and  H erb ert (3). T he m ajo rity  of 
these m ethods a re  tim e-consum ing an d  n o t overly indicative 
of the  value of a  carbon for a  particu la r purpose. As has 
been poin ted  o u t b y  C haney, R ay , and  St. John  (5), th e  m ost 
reliable analy tical d a ta  perta in ing  to  gas-adsorbing carbons 
are:

1 . S e r v i c e  T i m e .  T im e  r e q u i r e d  fo r  t h e  b r e a k - th r o u g h  o f  a  
v a p o r  u n d e r  s t a n d a r d  c o n d it io n s .

2 . A d s o r p t i o n  V a l u e .  T h e  w e ig h t  o f  a  v a p o r  a d s o r b e d  b y  a  
c a r b o n  u n d e r  c o n d i t io n s  o f  s a tu r a t i o n .

3. R e t e n t i v i t y  V a l u e .  T h e  w e ig h t  o f  v a p o r  h e ld  b y  a  
c a r b o n  t h r o u g h  s e c o n d a r y  v a le n c e  b o n d s ,  u n d e r  s t a n d a r d  c o n d i
t io n s .

All these d a ta  are  m ore or less a rb itra ry , y e t under su it
able conditions th e y  afford th e  m ost reliable evidence ob
tainab le  a t  p resen t as to  th e  gas-adsorbing characteristics of 
a  given carbon. T he chief criticism  of these m ethods arises 
from th e  lack of definition of term s and  of precise descriptions 
of th e  techniques w hich have appeared  in  th e  literatu re . I t  is 
only b y  a  rigorous s tandard iza tion  of the analy tical proce
dures th a t  q u an tita tiv e  results can  be achieved and  dupli
cated. T ow ard  th is end, th e  au tho rs have sought to s tan d 
ardize th e ir  m ethods as thoroughly  as possible.

M acy (8) and  la te r Bell and  Philip  (£) have show n th e  exist
ence of a  q u an tita tiv e  relation  betw een th e  h e a t of w etting  
and  th e  re ten tiv ity  value of a  specific carbon, b u t  th e  possi
b ility  of a  q u an tita tiv e  relation  betw een adso rp tion  value  
and  h ea t of w etting  has been a  m a tte r  of considerable 
d ispute. B u rstin  an d  W inkler (4) first suggested such a  
relation, b u t, un fortunate ly , th e ir d a ta  w ere insufficient to  w ar
ra n t such a  conclusion. M acy  (8), as the  re su lt of th e  an a ly 
sis of a  large num ber of different carbons, found several ra th e r  
large discrepancies, and, therefore, s ta ted  th a t  no correlation  
betw een adsorp tion  value and  h e a t of w ettin g  could exist. 
O ther au tho rs have either been undecided (2) o r h av e  con
firm ed in  a  degree (S) th e  d a ta  of B u rstin  an d  W inkler.

N o correlation of h ea t of w etting  w ith  th e  service tim e of 
a  carbon has been found in  th e  lite ra tu re .

In  view of evidence w hich has been ob ta ined  b y  th e  au thors, 
a  definite relation  betw een th e  h ea t of w etting  of a  carbon as 
determ ined under certa in  conditions as s ta ted  an d  th e  o th e r < 
analy tical characteristics listed is postu la ted . T h is  re la tion , 
however, is lim ited  to  specific types of carbon— th a t  is, to  
carbons w hich have a  com m on raw  m ateria l source. W hile 
th e  p resent paper concerns itself w ith  gas-adsorbing carbons 
derived from  coconut, since th is is th e  m ost efficient an d  m ost 
com m on ty p e-in  use a t  present, nevertheless th e  p rocedure, 
w ith su itab le  modification, should be applicab le  to  o ther 
comm on-source carbons.

T he question of th e  effect of vary ing  the  m ethod  of ac
tiva tion  on th e  correlation of these characteristics of com m on- 
source m aterial carbons has been raised. Of th e  th irte en  
coconut carbons used in  th is w ork, five a re  know n to  have 
been ac tiv a ted  b y  th e  sam e m ethod. T he  o th e r e ig h t car
bons w ere comm ercial carbons from  various sources, w hose 
m ethod of ac tiva tion  w as n o t know n. Tw o of these la t te r  
carbons w ere prepared  by  h igh-tem perature  steam  tr e a tm e n t



ADSORPTION VALUE A c  ,  AT 2 5 °C .

F i g u r e  1. R e l a t i o n  b e t w e e n  A d s o r p t i o n  V a l u e  f o r  C a r b o n  T e t r a 
c h l o r i d e  a n d  H e a t  o p  W e t t i n g  i n  o t - X y l e n e

of a  spen t carbon w hich had  been used to rem ove hydrocar
bons from  carbon dioxide. T he  tem pera tu res of stripp ing  
were 425° and  535° C. T he  stripped  carbons possessed a  
higher degree of ac tiva tion  th a n  th e  original source carbon.

Pearce an d  M cK inley  (9 ) found th e  relation  betw een ad 
sorption  value an d  th e  h ea t of adso rp tion  (vapor phase) to  
be given b y  th e  expression:

Q =  m X n

w here Q is th e  h ea t evolved in  calories per g ram  of carbon, X  
is the m illiliters of a  given v apo r adsorbed, and  m  and  n  are 
constants, depending upon th e  v apo r used. B u rstin  an d  
W inkler (4) found th e  following equation :

Ah — 19 Q&

w here is th e  adsorp tion  value in  m illigram s of benzene 
adsorbed per g ram  of carbon, and  Qb is th e  hea t of w etting  
for benzene in calories per g ram  of carbon. B o th  equations 
were derived from  th e  analysis of a  v e ry  lim ited  num ber of 
carbons, and , therefore, th e ir general app licab ility  is slight.

Previous w orkers (2, 4, 8) h av e  determ ined  th e  h ea t of 
w etting  of carbon b y  benzene, an d  com pared these d a ta  w ith  
the adsorption  value for benzene. T h e  presen t w riters have 
found th e  use of m-xylene for th e  determ ination  of heats of 
w etting  to  offer several advan tages—notab ly , a  decreased 
vo latility , a  constan t specific hea t over th e  tem pera tu re  range 
used, and  approxim ately  50 per cen t h igher values for th e  
h ea t of w etting . Because of th e  difficulties in heren t in  th e  

, use of th e  accelerated  chloropicrin service tim e m ethod , i t  
w as found desirable to  use th e  accelerated  carbon te tra 
chloride service tim e m ethod  (<?) w ith  suitable m odifications.
T he use of th is la t te r  m ethod  m akes possible a  saving of 
tim e, since th e  service tim e an d  adsorp tion  value determ ina
tions m ay  be m ade successively.

R esu lts of th e  analysis of th irteen  sam ples of coconut car
bons have led to  th e  following em pirical re la tions:

A V  =  17.9 Qz +  5 .S  X 10-« (Qr)*-‘3 
S r  =  1.34 Qz 
Si*  =  1.16 Q*
R c = 9 .3 8  Qz

In  the above equations:

A ? 5 =  adsorption value for carbon tetrachloride (4) in mg. ad
sorbed per gram of carbon a t 25° C. 

and <S?S =  service times for chloropicrin in minutes a t 20° and 
25° C., respectively

Experimental
S e r v i c e  T i m e  a n d  A d s o r p t i o n  V a l u e .  For 

th e  determ ination  of these values, m odifications 
of th e  m ethods of C haney and  of Fieldner 
(5, S) a re  used. T he  ap p ara tu s  is show n in 

F igure 4. T he carbon te trach loride is d ried  an d  redistilled 
before use, reserving th e  fraction  boiling a t  76-77.5° C.

T a b l e  I. A n a l y s e s  o p  C o c o n u t  C a r b o n s

A D A ? Rc s 20 Sg* Qx

0 .5 2 528 268 3 8 .5 3 3 .4 2 8 .6
0 .4 9 589 300 4 2 .6 3 7 .0 3 1 .7
0 .5 4 497 252 3 6 .8 3 1 .6 2 7 .1
0 .5 2 571 291 4 1 .0 3 5 .8 3 0 .7
0 .5 2 605 302 4 3 .2 3 7 .4 3 2 .3
0 .4 8 736 362 5 1 .0 4 4 .0 3 8 .1
0 .4 3 930 421 6 1 .2 5 3 .0 4 5 .2
0 .5 3 562 293 4 0 .4 3 5 .0 3 0 .3
0 .5 4 410 . 214 3 0 .4 2 6 .5 2 2 .7
0 .4 8 586 291 4 2 .0 3 6 .4 3 1 .5
0 .4 5 758 363 5 2 .6 4 5 .4 3 8 .9
0 .4 4 S72 405 5 S .0 5 0 .2 4 3 .1
0 .3 8 1004 454 6 4 .2 5 5 .4 4 7 .5

A D  = a p p a re n t  d e n s ity  of 8 - to  14-m esh  ca rb o n  in  g ra m s  p e r  m l. V alues 
fo r Qz re p re s e n t a v e ra g e  of fro m  5 to  10 d e te rm in a tio n s , w ith  a  m a x im u m  
d e v ia tio n  fro m  th e  m e an  of 0 . 2  ca lo rie .

1 0 0  2 0 0  3 0 0  4 0 0

RETENTIVITY VALUE R C AT 2 5 ° C.

F i g u r e  2 . R e l a t i o n  b e t w e e n  R e t e n t i v i t y  
V a l u e  f o r  C a r b o n  T e t r a c h l o r i d e  a n d  H e a t  o f  

W e t t i n g  i n  » ¡ - X y l e n e

R c  — r e t e n t i v i t y  v a lu e  f o r  c a r b o n  t e t r a c h lo r id e  
in  m g . r e t a in e d  p e r  g r a m  o f  c a r b o n  

Qz = h e a t  o f  w e t t in g  in  TO-xylene, in  c a lo r ie s  
e v o lv e d  p e r  g r a m  o f  c a r b o n

T h r o u g h o u t  t h i s  a r t ic le ,  e x c e p t  a s  o th e rw is e  in 
d ic a te d ,  “ c h lo ro p ic r in  s e r v ic e  t im e ”  re fe r s  t o  t h e  
c h lo ro p ic r in  s e r v ic e  t im e  v a lu e  as_ c a l c u la te d  f ro m  
t h e  c a r b o n  te t r a c h lo r id e  s e r v ic e  t im e  t h r o u g h  t h e  
u s e  o f  a n  in te g e r  f a c to r .  T h i s  f a c to r  h a s  a p p e a r e d  
in  t h e  l i t e r a t u r e  w i th  a  v a lu e  o f  3 .0  (6 ) ,  b u t  a s  
t h e  a u th o r s  h a v e  u s e d  a  1 5 .0 -cm . c o lu m n  le n g th  o f  
c a r b o n  in  t h e  s e r v ic e  t im e  d e te r m in a t io n s  i n s te a d  
o f 10 .0  c m .,  t h e  v a lu e  o f  2 .0  h a s  b e e n  u s e d  in  t h e  
p r e s e n t  w o rk .

T he results of the  analyses are  presented  
graphically  in  F igures 1, 2, and  3, an d  sum m a
rized in  T able  I.
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F i g u r e  3 . R e l a t io n  b e t w e e n  S e r v i c e  T i m e s  a t  2 0 °  a n d  
2 5 °  a n d  H e a t  o f  W e t t in g  i n  to- X y l e n e

A composite sample of the carbon is screened to 8 - to 14-mesh 
on standard  screens, dried 4 hours a t 140° to 150° C., and cooled 
in a desiccator. A volume of the dried carbon (about 25 ml.), 
sufficient to  give a tam ped column length of 15.0 cm. in the ad
sorption tube, is transferred to the adsorption tube and the tube 
and contents are weighed to  1 mg. The carbon is then tamped by 
tapping lightly on a  level wooden surface until no further diminu
tion in volume is noted, a t which point the column of carbon in 
the adsorption tube should measure exactly 15.0 cm. in length. 
This column length of 15.0 cm. should be reproducible upon 
inverting the adsorption tube  and retamping the carbon. A 
simple method of achieving th is result involves the use of a  flat- 
bottomed te s t tube 1.3 cm. in inside diameter, and calibrated a t
15.0 cm., for the measurem ent of the carbon before insertion 
into the adsorption tube. The adsorption tube is_ placed in 
position in the therm ostat, which is controlled a t 25.0°. Suf
ficient tim e is then  allowed (about 30 minutes) for the carbon to 
reach tem perature equilibrium with the therm ostat.

An air-flow rate  of 650 ml. per minute (490 ml. per minute, per 
sq. cm. of cross-sectional area of the carbon) is established through 
the apparatus, w ith the three-way stopcock turned so as to  vent 
the carbon tetrachloride-saturated air to  a hood. The stop
cock is then turned to allow the carbon tetrachloride-air mixture 
to pass through the adsorption tube, the initial starting time is 
noted, and any necessary fiow-rate adjustm ents are quickly made.

The first appearance of a  greenish tinge in the burner flame 
(which is adjusted to  a height of about 7.5 cm., 3 inches) is taken

as the breakdown point, and the elapsed time recorded as “ ac
celerated carbon tetrachloride service tim e” . The adsorption 
tube-to-burner connection is then broken and the effluent car
bon tetracliloride-air mixtures vented to a hood.

Passage of the carbon tetrachloride-air mixture is continued, 
with weighings of the adsorption tube each half hour, until no 
further gain in weight is evident (3 to  5 hours). The gain of 
carbon tetrachloride in milligrams per gram of carbon is recorded 
as the adsorption value.

The “accelerated carbon tetrachloride service tim e” as deter
mined above is multiplied by 2 .0  (6) to convert to  the approxi
m ate corresponding “ chloropicrin service tim e” .

Precautions m ust be taken to ensure a  constant 0° C. tem perature 
of the carbon tetrachloride in the cooling bath , as well as a  con
s tan t air-flow rate  throughout the determination, since small 
variations in these factors will introduce relatively large errors.

R e t e n t i v i t y  V a l u e s .  T hese values are determ ined  by  a  
m odification of M acy ’s m ethod (8).

A 3- to  4-gram sample of the saturated carbon from the ad
sorption value determination is transferred quickly from the ad
sorption tube to  a glass-stoppered weighing bottle and weighed. 
The glass stopper is removed and the weighing bottle is placed 
in a vacuum desiccator lubricated with de Khotinsky cement 
which is in turn  placed in an oven m aintained a t 90° to  100° C. 
The desiccator is connected to  a vacuum pum p and the carbons 
arc evacuated a t 2 -mm. pressure, with periodical weighings, until 
the weight loss amounts to not more than  15 mg. over a  period of 
0.5 hour. The retentivity  value is determ ined by graphing the 
percentage weight of vapor retained against time, and extending 
the portion of the curve representing low rate of vapor loss, which 
is approximately a straight line, back to  the retentiv ity  axis, as is 
shown in Figure 5.

T he re ten tiv ity  values m ay  also be determ ined by  evacua
tion  a t  lower tem pera tu res if wished, w ith  ach ievem ent of 
com parable results. Lowering th e  tem pera tu re  g rea tly  ex
tends the am oun t of tim e required  to  com plete a  de te rm in a 
tion, however— for example, evacuation  a t  25° requires 90 
to  1 0 0  hours for th e  a tta in m en t of re ten tiv ity  values, w hile 
a t  1 0 0 ° 3 to  5 hours are  required, as show n in F igure 5.

H e a t s  o f  W e t t in g . A cylindrical silvered D ewar flask, 10 
cm. high by 3.0 cm. in inside diameter, is used as a  calorimeter. 
A 15° to  45° thermometer, graduated in tenths or tw entieths 
of a degree is supported above the D ewar flask in such a  manner 
th a t the thermom eter bulb is about 5 mm. above the bottom  of 
the flask. The therm om eter is calibrated for 40-mm. immersion.

The heat capacity of the assembly is determined by the heat of 
neutralization of sodium hydroxide and hydrochloric acid using 
the value H u  =  13,895 calories a t 20° (10). The authors’ calo
rimeter, of the type outlined, had a  heat capacity of 5.0 calories per 
degree.

A 25.00-ml. portion of dry m-xylene (boiling point 137-9°) is 
pipetted into the calorimeter, and the tem perature of the cal-
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orimeter and contents is adjusted  to  a predetermined value, 
identical with th a t of the carbon sample to  be tested, by means 
of small te s t tubes containing hot or cold water. This tem 
perature is then recorded to  within 0 .0 2 ° as “ initial xylene tem 
perature” .

A sample of the carbon to  be tested  (previously screened to  
8 - to  14-mesh and dried 8  hours a t 140°) is weighed to the nearest 
milligram and added rapidly to  the calorimeter. The contents 
of the calorimeter are mixed by a  gentle rotation of the thermom
eter until a  maximum tem perature is reached. This tem 
perature is read to  within 0 .0 2  and recorded as “ final tem pera
tu re” .

Unused m-xylene m ay be recovered by transferring the con
tents of the calorimeter, a t  the conclusion of the run, to  a  No. 5 
W hatm an filter. The calorimeter should be wiped dry w ith a 
clean, lintless cloth between each run.

T he tem pera tu re  of th e  carbon should be know n w ith  an  
accuracy of 0.3° C. p rio r to  its  add ition  to  th e  calorim eter. 
I f  i t  differs from  th e  in itia l xylene tem pera tu re  b y  m ore th a n  
0.3°, th e  calculation of th e  in itia l m ixing tem p era tu re  of th e  
carbon-xylene m ix tu re  from  th e  know n in itia l xylene tem 
p era tu re  an d  th e  tem pera tu re  of th e  carbon  is th en  m ade, 
and  th is value su b trac ted  from  th e  final tem p era tu re  and  
recorded as T,, th e  tem p era tu re  rise. F rom  th e  know n hea t 
capacity  of th e  calorim eter, H , an d  th e  w eight of carbon used, 
m, th e  corresponding hea t of w etting , Qx, of th e  carbon for 
?)i-xylene in  calories per g ram  of carbon is given b y  m eans of 
the  form ula:

TQx =  ~  (H  +  8.32 +  0.17 m) calories per gram of carbon

T he  figure 8.32 is derived from  th e  w eight an d  specific 
h ea t of th e  xylene used, and  0.17 is th e  specific h ea t of car
bon. T h is equation  holds tru e  w ith in  th e  tem pera tu re  range 
of 18° to  35° C., since w ith in  th is  range varia tions in  the 
specific h ea t and  density  of xylene are  neglible.

T he  w eight of d ry  carbon used in  th e  above determ inations 
is ad justed  to  give a  tem pera tu re  rise of from  3° to  4°. T he  
room  used for conducting th e  te s ts  should be as free from  
d ra fts  and  rap id  tem pera tu re  changes as is possible.

Discussion
T he au tho rs  have  found th a t  th e  proposed modified 

m ethods fo r th e  analysis of a  gas-adsorbing carbon give m ore 
accura te  and  reproducible results th a n  do th e  s tan d a rd  proce
dures. In  th e  determ ination  of adsorption  values an d  service

tim es, th e  use of fritted-glass bubbler tubes ensures sa tu ra tion  
equilibrium  betw een th e  a ir and  th e  carbon tetrachloride. 
Sim ilarly, b y  circulating th e  a ir-carb o n  te trach loride mix
tu re  th rough  a  copper coil im m ersed in  the  th e rm o sta t prior 
to  carbon exposure, and  b y  th e  use of a  therm osta ted  adsorp
tion  tube, discrepancies due to  h e a t effects a re  elim inated. 
T he  modified adsorp tion  tu b e  perm its therm osta ting  during  
a  determ ination , and  b y  m eans of th e  stopcocks prevents 
v apo r loss during  a  weighing. F u rth e r, by  m aking use of a 
longer carbon colum n for service tim e determ inations (15.0 
cm. instead  of 1 0 .0  cm .), th e  observed service tim e is leng th 
ened an d  th e  effect of experim ental error th u s decreased.

T he m ethod  of determ ining re ten tiv ity  values has been 
modified by  the  use of weighing bo ttles and  a  vacuum  des
iccator in  th e  procedure, to  perm it m ore ease of m anipula
tion  and  th e  sim ultaneous analysis of a  large num ber of 
sam ples.

E specially  no tab le  is th e  large increase in  accuracy  and  
reproducibility  in the h ea t of w etting  determ inations, through 
th e  use of an  im proved calorim eter and  th e  su b stitu tio n  of 
m-xylene for benzene as th e  w etting  liquid. H ea ts  of w etting  
ob tained  by  th e  proposed m ethod  average ab o u t one and  
one-half tim es as large as those obtained  b y  th e  s tan d a rd  
Chem ical W arfare Service m ethod, on th e  sam e carbon. T he  
com parison of these m-xylene heats of w etting  w ith  th e  cor
responding service tim es, re ten tiv ity  values, and  adsorp tion  
values, as derived from  th e  proposed procedures, leads to  
s tra igh t-line or sm ooth-curve functions. T h is sta tem en t, 
however, does n o t hold tru e  for th e  s tan d a rd  m ethods of 
analysis w hen com pared w ith  the  heats of w etting  as deter
m ined according to  C. W . S. specifications.

U sing th e  modified procedures, duplication  of resu lts can 
be achieved in  th e  determ ination  of re ten tiv ity  and  adsorp
tion  values to  w ith in  ± 0 .5  per cent. C onstancy  of service 
tim e values is dependen t n o t only upon th e  tem p era tu re  of 
th e  carbon te trach loride sa tu ra tio n  tow er, and  of th e  th e r
m osta t, b u t upon gas-fiow ra te  per u n it cross-sectional a rea  
of carbon an d  o th er factors such as th e  packing of th e  carbon 
an d  th e  observance of th e  first trace  of carbon te trach lo ride  
b reak-th rough . F o r th is reason, som e sligh t skill is required  
to  duplicate  resu lts to  w ith in  ± 0 .2 5  m inu te . T he  h ea ts  of 
w etting  are  read ily  duplicable to  w ith in  0.3 calorie. In  ac
cord w ith  th e  proposed m ethod  of analysis for calcu lating  
service tim es, adso rp tion  values, and  re ten tiv ity  values from  
th e  corresponding h ea ts  of w etting  in  m-xylene, th e  average 
m ean  dev iation  in  th e  heats of w etting—nam ely, 0 .2  calorie— 
will lead to  a  m axim um  error in  th e  calcu lated  values of the 
o th er analy tica l characteristics of ±  0.25-m inute service 
tim e, and  less th a n  ± 5  m g. in  adsorp tion  and  re ten tiv ity  
values. I t  is therefore ap p a ren t th a t  th e  h e a t of w etting  
n o t only is m ore rap id  and  requires less skill th a n  o ther 
analy tica l procedures for th e  evalua tion  of a  carbon, b u t also 
yields resu lts of equal accuracy .

Summary
A n im proved m ethod  has been developed for evalua ting  

gas-adsorbing coconut carbons by  m eans of th e  re la tion  be
tw een th e  h ea t of w etting  a n d  o th er ana ly tica l factors. 
E qua tions enable calculation  of service tim e, re ten tiv ity  
values, and  adso rp tion  values from  th e  h ea ts  of w ettin g  of 
coconut carbons. M odified m ethods for th e  determ ination  
of service tim es, adso rp tion  values, re te n tiv ity  values, and  
h ea ts  of w etting  are  given. A dvantages of th e  h e a t of w etting  
m ethod  are  its  rap id ity , its  sm all requirem ents of equ ipm ent, 
and  its  q u an tita tiv e  characteriza tion  of a  coconut carbon.
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cent of polym er is p resen t in  th e  original sam ple, and  nine 
p arts  of A tlan tic  Refining C o.’s N o. 44 n a p h th a  added  to  one 
p a rt of sam ple will give a d is tin c t cloud w hen 0.005 per cen t 
of polym er is present.

Furtherm ore , a t  these d ilu tions th e  effect on th e  polym er 
solubility  of sm all changes in  tem pera tu re  is sm all. Analyses 
are  norm ally perform ed a t  a  room  tem p era tu re  of 2 0 ° to  
25° C., b u t i t  was found th a t  differences in  resu lts a re  neg
ligible betw een 15° and  30° C.

U sing these op tim um  dilu tions, a  se t of s tandards was m ade 
up covering th e  range of 0.0005 to  0.3 per cen t polym er di
rectly . H igher polym er conten ts could be m easured by  first 
d ilu ting  th e  sam ple 10 to  1 or 100 to  1 w ith xylene. As had 
been feared, how ever, th e  s tan d ard s  contain ing th e  higher 
polym er concentrations deterio rated  in  a  few w eeks’ tim e, 
owing to  th e  se ttling  of th e  prec ip ita ted  polym er.

Some m eans of m easuring th e  tu rb id ity  was then  sought. 
M easurem ent of the  heigh t of a  colum n of th e  liquid through 
which fine p rin t could be read (as used in  th e  kau ri-bu tano l 
test) was tried , b u t g rea t differences were found betw een dif
ferent operators’ ability  to  d istinguish th e  fine p rin t through 
th e  tu rb id  liquid.

A Burgess-Parr sulfur turbidim eter (A rthur H . Thomas Co. 
catalog No. 9334) proved to  be a satisfactory instrum ent for the 
measurement. A column of liquid is placed above an incandes
cent filament of standard (adjustable) intensity and a movable 
tube dipping into the liquid indicates the point of extinction of 
the filament by the turbid liquid.

Figure 1 shows per cent of polymer corresponding to turbid
imeter readings for 2 to 1 m ethanol dilution and 9 to, 1 No. 44 
naphtha dilution. For low polymer concentrations, 200 ml. of 
absolute methanol are added to 100  ml. of sample in a  stoppered 
cylinder and mixed by inverting several times. A fter 15 minutes 
the mixture is poured into the turbidim eter and a  reading is taken 
using 0.5 or 1 volt on the filament, depending on the turbidity . 
For somewhat higher polymer concentrations, 180 ml. of No. 44 
naphtha are added to  2 0  ml. of sample and the same procedure is 
followed. For polymer concentrations above the scale, 10 to  1 
or 1 0 0  to 1 dilutions of the original sample with toluene or xylene 
m ay be used.

T he tu rb id ity  increases during th e  first few m inu tes after 
adding th e  m ethanol or n ap h th a , b u t approaches a  m axim um  
after approxim ately  10 m inutes. T he  15-m inute period was 
chosen so th a t  tim e differences of a  m inu te  or tw o in m ak ing  
readings m ake no appreciable difference on th e  result.

A  num ber of o ther polym ers a re  know n to  be prec ip ita ted  
from  a solution of the  m onom er b y  m ethanol and  certa in  o ther 
solvents and i t  is believed th a t  th is  m ethod  could be readily  
adap ted  to  polym er analysis in  such cases.

IN  D E A L IN G  w ith  un sa tu ra ted  hydrocarbons subject to  
polym erization i t  is frequen tly  necessary to  determ ine the 

polym er co n ten t in  a  so lu tion  of th e  m onom er. As th e  poly
m er is usually  re la tively  high boiling, th e  m onom er m ay  be 
flash-distilled under vacuum  and  th e  residue weighed and 
considered polym er. T his m ethod  is m ore or less inaccurate, 
especially for sm all quan tities of polym er.

Some users of these m ateria ls have em pirical specifications 
for m axim um  polym er co n ten t based  on th e  insolubility of 
th e  polym er in  m ethanol or petro leum  nap h th a . If  a  given 
d ilu tion  of th e  sam ple w ith  one of these solvents does no t 
produce a  d is tinc t cloud of p recip ita te , th e  polym er con ten t 
m ay  be assum ed to  be below th e  predeterm ined value. N o 
m ention  has been found in  th e  lite ra tu re , however, of ex
tend ing  th is principle to  give an  accura te  analy tical m ethod.

T o  ob ta in  a  rap id  and  accu ra te  analy tical m ethod for the 
analysis of po lystyrene in  so lu tion  of sty rene and  o ther aro- 
m atics, t h e 1 d ilu tions for m axim um  sensitiv ity  of th e  sam ple 
w ith  m ethanol and  petro leum  n ap h th a  were determ ined. 
I t  was found th a t  tw o p a rts  of absolute m ethanol added to  
one p a r t of sam ple will g ive a  d is tinc t cloud when 0.0005 per

F ig u r e  1



Polarographie Determ ination o f Nitrates 
in  B lood and Urine
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CO L O R IM E T R IC  m ethods have been used successfully 
for th e  determ ination  of sm all am ounts of n itra te  in 

w ater and  food ex tracts , b u t in  th e  au th o rs’ experience the 
application  of these m ethods to  biological m aterials such as 
blood and  urine has n o t been satisfac to ry . W helan’s m ethod
(4 ) was also tried , b u t the  difficulty of preven ting  atm ospheric 
oxidation of th e  reagent, diphenylbenzidine, rendered th is  
procedure unsuitable. T he use of th e  polarograph for th e  
determ ination  of n itra te s  has been repo rted  by  T okuoka (S) 
and  has been recen tly  discussed by  K olthoff and  L ingane (¡2). 
A fter a  su itab le  procedure was developed for th e  rem oval of 
proteins and  in terfering  substances, th is  m ethod  was used for 
blood and  urine filtrates, w ith  only sligh t m odifications.

MICROS RAMS NO,

F i g u r e  1

The apparatus employed is a Leeds & N orthrup Electro- 
Chemograph, equipped with a  Micromax recorder and the drop
ping mercury electrode and electrolysis cell which were supplied 
with the instrum ent. Galvanometer sensitivity ranges of 0 to 
80 and 0 to  8  microamperes are used. The estim ations are made 
graphically by comparing the step height obtained w ith the 
samples to  those obtained by adding known am ounts of n itrate 
to blood and urine filtrates which previously showed no nitra te  
step. The standard charts prepared in this way are shown in 
Figures 1 and 2.

The blood filtrates are prepared by mixing 0.5 ml. of fresh 
blood w ith 3.5 ml. of water, and adding 0.5 ml. of mercuric chlo
ride solution (5 grams per 100 ml.) and 0.5 ml. of sodium carbonate 
solution (1 gram per 100 ml.). After filtering, 2 ml. of the filtrate 
are acidified with 1 ml. of 0.4 N  hydrochloric acid, heated to  boil
ing, cooled, and made alkaline with 1 ml. of 1 N  sodium hydrox
ide. One milliliter of this solution, which is equivalent to  0.05 
ml. of blood, is placed in the electrolysis cell and mixed with 1 
ml. of w ater and 2  ml. of 0.1 N  lanthanum  chloride, and nitrogen 
is bubbled through the solution for 5 minutes. The current set 
up by electrolvzing this solution a t 30° over a range of 1.0 to  1.8 
volts is recorded and the height of the n itra te  step is measured 
from this chart. The method of measurement was th a t employed

by Cholak and Bambaeh (/). The step height in the case of 
urine samples was slightly higher (3 to 5 per cent) for a given 
am ount of nitrate. Separate standard curves were therefore 
used for urine and for blood.

The virine filtrate is prepared by mixing 0.5 ml. of fresh urine 
with 0.5 ml. of mercuric chloride solution (5 grams per 100 ml.) 
and 5.0 ml. of satu rated  barium hydroxide solution, diluting to 
10  ml. w ith water, and filtering. One milliliter of this filtrate is 
used in the electrolysis cell under the conditions described above 
for the final blood filtrate.

The lanthanum  chloride solution is prepared by dissolving 
lanthanum  oxide (obtained by ignition of the acetate) in a  slight 
excess of hydrochloric acid. A large excess of acid is avoided, 
since i t  has to  be neutralized by the filtrate used. The n itrate  
step appears only in neutral or alkaline solutions. The half-wave 
potential of the n itrate step is 1.33 to  1.39 volts in the case of 
blood filtrates, and 1.47 to  1.53 volts in the case of urine filtrates, 
when referred to  the standard  calomel electrode. The difference 
in half-wave potential was probably due to a  difference in sup
porting electrolytes.

W hen th e  higher sensitiv ity  of th e  galvanom eter is used, 
i t  is possible to  determ ine as litt le  as 0.5 m icrogram  of n itra te  
in  1 ml. of th e  electrolysis m ixture, which is equ ivalen t to  40 
m icrogram s of n itra te  per m illiliter of blood. T he fu ll sen
s itiv ity  of the  in s trum en t canno t be em ployed because of th e  
sa lts  and  o ther substances presen t in  th e  filtrates. W ith  
pure solutions of n itra te  it  should be possible to  determ ine as 
litt le  as 0 .1  m icrogram  in 1 m l.

F i g u r e  2

M ethods o ther th a n  those described above for th e  p repara
tion  of th e  blood an d  urine filtra tes were stud ied  before these 
procedures were adop ted . M ost of th e  com m on p ro te in  pré
c ip itan ts were tried , b u t in every  case th e  final so lu tions con
ta ined  residual am ounts of these préc ip itan ts, w hich’ in te r
fered in  th e  electrolysis. U rea  does n o t cause in terference 
b u t uric acid, w hich is p resen t in  hum an  urine, does, unless 
i t  is rem oved.
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T he m ethod  of polarographic determ ination  here reported  
has so fa r been applied only to  rab b it blood and  urine. T he 
appearance and  increased concentration  of n itra te  in both 
fluids a fte r th e  oral o r in travenous ingestion of certa in  ali
phatic  n itro  com pounds were successfully followed w ith th is 
procedure.

R esu lts obtained  will be reported  elsewhere.
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D eterm ination o f Combined Nitrogen in Steel
A Rapid Method

H . F . B E E G H L Y
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A rapid m ethod for determining com
bined nitrogen in  steel utilizes a micro- 
Kjeldahl steam -distillation unit and a 
photoelectric spectrophotometer in con
junction with the well-known Nessler color 
reaction. The m ethod is accurate and can 
be used for m icro-, semimicro-, or macro
samples. The procedure is suitable for

investigational work and has been in use 
for routine determ inations for approxi
m ately one year w ith appreciable economy 
of labor and tim e. It is applicable to all 
steels containing acid- or alkali-soluble 
nitrogen compounds and may be modified 
to accommodate materials containing n i
trogen in a difficultly soluble form.

N IT R O G E N  is believed b y  m any investigators to  
exercise a  considerable influence on th e  physical prop

erties of steel. T he  large num ber of determ inations neces
sary  for control purposes and  to  provide d a ta  for sta tistica l 
studies m ake i t  essential to  have an  analy tica l m ethod which, 
w ithout sacrifice of accuracy, will reduce to  th e  m inim um  
th e  tim e and  labor of a  single nitrogen determ ination .

T he  Allen and  th e  vacuum  fusion m ethods are the m ost com
m only used for determ in ing  n itrogen in  steel. N either is 
sufficiently rap id  to use for contro l purposes nor to care 
adequate ly  for the  large num bers of rou tine determ inations 
m ade necessary b y  presen t-day  q ua lity  requirem ents. T he 
experience of m an y  industria l and  research laboratories has 
indicated th e  value of m icro and  sem im icro analy tical m eth 
ods where rapid  accura te  determ inations are  required. U sing 
a m icro-K jeldahl u n it designed to  utilize steam -distillation 
in rem oving am m onia from  alkaline solution, K linger and 
K och (<5) developed a  m icrom ethod for determ ining the 
nitrogen con ten t of steel surfaces. T he m ethod was sensitive 
and  gave accura te  resu lts b u t, because of the  large volume 
of reagents used, su b stan tia lly  the sam e tim e was required 
for a  single determ ination  as in th e  regular macroprocedure. 
M ost of th e  m icro-K jeldahl un its  available comm ercially are 
no t su itable for determ in ing  th e  nitrogen conten t of a  series 
of sam ples in rap id  sequence.

T he purpose of th is  paper is to  describe a rapid  and ac
curate  m ethod developed in th is labora to ry  for determ ining 
combined n itrogen in carbon steel. T he m ethod utilizes a 
standard  m icro-K jeldahl u n it which is su itable for rapid 
determ inations either singly or in series. T he am m onia in 
the d istilla te  is determ ined  b y  m eans of the color reaction 
introduced by  Nessler. A photoelectric spectrophotom eter 
is used to  m easure the  in tensity  of th e  am m onia-Nessler color 
complex. T he procedure m ay  be applied to  steels for which 
the usual m acrom ethods are  suitable and is also suitable for

sm all quan tities of m ateria l for which m acroprocedures a re  
n o t applicable. M odifications of th e  m ethod a re  necessary 
for pig irons and  alloy steels contain ing nitrogen com pounds 
no t readily  soluble in acid or alkali.

T he chemical reactions for th e  m icroprocedure are  es
sentially  th e  sam e as for th e  m acroprocedure, except th a t  th e



reagents are  used in a m ore concentrated  form. N essler’s 
reagent is used in place of stan d ard  solutions of acid and 
alkali.

Reagents
Hydrochloric acid, one part of acid, specific gravity 1.19, added 

to one p art of ammonia-free water.
Sodium hydroxide, 600 grams dissolved quickly in 1 liter of 

ammonia-free water.
Nessler’s reagent (/). F ifty  grams of potassium iodide are dis

solved in a  minimum volume of cold w ater (approximately 35 
m l.). A saturated solution of mercuric chloride is added slowly 
until the first slight precipitate of red mercuric iodide persists, 
and 400 ml. of a clarified 9 N  solution of alkali (potassium or 
sodium hydroxide) are then added. The solution is diluted to  
1 liter w ith ammonia-free w ater and allowed to clarify; the clear 
supernatant liquid is removed and used. The reagent does not 
deteriorate and can be stored indefinitely.

S tandard ammonium chloride, 3.818 grams dissolved in water 
to  make 1 liter of stock solution. Ten milliliters of this stock 
are diluted to  1 liter to  give a  solution, 1 ml. of which contains 
0 .0 1  mg. of ammonia nitrogen.

All reagents used are of c. p . grade. Siplutions are prepared 
in an ammonia-free atmosphere and stored in carefully stoppered 
Pyrex bottles. W hen rubber stoppers are used they are first 
boiled for 30 minutes in a 10 per cent solution of sodium hydroxide 
and rinsed with ammonia-free water.
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Apparatus
T he micro-Kjeldahl apparatus illustrated in Figure 1 is simple 

in construction and is designed so th a t it  can be attached to a 
single ring stand. I t  is built of Pyrex glass w ith all individual 
parts connected by standard-taper ground-glass joints. The 
steam-generating flask has a capacity of 500 ml. The distilling 
flasks generally used have a  capacity of 50 ml. bu t other sizes are 
available and "may be used when necessary; they are held in 
position during distillation by metal springs. E ither a coiled 
tube or a W est-type condenser is used for cooling the distillate; 
the delivery tip  of the condenser is reduced to  an inner diam eter 
of approximately 0.31 cm. (0.125 inch), so th a t the condensate 
forms a liquid seal a t  th is  point. S tandard low-form 50-ml. 
Nessler tubes are used as receiving flasks.

F i g u r e  2 .  M i c r o - K j e l d a h l  U n i t  a n d  S p e c t r o p h o t o m e t e r

A w ater b a th  is used for dissolving the sample; it  is arranged 
so th a t volatile products liberated from th e  sample during solu
tion can escape. The bath  is used in an ammonia-free atm os
phere.

A Coleman photoelectric spectrophotom eter equipped w ith a 
double monochromator is used for determining the concentration 
of the ammonia in the distillate. A spectral band width of 30 
millimicrons is used. A photograph of the spectrophotom eter is 
shown along with the distillation apparatus in Figure 2 .
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F i g u r e  3 . S p e c t r a l  T r a n s m i t t a n c e  C u r v e s  f o r  A m m o n i a - 
N e s s l e r  C o l o r  C o m p l e x

Procedure
A weighed sample is placed in a  50-ml. distillation flask and 

covered w ith acid, and the flask and its contents are heated in a 
w ater ba th  until the sample dissolves. In general a  500-mg. 
sample is used with 10 ml. of hydrochloric acid as solvent. The 
quantities of sample and solvent m ay be varied, when necessary.

While the sample is dissolving, the steam-generating flask of 
the micro un it is filled with ammonia-free water. H eat is applied 
so th a t the steam  generated passes through a distilling flask and 
into the condenser. Fifty-milliliter portions of the distillate are 
collected and tested  w ith Nessler’s reagent. W hen this test 
shows th a t the apparatus is free from ammonia the generating 
flask is refilled. The tem perature is then m aintained a t slightly 
below the boiling point until a  sample is ready for distillation. 
Then the tem perature is increased sufficiently to cause a steady 
evolution of steam ; an excess of sodium hydroxide (1 0  ml. are 
sufficient for 10 ml. of hydrochloric acid) is added from a buret 
to  a dissolved sample in such a m anner th a t the acid solution 
and the alkali remain in two separate layers. The flask contain
ing the sample and the excess of strong alkali is connected to  the 
micro un it in place of the em pty distilling flask, w ithout inter
rupting the steam  generation. The steam  passing from the 
generator into the distillation flask liberates and carries ammonia 
and steam  into the condenser where the steam  condenses. The 
solution is collected in a clean 50-ml. Nessler tube. The complete 
distillation requires about 5 minutes for a sample. The apparatus 
is then ready for the substitution and distillation of a second 
sample immediately. No delay is necessary for rinsing distilla
tion flasks or transferring the sample to  the apparatus. The 
capacity of the steam generator shown in Figure 2 is sufficient 
to  distill the ammonia from a series of 6  samples w ithout refilling.

The distillates are diluted to  50 ml. w ith ammonia-free w ater 
and 1 ml. of Nessler’s reagent is added to  each; the intensity of 
the resulting color is measured w ith the photoelectric spectro
photometer. The transm ittance readings are then converted to 
per cent nitrogen by means of a standard conversion curve.

Precautions
A b lank  is determ ined  on th e  reagents in  exactly  th e  sam e 

m anner as for th e  steel except for omission of th e  sam ple. 
W ith  carefully p repared reagents th e  b lank  correction is 
usually  negligible; nevertheless th e  determ ination  of a  re 
agen t b lank  should be m ade a daily  practice.

T he com position of th e  reagents should be reproduced 
closely from  batch  to  b a tch . E ach  tim e a  fresh stock  of 
N essler so lu tion  is used th e  calib ration  of th e  in s tru m en t 
should be checked. T he m ost reliable and  convenient m eans 
of checking or establish ing th e  calib ration  curve is to  d ilu te  
know n quan tities of s tan d a rd  am m onium  chloride (or su l
fate) to  a  volum e of 50 m l., nesslerize d irectly , and  determ ine 
th e  tran sm ittan ce  a t  th e  desired w ave length.
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T he efficiency of th e  d istillation  prooedure should be 
checked independently  a t  least once each 8  hours by  running 
a  steel of know n nitrogen conten t. In  th is m anner possible 
errors in  th e  determ ination  are  likely to  be detec ted . Steels 
such as 55-a, 15-c, or 101-a certified b y  th e  N ationa l B ureau 
of S tandards a re  suitable for th is purpose.

A fter add ition  of th e  N essler solution to  the d istilla te  the 
color develops rap id ly  and  th e  in ten sity  rem ains relatively  
constan t for an  hour. A  m inim um  in te rva l of 5 m inutes be
tw een addition  of N essler reagen t and  th e  spectrophotom etric 
reading is adequate . R eadings should usually  be com pleted 
on a  series of sam ples w ith in  30 m inutes a fte r  add ition  of 
Nessler reagen t to  th e  first sam ple.

F i g u r e  4 .  T r a n s m i t t a n c e  o f  A m m o n i a - N e s s i .b r  C o m p l e x  
a t  D i f f e r e n t  W a v e  L e n g t h s

m ean wave leng th  of 410 m illim icrons was chosen for a  m ajo r 
portion  of th e  w ork reported  here because i t  gave a su itab le  
sensitiv ity  over a  fa irly  wide concen tra tion  range.

D ifferent solutions containing th e  sam e qu an tities  of am 
m onium  chloride were nesslerized and  tran sm ittan ce  readings 
tak en  for th ree  d ifferent concentrations. T he  m axim um  
deviations from  th e  m ean  tran sm ittan ce  values was 0.5, 
0.3, and  0.2 per cent, respectively, for concen trations of 0.01, 
0.03, and  0.05 mg. of am m onia n itrogen. These values in 
d icated  th a t  th e  in ten sity  of th e  am m onia N essler complex 
could be reproduced consistently  enough to  p erm it th e  
m ethod to  be used for determ in ing  n itrogen in steel b y  th e  
m icrom ethod.

C urves were constructed  from  th e  d a ta  ob ta ined  by 
m easuring th e  tran sm ittan ce  of solutions prepared by  adding  
1 ml. of N essler’s reagen t d irec tly  to  50 m l. of solutions con
tain ing different know n q u an tities  of am m onium  chloride. 
T he relationship betw een th e  logarithm  of tran sm ittan ce  and  
th e  am m onia concentration  is show n by  th e  curves in  F igure 4, 
which indicate th a t  th e  am m onia-N essler complex conform s 
to  B eer’s law  up  to  a  concen tration  of approx im ate ly  0.1G 
mg. K now n quan tities of am m onium  chloride were placed 
in clean digestion flasks, 1 0  m l. each of hydrochloric acid  and  
alkali were added, and  th e  am m onia was recovered b y  a  5 - 
m inute  distillation. T he  d istilla te  was d ilu ted  to  50 ml., 
1 ml. of N essler’s reagen t added, and  th e  tran sm ittan ce  de
term ined a fte r  th e  color had  developed. T he agreem ent be
tw een th e  results of these experim ents ind icated  th a t  a  5- 
m inute d istillation  was adequa te  for com plete recovery  of 
the am m onia.

A  conversion curve was constructed  for th e  in s tru m en t by 
using suitable quan tities of carefully p repared s tan d ard  am 
m onium  chloride d ilu ted  to  50 m l. w ith  am m onia-free w ater 
and nesslerized directly . Two points were sufficient to  
establish accurately  th e  position and  slope of th e  curve. T he

C onsisten tly  reliable resu lts cannot be obtained unless the 
appara tu s, including all d istilla tion  flasks and  receiving flasks, 
is free from  traces of am m onia. F o r th is reason it is prefer
able to  use a  stock  of clean N essler tubes as receiving flasks 
and  th en  nesslerize th e  d istilla te  in  them  ra th e r th a n  to  collect 
th e  d istilla te  in  a  volum etric  flask and  transfer th e  solution 
to  an o th e r flask. Such an  arrangem ent also effects a  w orth
while saving in  tim e.

T he  size of sam ple m ay  be varied  as desired. In  general, 
i t  is preferable to  choose a  sam ple of such size th a t  it  will 
contain  from  0.02 to  0.12 mg. of am m onia nitrogen. B y 
using a  sam ple of e ither 500 or 250 mg. of steel this nitrogen 
con ten t u sually  will be ob tained. Sam ple solutions and  dis
tilla tes m u s t be p ro tec ted  from  possible contam ination by 
a tm ospheric am m onia. T he  tem pera tu re  of th e  distillate 
should be m ain tained  constan t, as near 25° C. as practicable.

Expérimental
T he spectral tran sm ittan ce  of the  am m onia-Nessler complex 

was determ ined  w ith  th e  Colem an spectrophotom eter, using 
a spectral band  30 m illim icrons wide and  distilled w ater as a 
reference stan d ard . Two typ ica l curves are shown in Figure
3. T he tran sm ittan ce  of th e  am m onia-N essler complex de
creases sharp ly  as th e  wave length  is decreased below 650 
m illim icrons. I t  will be observed th a t  th e  spectral region 
betw een approxim ately  390 and  500 millimicrons is the region 
giving a  m axim um  difference in tran sm ittance  for a  given 
difference in concentration . W avelengths outside this region 
can be used for q u an tita tiv e  w ork only w ith considerable 
sacrifice of sensitiv ity . A  band  30 millim icrons wide w ith a

CONCENTRATION - - M e . OF M ,

F i g u r e  5 . C a l ib r a t io n  C u r v e  f o r  4 1 0  M il l im ic r o n s
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curve show n in F igure 5 was prepared in th is m anner for a 
wave length  of 410 m illim icrons. T he tran sm ittan ce  values 
obtained on steels supplied by  th e  N ational B ureau  of S tan d 
ards are  also show n in F igure 5; th ey  are  th e  averages of th e  
values shown in T ab le  I .  T he n itrogen values are  those 
supplied by  th e  N ational B ureau of S tandards. T he curve 
in F igure 5 indicates th a t  a  su itab le  calibration  curve for 
nitrogen in steel can be established by  d irect nesslerization 
of a pure solution of am m onium  chloride.

T a b l e  I. D e t e r m i n a t i o n  o f  C o m b i n e d  N i t r o g e n  i n  B u r e a u  
o f  S t a n d a r d s  S t e e l s

S ta n d a rd
S am ple

N o . T y p e  of S tee l
W t. of 

S am p le  
Mo.

T ra n s 
m itta n c e  

a t  410  M m N itro g e n  F o u n d  
Mg. %

N itro g e n
Present®

%
55a O pen  h e a r th  

iro n , 0 .0 1 %  C
500 6 4 .5  

6 8 . 0
6 3 .7
6 4 .7
6 6 .5
6 3 .6

0 . 0 2 1
0 .0 1 8
0 . 0 2 1
0 . 0 2 1
0 .0 1 9
0 . 0 2 1

0 .0 0 4 2
0 .0 0 3 6
0 .0 0 4 2
0 .0 0 4 2
0 .0 0 3 8
0 .0 0 4 2

0 .0 0 4

15c B asic  open  
h e a r tn  s tee l, 
0 . 1 %  C

500 6 1 .4  
6 1 .0
6 1 .4  
5 9 .0

0 .0 2 4
0 .0 2 4
0 .0 2 4
0 .0 2 6

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

0 .0 0 5

Sb A cid B essem er 
s te e l,  0 .1 %  C

500 3 4 .7
3 1 .7
3 5 .7  
3 6 .0

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

0 . 0 1 2 0
0 .0 1 3 2
0 .0 1 1 6
0 .0 1 1 6

0 . 0 1 2 0

1 0 b A cid  B essem er 
s te e l,  0 .4 %  C

500 3 4 .6
3 4 .8

0 .0 6 0
0 .0 6 0

0 . 0 1 2 0
0 . 0 1 2 0

0 .0 1 1 4

2 2 A cid B essem er 
s te e l, 0 .6 %  C

500 4 0 .6
4 1 .0
4 2 .5

0 .0 5 0
0 .0 5 0
0 .0 4 7

0 . 0 1 0 0
0 . 0 1 0 0
0 .0 0 9 4

0 .0 0 9 5

23 A cid  B essem er 
s te e l, 0 .8 %  C

500 3 4 .3
3 5 .7

0 .0 6 1
0 .0 5 9

0 . 0 1 2 2
0 .0 1 1 8

0 .0 1 1 6

1 0 1 S ta in le s s  s tee l 
1 S - 8 , 0 .0 6 %  C

250 3 2 .0
2 9 .8
2 8 .9

0 .0 6 5
0 .0 7 0
0 .0 7 2

0 .0 2 6
0 .0 2 8
0 .0 2 9

0 .0 2 8

1 0 1 a S ta in le s s  s tee l 
1 8 -8 , 0 .0 5 %  C

250 1 5 .6  
1 5 .0
1 5 .7

0 . 1 1 1
0 .1 1 3
0 . 1 1 0

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

0 .0 4 4

106 N itr id in g  s tee l 
N itra llo y  G , 
C r-M o -A l, 
0 .3 %  C

500 3 9 .3  
3 9 .5  
3 9 .0
3 9 .3

0 .0 5 2
0 .0 5 2
0 .0 5 3
0 .0 5 2

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

0 .0 0 9

°  C o m p le te  a n a ly se s  of c u r re n t  s ta n d a rd  sam p le s  m a y  b e  o b ta in e d  from  
th e ir  c e rtif ic a te s  of a n a ly s is  p re p a re d  b y  N a tio n a l B u re a u  of S ta n d a rd s .

Accuracy of Method

T o te s t th e  m ethod, the  n itrogen co n ten t w as determ ined 
in m ultip le for a  num ber of steels obtained  from  th e  N ational 
B ureau of S tandards, using th e  procedure outlined here. 
T he n itrogen con ten t of these steels had  been determ ined 
previously e ither b y  th e  solu tion-distillation  procedure using 
th e  acid-alkali ti tra tio n  or b y  th e  vacuum  fusion m ethod . 
B o th  m ethods were used on sam ples 8 b, 101, 101a, and  106. 
T he resu lts shown in  T ab le  I  for th e  m icrom ethod were ob
tained from  a  calibration  curve based on s tan d a rd  am 
m onium  chloride. W ith  th e  exception of sam ple 106 th e  
results a re  in excellent agreem ent w ith  th e  recom m ended 
values certified b y  th e  B ureau  of S tandards. T he  values for 
th is sam ple are  well w ithin th e  range of values determ ined by  
T hom pson and  H am ilton  (6) on th is steel. T he  resu lts in 
T ab le  I  ind icate  th a t  th e  m ethod  is capable of an  accuracy 
and  precision equal to  th a t  of th e  usual m acroprocedure and  
confirm th e  d a ta  of K linger and  K och (5) w hich indicate th a t  
th e  N essler reaction  in  conjunction w ith  steam -distillation  
affords a  precise m eans for determ ining n itrogen in steel. 
T hey  fu rth er indicate th a t  th e  nitrogen co n ten t of steel 
can  be determ ined w ith  a rap id ity  th a t  has n o t been a tta in ed  
heretofore. T he carbon con ten t of th e  steel appears to  be 
w ithou t effect on th e  accuracy of th e  resu lts for p lain  carbon 
steels. In  th is  respect th e  d a ta  in T able  I  do no t su b s tan tia te

th e  conclusions of Tschischewski (7) and  of Jo rd an  and  
Swindells (4) th a t  use of N essler so lu tion  w ith high-carbon 
steels produces low resu lts .

Sam ples 101, 101a, and  106 are  low in carbon b u t contain  
appreciable quan tities of chrom ium , nickel, m olybdenum , 
and alum inum . R esu lts ind icate  th a t  th e  n itrogen  in  these 
steels is determ ined w ith  essentially  th e  sam e accuracy  as in 
p lain carbon steels. H owever, for pig irons or for m ateria ls  
high in  such elem ents as silicon, titan iu m , vanad ium , tu n g 
sten , or colum bium  or for m aterials contain ing  these elem ents 
in  com bination w ith  carbon and  n itrogen, th e  ro u tin e  p ro 
cedure will n o t give accu ra te  resu lts for to ta l n itrogen. I n  th e  
m acroanalysis of such steels special digestion tre a tm e n ts  in 
volving th e  use of hydrofluoric {2), su lfuric (3, 8), perchloric
(S), or phosphoric acids (8 ) have been developed. These, or 
o ther su itab le  p relim inary  trea tm en ts , m ay  be used to  ob ta in  
to ta l n itrogen b y  th e  m icroprocedure w ith  an  appreciable 
saving in tim e and  reagents.

Discussion
A  num ber of advan tages resu lt from  th e  use of steam  

d istilla tion  in  determ ining n itrogen in steel. T he  necessary 
reagents can be used in  concentrated  form . Zinc, ta r ta r ic  
acid, or o th er m aterials are  unnecessary to  p reven t bum ping, 
foam ing, o r m echanical loss regardless of th e  q u a n ti ty  of 
sam ple used. T he stirring  effect of th e  steam  facilita tes 
rem oval of am m onia. D istilla tion  flasks m ay  be ob tained  
in  a  v a rie ty  of sizes fo r th e  m icro-K jeldahl u n it show n in 
F igure 2. C onsequently  a  d is tilla tion  cham ber can be 
selected in a  size com patible w ith  th e  q u a n ti ty  of sam ple used.

T he m icrom ethod has been used b y  th e  w orks labora to ries 
in  th is corporation  for over a  year, du ring  w hich tim e  several 
thousand  determ inations have  been m ade. T he  rou tine  
procedure has been applied m ain ly  to  low -carbon B essem er 
and  open h ea rth  steels b u t  has been applied successfully to  
high-carbon steels and , in  modified form , to  pig irons. T he 
rou tine  m ethod  appears capable of an  accuracy su b s tan tia lly  
th e  sam e as th a t  of th e  usual so lu tion  d is tilla tion  or vacuum  
fusion procedure and  perm its an  appreciable saving in  labo r 
and  reagents. T h e  technique of th e  m ethod  can be m astered  
by  re latively  inexperienced operators. T h e  procedure is 
som ew hat m ore exacting th a n  th a t  for d irec t d is tilla tion  
m ethods, b u t, in general, consisten t resu lts can be ob tained  
w ith  less difficulty.
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Volum etric Determ ination o f Sulfur
in Coal and Coke

S. S . T O M K IN S , C o n s o lid a te d  E d iso n

r - p H E  presen t accepted s tan d ard  m ethod  (1) for th e  deter- 
X  m ination  of su lfur in  coal and  coke specifies its oxida

tion  and  th e  recovery of th e  sulfur com pounds in  th e  form  of 
soluble sulfates, followed by  grav im etric  determ ination  as 
barium  sulfate. T he  conversion of the sulfur com pounds into 
sulfates is accom plished by  com bustion of the  coal in  an  oxy
gen bom b, ignition  w ith  E schka  m ixture, or fusion w ith 
sodium  peroxide. T he  soluble sulfates are  recovered in  the 
bom b w ashings or by  leaching th e  E schka and  peroxide resi
dues. C om plete conversion of th e  sulfur com pounds to  
sulfate is ensured b y  a  fu r th e r w et-oxidation w ith  brom ine 
w ater.

Some fuel laboratories have found th e  gravim etric de ter
m ination  as barium  sulfate  tim e-consum ing and  costly, es
pecially where a  large num ber of coal sam ples are tested  daily, 
and  have stud ied  volum etric  m ethods using in te rna l indica
tors. T he  m ethods receiving m ost consideration employ 
either te trahydroxyquinone (4, 5, 6) or sodium  rhodizonate (4) 
as indicator.

T he  A m erican Society for T esting  M ateria ls C om m ittee 
D 5 on Coal an d  Coke has sponsored during th e  p a s t year, 
th rough  its  Subcom m ittee I  on M ethods of Testing, a  co
operative s tu d y  of th e  com parative accuracy and  reproduci
b ility  of th e  s tan d a rd  m ethod  of su lfur determ ination  and  of 
volum etric m ethods using te trahydroxyquinone and  sodium 
rhodizonate as indicators. Sam ples of four coals ranging in 
sulfur co n ten t from  approxim ately  0.6 to  3.3 per cen t were 
collected from  large com m ercial deliveries, air-dried, reduced, 
and  ground to  pass th rough  a  250-micron (No. 60) sieve in  ac
cordance w ith  th e  s tan d ard  A. S. T . M . m ethods (1 ,3). R epre
sen tative portions of each coal w ere d is tribu ted  am ong th e  
following eigh t laboratories cooperating in th e  s tu d y :

Commercial Testing and Engineering Company, Chicago, 111. 
Consolidated Edison Company of New York, Inc., New York,

N. Y.
Fuel Engineering Company of New York, New York, N. Y. 
S ta te  of Illinois, S ta te  Geological Survey Division, Urbana, 111. 
The Koppers Coal Company, Pittsburgh, Penna.
The Textor Laboratories, Cleveland, Ohio
United States D epartm ent of Interior, Bureau of Mines Central

Experim ent Station, P ittsburgh, Penna.
W estern Electric Company, Kearny, N. J.

Experim ental
The coal samples were oxidized in an oxygen bomb or by the 

Eschka method. Separate portions of each sample were used for 
each determination.

Gravimetric determ inations (1) were made on the bomb wash
ings by seven of the cooperating laboratories and on the leach- 
ings from the Eschka mixture by all eight laboratories. Volu
metric determinations using tetrahydroxyquinone as internal 
indicator were made by the seven laboratories, and six of the 
laboratories used sodium rhodizonate as indicator.

A total of 380 individual determinations was made.
The procedures employed in the volumetric methods were as 

follows:
T e t r a h y d r o x y q u i n o n e  a s  I n d i c a t o r .  Reagents. Sodium 

carbonate solution, 18.3 grams per liter. M ethyl orange indi
cator, 0.1 per cent aqueous solution. Bromine water, saturated 
solution. Phenolphthalein indicator, 0.5 per cent solution in 
50 per cent by volume neutral isopropyl alcohol. Approxi
mately 0.02 N  sodium hydroxide solution. Approximately 
0.02 N  hydrochloric acid solution. Hydrochloric acid solution, 
50 per cent by volume concentrated hydrochloric acid, 50 per 
cent by volume water. Isopropyl alcohol, 99 per cent, etnyl 
alcohol, 95 per cent, or denatured alcohol, formulas 30 or 3A.

C o m p a n y  o f  N ew  Y o rk , I n c . ,  N ew  Y o rk , N . Y .

Tetrahydroxyquinone indicator. Barium chloride solution 
gravimetrically standardized, 1 ml. equivalent to  0.0005 gram of 
sulfur.

Procedure. Bomb-Washing M ethod. Weigh approxi
mately 1 gram of the coal or coke sample into the capsule in 
which it  is to  be burned. Samples which are likely to  be blown 
out of the capsule should be briquetted. Place the capsule in 
the bomb and proceed as outlined in Section 21 (1) finally col
lecting the bomb washings in a 250-ml. beaker. T itra te  the 
bomb washings with the sodium carbonate solution using m ethyl 
orange indicator. H eat the solution and filter. Proceed as 
indicated below under Eschka method.

Eschka Method. Proceed as outlined in Sections 17 to 20, 
inclusive (1). finally collecting the Eschka leachings of about 250 
ml. in a beaker.

Make the bomb washings or Eschka leachings slightly acid with 
1 to 1 hydrochloric acid and add 2 ml. of bromine water. Evapo
rate  to about 75 ml. or less and cool to  below 35° C. Add 2 or 3 
drops of phenolphthalein indicator and then add carefully ap
proximately 0 .0 2  N  sodium hydroxide until solution is faintly 
pink. Transfer the solution to  a 100-ml. volumetric flask and 
dilute to  100 ml. with distilled water. P ipet a  25-ml. aliquot 
into a 125-ml. Erlenm eyer flask and neutralize by adding care
fully approximately 0 .0 2  N  hydrochloric acid until the  pink color 
ju s t disappears. Add 25 ml. of isopropyl alcohol and about 0.4 to 
0.5 gram of tetrahydroxyquinone indicator. Swirl the flask 
until the indicator is dissolved and titra te  slowly w ith standard  
barium chloride solution, continually swirling the flask until a  
perm anent rose color is im parted to  the mixture.

Calculation. The barium chloride solution gives a blank 
titra tion  of 0.1 ml. and this value should be deducted. The 
per cent of sulfur in the sample equals (ml. of barium  chloride 
chloride solution — 0 .1) X 0 .2 . When the Eschka method is 
used, a further correction m ust be applied either by running a 
blank or preferably by determining a  known am ount of sulfate 
added to  a  solution of the reagents after these have been pu t 
through the prescribed series of operations (1, Section 20 ,/) .

Notes. The titration  is best accomplished over a white sur
face. A sharper end point may be obtained by adding about
1 .0  ml. of a  1 per cent silver n itrate  solution to  the titra tion  mix
ture after about 2 .0  ml. of the standard barium chloride solu
tion has been added, and then continuing the titra tion  w ith the 
barium chloride to  the rose colored end point. The m ost dis
tinct end points are obtained w ith titrations requiring up to  
about 15 ml. and the concentration of the barium chloride has 
been so selected as to  give satisfactory results up to 3 per cent 
sulfur by weight. If  the sulfur content of the sample should 
exceed 3 per cen t by weight, it  would be desirable either to  
select a smaller aliquot such as 10  ml. or to  use a  stronger barium 
chloride solution (1 ml. equivalent to  0 .0 0 1  gram  of sulfur).

S o d iu m  R h o d i z o n a t e  a s  I n d i c a t o r .  Reagents. Approxi
mately 0.02 N  sodium hydroxide. Phenolphthalein indicator, 
0.5 per cent solution in 50 per cent by volume neutral isopropyl 
alcohol. Barium chloride solution, either 0.1 ¿V or 1 ml. equiva
lent to 0.001 gram of sulfur, gravimetrically standardized. Am
monium sulfate solution, either 0 .1  iV or 1 ml. equivalent to 
standardized barium chloride solution. Sodium rhodizonate 
indicator, prepared by grinding together in a m ortar 1 p a rt by 
weight of sodium rhodizonate to 400 parts by weight ammonium 
chloride until thoroughly mixed. Isopropyl alcohol, 99 per 
cent, ethyl alcohol, 95 per cent, or denatured alcohol, formulas 
30 or 3A. Hydrochloric acid solution, 50 per cent by volume 
concentrated hydrochloric acid, 50 per cent by volume water.

Procedure. Bomb-Washing and Eschka Methods. Proceed 
as outlined under Tetrahydroxyquinone Method.

Make the bomb washings or Eschka leachings slightly acid with 
1 to  1 hydrochloric acid and add 2  ml. of bromine water. Evapo
rate to  about 35-ml. volume and add 2 or 3 drops of phenolphthal
ein indicator. Add carefully approximately 0.02 N  sodium hy
droxide until solution is faintly pmk. Add a volume of isopropyl 
alcohol equivalent to the volume of the solution. Add a meas
ured am ount of the standard barium chloride solution sufficient 
to precipitate the sulfate plus an excess of 3 to  5 ml. This excess 
can be estim ated readily w ith a  little experience. After allowing 
a minute or two for completion of the reaction, add 0 .2  gram of the 
sodium rhodizonate indicator and thoroughly mix by swirling.
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T a b l e  I I I .  S u m m a r y

-M a x im u m  D ifferences b e tw e en  O v e r-a ll A v e ra g e s -

C oal

O ver-a ll 
A verage  
S u lfu r, 

%  b y  W t.

a n d  A verages  R e p o rte d  b y  E a c h  L a b o ra to ry  
A. S. T .  M .

G ra v im e tr ic  M e th o d s  S o d iu m  
B o m b  w ash in g  E s c h k a  T . H . Q. rh o d iz o n a te

A 1 .2 3 0 .0 7  0 .1 4 0 .0 5 0 .0 4
R 1 .64 0 . 1 0  0 .0 8 0 .0 8 0 . 1 0
O 0 .6 9 0 .0 5  0 .0 4 0 . 1 0 0 .0 5
D 3 .1 8 0 .0 8  0 .1 9 0 . 1 0 0 .1 4

P e rm iss ib le  A . S. T .  M .
D ifference  b e tw e en  

D iffe ren t L a b o ra to r ie s

0.10
0.10
0 .10
0.20

m ine th e  fraction  of the  to ta l num ber of tes ts  
falling w ith in  certain  lim its—nam ely, 68.3 per 
cen t of all determ inations should fall w ith in  th e  
band, m ean =±= a. T he  larger th e  value of th e  
s tan d ard  deviation , th e  g rea ter th e  spread  ab o u t 
th e  m ean value. T h e  probable error, r, b y  defi
nition  is th e  value of th e  lim it from  th e  average

T a b l e  I V .  S u m m a r y

C oal

A
B
C
D

-A . S. T . M . G ra v im e tr ic  M e th o d s -
B o m b  W ash in g

N o . of lab s. 
M ax . exceed ing
diff. A. S. T . M .

b e tw e en  perm issib le
d e tn s . d iffe rence

0 .10
0.10
0 .0 5
0 .12

M ax.
diff.

b e tw e en
d e tn s .

- E s c h k a -

0 .0 9
0 .0 S
0 .0 5
0 .0 9

N o . of lab s, 
exceed ing  

A. S. T . M . 
perm issib le  
d iffe rence

3
1
0
0

M ax .
diff.

b e tw e en
d e tn s .
0 .0 7
0 .0 9
0 .0 8
0 .0 8

- T .  H . <
-V o lu m e tr ic  M e th o d s  -

N o . of lab s, 
exceed ing  

A. S. T . M . 
perm issib le  
d iffe rence

3
3
2
0

S o d iu m  R h o d iz o n a te
N o . of lab s. 

M ax . exceed ing
diff. A. S. T . M .

b e tw e en  p erm issib le
d e tn s . d iffe rence

0 .1 6
0 .1 4
0.10
0 .1 3

P erm iss ib le  
A. S. T . M . 
D ifference 
be tw een  

D e te rm in a t io n s  
b y  S am e 

L a b o ra to ry

0 .0 5
0 .0 5
0 .0 5
0.10

A t this point the solution should have acquired a  distinct red 
color, indicating an  excess of barium chloride. If  the color is 
not red, add more of the standard  barium  chloride solution and 
another portion of the indicator. I t  is im portant th a t the indi
cator be added after the reaction is complete and th a t an excess of 
barium chloride be present.

T itra te  the excess barium chloride w ith standard ammonium 
sulfate solution, adding about one drop per second with con
s tan t swirling until there is a slight fading of the original red to  a 
light pink. Continue the titra tion  a t  a  rate of 5 to 7 drops per 
m inute until one drop produces a light orange tin t. Allow to 
stand a minute or two. A change to  a pronounced canary 
yellow indicates the end point; if this does not occur, one more 
drop is usually sufficient. D irect titra tion  to  the yellow color 
invariably means an overrun end point introducing a significant 
error.

Calculation. Ml. of BaCh solution — ml. (NH<)sSOi solution X 
factor in grams of S p e r  ml. X 100 =  %  by wt. of S.

W hen using the Eschka method, the additional correction pre
viously referred to  m ust be applied.

Discussion of Results
T he results obtained  are  presented  in  T ables I and  I I .
T he  m axim um  differences betw een th e  over-all average 

sulfur con ten t of each coal an d  th e  averages reported  b y  each 
labora to ry  for each m ethod are  sum m arized in  T ab le  I I I .

T hese d a ta  show th a t  th e  average resu lts reported  by  all th e  
laboratories for all th e  m ethods a re  well w ith in  th e  perm is
sible A. S. T . M . differences for different laboratories estab 
lished for th e  present gravim etric  m ethods, w ith  th e  single 
exception in th e  case of th e  E schka  determ ination  for Coal A. 
T his ra th e r large difference w as caused b y  one labora to ry  
obtain ing  abnorm ally  high results on th is coal b y  th e  E schka 
gravim etric m ethod  as com pared w ith  th e  results of th e  o ther 
laboratories, and  hence is n o t considered significant. E lim i
nating  th e  average of th is laboratory , th e  m axim um  differ
ence w ould be reduced from  0.14 to  0.07.

T he m axim um  differences "between individual de term ina
tions reported  b y  an y  labo ra to ry  for each coal an d  m ethod, 
and  th e  num ber of laboratories reporting  m axim um  differ
ences betw een individual determ inations w hich exceed th e  
perm issible A. S. T . M . differences for th e  sam e laboratory , are 
sum m arized in  T able  IV.

T able  V  sum m arizes th e  average su lfur contents b y  th e  
several laboratories and  presents th e  s tan d a rd  deviation  and  
probable error. T he stan d ard  deviation  has been calculated 
in  accordance w ith  th e  A. S. T . M . m ethod  {2) and  measures 
th e  spread or dispersion of th e  individual determ inations 
ab o u t th e  m ean value. T he stan d ard  deviation , <r, is th e  
square roo t of th e  average of th e  squares of th e  individual 
result« from  their arithm etical average. I t  is used to  deter-

w ith in  w hich 50 per cen t of th e  resu lts w ill fall an d  is ind i
ca ted  to  be 0.6745 X er. Since th e  average s tan d a rd  devia
tions are  re latively  of th e  sam e order of m agnitude, th e  
average su lfur con ten ts as determ ined  b y  an y  of these 
m ethods will check each o th er closely, an d  will be w ith in  
th e  presen t A. S; T . M . perm issible differences betw een 
determ inations. Also th e  varia tion  of successive de te r
m inations ab o u t th e  m ean  value will be ab o u t th e  sam e for 
each of th e  m ethods.

On th e  basis of th e  results reported  herew ith, i t  is concluded 
th a t th e  volum etric m ethods using either te trahyd roxyqu i- 
none or sodium  rhodizonate as indicators will yield resu lts 
of th e  sam e degree of reproducib ility  and  accuracy  as th e  
presen t s tan d a rd  grav im etric  m ethod .

C om m ents received from  th e  several cooperating labo ra
tories did n o t ind icate  an y  serious difficulties in carry ing

T a b l e  V .  C o m p a r i s o n  o f  R e s u l t s , S t a n d a r d  D e v i a t io n ' s , 
A iiD  P r o b a b l e  E r r o r s  b y  V a r i o u s  M e t h o d s

a .  s. T . M .
G ra v im e tr ic  / V o lu m e tric  «.

M e th o d

B o m b
w ash 
ings E s c h k a T . I I .  Q .

S od ium  
rh o d i-  

' z o n a te A v erage

C o a l A
N o . o f te s ts  
A v erage  Bulfur con 

te n t ,  %  b y  w t. 
S ta n d a rd  d e v ia tio n , a 
P ro b a b le  e rro r , r

2 2

1 . 2 1
0 .0 4 5
0 .0 3 0

26

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

2 2

1 .2 3
0 .0 3 8
0 .0 2 6

26

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

96

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

C o a l B
N o . o f te s ts  
A v erag e  s u lfu r  con 

te n t ,  %  b y  w t. 
S ta n d a rd  d e v ia tio n , <r 
P ro b a b le  e r ro r , r

2 2

1 .6 2
0 .0 4 5
0 .0 3 0

27

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

2 2

1 .6 3
0 .0 6 1
0 .0 4 1

23

1 .6 3
0 .0 6 1
0 .0 4 1

94

1 .6 4
0 .0 5 4
0 .0 3 6

C o a l C
N o . o f te s ts  
A v e rag e  s u lfu r  con 

te n t ,  %  b y  w t. 
S ta n d a rd  d e v ia tio n , <r 
P ro b a b le  e r ro r , r

2 2

0 .6 9
0 .0 3 0
0 . 0 2 0

27

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

24

0 .7 0
0 .0 4 4
0 .0 3 0

2 2

0 .6 9
0 .0 6 1
0 .0 4 1

95

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

C oa l D  
N o . of te s ts  
A v erage  s u lfu r  con 

te n t ,  %  b y  w t. 
S ta n d a rd  d e v ia tio n , a 
P ro b a b le  e r ro r , r

2 1

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

27

3 .2 5
0 .0 2 5
0 .0 1 7

2 2

3 .1 6
0 .0 3 6
0 .0 2 5

25

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

95

3 .1 8
0 .0 5 3
0 .0 3 6

C o als  A , B , a n d  C  
A v erag e  s ta n d a r d  de

v ia tio n , <r 
A v erage  p ro b a b le  e r

ro r , r

0 .0 4 0

0 .0 2 7

0 .0 4 6

0 .0 3 1

0 .0 4 S

0 .0 3 2

0 .0 5 5

0 .0 3 7

0 .0 4 7

0 .0 3 2
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ou t th e  procedures, even though  analysts unfam iliar w ith  
these volum etric m ethods w ere em ployed. T he principal 
difficulty in  applying th e  m ethods seem s to  have been in  
determ ining th e  sodium  rhodizonate end point. However, 
tw o laboratories ap p aren tly  solved th is problem  by  doubling 
the  am oun t of indicator.

T he  principal m erit of th e  volum etric m ethods is th e  saving 
in  tim e an d  cost in  laboratories tes ting  a  considerable num ber 
of sam ples each day. L aboratories determ ining calorific 
value can use th e  oxygen bom b calorim eter and  a  volum etric 
de term ination  of th e  sulfur in  th e  bom b washings to  con
siderable advan tage. T he saving in  tim e b y  use of th e  volu
m etric  m ethods instead  of th e  presen t s tan d a rd  gravim etric 
m ethod  is n o t appreciable in  laboratories m aking an  occa
sional determ ination .

As a  resu lt of this study , th e  subcom m ittee is recom m end
ing th e  te trahydroxyquinone and  sodium  rhodizonate m ethods 
for adop tion  as A. S. T . M . te n ta tiv e  standards as alternatives 
to  th e  p resen t s tan d ard  grav im etric  m ethod.

Determ ination o f Copper Reduced by Sugars
Use o f Ceric Sulfate as a Volumetric Reagent

A L B E R T  H . B E S T , A . H A R D IN G  P E T E R S O N , A N D  H A R O L D  M .  S E L L  
D iv is io n  o f  F r u i t  a n d  V e g e ta b le  C ro p s  a n d  D ise a se s , B u r e a u  o f  P l a n t  I n d u s t r y ,

U . S . D e p a r tm e n t  o f  A g r ic u ltu re ,  G a in e sv ille , F la .

te rm ination  of reducing sugars, b u t none involves th e  deter
m ination of cuprous oxide th rough  th e  reduction  of ferric 
am m onium  sulfate  w ith  subsequent titra tio n  of th e  ferrous 
ion w ith  ceric sulfate. T he  volum etric perm anganate  
m ethod  (1) is reliable and  has been em ployed in  th e  de te r
m ination  of reducing sugar in  p la n t tissue. H ow ever, th e  
au thors have fo u n d ,th a t ceric sulfate  can be su b s titu ted  for 
potassium  perm anganate  in  th is m ethod  w ith  th e  following 
advantages: I t  gives a  sharper end p o in t w ith  o -phenanthro- 
line ferrous complex ind ica to r (11); th e  solu tion  of th is  sa lt 
is exceedingly stab le  (2); th e  reduced form  (cerous ion) is 
colorless, offering no interference w ith  ind icators; and  there  
is only one change in valence, CeIV to  Ce111, and  hence no in
term ediate  products are possible.

Experim ental

T he m ethods of p repara tion  of tung  tissue and  th e  an a ly ti
cal procedure used for th e  p recip ita tion  of cuprous oxide are  
sim ilar to  those of th e  Association of Official A gricultural 
C hem ists (1) w ith  th e  exception of a few changes to  fac ilita te  
certain  operations.

In  the clarification of the aqueous sugar solution, which is ob
tained from the alcoholic extract of tung tissue, the fiocculent 
precipitate formed by the addition of saturated lead acetate is 
removed by centrifugation rather th an  by the tedious process of 
filtration. The cuprous oxide is precipitated as directed in the 
Munson-Walker procedure (1, 5), except th a t an electric heater 
is substituted for a Bunsen burner.

The cuprous oxide is dissolved in ferric ammonium sulfate as 
in the volumetric perm anganate method (1), w ith the exception 
th a t 50 ml. of hot ferric ammonium sulfate are used instead of 10 
ml. of cold solution. G reat care m ust be exercised to  ensure 
complete solution (4) ; otherwise erratic results will be obtained. 
The solution is made to a  final volume of approximately 150 mL 
and then titra ted  a t once a t  a tem perature between 50° and 60° C. 
with 0.05 N  ceric sulfate (7). One drop of o-phenanthroline 
ferrous complex indicator is added a t the beginning of the titra 
tion and another near the end point. The color change is from

IN  P H Y SIO L O G IC A L  studies on th e  tu n g  tree  a  reliable 
m ethod  w as desired for th e  determ ination  of reducing 

sugars in  various tissues. Several m ethods (8, 8, 10) are re
ported  in  th e  lite ra tu re  on th e  use of ceric su lfate in  the  de-

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

(E x p ressed  in  m illig ram s of dex trose )

M u n so n - V o lu m e tric S haffer-
W a lk e r P e rm a n g a n a te H a r tm a n

50 M l. of D extrose®

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

A v. 4 9 .6 4 9 .6 4 9 .9
50 M l. of D ilu te d  E x t r a c t  of T u n g  L eaves

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

A v . 4 9 .7 5 0 .3 5 0 .5

V o lum etric
C eric

S u lfa te

4 9 .6
4 9 .8
4 9 .6
4 9 .9
5 0 .0
4 9 .7
4 9 .9
5 0 .0
5 0 .0  
4 9 .6
4 9 .8

5 0 .4
5 0 .7
5 0 .4
5 0 .5
5 0 .7
5 0 .3
5 0 .4
5 0 .3
5 0 .7
5 0 .3
5 0 .5

25  M l. of D e x tro se  a n d  25 M l. of D ilu te d  E x t r a c t  of T u n g  L eaves
4 9 .7  
4 9 .9
4 9 .8
4 9 .9
4 9 .6
4 9 .4
4 9 .4
4 9 .4
4 9 .4
4 9 .9
4 9 .6

°  D e x tro se  so lu tio n  co n ta in e d  1  m g. of d ex tro se  p e r  m l.

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

A v. 4 9 .3 4 9 .4 5 0 .3
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orange to a light green. Solutions having a  high tem perature 
cause the indicator to  fade (9).

Results
T he volum etric eerie sulfate  m ethod  com pared w ith  the 

volum etric perm anganate  (1), M unson-W alker (1, 5), and  
Shaffer-H artm an (6) m ethods gave essentially  th e  sam e re
su lts  on a  know n dextrose solution, an  aqueous ex trac t of tung  
leaves, and  a  m ix ture  of th e  ex trac t and  a  know n dextrose 
solu tion  (T able I) . I t  is ev iden t th a t  eerie su lfate  can  be 
used successfully in  th is  procedure.
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Content o f Z-Pimaric Acid in P ine Oleoresin
Improved Methods for Its Determ ination

E L M E R  E . F L E C K  a n d  S A M U E L  P A L K IN  
B u r e a u  o f  A g r ic u l tu r a l  C h e m is t r y  a n d  E n g in e e r in g ,  U n i te d  S ta te s  D e p a r tm e n t  o f  A g r ic u l tu r e ,  W a s h in g to n ,  D . C.

TH E  Z-pimaric acid co n ten t of pine oleoresin has been a  
m a tte r  of considerable speculation for a  long tim e.

D upont U) advanced a  theoretical basis for predicting the 
am ount of individual resin acids present in pine oleoresin. He 
estim ated the amounts of these acids present by observation of 
the optical rotation of mixtures (2) and by isomerization of the 
Z-pimaric acid present with mineral acid (S). This type of 
analysis was further developed by Sanderm ann (6) for Z-pimaric 
acid present in oleoresin by chance in optical rotation when this 
acid of [a]D —2 8 0 °  is isomerized w ith mineral acid to  Z-abietic 
acid [<*]d — 1 0 4 ° . The method is subject to  the objection th a t, 
in addition to  Z-pimaric acid, o ther unidentified acidic con
stituen ts are also isomerized, under the condition of th is deter
mination, to  Z-abietic acid.

The recent discovery th a t  Z-pimaric acid readily forms a  Diels- 
Alder addition compound in th e  cold w ith maleic anhydride 
(I, 7) has provided a  new basis for analytical determ inations of 
Z-pimaric acid and possibly other conjugated double bond acids 
th a t might be present. The mild conditions of this reaction and 
the technique for quan tita tive removal of the addition product, 
w ithout altering the other unstable acids present in the complex, 
make possible a new approach to  the problem of the “ sapinic 
acids” . Sanderm ann (5) used this reaction w ith maleic an
hydride to  replace the isomerization of Z-pimaric acid w ith mineral 
acid. The change in optical rotation was observed and used as 
a basis for calculating the am ount of Z-pimaric acid present.

Another method developed by Sanderm ann (6, 6) also made 
use of the addition product of maleic anhydride with Z-pimaric 
acid, bu t depended upon acidimetric titra tion  and no t rotation 
measurements. In  th is method a known weight of resin acids 
was reacted with an excess of maleic anhydride, the excess maleic 
anhydride was then extracted, and the resin acids plus the Z- 
pimaric acid addition product was titra ted  w ith alkali. The per 
cent of Z-pimaric acid present was calculated from the increased 
alkali needed to neutralize the reaction product over th a t needed 
for the original acids.

In  th e  p resent w ork this m aleic anhydride  procedure was 
modified so th a t  a  know n am oun t of m aleic anhydride w as 
added to  a  know n am oun t of resin acid m ix ture  in  n -pen tane  
solution. A fter reaction  had  taken  place th e  excess m aleic 
anhydride  w as ex trac ted  qu an tita tiv e ly  and  th e  aqueous 
ex tra c t ti tra te d  w ith  alkali. Since th e  add ition  com pound 
of Z-pimaric acid is n o t soluble in  w ater, this m akes possible 
the  determ ination  of th e  am oun t of m aleic anhydride  reacted  
an d  from  th a t  the per cen t of Z-pimaric acid  can be calculated.

W hile no reaction  betw een m aleic anhydride and  gum  tu r
pen tine  constituen ts is to  be expected a t  room  tem peratures,

nevertheless to  elim inate the  possibility  of abnorm al be
hav ior b lank - determ inations w ith  tu rp en tin e  were m ade. 
T hese showed th a t  th e  reaction  of m aleic anhydride  w ith  tu r
pen tine a t  a  tem pera tu re  a round  20° C. for a  period of 4 
hours w as sm aller th a n  th e  lim its of experim ental error. 
T h is m akes possible th e  determ ination  of Z-pimaric acid pres
e n t in  pine oleoresin w ith o u t th e  necessity  of first ex tracting  
th e  acidic po rtion  of th e  oleoresin from  th e  tu rpen tine .

In  th is  m ethod  an y  unknow n com pound, p resen t in  the 
oleoresin, th a t  reac ts w ith  m aleic anhydride  a t  room  tem 
p era tu re  will give too high a  value fo r th e  Z-pimaric acid con
te n t of oleoresin.

A new m ethod  for th e  dete rm ina tion  of Z-pimaric acid 
m akes use of th e  insolubility  of th e  Z-pimaric acid  add ition  
p roduc t of m aleic anhydride  in  n-pen tane . A t 20° C . th e  
so lubility  of th is  add ition  p roduc t w as found to  be 0.03 gram  
in 1 0 0  cc. of n -pentane.

For analysis the pine oleoresin was dissolved in n-pentane and 
filtered free from dirt, chips, and water. T he concentration of 
the acidic constituents was determined by titra tion  w ith alkali 
and then a known volume of n-pentane solution was reacted with 
an excess of maleic anhydride in acetone solution. The addition 
product crystallized from solution and was filtered off, washed, 
dried, and weighed. This addition product wras found to  be of 
high purity. All samples melted above 220° C. The purified 
m aterial melts a t 226-229° C. (7).

T he  com pleteness of th e  rem oval of th is  add ition  com
pound from  n-pen tane  solution is illu s tra ted  b y  th e  reaction  
of pu re  Z-pimaric acid  w ith  m aleic anhydride. T hus, of a  
3-gram  sam ple of Z-pimaric acid, less th a n  0.05 g ram  of non- 
crystalline m ateria l w as rem oved from  th e  m other liquor 
a fte r  th e  add ition  com pound had  been rem oved by  filtra tion .

T he  q u an tita tiv e  n a tu re  of th is reaction  a t  room  tem 
p era tu re  w as n o t d is tu rbed  by  th e  presence of o ther non
reacting  resin acids an d  tu rpen tine . T h is  w as show n b y  
add ition  of pu re  Z-pimaric acid to  an  n -pen tane  solu tion  of 
oleoresin to  increase th e  Z-pimaric acid  co n ten t from  32.7 
to  35.9 per cent. Z-Pimaric acid  found  in  th e  fortified oleo
resin w as 36.2 per cent.

T he  solub ility  of th e  add ition  p ro d u c t is increased som ew hat 
by  th e  sm all am o u n t of acetone added  an d  also by  th e  resin 
acids of unknow n id en tity  th a t  a re  p resen t in  th e  oleoresin.
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T hese factors w ould produce too low a value for Z-pimaric 
acid of pine oleoresin.

T hese tw o m ethods for th e  analysis of pine oleoresin were 
applied to  a  series of longleaf oleoresin sam ples collected 
during th e  season of 1940 near O lustee, F la . T he sam ples 
were sto red  a t  —5° C. and  all determ inations were m ade a t  
th e  end of th e  tu rpen tin ing  season.

These resu lts (T able I) a re  in  fair agreem ent w ith  those 
reported  b y  Sanderm ann (5) an d  show th a t  Z-pimaric acid 
does n o t accoun t for th e  m ajo r portion  of th e  p rim ary  acids 
p resen t in  p ine oleoresin. T he  straight-line decrease of 
Z-pimaric acid  co n ten t of longleaf oleoresin w ith  th e  season 
indicates th a t  th e  controlling fac to r in  the  decrease of Z- 
p im aric acid  is th e  leng th  of th e  face on th e  tree over which 
th e  oleoresin flows, exposed to  th e  air, to  reach th e  cup. 
E v id en tly  Z-pimaric acid is n o t appreciably  isomerized by 
rise in  tem pera tu re  during th e  h o t p a r t of the season, as is 
ind icated  by  Sanderm ann (6). I f  tem pera tu re  were a  govern
ing factor, th e  Z-pimaric acid  con ten t of oleoresin should reach 
a  m inim um  a t  m idsum m er and  rise again w ith  th e  cooler 
w eather of fall.

T a b l e  I. Z - P im a r i c  A c i d  P r e s e n t  i n  R e s i n  A c i d  F r a c t i o n  o f  
P i n e  O l e o r e s i n

M o n th , 1940 

A p ril

J u n e

ference between the am ount of maleic anhydride originally added 
and th a t accounted for in the aqueous extracts represents the 
am ount of maleic anhydride reacted with Z-pimaric acid.

The per cent of Z-pimaric acid present in the acidic portion of 
the pine oleoresin was calculated by  the formula:

A u g u st

N o v em b e r

Z-Pim ario A cid
V o lu m e tric G rav im e tr ic
m e th o d , % m e th o d , %

3 8 .4 3 6 .0
3 8 .7

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

3 5 .4 3 2 .4
3 5 .1 3 1 .7

3 3 .2 3 1 .3
3 3 .7 , 3 0 .5

Q uantitative Reaction of i-Pim aric Acid 
w ith M aleic Anhydride

A solution of 3.00 grams of Z-pimaric acid, [a ]3D° —274° (2 per 
cent absolute alcohol), in 150 cc. of n-pentane was stirred while 
a solution of 1.3 grams of maleic anhydride in 10 cc. of absolute 
ether was added. Stirring was continued for 2 hours, during 
which tim e the addition compound crystallized from solution. 
I t  was removed by filtration and the filtrate was extracted with 
water until the aqueous extracts reacted neutral to  Congo red. 
The n-pentane was then distilled and the noncrystalline residue 
weighed less than  0.05 gram.

Description of Methods
Approximately 100 grams of well-mixed pine gum were dis

solved in 2 0 0  cc. of n-pentane, and the mixture was filtered 
through a fluted filter paper jn to  a  glass-stoppered flask. This 
filtration removed dirt, chips, and w ater found in the pine oleo- 
resin. .

To determine the to tal resin acid content of this solution 10 
cc. were pipetted into 25 cc. of an alcohol-benzene mixture 
(500 cc. of alcohol, 500 cc. of benzene, and 0 .2  gram of phenol- 
phthalein). This solution was then  titra ted  with 0.5 N  alcoholic 
potassium hydroxide.

V o l u m e t r i c  D e t e r m i n a t i o n  o p  Z - P im a r i c  A c i d .  Twenty- 
five cubic centimeters of the above standardized n-pentane 
solution of pine oleoresin were placed in an iodine flask, and to it 
were added 2 0  cc. of standardized 10  per cent maleic anhydride 
in acetone solution. The flask was shaken and then allowed to  
stand a t 20° C. for 4 hours.

A t the end of this time the contents of the flask were trans
ferred into a  separatory funnel w ith the aid of 50 cc. of benzene. 
The maleic anhydride w a s  then extracted as maleic acid with 
three 100-cc. portions of w'ater. These aqueous extracts were 
united in a second separatory funnel and then extracted with 
25 cc. of benzene. The aqueous layer was draw nofi ® to the 
titration  beaker and the benzene extract was washed by shaking 
with 15 cc. of additional water. This wash was also added to the 
titration  beaker. The am ount of maleic acid in the aqueous 
extracts was determined by titra tion  with aqueous 0.5 A sodium 
hydroxide, using phenolphthalein as an indicator. The dif

%  Z-pimaric acid = a X 3.082 X 100

%  Z-pimaric acid

where a equals the weight in grams of maleic anhydride reacted 
with Z-pimaric acid, and 6  equals the weight in grams of resin 
acids present in the 25 cc. of n-pentane solution used.

G r a v i m e t r i c  D e t e r m i n a t i o n  o p  Z - P i m a r i c  A c i d .  Two 
hundred cubic centimeters of the standardized n-pentane solution 
of pine oleoresin were placed in a three-necked distilling flask 
fitted with a therm om eter and a  stirrer. The stirrer was con
nected into the stoppered reaction flask through a  bearing which 
was not gas-tight.

The n-pentane solution1 was stirred and a  solution of 7 grams 
of maleic anhydride in 4 cc. of acetone was added rapidly. 
Stirring was continued for 2.5 hours. D uring the first half hour 
the tem perature of the reaction mixture increased and cooling 
with w ater was necessary to  hold the tem perature a t  30° C.

At the end of the first hour crystallization had taken place 
and a t the end of 2  hours the reaction wras packed in ice and 
stirring was continued for a half hour longer. The crystalline 
material was then filtered into a Büchner funnel using mild 
suction. A portion of the filtrate was used to  make the transfer 
as quantitative as possible. Suction was then cut off entirely, 
25 cc. of n-pentane were added to  the filter cake, and the cake 
was puddled to ensure efficient washing. The n-pentane wash 
was drawn off slowly w ith very mild suction. The crystalline 
material was transferred to  a weighed crystallizing dish and dried 
in vacuum a t 100° C. for 2 hours and then weighed.

The per cent of Z-pimaric acid present in the acids of pine oleo
resin was calculated by the formula:

c X 0.755 X 100 
d

where c equals the weight in grams of the dried addition product 
of Z-pimaric acid and maleic anhydride and d  equals the weight 
in grams of the resin acids present in the 2 0 0  cc. of n-pentane 
solution used.

The am ount of maleic anhydride added was adjusted so as to 
have approximately 1 gram excess a t the end of the reaction. 
Larger excess was avoided in order to keep to  a minimum the 
am ount of acetone added. A large excess also causes maleic 
anhydride to  crystallize from the reaction mixture.

D e t e r m i n a t i o n  o f  Z - P i m a r i c  A c i d  A d d e d  t o  P i n e  O l e o 
r e s i n .  A solution of 200 grams of longleaf pine oleoresin in 
400 cc. of n-pentane was filtered as outlined above. This solu
tion was titra ted  with alcoholic potassium hydroxide to  determine 
the concentration of resin acids present.

A solution of 6  grams of maleic anhydride in 3 cc. of acetone 
was then reacted w ith 2 0 0  cc. of the n-pentane solution which 
contained 44.10 grams of resin acids. The dried addition prod
uct weighed 19.10 grams, which corresponds to  32.7 per cent of 
Z-pimaric acid present in the acidic portion of the oleoresin.

To a second 200-cc. portion of the standardized resin acid 
solution were added 2.20 grams of pure Z-pimaric acid. A solu
tion of 7 grams of maleic anhydride in 4 cc. of acetone was added 
as outlined above. The dried addition product weighed 22.20 
grams, which corresponds to  36.2 per cent of Z-pimaric acid.

Based on the control run and the am ount of pure Z-pimaric 
acid added, the calculated value should be 35.9 per cent.

Summary
D eterm ination  of th e  Z-pimaric acid  con ten t of longleaf pine 

oleoresin th roughou t th e  tu rpen tin ing  season showed a  con
s ta n t decrease in  Z-pimaric acid con ten t w ith  th e  progress of th e  
season. T he progressive change in  Z-pimaric acid  con ten t was 
followed b y  m eans of a  volum etric and  a  gravim etric  m ethod  
based on th e  D iels-A lder reaction  w ith  m aleic anhydride.
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Colorimetric Determ ination o f Silver with  
2-Thio-5-keto-4-carbethoxy-l,3-dihydropyrimidine

JO H N  H . Y O E  A N D  L Y L E  G . O V E R H O L S E R , U n iv e rs i ty  o f  V irg in ia ,  C h a r lo t te s v il le ,  V a.

S H E P P A R D  and  B righam  (3 )  reported  th e  prepara tion  
of a  com pound to  w hich th e y  assigned th e  nam e 2 -th io- 

5-keto-4-carbethoxy-l,3-dihydropyrim idine and  w hich gave 
reactions w ith  a  num ber of m etallic ions. T he reaction  w ith 
silver was observed to  be especially sensitive and  selective in 
n itric  acid solution. F u rth e r  stud ies by  th e  p resen t au thors 
have show n th a t  th e  com pound gives th e  following reactions 
in neu tra l solution in  add ition  to  tliose reported  (S): C o++, 
M n ++, N i++, p ink  colors; H g ++, p ink  p rec ip ita te ; T l+, 
b lue p recip ita te . In  n itric  acid solu tion  A u+++ and  H g2++ 
give p ink  p rec ip ita tes and  P d ++ a  slight red p recip ita te . In  
th e  n itric  acid-sodium  ace ta te  buffer used for th e  determ ina
tion  of silver, th e  following reactions were observed: A g+, 
purp le  color and  prec ip ita te ; A u +++ an d  P d ++, orange color 
and  prec ip ita te ; H g j++ and  H g ++, p ink  color and  p recip ita te .

Schoonover (2) described a  m ethod  for th e  colorim etric de
term ination  of silver using p-dim ethylam inobenzalrhodanine 
and  noted  th a t  adsorp tion  of silver on glassw are m ay  in troduce 
appreciable error a t  low silver concentrations. T he  au thors 
have found th a t  th e  purp le  colored com pound given by  silver 
w ith  2-th io-5-keto-4-carbethoxy-l,3-d ihydropyrim idine is also 
applicable to  th e  colorim etric de term ination  of sm all am ounts 
of silver. A  com parison of these silver reagen ts under th e  
conditions recom m ended in  th is  paper showed th a t  th e ir sen
s itiv ity  is approx im ately  th e  sam e, th a t  solutions of th e  silver 
com pound of 2-thio-5-keto-4-carbethoxy-l,3-d ihydropyrim i- 
dine are  m ore stab le , especially a t  higher silver concentrations, 
an d  th a t  th e  colors given b y  7>-dim ethylam inobenzalrhodanine 
w ith gold and  palladium  are  m ore in tense th a n  those given b y  
th e  form er reagent.

T he  effect of a  num ber of factors on th e  reaction  of silver 
w ith  2-th io-5-keto-4-carbethoxy-l,3-dihydropyrim idine has 
been stud ied  and  is reported  in  th is  paper. R esu lts of a  s tu d y  
of th e  colorim etric de term ination  of silver w ith  th is  reagen t 
are  also given.

Reagents
All reagents used were of the highest purity  obtainable and 

were further purified, if necessary, to remove any chloride pres
ent.

2-Thio-5-keto-4-carbethoxy-l,3-dihydropyrimidine. One sam
ple was obtained from the  Eastm an K odak Company and an
other was prepared in this laboratory. A solution containing 
0.01 per cent of the reagent in acetone was used. The solution 
has a dark orange color when first prepared bu t slowly changes to 
a  yellow color. The freshly prepared solution is slightly more 
sensitive and for this reason fresh solutions should be prepared 
a t least once a  week.

Silver. A solution containing 1 mg. of silver per ml. was pre
pared from silver n itra te  and was diluted to  the desired concen
tration.

Sodium acetate-nitric acid buffer was prepared by adding 320 
ml. of 1 M  nitric acid to  200 ml. of 1 M  sodium acetate and di
luting to  1 liter with water. T he buffer had a pH  of 1.1 as pre
pared bu t on diluting 10 times w ith water the pH  changed to 2.0.

Gelatin. A 0.2 per cent aqueous solution was used.

Experimental
T he reagent has a  p ink  color in  basic solution, orange in 

n eu tra l solution, an d  yellow in  acid solution. T he  in tensity  
of th e  yellow color is only sligh tly  affected b y  th e  pH , th e  in
ten s ity  being nearly  th e  sam e in  0.01 or 2  M  n itric  acid.

T he in tensity  of th e  colored silver com pound, as well as th e  
ra te  of its  developm ent, is m arkedly  influenced by  th e  pH .

T he reaction  ra te  is g rea test and  th e  color developm ent m ost 
in tense in approxim ately  n eu tra l solutions having a  low elec
tro ly te  concentration . T he  reaction  ra te  decreases w ith  de
creasing pH  and  th e  color form ed m ay  v a ry  from  purp le  to  
blue, depending on th e  pH . D espite th e  decreased reaction  
ra te , a  buffer w ith  a  low pH  was used because less interference 
and  a g rea ter s tab ility  of th e  color resulted . E ven  a t  th e  low 
pH , how ever, th e  reproducib ility  and  s tab ility  of th e  color 
a re  unsatisfac to ry  for colorim etry, unless a  sm all am o u n t of 
gelatin  is p resen t to  stabilize th e  colloidal suspension of th e  
silver com pound. U nder th e  conditions recom m ended, 40 
to  50 m inu tes a re  required  for th e  developm ent of m axim um  
color in tensity . T he color is n o t sufficiently stab le  to  perm it 
th e  use of a  se t of s tan d a rd s over an  extended period of tim e. 
C onsequently , th e  unknow ns and  s tan d a rd s should be pre
pared  a t  as nearly  th e  sam e tim e as possible an d  th e  com pari
son should be com pleted w ith in  an  hour.

All experim ents were perform ed a t  room  tem pera tu re , ex
cep t for several a t  50° C . to  de term ine th e  tem p era tu re  effect. 
T he  sensitiv ity  was less a t  50°, undoub ted ly  because of an  ad 
sorp tion  of silver by  th e  glassware.

General Procedure
Transfer the silver solution to a 100-ml. volumetric flask, add 

10 ml. of the sodium acetate-nitric  acid buffer and 0.5 ml. of the 
gelatin solution, and dilute almost to the m ark w ith water. Add 
0 .6  ml. of the reagent, make up to the mark with Water, and mix 
thoroughly. Color comparison may be made 30 to  40 m inutes 
after addition of the reagent, either in 50-mi. Nessler tubes (220 
mm.) or in 100-ml. tubes (160 mm.) in a  roulette com parator (Jf). 
Using a  volume of 100 ml., the following increments in the series 
of standards were used: 0 to 6  micrograms, 2 micrograms; 7 to 
30 micrograms, 1 microgram. W ith a volume of 50 ml.: 0 to 7 
micrograms, 1 microgram; 8  to 12 micrograms, 0.5 microgram; 
13 to 16 micrograms, 1 microgram.

T he method may be applied to  smaller volumes, using smaller 
amounts of the reagents and suitable standards. Precautions 
m ust be taken, however, a t  very low silver concentrations to

F i g u r e  1. R e l a t iv e  A b s o r p t i o n  o p  2 - T h i o -5 -
KETO -  4 -  CARBETHOXY-1 , 3 -  DIHYDRO PYRIMIDINE

a n d  I t s  S i l v e r  C o m p o u n d

I . R e a g e n t. I I .  S ilv e r c o m p o u n d
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avoid error due to adsorption of silver by the glassware. All 
vessels m ust be either Pyrex or fused silica. If  Pyrex is used, 
heating m ust bo avoided. Pyrex test tubes are satisfactory for 
making the color comparisons.

Interference
As previously  no ted , a  num ber of ions give reactions w ith 

th e  reagen t in  neu tra l or very  w eakly acid solutions b u t fail 
to  re ac t in  a  stronger n itric  acid solution. In  add ition  to  the 
observations on th e  sp o t p late , th e  possible interference of a  
num ber of ions was determ ined  under th e  conditions recom 
m ended in  th e  general procedure, using a  silver concentration 
of 20 m icrogram s. M ercurous and  m ercuric m ercury  in ter
fere and  m u s t be absen t. T he following colored ions in ter
fere only if p resen t a t  concentrations exceeding th a t  required 
to  produce th e  color due to  th e  ion itself. T he lim iting con
cen trations a re : C o++,0 .5 m g .;  C u ++, lm g . ;  F e +++,2 m g .;  
N i++, 1.5 mg. T he  following ions are  w ithou t effect a t  a  con
cen tration  of 10 m g.: C d ++, M n ++, P b ++, and  Z n ++.

T he lim iting  concentrations a re : n itric  acid, 0.10; sodium 
n itra te , 3; sodium  su lfate , 0.1; am m onium  n itra te , 0.5 
millimoles. Larger am ounts of n itric  acid or sodium  n itra te  
cause a  decrease in  color in tensity . Sulfate  and  am m onium  
ions have th e  reverse effect— i. e., th ey  increase th e  color in
tensity .

Sensitivity
On th e  spo t p la te  using 0.05 m l. of silver solution, 0.05 ml. 

of buffer, and  0.03 m l. of reagent, the  m inim um  concentration  
of silver de tec tab le  is 5 p. p . m . (0.25 m icrogram ); in  aqueous 
solu tion  th e  m inim um  is 3 p. p. m . (0.15 m icrogram ).

T he sensitiv ity  a t  th e  various silver concentrations using 
50-ml. N essler tubes (220 m m .) is as follows: 0 to  2 micro
gram s, 2 m icrogram s; 3 to  7 m icrogram s, 1 m icrogram ; 8  to  
12 m icrogram s, 0.5 m icrogram ; 13 to  16 microgram s, 1 
m icrogram . T he  sensitiv ity  falls off sharp ly  above 15 m icro
gram s, and  th e  am oun t of silver should n o t exceed th is value 
for 50-ml. volum es.

"With th e  rou le tte  com parator using 100-ml. tubes (160 
m m .) th e  sensitiv ity  is: 0 to  6  m icrogram s, 3 m icrogram s; 
7 to  30 m icrogram s, 1 m icrogram . A bove 25 m icrogram s the 
sensitiv ity  decreases and  little  increase in  the  in tensity  occurs 
above 30 m icrogram s. T he  m ost sensitive range is from  15 to  
2 0  m icrogram s.

A lthough th e  reaction  is sensitive to  ab o u t 1 p a r t  in  30,000,- 
000 (3 m icrogram s) a t  th e  low est silver concentrations, a  sen
s itiv ity  of 1 p a r t  in 1 0 0 ,0 0 0 ,0 0 0  (1  m icrogram ) m ay  be a t
ta ined  b y  w orking in  th e  m ost sensitive range.

Relative Absorption Curves
T he re lative absorp tion  curves for th e  reagent and  for the 

silver com pound ob tained  from  m easurem ents w ith  a  photo
electric spectrophotom eter (1) are given in  Figure 1. C urve 
I, th e  reagen t curve, was obtained  for a  solution prepared  from  
10  m l. of buffer, p lus 0 .5  m l. of gelatin , plus 1 m l. of reagent, 
plus w ater to  m ake 100 ml. C urve I I ,  th e  com pound curve, 
was ob tained  fo r a so lu tion  p repared  as above, using 1 2 0  
m icrogram s of silver and  1.2 m l. of reagent. A t 500 m /i the 
abso rp tion  b y  th e  reagen t is very  slight, whereas th a t of the  
com pound is approx im ately  a t  th e  m axim um , a  condition 
favorable for th e  elim ination of absorp tion  due to  excess re
agen t, w ithou t sacrificing th e  sensitiv ity . T he reaction, 
how ever, is n o t especially su itab le  for spectrophotom etric 
studies because of th e  slow reaction  ra te  and  th e  lim ited s ta 
b ility  of th e  colored solutions.
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T h i s  in v e s t ig a t io n  w as s u p p o r te d  p a r t ly  b y  a  g ra n t- in -a id  from  th e  C a r 
neg ie  C o rp o ra tio n  of N ew  Y o rk . I t  is  one  of a p ro je c te d  sc rie s  b ased  u p o n  
s tu d ie s  o f.o rg an ic  re a g e n ts  in  in o rg a n ic  an a ly s is , c o n d u c te d  a s  a  co o p e ra tiv e  
effo rt in  w hich  te n  in s ti tu tio n s  a re  p a r t ic ip a tin g  u n d e r  th e  d ire c tio n  of Jo h n  
XI. Y oe. T h o se  co o p e ra tin g  w ith  th e  U n iv e rs ity  o f V irg in ia  a re :  l la m p d e n -  
S y d n ey , M a ry  B a ld w in , R an d o lp h -M a c o n  (A sh lan d ), V irg in ia  M il i ta ry  I n 
s t i tu te ,  V irg in ia  P o ly te c h n ic  I n s t i tu te ,  W a sh in g to n  a n d  L ee , W illiam  a n d  
M a ry , U n iv e rs ity  of N o r th  C a ro lin a , a n d  T u la n e  U n iv e rs ity .

Rapid Estim ation o f  B rom ides  
in  the P resen ce o f  Chlorides

M A R V IN  L A N E  
T h e  P e r m u t i t  C o m p a n y , B i r m in g h a m ,  N . J .

D U R IN G  th e  course of w ork in  th is labora to ry , i t  becam e 
necessary to  find a  rapid  m ethod  for th e  determ ination  

of low concentrations of brom ides in  th e  presence of equ ivalen t 
o r excess am ounts of chlorides. Since none of th e  availab le  
m ethods proved suitable, a  m ethod  for higher brom ide con
centrations (1, 2) w as simplified and  adap ted  for low concen
tra tions by  th e  use of a  photoelectric colorim eter. T he 
m ethod is based upon th e  liberation  of free brom ine b y  th e  
addition  of chlorine w ater and  m easurem ent of th e  developed 
color d irectly  in  the  aqueous solution. Previous m ethods re
quire ex traction  of th e  liberated  brom ine b y  carbon te tra 
chloride.

A p p a r a t u s . The photoelectric colorimeter was a K lett- 
Summerson Model 900-3, in which was used a  KS-42 filter 
(transmission range 400 to  465 millimicrons). (This instrum ent 
is available from the K le tt M anufacturing Company, 179 E ast 
87th St., New York, N . Y.) A  buret was m ounted in position 
to  discharge into the colorimeter cell.

P r o c e d u r e . Fifty  milliliters of bromide-containing solution 
were treated with 10 ml. of 1 to 1 sulfuric acid, and the whole was 
diluted to  75 ml. and mixed thoroughly. A bout 50 ml. were 
placed in the colorimeter cell and the indicator was adjusted to 
read zero. Saturated chlorine w ater was then added dropwise, 
stirring the cell contents well after each addition and observing 
the scale reading. The maximum scale reading was used for 
reading the bromide concentration from the calibration curve.

D a ta  from  which th e  calibration curve w as p lo tted  are  g iven 
in  th e  following tab le:

C o lo rim ete r 
S cale  R ea d in g

1 7
7 0
8 5

1 3 9
1 7 4

B ro m id e  C o n c e n tra tio n  
M illie q u iv a le n ts /i .

0.02
0 . 8 0
1.0
1.6
2.0

In  order to  ob ta in  reproducible results, i t  w as essential to  
m easure th e  m axim um  developed color. U nder these condi
tions, blindfold tes ts  consistently  gave resu lts w ith in  0 .0 2  
m illiequivalents per lite r in  th e  range 0 .0 2  to  2 .0  m illiequiva- 
len ts per lite r of brom ide concentration , in  th e  presence of 
chloride concentrations ranging from  an  equ ivalen t concen
tra tio n  to  1000 tim es the  brom ide concentration . H igher 
concentrations m ay  be m easured b y  d ilu ting  a n  a liquo t to  
bring  th e  concentration  w ith in  th e  above range. O bviously, 
th e  presence of iodides or color will in terfe re  w ith  th is  de te r
m ination .
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Determ ination o f Sulfur
Accuracy and Precision o f Several Methods

W IL L IA M  R IE M A N  I I I  A N D  G E O R G E  IIA G E N , R u tg e r s  U n iv e r s i ty ,  N ew  B ru n s w ic k ,  N . J .

I T  IS  well know n th a t  th e  gravim etric determ ination  of 
su lfur as barium  sulfate is sub jec t to  ra th e r large errors, 

due chiefly to  coprecipitation. M an y  m ethods for th e  pre
cip itation , filtration , and  drying of th e  barium  su lfate  have 
been recom m ended. T he au th o r of each m ethod  generally 
gives experim ental d a ta  on th e  determ ination  of su lfur in  a  
pure com pound, such as sodium  or potassium  sulfate, to  
indicate th e  accuracy of th e  m ethod . F requen tly  d a ta  are 
also included for th e  analysis of a  m ix ture of th e  alkali sul
fa te  w ith  ab o u t an  equal q u a n tity  of some o ther salt, such 
as sodium  chloride or n itra te . B u t d a ta  for th e  determ ina
tion  of know n am ounts of su lfate  in  th e  presence of m uch 
larger quan tities of o ther sa lts a re  exceedingly scarce in the 
lite ra tu re .

T a b l e  I .  I m p o r t a n t  F e a t u r e s  o f  V a r io u s  M e t h o d s

Na*SO< H C l T o ta l E xcess O rd e r of T im e  of T e m p e ra tu re
M e th o d T a k e n T a k e n V olum e B aC li M ix ing M ix ing D ig estio n of D ry in g

M illim o les M l. M illim o le s M in . H ours ° C.
K  an d  S 2 . 1 1 2 350 2 .9 U sua l 4 1 800
F  a n d  T 3 .5 3 450 1 .5 U sua l 8 1 2 115
F  a n d  T  (m odified) 3 .5 3 450 1 .5 U sua l 8 2 1 130
P  a n d  N 3 .5 18 350 0 .5 R ev e rse 4 1 800
H  a n d  W 7 .5 27 550 1 .5 U sua l F a s t 1 800

chloride. T he  m ethod  of N jegovan and  M arjanov ic  (5 ) 
w as also tes ted  and  discarded because difficulty w as experi
enced in filtering th e  very  fine-grained' p recip ita te .

Reagents
Reagent grade sodium sulfate was purified by recrystallization 

and dried a t  110° C. No further loss was incurred by heating 
to a dull red heat. The sodium chloride was purified by treat
ing the saturated solution w ith hydrogen chloride. In  some 
cases, reagent grade sodium chloride was used w ithout purifica
tion; then appropriate blank corrections were applied to  the re
sults. The other compounds were of reagent grade.

Procedure
An appropriate quantity  of pure sodium sulfate was taken, 

either by direct weighing or by weighing a standard  solution
w ith a  weight buret, and to  it

  ■—.....- were added known quantities of
pure sodium chloride (or nitrate). 
The mixture was then analyzed 
for sulfur according to  the proce
dure under investigation. Blank 
corrections were applied in all 
cases.

T he  im p o rtan t fea tu res of 
the  various m ethods are  listed 
in  T ab le  I.

T h is paper describes th e  results of determ inations of sul
fu r (#) in  know n m ixtures of sodium  su lfate  and  sodium  chlo
ride b y  several w ell-known m ethods. Sodium  chloride was 
chosen as th e  foreign sa lt because i t  is o ften  presen t in solution 
w hen barium  su lfate  is p rec ip ita ted  for th e  determ ination  of 
sulfur. T he  fusion of inorganic substances w ith  sodium  
carbona te  and  subsequent acidification w ith  hydrochloric 
acid in troduce qu an tities  of sodium  chloride m uch larger 
th a n  th e  su lfur th a t  m ay  be in th e  sam ple. T he  sodium  
peroxide bom b m ethod  for th e  determ ination  of su lfu r in 
organic substances also in troduces large quan tities of sodium  
chloride— for example, w hen 0.5 g ram  of sodium  benzene 
su lfonate  is oxidized b y  14 gram s of sodium  peroxide, the 
re su ltan t m ix ture a fte r  acidification contains 130 m oles of 
sodium  chloride for each mole of sodium  sulfate.

T he  following m ethods were investiga ted : T he  m ethod  of 
K olthoff and  Sandell (4) w as tes ted  because i t  is ty p ica l of 
those found in m ost textbooks of q u an tita tiv e  analysis. T he 
procedure of Fales and  Thom pson (1) w as investigated  be
cause of th e  unusual tre a tm e n t of th e  p rec ip ita te—drying 
a t  110° to  120° C. in stead  of th e  custom ary  ignition. T his 
m ethod  w as found to  be v e ry  inconvenient because of th e  
digestion period of 1 2  hours; therefore, a  m odification w ith  
a  digestion period of 21  horn's w as also investigated . Fales 
an d  Thom pson found th a t  n itra te  ion in troduced  less error 
in  th e ir m ethod th a n  chloride ion. I n  th e  determ ination  of 
su lfu r following a  fusion w ith  e ither sodium  carbonate  or 
sodium  peroxide, th e  n itra te  ion can  be in troduced  as easily 
as th e  chloride by  using n itric  acid  for th e  acidification. 
T herefore th e  modified m ethod  of Fales an d  T hom pson w as 
also tes ted  in  th e  presence of sodium  n itra te  instead  of sodium  
chloride. T he m ethod  of Popoff and  N eum an (&) w as in
vestiga ted  because i t  has been found b e tte r  th a n  th e  usual 
m ethods. H in tz  and  W eber (3) claim ed an  unusual accuracy  
for th e ir m ethod  in th e  presence of a  large q u a n ti ty  of sodium

Results
T ab le  I I  gives th e  re lative errors of th e  m ethods tested . 

T he values fo r no foreign sa lt and  for th e  m axim um  q u a n tity  
of foreign sa lt a re  th e  m ean  of four determ inations. T he 
o ther values generally  rep resen t single determ inations.

T he  precision of the  m ethods is ind ica ted  by  th e  re lative 
m ean deviation  of th e  values w ith  no foreign sa lt and  w ith  
the m axim um  q u a n tity  of foreign sa lt (T able  I I I ) .

Discussion
T ab le  I I  reveals th a t  th e  m ethod  of H in tz  and  W eber is 

by  far th e  m ost accu ra te  w hen th e  en tire  range of ra tio s of 
sodium  chloride to  sodium  su lfate  is considered. I t  is un -

T a b l e  II . R e l a t iv e  E r r o r s  o p  M e t h o d s

M e th o d
0

M o la r  R a t io  of N a C l (o r N aN O i)  to  NasSO< 
1 2 5 10 20 40 60 110 190 309

K  a n d  S - 3 - 8 - 8 - 9

P a r ts  per thousand  

- 1 1  -  9  - 1 2  - 1 6 - 1 7  - 1 6
F a n d T - 2 ........................... - 1 2 - 1 3  . . - Í 2

F  a n d  T  
(m odified) - 5 - G - 6 - 7 - 8 - 1 0  . .  - 1 3 - 1 5  . . - 1 5

F  a n d  T  (N aN O a) - 5 +  2 +  1 +  2 +  4 +  6  . .  + 1 2 +  9 + 1 3 +  14
P a n d  N + 3 + 3 + 4 + 4 +  4 +  3 +  4 +  7 +  9 . .
H  a n d  W +  2 + 2 +  1 + 4 +  4 +  3 +  3 +  4 +  4 +  4

T a b l e  I I I . P r e c i s io n  o p  M e t h o d s

M eth o d

K  a n d  S 
F  a n d  T
F  a n d  T  (m odified) 
F  a n d  T  (N aN O ») 
P  a n d  N  
H  a n d  W

R e la tiv e  M e a n  D e v ia tio n  
N o  fo re ig n  s a l t  M ax im u m  fo re ign  s a lt  

P a r ts  per thousand

1 .5
0.1
0 .5
0 .5
0 .3
0 .3

1 .3  
0.2
1 .4  
0.2 
1.1 
0.6

150
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fo rtu n a te  th a t  th is  m ethod  is used so little  and  th a t  i t  is n o t 
m entioned in  th e  textbooks of analy tica l chem istry, particu 
larly  because i t  is th e  qu ickest and  easiest of all. T he  m ethod 
of Popoff and  N eum an stan d s second in  accuracy.

F o u r determ inations a re  n o t enough to  establish th e  pre
cision of a  m ethod , b u t th ey  give a valuable clue regarding 
th e  reproducibility  of results. In  th is respect, the original 
m ethod of Fales and  T hom pson is by  fa r  th e  best, w ith  H in tz  
and  W eber’s procedure second.

I t  is in teresting  to  consider th e  causes of th e  errors. W hen 
barium  chloride is added slowly to  sodium  sulfate, th e  crystals 
of the p rec ip ita te  grow in an  excess of su lfate  ions. T hus th ey  
acquire a  negative charge and  a t t r a c t  th e  sodium  ions, which 
are then  buried  beneath  th e  surface of th e  crystals by  de
position of barium  sulfate. T h is  coprecipitation of sodium 
accounts for th e  low resu lts in th e  m ethod  of K olthoff and 
Sandell.

T h is negative erro r is p a rtly  com pensated by  incom plete 
d rying in  th e  m ethod  of Fales and  T hom pson. N itra te  ion 
is extensively coprecip itated  b y  barium  sulfate and  introduces 
a  positive error. T h is accounts for th e  increasing positive 
errors w ith  add ition  of sodium  n itra te  in  the  m ethod of Fales 
and  T hom pson.

T he procedure of Popoff and  N eum an decreases the  co

precip itation  of sodium  by  th e  reverse precip ita tion . T his 
m ethod of p recip itation , however, increases th e  usually  
sm all coprecipitation of chloride ion un til i t  becom es the  
m ajor error. T h is  in troduces a  positive error.

W hen th e  p rec ip itan t is added all a t  once, as recom 
m ended by  H in tz  and  W eber, th e  grow th of th e  crystals 
occurs chiefly a fte r th e  addition  of th e  p rec ip itan t w hen 
there  is a  com paratively  sm all excess of barium  ion. T hus 
neither th e  positive error due to  th e  coprecip itation  of chlo
ride ion nor th e  negative error due to  th e  coprecip ita tion  of 
sodium  ion is g reat, and  th e  m ethod  yields good results. I t  
m igh t be expected th a t  th e  rap id  p rec ip ita tion  w ould produce 
very  fine-grained barium  sulfate, b u t no difficulty w as ex
perienced in  th is filtration. Perhaps th e  ra th e r  high ac id ity  
of th e  m ethod  accounts for th e  filterab ility  b y  increasing th e  
solubility slightly.
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Conductometric Assay o f Inorganic Salt 
in  the Presence o f W etting Agents

J .  H . P E R C Y  A N D  C . J .  A R R O W S M IT H , C o lg a te -P a lm o liv e -P e e t  C o m p a n y , J e r s e y  C ity ,  N . J .

A m ethod is described for the rapid assay 
of active ingredient in commercial wetting  
agents by a conductom etric m ethod. It is 
not necessary for the chemical nature of the 
material to be known so long as a small 
am ount of material free of inorganic salt can 
be isolated for the calibration curve. The 
m ethod may be applied wherever the com
ponents of a mixture have materially dif
ferent specific conductivities in solution.

D AW SON  (5) suggested th a t  electrical conductiv ity  of 
aqueous solutions m igh t be used as a physical constant 

for evaluation  of m ixtures w ith  th e  help of a  calibration curve, 
ju s t as specific g rav ity , refractive index, o r viscosity is used. 
R elatively  few applications of th is principle have been m ade, 
m ost analyses b y  conductom etric m eans having been carried 
ou t by  titra tio n  m ethods (8, 6).

References have been m ade to  th e  use of conductiv ity  for 
controlling th e  p u rity  of a  liquid  such as distilled w ater ( / ,  7), 
evaluating  th e  concentration  of sulfuric acid (2), or determ in
ing th e  concentration  of a  single electrolyte in  aqueous solu
tion  (4 ). Sandera (8) determ ined th e  composition of a mix
tu re  of organic liquids b y  determ ining th e  conductiv ity  of a  
sa tu ra ted  solu tion  of a  su itab le  electro ly te in th e  m ixture. 
H owever, no use has apparen tly  been m ade of th e  m ethod in 
th e  ra th e r frequen tly  occurring problem  of determ ining the 
com position of a  m ixture of tw o w ater-soluble m aterials which 
have different specific conductivities in  aqueous solution.

I t  is know n th a t  a t  concentrations below th e  po in t where

appreciable errors are  in troduced  b y  concentration  effects, 
electrical conductiv ity  is an  add itive  property , so th a t w hen a  
m ixture of tw o w ater-soluble solids is dissolved in w ate r and  
dilu ted  to  a  fixed concentration , th e  conductiv ity  is a  s tra igh t- 
line function  of composition b y  w eight in  th e  original m ixture. 
I t  is possible to  app ly  th is relationship  very  generally . F o r 
example, i t  m ay  be em ployed in connection w ith  a  second 
constant, such as refractive index or analy tical com position 
w ith  respect to  a  single elem ent, for th e  evaluation  of th ree- 
com ponent system s.

T h is principle has here been applied to  th e  rap id  assay of 
sulfonated and  sulfated  surface-active agen ts for inorganic 
sa lt and  ac tive  ingredient con ten t. In  th is case th e  surface- 
active com pounds are  organic sulfonates o r su lfates of high 
m olecular w eight w hich have  specific conductiv ity  in  w ater 
solution approxim ately  one seventh  to  one te n th  th a t  of so
d ium  su lfate; in  general, comm ercial p roducts con tain  mix
tu res of several o r m any  related  com pounds as ac tive  ingredi
ents.

T he m ethod  gives resu lts w hich com pare favorab ly  w ith 
those obtained  b y  solvent m eans or b y  prec ip ita tion  of th e  
usual analy tica l precip ita tes in  th e  presence of th e  surface- 
ac tive m ateria l, and  can be carried  o u t in  very  m uch  shorter 
tim e.

Experimental
The measuring bridge used was Model RC-1 of Industrial In 

strum ents, Inc., Jersey City, N. J., a  60-cycle alternating current 
bridge using a cathode ray tube as null-point indicator. The cell 
was of the dip type, with a constant of 1.108.

Variations in pH  within reasonable limits made little or no dif
ference in the results obtained. The materials examined had 
normal pH  values in dilute solution of 7.0, 6.5, and 5.5, respec
tively. In all three cases a variation of one full pH  unit from the 
normal in  the very dilute solution used gave no detectable error.



I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 14, No. 2

so
P E R C E N T  S A L T

added from the buret. For each point the  tem perature 
was read with an accuracy of 0 .2  and the reading was 
corrected to  25° by the formula

R 1S =  R, +  0 .0 2  (t -  25) R,

Rt and R 2!, being the observed and corrected resistances, 
respectively.

W hen several conductivity cells are used for the work, 
the values should also be corrected for cell constant 
before the calibration curve is drawn.

C alibration  curves for three typ ical m ateria ls are- 
shown. C urves are p lo tted  in  F igure 1 for spe
cific resistance vs. com position an d  in  F igure 2 for 
specific conductiv ity  vs. com position. Since the  la tte r  
is an. add itive p roperty , th e  curves for conductiv ity  
are  s tra ig h t lines. E ach  po in t represents a  single de
term ination , and  th e  deviations from  th e  stra ig h t 
line in  th e  conductiv ity  curves are a  m easure of th e  
error of the  m ethod.

Poin ts are  reproducible to  1 per cen t sa lt co n ten t or 
be tte r, and  th e  m axim um  erro r is p robab ly  less th an  
2  per cen t sa lt content.

If ano ther concentration  th a n  0.040 per cen t is 
used, i t  should be so chosen th a t  th e  range of compo
sition m ost often d ea lt w ith  gives specific resistances 
of 2000 to  5000 ohm -cm . These are low enough to  
elim inate errors due to  varia tions in th e  distilled

F i g u r e  1 . S p e c i f i c  R e s i s t a n c e  v s .  P e r  C e n t  S o d i u m  S u l f a t e  i n  
D r y  S o l i d

(C u rv es  A  a n d  D  w ere  d e te rm in e d  b y  A . C . B ell.)

S od ium  s u lfa te  a n d  so d iu m  s a l t  of s u lfa te d  co c o n u t oil m onog lyceride , 
0 .2 0 %  so lu tio n

S o d iu m  s u lfa te  a n d  so d iu m  s a l t  of com m erc ia l so d iu m  la u ry l  s u lfa te , 0 .0 4 %  
s o lu tio n  # _ . . j

S o d iu m  s u lfa te  a n d  so d iu m  s a l t  of m ixed  a lk y l a ro m a tic  su lfon ic  ac id s , 
0.0*4% s o lu tio n  t

S o d iu m  su lfa te  a n d  so d iu m  s a l t  of su lfa te d  co c o n u t o il m o nog lyceride ,

A .

B .

C.

D.
0 .0 3 %  so lu tio n

S a l t - F r e e  M a t e r i a l s .  In  preparing the calibration curve, 
inorganic salt-free active ingredient was used. Three methods 
of preparation were employed.

When the inorganic m aterial present was insoluble in hot 
alcohol—e. g., sodium sulfite or sodium sulfate—two extraction 
methods were used. In  the first method, the oven-dried m a
terial was extracted in a Soxhlet extractor w ith absolute ethanol 
and th e  extract dried in a  vacuum oven a t  100° C. In  the second 
method, a  concentrated aqueous solution of a small am ount of 
th e  m aterial was extracted twice w ith butanol. The extracts 
were combined and diluted w ith several volumes of butanol; 
then  the solvent was fractionally distilled off to  remove water 
until the  boiling point was constant (116°) and the solution 
was filtered ho t to  remove the salt which crystallized during the 
distillation. Evaporation of the filtrate gave m aterial free of 
inorganic salt.

The m aterial was no t considered salt-free unless a qualitative 
test for sulfate ion was negative.

In  cases not reported here, when the inorganic salts were soluble 
in alcohol, dialysis has been used for isolation of th e  active in
gredient.

W ith all methods care was taken th a t no fractionation of the 
organic m aterial occurred during the separation; more soluble 
fractions will in general have higher specific conductivity.

C a l i b r a t i o n  C u r v e .  W ith salt-free m aterial obtained by 
the  methods described above, the calibration curve was made by 
the following m ethod: Exactly 200 ml. of 0.040 per cent solution 
of salt-free material in distilled w ater were prepared and the 
conductivity was read. (In  all determinations distilled w ater 
having a  specific resistance of more th an  300,000 ohm-cm. was 
used.) W ithout removing th e  electrodes, 10.53 ml. of a  0.040 
per cent solution of sodium sulfate were added from a buret 
and the mixture was gently agitated w ith the electrodes until 
a  constant reading was obtained on th e  bridge. This gave the 
point of th e  calibration curve for 5 per cent (10.53/210.53) salt 
content. More salt solution was added and th e  procedure was 
continued down to  the 50 per cent point. For the other half of 
the calibration curve the procedure was reversed, w ith salt 
¡solution in the  beaker and salt-free active ingredient solution

so
P E R C E N T  S A L T

P E R C E N T  S A LT

F i g u r e  2 . S p e c i f i c  C o n d u c t i v i t y  v s . P e r  C e n t  S o d i u m  S u l 
f a t e  i n  D r y  S o l i d

(C u rv es  A  a n d  D  w ere  d e te rm in e d  b y  A . C . B ell.)

A .  S o d iu m  s u lfa te  a n d  so d iu m  s a l t  of s u lfa te d  c o c o n u t o il m on o g ly cerid e ,
0 .2 0 %  so lu tio n

B . S o d iu m  su lfa te  a n d  so d iu m  s a l t  o f co m m erc ia l so d iu m  la u ry l su lfa te ,
0 .0 4 %  s o lu tio n

C. S o d iu m  s u lfa te  a n d  so d iu m  s a l t  o f m ix ed  a lk y l a ro m a tic  su lfon ic
a c id s , 0 .0 4 %  s o lu tio n

D . S o d iu m  s u lfa te  a n d  so d iu m  s a l t  of s u lfa te d  co c o n u t o il m ono
g lyceride , 0 .0 3 %  so lu tio n



w ater and  high enough to  avoid errors due to  polarization of 
electrodes.

A n alytical Procedure
In  operation, a sample of the m aterial was dried in a  vacuum 

oven, and a solution of 0.040 per cent concentration made up in 
distilled water. The solution was allowed to  stand 15 minutes 
to reach therm al equilibrium, and was then  transferred to a  short 
specific gravity cylinder large enough to hold the dipping elec
trode. The solution was agitated gently with the electrode, 
which was inserted to a fixed mark, and the bridge was balanced. 
The tem perature of the solution was read and the specific resist
ance corrected to  25° by  the formula given above, and for cell 
constant when necessary.

To ensure clean electrodes, it was found better to  make an
other reading on a fresh sample of the solution and accept the 
values only if the two readings agreed within 1 per cent.

The salt content was read directly from the calibration curve.

A ny nonvolatile  w ater-insoluble m aterial th a t  is p resent 
will affect th e  resu lt b y  decreasing the  ap p a ren t am oun t of 
sa lt present. T his m ay  be corrected for by  determ ining th e  
am oun t of w ater-insoluble m ateria l b y  a  su itable m ethod 
(e ther ex traction  for fa t ty  m aterial, filtration  of aqueous solu
tion  for solids), and  correcting for th is in  m aking u p  the solu
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tion  for conductiv ity  reading, so th a t  th e  concentration  is 
0.040 per cen t w ith  respect to  soluble inorganic sa lt p lus solu
ble active ingredient. T he resu lt is th en  ob tained  as per cent 
sa lt on a  m oisture-free and w ater-insoluble-free basis.

I t  is undoubted ly  possible to  app ly  th is procedure w hen 
m ore th an  one inorganic sa lt is present. I n  th e  p a rticu la r 
case of sodium  sulfite-sodium  sulfate  m ixtures, w hen th e  
sodium  sulfite is p resent in variable sm all percentages, little  
error is in troduced  by  considering th e  sulfite p resen t as sodium  
sulfate, since th e  specific conductivities of th e  pure sa lts  are 
alm ost equal. In  o ther cases i t  w ould probably  be necessary 
to  determ ine th e  concentration  ratios of th e  inorganic salts 
p resent b y  some o ther m eans and  use a calibration  curve for 
th e  m ixture a c tu a lly  worked w ith.
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An Im proved Sublim ation Apparatus

0 .  A . N E L S O N  
B u r e a u  o f  E n to m o lo g y  a n d  P l a n t  Q u a r a n t in e ,

U . S . D e p a r tm e n t  o f  A g r ic u ltu r e ,  W a s h in g to n ,  D . C.

P R O B A B LY  th e  m ost comm on type  of sublim ation ap
p a ra tu s  to  be found in  chemical laboratories consists of 

tw o te s t tubes, one w ith in  th e  o ther. T he  substance to  be 
sublim ed is placed in  the  larger te s t tube, which is then  
heated  in a  b a th  or w ith  a  free flame, while th e  inner tube, 
w hich functions as a  condenser for th e  sublim ate, is kep t 
cold w ith  running  w ater. T he capacity  of such an  appara tu s 
is very  lim ited , as only a  sm all q u a n tity  of substance will 
adhere to  th e  surface of th e  condenser, or will drop off when 
th e  inner tube  is rem oved.

T he  ap p a ra tu s  show n in F igure 1, A , has been found to  give 
excellent resu lts w ith  a num ber of com pounds. T he condenser 
m ay  be a s tra ig h t tu b e  or m ade w ith  a  bell-shaped lower end, 
as shown. H eating  th e  end of th is tube  w ith  a  soft brushy 
flame to  th e  softening po in t of th e  glass and  applying a  gentle 
suction to  th e  o th er end produce an  even convex or cuplike 
surface.

T he m ost im p o rtan t featu re  of th is appara tu s is a  screen to  
catch  an y  crystals of th e  sublim ate th a t  m ay  break  aw ay from 
th e  condenser. T h is screen is supported  b y  th ree glass rods 
fused in to  th e  edge of th e  condenser cup and  b en t inw ard a t  
righ t angles (B ). I f  a  b a th  is used for heating, the  surface 
of th e  liquid  should be a t  ab o u t th e  level of th e  screen or a  
trifle above, to  p reven t sublim ation  on the  screen and  clogging 
of the  meshes. T he  screen m u s t be resistan t to  action b y  the 
sublim ate, and  of such m esh as to re ta in  all crystals th a t  m ay  
fall on it. A  40-m esh G erm an-silver screen w as used in this 
labora to ry . F o r sublim ation under vacuum , a tube m ay  be 
sealed in to  th e  side of th e  ou ter jacket, as shown in Figure 1, 
or ru n  th rough  th e  rubber stopper supporting  th e  condenser. 
Cooling w ate r m ay  be ru n  in  and  o u t of th e  condenser through 
a  tw o-hole s topper a t  th e  top , in stead  of th rough  th e  one-hole 
stopper and  side tube  as shown in the diagram .

A
F i g u r e  1 . S u b l i m a t i o n  A p p a r a t u s



Assay o f Benzaldehyde
Use o f H ydroxylam m onium  Sulfate and Aqueous Sodium H ydroxide

M A R C E L L E  S C H U B E R T  A N D  JA N E T  G . D IN K E L S P IE L , R e s e a rc h  L a b o r a to r y ,  B e n z o l P r o d u c t s  C o ., N e w a rk , N . J .

T H E  streng th  of benzaldehyde, e ither pure or in  solution, 
can be  estim ated  w ith  vary ing  degrees of accuracy by  

several m ethods. T h e  official m ethods of th e  A ssociation of 
Official A gricultural C hem ists (^ re c o m m e n d  determ ining the 
benzaldehyde as the  phenylhydrazone. T hough th is m ethod 
gives th e  m ost reliable and  constan t results, i t  is tim e-con
sum ing, and  th e  phenylhydrazine m u s t be freshly distilled 
(though if s to red  in  th e  refrigerator i t  w ill keep for ab o u t 3 
w eeks); th e  p rec ip ita te  m u s t s tan d  overnight, th e  filtra tion  
requires considerable tim e, an d  in  vacuo a t  70° C. th e  pre
c ip ita te  requires 3 hours to  dry . F urtherm ore  phenylhydra
zine can cause a very  disagreeable allergy, resulting  in  swelling 
and  in tense itch ing  of th e  fingers or o ther p arts , and  even tual 
peeling of th e  skin.

T he  bisulfite m ethod  originally proposed b y  R ipper (<?) has 
been discussed b y  K olthoff (5, 6) an d  D onnally  (3). B enzal
dehyde is added  to  a  know n excess of sodium  bisulfite, and 
th e  sodium  bisulfite n o t used in  form ing th e  benzaldehyde 
addition  com pound is ti tra te d  w ith  s tan d a rd  iodine solution. 
T h is m ethod  is no t, in  th e  au th o rs’ experience or according to  
the  lite ra tu re , sa tisfactory  even for pu re  m ateria l. I t  is 
aw kw ard an d  inconvenient, an d  th e  au tho rs  have found i t  to  
be decidedly unreliable.

T he  th ird  m ethod, recom m ended b y  th e  U n ited  S ta tes 
P harm acopoeia (9), involves the  titra tio n  of th e  hydrochloric 
acid liberated  b y  benzaldehyde from  a  solution of hydroxyl
am m onium  chloride. T he  reaction  of aldehydes w ith  hy 
droxylam m onium  chloride w as first stud ied  b y  C am bier and  
B rochet (2), w ho established th e  q u an tita tiv e  relationship  
betw een th e  liberation  of th e  acid and  th e  m oles of a ldehyde 
presen t. Since then , w herever th e  m ethod  has been applied, 
th e  chloride has alw ays been used. I n  d ilu te  solution there  is 
a n  error of 7 to  9 per cen t (7). Besides being expensive, th e  
chloride is unstable, dissociating in to  free hydrochloric acid 
an d  hydroxylam ine. T he acid libera ted  from  th e  hydroxyl-

T a b l e  I. A s s a y  o f  B e n z a l d e h y d e

B a tc h P h a rm a co p o e ia
B en z a ld e h y d e  F o u n d -----

A . O. A. C . A u th o rs
N o . m e th o a 0 m e th o d m e th o d

% % %
242 8 4 .3 8 6 . 0

8 5 .8 8 5 .8
243 9 2 .6 9 2 .6

9 2 .2 9 2 .6
244 9 5 .0 9 5 .3

9 5 .5
233 9 8 .3 99! 1

9 7 .0
9 7 .3
9 9 .2

P L 12 9 i!  5 9 i ‘.S
9 1 .8 9 2 .1
9 1 .7 9 2 .2

P L 1 3 9 7 .8 9 7 .6
9 8 .0 9 8 .1
9 7 .7 9 7 .5

151 9 4 .2 9 4 .2
9 4 .4 9 3 .8

9 4 .0
152 95^9 9 5 .5

9 6 .0 9 5 .8
9 6 .0

153 9 6 ! 5 9 6 .5
9 6 .3
9 6 .5

154 9 6 ’.4 9 6 .6
9 6 .5 9 6 .4

9 6 .3

N H jO H .H C I, 9 6 %  C jH sO H , 0.1 N  a lcoho lic  K O H , b ro m o p h e n o l b lue .

am m onium  chloride b y  benzaldehyde is ti tr a te d  using alco
holic potassium  hydroxide w ith  brom ophenol b lue as indica
to r (4, 9). I t  w as claim ed (4) th a t  unless the  alkali w as 
added  drop b y  drop, resu lts w ould be low.

T he  au tho rs  first com pared th e  resu lts ob ta ined  b y  the 
phenylhydrazone and  th e  hydroxylam m onium  sa lt m ethods 
and  found th a t  th e y  checked. N ex t prelim inary  experim ents 
using aqueous sodium  hydroxide instead  of alcoholic po tas
sium  hydroxide showed th a t  th e  aqueous alkali w as en tire ly  
sa tisfactory . T h ey  th en  found th a t  i t  w as n o t necessary  to  
ad d  th e  alkali drop b y  drop. F inally , as a  resu lt of th e  search 
for a  b e tte r  indicator, th ey  found th a t  te trab rom opheno l b lue 
gave an  end  po in t m uch m ore quick ly  perceived, a lthough  i t  
does n o t affect th e  extrem e deviation  in  th e  results.

Tw o years ago th e  C om m ercial Solvents C orporation  p u t 
hydroxylam m onium  su lfate  on th e  m ark e t, and  as th is sa lt is 
stab le  an d  cheap, th e  au th o rs  im m ediately  decided to  te s t its  
usefulness in  th e  assay  of benzaldehyde. T h e  hydroxyl
am m onium  su lfate  as fu rnished b y  th e  C om m ercial Solvents 
C orporation  is en tire ly  sa tisfactory , an d  can be used w ith o u t 
fu r th e r purification, though  i t  m ay  be necessary to  filter th e  
solu tion  to  m ake i t  b rillian tly  clear. I f  i t  is desired to  re- 
crystallize th e  reagent, boiling in  50 per cen t m ethy l alcohol 
w ith  a  little  D arco  G60 gives excellent results . T he  au th o rs ’ 
experim ents m ay  be sum m arized as follows (see T ab le  I ) :

Hydroxylammonium sulfate can be used in place of the un
stable and expensive chloride.

Aqueous sodium hydroxide can be used in place of alcoholic 
potassium hydroxide.

The sodium hydroxide can be run in  rapidly to w ithin 2 to  3 cc. 
of the end point in less than  one minute. A single titra tion , after 
sufficient practice in catching the end point, requires only 1.75 
minutes.

Tetrabromophenol blue gives an end point more quickly per
ceived than  in the case of bromophenol blue (9), though the error 
is about the same.

The extreme deviation in the results obtained depends largely 
on how frequently such titra tions are run. W hen run daily, the 
extreme variation m ay be, on an average, only 0.2 to  0.3 per cent, 
while weekly titrations im mediately raise the error to as much as 
0.6 to  0.7 per cent. The extreme deviation has thus been reduced 
from 1 to  1.5 per cent (alcoholic potassium  hydroxide and bromo
phenol blue) to  a maximum of 0.6 to  0.7 per cent.

Procedure
Solutions required: 1.25 per cent hydroxylammonium sulfate 

in 50 per cent m ethyl alcohol, 0.1 N  standard  aqueous sodium 
hydroxide, and 0.1 per cent tetrabrom ophenol blue in  50 per cent 
m ethyl alcohol.

The 50 per cent methanolic solution of hydroxylammonium 
sulfate is acid and m ust be neutralized. For six batches of benz
aldehyde which are assayed in  triplicate, 600 ml. of solution are 
made. Three milliliters of tetrabrom ophenol blue indicator 
are added, turning the solution a clear green. About 12 to  15 
ml. of 0.1 N  sodium hydroxide are required to  change the color 
to  blue. Since the indicator is dichroic, the color in bulk is dif
ferent from th a t of a small quan tity ; therefore alkali is added un
til the color of a 30-ml. sample poured into a  75-ml. Erlenmeyer- 
shaped flask is a clear pale blue. The solution should be neu
tralized immediately before use, because if it  stands for more 
than  2  hours, sufficient acid is liberated by hydrolysis of the hy
droxylammonium sulfate to  change the color of the indicator and 
so make the results of the benzaldehyde assay high.

A 5-ml. Lunge weighing pipet is used to  measure ou t the sample. 
In  order further to  reduce the danger of oxidation, the pipet is 
filled nearly full. The taper is fine enough so th a t about 10 
drops give 0 .2  gram. The weight of the pipet after weighing out 
the first sample can safely be used as the weight of the pipet be
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fore th e  next sample, and so on, w ithout introducing an appre
ciable error. The benzaldehyde is dropped into a 75-ml. Erlen- 
meyer-shaped glass-stoppered flask containing 30 ml. of neutral
ized hydroxylammonium sulfate solution, and the flask is gently 
swirled. Samples lower than  90 per cent benzaldehyde usually 
go into solution with difficulty.

Titration
Standard 0.1 N  sodium hydroxide is run rapidly into the solution 

until within about 2 to  3 ml. of the end point, then a few drops a t 
a tim e until the color is green-blue, and finally dropwise until the 
color is again the clear, pale blue. The absence of direct sunlight 
is desirable. This p art of the assay is alm ost exclusively re
sponsible for any error.

The results obtained will be more tru ly  representative if the 
samples are kept in glass-stoppered Pyrex bottles whose lips can 
be thoroughly cleaned.

T he  benzaldehyde con ten t is calculated  from  the expression
Ml. of 0.1000 N  NaOH X 0.0106

weight of sample X 100 =  %  benzaldehyde
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Colorimetric Determ ination o f Phosphorus 
in  B iological Materials

R U T H  A D E L E  K O E N IG  AND C . R . JO H N S O N , U n iv e rs i ty  o f  T ex a s , A u s t in ,  T ex a s

M ISSO N ’S (S) m ethod  for th e  estim ation of phosphorus 
has recen tly  been adap ted  to  the determ ination  of th is 

elem ent in  iron, steel, and  iron ores (4, 5). D uring use of 
th e  m ethod  in  food analyses in  th is  laboratory , th e  fac t be
cam e ev iden t th a t  its  range, sensitivity , and  precision could 
be increased considerably in  th is application, w here lim iting 
interferences are  rare. F o r th is purpose th e  effect of tim e on 
th e  developm ent of th e  yellow phosphovanadiom olybdate a t  
various concentrations has been studied , th e  optim um  acid 
concentration  has been found, th e  range over w hich B eer’s 
law  holds precisely has been determ ined a t  th ree wave 
lengths of light, and  spectrophotom etric calibration da ta  
have been obtained  w ith  nine series of stan d ard  solutions. 
T he  resu lts of these experim ents have been condensed in a  
convenient procedure for th e  rap id  and  precise determ ination  
of phosphorus in  foods and  o th er biological m aterials, and 
th is procedure has been tes ted  b y  comparison w ith  official 
g ravim etric m ethods.

Apparatus and Reagents
A Coleman Model 10-S spectrophotometer was used to measure 

transmittance; values. Tne spectral band width was 30 mn. 
M atched square cuvettes were used to  hold the reference liquids 
and tes t solutions. The dark current adjustm ent was frequently 
checked during the measurements, which were made a t tem pera
tures between 25° and 30° C.

Two independently prepared sets of reagents were used. 15 N  
nitric acid, 6  N  hydrochloric acid, 9 N  perchloric acid, and 4 A 
aqua ammonia were purified by distillation methods. Standard 
potassium dihydrogen phosphate solution containing 0 .1 0 0 0  
mg. of phosphorus per ml. was made by dissolving 0.4393 gram 
of twice recrystallized and vacuum-dried material in distilled 
water and making to 1 liter. Another standard solution contain
ing 0 .1 0 0 0  mg. of phosphorus per ml. was made by dissolving 
1.351 grams of silver phosphate (2) in 5 ml. of 15 N  nitric acid 
and diluting to  1 liter. Ammonium vanadate solutions were 
made by dissolving 2 .3 4 5  grams of vacuum-desiccated ammon
ium m etavanadate in 500 ml. of hot water, adding 10 ml. of 15 N  
nitric acid, and diluting to  1 liter. One sample of this salt was 
prepared by double recrystallization of reagent grade material 
with centrifugal draining; the other was a  sample of atomic 
weight purity. One ammonium molybdate solution was prepared 
as described by Willard and Center (o), u s i n g  vacuum-dried 
molybdic acid purified by precipitation with 6 iv hydrochloric 
acid, followed by two crystallizations from water, with centrifugal 
draining. A second solution of this reagent was a  10 per cent 
solution of ammonium molybdate shown to be free of phosphate

and chloride by blank tests; this was used w ith the systems con
taining silver. Fresh molybdate solutions were prepared fre
quently, as required.

Summary of Calibration Experiments
In  obtain ing  calibration  d a ta , oppo rtu n ity  w as tak en  to  

s tu d y  th e  effect of various factors on th e  precision and  ac
curacy  of th e  m ethod. T hus, w hile te s t solutions for th e  
calibrations were m ade by  th e  sam e m ethod  described below 
for the  analyses, s tan d ard  phosphate  solutions w ere used in 
stead  of digested sam ples, various concentrations an d  m ix
tu res of n itric  and  perchloric acid w ere tried , and  each system  
was k ep t under observation for a  m uch longer tim e. D if
feren t com binations of solutions from  th e  tw o sets of re
agents were used, to  elim inate constan t errors.

In  T ab le  I  a re  given th e  m edian tran sm ittances from  ab o u t 
1200 calibration observations m ade approxim ately  30 m in
u tes a fter color developm ent. M athem atica l tre a tm e n t of 
th e  d a ta  as a  w hole showed th a t  th e  b es t agreem ent w ith  th e  
m edians in  T ab le  I  for a ll phosphate  concentrations stud ied  
w as obtained  w ith  system s contain ing 5 m l. of 9 N  perchloric 
or 3 ml. of 15 N  n itric  acid  per 100 m l. D elayed p rec ip ita
tion  took place in  all s tan d ard s and  blanks w hich contained 
only 2 ml. of 9 N  perchloric acid  per 100 m l., in  th e  s tan d a rd s 
containing 10 ml. of 9 N  perchloric acid and  5 mg. of phos
phorus per 1 0 0  m l., and  in  some corresponding solu tions con
tain ing  equ ivalen t am ounts of n itric  acid, b u t n o t in  system s 
w ith  in term ediate  acid  concentrations.

In  such system s tran sm ittan ce  readings w ere sufficiently 
constan t a fte r  10 to  30 m inu tes for precise m easurem ents: 
transm ittances were a lm ost invariab ly  lower a fte r 12 to  24 
hours, b u t rare ly  m ore th a n  1.0 u n it lower. T he  m inim um  
drop in  tran sm ittan ce  occurred in  system s contain ing 5 m l. 
of 9 N  perchloric acid per 100 m l. On tw o counts, therefore, 
th is is th e  optim um  acid  concentration . H ow ever, ne ither 
tim e nor acid  concentration  is extrem ely  critical: tra n sm it
tance  readings tak en  from  10  m inutes to  m any  hours a fte r 
m aking u p  th e  te s t solutions to  1 0 0  ml. w ith 2  m l. to  1 0  m l. of 
9 N  perchloric acid or equ ivalen t am oun ts of n itric  acid  or 
nitric-perchloric acid  m ixtures give approxim ately  correct 
results, even w hen p recip ita tion  of m olybdic acid o r th e  yellow 
complex is eventually  to  occur.
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N o significant differences due to  in terchange of reagents 
were observed during th e  calibrations. T he order of addition  
of v an ad a te  and  m olybdate  should no t be reversed. .

R eadings taken  w ith  w ater as th e  reference liquid were a 
little  m ore reproducible th a n  those m ade w ith  blanks, b u t 
w ate r should be used as th e  reference liquid only w hen all 
th e  developing reagents a re  free from  phosphate  and  th e  solu
tions to  be analyzed are  colorless.

T a b l e  I. C o n c e n t r a t i o n - T r a n s m i t t a n c e D a t a  f o r  Pno

P h o s 

p h o r u s  D e t e r m i n a t i o n s

,-------------- T ra n sm itta n c e  a t  V ario u s  W a v e  L e n g th s --------------*
B la n k  R efe re n ce  W a te r  R efe rence

p h o ru s 430 m/i 450  m/i 470 m/x 430 m/x 450  m/i 470  m/i
M g ./ Î0 0  

m l. % % % % % %
0 . 2 0 0 7 7 .1 8 4 .0 8 8 . 6 7 2 .9 8 1 .6 8 7 .6
0 .5 0 0 5 3 .0 6 6 . 0 7 0 .0 5 0 .4 6 4 .3 7 5 .2
1.000 2 8 .6 4 4 .2 5 8 .7 2 7 .1 4 3 .0 5 7 .8
1 .8 0 0 1 0 .7 2 3 .5 3 8 .8 1 0 . 1 2 2 . 8 3 8 .2
2 .5 0 [5 .1 ] 1 3 .5 2 7 .2 [4 .81 13 .1 2 6 .6
3 .5 0 [6 . 6 ] 10 .4 [6 .3 ] 16 .1
5 .0 0 18.21 [8 . 1 ]

G raphical represen ta tion  of th e  d a ta  in T able  I  shows th a t  
B eer’s law  is followed very  closely except for th e  bracketed  
values, w hich w ere n o t used in the  final reduction  of results. 
T he  4 per cen t deviation  of these  values 'is probably  due to  an  
in stru m en ta l e rror; i t  is undesirable to  use tran sm ittances 
lower th a n  1 0  per cen t in precise analyses.

Analytical Procedure
T he following procedure is designed for th e  determ ination  

of phosphorus in  a liquo t portions of th e  solu tion  obtained  by  
ashing a  10 -g ram  sam ple of m ateria l by,successive tre a tm en t 
w ith  60 ml. (and, if necessary, add itional 30-ml. portions) of 
15 N  n itric  acid an d  24 m l. of 9 N  perchloric acid, according 
to  th e  m ethod  of G erritz  (1).

P r o c e d u r e .  Whén ashing is complete, evaporate the solu
tion to  about 50 ml., filter through a  Munroe or Pyrex filtering 
crucible to  remove silica, dilute, boil for a t least 30 minutes, cool, 
and make up to exactly 250 ml. M ost of this solution m ay be 
reserved for the determination of calcium and iron.

To analyze a  colorless solution for phosphate pipet a  10.00- 
ml. or other suitable aliquot portion into a 1 0 0 -ml. volumetric 
flask, add 5 ml. of 9 N  perchloric acid or 3 ml. of 15 2V nitric acid, 
and bring the volume to 70 ml. Add 10.0 ml. of ammonium vana
date  solution, gradually mix in 1 0 .0  ml. of ammonium molybdate 
solution, and dilute to  exactly 100 ml. After 30 minutes make 
duplicate transm ittance readings with two portions of the solu
tions, a t the optimum wave length. If the reagents are free from 
phosphate use water as a  reference liquid; otherwise use a  blank 
containing the reagents. Calculate the result of the analysis from 
the median transm ittance by appropriate substitution in Equa
tion 1 below, or by use of a graph derived from this equation.

In  analyzing colored solutions—e. g., the light yellow or yellow- 
green solutions derived from many foods—use as a  reference 
liquid a  system containing the same aliquot portion of colored 
liquid as the te s t solution, w ith all the reagents except the am
monium molybdate, which in this case m ust be free from phos
phate.

F o r convenience in calculating resu lts w ith  m axim um  pre
cision th e  d a ta  in  T ab le  I  have been reduced b y  th e  m ethod  
of least squares to  equations of th e  form  :

Mg. of P  per 100 ml. of test solution =  - ■- - - ■ ■ -  (1)

in  w hich T  is th e  percentage tran sm ittan ce  re la tive  to  the 
reference liquid, and  I is th e  thickness of th e  solu tion  in  centi
m eters. V alues of th e  constan ts a and  b for th e  various con
d itions stud ied  are  given in  T able  I I .  In  th e  presen t cali
b ra tions I w as 1.308 cm., and  th e  d a ta  in  T ab le  I I  app ly  to  
cases in  w hich m atched  square cuvettes of ab o u t th is size 
a re  used (4)- T h e  ac tu a l value of I should in  an y  case be de
term ined w ith  a  m icrom eter an d  calipers. U nder th e  condi
tions specified, E q u a tio n  1 yields resu lts correct to  betw een

0.4 and  2 per cen t over th e  range from  0.2 to  4.5 m g. of phos
phorus per 1 0 0  m l. of final te s t solution.

Applications and Tests of Method
T he procedure described above has been used in  th e  analysis 

of som e 80 different m ateria ls, including vegetables, m eats, 
flour, m ilk, eggs, fru its , grasses, berries, v inegar, yeast, gela
tin , agar, condim ents, urine, feces, baking powders, wine, 
beer, fertilizers, oils, pharm aceuticals, chemical reagents, 
and  ab o u t 40 food concentrates. In  view  of th e  sm all m in 
eral co n ten t of m o s t of these substances, few interferences 
w ere expected; th e  fa c t  th a t  resu lts obtained  a t  all th ree 
w ave lengths were generally  in  good agreem ent and  independ
e n t of a liquo t size m ay  be tak en  as evidence of th e  absence 
of serious interferences. Of course, one w ave leng th  usually  
provides a  resu lt of m axim um  precision, depending on  the  
size and  phosphate  co n ten t of th e  a liquot. T h e  optim um  
conditions m ay  be selected b y  th e  an a ly s t, who m ay  use the  
low est w ave leng th  to  ob ta in  sensitiv ity , th e  h ighest to  ob tain  
range, or m ore th a n  one for confirm atory  purposes.

T a b l e  II . C o n s t a n t s  f o r  C o n c e n t r a t i o n - T r a n s m i t t a n c e

B la n k  re fe re n ce

W a te r  re fe ren ce

In  add ition  to  th e  various checks on th e  procedure provided 
b y  the use of tw o p rim ary  s tan d a rd  m ateria ls  in  th e  calibra
tions, an  add itional check w as m ade b y  com parison of th e  
m ethod  w ith  A. O. A. C. official g rav im etric  m ethods, for 
rep resen ta tive  m ateria ls. T h e  resu lts in  T ab le  I I I  are 
typ ical, and  fu rth e r confirm  th e  soundness of th e  m ethod. 
T he  precision and  accuracy  of th e  spectrophotom etric  analyses 
a re  sa tisfactory , considering th a t  th ey  require  only  a  fraction  
of th e  tim e needed for th e  g rav im etric  determ inations.

E q u a t i o n s

W a v e  L e n g th
Mu a b
430  - 2 . 4 4 2 4 .8 6 7
450  - 3 . 7 8 9 7 .5 5
470  - 5 . 8 9 1 1 .7 2

430  - 2 . 4 3 7 4 .8 0 2
450 - 3 . 7 8 3 7 .4 9
470 - 5 . 8 5 1 1 .6 2

T a b l e  I I I .  S u m m a r y  o f  T y p i c a l  R e s u l t s

S p e c tro p h o to m e tr ic  M e th o d
430 mf* 450  m/< 470 m/i O fficial M e th o d

Mo. P per 10 orams of material
0 .4 3 0 0 .4 3 6 0 .4 3 2

7 .3 ^ • 0  (v o lu m etric )
1 8 .2 1 8 .2 1 7 .6 1 7 -9
2 5 .7 2 6 .1 2 6 .3 2 7 .8
2 7 .7 2 8 .1 2 8 .5 2 8 .3

7 0 .3 7 0 .0 7 0 .2
7 2 .5 7 0 .8 7 0 .6

‘ Î89 195 193 193
303 309 310 303
324 320 318 314
841 839 834 828
560 550 544 ^ 2 0  (n o t official)

1646 1650 1652 [1658] ( th e o re tic a l)

M a te r ia l“

A pp le  v in e g a r 
D rie d  g rass  1 
D rie d  g ra ss  2 
K e lp  c o n c e n tra te  
T o m a to  c o n c e n tra te  
M ilk  p o w d er 
S p in ac h  c o n c e n tra te  
L iv e r  c o n c e n tra te  
B a k in g  p o w d er 1 
B a k in g  p o w d er 2 
B ak in g  p o w d er 3 
F e r ti liz e r  
F ePO «.2H iO  

( 1  g. p e r  lite r)
a A ll sam p les  w ere  d r ie d  befo re  a n a ly s is  b y  12 to  24 h o u rs  o f v a c u u m  d es ic 

c a tio n , ex c ep t v in eg ar a n d  fe rric  p h o s p h a te , w h ich  a lso  w ere n o t  ash ed .

T h e  au th o rs  a re  indeb ted  to  th e  D ivision of C hem istry  of 
th e  T exas A gricultural E xperim en t S ta tio n  for analyzed 
grass sam ples, to  C alifornia V egetable C oncentra tes, Inc., 
fo r th e  food concentrates, an d  to  W . C. C raig for m an y  
g rav im etric  analyses.
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Estim ation o f Bromides in the Presence
o f Other Halides
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E S T IM A T IO N  of brom ides in  th e  presence of o ther hal
ides is a  problem  of im portance and  a  num ber of papers 

on th e  sub jec t have been published.

Brom ides in  Presence o f Chlorides

M ost of th e  published m ethods can be classified under two 
general heads: (1) those depending upon th e  choice of cer
ta in  oxidizing agents b y  w hich brom ine alone is liberated and 
distilled off, th e  chloride rem aining in th e  residue as chloride, 
a fter which brom ine collected is determ ined iodom etrically, 
gravim etrically  as silver brom ide, or colorim etrically by 
m eans of fluorescein solution or fuchsin-sulfuric acid re
agen t; and  (2 ) those depending upon th e  q uan tita tive  
oxidation of brom ides to  brom ates either by  chlorine w ater 
in th e  presence of sodium  bicarbonate  (11) or by  th e  addition  
of th e  theoretical am oun t of hypochlorite in  th e  presence of 
borate  buffer and  sodium  chloride to half sa tu ra tion  (5, S). 
I f  chloride be p resen t a sm all am oun t of chlorate is invariably 
form ed and  th is  m ust be allowed for by  using controls sub
jected  to  th e  sam e procedure from  th e  s ta r t;  if iodide be 
present, i t  is q u an tita tiv e ly  oxidized to  iodate and th en  th e  
ap p aren t brom ide figure includes th e  iodide.

W e ig h t of K B r in  100 M l. 
F o u n d  P re se n t
G ram  Gram

T a b l e  I I I .  D e t e r m i n a t i o n  o f  B r o m i d e s  i n  P r e s e n c e  o f

T a b l e  I. 
N m SiO i

D e t e r m i n a t i o n

K B r S o lu  R eq u ired , S tre n g th  
of N aiS îO itio n  T a k e n l 2 =* 2 B r

M l. M L

2 . 0 1 2 .4 5 0 .0 01602
1 . 0 1 6 .9 5 0 .00 0 5 9 0 2
5 .0 4 2 .3 5 0 .0005902
1 . 0 1 6 .6 5 0 . 0 0 0 1 2 0 0
1 . 0 8 .2 5 0 . 0 0 0 1 2 0 0

0 .9 9 6
1.000
0 .4 9 9 7
0 .1 9 9 0
0 .0 9 9 0

1.0000
1.0000
0 .5 0 0 0
0.2000
0.1000

To effect oxidation Baubigny and Rivals (1) used a  mixture of 
copper sulfate and potassium permanganate, Clausmann (3) 
used a  mixture of chromic and sulfuric acids, Baughman and 
Skinner (2) used chromic acid in concentrated solutions, Meloche 
and Willard (7) used potassium permanganate and hydrochloric 
acid, and Edwards, N anji, and Parkes (6') used potassium per
m anganate and dilute phosphoric acid. These methods require 
distilling the bromide mixture w ith the oxidizing agent and 
collecting the liberated bromine in a  vessel containing potassium 
iodide solutions, when an equivalent amount of iodine is liber
ated which can be estim ated volumetrically by titrating  against 
standard thiosulfate solution. There are other methods where 
bromine produced by oxidizing agents is extracted with carbon 
tetrachloride (9,10), which is separated and shaken with potassium 
iodide. Iodine thus liberated is determined volumetrically. 
DenocI (4) has recently described an extraction method for the 
estim ation of bromides in the presence of chlorides, using potas
sium brom ate as the oxidizing agent.

T a b l e  II . B l a n k  E x p e r i m e n t s  w i t h  S o d iu m  C h l o r i d e  
A l o n e

S o d iu m  C h lo rid e  
P re s e n t 

M g ,

25
50
75

100
150

S od ium  T h io su lfa te  
U sed
m .
N il
N il
N il

0 .0 3
0 .1 8

In  th e  p resen t investigation  th e  au tho rs  used m ixtures of 
n itric  and  chrom ic acids as oxidizing agents and rem oved the  
liberated  brom ine by  shaking th e  m ixtures w ith carbon te tra 
chloride.

K B r Solu N aC l

C h l o r i d e

N ajSjO a
R eq u ired , K B r  in  100 M l. of S o lu tio n

tio n  T a k e n A dded I * - 2 B r F o u n d P re s e n t
M l. Gram M l. G ram s G ram s

2 . 0 0 .0 2 5 1 1 . 1 2 1 .0 0 0 8 1 .0 0 0 4
2 . 0 0 .0 5 0 1 1 . 1 2 1 .0 0 0 8 1 .0 0 0 4
2 . 0 0 .0 7 5 1 1 . 1 2 1 .0 0 0 8 1 .0004
2 . 0 0 . 1 0 0 11 .1 5 1 .0 0 3 5 1 .0 0 0 4
2 . 0 0 .1 2 5 1 1 . 2 0 1 .0 0 8 0 1 .0004
2 . 0 0 .1 5 0 11 .3 0 1 .0 1 7 0 1 .0004

Strength of N a2S;03 used, 1 ml. =  0.0018 gram of K Br

R e a g e n t s .  A 1 per cent stock solution of potassium bromide 
was made from analytical reagent potassium bromide. Different 
volumes of this solution were taken to  estim ate the bromide 
content.

Carbon tetrachloride available in the stores was purified ac
cording to  the standard methods (12).

Nitric acid and chromic acid were extra pure Merck quality.
P r o c e d u r e .  A known volume of potassium bromide solution 

was mixed w ith an excess of 10  per cent chromic acid and an 
equal volume of concentrated nitric acid in a 100-ml. separating 
funnel. The mixture was shaken w ith 10 ml. of carbon te tra 
chloride. The lower layer of carbon tetrachloride containing the 
liberated bromine was separated. To ensure complete removal 
of bromine, the solution was further shaken a number of times 
with successive 5-ml. portions of carbon tetrachloride and the 
la tte r was separated. I t  was found th a t chromic acid dissolves 
to a small extent in carbon tetrachloride and interferes later on 
with the estimations. Therefore, carbon tetrachloride extrac
tions were shaken with w ater to remove any chromic acid present. 
To safeguard against any loss of bromine, the w ater layer was 
again shaken with a fresh 5-ml. portion of carbon tetrachloride 
and th is extraction added to the rest of the extractions. To the 
carbon tetrachloride extractions in  a glass-stoppered Erlenmeyer 
flask potassium iodide was added and the equivalent am ount of 
iodine liberated was titra ted  against standard sodium thiosul
fate. The end point is indicated by the disappearance of violet 
color from the carbon tetrachloride.

T a b l e  I V .  E f f e c t  o f  I o d i d e s

P o ta s s iu m  Io d id e  
P re s e n t 

M 0.
25
30
40
75

S o d iu m  T h io su lfa te  
U sed

N il
N il
N il
N il

In  T able I  a re  given th e  results ob tained  on a  specim en of 
pure potassium  brom ide, showing experim ental resu lts  in  very  
good agreem ent w ith  th e  calculated ones. I n  all these cases
10  ml. of 10  per cent chrom ic acid an d  10  m l. of n itric  acid 
were used for oxidation. C arbon te trach lo ride  extraction  
was done four tim es.

As m ay  be seen from  T able  I , v ery  sm all am ounts of 
brom ides, like 0 .0 0 1  g ram  in 1 .0  m l. of 0 .1  per cen t solution, 
can be easily and  accurately  estim ated.

A prelim inary  series of b lank  determ inations was carried 
o u t to  ascerta in  th e  effect of chrom ic ac id -n itric  acid m ix ture  
on varying concentrations of chloride. T he figures in  T able
11 show th a t  no iodine is liberated  from  carbon te trach loride 
extractions on th e  addition  of potassium  iodide w hen th e  
concentration  of chloride is n o t v e ry  high.

In  T able  I I I  a re  recorded results of de term ination  of po tas
sium  brom ide in th e  presence of vary ing  quan tities of sodium  
chloride.
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I t  is clear th a t  if th e  am oun t of chloride p resent be no t 
large, th e  am oun t of brom ide found is a lm ost theoretical. 
H igh resu lts in  th e  presence of m uch chloride have been noted 
by  o ther investigators (9).

Bromides in Presence of Iodides
T he interference of iodides in  th e  oxidation  m ethod  of 

determ ining brom ides is overcom e by  oxidizing th e  iodide 
to  iodate  (7). T he  au tho rs have observed th a t  th e  m ethod 
described above, when slightly  modified, overcom es th e  in te r
ference of iodides, as th ey  are  com pletely oxidized to  iodates 
by  th e  excess of n itric  acid-chrom ic acid m ixture.

T a b l e  V. D e t e r m i n a t i o n  o f  B r o m i d e s  i n  P r e s e n c e  o f

K B r S olu K I

I o d i d e

N ajS jO i
R eq u ired , K B r  in  100 M l. of S o lu tio n

tio n  T a k e n A dded I , - 2 B r F o u n d P re s e n t
M l. Gram M l. G ram s G ram s

2 . 0 0 .0 1 5 0 15 .2 0 1 .00016 1 . 0 0 0 2

2 . 0 0 .0 3 0 0 1 5 .2 0 1 .00016 1 . 0 0 0 2

2 . 0 0 .0 4 5 0 1 5 .2 0 1 .00016 1 . 0 0 0 2

2 . 0 0 .0 6 0 0 1 5 .2 0 1 .00016 1 . 0 0 0 2

2 . 0 0 .0 7 5 0 1 5 .2 0 1 .00016 1 . 0 0 0 2

Strength of Na2S20 j  used, 1 ml. =  0.001316 gram of K Br

P r o c e d u r e .  T o  the mixture of halides 25 per cent instead of 
10  per cent chromic acid was added w ith nitric acid, thus ensuring 
complete conversion of iodides to  iodate. The rest of the pro
cedure was as described above.

P relim inary  experim ents were carried o u t w ith  potassium  
iodide alone and  i t  was found (T able IV ) th a t  no iodine is 
detec ted  in  th e  carbon te trach loride ex tractions.

In  T able  V  are  given th e  resu lts of de term ination  of po tas
sium  brom ide in  th e  presence of vary ing  concentrations of 
potassium  iodide. T he  resu lts a re  self-explanatory.

I t  is ev iden t th a t  th e  m ethod  described can be used safely  
w ith  g rea t accuracy  for th e  determ ination  of brom ides in  th e  
presence of iodides and  chlorides, provided th e  chlorides are  
n o t p resen t in large am oun t as in  saline w aters, “po tash  
sa lts” , etc.
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An A djustable Safety Shield
A R T H U R  F Ü R S T , S a n  F ra n c is c o  J u n i o r  C o lleg e , S a n  F ra n c is c o ,  C a lif .

T H E  ad justab le  safety  shield here described w as developed 
by  th e  w riter to  overcom e th e  lim ita tions to  th e  arrange

m en t of ap p ara tu s w hen a  conventional safe ty  shield is used. 
1 T he  conventional shield consists of e ither safe ty  glass or 
w ire-encased glass se t close to  th e  base legs and  rigidly a t
tached  to  them . P ro tec tion  is afforded a t  th e  v e ry  bo ttom  
w here there  is no real need, w hile a t  th e  sam e tim e th e  shield 
p ro tec ts only a  restric ted  area. T he  heigh t of th e  shield is the 
lim iting  heigh t of th e  appara tus. I f  th e  arrangem ent m ust 
be  m odified, th e  dim ensions of th e  safety  shield are  a  ham per
ing factor. Unless an  asso rtm en t of shield sizes is kep t, only 
a  lim ited  num ber and  types of arrangem ents can be  used.

To give more leeway to  the assembling of apparatus and still 
m aintain complete protection, an adjustable, portable safety 
shield was constructed, using the safety glass from an old auto
mobile wind wing. I t  was tested by shattering a liter beaker 
against it  from a distance of 4 feet. The glass was enframed in 2 
by 4 inch wood, and cushioned by strips of cloth. In to  two holes 
bored in each side were forced the shaft ends of some broken rings. 
These served to  clamp the shield to  the ring stands which had 
been removed from the original iron stands and fastened to  large 
wooden blocks.

T h is shield can easily be m ade h igher o r lower, an d  used 
either vertica lly  or horizontally . U ltim ate  freedom  and  flexi
b ility  in  se tting  u p  ap p a ra tu s  are  achieved.



A Modified Noyons Therm ic Diaferom eter 
for Respiratory Gas Analysis
T H O R N E  M . C A R P E N T E R  a n d  V L A D IM IR  S. C O R O P A T C H IN S K Y  

N u t r i t i o n  L a b o r a to r y ,  C a rn e g ie  I n s t i t u t i o n  o f  W a s h in g to n ,  B o s to n , M a ss .

A m o d if ic a t io n  o f  t h e  th e r m ic  d ia f e r o m e te r  o f  
N o y o n s  is  d e s c r ib e d , t h e  g e n e ra l  p r in c ip le  o f  w h ic h  
is  t h e  a n a ly s is  o f  t h e  c a rb o n  d io x id e  c o n te n t  a n d  
o x y g en  d e f ic it  o f  r e s p i r a to r y  c h a m b e r  g a se s  b a se d  o n  
m e a s u r e m e n ts  o f  t h e  d e f le c t io n s  o f  a  s e n s i t iv e  g a l 
v a n o m e te r ,  w h ic h  in d ic a te s  t h e  c h a n g e s  i n  r e s i s t 
a n c e  o f  p l a t i n u m  w ire s  c a u s e d  b y  a  d iffe re n ce  in  th e  
c o o lin g  p o w e rs  o f  th e  g a se s  s u r r o u n d in g  th e -w ire s . 
T h e  a p p a r a tu s  h a s  b e e n  s ta n d a r d iz e d  b y  a n a ly se s  
w i th  d i lu te d  r e s p i r a to r y  a i r  i n  c o m p a r is o n  w i th  
a tm o s p h e r ic  a i r ,  a n d  c o n s t a n t s  h a v e  b e e n  e s t a b 
l is h e d  fo r  t h e  e q u iv a le n t  p e rc e n ta g e s  o f  c a rb o n  d i
o x id e  a n d  o x y g e n  d e f ic it  i n  s a m p le s  o f  r e s p ir a to ry  
c h a m b e r  a i r  p e r  m i l l im e te r  d e f le c tio n  o f  t h e  g a l
v a n o m e te r .  T h e  a c c u ra c y  o f  f u n c t io n in g  o f  t h e  
a p p a r a tu s  h a s  b e e n  d e m o n s t r a te d  b y  a lc o h o l c o n 
t r o l  t e s ts .  F o r ty -s ix  c o n se c u tiv e  t e s t s  o n  five d a y s  
g av e  a n  a v e ra g e  r e s p i r a to r y  q u o t ie n t  o f  0.662 w ith  
a  s t a n d a r d  d e v ia t io n  o f  =*=0.0084. T h e  s t a n d a r d  
d e v ia t io n  o f  t h e  q u o t ie n t s  f ro m  th e  th e o r e t ic a l  
a lc o h o l  q u o t i e n t  o f  0.667 w a s  =»=0.0097.

I N  1937 N oyons (I) published th e  description of an  appara
tu s  for gas analysis, th e  principle of which was dependence 

upon m easurem ent of th e  changes in  resistance of p latinum  
wires in  tw o arm s of a  W heatstone bridge caused by  differences

in th e  cooling powers of th e  gases surrounding the wires. In  
A ugust, 1938, one of th e  au thors (T . M . C.) saw  th e  ap p a ra tu s  
dem onstrated  a t  th e  Sixteenth  In te rn a tio n a l Physiological 
Congress in  Zurich, Sw itzerland, and  was able to  ob ta in  m eas
u rem ents and details w ith  regard  to  its  construction .

A schem atic diagram  indicating  th e  general principle of the  
app a ra tu s is shown in F igure 1, and  photographs of th e  as
sem bled ap p a ra tu s  are reproduced in  F igures 2  and  3. T he 
appara tu s  consists of tw o parallel pathw ays for tw o continu
ous stream s of air, w hich are  driven either th rough  absorben ts 
for b o th  carbon dioxide and  w ater vapor or th rough  an  a b 
sorben t for w ater vapor alone. A fter passing th rough  th e  ab 
sorbents, portions of th e  tw o stream s of a ir a re  asp ira ted  by  
m eans of a  constant-level hydrosta tic  pum p through  cham bers 
containing resistance wires w hich form  tw o arm s of a  W heat
stone bridge system . T he  changes in  cooling pow er of the  gas 
passing th rough  th e  system  are m easured b y  th e  deflections 
of a  delicate galvanom eter.

The stream s, of air enter the apparatus through A 1 or A  2 
(Figure 1), and the direction of eitner air current can be deter
mined by stopcocks B \  and B2. The air, aspirated from the 
outside, is driven through the absorption system by pumps P I  
and P2, and the rate of flow is controlled by needle valves NX 
and N2. When it  is desired to  pass the air along the system 
w ithout removing its carbon dioxide content, stopcocks D 1 and 
D2 are closed and stopcocks C l and C2 are turned in such a 
direction th a t the air passes directly to the absorbing vessels, 
E l  and E2, where the w ater vapor is removed. To remove car
bon dioxide as well as w ater vapor, stopcocks C l and C2 are 
closed and D 1 and D2 are opened, which perm its th e  air to  pass 
through two parallel sets of tubes P I and F 2 , containing the

F i g u r e  1. S c h e m a t i c  O u t l i n e  o f  G e n e r a l  P r i n c i p l e  o p  M o d i f i e d  N o y o n s  D i a f e r o m e t e r

4 1 A -> fo r e n tra n c e  of a ir  -SI a n d  B 2 , s to p co ck s  to  d ire c t a ir  c u r re n t  th ro u g h  a p p a ra tu s . P I  a n d  P 2 , p u m p s  to  a s p ira te  a ir .
C l, C2, D l ,  a n d  D 2, s to p co c k s  to  d ire c t a ir  th ro u g h  E l  a n d  E 2  a lone  o r  th ro u g h  F I  a n d  F 2  a s  w ell fo r rem o v a l of w a te r  v a p o r  a n d  c a r
b o n  d iox ide , re sp ec tiv e ly . F M \  a n d  F M 2 , flow m eters I IP ,  h y d ro s ta t ic  p u m p . M l  a n d  M 2 ,  oil m a n o m e te rs . G 1 a n d  G2, p o in ts  of 
c o n s tr ic tio n  in  tS b in g . H I  a n d  112, tu b e s  th ro u g h  w hich  a ir  passes  o u t  in to  ro o m  J l  a n d  J 2 , tu b e s  th ro u g h  w hich  a i r  sam p les  p a ss  in to  
d ia fe ro m e te r  b locks 1 1 a n d  L 2 . JV1, N 2 , 0 1 .  an d  0 2 .  need le  v a lv es  to  re g u la te  r a t e  of a ir  flow . R ,  w a te r  rese rv o ir . K  a n d  T ,  s to p co c k s.

S ,  c a p illa ry  su c tio n  p u m p . W B ,  w a te r  b a th .  W I , w a te r  p u m p .
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F i g u r e  2 . G e n e r a l  V i e w  o f  M o d i f ie d  N o y o n s  D i a f e r o m e t e r

passed through a saturator, bu t the authors found it more satis
factory to remove the w ater vapor completely. *

Containers E l  and E2  hold 12 grams of D ehydrite each, and 
the two parallel sets of tubes, F I  and F 2, hold 15 grams of As
ean te  each. These amounts serve for th irty  analyses.

T he rate  of flow of the air through the continuing circuit is 
regulated by oil manometers M l  and M2. To have pressure a t 
this point, a  constriction is made in the tubing leading to  the 
outside air a t  points G1 and (72. After leaving these points, the 
excess air passes out freely through th e  parallel tubes, H I  and 
H 2, to the outside air. These two tubes are immersed in a 
cylindrical glass water bath , W B.

From these two main air stream s samples are drawn for 
analysis through tubes J l  and J2  by means of a hydrostatic pump, 
H P, which aspirates the air through the two sides of the W heat
stone bridge enclosed in th e  diaferometer blocks, L I and L2. 
The rate  of flow of air through these two small side arms, J l  
and J2, is regulated by two needle valves, 01 and 02. Two 
flowmeters, F M l and FM 2, have been installed in this model 
so th a t the rate  of flow through th e  two sides of the W heatstone 
bridge can be regulated independently. In  the original appara
tus of Noyons th e  flow was regulated by only one flowmeter, 
and th is regulation of flow was governed by th e  reading of a 
galvanometer, which should show no change when the circuits 
are pu t into operation w ith the air flowing through them . The 
authors have found th is arrangem ent unsatisfactory and have 
substituted the two flowmeters for th e  one.

The level of w ater in th e  hydrostatic pump, H P, is kept con
s tan t by pum p W P, which continually draws w ater from a 
reservoir, R, which in tu rn  is continually supplied w ith water 
from the overflow a t th e  constant level a t  H P. The rate  of 
suction of the air by the w ater flow is determined by th e  position 
of stopcock K . A capillary suction pump is located a t  S. W hen 
stopcock T  is turned in the proper direction, th e  w ater can be 
drained from th e  hydrostatic pump.

The rate  of flow through each side of the main circuit is from 
4 to  5 liters per hour. The rate of flow through each arm of the 
W heatstone bridge system is 3 liters per hour.

T he electrical p a rts  of th e  ap p a ra tu s  are  som ew hat different 
from  o ther system s of gas analysis b y  m easurem ent of changes 
in  resistance in  wires.

The resistance wires are enclosed in a copper box instead of 
in nonconducting material. A cross section of the  diaferometer 
itself is shown in Figure 4, and general views are illustrated in 
Figure 5. Two copper blocks, 22 cm. long, 6.4 cm. wide, and 1 
cm. thick, form a case containing th e  platinum  wires. In  each 
block are semicylindrical grooves (A and B, Figure 4), 20 cm. 
long and 2.4 mm. deep. Holes C and D, 4.4 mm. in diameter,
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are made through the block 
to  connect one end of each 
groove with the air current. 
Two other grooves, F  and G,
2.4 mm. deep, run the entire 
length of the block and carry 
the platinum  resistance wires, 
which are fastened into ter
minals K  and L  a t  one end 
of the block and terminals M  
and N  a t the  other end. 
Springs of No. 40 Manganin 
wire, <S1 and S2, keep the 
platinum  wires a t  the right 
tension so th a t they  will not 
sag. T he outside connec
tions are insulated from the 
blocks. The electric current 
passing through the two plat
inum wires in each set of 
blocks is 56  milliamperes.

Two such blocks, when 
placed w ith th e  grooved sides 
lacing one another, form one 
container for one arm of the 
W heatstone bridge system. 
To perm it th e  stream  of air 
to  pass from opening D  and 
groove B  across th e  wires in 
grooves G and F  to groove A  
and out through opening C, 
th e  two copper blocks are sep
arated a t all points around 
the  outside edge by a layer 
of aluminum foil, 0.4 mm. 

thick. The blocks and foil are made air-tight by shellac and 
held together by machine screws a t various points. An end 
cross section of the blocks, separated, is shown in the lower p a rt of

F i g u r e  3 . A b s o r p t io n  S y s t e m  a n d  H y d r o s t a t ic  P u m p
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F ig u r e  4 . C r o s s  
S e c t io n  o f  D i a f e r 

o m e t e r
D  a n d  C, open in g s  fo r 
e n tra n c e  a n d  e x it of a ir  
b y  g rooves D  a n d  A  a n d  
0  a n d  F. K , L , M , an d  
N , te rm in a ls  to  w hich  
p la tin u m  w ires in  G a n d  
F  a re  fa s te n e d . 51  a n d  
5 2 , • sp rin g s  to  p re v e n t 

w ires fro m  sagg ing .

Figure 4. Two sets of such blocks 
are placed together, back to back, 
and form th e  two arms of theW heat- 
stone bridge. This is placed in a 
therm ostat, a  copper box of double 
walls forming a case of about 1400 
cc., which is filled w ith water. As 
the  therm ostat can be m aintained 
a t  constant tem perature, the W heat
stone bridge' is protected against 
external therm ic influences.

A diagram  of th e  electric cir
cuits for the  W heatstone bridge 
system  is show n in F igure 6 .

The two arm s of the bridge, A  
and B  (the resistance of one side 
of which is changed by  th e  gas of 
unknown composition), contain the 
platinum  wires, 19.5 cm. in  length 
and 0 .0 2  mm. in diam eter, and each 
arm has a resistance of 120  ohms.
The o ther two arms, C and D, are 
fixed resistances, each of 2 0 0  ohms.
Final adjustm ent of th e  bridge is 
made by a  small (0 .1-ohm) slide- 
wire rheostat, E. A t F  there are 
three 6 -volt storage batteries con
nected in series, a t  H  there is a 
resistance box for regulating th e  
amperage, and a t  /  a W eston stand
ard, portable milliammeter, Model 
1, having a range of 1500 milliam- 
peres and 150 scale divisions.

The galvanometer, G, is a  Moll 
type made by Kipp, sensitive to 
1.22 X 10-6  volt, and it  gives a de
flection of 1 mm. (equivalent to  5.7 
X 10-s  ampere) a t 1 m eter scale dis
tance. L M  is a double-pole, double
throw, vacuum mercury switch 
which is used when the air cur
rents through th e  two sets of ab
sorbers are reversed. The full w idth of the galvanometer scale, 
which is 50 cm. in length, may thus be used w ith the zero set
ting a t  th e  same end in both  sets of readings. The distance 
from the galvanometer m irror to  the scale is 440 cm. The 
shunt used w ith the galvanometer is 40.1 ohms for oxygen and 
3.9 ohms for carbon dioxide.

A draw ing of th e  pum p, th ree of w hich are  in the arrange
m ent, is show n in  F igure 7. T h is  pum p operates on th e  ec
centric principle, driving a  plunger w hich regularly closes a  soft 
piece of rubber tubing.

The rubber tubing, R T , is shown in the upper part of the draw
ing connected to  the ingoing valve, V I, ana the outgoing valve, 
V2. These valves alternately close and open as the piston 
plunger, P, presses up against the rubber tubing. The valves 
are simple cylinders w ith lightly movable flaps placed on the 
ends, which are cu t off a t an angle. In  the lower part of Figure 
7 th e  pump is shown w ithout the rubber tubing. The pump is 
driven by a  0.125-horsepower motor, with a 9-cm. pulley a t
tached to the shaft of th e  pump and a  4-dm. pulley attached to 
the motor. The speed of the motor is cut down by resistance to 
about 600 revolutions per minute.

Standardization of the Apparatus
A fter th e  ap p a ra tu s  was constructed , th e  first problem  was 

its  standard iza tion , to  determ ine th e  deflection of th e  gal
vanom eter per definite u n it of carbon dioxide and  of oxygen 
deficit in  th e  gas passing th rough  th e  system .

To determine th e  deflection for carbon dioxide, expired air 
diluted with atmospheric air was passed through one side of the 
system w ithout absorption of the carbon dioxide, and on the 
other side the carbon dioxide was removed from it. This 
caused a deflection of the galvanometer, and from the number of 
millimeters’ deflection and the known percentage of carbon 
dioxide in the air sample (as determined by the Carpenter gas- 
analysis apparatus), the percentage of carbon dioxide per milli

m eter deflection of the galvanometer could be calculated. The 
apparatus is so sensitive (a 500-mm. deflection on the galva
nometer scale corresponds to  a  change in resistance of.0 .0 1 2  ohm) 
th a t its sensitivity had to be cut down by shunting the galva
nometer, in order to have a  readable length of deflection of the 
galvanometer for the amount of carbon dioxide ordinarily oc
curring in respiration chamber air.

The standardization for the oxygen value was made by passing 
atmospheric air through potassium pyrogallate to  remove a por
tion of its oxygen content and then  collecting i t  in a  gasometer. 
Through one side of the apparatus atmospheric air, freed from 
carbon dioxide, was passed and through the o ther side the air 
from the gasometer, freed from carbon dioxide. This gave a 
difference in the composition of the air in the  two sides of the ap
paratus with respect to the oxygen content, and from the de
flection of the galvanometer it was possible to standardize the 
apparatus for th e  oxygen measurement. In  all these standardi
zations a  comparison of the composition of th e  gases was made 
by the Carpenter gas-analysis apparatus.

A large num ber of standard iza tions w ere m ade, p articu la rly  
of the value for oxygen per m illim eter deflection of th e  gal
vanom eter. I t  was necessary, first, to  determ ine th e  regular
ity  of these values, for i t  w as ev iden t th a t  if th e  value changed 
w ith  tim e, th e  ap p ara tu s w ould n o t be serviceable. In  th e  
course of these standard iza tions th e  au thors tried  on tw o oc
casions a m ixture of carbon dioxide, oxygen, and  nitrogen m ade 
from  compressed gases in  cylinders. H ow ever, th is  w as found 
unsatisfactory , because ap p aren tly  in m aking th e  m ix ture of 
these gases some one of th e  rare  gases, w hich have a  high cool
ing power, w as increased in  am ount above th a t  w hich w ould 
occur in  norm al atm ospheric air.

Alcohol Control Tests
A fter th e  app ara tu s w as once standard ized  for carbon di

oxide and  oxygen w ith  d ilu ted  expired air, th e  nex t logical 
step, according to  the  experience in th e  N u tritio n  L abora to ry , 
was to  determ ine w hether th e  values for carbon dioxide con-

F ig u h e  5 . G e n e r a l  V i e w  o f  D i a f e r o m e t e r

T w o  s e ts  of b locks c o n ta in in g  p la tin u m  w ires, in g o in g  a n d  o u tg o in g  a ir  
tu b e s , open in g s  D  a n d  C  fo r e n tra n c e  a n d  ex it o f a ir , te rm in a ls  K , L ,  M , 
a n d  N ,  to  w hich  p la tin u m  w ires in  one  b lock  a re  a t ta c h e d , a n d  need le  

va lv es  0 1  a n d  0 2 .
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F iq ük e  7 . P u m p  f o r  A s p i r a t i o n  
A i r  t h r o u g h  A p p a r a t u s

F i g u r e  6 . D i a g r a m  o f
E l e c t r i c  C i r c u i t  f o r  te n t and  oxygen deficit per
W h e a t s t o n e ^  B r i d g e  m i]ijm et er deflection of th e  gal

vanom eter w ould be th e  sam e if 
ethyl alcohol were bu rned  in  a 

stream  of atm ospheric air. F or th is  purpose th e  usual a r
rangem ent of ap p a ra tu s  w as used (Figure 8 ), in  w hich a ir 
passed over an  alcohol lam p contain ing a  sm all flame. A t first, 
com parisons were m ade of th e  C arpen te r ga-s-analysis ap p a ra 
tu s  and  th e  modified N oyons ap p ara tu s  to  m ake sure th a t  
there  w as n o t p resen t an y  gas, e ither unbum ed  or foreign, 
w hich w ould con tam inate  th e  m ix ture  so th a t  i t  could n o t be 
read  w ith  th e  modified N oyons ap p ara tu s . In  these tes ts  th e  
percentage values for carbon dioxide co n ten t and  oxygen deficit 
per m illim eter deflection of th e  galvanom eter were no differ
e n t from  those obtained  w hen atm ospheric a ir w as used to  
w hich carbon dioxide had  been added or from  w hich oxygen 
h ad  been rem oved. T ab le  I  gives th e  results of e igh t such de
term inations, in  w hich th e  average value per m illim eter de
flection of th e  galvanom eter is 0.00238 per cen t for carbon 
dioxide and  0.00336 per cen t for oxygen deficit. T he  average 
of a  large num ber of previous determ inations w ith  d ilu ted  
expired a ir is 0.00238 per cent for carbon dioxide and  0.00335 
per cen t for oxygen deficit.

T he modified N oyons app a ra tu s w as th en  used as a  gas- 
analysis app a ra tu s  for analysis of a ir in  alcohol control tests  
on five days (T able I I ) .  In  th is series of 46 consecutive tests, 
th e  carbon dioxide con ten t ranged from  0.591 to  0.848 per 
cen t and  the  oxygen deficit from  0.843 to  1.299 per cent. T he 
average resp ira to ry  qu o tien t w as 0.662 an d  th e  s tan d ard  
deviation  w as ±0.00S4. T he s tan d ard  dev ia tion ,Jrom  th e  
theoretical quo tien t of 0.667 w as ±0.0097. \S }<

Procedure
For the determ ination of the carbon dioxide in a 

sample of respiratory chamber air, the  first step is to 
have outdoor air flow through both sides of th e  ap
paratus, passing through the D ehydrite for removal 
of its  m oisture content. W hen th e  galvanometer 
becomes steady, which usually requires about 30 
minutes, a  sample of respiratory chamber air is aspi
rated  through both sides of the  apparatus, and its 
moisture is also removed. The position of the galva
nometer is read after the  sample has been flowing 
through for 4 m inutes (reading 1, Table III) . D ur
ing th e  next 3 m inutes carbon dioxide as well as w ater 
vapor is removed from one of th e  two streams of air 
and water vapor alone is removed from th e  other 
stream. A t the end of these 3 m inutes a  second read
ing is made, to  show th e  magnitude of th e  galva
nometer deflection. Im m ediately after this second 
reading, water vapor alone is removed from both 
streams of air. A t the end of 1.5 m inutes under these 
conditions the largest deflection of the galvanometer 
will occur and should be recorded (reading 3). The 
deflection of the  galvanometer will then  move back 
toward the initial position and in 2.5 minutes will 
stop. The position of th e  galvanometer should then 
be read again (No. 4). The difference between 
th e  th ird  and the fourth reading indicates, in terms 
of millimeters’ deflection of the galvanometer, the 
content of carbon dioxide in the air sample.

T a b l e  I. C o n s t a n t s  o f  M o d i f i e d  N o y o n s  A p p a r a t u s

(O b ta in e d  b y  c o m p ariso n  of v o lu m e tr ic  g as  a n a ly s is  w ith  d ia fe ro m e te r  re a d -  
in g s  in  a lcoho l c o n tro l te s ts )

G a lv a n o m e te r V o lu m e tric V a lu e  p e r  M m .
R ea d in g G as  A n a ly s is D eflec tion

O j O j O î
D a te ,  1941 CO* d efic it C O i d e fic it C O i d efic it

M m . M m . % % % %
J u n e  10 375 311 0 .8 9 1 1 .0 4 1 0 .0 0 2 3 8 0 .0 0 3 3 5
J u n e  10 378 312 0 .8 9 9 1 .0 4 4 0 .0 0 2 3 8 0 .0 0 3 3 5
J u n e  11 378 315 0 .9 0 2 1 .0 5 5 0 .0 0 2 3 9 0 .0 0 3 3 5
J u n e  11 386 309 0 .9 1 8 1 .0 3 5 0 .0 0 2 3 8 0 .0 0 3 3 5
J u n e  16 354 290 0 .8 4 0 0 .9 7 1 0 .0 0 2 3 7 0 .0 0 3 3 5
J u n e  18 343 284 0 .8 0 3 0 .9 5 0 0 .0 0 2 3 4 0 .0 0 3 3 4
J u n e  19 376 309 0 .8 9 3 1 .0 4 0 0 .0 0 2 3 8 0 .0 0 3 3 7
J u n e  19 355 288 0 .8 5 3 0 .9 8 1 0 .0 0 2 4 0 0 .00341

A v. 0 .0 0 2 3 8 0 .0 0 3 3 6

F i g u r e  8 . A r r a n g e m e n t  
f o r  A l c o h o l  C o n t r o l  T e s t s

A , r o ta r y  b lo w er. J3 ,.p inchcock  fo r 
re g u la tin g  r a te  of flow of a ir . C , w a te r  
sea l, jD, a lco h o l la m p . E ,  P y re x  
la m p  ch im n ey . G, s to p co c k  fo r d ra w 
in g  sa m p le . H ,  m ix ing  ch a m b er . 

J ,  flow m eter.
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T a b l e  I I .  R e s p i r a t o r y  Q u o t i e n t s  (C 0 2/ 0 2) o p  B u r n i n g  
E t h y l  A l c o h o l  O b t a i n e d  w i t h  M o d i f i e d  N o y o n s  D i a f e r -

J u n e  25 J u n e  26

OM ETER 

( J u n e - J u ly ,  1941) 
J u n e  30 J u ly  1 J u ly  2

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

0 .6 5 5 0 .6 7 5 .
0 .6 6 4 0 . 6 6 8
0 .6 6 4 0 . 6 6 8

0 .6 6 7 ...
'. 0 .6 5 9 0 .6 6 1 0 .6 5 7 0 .6 6 9 0 .6 6 2

For the determ ination of the oxygen deficit in a  sample of 
respiratory chamber air, outdoor air is also allowed to  flow 
through both sides of the apparatus, b u t in this case both the 
carbon dioxide and the w ater vapor are absorbed. When the 
galvanometer becomes steady (usually, in about 30 minutes), 
the position of the galvanometer is read. Then for 4 minutes the 
sample of respiratory chamber air is passed through one side of 
the system, while outdoor air passes through the other side. A t 
the end of th e  4 minutes, the deflection of the galvanometer is 
read (reading 2). Im m ediately thereafter outdoor air is again 
allowed to  flow through both sides of the apparatus, passing 
through both absorption systems. A t the end of 2 minutes the 
largest deflection of the galvanometer will occur and should be 
recorded (reading 3). The deflection of the galvanometer will 
then  move back towards the initial position and in 4 minutes 
will stop. The position of the galvanometer should then again 
be read (reading 4). The difference between the third and fourth 
readings represents the difference between the content of oxygen 
in the sample of respiratory chamber air (carbon dioxide-free) 
and the content of oxygen in carbon dioxide-free outdoor air, 
this difference being expressed in terms of millimeters’ deflection 
of the galvanometer.

T he  in itia l reading of th e  galvanom eter, b o th  for the carbon 
dioxide an d  for th e  oxygen determ ination , is m ade only  to  see 
th a t  th e  galvanom eter is steady . T he prelim inary  30-m inute

T a b l e  I I I .  A n a l y s i s  o f  a  P r e p a r e d  S a m p l e  o f  D i l u t e d  
E x p i r e d  A i r  M a d e  w i t h  D i a f e r o m e t e r ,  J u n e  17, 1941

D ia fe ro m e te r  D e te rm in a tio n s  
, C a rb o n  D io x id e -

G a lv a n o m e te r
R ea d in g D eflec tion D

N o.
M in .

T o ta l
M m .

D ifference
M m . M in .

T o ta l
M m .

L e f t s id e

1 0 440 0 420
2 3 205 4 311
3 4 .5 204

23o
6 300

4 7 439 1 0 424

R ig h t  s id e

1 0 38S 0 378
2 3 158 4 280
3 4 155 6 246
4 7 388 233 1 0 370

-O xygen---------------*
G a lv a n o m e te r 

flection 
D ifference 

M m .

124

A v . 234

124

124

S ta n d a rd iz a t io n  b y  C o m p a riso n  w ith  V o lu m e tric  G as A na ly sis , G as  A nalysis  
of A ir S am p le

R e a d in g  D ifference

Vol.
C O i
O,
H jO

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

0 .5 5 5
20 .35S

0 .2 0 4

HzO
0 .2 0 4

T ru e
R ead in g

99 .721

CO i in  1 0 0  v o lu m es  of a i r  sam p le  (0.555 99.721)
Oi i n  C O r-free o u td o o r  a ir  [20.940 (100 — 0.03)1
Oj in  C O r-free a ir  sam p le  [20.358 +■ (99.721 — 0.555)]
Oj d e fic it (20.946 -  20 .529) . ,
CO j p e r  1-m m . g a lv a n o m e te r  deflec tion  (0.557 -5- 2 3 4 ) , ^  
Oi defic it p e r  1-m m . g a lv a n o m e te r  deflec tion  (0.417 124), %

0 .5 5 7
20 .9 4 6
20 .5 2 9

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

period a t  the  s ta r t, w hen th e  app a ra tu s is b rough t in to  equilib
rium , is necessary only a t  th e  beginning of a  series of analyses 
on any  one day  and  need n o t be repeated  before each analysis 
in  th e  series.

T heoretically , th e  th ird  reading of th e  galvanom eter de
flection (in th e  carbon dioxide and  oxygen determ inations) 
should be m ade under th e  sam e conditions as th e  second 
reading as regards the  com position of th e  a ir  stream s passing 
through th e  tw o sides of th e  diaferom eter. T h e  in terval of 
tim e betw een these tw o readings is so short, how ever, th a t  
ac tua lly  the  respective compositions of th e  a ir stream s in  
L I  and L2  (F igure 1) a t  th e  tim e of th e  th ird  reading are  still 
the  sam e as a t  th e  tim e of th e  second reading. T he to ta l tim e 
required for an  analysis can, therefore, be shortened b y  m ak
ing the described changes in  th e  air s tream s a t  th e  end of th e  
second reading instead  of w aiting un til th e  end of th e  th ird  
reading. T he second reading is no t absolutely  necessary b u t is 
desirable as a  check on th e  th ird .

U sually  there  is a  difference of ab o u t 2 to  3 m m . betw een 
th e  in itial reading and  th e  fou rth  reading. T he  to ta l tim e re
quired for th e  analysis of an  air sam ple for bo th  carbon di
oxide and  oxygen is approx im ately  17 m inutes, and  th e  to ta l 
volum e of sam ple required for the com plete analysis is 1 
liter.

Precautions in  Use o f Apparatus
T he stren g th  of th e  electric cu rren t passing th rough  the 

diaferom eter should be checked frequently , to  m ake sure th a t  
i t  has rem ained unchanged.

T he  m anom eters showing th e  ra tes of flow of th e  sam pling 
stream s th a t  pass th rough  th e  diaferom eter should be checked 
frequently, as otherwise incorrect readings will be  obtained.

I t  is necessary to  have clean w ater in  th e  hyd ros ta tic  pum p, 
in order for th e  asp iration  of a ir to  be uniform .

A check on th e  completeness of absorption  of e ither carbon 
dioxide or w ater vapor or bo th  can be ob tained  b y  reversing 
the  currents of a ir an d  a t  th e  sam e tim e reversing th e  gal
vanom eter. T he  sam e reading should be obtained  for carbon 
dioxide and  sim ilarly for oxygen, irrespective of w hether th e  
righ t or th e  left side of th e  app ara tu s  is used (T able  I I I ) .

A fter th e  app ara tu s has been thoroughly  standard ized  by  
comparison w ith  volum etric gas analysis, i t  is no longer neces
sary to  standardize i t  in  th is w ay, b u t  alcohol contro l tes ts  
m ade regularly  will dem onstrate  th e  accuracy of functioning 
of the  appara tus, provided th e  ra tio  of carbon dioxide increase 
to oxygen deficit in  th e  burn ing  of alcohol is w ith in  0 .0 1  of the  
theoretical ra tio  of 0.667. If  th e  app ara tu s  gives th is  ra tio , 
neither the  value for carbon dioxide nor th a t  for oxygen deficit 
has been changed.

T he appara tu s  is designed prim arily  for analysis of resp ira
to ry  cham ber air. I t  could be adap ted  for analysis of expired 
air, if th e  shun ts in  th e  galvanom eter system  were changed to  
decrease the  sensitiv ity  or if th e  reading scale w ere b rough t 
closer to  th e  galvanom eter. I t  cannot be used for th e  analysis 
of gases from any  resp iratory  system  in  w hich foreign gases 
are  present th a t  do n o t exist in  atm ospheric air, such as 
m ethane, hydrogen, and  carbon m onoxide. W hen such 
resp irato ry  system s are  used, these foreign gases m ust be re
m oved from  the a ir sam ples before analysis w ith  th e  modified 
N oyons appara tus.
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Pressure Regulating and Indicating Apparatus 
for Vacuum Systems

B A S S E T T  F E R G U S O N , JR .,  U g ite  S a le s  C o r p o ra t io n ,  C h e s te r ,  P c n n a .

TANK

NEEDLE VALVE 

VACUUM RJMP
F i g u r e  2 .  C l o s e d - E n d  M a n o m e t e r

F i g u r e  1 .

F O R  m any  labora to ry  vacuum  system s the  autom atically  
controlled air leak  is the  sim plest and  m ost satisfactory  

m ethod  of pressure control. F igure 1 illu stra tes such an  ap 
p a ra tu s  which has been evolved to  e lim inate m an y  of th e  ob
jections to  earlier designs of th is type  of control. T h is de
vice has proved to  be inexpensive, easy to  opera te  and  m ain 
ta in , and  capable of an  accuracy of =±=0 .2  m m . for pressures 
of 5 to  760 m m .

W ith the apparatus set up as shown, stopcock C is opened, 
switch M  is closed, and mercury' is adm itted through valve D 
(by means of a  leveling bottle) until the mercury ju s t makes con
ta c t a t E, closing the electrical circuit. D  is then closed and M  
is opened. The System is evacuated to  the desired pressure a t 
which point C and M  are closed. Bulb A  maintains the desired 
pressure and as the vacuum source tends to decrease the system 
pressure the mercury will rise in the right-hand arm of the U- 
tube, making contact a t  E  and activating electromagnet G, thus 
opening capillary leak H.

The capacity of bulb D and the resistance offered by capillary 
N  cushion the effect of th is leak on the mercury, and capillary I  
prevents setting up a harmonic surging of the mercury. When 
sufficient air has entered H  to  increase the system pressure to  th a t 
of A , the contact a t  E  is broken and the spring flap on G closes II.

A needle valve in the line to  the vacuum source may be used to

ad just the frequency of this cycle; six to  twelve cycles per minute 
are satisfactory. W hen increasing system  pressure, or when 
bringing it  to  atmospheric pressure after use, it  is customary to 
open stopcock C. If this is neglected, however, the mercury is 
forced into bulb A  as the pressure is equalized, bu t it  then falls 
back into position in the tube without further adjustm ent.

Oxidation of the mercury by the sparking a t  E  m ay be de
creased by floating a small quan tity  of oil on the mercury. W hite 
R ussian mineral oil m ay be used after shaking with mercury to 
remove sulfides and filtering. The U-tube m ay be cleaned readily 
by draining the mercury from stopcock D and rinsing, by use of a 
leveling bottle, with dilute nitric acid, water, and acetone suc
cessively.

The glassware is furnished to  Ugite Sales Corporation specifica
tion by Ace Glass; Inc., Vineland, N. J. The electrom agnet is an 
ordinary twin-coil buzzer, obtainable a t any electrical supply 
shop. I t  is then wired directly to  the coils instead of through the 
make-and-break buzzer as furnished. D ry cells or a  direct cur
rent source is used. The device m ay be m ounted on a board for 
convenience in handling.

A closed-end m anom eter has several advan tages over th e  
open-end ty p e  for use in  vacuum  system s. I t  is independent 
of atm ospheric  pressure and  obviates th e  necessity  for con
tin u a l barom etric  readings and  corrections. I t  is read  m ore 
easily and  accurately , since under increasing vacuum  its  legs 
approach  a  comm on height, while th e  reverse is tru e  of th e  
open-end type.

T he d isadvantages of th e  closed-end m anom eter a re  m ain ly  
th e  difficulties encountered  in  filling th e  m anom eter properly, 
and  in  rem oving th e  m ercury  and  cleaning th e  m anom eter.

Figure 2 illustrates a design for a closed-end m anom eter which 
overcomes these troubles. Stopcock A  m ay be opened and after
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sufficient mercury has been adm itted through B, A  is attached to 
a  source of vacuum, exhausting the air above the mercury in the 
left-hand column. The closed arm of the manometer may be 
heated w ith a Bunsen burner to  drive off air adsorbed to the sur
face of the glass and dispersed in the mercury. Now a slight air 
pressure is applied a t B, forcing the mercury up into stopcock A. 
When the left-hand column is completely filled with mercury, A  
is closed. The manometer may be checked against the barometer 
to  determine the success of the filling operation. I t  should agree 
with the barometer within 1 mm. a t 760 mm., which amounts to

February  15, 1942

a much smaller error a t rod jced pressure—(e. g., 0.05 mm. a t  40 
mm.).

For cleaning, the entire plug of stopcock A  is removed, and 
dilute nitric acid, water, and acetone, consecutively, are circu
lated through the tube.

A constriction a t the bottom  of the tube cushions pressure 
changes. A sliding wooden scale may be used to simplify reading 
the differential heights of the two columns. This glassware is 
made to  Ugite Sales Corporation specifications by Ace Glass, 
Inc., Vineland, N. J.
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C ontinuous W ashing Apparatus for Solutions 
in  Organic Solvents

A. L . L e R O S E N , C a lifo rn ia  I n s t i t u t e  o f  T e c h n o lo g y , P a s a d e n a ,  C a lif .

O F T E N  i t  is necessary to  wash petro leum  ether, benzene, 
chloroform , e tc., solutions free from  a  w ater-soluble 

solvent, alkali, or acid. I f  m an y  solutions m u s t be washed 
th e  operations are  tedious and  tim e-consum ing, b u t these 
difficulties m ay  be elim inated b y  th e  device show n in  F igure 1. 
A constan t a ir space is m ain ta ined  in  a  separa to ry  funnel 
while a stream  of w ater is passed th rough  th e  solvent.

T o  operate, w ater is added  to  th e  so lven t m ix ture. A fter 
th is  first w ash w ater is drained  off as usual, th e  w ashing tu b e  
is inserted  w ith  pinchclam p open. T he  w ater is th en  tu rn ed  
on a t  a  su itab le  ra te  and  when th e  upper layer has reached th e  
washing tu b e  ou tle t, th e  p inchclam p is closed and  th e  s to p 
cock is opened. T he  closed a ir  space m ain ta ins a  constan t 
level, so th a t  th e  quan tities  of w ater en tering  and  leaving 
a re  alw ays equal. T h is  w ashing is continued as long as neces
sary—e. g., 5 to  10 m inutes for ligroin plus alcohol in  a  500-cc. 
funnel. T hen  th e  b o tto m  stopcock is closed, th e  p inchclam p 
is opened, th e  w ashing tu b e  is rinsed w ith  som e pure  solvent, 
and  th e  w ater stream  is stopped . T h is procedure has given 
sa tisfactory  resu lts w ith  volum es of so lvent from  a  few cubic 
centim eters up  to  8  liters. T he  se tup  used in  th is  labo ra to ry , 
a  series of 8  un its , is show n in  F igure 3.

For liquids heavier th a n  w ater th e  w ashing tu b e  is slightly  
modified (F igure 2) and  reaches near th e  b o tto m  of th e  
separa to ry  funnel. T he w ater flows o u t a t  th e  to p  th rough  a  
glass tube . T he stopcock rem ains closed u n til th e  w ashed 
solvent is d raw n off. N o a ir  pocket is p resen t in  th is case.

G a t e s  a n d  C rellin  L a b o ra to r ie s  of C h e m is try , C a lifo rn ia  I n s t i t u te  of T e c h 

no logy , C o n tr ib u tio n  849.

F i g u r e  1 (Left). W a s h i n g  A p p a r a t u s
y l  p in c h c lam p , B  w a te r  in le t ,  C  a ir  a d ju s tm e n t  tu b e , D  c o n s ta n t a ir  

space , E  w ash ing  tu b e  o u tle t ,  F  so lu tio n , O w a te r, H  o u tle t  to  d ra in

F i g u r e  2  (Right). M o d i f i e d  A p p a r a t u s
A  w a te r  o u tle t ,  B  w a te r, C  so lu tion

F ig u re  3



D eterm ination o f Solubilities o f Gases at High  
Temperatures and H igh Pressures by the 

Rotating Bom b
V. N . IP A T IE F F  AND G . S . M O N R O E , U n iv e rsa l O il P r o d u c ts  C o ., R iv e rs id e , III.

V E R Y  little  inform ation can be found in  th e  lite ra tu re  
concerning th e  solubility  of gases in  liquids a t  high tem 

peratures and  high pressures.
T he first w ork in  th is direction  w as carried  o u t by  V. V. 

Ipatieff, Jr ., in 1930 w hen he em ployed th e  ro ta tin g  bom b for 
th is purpose (1, 2). (This p relim inary  investigation  was 
m ade in  June, 1930, in  th e  In s titu te  of H igh Pressures, Len
ingrad. I t  w as m entioned by  V. N . Ipa tieff a t  th e  m eeting  
of the  Scientific Technical D ep artm en t before his departu re  
from  R ussia.)

Since th e  lite ra tu re  con tains d a ta  ab o u t th e  solubility  of 
m ethane in  som e hydrocarbons a t  tem pera tu res n o t higher 
th a n  ab o u t 100° C., th e  au tho rs  decided to  m ake experim ents 
to  determ ine th e  solubility  of th e  gas in  benzene over a  tem 
p era tu re  range approaching th e  critical.

F o r th is purpose i t  w as necessary to  m odify th e  ro ta ting  
bom b, adding sam pling lines b y  m eans of w hich e ither liquid- 
phase or vapor-phase sam ples could be taken . T h is change 
m ade i t  possible n o t only to  determ ine solubilities b u t also to  
establish phase conditions w ith in  th e  bom b in th e  determ ina

P R E S S U R E -  
G A U G E

tion  of th e  critical tem pera tu res of indiv idual substances and  
tw o-com ponent system s to  be described in  a  la te r  paper.

T h e  ap p a ra tu s  can be im proved for th e  m ore accu ra te  m eas
urem ent of tem pera tu re  and  pressure. T he  au tho rs  recom 
m end th is type  of ap p ara tu s  n o t only for the  determ ination  of 
solubilities a t  high tem pera tu res and  high pressures b u t also 
for th e  s tu d y  of reactions involving heterogeneous system s, 
th e  arrangem ent perm itting  th e  rem oval of sam ples of the  
different phases for investigation .

Apparatus and Procedure
The apparatus used for the solubility determinations consisted 

of an inclined (28° from the horizontal) modified Ipatieff ro ta t
ing bomb of 3420-cc. capacity, heated by an external electric 
furnace, w ith a  special head provided w ith two needle valves a t
tached to the vapor- and liquid-phase sampling lines, respectively. 
An inner thermocouple pocket extended from the center of the 
bomb head equidistant from th e  sides of the bomb to about 1.25 
cm. (0.5 inch) from th e  bottom . The vapor-phase sampling line 
extended 10 cm. (4 indies) below th e  head, and was supported by 
clamping to  the thermocouple pocket. T he 28° inclination of 
the bomb from th e  horizontal was considered ample to  raise the 
vapor-phase sampling line above the liquid charge. The liquid- 
phase sampling line extended through the center of the bomb to 
the end of the thermocouple pocket and was bent a t th e  end al
m ost to  touch th e  side of th e  bomb. W hen th e  bomb was 
m ounted in th e  rotation rack, this arrangem ent m ade it  possible 
to  draw off liquid-phase sample from the lowest part of the bomb. 
The sampling lines inside the bomb were made of 3-mm. (0.125- 
inch) copper tubing to  reduce the capacity to the minimum, th a t 
of the  longer liquid-phase line, including the valve to  the seat, 
being only 1.7 cc.

On stopping rotation of th e  bomb in th e  position shown in 
Figure 1 and connecting th e  sampling apparatus (Figure 2), 
liquid-phase and vapor-phase samples could be taken a t  any tem 
perature and corresponding pressure.

V O L U M E  A B O V E -  
V A P O R  L I N E  = 2 . 7 5  C C .

L I Q U I D  P H A S E  
V A L V E r V O L U M E  T O  V A P O R  

L I N E  = •  3 1 4 - S  C C .

T H E R M O  C O U P L E  
L E A O S

¿ ' ' c o p p e r .
T H E R M O C O U P L E :  

W E -L L

T O T A L  V O L U M E
O F B O M B  =  3 4 Î O  C C .

F i g u r e  1 . R o t a t i n g  B o m b  f o r  D e t e r m i n i n g  S o l u b i l i t i e s  a n d  C r i t i c a l  T e m p e r a t u r e s

B ro k en  lines  show  lo c a tio n s  of gage a n d  v a p o r-p h a se  sam p le  line  fo r s o lu b il i ty  d e te rm in a tio n s , so lid  lin es  sh o w  p o s itio n s  fo r c r i tic a l te m 
p e ra tu r e  d e te rm in a tio n s .
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T he sampling device used for both liquid-phase and vapor- 
phase samples consisted of a  wet ice condenser with a calibrated 
receiver ( 10-cc. capacity) which condensed most of the benzene 
from th e  methane. The outlet of the receiver led to  a graduated 
dry ice trap  (10-cc. capacity) to condense any benzene escaping 
previous condensation. The methane thus stripped free from 
benzene was collected over salt w ater in gas burets of 1 000-cc. and 
2 0 0 0 -ce. capacity for the liquid-phase and vapor-phase samples, 
respectively. After sampling, the cooling baths were removed 
from the traps and the contents of the same, together with the 
gas in the gas burets, allowed to reach room tem perature equilib
rium by standing 1.5 to  2 hours before reading the volumes.

The purges were made w ith a  similar bu t smaller apparatus 
consisting of a wet ice trap  connecting to  a  gas buret of about 
500-cc. capacity.

P r o c e d u r e  t o r  S o l u b i l i t y  D e t e r m i n a t i o n s .  T he solu
bility bomb was evacuated to high vacuum and the benzene 
(1200 to  1500 cc.) was charged from a graduated cylinder by 
suction. M ethane was then charged into the bomb to the de
sired pressure (25, 50, 7 5 , and 80 atmospheres, initial in the ex
periments described). The bomb.was placed in the rotation rack 
and heated to  the  desired tem perature level. After rotation for 
0.5 hour, which was considered sufficient to establish equilibrium, 
the sampling lines were purged, about 50 cc. of gas being taken 
from th e  vapor-phase line and a sufficient am ount of sample 
taken from the liquid-phase line to  give about 1.7 cc. of conden
sate, which was the capacity of the liquid-phase sampling line. 
The bomb was again rotated for a few minutes to  ascertain 
whether the tem perature of the bomb had changed during the 
purging operation. . , ,

The liquid-phase and vapor-phase samples required for the 
solubility determ inations were then  taken, about 7 to 9 cc. of 
benzene condensate for th e  liquid-phase sample and about 700 
to  1000 cc. of gas for the vapor-phase sample. From the data 
thus obtained the composition of the vapor and liquid phases 
could be calculated and the solubility of methane in benzene de
termined from the composition of the liquid phase. The solu
bility of th e  m ethane in the  benzene separating in the traps was 
ignored, since according to  the Bunsen absorption coefficient the 
am ount dissolved would be less th an  experimental error. I t  was 
necessary to  determine th e  composition of the sample from the 
vapor-phase sample cock as well as th a t from the liquid-phase 
cock in order to  establish the existence of a  one-phase or two- 
phase condition within the bomb.

In  making the solubility determinations, because of th e  rela
tively large am ount of benzene in the bomb, usually 1 2 0 0  to  1500 
cc., compared w ith the small am ount drawn from the bomb dur
ing the sampling operation, it was not necessary to  charge the 
bomb for each determination. The bomb was discharged, 
cleaned, and recharged only when a change in the initial pressure 
was made.

Solubility  de term inations w ere m ade for each pressure 
level (25, 50, 75, and  80 atm ospheres in itial) a t  various tem 
peratures, and  th e  d a ta  th u s ob tained  reduced b y  m eans of 
curves to  isobars an d  isotherm s as indicated  in  th e  tab les.

Solubility of M ethane in  Benzene

T he benzene used in  these experim ents w as B ak er’s c . p . ,  
thiophene-free, n 2D3 — 1.5012.

T he  m ethane used w as ob tained  from  th e  C arbide and  
C arbon Chem icals C orporation , C harleston, W . V a., and  had  
th e  following Goeckel ana ly s is :

C a rb o n  d iox ide 0 . 0
O lefins 0 . 0
O xygen 0 . 0
C a rb o n  m onoxide 0 . 0
H y d ro g en 0 . 0
N itro g e n 4 .0
P a ra ffin s 9 6 .0
In d e x 1 . 0 1

In  determ ining th e  effect of pressure on th e  so lubility  of 
gas in  liquid (m ethane in  benzene) th e  ideal p rocedure w ould 
be to  hold th e  tem p era tu re  co n stan t w hen the  pressure w as 
varied  for iso therm  values, o r to  hold th e  pressure co n stan t 
and  v a ry  th e  tem pera tu re  for isobar determ inations.

I t  is ev iden t th a t  such a  procedure canno t be followed w hen 
th e  ro ta tin g  bom b is used, since pressure and  tem p era tu re  
change sim ultaneously. T h is  condition necessita tes re
course to  th e  ty p e  of curves in  w hich tem p era tu re  and  the
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T a b l e  I .  E f f e c t  o f  P r e s s u r e  o n  S o l u b i l i t y  o f  M e t h a n e  
i n  B e n z e n e  a t  D i f f e r e n t  T e m p e r a t u r e  L e v e l s

(See F ig u re  5, u p p e r)

T e m p e ra tu re
L evel P re ssu re S o lu b ility

V alues D eriv ed  
from  

F ig u re s  3 a n d  4

° C.
A tm ospheres

(gage)
G. C H i/lO O  g. 

C iH  6

1 0 0 30 1 .3 3 , u p p e r
1 0 0 70 3 .4 3, low er
1 0 0 98 4 .8 4, u p p e r  

4 , low er1 0 0 1 0 2 5 .1

125 33 1 .3 5 3 , u p p e r
125 72 3 .4 3, low er
125 1 0 2 5 .0 4, u p p e r
125 1 1 2 6 . 0 4 , low er

150 38 1 .4 3, u p p e r
150 79 3 .6 5 3 , low er
150 108 5 .7 4 , u p p e r  

4, low er150 1 2 1 7 .0

175 42 1 .5 5 3 , u p p e r
175 8 6 4 .0 3 , low er
175 118 6 .7 4 , u p p e r 

4 , low er175 131 8 . 2

2 0 0 49 1 .7 5 3 , u p p e r
2 0 0 95 4 .6 3 , low er
2 0 0 133 S . 5 4 , u p p e r
2 0 0 141 9 .6 4 , low er

225 57 2 . 1 3, u p p e r
225 103 5 .5 5 3, low er
225 152? 1 3 .2 ? 4 , u p p e r
225 152 1 1 .9 4, low er

250 70 2 .7 3 , u p p e r
250 116 7 .9 3, low er

corresponding pressures are  p lo tted  against solubility . T he 
effect of pressure change on solubility  a t  various tem pera tu re  
levels or th e  effect of tem pera tu re  change on solubility  a t  
d ifferent pressures can read ily  be determ ined from  special 
curves (Figures 3 and  4). T he values given in  T ab les I  and  
I I  and  F igure 5 w ere ob tained  in  th is  w ay.

Sage, W ebster, and  L acey (8) have  p lo tted  th e  bubble 
po in t pressure vs. m ass per cen t m ethane for 100° to  220° F . 
isotherm s for th e  m ethane-benzene system . If  we com pare 
these resu lts w ith  th e  bom b resu lts we see th a t  th e  agreem ent 
for th e  tw o m ethods is good.

T a b l e  II . E f f e c t  o f  T e m p e r a t u r e  o n  S o l u b i l i t y  o f  M e t h -
a n e  i n  B e n z e n e  a t  D i f f e r e n t  P r e s s u r e  L e v e l s

P re s su re
L ev e l

(See F ig u re  5 , low er) 

T e m p e ra tu re  S o lu b ility

V alues  D eriv e d  
fro m  F ig u re s  

3  a n a  4

lospheres (gage) ° C.
G. C H i/1 0 0  g. 

Ce//«
90 3
90 iS 5 4 .2 4
90 5
90 65 4 .0 6

1 0 0 3
1 0 0 215 5 .1 4
1 0 0 1 2 0 5 .0 5
1 0 0 1 2 0 4 .9 6

1 1 0 3
1 1 0 240 6 *. 5 4
1 1 0 155 5 .9 5
1 1 0 1 2 2 5 .9 6

1 2 0 3
1 2 0 252 9.Ô 4
1 2 0 177 6 .9 5
1 2 0 147 6 .9 6

130 3
130 4
130 Î9 5 8 Ü 5
130 172 8 . 1 6

140 3
140 4
140 208 9 .6 5
140 19S 9 .5 6

U nfortunate ly , no fu rth e r com parisons can be m ade, as 
220° F . w as th e  h ighest tem pera tu re  investigated  by  Sage, 
W ebster, and  Lacey.

Solubility of Propane in  Benzene
T he propane used was c. p .  grade ob tained  from  th e  Phillips 

Petro leum  C om pany.
T he  general procedure w as th e  sam e as described for m eth 

ane w ith  th e  exception th a t  sa lt ice trap s  ( —2 0 °) w ere sub
s titu ted  for th e  d ry  ice traps, th is  a rrangem ent perm itting  th e  
m easurem ent in  th e  gaseous s ta te  of th e  m ajo r po rtion  of th e  
propane in  th e  sam ples draw n from  th e  bom b. T he  re latively  
sm all am oun t of propane rem aining dissolved in  th e  con
densed benzene a fte r  th e  m ajo r po rtion  h ad  collected in  th e  
gas b u re t w as calculated  from  so lub ility  d a ta  in  th e  In te r 
na tiona l C ritical T ab les an d  from  d a ta  supplied b y  G . M . 
W ebb (4).

T h e  calculation  of th e  solubility  of p ropane in  benzene from 
th e  results of th e  bom b experim ents followed th e  sam e plan

d  250

200

150

100

CH 50ATM. IN IT IA L  PRESSURE
; 4 -I ■ -I i L

C. H 1500 CC. 
6  6  .

F ig u r e  3. E ffe c t  of P ressu r e  and  T em per a tu r e  on
So lu bility  of M eth a n e  in  B en ze n e
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T a b l e  I I I .  C o m p a r a t i v e  V a l u e s

160

150
,--------------B o m b

T o ta l
M e th o d -

C H 4 in
,-------S age, W eb ste i
B u b b le  p o in t

-, a n d  L a c e y -------.

p re ssu re liq u id p ressu re
a b so lu te T e m p . p h ase ab so lu te T e m p . CH«

L b ./s q . in . ° F. W t. % L b ./s q . in . ° F. W t. %

1065 216 3 .3 1065 2 2 0 3 .2
1455 217 4 .6 1455 2 2 0 4 .5
1605 216 5 .2 1605 2 2 0 5 .0

as outlined for m ethane in  benzene. In  th e  case, however, of 
p ropane only tw o concentrations of propane in  benzene (7.7 
and  19.9 w eight per cent) w ere used (Figure 6 ). T h is gave 
only tw o points for p lo tting  th e  so lubility  curves. In  Figure 
7 th e  corresponding tw o po in ts on th e  solubility  curves are 
joined b y  s tra ig h t broken lines. W hile the degree of curva
tu re  is n o t shown, th e  general direction of th e  curves is indi
cated.

As no solubilities of propane in  benzene under high pres
sures and  high tem pera tu res could be found in th e  literatu re , 
i t  w as im possible to  check the  results herein described w ith  
those ob tained  by  o ther m ethods.
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F i g u r e  5 . E f f e c t  o f  P r e s s u r e  a n d  T e m p e r a t u r e  o n  
S o l u b i l i t y  o f  M e t h a n e  i n  B e n z e n e

Solubility of Sulfur Dioxide in Benzene
T he procedure for determ ining th e  so lubility  of su lfur 

dioxide in  benzene a t  26° C. under pressures from  1.2 to  2.7 
atm ospheres (absolute) w as essentially  th e  sam e as previously  
described, th e  determ inations being m ade w ith  th e  bom b a t

T a b l e  I V .  E f f e c t  o f  P r e s s u r e  o n  S o l u b i l i t y  o f  P r o p a n e  
i n  B e n z e n e  a t  D i f f e r e n t  T e m p e r a t u r e  L e v e l s

V alues  D e riv e d  
fro m  F ig u re  7

U p p e r
L ow er
U p p e r
L ow er
U p p e r
L ow er
U p p e r
L ow er
U p p er
L ow er
U p p e r
L ow er
U p p e r
L ow er

T e m p e ra tu re
L evel P re s su re S o lu b ility

° C. A tm ospheres (gage)
0 .  C iH s/1 0 0  g. 

Ce//«
150 1 0 . 0 7 .4 1
150 2 0 . 0 2 2 .2 5
ICO 1 2 . 0 7 .5 4
160 2 3 .5 2 2 .3 6
170 1 4 .5 7 .6 6
170 2 7 .5 2 2 .5 0
180 1 7 .0 7 .7 7
180 3 2 .0 2 2 .7 0
190 2 0 . 0 7 .8 7
190 3 7 .5 2 2 .9 5
2 0 0 2 3 .0 7 .9 7
2 0 0 4 2 .5 2 3 .2 4
2 1 0 2 7 .0 8 .0 7
2 1 0 4 8 .0 2 3 .5 6
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room  tem peratu re  an d  th e  sulfur dioxide being added  to  th e  
bom b until th e  desired pressure w as reached a fte r  th e  benzene 
h ad  been charged.

The liquid-phase samples were collected in a dry  ice-acetone 
trap  provided w ith a ground-glass joint for a ttachm ent to  a 
modified Podbiclniab fractionating column. The sulfur dioxide 
was removed from the sample by fractionation, collecting the 
evolved sulfur dioxide in a  gas buret over mercury. W hen the 
vapor had reached 80° C., th e  distillation was stopped and the 
apparatus after reaching room tem perature was purged w ith a 
stream  of air to  remove any sulfur dioxide remaining in th e  ap
paratus. The purge was added to  gas previously obtained dur
ing the distillation and the am ount of sulfur dioxide determined 
by  absorption in potassium hvdroxide solution. The residue re
maining in th e  trap  after distillation was weighed as benzene.

T he  results ob ta ined  w ith  benzene an d  su lfur dioxide are 
given in  T ab le  V I.
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i n  B e n z e n e

T a b l e  V. E f f e c t  o f  T e m p e r a t u r e  o n t S o l u b i l i t y  o f  P r o 
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F ig u r e  7. E f f e c t  o f  P r essu r e  and T em pera 
tu r e  on  S o lu bility  of P ro pa n e  in  B en ze n e
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T a b l e  V I. S o l u b i l i t y  o p  S u l f u r  D i o x i d e  i n  B e n z e n e

T e m p e ra tu re  of B o m b  T o ta l  P re s su re  S o lu b ility
° C. A tm ospheres  (abs.) O. SO 2 d io x id e /1 0 0  g. C t l h
26 1 .2 0  2 4 .7
20 1 .7 5  3 7 .6
27 2 .4 0  8 4 .8
25 2 .0 5  125 .5

Conclusions
T he resu lts ob ta ined  show th a t  th e  modified ro ta ting  bomb 

can be used to  determ ine th e  solubility  of gases a t  high pres
sures and  high tem pera tu res approaching th e  critical.

T he  m ethod  applied to  th e  determ ination  of th e  solubility 
of m ethane in  benzene indicates th a t  pressure is th e  principal 
fac to r affecting th e  solubility . T he  effect of tem pera tu re  is 
m inor, becom ing m ore noticeable a t  higher pressures.

T he  solubility  determ inations of propane in  benzene indi
cate  th a t  bo th  tem pera tu re  and  pressure have a  m arked  in 
fluence on th e  solubility.
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Determ ination o f Critical Temperatures 
by the Rotating Bomb

V. N . I P A T IE F F  A N I) G . S . M O N R O E , U n iv e rsa l  O il P r o d u c ts  C o m p a n y , R iv e rs id e , III.

T H E  m ethods usually  em ployed in determ ining critical 
tem pera tu res involve th e  determ ination  of th e  pressure- 

volum e re la tion  along various isotherm s or th e  appearance or 
d isappearance of th e  m eniscus a t  th e  phase boundary  a t  the 
critical tem pera tu re . These procedures, though capable of 
giving a  high degree of accuracy, require special appara tu s 
and  skillful technique. In  cases w here an  accuracy of only 
=t 2 ° C. is required, a  m ethod  involving less elaborate appara
tu s  w ould be desirable. I t  w as w ith  th is in  m ind th a t  the 
au thors developed a  m ethod  for determ ining critical tem 
pera tu res b y  th e  ro ta tin g  bom b.

A s tu d y  w as m ade of th e  pressure-tem perature curves of 
various pure substances to  ascerta in  if an y  change occurred 
in th e  p ressure-tem perature  relation  in th e  region of th e  criti
cal tem pera tu re  th a t  could be em ployed in determ ining criti

cal tem peratures. T he  investigation  w as also extended  to  
tw o-com ponent system s.

T he pressure-tem perature  curves w ere determ ined  in  the  
presence and  absence of hydrogen for propane, cyclohexane, 
hexane “p rac tica l” , and  benzene.

T he pressure-tem perature  re la tionsh ip  w as also stud ied  for 
the  following tw o-com ponent system s over the  tem pera tu re  
ranges ind icated :

M e th a n e , 27 m ole  %
B enzene, 73 m ole %
T e m p e ra tu re  ra n g e , 62° to  261° C .

B enzene , 70 m ole  %
P ro p a n e , 30 m ole %
T e m p e ra tu re  ra n g e , 94° to  256° C .

H ex an e  “ p ra c t ic a l” , 32 w e ig h t %
B enzene , 6 8  w e ig h t %
T e m p e ra tu re  ra n g e , 150° to  288° C .

T a b l e  I .  C o m p a r i s o n  o f  P o i n t s  o f  D i s c o n t i n u i t y  o n  P r e s s u r e - T e m p e r a t u r e  C u r v e s  o f  P u r e  S u b s t a n c e s

(D e te rm in e d  b y  th e  ro ta t in g  b o m b  w ith  c ritic a l te m p e ra tu re s  o b ta in e d  from  li te ra tu re )

H exane
C ycloP ro  H ex an e “ P ra c t i

ca l”P ro  p an e  
+  H ,

“ P ra c t i
ca l”

C yclo hex an e
S u b s ta n c e +  H* hexane +  H jp a n e

A m o u n t ch a rg e d , cc. 
T e m p e ra tu re  of b re a k , 0  C .

2 0 0 0
9 6 -9 8

2 2 0 0
9 0 -9 8

1400
226-229

1400
2 34-239

1800
276-281

1800
277 -280

700 1300 1500 
2 8 3 -2 9 0 “ 286 -289  2 8 5 -2 8 8 .5

700
2 8 8 -2 6 0 .5

1300
2 8 8 .5 -2 8 9 .5

1500
286 -2 8 8

C ritic a l te m p , ( l i te r a tu r e ) ,
9 6 .9 9 6 .9 234 .8b 234.S& 281 281 2 8 8 .6  2 8 8 .6  2 8 8 .6 2 8 8 .6 2 8 8 .6 2 8 8 .6

T e a t sam p les :
A bo v e  b re a k  te m p ., 0  C . 1 0 1 235 283 292 294

L iq u id -p h ase  sam p lin g  
cock, cc. liq u id / 1 0 0  cc. 
gas 7 .7 5 .4 8 . 6 5 .2 Ô. 2

V ap o r -  p h ase  sam p lin g
cock, cc. liq u id / 1 0 0  cc. 
gas

B elow  b re a k  te m p ., ° C .
7 .8 5 .5 8 .7 5 .1 5 .9

8 8 228 270 288 282
L iq u id  -  p h a se  sam p lin g

cock , cc. l iq u id / 1 0 0  cc. 
g as 1 0 .5 8 .9 9 .1 c 5 .1 8 .7

V apor -  p h a se  sam p lin g
cock, cc. l iq u id / 1 0 0  cc.

2  2 0 .5 ' 9 . 2 e 1 .4 0 .4
C u rv e  g“ Í-Á Í-B 2 -A 2 -B 3-A 3-B 4 -A  4 -B  4-C 5-Á 5-B 5-C

« D e te rm in a t io n  of a d d itio n a l p o in ts  on  p re s s u re - te m p e ra tu re  cu rv e  b e tw e en  283° a n d  290» w ou ld  red u c e  ra n g e  of d is c o n tin u ity . 

« A p p a re n tly  w ith  a m o u n t of cyc lo h ex an e  ch a rg ed  (1800 cc .), liq u id  level w as s til l a b o v e  v a p o r-p h a s e  sa m p le  line .
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Apparatus and Procedure
T he Ipatieff ro ta tin g  bom b used for th e  determ ination  of 

th e  so lub ility  of m ethane in  benzene w as also used in  th is 
w ork, modified as follows:

The vapor-phase sampling line was bent outward to within 
0.31 cm. (0.125 inch) of the bomb wall. This gave the bomb a 
capacity of 3145 cc. up to  the vapor-sampling line or 92 per cent 
of the to ta l capacity of the bomb (3420 cc.). This change made 
possible the study of two-phase systems over a greater range of 
tem perature than  by the previous arrangement by which solu
bilities were determined (i).

The gage was m ounted a t approximately 120° to  the axis of 
rotation of the bomb. This made it possible to  stop the rotation

of the bomb mom entarily and read the gage in a vertical posi
tion, thus giving greater accuracy in the pressure readings.

In  studying  th e  pressure-tem perature  relationship  w ith  pure 
substances th e  procedure w as essentially  as follows:

The bomb was evacuated and the charge drawn into the 
bomb by the vacuum from a graduated cylinder un til the de
sired am ount of liquid was charged. In case of propane the 
bomb was evacuated and th e  propane charged from a graduated 
pressure charger.

When hydrogen was used, the bomb was charged w ith the sub
stance to  be investigated according to the procedure outlined 
above and enough hydrogen added to  increase the gage pressure 
about 10 atmospheres. W ith hydrogen present, it was possible 
to determine when a  two-phase or one-phase condition existed 
in the bomb by comparing the ratio of the liquid to gas from the 
samples taken from the vapor-phase and liquid-phase sample 
lines.

In  study ing  th e  tw o-com ponent system s th e  procedure for 
charging was as follows:

In  case of benzene-methane, the benzene and m ethane were 
charged as described above when hydrogen was used w ith pure 
substances.

When the propane-benzene system was studied, the benzene 
was charged to  the bomb after evacuation, and propane was 
charged from a pressure charger in the desired amount.

The hexane-benzene was mixed in the desired proportions out
side the bomb, and charged to the bomb after evacuation.

The heat input to  the heating furnace was controlled to raise 
the tem perature approximately 1 ° C. per minute.

The procedure for drawing samples when the bomb charge 
consisted of two-component systems has been previously out
lined (/).

In  studying the compositions of samples from the hexane- 
benzene system, the weight per cents of the two constituents were 
determined by refractive index curves, the compositions of sam-

F ig u r f . 1 F i g u r e  2
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pies from the other systems investigated being determined by 
the ratio  of liquid to  gas.

I ’ r e s s u r e - T e m i ' e r a t u r e  R e l a t i o n  o f  P u r e  S u b s t a n c e s .  

T able I  and  F igures 1 and  2  sum m arize the results obtained 
w ith  pu re  substances alone and  in the presence of a small 
am oun t of hydrogen (10 atm ospheres, in itia l). In  all experi
m ents the  p ressure-tem perature curves becam e discontinuous 
in  th e  region of the  critical tem perature, th e  p a r t  below the 
critical tem pera tu re  being curved and  the  section above the 
critical tem pera tu re  being practically  stra igh t. V ariations 
over a  re latively  w ide range in  th e  am oun t of m aterial charged 
did n o t no ticeably  affect th e  tem pera tu re  of b reak  on the 
curve.

In  case of propane (curves 1-A and  1-B), th e  b reak  in  both 
curves occurred over a  range of 96° to  98° C., th e  hydrogen 
having no noticeable effect on th e  tem pera tu re  of th e  break 
in  the  curve. B om b sam ples draw n from  the vapor-phase 
and  liquid-phase sam pling lines w hen hydrogen was used 
showed th a t  a t  a  tem pera tu re  of 100-101 ° C. th e  bom b charge 
was a  single phase, th e  hydrogen con ten t of th e  two samples 
being th e  sam e. W hen sam ples were tak en  a t  8 8 ° C., the 
hydrogen co n ten t ind icated  the existence of tw o phases in 
the bom b.

C urves 2-A and  2-B, using hexane “ p ractical”  from  petro
leum , showed the  characteristic  breaks in  th e  pressure-tem 
p era tu re  curves a t  226-229° and  234-239° C., respectively. 
T he  hydrogen co n ten t of sam ples draw n (curve 2-B) indi
cated  th e  presence of a  single-phase region a t  235° C. and  a 
tw o-phase region below 228° C. T he critical tem perature  
for n-hexane is 234.8° C. Closer agreem ent w ith  the critical 
tem p era tu re  of n-hexane cannot be expected, as the sam ple 
used probably  had  hexane isomers.

T he  experim ents w ith  cyclohexane (curve 3-A) and  w ith 
hydrogen (curve 3-B) gave po in ts of d iscontinu ity  on the 
pressu re-tem pera tu re  curves a t  276-281° C. T he critical 
tem pera tu re  for cyclohexane according to  th e  lite ra tu re  is 
281° C. T he  presence of hydrogen did n o t noticeably dis
place the  b reak  on th e  curves. In  th is case sam ples draw n 
from  th e  bom b w hen runs w ere m ade w ith  hydrogen did no t 
indicate a  tw o-phase region below th e  critical tem perature. 
T h is m ay  be due to  th e  possib ility  th a t  th e  level of th e  liquid 
phase w as above th e  vapor-phase draw-off line and  sam ples of 
liquid phase w ere ob tained  from  bo th  sam pling cocks. T his 
suggests th e  difficulty of ob tain ing  satisfactory  sam ples when

T a b l e  II . S u m m a r y  o f  D e t e r m i n a t i o n  o f  C r i t i c a l  T e m 
p e r a t u r e s  o f  T w o - C o m p o n e n t  S y s t e m s  b y  t h e  R o t a t i n g

B o m b

S y stem
70 6 8  w t. %B enzene, m ole %  

M e th a n e , m o le  %
73
27

30P ro p a n e , m ole %
H ex an e  “ p ra c t ic a l” , w e ig h t % 32

A m o u n t ch a rg e d , liq u id , cc.
1415B enzene 1600

1500B enzene h ex a n e  “ p ra c t ic a l”
M eth a n e , a tm o sp h e re s  (in itia l) 55

600P ro p a n e

T e m p e ra tu re  of b re a k , ° C . 240-244 214-220 255-260

T e s t  sam p les :
A bove b re a k  te m p e ra tu re  a t ,  ° C . 266246 2 2 2

L iq u id -p h a se  sam p le  cock , cc. 
l iq u ia / 1 0 0  cc. gas 1 . 0 0 .9 6 8 .5  w t. %  C«He

3 1 .5  w t. %  C«Hu
V ap o r-p h ase  sa m p le  cock , cc. 

l iq u id / 1 0 0  cc. gas 1 . 0 0 .9 6 8 .5  w t. %  C«H«
3 1 .5  w t. %  C«Hu

B elow  b re a k  te m p e ra tu re  a t ,  ° C . 238 216 256
L iq u id -p h ase  sam p le  cock, cc. 

liq u id / 1 0 0  cc. gas 1 . 1 1 . 0 6 9 .5  w t. %  CeH«
3 0 .5  w t. %  C«Hh

V ap o r-p h ase  sam p le  cock , cc. 
liq u id / 1 0 0  cc. gas 0 . 1 0 .4 6 6 .0  w t. %  CeHe

3 4 .0  w t. %  C«Hi4

C u rv e 6 7 8

F i g u r e  3

w orking in  th e  region of th e  critical if the  liquid  level of th e  
charge in  th e  bom b is high. H ow ever, th e  presence of h y 
drogen was beneficial in  th a t  th e  tem p era tu re  of th e  b reak  
on th e  curve was m ore clearly  defined.

T he results of de term inations of th e  critical tem pera tu re  
of benzene in th e  absence of hydrogen (curves 4-A, B, an d  C) 
and  in  th e  presence of hydrogen (curves 5-A, B, and  C) were 
on th e  whole satisfactory . T he  hydrogen d id  n o t noticeab ly  
displace the  break on th e  p ressure-tem perature  curve. T he  
critical as determ ined b y  th e  b reak  on th e  pressure-tem pera
tu re  curve (in th e  presence and  absence of hydrogen) ranged 
from 286° to  291° C. (critical tem pera tu re  of benzene accord
ing to  th e  lite ra tu re  is 288.6° C .). In  th e  case of benzene, 
sam ples draw n from  th e  bom b, w hen runs w ere m ade w ith  
hydrogen, indicated  a  tw o-phase region below th e  b reak  on 
the tem perature-pressure curve and  a  one-phase condition 
above th e  break.

In  the case of benzene th e  presence of hydrogen again  gave 
a  sharper b reak  on the  p ressure-tem perature  curve a t  the  
critical th a n  did runs m ade in th e  absence of hydrogen.

In  th e  runs w ith  benzene, varia tions in th e  am o u n t charged 
(700 to  1500 cc.) produced no noticeable effect in th e  tem pera
tu re  of break on th e  curve.
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P r e s s u r e - T e m p e r a t u r e  R e l a t i o n  o f  T w o - C o m p o n e n t  

S y s t e m s .  T he pressure-tem perature  relationship  of the  
following tw o-com ponent system s w as stud ied  over th e  tem 
p era tu re  ranges indicated :

Í73 m ole
¡27 m ole % )

[70 m ole
¡30 m ole % )

:70 m ole % )
[30 m ole % )

B enzene , 1600 cc.
M e th a n e , 55 a tm o sp h e re  in i t ia l  (gage) 
T e m p e ra tu re  ra n g e , 62° to  261° C .

B enzene , 1415 cc.
P ro p a n e , 610 cc. (liqu id )
T e m p e ra tu re  ran g e , 100° to  250° C .

B enzene, 1440 cc.
P ro p a n e , 605 cc. (liqu id )
T e m p e ra tu re  ra n g e , 94° to  256° C .

H ex an e  " p ra c t ic a l’',  32 w e ig h t %  
B enzene, 6 8  w e ig h t %
T e m p e ra tu re  ra n g e , 150° to  288° C .

T he resu lts obtained  are given in  T ab le  I I  and  F igure 3. 
As in  th e  case of pu re  substances, th e  pressure-tem perature  
curves exhibited  well-defined regions or po in ts of disconti
nu ity , th e  section of th e  curve below th e  b reak  being curved 
and  th e  section above th e  b reak  being prac tica lly  stra igh t. 
Sam ples draw n from  th e  liquid-phase an d  vapor-phase sam 
pling cocks a t  tem pera tu res above th e  b reak  had  approxi
m ate ly  th e  sam e com position, ind icating  a one-phase condi
tion , while sam ples draw n from  th e  liquid-phase and  vapor- 
phase cocks below th e  tem pera tu re  of b reak  on th e  curve had  
different compositions, ind icating  a  tw o-phase region.

T he  po in ts of d iscon tinu ity  ev iden tly  correspond to  th e  
critical tem pera tu res of th e  tw o-com ponent system s studied, 
since analyses of sam ples tak en  above an d  below th e  tem 
pera tu re  of d iscon tinu ity  showed th e  existence of one-phase 
and  tw o-phase regions, respectively.

Conclusions
T he resu lts obtained  w ith  pu re  substances in  e ither th e  

presence or absence of hydrogen ind ica te  th a t  th e  critical 
tem pera tu res m ay  be determ ined w ith  a  fair degree of accu
racy  and  b y  determ ining a  sufficient num ber of points in the 
range of d iscontinu ity  th e  accuracy  should be ± 2 ° C.

T he  am o u n t of m ateria l charged to  th e  bom b m ay  vary  
from  20 to  50 per cen t of th e  to ta l capacity  of th e  bom b w ith 
o u t an y  appreciable sh ift in  th e  tem p era tu re  of d iscontinuity .

I t  is probable th a t  a bom b of sm aller size (200 to  300-cc. ca
pacity ) m igh t serve equally  well if no sam ples are  rem oved. 
T he  sm aller bom b could be easily ro ta ted  in  a  liquid heating  
b a th  and  th e  tem pera tu re  determ ined  w ith g rea te r accuracy 
th a n  in  case of th e  larger bom b used in  these experim ents.

T h e  p ressure-tem perature curves of tw o-com ponent sys
tem s exhibited  po in ts of d iscon tinu ity  sim ilar to  those shown 
b y  individual substances, and  th e  critical tem pera tu res of th e  
system s probab ly  lie w ith in  th e  b reak  on th e  curves. U p to  
th e  presen t tim e, however, check determ inations have  n o t 
been m ade on tw o-com ponent system s of know n critical tem 
peratures.
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Glass Electrode Measurements o f  the pH  
o f Chromic Acid Solutions

W IN S L O W  I I .  H A R T F O R D , R e s e a rc h  L a b o ra to r ie s ,  M u tu a l  C h e m ic a l  C o . o f  A m e r ic a ,  B a l t im o r e ,  M d .

T h e  e ffe c t o f  t e m p e r a tu r e ,  p u r i ty  o f  a c id ,  a n d  
w a te r  o n  th e  p H  o f  a q u e o u s  c h r o m ic  a c id  s o lu t io n s  
h a s  b e e n  m e a s u r e d  a n d  sh o w n  to  b e  n e g lig ib le , 
e x c e p t fo r  a  s l ig h t  v a r ia t io n  w i th  t e m p e r a tu r e  in  
d i lu t e  s o lu t io n s .

A c o n s id e ra b le  v a r ia t io n  in  t h e  r e a d in g s  o b ta in e d  
a t  p H  b e lo w  2 w i th  d i f f e r e n t  ty p e s  o f  m e a s u r in g  
i n s t r u m e n t s  e x is ts .  I t  in c re a s e s  a s  t h e  p H  o f  th e  
s o lu t io n  d e c re a s e s , a n d  m a y  a m o u n t  to  0 .2  p H  a t  
p H  0. A la rg e  p o r t io n  o f  t h i s  d is c re p a n c y  r e s u l ts  
f ro m  v a r io u s  l iq u id  j u n c t i o n  p o te n t i a l s ,  w h ile  a  
re s id u a l  p o r t io n  c a n n o t  a t  p r e s e n t  b e  e x p la in e d .

C a lc u la t io n s  sh o w  t h a t  t h e  c o r re c t  p H  v a lu e  is  
p ro b a b ly  n o t  f a r  f ro m  t h a t  o b ta in e d  w i th  c e r ta in  
o f  t h e  i n s t r u m e n t s  u s e d .  A ll i n s t r u m e n t s  a r e  
s e l f - c o n s is te n t  a n d  m a y  b e  u s e d  fo r  c o n tr o l  p u r 
p o se s , i f  s ta n d a r d iz e d  a g a in s t  k n o w n  s o lu t io n s .

T H E  pH  of chromic acid  solutions has been m easured b y  
m eans of th e  glass electrode b y  Thom pson (17), B uz

zard  and  W ilson (2), and  N euss and  R iem an (16), and  b y  
m eans of th e  hydrogen electrode in  fairly  d ilu te  solution by  
B ritto n  (1). (The te rm  “ chrom ic acid” is used in  th is paper 
to  app ly  to  b o th  solid chrom ium  trioxide and  its  aqueous 
solutions.) I t  is only under unusual circum stances th a t  th e  
la t te r  m ethod  is satisfactory , and  w ith the  developm ent of

m odern  equ ipm ent for glass electrode m easurem ents, th e  
glass electrode is p rac tically  un iversally  used for such de
term inations, and  has becom e of in d u s tria l im portance  in  
th e  contro l of b a th s  for th e  anodic oxidation of alum inum  
(2). I t  is th e  purpose of th is  paper to  show th e  effect of 
vary ing  ap p a ra tu s  and  conditions on th e  p H  readings ob 
ta ined  w ith  chrom ic acid solutions, and  to  p resen t certa in  
calculations which corroborate d a ta  ob tained  w ith  one type  
of appara tu s.

Apparatus
The equipm ent used for these measurements consisted of six 

commercial-type instrum ents of three different makes with 
various types of electrode assemblies, as shown in Table I. All 
instrum ents were provided with a  tem perature compensator and 
used a  saturated  calomel electrode as reference half-cell, except 
Nos. 2A and 5A, in which a silver-silver chloride reference elec
trode was substituted.

N o difference was discernible betw een se tu p s  1 an d  2 and  
these were used unless otherw ise specified.

Materials
The m aterial used in m ost of the work was technical flake 

chromic acid, analyzing 99.8 per cent chromium trioxide, 0.03 
per cent sulfate, and 0.017 per cent chromic oxide. Chromium 
trioxide was determined by electrometric titra tion  according to  
the method of Kelley (9), sulfate gravimetrically as barium  sul
fate after reduction of the hexavalent chromium by alcohol and 
hydrochloric acid, and chromic oxide by cerim etry according to
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T a b l e  I. T y p e s  o f  E l e c t r o d e  A s s e m b l i e s  U s e d

N o.
In s t r u 

m en t

1 A -l
2 A -l
2A A -l
3 A -l
4 A -l
5 A -l
5À A -l
6 A-2
7 A-2
8 A-2
9 A-2

1 0 B - l
1 1 B -2
1 2 B -3
13 B -3 .
14 C
15 C
Hi C
17 C

a S ev era l i

G lass  E lec tro d e

Q u in h y d ro n c -IIC la
S ea led 0
S ealed
Sealed®
S ealed
S ealed
S ealed
S ealed
S ealed
S ealed
S ealed
S ealed
S ealed
S ealed
S ealed
Q u in h y d ro n e -H C l, 30 m eg. 
Q u in h y d ro n e -H C l, 30 m eg. 
Q u in h y d ro n c -H C l, 3 m eg. 
Q u in h y d ro n e -H C l, 3 m eg.

L iq u id  J u n c tio n
S m all g ro u n d -g la ss , w ith  p inho le
S m all g ro u n d -g la ss , w ith  p inho le
S m all g ro u n d -g la ss , w ith  p inho le
F ib e r  d ia p h rag m
C ap illa ry  ju n c tio n
B ro a d  ju n c tio n
B ro a d  ju n c tio n
S m all g ro u n d -g la ss , a s  above
F ib e r  d ia p h rag m
B ro a d  ju n c tio n
F lo w in g  ju n c tio n
B ro a d  ju n c tio n
B ro a d  ju n c tio n
F ib e r  ju n c tio n
L a rg e  g round -g la ss
C a p illa ry  ju n c tio n
L a rg e  g ro u n d -g la ss
C a p illa ry  ju n c tio n
L arg e  g round -g la ss

a modification of the method of W illard and Young (SO). For

0.0005 per cent sulfate, and 0.008 per cent chromic oxide. As 
reference standard for the pH  measurements, Bureau of Stand
ards potassium acid phthalate, 0.0500 M , was used. This solu
tion had a pH  of 4.00 a t 25° C., and varies therefrom by about 
=*=0.008 pH  a t 19° or 31° C., according to the data  supplied with 
the sample (H ). Secondary pH  standards were sodium acetate- 
acetic acid buffers, 0 .1  N  hydrochloric acid solutions, and hydro
chloric acid-potassium  chloride buffers. The meter was checked 
a t least once each day. Determ inations were frequently per
formed on separate days on identical samples, and results were 
reproducible within 0.02 pH.

Effect of Varied Conditions
T e m p e r a t u r e .  Solutions were tes ted  a t  19 25 °, and

31° C. (T able I I ) .  I t  will be no ted  th a t  th e  effect of raising 
tem pera tu re  is to  cause a  slight decrease in  p H , th is effect is, 
however, nearly  negligible except at- low concentrations of 
chrom ium  trioxide.

W a t e r .  M easurem ents of solutions of equal concentration 
in B altim ore c ity  w ater and  in  labora to ry  distilled w ater 
showed no discernible difference. S light corrections should 
be m ade in  th e  case of w aters of high alkali or calcium bicar
bonate  content.

P u r i t y  o f  C h r o m i u m  T r i o x i d e .  T he technical grade 
and  c. p . m ateria l described above were tes ted  w ith  the 
following resu lts:
M ole of C rO i/L itc r  p H , T e c h n ic a l G ra d e , 27° C . p H , c . p. G rad e , 27° C .

0 .9 0 9 5  0 .1 0  0 .1 0
0 .1 9 3 9  0 .S 0  0 .8 0
0 .0 1 8 5  1 .3 9  1 -3»

T he sm all am oun t of im purities present in  technical 
chrom ium  trioxide has no effect on th e  p H  of solutions.

Effect of Variation in  Measuring Equipment
T he effect of various pH  cells and  instrum en ts for effecting 

th e  m easurem ents was n ex t stud ied , w ith th e  results shown in 
T able  I I I .

T he  wide varia tions observed obviously require explana
tion. Several sources of inaccuracy are inheren t in com
m ercial glass-electrode instrum ents , and  these will be dis
cussed.

E r r o r s  D u e  t o  H i g h  A c i d i t y  a n d  C o n c e n t r a t i o n  o f  

S o l u t i o n s .  M aclnnes and  Belcher (13) and  Dole ( 5 )  have 
observed erroneous resu lts from  glass electrodes in  highly 
acid solutions, especially a t  pH  below 0, and  in  solutions of 
high electro ly te con ten t. T he generally accepted explanation 
is th a t  th e  effect is due to  th e  fac t th a t  th e  hydra ted  proton, 
(H 30 ) +, is transferred  th rough  th e  glass m em brane, and  th a t  
the low ac tiv ity  of th e  w ater in these solutions is responsible

for th e  discrepancy. W hile no definite figures a re  available 
for th e  ac tiv ity  of th e  w ater in  th e  chrom ic acid  solutions 
under consideration, th e  concentration  and  pH  are  such 
th a t  only slight indication  of th e  effect w ould be expected. 
A pproxim ate calculations indicate th a t  th e  correction a t  1.0 M  
chrom ium  trioxide should be of th e  order of 0.012 pH , 
which is less th a n  th e  experim ental error. H ub b ard , H am il
ton , and  F in n  (8) have indicated  th a t  th e  "acid  e rro r”  m ay  
v a ry  w ith  th e  composition of th e  electrode; how ever, com 
mercial in strum en ts use C orning 015 glass for th e  electrode 
and  an y  errors existing in  th e  m easurem ent would be comm on 
to  all cells. T his has been confirmed by  the  fac t th a t  m eas
urem ents w ith  assemblies iden tical except for the  glass elec
trodes (T able I I I ,  1, 2, 3; 14, 16; 15, 17) gave resu lts  
identical w ith in  experim ental error. T he  electrodes used 
gave norm al readings in  0.1 M  hydrochloric acid, and  d id  n o t 
show th e  error reported  by  H ubbard , H am ilton , and  F inn  (8).

T he sam e considerations w hich render pH  m easurem ents 
on chrom ic acid solutions feasible up to  1 M  m ake i t  necessary 
to  s ta te  th a t  an y  values w hich m ay  be ob ta ined  in  m ore con
cen trated  solutions—e. g., p la ting  b a th s—are of value for 
com parison only.

E r r o r s  D u e  t o  A c t i o n  o f  C h r o m i c  A c i d  o n  G l a s s  
E l e c t r o d e .  W atson  (19) and  K erridge (10) have observed 
th a t  glass electrodes cleaned in  a  m ix tu re  of chrom ic and  sul
furic acids are n o t su itable for im m ediate use in  th e  m easure
m en t of pH , and  Dole (4) has observed increase in  w eight 
of glass cleaned in  th is m anner, caused b y  adso rp tion  of 
chrom ic acid. L abo ra to ry  cleaning solutions norm ally  con
ta in  large quan tities of sulfuric acid an d  m igh t be expected 
to  be dehydra ting  in  action, w ith  re su lta n t change in  th e  
properties of th e  glass. N o such ac tion  is to  be expected 
from  th e  relatively  d ilu te  chrom ic acid solutions under con
sideration, and  th is  is borne o u t by  th e  fac t th a t  electrodes 
w ith  which several sam ples of chrom ic acid have been m eas
ured give accura te  readings im m ediately  when checked aga in s t 
a  buffer. T ubbs (18) has reported  high readings in  th e  field

T a b l e  I I . p H  R e a d i n g s  o f  C h r o m i c  A c i d  S o l u t i o n s  w i t h  
E q u i p m e n t  1  a n d  2

............... P n
C rO i 19° C . 25° C . 31° C .

M ole/1.

1 . 0 0 0 . 1 1 0 . 1 0 0 .0 8
0 .8 0 0 . 2 1
0 .6 0 0 .3 1
0 .5 0 o !4 o o !39
0 .4 0 o ! s i
0 . 2 0 0 .7 7 o !7 9 o !78
0 . 1 0 1 .0 9 1 .0 7
0 .0 5 1^40 1 .3 9 1 .3 7
0 .0 4 1 .51
0 .0 3 1 .61
0 . 0 2 1 .8 2 1 .8 0 l'.7 7
0 . 0 1 2 . OS 2 .0 6

T a b l e  I I I .  E f f e c t  o f  V a r i a t i o n s  i n  M e a s u r i n g  E q u i p m e n t

A p p a ra tu s
N o. /■---------- -M ole o f CrO* p e r  L i te r : ---------- *

(from  T a b le  I) 1 . 0 0 0 .5 0 0 . 2 0  0 . 1 0

p H  a t  2, C.

1 0 . 1 0 0 .4 0 0 .7 9  1 .0 9
2 0 . 1 0 0 .4 0 0 .7 9  1 .0 9
2A 0 . 1 2
3 0 . 1 1 o ! 4 i o ! 79 1 .0 9
4 0 .1 3
5 0 . 2 0
5A 0 .1 8
6 0 .1 4
7 0 .1 4
8 0 . 2 0
9 0 . 2 0

1 0 0 .2 7
1 1 0 .3 0
1 2 0 . 2 1
13 0 .2 5 0 !5 3 o !8 9  1 Ü 8
14 0 . 2 0 0 .4 7 0 .8 4  1 .1 3
15 0 .2 6
16 0 .2 4
17 0 .2 5
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w ith an  electrode k ep t im m ersed in chrom ic acid instead 
of distilled w ate r betw een readings, b u t such high readings 
m ay  be due to  diffusion in th e  liquid junction  ra th e r th a n  any  
action  on th e  glass.

S l i d e - W i r e  I n a c c u r a c i e s .  Dole (8) has reported  w ork 
b y  B lair indicating  th a t  errors exist in th e  slide-wire of a  com
m ercial p H  electrom eter, a lthough  ano ther electrom eter 
stud ied  by  L anford and K iehl (11) showed little  difference 
w hen checked against th e  T ype K  poten tiom eter. R epeated  
checks w ith  stan d ard  solutions of hydrochloric acid a t  a  pH  
of 1.08, where a  varia tion  in th e  observed pH  of chrom ic acid 
of 0.04 to  0.09 pH  (see T ab le  I I I ,  colum n 5) w as noted w ith 
different electrode assemblies, ind icate  th a t  a  definite effect 
exists under conditions where bo th  acid errors and  slide-wire 
inaccuracies are com pletely balanced ou t. W hile i t  is pos
sible th a t  th e  varia tion  of 0.2 pH  no ted  a t  pH  0.10 m ight be 
due to  slide-wire inaccuracies, i t  seems unlikely th a t  slide- 
wire errors would am oun t to  as m uch as 1 0  per cen t over the  
range pH  0 to  1, or th a t  th e  error would be nearly  identical 
for all in strum ents of th e  sam e m ake.

L i q u i d  J u n c t i o n .  E xam ination  of th e  d a ta  in T able  I I I  
indicates th a t  th e  ty p e  of liquid junction  is an  im p o rtan t 
fac to r in  determ ining th e  value obtained  for th e  pH  of chrom ic 
acid solutions. A lgebraic analysis of th e  resu lts indicates 
th a t  approxim ately  half th e  discrepancy is due to  varia tions 
in th e  m ethod of form ing the  liquid junction , while half is 
due to  some fac to r a t  p resent unknow n. T he d a ta  show 
fu rth er th a t  those liquid junctions possessing th e  broadest 
surface of con tac t give th e  h ighest readings. T he increase in 
pH  appears to  be connected w ith  diffusion in th e  b road 
junction , since calomel electrodes of the  sleeve ty p e  in which 
diffusion has accidentally  taken  place invariab ly  give read 
ings of higher pH .

T he  excellent check results obtained  w ith all in strum en ts 
on o ther solutions of low p H  indicate th a t  th e  varia tions 
observed are  peculiar to  th e  liquid junction  betw een chrom ic 
acid and sa tu ra ted  potassium  chloride. E xtensive w ork on 
junction  po ten tia ls (6, 7 ,16 )  has shown th a t  th e  ground-glass 
sleeve or fiber-type junction  is norm ally th e  least reproducible 
of liquid junctions; th e  au th o r has found in th e  d a ta  given 
above th a t  all junctions studied  were reproducible w ithin 
experim ental error, b u t th a t  diffusion effects appear to  in tro 
duce a  d rif t tow ard high pH  in th e  broad types of junction . 
In  th is  p a rticu la r case, it  would seem th a t  th e  broad types of 
junction  are m ore sub ject to  error. T his is confirmed in some 
degree by  th e  calculations given below.

Theoretical
N euss and  R iem an (15), in connection w ith  the ir m easure

m ents of the  ionization of chrom ic acid, determ ined values 
for the  ionization constan ts in  a  cell designed to  elim inate 
liquid junction  errors, and  calculated  th e  varia tion  of th e  con
s ta n ts  w ith  th e  ionic streng th , according to  th e  D ebye- 
H iickel theory . From  th e ir d a ta , a t  25° C .:

K i - 1 2 ^ 0 ^ = 0 . 1 8  a t  , = 0 . 1 6

Finally , pH  =  - lo g  (H+) -  -  0og[H+] +  log T)

where

and

where

[II2CrO,] 

pK[ =  1 .0 5 .- V m

(IIC rO j-)a _
(C r,07) -  UU" ’ [Cr20

1 +  0.7%/ n 

[H C rO ri* =  A"

p iv '  =  1.64 +
1 +  0.7VM

(C oncentrations are  here denoted  b y  brackets, activ ities by  
parentheses.)

where log y  is derived from  values given by  Scatchard  (16) o r 
M ach ines (12). If  th e  chrom ic acid m olality  =  M , and  
M  -  [H +] =  y, since [H +] =  [H C rO r ]  +  2 [C r20 7]“ , on 
elim ination of [H Cr0.i~] and  [Cr2C>7] :

7f'[H+] 
4 K l (V1 +

8 [H+]
K '

whence:

[H+]
o.oi
0.02
0 .0 4
o.os
0.10
0.20
0 .4 0

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

K'i
0.110
0 .1 2 3
0 .1 4 0
0 .1 6 4
0 .1 7 5
0 .2 1 6
0 .2 7 7

K '

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

7 H  +

0 .9 2 1
0.888
0 .8 7 0
0 .8 4 8
0 .8 4 2
0 .8 3 8
0 .8 6 3

V M
0 .0 0 0 5 1 4  0 .01051  
0 .0 0 1 5 3  0 .0 2 1 5 3

(11+) p H

0 .0 0 3 9 5
0 .0 0 9 4 2
0.0122
0 .0 2 6 1
0 .0 5 2 8

0 .0 4 3 9 5
0 .0 8 9 4 2
0.1122
0 .2 2 6 1
0 .4 5 2 8

0 .00921
0 .0 1 7 7 6
0 .0 3 4 8
0 .0 6 7 8
0 .0 8 4 2
0 .1 6 7 6
0 .3 4 5 2

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

P lo tting  M  against p H  gives a  curve which is in best 
agreem ent (=*=0.04 pH ) w ith th e  d a ta  determ ined w ith  in s tru 
m en t A  w ith  sm all junctions up  to  0.2 M , w hich represen ts 
th e  h ighest concen tration  a t  w hich th e  equations are  valid . 
H owever, an y  of th e  assem blies em ployed in th is  w ork give 
self-consistent results , and  no false e. m . f .'s  a re  developed b y  
th e  action  of th e  chrom ic acid up  to  1 M  on th e  glass electrode 
in  an y  case, as show n b y  th e  reproducib ility  of readings w ith 
s tan d ard  buffer a t  all tim es. Because of th e  acid error, th e  
possible ac tion  of chrom ic acid on th e  glass electrode, th e  in 
crease in  liquid junction  errors, the  lack  of a n y  theoretical 
check on th e  m easurem ents, and  th e  fac t th a t  m an y  com
m ercial m eters do n o t read  below pH  0 or —0.5, i t  d id  no t 
seem feasible to  ob ta in  pH  values for higher concentrations 
of chrom ic acid.
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Molecular Still Heads
A. J .  B A IL E Y  

U n iv e rs i ty  o f  W a s h in g to n ,  S c u t tle ,  W a sh .

M A N Y  devices for m olccular d istilla tion  have been de
veloped and  m ade available to  chem ists in general 

th rough  publication. M orton  (S) reviewed a  num ber of the 
types m ost useful in  th e  laboratory , D etw iler and  M arkley 
(2) cited over a  hundred  publications, and o thers are readily  
found in th e  lite ra tu re .

F i g u r e  1. M o l e c u l a r  S t il l

/ l ,  le ad  sam p le  p a n ;  I i ,  b rass  h o t p la te ; C, 
th e rm o m e te r ; D , g lass w ool in s u la tio n ; A, 
N o . 30 N ich ro m e  w ire  (20 ohm s) in su la ted  
ab o v e  a n d  below  b y  g lass w ool a n d  w rapped  
on  a  b ra ss  b a r ; F , sp r in g  b ro n ze  co n ta c ts  in 
s u la te d  b y  m ica  w ashers ; G, tu n g s te n  w ires 

sea led  in

Experience in  th is labo ra to ry  has shown th a t  the use of 
stan d ard  glass p a rts  con tribu tes g reatly  to  th e  economy of 
construction, rig id ity , and  m echanical streng th  of the still, 
and in terchangeability  and  general serviceability of the de
vice. Several designs are  of sufficient value to  justify  more 
general use.

Figure 1 shows one ty p e  of m olecular still m ade from  two 
s tan d a rd  Pyrex m icrobell ja rs . T he parts  are inexpensive, 
and th e  sim ple and  rugged construction  contributes to  rapid 
and  safe m anipulation . T he design shown includes im prove
m ents indicated by  m any  m onths of continuous operation, and 
is free from  th e  usual vagaries such as tem peram ental heater, 
therm al control, and  m easuring devices, and  erratic  and un
dependable vacuum  seals.

A f e a tu r e  o f  e a r ly  d e s ig n s  w h ic h  c a u s e d  e n d le s s  t r o u b le  w a s  th e  
m a te r ia l  w h ic h  in s u la te d  t h e  h e a t in g  e le m e n t .  M a te r i a ls  s u c n  a s

m ica and  glazed or unglazed porcelain were u n sa tisfac to ry  be
cause of th e  large qu an titie s  of gas given og when heated . G lass 
wool tak en  from  a  b a t in  th e  general lab o ra to ry  su p p ly  and 
w rapped around  th e  h e a te r  p roved  adm irab ly  effective as insula
tion. T h e  various glass tsyjes, cloths, and  sleeves supplied  by  the 
O w ens-C om ing Fiberglas C orporation , Toledo, Ohio, perm it easy 
application. An in p u t to  th e  h eater of ab o u t 20 w a tts  sufficed 
for tem pera tu res up  to  300° C. T h e  m ost sa tisfac to ry  wax for 
com pleting th e  vacuum  seal betw een th e  tw o bell ja rs  was picein; 
it  was equally  effective w hether bu ilt up  as a  dam  on th e  outside  
of th e  jo in t or allowed to  form  a  layer betw een th e  opposite  jo in t 
faces, a lthough  it was usually  easier to  m ake a  successful seal a t  
th e  first a tte m p t, by  th e  la t te r  m ethod. T h e  condenser effec
tively cooled th e  wax seal so th a t  th e  vapor pressure of th e  wax 
did n o t interfere. T h e  deta ils of construction  are  a p p aren t in 
Figure 1.

W hile several types of vacuum  system s were em ployed, best 
results were ob tained  by using  a  sim ple, short-coupled  vacuum  
line. T h e  still was coupled to  a  freezing tra p  w hich was a ttach ed  
to  th e  m ercury  pum p. A M cLeod gage w as also connected  di
rectly  to  th e  m ercury  pum p. Betw een th e  m ercury  pum p and 
th e  m echanical forepum p a  th ree-w ay  stopcock w as inserted. 
T he th ird  o u tle t led to  the  h igh-vacuum  side of th e  m ercury  pum p, 
th u s  m aking it possible to  by-pass th e  m ercury  pu m p  com pletely 
to p rev en t con tam inating  th e  m ercury. On th e  low -vacuum  side 
of th e  m ercury  pum p, a  lite r flask w as connected  to  serve as a  
reservoir. I t  was th en  possible to  reduce th e  runn ing  tim e of th e  
m echanical pum p to  tw o or th ree  brief periods in 24 hours. U sing 
th e  m olecular still and  vacuum  system  as described, a  tw o-stage 
K u rth  m ercury  pum p and  Cenco H y v ac  fore-pum p rcduced the  
reading of th e  M cLeod gage to  10~6 m m . of m ercury  in ab o u t an  
hour if the  h ea ter w as no t energized, an d  to  th e  sam e level in 
ab o u t 2 hours w ith th e  h ea ter and  sam ple a t  200° C. T h e  com
bination  of M cLeod gage and freezing tra p  records th e  pressure  
of perm anen t gases only and these no t in th e  d istillation  gap. 
T h e  to ta l pressure of tem porarily  uncondensablc m olecules in the  
gap during  d istillation  was p robab ly  h igher th a n  10"“. T h e  ef
fectiveness of th is still was d em onstra ted  by successfully d istilling 
lignin for th e  first tim e ( / )  and it  has proved to  be dependable, 
s tu rdy , and  sim ple to 'opera te .

F i g u r e  2 .  L a r g e  M o l e c u l a r  S t i l l

.4, v a c u u m  d is ti llin g  d o m e ; B ,  iro n  co v e r; C , cooling  
coil; D , co n d en ser p la te ;  E ,  s to v e  p la te ;  F , th e rm o m e te r  
w ell; G, h e a te r ;  / / ,  e lec trica l le a d ; / ,  w a te r  ja c k e t  fo r 

ta p e re d  jo in t;  J ,  v a c u u m  line
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Large Molecular Still
F o r larger capacity , a  still of som ew hat sim ilar design was 

developed (Figure 2).

The central unit of construction was a  standard Pyrex vacuum 
distilling dome (Catalog No. 3480) which contained the heater, 
ho t plate, condenser, and thermometer. The heater was an in
expensive commercial hot plate 11.25 cm. (4.5 inches) in diame
te r and was fastened to  a circular brass p la te  13.75 cm. (5.5 
inches) in diam eter and 0.625 cm. (0.25 inch) thick: these two 
constituted the s'ove. I t  was suspended by three machine 
screws from the condenser, and the length of the screws perm itted 
varying the stove-condenser distance. The condenser consisted 
of a  circular brass plate 15 cm. (6  inches) in diam eter and 0.625 
cm. (0.25 inch) thick w ith a copper cooling coil soldered to  the 
upper surface, and fastened rigidly to  the iron cover. The elec
trical connections were made by wires, one threaded through 
magnesium oxide beads, soldered to  a nickel bead fused to  the 
tungsten wires sealed through the glass. An internal condenser 
was attached to  the male ground joint to m aintain the vapor 
pressure of the wax on the joint a t  a  safe value. Picein wax was 
used to  seal both the cover joint and the tapered joint. The

thermom eters for both  stills were made from the broken stems of 
regular thermometers, w ith bulbs of proper size blown, and stems 
curved to  fit the walls of the stills. Glass plates were used to 
cover both stove and condenser when direct contact with m etal 
was undesirable. This still had a  heating surface of over 150 
sq. cm. (23 square inches) and a  condensing surface of over 180 
sq. cm. (28 square inches).

T he  rap id ity  of pum ping system s is increased by  large, 
sh o rt tub ing , an d  elim ination of constrictions caused b y  sto p 
cocks, th e  la t te r  also being a  prolific source of leaks in  high 
vacua. S atisfacto ry  service can best be achieved b y  an  all- 
glass, sealed system ; all jo in ts  should be regarded w ith  sus
picion.
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A Special Slide Rule for Calcium Carbonate 
Equilibrium  Problem s

In Corrosion Control o f W ater Supplies

A. A D L E R  I I IR S C I I ,  S t a te  D e p a r tm e n t  o f  E d u c a t io n ,  B a to n  R o u g e , L a .

P R O T E C T IO N  of d is tribu tion  system s aga in s t corrosion 
b y  m eans of a  calcium  carbonate  film w as first proposed 

b3r T illm ans (4), b u t a  com prehensive theoretical form ulation  
of conditions for deposition in  th e  system  COj—IIC O 3- — 
COs— —C a~~  was evolved recen tly  b y  Langelier (7). H is 
com plete equation  involves pH , ti tra ta b le  a lk a lin ity  as cal
cium  carbonate, calcium  concentration , ionic streng th , and  
tem pera tu re :

B y  showing, under conditions, th a t  th e  effect of (H +) and  
(O H - ) on th e  a lka lin ity  te rm  an d  th e  influence of th e  final log 
paren thesis m ay  be o m ittab ly  sm all, Langelier simplified 
E q u a tio n  1 w ith  negligible erro r for o rd in ary  w aters whose 
pH , lies w 'ithin th e  lim its 6.5 an d  9.5 to

pH , =  (pKJ -  pK i) +  pC a +  pA lk (3)

pH . =  (pKJ -  pK ') +  pCa +  p [  A ik  +  (H +) -  +  log [ l  +  | p ] (1)

A t th e  o rd inary  tem p era tu re  of 
20° C. (p K j — p K ')  approx im ates a 
value of 2.3, w hich su b s titu ted  in  
E q u a tio n  3 gives a  sh o rt form :

where pH , =  the hypothetical pH  a w ater m ust have, w ithout 
other changes m  composition, for calcium car
bonate stability 

pK J =  negative logarithm of the  second dissociation con
stan t of carbonic acid 

pK,' =  negative logarithm of th e  solubility product con
s tan t of calcium carbonate 

pCa •= negative logarithm of th e  molal calcium concen
tration

A ik  =  equivalent concentration of alkalinity by titra tion  
Ky, = dissociation c o n ta n t for w ater

T he  influence of ionic stren g th  an d  tem p era tu re  is show n in 
th e  term  (pK j — pK ,'). F rom  th e  ac tu a l p H  value of th e  
sam ple is obtained  :

Langelier saturation index =  pH  — pH , (2)

a  negative value of w hich indicates un d ersa tu ra tio n  and  pos
sible corrosion; a  zero value  denotes balance, and  a  positive 
value evinces supersa tu ra tion  and  possible scaling, th e  ac tua l 
effects being dependen t on num erical m agnitude. D eM ar- 
tin i (2 ) concluded from  a  survey  of C alifornia w aters th a t  a  
sa tu ra tio n  index m ore positive th a n  —0.5 generally  im plied 
freedom  from  serious corrosion.

pH . =  2.3 +  pCa +  p Aik (4)

A fu rth e r sim plification of th e  L angelier form ula is u lti
m ate ly  possible in  certa in  restric ted  cases w here, in  the  a b 
sence of a  calcium  determ ination , i t  m ay  be assum ed th a t  
th e  calcium  and  a lk a lin ity  values are  proportional. I f  cal
cium  and  a lka lin ity  a re  tak en  as equivalen t, E q u a tio n  4 be
comes

pH , =  2.6 +  2p A ik (5)

w hich resem bles in  form  th e  em pirical equa tion  of B aylis’ ex
perim entally  established calcium  carbonate  equilibrium  
curve ( i )  and  is equ ivalen t to  S trohecker’s sh o rt form ula (9).

T o fac ilita te  fu r th e r th e  calculation  of pH , H oover and  
R iehl (6) p repared  a  nom ogram  to  solve E q u a tio n  3 g raph i
cally. T h e ir draw ing  provides for tem p era tu re  and  salin ity  
influences b u t om its corrections for th e  final log term  of E q u a 
tion  1 an d  th e  effect of ( I I +) an d  (O H - ) ions.

T h e  slide ru le  described below -was designed p rim arily  to  
provide im m ediate  an d  easy solu tion  to  th e  full Langelier for
m u la tion  w ith  su itab le  provisions for all corrections; its  ap 
plication  in  solving th e  sim plifications, E q u a tio n s  3 and  4, is 
especially rap id  an d  effortless.
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T his special slide rule 
enables m echanical cal
culation  of (1) the full 
Langelier equation  and  
its  contractions; (2) de
gree of calcium  carbon
a te  sa tu ra tio n ; and  (3) 
dissolved carbon dioxide 
from pH  and  alkalin ity  
values, or vice versa. 
Incidentally , ordinary 
m ultiplication and divi
sion m ay  be perform ed 
by  using th e  logarithm i
cally divided calcium and 
alkalin ity  scales.

Description
Arrangement of the 

scales is shown in Figure 1. 
On the upper stock is ruled 
the alkalinity scale, which 
gives the pA ik  value for 
the alkalinity in p. p. m. 
as calcium carbonate fig
ures marked. Although 
to tal dissolved solid cor
rection factors extend only 
to 800 p. p. m .f the scales 
for alkalinity and for cal
cium are ruled to an even 
1000 to  fill out the log 
cycle and enable their use 
as regular logarithmic 
scales.

The slide carries pCa 
values for calcium con
tent. The semilog graph 
labeled “ total dissolved 
solids” , with tem perature 
parameters, gives the 
(pK i — pK,') term. D ata  
for its construction were 
taken from the Hoover- 
Riehl nomograph; hence 
proper provision is in - 
eluded for a corrected tem 
perature effect (6). An 
accompanying scale of 
ionic strength is provided 
for use in cases where this 
fundamental information 
i s  k n o w n .  T h e  l o g
r- O Tf! ”1

I +  - _ 2 -  correction is
L / —I ..
supplied by gage lines on 
the right-hand end of the 
slide.

The top edge of the 
crowded bottom stock is 
ruled arithmetically to 
give pH ,; the lower edge 
is divided likewise but 
enumerated in th e  op
posite direction to allow 
calculation of carbon di
oxide from actual pH. In  
the region of pH , =  10.2 
is located an arc for use in 
conjunction with the log 
term correction gage lines; 
this short curve shows the 
variation of w ith to tal 
dissolved solids a t  25° C. 
Correction for (H +) and 
(OH- ) ions is provided by 
the graph plotted for 
alkalinity levels of 10, 50, 
and 250 p. p- m.

; Applications
L a n g e l i e r  F ó r m u l a  C a l c u l a t i o n s .  Simple Form, Equation 

4. M ethod. Set the calcium figure on the slide opposite the alka
linity value on the top scale. The position of arrow S, located 
within the to tal solids plot, a t  a  (pIC  — pK¡) valueiípí 2.3, 
points directly to the pH , value on the inside edge of the,bottom  
stock.

Computation m ay be best illustrated by a specific example, 
using the following analysis:

N a
Cl
A lk a lin ity  as  

C aC O j

P . p. m.

15
16

33

M g
C a

SO <

P. p . m .
G

15

T o ta l d isso lved  so lid s  (b y  an a ly s is ) , p . p . m . 132 
pH  1 0 .0

To find pH, set 15 on the calcium scale opposite 33 on the 
alkalinity scale, and read a t  the point of arrow iS th a t pH , =  8.9. 
Since the actual pH  is 10.0, the saturation index is +1.1, indicating 
a tendency to scale.

Simple Form, with Temperature and Total Dissolved Solids. Cor
rection, Equations. Method. The alkalinity and calcium settings 
remain as before, b u t the  position of (pK i —pKi) is now obtained 
from the total dissolved solids-tem perature graph. Total dissolved 
solids isthe quantity  obtained by summation of the ions and not 
the result of evaporation; this quantity  m ay also be obtained from 
electrical conductivity, using the formula of Gustafson and Behr- 
man (3). In  the graph 40 p. p. m. to ta l dissolved solids is taken 
equivalent to  0.001 ionic strength, as suggested by Langelier, 
who showed th a t m any natural waters contain equal equivalent 
concentrations of monovalent and divalent ions. The graph 
m ay also be employed in terms of ionic strength; this is prefer
able for treated waters, especially zeolite effluent using the so
dium cycle, wherein the relation between equivalent concentra
tions of the two valence types is altered considerably. A special 
stoichiometric slide rule (5) facilitates the  calculation of ionic 
strength from the analytical statem ent.

This type of calculation will suffice to  establish pH , for m ost 
waters. The plot lucidly demonstrates th a t tem perature in
fluence on pH , is dom inant compared to  th e  to ta l dissolved solids 
effect; a  wide variation from 50 to 400 p. p. m. dissolved solids 
is needed to produce practically the same shift of pH , as a drop 
of only 10° C. below usual room tem perature.

Solution with Correction for Log The gage lines
to the right of the slide are designed to  follow Langelier’s tabu-

r  2K ’
lated values of log 1 +  (H + jJ  in ter® 5 of the difference (pK a' —

EK i). pKa in tu rn  depends on tem perature and solids content, 
u t for simplicity its values are given only a t  25° C. as its varia

tion with ordinary tem peratures is negligible. The short vertical 
curve near pH , =  10.2 gives the value of pKJ from 1 to 800 

p. m. dissolved solids, w ithin which range its variation is 
imited.

Method. The pK i arrow, located in the gage line area, is set 
opposite the proper pK , value on the short vertical arc and the 
gage line opposite the preliminary pIL , corrected for tem perature 
and dissolved solids, is followed to its top edge and then  pro
jected back vertically to  th e  pH , scale to  give a value corrected

— 2tK.' ”1
1 +  • Below pH , =  8.9 this correction becomes

1

for log
negligib e, as notea irom trie nearly vertical slopes oi tne gage 
lines for large differences between pK J and preliminary pH,. 
On the other hand, above pH i =  8.9, consideration of this term 
becomes increasingly im portant.

Solution with Correction for  (H +) and (OH~) Ions. Previously

the term  p^AM: +  (H +) — ( g ï j J  > which for equilibrium condi

tions reached through theoretical (II) adjustm ent only should 
P K  ~]

properly be w ritten  p | A ik  +  (H i)  — ( j j r y J  , has been assumed
to have the same value as pAik. However, a  plot of the  difference

p [A ik  +  (H+) - ]  -  pA ik

in Figure 2 shows a correction, A pH,, exceeding 0.05, applicable 
w ithin the shaded zone. This correction is sijmificant for waters 
of low alkalinity and mineralization, especially in calcium. On



180 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y Vol. 14, No. 2

r
Q_ , 
<1

2
0
p
u  
ul 
Ct 
0C I 
0  
o

1 r 1 1 1 1  t t  1 r r
C o r r e c t i o n  f o r  p A l k  t e r m

r

-
1 in  L an
1 d c c o u n

qalier F o r m u l a  to  / 
t  f o r  (H*) a n d  (OH ') / 

Io n a  1
-

d pHj* p^AIK

-  p A lk l

I r

UBTR)
A pH

\CT
B

—*■ ADD 
A p H s

-

t t

Kalini Alkaür
>3

• M i25C

“ 1

yp .p rr . CaCC
50

- 1

i
X

4*

f a x

V

>.0 n a \
1 1

-

\
1 N 1 1 1

1 3 5 7 , 9  II '3
p H s

F ig u b k  2

the acid side this correction is w ithout practical importance bu t is 
drawn in Figure 2 merely to show sym metry. These three 
curves are reproduced on the bottom  of th e  slide rule to enable 
this final correction for those cases above about pH , =  9.5 where 
needed.

Method. The ordinate from the edge of the stock a t the un- 
corrected pH , value vertically downward to  the alkalinity par
ameter, interpolated if necessary, is noted and the correction read 
from the auxiliary scale of ordinates near pH , =  9.1. This in
crem ent is added to the preliminary value of pH , preferably be
fore making the preceding log term  correction, as th e  ra te  of 
variation of the la tte r w ith respect to initial pH , is the larger. 
A djustm ent of corrections by  iteration m ay be disregarded.

Problem. Using the previous lime-softened w ater analysis, 
find pH , a t a  tem perature of 10° C. with all corrections included. 
Set 15 on the calcium scale opposite 33 on the alkalinity scale as 
before. Move the glass index to a point in the to ta l dissolved 
solids-tem perature plot corresponding to 132 p. p. in. to tal solids 
and 10° C. tem perature. Under the hairline, the  preliminary 
value of pH , corrected for tem perature and solids is 9.09. To cor
rect for the log term, set the pK j arrow opposite the  132 p. p. m. 
solids point on the pK£ arc. Project pH , =  9.09 along the gage 
line direction to  the upper edge of the slide, then  drop th is point 
vertically to th e  pH , scale to  read pH , =  9.14. No final correc
tion for (I I+) and (OH- ) is necessary, as the intersection of the 
hairline a t pH , =  9.14 w ith th e  interpolated location of the 33 
p. p. m. alkalinity param eter is a t  zero.

D e g r e e  o f  C a l c i u m  G a b b o n a t e  S a t u r a t i o n " .  I t  is evi
d en t from  E q u a tio n  3 th a t  a  corrosive w ate r m ay  be balanced 
if th e  calcium  a n d /o r  th e  alkalin ity  is increased so th a t  the 
log of th e ir p roduct is augm ented to  the  ex ten t of th e  sa tu ra 
tion index. T he sa tu ra tio n  index represents th e  deficit in  th e  
p roduc t of calcium  by  a lka lin ity  ions. R ew riting  E q u a tio n  3 
using logs

pH , =  (pfc; -  pKi) -  (log Ca +  log Aik) (6)

Since balance is a tta in ed  w hen pH  — pH , =  0, th is condi
tion  will be established b y  m aking

log Ca.Ht.+log Alk,„t. =  log Ca 4- log A ik  +  saturation index (7) 

w hence Saturation index =  logj^ a^  * J (8)

Ca X A lk  1
C a„ t. X Aik,*t. log 1 saturation index (9)

T his procedure presupposes no changes in  pH  nor in factors 
affecting th e  term  (p K i — pK ,'), thu s properly  neglecting 
an y  slight elevation in salinity .

Method. I t  is sufficient to find the reciprocal of the antilog of 
the saturation index. This is done by setting 100 on the per cent 
saturation scale opposite the previously calculated pH , value 
and noting the reading on the per cent saturation scale by the 
actual pH, also along the pH , scale. Enum eration of the i>er 
cent saturation scale above and below 100 perm its this calcula
tion for both scaling and corrosive waters. A solution is also 
possible using the slide in reverse.

Problem. Find per cent saturation when pH  =  10.0 and 
pH , =  9.14. Set 100 on the per cent saturation scale opposite 
9.14 oii the pH , scale and opposite 10.0 on the same scale read 
the hairline a t  700 per cent saturation.

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

A l k a l i n i t y  V a l u e s .  C arbon dioxide is m ore accura te ly  
calculated  from  th e  a lka lin ity  titra tio n  and  glass electrode 
readings, bo th  of w hich are  very  reliable, th a n  determ ined 
b y  direct titra tio n  w ith  phenolphthalein  according to  s tan d a rd  
m ethods. T h is sim ple m ass law  calculation of the hydrogen- 
ion concentration  of a  m ix tu re  of a w eak acid  and  its  com
pletely  dissociated sa lt w as applied by  H enderson and  H assel- 
back (S) in  1908 to  blood chem istry  equilibria.

pH =  pK  +  pC02 — p.4 Ik 

since pK  =  (i.3 in distilled water

pC 0 2 =  pH  +  p A ik  — 6.3

(10)

(11)

T he  ex ten t to  w hich carbon dioxide rem oval b y  sim ple aera
tion  raises th e  p H  value of a  w a te r sam ple m ay  be conven
ien tly  calculated  b y  th is  m ethod .

M ethod. The slide is reversed and set so th a t the pH  arrow 
(located to allow for the constant) points to its value on the very 
bottom  scale. T he hairline is set a t the given value on the alka
linity scale and p. p. m. carbon dioxide is read directly under
neath on the scale normally devoted to calcium.

Problem. Given alkalinity =  95 p. p. m. as calcium carbonate 
and pH  =  6.5, find the carbon dioxide content. Reverse the 
slide, set the pH  arrow opposite 6.5 on the bottom  pH  scale, and 
across from 95 on the alkalinity scale read 70 p. p. m. carbon di
oxide on the carbon dioxide scale. To raise the pH  value to  7.0, 
carbon dioxide m ust be reduced to 26 p. p. m., as can be found by 
shifting th e  slide toward the  right to place th e  pH  arrow over 7.0 
on the bottom  scale and reading the  carbon dioxide scale w ithout 
shifting the hairline.

Summary
T his special slide rule expedites Langelier form ula calcula

tions and  enables all corrections to  be included w ith  a  m ini
m um  of effort. I t  also perm its easy  m echanical calculation 
of th e  degree of calcium  carbonate  sa tu ra tio n  and  th e  carbon 
dioxide co n ten t from  th e  ac tu a l pH  value and  alkalin ity .
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An Im proved M ethoxyl Apparatus
A. J .  B A ILEY , U niversity  o f W ash in g to n , S cu ttle , W ash .

C O M M O N  m ethods of m ethoxyl assay  em ploy a  cum ber
some and  complex ap p ara tu s. T he stan d ard  m ethod of 

th e  T echnical A ssociation of th e  P u lp  and  P aper In d u s try  
(8) uses th ree  separa te  pieces of ap p a ra tu s  for m aintain ing 
tem p era tu re  in  th e  assay system , while th a t  of Peniston  and 
H ib b ert (2) em ploys four separa te  un its ; o ther m ethods re
quire generally  sim ilar equipm ent. T he  proposed appara tu s  
represen ts a  sim plification in  ap p a ra tu s  w ith g reatly  im 
proved operating  characteristics.

Apparatus
A diagram of the apparatus is shown in Figure 1. The appara

tus was patterned, in part, after the standard T . A. P. P. I. appara
tus (3), but embodies an internal electrical heater rather than  an 
external heating unit, and the absorption system is simplified. 
Greatly simplified control is one of the major advantages.

O p e r a t i o n .  B est results were obtained by heating the glycerol 
bath (/, Figure 1) on a small adjustable, thermostatically con
trolled hot plate (Central Scientific Co., Catalog No. 16,627), 
which m aintained the bath  a t 130° C. with almost no change for

F lG U ltK  1
M e t h o x y l  A p p a h a t u s

D ra w n  to  sca le

A ,7 'm m .;  22 m m .; C,
8  m m .; D , 5 m m .; an d  E t 
1 0  m m . in  o u ts id e  d ia m ete r.

F , e lec trica l lends, ap p ro x i
m a te ly  4 fee t o i N o . 26 Ni- 
ch ro m e w ire ; G, w a te r ja c k e t 
a t  55° C .; H, C O : in le t; I ,  
g lycerol b a th  a t  130°.

O ver-all le n g th  of w a te r 
ja c k e t w as GO cm ., o u ts id e  
d ia m e te r  38 m m .; a  th e r 
m o m ete r w as su spended  in 
side. G lyce ro l b a th  w as 
m a in ta in e d  a t  c o n s ta n t te m 
p e ra tu re  by  th e rm o s ta tic a lly  
co n tro lle d  h ea te r.

CENTIMETERS

hours on end. The heater immersed in the jacket was connected 
to  the alternating current line through a fixed resistance of such 
size as to maintain th e  jacket tem perature a t 55°. With the trap  
and absorption tubes filled, the sample was introduced, and the 
apparatus was closed and lowered into the glycerol bath. In 
troduction of a slow stream of carbon dioxide completed the neces
sary adjustm ents. This apparatus was in full-day operation for 
several weeks a t  a  time; once adjusted, virtually no further .ad
justm ents were required and supervision was necessary only a t 
hourly intervals to change absorption tubes and scrubbing liquid 
and to  introduce a new sample and, if necessary, new hydriodic 
acid and phenol.

I t  was found desirable to  add samples in a small glass boat and 
to use an antibum p tube as shown. Three or four samples were 
hydrolyzed with 15 ml. of hydriodic acid (specific gravity 1.7) 
before the flask was replaced witli a  new flask and fresh reagent. 
The addition of phenol was not necessary, bu t contributed to a  
shorter time and smoother reaction.

As Clark (1) and Peniston and Ilibbert (£) noted, the appara
tus and reagents m ust be heated before use to  free the system 
completely of methoxyl. All grades of phenol used in this labora
tory have given positive tests for methoxyl. A convenient 
method of testing for completion of removal of methoxyl is to 
use an absorption tube containing alcoholic silver n itrate. In  
addition to the causes of error recorded by Peniston and H ibbert 
necessitating a blank determination, a  prolific source of blank 
correction was found to  be the instability of potassium iodide 
solution. Even short standing caused a faintly yellow solution 
(formation of free iodine) and consequent large blank correction.

Variations in Method
T his ap p a ra tu s  w as used w ith  equal success in  th e  Zeisel 

(5), V iebock and  Schw appach (4), and  P en iston  and  H ib b ert
(2) m ethods and  gave an  accuracy iden tical to  th a t  obtained  
by  th e  older ap p a ra tu s. I t  should give iden tical accuracy  in 
C lark ’s (1) and  sim ilar m ethods. I n  th e  P en iston  an d  H ib 
b e rt m ethod  th e  add ition  of phenol to  th e  flask was n o t essen
tia l and  carbon dioxide w as used d irec tly  from  a  ta n k . A 
phosphorus suspension and a  5 per cen t cadm ium  su lfa te -o  
per cen t sodium  th iosu lfate  so lu tion  gave iden tical resu lts  as 
a  scrubbing m edium . W ith  th e  size of sam ple ordinarily  used 
in th e  Zeisel m ethod, th e  silver n itra te  absorbing solution  and  
subsequent gravim etric de term ination  gave lower accuracy 
th a n  th e  b rom ine-po tassium  aceta te -g lac ia l acetic acid ab 
sorbing solution (2) and  subsequent volum etric determ ination  
of the  iodine. T he  la tte r  m ethod possesses g rea t advan tages 
in  simplified procedure, high inheren t accuracy, freedom  from 
interference, rap id ity , and  ab ility  to  use extrem ely  sm all 
sam ples.

T his ap p a ra tu s  has been in successful use in  th e  a u th o r’s 
labora to ry  for several years in  th e  analysis of m ethoxy phe
nols and  lignin p reparations, and  has been used by  Irw in  A. 
Pearl of th is  labo ra to ry  in  recen t m onths w ith sim ilar success 
and satisfaction . T he m ethod  em ploying th e  volum etric 
determ ination  of iodine, substan tia lly  as described b y  Penis
ton  and  H ib b ert b u t modified as above, has been found to  be 
m ost accura te  and convenient. I t  consistently  gave values 
th a t varied  less th a n  0.1 per cen t from  the  theoretical w ith 3- 
to  7-mg. sam ples of vanillin ; in general, accuracy  w as sim ilar 
to  th a t  reported  b y  P en iston  and H ibbert.
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Colorimetric Determ ination o f Phosphorus 
in Soils

Provision for Elim inating the Interference o f Arsenic

M IL D R E D  S . S H E R M A N , B u r e a u  o f  P l a n t  I n d u s t r y ,  U . S . D e p a r tm e n t  o f  A g r ic u l tu r e ,  B e ltsv i l le  R e s e a rc h  C e n te r ,
B e ltsv ille , Mid.

A c o lo r im e tr ic  m e th o d  t h a t  is  b o t h  r a p id  a n d  
a c c u r a tc  h a s  b e e n  d e v e lo p ed  fo r  th e  d e te r m in a t io n  
o f  p h o s p h o r u s  i n  so ils . T h e  so il is  d ig e s te d  w ith  
60 p e r  c e n t  p e rc h lo r ic  a c id  w h ic h  q u ic k ly  d e s tro y s  
t h e  o rg a n ic  m a t t e r  a n d  c o n v e r ts  t h e  p h o s p h o r u s  
p r e s e n t  to  t h e  in o r g a n ic  fo r m .  A f in a l  b o ilin g  
t e m p e r a tu r e  o f  203° C . is ,  n o  d o u b t ,  r e s p o n s ib le  
fo r  th e  c o m p le te  e x tr a c t io n  o f  t h e  so il p h o s p h o r u s .  
S ix ty  p e r  c e n t  p e rc h lo r ic  a c id  is  n o t  a  h a z a r d o u s  
r e a g e n t  a n d  h a s  b e e n  u s e d  fo r  o v e r  tw o  y e a rs  in  
h u n d r e d s  o f  a n a ly s e s  w i t h o u t  a  s in g le  e x p lo s io n .

A n  a l i q u o t  o f  t h e  p e r c h lo r ic  a c id  s o lu t io n  o f  th e  
so il is  t r e a te d  w i th  a m m o n iu m  m o ly b d a tc  a n d  
1 ,2 ,4 - a m in o n a p h t l io ls u lf o n ic  a c id .  T h e  d e p th  o f  
t h e  b lu e  c o lo r  fo r m e d  is  m e a s u r e d  in  a  p h o to e le c 
t r i c  c o lo r im e te r  a n d  th e  p h o s p h o r u s  v a lu e  c a lc u 
l a te d  f r o m  t h e  c a l ib r a t io n  c u rv e  o f  t h e  i n s t r u m e n t .  
T h e  e ffe c t o f  v a r ia t io n s  i n  a c id i ty ,  t im e ,  a n d  t e m 
p e r a tu r e  u p o n  th e  d e v e lo p m e n t  o f  t h i s  c o lo r  is  
d is c u s se d .

A rs e n a te s  a lso  g ive  a  b lu e  c o lo r  w i th  t h e  r e a g e n ts  
u se d  in  t h i s  m e th o d .  A s l ig h t  m o d if ic a t io n ,  h o w 
ev e r, p e r m i t s  t h e  d e te r m in a t io n  o f  p h o s p h o r u s  in  
t h e  p re s e n c e  o f  a r s e n ic :  A n  ex cess o f  s o d iu m  b i 
s u lf i te  in  t h e  p re s e n c e  o f  p e r c h lo r ic  a c id  a t  r o o m  
t e m p e r a tu r e  r e d u c e s  a n y  a r s e n a te s  to  a r s e n i te s  
w h ic h  d o  n o t  in te r f e r e .

T h e  v a lu e s  fo r  th e  d e te r m in a t io n  o f  p h o s p h o r u s  
in  t h i r t e e n  so il s a m p le s  o f  v a ry in g  i r o n  a n d  o r 
g a n ic  m a t t e r  c o n te n t  a r c  p r e s e n te d  a n d  a r e  sh o w n  
to  b e  i n  c lo se  a c c o rd  w i th  th o s e  o b ta in e d  b y  th e  
c o n v e n t io n a l  g ra v im e tr ic  m e th o d  o f  W . O . R o b in 
so n .

T h e  w o rk in g  t im e  fo r  six  d e te r m in a t io n s  is  3 
h o u r s .

T H E  standard  procedures for th e  determ ination  of phos
phorus in  soils a re  th e  official m ethod  (2), in  w hich th e  

sam ple is digested w ith  m agnesium  n itra te  followed b y  a 
volum etric determ ination  of th e  yellow am m onium  phos
p h a te , an d  th e  R obinson m ethod  (IS ), in  w hich th e  sam ple is 
digested w ith hydrofluoric acid followed by  a  gravim etric  
de term ination  of th e  m agnesium  pyrophosphate . B o th  m eth 
ods give sa tisfactory  resu lts and  dem and only th e  equipm ent

found in  any  general labora to ry , b u t the ir m any  step s ta k e  a 
good deal of tim e and  increase th e  possibilities of error. T here  
seem ed to  be a  real need for a  simple, d irect, rap id , an d  ac
cu ra te  m ethod  for th e  determ ination  of soil phosphorus.

T he  perchloric acid m ethod  th a t  K ing  (7) developed for th e  
analysis of biological m aterials has been applied successfully 
in th is labora to ry  to  th e  determ ination  of phosphorus in  p la n t 
m aterials, in  crystalline organic com pounds, and  in  w ater ex
tra c ts  of soils th a t  had  previously  been tre a ted  w ith  organic 
or inorganic phosphates. F u rtherm ore , perchloric acid gives 
theoretical values for th e  phosphorus in  nucleic acid derived 
from  yeast or from  cu ltures of th e  soil bacterium , A zotobac- 
te r. T he  o rd inary  m icrom ethod of digesting th e  sam ple w ith  
a  m ix tu re  of n itric  and  sulfuric acids (and even w ith  hydro 
gen peroxide) h ad  show n only  one fou rth  of th e  phosphorus 
w hich would be expected from  th e  values ob ta ined  for carbon 
and  hydrogen. T herefore i t  was n a tu ra l, w hen undertak ing  
som e N eubauer tests, to  t r y  using perchloric acid  in  soil 
analysis. N o  reference could be found to  its  use in  the  de te r
m ination  of phosphorus in  soils“, a lthough  perchloric acid 
has had  m an y  analy tica l app lications (4 ,6 ,1 5 ,1 6 ) .

Since th e  60 per cen t acid  h ad  used in  th is  labo ra to ry  
for 18 m onths in hundreds of analyses w ith o u t a  single ex
plosion, no anx ie ty  was fe lt w hen sta rtin g  these experim ents. 
T he  som ew hat general d is tru s t of perchloric acid is due, no 
doub t, to  th e  hazardous properties of th e  anhydrous form. 
T h e  60 per cen t acid has proved to  be perfectly  safe even when 
i t  becomes a 72 per cen t constant-boiling  m ix tu re  a t  203° C. 
N evertheless, w hen soils of unknow n origin a re  first used, 
a  screen should be em ployed and  th e  in itia l boiling tem pera
tu re  lowered b y  th e  ad d ition  of n itric  acid.

T h is paper presents th e  new  m ethod , ce rta in  fac to rs th a t  
influence its  accuracy, an d  a  m odification w hich perm its the  
determ ination  of phosphorus in  th e  presence of arsenic. T he  
analy tica l resu lts th u s  ob tained , using a  photoelectric  cell 
colorim eter, a re  com pared w ith  th e  values found b y  th e  g rav i
m etric  m ethod  of R obinson (13). •

Experimental
The soils studied are listed in Table I. The first eight samples 

were very kindly furnished by M. S. Anderson of the Division 
of Soil Chemistry and Physics of this bureau. The other samples

a While th is paper was in press, Shelton  and  H arper (1 4 )  published  a
m ethod which uses 4 ml. of 72 per cen t perchloric acid  on a  2-gram  soil
sam ple and  hydrazine su lfa te  for th e  reducing agent.
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were described in previous reports (5, 11). The soils were air- 
dried and rolled; the stones and stems held on a 10-mesh sieve 
were discarded, and the entire sample was ground to  pass a 100- 
mesh sieve according to  the directions of Robinson. Thirty-five 
mesh is fine enough for the perchloric acid method, b u t since it 
was to  be checked by Robinson’s method, his directions were 
followed explicitly.

E x t r a c t i o n  o p  S o i l  P h o s p h o r u s .  The soil is boiled with GO 
per cent perchloric acid which quickly destroys the organic 
m atter and converts the phosphorus present to  the inorganic 
form. This digestion is usually complete in 40 minutes. The 
final boiling tem perature of 203° C. is responsible, no doubt, for 
the complete extraction of the soil phosphorus. An aliquot of this 
solution can then be treated  w ith ammonium molybdate and re
duced to  give a blue color th a t is proportional to  the phosphorus 
present.

C o n d i t i o n s  A f f e c t i n g  C o l o r  D e v e l o p m e n t .  K ing used 
a D uboscq colorim eter and  1.2 m l. of 60 per cent perchloric 
acid in  a  15-ml. volum e to  “ contain  alm ost th e  sam e ‘to ta l 
ac id ity ’ as th e  sulfuric acid  used by  M artlan d  and  R obison” 
(8). W ith  a  photoelectric cell colorim eter, however, i t  was 
soon ev iden t th a t  varia tions in acid ity , tem pera tu re , and  tim e 
affected th e  developm ent of th e  b lue color.

I f  too little  acid is p resen t when th e  reducing agent is added, 
some of th e  excess am m onium  m olybdate  is reduced and  th e  
results a re  too high. I f  too m uch acid is present, the  reduction  
of th e  phosphom olybdate is inh ib ited  and  th e  phosphorus 
values will be low. E xperim en t showed th a t  th e  use of 2 to  4 
ml. of 60 per cen t perchloric acid in  a  final volum e of 25 ml. 
gives reliable results, and  2.5 m l. of acid were adopted  as the 
m inim um  concentration  to  be used. T h is ac id ity  range was 
la te r confirmed by  R ae  and  E a s tc o tt {12).

A series of low resu lts coincided w ith  a  sudden cold spell 
(14° C. on th e  labo ra to ry  bench). Investigation  showed th a t  
w ith reagents below 20° C. th e  readings were low; above 
29° C. th e  resu lts g radually  becam e too high; and  from  33° 
to  50° C. th e y  were erratic . A  w orking tem pera tu re  of 25° .=*= 
4° C. was therefore adop ted  as th e  stan d ard  procedure.

T he tim e required  for th e  developm ent of th e  m axim um  
d ep th  of b lue color was also studied . A fter the  reagents a re  
m ade up  to  volum e an d  thoroughly  mixed, th e  color deepens 
gradually  for 15 m inutes. T hen  for 5 m inutes very  little  
change can be no ted  in  th e  colorim eter. A slight increase 
follows and  upon stand ing  overnight a  fine blue precip ita te  
settles o u t, leaving th e  color of th e  liquid m uch less intense. 
All readings are, therefore, m ade betw een 15 and  25 m inutes 
a fter th e  reagents a re  m ixed. In  determ ining the  phosphorus 
in a  series of solutions, i t  is very  easy to  m ake th e  readings a t  
exactly  15 m inutes.

Since boiling w ith  percliloric acid displaces n itric and  hydro
chloric acids an d  dehydra tes th e  silica (17), no exhaustive 
stu d y  of in terfering  substances was m ade. Solutions con
tain ing hydrogen peroxide or n itric  acid, however, m ust be 
boiled w ith  perchloric to  ob ta in  th e  correct values even when 
th e  phosphorus is a lready  in  th e  inorganic form.

T he presence of 5 mg. of iron in  th e  25-ml. final volum e 
gives a  greenish cast to  th e  b lue color b u t i t  does no t affect 
the re liab ility  of th e  readings w hen using a red filter. Smaller 
aliquots are  usually  tak en  w hen th is greenish tinge becomes 
ap p aren t to  th e  eye. A lthough titan iu m  and  vanadium  react 
w ith am m onium  m olybdate, the  high acid concentration  pre
vents an y  such interference. Should m agnesium  chloride be 
present in  solutions digested according to  th e  official m ethod, 
it  does n o t in terfere  w ith  th e  color form ation.

S tannous chloride was tried  b u t was discarded in  favor of
1,2,4-am inonaphtholsulfonic acid. A lthough sm aller am ounts 
of phosphorus (0.003 mg.) m ay  be detec ted  in the optim um  
range of th e  in s tru m en t w hen using stannous chloride, as little  
as 2 p. p. m . of ferric iron interferes w ith  the  reaction, whereas 
the phosphorus values a re  still accura te  in th e  presence of 
200 p .  p .  m. of iron w hen using th e  sulfonic acid reagent and
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percliloric acid. T hen, too, extrem ely  slight varia tions in 
th e  size of th e  stannous chloride drops cause decided differ
ences in  th e  readings of th e  instrum ent.

R e a g e n t s  (phosphorus-free). Perchloric acid, 60 per cent.
Ammonium molybdate, 5 grams mixed with 100 ml. of dis

tilled water, allowed to  stand overnight, then filtered into a dark- 
glass bottle.

1,2,4-Aminonaphtholsulfonic acid, recrystallized according 
to Fiske and Subbarow (3, p. 388). A 0.125-gram sample of this 
reagent is mixed with 44 ml. of 15 per cent sodium hydrogen sul
fite solution in a dark, glass-stoppered bottle. A 20 per cent solu
tion of sodium sulfite is then added drop by drop until the solution 
is clear. This should require 5 to  7 ml.

The reagents and the distilled w ater used in making the solu
tions to  volume are kept a t  25° ±  4° C. Fresh solutions are 
prepared a t  least every two weeks.

C a l i b r a t i o n  o f  t h e  P h o t o m e t e r .  T he d ep th  of th e  blue 
color is m easured in  a  V -type A minco photom eter, equipped 
w ith red  filters, calibrated  by  using various d ilu tions of two 
different stan d ard  solutions of recrystallized m onopotassiuni 
phosphate. T he readings were checked a t  several po in ts w ith 
phosphates of know n purity . W . E dw ards D em ing of th is 
bureau m ade a  sta tistica l analysis of th e  resu lting  curve which 
showed the  optim um  range of th e  in s tru m en t to  be betw een 
0.015 and  0.1 mg. of phosphorus in  25 m l., a lthough  0.0025 
mg. of phosphorus gives a  visible blue. T h is consideration 
governed the  size of th e  soil sam ple and  th e  final d ilu tion  a f te r  
th e  digestion w ith  perchloric acid. T h u s for a  soil of low  
phosphorus con ten t, such as N orfolk sandy  loam , a  5-gram  
sam ple and  a  final volum e of 100 m l.'a re  necessary for a  color 
in tensity  falling w ith in  th e  range of th e  in strum en t. F o r th e  
B arnes loam , however, a  2-gram  sam ple in  200 ml. is adequate . 
T he sam e conditions of acid concentration , tem p era tu re  of 
reagen t solutions, and  age of th e  blue complex which had  been 
adopted  for th is  m ethod , were observed in  ca lib rating  th e  
photom eter. F req u en t checks on th e  calib ration  curve have 
show n no change in  tw o years.

A n a l y t i c a l  P r o c e d u r e .  T he prepared soil sample of 2 to  5 
grams is weighed into a 300-ml. Erlenmeyer flask, mixed with 
30 ml. of 60 per cent perchloric acid, and digested in a  hood until 
the dark color due to  the organic m atte r disappears. H eating is 
continued 20 minutes longer to  be sure th a t all the phosphorus is 
converted to  the inorganic form. A t  th is stage heavy white fumes 
of perchloric acid appear and the insoluble m aterial becomes like 
white sand. An additional 1 to  2 ml. of perchloric acid m ay be 
used to wash down any black particles th a t stick to the sides of 
the flask; occasionally the flask is shaken. The to ta l time on the 
hot plate averages 40 minutes.

W hen the sample is sufficiently cool to  avoid spattering, it 
is diluted with distilled w ater and filtered into an appropriate
sized volumetric flask. The residue is carefully washed to  bring 
the volume to  the mark. The equivalent of about 20 ml. of 60 
per cent perchloric acid was found in this diluted volume. If  the 
aliquot used thus contains 0.5 ml. or more of perchloric acid, due 
allowance therefor is made when adding acid to  develop the 
blue color.

After thorough mixing, an aliquot of 1 to  15 ml. is pipetted into 
a  25-ml. volumetric flask, perchloric acid is added to  to ta l 2.5 
ml., and the volume is diluted w ith distilled water to  about 20 
ml. The flask is shaken after each addition. Then 0.8 ml. of the 
sulfonic acid reagent is added and finally 2 ml. of ammonium 
molybdate. The volume is adjusted to 25 ml., mixed well, and 
the color measured in the photom eter when the solution is 15 
minutes old. There is no apparent turbidity  if the sulfonic and 
molybdate reagents are added when the volume is near the final 
dilution.

The zero setting of the instrum ent is adjusted for the blank of 
the reagents ju s t before each series of readings by following a  pro
cedure and tim e interval identical with those used for the un
knowns. This compensates for the age of reagents and differences 
in time of preparations for carrying out the color reaction. The 
phosphorus present is then quickly calculated from the calibra
tion chart of the instrum ent. The results of the phosphorus de
terminations by this method are shown in the fast column of 
Table I.

For preliminary trials, Erlenmeyer flasks graduated a t  200 
and 250 ml. were used and the sample was diluted therein w ithout 
filtering off the sandy residue. After thorough mixing on a me-
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T a b l e  I . P h o s p h o r u s  C o n t e n t s  o f  S o i l s  D e t e r m i n e d  b y  G r a v i m e t r i c  a n d  
C o l o r i m e t r i c  M e t h o d s

P 2 0» P 2O» PtO* P O s ,
S am ple H o ri as in  in  M g jP iO ï C o lo ri

N o. K in d  a n d  L o c a tio n  o f Soil zon D e p th M g jP jO ; re s id u e “ •+• re s id u e m e tric
In ch es % % % %

0 2 9 2 9 B a rn e s  lo am , L a b o lt, S . D . A 0 -  9 0 .1 5 0 0 .0 2 4 0 .1 7 4 0 .1 7 3
0 .1 4 7 0 .0 3 3 0 . 1 S0 0 .1 7 4

C -2930 B a rn e s  loam , L a b o lt, S . D . B i 9 -1 7 0 .0 9 7 0 .0 0 9 0 .1 0 6 0 . 1 0 2
0 .0 9 7 0 .0 0 7 0 .1 0 4 0 . 1 0 2

C -2916 C a rr in g to n  lo am , B u c h a n a n Ai 0 -  3 0 .1 1 5 0 .0 1 5 0 .1 3 0 0 .1 3 3
C o u n ty , Io w a 0 .1 2 6 0 .0 0 6 0 .1 3 2 0 .1 3 3

0 2 9 1 7 C a rr in g to n  loam , B u o h an a n As 3-1 3 0 . 1 1 2 0 .0 0 8 0 . 1 2 0 0 .1 1 9
C o u n ty , Io w a 0 .1 1 5 0 .0 0 6 0 . 1 2 1 0 .1 1 8

C-3871 K irv in  fine s a n d y  lo am , T y le r , A 0 - 1 2 0 .0 4 4 0 . 0 1 1 0 .0 5 5 0 .0 5 3
T e x as 0 .0 4 0 0 . 0 1 0 0 .0 5 6 0 .0 5 3

0 3 8 7 2 K irv in  fine s a n d y  lo a m , T y le r , B 12 -24 0 .0 7 9 0 .0 0 5 0 .0 S 4 0 .0 7 7
T e x as 0 .0 7 8 0 .0 0 5 0 .0 8 3 0 .0 7 6

C-3174 R u sse ll s i l t  lo am , M o rg an A 0 -  2 0 .0 8 7 0 .0 0 5 0 .0 9 2 0 .0 8 5
C o u n ty , In d . 0 .0 9 0 0 .0 0 4 0 .0 9 4 0 .0 8 6

C-3175 R usse ll s i l t  lo am , M o rg an B 2 -  8 0 .0 4 7 0 .0 0 5 0 .0 5 2 0 .0 5 3
C o u n ty , In d . 0 .0 4 5 0 .0 0 5 0 .0 5 0 0 .0 5 2

C-1600 C ec il c lay  loam , A bbev ille B 3 -  8 0 .0 4 4 0 .0 0 7 0 .0 5 1 0 .0 4 7
C o u n ty , S . C . 0 .0 4 6 0 .0 0 5 0 .0 5 1 0 .0 4 6

C-1671 C h e s te r  lo a m , R ockv ille , M d . Aj 2 - 1 0 0 .1 0 5 0 .0 0 3 0 .1 0 8 0 .1 0 7
0 .1 0 3 0 .0 0 5 0 .1 0 8 0 .1 0 6

0 1 6 7 2 C h e s te r  lo am , R ockv ille , M d. B 10-32 0 .0 8 0 0 .0 0 0 4 0 .0 8 0 0 .0 7 9
a n d  3 0 .0 8 1 0 .0 0 0 8 0 . 0 S2 0 .0 7 S

L as V egas, C la rk  C o u n ty , N ev . A 0 .0 6 2 0 .0 0 9 0 .0 7 1 0 .0 7 0
0 .0 6 6 0 . 0 1 0 0 .0 7 6 0 .0 7 1

0 1 6 0 1 N o rfo lk  s a n d y  lo a m , E dgefie ld A 0 -1 4 0 . 0 2 1 0 . 0 0 0 0 . 0 2 1 0 . 0 2 1

C o u n ty , S . C . 0 . 0 2 1 0 . 0 0 0 0 . 0 2 1 0 . 0 2 0

°  D e te rm in e d  co lo rim e trica lly .

chanieal shaker, the needed aliquot was filtered off. This saved 
considerable tim e in working out such details as the am ount of 
acid, length of heating, and particle size necessary. Even with 
such differences in technique, in all the sixty-seven prelim inary 
determinations, the maximum variation from the finally accepted 
value was only 0.013 per cent of phosphorus pentoxide.

In  this study an accuracy of 0.001 per. cent was desired and all 
factors, therefore, were carefully controlled. A working curve for 
the instrum ent can, however, be quickly prepared with as few 
as eight points if an accuracy of 0.01 per cent is all th a t is de
manded. In  this case, the reagent solutions need not be made 
up so often, since the zero setting of the colorimeter compensates 
for their cloudiness. The method can also be adapted for use in a 
visual colorimeter.

The same samples of soil were analyzed by Robinson's method, 
in which the sample is digested w ith hydrofluoric acid after de
stroying the organic m atter with nitric acid and by igniting with 
a Bunsen burner. The phosphorus is precipitated from a nitric 
acid-solution by ammonium molybdate, redissolved and precipi
ta ted  as magnesium ammonium phosphate, ignited, and weighed 
on a K uhlm ann balance as magnesium pyrophosphate. The re
sults of this method are given in the fifth column of Table I.

D etails inheren t in  th e  gravim etric  m ethod w ould tend  to  
m ake its  resu lts lower th a n  those of a  colorim etric m ethod. 
H owever, th e  unusual difference betw een th e  tw o m ethods in  
the  values for th e  B arnes loam  A sam ple led to  a  few quali
ta tiv e  tes ts  for phosphorus in  the  residues discarded a fte r th e  
hydrofluoric acid digestion. In  all p relim inary  trials, th e  col
orim etric te s ts  showed phosphorus p resen t in  th e  residue.

Since th e  q ua lita tive  te s ts  were all positive, each of the 
residues from  th e  hydrofluoric acid tre a tm en t was boiled w ith 
25 m l. of perchloric acid and  th e  phosphorus therein  was de
term ined colorim etrically. T he resu lts a re  show n in colum n 
6. I t  is also ev iden t from  colum n 7 th a t  th e  sum  of phos
phorus found in th e  m agnesium  am m onium  phosphate  pre
c ip ita te  and  th a t  le ft in  th e  residue from  th e  n itric  acid ex
trac tio n  is in close accord w ith th e  phosphorus values obtained 
colorim etrically.

T he  residues from  several perchloric acid digestions were 
also tes ted  for possible phosphorus inclusions in  th e  silicates 
p resen t in th e  soil.

The following samples were weighed in duplicate: 2 grams of 
Barnes loam A, 2 grams of Carrington loam Ai, 2.5 grams 
of Chester loam A, 3 grams of Cecil clay loam B, and 4 grams of 
Ivirvin fine sandy loam B. The samples were digested in 30 ml. 
of perchloric acid in the usual manner and the residue was washed 
until acid-free. The filter paper containing the residue was then

placed in a  platinum  dish, and 
Robinson’s hydrofluoric acid pro
cedure followed. After the nitric 
acid had been expelled by boiling 
w ith perchloric acid, the phos
phorus was determined colori
metrically on the to ta l sample. 
The Barnes loam residue con
tained 0.005 per cent of phosphorus 
pentoxide, bu t the residues from 
the other four soils gave negative 
results. Where there are strong 
reasons to suspect th a t the soil 
phosphorus is present in some un
usual form which might be un
affected by digestion with per
chloric acid, a preliminary sodium 
carbonate fusion is recommended.

T he  perchloric acid m ethod 
was also tried  on B ureau  of 
S tandards s tan d a rd  phosphate  
rock sam ples to  determ ine the 
m agnitude of d ilu tion  errors. A 
K uhlm ann balance and  certified 
glassw are were used, and  the 
results were corrected for mois
tu re  determ ined by  th e  tech
nique previously described (9). 
T he  T ennessee phosphate  rock 

N o. 56a resu lts corresponded to  99.15 per cen t of th e  certifi
ca te  va lue  (32.90 per cen t phosphorus pentoxide) and  th e  
F lorida land pebble rock N o. 120, to  97.84 per cen t of the 
certificate value (35.20 per cen t phosphorus pen tox ide). B o th  
sam ples were soluble in  perchloric acid a t  room  tem peratu re  
and six determ inations were m ade in 90 m inutes.

D eterm in a tio n  in  P resen c e  o r  A rsen ic . A rsenic is 
know n to  reac t w ith am m onium  m olybdate  to  form  an  ar- 
senom olybdate w hich also gives a  blue complex upon  reduc
tion. D igestion of th e  soil w ith  perchloric acid converts an y  
sp ray  residues to  th e  pen tav a len t form, causing an  in ter
ference th a t  has an  add itive  effect upon th e  phosphorus 
values. Since prelim inary  com parisons showed th a t  th e  
colorim etric m ethod  gave higher resu lts th a n  th e  gravim etric, 
it  seem ed advisable to  look for possible in terference from  
arsenic in th e  sam ples tested .

P e t t  {10) has pointed  o u t th a t  arsenites, in co n trast to  a r
senates, do n o t give a  b lue color w ith  th e  phosphorus reagents 
and  he has developed a m ethod  w hich perm its th e  de te r
m ination  of phosphorus in  th e  presence of arsenic. Using 
sodium  bisulfite and  sulfuric acid, he found th a t  a  60-m inute 
reduction  period a t  50° C. w as necessary to  com plete th e  re
action . B u t th e  effect of h ea t upon  th e  in ten s ity  of th e  blue 
color had  been observed since early  in 1939— for exam ple, 1 
ml. of a  s tan d a rd  m onopotassium  phosphate  so lu tion  gives an  
in s tru m en t read ing  of 40.5 a t  a  room  tem p era tu re  of ab o u t 
23° C . B u t if th e  s tan d a rd  is d ilu ted  and  w arm ed to  50° C. in  
th e  presence of perchloric acid prior to  th e  color developm ent, 
th e  in s trum en t readings will range from  40.5 to  191.0, de
pending upon th e  am o u n t of acid added. T hese observations 
w ere la te r corroborated  by  A llen ( / )  and  these fac to rs were 
tak en  in to  consideration in th e  calib ration  of th e  colorim eter 
and  in  th e  developm ent of th e  procedure.

P relim inary  tes ts  on potassium  a rsena te  showed th a t  hea t 
was unnecessary  to  effect th e  reduction  of th e  a rsen ite  form  if 
perchloric acid were used and  deta ils of th is su b s titu tio n  were 
worked ou t. P e t t’s findings for th e  necessary concentration  
of sodium  bisulfite for th is  reaction  were verified. O ne-ten th  
g ram  was ineffective, b u t 0.4 g ram  was ad eq u a te  and  his con
cen tra tion  was adopted .

T he  tim e necessary to  reduce th e  arsenates com pletely  is 
dependen t upon  th e ir concen tra tion  w hen using sodium  bi
sulfite and  perchloric acid a t  room  tem pera tu re . A m ounts
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below 0.02 mg. of arsenic are  reduced in less th an  30 m inutes, 
w hereas 0.1 mg. of arsenic m ust stand  4 to  5 hours. T here is 
no harm  in  le ttin g  th e  solutions stand  overnight if th e  reagent 
b lank for se tting  th e  photom eter is allowed to s tand  in a  volu
m etric flask for th e  sam e length  of time.

T he b lank  for 2.5 ml. of perchloric acid in 15 ml. of w ater 
increases according to  th e  tim e it  s tands in th e  flask. T he 
presence of 0.4 g ram  of sodium  bisulfite is inconsequential in 
this connection. B u t w hen th e  m olybdate  and sulfonic acid 
reagents are  added to  a  d ilu te  acid solution th a t  has stood for 
tw o days in  a  volum etric flask, a m ilky-blue tinge appears. 
I t  is im perative, therefore, th a t  th e  reagen t b lank be pre
pared and determ ined for th e  sam e tim e in terval as th a t  used 
for th e  sam ple.

Since th e  stra ig h t colorim etric readings had been m ade on 
these sam ples, and  i t  was known th a t  none of them  was high 
enough to  approach  a  combined value of 0.1 nig. of arsenic, a
3-hour reducing period was adop ted  to  be sure th a t  all the 
arsenic which m ight be presen t was in th e  arsenite form.

P r o c e d u r e  f o r  E l i m i n a t i o n  o f  A r s e n a t e s .  An aliquot of 
the perchloric acid extract of the soil is placed in a 25-ml. volu
metric flask and enough acid is added to  bring its concentration 
up to  2.5 ml. An appropriate-sized glass scoop is used to add 
0.4 gram of solid sodium bisulfite. Since the bisulfite does not 
affect the blank, such a measurement is close enough. The ncck 
of the flask is washed with water and the volume brought to  20 
ml. The flask is shaken a  little to  dissolve the solid, and then 
is allowed to stand on the bench for 3 hours. A blank is prepared 
a t the same time and in the same manner. After standing, the 
procedure for the development of the blue color is continued as 
described above. If a  lower second reading is obtained, it indi
cates th a t arsenic is present in the sample and th a t the lower read
ing is the true value for the phosphorus.

T he  values obtained  w ith  th is m odification agreed w ith 
those of th e  s tra ig h t determ ination  and  proved conclusively 
th a t  no arsenic was p resen t in  th e  soils used in  th is study.

T he  perchloric acid m ethod was also run  on six sam ples 
of soil th a t  were very  kindly  supplied b y  R . D . Chisholm  of 
th e  M oorestow n, N . J ., labora to ry  of th e  B ureau of E n 
tom ology and P la n t Q uarantine. These soils had been treated  
w ith lead arsenate  for the  control of Japanese beetles and  con
tained 0.017 to  0.059 per cent of arsenic. A fter the  arsenates 
had been converted to  arsenites by  the procedure ju s t de
scribed, th e  phosphorus was easily determ ined. T he instru 
m en t used, how ever, gives only a rb itra ry  readings no t sim ply 
related  to  transm ission values and  has no spectral dispersion. 
I t  would be necessary, therefore, to  m easure tru e  spectral 
transm issions in  order to  determ ine arsenic in th e  presence of 
phosphorus.
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P h e s e n t e d  b e f o r e  t h e  D i v i s i o n  o f  A n a l y t i c a l  a n d  M i c r o  C h e m i s t r y  a t  t h e  
1 0 2 n d  M e e t i n n  o f  t h e  A m e k ic a n  C h e m i c a l  S o c i e t v , A t l a n t i c  C i t y ,  N .  J .

Sem im icropycnom eter 
for Heavy Water
B . J .  FO N T A N A  A N D  M E L V IN  C A L V IN  
U n iv e rs ity  o f  C a li fo rn ia ,  l lc rk e le y , ( .a l i i .

I N  T H E  course of investigating  som e exchange reactions, 
sm all sam ples (abou t 1 cc.) of heavy  w ater were m anipu

lated  and  purified by d istillation  in  a  h igh-vacuum  line. A 
simple and convenient pyenom eter was devised which took 
advan tage  of th e  use of th e  high-vacuum  line for filling it. 
T he  densities determ ined by m eans of th is pyenom eter are 
reproducible to  1 to  2 p a rts  per 10,000, w ithou t therm osta tic  
control. T he resu lts can  be calculated  for an y  tem pera tu re  
betw een 15° and  40° C. w ith in  th is lim it of error, provided 
the difference betw een th e  tem pera tu re  of th e  ac tu a l de te r
m ination  and  th e  tem pera tu re  a t  which th e  density  value is 
desired is n o t g reater th a n  5°. F o r th e  usual de term ination  
of d j5 or d*0 th e  pyenom eter is then  conveniently  weighed a t  
room  tem perature .

T a b l e  I. T y p i c a l  P y c n o m e t e r  C a l i b r a t i o n  

(W eig h t of p y e n o m e te r , 3 .4616 g ram a)

D e v ia tio n
W e ig h t of from

W a te r T e m p e ra tu re D / W « M ean  X  10
\V ° C.

0 .7 9 3 5 2 0 .9 1 .2578 +  1 .5
0 .7 9 3 7 2 1 . 2 1 .2574 - 2 . 5
0 .7 9 3 5 2 0 .7 1 .2578 +  1 .5
0.793G 2 1 . 1 1 .2 5 7 6 - 0 . 5

A y . 1 .25765 ± 1 .5

a D  «> d e n s ity  of w a te r  a t  te m p e ra tu re  of d e te rm in a tio n ; D / W  th e n  is  re 
cip rocal of v o lu m e  of p y cn o m ete r.

T he m ethod em ployed by  Gilfillan and  Polanyi (3) in filling 
their flotation m icropycnom eter suggested th e  construction  
of an  ord inary  w eight pycnom eter which could be filled by 
th e  sam e m ethod. T heir m icropycnom eter was evacuated  
and  th e  sam ple allowed to d raw  up into th e  pycnom eter upon 
re-adm itting  a ir to  th e  system . T he au th o rs’ pycnom eter is 
illustrated  in F igure 1, a. Sizes of from  0.5- to  I-cc. capacity  
m ade from ord inary  Pyrex tub in g  have been constructed  and 
used.

The pycnometer is lowered into the removable tube, Figure 
1, b, w ith the ground tip  resting a t the bottom  of the bulb. The 
tube is inserted in  a vertical position a t  a  suitable place in the 
high-vacuum line. When the sample has been suitably purified, 
it  is frozen (carbon dioxide or liquid air), and the system, includ
ing the pycnometer arm, is evacuated to 10“ 6 mm. or be tter for 
15 to 30 minutes. Such a  high degree of evacuation is necessary to
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16cm.

F ig u r e  1 . D ia g r a m  o f  P y c n o m e t e r  a n d  V a c u u m  L i n e  
A t t a c h m e n t

prevent the formation of an air bubble when the sample is introduced 
into the pycnometer. The sample is then thawed and distilled 
over into the pycnometer arm a t room tem perature by immersing 
the arm  in a  cooling bath  (carbon dioxide or liquid air). The 
sample is again melted and air is carefully allowed to re-enter the 
evacuated system. The sample should rise into and completely 
fill the pycnometer w ith no visible air bubble a t the top  of the 
bulb. N o t more than 0.05- to  0.1-cc. excess of w ater over the 
capacity of the pycnometer is required by this method. If a  very 
small air bubble appears, it will usually dissolve if the pycnome
te r is allowed to  stand, w ith tip  still immersed, for an hour or 
more. The weight of the dissolved air is negligible. When the 
pycnometer is removed from the tube and suspended on the bal
ance pan the sample should preferably be about 5° to  10° below 
room tem perature.

Time in Minutes 

F i g u r e  2 .  T y p ic a l  P y c n o m e t e r  W e ig h i n g

The pycnometer is carefully wiped and then suspended with 
ground tip  up. The balance case is then  closed (therm om eter in 
balance case) and the pycnometer is allowed to  stand for about 
one hour before weighing. As the sample warms up to  room tem 
perature the w ater expands through the capillary tip  and evapo
rates a t  the tip  as fast as it  appears. Constant weight is reached 
in less than  an hour and is maintained for a  long period after. 
This is illustrated in Figure 2 , where a typical example of a  series 
of weighings of a  filled pycnometer is given, starting  20 m inutes 
after the sample was pu t into the balance case.

To em pty, the pycnometer is replaced in its  tube w ith the 
tip  resting on a small m etal coil a  short distance above the bot
tom  of the bulb. The sample usually will no t pump out directly 
upon evacuating, bu t the water slowly evaporates along the capil
lary  until a  small bubble appears a t  the top of the capillary. On 
readm itting air to  the system and tapping the pycnometer, the 
air bubble will rise to  the top of the biub; evacuating now readily 
expels the sample.

The pycnometer may be cleaned w ith chromic acid cleaning 
solution by alternately filling and expelling, with the use of an 
ordinary w ater aspirator.

T he reproducibility  of th e  density  determ inations is illus
tra te d  by  th e  typ ica l calib ration  resu lts tab u la ted  in  T ab le  I 
for a  pycnom eter of ab o u t 0.8-cc. capacity , w ith  four separa te  
sam ples of o rd inary  w ater. T he  average dev iation  from  the 
m ean is seen to  be sligh tly  g reater th a n  1 p a r t in  10,000.

In  order to  calculate th e  com position of th e  sam ple of 
heavy  w ater, using th e  form ula determ ined by  L ongsw orth 
(6 ,9 ), th e  density  a t  25° C. is required . T he  density  a t  25° C. 
(or a t  an y  o ther tem pera tu re , t2, betw een 15° and  40°) can 
be read ily  calculated  from  th e  determ ined  density  a t  tem 
pera tu re  ij. T he  difference in density , d 2 — d t, a t  th e  respec
tive  tem pera tu res, t2 and  h, is ob tained  for o rd inary  w ater 
from  an y  su itab le  tab les (4 ). T h is difference is added  to  
th e  observed value  of th e  density  to  give th e  desired density .

T a b l e  II . V a r ia t io n  o p  D i f f e r e n c e  i n  D e n s i t y  o f  D » 0  
a n d  H i O  w i t h  T e m p e r a t u r e “

5 10 15 20 25
+ 7 . 0  + 4 . 9  + 2 . 6  + 1 . 2

30 35  40
- 0 . 8  - 2 . 7  - 2 . 6

t°  C .
A ( A d ^ )  X  1 0 -

a T h e  re c e n t d a ta  of C h a n g  a n d  C h ie n  (J , 8) in d ic a te  t h a t  th e se  v a lu e s  a re  
v e ry  p ro b a b ly  in  e rro r. T h e  effec t of th e  new  d a t a  is  to  m a k e  A( Ad) s lig h tlv  
la rg e r  (a p p ro x im a te ly  1.5 X  1 0 “ * p a r t  la rg e r)  in  th e  in te rv a ls  of 1 5 -20° C. 
a n d  20^25° C . on ly . T h e  new er d a ta ,  of cou rse , s h o u ld  b e  u sed  to  e s tim a te  
co rrec tio n s  as  su g g es ted  h ere in .

T h a t th is tran sfo rm ation  can ordinarily  be done w ith 
negligible error is seen from  th e  d a ta  of Lewis and  M acD onald  
(5) as recalculated  b y  F a rk as (2). T ab le  I I  lists th e  differ
ences betw een th e  difference in  density  of heavy  w ater and 
w ater a t  various tem pera tu res calculated  from  th e  d a ta  of 
F a rk as (2). T he  difference in  density  betw een o rd inary  w ater 
and  pure  deu terium  oxide is seen to  v a ry  b y  less th a n  4 parts  
per thousand  from  th e  25° C. va lue  over th e  range from  15° 
to  40° C .— th a t  is, in  th is range th e  largest error possible in  a 
density  value so transform ed w ould be 4 p a rts  in  10,000 when 
in terpo lating  from  a  value a t  15° to  one a t  25° C. O rdinarily  
th e  error will be m uch  less th a n  th is—for exam ple, transfo rm 
ing densities over th e  5° ranges from  20° to  25° or 25° to  30° 
results in  an  error of 1 to  2 p a rts  in  10,000. In  m ore d ilu te  
solutions of deu terium  oxide these errors should be of th e  
sam e order of m agn itude  or less. F o r g rea te r accuracy 
th roughou t th e  whole range of tem pera tu res given, th e  d a ta  
of F a rk as (2 ) m ay  be used to  estim ate  sm all corrections for 
th e  transform ations. T he  non linearity  of d ensity  w ith  mole 
frac tion  (7) m ust, how ever, be borne in  m ind w hen m aking 
estim ates of th e  corrections for m ixtures of deu terium  oxide 
a n d  w ater.

T hough  especially su ited  to  th e  dete rm ina tion  of th e  den
s ity  of heav y  w ater, th is  pycnom eter m igh t be used for o ther 
pu re  liquids or volatile  m ixtures. I n  such cases, how ever, 
tem p era tu re  contro l would probab ly  be  desirable.
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A Polarograph Reading Directly in Percentage
Analysis o f Lead Arsenate

B .  P .  C A L D W E L L  a n d  SO L O M O N  R E Z N E K 1 
P o ly te c h n ic  I n s t i t u t e  o f  B ro o k ly n , B ro o k ly n , N . Y .

W h e n  th e  c o n d it io n s  c a n  b e  e s ta b l is h e d  so  a s  to  
o b t a in  a  p o la ro g ra p h ic  “ w av e”  o r  “ s te p ”  s u c h  t h a t  
t h e  u p p e r  a n d  lo w e r  lev e ls  a r e  e s s e n tia l ly  p a ra l le l  
to  t h e  v o lta g e  a x is  a n d  to  e a c h  o th e r ,  a  m a n u a l ly  
o p e r a te d  p o la ro g ra p h  m a y  b e  so  m a n ip u la te d  a s  to  
r e a d  d i r e c t ly  i n  t e r m s  o f  p e rc e n ta g e .  A p o la ro 
g r a p h  c a p a b le  o f  b e in g  so  o p e r a te d  w a s  c o n s t r u c te d .  
A c o n tin u o u s ly  v a r ia b le  s h u n t ,  w i th  c o a rse  a n d  fin e  
a d ju s tm e n ts ,  is  r e q u ir e d  in  p la c e  o f  t h e  u s u a l  s t e p 

W H IL E  au tom atic  polarographs {1) are convenient and 
even essentia] for m an y  types of work, th e  basic prin

ciples of po larography  m ay  often  be usefully applied b y  means 
of re la tively  sim ple m anually  operated  devices. These, on 
th e  o ther hand , m ay  range from  th e  precision research instru 
m en t of K olthoff an d  L ingane (4) to  th e  v ery  simple arrange
m ents of M üller (7) or of Petering  and  D aniels (9).

N either th e  au tom atic  no r the  m anually  operated polaro
graphs a re  designed to  read d irectly  in  term s of percentage of 
a  given substance. Q u an tita tiv e  determ inations are  based 
on (1) th e  m easurem ent of th e  w ave heigh t of th e  full wave, as 
ob tained  au tom atica lly  or p lo tted  from  m anual readings, (2) 
th e  increase in  cu rren t betw een tw o voltage settings selected 
after an  exam ination  of th e  full wave, the  "increm ent” 
m ethod, o r (3) th e  proportional increase in  w ave height 
caused b y  th e  add ition  of a  know n concentration  of a  particu 
la r substance  to  a  solution containing an  unknow n concentra
tion  of th e  substance, th e  “ in ternal s tan d ard ” m ethod. 
Since th e  observed w ave heigh ts depend, am ong o ther things, 
on th e  constan ts of th e  galvanom eter used, each of these 
m ethods requires a  calibration  curve, a  series of standards, or 
a  calculation  of som e so rt to  determ ine th e  concentration 
from  th e  w ave height.

W hile K olthoff an d  L ingane (5) describe a  sh u n t circuit 
w hich allows th e  observed diffusion cu rren t to  be read directly 
in m icroam peres, i t  is believed th a t  a  circuit designed to  read 
d irectly  in  te rm s of percentage of a  given substance would 
fu rther sim plify rou tine  analyses.

T o use such a  circu it i t  is assum ed, as in  th e  increm ent 
m ethod, th a t  th e  diffusion cu rren t is d irectly  proportional to  
th e  concentration  and  th a t  th e  w ave form  is reasonably close 
to  th e  ideal— i. e., th e  tw o levels are  parallel to  one another 
and  cover an  appreciable voltage in terval.

T he stepw ise construction  of th e  A yrton  sh u n t usually  em
ployed precludes exact ad ju s tm en t of th e  galvanom eter beam 
to  a  p redeterm ined p o in t on th e  scale. On th e  o ther hand, 
if th e  sh u n t consists of a  continuously variable resistance, the 
galvanom eter scale should be susceptible of being set to  read 
d irectly  in  te rm s of percentage. T he in s trum en t described 
was so constructed .

T he application  to  th e  analysis of lead  arsenate  insecticides 
is in tended  m erely  as an  illu stration  of the  technique of using 
th e  in s trum en t. N orm ally , th e  lead  con ten t of such a  prod
u c t is determ ined  m ore precisely b y  chemical m ethods. In  
this app lication  th e  polarographic m ethod  serves as a  rapid

'P r e s e n t  ad d re ss , U . S . F o o d  a n d  D ru g  A d m in is tra tio n , P h ila d e lp h ia , 
P en n a .

w ise  s h u n t .  T h e  a p p a r a tu s  c o n s is ts  o f  t h r e e  i n 
e x p en s iv e  r a d io - ty p e  p o te n t io m e te r s ,  a  v o l tm e te r ,  
a n d  a  w a l l- ty p e  g a lv a n o m e te r  w i th  l a m p  a n d  sc a le , 
to g e th e r  w i th  b a t t e r y  a n d  d r o p p in g  m e r c u r y  
e le c tro d e .

T h e  t e c h n iq u e  o f  u s in g  a  m a n u a l ly  o p e r a te d  
p o la ro g ra p h  so  a s  to  g iv e  d i r e c t  p e rc e n ta g e  r e a d in g s  
is  d e sc r ib e d  a n d  a n  a p p l ic a t io n  to  t h e  a n a ly s is  o f  
c o m m e rc ia l  le a d  a r s e n a t e  in s e c t ic id e s  is  g iv e n .

sorting-out m ethod. T he chief usefulness in  th e  m ethod  w ould 
lie in  th e  determ ination  of re la tively  m inor constituen ts, pres
en t in  the order of 1 per cen t o r less, w ith  a  precision equal, in 
such cases, to  m ost chemical m ethods.

Apparatus
The shunt (arranged in an Ayrton connection, so th a t the total 

resistance across the galvanometer is constant) consists of two 
General Radio Company potentiom eters arranged in tandem 
(Figure 1). A fixed resistance is inserted in the galvanometer cir
cuit to bring the to tal resistance up to  th e  critical damping re
sistance of the galvanometer employed.

A third General Radio Company potentiom eter serves to  de
liver any desired potential from a battery, which m ay consist of 
dry cells or a 4- or 6-volt storage battery . The applied potential, 
as indicated by the Weston Model 301 voltmeter, V, m ay be 
adjusted to  0.02 volt, which is sufficiently close for most applica
tions.

In  more precise instrum ents the voltage is determined by a po
tentiom eter balanced against a  standard cell. While a  low- 
resistance voltmeter (m ost cheaper types) m ay show some devia
tion from the true reading, this is immaterial in practical work, 
since standards and unknowns are electrolyzed a t  the same dial 
(voltage) settings.

The galvanometer was a  Leeds & N orthrup 2239 D type, with 
a  Reriod of 28 seconds, a  sensitivity of 2 X 10~9 ampere per mm. 
per meter, and a critical damping resistance of 11,500 ohms.

F i g u r e  1 . D i a g r a m  o p  C i r c u i t

R i . 9000-ohm  fixed re s is ta n ce
R i.  2000-ohm  M odel 3 14-A G en e ra l R a d io  C o . p o te n tio m e te r
R i. 20 -ohm  M odel 2 14-A G en e ra l R ad io  C o . p o te n tio m e te r
R i. 50-ohm  M odel 2 14-A G en e ra l R a d io  C o . p o te n tio m e te r
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T a b l e  I .  C a l i b r a t i o n  o f  G a l v a n o m e t e r  S c a l e  i n  T e r m s  o p  
P e r c e n t a g e

,----- — ----- Scale  H ead ings—
0 .0 2 5 %V o ltm e te r 0 . 0 1 % 0 . 0 1 % 0 .0 1 5 % 0 .0 2 0 %

R ea d in g
Volts

B la n k 0 Pb Pb«» Pb Pb P b

0 .4 - 0 . 8
0 .5 0 . 0 o.’ o ' o . o o . o 6 !o o !6
0 . 0 « 0 . 0 0 . 0 0 . 0 0 . 2 0 . 2 0 .5
1 . 1 2 . 2 S6 . 0

1 . 2 2 . 8 9 3 .5
1 .3 3 .5 9 8 .2 1 0 2 ! s 148! 5 i.98 244
1 .4 4 .0 1 0 0 . 2 104 .0 153 .5 2 0 1 248
1 .5 4 .5 1 0 1 . 1 10 5 .3 155 .1 205 251
1 . 6 6 . 1 10 3 .5 106 .7 157 .0 208 255
1 .7 1 2 1 0 8 .0 1 1 0 . 2 1 5 8 .8 2 1 1 259

a 20 co. of fo u n d a tio n  so lu tio n  d ilu te d  to  50 cc. 
b S o lu tio n  s e t to  re a d  104.0 a t  1.4 v o lts  to  allow  fo r b la n k .
* R ea d in g s  b e tw e en  0 .6  a n d  1.1 v o lts  o m itte d  to  con d en se  ta b le .

W ith a  fixed resistance of 9000 ohms, the total resistance of the 
shunt circuit was 11,020 ohms, thus leaving the galvanometer 
slightly overdamped. The galvanometer was used with a Leeds 
& N orthrup lam p and scale, No. 2100.

A small (10- to 15-cc.) beaker was used as the electrolysis cell. 
No a ttem pt was made to protect th e  contents from air, since the 
sulfite present was sufficient to take care of any oxygen diffusing 
into the solution for a  considerable period. A large calomel elec
trode of a simple type (3) served as an anode; the dropping mer
cury cathode consisted of a  10-cm. piece of “marine barom eter” 
tubing (Corning) attached to a 60-cm. length of heavy-walled 
rubber tubing previously washed with alkali, acid, and w ater to 
remove talc and surface sulfur. W ith the particular capillary 
and head of mercury used, th e  drop rate  in distilled water, under 
zero voltage, was 4.0 seconds.

An on-olT single-pole snap switch serves to  disconnect the bat
tery.

Procedure
T o em ploy the  in s trum en t so th a t  a  reading is obtained  

d irec tly  in term s of percentage, th e  following procedure is em
ployed :

T he approxim ate range of concentrations a t  w hich a  m ost 
nearly  ideal step  is obtained  m ust first be ascertained. A t too 
low concentrations th e  residual cu rren t, due to  traces of oxy
gen, im purities, “ condenser cu rren t” , e tc. (4), approaches the 
diffusion cu rren t of th e  ion being determ ined. A t too high 
concentrations th e  characteristics of th e  curve becom e such as 
to m ake i t  less useful for q u a n tita tiv e  com parisons. T he 
slope becomes fla tter, so th a t  th e  step  occupies too  g rea t a  
voltage range and  th e  upper p la teau  is no longer parallel to  
the lower.

In  the  p resen t case, for exam ple, i t  w as found th a t  concen
tra tions of lead up to  ab o u t 0.01 per cen t w ere suitable. T he 
step , beginning to  rise above 0.6 volt, fla ttened  o u t a t  1.4 
volts, and  did n o t rise appreciab ly  un til ab o u t 1.9 volts. 
W hile even this is g rea ter th a n  th e  usual range of th e  polaro- 
g raphic step , it  is satisfac to ry  w here a  single constituen t is 
being determ ined in  the absence of in terfering  substances.

A detailed p lo t of th e  cu rren t voltage curve for 0.01 per 
cen t lead  showed an  ap p a ren t half-w ave po ten tia l of about 
—0.9 vo lt as com pared w ith  —0.755 reported  b y  M üller and  
P e tra s  (<S) and  —0.82 b y  H ohn (2). T he  difference is largely 
accounted for by  the relatively  large iR  drop. T he  galva
nom eter deflection of 100 scale divisions, a t  an  approxim ate 
sensitiv ity  of Vioo, am oun ts to  a  curren t of 2 X 10~s am pere. 
A ssum ing a  solution resistance of 5000 ohm s (6 ) th e  iR  drop 
is of th e  o rder of 0.1 volt, w hich is to  be su b trac ted  from  th e  
applied  voltage. If half-w ave po ten tia ls  are desired th ey  are 
determ ined  from the vo ltm eter readings by  m aking correction 
for iR  drop, and  anode po ten tial, if necessary. In  actual 
analysis th e  vo ltm eter readings are  convenient dial settings 
to  ind icate  th a t  th e  sam e applied  voltage has been used for 
s tan d a rd  and  unknow n.

A t lead concentrations around  0.01 per cen t i t  is necessary 
to  rem ove dissolved oxygen, norm ally  presen t in  solution to  
th e  ex ten t of ab o u t 8 p. p. m . T h is was conveniently  ac
complished b y  th e  use of sodium  sulfite and  by  w orking in  al
kaline solution to  p reven t p rec ip ita tion  of lead sulfite. Alkali, 
sulfite, and  M ethocel (Dow brand  of m ethy l cellulose, grade 
M-361, here used as a  “m axim um ” suppressor) were incor
porated  in  th e  foundation  solution. B y  using the  sam e dilu
tion of th is solution th roughout, the com position w as k ep t 
constan t except for th e  concentration  of the  m aterial being 
determ ined. T em peratu re  contro l w as n o t found necessary, 
o ther th a n  to  allow th e  solutions, previously m ade to  volum e 
in volum etric flasks, to  s tan d  a t  room  tem pera tu re  in  th e  vi
cin ity  of the  polarograph together w ith  th e  standards. As a  
reading takes b u t a  fewr m inutes b y  th e  m ethod  described, th e  
sam ples and  s tan d a rd s m ay  all be ru n  w ith in  a  tim e in terval 
during w hich th e  room  tem peratu re  is n o t likely to  change 
appreciably . If a  change of m ore th a n  0.5° C. is an tic ipated , 
some so rt of b a th  for tem pera tu re  control m ay  be necessary.

Samples (0.500 gram) are dissolved in 50 cc. of 5 per cent so
dium hydroxide w ith the aid of heat if necessary, and made to 500 
cc. To a  5-cc. aliquot are added 20 cc. of foundation solution 
(10 cc. of 5 per cent sodium hydroxide, 2.5 cc. of 1 per cent 
Methocel, and 2.5 cc. of 10 per cent sodium sulfite made to 20 cc.) 
and the sample is made to 50 cc. The final dilution thus con
tains 0.01 per cent of sample, 1 per cent of sodium hydroxide, 0.05 
per cent of Methocel, and 0.5 per cent of sodium sulfite. The 
proportions of th e  constituents of the foundation solution m ay be 
allowed to vary somewhat, bu t the volume of solution added to 
sample and standard m ust be accurately measured (pipetted), so 
th a t the concentrations are the same in samples and standards. 
The foundation solution is stable except for the sulfite, which 
should be prepared daily.

Five to  10 cc. of a standard containing 0.01 per cent of lead, 
prepared by addition of foundation solution to a  suitable volume 
of a standard lead n itrate  solution, are poured into the beaker 
serving as electrolysis cell, the  galvanom eter scale is set a t 0 with 
the voltm eter reading 0.5 volt, and the coarse and fine shunts are 
manipulated so th a t the 0.01 per cent solution gives a reading of 
approximately 100 on the scale a t  a  voltage setting of 1.4 volts. 
The standard solution is removed, the cathode and agar-salt 
bridge are connected to the anode washed with water, and 
a beaker containing foundation solution, diluted in the same m an
ner (20 to  50 cc.) is introduced. W ith the shunt settings as be
fore, the displacement of the galvanometer due to the residual 
current in the  range 0.5 to  1.4 volts is determined. T he 0.01 per 
cent lead standard is re-introduced, after rinsing the electrodes by 
immersion in a beaker containing the solution to  be measured, the 
galvanom eter is set a t  0 a t  0.5 volt as before, and the voltm eter 
is again set a t  1.4 volts. T he fine adjustm ent is then  manipu
lated so th a t the reading a t  1.4 volts is 100, plus the correction 
due to  the residual current (Table I, column 4). Subsequent 
readings are then directly in term s of percentage, after subtract
ing the scale divisions equivalent to the residual current.
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T a b l e  II. L e a d  C o n t e n t  o p  L e a d  A r s e n a t e  I n s e c t i c i d e s

P b  C o n te n t 
b y  C h em ica l 0 .5

— S cale  R e a d in g s— 
1 .3  1 .4 1 .5

P b  C o n te n t 
fro m  S cale

S am p le Analysis® v o lt v o lts v o lts v o lts R ea d in g  b

23 7 0 .1 0 . 0 7 4 .2 7 4 .8 7 5 .1 7 0 .8
25 5 9 .8 0 . 0 6 4 .0 6 4 .3 6 4 .9 6 0 .3
33 5 9 .6 0 . 0 6 3 .5 6 4 .0 6 4 .2 6 0 .0
72 5 9 .4 0 . 0 6 2 .0 6 3 .2 6 3 .8 5 9 .2
93 5S. 5 0 . 0 6 0 .9 6 1 .3 6 1 .7 5 7 .3

a G ra v im e tr ic  c h ro m a te  m e th o d .
b F ro m  sca le  re a d in g  a t  1.4 v o lts  b y  s u b tr a c t in g  4 .0  u n i ts  to  c o rre c t fo r  

re s id u a l c u r re n t .

W ith  sh u n t se ttings und istu rbed , the  sam ple solutions w ere 
m easured w ith  th e  resu lts show n in T ab le  I I .  T he  sam ples 
consisted of lead a rsenate  and  basic lead  a rsenate  insecticides, 
previously analyzed for lead co n ten t b y  chem ical assay by  
W . J . K irby , Insectic ide D ivision, A gricu ltu ra l M arke ting  
Service. A fter sub trac tin g  th e  b lank  (4 scale divisions a t
1.4 volts) th e  readings a re  com pared in  term s of lead  co n ten t 
w ith  th e  chem ical analysis.
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T he zero se tting  is checked a t  th e  end of each reading to 
com pensate for galvanom eter drift. A nother varia tion  to  be 
allowed for is th e  oscillation of th e  galvanom eter beam  due to 
th e  changing size of th e  m ercury  drops. W ith  a  long-period 
galvanom eter th is am ounts to  ab o u t one scale division under 
the above conditions, b u t th e  am plitude of swing is very  con
s ta n t and  i t  is satisfac to ry  to  tak e  either th e  m axim um , the 
m inim um , or th e  m iddle of th e  swing for each reading, so long 
as a  consistent p ractice is followed.

I t  is seen (T able I) th a t  a fte r se tting  th e  sh u n t so th a t  the 
reading a t  1.4 volts in  colum n 4 represents 0.01 per cen t of 
lead, a fte r sub trac ting  the b lank, th e  subsequent readings a t  
th e  sam e voltage are  d irectly  in  term s of percentage up to  con
cen trations of ab o u t 0.025 per cen t w hen th e  p roportionality  
betw een w ave heigh t and  concentration  begins to  fall off. 
W ith in  th is  range th e  precision is w ith in  2.5 per cent and  some
w h a t b e tte r  th a n  th is a t  the  lower concentrations.
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P r e s e n t e d  b e fo re  th e  D iv ision  of A n a ly tica l a n d  M icro  C h e m is try  a t  th e  
102nd M ee tin g  of th e  A m e r ic a n  C h e m ic a l  S o c ie t y , A tla n tio  C ity , N . J . 
F ro m  a  d is s e r ta tio n  s u b m it te d  b y  S. R ezn ek  to  th e  g ra d u a te  f a c u l ty  of th e  
P o ly te ch n ic  I n s t i tu te  of B ro o k ly n  in  p a r t ia l  fu lfillm en t of th e  re q u ire m e n ts  
for th e  degree of d o c to r  of ph ilo so p h y , J u n e , 1040.

M icromethod for Identification  
o f Volatile Liquids

Vapor Pressure, Boiling Point, and Olefin Content 
o f Cyclobutane and crs-2-Butene

S ID N E Y  W . H E N S O N , M a l l in c k r o d t  C h e m ic a l  L a b o ra to r ie s ,  H a rv a rd  U n iv e rs i ty , C a m b r id g e , M a ss .

A  P R E V IO U S  paper described a  m icrom ethod for identi
fying hydrocarbons by  the ir physical properties ( /) , 

using th e  vapor pressure of th e  m ateria l as one of th e  proper
ties for identification. In  th e  app a ra tu s  vapor pressure m eas
u rem ents were lim ited to  a  sm all range of vapor pressures, 
from  1.0 to  30.0 m m . of m ercury, because of th e  sm all size 
of th e  sam ple. Since th en  an  app a ra tu s  has been devised to  
m easure vapor pressures up  to  th e  boiling po in t on sam ples 
as sm all as 3 cc. of gas a t  norm al tem pera tu re  and pressure. 
T h is  ap p a ra tu s  has been incorporated in to  the  previous sys
tem , w ith  som e m inor changes. As a fu rther aid  in th e  iden
tification  of liquids, an  ad ap ta tio n  has been m ade of a  brom i- 
na tion  titra tio n  to  determ ine the  olefin content.

Apparatus
The vapor pressure apparatus constitutes the only essentially 

new addition. The assembly is shown in Figure 1. A capillary 
manometer is connected to  a bulb through capillary tubing, all of 
2-mm. diameter. The total volume is estimated a t 1.8 cc., so tha t 
a t the boiling point a  gas sample of 3 cc. a t N. T. P. would be 
only 60 per cent in the vapor state. The manometer has the left 
end joined to  a three-way stopcock, so th a t it can be pumped out 
with a vacuum pump and the absolute pressure read directly, or 
•it can be opened to the air and the pressure read against the baro
metric pressure. This method enables one to use a manometer 
of only half the barometric length, and still cover a range of from 
0 to  1000 mm.

The manometer is connected to  the system through a three-way 
stopcock and a Tocpler pump. The sample can be distilled into 
bulb Ci (Figure 1), using liquid nitrogen, or it can be pumped into 
the bulb w ith the Toepler pump. Once it  is in the bulb the level
ing bulb is raised so th a t the mercury acts as a cut-off to  keep 
the system free of stopcock grease in which the hydrocarbons 
dissolve a t  the higher pressures. Measurements made on cis- 
2-butene using the stopcock showed th a t as much as 8 per cent 
of the hydrocarbon dissolved in the stopcock grease in the course 
of a  determination.

Dewar flasks containing freezing mixtures a t various tempera
tures are placed around bulb Ci containing the sample and the 
vapor pressure is read. Because of the small volume of the

system, equilibrium is established very quickly, usually in 5 to 
7 minutes, and it is possible to  make a complete set of readings 
up to the boiling point in about 45 minutes.

Freezing mixtures used were absolute methyl alcohol ( —96° C.), 
solid carbon dioxide in acetone ( — 78.5 ° C.), chloroform 
( — 67° C.), m-xylene ( — 55° C.), cyclohexanone ( — 45° C.), mer
cury ( — 38.9° C.), carbon tetrachloride ( — 22° C.), ice-salt 
( — 10° C.), ice (0.0° C.), benzene (5.5° C.), ethylene bromide 
(10.0° C.), and w ater from 10° C. to room tem perature. These 
baths keep their tem peratures to  within 3° C. over a period of a

T a b l e  I. D e n s i t i e s  a n d  M o l e c u l a r  W e i g h t s

C o m p o u n d  T e m p e ra tu re D e n s ity
M o lecu la r

W eig h t
; ° C. G ./cc .

E th y le n e  —7 8 .5 0 .5 4 0 2 8 .0
- 9 0 . 0 0 .5 0 0 2 8 .0  (th e o re tic a l)
- 8 0 . 0 0 .5 3 4  (8)

C y c lo b u tan e  —7 8 .5 0 .8 0 2 5 5 .6
- G 7 .0 0 .7 8 8 5 6 .0  (th e o re tic a l)
- 4 6 . 0 0 .7 0 1
- 3 7 . 0 0 .7 3 1
- 2 0 . 0 0 .7 1 5

0 . 0 0 .6 9 8
0 . 0 0 .7 0 3  (4)

c ts-2 -B u ten e  —7 8 .5 0 .7 2 4 5 6 .0
- 7 8 . 5 0 .7 1 1 ° 5 6 .0  (th e o re tic a l)

a E x tra p o la te d  from  d a ta  of Coffin a n d  M aass  (3).

T a b l e  II. V a p o r  P r e s s u r e s  o f  c t s - 2 - B u t e n e

t P  (A u tho r) P  (K is tia k o w sk y ) D e v ia tio n
0  C. M m . M m . %

- 7 8 . 5 6 .9 6 .5 +  6 . 2
— 6 6 . 6 1 6 .1 2 0 . 1 - 2 0 . 0
- 4 8 . 0 6 0 .9 6 2 .0 -  1 . 8
- 3 8 . 9 1 0 7 .5 1 0 6 .8 +  0 .7
- 2 2 . 5 234 251 -  6 . 8
- 1 1 . 0 413 420 -  1 .7

0 . 0 659 658 +  0 . 2
2 .7 730 730 0 . 0
3 .5 752 751 -f- 0 . 1
5 .5 813 816 -  0 .3
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F i g u r e  1. A n a l y t i c a l  A p p a r a t u s

C i . B u lb  L . C o n s ta n t  v o lu m e in d ic a to r
D i, D*. D ew ar flasks T i. T ra p
P i.  M ic ro p y c n o m ete r

half hour, larger drifts being due to impurities. The tem pera
ture was read with an alcohol therm om eter calibrated before 
each run with solid carbon dioxide in acetone ( — 78.5° C.), melt
ing mercury ( —3S.9° C.), and ice (0.0° C.) and a linear inter
polation used between these points. Above 0.0° C. a mercury 
thermom eter was used, calibrated a t  the ice point.

Pressures were read, starting a t the lower tem peratures and 
going up to  the boiling point. Each pressure reading was taken 
from both sides of the tem perature to  ensure the establishment of 
equilibrium. Although no measurements were made above room 
tem perature, the system is adaptable to  use a t  higher tem pera
tures by wrapping it in a Nichrome spiral heating element.

Materials
çis-2-Butene was obtained from G. B. Kistiakowsky, who used 

it in his determinations of the heat of hydrogenation of olefins
(5). I t  was distilled into the system under vacuum, using a  mag
netic break-ofT, and pu t through two isothermal bulb-to-bulb dis
tillations.

Ethylene and cvclobutane were obtained together with carbon 
monoxide from the photochemical decomposition of cyclopenta- 
none and separated by fractional distillation through a series of 
traps. The separations were complete in the case of carbon 
monoxide and there was about a 1 per cent contam ination of the 
cyclobutane fraction with ethylene. This was removed by fur
ther fractionation. Microcombustions were made on the gases 
to  detem iine their purity, using the apparatus described by Blacet 
and Leighton (2), and showed the samples to  be 99.5 per cent 
pure. Further evidence of the purity was obtained from the 
molecular weight determinations.

As a final check on the identity of the cyclobutane, micro
titrations were carried out using a  modification of the method 
described by Uhlig and Levin (9).

Densities and Molecular Weights
T he densities and  m olecular w eights were m easured by the 

m ethod described in  th e  first paper (1). Several de term ina
tions were m ade on d ifferent sam ples (T able I) .

Vapor Pressures
As a check on th e  accuracy of th e  vapor pressure ap p a ra 

tus, m easurem ents w ere m ade on pure «s-2 -bu tene . T he 
vapor pressures ob ta ined  a re  show n in T ab le  II, together 
w ith  th e  values of K istiakow sky  (5). T he boiling po in t as 
m easured here w as 3.8° C. T he  boiling po in t determ ined 
by  K istiakow sky  was 3.7° C ., while th e  boiling po in t as de
term ined b y  R oper (6) is 3 .5° C., a ll a t  760 nun . of m ercury . 
T he  d a ta  ob tained  b y  R oper, K istiakow sky, and  th e  au th o r 
have been p lo tted  in  F igure 2, and  th e  b es t s tra ig h t line has 
been d raw n  th rough  th e  points. T h e  d a ta  of R oper lie closest 
to  th is line. T he  po in ts a t  low est tem pera tu res fall off from 
th e  curve m ost, because of th e  large re lative erro r in  these low' 
vapor pressure readings.

T a b l e  II I . V a p o r  P r e s s u r e  o f  C y c l o b u t a n e

p T l / T  X  10* log P P  C alcula ted® D e v ia tio n
A im . ° K . %

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

ICO 2 5 0 .2 3 .9 9 7 2 .2 0 4 165 -  3 .1
255 2 6 0 .2 3 .8 4 3 2 .4 0 7 270 -  5 .5
474 2 7 3 .1 3 .6 6 2 2 .6 7 5 469 4- 1 .0
583 2 7 8 .6 3 .5 8 9 2 .7 6 6 5S6 -  0 . 6
706 2 8 3 .5 3 .5 2 7 2 .8 4 9 708 -  0 .3
765 2 8 5 .8 3 .4 9 9 2 .8 8 3 771 -  O.S
832 2 8 8 .1 3 .4 7 1 2 .9 2 0 S40 -  1 . 0

°  D e te rm in e d  fro m  e x p e rim e n ta l cu rv e .

I /T  x lO3 -------

F i g u r e  2 .  V a p o r  P r e s s u r e  M e a s u r e m e n t s  
C u rv e  I .  c tV 2 -B u ten e . C u rv e  I I .  C y c lo b u ta n e
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T he d a ta  for cyclobutane have been assem bled in  T able 
I I I  and  p lo tted  in  F igure 2. As can be seen, th ey  lie very close 
to a s tra ig h t line.

T he general equation  for th e  vapor p ressure-tem perature 
dependence is given by th e  C lausius-C lapeyron equation:

log P  =  — |  +  b

Apparatus fo r  
M icroevaporations

L . T . K U R T Z  
U n iv e rs i ty  o f  I l l in o is ,  U r b a u a ,  111.

T a b l e  I V .  C l a u s i u s - C l a p e y r o n  C o n s t a n t s  a n d  H e a t s  o f  
V a p o r i z a t i o n

a b / / v ,p 'C o m p o u n d

C y c lo b u ta n e
c ts-2 -B u ten e

1324 .5
1320 .7

7 .5 2 1 5
7 .6 6 3 0

6 .0 5 4  
6 .0 3 7  
5 .9 0 0  (ff) 
5 .8 1 0  (5)

In  T ab le  IV  are  given th e  experim entally  determ ined con
s ta n ts  for cyclobutane and  m -2 -b u ten e , as well as th e  heats 
of vaporization . These constan ts are good to  abou t 1 per cent.

Tilralion
A direc t ad ap ta tio n  of th e  m ethod  of Uhlig and  Levin (9 ) 

was used. P revious a tte m p ts  had  been m ade using the 
m ethod of Lewis and  B rad stree t (7) b u t th e  results were no t 
b e tte r  th a n  5 to  9 per cent.

A solution of bromine in c .  P . glacial acetic acid was made, con
taining 0.045 millimole of bromine per cubic centimeter (0.045 
molar). I t  was stored in the dark in a brown, glass-stoppered 
bottle. I t  was used in a  calibrated, 10-cc. buret graduated in 
0.05 cc. The concentration of the bromine solution changed very 
little from day to day, never more than  one part in a  thousand, 
bu t it  was nevertheless daily restandardized w ith a 0.1 molar 
standard solution of sodium thiosulfate.

The titrations were carried out in a 25-cc. glass-stoppered, 
Erlenmeyer flask. A small sealed bulb was dipped into liquid 
air, so th a t the sample was frozen out in the bottom. The end 
was cut off, and the tube and contents were quickly dropped into 
the precooled flask, containing 5 cc. of chloroform. The flask 
was swirled for a  few seconds in an icc-salt bath  a t —10° C. and 
the contents were titrated . The to tal time of titration was about 
5 minutes. The end point was distinct when a  blue-white lamp 
was used for illumination and the flask held against a  white back
ground. Various samples of olefmic hydrocarbons brominated 
immediately, while the cyclobutane and samples of cyclohexane 
and cyclopentane showed no bromination a t all, even after 30 
minutes a t —10° C. The cooling was found necessary, not in 
order to slow down the bromination of the olefins, bu t to  lower 
the vapor pressure of the hydrocarbons and prevent losses. 1 he 
results of the brominations are given in Tablé \ .

T a b i .e  V . B r o m i n a t i o n  E x p e r i m e n t s

C o m p o u n d

C h lo ro fo rp i
C yclohexane
C y c lo p en ta n e
C y c lo b u tan e
C y c lo p en te n e
C y c lo n ep te n e
c ïs-2 -B u ten e  *
2 -P e n te n c

S am ple
O lefin
F o u n d

M illim oles M illim ole

5 0 .0 0 0 . 0 0 0

0 .5 6 0 0 . 0 0 2

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

Olefin
P resen t

M illim ole

0.000
0.000
0.000
0.000
0 .3 3 0
0 .3 4 0
0 .5 3 4
0 .3 3 5
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I N  M IC R O P R O C E D U R E S , it  is frequen tly  necessary to  
evaporate  sm all quan tities of solution. I t  is desirable to  

carry  ou t these evaporations in the  original tube  or cone, b u t 
boiling is ou t of th e  question, since th e  form ation of bubbles 
ejects th e  solution from  th e  cone. E vapo ra tion  on a  steam  
b a th  is slow because of condensation on th e  sides of th e  tube  
and  th e  absence of convective curren ts above th e  solution. 
T he usual procedure, w hich calls for transferring  th e  solution 
to  a w atch  glass or slide by  m eans of a  capillary  p ipet, is unde
sirable since it  involves the  loss of some of the  m aterial.

The desired evaporation can be carried out by blowing a  blast 
of hot air on the surface of the solution, which a t the same tim e is 
being heated in a steam  jacket. An air current from an atomizer 
bulb or compressed air connection is passed through a heater 
which is made by enclosing a coil of 80 cm. of 20 mil (No. 24 B. 
and S. gage) Nichrome wire in a piece of Pyrex tubing, about 15 
mm. in diam eter and 15 cm. long (Figure 1). Since perm anent 
seals cannot be made around Nichrome wire, the leads are brought 
out through small holes in the side of the tube. The coil is con
nected to  the 110-volt current through a resistance of 25 to  30 
ohms, which may take the form of a  slide-wire resistance or elec
tric glow cones. The hot air is introduced into the microcone by 
an extension of the heater tube which is drawn to a bore of about 
1.5 mm. This extension contains a wad of glass wool to catch 
tiny pieces of oxide which m ay be given off from the Nichrome 
wire after prolonged heating. The heater unit is clamped above 
the steam  jacket, which in turn  is clamped loosely in a vertical 
position. The microcone, containing the solution to be evapo
rated, is placed in the steam jacket which is raised until the  de
livery tube is ju s t above the surface of the liquid. For conven
ience in adjusting the steam jacket, a  one-hole cork is slipped on 
it to  serve as a  handle. The steam  should move rapidly through 
the jacket, so th a t the sides of the microcone will not be fogged 
by condensate.

T his device has been found very  efficient; a  volum e of 0.3 
nil. m ay  be evaporated  in  2 or 3 m inutes.
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Socony-Vacuum’s New Engineering Building
C . I I .  S C H L E S M A N , S o c o n y -V a c u u m  O il C o m p a n y , P a u ls b o ro ,  N . J .

I N R E C E N T  years leading a rch itec ts have fam iliarized 
them selves w ith  th e  requirem ents of chem ical labora to ry  

buildings, so th a t  th e  design of su itab le  labo ra to ry  space is 
fa irly  well organized. T he  sam e a tten tio n  has n o t been 
given to  s truc tu res in tended  for labora to ry  engineering use, 
since relatively  few large buildings of th is ty p e  a re  constructed  
in a  single year. F o r th is reason, th e  design of th e  new 
chemical engineering build ing  crected  by  Socony-V acuum , 
based upon a b road  know ledge of requirem ents as well as a  
s tu d y  of some m ore m odern existing engineering buildings, 
should  be of in terest.
^  In  an  engineering bu ild ing provision m ust be m ade for 
handling  bu lky  objects of considerable w eight, for m oving 
large quan tities  of m ateria ls and products, and  for supplying 
utilities in  qu an tities  n o t generally  associated w ith  labora to ry  
w ork. A tten tion  m ust also be given to  th e  elim ination of

acciden t hazards, w hich are intensified by  th e  need for w ork
ing during  24 hours of each day.

In  designing th e  building, safe ty  was considered of p ara 
m o u n t im portance, flexibility of lay o u t and  ad ap ta tio n  to  
fu tu re  needs being nex t in im portance. T he low est p rac ti
cable operating  cost w as sought, recognizing th a t  a  substan tia l 
p a r t of th e  operating  personnel w ould consist of experienced 
chemical engineers an d  o th er skilled research technicians. 
T he  appearance of labo ra to ry  buildings should be as a tt ra c 
tive  as possible w ith o u t increasing th e  cap ita l investm en t un
duly, since custom ers and  field m en are  frequen t visitors.

A flat-roof s tru c tu re  of steel construction  w ith  a  high cen
tra l bay  to  provide th e  necessary head room  w as selected, as 
th is w ould provide an  unobstructed  floor a rea  for engineer
ing work. B y lim iting th e  clear roof span  to  28 feet, i t  w as 
possible to  avoid th e  use of deep roof trusses w hich create

D i s t i l l a t i o n  R o o m  

192
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difficult m ain tenance 
problem s and  are  less 
flexible and  satisfactory  
th a n  flat-roof struc
tu res for labora to ry  
buildings.

T he design require
m ents w ere m e t w ith 
a  b r i c k  a n d  s t e e l  
s tru c tu re  208 feet long 
and 78 fee t 6 inches 
w i d e .  I n  v i e w  of  
p resen t em ergency con
ditions, only th e  fron t 
half of th e  build ing  has 
been com pleted and  a  
tem porary  rea r w all 
p l a c e d .  A d e q u a t e  
u tility  capacity  in the 
present s tru c tu re  will 
perm it extending the 
building to  any  desired 
length.

In  chemical engineer
ing developm ent w ork 
it  is necessary to  follow 
p ilo t-p lan t operations 
w ith  analy tical w ork 
and  sm all-scale testing, 
carried on ad jacen t to  
the ac tua l un its  as far 
as practicable. T he 
necessity of erecting  
b u b b l e  t o w e r s  a n d  
sim ilar struc tu res  dic
ta ted  head room  under 
th e  crane of ab o u t 30 
feet, while labora to ry  
w ork in some engineer
ing operations required  
only 13 fee t of head 
room. T h is led to  the 
construction  of th e  step  
type of struc tu re , w hich 
appears to  offer several 
very definite ad v an 
tages, since te s t w ork 
can be located ad jacen t 
to  th e  u n it while u tili
ties can conveniently  be 
supplied from  headers 
placed on the  colum ns. 
Experience w ith  labo
ra to ry  c o n s t r u c t i o n  
indicated th a t  windows 
below a  7-foot level are 
a  liab ility  in  an  engi
neering building, as 
th ey  in terfere w ith  the 
use of w alls for the 
support of appara tu s.

In  a  build ing as large 
as th is th e  rou ting  of 
m aterial, u tilities, and 
foot traffic a s s u m e s  
g reat im portance. T he 
p e r s o n n e l  en te r the 
building th rough  tw o 
small fron t entrances.

(Above) S m a l l  L a b o r a t o r y  (Center) L a r g e  L a b o r a t o r y

(Below) H i g h  B a y  E n g i n e e r i n g  L a b o r a t o r y
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Show er an d  locker room s are  ad jacen t to  th e  entrances. 
W ith in  th e  building th e  m ovem ent of personnel is channelized 
b y  tw o well defined longitud inal aisles. Sam ples, small 
packages, and  drum s are  received a t  a  door in  th e  center, 
w hich is n o t ordinarily  used b y  foot traffic. H eavy  trucks and  
bu lky  pieces of equ ipm en t can  be b rough t in  th rough  a  large 
door in  th e  rear.

S team , com pressed air, w ater, and  electrical services en te r 
th e  bu ild ing  and  pass d irectly  across i t  b y  m eans of an  under
floor p ipe trench . B ranches rise a long th e  line of th e  m ain  
colum ns to  a  u tility  rack  runn ing  th e  leng th  of th e  build ing  
on each side of th e  m ain  engineering b ay . L atera ls to  th e  
various labora to ries and  to  th e  large chem ical engineering 
u n its  ru n  overhead. All large elec trical power loads are  fed 
from  a F lexa pow er system  located  along th e  u tility  rack.

A ll lighting  loads, labo ra to ry  benches, and  sm all un its  are 
fed from  sm all d is trib u to r panels spaced periodically on 
colum ns, w hich also serve to  locate  sa fe ty  equipm ent, such 
as gas m asks, fire b lankets, fire extinguishers, heating  and  
v e n t controls, telephones, and  o th er general purpose equip
m en t.

T a ll chem ical engineering equ ipm ent is erected  in  th e  cen
tra l bay . F loor d ra in  ou tle ts  are  provided a t  frequen t in ter
vals. F lue ou tle ts are located  along th e  u tili ty  racks. T he 
flues connect to  tw o vertical stacks w hich norm ally  provide 
d ra ft. A m otor-driven blow er forces a  powerful je t  of a ir 
th rough  a  th ro a t in  the  stack  if i t  is desired to  augm ent the  
d ra ft. T h is  elim inates th e  corrosion and  explosion hazard  
difficulties encountered  where th e  s tack  gases pass th rough  th e  
blow er, and  avoids back  pressure w hen th e  blow er is n o t in  use.

As bubb le  tow ers and  sim ilar engineering equipm ent m ay  
rise 30 fee t from  th e  floor line, catw alks have  been provided 
along each side of th e  bay  a t  th e  15 and  22 foot levels. T hese 
catw alks connect b y  platform s and  s ta irs  w ith  th e  various

un its , p rovide secure operating  platform s, and  also provide 
for escape of th e  personnel in case of an  em ergency. A long 
each side of th e  chem ical engineering b ay  space has been p ro 
v ided a t  th e  rear for sm all-scale operations w hich can be car
ried o u t in  norm al head  room .

T he  m ain  aisles also serve th e  laboratories. L abo ra to ry  
doors have  alw ays been a  problem . D oors provide m eans for 
iso lating  areas in  th e  even t of fire o r w hen toxic gases a re  be
ing handled , b u t  are  otherw ise b es t le ft open. A  happy  
solution has been reached b y  providing double doors w hich 
fold back  aga in s t th e  w all in  th e  aisle and  are  held  in  th is 
position by  fusible links. T he  doors m ay  be released a t  any  
tim e and  are  sm all enough to  avoid  o b struc ting  the  aisles.

T he  chem ical laboratories are  of a  conventional design, a  
buff glazed tile being em ployed for th e  w alls to  reduce m ain 
tenance expense. M eta l fu rn itu re  w as chosen, since wooden 
fu rn itu re  som etim es gives troub le  in  th is  clim ate, and  m etal 
draw ers are  b e tte r  ab le  to  carry  th e  heavy  loads im posed 
upon  th em  in  an  engineering labo ra to ry . A lberene stone 
has been found  ideal in  petro leum  w ork for tab le  to p s ; i t  
can  be cu t, pa tched , an d  refinished as required  w ith  a  m in i
m um  of loss.

F ireproof construction  has been used th roughou t, an  ex
plosion ven ting  ty p e  of w indow  has been specified, an d  pro
vision h as been m ade for fog-type au to m atic  sprink lers in 
hazardous areas.

C onsiderable experience is required  before an  accu ra te  a p 
p raisal of the  value  of a  new  s tru c tu re  can  be m ade. H ow 
ever, a  bu ild ing of th e  p resen t design seem s ideally  su ited  to  
th e  needs of a  rap id ly  grow ing chem ical engineering organiza
tion . T h e  s tru c tu re  is expected to  show a  low m ain tenance 
cost an d  m ake production  efficiency possible w ith o u t d ep a rt
ing from  th e  high s tan d a rd s  of safety  requ irem ents w hich are 
com m on in th e  petro leum  in d u stry .



The application of the polarographic method of analysis expands steadily. Some of the analyses being made 
with the Heyrovsky Polarographs now in use include the analysis of brass; of steel and iron; of lead, magnesium, 
nickel, and zinc alloys; of metallic impurities in aluminum; of lead and zinc in paints; of major constituents in 
plating solutions; and the differentiation of waters. Accuracy; rapidity; the possibility of detecting and identi
fying minute quantities and of making simultaneous determinations of several components; small sample require
ment; preservation of sample; and permanent photographic recording of every analysis are some of the reasons 
why the Heyrovsky Polarograph is becoming so widely accepted.

The procedures established thus far by no means define the field of polarography— the perfected instrumental 
system of the Heyrovsky Polarograph creates unlimited possibilities for analytical and research applications.

A bibliography of more than 700 papers dealing with the polarographic method of analysis and a booklet dis
cussing the Polarograph and polarographic analysis are available without charge on request.

E. H. SARGENT & CO.
SCIENTIFIC LABORATORY SUPPLIES 

155-165 EAST SUPERIOR STREET, CHICAGO, ILLINOIS
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K. H. H U P P E R  T
156 W. Walton Place Chicago, 111.

J g  A o c u l c M e >  t o -  1 ^ 0 4 4 , . . .

This W ell-Known A ppara tus and  Equipm ent

feett&i K J E L D A H L  N I T R O G E N  A P P A R A T U S

Unparalleled system of fume disposal (Patented). Not available in any other apparatus.
Radically Improved GOLDFISCH 
EXTRACTION APPARATUS
147 users evidence its efficiency and value.
M inim um  Frothing  
CRUDE FIBER CONDENSERS 
No metal parts in contact with solution, 
rubber hose connections.
Self-Cleaning LABCONCO 
ELECTRIC WHEAT GRINDER
Over 150 now in use.

No

Flask Formed GOLDFISCII 
ELECTRIC HEATERS 
Individually tested for uniform heat.

Wide Range LABCONCO 
GAS BURNERS
Set-lock valve adjustment.

Durable LABORATORY 
TABLES and CARTS 
Acid and fire resisting.

Detailed specifications and full inform ation will be sent on 
request w ithout any obligation on your part.

M anu factu red  an d  Sold  D irect to  th e  User By

L A B O R A T O R Y  C O N S T R U C T I O N  C O M P A N Y ,  I NC.
1113-1115 Holmes Street Kansas City, Missouri, U. S. A.

R m E RIC R n qURIilTy-World wide standard

Coors Porcelain Co m p a n y
GOLDEN, COLORADO

HUPPERT
LABORATORY

FURNACES

“afurnacefor every laboratory need"

M O D E L  ILLUSTRATED

$74—
COM PLETE

Three heat ranges, High 1000°-1800°F., Medium 
500o-1000oF., Low 0°-500°F. Seven Button Control 
Switch in each heat range furnishes any desired tem
perature and maintains that temperature as long as 
you want it. Makes duplication of results certain. 
Large Muffle: 4)4 x x 3%  inches. Outside di
mensions of Furnace: 12" wide, 14" long, 1 1 high.  
Shipping weight 32 lbs. Operates on 110 Volts, A. C., 
or D. C.
Huppert Furnaces are ruggedly built for heavy duty 
service, with stainless steel housing and with no ex
posed contacts. Prices range from $24.75 to $157.50 
with standard heat ranges up to 2500°F. (Special 
voltages, dimensions and temperature ranges to order.)

W R IT E  FO R  FR EE CATALOG
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KANSAS CITY, MO. ^ J  MINNEAPOLIS, MINN.
A . J. Griner Company Geo. T. Walker & Co.

DALLAS, TEXAS NEW YORK, N. Y.
Greene Bros., Inc. E. Machlelt & Son

BOSTON, MASS.
Howe & French, Inc. J Natía*!,- W ide

ANN ARBOR, MICH.
Eberbach & Son Co.

PITTSBURGH, PA.
Burrell Technical Supply Co.

1

RICHMOND, V A .
Phipps & Bird, Inc.

A lL e â j/ M . t y  o w n .

C o n s u l t  U N A B R ID G E D  In d e x  
— P ag es 112 1  to  1 2 1 6 —

M odern Tools of Science 

for ''
A if i lu d t , Q e m e * ti

a n d  R o a d  M a ie J iia li.

, ß io io tfic a l W a lk  

G e te a l a*tcL Q>uU+i 

Q lin ic a l

G oJze. jß a l& ia to > U e i

:e  Q a i A ł t a ly i t

9>u xh  c u td  S te e l  G o m L u ¿ Íio * il
V

V /re  M o d e ln  M e ż a llu /u fili 

M ic sia  A tu d y le i.

"7A e M i& iM c O fx iit 

P e b u U e u tH  <7 e ¿ ii* ty  

ß lu fU o lo tfic a l J£cdtá> iáÍosU e¿  

V ite u tû tt W o n h

'li/a te A .

Y o u r  N e w  

L a b o r a t o r y  A s s i s t a n t

E ig h t Allied d istrib u to rs  o f scientific ap p ara tu s  an d  lab o ra to ry  chem icals 
have ju s t  sen t ou t one of th e  largest, m ost com prehensive catalogs com piled 
in cooperation w ith  th e  leading m anufactu rers whose products have been 
na tionally  advertised .

These m anufactu rers’ specification num bers are w ritten  in to  the  descrip
tions in th e  Allied catalog. T hese m an u fac tu re rs’ num bers help you to  iden tify  
th e  labora to ry  a p p a ra tu s  you desire and are  your g u aran tee  th a t  y o u  will get 
standard ized , in terchangeable  labora to ry  equ ipm en t o f “ K N O W N ” q u a lity .

F or quick  reference, sec th e  authorized  factory  designations o f C orning, 
Kim ble, Coors, In te rn a tio n a l C entrifuge, Precision, F reas, B ausch & 
Spencer, C olem an, A insw orth, Becker, P a rr , E m erson, B a rn stead ,- jeh ler, 
etc ., etc.

. All eight firms are colleagues associatgd-fSr th e  purpose o f serving you 
more p rom ptly  and m ore efficiently,. I f  you have n o t received your copy of 
th e  new  big book, request i t  froTTTyour Allied dealer NOW !

TheyNeftfScientific C atalog presents more than  20 ,0 0 0  kinds 
rSnd sizes of laboratory apparatus, equipment and supplies.

*6ur allied scientific dealers

_____________ .AlLied------------------------------

BURRELL TECH. SUPPLY CO.
Pittsburgh, Pa.

EBERBACH & SON CO.
Ann Arbor, Mich.

GREENE BROS., INC.
Dallas, Texas

A . J. GRINER COMPANY
Kansas City, Mo.

HOWE & FRENCH, INC.
Boston, Mass.

E. MACHLETT & SON
New York, N. Y,

PHIPPS & BIRD, INC.
Richmond, Va .

GEO. T. WALKER & CO.
Minneapolis, Minn.
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O u r M o d ern , N ew  H om e
to b e tte r  serve  the laboratories o f  in du stry

Stocks of all essential labora
tory items have been in
creased to meet current re
quirements and many new 
items are available.

Every effort will be made to 
expedite your orders promptly 
for all supplies and materials. 
You can aid us in this by sub
mitting priorities with your 
orders whenever possible.

THE CHEMICAL RUBBER CO.
LA B O R A T O R Y  SUPPLIES — SCIENTIFIC EQUIPMENT — H A N D BO O K  O F CHEMISTRY A N D  PHYSICS

2310 Superior Ave. — Cleveland, Ohio

Through many modern facili
ties which our new building 
affords, we are in a posi
tion to cooperate advantage
ously with the laboratories of 
vital industries — in their all 
out effort to meet the needs 
of our government.

8 0 , 0 0 0  
sq. f e e t  of 
floor space

, S en d  for
Supplem en t "D" 

show ing  n e w  
equipm ent

Leitz " G  & D " Electro-Titrator 
M a d e in  U .S .A ,

"G & D "  ELECTRO-TITRATOR
A universal Electro-Titrator using a highly stable and sensitive 

voltmeter circuit designed by Dr. R. L. Garman and Dr. M. E. 
Droz for determinations of end-points in electrometric neutraliza
tion titrations (including pH determinations), oxidation-reduction 
titrations, and precipitation titrations.

S o m e of its  o u ts ta n d in g  a d v a n ta g e s  a re :

1 Variable sensitivity up to a maximum of 40 millivolts per 
inch of needle deflection;

2 Battery operated with a power consumption of as little as 
0.25 watt; fluctuations in the power supply are completely 
eliminated;

3 Variable speed of the stirring motor;
4 A clearly visible meter with a scale, 3j/g" long, permits 

continuous reading of the voltage changes throughout the 
entire progress of the titration.

Pamphlet No. 1283 Upon Request

E. LEITZ, INC.
730 Fifth. Ave., New York, N. Y.

B ranch Offices: C hicago, W ashington, D. C.
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H E V I  D U T Y  E L E C T R I C  C O M P A N Yi

HEAT TREATING FURNACES

M I L W A U K E E ,
ELECTRI C EXCLUSIVELY 

W I S C O N S I N

Griffin H all, pictured above, w a s  
d esig n ed  b y  President Griffin of 
W il l ia m s  C o l le g e  in  1828 a n d  
stands a s  a  m onum ent to the early  
educational efforts in our country's 
history — Like m an y  of the vener
a b le  and  outstanding co lleg es  and  
universities, W illiam s C ollege u ses  
H ev i D uty  L aboratory  F u rn a ces  
for ch em ical study and  an a lysis .

A Hevi Duly Muffle Furnace in the 
Thompson Chemical Laboratory at 

Williams College.

S e n d  for H e v i D u ty  L a b o ra to ry  F urnace B u lle tin s

HEVI DUTY
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QUALITY
jßabo->iato->iy tyunsUtusie y

INDUSTRIAL 
LA B O R A TO R Y  TABLE 

N O . 6000

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

Yes, for more than half a century, Peterson Lab
oratory Furniture has been giving outstanding satis
faction. Every user of laboratory furniture should 
have a copy of Peterson’s complete catalog handy. 
Our staff of experts will, upon request, gladly assist 
in the planning of more efficient laboratory ar
rangement. There is no charge for this service.
Send today for Peterson's Furniture C atalog  containing much valuable in
formation regarding the efficient and economical installation of laboratory 
furniture. It is free.

L E O N A R D  P E T E R S O N  & C O . ,  I N C .
1224-34 F ullerton  A ve . C h icago , U .S.A .

LAMOTTE c h e m i c a l  
C O N T R O L  S E R V I C E

L a M o tte  B lo ck  C o m p a r a to r

This compact LaM otte Outfit greatly facilitates sim 
ple, accurate Hydrogen Ion Measurements.

P o r ta b le  —  C o n v e n ie n t  —  In e x p e n s iv e
Complete with any one set of LaM otte Perm anent 

Color Standards, together with a supply of the corre
sponding indicator solution and marked tes t tubes. 
Even w ith highly colored or turbid solutions determ ina
tions can be made with accuracy. Full instructions 
accompany each unit.

Complete, f. o. b. Baltimore, $12.50

L a M o tte  R a n g e  F in d in g  I n d ic a to r  S o lu t io n s
For use in determining approximate pH  values o f un

known solutions as a guide to the selection of the proper 
single range indicator for accurate pH determination. 
In 50.100 and 500 cc. containers. Complete information 
on request.

L a M O T T E
C H E M I C A L  P R O D U C T S  CO.
Originators o f Practical Application o f pH  Control 
Dept. F Towson, Baltimore, Md.

L U M E T R O N

P H O T O V O L T  C O R P .
95 Madison Ave. New York City

N o w !  A 

H O M O G E N I Z E R !
. . . Save Time

Photoelectric COLORIMETERand FLUORESCENCE M ETER
A high precision instrument of unusual 
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

Mod. 402EF for de te rm ina tion  of V it Bi and  B*
Also

Portable C olorim eters Electronic Photom eter for Vit. A
Reflection M eters Electronic Small-Spot Photom eter
B arrier-Layer Photocells E lectronic In terval Timers

and Materials

AbOK

BMW

-w ith  H andH om ogenizer 

-w ith  m ortar a n d  pestle

F or liqu id  h a tch es  o f I to  10 oz. 
M erely p o u r  m ix tu re  in to  howl 

a n d  press hund-lever. H om ogenizes in s ta n tly  
—  each s tro k e  o f hand -lever e jec ts  a j e t  o f com 
p le tely  em ulsified liqu id . P rov ides  p e rm an en t 
suspension  for em ulsions —  no  failu res, if  in 
g red ien t ra tio  is sound . In  pho to s  a t  le f t, n o te  
fine degree o f d ispersion  secured  (above) com 
pared  to  coarseness o f  sam e m ix tu re  em ulsified 
w ith  m o rta r  an d  pestlo  (below ).

H u n d red s  o f  la b o ra to rie s  use th e  H an d  H om o
genizer because  i t  saves tim e, avo ids m a te ria l 
w aste . P o rtab le , easy  to  o p e ra te  a n d  clean , 
strong ly  b u il t  o f  m olded a lu m in u m , w ith  s ta in 
less stee l p is to n . 1 0 */* in . h igh , 1 2  oz. bow l. 
O nly  $6.50 c o m p le te— o rd er d ire c to r  from  you r 
la b o ra to ry  su p p ly  house (sa tisfac tio n  g u a ra n 
te e d )— o r w rite  for fu r th e r  details.

International Emulsifiers, Inc.
Dept. C-19, 2409  Surrey Court, Chicago, III.

hand Homogenizer.
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Pages 480 to 492 of 
our Catalog 5 are de
voted to Colorimetric 
and Electrom ctric pH 
equipment.

W I L L C O R P O R A T I O N  

R O C H E S T E R ,  N. Y.

Office and Warehouses

Will Corporation, 596 Broadway, New York City 
Buffalo Apparatus Corp., Buffalo, N. Y.

Braun Direct-Driven Pulverizer

TO MEET YOUR NEED 
FOR GREATER SPEED
The answer to many critical production problems 
is more efficient machinery. The Braun Direct- 
Driven Pulverizer is the most up-to-the-minute 
laboratory grinder available for a wide variety 
of applications. It has a definite place in busy 
laboratories where samples are being tested almost 
continuously, day-in and day-out.

Ready to run at the touch of a finger, it reduces 
samples at a truly astonishing rate. It is easy to 
operate, economical to maintain and requires a 
minimum of attention. It is ball bearing equipped 
throughout and is permanently lubricated at the 
factory, so that no further lubrication is ever 
required.

The pulverizer is entirely self-contained. The 
motor is built in — no belts, gears, shafting or 
pulleys are needed. It conserves valuable 
space— takes up less than two by three feet.

Cut down bottleneck conditions in your labora
tory with this efficient, speedy, economical pul
verizer. Write Dept. 1-2 today for Bulletin C-135 
which gives complete details.

COLORIMETRIC
or

ELECTROMETRIC
T h e  im p o r ta n c e  o f  p l l  is reco g n ized  in  p ra c 

tic a lly  a ll ty p e s  o f  re se a rc h  a n d  c o n tro l w ork  in 

v o lv in g  a q u e o u s  so lu tio n s .

W h a te v e r  m e th o d  o f  m e a su re m e n t is e m p l o y e d -  

c o lo r im e tr ic  o r  e le c tro m e tr ic  —  w e c a n  su p p ly  

th e  n e c e ssa ry  e q u ip m e n t  p ro m p tly  a n d  co m 

p le te ly .

A  le t te r  o f  in q u i ry  o u tl in in g  y o u r  p H  p ro b lem  

w ill b r in g  h e lp fu l in fo rm a tio n .

BRAUN
C O R P O R A T I O N
2260 East Fifteenth Street^d^fefa^Los Angeles. California

San Francisco, Calif. Seattle. W ashington
BRAUN-KNECHT-HEIMANN-CO. SCIENTIFIC SUPPLIES CO.
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A C C U R A T E  
S A N I T A R Y  

M O D E R N  
•

Fits any size 
o f pipette  . . . .

Draws up any 
desired amount . . . .

Discharges 
accurately  . . . .

The CAULFIELD PIPETTOR is enthusiastically endorsed by 
leadins colleges, institutions and industrial laboratories. Its 
simplicity, accuracy, clear visibility and ease of operation make 
its use the ideal pipetting technique for every laboratory.

Write for descriptive fo lder and prices

 A. D A I G G E R --------------
o f f e r s

<7< 4e  K le tt tylu,a>iÍMeÍeSi
F O R

A S S A Y I N G  
RI BOF L AVI N

A N D
T H I A M I N

•  I N E XP E NS I VE  
C O N V E N I E N T

The fluorimetric system 
of vitam in assay ena- 
blesthiamin determina
tion to  be made quicker, 
less expensively, and 

more sensitively than previ
ous biological methods. A 
great advantage of the fluori
metric system over photo
metric methods is th a t the de
gree of turbid ity  sufficient to 
nullify a photom etric deter
mination m ay not interfere 
w ith this new method. The 
apparatus needed consists 
only of three units— fluorime- 
ter, galvanometer, and trans
former. No other accessories 
are required to ensure satis
factory operation.

W R I T E  F O R  I L L U S T R A T E D  F O L DE R

A.  DAIGGER &  CO. 159 W . Kinzie St., Chicago
Laboratory Supplies and Chemicals

N o. 2070 K le t t  F lu o rim e te r  com 
p le te  w ith  2  cu v e tte s , 2  la m p  fil
te rs , 2  pho toce ll filte rs , w ooden 
box  fo r d a te s , 6  filters, o p e ra te s  on 
110-120  V olts  60 cycles a l te rn a t
in g  c u rre n t .
W ith o u t g a lv a n o m e te r . . .  .$225 .00  
N o. 2071 K le t t  F lu o rim e te r-C o l-  
o r im e te r  co m p lete  w ith  2  cu v e tte s , 
2  la m p  filte rs , 2  p h o to c e ll filters  
(fo r use w ith  flu o rim ete r) w ooden 
box  fo r 6  filte rs , te s t  tu b e  h o lde r, 
v a r ia b le  s lit , 2  g ra d u a te d  te s t  
tu b e s , a n d  in c an d e sc e n t lam p , 
o p e ra te s  on 110-120  V olts  60 
cycles a l te rn a t in g  c u rre n t . 
W ith o u t g a lv a n o m e te r . . .  .$285 .00  
N o. 3402 G a lv a n o m e te r , R u b i
con 3402 H H  a n d  tra n sfo rm e r  fo r
g a lv a n o m e te r  la m p ................. $55.00
F il t e r s ................................. $2 .75 each CLAY-ADAMS C m

________________________    J  A D A M S  1 7

1 4,4 E A S T .2 3 rd  ST R EET , NEW YO RK, N. Y . j j ^

The Spcncer 
Colorimeter

•  Simplifies Technique

•  Improves A ccuracy

•  Saves Time

The Spencer Direct 
Result Colorimeter pre
sents many important 
advantages over other 
present day instruments.

(1 )  D ire c t re a d in g  of th e  p e rce n ta g e  o f  th e  u n k n o w n . (2 )  
In c lin e d  eyep iece  fo r  co m fo rt. (3 )  S im ple , a ccu ra te  a d ju s tm e n t 
o f  artificial illu m in a tio n . (4 )  T il te d  p lu n g e rs  w h ic h  d is s ip a te  
a ir  b u b b les as they  a re  im m ersed . (5 )  C ups w h ic h  a re  easily  
tak en  a p a rt fo r  c le an in g , w ith  n o  necessity  to  ch eck  th e  z e ro  
ad ju s tm en t. (6 )  R ev erse  p o s it io n  o f  in s tru m e n t a ffo rds c o n 
v en ience  in  p lac in g  d r  re m o v in g  cups. (7 )  A b eau tifu l, easy to  
c lean , m o d e rn  d e s ig n  th a t co m b in e s  s tre n g th  a n d  p ra c tic a b ility .

Write Dept. B-48 S p e n c e „ L t e nJ t  C o m  p a n y
for complete ^ ¿ > ^ 11 Scientific Instrument Division of

A M E R IC A N  O P T IC A L  C O M P A N Y  A W
descriptive literature

4 6 0 0  

R. P. M.
on D. C. with six 

1 5 ml. tubes 
loaded

3700

A d am s ANGLE-HEAD C en trifu g es
T hese cen trifu g es  offer im portan t adv an tag es  o ver co n v en tio n a l un its. 
U tiliz ing  the  new  ang le  p rin c ip le  —  th e  tu b es  a re  su sp e n d ed  a t a fixed  
52° ang le . F aster sed im en ta tion  is  a c h iev ed  —  m ass is  c re a te d  m ore 
quick ly  an d , w hen  a t rest, no s tirr in g  u p  of sed im en t resu lts. T h e  c e n 
t r i f u g e s  l i s t e d  a r e  f o r  110 V . A . C . a n d  D . C . F o r  m o to r s  to  o p e r a t e  
o n  220 V . A . C . o r  D . C . a d d  $2 .00  to  p r ic e s  b e lo w .
C T -1200 /D  A D A M S  S E N IO R  A N G L E -H E A D  C E N T R IF U G E  for

S IX  15 ml. T U B E S , co m p le te ..............................E a c h  $6 7 .5 0
C T -1210 /D  A D A M S  S E N IO R  A N G L E -H E A D  C E N T R IF U G E  for 

T W O  50 ml. T U B E S  a n d  T W O  15 ml. T U B E S , co m plete
............................................................................................E a c h  $67 .50

C T -1220 /D  A D A M S  S E N IO R  A N G L E -H E A D  C E N T R IF U G E  for
F O U R  50 ml. T U B E S , c o m p le te ...........................E a c h  $ 6 9 .5 0

S e v e n  h e a d s  s h o ic n  i n  o u r  c a ta lo g  N o . H I  I C  a r c  in te r c h a n g e a b le  
o n  t h e  s a m e  C e n tr i fu g e .  If you  h av e  no t a lread y  re c e iv e d  a copy, 
w rite  for o n e  on  yo u r le tte rh e a d , p lease .

R.P.M.on A.C.
R. C. F. on A . C. 2000 

on D. C. 3100

CT-1 200/D

S C H A A R  & C O M P A N Y
Complete Laboratory Equipment 

754 WEST LEXINGTON ST., CHICAGO



All the Facts and 
Figures on A lundum  

L aboratory  W a r e ... 
Complete Specifying 
D a ta . . .  List P r ice s .. .

N OW  IN  T H IS  F R E E  C A T A L O G  . . .

JU ST OUT! T h e  n e w  c a ta lo g  e n 
t i t l e d  “ N o r to n  R e f r a c to r y  L a b o r a 
to r y  W a r e ”  is  f r e e ly  a v a i la b le  fo r 
y o u r  la b o r a to r y ,  a s  a n  a id  a n d  c o n 
v e n ie n c e  in  p u rc h a s in g .  W r i te  fo r  i t ,  
a d d re s s in g  N o r to n  C o m p a n y ,  W o r 
c e s te r , M a s s .,  a n d  a s k  fo r F o r m  793A .

Rarely, if ever, have ten concise 
pages contained more useful in
formation for the man who wishes 
to keep his laboratory at the peak of

effic iency  in  s p i te  o f  ru s h  c o n d itio n s .
N o r to n ’s n ew  c a ta lo g  o f  la b o r a 

to r y  w a re  p la c e s  a t  y o u r  f in g e r- t ip s  
c o m p l e t e  f a c t s ,  s p e c i f i c a t i o n s ,  
p r i c e s ,  t o  h e lp  y o u  se le c t a n d  p u r 
ch ase  th e  r ig h t  ty p e  o f  p o ro u s  m e d i
u m  fo r  y o u r  spec ific  p u rp o s e s .

P e rm e a b il i ty ,  p o ro s i ty ,  p o re  size , 
p re s su re  loss, u n ifo rm ity , s t r e n g th s  
a n d  c a p a c i tie s  a r e  fu l ly  in d ic a te d , 
to g e th e r  w ith  th e  l i s t  p r ic e  o f  e a c h  
a r t ic le , in  s to c k  a n d  sp e c ia l sizes.

Y ou Can Ignite in the 
D ev ice  Y ou  U se  to F ilter

T h e  p u r i ty ,  re s is ta n c e  to  a c id s  
a n d  m o s t o th e r  liq u o rs , a n d  e x 
t r e m e  re f ra c to r in e s s  o f  A L U N D U M  
(AI2O3) m a te r ia l  f its  i t  id e a l ly  fo r 
la b o r a to r y  f i lte r in g  d ev ice s . U n 
h a rm e d  b y  th e  s u b s ta n c e s  b e in g  
f ilte re d , th e  d e v ic e s  c a n  a lso  b e  ig 
n i te d  to  c o n s ta n t  w e ig h t a f te r  
e ach  f i l t ra t io n .

FILTER CONES f i t t in g  p e r f e c t ly  in 
to  o rd in a ry  60° fu n n e l, fo r  o rg a n ic  
a n d  in o rg a n ic  f i l t r a t io n s  a n d  d e 
te rm in a t io n s , a n d  fo r  I n v e r t  S u g a r , 
p re s e n t  la rg e  f i lte r in g  a r e a  fo r  r a p id  
re m o v a l o f  so lid  p a r t ic le s  fro m  
liq u id s . F u rn is h e d  (w ith  s t a n d  fre e  
o n  re q u e s t)  in  th r e e  s t a n d a r d  m ix e s : 
R A  320 (d e n s e ) , R A  321 (m e d iu m ) , 
R A  322 (c o a rse ) , in  fo u r  d ia m e te r s ,  
w ith  c a p a c i ty  fro m  20 c .c . to  250  c .c .

FILTER DISHES fo r  w a sh in g  a n d  
d ry in g  c ry s ta ls ,  r e w a s h in g  p re c ip i
t a t e s  —  C R U C I B L E S  fo r  fine  
(B a r iu m  S u lp h a te )  a n d  c o a rs e  (S i l
v e r  C h lo r id e )  p r e c ip i ta te s ,  a lso  fo r 
M n , P b ,  S n  d e te r m in a t io n s .  D is h e s  
a n d  c ru c ib le s  s u p p l ie d  in  R A  84 
(d e n s e ) , R A  3 6 0  (m e d iu m ) , R A  98 
(c o a rse )  m ix e s  —  c ru c ib le s  a ls o  in  
R A  766 ( e x t r a  c o a rs e )  fo r  c ru d e  
f ib re  d e te r m in a t io n s .  D is h e s  o f  fo u r  
d ia m e te r s ,  c a p a c i t ie s  f ro m  50 c .c . to  
400  c .c . ; c ru c ib le s , 25 c .c . a n d  35 c .c .

FILTER DISCS fo r  sm a ll  a m o u n ts  o f  
s u s p e n d e d  m a t te r ,  s u c h  a s  le a d  
s u lp h a te  su s p e n d e d  in  c o n c e n t r a te d  
s u lp h u r ic  a c id , f in e ly  d iv id e d  c a r 
b o n  in  g a so len e , ex ce ss  s o d iu m  b is - 
m u t h a te  in  M n  d e te r m in a t io n s .  
A lso  u se d  a s  r e f r a c to r y  f i lte rs  to  
o b ta in  d u s t - f r e e  s a m p le s  o f  h o t  flue  
gases . L o o k  fo r  R A  98 a n d  R A  225 
in  fre e  c a ta lo g , “ N o r to n  R e f r a c to r y  
L a b o r a to r y  W a r e .”

NORTON LABORATORY WARE
Distributed by the following:

C e n t r a l  Sci e n ti f i c C o . ,  C h i c a g o  a n d  O t h e r  C it ies  

Ei m er  a n d  A m e n d ,  N e w  Y ork City  F i s h e r  S cie ntif ic  C o . ,  P i t t s b u r g h

A r t h u r  H. T h o m a s  C o . ,  P h i l a d e l p h i a  E. H. S a r g e n t  &  C o . ,  C h i c a g o

B r a u n  C o r p . ,  Los A n g e l e s  

B r a u n ,  K n e c h t ,  H e i m a n ,  S a n  F r a n c i sc o  

O r  s i m p l y  o r d e r  t h r o u g h  y o u r  f a v o r i t e  L a b o r a t o r y  S u p p l y  H o u s e

February  15, 1942 A N A L Y T I C A L  E D I T I O N  -19

Prepared in cooperation with the technical and research 
staff o f N O RTO N  COMPANY, Worcester, Mass.

NORTON RESEARCH
INGREDIENT NUMBER ONE IN FUSED 

ALUMINA LABORATORY WARE
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A N H Y D R O U S  
A L U M I N U M  C H L O R I D E

I N 

O R G A N I C  C H E M I S T R Y
by

CHARLES ALLEN THOMAS
Central Research Director, Monsanto Chemical Company 

In Collaboration with 

Mary Baluk Moshier, Herbert E. Morris, and R. W. Mosliier 
Thomas and Hochwalt Laboratories, Monsanto Chemical Company

American Chemical Society Monograph No. 87

TH IS volume has been eagerly awaited for some time by all those concerned with 
the catalysis and isomerization of organic compounds. The reactions of 
aluminum chloride with hundreds o‘f compounds are discussed in detail; and a fea

ture of the book is the presentation of the exact changes which occur in structure.
A resume of the work of Friedel and Crafts, who did the pioneer work in this field, 
is included. This is indeed a monumental compilation which will be invaluable to 
research workers in the fields of petroleum, plastics, rubber, synthetic coatings, 
flotation agents, dyes, fats and waxes, cleansing and dry-cleaning agents, perfumes 
and textiles.

Chapters

Introduction Aldehyde Syntheses
Historical Sketch of Charles Friedel and James Aromatic Halogenation

Mason Crafts Dehydrating Condensations
Physical Properties of Anhydrous Aluminum Dehydrogenating Condensations and Reduction

Chloride Phenomena
Mechanism of Reactions Catalyzed by Anhydrous Miscellaneous Condensations

Aluminum Chloride Aromatic Rearrangements and Migrations
Friedel-Crafts Syntheses. Effect of Anhydrous Aluminum Chloride on Aro-

Part I. Reactions of Aromatic Hydrocarbons matic Compounds
with Halogenated Compounds other than Anhydrous Aluminum Chloride in Aliphatic
Acyl Halides Chemistry

Friedel-Crafts Syntheses Polymerization
Part II. Ketone Syntheses Anhydrous Aluminum Chloride in the Petroleum

Friedel-Crafts Reactions. Industry
Part III. Ring Closure with Evolution of Preparation, Manufacture, and Purification of An-

Hydrogen Halide hydrous Aluminum Chloride
Addition Reactions. Part I N otes of Application of Anhydrous Aluminum
Addition Reactions. Chloride

Part II. Syntheses of Keto-Acids from D i- Author Index, Subject Index
carboxylic Acid Anhydrides

972 Pages Illustrated Price $15.00

R E I N H O L D  P U B L I S H I N G  C O R P O R A T I O N ,  330 West 42nd Street, New York, U . S. A.
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A GUARANTY OF QUALITY
C h em ica l e x p e rie n c e  o f  many  years has en ab led  
M erck  & C o. In c . to  p lan , d e s ig n  a n d  eq u ip  th e  
new  M erck  A naly tica l L a b o ra to rie s , w h e re in  
r ig id  an d  c o n s ta n t c o n tro l  is ex e rc ised  over 
m o re  t han  1 ,500  p ro d u c ts  b e a rin g  th e  M erck  
label. T h e  w id e  ra n g e  o f  p rec is io n , analy tical 
a n d  te s tin g  fac ilitie s  in c lu d es  n o t on ly  ch em 
ical m e th o d s , bu t physica l an d  o p tica l p ro c e 
d u re s  as w e ll. B ecause o f  th ese  m o d e rn  c o n tro l 
fac ilitie s , th o u sa n d s  o f  in d u s tr ia l chem ists , 
s tu d en ts , a n d  re se a rc h  w o rk e rs  use M erck  L abo 
ra to ry  C h em ica ls  w ith  co m p le te  confidence  in  
th e ir  pu rity  a n d  u n ifo rm ity .

A P L E D G E  O F  S E R V I C E
A lth o u g h  th e  M erck  fa c to rie s  a re  n o w  o p e ra t
in g  o n  a 2 4 -h o u r day, 7-dav w eek  sc h e d u le  in  
o rd e r  to  su p p ly  th e  needs o f  o u r  a rm e d  fo rces 
an d  c iv ilian  p o p u la tio n , it m ay n o t a lw ays be 
p o s s ib le  to  su p p ly  you  im m ed ia te ly  w ith  y o u r 
co m p le te  re q u ire m e n ts  o f  M erck  C hem ica ls . 
B ut in  sp ite  o f  th e  difficulties w h ic h  c o n fro n t us, 
w e sha ll c o n tin u e  to  d o  ev e ry th in g  p o s s ib le  to  
serve  o u r  cu s to m ers  to  th e  l imi t  o f  o u r  ab ility . 
In  fac in g  th e  vital em erg en cy  jo b  th a t lies  ah e a d , 
it is o u r  h o p e  th a t w e m ay c o n tin u e  to  have th e  
u n d e r s t a n d i ng  c o o p e ra t io n  o f  o u r  cu s to m e rs , 
w h ic h  has h e lp e d  us im m easu rab ly  in  o u r  effo rts  
to  serve them .

M ERCK & CO. In c . ^M ana^aetuitm ^ Clß /iem U ü  RAHWAY, N . J .
New York • P hiladelph ia  • St. Louis • In C a n a d a :  M E R C K  &  CO. Ltd., M ontreal and T oronio
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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 -T J
K jU U f£ * t{

Ba k e r  A d a m s o n
Division of GEN ERAL CHEM ICAL COMPANY, 40 Rector St., New York L . H A c à / s

Sa les Offices: A tla n ta  •  B altim ore  •  B oston  •  B rid g ep o rt (C onn .) •  B uffalo •  C h a rlo tte  (N . C .) •  C hicago •  C leveland  
D enver •  D e tro it •  H ouston  •  K ansas  C ity  •  M ilw aukee •  M inneapolis •  N ew ark  (N . J . )  * N ew  Y ork  •  

P h ila d e lp h ia  •  P ittsb u rg h  •  P rov idence  (R . I .)  •  S t.  L ou is •  U tic a  (N . Y .)
Pacific Coast Sales Offices: S an  F rancisco  •  Los A ngeles •  P acific N orthwest Sales Offices: W en a tch ee  (W ash .) •  

Y ak im a  (W ash .) •  I n  Canada: T h e  N ichols C hem ical C om pany , L im ited  •  M o n tre a l •  T o ro n to  •  V ancouver

Quantitative Filter Paper

Made Entirely of Domestic Raw Materials

B a k e r  &  A d a m s o n  Announces the Com m ercial 
A va ilab ility  of Grade “0 ” D om estic Quantita
tive  F ilter Paper.

High in retention . . . low in ash content and 
entirely American made, Grade “0 ” fills an ever 
increasing need for a reliable, domestic quantitative 
paper.

Grade “0 ” is an “ashless” double acid washed 
paper, treated under the most careful laboratory 
supervision. Unusually uniform in weight and

thickness, B & A Grade “0 ” is especially designed 
for use in the most exacting types of work.

The development of a successful domestic quan
titative paper is but another example of the contri
butions of General Chemical Company and its 
Baker & Adamson Division towards an American 
self-sufficiency in chemical materials. Among simi
lar, recent contributions is the development of a 
domestic source for Potassium Cyanide, Potassium 
Cyanate and other chemicals.


