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IF IT IS CHEMICALLY FEASIBLE
Baker & Adamson will produce to order any inorganic 

compound, of any desired purity, with any specified set 

of compatible physical properties.

Those whose unusual needs may not be covered in our 

catalog of 1000 C .P . Acids and Reagent G rade Chemicals 

will find B & A  production-to-order an efficient branch of 

a chemical service animated by the principle: It can be done.

FOR EXAMPLE:

M a n g a n o u s  O x id e . Until  

recently ,  o b ta in a b le  only  

through import. B &  A  is 

n o w  pro du cin g  it to ord er,  

to e x a c t in g  specif icat ions.

Calcium  A cetate, purified.

" C u s to m - m a d e "  b y  B & A, 

in quantity  lots, to unusual 

s p e c i f i c a t i o n s  r e g a r d i n g  

purity, solubili ty  a n d  p h ys

ical make-up .

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

Ba k e r  fy A d a m so n
Division of G E N E R A L  C H E M IC A L  CO M P A N Y,  4 0  Rector St., N e w  York C .T ? A c à /s
A tlan ta  •  B a ltim o re  •  B osto n  •  B u ffa lo  •  C h a rlo t te  •  C h ic a g o  •  C le v e la n d  •  D e n v e r  •  K a n sa s  C it y «  lo s  A n g e le s  •  M in n e a p o lis  •  P h ila d e lp h ia  *  P ittsburgh  t  P ro v id e n c e  •  S a n  F ra n c isc o  •  S f . lo u is



C O L E M A N  E L E C T
310 MADISON ST.,

A w idely diverging and  co n sta n tly  expanding  
activ ity  in  pH research and con tro l finds, COLE
MAN A SSE M B L IE S, ready for p ractica l a d ap ta 
tion  to nearly every p h ase  o f  pH  work.

W ith  COLEMAN EQ UIPM ENT, an  effic ien t, re
liab le  pH  tech n iq u e  h as b een  esta b lish ed  in  m any  
in d u str ies , assu rin g  th e  proved profits o f  pH  con 
trol .

In  accuracy, com p actn ess, rugged re liab ility , 
com p reh en siven ess, and  s im p lic ity  o f  op eration , 
COLEMAN EQ UIPM ENT is  se tt in g  th e  pace for 
pH practice  in  th e  h an d s o f  b o th  veteran  and less  
experienced operators.

Four b attery  operated and three AC M odels are 
offered . . . w ith  a co m p le te  se lec tio n  o f  ELEC
TRO DE A SSE M B L IE S to m eet a ll req u irem en ts  
o f  pH  research . W rite TODAY for descrip tive  
literatu re .

A new catalog showing the 
complete COLEMAN LINE  
w ill be ready  f o r  distribution  
shortly. W rite today  and  R e
serve Your Copy.

R I  C C O . ,  I n c .
MAYWOOD, ILLINOIS

There’s a
C O L E M A N

in the Cab!
On speeding streamlined trains . . .  in 
laboratory . . .  in industry . . .  in a hun
dred varied fields of pH activity—COLE
MAN pH ELECTROMETERS are 
setting the pace for pH technique.

LOOK FOR THE GUARANTEE CARD 
accom panying  ALL COLEMAN IN  STRUM  ENTS and  
ELECTRODES. I t  is  your assurance o f  our responsib ility .
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VITREOSIL CRUCIBLES 
AND EVAPORATING DISHES

S u p erio r ity  to  P orcela in
H a v e  n o  a p p lie d  g la z e  t o  c r a c k  o r  r e a c t  

A llo w  q u ic k e r  ig n i t io n  o f  w e t  p r e c ip ita te s  
W ill n o t  b r e a k  w it h  s u d d e n  te m p e r a tu r e  c h a n g e s  
M a y  b e  c le a n e d  b y  s t r o n g  ig n i t io n  ov er  b la s t  la m p
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B e s t  fo r  ig n i t io n s  o f  w e t  p r e c ip ita te s  w it h  p a p e r  

S u ita b le  w it h  r e d u c in g  f la m e s , o x y g e n , a n d  h y d r o c a r b o n  g a se s

S u p erio r ity  to  G lass
U s e fu l t e m p e r a tu r e  l i m i t  e x c e e d s  1 ,000°C .
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Specify “Vitreosil” when ordering through  dealers

S en d  for la te s t  price l is t

The THERMAL SYNDICATE
12 E ast 46th  S treet New York, N,

Ltd.
Y.
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C H E M IC A L  WORKS

ST. LOUIS NEW YORK

CH ICAG O  PH ILAD ELPH IA

S T I F F E N  the  
of S C I E N T I F I C

BACKBONE
PROGRESS

R E S E A R C H  findings—the backbone of scientific progress— are signi

ficant only to the extent o f their accuracy. Results from an entire series 
o f research experiments are often invalidated by use o f doubtful analyti
cal reagents in the final determinations.

M allinckrodt Analytical Reagents, refined to meet pre-determined, 

published standards o f purity, facilitate accurate analytical determina
tions, and thus aid in solidifying scientific progress.

The M allinckrodt catalog o f analytical reagents and other chemicals 
for the laboratory is yours for the asking. Over 14 0  analytical reagents 
which conform to A  C S specifications . . . over 300 others o f the high 
quality necessary for exacting analytical work. A ll are manufactured to 

predetermined standards o f purity, which appears both in the catalog 

and on each label.
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T h e  San F ran cisco -O ak lan d  B r id g e  
is  an o th er  im p ress iv e  m o n u m en t to  
th e  sk il l  o f  th e  in d u str ia l ch em ist. 
M o n th s  b e fo r e  th e  a r c h it e c t  f ir s t  
reach ed  for a p e n c il, years b efo re  th e  
g ia n t excavator  to o k  its  first b ite , the  
research  ch em ist in  h is  lab oratory  
analyzed , and  tested , an d  p ro v ed  the  
q u a lities o f  th e  m ateria ls to  b e used  
in  its c o n stru c tio n . O n ly  w h e n  he  
had c o m p le ted  h is  tests  a c c o r d in g  to  
defin ite  stand ards, co u ld  th e  actual 
w o rk  o f  co n stru ctio n  b e g in . C h em 
istry b u ilt th is b r id g e  just as surely  as 
d id  th e  arch itects, th e  e n g in e e r s , the  
s tee l w o rk ers  and  o th ers  w h o  p r o 
duced  and  u tilized  th e  m ateria ls  
w h ic h  m ade th is u n d erta k in g  a prac
tica l reality .

T h e  stan dards set by th e  in d u str ia l 
ch em ist for  such  v ita l research  w o r k  
are n ecessa r ily  ex a c tin g . A n d  just as 
ex a c tin g  are th e  standards estab - 
l i s h e d f o r  th e  m anufacture o f  M erck  
R ea g en t C h em ica ls.

R A H W A Y ,  N.  J .
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The  //Barrett// 
F u s i o n  
F u r n a c e

FAST COAL-ASH DETERMINATIONS
F a s t  c o a l-a s h  d e te r m in a t io n s  are p o ss ib le  w ith  th e  
B a r r e tt  F u s io n  F u r n a c e  b e c a u se  i t  is  r e v o lu tio n a ry  
in  p o in t  o f  c a p a c ity  for  w ork . S ix  c o a l-a sh  co n es  
(see i l lu s tr a t io n )  m a y  b e  te s te d  a t  o n e  t im e  an d  
six  to  e ig h t  r u n s  o f t h e  fu r n a c e  m a d e  per day. 
W ith  lo w  fu s in g  c o n e s , t h is  n u m b e r  o f fu rn a ce  
r u n s  c a n  b e  in c r e a se d . T h e  r a p id ity  o f  c o o lin g  
(2800° F . to  2000° F .) in  20 m in u te s  is  a n  im p o r ta n t  
fa c t  or fa c to r  in  t h e  w ork  c a p a c ity  o f  th e  fu rn a ce .

ACCURATE CONE TEMPERATURES 

CONES PLAINLY VISIBLE

COMFORTABLE OPERATION 

CONVENIENT FURNACE CONTROL

O th er  u se s  o f  th e  B a rre tt  F u s io n  F u r n a c e  in c lu d e  s u c h  o p era 
t io n s  a s  th e  d e te r m in a t io n  o f p y r o m e tr ic  c o n e  e q u iv a le n ts  o f  
re fra cto ry  m a te r ia ls , th e  s tu d y  o f t e s t  p ie c e s  o f  cer a m ic  b o d ie s , 
h e a t  tr e a t in g  a n d  o th e r  la b o ra to ry  w ork  r e q u ir in g  a  h ig h  
te m p e r a tu r e  g a s  fu rn a ce , ca p a b le  o f  p r o d u c in g  v a r io u s  in 
t e n s it ie s  o f  h e a t  u p  to  3000° F .

BURRELL
TECHNICAL SUPPLY COMPANY
1936-42 FIFTH A V E . PITTSBURGH, PA .

V ie w  in s id e  t h e  fu r n a c e  s h o w in g  th e  
v is ib i l i t y  o f  t h e  c o n e s  u n d e r  h e a t .
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TH REE SM A LL MODEL, A.H.T.CO. SPECIFICATION

E L E C T R I C  D R Y I N G  O V E N S
M ONEL M ETA L FRA M E AND W A LLS O F HARD A SB ESTO S S H E E T

P R IC E .............. $50.00

P R IC E .............. $25.00 P R IC E .............. $35.00

7764
W ithout autom atic regulation. In 
s id e  d im ensions 9 #  X  8 \ i  X  6 in.

W ith autom atic regulation . Insid e d im en
sions 1 2 ^  X  9 X  8 inches

7 784-A

W ith autom atic regulation. In sid e  d im en sion s  
16 X  10 X 11 in ches

OVEN, ELECTRIC DRYING, Three Heat, A.H.T. Co. 
Specification. Inside dimensions 9%  in. wide X 8}4 in. 
deep, with 6-in. clearance above shelf. For operation at 
approx. 05° C, 105° C and 170° C.

Walls of hard asbestos sheet with Monel metal frame 
and cast metal legs. With three-heat switch, adjustable 
ventilator, perforated metal shelf and thermometer tubula- 
tion. A baffle plate, placed over the heating unit and below 
the shelf, gives a remarkably uniform distribution of heat. 
Heating units are wound for 550 watts.

Suitable for the many operations not requiring the utmost 
constancy or the greatest possible uniformity in tempera
ture distribution.
7764. E lectric Drying O ven, T hree H eat, as ab ove described, w ith  

one sh e lf and therm om eter.
For 110 vo lts , a .c . or d .e .......................................................... 25.00
C ode W ord ....................................................................................  Lojac

the working shelf, while subject to variationrdue to condi
tions of load and environment, will be found satisfactory 
for all ordinary laboratory procedures.
7776-A . E lectric Drying O ven, w ith autom atic tem perature regula

tion , as above described, w ith one shelf, therm om eter,
cord and plug.
For 110 vo lts , a .o ..................................................... 35 .00
C o d e W o rd .....................  Loobv

OVEN, ELECTRIC DRYING, with Automatic Tempera
ture Regulation, A.H.T. Co. Specification. Inside dimen
sions 12^  in. wide X 9 in. deep X 8 in. high. For opera
tion up to 1S0° C.

Walls of heavy, hard asbestos sheet, with Monel metal 
frame, and cast metal legs. Ventilating holes are provided 
under the heaters in the bottom, also in the top, the latter 
with rotating shutters. Heating units are wound for 1100 
watts.

Temperature regulation is by means of a bimetallic regu
lator located at the upper right-hand side of the oven. Pilot 7784-A . 
light at top indicates make and break of the regulator.

In operation, temperature constancy at the location 
of the thermometer bulb and uniformity at various points on

D e ta ils  o f  te s ts  m a d e  in  o u r  la b o ra to ry  o n  e a ch  o f  th e  a b o v e  O ven s, s h o n in g  te m p e r a tu r e  d is t r ib u t io n  a n d  u n i
f o r m i ty ,  e tc . ,  s e n t  u p o n  re q u e s t.

OVEN, ELECTRIC DRYING, with AutomaticlTempera- 
ture Regulation, A.H.T. Co. Specification. Inside dimen
sions 16 in. wide X 10 in. deep X 11 in. high. For opera
tion up to 150° C.

Walls of heavy, hard asbestos sheet, with Monel metal 
frame, and cast metal legs and support. Two shelves are 
provided, with four shelf supports, each 2 in. apart. Ven
tilating holes are provided under the heaters in the bottom, 
also in the top, the latter with rotating shutters. Heating 
units are wound for 1000 watts.

Temperature regulation is by means of a special control 
mechanism, conveniently located at the upper right-hand 
side. It is operated by means of a knurled-edge wheel 
with arrows indicating direction of motion required for rais
ing or lowering temperature.

In operation, temperature constancy and uniformity, 
while subject to variation due to conditions of load and 
environment, will be found satisfactory for all ordinary 
laboratory procedures.

Electric Drying O ven, w ith autom atic tem perature regu la
tion , as above described, w ith  tw o  shelves, therm om eter, 
cord and plug.
For 110 vo lts , a .c ................................................................  50.00
C ode W ord ............................................................................  Losdn
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Determination of Glycol or Glycerol
In Dilute Solutions Containing Oxidizable Impurities

W IL L IA M  E . S IIA E F E R  

I lc r c u lc s  P o w d e r  C o m p a n y , E x p e r im e n t  S ta t io n ,  W ilm in g t o n , D e l.

GLYCEROL and glycol are so similar in their chemical 
behavior that, generally, a chemical method suitable 

for the determination of one is also applicable to the deter
mination of the other. Regardless of the type of substance 
being analyzed for glycerol, the two commonly used methods 
for its quantitative determination are the dichromate oxida
tion method and the acetin method, wherein the acetate is 
formed and saponified. Before the dichromate method can 
be applied to a sample, all oxidizable impurities and all chlo
rides must be removed. This is more difficult and time- 
consuming than is desirable. The acetin method, according 
to  some writers {3 ,5), cannot be applied to a glycerol solu
tion less concentrated than 40 or 50 per cent.

The problem at hand was to analyze dilute (1 to 5 per cent) 
aqueous glycol solutions that also contained oxidizable im
purities. Since the direct and simple pyridine acetic an
hydride method (1 ,2 ,4 , 6) possesses manifest advantages, the 
writer wished to employ it if possible in solving this problem. 
Evidently such a method cannot be applied directly to the 
analysis of a 5 per cent glycol solution because the water in a 
2 -cc. sample, containing 100  mg. of glycol, would require 
10.8 grams of acetic anhydride. There seemed to be no hope 
of removing a sufficiently large proportion of the water by 
distillation of an aqueous glycol solution through a column, 
without a serious loss of glycol, so that the pyridine-acetic 
anhydride method could be applied to the residue. However, 
it proved possible to remove the water completely by dis
tillation when a suitable liquid was added to form an azeo- 
tropic mixture.

E xperim ental W ork

Several preliminary experiments were made in an effort to 
remove practically all the water from a dilute glycol solu
tion by distillation after the addition of xylene to form a 
constant-boiling mixture with water. In further experiments, 
pyridine was employed to form a one-phase solution for the 
acétylation. Since results were encouraging, the work was 
continued and the procedure described below was developed.

Before working out the details, two determinations of glyc
erol and a number of determinations of glycol were made by 
the direct pyridine-acetic anhydride acétylation method. 
The specific gravity of the glycerol used in this work indicated 
that it was 98.6 per cent pure. In two preliminary experi
ments, acétylation was found to proceed to the extent of 97.8 
per cent in 30 minutes and to the extent of 96.6 per cent in

2 hours. The latter value, although surprising because it 
was lower than the former, was not confirmed because the 
author was interested primarily in the determination of gly
col. The glycol used in these and subsequent experiments 
had a specific gravity of 1.1172 at 15.6°/15.6° C., which cor
responds to a purity of 99.5 per cent.

The results of acétylation experiments on weighed samples 
of this glycol are shown in Table I.

On the basis of these results it was concluded that in the 
acétylation of glycol for 15 minutes under these conditions 
the reaction proceeds only to the extent of about 97.9 per cent 
of the stoichiometric value.

Pyridine hydrate, CsHsN-SILO, has a constant boiling 
point of 94.4 0 C. In a number of experiments a 50-cc. sample 
of dilute glycol solution was distilled slowly through a 3- 
bulb Snyder column until its volume was reduced to about

T a b l e  I.

1 hour 
% 

9 7 .0  
9 7 .7

E x t e n t  o p  A c é t y l a t i o n  o p  G l y c o l  b y  P y i u d i n e -  
A c e t ic  A n h y d r i d e  R e a g e n t

Standing at 
R oom  Tem perature for 

1 IlOUI

A v.

15 min. 
%

9 7 .2
9 7 .7
9 8 .2  
9 7 .1
9 8 .7
9 8 .7  
9 7 .9

-R eflu x in g -
10 min. 

%
9 5 .9
9 4 .9  
9 6 .4

2 min. 
% 

9 3 .0  
8 3 .9

lour
%

7 0 .9

T a b l e  I I . P r e l i m i n a r y  A n a l y s e s  o f  S y n t h e t i c  G l y c o l
S o l u t i o n s

•eriment
N o. G lycol Present® G lycol Found

Grams Grama

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

10 2 .4 6 2 .4 2 , 2 .4 3
11 2 .4 6 2 .4 5 , 2 .4 5
12 0 .4 9 0 .4 9
13 0 .4 9 0 .4 9
14 0 .1 0 0 .1 0
15 0 .1 0 0 .0 9

a A liquot portions of a  solu tion  containing 5.92 grama of g lycol per 100 cc. 
were m easured w ith  p ipets.

449
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10 cc. Then it was treated with 50 cc. of pyridine and distilla
tion was continued until the temperature reached 99° C. 
It was assumed that a negligible amount of water was left 
in the sample after this distillation. If the residue contained 
more than 0.5 gram of glycol, it was diluted to 100 cc. with 
pyridine and an aliquot was analyzed. Some results for 
glycol obtained by this procedure, calculated on the assump
tion that the acetylation values were only 97.9 per cent of the 
theoretical ones, are shown in Table II.

In an effort to obtain results of higher accuracy, the dis
tillation of the pyridine-water solution was continued in some 
cases until the distillation temperature reached 110°. Better 
results were obtained, which indicated that the more complete 
removal of the water was beneficial and did not result in 
an increased loss of glycol. Results obtained by several 
different analysts following the improved procedure are given 
in Table III.

The analyses reported in Table IV  were made on portions 
of an aqueous glycerol solution which contained 4.88 grams 
of glycerol per 100  cc.

The average accuracy of the results obtained by this method 
was found to be about 1 per cent when applied to samples 
containing 0.5 gram or more of glycol. The average precision 
of the results shown in Table III, where added impurities 
had to be removed, is about 1.5 per cent; that shown in 
Table IV  is about 1.0 per cent.

P r o c e d u r e

Measure out a sample of 50 cc. or less which is thought to con
tain about 2.5 grams or less of glycol and remove any salt which 
can form a hydrate or an addition compound with glycol. Neu
tralize the treated sample with dilute acid or alkali, using phenol- 
phtlialein as the indicator. Transfer the sample to a pear- 
shaped acetylation flask and distill slowly through a 3-bulb 
Snyder column until the volume of liquid in the flask is reduced to 
about 10 cc.

Remove the thermometer and stopper at the top of the column 
and add 50 cc. of pyridine, dried over sodium hydroxide. Con
tinue the distillation slowly until the temperature rises to 110° C. 
Rinse the Snyder column with approximately 10 cc. of pyridine.

To the acetylation flask containing the residue, or to another 
acetylation flask containing an aliquot of the residue after dilu
tion to 100 cc. with pyridine, add from a Lowy automatic pipet, 
which need not be calibrated, 25 cc. of approximately 2.6 iV 
pyridine-acetic anhydride reagent, always measured at the same

T a b l e  III. A n a l y s e s  o f  S y n t h e t i c  G l y c o l  S o l u t i o n s

E xperim ent G lycol
A nalyst N o. Present Found

G ./lO O cc. G ./lO O cc.

1 1 2 .0 4  2 .0 3 ,2 .0 2
2 2 2 .0 4 °  2 .0 2 ,2 .0 4
2 3 2 .0 4 °  2 .0 5 ,2 .0 1
1 4 1 .746  1 .7 4 ,1 .7 2
2 5 1.74& 1 .7 6 ,1 .7 2
2 6 1 .746  1 .7 6 ,1 .7 4
3 7 2 .0 4 °  2 .0 4 ,2 .0 4
3 8 2 .0 4 °  2 .0 1 ,2 .0 6
2 9 1 .9 8 e 1 .9 4 ,2 .0 0
4 10 1 .5 4  1 .5 2 ,1 .5 3

a Solution  also contained 4%  of HCI. This was neutralized before dis
tillation  was begun.

& Solution  also contained HCI, eth y lene dichloride, and chlorohydrin. The 
HCI was neutralized before d istillation  was begun.

c Solution  also contained 4 °/q of CaCli and chlorohydrin. A calculated  
am ount of sodium  sulfate so lu tion  was added and precipitated  calcium  sul
fa te  was rem oved b y  filtration before d istillation  was begun.

T a b l e  IV. A n a l y s e s  o p  S y n t h e t i c  G l y c e r o l  S o l u t io n

E xperim ent
N o. Glycerol Present G lycerol Found

Grama Grama

1 2 .4 4  2 .4 5 ,2 .4 2
2 2 .4 4  2 .4 4 ,2 .4 2
3 2 .4 4  2 .4 5 ,2 .4 2
4 1 .71  1 .7 3 ,1 .7 3
5 1 .7 1  1 .7 1 ,1 .7 1
6 1 .2 2  1 .2 4 ,1 .2 1

chosen temperature. This reagent is prepared by treating 154 
cc. of acetic anhydride with 1 liter of dry pyridine. Acetylate 
the glycol by boiling the reaction mixture gently for 15 minutes. 
Heating for 1 hour does no harm. Treat the hot reaction mixture 
with 20 to 30 cc. water to convert the excess acetic anhydride to 
acetic acid and to rinse down the condenser, cool the flask 
somewhat to avoid loss of acetic acid, remove it from the con
denser, and further cool it with tap water. Titrate with ap
proximately N  sodium hydroxide solution, using phenolphthalein 
as the indicator. Certain precautions should be taken during 
this titration to avoid the danger of saponification of the glycol 
acetate or glycerol acetate. The solution should be shaken 
continuously while being titrated to prevent the accumulation of 
a local excess of alkali and care should be taken to avoid over
titrating it. Treat 25-cc. portions of acetic anhydride-pyridine 
reagent by the procedure just described to obtain blank values.

This method is believed to be applicable to the analysis of 
dilute solutions of glycol or glycerol in water or any solvent 
boiling below 110° C., unless the solution contains a higher 
boiling or nonvolatile impurity that can be acetylated.

C alcu la tion
(A — B) X normality of alkali X 0.03103 X 100 _  ~  . t . 

cc. of sample X density X 0.979 ~  K ■’ C°
where A  =  cc. of sodium hydroxide required for blank 

B  =  cc. of sodium hydroxide required for sample 
0.03103 =  gram of glycol equivalent to 1 cc. of N  alkali 
0.979 =  factor to represent the extent to which stoichio

metric results are approached in the reaction

If the glycol sample contains hydrochloric acid which is 
neutralized before the distillation is started, and if an aliquot 
of the residue is analyzed, the volum e of the sodium chloride 
formed on neutralization must be calculated and the result 
used in calculating the volum e of pyridine solution in the 
volumetric flask. The volume so calculated, divided by the 
size of the aliquot acetylated, is then applied as a factor to 
the expression used in calculating per cent of glycol. If a 
dilute glycerol solution is being analyzed, the factor for the 
glycerol equivalent to 1 cc. of N  alkali—viz., 0.03069—should 
be used in place of 0.03103.

S u m m ary

A method for the determination of glycol or glycerol in 
dilute solutions that may contain oxidizable impurities con
sists essentially in the removal of the water or other low- 
boiling solvent after the addition of pyridine, and subsequent 
acetylation of the residue. The method cannot be applied 
in the presence of high-boiling impurities that can be acety
lated. Since the acetylation reaction proceeds only to about 
98 per cent of the stoichiometric value, a constant correction 
must be applied in calculating the results. When applied to 
synthetic mixtures, the average accuracy and precision of the 
method are about 1 per cent.
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Determination o f Uncombined Lime in Portland 
Cement

The Ethylene Glycol Method

D . R . M a c P IIE R S O N  a n d  L . R . F O R B R IC II  

P o r t la n d  C e m e n t  A s s o c ia t io n ,  C h ic a g o , III.

THE determination of uncombined Jime, calcium oxide, in 
Portland cement has been the subject of much study dur

ing the past two decades. A t present, the glycerol-alcohol 
method (S) is generally used, but, because of the long time re
quired to conduct a single determination, attention during 
the last few years has been given to the development of more 
rapid methods. Among the newer methods is the ethylene 
glycol method (2 ,4 ), which has been studied in this laboratory 
in connection with pozzolana investigations. The most im
portant finding of these studies, described below, is that for 
determining uncombined calcium oxide in Portland cement a 
modification of the ethylene glycol method of Schlapfer and 
Bukowski (4), requiring about 40 minutes, can be substituted 
for the glycerol-alcohol method which requires from 1 to 7 
hours for completion.

The ethylene glycol method is based on the ability of cal
cium oxide and calcium hydroxide to react with ethylene gly
col to  form a soluble calcium glycolate which is titratable 
with standard hydrochloric acid. The reactions involved 
may be considered to be as follows:

CaO H20
or -f- GsJBTiOi — >- C&C2H4O2 -{- or

Ca(OH)2 Ethylene glycol Calcium glycolate 2H20
CaC2H ,0 2 +  2HC1 — CjHiOj +  CaCl2 

Calcium glycolate Ethylene glycol

According to the method described by Schlapfer and Bukow
ski, a sample of pulverized cement weighing 0.5 gram is placed 
in a flask with 50 ml. of ethylene glycol and a small amount of 
quartz sand to prevent the formation of lumps. The flask is 
closed by means of a rubber stopper and shaken for 30 minutes 
in a water thermostat at 65° to 70° C. The flask is removed 
from the thermostat, the solution filtered, preferably by suction, 
and the residue on the filter washed several times with small 
amounts of anhydrous denatured alcohol. The filtered solution 
is then titrated with 0.1  N  hydrochloric acid, using as indicator a 
mixture of 0.10 gram of phenolphthalein and 0.15 gram of a- 
naphtholphthalein dissolved in 100 ml. of anhydrous denatured 
alcohol.

Schlapfer and Bukowski stated that it is essential that the 
ethylene glycol be chemically pure and neutral to the above 
indicators. However, none of the ethylene glycol obtained 
by the authors was neutral, and when neutralized by addition 
of calcium oxide it failed to remain so, reversion being slow at 
room temperature; but, under the conditions of the test 
procedure, shaking at 65° to 70° C., this reversion was essen
tially eliminated. That acid impurities were present, or de
veloped during the shaking period, was shown by an experi
ment in which samples of calcium oxide were treated according 
to the method described above. T he results are shown in 
Table I.

Since all the calcium oxide was consumed, it was evident 
that in every case a part of it had been neutralized during the 
shaking period, presumably by acidic impurities, thus giving 
low values for titratable calcium oxide.

M anifestly, with the reagent acting in this manner the 
method could not be used. However, it appeared that if this 
were merely a matter of neutralizing impurities, a suitable pre- 
treatment of the ethylene glycol should eliminate the trouble.

T a b l e  I . E f f e c t  o f  A c id ic  I m p u r i t i e s

CaO N eutralized  by  
Acidic Im purities in  50

CaO Present CaO Found M l. of E th ylen e Glycol
M g. M o. % M g.
6 7 .0 5 6 .3 84 10 .7
5 4 .9 4 5 .0 82 9 .9
3 0 .6 2 3 .4 77 7 .2
19 .7 13.4 68 6 .3
6 .5 3 .8 58 2 .7

T a b l e  I I .  E f f e c t  o f  P r e t r e a t m e n t

CaO Present“ CaO Found
M o. M g. %
19.9 1 9 .9 100
2 4 .9 2 4 .8 100
2 9 .9 2 9 .2 98
3 7 .1 3 6 .4 98
4 1 .3 4 0 .3 98
4 1 .4 4 1 .4 100
5 0 .5 4 9 .6 98
5 1 .3 5 0 .6 99
5 3 .4 5 2 .9 99
5 5 .7 5 4 .7 98
6 3 .4 6 1 .4 97

* In addition to th at added during preneutralization of th e eth ylene glycol.

Accordingly, a small quantity of calcium oxide, about 0.3 gram 
per liter, was shaken with the ethylene glycol for 1 hour at 65° 
to 70° C. This neutralized the reagent effectively without 
seriously impairing its ability to take up calcium oxide, since 
it is capable of dissolving a total of about 2 .0  grams per liter 
under the test conditions described.

With the ethylene glycol so treated, the test method be
came one of measuring the increase in titratable calcium ox
ide, rather than measuring the total titratable calcium oxide. 
The results obtained under these conditions are shown in 
Table II.

A p p lication  to  C linkers and  Dry C em en ts
With the method thus modified, its applicability to  Port

land cements was studied. In Table III are shown the un
combined calcium oxide contents of a number of cements, 
clinkers, and the major compounds of Portland cement, as 
determined by the ethylene glycol and the glycerol-alcohol 
methods. The average difference between the results of the 
two methods was less than 0 .2  per cent and the maximum dif
ference not greater than 0.4 per cent. Furthermore, the re
sults by the ethylene glycol method were fully as reproducible 
as those by the glycerol-alcohol method. I t  appears, there
fore, that the modified ethylene glycol method is satisfactory 
when applied to clinkers and dry cements.

The chemical data for the cements and clinkers are given in 
Table IV. It is of interest that for clinkers and cements con
taining less than about 1.5 per cen to f uncombined calcium ox
ide, the ethylene glycol method generally gave higher values 
than the glycerol-alcohol method; and for samples contain
ing more than 1.5 per cent calcium oxide, the converse was 
true. The results of studies by Bessey ( / )  show the same 
tendency. The lack of agreement might be due to faults in 
either or both methods.
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T a b l e  III.

M aterial

Clinker

C em ent

C o m p a r is o n  o p  t h e  G l y c e r o l - A l c o h o l  a n d  
E t h y l e n e  G l y c o l  M e t h o d s

Tricalcium  silicate  
D icalcium  silicate  
Tricalcium  

alum ínate  
Tetracalcium  

alum i noferrite 
C aS04-2H ,0

* M odified as described in  the text.

TJncombined D eviationC alcium  Oxide® from
G lycerol- E th y len e Glycerol-

R eference alcohol glycol Alcohol
N um ber m ethod method** M ethod

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

10 1 .0 1 .3 + 0 . 3
11 1 .1 1 .0 - 0 . 1
12 1 .2 1 .3 + 0 .1
13 1 .5 1 .6 + 0 . 1
14 1 .8 1 .6 - 0 . 2
15 1 .9 1 .9 0
16 2 .0 1 .6 - 0 . 4
17 2 .0 1 .8 - 0 . 2
18 2 .3 1 .9 - 0 . 4
19 2 .4 2 .3 - 0 . 1
20 2 .8 2 .5 - 0 . 3
21 3 .3 3 .2 - 0 . 1

A v. difference 0 .1 6
1 0 .7 0 .7 0
2 0 0 0

3 0 0 .1 + 0 .1

4 0 Trace 0
5 0 0 0

average of tw o determ inations in  good agreem ent.

high results for cements cured only 3 days. Moreover, both 
tricalcium alumínate and the calcium sulfoaluminate which 
was formed in the mixture of tricalcium alumínate and gyp
sum (5th line) appeared to be decomposed, especially the lat
ter. This confirms results obtained by Schlapfer and Esen- 
wein (5).

The low results obtained with cements cured 2.5 to 3.5 
years are believed to be the result of incomplete solution of the 
calcium hydroxide which, during the long curing period, 
formed crystals of such size that they were not readily soluble. 
This has been partly confirmed by determining the solubility 
of crystalline calcium hydroxide in glycerol-alcohol following 
the procedure of the glycerol-alcohol method, and in ethyl
ene glycol. The calcium hydroxide was dissolved almost 
quantitatively by the glycerol-alcohol, but only 68  per cent 
was dissolved by the ethylene glycol.

T a b l e  V. R e s u l t s  w i t h  H y d r a t e d  C e m e n t s

Hydrated
Material*1

A p p lication  to  H ydrated  C em en ts

In the study of the ethylene glycol method applied to hy
drated Portland cement, the glycerol-alcohol method was 
again used as the reference method because it was found by 
Work and Lasseter (6) and by the authors to be satisfactory  
for set cements. The results obtained for several hydrated 
cements and the pure compounds are shown in Table V.

The ethylene glycol method did not appear to be satisfac
tory when applied to hydrated cements. It gave low results 
for cements and tricalcium silicate cured 2.5 to 3.5 years and

U ncom bined D eviationCa(OH)j6 from Length of
Glycerol-

alcohol
E th y len e Glycerol- Curing

Ref. glycol A lcohol Period a t
No. m ethod m ethod M ethod 7 0 -7 5 °  F.

% % % Years
1 3 0 .1 6 .3 - 2 3 . 8 2 .5
2 0 .3 0 .4 +  0 .1 2 .5
3 0 0 .7 +  0 .7 2 .5
4 0 0 .3 +  0 .3 2 .5

0 5 .2 +  5 .2 2 .5

6 9 9 .1 6 8 .4 - 3 0 .7
36 2 3 .7 1 2 .2 - 1 1 . 5 3 .5
37 2 1 .0 9 .1 - 1 1 . 9 3 .5

D ays
38 2 3 .7 2 5 .1 +  1 .4 3

38 1 7 .8 1 8 .9 +  1 .1 3

38 1 5 .2 1 7 .3 +  2 .1 3

T a b l e  IV. C h e m i c a l  D a t a  o n  C l i n k e r s  a n d  C e m e n t s  U s e d

R ef. ----Clíem ical A nalyses-------- P otentia l C om pound Composition®
N o. SiOj FeiOa AIjOj CaO SO* Loss C jS CiS CjA C iA F MgO CaSO ł Rem arks

% % % % % % % % % % % %
Clinkers

1 2 3 .7 6 2 .0 7 6 .0 8 6 4 .2 8 0 .0 7 0 .1 7 45 34 12 6 3 .0 5 0 Lab. prepared b
2 2 2 .0 3 2 .0 2 7 .0 1 6 5 .4 9 0 .1 8 0 .2 8 49 26 15 6 2 .5 4 0 C om m ercial
3 2 3 .5 0 3 .9 2 5 .3 0 6 3 .3 9 0 .0 9 0 .1 3 45 34 6 12 3 .1 0 0 Lab. prepared b

C em ents
1 2 2 .5 6 3 .1 4 4 .0 3 6 1 .8 2 1 .8 2 0 .7 7 42 33 5 10 5 .2 4 3 .1 C om m ercial
2 2 3 .2 6 1 .5 3 5 .1 9 6 5 .6 7 1 .5 4 1 .3 7 48 31 11 5 1 .2 2 2 .6 C om m ercial
3 2 2 .7 6 4 .4 0 3 .6 1 6 3 .6 8 1 .2 6 1 .4 4 1 .9 8 Special cem ent
4 2 0 .7 1 3 .5 9 7 .0 0 6 4 .9 5 1 .8 7 0 .7 1 52 20 13 i i 0 .9 8 3 .2 Com m ercial
5 2 2 .7 2 1 .7 0 5 .3 6 6 6 .5 2 1 .5 1 1 .1 3 53 26 11 5 0 .6 8 2 .6 Com m ercial
6 2 0 .3 6 2 .4 8 7 .4 4 6 2 .7 1 1 .8 4 1 .0 4 39 29 16 8 3 .2 1 3 .1 C om m ercial
7 2 1 .4 8 3 .2 0 6 .6 1 6 2 .8 5 1 .87 1 .0 5 35 35 12 10 2 .2 6 3 .2 C om m ercial
8 2 2 .9 2 1 .8 5 5 .0 5 6 3 .6 4 1 .72 3 .0 0 40 30 10 6 1 .1 5 2 .9 Com m ercial
9 2 0 .5 0 3 .3 5 5 .0 7 6 4 .4 9 1 .8 4 2 .1 3 53 19 10 10 1 .11 3 .1 Com m ercial

10 2 3 .7 2 2 .7 8 5 .3 5 4 4 .4 3 1 .6 6 1 .9 5 1 9 .0 3 N atural cem ent
11 2 0 .8 4 2 .1 3 4 .7 5 6 3 .0 6 1 .6 7 2 .2 5 54 Í9 9 7 4 .5 8 2 .8 C om m ercial
12 2 0 .1 0 4 .4 6 6 .4 8 6 4 .5 5 1 .6 0 0 .8 1 50 20 10 14 1 .2 0 2 .7 Com m ercial
13 2 0 .4 6 3 .3 0 6 .6 8 6 4 .3 7 1 .8 0 1 .6 9 46 25 12 10 1 .11 3 .1 C om m ercial
14 2 0 .1 7 3 .1 0 6 .6 6 6 3 .9 0 1 .61 2 .3 5 46 24 12 9 1 .4 5 2 .7 Com m ercial
15 19 .9 4 2 .9 0 6 .0 6 6 4 .0 9 1 .89 1 .7 0 59 19 11 9 2 .7 0 3 .2 Com m ercial
16 2 1 .3 4 4 .1 3 5 .5 1 6 3 .2 7 2 .2 6 1 .47 38 33 8 13 1 .34 3 .8 Com m ercial
17 2 1 .2 4 3 .2 8 6 . IS 6 4 .2 7 1 .92 1 .27 39 32 11 10 1 .49 3 .3 C om m ercial
18 2 0 .3 0 2 .1 0 5 .7 2 6 3 .4 7 1 .8 5 2 .4 4 48 22 12 6 3 .7 6 3 .2 C om m ercial
19 2 0 .2 2 2 .5 S 5 .2 4 6 3 .8 4 1 .7 2 1 .1 5 52 13 10 8 4 .1 2 2 .9 Com m ercial
20 2 0 .0 0 3 .7 3 6 .0 5 6 4 .8 4 1 .57 1 .92 50 20 10 11 0 .9 S 2 .7 Com m ercial
21 18 .5 8 2 .9 3 7 .0 7 6 6 .2 3 1 .6 7 1 .6 8 54 13 14 9 1 .2 6 2 .8 Com m ercial

® A bbreviations used: tricalcium  silica te, CjS; d icalcium  silica te, CjS; tricalcium  alum ínate, CjA;
tetracalcium  alum inoferrite, C«AF.

£> T h e laboratory-prepared clinkers were obtained  from  th e Portland C em ent A ssociation  Fellow ship  
a t the N ational Bureau of Standards, W ashington, D . C.

C3S 
C jS 
C,A  
C«AF
81%  Ci A +  19%

C aS04-2H ,0  
C a(O H )t 

(crystalline)
C em ent 
C em ent

C em ent 
C em ent +  3%

SiO* aq.
C em ent +  10%

SiOi aq.
® A ll hydrated m aterials dried a t 150° C. for 2 hours in carbon d iox id e-  

free air except the hydrated m ixture of CjA and CaSO<-2HiO w hich was air- 
dried at room tem perature.

b Each value is the average of tw o determ inations in  good agreem ent.

The high results for cements cured 3 days m ay be accounted 
for by assuming that the calcium hydroxide when first formed 
is amorphous, or very finely crystalline, and hence readily solu

ble; and then by assuming further 
= = = = = =  that the additional calcium hydrox

ide came from the decomposition of 
th e  h y d r a te d  a lu m in a  compounds. 
T h is  p a r t ly  confirms the findings of 
Bessey (1).

G eneral C om m en ts

The use of technical ethylene glycol 
which contains not more than 0.5 per 
cent of water was found satisfactory. 
The cost of the technical grade is ap
proximately one-fifth that of the chemi
cally pure variety.

Since ethylene glycol has a tendency 
to decompose in sunlight, it m ust be 
stored in dark-brown bottles and fre
quent blank determinations should be 
made on the pretreated ethylene glycol 
to determine its alkalinity.

A tendency toward lower results was 
noticed when the shaking period was 
extended beyond 30 minutes; however, 
the results, in m ost cases, were not 
greatly affected up to about 1 hour. 

Because carbonation during filtration
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may cause relatively large errors, it is recommended that 
the filtering process be carried out as rapidly as possible to 
minimize this effect. The use of a Gooch crucible with a 
very thin asbestos m at is satisfactory.

The size of sample of calcium oxide used for standardizing 
the acid should not greatly exceed 60 mg. when 50 ml. of 
ethylene glycol containing about 0.3 gram of calcium oxide 
per liter are used. This limitation is necessary to assure 
quantitative conversion of the calcium oxide into calcium gly- 
colate during the 30-minute shaking period.

The water thermostat and shaking apparatus proposed by

Schlapfer and Bukowski were replaced by the apparatus 
shown in Figure 1 .

Su m m ary  and C onclusions
The applicability of the ethylene glycol method of Schlâp- 

fer and Bukowski to the determination of uncombined cal
cium oxide or hydroxide in Portland cements, clinkers, and 
hydrated cements was studied.

When modified, the ethylene glycol method, which requires 
only 40 minutes for a complete determination, is satisfactory 
for determining uncombined calcium oxide in clinker and 
Portland cement, and may be substituted for the glycerol- 
alcohol method which requires from 1 to  7 hours for com
pletion.

The ethylene glycol method cannot be recommended for 
determining uncombined calcium hydroxide in hydrated 
Portland cement because, in the older samples, it is not com
pletely dissolved, presumably on account of its coarsely crys
talline state, and because hydrates of the alumina compounds 
decompose in the presence of ethylene glycol.
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and clinkers used in this investigation.
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Intensity and Stability of Ferric Thiocyanate Color
Developed in 2-Metlioxyethanol

H . W . W IN S O R , A g r ic u ltu r a l E x p e r im e n t S ta t io n ,  U n iv e r s ity  o f  F lo r id a , G a in e s v il le , F la .

OF  T H E  reagents used in colorimetry, thiocyanate for 
iron is one of the best, but the method has never been 

completely satisfactory because of the rapid fading of the 
color when developed in water solution.

Previous to 1900 several workers in Europe found that 
ether, amyl alcohol, and acetone when used in conjunction 
with the method, inhibited dissociation of the ferric thio
cyanate and helped to preserve the color. The use of acetone 
for that purpose was introduced in this country by Marriott 
and Wolf (4) in 1906. Miller, Forbes, and Smythe (5) re
ported its successful use in 1929. Fowweather (#) employed 
an acetone-water mixture in which the vapor pressure was 
lowered by using 50 per cent water in the final volume; but 
Wong (10) avoided the use of acetone because of its very rapid 
evaporation.

As an alternative, the extraction of ferric thiocyanate by a 
solvent immiscible with water is, at best, an undesirable 
technic; and the work of Tarugi (6) indicates that such ex
traction is not strictly quantitative.

Acetone is definitely superior to water as a medium for this 
determination, yet offers serious disadvantages to practical 
use. Its rate of evaporation is so great as to be a disturbing 
factor in precise analysis, and with thiocyanate it slowly 
forms a fiocculent white precipitate which must be filtered 
out. Moreover, the hypothetical ideal does not obtain, be
cause acetone, a much weaker solvent for inorganic salts, 
cannot be completely substituted for water. Miller, Forbes, 
and Smythe used the highest practicable ratio of acetone to 
water—about 78 per cent of acetone by weight. Yet, be
cause of the high dielectric value of water, the 22  per cent



present in the mixture is enough to lessen in marked degree 
the effect of acetone in preventing dissociation of the ferric 
thiocyanate color developed.

Thompson and Nernst, working independently, first sug
gested (1893) that the ionizing power of solvents is in some 
way connected with their dielectric nature. Walden began 
his prolific investigations in this field in 1906, and after years 
of research confirmed his original findings with the report
(7) that the greater the dielectric constant of a medium the 
greater the electrolytic dissociation of dissolved substances. 
Later research indicates that dissociation in some solvents is 
influenced by factors other than dielectric constant, but that 
solvents of the type here considered conform closely to W al
den’s original premise. Thus the dielectric constant of the 
solvent has been accepted for this study as a satisfactory 
criterion for the dissociation of the solute.

T a b l e  I. D i e l e c t r i c  C o n s t a n t s

D ielectric
M aterial Form ula C onstant Solub ility

G./lOO ml. H\0
A. W ater and M onohydric A lcohols
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W ater HOH 8 0 .0
M ethanol CHjOH 3 3 .7 m
E th anol CjH jOH 2 5 .7 CO
1-Propanol CiHtOH 2 1 .8 0*
1-Butanol C«H»OH 1 7 .8 7 .9
1-Pentanol C*HnOH 1 5 .8  

B . R epresentative Ethers
2 .7

E th oxyeth ane C jH i— O— C iH i 4 .3 7 .4
1-E thoxypentane CsHn— O— C j H i 4 .0 Slight
3-M eth oxytolu en e CHjCeH«— O— C H j 3 .6 Insoluble
a-E th oxyto lu en e C tH t— O— CHtCeHii 3 .8 Insoluble
Pentyloxypentan e C iH n — O— C»H u 3 .1 Insoluble
E thoxynaphthalene C ioI I t— O— C jH . 3 .2 Insoluble
1,4-D ioxane H iC — O— C H j 2 .2  

H , t — O— ¿ H i  

C. S ubstitu tions in  the M olecule
1-Pentanol C .H u — OH 1 5 .8 Slight
1-E thoxypentane C jH n— O— CiH» 4 .0 S ligh t
Pentane C ,H „ - H 1 .8 Insoluble
1,2-Ethanediol C H i— OH  

¿H *— OH

3 8 .7 a»

2-M ethoxyethanol C H ,— OH  

¿ H i— O— CHj

1 2 .0 a CO

° Prelim inary value, courtesy of W . H . B yers, D epartm ent of P h ysics, 
U niversity  of Florida.

Water has the highest dielectric constant of all the common 
solvents. W ith the value of 80, it is but natural that it 
should allow rapid loss of color of ferric thiocyanate through 
dissociation. Acetone has a much lower dielectric constant 
than water, but when water is mixed with it, its value of 20  
rises rapidly w ith each addition of the higher dielectric sol
vent. In a report on the dielectric constants of binary mix
tures, Akerlof ( / )  gives 19.56 as the value for pure acetone; 
but shows that when water is added to the extent of 2 0  per 
cent by weight, the dielectric constant is raised to 30.33. 
Because of its higher amount of water, the 78 to 22 per 
cent reagent mixture previously discussed would have a 
still higher dielectric constant. It is obvious that its value 
of about 31.57 is so high as to  permit appreciable dissociation.

I t  has been the purpose of this study to find, if possible, a 
solvent having the usual properties requisite for developing 
and comparing the ferric thiocyanate color, and, in addition, 
a dielectric constant sufficiently low to prevent loss of that 
color through dissociation.

Table I gives the dielectric constants (3) of a number of 
solvents, covering the range from 80 for water to 1.8  for 
pentane. Solubilities have been emphasized throughout, 
because it is necessary that the solvent be completely miscible 
with the sample solution and have sufficient power of solu
bility to prevent precipitation of inorganic salts.

Part A shows that the alcohols are not suitable for the pur
pose desired, as they become immiscible w ith water before

they have reached a sufficiently low dielectric value. Part B 
is given to show the extremely low values of the ethers. I t  is 
evident from the table that in the straight-chain hydrocarbons 
the hydroxy group gives characteristically high values, while 
the various alkoxy groups give consistently low values. The 
alcohols, carboxy acids, etc., whose dielectrics drop rapidly 
in the higher homologs, are sharply contrasted by the ethers 
which show practically no lowering of the dielectric constant 
with increasing molecular weight. This is evidently because 
oxygen in the oxy form is such a strong influence in lowering 
the dielectric constant that it gives the predominating effect.

The values resulting from the attachm ent of various radi
cals are further studied in part C. To the base CsHu are 
attached in turn hydroxy and ethoxy groups and hydrogen. 
The striking reduction of the dielectric constant from 15.8 
to  1 .8  gives further evidence of the great influence of a simple 
radical or single atom in controlling the dielectric constant of 
the molecule.

Pentane with its value of 1.8 is representative of the whole 
series of saturated straight-chain hydrocarbons—all having 
a dielectric constant of about 2 .0 , but all being insoluble in  
water. Corresponding cyclic compounds such as benzene 
and naphthalene exhibit similarly low dielectric constants 
(about 2.5) and are likewise unsuited for the purpose, being 
immiscible with water.

From these considerations it is seen that almost every 
solvent having a very low dielectric constant is insoluble in 
water. Dioxane is one of the few exceptions. For a time it 
was thought this solvent would be ideal, until it  was found 
that it  would not dissolve ammonium thiocyanate. Pro- 
pianoic acid was also deficient in this respect; tertiary butanol 
dissolved ammonium thiocyanate very slowly, did not give 
a clear solution, and was not sufficiently miscible w ith the 
sample solution. Ethanoic acid also dissolved ammonium  
thiocyanate very slowly, and with the iron solution gave a 
color which was purple-red and unstable. The dielectric 
constants of the above solvents are 2.2, 3.1, 3.8, and 6.4, 
respectively. Every solvent of extremely low dielectric 
constant showed some of these faults: (1) failure to dis
solve ammonium thiocyanate, (2 ) formation of a yellow color 
with ammonium thiocyanate, (3) incomplete miscibility with 
the sample solution (plant ash in 2.5 N  hydrochloric acid), 
(4) precipitation of calcium and similar salts from sample 
solution, and (5) incomplete development of color.

In respect to  (5), the color developed was not the normal 
deep red of ferric thiocyanate, but was pale and contained 
more purple than red. It is suggested tentatively that this 
inhibition may have been because the dielectric constant was 
too low— i. e., in a medium of this low value, the tendency 
may be not merely to prevent dissociation but to effect a 
condition of molecular association (3) in which there can be 
only partial development of color (8 ).

In contrast to the above, 2-methoxyethanol has proved 
satisfactory in every respect. I t  has these desirable prop
erties: miscible w ith water in all proportions, completely 
colorless, boiling point =  124.3° C., density =  specific gravity
0.966, dissolves ammonium thiocyanate readily, easily ob
tained in pure state, dielectric constant =  12 .0 , and has no 
disagreeable odor.

The structural formula is shown at the conclusion of Table
1, with that of 1,2-ethanediol. The latter is completely 
miscible with water, but it has a high dielectric constant. 
The 2 -methoxyethanol, however, has retained with the one 
hydroxy group an excellent power of solubility; and, with 
the substitution of a m ethoxy for the other hydroxy group, 
has dropped the dielectric constant from 38.7 to 12.0. This 
lower value has proved very desirable in the colorimetric 
procedure.

2-M ethoxyethanol contains a small amount of iron as re
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ceived, but can be easily rendered iron-free by one distillation 
through glass. Being very stable it can be stored indefinitely. 
It is manufactured by the Carbide and Carbon Chemicals 
Corporation and sold under the trade name “Methyl Cello- 
solve.” The price is considerably below that of the c. p. 
acetone, heretofore used in routine analysis.

E x p e r im e n ta l

The reagent solution is made by dissolving 10 grams of 
ammonium thiocyanate in sufficient 2-methoxyethanol to 
make 250 ml. The solution should be stored in the dark at 
once and left for 24 hours before using. That length of time 
is necessary to allow decolorization of the initial pink color 
formed by the iron present in even the best grade of thio
cyanate. The persistence of color from such a small amount 
of iron is excellent confirmation of the nondissociative nature 
of the solvent; in water the dissociation is instantaneous, no 
pink color being visible at any time.

The reagent thus prepared has only one disadvantage: 
It is subject to photochemical change, with the formation 
of a yellow color. This effect can be completely prevented 
by keeping the reagent away from light except when in use. 
It is also advisable to  keep both the solvent and the reagent 
solution from contact with filter paper, cork, and rubber to 
prevent contamination with iron and organic materials. 
If the ammonium thiocyanate is sufficiently clean there will 
be no need to filter.

In developing the ferric thiocyanate color 4 volumes of 
reagent are used to 1 of iron solution. For routine analysis 
the author has followed this plan:

Pipct 2 ml. of unknown solution into a 10-ml. volumetric 
flask, add 2 drops of 0.1  N  potassium permanganate, and when 
decolorized run in the reagent to volume. Develop the standard 
in the same way and make the color comparison in a Bausch & 
Lomb biological (semimicro) colorimeter using a 25-watt frosted 
bulb in a Bausch & Lomb dome-shaped illuminator. Have the 
mirror at angle of maximum reflection. Standard and un
known iron solutions should contain sufficient hydrochloric acid 
to give a normality of 2.5. The most suitable concentration for 
the iron standard is 0.02  mg. of iron per ml.

Under the above conditions, several tests were made to 
determine the relative intensities of color developed with 
ammonium thiocyanate in the three media under discus
sion: water, water-acetone mixture, and 2 -methoxyethanol. 
Using the water solution as the standard, and reading im
mediately, the 2 -methoxyethanol gave a comparative in

tensity of mm. With the acetone-water mixture as the 
l U . o

standard, the average reading was mm. Thus the in

tensity of color developed in 2-methoxyethanol is 85.2 per 
cent deeper than in water and 27.4 per cent deeper than in 
the acetone-water mixture.

In order to test the optical clarity of the 2 -methoxyetha- 
nol-ammonium thiocyanate solution, the following compari
son was made: In one flask a standard solution was used 
which contained 0 .0 2  mg. of iron, and in theother flaskan equal 
volume of standard containing 0.04 mg. of iron. Both flasks 
were developed with the 2 -methoxyethanol reagent under 
identical conditions. At different depths the readings were

P  T7° Sfand S3 thus indicatins excellent con-
formity to Beer’s law.

The boiling point of 2 -methoxyethanol is so high that there 
is no loss in volume during the process of analysis. The 
developed solution will stand in an open test tube for weeks 
without pronounced loss of color or of volume. The evapora
tion loss from solutions developed by the organic solvent 
reagents was calculated from decrease in depth of column in

open test tubes at average room temperature of 27° C. The 
values at the end of 24 and 47 hours both showed the evapora
tion in 2-methoxyethanol to be 9G per cent less than in ace
tone. The acetone reagent (5) used in all the above tests 
was made by dissolving 10 grams of ammonium thiocyanate 
in 45 ml. of water and 200 ml. of acetone.

S um m ary
2-Methoxyethanol is a superior medium in which to de

velop and compare the ferric thiocyanate color. It gives a 
color 85 per cent more intense than that developed in water. 
Compared with the most effective acetone-water mixture, 
it shows 27 per cent greater intensity of color and 96 per cent 
less evaporation.

It is colorless, almost odorless, and can be rendered iron- 
free by one distillation through glass. Because of its low 
price and slight evaporation it is very economical. With 
ammonium thiocyanate it makes a clear colorless reagent 
which conforms to Beer’s law, and, having a low dielectric 
constant, it effectively inhibits loss of color through dissocia
tion.

Since this new medium makes possible the development of a 
ferric thiocyanate color of unusual intensity and stability, 
it should prove especially effective for determination of the 
minute amounts of iron in biological materials.
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R e c e i v e d  A ugust 1 6 , 1 9 3 7 .

The Absolute Turbidity of Raw Sugars
F . W . Z E H B A N  a n d  L O U IS  S A T T L E R  

N ew  Y o rk  S u g a r  T r a d e  L a b o r a to r y , N e w  Y o r k , N . Y .

IT HAS previously been stated by the writers [Ind. En'g. 
C h e m . ,  Anal Ed., 6 , 178 (1934); 7, 157 (1935); 9, 229 

(1937)] that the correction factor/(t) of Sauer can be used to 
calculate the absolute turbidity of white sugars, but that it is 
not applicable to raw sugars high in turbidity. A  reexaminar 
tion of the writers’ data on raw sugars has shown that the 
correction factor must be based, not on the extinction co
efficient ( —log T  for 1 cm. thickness) of the turbid solution 
as has been done by Landt and W itte, but on that correspond
ing to the coloring matter alone. If this be done, the ab
solute turbidity of raw sugars is found to be directly pro
portional to the turbidity expressed in the system used by the 
writers. Details will be published later.

R e c e i v e d  Septem ber 16, 1937.



Vitamin A Content o f Cod Liver Oil
A Comparison o f Spectrophotometric and Chemical Methods

A R T H U R  D . H O L M E S , T h e  E . L . P a tc h  C o m p a n y , B o s to n , M a s s . ,  F R A N C IS  T R I P P  AND

G . H O W A R D  S A T T E R F IE L D , U n iv e r s ity  o f  N o r th  C a r o lin a , R a le ig h , N . C .

SOON after the discovery of vitamin A by McCollum  
and D avis (5) and by Osborne and Mendel (6) in 1913, 

investigators reported color tests for measuring the vitamin  
A potency of liver oils. In 1920 Rosenheim and Drummond
(8) found that a substance which gave reactions similar to 
those produced by the lipochromes, but not identical with  
any of the lipochromes, seemed to be responsible for the well- 
known color test with sulfuric acid that was extensively em
ployed by analysts for identifying cod liver oil. This sub
stance was reported to be a normal constituent not only of 
fresh cod liver oil, but of all liver fats. In 1922 Drummond 
and Watson (3) found that the substance present in liver 
oils which gave a purple coloration' with sulfuric acid was 
found in the following species: man, horse, ox, pig, cat, 
monkey, rabbit, guinea pig, chicken, duck, pigeon, rat, mouse, 
frog, shark, cod, haddock, ling, coalfish, dogfish, sprat, and 
skate.

Three years later Rosenheim and Drummond (7) reported 
that arsenic trichloride gives a brilliant ultramarine blue 
color reaction with cod liver oil, which like the sulfuric acid 
test is characteristic for vitamin A. Furthermore this color 
persists for a sufficient length of time to allow a colorimetric 
comparison with a suitable standard.

About the same time Carr and Price (2) developed an 
antimony trichloride color test which is used in many labora
tories for determining the vitamin A potency of liver fats and 
oils. Since the biological vitamin A assay method was adopted 
as the official method for determining vitam in A potency, 
the antimony trichloride color test has been subjected to 
severe criticism. Recently the spectrophotometer and the 
Hilger vitameter have been introduced, with a view to deter
mining the vitam in A value of fish liver oils with a minimum  
of time and expense. Nevertheless many English concerns 
still express the vitamin A potency of their cod liver oil in 
terms of Blue value.

Accordingly it seemed desirable to compare the Blue value 
as obtained by the British Pharmacopoeia (1) method with 
the E  value as determined with the Hilger vitameter. For 
this study a series of thirty-two medicinal cod liver oils was 
assembled. Since nearly one-half of these were purchased 
on the open market, it has been assumed that the oils are 
typical of commercial medicinal cod liver oil.

M eth od s

The method for preparing reagents and determining the 
Blue value as reported in the British Pharmacopoeia has 
seldom appeared in the American literature. Accordingly 
it is reproduced here.

A n t i m o n y  T r i c h l o r i d e  R e a g e n t . A  solution of antimony 
trichloride in pure dry chloroform saturated at 2 0 ° C.

Wash chloroform two or three times with its own volume of 
water, and dry it over anhydrous potassium carbonate. Pour off 
and distill, rejecting the first 10 cc. of distillate. Protect chloro
form from light at all times. Wash antimony trichloride with 
pure dry chloroform until washings are clear. Prepare a saturated 
solution at 20° C. of the above reagents. The solution contains 
not less than 21 grams and not more than 23 grams of antimony 
trichloride per 100 cc. Keep in a well-stoppered amber bottle.

A s s a y . Mix 1 cc. of antimony trichloride solution with a 
solution of sodium potassium tartrate in 20  cc. of water, rotate, 
add 2 grams of sodium bicarbonate, and titrate with 0.1 2V io

dine. Each cubic centimeter of 0.1 N  iodine equals 0.01141 gram 
of antimony trichloride.

T e s t . Weigh 2 grams of oil into a 10-cc. volumetric flask, fill 
to mark with chloroform at 2 0 ° C., and mix. Take 0 .2  cc. of this 
solution at 20° C. in a 1-cc. pipet (graduated part must be 15 
cm. long). Put it into a colorless glass cell of 10-mm. internal 
measurement. Place cell in colorimeter, add rapidly 2 cc. of 
antimony trichloride, and mix. Match color at the point of 
maximum intensity (using neutral glasses if necessary and dis
regard their value). The maximum color may develop in 10 
seconds. Keep antimony trichloride and oil out of contact with 
rubber.

The extinction coefficient (E value) of the oils under con
sideration wras determined by the method employed by the 
American Drug Manufacturers’ Association Vitamin Commit
tee (4) in its extensive study of the reliability of the vitameter 
for assaying the vitamin A potency of fish liver oils and fish 
liver oil concentrates.

In this study cyclohexane was used as a solvent for the 
cod liver oils in determining the E  values. The oil dilutions 
were adjusted to such a strength that the vitam eter readings 
were between 0 .6  and 0 .8  on the vitameter logarithmic scale.

C om parison  o f  R esu lts

The oils are arranged (Table I) according to the descending 
E  values obtained for them. In general, the E value and 
Blue value follow the same trend. Oils 1 and 2 which gave 
the highest E  values, 1.69 and 1.65, also gave the highest 
Blue values, 19.1 and 18.3, respectively. The E values and 
the Blue values for oils 29, 30, 31, and 32 were of the same 
order, and were the lowest values of all the samples under

T a b l e  I. C o m p a r is o n  o p  E V a l u e s  a n d  B l u e  V a l u e s  o p  C o d

Oil
N o. E  Value Blue

L i v e r  O il s

B lue V alue-------- *
R ed  Yellow

R atio, 
B lu e V alue  

E  Value

Free
F a tty
Acids

U nsaponi-
fiable

1

i i L
cm .

1 .6 9 1 9 .1 1 .0 2 .0 1 1 .3 0
%

0 .9 7
%

1 .0 0
2 1 .6 5 1 8 .3 0 .0 1 .5 11 .1 0 0 .7 3 1 .02
3 1 .62 1 5 .5 4 .0 0 .0 9 .5 7 0 .3 8 1 .1 6
4 1 .5 6 1 6 .0 0 .5 1 .0 10 .2 5 0 .7 0 1 .1 0
5 1 .5 4 1 6 .5 2 .5 2 .0 10 .71 0 .8 0 1 .12
6 1 .5 4 1 4 .5 4 .5 0 .0 9 .4 1 0 .9 5 1 .24
7 1 .52 1 6 .5 2 .0 1 .0 1 0 .8 5 0 .8 7 1 .07
8 1 .4 6 1 4 .5 2 .0 1 .5 9 .9 4 0 .8 6 1 .2 3
9 1 .46 1 3 .0 4 .0 0 .0 8 .9 0 0 .1 7 1 .22

10 1 .4 5 1 3 .0 2 .5 1 .0 8 .9 6 0 .1 0 1 .14
11 1 .43 1 5 .0 1 .5 0 .0 10 .49 0 .3 4 1 .1 2
12 1 .4 3 1 1 .6 9 .0 0 .0 8 .11 0 .6 7 1 .3 2
13 1 .3 8 1 2 .7 3 .0 0 .0 9 .2 0 0 .1 3 1 .2 0
14 1 .36 1 2 .0 2 .5 0 .0 8 .8 2 0 .1 4 1 .1 3
15 1 .3 4 1 4 .0 4 .5 0 .0 10 .4 5 0 .8 6 1 .2 4
16 1 .33 1 5 .0 0 .5 0 .0 11 .27 0 .2 3 1 .0 4
17 1 .29 1 2 .1 4 .0 0 .0 9 .3 8 0 .1 1 0 .9 0
18 1 .19 1 1 .6 3 .5 0 .0 9 .7 5 0 .5 4 1 .2 8
19 1 .1 8 12 .1 3 .0 0 .0 10 .2 5 0 .5 6 1 .2 4
20 1 .1 5 11 .1 4 .0 0 .0 9 .6 5 0 .1 1 1 .0 6
21 1 .1 4 1 0 .6 3 .0 0 .5 9 .3 0 0 .2 1 1 .1 7
22 1 .1 2 1 2 .5 2 .0 1 .0 11 .1 6 0 .3 2 0 .9 9
23 1 .07 1 1 .3 3 .0 1 .0 10 .56 0 .1 8 1 .17
24 0 .9 9 1 0 .6 1 .5 0 .0 10 .7 0 0 .3 2 1 .32
25 0 .9 9 1 1 .1 3 .0 1 .0 11.21 0 .1 9 1 .1 5
26 0 .9 7 9 .1 2 .5 0 .0 9 .3 8 0 .0 9 0 .9 2
27 0 .9 6 9 .1 2 .0 0 .0 9 .4 8 0 .7 3 1 .11
28 0 .8 3 9 .1 2 .5 0 .5 1 0 .9 6 0 .4 0 0 .8 0
29 0 .7 9 9 .1 2 .0 1 .0 11 .5 2 0 .4 1 1 .1 5
30 0 .7 8 8 .1 0 .5 0 .0 1 0 .3 8 0 .4 5 1 .04
31 0 .5 8 7 .6 1 .0 0 .0 1 3 .1 0 0 .2 4 1 .1 1
32 0 .5 0 3 .3 1 .0 0 .5 6 .6 0 1 ,20 0 .9 8

A v. 1 .23 1 2 .4 2 .7 1 .1 1 0 .0 8 0 .4 7 1 .1 2
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consideration. The E values for the thirty-two samples ranged 
from 0.50 to 1.C9, while the Blue value range was from 3.3 
to 19.1.

There was no consistent relationship between the E  value 
and the Blue value for the remaining twenty-six samples. 
Oil 16, w ith an E  value of 1.33, gave a Blue value of 15.0, 
while oils 6 , 8 , 9, 10, and 12 gave Blue values under 15.0 al
though their E  values were much higher than that for oil 16. 
Oil 12, with an E  value of 1.43, had a Blue value of 11.6, while 
oil 22, whose E  value was only 1.12, gave a Blue value of 12.5.

A  thorough examination of Table I  will also show similar 
discrepancies for several other samples. The Blue values 
for the last half of the group of oils under consideration— 
namely, oils 17 to 32, inclusive—did not exceed 12.5 and the 
E  value did not exceed 1.29; hence there was a tendency for 
oils with a low E  value to give low Blue values also.

The majority of the oils gave a Blue value :E value ratio 
between 9.0:1 and 11.0:1, although the ratio varied from 
6.60:1 for oil 32 to 13.10:1 for oil 31. The average for the 
ten samples whose Blue value: E  value ratio was between 
10.25:1 and 10.96:1 was 10.56:1, while ten other samples 
whose ratio was between 9.20:1 and 9.94:1, gave an average 
Blue value :E value ratio of 9.51:1. The average ratio for 
the thirty-two samples was 10.08:1.

It is difficult to explain the inconsistent’ trend of E values 
and Blue values for the first sixteen samples. In order to 
accumulate data which might explain the discrepancies, the 
free fatty acid and the unsaponifiable content were determined 
by the official United States Pharmacopoeia methods (5), 
and these results are also reported in Table I.

In general the oils with the highest E  values also had the 
highest free fatty  acid values. With the exception of oil 3, 
the fatty acid content for oils 1 to 8 , inclusive, exceeded 0.7 
per cent. These sevea samples also gave the highest E  values. 
However, oil 3, with a fatty acid content of only 0.38 per cent, 
gave a high E value of 1.62. Oil 32, whose fatty acid content, 
1 .20  per cent, was higher than that for any other oil in the 
series, gave the lowest E  value, 0.50, of all the samples under 
consideration. Twelve of the cod liver oils had a fatty acid 
content of less than 0.25 per cent and their E values varied 
from 0.58 to 1.46.

Observations were made to determine whether or not the 
fatty acid content of the cod liver oils had any tendency to 
cause a red tinge to the characteristic blue color resulting 
from the antimony trichloride reaction. As will be noted in 
Table I, it was necessary to place in the tintometer along with 
the blue glasses a red Lovibond glass having 4.0 Lovibond red 
units in order to match the color produced by oil 3 and the 
antimony trichloride solution. The fatty acid content of 
this oil was but 0.38 per cent. Oil 1, whose acid content, 
0 .9 7  per cent, was approximately three times as large, re
quired only 1.0 Lovibond red unit in the color match. On 
the other hand, oil 12, whose acid content, 0.67 per cent, was 
midway between that of oils 1 and 12, required 9.0 Lovibond 
red units to obtain a color match. Cod liver oils 17 and 20, 
whose fatty  acid content, 0.11  per cent, was extremely low, 
each required 4.0 Lovibond red units in the Blue value color 
match. Hence a further survey of the results reported in 
Table I shows that there is no relationship between the 
amount of free fatty acid in the oil and the amount of red 
color produced by the reaction of the oil and the antimony 
trichloride solution in the Blue value determination.

Attention was also given to the amount of yellow color 
which was produced during the antimony trichloride test of 
the oils under consideration. Cod liver oils 1, 2, and 5, whose 
free fatty  acid content was 0.97, 0.73, and 0.80 per cent, 
necessitated the use of yellow glasses having 2.0, 1.5, and 2.0 
Lovibond yellow units, respectively, in order to obtain a 
satisfactory Blue value determination. On the other hand,

cod liver oils 6 , 27, and 12 had practically the same fatty  
acid content as cod liver oils 1, 2, and 5, yet no Lovibond 
yellow glasses were required to obtain a satisfactory Blue 
value color match. It appears that there is no correlation 
between free fatty acid content and the amount of yellow  
color produced by the action of the antimony trichloride 
solution on the oil in the process of the Blue value determina
tion.

The amount of unsaponifiable material present in the 
thirty-two samples of cod liver oils varied from 0.80 per cent 
for oil 28 to 1.32 per cent for oils 12 and 24. There is ob
viously no relationship between the amount of unsaponifiable 
material contained in the oils and their vitamin A potency as 
determined by the antimony trichloride or vitameter methods. 
Cod liver oils 1 and 2 , which gave the highest E values of 
the entire group, contained only 1.00  and 1 .02  per cent of 
unsaponifiable material, respectively, while oils 29, 30, 31, 
whose E values were among the lowest of the entire group, 
contained more unsaponifiable material than oils 1 and 2 . 
Cod liver oils 12 and 24, whose E  values were 1.43 and 0.99, 
respectively, contained 1.32 percent of unsaponifiable mate
rial. Hence it is evident that there is no consistent relation
ship between the amount of unsaponifiable material present 
in the oils and their vitamin A potency.

S u m m ary

The vitamin A potency of thirty-two samples of cod liver 
oils was determined by the Hilger vitameter E  value and the 
antimony trichloride Blue value methods.

A comparison of the results obtained by the two methods 
indicated that in general they were of the same order. The 
oils that gave high E values also gave high Blue values, while 
those with the lowest E  values also gave the lowest Blue 
values.

The Blue value: E  value ratio was between 9 .0:1 and 11.0:1 
for the majority of the samples under consideration.

The fatty acid content of an oil has no direct relationship 
to the amount of red color or yellow color produced by the 
action of the antimony trichloride solution on the oil.

The results obtained for free fatty acid and unsaponifiable 
material showed that the amount of free fatty acid and un
saponifiable material present in an oil is not correlated with 
its E  value or Blue value; there is no consistent relationship 
between the vitamin A potency and the free fatty acid or un
saponifiable material present in cod liver oils.
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Estimation o f Total Reducible Sulfur in 
Caustic Soda

G U S T A V E  IIE IN  E M  A N N  A N D  H E N R Y  W . R A H N , S o u th e r n  A lk a li C o r p o r a t io n , C o r p u s  C h r is t i ,  T e x a s

A m eth o d  h as b een  developed for the  
estim a tio n  o f  sm a ll q u a n tit ie s  o f  reduced  
and red u cib le  su lfu r  com p ou n d s (other  
th a n  sid fa te) fou n d  in  ca u stic  soda. T he  
m eth o d  involves an  a lk a lin e  and  an  acid  
red u ction  o f  th e  su lfu r  com p ou n d s to  th e  
su lfide form  -with su b seq u en t ev o lu tio n  o f  
h ydrogen  su lfide and it s  t itr a tio n  iod o-  
m ctrica lly .

T h e  procedure is  app licab le  to  b o th  lim e -  
soda and e lec tro ly tic  ca u stic . A n accuracy  
o f  ± 3  per cen t is in d ica ted  in  th e  range  
0.0001 to  0.01 per cen t su lfu r .

COM MERCIAL caustic soda ordinarily contains small 
quantities of reduced and reducible sulfur compounds—  

namely, sodium sulfide and sodium thiosulfate— in addition 
to a relatively high concentration of sodium sulfate, which 
is usually classed as a reducible compound. B y the method 
outlined in this report, however, the sulfate is irreducible, 
and being so does not enter into the discussion. On the other 
hand, the polythionates which are normally reducible by the 
method do not exist in concentrated caustic soda. This is 
illustrated by the following reaction:

2Na,StO, +  6NaOH — >- 5Na2S20 3 +  3H20

which occurs during the process of evaporation, causing the 
gradual conversion of the polythionates to the thiosulfate ( /) .

The determination of the total quantity of sulfur (total 
reducible sulfur) contained in these reduced and reducible 
sulfur compounds in concentrated sodium hydroxide is not 
readily accomplished by any one of the usual analytical 
methods for small quantities of reducible sulfur. The colori
metric method of Yoe (8) involving the formation of methyl
ene blue by hydrogen sulfide serves to determine only the sul
fide sulfur, and unless the thiosulfate sulfur is reduced to the 
sulfide, it becomes indeterminable by the method. An added 
objection to this method, in connection with industrial ap
plications, is the time internal of several days required for 
the development of maximum color. Similarly, the stain 
methods of Snell (6 ) determine only the sulfide sulfur unless 
the thiosulfate form is reduced by some auxiliary treatment. 
Like most stain methods, they lose accuracy as the sulfur 
content increases and, in addition, considerable time is in
volved in the preparation of a fresh set of standards daily. 
Johnson’s (3) method for the determination of sulfur in iron 
and steel has the advantage of being applicable to higher 
sulfur concentrations than can conveniently be handled by 
the stain or colorimetric methods. This is true because of 
the fact that the sulfur is titrated iodometrically. However, 
in common with the previously mentioned methods, this 
method does not offer conditions for the complete reduction 
of the thiosulfate.

The direct iodometric titration of reducible sulfur com
pounds in caustic soda is not possible because hypoiodite and 
iodide are formed by the reaction between the caustic soda and

the iodine. This reaction would lead to an erroneously high 
result.

2NaOH +  I, =  NaOI +  N al +  H20

In the colorimetric stain method of Scherer and Sweet (5) 
for the determination of reducible sulfur compounds in paper, 
specific provision is made for the reduction of these com
pounds with nascent hydrogen. However, this method of 
reduction proved inadequate when applied to acidified caustic 
soda solutions containing known quantities of sodium thio
sulfate. To reduce the thiosulfate, completely, it  was neces
sary to develop the more vigorous reduction procedure herein 
described.

If, then, the thiosulfate sulfur is reduced to sulfide and de
termined as such in an acid solution together with the sulfur 
originally present as sulfide, the iodine equivalent obtained by 
titration will be a true measure of the total reducible sulfur 
in the sample. As yet no method has been developed for the 
determination of the relative quantities of sulfide and thio
sulfate in the low concentrations normally found in caustic 
soda.

P rin cip les o f  M odified M ethod

The method of the writers is dependent upon the complete 
reduction of thiosulfate sulfur to sulfide sulfur, which is ac
complished in two stages: (1) the partial reduction of the 
thiosulfate in an alkaline medium with stannous chloride, 
and (2 ) completion of the reduction with aluminum metal 
in an acid solution. The reactions occurring in each stage 
can be represented by equations of the general type:

Reduction in the Alkaline Medium:
NajSnO, +  Na2S20 , +  2 N aO H — >

Na2SO, +  Na2S +  NaiSnO, +  H ,0
Reduction in the Acid Medium:

Na2S03 +  2HC1 — >- 2NaCl +  SO, +  H ,0  
S 0 2 +  3H» (nascent) — >■ H2S +  2H20

Additional Reactions in the Acid Medium:
2A1 +  6HC1 — >  2A1C1, +  3H,
Na,S +  2HC1 — >  HjS +  2 NaCl

B y this procedure, any sulfide sulfur originally present in 
the sample becomes included with the reduced thiosulfate 
sulfur, and as such is indistinguishable from the latter.

In developing the reduction procedure, use was made of 
the fact that a difference exists between the stoichiometric 
iodine demands of thiosulfate and sulfide sulfur. These re
lations are as follows:

Na2S 4* I?"" — 2NaI -f* S
IS =  21 w

2Na2SjO» "I* 12 — XUiSiOf -j- 2NaI ^

The preceding equations indicate that if X  grams of thio
sulfate sulfur are equivalent to a ml. of a standard iodine 
solution, then X  grams of thiosulfate sulfur completely re
duced to sulfide sulfur are equivalent to 4a ml. of the same 
iodine solution. This relation was utilized to determine the 
completeness of reduction by various methods.

458
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O u tlin e  o f  th e  M odified M ethod

Reduction of the thiosulfate is carried out in two stages: 
(1) stannous chloride is added to the diluted solution of the 
sample and boiled for 1 minute; (2 ) aluminum metal is 
placed in the cooled solution, which is then acidified with 
hydrochloric acid to yield nascent hydrogen. The evolved 
gases— mainly hydrogen sulfide, hydrogen, hydrochloric acid, 
and carbon dioxide— are passed into an amrnoniacal cadmium 
chloride solution wherein the sulfur is precipitated as cad
mium sulfide. When the reaction has gone to completion 
the cadmium sulfide is titrated with a potassium iodate- 
iodide solution in an acid medium.

A pparatus
The reaction vessel consists of a 1000-ml. Erlenmeyer flask 

fitted with a two-hole sulfur-free rubber stopper into which have 
been inserted a 150-ml. dropping funnel (with turned-up outlet) 
extending to the bottom of the flask, and a Pyrex distilling head 
such as is used for Kjeldahl distillations (Figure 1).

The distilling head outlet is connected to a sintered-glass 
bubbling unit by means of a short piece of rubber tubing, which 
has been previously boiled in a strong sodium hydroxide solution 
(30 per cent) to remove surface sulfur.

R eagents
Ordinary distilled water is usually sufficiently free of reducible 

sulfur compounds not materially to affect the accuracy of this 
determination. A convenient source of distilled water at 15° C. 
is indispensable for carrying out titrations.

c .  P. Analyzed Concentrated Hydrochloric Acid.
Aluminum Reduction Strips: 1.6-mm. (0.062-inch) pure

sheet aluminum cut into 1.25 X 10 cm. (0.5 X 4 inch) strips. 
Just prior to use, the strips are boiled in a dilute hydrochloric 
acid solution (1 to 5) for 30 seconds and then rinsed with dis
tilled water.

Amrnoniacal Cadmium Chloride Solution: A 2 per cent solu
tion of c .  p . cadmium chloride to which sufficient ammonium 
hydroxide is added to dissolve the first precipitate of cadmium 
hydroxide.

Sodium Hydroxide: 50 per cent sodium hydroxide as made 
from c. p. sodium hydroxide and which, by a blank determination 
on all the reagents, has also been shown to be substantially sulfur- 
free.

Standard Thiosulfate Solution, 0.00624 N: Made by dissolv
ing c. p. Na2S20j-5H20  in distilled water and standardizing 
against a standard iodine solution. The thiosulfate solution is 
stabilized by adding 5 grams of sodium hydroxide and 0.1 gram 
of hydroquinone per liter, and is then protected from the sun
light by covering the bottle with black paper or paint. One 
milliliter contains 0.0004 gram of reducible sulfur.

Standard Potassium Iodate-Potassium Iodide Solution, 
0.00624 N  with respect to the liberated iodine on acidification: 
1 ml. KIO, -  KI =  0.0001 gram of sulfide S =3 0.0004 gram of 
thiosulfate S. ,

Starch Solution: 5 grams of soluble starch and 50 ml. oi
concentrated acetic acid per liter.

T a b l e  I. R e d u c t i o n  w i t h  A l u m i n u m  (A c id  S o l u t i o n )

Theoretical Iodine 
Titer Follow ing C om plete A ctual

0 .00624  N  R eduction  to Sulfide Iodine
Thiosulfate (0.00624 N )  T iter

M l. M L  M l.
4 .0  1 6 .0  10 .1
4 .0  1 6 .0  1 2 .8
4 .0  1 6 .0  11 .4
3 .0  1 2 .0  6 .0

Stannous Chloride: 10 per cent c. p . stannous chloride solution 
containing a stick of c. p . tin.

O peration
A sample containing approximately 50 grams of caustic soda is 

weighed into a 1000-ml. Erlenmeyer flask, and dissolved in 200 
ml. of distilled water. Twenty milliliters of 10 per cent stannous 
chloride solution are added and the solution is brought to a boil. 
An absorption unit containing 200 ml. of 2 per cent amrnoniacal 
cadmium chloride solution is prepared; to the cooled caustic 
stannous chloride solution two aluminum reductor strips are 
added, the apparatus is immediately assembled as shown in 
Figure 1, and the caustic is acidified with 200 ml. of concentrated 
hydrochloric acid.

The cadmium chloride solution, together with any cadmium 
sulfide adhering to the receiver, is transferred to an 800-ml. 
beaker. The sintered-glass disk is also placed in the beaker be
cause a considerable quantity of cadmium sulfide usually adheres 
to the outlet surface. Sufficient cold distilled water (15° to 
20° C.) is then added to make the total volume in the beaker 
about 650 ml.

The titration is carried out by adding an excess of potassium 
iodate-iodide solution, stirring thoroughly and then acidifying 
with concentrated hydrochloric acid (5 cc. excess per 100 ml.). A 
few milliliters of 6 N  hydrochloric acid are also forced through the 
bubbling unit to dissolve the adhering cadmium sulfide. Care 
should be exercised in keeping the outlet well below' the surface 
until this cadmium sulfide has all dissolved. The temperature at 
this stage should not be more than 20° to 25° C. because of the 
possible volatilization of the iodine.

Three to five minutes are allowed for the completion of the reac
tion and then the excess iodine is back-titrated with standard 
sodium thiosulfate.

The potassium iodate-iodide consumption is a measure of the 
cadmium sulfide present. The entire reaction and the subse
quent titration should be carried out in the absence of direct 
sunlight (2).

For the titration of samples containing from 0.001 to 0.005 
gram of total reducible sulfur, it was convenient to use 0.03 N  
potassium iodate-iodide and sodium thiosulfate solutions. The 
titration of more than 0.005 gram of total reducible sulfur is not 
accurate by this method, because of the absorption of iodine on 
the free sulfur liberated during the reaction (7).

E xperim ental N otes

When appreciable amounts of chlorates are present in the 
sample (as in electrolytic caustic), they can be eliminated by 
using larger quantities of stannous chloride for the pre
liminary reduction and allowing the treated solution to stand 
at room temperature for 5 minutes prior to boiling. Five 
grams of stannous chloride are normally sufficient for this 
purpose.

The reduction of sodium thiosulfate by aluminum in caustic 
soda solution does not, like the stannous chloride reduotion, 
yield all the sulfur as the sulfide. According to Mellor (4), 
the reaction appears to be as follows:

NasSjO, +  4NaOH +  A1 NaiSOj +  Na-S +
NajAlOj -I- 2HjO

On acidification the sulfite sulfur (sulfur dioxide) can be 
reduced to hydrogen sulfide with nascent hydrogen and all 
the sulfur obtained as the sulfide. However, this procedure 
is not recommended, for much difficulty is invariably en
countered in dissolving the large quantity of aluminum hy
droxide which precipitates as the solution approaches neu
trality.



460 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. 10

In Table I are listed typical results obtained on reducing 
known quantities of sodium thiosulfate in 20  per cent sodium  
hydroxide solutions by the method of nascent hydrogen re
duction (Scherer and Sweet, 5). In these experiments the 
alkaline solutions were immediately acidified following the 
introduction of two aluminum reductor strips. The re
mainder of the procedure was as recommended. The results 
indicate incomplete reduction of sulfur to the sulfide. A 
probable explanation lies in the reaction between sodium  
thiosulfate and hydrochloric acid.

Na2S20 ,  +  2HC1 ■ S +  H2S 0 3 +  2NaCl

The elevated temperature at which the neutralization is 
completed no doubt accelerates the above reaction, involving 
a loss of sulfur.

T a b l e  II . R e d u c t i o n  w i t h  S n C l2 O n l y  ( A l k a l i n e  S o l u t i o n )

0 .0 0 6 2 4  N  
T hiosulfate  

M l.
4 .0
3 .0
4 .0
3 .0

Theoretical Iodine T iter  
Follow ing C om plete 
R eduction to  Sulfide 

(0 .00624  AT)
M L

1 6 .0
12 . 0
1 6 .0
12.0

A ctual Iodine 
Titer  

M L

1 1 . 6
8 .3

1 3 .8
6 .7

In Table II  are listed typical results obtained from de
terminations in which the reduction procedure consisted only 
of adding 20  ml. of a 10 per cent stannous chloride solution 
to the diluted caustic sample, which was then boiled and 
cooled previous to acidification with hydrochloric acid. From  
these results, it is evident that stannous chloride alone does 
not give the desired results.
i Table III presents normal results obtained when the re
duction procedure consisted of pretreating the caustic sample 
with stannous chloride, followed by acidification in the pres
ence of aluminum reductor strips. These results definitely 
indicate that the combined use of stannous chloride and nas
cent hydrogen completely reduces sodium thiosulfate. The 
hydrogen evolved from the aluminum has a triple function: 
(1) in maintaining a reducing atmosphere, (2 ) in reducing sul

T a b l b  I I I . R e d u c t i o n  w i t h  S t a n n o u s  C i i l o b i d e  a n d  A c i d i 
f i c a t i o n

(20 m l. of 10 per cent SnC li, boiled 1 m inute; 2 alum inum  reductor strips) 
T heoretical Iodine T iter  

Follow ing C om plete 
0 .0 0 6 2 4  iV R eduction  to  Sulfide A ctual Iodine
T hiosu lfate (0.00624 Ar) T iter

M L  M l. M L
4 .0
4 .0
4 .0
3 .0

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

1 6 .1
1 5 .9
15 .8
1 1 .8

fur dioxide to hydrogen sulfide, and (3) in transferring the 
liberated hydrogen sulfide from the reaction flask to the ab
sorption liquid.

R an ge o f  A p p lication  and  A ccuracy
A  total reducible sulfur content of 0.0001 and 0.01 per cent 

in caustic soda can be estimated by following the outlined 
procedure. The accuracy is about ± 3  per cent as indicated 
from results obtained by the reduction of known quantities 
of sodium thiosulfate in c. p. caustic soda.
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Analysis o f Platinum Metals-Silver Assay Bead
F . E . B E A M IS H  A N D  M . S C O T T , U n iv e r s ity  o f  T o r o n to ,  T o r o n t o ,  O n ta r io , C a n a d a

A procedure h a s b een  developed for th e  
an a ly sis  o f  th e  p la tin u m  m eta ls-s ilv er -  
gold  assay  b ead , and  th e  lo sses  o f  th ese  
precious m e ta ls  a t  each  sta g e  o f  th e  a n a ly 
sis  are reported.

T h e a n a ly tica l d ifficu lties  a ssoc ia ted  w ith  
th e  presence o f  ir id o sm in e  in  th e  bead  are  
d iscu ssed  and  a m eth o d  w h ich  w ill c o m 
p le te ly  d issolve th e  fin a l bead  resid u e is  
in c lu d ed .

THIS report deals with a procedure for the separation 
and determination of the platinum group of metals and 
gold after collection from the ore by pot assay and subsequent 

cupellation of the lead regulus to a silver-platinum metals 
bead. The analyst has been reminded from time to time 
that for various reasons the analysis of an assay bead is dif
ficult. The authors contend that few procedures have been 
published for the analysis of the assay bead which contain 
sufficient information to permit the inexperienced assayer to 
complete the analysis in an intelligent manner. The bead 
and residues are treated with acids, etc., and generally there 
are very few, if any, data recorded which will assure the opera

tor that the acids have removed only, and all, the desired 
elements. In  addition, apparently there has been no report 
of the analytical difficulties associated with the simultaneous 
presence in the bead of the native alloy, iridosmine (osmi- 
ridium), and the platinum metals.

There are indications that various types of native iridos
mine react differently toward fused sodium peroxide and 
other fusion reagents. Tasmanian iridosmine, for instance, 
is most difficult to decompose by means of fusion mixtures 
even after severe fire treatment with lead, while certain other 
iridosmines seem to decompose much more readily under the 
same conditions. In  view of these facts and because severe
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treatment is necessary to dissolve all the iridium in the final 
residue, it seems reasonable to assume that any fusion mixture 
which dissolves all this metal may also attack the iridosmine 
which is very often present in platinum-bearing material. 
Also, unless the operator succeeds in dissolving all the cupeled 
iridium, the undissolved metal will be included in the so- 
called “insoluble residue” generally reported as “osmiridium.” 
The authors feel that this insoluble residue ought to be so 
called and the term “osmiridium” eliminated from published 
reports on the composition of platinum metals-silver beads.

P relim in ary  T rea tm en l o f  th e  Bead

It has been customary to flatten the bead into a cornet be
fore parting, apparently to ensure thorough -contact with the 
parting acid. Unless great care is taken, this procedure 
must produce considerable losses—for instance, in the case of 
beads containing a high proportion of iridium or rhodium, 
where the metal often appears on the surface of the bead in 
clumps of dark material which is easily rubbed off during the 
flattening process. It has been the authors’ experience that 
beads part sufficiently rapidly and clean enough for wet 
analysis without flattening. Various methods may be used 
to clean the beads, which are sometimes dipped in caustic 
solutions or in acetic acid. The authors do not clean the 
beads before wet analysis.

T h e P artin g  Acid

Beamish and Russell (1) have pointed out that boiling 
sulfuric acid will dissolve appreciable proportions of plati
num and produce serious losses of rhodium. The authors 
find that iridium m ay very often be found in the sulfuric 
acid parting solution. I t  is possible that this metal passes 
into the filtrate as very finely divided particles. The experi
ments made for this report indicate that iridium ismore consist
ently found in the parting solution if filtration of the in
soluble residue is made with Whatman’s No. 40 instead of 
N o. 42 filter paper, although on occasion as much as 0.1 mg. 
of iridium has passed through the finer No. 42 grade. With 
the “ modified parting method” the dissolving of platinum and 
rhodium is reduced to inappreciable proportions and the 
iridium is also more generally absent from the parting acid, 
probably because the bead residue is more coherent.

Boiling sulfuric acid, of course, dissolves most of the palla
dium if sufficient silver is present. B y the “modified parting 
method” appreciable proportions of palladium are dissolved 
and the fact that the parting acid is water-white is no evidence 
that this metal is absent. A  definite precipitate with di- 
methylglyoxime can often be obtained in such cases. With 
the “modified parting method” considerable amounts of 
silver remain with the residue, but this does not seriously 
interfere in the subsequent procedures.

T h e P artin g  Acid R esidue

A considerable amount of lead sulfate will usually be 
found with the parting acid residue, and can be washed out 
with about 3 alternate washings of 50 per cent ammonium 
acetate and hot water.

In order to determine whether this extract contained any of 
the platinum rfietals, the solution was taken to dryness over 
steam, the ammonium acetate was removed by 5 or 6 evaporations 
with hydrochloric acid, 1 to 3 aqua regia was added, and then 
the nitric acid was removed. The final dry residue was treated 
with about 0.1  cc. of hydrochloric acid and about 10 cc..of ater, 
the mixture was filtered, and the filtrate was evaporated to about 
2  cc.

A  negative test with dimethylaminobenzilidinerhodanine 
showed the absence of palladium. Stannous chloride reagent

confirmed this and proved the absence of platinum. Benzili- 
dine showed the absence of gold. Addition of stannous 
chloride to about 0 .2  cc. of the test solution and boiling proved 
the absence of rhodium. About 0.5 cc. was treated with 
sulfuric acid and fumed to about 0.4 cc., then fuming nitric 
acid was added, and the solution was boiled to about 0:2  cc. 
The absence of a blue or green color indicated that iridium 
was not present.

The authors have found no combination of platinum metals 
in which cupeled rhodium and iridium were appreciably 
attacked by strong aqua regia (3 to 1). Parting acid residues 
containing about 8  mg. of iridium and 8  mg. of rhodium have 
been kept in contact with 3 to 1 aqua regia for 3 to 10 hours, 
and in every case these metals were found to be absent from 
the acid solutions. This is in striking contrast to directions 
included in certain published procedures stating that the 
cupeled iridium can be dissolved quantitatively by means of 
strong aqua regia. I t  was necessary to determine whether 
the strong aqua regia dissolved all the platinum, palladium, 
and gold out of the final residue. M any of these final resi
dues were examined and it was found that, even after a 
single 3-hour treatment with aqua regia, traces of palladium  
and particularly of platinum remained with the rhodium and 
iridium. In no case was gold found to be present.

D eterm in a tio n  o f  G old

A considerable number of analyses on native platinums 
derived from Dunite sources were made. A characteristic 
of this type of material is the low palladium content, which 
is very often less than 0.5 per cent. When much gold is 
present the reaction product of hydroquinone interferes with 
the subsequent precipitation of traces of palladium.

Hydrochloric acid solutions were prepared containing varying 
relative proportions of gold and palladium. The gold was pre
cipitated with hydroquinone and dimethylglyoxime added di
rectly to the filtrate. This liquid was filtered and the filtrate 
evaporated to dryness, then a few cubic centimeters of sulfuric 
acid were added and the organic matter was destroyed in the 
usual manner. The sulfuric acid was fumed off until the residue 
was just moist, then 20 to 30 cc. of water were added to dissolve 
the residue. This solution was filtered, and the palladium was 
precipitated with dimethylglyoxime. The results obtained 
are given in Table I.

T a b l e  I. D e t e r m in a t io n  o f  P a l l a d iu m  i n  T nE  H y d r o q u in o n e  
S o l u t io n  p r o m  t h e  G o l d  P r e c ip it a t i o n

Palladium Gold

Pallad ium
Recovered

from
Second

N o. Added Added P recipitation
Mg. M g. M g.

1 0 .2 25 0 .2
2 0 .4 25 0 .3
3 0 .6 25 0 .6
4 0 .8 25 0 .6
5 1 .0 25 0 .3
6 1 .5 25 0 .1
7 3 .0 25 0 .0 5
8 1 0 .0 25 0
9 3 5 .0 25 0

10 7 5 .0 25 0
11 150 .0 25 0

In the case of Nos. 8 ,9 ,1 0 , and 11 the addition of dimethyl
glyoxime to the first gold filtrate produced an immediate 
precipitate. With Nos. 5 and 6 , precipitation was induced 
after considerable stirring, and with Nos. 1, 2, 3, and 4 the 
addition of dimethylglyoxime to the first gold filtrate pro
duced no precipitate.

When solutions containing 0.2 mg. of palladium and about 
15 mg. of gold were treated with sulfur dioxide water to re
move the gold it was found that, even after vigorous boiling 
of the filtrate, the palladium could not be completely removed 
with dimethylglyoxime. It is common practice to treat
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the filtrate from gold-sulfur dioxide precipitations with a 
few drops of nitric acid after having boiled the solution vigor
ously, to aid in the removal of sulfites. The authors’ re
sults indicate that the nitric acid does not make the precipita
tion of palladium dimethylglyoxime more complete.

When traces of palladium are present in solution with 
considerable amounts of gold, there is less interference with  
palladium dimethylglyoxime precipitation from sulfur dioxide 
than from hydroquinone treatments. However, the authors 
recommend that for accurate analysis the gold filtrate be 
evaporated to remove sulfites, or in the case of hydroquinone 
that the organic matter be removed, before precipitating 
palladium.

W ith the “modified parting method” appreciable amounts 
of silver remain with the parting acid residue. This is usually 
dissolved in the strong aqua regia. The final hydrochloric 
acid solution of gold, palladium, and platinum will sometimes 
retain traces of this silver.

To determine whether these small amounts of silver would 
interfere with the gold precipitation by means of hydroquinone, 
two solutions were prepared, each containing 25 mg. of silver 
and 25.01 mg. of gold. Each solution was evaporated 3 times 
in the presence of about 25 mg. of sodium chloride and a few 
cubic centimeters of hydrochloric acid. The residue was dis
solved in about 20  cc. of slightly acid solution and the cold liquid 
filtered with Whatman’s No. 42 filter paper. The residue was 
washed to a .volume of 50 cc., 5 cc. of concentrated hydro
chloric acid were added, and the precipitation was made with 
hydroquinone. The gold recovered weighed 25.01 and 24.99 mg.

D eterm in a tio n  o f  P a lla d iu m

Very little information has been directly recorded in the 
literature with respect to the danger of loss of metal by burn
ing palladium dimethylglyoxime. Tacit recognition of this 
difficulty has been made by various suggestions, such as wrap
ping the precipitate and filter paper in a second paper before 
ignition. The authors recommend two procedures which will 
avoid loss of palladium on ignition. The precipitate and 
paper m ay be burned very slowly, preferably by first charring 
in an oven with suitable temperature control. The method  
generally adopted by the authors is not an orthodox one but 
is justified, in that there is no appreciable loss of palladium  
and results are obtained in a much shorter time. The wet 
paper and the contents of the crucible are subjected to the 
full flame from a 17.5-cm. (7-inch) Meker burner. Then 
the paper and the contents are charred and ignited, after 
which the flame is again applied until the residue is converted 
to ash. If this manipulation is properly made, there is no 
visible evidence of the emission of carbon.

I t  is usually necessary to make two palladium precipita
tions in order to remove the platinum contamination. The 
palladium dimethylglyoxime and paper are treated with 
sulfuric acid and nitric acid to remove the organic matter. 
If too much sulfuric acid is fumed off, the palladium will 
bake out as a brown residue, but if there is not too much of 
this formed it  will dissolve when water is added and the solu
tion is boiled.

D eterm in a tio n  o f  P la tin u m

Gilchrist (4) recommends the separation of palladium 
from platinum by oxidation in acid solution with sodium  
bromate, then adjusting the solution to pH 6  and boiling to  
coagulate the palladium dioxide. The authors attempted to  
adapt this method to the separation of these elements when 
they were present together in solutions which had been fumed 
with sulfuric and nitric acids and the nitric acid had been re
moved. Solutions such as these have been heated with bro
mate for more than 10  hours and invariably a heavy brown 
platinum oxide settled out when the solution was neutralized

to pH  6 and boiled. Even after this brown precipitate was 
dissolved in hydrochloric acid and the bromate added again, 
some of the brown material again appeared on neutralizing 
and boiling. Repeated treatments such as this will eventually 
remove the platinum, but under the above stated conditions 
the method is not a practical one.

R esid u e from  A qua R egia  T r e a tm e n t

This final residue should contain all the rhodium, iridium, 
and iridosmine. Small traces of platinum and palladium  
are sometimes retained, but these m ay generally be neglected. 
The authors have found that a 10-minute fusion will usually 
suffice to dissolve the final residue completely; in only one 
case did any unfused substance remain. A sample of native 
platinum weighing 110  mg. was assayed and the residue re
maining after fusion examined under a microscope. I t  was 
found to consist of three very small well-rounded grains of 
metal resembling iridosmine which together weighed 0 .1  mg.

If much iridosmine is present, the solution of the final resi
due m ay contain appreciable quantities of platinum derived 
from the native alloy, and, of course, this m etal m ust be 
isolated from the rhodium and iridium.

The separation of rhodium adopted by the authors is es
sentially that described by Gilchrist (3). In order to deter
mine whether this method would separate and determine as 
little as a few tenths of a milligram, a sample of platinum  
metals-bearing material containing 0 .0 2  mg. of rhodium was 
salted with 0.50 mg. of rhodium in solution form. The ore 
was assayed and the cupeled bead was treated as described in 
the procedure outlined below. The rhodium recovered 
weighed 0.50 mg. W hen the acid solution is treated with 
hydrogen sulfide to precipitate the rhodium, the liquid should 
be filtered even though it appears clear, because the light- 
brown precipitate m ay be finely dispersed.

The presence of osmium and ruthenium introduces no 
difficulties, as these metals are converted to volatile oxides 
by the reagents used in the procedure. The authors recom
mend that the determination of these metals be made on a 
separate sample, and procedures for their analysis are being 
prepared.

The following recipe has been used by the authors for a 
period of a year, and determinations have been made on plati
num-bearing materials from m ost of the important world 
sources. The quantitative aspect of each stage of the proce
dure has been reported by  Beamish and Russell (1) and Beam
ish, Russell, and Seath (2). Various additions have been 
made with a view to decreasing the time necessary for com
plete analysis. In m any platinum-bearing materials certain 
of the precious metals are present in very small proportions, 
sometimes as low as a few hundredths of a per cent— for ex
ample, native platinum very often contains only a few hun
dredths of a per cent of palladium and rhodium. Conse
quently, the total weight of platinum metals to be used for 
analysis should not be much less than 100 mg. The pro
portion of silver should be about 15 to 1 of total platinum  
metals.

Procedure
The bead is parted with 30 to 40 cc. of 95 per cent sulfuric acid, 

keeping the temperature below boiling but sufficiently high to 
ensure a uniform and rapid rate of parting. About 4 to 7 minutes 
should suffice for the operation, and complete removal of the 
silver is not necessary. The acid is cooled and diluted to about 
175 cc. with hot water and the residue is filtered and thoroughly 
washed with hot water. Whatman’s No. 42 is a suitable filter 
paper. The filtrate is evaporated and fumed to a volume of 4 to 
5 cc. and hot water added to a volume of 200 ce. About 3 cc. of 
10 per cent sodium bromate solution are added and the liauid is 
then boiled for about 25 minutes. The acidity of the solution 
is reduced considerably by means of solid sodium bicarbonate



and then 5 cc. more of sodium bromate are added. The liquid 
is again boiled for about 10 minutes and the neutralization carried 
to pH 6 . The details of this manipulation are given by Beamish, 
Russell, and Seath (3).

The liquid is boiled to precipitate and coagulate the palladium 
dioxide, which is filtered ana washed with freshly boiled dis
tilled water, and the residue is added to a 125-cc. Pyrex beaker 
with a cover glass. The paper and contents arc treated with 5 
cc. of sulfuric acid and sufficient fuming nitric acid, and the or
ganic matter is destroyed as usual. About 5 minutes should 
suffice for this operation. The solution is now diluted to about 
40 cc. with water and a few drops of hydrochloric acid are added 
to precipitate the silver chloride, which is filtered off. If this 
precipitate is stained brown because of the presence of much 
palladium in the sample, the operation is repeated. The fil
trate, which should now contain not more than 4 cc. of sulfuric 
acid per 100 cc. of solution, is treated with dimethylglyoxime to 
remove the palladium. This precipitate can be filtered through 
the same paper used for the palladium obtained from the aqua 
regia extract.

The residue obtained from the parting acid is washed several 
times with 50 per cent by weight ammonium acetate with inter
mittent hot-water washings. The ammonium acetate filtrate 
and washings are discarded. The residue and paper are added to 
a 125-cc. beaker with cover glass, treated with 30 cc. of a^ua 
regia (3 to 1) and placed on a steam bath for about 2 hours. Ih e  
solution is diluted and filtered and the paper and contents are 
washed thoroughly with hot water, after which the residue and 
paper are set aside for the fusion treatment. The aqua regia 
extract is taken to near dryness in the presence of 100 mg. of 
sodium chloride. The residue is treated with 3 small additions 
of hydrochloric acid to remove the nitric acid, then 25 cc. of hot 
water are added, and the mixture is allowed to stand with occa
sional stirring. The silver chloride is then filtered off.

If gold seems to have baked out, the paper and contents are 
burned, the gold is dissolved in aqua regia, the nitric acid is re
moved, water is added, and the gold solution is filtered into the 
original filtrate. This solution of 50 to 60 cc. is acidified with 
about 5 cc. of concentrated hydrochloric acid, and about 1 mg. of 
hydroquinone in aqueous solution is added for each milligram 
of gold present. The mixture is boiled gently for 5 minutes and 
the gold is filtered, washed, and heated. The filtrate and wash 
water, which should not exceed 175 cc., are treated directly with 
dimethylglyoxime. The yellow precipitate should  ̂ appear in a 
minute or two if much palladium is present. The liquid is 
allowed to stand for about 30 minutes and then filtered.

Because platinum is very often carried in this precipitate, 
the paper and contents are dissolved by treatment with sulfuric 
acid and fuming nitric acid. If much platinum has been carried 
with the precipitate, it sometimes appears as metal after the 
treatment to destroy organic matter. In this case the residue is 
filtered off, burned, and treated with aqua regia, the nitric acid 
is removed with one or two additions of hydrochloric acid, and 
water is added. This is filtered into the palladium solution and 
the filtrate diluted to about 175 cc. Dimethylglyoxime is added 
to precipitate palladium. This precipitate and that from the 
parting acid are combined and the palladium is determined as 
metal.

The combined filtrates and wash water are evaporated and 
the sulfuric acid is fumed off. The beaker is held over the flame 
from a Meker burner for about 1 minute. The platinum is dis
solved in aqua regia, the nitric acid is removed, water is added, 
and the solution is then filtered and washed to a volume of about 
100 cc. If there is any evidence of undissolved platinum the 
paper and contents are burned, the residue is dissolved, the nitric 
acid is removed, and the aqueous solution is filtered into the 
original platinum solution. If the platinum is to be precipitated 
as the sulfide, the solution is acidified with 5 cc. of concentrated 
hydrochloric acid and hydrogen sulfide is passed into the gently 
boiling liquid for about 40 minutes. The platinum sulfide and 
paper are first dried, then ignited very slowly to avoid as much 
as possible the occlusion of sulfur. If the platinum is to be pre
cipitated as metal, sodium formate is used in a solution of pH 6 .

Where the gold filtrate shows no evidence of palladium di
methylglyoxime, a capillary drop of the platinum solution from 
which organic matter and nitric acid havc been removed is treated 
with dimethylaminobenzilidine rhodanine. If a definite Purple 
color is produced the platinum solution is treated with dimethyl
glyoxime to remove this small amount of palladium.

The final residue remaining after aqua regia treatment is placed 
in a silver crucible and carefully burned to an ash. The black 
residue is covered with about 3 grams of sodium peroxide and 
the mixture is melted and then maintained at a dull red heat foi 
10 minutes. If thin-walled crucibles are used, less time is re
quired to dissolve the residue. The fused mass is allowed to 
cool, the crucible is placed in a250-cc. Pyrex beaker, and water
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is added to dissolve the solid. The crucible is washed with water 
and carefully transferred to a small casserole, then cleaned with 
dilute nitric acid and writh water. The liquid in the casserole is 
wrashed back into the original solution and heated, and sufficient 
nitric acid is added to dissolve the silver oxide.

If a heavy brown residue persists, indicating the presence of 
much rhodium, it is filtered off, the paper and residue are dis
solved with about 6 to 7 cc. of sulfuric acid and fuming nitric 
acid, water is added, and the solution is transferred to the 
original beaker. If only a little rhodium is present, 6 to 7 cc. 
of concentrated sulfuric acid are added directly to the original 
solution, which is then evaporated and fumed to a volume of 
about 4 cc. About 175 cc. of hot water are added and the dioxides 
are precipitated and purified in the same manner as with 
the palladium dioxide from the parting acid. It is important to 
avoid the introduction of the sulfuric acid solution to the indicator 
bottle by means of the capillary tube. If this happens the 
neutralizing of the silver sulfate solution may inadvertently pro
ceed to pH 7, and silver salts will separate.

The final solution is made up to exactly 100 cc., 50 cc. of which 
are treated with titanous chloride, as described by Gilchrist (3). 
It is best to make two precipitations of rhodium with titanous 
chloride, in each case treating the rhodium and paper in a 50-cc. 
beaker with 2.5 cc. of concentrated sulfuric acid. Care must be 
taken to wash dowTi and fume off any nitric acid on the walls of 
the beaker before precipitation. The final titanous-rhodium 
precipitate and paper arc dissolved and 20 cc. of water are added, 
followed by 2 cc. of concentrated hydrochloric acid. The solu
tion is boiled very gently for 15 minutes, then diluted, and filtered. 
It is important to avoid loss of much water, otherwise the hy
drochloric acid will be removed by the sulfuric acid. When very 
small amounts of rhodium are present, as very often occurs w'ith 
native platinums, the pink color does not appear. The acid 
solution is finally diluted to about 75 cc. and a rapid stream of 
hydrogen sulfide is passed into the boiling liquid for about 40 
minutes.

The second 50 cc. are treated with about 5 cc. of filtered 10 
per cent sodium bromate solution and boiled for about 20 minutes. 
If the original liquid was a blue color it will turn to an amber. 
The acidity of the liauid is reduced somewhat with a filtered 
sodium bicarbonate solution, a few cubic centimeters of bromate 
are again added, and the liquid is boiled. Sodium bicarbonate 
solution is now added to reach pH 0. The dioxides of rhodium 
and iridium are precipitated and coagulated by boiling for 20 to 
25 minutes, filtered, and w ashed with freshly boiled distilled w'ater. 
The details of the determination are described by Gilchrist (3).

By this fusion with sodium peroxide the final residue from 
the aqua regia treatment is almost always completely dis
solved and the residue obtained on final reduction with hy
drogen will be the total rhodium and iridium. Any osmium 
present will pass off during the process.

Sum m ary

If the assay bead is parted by the “modified parting 
method” the amount of platinum, rhodium, and iridium 
wiiich is dissolved by the sulfuric acid can be neglected.

Strong aqua regia (3 to 1) will not attack cupeled rhodium 
or iridium, but will dissolve all but traces of platinum and 
palladium out of the final residue. When traces of palladium 
are associated with considerable proportions of gold, it is 
best to destroy the organic matter in the filtrate from gold 
precipitation before adding dimethylglyoxime. Solutions of 
platinum w'hich have been fumed with sulfuric and nitric acids 
will yield a brown precipitate, very similar in appearance to 
hydrated palladium oxide, when the boiling solution is treated 
with sodium bromate and subsequently neutralized to pH 6 .

The final bead residue of rhodium, iridium, and iridosmine 
can be completely dissolved by fused sodium peroxide.
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Determination o f Copper, Zinc, and Lead in  
Silicate Rocks

E . B . S A N D E L L , S c h o o l  o f  C h e m is tr y , I n s t i t u t e  o f  T e c h n o lo g y ,  U n iv e r s ity  o f  M in n e s o ta ,  M in n e a p o lis ,  M in n .

TH E  colorimetric method here described for the deter
mination of the small amounts of copper, zinc, and lead 

occurring in rocks is based on the use of dithizone (diphenyl- 
thiocarbazone, phenylazothionoformic acid phenylhydrazide), 
a reagent which is well suited for the purpose because of its 
great sensitivity. The procedure developed is based on the 
investigations of Hellmut Fischer and others on the use of 
dithizone for determining traces of heavy metals.

The sample is decomposed with hydrofluoric-perchloric acid 
and sodium carbonate, and the resulting solutions are extracted 
with a carbon tetrachloride solution of dithizone in a slightly basic 
medium in the presence of citrate. Copper, zinc, and lead form 
dithizonates which dissolve in the carbon tetrachloride, whereas 
the major constituents of the rock remain in the aqueous phase. 
The carbon tetrachloride layer is separated and shaken with 
0.01 Ar hydrochloric acid, whereby the dithizonates of zinc and lead 
are decomposed, giving the chlorides of these metals in the aque
ous phase; the copper complex is not decomposed by the dilute 
acid and remains in the carbon tetrachloride. The latter is 
evaporated to dryness, and the residue is ignited to cupric oxide, 
which is dissolved in hydrochloric acid; the copper in this solu
tion can be determined by extractive titration with dithizone- 
carbon tetrachloride at a pH of approximately 3.5, or by mixed- 
color colorimetry with the same reagent in acid solution. The 
0.01 N  hydrochloric acid solution containing the zinc and lead 
is made up to volume and the two metals are determined colori- 
metrically in separate aliquots with dithizone: zinc by the mixed 
color technic at a pH of about 4.1 in the presence of thiosulfate 
to prevent the interference of lead, and lead in an ammoniacal 
solution containing potassium cyanide to prevent the reaction 
of zinc.

D iscu ssio n  o f  th e  Procedure

T h e  D e c o m p o s i t i o n . After the hydrofluoric-perchloric 
acid decomposition of the sample there m ay remain unde
composed silicates, quartz, iron ores, and barium sulfate. If 
the latter substance is present it will contain most of the 
lead in the sample. The undecomposed material is filtered 
off, fused with sodium carbonate, and the m elt is leached 
with water and filtered; the washed residue is treated with 
hydrofluoric and perchloric acids to remove any silica that may 
be present, and is finally dissolved in hydrochloric acid. 
There are thus obtained three solutions which are extracted 
separately w ith dithizone after adjustment of the pH as de
scribed in the procedure.

T h e  E x t r a c t i o n . The separation of copper, zinc, and 
lead from m ost of the other constituents of the sample in the 
main solution is effected by making the dithizone-carbon 
tetrachloride extraction in a citrate solution containing a 
slight excess of ammonia (pH approximately 8.5). The ex
traction of zinc and lead from such a solution is virtually com
plete when an excess of the reagent is used as described in the 
procedure. The pH of the solution should not be unneces
sarily high, because then copper m ay be extracted in the enol 
form of the dithizone complex instead of the keto form, 
which is undesirable.

The alkalies, alkaline earths, magnesium, ferric iron, alumi
num, beryllium, titanium, zirconium, chromium (III and VI), 
tin (IV), antimony (III and V ), arsenic (III and V), thallium  
(III), cerium, thorium, and platinum (IV) do not react with  
dithizone and are not extracted. Nickel, cobalt, cadmium, 
mercury, bismuth, tin (II), thallium (I), and palladium react 
under the conditions described. Manganese is extracted at 
least in part and it seems that ferrous iron behaves similarly;

silver is extracted partially. Ferric iron oxidizes the reagent 
to some extent, especially in basic solution, imparting a brown
ish color to the carbon tetrachloride layer.

S e p a r a t i o n  o p  C o p p e r  f r o m  L e a d  a n d  Z i n c . When a 
carbon tetrachloride solution of the keto forms of cupric 
copper, zinc, and lead dithizonate is shaken with a 1 to 1000  
(approximately 0 .01  N ) solution of hydrochloric acid, the 
copper complex remains virtually unchanged in the carbon 
tetrachloride, but the zinc and lead complexes are decom
posed :

H CcHi

/ N— iL
2S=C< \ Z n / 2 +  2H + — >

X N = N -'

CeH6
/N H —NH—CtHs 

2S =  C< +  Zn++
\ N = N  C6HE

Zinc and lead can thus be recovered quantitatively from 
the carbon tetrachloride solution even when an excess of 
dithizone is present. The lead complex is more easily de
composed than the corresponding zinc compound. The acid 
concentration should not be less than 0.01 N , because then 
the extraction of zinc becomes difficult. The keto form of 
copper dithizonate is practically not affected when the carbon 
tetrachloride solution is shaken with the dilute hydrochloric 
acid, as the following experiment shows:

Ten milliliters of carbon tetrachloride containing copper keto- 
dithizonate equivalent to 100  y  of copper were shaken with two 
successive 10-ml. portions of 1 to 1000 hydrochloric acid (1 minute 
each time). The total amount of copper in the hydrochloric 
acid after this treatment was found to be 1.5 -y. When the ex
periment was repeated with the addition of 0.5 ml. of 0.01 per 
cent dithizone to the 10 ml. of the carbon tetrachloride solution 
of the copper complex, the amount of copper in the 20 ml. of 0.01 N  
hydrochloric acid was found to be 0.5 y  or less. The last ex
periment corresponds to the conditions of an actual determina
tion, because more or less of the excess reagent will be present in 
the carbon tetrachloride. Accordingly, the amount of copper 
lost in the separation will be small enough to neglect in the ma
jority of cases.

I t  is important that the copper be present in the form of the 
keto and not the enol complex. As shown by Fischer (if), 
copper can form both keto and enol dithizone complexes, the 
enol tautomer (yellow-brown) being stable in basic solutions 
and the keto (red-violet) in acid. When a carbon tetrachlo
ride solution of the enol form is shaken with a dilute acid, 
transformation into the keto form occurs:

C,HS
I

H C«Hs 
I I

/ N —Ns.
2S=C < \C u / 3 +  C u++

\N==N''
I

CfHs
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The separation of copper from zinc and lead will then fail, 
unless an excess of dithizone is present to combine with the 
liberated cupric ions. Although not essential, it is advanta
geous to prevent the formation of the copper enol complex in 
the extraction of the sample. This can usually be accomplished 
by avoiding the addition of too much ammonia, and too 
long shaking with the first portions of the reagent. The 
higher the pH of the aqueous phase the greater will be the 
velocity of migration of the dithizone itself from the carbon 
tetrachloride into the aqueous phase, and the resulting de
ficiency of the reagent in the carbon tetrachloride favors the 
formation of the enol tautomer. However, formation of the 
enol complex does no harm if sufficient reagent is added be
fore shaking with 0.01 N  hydrochloric acid to combine with 
the cupric ions liberated.

Nickel and cobalt remain in the carbon tetrachloride solu
tion on treatment with 0.01 N  hydrochloric acid. As shown 
by Willoughby, Wilkins, and Kraemer (5), bismuth dithizo- 
nate is stable in dilute acid solution (p H = 2 ) and these authors 
make use of this fact in separating lead from bismuth. Cad
mium accompanies zinc and lead in the acid separation.

D e t e r m i n a t i o n  o p  C o p p e r . The first step in the deter
mination of copper is the recovery of the element from the 
carbon tetrachloride solution which has been shaken with 
the dilute hydrochloric acid to remove zinc and lead. This 
can be done by evaporating off the organic solvent, and ignit
ing the residue to destroy organic matter. The cupric oxide 
so obtained is dissolved in hydrochloric acid. The solution 
will also contain nickel, cobalt, and more or less silver, if this 
element is present in the sample. Any reagent which gives 
a sensitive color reaction with copper, and which does not 
react with nickel, cobalt, and silver can be used to determine 
the element. It is convenient to use dithizone itself for the 
purpose. The determination can be made in a variety of 
ways. The m ost accurate method (except for very small 
amounts) is that of extractive titration (2), which is carried 
out in the following manner:

An aliquot part of the hydrochloric acid solution is adjusted 
to a pH of 3.5 and shaken with successive portions of 0.001 per 
cent reagent in carbon tetrachloride, each portion being drawn 
off before the next is added, until the change in color of the car
bon tetrachloride layer shows that all the element has reacted. 
At this pH the reaction between the reagent and the copper is 
virtually complete within 30 to 45 seconds when the mixture is 
vigorously shaken. As long as an excess of copper remains in 
the aqueous phase the final color of the carbon tetrachloride 
layer is red-violet (the color of the keto form of the cupric com
plex). When all the copper has reacted, the color of the carbon 
tetrachloride remains green after prolonged shaking. The color 
transition in successive portions of carbon tetrachloride from 
red-violet, through various shades of purple and blue, to blue- 
green or green takes place over an interval of about 1.5 ml. of 
0.001 per cent reagent, corresponding to approximately 1.5 i  
of copper, when the mixture is well shaken for 30 to 45 seconds 
after each 0.5-ml. addition.

The results obtained in applying the extractive titration 
method to the determination of amounts of copper ranging 
from 3 to 20 7  are indicated in Figure 1. In this graph the 
points represent the volume of dithizone required for titra
tion to the intermediate blue color representing roughly equal 
amounts of copper dithizonate and reagent. rIhe straight 
line showing the relation between the amount of copper and 
the volume of reagent intersects the Y-axis at approximately 
0.5 ml. This then represents the “indicator” blank ■which 
must be subtracted from the volume of reagent used to ob
tain the volume actually reacting with the copper. The 
correction is empirical, since a small amount of copper re
mains in solution after the end point represented by the in
termediate blue color has been reached, and on the other hand, 
a certain amount of unreacted reagent is drawn off with the 
carbon tetrachloride before the end point is attained; these
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amounts approximately cancel each other. The uncertainty 
in the location of the end point need not exceed 0.5 y  of copper, 
corresponding to =*=0.0005 per cent when an aliquot repre
senting 0.1 gram of sample is used. The largest error in the 
results given in Figure 1, some of which were obtained by 
adding nearly all the reagent required in one portion, is about 
0.75 y .  Doubtless the accuracy can be improved by shaking 
the mixture a little longer with a moderate excess of reagent 
at the end point, and then determining more exactly the excess 
of reagent present by adding dithizone solution to a measured 
volume of copper dithizonate of known concentration (such 
as the first portions of carbon tetrachloride extract obtained 
in the titration) until the hues of the two solutions are identi
cal.

Nickel and cobalt do not react at the pH at which the 
copper titration is made. Bismuth does react, but not until 
the copper has reacted, so that it does not interfere. In the 
presence of bismuth the color change in the titration is from 
red-violet to brownish instead of green; the end point can 
still be determined with fair precision. Silver does not react 
if iodide or thiocyanate is added. Zinc reacts slowly at pH  
3.5, giving rise to a vague color change in the titration of 
copper. In the procedure given zinc is removed before the 
titration is made.

Copper can also be determined by the mixed color method 
in which the solution of adjusted acidity (pH approximately 
3) is shaken iwith an excess of a 0.001 per cent carbon tetra
chloride solution of dithizone, and the hue of the carbon 
tetrachloride solution, varying from greenish blue to violet- 
red, is compared with standards similarly prepared. This 
method is more suitable than the titration method for the 
determination of a few thousandths of a per cent of copper, 
and can be used for larger amounts. As little as 0.0002 per 
cent of copper can be determined in a 10-mg. sample when a 
suitably small volume of the reagent is used. The mixed- 
color technic is not applicable when bismuth is present, but 
this element is not likely to be encountered in silicate rocks 
in interfering amounts.

The results obtained in the determination of added amounts 
of copper in a synthetic basic rock by the extractive titration  
method are given in Table I. In most cases the small amount 
of copper originally present in the synthetic sample and in
troduced by the reagents was removed from the solution re
sulting from the decomposition by extraction with dithizone,
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and the indicated amounts of the metal were then added; 
in two cases the known amount of copper was added to the 
sample before decomposition, and the amount contributed 
by the latter was found from a blank. The results obtained 
are low (approximately 10 per cent). All these values were ob
tained by standardizing the dithizone solution directly against 
a copper solution. More nearly correct results can be ob
tained by standardizing the dithizone solution against a 
known amount of copper which has been carried through the 
procedure. Two empirical standardizations carried out in 
this manner with 2 0  y  of copper gave the factors 1.09 and 
1.065 as compared with the direct standardization factor
1 .0 0 . W ien  the empirically determined factor is used in the 
calculations, the errors listed in Table I  are appreciably re
duced.

T a b l e  I. D e t e r m i n a t i o n  o f  C o p p e r  i n  S y n t h e t i c  B a s i c  R o c k

Cu Cu Cu
N o. Addition Present Added Found Error

% % % %
1 0 .0 0 0 ° 0 .0 0 4 0 .0 0 3 - 0 .0 0 1
2 0 .0 0 0 ° 0 .0 0 4 0 .00356 - 0 .0 0 0 5
3 0 .0 0 1 5 0 .0 1 0 0 .0 1 0 5 - 0 .0 0 1
4 0 .0 0 0 ° 0 .0 1 2 0 .0 1 1 5 - 0 .0 0 0 5
5 0 .0 0 0 ° 0 .0 2 4 0 .0 2 1 5 - 0 .0 0 2 5
6 0 .0 0 1 5 0 .0 2 4 0 .0 2 3 5 - 0 .0 0 2
7 0 .0 0 0 ° 0 .0 5 0 0 .0 4 6 - 0 .0 0 4
8 0 .0 0 0 ° 0 .0 5 0 0 .0 4 5 5 - 0 .0 0 4 5
9 0.2<7o N i, 0 .1 %  Co 0 .0 0 0 ° 0 .0 1 0 0 .0 0 9 - 0 .0 0 1

10 o . i <!% Zn, 0 .0 5 %  Pb 0 .0 0 0 ° 0 .0 1 0 0 .0 0 9 5 - 0 .0 0 0 5
11 0.5^% CrVI 0 .0 0 0 ° 0 .0 1 0 0 .0 1 0 0 .0 0 0
12 0 .4 ‘% w 0 .0 0 0 ° 0 .0 1 0 0 .0 0 9 5 - 0 .0 0 0 5
13 0.1<70 S n il, 0 .0 1 %  Ag 0 .0 1 2 ° 0 .0 0 0 0.012<* 0 .0 0 0

° Original copper rem oved by extraction  w ith  d ith izone,
6 All of so lu tion  titrated; J/*  a liquot in others.
c Sam ple of gabbro.

D eterm ination  by m ixed-color technic in the presence of iodide.

D e t e r m i n a t i o n  o f  Z i n c . The determination of zinc in 
the 0.01 N  hydrochloric acid extract of the carbon tetrachlo
ride solution of the heavy metal dithizonates is carried out 
by adjusting the pH of an aliquot portion to 4 to 4.3, shaking 
with an excess of 0 .001  per cent dithizone in carbon tetra
chloride, and comparing the hue of the latter solution with a 
series of standards prepared in the same way. The inter
ference of lead is prevented by adding a complex-forming 
substance such as an alkali iodide (together with a little sul
fite to prevent the liberation of iodine which would react 
with the reagent) or thiosulfate. The results in Table II 
were obtained with the use of potassium iodide to prevent 
the reaction of lead. After the experimental work on zinc 
had been completed, there appeared a paper by Fischer and 
Leopoldi (8) in which it was shown that sodium thiosulfate 
was an excellent substance for preventing the interference of 
lead, and most other metals as well, under proper conditions. 
Comparison of the use of thiosulfate and iodide in the determi
nation of zinc in ten igneous rocks showed that either can 
be used with equally good results. The small amounts of 
lead—of the order of a few thousandths of a per cent—usually 
encountered in silicate rocks hardly lead to a perceptible 
coloration of the reagent in the weakly acid solution in which 
the zinc determination is made, but it is not safe to depend 
on the adjustment of the pH as the sole means of preventing 
interference by lead. If the pH of the solution is too high 
neither thiosulfate nor iodide prevents the reaction of lead 
with the reagent.

The reaction between zinc ions and dithizone at pH 4 to 
4.5 is slow and is moreover incomplete even after long shaking, 
so that it is not practicable to apply the extractive titration 
method. However, it is possible to determine zinc by a 
colorimetric titration in which a standard solution of the metal 
is added to a comparison solution containing the same amount 
of a carbon tetrachloride solution of the reagent as the un
known until, after prolonged shaking, the hue of known and 
unknown match. This method demands care in its ap

plication because of the slowness with which zinc reacts, and 
it is perhaps safer and as rapid to use the standard series 
method in which the period of shaking is the same for both  
the unknown and the known.

The results in Table II (obtained by the standard series 
method) show that zinc can be determined with satisfactory 
accuracy in the presence of the major and minor rock con
stituents.

D e t e r m i n a t i o n  o f  L e a d . Lead is determined in a simple 
manner in the 0.01 N  acid extract by adding potassium cya
nide and ammonia to an aliquot portion and shaking with a 
small volume of a 0.001 per cent solution of dithizone. The 
cyanide prevents the reaction of zinc (and any small amounts 
of other metals that m ay be present). The only other ele
ments reacting in alkaline cyanide medium as shown by 
Fischer are tin(II), bismuth, and thallium(I). D ivalent tin  
or univalent thallium cannot be present at this stage nor 
can bismuth, which is separated from lead and zinc by treat
m ent of the original carbon tetrachloride extract with 0.01 N  
hydrochloric acid. Copper, except in very small amounts, 
is an undesirable element in a solution in which lead is to be 
determined, because it tends to give a yellow-brown oxida
tion product with dithizone. In the procedure given, copper 
is not present in the solution used for the lead determination. 
Ferric iron must not be present because it  oxidizes the reagent, 
giving a yellowish brown carbon tetrachloride layer; the 
lead determination then becomes difficult or impossible be
cause of the difference in hue between the unknown and the 
standards.

B y adding a little ammonia to the cyanide medium the 
complete extraction of the excess dithizone from the carbon 
tetrachloride layer is assured, and the amount of lead is in
dicated by the intensity of the color imparted by the lead 
dithizonate which remains dissolved in the carbon tetrachlo
ride. The color comparison is most conveniently made by  
using a series of standards contained in flit-bottom ed glass-

T a b l e  II . D e t e r m i n a t i o n  o f  Z in c  i n  S y n t h e t i c  A c i d  a n d

N o. Addition

B a s ic  R o c k

Zn Zn 
Present Added

Zn
Found Error

1

%
Acid Rock  

0 .0 0 0 °

%

0 .0 0 2 4

%

0 .0 0 2 6

%

+ 0 .0 0 0 2
2 0 .0 0 0 ° 0 .0 0 5 0 .0 0 5 0 .0 0 0
3 0 .0026 0 .0 0 2 0 .0 0 4 5 +  0 .0 0 0 5
4 0 .0026 0 .0 0 5 0 .0 0 7 0 .0 0 0
5 0 .0 0 2 6 0 .0 0 6 0 .0 0 9 + 0 .0 0 1
6 0 .0 0 0 ° 0 .0 1 0 5 0 .0 1 0 5 0 .0 0 0
7 0 .0 0 0 ° 0 .0 1 4 5 0 .0 1 6 + 0 .0 0 1 5
8 1% Mn 0 .0 0 2 6 0 .0 0 2 0 .0 0 5 +  0 .0 0 1
9 0 .0 5 %  Cu 0 .0 0 2 6 0 .0 0 4 0 .0 0 6 5 + 0 .0 0 0 5

10 0 .0 0 4 5 0 .0 0 1 0 .0 0 5 0 - 0 .0 0 0 5
11 0 .0 0 4 5 0 .0 0 3 5 0 .0 0 9 + 0 .0 0 1
12 0 .0 0 4 5 0 .0 0 4 5 0 .0 1 0 5 + 0 .0 0 1 5
13 0 .0 0 4 5 0 .0 0 7 0 .0 1 2 + 0 .0 0 0 5
14 1% M n 0 .0 0 4 5 0 .0 0 3 5 0 .0 0 9 + 0 .0 0 1
15 0 .1 %  Pb 0 .0 0 4 5 0 .0 0 3 5 0 .0 0 9 5 +  0 .0 0 1 5
16 0 .0 5 %  Cu 0 .0 0 4 5 0 .0 0 3 5 0 .0 0 7 - 0 .0 0 1
17 0 .0 5 %  Cu, 0 .0 5 %  Pb 0 .0 0 4 5 0 .0 0 3 5 0 .0 0 7 - 0 .0 0 1
18 0 .0 5 %  Pb 0 .0 0 0 ° 0 .0 0 2 4 0 .0 0 2 6 + 0 .0 0 0 2
19 0 .0 8 %  Cu, 0 .0 5 %  Pb, 

0 .3 %  N i, 0 .1 %  Co, 
1% M n  

0 .0 5 %  C u, 0 .0 5 %  Pb. 
0.25%  N i, 0.1%  Co, 
0 .5 %  Mn

0 .0 0 0 ° 0 .0 0 5 5 0 .0 0 6 5 + 0 .0 0 1
20

0 .0 0 0 ° 0 .0 1 0 0 .0 1 1 + 0 .0 0 1

21
Basic Rock 

0 .0 0 0 ° 0 .0 0 5 0 .0 0 5 0 .0 0 0
22 0 .0 0 5 0 .0 0 5 5 0 .0 1 0 - 0 .0 0 0 5
23 0 .0 0 0 ° 0 .0 1 0 0 .0 1 0 0 .0 0 0
24 0 .0 0 5 0 .0 1 0 0 .0 1 5 0 .0 0 0
25 0 .2 %  Pb 0 .0 0 5 0 .0 0 0 0 .0 0 4 - 0 .0 0 1
26 0 .1 % C d 0 .0 0 0 ° 0 .0 0 5 0 .0 0 6 + 0 .0 0 1
27 0 .0 5 %  Cu, 0 .0 5 %  Pb 0 .0 0 0 ° 0 .0 0 5 0 .0 0 6 + 0 .0 0 1
2S 0 .0 5 %  Cu, 0 .1 %  Pb, 

0.2%  N i, 0.05%  Co 
0.03%  CrVI, 0.05%  W ,  

0 .0 2 %  M oVl

0 .0 0 0 ° 0 .0 0 5 0 .0 0 6 + 0 .0 0 1
29

0 .0 0 0 ° 0 .0 0 5 5 0 .0 0 5 5 0 .0 0 0

°  Original zinc rem oved by extraction  with dith izone. 
6 Sodium  carbonate fusion n ot made.
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stoppered tubes of 25- to 30-ml. capacity. In using an aliquot 
corresponding to 0.05 gram of sample as little as 0.0002 per 
cent of lead can be detected. The main hindrance to the 
accurate determination of very small amounts of lead is the 
existence of an appreciable blank.

In testing the method for lead, natural rock samples were 
used because the synthetic samples showed much higher 
amounts of the metal. The results are summarized in Table 
III. The blank for lead in the reagents amounted to 0.0010 
*  0.0001 per cent.

The reproducibility of the method proposed can be judged 
from the data in Table IV, which are a part of those obtained 
in determining copper, zinc, and lead in a number of Minne
sota rocks. It is more difficult than might be expected to 
obtain good agreement in duplicates. Differences of 20 per 
cent in the determination of copper and zinc can occur.

A pparatus
The only special apparatus needed is a set of flat-bottomed 

glass-stoppered color-comparison tubes of approximately 
30-ml. capacity (diameter 1.8 cm., height 15 cm.).

The glassware used should be zinc- and lead-free.

R ea g en ts  and  Standard  S olu tions
D it h i z o n e , 0.01 per cent solution. Dissolve 10 mg. of the 

pure product in 100 ml. of reagent quality carbon tetrachloride. 
Some products of dithizone may be used as purchased without 
purification. A  product which meets the following test is satis
factory for use in the method: To 2 or 3 ml. of an approximately 
0.001 per cent solution in carbon tetrachloride in a glass-stoppered 
tube add 5 ml. of water, a few drops of 5 per cent potassium 
cyanide solution, and 2 drops of concentrated ammonium hy
droxide. Shake vigorously for 10 to 15 seconds and allow the 
carbon tetrachloride to settle. If the lower layer is colorless or 
shows only an extremely faint yellowish tinge when viewed 
against a white background, the reagent is sufficiently pure for 
the purpose. Impure dithizone can be purified as described by 
Fischer and Leopoldi (4 ).

D i t h iz o n e , 0.001 per cent solution. Dilute the 0.01 per cent 
solution with nine times its volume of reagent quality carbon 
tetrachloride. The dilute solution decomposes slowly, especially 
if exposed to light, and it is best to prepare the solution the same 
day it is to be used.

W a t e r . Redistill in glass (preferably Pyrex) apparatus and 
preserve in a Pyrex flask.

P e r c h l o r ic  A c id , 70 per cent. If lead is to be determined it is 
preferable to vacuum-reuistill the analytical grade acid.

H y d r o f l u o r ic  A c id . Theanalytical reagent is likely to contain 
lead and is best purified by distillation from platinum apparatus.

H y d r o c h l o r ic  A c id , 1 to 1. It is preferable to use freshly 
distilled constant-boiling acid, stored in Pyrex.

H y d r o c h l o r ic  A c id , 1 to 1000. Dilute the constant-boiling 
acid with 500 times its volume of redistilled water.

A m m o n ia , specific gravity 0.9. Saturate redistilled water with 
ammonia gas and keep the solution in a ceresin-coated bottle.

S o d iu m  C it r a t e , 10 per cent. Dissolve 10 grams of trisodium 
citrate in 100 ml. of water and add 1 ml. of concentrated am
monium hydroxide. Shake the solut ion with small portions of 0.01 
per cent dithizone in carbon tetrachloride, drawing off each por
tion before the next is added, until the carbon tetrachloride is 
colored only faintly pink and the aqueous layer is a strong yellow- 
brown. Then continue the extraction with carbon tetrachloride 
alone until the latter shows only a pinkish tinge on prolonged 
shaking. Preserve the solution in a wax-lined bottle. The ex
cess dithizone in the solution need not be removed; it soon de
composes, giving a nearly colorless solution.

S o d iu m  A c e t a t e , 2  N. Prepare from a good grade of salt, con
taining minimal amounts of copper and zinc. The solution can 
be purified if desired by shaking with dithizone in carbon tetra
chloride, but generally this is unnecessary.

S o d iu m  A c e t a t e - A c e t ic  A c id  B u f f e r , pH ca. 4.1. Mixequal 
volumes of 1 N  sodium acetate and 4 N  acetic acid.

S o d iu m  T h io s u l f a t e , 50 grams Na.S^Oj-SHjO in 100 ml. of 
water.

P o t a s s iu m  C y a n id e , 5 per cent. Dissolve 5 grams of Jead- 
free salt in 100 ml. of water. The solution should be tested for 
lead as follows: Dilute 1 ml. with 2 to 3 ml. of water, add 2 drops 
of pure ammonia water, and shake with 1 or 2 ml. of 0.001 per cent 
dithizone solution. The carbon tetrachloride layer should show 
no trace of pink color.

T a b l e  I I I .  D e t e r m in a t io n  o p  L e a d

No.

1
2
3
4
5
6
7
8 
9

10
11
12
13

14

Sam ple

Gabbro
Granite
Gabbro
D iabase
Granite
D iabase
Granite
Gabbro
Granite
Granite
Granite +  0 .2 %  Zn 
Granite +  0 .05%  Cu 
Granite +  0 .4  % CrIII, 

0 .0 %  Ba, 0 .25%  S& 
Granite +  0.01%  TU, 0.02%  

A r, 1% S n ll

Pb Pb Pb
Present Added Found Error

% % % %
0 .0 0 0 0 a 0 .0000 0 .0 0 0 0 0 .0 0 0 0
0 .0 0 0 0 ° 0 .0004 0 .00025 - 0 .0 0 0 1 5
0 .0 0 0 0 ° 0 .0 0 0 4 0 .0004 0 .0 0 0 0
0 .0 0 0 0 ° 0 .0004 0 .0 0 0 2 - 0 .0 0 0 2
0 .0 0 0 0 “ 0 .0 0 0 8 0 .0 0 0 8 0 .0 0 0 0
0 .0 0 0 0 ° 0 .0 0 0 8 0 .0007 -0 .0 0 0 1
0 .0 0 1 5 0 .0 0 2 0 0 .0 0 3 5 0 .0 0 0 0
0 .0 0 0 7 0 .0 0 4 0 0 .0041 - 0 .0 0 0 6
0 .0 0 1 5 0 .0 0 4 0 0 .0057 + 0 .0 0 0 2
0 .0 0 1 5 0 .0 0 8 0 0 .0 0 9 - 0 .0 0 0 5
0 .0015 0 .0 0 4 0 0 .0057 + 0 .0 0 0 2
0.0000a 0 .0 0 4 0 0 .0037 - 0 .0 0 0 3

0 .0 0 1 5 0 .0 0 4 0 0 .0051 -0 .0 0 0 4

0 .0 0 1 5 0 .0 0 0 0 0 .0012 - 0 .0 0 0 3

°  Original lead of sam ple removed by extraction with dithizone.
6 N itric acid used in place of perchloric acid in  the decom position.

T a b l e  IV. D e t e r m in a t io n s  o f  C o p p e r , Z in c , a n d  L e a d  in  
I g n e o u s  R o c k s

Rock Cu Zn Pb
% % %

Granite 0 .0 0 2 °
0.0015b

0 .0 0 3 a
0 .0 0 6

0 .0 0 1 5
0 .0 0 1 6

Granite 0 .0136
0 .01056

0 .0 0 7 °
0 .0 0 7
0 .0 0 7

0 .0 0 2 7
0 .0 0 2 6

Granodiorite 0 . 0045a 
0 .0046

0 .0 0 5 5 a
0 .0 0 7

0 .0 0 2
0 .0 0 2 2

Gabbro 0 .0126
0.01356

0 .0 0 9 5
0 .0 1 0 5
0 .0 1 0 5

0 .0 0 0 8
0 .0 0 0 6

Diabase 0 .0 2 5 5 °
0 .0236

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

0 .0 0 2 5
0 .0021

D iabase 0 .0226
0 .0216

0 .0 1 6
0 .0 1 3 5
0 .0 1 5

0 .0 0 0 5
0 .0004

°  Sodium carbonate fusion not made.
6 Copper determ ined by mixed-color colorim etry, others by  colorim etric 

titration.

S o d iu m  C a r b o n a t e , anhydrous. If necessary, the reagent 
quality salt can be freed from lead by shaking a 5 to 10 per cent 
solution with precipitated calcium carbonate (0.5 gram per 100 
ml.) for 5 or 10 minutes, filtering, evaporating the solution in 
platinum, and weakly igniting the residue.

S t a n d a r d  C o p p e r  S o l u t io n , 0.001 per cent. Prepare by dilut
ing a stronger copper solution which has been obtained by weigh
ing out uneffloresced copper sulfate pentahydrate crystals; add 
sufficient hydrochloric acid to make the acidity approximately 
0.01 N.

S t a n d a r d  Z in c  S o l u t io n , 0.001 per cent. Prepare by diluting 
a stronger zinc solution which has been obtained by dissolving 
pure zinc metal in excess hydrochloric acid; add sufficient hy
drochloric acid to make the acidity 0.01 N.

S t a n d a r d  L e a d  S o l u t io n , 0.001 per cent. Prepare from a 
stronger lead solution obtained by weighing out dry lead nitrate. 
Add enough hydrochloric acid to make the final acid concentration 
0.01 N. Preserve the solution in a Pyrex bottle. It is important 
that the final solution be slightly acid, because otherwise lead 
will be adsorbed by the glass.

P r o c e d u r e

Weigh 0.25 gram of 100-mesh rock powder into a small plati
num dish, and add 0.5 ml. of 70 per cent perchloric acid and 5 
ml. of 1 to 1 hydrofluoric acid. Heat on a low-temperature 
hot plate, stirring occasionally with a platinum wire if the powder 
cakes, until the solution has evaporated to dryness and the ex
cess of perchloric acid has been expelled. Then add 0.5 ml. of 
perchloric acid together with 0.5 to 1 ml. of water, again evaporate 
to dryness and expel the excess of acid. To the residue add 2 
ml. of 1 to 1 hydrochloric acid and 5 ml. of water, and warm 
gently, if necessary, to bring all soluble material into solution. 
Next add 5 ml. of 10 per cent sodium citrate solution, cool to 
room temperature, ana add dropwise concentrated ammonium 
hydroxide until the solution becomes basic to litmus paper, and 
finally an excess of 0.25 to 0.3 ml. If the solution became ap
preciably turbid on the addition of ammonia it is well to let it 
stand for 10 or 15 minutes before beginning the filtration.



Filter the solution through a small (4 or 5 cm. in diameter) 
filter paper of medium texture, transfer any residue in the dish to 
the paper, and wash with three or four 1-ml. portions of cold 
water containing a drop of ammonia and sodium citrate solution. 
If the filtrate is turbid or becomes so on standing, refilter it. 
Reserve the filtered solution (solution 1). Ignite the paper and 
its contents in a platinum crucible, avoiding an unnecessarily 
high temperature. Cool, mix the residue with 0.15 gram of sodium 
carbonate, fuse, and add 2 or 3 ml. of water to the cooled 
melt. Warm to hasten disintegration of the melt, and filter 
through a 4-cm. paper, keeping most of the insoluble material 
in the crucible. Rinse the crucible and wash the filter well with 
small portions of cold water totaling 8 to 10 ml. Reserve the 
filtrate (solution 2) and transfer the filter paper and its contents 
to the platinum crucible previously used. Char the paper, bum 
off the carbon at a low temperature, add 1 to 1.5 ml. of 1 to 1 
hydrofluoric acid and 2 drops of 70 per cent perchloric acid, 
evaporate to dryness, and expel the excess perchloric acid. Add 
a few drops of water and 1 or 2 of perchloric acid, again evaporate 
to dryness, and expel the excess acid. To the residue add 0.5 to 
1 ml. of 1 to 1 hydrochloric acid and 2 or 3 ml. of water. Warm 
to bring all the residue into solution. (If any insoluble material 
remains, filter it off and fuse again with sodium carbonate.) Add 
0.5 to 1 ml. of 10 per cent sodium citrate to the solution and then 
ammonia in a 3- to 4-drop excess over that required to give a basic 
reaction with litmus (solution 3).

Transfer the main solution (solution 1) to a separatory funnel 
of suitable size, add 5 ml. of 0.01 per cent dithizone solution, and 
shake for 0.5 minute; if the carbon tetrachloride is green at the 
end of this time shake for an additional half minute. Allow the 
carbon tetrachloride to settle and draw it off into another separa
tory funnel, leaving a few drops in the first funnel to prevent 
loss of aqueous phase. Unless the separated carbon tetrachlo
ride is distinctly green, showing that an excess of reagent is pres
ent, add another 5-ml. portion of 0.01 per cent reagent to the 
aqueous solution, and shake vigorously for 30 to 45 seconds, 
draw off the carbon tetrachloride, and continue in thus manner 
until the last 5-ml. portion of dithizone remains distinctly green 
after being shaken vigorously for 45 to 60 seconds. Next ex
tract the solution of the leached sodium carbonate melt (solution 
3) in the same manner, using 2-ml. portions of reagent, and com
bine these extracts with those from the main portion. There 
now' remains the filtrate from the sodium carbonate leach (solu
tion 2) which had best be extracted as a precautionary measure. 
Add to it 0.5 ml. of sodium citrate solution and a drop of thymol 
blue, and then dilute hydrochloric acid until the indicator shows 
the greenish intermediate color. Extract with 2 ml. of reagent, 
shaking for 1 minute, and add this extract to the others.

If the combined extracts from solutions 1, 2, and 3 contain 
any drops of aqueous phase, draw off the carbon tetrachloride 
layer into a clean separatory funnel and wash any small volume 
of aqueous solution with a few drops of carbon tetrachloride. 
It is important that the separated carbon tetrachloride be free 
from droplets of aqueous solution, because iron so introduced will 
oxidize the reagent and lead to difficulties in the determination 
of lead. To separate zinc and lead from copper, add 10 ml. of 
1 to 1000 hydrochloric acid to the combined carbon tetrachloride 
extracts and shake vigorously for 1 minute. If the carbon tetra
chloride remains red on shaking and does not become greenish 
or purple, add sufficient dithizone solution to change the red to a 
bluish or purplish color.

Draw off the carbon tetrachloride layer into another separa
tory funnel and again shake vigorously for a full minute with 
10 to 12 ml. of 1 to 1000 hydrochloric acid. If the volume of the 
carbon tetrachloride phase is greater than 15 or 20 ml. it is ad
visable to shake for 2 minutes the last time to ensure the complete 
extraction of zinc. Combine the second portion of acid extract 
with the first, add a few drops of carbon tetrachloride to remove 
any droplets of colored carbon tetrachloride, transfer to a 25-ml. 
volumetric flask, and make up to the mark with 1 to 1000 hy
drochloric acid. This solution contains all the zinc and lead of 
the sample. Run the carbon tetrachloride solution which has 
been washed with the dilute hydrochloric acid into a silica dish. 
This solution contains the copper of the sample.

D e t e r m in a t io n  o p  C o p p e r . Evaporate to dryness the car
bon tetrachloride solution containing the copper dithizonate 
(which has been extracted with 0.01 A' hydrochloric acid to re
move zinc and lead), add 3 or 4 drops of 1 to 1 nitric acid to 
moisten the residue, evaporate, and ignite gently to destroy all 
organic material. To the cold dish add 0.5 to 0.75 ml. of con
centrated hydrochloric acid, aud by means of a stirring rod rub 
the acid over the interior of the dish so that all the cupric oxide 
w ill be dissolved. The intensity of the yellow color of the solu
tion gives an indication of the amount of copper, provided that 
much nickel is not present; with less than about 0.01 mg. of 
copper (corresponding to 0.004 per cent in the sample) hardly
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any color is apparent. Add water, transfer the solution to a 
25-ml. volumetric flask, and make up to the mark.

Copper may be determined in this solution by either procedure 
(a) or (6). The first procedure is better suited for the determina
tion of very small amounts of the metal, and the second for larger 
amounts which are to be determined as accurately as possible. 
However, procedure (a) will generally be found satisfactory; it 
is not applicable when bismuth is present.

(a)  M i x e d  C o l o r  M e t h o d .  Unless the color of the concen
trated hydrochloric acid solution indicated that only a very small 
quantity of copper is present, it is advisable to determine approxi
mately in a preliminary test the amount of the metal in the solu
tion in order to avoid the necessity for preparing a large number 
of standards. To do this, measure 1 ml. of the mixed solution 
into a color-comparison tube, dilute with 3 or 4 ml. of water, add 
a drop of methyl orange indicator solution, and then sodium 
acetate (conveniently a 2 N  solution is first used and then one 
which is 0.1 or 0.2 N) until the color of the indicator just begins 
to deviate from the full red of the acid form (pH approximately 
3). Rim in 5 ml. of 0.001 per cent dithizone solution and shake 
vigorously for 1 minute. The quantity of copper can be esti
mated from the hue of the carbon tetrachloride layer: 1 y, 
green with bluish tinge; 2 y, blue-green; 3 y, purplish gray; 4 y, 
violet-purple; 5 y, red-violet or violet.

Having determined the approximate percentage of copper, 
transfer 5 ml. (for less than 0.01 per cent) or 2 mil. (for 0.01 to 
0.02 per cent or slightly more) of the mixed solution to a color- 
comparison tube, and in similar tubes prepare a series of stand
ards of which adjacent numbers differ by 0.002 per cent of copper. 
Add sufficient hydrochloric acid to the standards to make their 
acidity roughly the same as that of the unknown, and adjust the 
volumes so that all are approximately equal. Add sodium ace
tate solution until methyl orange shows a slight deviation from 
the full acid color. Then add 5.0 ml. of 0.001 per cent dithizone 
solution to standards and unknown, shake all the tubes simul
taneously for 1 to 1.5 minutes, and compare transversely against 
a white background. If silver or bismuth is present the hue of 
the unknown cannot be matched with the standards. The inter
ference of silver can be prevented by adding 2 or 3 drops of 
1 per cent sodium bisulfite solution and 25 mg. of potassium 
iodide to each of the tubes, again shaking for 0.5 minute and 
comparing.

It appears that the results obtained by following the above pro
cedure are slightly low (see Table I). Possibly the values can be 
corrected by increasing them by 10 per cent, but it is better to 
obtain the correction factor by carrying 50 y  of copper through 
the procedure. The final percentage is to be corrected for the 
copper in the reagents as determined in a blank.

(b)  E x t r a c t i v e  T i t r a t i o n .  T o  s a v e  t im e  i t  is  a d v is a b le  to  
m a k e  a  ro u g h  p r e l im in a r y  t i t r a t i o n  o r  to  p ro c c e d  a s  in  (o ) t o  fin d  
th e  a p p r o x im a te  a m o u n t  o f  c o p p e r  p r e s e n t .

Pipet 10 ml. (for less than 0.03 per cent of copper) of the hy
drochloric acid solution which has been diluted to 25 ml. into a 
separatory funnel of suitable size, add a drop of methyl orange, 
and adjust the pH to approximately 3.5 by adding sodium ace
tate solution; it is preferable to use a buffer solution of pH 3.5 
containing methyl orange for comparison in adjusting the acidity 
of the solution to be titrated. Now run in nearly the required 
volume of 0.001 per cent dithizone solution from a buret, shake 
vigorously for 1 minute, allow the carbon tetrachloride to settle, 
and draw it off as completely as possible. Finish the titration 
by adding the reagent in 0.5-ml. portions, shaking vigorously 
for 45 seconds each time. Near the end point it is convenient 
to draw off each successive small portion of carbon tetrachloride 
into a small vial so that the change in color can be noted better.

Take as marking the end point the 0.5-ml. portion of reagent 
which becomes blue after shaking the specified time. The next 
0.5-ml. portion should show a distinct green tinge after thorough 
shaking. Deduct 0.5 ml. from the volume of standard solution re
quired as the “indicator” correction. Standardize the dithizone 
solution in the same way against a known amount of copper which 
has been carried through the procedure. This may be done con
veniently by adding 50 y  of copper to the extracted solution of 
the sample, and using a 10/25 aliquot of the final hydrochloric 
acid solution for the titration. Apply the correction for the 
copper in the reagents as determined in a blank.

D e t e r m in a t io n  o p  Z in c . It is advantageous to determine 
first the approximate percentage of zinc present. Transfer 1 
ml. of the 0.01 A7 hydrochloric acid extract, which has been diluted 
to 25 ml., to a color-comparison tube, add 1 ml. of acetic acid- 
acetate buffer of pH approximately 4.1, 3 ml. of water, and 0.10 
ml. of sodium thiosulfate solution. Shake vigorously with 5 
ml. of 0.001 per cent dithizone for 1 minute. The quantity of 
zinc present can be roughly estimated from the color of the car
bon tetrachloride: 1 y, blue; 2 y, purplish violet; 3 y, violet;
4 and 5 y, red-violet.
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Having determined the range of the zinc percentage, measure 
5 ml. (for less than 0.01 per cent of zinc) or 2 ml. (for 0.01 to 0.025 
per cent) of the 0.01  N  hydrochloric acid solution into a tube, 
and prepare a series of standards differing, for example, by 0.002 
per cent of zinc. Dilute the standards with 0.01 N  hydrochloric 
acid to the same volume as the unknown. Then to each of the 
tubes add 1 ml. of buffer solution of pH approximately 4.1 and 
0.10 ml. of sodium thiosulfate solution. Run in 5.0 ml. of 0.001 
per cent dithizone solution and shake vigorously for 1 to 1.5 
minutes. Compare the tubes transversely against a white back
ground. Apply the correction for zinc in the reagents as deter
mined in a blank.

D e t e r m i n a t i o n  o p  L e a d . Transfer 5 ml. of the 0.01 N  
hydrochloric acid extract to a color-comparison tube, add 1 drop 
of 10 per cent sodium citrate solution, 2 drops of concentrated 
ammonium hydroxide, and 1 ml. of 5 per cent potassium cyanide. 
Prepare a series of standards (containing for example 0.5, 0.75, 
1 . . .  2 7  of lead) in 5 ml. of 0.01 N  hydrochloric acid, and treat 
with citrate, ammonia, and cyanide. From a buret add 2.0 ml.

of 0.001 per cent dithizone in carbon tetrachloride to the unknown 
and the standards. Shake the tubes vigorously for 10 to 15 
seconds and compare the colors by viewing the carbon tetrachlo
ride layers transversely against a white background. If desired, 
adjacent members of the standards may be mixed for a more pre
cise comparison after the first comparison has been made. Cor
rect the lead value obtained for the amount in the reagents.
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Influence of Solvent on the Saponification 
Number of Rosin

W . C . S M IT H , N a v a l S to r e s  R e se a r c h  D iv is io n , B u r e a u  o f  C h e m is tr y  a n d  S o ils ,
U . S . D e p a r tm e n t  o f  A g r ic u ltu r e , W a sh in g to n , D . C.

SIN C E  about two-thirds of the rosin consumed industri
ally goes into the production of paper size and soap, these 

users are especially interested in the determination of the 
so-called saponification number of rosin as the means by 
which they decide what quantity of alkali is needed to com
bine with rosin to convert it into a soap or a size. Because 
of the different results obtained on saponifying oils, fats, and 
waxes with different solvents, as reported in the literature, 
this investigation was undertaken to ascertain what solvent 
or solvents should be used in determining the saponification 
number of rosin.

Rosin is usually described as consisting of abietic acid, 
natural esters of abietic acid, and unsaponifiable materials. 
It is described in more detail (8) as consisting of about nine 
parts of isomeric resin acids having the empirical formula 
C20H 30O2 and one part of neutral bodies consisting of esters, 
sesquiterpenes, oxidation products, and unidentified com
ponents. Earlier investigators (6) held conflicting opinions 
as to the presence of lactones and anhydrides.

Abietic and isomeric resin acids are monobasic. One gram 
of these acids will therefore require for neutralization alkali 
equivalent to 185.6 mg. of potassium hydroxide. Esters of 
these acids will require for saponification smaller quantities 
of alkali, dependent on the molecular weight of the alcohol 
combined with the acid.

It would appear that the sum of the acids in rosin, calcu
lated as abietic from the saponification number, and the unsa
ponifiable matter should not exceed 100  per cent, and if water- 
soluble alcohols or light volatile matter were present such sum 
would be less. The results obtained on a large number of 
samples of gum rosin by the proposed American Society for 
Testing Materials methods (1) show that on the average, the 
calculated abietic acid plus the unsaponifiable matter totals 
a little over 102  per cent and, in some instances, is as much as 
105 per cent. FF  wood rosin (13) is reported to contain 89 
per cent acid as abietic, and 13 per cent unsaponifiable matter. 
Matlack and Palkin (7) observed this apparent anomaly and 
suggested the presence of acids of lower molecular weight 
than abietic as an explanation. The presence of volatile 
water-soluble acids in rosin has been reported previously.

Tomeo and Garcia-Viana (18) found Spanish rosin to have a 
Reichert-Meissl number of about 1.5. Terpougoff (17) saponi
fied 14.4 grams of WW rosin, and after 24 hours decomposed 
the soap with excess sulfuric acid. In the aqueous layer were 
found 0.228 gram of acetic acid and possibly traces of formic 
and butyric acids. This percentage of acetic acid in rosin 
would increase its saponification number by 11.9 and its ap
parent resin acid content by 6.4 per cent.

It does not necessarily follow from the high free-acid con
tent of rosin and its ready solubility in aqueous and alcoholic 
alkalies that complete saponification of the esters present is 
easily effected. In fact, certain esters of abietic acid are very 
difficult to saponify. The manufacturers of methyl abietate 
state that ordinary saponification methods have little effect 
on this product. The standard method yields a saponification 
number of 11 on neutral methyl abietate.

Standard methods for determining the saponification num
bers of oils, fats, and waxes, such as have been adopted by the 
Association of Official Agricultural Chemists and the Ameri
can Society for Testing Materials, specify that 95 per cent 
ethyl alcohol be used for dissolving the sample and also for 
preparing the saponification solution. In order to conform as 
closely as possible to standard methods, 95 per cent ethyl 
alcohol was specified for use in determining the saponification 
number of rosin (3). Some industrial laboratories substitute 
for ethyl alcohol a tax-free denatured alcohol, such as specially 
denatured No. 30. Gardner (4) recommends the use of 
absolute methyl alcohol for preparing a saponifying solution 
for the resins on account of its better keeping qualities. Scha- 
melhaut (1 4 ), without presenting any data, states that iso
propyl alcohol can satisfactorily replace ethyl in determining 
the acid and saponification numbers of fats, essential oils, 
and balsams. The comparison of other solvents with ethyl 
alcohol in the saponification of oils, fats, waxes, and esters 
has been the subject of many investigations.

Pollmann (12) concluded that methyl alcohol cannot replace 
ethyl for saponification of esters because the reaction is incomplete 
after 0.5 hour’s boiling. Leaper (6) found that a Carbitol or di
ethylene glycol monoethyl ether solution of potassium hydroxide 
would completely saponify oils, fats, and waxes in 1 hour, whereas



470 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9. NO. 10

3 hours often were required when ethyl alcohol was used. 
Stect {16), using a Cellosolve or ethylene glycol monoethyl ether 
solution of potassium hydroxide, obtained the same results on 
saponifying pure fatty oils as were obtained when an ethyl alcohol 
solution was used. The time required for saponification was 
much shortened by using Cellosolve. Anderson and Brown (2) 
reported that castor oil is saponified more rapidly in amyl than 
in ethyl alcohol and more rapidly in ethyl than in methyl. Schu- 
ette and Davis (15) obtained slightly higher results with isopropyl 
than with ethyl alcohol in saponifying vegetable oils. Pardee 
and Reid (11) showed that, because of alcoholysis, in the saponi
fication of esters of volatile acids, especially formic, there is a loss 
of ethyl formate when ethyl alcohol is used, but that when normal 
butyl alcohol is used theoretical results are obtained. Pardee, 
Hasche, and Reid (10) obtained higher saponification numbers 
on several oils, fats, and waxes in n-butyl alcohol than in ethyl. 
The greatest differences were found in linseed oil, tallow, and 
neat’s-foot oil. The results reported for these in ethyl and n- 
butyl alcohol, respectively, are: linseed oil, 185.6 and 198.5; 
tallow, 183.7 and 198.3; neat's-foot oil, 111.5 and 131.7.

For the present investigation methyl, isopropyl, and n- 
butyl alcohols were selected for comparison with ethyl alcohol 
in the saponification of rosin because methyl alcohol has been 
recommended for use with resins and isopropyl for use with 
balsams and because isopropyl and n-butyl alcohols gave 
higher results than ethyl in saponifying oils, fats, and waxes. 
Specially denatured alcohol No. 30 was also used for compari
son with ethyl because it  is now being used by some industrial 
laboratories.

All samples used in the test were gum rosin varying in 
grade from X  to D . W ith the exception of samples 18 and 
19, which were prepared in the laboratory by the method of 
Palkin and Clark (9), all were considered to be normal rosin. 
No. 18 was unusually high in resene or unsaponifiable matter, 
and No. 19 unusually low in resene. The precautions recom
mended by Veitch and Sterling (19) were taken to prevent 
changes due to oxidation.

The alcohols used as solvents and for preparation of the 
0.5 N  saponification solutions were as follows:

Methyl, c. p . grade, almost absolute, used without any treat
ment.

Ethyl, 95.2 per cent after distillation from potassium hydroxide.
S. D. No. 30, prepared by adding one volume of methyl to 10 

volumes of ethyl.
Isopropyl, commercial “Petrohol” refined as described by 

Schuette and Davis (15).
n-Butyl, technical grade refined as described by Pardee and 

Reid (11).

Two-gram portions of the sample were placed in 300-cc. 
Erlenmeyer flasks and 50 cc. of the selected solvent and 25 
cc. of a corresponding saponification solution added. The

T a b l e  I. S a p o n if ic a t io n  N u m b e r s  o p  R o s in s  in  V a r io u s  
A l c o h o l s

Sam ple
No. M ethyl E th y l

S. D .
N o. 30 Isopropyl n -B uty l

1 16 7 .7 174 .3 174 .6
2 167 .7 1 7 4 .8 17 3 .9

3
1 7 1 .3 °
165 .0 170 .7 170 .9

4
167 .3°
167 .5 174 .3 173 .8

5 168 .8 173 .7 173 .9

6
1 7 3 .0 °

172 .3 17 3 .0
7 175 .1 175 .4
8 170 .9 170 .9
9 168 .7 169 .5

10 173 .7 172 .6
11 175 .4 175 .4
12 170! 9 17 6 .0 175 .4 179*0 194 !o

13
1 7 3 .2 °
168 .8 17 4 .0 173 .9 17 6 .0 189 .4

14 176 .5 176 .0 176 .0 176 .9
15 172 .8 175 .3 191 .9
16 176 .4 18 1 .0 196 .1
17 17 3 .8 17 5 .8 190 .3
18 166 .3 184 .2
19 179 .9 182 .6

a 4 cc. of water added along w ith saponification solution .

flasks were then placed on a steam bath for 1 hour under air 
reflux. After cooling, the excess alkali was titrated with 
0.5 N  hydrochloric acid. Great care was taken in determining 
the end point. I t  was found necessary in some cases to  re
heat and cool and again neutralize the solution after the first 
end point had been reached, in order to dissolve the alkali 
which apparently had combined with the glass. The greatest 
difference between the first and final end points corresponded 
to 0.3 cc. of 0.5 N  hydrochloric acid. The maximum dif
ference in duplicate determinations was 1.4 units in saponi
fication number. The average results on the individual 
samples are listed in Table I,

D iscu ssio n  o f  R esu lts
The higher results obtained with n-butyl alcohol indicate 

that it in some way promotes the saponification of rosin com
ponents not saponified in the lower alcohols.

The average unsaponifiable matter of a large number of 
samples of commercial gum rosin was found to be about 8 
per cent, with very few samples having less than 6 per cent. 
A saponification number of 175 would account for a total 
abietic or isomeric resin acid content of slightly more than 
94 per cent. The average saponification number in butyl 
alcohol for the normal gum rosins was 189.8. This suggests 
the presence in the rosins of low molecular w’eight acids, 
esters of such acids, polybasic acids, or their esters.

In order to determine whether there was any loss of light 
volatile esters when ethyl alcohol was used, several samples 
were saponified in pressure flasks immersed in a steam bath. 
On all samples except N o. 18 the saponification numbers ob
tained when the determination was carried out under pres
sure were essentially the same as obtained under air reflux. 
On this sample the pressure determination gave a value only 
2.4 units higher than did the air reflux determination.

An attem pt was made to recover from some of the samples 
having high saponification numbers in n-butyl alcohol suf
ficient volatile acids to account for the high values. A pro
longed steam distillation of the rosin yielded but negligible 
quantities of volatile acids. The addition of a small quantity 
of sulfuric acid did not increase the yield of volatile acids. 
A 50-gram portion of the sample was then saponified in n- 
butyl alcohol solution with an excess of alkali, and after sa
ponification as much as possible of the solvent was removed by 
distillation. A calculated small excess of sulfuric acid was 
then added and the mass was subjected to prolonged steam  
distillation. The greatest quantity of acid recovered by this 
means would represent about 7 units in the saponification 
number of the sample taken. When the saponification was 
made inaqueousalkali,sim ilarresultswereobtained. Slightly 
smaller quantities of acid were recovered when ethyl alcohol 
was used. Acids of the abietic type, prepared from rosin 
by recrystallization, treated in this manner yielded only a 
trace of volatile acid.

Commercial methyl and ethyl abietates were used to test 
the relative effectiveness of ethyl and n-butyl alcohols in sa
ponifying esters of abietic acid. The saponification numbers 
in ethyl and n-butyl alcohol, respectively, were for methyl 
abietate 18.2 and 37.8, and for ethyl abietate 11.2 and 19.6. 
All these values are far short of the theoretical.

Finally three samples of abietic-type acids, prepared as de
scribed above, were saponified in ethyl and re-butyl alcohol 
solutions. The average saponification number in each sol
vent was approximately 185. The acid number of the acids 
determined in ethyl alcohol was 184.

S u m m ary  and  C on clu sion s
The saponification number of rosin is influenced by the 

solvent used in the determination, alcohols of the higher
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molecular weights giving the higher values. This is in har
mony with the findings of earlier investigators on the saponi
fication of oils, fats, and waxes.

Since known esters of abietic acid are not completely saponi
fied in n-butyl alcohol and it is generally assumed that rosin 
contains esters of the resin acids, it is probable that rosin is 
not completely saponified even in this medium, although the 
results obtained are higher than with the other solvents tested.

Since the results obtained using specially denatured alcohol 
No. 30 are essentially the same as those obtained with 95 per 
cent ethyl, this denatured alcohol may be used in the place 
of the 95 per cent ethyl in the saponification of rosin as cus
tomarily carried on.

A method for the complete saponification of rosin will be 
of scientific value in determining its composition and nature. 
However, from a commercial standpoint it is not essential, 
since industrial saponification of rosin is carried out in aqueous 
solutions of alkali. A method to be of maximum commercial 
value should simulate the procedure used industrially.

Attem pts by the writer to determine the saponification 
number of rosin by saponifying in aqueous alkali have not met 
with complete success. However, results obtained by this 
method also indicate that saponification is not complete.

The presence in rosin of volatile water-soluble acids, re
ported by others, has been confirmed. The quantities found, 
however, are not sufficient to account for the high saponifica
tion numbers obtained on certain samples.

The presence in rosin of nonvolatile polybasic acids, or 
their esters, such as are found in copals, would increase its 
saponification number.

Rosins having very low resene content appear to contain 
only isomeric resin acids of the abietic type. A study of the 
resene or neutral portion of rosin may reveal the cause of the 
high saponification numbers obtained with certain solvents.
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Determination of Coumarin in Sweet Clover
A Comparison o f the Steam-Distillation and Alcokolic-Extraction Methods

IR A  J .  D U N C A N  AND R . B . D U S T M A N  

W e st V ir g in ia  A g r ic u ltu r a l E x p e r im e n t  S ta t io n ,  M o r g a n to w n , W . V a.

IN  1934 the authors (S) proposed a method for the quanti
tative determination of coumarin in plant material, based 

upon the removal of the coumarin by steam distillation and 
subsequent titration with potassium permanganate ac
cording to the method of Obermayer (6). In 1935 Clayton 
and Larmour (1) published a tentative colorimetric method 
for the determination of coumarin and melilotic acid in 
Melilotus species, that consists in extracting the sweet clover 
material with 95 per cent alcohol and determining the cou
marin and melilotic acid colorimetrically in aliquot portions 
of the extract. The color is produced when the extract is 
treated with sodium carbonate and heated, and a solution of 
diazotized p-nitroaniline is added. Color comparisons are 
made with standards prepared from pure coumarin in alcoholic 
extracts of some noncoumarin-bearing plant, such as west
ern rye grass or alfalfa. W ith colorless solutions the method 
was regarded as quantitative, but only comparative results 
were claimed when it was applied to alcoholic extracts of 
sweet clover. In 1936 Stevenson and Clayton (8) reported 
results obtained with sweet clover, using certain modifica
tions of the Clayton-Larmour method, and extracting with 
50 per cent methyl alcohol instead of 95 per cent ethyl al
cohol.

Recently the steam-distillation method was applied to the 
removal of coumarin from vanilla extracts (4), and it was 
found that the colorimetric procedure of Clayton and Lar

mour could be used for determining the coumarin in the 
distillates with excellent results.

Because some of the results reported by Stevenson and 
Clayton were at variance with results obtained in this labo
ratory, it seemed desirable to make a comparison of the 
analytical procedures involved. While this work was in 
progress the authors’ attention was drawn to a still more re
cent modification of the alcoholic-extraction method by 
Roberts (7), and this modification has been included in the 
comparison trials reported here.

C om parison o f  C olorim etric and T itra tion  
M ethods

The colorimetric method of Clayton and Larmour, with 
slight modifications (4), gave quantitative results when 
applied to the clear sweet clover distillates obtained by the 
steam-distillation method. Table I shows that approxi
mately identical results are obtained when coumarin is deter
mined in aliquot portions of the same distillates by the colori
metric and permanganate titration methods.

The colorimetric method is superior to the titration method 
because less time is required and because small amounts of 
noncoumarin reducing substances present in the distillates 
do not interfere with the color produced. Treatment of the 
distillates with lead acetate can, therefore, be omitted. For
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T a b l e  I .  C o m p a r is o n  o f  C o l o r im e t r ic  a n d  T i t r a t io n  
M e t h o d s  f o r  S w e e t  C l o v e r  D is t il l a t e s

Coum arin C ontent
Sam ple Colorim etric T itration

N o. m ethod m ethod
% %

1 1 .1 9 1 .17
2 1 .2 8 1 .29
3 1 .07 1 .1 0
4 1 .5 2 1 .59
5 1 .3 3 1 .34
6 1 .72 1 .73
7 0 .3 1 0 .3 2
8 0 .2 2 0 .2 4
9 0 .3 5 0 .3 5

10 0 .3 6 0 .3 6
A v. 0 .9 4 0 .9 5

T a b l e  II. D e t e r m in a t io n  o f  C o u m a r in

(In  green, in room  tem perature-dried , and in  oven-dried sw eet clover by  
extraction  and by d istillation  w ith and w ith out added pure coumarin)

D ried  a t room tem perature 
Sw eet clover alone 

D ried a t 60°
Sw eet clover alone  
Sw eet clover plus 0.4%  of added  

coum arin  
R ecovery of added coumarin  

Green
Sw eet clover alone  
Sw eet clover plus 0.28%  of added  

coumarin  
R ecovery of added coumarin

E xtraction
%

0 .5 4

0 .5 3

0 .9 4
10 3 .0

0 .4 6

0 .4 7
N one

D istilla tion
%

1 . 11

1 .06

0 .4 2

0 .7 1
10 3 .1

these reasons the colorimetric method was used throughout 
the work reported in this paper.

E xtraction  an d  S te a in -D is tilla tio n  M eth od s

Preliminary trials, which were made to compare the ex
traction method of Stevenson and Clayton with the steam- 
distillation method, showed wide differences in the coumarin 
content of samples taken from the same sweet clover material. 
Additional trials were therefore made on carefully sampled 
green, room temperature-dried, and oven-dried sweet clover 
in an attem pt to find an explanation for the differences. 
The samples were prepared as quickly as possible in the 
following manner:

A large quantity of second-year-growth white sweet clover was 
cut at the early bloom stage, the cut ends were placed in a vessel 
of water to prevent wilting, and the whole was carried to the labo
ratory. Samples of green material were then prepared in du
plicate by cutting the stems into sections just below each leaf 
axis and collecting alternate sections for samples. Three such 
pairs of alternate-section samples were prepared, and after 
weighing, each sample was cut into thin sections with scissors. 
One sample from each pair was extracted and the remaining three 
were distilled.

At the same time a set of three additional pairs was prepared 
in a similar manner. To three samples 0.005 gram of pure cou
marin was added, and to the other three 0.01 gram was added. 
The first three were extracted and the last three were distilled. 
Samples for moisture determination were prepared at the same 
time. The sweet clover plants remaining were divided into two 
large samples. One sample was placed before an electric fan 
and dried for 5 days at 27° to 31° C. (room temperature). The 
other sample was placed in a forced draft oven and dried for 8 
hours at 66° C. Coumarin was then determined in the dried 
material by extraction and by distillation. Samples of the oven- 
dried material to which 0.00-1 gram of pure coumarin was added 
were also extracted.

The average values for these coumarin determinations, cal
culated to a dry-weight basis, are given in Table II. The 
m ost noticeable fact is the failure to recover added pure cou
marin from green sweet clover samples by extraction. By  
distillation the added coumarin was recovered fairly well, but, 
because the samples had not been ground, the recovery was 
somewhat variable. The values for dry sweet clover show  
wide differences, the extraction method giving values approxi
m ately one-half those obtained by the distillation method. 
Since the coumarin in extracts and distillates was determined 
by the same colorimetric procedure, it  appears that the extrac
tion was incomplete or that some of the coumarin was present 
in a form not soluble in alcohol or was destroyed in the process 
of extraction. That the former was not the case was shown 
by failure to recover an appreciable amount of coumarin 
from the residues by further extraction and by steam distil
lation. In other trials extraction gave values which were con
siderably lower than those obtained by steam distillation. 
The added pure coumarin was completely removed from the 
dry sweet clover samples by extraction.

Sw eet Sw eet Clover
Sam ple Clover +  A dded

N o. A lone Coum arin
% %

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

A v . 0 .4 6 0 .4 5

T a b l e  III. E x t r a c t io n  o f  C o u m a r in  f r o m  G r e e n  S w e e t  
C l o v e r  w it h  a n d  w it h o u t  A d d e d  P u k e  C o u m a r in

(Second trial)
R ecovery  
of Added  

C oum arin
%

None

Recovery of added coumarin from green sweet clover by 
extraction was repeated on samples prepared as before. 
The added coumarin amounted to 0.0125 gram in each sam
ple, which was approximately equal to that originally present 
in the samples as shown by the extraction procedure.

The results shown in Table III agree with those in Table 
II, in that the coumarin added to green samples is not ac
counted for when subjected to alcoholic extraction and sub
sequent colorimetric determination of coumarin in the extract. 
Just what happened to the added coumarin is not apparent. 
I t  did not remain in the samples following extraction, since 
further extraction of the residues gave only a very slight trace 
of color-producing substance when the extracts were treated  
with the diazotizing reagent. Likewise, steam distillation of 
some of the residues failed to recover any appreciable amount 
of coumarin. Other similar residues were washed with a little 
cold water to remove the adhering substances which had been 
extracted by the alcohol, 0.01 gram of pure coumarin was 
added to each residue, and the extraction procedure was re
peated. The added coumarin was recovered quantitatively 
in each trial.

These results indicate that in the alcoholic extraction of 
green material something is removed which destroys, renders 
nonreactive, or interferes with the final color determination 
of the added coumarin.

In addition to errors resulting from extraction, considerable 
difficulty arose when the actual color comparisons were made. 
The sweet clover extract itself was somewhat colored, and 
the extracts of alfalfa and of other noncoumarin-bearing plants 
developed a decided reddish brown color when carried through 
the colorimetric procedure. When sodium carbonate was 
added to the sweet clover extract a pronounced yellow color 
was produced, and on heating, a cloudiness due to the precipi
tation of impurities resulted. Finally, because of off colors 
produced by impurities in both the standards and the un
knowns, accurate color comparisons in a colorimeter were 
difficult if not impossible. For these reasons it appears 
that only approximate values may be obtained by the extrac
tion method.

Repeated trials have shown that coumarin is removed 
quantitatively from sweet clover by the steam-distillation  
method. The distillates are clear and apparently contain no 
substances which interfere with the colorimetric estimation 
of the coumarin present.
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B ehavior o f  M e lilo lic  and  o-C oum aric Acids in  
th e  D is tilla tio n  Process

Since coumarin and melilotic acid are thought to occur 
together in sweet clover (Ü), and since o-coumaric acid also 
may be closely associated with coumarin in the plant, it 
seemed desirable to investigate the behavior of these sub
stances when subjected to the steam-distillation process. 
Either substance would interfere with the colorimetric de
termination of coumarin in the sweet clover distillates, since 
both react with the diazonium reagent and produce a red 
color similar to that given by coumarin. o-Coumaric acid 
was prepared by the method of Fittig and Ebert (5), and 
melilotic acid was prepared according to the method of Tie- 
man and Herzfeld (9). After several recrystallizations each 
was obtained in pure form. When a given weight of meli
lotic or o-coumaric acid was treated with the diazonium solu
tion, a color was produced similar to that given by coumarin 
and found to be 92.8 and 79.4 per cent as intense, respectively, 
as that produced by an equal concentration of pure cou
marin.

In order to determine the extent to which melilotic acid 
and o-coumaric acid are carried over into the distillates, 
0.025-gram samples of each in 100 ml. of distilled water were 
subjected to four distillations by the steam-distillation pro
cedure. The distillates from the o-coumaric acid gave no 
color test, showing that it  is not volatile with steam under 
the conditions of the method. The melilotic acid distillates 
gave an average percentage recovery of 22.9, 17.7, 13.2, and 
8.5 for the first, second, third, and fourth distillations, re
spectively. Pure coumarin in solution was recovered quan
titatively by one distillation. Even though melilotic acid is 
distilled over appreciably from pure aqueous solution, when 
added to 5-gram samples of alfalfa, only a very small amount 
(2 to 3 per cent) was distilled over in four distillations. Dis
tillates from the alfalfa samples alone gave negative color 
tests.

T a b l e  IV. D e t e r m i n a t i o n  o p  C o u m a r in

(In  dry sam ples of sw eet clover in  the presence of sodium  acetate with and 
w ith out added m elilotic acid and o-coumaric acid)

Substance A dded CoumarinSam ple N o.

1
2
3
4
5

6
7
8

9

10

N one
N one
N one
N one
N one

M elilotic  acid, 0 .025 gram  
M elilotic  acid , 0 .025 gram  
M elilotic  acid, 0 .025 gram

M elilotic  and o-coum aric acids, 
0.025 gram  of each  

M elilotio  and o-coum aric acids, 
0.025 gram of each

0 .7 2  
0 .7 2  
0 .6 8  
0 .7 0  
0 .7 0  
0 .7 0  
0 .7 0  
0 .6 9  
0 .6 9  
0 .6 9

0 .6 9

0.68 
A v. 0 .6 9

Av.

Av.

T a b l e  V .  C o m p a r is o n  o f  R o b e r t s ’ M o d if ic a t io n  a n d  
S t e a m - D is t i l l a t i o n  M e t h o d s

Sam ple C oum arin b y  R oberts’
Coumarin  
by Steam

N o. M odification D istilla tion 0

% %

1 1 .0 7 1 .10
2 1 .13 1 .04
3 0 .9 7 1 .1 0
4 1 .1 4 1.01
5 1 .6 8 2 .5 9
6 0 .9 9 0 .9 0
7 0 .9 8 0 .8 8
8 1 .3 5 1 .9 0
9 1 .34 1 .99

10 1 .41 2 .0 5
11 1 .61 2 .2 4
12 2 .3 6 2 .2 7
13 1 .7 6 2 .2 5

A v. 1 .3 7 1 .64
a D istilla tion  sam ples also ground in  m ortar w ith sand.

In an effort to prevent entirely the transfer of melilotic 
acid without interference with the removal of coumarin, a 
series of trials was made in which 0.025-gram quantities of 
melilotic acid, or 0.025 gram each of melilotic acid and 
coumarin, were placed in the distillation flasks, 0.5 to 1 gram 
of a suitable salt and 100 ml. of distilled water were added, 
and the contents were distilled to dryness. The distillates 
were diluted to 250-ml. volumes and colorimetric determina
tions were made on 25-ml. aliquots. One-half gram of sodium 
acetate gave the desired result: The distillates from melilotic 
acid showed only a very slight trace of that substance pres
ent, while the distillates from the melilotic acid-coumarin 
mixture gave complete recovery of coumarin.

Similar trials on the removal of melilotic acid and cou
marin from 5-gram samples of alfalfa by four distillations 
gave analogous results. The sodium acetate prevented the 
transfer of melilotic acid but did not hinder the passage of 
coumarin. Finally, trials were made on the distillation of 
sweet clover samples, w'ith and without addition of melilotic 
and o-coumaric acids, to which 0.5 gram of sodium acetate 
was added. Five-gram samples were used and coumarin 
was determined in 20-ml. aliquots from 1000-ml. volumes 
after four distillations. The results of these trials are given 
in Table IV. Samples 1 and 2 were each subjected to a 
fifth and sixth distillation without increasing the quantity 
of coumarin found.

It was concluded that the addition of 0.5 gram of sodium 
acetate to the sweet clover samples in the distillation flasks 
would prevent melilotic acid or o-coumaric acid from inter
fering with the coumarin determination. Four distillations 
are required to remove the coumarin completely.

C om parison o f  R ob erts’ M odified E xtraction  
M ethod  w ith  S tea m  D istilla tio n

Recently Roberts modified the extraction procedure of 
Stevenson and Clayton by grinding the green leaves in a 
mortar with sand and extracting the coumarin with 50 per 
cent methyl alcohol, at room temperature, while shaking for 
30 minutes. Coumarin was determined in aliquot portions 
by comparing with standards containing pure coumarin to 
which an extract of alfalfa leaves was added. Comparison 
of this method with the steam-distillation method was made 
on samples of sweet clover leaves.

Table V shows considerable differences in the coumarin 
content as determined by the two methods. Why these 
differences were obtained is not apparent. Roberts’ modi
fication is a decided improvement over the original extrac
tion method— for example, pure coumarin added to green 
sweet clover samples was recovered quantitatively in nu
merous trials. Determinations of coumarin on green ma
terial without previously grinding with sand were both low 
and variable. Determinations made on samples similar to 
Nos. 1, 2, and 3 by the distillation method without grinding 
gave an average value of less than half (0.38 per cent) of that 
reported in Table V for these samples, showing that with 
green material grinding is essential for accurate quantita
tive determinations.

After the coumarin is separated by extraction from the 
sweet clover samples, the same difficulty prevails with color 
comparisons as for the original method. Moreover, the ex
traction of any melilotic acid, o-coumaric acid, or other sub
stance which would react with the color reagent interferes 
with the coumarin determination. A large number of sweet 
clover samples, from which the coumarin was removed com
pletely by distillation, were extracted by Roberts’ modifica
tion and the amount of color-producing substance present in 
the extracts was determined. These values ranged from a 
very slight trace to 0.32 per cent calculated as coumarin.
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T a b l e  V I .  D e t e r m i n a t i o n  o p  C o u m a r in

(Percentage of to ta l coum arin rem oved from dry sw eet clover m aterial by  one 
d istillation , estim ated  to ta l coumarin content on the basis of one distillation , 
and d eviation  of th e estim ated  value from  the true value for 5- and 2-gram  

sam ples)
Five-G ram  Sam ples 

E stim ated
T w o-G ram  Sam ples 

E stim ated
R em oved total D eviation R em oved total D eviation

% % % % % %
5 7 .3 102 .0 2 .0 7 7 .2 1 0 3 .0 3 .0
5 6 .4 100 .3 0 .3 7 4 .9 9 9 .8 0 .2
5 7 .5 102 .3 2 .3 7 5 .8 101 .2 1 .2
5 4 .8 9 7 .5 2 .5 7 2 .3 9 6 .5 3 .5
5 9 .0 10 5 .0 5 .0 7 6 .5 102 .1 2 .1
5 4 .0 9 6 .1 3 .9 7 7 .3 103 .2 3 .2
5 5 .0 9 7 .9 2 .1 7 7 .9 104 .0 4 .0
5 7 .7 102 .7 2 .7 7 2 .7 9 7 .1 2 .9
5 7 .1 10 1 .6 1 .6 7 2 .1 9 6 .3 3 .7
5 3 .9 9 5 .9 4 .1 7 4 .7 9 9 .7 0 .3

5 7 .1 101 .6 1 .6 7 1 .9 9 6 .0 4 .0
5 7 .1 101 .6 1 .6 7 6 .0 101 .5 1 .5
5 4 .1 9 6 .3 3 .7 7 4 .6 9 9 .6 0 .4
5 5 .0 9 7 .9 2 .1
5 6 .5 100 .6 0 .6
5 4 .6 9 7 .2 2 .2
5 3 .8 9 5 .7 4 .3
5 7 .6 10 2 .5 2 .5
5 9 .0 105 .0 5 .0
5 6 .8  

A v. 5 6 .2
1 0 1 .0 1 .0

2 .6 7 4 .9 2 .3

This would lead one to expect slightly higher values, on the 
average, by Roberts’ method than by steam distillation, 
whereas Table V  shows the opposite result.

To obtain more information as to the specific nature of the 
color produced by pure coumarin, sweet clover distillates, 
melilotic acid, o-coumaric acid, sweet clover extracts, and 
alfalfa extracts plus added coumarin when each is treated 
with the diazonium solution, the percentage of transmittance 
of light of various wave lengths by these solutions over the 
range at which light is transmitted (560 to 700 millimicrons) 
was measured with a Keuffel and Esser spectrophotometer. 
These measurements showed that solutions containing pure 
coumarin, melilotic acid, o-coumaric acid, and sweet clover 
distillates gave nearly identical transmittance curves for 
solutions of equal color intensity. However, w’hen the spec- 
trophotometric curves produced by alcoholic extracts of 
sweet clover were compared with those produced by alcoholic 
extracts of alfalfa plus pure coumarin, considerable differ
ences in transmittance were noted in the orange and red 
parts of the spectrum. The transmittance values for alfalfa 
extract plus pure coumarin fell below those for sweet clover 
extract in this region. This m ay account for the difficulty 
in matching the two solutions in a colorimeter and may cause 
some error in the estimation of the coumarin content. Sweet 
clover distillates are not subject to this difficulty when com
pared with standards of pure coumarin.

S h ort M eth od  for C om parative Purposes
Numerous trials have shown that under the conditions 

described four distillations will remove all the coumarin 
from 5-gram samples of dry sweet clover material. If the 
sample is reduced, the number of distillations necessary to 
remove the coumarin completely is also reduced. Trials were 
made to determine how constant the percentage removal is 
by one distillation from 5-gram and from 2-gram samples. 
Total coumarin was determined in samples chosen from six 
different stock materials, one of which was a sample of 
leaves, ranging from 0.43 to 1.31 per cent. Two to six sam
ples from each stock material were distilled once and the cou
marin present in the distillates wTas determined. The aver
age percentage removal of coumarin from the 5-gram and 
2-gram samples was found to be 56.2 and 74.9, respectively.

The factors for converting these average values to 100 per 
cent are 1.779 and 1.336, respectively. Applying the ap
propriate factor to the percentage of total coumarin removed

from each sample by one distillation gives as a product the 
estimated total coumarin content. Comparison of the val
ues thus found w ith 100 per cent gives the deviation from 
the true value as determined by four distillations. The re
sults of these determinations and calculations are summarized 
in Table VI, and show' that the approximate coumarin con
tent of sweet clover samples may be found by one distilla
tion. If other sample weights are employed, a suitable fac
tor for each must be determined. When permissible, this 
shortening of the distillation procedure speeds up the method 
and is sufficiently accurate for sorting sweet clover strains.

S u m m ary

A comparison of the alcoholic-extraction and steam-dis- 
tillation methods for removing coumarin from sweet clover 
samples showed considerable differences in the coumarin con
tent as determined by the two methods. The Stevenson 
and Clayton method of extraction failed to recover pure 
coumarin added to green sweet clover, and when dry samples 
were extracted values of less than half those given by the 
distillation method were obtained. Roberts’ modification of 
the extraction method showed a decided improvement, but 
likewise gave lower values in most cases than did the distil
lation method.

Spectrophotometric curves obtained from sweet clover 
extract did not agree closely with those obtained from alfalfa 
extract plus pure coumarin in the orange and red region. 
This probably accounts for the difficulty encountered when 
these solutions were compared in a colorimeter, but this dif
ficulty was not experienced when the sweet clover distillates 
were compared with pure coumarin standards.

Pure melilotic acid added to alfalfa samples and distilled 
gave 2 to 3 per cent recovery in four distillations. The ad
dition of sodium acetate to the sample in the distillation  
flask prevented melilotic acid from distilling over, but did not 
reduce the rate of coumarin distillation. o-Coumaric acid 
was not volatile under the conditions of distillation.

Green samples should be ground with sand prior to dis
tillation.

For approximation purposes, where a high degree of ac
curacy is not necessary, the steam-distillation method may 
be shortened considerably. Whereas four distillations are 
required to remove the coumarin completely from the sweet 
clover samples, one distillation removed, on the average, 
56.2 per cent of the coumarin from 5-gram samples and 74.9 
per cent from 2-gram samples. Multiplied by suitable fac
tors, these values can be converted to fairly satisfactory es
timates of the total coumarin content. In a number of 
trials this method showed an average deviation of 2.6 per 
cent for 5-gram samples and 2.3 per cent for 2-gram samples. 
Where more accurate results are desired the longer procedure 
should be used.
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Determination of Osmium in a Lead Assay Button
J . J . R U S S E L L , F . E . IJE A M ISII, A N D  J . SE A T II,

A m eth o d  h as been devised for the deter
m in a tio n  o f  o sm iu m  in  a lead  b u tto n .
T h e in flu en ce  o f  each  o f  the p la tin u m  
m eta ls , silver, and gold on  the co llection  of 
o sm iu m  by fire assay is  described. Evi
d en ce is  su b m itted  to show  th a t certain  
n ative  p la tin u m s, after fire-assaying and  
su b seq u en t cu p e lla tio n  to a sm a ll lead b u t
ton , w ill y ie ld  o sm iu m  d ireclly  from  the  
n itr ic  acid  p artin g  so lu tio n .

IN  SO FAR as the authors are aware, no procedure for the 
quantitative determination of osmium in a lead regulus 

has ever been recorded in the scientific literature. This lack 
of a recipe m ay result from two conceptions: (1) that osmium
occurs only as the mineral iridosmine (osmiridium), which is 
generally given the somewhat vague definition of a solid 
solution of the platinum metals with predominant proportions 
of osmium and iridium; (2) that, during the process of fire 
assay with lead as collector, the original osmium alloy passes 
into the lead button as a mechanically mixed constituent.

In connection with statem ent 1, the authors have found 
that samples of an Abyssinian native platinum would give 
off traces of osmium by direct ignition in air, but on fire assay 
with lead and silver and subsequent cupellation no osmium 
whatever could be distilled from the nitric acid parting solu
tion. Beamish and Russell (1) have shown that if a plati
num metals-lead button has been salted with osmium, all 
this metal is not given off when the resulting bead is parted, 
but that an appreciable proportion of it will appear after the 
final residue is fused with sodium peroxide and the fused mass 
treated with nitric acid. And so it may be true that even 
more osmium might be evolved from the parting acid in the 
cases stated in this report, were it not for the restraining ef
fect of certain other platinum metals brought on by the fire 
treatment with lead.

Concerning statem ent 2, apparently no suggestion has been 
recorded of the possibility that some of the natural alloys of 
platinum, in which osmium is present, may give off this metal 
as a result of fire treatment with lead and subsequent parting 
with nitric acid.

The following is a report of a successful attempt to devise 
a method for the determination of total osmium in a lead 
button. In all cases of fire assay the temperature of the 
furnace pot was 1200° =*= 50° C. The cupellation temperature 
in all cases was 950° =*= 25° C.

D eterm in a tio n  in  N itr ic  Acid S o lu tio n s

Ammonium bromosmate was prepared and analyzed by 
burning under hydrogen. Samples of 33.89 and 28.31 mg. 
were found to contain 27.00 and 27.01 per cent of osmium, 
the calculated percentage being 27.01.

The first method employed for osmium determination was 
nitric acid distillation into sulfur dioxide-hydrochloric acid 
solution.

Because small amounts of osmium were to be determined, it 
was decided to reduce the distilling apparatus to about one-tenth 
the size of that described by Gilchrist (2). The first connecting 
tube was lengthened, however, to avoid collection of too much 
nitric acid in the distillate.

A sample weighing 22.30 mg. of the pure ammonium brom-

U n iv e r s ity  o f  T o r o n to , T o r o n to , O n ta r io , C a n a d a

osmate (0.024 mg. of osmium) was dissolved in 15 cc. of water and 
7 cc. of CiV nitric acid were added. The first collection flask 
contained 15 cc., the second and third 10 cc., of hydrochloric 
acid freshly saturated with sulfur dioxide. Air was passed 
through the solution at a rate just sufficient to prevent bumping. 
The osmium solution was boiled for 40 minutes, after which time 
no osmium remained in the distilling liquid. The total volume 
of 35 cc. of sulfur dioxide absorbing solution was evaporated 
over steam. With the addition of hydrochloric acid to decom
pose sulfites, the thick dark-brown sirup became yellow and 
yielded 3.454 mg. of osmium. These facts are significant be
cause Gilchrist (2) was successful in collecting weights of osmium 
twenty times as large, in volumes of sulfur dioxide-acid solution 
ten times as great as those used by the authors.

An unsuccessful attempt was made to determine osmium 
which had been distilled into 10 per cent sodium hydroxide 
solution.

The authors then decided to distill the milligram samples 
of osmium into large volumes of absorbing solution. The 
first receiving flask contained 150 cc. of this solution, the 
second and third 50 cc. each. The apparatus used was a 
standard distilling equipment sold by the Scientific Glass 
Apparatus Co., Bloomfield, N . J.

Samples of 0.513 and 23.38 mg. of ammonium bromosmate 
were treated with nitric acid and distilled. The osmium 
was determined according to the procedure described below, 
which is identical with that used for all osmium determina
tions recorded in this report.

The 250 cc. of sulfur dioxide-acid solutions were evaporated 
over steam to a sirup. The sulfites were removed by three addi
tions of 12 N  hydrochloric acid solution. The liquid was then 
diluted to 75 cc. with water and filtered by means of a filtering 
crucible. The 125 cc. of liquid were brought to pH 4 by means 
of a filtered 10 per cent sodium bicarbonate solution with bromo- 
phenol as indicator and boiled to precipitate and coagulate the 
black osmium dioxide. The preoipitate was filtered through an 
A2 grade filtering crucible and washed with 100 cc. of a 1 per cent 
aqueous solution of ammonium chloride. Then about 50 mg. 
of wet solid ammonium chloride were added to prevent decrepita
tion. The ammonium chloride was slowly removed in an at
mosphere of hydrogen and heating was continued in this atmos
phere for 20 minutes. The crucible was cooled for 20 minutes 
in carbon dioxide and the residue weighed as metal. The re
sults obtained were 0.14 and 6.37 mg. of osmium, respectively. 
By calculation the osmium content is 0.14 and 6.32 mg.

D eterm in ation  in  Partly  C upeled Lead B u tto n s

As mentioned above, there was a loss of osmium when 
Abyssinian native platinum was fire-assayed and subse
quently cupeled to the silver bead. Samples of this material 
were assayed in the regular manner. Cupellation was stopped 
when the lead buttons weighed between 1 and 2 grams. 
The lead regulus was placed in the distilling flask, treated 
with 6 N  nitric acid solution, and the distillate was collected 
in 250 cc. of sulfur dioxide-acid solution. This soliition  
yielded a very considerable quantity of osmium.

It was then decided to determine the efficiency of lead as 
a collector in the fire assay for osmium. Blank ores were 
salted with spectroscopically pure osmium and ammonium  
bromosmate, then fluxed and cupeled to smaller buttons. 
The osmium content was determined as above described and 
the results obtained are given in Table I.

In each case the residue, if any, remaining in the distilling 
flask was filtered out by means of a porous-bottomed filtering 
crucible. The crucible was then placed in a silica tube 2.5 cm. 
(1 inch) in diameter, the end of which was drawn down to a narrow 
outlet immersed in 3 to 4 cc. of a 10 per cent sodium hydroxide 
solution. Oxygen was passed through the heated tube and any-
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T a b l e  I. D e t e r m i n a t i o n  o f  O s m iu m

Am-
m onium Osm ium Initia l Final
Brom - in Osmium W eight W eight Osm ium
08 ni a te Brom  M etal of of R e
A dded osm ate Added B u tton B u tton covered Error
M g . M g. M g. Grams Grams M g. M g .
1 .3 9 4 0 .3 7 7 2 4 .6 2 .5 0 .3 7 9 +  0 .0 0 2
2 .3 4 8 0 .6 3 4 2 5 .1 0 .8 0 .6 4 8 +  0 .0 1 4

10 .2 2 2 .7 6 0 2 4 .5 0 .6 2 .6 8 3 -  0 .0 7 7
9 8 .1 2 2 6 .5 0 2 3 .9 2 .6 2 4 .0 8 -  2 .4 2

146 .6 3 9 .5 9 2 4 .6 2 .6 29 .1 7 - 1 0 .4 2
2 2 5 .0 6 0 .7 7 2 3 .8 2 .5 5 3 .9 4 -  6 .8 3

0 .3 9 7 2 3 .5 2 .4 0 .3 9 9 +  0 .0 0 2
5 .5 3 4 2 4 .0 2 .6 5 .5 5 9 +  0 .0 2 5

2 9 .7 5 2 4 .0 3 .4 2 0 .8 3 -  8 .9 2

osmium tetroxide formed was collected in the caustic solution 
which was then transferred to the distilling flask. The residue 
remaining after the oxidation was scraped out into a silver cru
cible, 3 grams of sodium peroxide were added, the mixture was 
melted, and the flux was maintained at a dull red heat for 10 
minutes. The fused mass was then washed into the distilling 
flask along with the above caustic solution, treated with nitric acid, 
and any osmium tetroxide present was distilled into the original 
absorbing solution. The results in Table I indicate considerable 
loss of osmium when 25 mg. of metal were added to the flux.

D eterm in a tio n  in  Large B u tto n s
A 28.5-gram button was obtained from flux salted with 101.2 

mg. of ammonium bromosmate (27.33 mg. of osmium). This 
button was treated directly as above described, except that instead 
of the usual 20 cc. of 6 N  nitric acid solution, 70 cc. were required 
to dissolve the lead. When the evaporated sirup was treated with 
12 N  hydrochloric acid the deep brown color became a light 
yellow, indicating possible loss of osmium. The osmium re
covered weighed 18.96 mg.

A second sample was salted with 198.2 mg. of ammonium 
bromosmate containing 53.53 mg. of osmium. The lead in this 
case was allowed to cool in contact with the slag and the button 
weighing 28.5 grams was removed by breaking the pot. The 
absorbing solution was treated as above described and the os
mium recovered weighed 32.46 mg.

A 30-gram button salted with 55.14 mg. of osmium was placed 
in the distilling flask and treated directly with 70 cc. of nitric 
acid and the evaporated absorbing solution was returned to the 
distilling flask. When 10 cc. of 12 N  hydrochloric acid were added 
and the solution was warmed, osmium tetroxide was distilled 
into the absorbing solution. The osmium recovered weighed 
20.99 mg. These results prove, that under the conditions de
scribed above, osmium is lost during the evaporation.

A third sample was salted with 4.917 mg. of osmium. The 
lead button weighing 25 grams was treated directly with nitric 
acid and the total osmium recovered weighed 2.424 mg. There
fore, a large button must be reduced in size, as indicated in 
Table I, before treatment to recover the osmium.

F u sio n  o f  O sm iu m  w ith  S o d iu m  Peroxide
In order to determine whether any osmium was lost during 

the process of sodium peroxide fusion, 4.926 mg. of osmium were 
placed on the bottom of the silver crucible and covered with 3 
grams of sodium peroxide. The peroxide was slowly melted 
and then maintained at a dull red heat for 10 minutes. The 
cooled melt was washed into the distilling flask and the tetroxide 
distilled into 6 N  hydrochloric acid saturated with sulfur dioxide. 
The osmium recovered weighed 4.734 mg. A second sample of 
0.321 mg. similarly treated yielded 0.325 mg. of osmium.

D eterm in a tio n  o f  T ota l O sm iu m  in  B eads  
C on ta in in g  P la t in u m  M eta ls

A sample of blank ore and a suitable flux were salted with 
16.77 mg. of ammonium bromosmate (4.531 mg. of osmium), 
83 mg. of platinum, 0.8 mg. of iridium, 0.8 mg. of rhodium, 0.5 
mg. of palladium, and 0.5 mg. of gold. The "lead button of 25 
grams was cupeled to about 3 grams. On distillation the lead 
nitrate solution yielded 1.402 mg. of osmium. The residue was 
fused with sodium peroxide as described above and yielded 3.061 
mg. of osmium—a total osmium recovery of 4.463 mg. and a loss 
of 0.068 mg.

A second sample, prepared as described above, contained 17.69 
mg. of ammonium bromosmate (4.781 mg. of osmium), 57.5 
mg. of palladium, 17.5 mg. of gold, 4.3 mg. of iridium, 4.5 mg. 
of rhodium, and 4.2 mg. of ruthenium. The button was cupeled

to about 3 grams. The osmium recovered from the parting acid 
weighed 0.230 mg., and the peroxide fusion yielded 4.464 mg.— 
a total recovery of 4.694 mg. and a loss of 0.087 mg.

R eten tio n  o f  O sm iu m  by S ilver, G old , an d  th e  
R em a in in g  P la t in u m  M eta ls

I t  has been shown by Beamish and Russell (1) that lead 
buttons containing platinum metals and silver, salted with 
osmium, produce silver beads which on parting do not yield 
all of their osmium content, and that much of this metal is 
retained until treatment of the final fusion.

The experiments described above also indicate that certain, 
if not all of the platinum metals and perhaps silver and gold, 
somehow protect the osmium from attack by nitric acid. It 
was decided to determine which of the metals exerted this 
pronounced effect.

S i l v e r - O s m iu m . The button seemed to cupel in a normal 
manner until practically all the lead was removed. At the finish
ing temperature the silver bead broke into a fine spray of metallic 
globules and rapidly decreased in size. A lead button containing 
500 mg. of silver and 25 mg. of osmium was cupeled and the 
cupel removed 30 seconds after the blick. The bead then weighed 
175 mg. and the cupel, examined under the microscope, was 
found to be covered with innumerable silvery globules. The 
bead was placed in the distilling flask and dissolved in nitric 
acid. The solution was boiled and the distillate collected in 
3 cc. of 10 per cent sodium hydroxide solution. There was no 
residue in the flask and no osmium could be found in the caustic 
solution by treatment with thiourea, which is sensitive to 0.01 
mg. of osmium per cc. A number of buttons prepared in this 
manner produced identical results.

S i l v e r - G o l d -O s m i u m . A 30-gram lead button was made 
up to contain 360 mg. of silver, 10 mg. of osmium, and 20 mg. 
of gold. The button was cupeled and the bead removed 30 
seconds after the blick and weighed 181 mg. At the finishing 
temperature the bead gave oil a spray of metal, but this effect was 
not so pronounced as with the silver-osmium beads.

S i l v e r - P l a t i n u m -O s m iu m . A 30-gram lead button contain
ing 360 mg. of silver, 10 mg. of osmium, and 20 mg. of plati
num when treated as described above yielded a bead weighing 
9 mg. The cupel depression was completely covered with mi
nute globules of metal.

S il v e r - P a l l a d i u m - O s m iu m . A 30-gram lead button con
taining 360 mg. of silver, 10 mg. of osmium, and 20 mg. of palla
dium, treated exactly as described for silver-gold-osmium, 
yielded a bead weighing 183 mg. The cupel was thickly covered 
with minute beads.

S il v e r - R u t h e n i u m -O s m i u m . A 30-gram lead button con
taining 360 mg. of silver, 10 mg. of osmium, and 20 mg. of ruthe
nium produced a bead which was coherent, black in color, and 
did not blick. The bead was somewhat flattened.

S i l v e r - I r i d i u m -O s m iu m . A 30-gram lead button contain
ing 360 mg. of silver, 10 mg. of osmium, and 20 mg. of iridium 
cupeled to a residue which was spread out in a flat irregular black 
mass.

S i l v e r - R h o d iu m -O s m iu m . A 30-gram lead button contain
ing 360 mg. of silver, 10 mg. of osmium, and 20 mg. of rhodium 
produced a bead which was coherent, somewhat round, with a 
rough black surface. It was characterized by a deep indentation 
and there was a rather indefinite blick.

The quantitative results obtained from the above experi
ments are given in Table II.

In the cases of 8 ,9 ,1 0 , l l ,a n d l2 t h e  distillate was collected 
in 3 cc. of a 10 percent sodium hydroxide solution. A  drop 
of this solution was put on a spot plate and a drop of hydro
chloric acid saturated with sulfur dioxide added. This 
gave no pink color on standing when a drop of 9 per cent 
aqueous solution of thiourea was added, indicating absence 
of osmium.

A ssay o f  N ative P la tin u m
A lead button obtained from a blank ore and flux, salted  

with 203.5 mg. of Abyssinian native platinum and 3 grams 
of silver, cupeled to the silver bead, yielded no osmium what
ever in the distillate from the nitric acid parting solution.

A second sample, salted with 256.6 mg. of this native plati
num and containing no silver, was reduced in weight by
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T a b l e  I I . R e t e n t i o n  o p  O s m iu m

N o. Osmium R uthenium R hodium Iridium Silver

Initial 
W eight of 

Button
Osmium

R ecovered
Loss of 
Osmium

M g. M g. M o . M o. M o. Gram* M o. M o.
1 6 .1 7 8 5 .4 4 5 150 24 1 .310 4 .8 6 8
2 6 .1 5 5 2 6 .5 3 450 24 0 .6 6 6 5 .489
3 2 7 .5 6 5 .5 6 9 450 24 0 .3 0 0 27 .2 6
4 5 .5 1 3 6 .* il3 150 25 0 .9 5 0 4 .5 6 3
5 5 .3 1 1 2 6 .1 3 450 25 0 .2 4 6 5 .0 6 5
6 6 .3 1 8 ,. 2 6 .2 7 450 24 1 .293 5 .0 2 5
7 2 6 .3 3 5 .1 4 6 450 25 2 .4 8 7 2 3 .8 4

8 2 5 .0
P latinum Palladium Gold

500 25 N one
9 1 0 .0 20 25 N one

10 1 0 .0 20 .‘6 360 25 N one
11 1 0 .0 20 .'Ô 360 25 N one
12 1 0 .0 20 .’6 360 25 N one

cupellation to a 3-gram lead button, and 0.629 mg. of osmium 
■was distilled from the parting acid.

A 150.0-mg. sample of British Columbian native platinum, 
after fire assay and subsequent reduction of the lead button 
to about 3 grams, produced 0.325 mg. of osmium by distilla
tion from the nitric acid parting solution.

S u m m ary
Osmium is not collected in a fire-assay bead by silver, 

silver-platinum, silver-palladium, or silver-gold.

The presence of ruthenium, iridium, 
or rhodium in a silver bead causes the 
retention of small amounts of osmium.

Collection by lead may be used for 
the quantitative determination of os
mium, provided the weight of sample 
to be analyzed is adjusted to contain 
about 5 mg. or less of osmium.

Sulfur dioxide-hydrochloric acid solu
tion is not a good reagent for the 
collection of osmium for large lead 
buttons.

Small amounts of osmium can be 
fused in sodium peroxide and the fused 
mass heated with nitric acid and dis
tilled without loss of the metal.

Osmium can be distilled from the nitric acid solution which 
was used to part lead buttons obtained by fire assay of cer
tain native platinums.

L iterature C ited
(1 ) B e a m ish , F . E .,  a n d  R u s s e ll ,  J . J .,  I n d . E n q . C h e m ., A n a l . E d ., 8 ,

141 (1 9 3 6 ).
(2 )  G ilch r ist , U ., B u r .  S ta n d a r d s  J .  R e se a rch , 6 , 421  (1 9 3 1 ) .
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Determination of Mercurous Chloride and Total 
Mercury in Mercury Ores
J O S E P H  J . F A H E Y , G e o lo g ic a l S u rv ey , W a s h in g to n , D . C .

IN  T H E  analysis of mercury-bearing rocks and mercury 
ores, the determination of total mercury is usually all that 

is required. This can be done by any of several well-known 
methods, in one of which (2) the mercury is vaporized by 
heating the fluxed sample and amalgamated with a previously 
weighed gold plate or foil.

In a few places, especially in Texas, calomel and oxychlo- 
rides of mercury are found associated with mercury ore. No 
method for the quantitative determination of calomel in rocks 
was found in the literature. The procedure described here 
combines a modified form of the Eschka method (2) for total 
mercury with one that permits a quantitative measurement of 
calomel associated with the mercury ore. This is done by 
fixing the chlorine of the sublimed mercurous chloride as 
sodium chloride, determining it with silver nitrate, and com
puting the percentage of the calomel. The reaction may be 
represented by the following composite equation:

4HgCl +  2NaiCO, 65° ° C>' 4NaCl +  4Hg +  2CO, +  0 ,

The mercurous chloride is sublimed in a current of air and 
decomposed by a layer of hot sodium carbonate. The mer
cury passes over it and is collected as amalgam on a gold coil; 
the chlorine is retained by the sodium carbonate. Any sulfur 
present as cinnabar is oxidized and does not interfere with 
the other determinations.

Procedure
The material to be analyzed is ground to pass a 60-mesh sieve 

and air-dried, and a sample is weighed, the quantity depending on 
the apparent richness of the ore. A Pyrex tube open at both ends 
and about 50 cm. long, having an inside diameter of approxi

mately 0.8 cm., is charged first with the sample and then with 
dry granulated sodium carbonate sufficient to fill about 2.5 cm. 
of the tube, the two being separated by a wad of asbestos and each 
terminated by a similar asbestos plug. The sample and the 
sodium carbonate do not touch each other.

A tightly rolled gold sheet 6 or 7 cm. long is inserted into the 
end of the tube next to the sodium carbonate. The diameter of 
this roll is such that it will just go in without binding. The other 
end of the tube is connected to an air line, and air, dried by sul
furic acid, is passed first through the sample, then through the 
sodium carbonate, and finally over the gold coil.

The tube is placed in a horizontal electric furnace 15 to 25 cm. 
long in such a way that the end containing the gold protrudes 
about 15 cm. The temperature at the position of the sample in 
the furnace is determined by a thermocouple placed at that point 
against the outside of the tube.

Air is passed through the tube at the rate of 4 to 6 bubbles per 
second, noted in the sulfuric acid drying flask, and the tem
perature in the furnace is raised to 650° C. and held constant for 
5 minutes. The total time required for heating is from 30 to 45 
minutes.

The mercury minerals volatilize and passing into the sodium 
carbonate are broken down and the mercury condenses on the 
cool wall of the tube outside the furnace. By means of a gently 
applied Bunsen flame the mercury is forced along the tube and 
amalgamates with the gold coil. An intermediate product, mer
curic oxide (/), which forms as a red coating on the grains of 
sodium carbonate and decomposes to mercury and oxygen at 
630° C., makes it necessary to raise the temperature to a point 
above this figure. Dry air is allowed to continue passing through 
the tube until any moisture that has condensed on the gold 
coil, resulting from the heating of the ore, is swept out of the 
system.

After cooling, the gold coil containing the mercury is removed 
from the tube and weighed. It is then heated under a hood, at 
first gently and finally by the full heat of the Bunsen flame, to 
drive off the mercury, allowed to cool, and weighed again. The 
difference between these two weights represents the total mer
cury content of the sample. The weight of the gold coil before
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T a b l e  I. D e t e r m i n a t i o n  o f  M e r c u r o u s  C h l o r id e  a s

HgCl
Taken

H gCl
Found

M e r c u r y

H g E quivalent 
Error of HgCl Taken

H g
Found Error

M g. M g. M g. M g. M g. M g.
5 0 .0 4 9 .6 - 0 . 4  4 2 .5 4 2 .3 - 0 . 2
1 0 .0 9 .7 - 0 . 3  8 .5 8 .3 - 0 . 2

1 .0 1 .2 +  0 .2  0 .8 0 .8 0 .0

T a b l e  II. A n a l y s e s  o f  M e r c u r y  O r e s

Location

Terlingua, Tex. 

Pike C oun ty, Ark.

T ota l Hg H gC l
% %

6 0 .2 8 0 .2 1
0 .2 0 0 .0 2

1 1 .1 3 0 .1 3
0 .9 0 N one
1 .83 N one
0 .1 4 0 .0 3

it was inserted into the tube serves as a check on the final fig
ure obtained after expulsion of the mercury.

The tube when cool is broken at the asbestos wad between the 
sample and the sodium carbonate. The latter is transferred to a 
250-nil. beaker, put in solution in about 50 ml. of water, and made 
acid to litmus with nitric acid. After filtering to remove any 
asbestos, the chlorine is precipitated with silver nitrate and the 
resulting silver chloride is filtered and weighed. The quantity 
of mercurous chloride in the sample is computed from this 
figure. If the silver chloride precipitate is very small it may be 
necessary to arrive at its estimation by the nephelometer. The 
need of a blank correction for chlorine in the sodium carbonate 
depends on the purity of the reagent used.

The method gives excellent results on samples containing 
up to 50 mg. of mercurous chloride. None of the minerals 
found in mercury ores, including halite and sylvite, interferes

with the determination. The rare mercury minerals, ter- 
linguaite and eglestonite, if present, would yield chlorine and 
be reported along with calomel as mercurous chloride.

Table I  contains results of analyses of samples of pure 
mercurous chloride.

Table II is made up of analytical data on mercury-bearing 
rocks from Terlingua, Tex., and Pike County, Ark. The 
samples are not representative of ore bodies at these localities. 
The quantity of calomel found in these particular samples 
was small and was not visible under a hand lens. Calomel 
has been reported from Terlingua, however, in crystals up to  
1 cm. in length, and is generally present in the earthy matrix 
of veins carrying the rarer mercury minerals (3).

S u m m ary

A method for the determination of mercurous chloride and 
total mercury on the same sample is described.

The mercury minerals are volatilized in a glass tube and 
brought into intimate contact with granulated sodium car
bonate. The chlorine is fixed as sodium chloride, determined 
with silver nitrate, and computed to mercurous chloride. The 
mercury is collected on a previously weighed gold coil and 
weighed.

L iteratu re C ited
(1) Echols, W .  H . ,  Ckem. News, 44, 189 (1881).
(2) Eschka, Z . anal. Chcm., 11, 344 (1872).
(3) H illebrand, W . F „  and  Schaller, W . T „  U .  S. Geol. Survey, B u ll.

405, 9, 159 (1909).
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A Sim ple Fum e Absorber for K jeldahl D igestions
IIA K O L D  G. C A S S ID Y , O b e r lin  C o lle g e , O b e r lin , O h io

I N  T H E  Kjeldahl digestion the unpleasant and corrosive 
fumes which are evolved, sometimes in copious amounts, 

are a source of inconvenience. M any devices for disposing

C o t t o n
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F ig u r e  1. F u m e  A b s o r b e r  i n  P o s it io n  i n  
N e c k  o f  K je l d a h l  F l a s k

of them have been developed. A common practice is to carry 
out the digestion in a hood, or to insert the neck of the diges
tion flask in a pipe leading either to an exhaust fan or to a 
water pump. Henwood and Garey (2) have described a 
flanged, porous alundum tube, closed at the bottom, which 
prevents the escape of the sulfuric acid mist yet allows the 
free exit of steam, sulfur dioxide, and carbon dioxide formed 
in the process of digestion. This tube is fastened in the open 
end of the digestion flask (1). Under these conditions the 
digestion may be performed on the laboratory table.

The device described below is simple and inexpensive, can 
be made from materials found in the laboratory, and is useful 
where ordinary types of fume-disposal equipment are not 
available. It absorbs, completely in most cases, both sulfur 
dioxide and the sulfuric acid mist. The absorption tube is the 
most satisfactory of many which have been designed, made, 
and tested. It may be modified for use in other reactions 
which give off noxious gases— for example, organic reactions 
in which hydrogen chloride is evolved.

T h e A b sorp tion  T u b e
A test tube (preferably, though not necessarily, of Pyrex) is 

chosen of the largest size which easily slips into the neck of the 
Kjeldahl flask to be used. The tube is heated at a point some
what above the rounded end and the wall is pushed inwards and 
upwards to form an invagination, or deep depression. This is most 
easily done with a stout wire flattened a little at the end. The 
wire is held in the depression until the glass sets, then it is given 
a sharp twist: The flattened portion acts as a lever and shatters 
the glass at the upper point of the invagination, leaving a hole



in the position shown (fume inlet). The tube is ready for use as 
soon as it has cooled.

The tube is first filled with glass beads or glass wool to a point 
somewhat above the fume inlet. The glass beads or wool sup. 
port a column of loosely packed soda lime or other suitable ab
sorbent. A wad of cotton may be placed above this.

The filled tube is fitted tightly into the neck of the Kjeldahl 
flask by means of a collar of folded filter paper, as suggested by 
Henwood and Garey (1). The tube must not project down too 
far into the neck of the flask; otherwise spray may collect on it. 
Before beginning the digestion, the cotton wad is removed and 
the soda lime moistened with a little distilled water. The wad 
may then be replaced.

The charge in one tube may last for several digestions. The 
filling and fitting of the tube require only a few minutes.

This type of absorber has been used with Kjeldahl flasks 
of 100- to 500-cc. capacity and with a variety of digestions, 
including feeds, sugars, and pure organic compounds. It has 
shown itself satisfactory, enabling the digestions to be carried 
out in the open room without inconvenience. Occasionally a 
small amount of sulfuric acid mist has escaped from the tube 
at the beginning of a digestion, but this has always ceased 
after a few minutes.

Because of the shape of the opening, any spray which spat

OCTOBER 15, 1937

ters up onto the bottom of the tube may readily be washed 
oil the rounded end with the stream from a wash bottle, and 
any small condensate which forms inside the tube will collect 
safely inside the rounded end.

Summary
A test tube, perforated near the bottom, is filled with moist 

soda lime or other suitable absorbent, the perforation being 
first shielded with glass beads or glass wool, and is then 
tightly fastened into the neck of the Kjeldahl flask by means 
of a collar of folded filter paper. This device absorbs and 
prevents the escape of practically all irritating fumas during 
the digestion, and thus permits it to be carried out in the 
open room without inconvenience. It may be modified for 
use in other reactions which evolve unpleasant fumes.

L iterature Cited
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(1936).
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A Self-Filling Pycnom eter
G . F . H E N N IO N

U n iv e r s ity  o f  N o tr e  D a m e , N o tr e  D a m e , In d .

T H E pipet type of pycnometer is widely used for the 
determination of densities, particularly of organic liquids, 

but has the serious inconvenience that filling requires suc
tion. As this is frequently accomplished orally, obnoxious 
vapors may be drawn into the mouth. Precise adjustment 
of the liquid volume is also frequently troublesome.

B y making a few minor changes in construction, pyc- 
nometers have been made in this laboratory which are entirely 
self-filling and extremely easy to adjust. Figure 1 illustrates 
one of these. The dimensions are somewhat variable ex
cept for the capillary tip, A,  and tube D. The pycnometer 
is used as follows:

Hold with thumb and second finger at point F, place index 
finger over opening G, and dip capillary tip A beneath the surface 
of the liquid whose density is to be determined, contained in a 
small crucible or beaker. Remove pressure at G. The pyc
nometer fills automatically, owing to capillary rise of liquid at- A 
and overflow at B. When the liquid reaches the calibration 
mark, apply pressure at G and withdraw A from the liquid. W ipe 
the capillary tip, rock the pycnometer gently to withdraw the 
liquid from AB,  suspend in a balance, and weigh.

If desired, the pycnometer may be filled beyond the calibra
tion mark and suspended in a constant-temperature bath main
tained at the desired temperature. Excess liquid m a y  be subse
quently withdrawn at A in the usual manner.

The capillary' section at AB  must extend beyond both sides 
of bend B. Too fine a capillary’ causes very slow' filling. A 2- 
ml. pycnometer used by the author fills with water in 18 seconds 
at 25° C. If tube D  has an internal diameter greater than 2 
mm. the descending column of liquid tends to break, causing air 
bubbles. Naturally the pycnometer must be cleaned and dried 
before use. The presence of a small slug of liquid at E  prevents 
liquid rise at A.

A number of these pycnometers have been constructed by 
the author, with volumes varying from 0.75 to 10 ml., and 
have been used with organic liquids of various densities and 
surface tensions. The pycnometers are readily constructed 
from selected pipets and are calibrated without difficulty in

the usual manner. A fine wire, connected at C  and F, serves 
for suspending the pycnometer in the balance.

R e c e i v e d  August 13, 1937.



A Laboratory Gas-Washing or Absorption Unit
M . W . B R E N N E R  A N D  G . L . P O L A N D  

R e s e a r c h  L a b o r a to r ie s , U n ite d  F r u it  C o m p a n y , N e w  Y o rk , N . Y .

T HE absorbing unit described herein was developed 
in this laboratory for complete absorption of various 

gases or vapors by volatile solvents. The literature contains 
many references to gas-absorption vessels, such as those de
scribed by Milligan (4 ), Martin (2), Shaw (5), and Martin 
and Green (8), which seem to be satisfactory for general 
laboratory use. However, it is believed that the apparatus 
illustrated in this article has certain advantageous features 
not found in the units mentioned above.

This apparatus, Figures 1 and 2, about 45 cm. (18 inches) 
high from the fritted-glass diffusing plate to  the top of the 

spiral, gives a path of travel of 
about 225 to 250 cm. (90 to 100 
inches), compared w ith  a p p r o x i
m ately 175 cm. (70 inches) in the 
Martin unit, 100 to 112 cm. (40 to 45 
inches) in Milligan g a s -w a s h in g  
bottles, and considerably less in other 
types. The side leakage which is 
found in Milligan bottles, particu
larly when the spiral and sleeve do 
not fit perfectly, and the channel
ing characteristic of p a c k e d  b ead  
columns, especially a t low rates of 
gas flow, are avoided in this equip
ment.

The jacket around the spiral makes 
it possible to minimize the loss of a 
volatile absorbing medium by circu
lating cooling water or brine around 
the spiral, or to maintain the system  
at a temperature above that of the 
atmosphere. This method is more 
satisfactory than the regulation of 
temperature by putting an absorp
tion bottle in a bath, both for econ
omy of space and freedom of move
ment and manipulation. Further, 
the jacket gives the unit structural 
s t a b i l i t y  and ease of support not 
possessed by the Martin apparatus.

C on stru ction
F i g u r e  1 The unit was made by scaling a porous

fritted-glass diffusing plate, A,  to the 
delivery end of a 37.5-cm. (15-inch) 

Graham spiral condenser (made by the Scientific Glass Apparatus 
Co., Bloomfield, N. J., to the authors’ specifications). The sin
tered plate was similar to Jena plates of porosity 1 (coarse). A 
side-arm test tube, B, was fitted to the delivery tube by a ground- 
glass joint. The clearance between the fritted-glass plate and the 
bottom of the reservoir, which had a capacity of about 50 to 60 
ml., should be 1 cm. or less. The removable head, C, with a 
sealed-in outlet tube, was connected by a ground joint and fitted 
with a stopper. The tubing used throughout was S to 9 mm., 
inside diameter. A similar, smaller unit, having 5- to 6-mm. tub
ing and a 25- to 30-ml. reservoir, also gave satisfactory service, 
though the capacity and rate of now were somewhat lower.

It is necessary to match the reservoir capacity to the diameter 
of tubing used.’ The volume of liquid between points A  and B 
should be almost sufficient to fill the internal spiral. In this 
way, by varying the height to which the reservoir is filled, be
fore the passage of the gas to be washed, it is possible to regulate 
the height to which the liquid will be forced. Thus the effective 
path of the gas through the absorbing medium may be set any
where between 12.5 and 250 cm. (5 and 100 inches).

O peration
Sufficient solvent is added to fill the reservoir at the bottom to 

just below the side-arm inlet tube, B. Suction is applied to the 
outlet tube, C, in the head (or positive pressure on the inlet side). 
The liquid is forced up into the spiral, and the gas, broken into 
small bubbles by the fritted-glass plate, A,  travels up through 
the solvent. The liquid is carried up to some extent but de
scends by gravity, resulting in constant mixing of the absorbing 
medium and washing of the walls of the spiral. If the solvent ia 
definitely volatile, loss may be largely prevented by passing 
cooling water or brine through the jacket, the level of liquid being 
adjusted to give sufficient condensing surface on the upper portion 
of the spiral.

The efficiency and operating characteristics were deter
mined in a series of simple tests, similar to those employed 
by Shaw (5 ). The rate at which a gas may be passed is de
pendent upon the character of the absorbing medium, being 
influenced by the gravity, viscosity, and surface tension. 
A rate of approximately 80 liters per hour has been found to 
be the maximum possible. With water as the liquid absorb
ent a rate greater than 60 liters per hour had a tendency to 
carry the liquid up out of the spiral into the head. The 
head is of sufficient volume so that no liquid is carried over, 
but absorption at these extreme rates becomes inefficient.

This rate (maximum 60 to 80 liters per hour) is not as high 
as the maximum possible w ith a Milligan bottle. However, 
two Milligan bottles were tested and it was found that one 
showed considerable side leakage. This first became appreci
able at a rate of 10 liters per hour and it was estimated that 
at 20 liters per hour more than 50 per cent of the gas was not 
following the spiral, but was passing vertically through the 
liquid between the spiral and the sleeve. The other Milligan
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bottle performed well up to 60 liters per hour, and by-passing 
first became significant at this rate.

The time of contact in a well-matched Milligan bottle at a 
rate of 60 liters per hour is roughly 0.7 second, whereas the 
time of passage through the absorber described herein is 
about 5 to 6 seconds at that rate.

Carbon dioxide solutions in air were passed through potas
sium hydroxide solutions (approximately 0.5 N ) at varying 
rates and the gas stream was then checked by means of the 
method of Higgins and Marriott (1) and found free of carbon 
dioxide.

Air containing 8 to 10 per cent of ammonia was passed 
through the unit which had been charged with 50 ml. of 0.1 N  
sulfuric acid to which a few drops of methyl orange had been 
added. A trap containing 2 drops of 0.1 N  sulfuric acid in 
water colored with methyl orange was connected to the out
let. The rate of flow was 60 liters per hour. Flow was main
tained for 60 seconds and the absorbing liquid was washed out 
of the unit by adding several small portions of water through 
the opening in the head. The solution was then titrated to 
the neutral point w ith 0.35 ml. of 0.1 N  sodium hydroxide. 
The color of the solution in the trap had not changed and 2 
drops of 0.1 N  sodium hydroxide were required for neutraliza
tion.

In a second similar test, with the same setup except that 
the trap contained 5.00 ml. of 0.1 N  sulfuric acid, the ammonia- 
air solution was passed through until the absorbing solution 
had just passed the neutral point. Titration of the acid in 
the trap showed that only 0 .1 2  ml. of the acid in the trap had 
been consumed.

The apparatus has also been found to give satisfactory re
sults in the absorption of unsaturated hydrocarbons in liquid 
bromine, as well as in bromine solutions in petroleum ether, 
carbon tetrachloride, and potassium bromide-water solution.

The volume of absorbing liquid is small, only 20 to 50 ml. 
being required, and the absorbing medium or any soluble or 
liquid products of absorption may be quantitatively recovered 
by rinsing the spiral from the top with a small amount of wash 
liquid.

L iterature C ited
(1) Higgins, H . L ., and M arrio tt, W . M cK ., J . A m . Chem. Soc., 39,

68-71 (1917).
(2) M artin , W . M cK ., I n d . E n g . C ixem., Anal. E d ., 8 ,398  (1936).
(3) M artin , W . M cK ., and  Green, J . R ., Ibid., 5, 114-18 (1924).
(4) M illigan, L. H ., I n d . E n o . C h e m ., 16,889 (1924).
(6) Shaw, J . A ., Ibid., Anal. E d ., 6 ,479 -80  (1934).
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A Thermoregulator
For Direct Control o f the Electric Circuit in a Heating Bath

F R E D E R IC  E . H O L M E S

C h ild r e n ’s  H o s p ita l  R e s e a r c h  F o u n d a t io n  a n d  D e p a r tm e n t  o f  P e d ia tr ic s , U n iv e r s ity  o f  C in c in n a t i ,  C in c in n a t i ,  O h io

I T  IS OFTEN satisfactory to control the temperature of a 
water bath or other heating bath to within 10 or 2 Such 

operations as digestions, saponifications, and evaporations 
m ay not require closer control. The thermoregulator de
scribed here fulfills such requirements, and in addition elimi
nates the use of the relay usually needed in a highly sensitive 
temperature-control system.

The regulator employs the mercoid principle, the current be
ing broken between mercury and mercury in an atmosphere of 
hydrogen. The spark occurring at the break is isolated 
within the apparatus, affording protection against the danger 
of igniting volatile inflammable liquids. There are no outside 
contacts. Further protection is given in case of breakage by 
the location of the switch below the surface of the liquid of the 
bath.

Two of these regulators have been in constant operation, 
24 hours a day, for more than a year, one maintaining an aver
age temperature of 85° (for the saponification of esters) and 
the other a maximum temperature of 60° (for evaporation of 
petroleum ether) in the cholesterol method of Kirk, Page, and 
Van Slyke (1). The one which maintains a temperature of 
85° makes and breaks the current supplying a 600-watt immer
sion heater.

Breaking the mercury circuit in a nearly horizontal capillary 
tube (Figure 1) minimizes the change of pressure due to change 
in length of the mercury column, thus in turn reducing the 
change in temperature required to produce a wide break in 
the mercury.

The details of construction may be obtained from Figure 1, 
which is made to scale. Considerable latitude is permissible 
in most of the dimensions. The most critical part of the glass

blowing is the making of the circuit-breaker tube, particularly 
the shaping of its junction with the vertical tube. Without 
increasing the width of the opening into the vertical tube, the 
top of the junction is rounded slightly to avoid trapping hydro
gen and the bottom is kept sharp to ensure breaking the circuit 
uniformly at the desired temperature. The tube is slanted from 
the horizontal only enough to prevent bubbles of hydrogen from 
remaining in it (slope 2 to 13, angle 8°, approximately). The 
best size of bore for this tube is 1.5 mm. The most satisfac
tory size for the vertical tube is 5-mm. inside diameter. The 
large expansion and manometer bulbs reduce undesirable pres
sure changes, and help to reduce the lag. For some purposes 
the manometer bulb and plunger might be made longer to allow 
adjustments over a wider temperature range.

The construction of the plunger and terminal blocks can 
obviously be varied to suit individual preference. The 
method of making the plungers actually used is given as a 
suggestion.

A 3-mm. (0.125-inch) threaded brass rod, or a rod threaded over 
enough of its length to allow vertical movement of the plunger 
through the entire length of the manometer bulb, is cut off at 
about 5 mm. less than tne length required to extend to the bottom 
of the glass plunger. A platinum electrode long enough to dip 
into the mercury when tne bath is cold is fused directly to the 
brass rod. A glass tube having about one-third the cross-section 
area and about half the length of the manometer bulb is slipped 
over the electrode and lower end of the threaded rod and then 
fused to the platinum wire about 5 mm. from its junction with 
the brass rod. The space between the open top of the glass tube 
and the rod is sealed with wax.

When a threaded iron rod is used as an alternative, a bead of 
copper is fused to the lower end of the rod, using borax as a flux, 
and the platinum electrode is fused into this bead. The threaded
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from the observed deviation of the thermometer from the de
sired temperature.

In order that the regulator may operate at a given tempera
ture and within the range of adjustment for barometric 
changes, the length of the manometer should be such that, at 
maximum local barometric pressure, the top of the mercury 
column will reach the middle of the bulb when the plunger is 
raised above the mercury. The height of mercury column 
required for the desired temperature, at this pressure, is cal
culated by means of the following equation:

273 4- desired temperature 
273 +  room temperature

maximum local barometric pressure =  height of Hg column

A plunger 45 mm. long and having an outside diameter of 
7 nun., operatingina bulb of 11-mm. inside diameter, will com
pensate for a drop in barometric pressure of approximately 
28 mm. below the maximum.

L iterature C ited
(1) K irk , E ., Page, I. H ., and  V an Slyke, D. D ., J . B iol. Chem., 106, 

203 (1934).
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I n s p e c t i o n  o f  F i n i s h e d  E m p t y  G e l a t i n  C a p s u l e s  u n d e r  
a  S t r o n g  L ig h t ,  E l i  L i l l y  a n d  Co., I n d i a n a p o l i s , I n d .

Term ina l
B lo c ks

rod, plunger, and electrode may be made entirely of a metal 
which does not amalgamate with mercury.

The seal-off tube at the top of the hydrogen bulb is constricted 
to a hairlike capillary with very thick walls, because it is to be 
sealed off with positive pressure in the apparatus. Mercury is 
dropped into the manometer until the trap, the circuit-breaker 
tube, and the electrode well at the bottom of the vertical tube 
are filled, and the mercury is at the same level in both sides of the 
U, with the mercury just broken in the circuit-breaker tube. 
With a cotton plug in the top of the manometer to prevent loss 
of mercury, the expansion bulb is flushed with hydrogen until all 
air has been displaced. The rubber tube from the hydrogen 
supply to the seal-off tube is closed by a clamp and disconnected 
from the supply. The clamp is opened cautiously, allowing hy
drogen to escape slowly until the mercury shows that it is at 
atmospheric pressure, and is then clamped tight again. More 
mercury is added through the manometer, any bubbles of air being 
teased out with a wire. The seal-off tube is then heated just to 
the softening point and its bore is closed by pulling and twisting. 
The heat is increased and the seal completed.

The regulator is connected in series with the immersion heater. 
Mercury is added until the desired temperature is obtained.

This regulator has a slight disadvantage common to the 
gas-filled type, in that adjustment must be made to com
pensate for changes in barometric pressure, except when 
a deviation of 5° or 6° is permissible. If closer regulation 
is required, some device, such as the plunger shown, may 
be used. The effects of pressure clwnges are so constant that 
adjustment can be made to known barometric pressure against 
a scale held behind the nut on the threaded rod and resting 
on the top of the terminal block. W ith a little experience 
adjustment can be easily and quickly made, without the scale,

Liquid. Level, B a th .
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Qualitative Analysis of Microgram Samples
General Technic

A. A. BENEDETTI-PICIILER, W ashington Square College, New York University, New York, N . Y.

A general w orking tech n ic  applicable to 
th e  q u a lita tiv e  a n a lysis  o f  1-m icrogram  
so lid  sam p les  is described . T h e chem ical 
w ork is perform ed in  cones o f  0 .5-cu . m m . 
cap acity  w h ich  are prepared from  capillary  
tu b in g  o f  approxim ately  0 .5 -m m . bore. 
M ost o f  th e  m a n ip u la tio n s  are carried ou t  
by observation  w ith  th e  low -pow er m icro
scope. T h e  transfer o f  so lu tio n s is per
form ed  w ith  th e  u se  o f  m icrurgical p ipcts  
operated  by a hyp od erm ic  syringe. A

m ech an ica l stage and a m an ip u lator  w ith  
rack and p in ion  m o tio n s in  th e  three d irec
tions are used  to  bring th e  tools in to  th e  
proper p ositio n s under the m icroscope. 
W orking procedures are described in  the  
analysis o f  0.01 cu . m m . o f  a so lu tion  con 
ta in in g  0.1 pg. o f  a n tim o n y  and 0.01 ¿ug. 
o f b ism u th . T he separations obta ined  
have the sam e sharpness as in  the analysis  
o f  large q u a n titie s . C onfirm atory tests o f  
su ffic ien t sen sitiv ity  are already available.

R ELATIVELY simple analytical procedures have been 
carried out in the past by different workers with solid 

sam ples as small as and smaller than 1 microgram (1, Jh 6, 7, 
S, 10-18).  The present paper is concerned with the develop
m ent of a general technic applicable to the qualitative analy
sis of quantities of the above-mentioned order, where “analy
s is” refers to the preliminary separation of the constituents 
rather than to the performance of the final confirmatory tests. 
I t  seems reasonable to require that a qualitative analysis for 
the identification of a substance should permit the detec
tion and estimation of constituents representing 1 per cent or 
more of the total mass of the sample. Accordingly, a micro
gram procedure of analysis should be sensitive to 0.01 micro
gram. A very large number of the confirmatory tests used at 
present in microanalysis possess limits of identification equal 
to  and less than this quantity, a fact which eliminates the 
necessity of providing suitable confirmatory tests. The per
formance of chemical tests in the hanging drop with the use 
of the micromanipulator, as recommended by Chambers (4) 
as a students’ experiment, should allow the attainment of 
extremely high sensitivities with most reactions. A systematic 
investigation of this technic for the performance of con
firmatory tests is in progress.

T a b l e  I. S u r f a c e / V o l u m e  R a t i o s  o f  S o l u t i o n s  i n  
C o n t a i n e r s

100-MI.
Beaker of M icrocone 

4.4-C m . of 0.7-M I. Capillary
D iam eter C apacity Cone

V olum e of so lu tion , ml. 25 25 X  1 0 “* 25 X  10"*
Surface of solu tion , sq . cm . 26 24 X  10"* 58 X  10 "4
Surface, sq . cm. per m l. of so lu tion  1 10 230

As to the application of a scheme of analysis to  mierogram 
samples, it  was decided to retain the concentrations of solu
tions and reagents customary in macroanalysis in order to 
approximate the chemical conditions in the analysis of large 
samples. This principle has also been applied with success 
to  the analysis of milligram samples. Of course, the mainte
nance of the customary concentrations implies a reduction of 
the volumes of solutions and reagents proportional to the de
crease of the mass of the solid sample. A  simple calculation 
shows that on a mierogram scale the volumes of solutions and 
reagents will range between 0.001 and 0.2 cu. mm. It be
comes imperative that the design of any apparatus used on 
such a scale permit the confinement of the solutions and precipi

tates in a small space. Any spreading out would lead to 
the irretrievable loss of the material under investigation. 
After an unsuccessful attempt to use fine capillaries (3), these 
considerations led to the use of the capillary cone described 
below.

In spite of the maintenance of the customary concentrations, 
there remain, however, two factors of possibly decisive influence 
on the outcome of chemical reactions as seen by the observer, 
which must vary when the volume of the reacting solution is de
creased. One of these factors is the surface area of the solution; 
the other is the time required for the reaction to start.

The relative surface of a spherical droplet varies inversely with 
the cube root of its volume: */• =  4.83 ICeeping the con
centrations identical, the relative surface areas of the solutions of 
the mierogram procedures will be approximately 10 times larger 
than those of the solutions of milligram procedures and approxi
mately 100 times larger than those of the solutions of gram pro
cedures (macroanalysis). These figures are only approximate, 
but they are in satisfactory agreement with the results of more 
accurate calculations (Table I), in which the actual forms and 
dimensions of the respective .containers are considered.

The time lapsing, on the average, until a reaction starts will 
depend on the number of effective collisions between the mole
cules of the reacting substances per unit of timej or, in other 
words, on the probability of the occurrence of a sufficient number 
of effective collisions per unit of time. There can be no doubt 
that this probability must decrease when the absolute mass of 
reacting substances decreases, other conditions remaining con
stant. A delay in the formation of crystal nuclei and a conse
quent delay in the formation of precipitates might reasonably lie 
expected when chemical work is performed on a very small scale. 
However, no such phenomenon lias been observed in the capil
lar)' cone up to the present; neither was there any evidence of an 
influence exerted by the increase in the ratio of surface area to 
volume. Experiments performed in Chambers’ laboratory (/,) 
indicate that with even much smaller quantities than are met 
with in a mierogram procedure no serious disturbances are caused 
by the two factors considered.

While the analysis of milligram samples hardly requires the 
use of a microscope, most operations on the mierogram scale 
need continuous microscopical observation. The reagents 
and most of the apparatus used are assembled on a small 
glass slide, which is placed in a moist chamber to prevent the 
otherwise rapid evaporation of the small volumes of solutions. 
The solution under investigation remains most of the tim e in 
this moist chamber on the stage of the microscope. For cen
trifuging, heating, or treatment with gases, the capillary cone 
containing the solution is transferred into capillaries which 
are also designed to retard evaporation.
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A pparatus
C a p i l l a r y  C o n e . The chemical reactions arc carried out in a 

small centrifuge cone which is prepared from a short piece of 
capillary, and thus may reasonably be called a “capillary cone” 
(Figure 1). The cone has a capacity of approximately 0.5 cu. 
mm., and is made from a thin-walled capillary of about 0.5-mm. 
bore. The center portion of a 6- to iO-cm. piece of the capillary 
is heated in the edge of a nonluminous Bunsen flame until the 
glass fuses together, forming an elongated bead. Outside the 
flame, the bead is drawn out to a rod 2 to 5 cm. long and approxi
mately 0.2 mm. in diameter. Cutting in the proper places gives 
two capillary cones with handles. The length of the cone proper 
should be 2 mm., and one-half of this length should be formed by 
the taper of the capillary cone. The handle may be from 0.5 to 
2 cm. long.

F i g u r e  1. C a p il l a r y  C o n e

The capillaries used for the preparation of the cones may be of 
any kind of glass, but they must be perfectly clean inside and 
outside. The best policy is to use capillaries freshly drawn out 
from clean glass tubing. These capillaries and the apparatus 
made of them should never be touched with the fingers, since on 
using the apparatus in the moist chamber fingerprints develop 
into a pattern of small droplets which greatly interfere with the 
microscopic observation of the contents of capillary cones, re
agent containers, or measuring capillaries. Gloves or finger cots 
may be worn when preparing or handling any device to be used 
in the moist chamber. The finished capillary cones are kept in a 
screw-cap vial.

R e a o e n t  C o n t a i n e r s . Containers for reagents and wash 
liquids are given the same general form as the capillary cones. 
They may possess far greater capacities than the capillary cones, 
and 5- to 8-mm. lengths of the original capillary are retained with 
the handles (Figure 2, A, B, C). The reagent containers are pre
pared from a long piece of capillary of a uniform bore of 0.5 to 1 
mm., which bore is measured under the microscope (£) and re
corded on the vial in which the reagent containers are kept until 
used.

M e a s u r i n g  C a p i l l a r i e s . Very small volumes (0.001 to 
0.01 cu. mm.) of solutions are measured in capillaries of 0.05- to 
0.2-mm. uniform bore. Such fine capillaries are drawn out from 
thin-walled capillaries of 0.8- to 1-mm. bore (2) and cut into 
lengths of 2 to 3 cm. each. To control the uniformity, the diame
ter of the bore is measured at both ends of the capillary pieces 
and recorded. Finally one end of each short piece of fine capil
lary is fused shut. The measuring capillaries (Figure 2, E) thus 
obtained may be kept in pieces of wide capillary, sealed at both 
ends.

C a p i l l a r y  C a r r i e r . A strip of glass, 10 X 30 mm., cut from 
a microscope slide, is used for the assembly of the apparatus and 
reagents used in the analytical procedure. One-half of the top 
surface of the carrier is covered with a layer of vaseline approxi
mately 1 mm. thick, by placing small portions of vaseline on the 
slightly heated carrier slide. The capillary cones, reagent con
tainers, and measuring capillaries needed are then placed side by 
side on the carrier, so that the handles are embedded in the vase
line. Those parts of the capillaries, cones, and containers in 
which the actual work is performed project beyond the edge of the 
carrier (Figure 2).

M o is t  C h a m b e r . All the work requiring microscopical con
trol is carried out within a moist chamber. The form used with 
the micromanipulator of Chambers (4, 9) was found satisfactory.

M ic r o s c o p e . The microscope must be fitted with a revolving 
mechanical stage which can be moved so far back that the cover- 
slip roofing of the moist chamber completely clears the opening 
of the stage. A revolving nosepiece, permitting the rapid inter
change of 5 X, 10 X, and stronger objectives, is recommended. 
The illumination should allow the change without much delay 
from observation with transmitted light to observation with re
flected light. A small microscope lamp held by an adjustable 
stand may serve for this purpose.

M e c h a n i c a l  M a n i p u l a t o r . A Leitz manipulator, permit
ting motions in the three directions by means of rack and pinion, 
is used for the operation of the micropipets.

M i c r o p i p e t s  a n d  I n j e c t i o n  A p p a r a t u s . The micropipets 
used for the transfer of liquids are prepared according to the 
directions of Chambers (4, 9) and operated following his instruc

tions with the use of a hypodermic syringe (o). Pipets with a 
very gradual, fine, straight taper are best suited for this type of 
work. The micropipets must be straight in order to be easily 
introduced into the horizontally lying capillary cones and re
agent containers. The diameter of the bore should be approxi
mately 1m at the tip to restrict the flow of liquid sufficiently to per
mit dispensing definite, small volumes of solutions. The syringe 
is filled with water as in micrurgical work. The point of the mi
cropipet is rinsed after use by repeatedly taking in a suitable 
cleaning fluid and expelling it. When working with pipets hav
ing a relatively wide opening, the rinsing can often be performed 
with the water contained in the injection apparatus (syringe, 
connecting copper tube, and adapter for the micropipet). It is 
usually sufficient to press out a small amount of this water 
through the point of the pipet. After rinsing in this way, the 
whole pipet is filled with water, which must be sucked back before 
resuming work so that the meniscus is located in the part of the 
pipet close to the adapter. This operation sometimes causes 
trouble because of the surface tension force holding the liquid in 
the point of the pipet. Approaching the point of the pipet with 
a hot glass rod while applying suction with the plunger of the 
syringe will easily overcome this difficulty.

E xperim ental Procedure

The analysis of 0.01 cu. mm. of a solution containing 0.1 
Mg- of antimony and 0.01 ¿ig. of bismuth, corresponding to 10 
and 1 per cent of the mass of a l-jug- solid sample, provides a 
suitable example for the description of the working technic. 
According to the customary procedure, the solution of anti
mony and bismuth is to be diluted with 0.1 cu. mm. of water 
and then saturated with hydrogen sulfide. The precipitate 
of the sulfides is to be separated from the solution and washed 
with 0.02-cu. mm. portions of 0.3 M  hydrochloric acid contain
ing ammonium chloride. The washed sulfides are to be treated 
with 0.01 cu. mm. of 48 per cent N a2S-9H;0  solution. The 
solution of the antimony sulfide is finally to be separated from 
the residue of bismuth sulfide, and the antimony sulfide pre
cipitated by the addition of 0.1 cu. mm. of 1 M  sulfuric acid.

P r e l i m i n a r y  P r e p a r a t i o n s . The performance of the  
experiment is begun by selecting a suitable micropipet, fasten
ing it in the adapter held by the manipulator, and testing the 
proper operation of micropipet and syringe.

As the volumes of all the solutions are to be measured with 
the use of the eyepiece micrometer and capillaries of known

F ig u r e  2. C a p i l l a r y  C a r r i e r  w i t h  
A s s e m b l y  o f  A p p a r a t u s

A , B , C. R eagent containers
D . C apillary cone
E .  M easuring capillary



OCTOBER 15, 1937 ANALYTICAL EDITION 485

bore, preparation of a table of the required micrometer read
ings is recommended. If the capillary to be used for measur
ing the 0.01 cu. nun. antimony-bismuth solution has a bore 
of 0.132 mm., calcujation shows that a 0.73-mm. length will 
hold 0.01 cu. mm. If one division of the eyepiece micrometer 
corresponds to 33/x, 0.73 mm. is equal to 22 divisions. The 
capillary, from which the reagent containers have been made, 
may have possessed a bore of 0.417 mm. The lengths of re
agent containers holding 0.1, 0.02, and 0.01 cu. mm. are then 
equal to 0.736, 0.147, and 0.074 mm., or 22, 4.5, and 2 divi
sions of the micrometer scale, always assuming that 1 division 
equals 33/u.

The required apparatus is assembled on a capillary carrier 
as shown in Figure 2: three reagent containers, A, B,  and C, 
one empty capillary cone, D,  and a measuring capillary E. 
The reagent containers are filled by capillary pipets operated 
with the mouth previous to placing them on the carrier. 
Container A  holds the acid antimony-bismuth solution (10 
mg. per ml. of antimony and 1 mg. per ml. of bismuth). B  
is filled with water, and a 1 per cent solution of ammonium 
chloride in 0.3 M  hydrochloric acid is introduced into C.

The filter-paper lining of the moist chamber is soaked with 
distilled water, and the carrier with the apparatus assembly 
is placed in the rear of the cell which is immediately roofed 
with the cover slip. The chamber is transferred to the micro
scope and clamped into the mechanical stage.

M easu rin g  th e  Sample. Using transmitted light and a 
total magnification of the microscope of 40 to 60 X , the open
ing of reagent capillary A,  containing the antimony-bismuth 
solution, is focused so that the plane containing the axis of 
the capillary is in sharp focus. The reagent container is ori
ented parallel to the axis of the micropipet; it should lie in a 
diameter of the field of vision and extend into only one-third 
of the field.

Using the unaided eye, the point of the micropipet is brough t 
close to the opening of the reagent container. Looking into 
the microscope, one should see a blurred image of the point 
of the pipet. The point is now brought in focus by raising 
or lowering it with the manipulator, which is also used for 
bringing it finally close to the opening of the reagent container 
(Figure 3). The tip of the pipet and the axis of the container

F ig u r e  3 . M i c r o p i p e t  R e a d y  f o r  
I n s e r t io n  i n  R e a g e n t  C o n t a in e r

are’made parallel by rotation of the stage. The point of the 
pipet will now be located in the axis of the capillary, if the ad
justment is always performed in such a way that the micro
scope is focused on the axial plane of the container and the 
pipet is brought in focus by the use of the manipulator only.

The following procedure, which is used here only for the 
preliminary measurement of the sample, is of sufficient accu
racy to be used for the measurement of reagent solutions.

The micrometer eyepiece is inserted and rotated to make the 
scale appear parallel to and in the image of the container. The 
container is moved forward with the use of the mechanical stage 
until the opening of the pipet is immersed in the solution beyond 
that length which is to be taken up by the pipet and until the 
front meniscus of the solution coincides with a convenient divi
sion of the micrometer scale. A length of 3 divisions is to bo 
taken up this time to have approximately 50 per cent more than 
the required volume (2 divisions =  0.01 cu. mm.). Accordingly, 
the point of the pipet is immersed beyond division 13 of Figure 4, 
and suction is applied carefully with the plunger of the syringe.

F ig u r e  4. M ic r o p i p e t  i n  P o s it io n  
f o r  T a k in g  U p  D e f i n i t e  V o l u m e  

o f  R e a g e n t

The meniscus of the solution slowly rccedes as the liquid enters 
the micropipet . When the meniscus has moved 3 divisions of the 
micrometer scale (coincides with division 13 of Figure 4), the re
agent container is rapidly withdrawn into its original position 
(Figure 3) with the use of the mechanical stage. The micropipet 
contains now approximately 0.015 cu. mm. of the solution.

U se  o f  th e  M easu ring  C a p illa ry . The micropipet is 
backed up horizontally for approximately 1 cm., then, with 
the use of the mechanical stage, the measuring capillary is 
brought into the diameter of the field of vision so that it ex
tends to the center of the field. Rotation of the stage makes 
capillary and micrometer scale coincide. The microscope is 
focused on the axial plane of the measuring capillary and then 
the opening of the capillary is approached with the point of the 
micropipet, observing with the unaided eye. The position of 
the micropipet is corrected until the blurred image of the tip  
appears in the microscopic field. The point of the pipet is 
moved into focus, using the vertical adjustment of the manipu
lator. The tip of the micropipet is introduced into the bore of 
the measuring capillary with the use of the mechanical stage; 
the opening of the pipet should enter the measuring capillary 
to a length of at least 75 per cent of that of the liquid column to 
be measured off. In genera), it does not matter whether or not 
the point of the pipet touches the wall of the measuring capil
lary. When pressure is supplied to the plunger of the syringe, 
the solution first forms a droplet at the point of the pipet which 
finally fills the bore of the capillary. As the measuring capil
lary fills, the micropipet is gradually withdrawn. Using pres
sure and suction supplied by the syringe, the volume of the 
solution is changed until the two menisci are the proper dis
tance (22 divisions of the micrometer scale, Figure 5) apart, 
after which the micropipet is completely withdrawn.

C le a n in g  t h e  M ic r o p ip e t . The micropipet may be 
cleaned outside the moist chamber by blowing its contents into 
a narrow strip of thin filter paper, and repeatedly taking in 
small volumes of dilute hydrochloric acid from a drop hanging 
from the end of a glass rod and discharging upon filter paper. 
The strip of paper is best attached to the same glass rod which 
carries the drop of acid; the rod should be held by a stand.
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T ransfer of Solutions to the Capillary Cone. The 
cleaned micropipet is inserted into the measuring capillary 
as described above, and all the solution is taken up by suction

F i g u r e  5 . L i q u id  C o l u m n  i n  
M e a s u r in g  C a p il l a r y

Length adjusted to  22 divisions of microme
ter scale

F i g u r e  6 . T r a n s f e r  o f  S o l u t io n  
t o  C a p il l a r y  C o n e

supplied by the syringe. Maintaining a slight suction all the 
time, the micropipet is slowly withdrawn from the measur
ing capillary. Now  the capillary cone is brought in position 
with its opening close to the center of the field. The micro
scope is focused on the point of the taper, which lies in the 
axis of the cone. The micropipet is inserted in such a way 
that its opening touches the inside wall of the capillary cone 
close to the point of the taper of the cone. When pressure is 
supplied with the syringe, the point of the cone fills with the 
solution (Figure 6). When all the solution is discharged, as 
indicated by the meniscus in the point of the pipet or by the 
appearance of air bubbles in the liquid, the capillary cone is 
immediately withdrawn with the use of the mechanical stage 
without releasing the pressure on the plunger of the syringe. 
The micropipet is cleaned as before.

M easu r in g  R e a g e n t S o lu t io n s . Reagent container B  
(Figure 2) is brought into the field of the microscope, the 
micropipet is inserted, and a column of water corresponding to 
a volume of 0.1 cu. mm. (22 divisions of the micrometer scale 
under the conditions stated in the beginning) is taken up with 
the pipet, using the same procedure as in the preliminary meas
urement of the sample solution. The water is immediately 
transferred to the solution in the capillary cone. Use of a 
black background and observation with reflected light permit 
the observation of the white precipitate of basic chlorides.

T rea tm en t w ith  H ydrogen  S u lf id e . A  simple calcula
tion shows that only 0.275 cu. mm. of hydrogen sulfide meas

ured under normal conditions, is required for the precipita
tion of 1 ng. of antimony as antimony sulfide. T he following 
procedure obviously ensures the presence of a sufficient excess 
of hydrogen sulfide to accomplish complete precipitation:

The capillary cone is removed from the moist chamber with 
the use of forceps, the handle is wiped free of vaseline, and then 
the cone is placed in the capillary of the device shown in Figure 7. 
The opening of the capillary is drawn out to a fine tip, A, and the 
wide tube, B, which contains a plug of cotton, is connected to the 
hydrogen sulfide generator. The air in the capillary is displaced 
by hydrogen sulfide, and when the latter begins to escape from 
tip A,  the point of the tip is sealed. Finally the capillary is fused 
shut at the constriction, C, drawn off from the wide part of the 
tube, and placed for 3 minutes in water at 70° C. The formation 
of an orange precipitate in the capillary cone can be observed with 
the unaided eye. The precipitation is allowed to stand for 5 to 
30 minutes at room temperature; then the capillary is cautiously 
cut open at D, placed in a microcone, as shown in Figure 8, and 
centrifuged with the use of an ordinary hand centrifuge.

E stim ation  o f  Q u a n titie s . The capillary is taken out of 
the microcone, and the capillary cone is pulled out of the  
capillary and transferred back onto the carrier in the moist 
chamber. Microscopic inspection with reflected light will 
show a clump of orange precipitate in the point of the capil
lary cone. The volum e m ay be roughly estimated with the 
use of the micrometer scale.

S ep ara tion  o f  S o lu t io n  and P r e c ip ita te . The point of 
the micropipet is inserted into the clear liquid with the open
ing of the pipet close to the precipitate, and then the solution 
is taken up into the pipet by the slow application of suction. 
This operation may be observed with reflected light, using a 
white background. A nearly quantitative removal of the 
solution can be accomplished without difficulty and without 
disturbing the precipitate. The filtrate is rejected and the 
pipet is cleaned.

W ashing th e  P re c ip ita te , M easu rin g  t h e  W ash Liquid. 
A volum e of 0.02 cu. mm. of the ammonium chloride-hydro-

F i g ij r e  7. T r e a t m e n t  w it h  
H y d r o g e n  S u l f id e
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F ig u r e  8  (left). C a p il l a r y  C o n e  in  
M ic r o c o n e  f o r  C e n t r if u g in g  

F ig u r e  9 (right). H e a t in g  o u  P r e 
s e r v in g  S o l u t io n s  i n  C a p il l a r y  C o n e

chloric acid solution is taken up from reagent container C 
(Figure 2) and transferred to the precipitate in the capillary 
cone. The precipitate m ay be stirred up with the use of a 
fine glass thread operated with the manipulator. Then the 
capillary cone is again removed from the moist chamber, in
serted into a wide capillary open at both ends, placed in a 
microcone (Figure 8), and centrifuged. Inserting the cone 
into the capillary not only facilitates handling, but also re
tards evaporation of the solution in the capillary cone. After 
returning the capillary cone to the moist chamber, the posi
tion of the meniscus of the wash liquid is determined by meas
uring with the micrometer scale the distance between the 
meniscus and the point of the cone. This position of the 
meniscus corresponds to 0.02 cu. mm. of wash liquid. After 
removal of the first portion of the ammonium chloride-hydro
chloric acid solution, the second portion is added without pre- 
limina'ry estimation of its volume in the reagent container by 
sim ply filling up to the 0.02-cu. mm. mark of the capillary cone.

S ta r t in g  A n o th er  S e t  o f  P roced u res. When the wash
ing of the sulfide precipitate is complete, the capillary carrier 
is removed from the moist chamber. The capillary cone con
taining the sulfide precipitate is transferred to another carrier 
already equipped with an empty capillary cone and two re
agent containers, one holding sodium sulfide solution and the 
other containing dilute sulfuric acid. These reagents are to be 
used for the separation of the copper and arsenic groups. 
After placing the new capillary carrier in the moist chamber, 
the sulfide precipitate is treated with 0.01 cu. mm. of the so
dium sulfide solution.

H e a tin g  and P r eserv in g  S o lu t io n s  in  C a p illa ry  C ones. 
The capillary cone is placed in a capillary containing a small 
volume of water in the tip of its sealed end, A  (Figure 9). 
Then the open end of the capillary is fused shut, and the capil
lary is placed in water at 70° C. After 5 minutes it is taken 
out of the water bath, transferred to a microcone, and centri

fuged with end A  down. A tiny speck of black precipitate 
collects in the point of the capillary cone and can be seen with 
the unaided eye. Solutions may be kept in capillary cones for 
days without evaporation taking place, if the cone is sealed in 
a capillary as shown in Figure 9.

The separation of the sodium sulfide extract from the bis
muth sulfide and the precipitation of the antimony sulfide 
from the extract with dilute sulfuric acid are performed 
with the use of procedures described above.

In an actual experiment with 0.08 Mg- of antimony and 0.008 
Mg. of bismuth, the volume of the bismuth sulfide residue was 
estimated under the microscope to approximate that of a 
sphere of a diameter of 2 divisions of the micrometer scale. 
The volume of the mixed antimony and bismuth sulfides had 
been estimated as corresponding to a sphere of a diameter of 
4 divisions of the same scale. Considering the observation 
that equal quantities of different metals give sulfide precipitates 
of approximately identical volumes (2), i t  was derived that 
the concentrations of antimony and bismuth in the original 
solution stood in the ratio of 1 to 7, which is in satisfactory 
agreement with the ratio in which they were given.

In another experiment using the proposed technic 0.01 jug. of 
silver was precipitated as chloride; the precipitate was washed 
repeatedly and could finally be recrystallized from ammonia 
furnishing crystals, the form of which was recognizable under 
the microscope with the use of a magnification of 1000 X .

The working technic described permits performance of ana
lytical operations, in which concentrations and volumes of the 
various solutions are specified in a precise and controlled man
ner on a microgram scale as in macroanalysis. The operations 
are rather time-consuming at the present stage of develop
ment, but the technic has the merit of giving convincing re
sults with the use of chemical procedures familiar to every 
analyst. Finally, it seems valuable to know that w ith such 
small quantities of material the reactions of analytical chemis
try take place in the usual way. This knowledge should in
spire increased confidence in the results of milligram proce
dures.
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Determination of Lead in Biological Materials
Comparison o f Spectrographic, Ditliizone, and s-Diphenylcarbazide Methods
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K e t te r in g  L a b o r a to r y  o f  A p p lie d  P h y s io lo g y , U n iv e r s ity  o f  C in c in n a t i ,  C in c in n a t i ,  O h io

I N  T H E  COURSE of investigations of the extent and 
significance of human lead absorption and excretion 

(7-12) three distinct analytical methods have been employed 
in this laboratory. The earliest (referred to here as the 
carbazide method) consisting of numerous time-consuming

T a b l e  I.

Lead
A dded

R e s u l t s  o n  S a m p l e s  w i t h  A d d e d  K n o w n  A m o  
o p  L e a d

Spectrographic0 D ith izon e“ Carbazide
M g. M g. M g. M g. M g. M g. M g.

N il Trace Trace N il N il N il N il
0 .0 3 0 0 .0 2 2 0 .0 2 4 0 .0 3 5 0 .0 2 6 N il N il
0 .0 6 0 0 .0 5 4 0 .0 5 0 0 .0 7 0 0 .0 5 5 N il N il
0 .0 9 0 0 .0 8 3 0 .0 9 5 0 .0 9 5 0 .0 9 5 0 .0 3 0 .0 2
0 .1 3 0 0 .1 2 4 0 .1 3 0 0 .1 2 5 0 .1 3 5 0 .0 7 0 .0 6
0 .1 7 0 0 .1 6 4 0 .1 6 0 0 .1 6 0 0 .1 6 5 0.11 0 .0 9
0 .2 1 0 0 .1 8 4 0 .2 0 0 0 .2 1 0 0 .1 9 5 0 .1 3 0 .1 3
0 .3 1 0 0 .2 9 4 0 .3 2 0 0 .3 0 0 0 .3 0 5 0 .2 4 0 .2 4
0 .4 4 0 0 .4 7 0 0 .4 6 0 0 .4 1 0 0 .4 2 5 0 .3 7 0 .3 5
0 .6 2 0 0 .6 2 0 0 .6 0 0 0 .6 2 0 0 .6 1 0 0 .4 8 0 .5 0

a In practice the results would be expressed to  th e second place, since the 
quantities of lead usually encountered are such th at th e third figure becom es 
insignificant. These results were calculated from  am ounts found in  1/w  
aliquots.

chemical separations and a final estimation of lead colori- 
metrically by means of s-diphenylcarbazide (10), was known 
to yield low results (9, 12). A  spectrographic method re
quiring few manipulations (2, 3) provided a more satis
factory means for dealing with minute quantities of lead and 
has been used extensively in the past few years. The de
sirability of supplementing the latter method with a chemical 
one of corresponding sensitivity and accuracy led to an in
tensive study of current methods depending on the estimation 
of lead by means of dithizone, diphenylthiocarbazone (1,4,  5, 
14-17).  The method finally adopted (6), a modification 
of the “mixed color” method of Clifford and Wichmann (4), 
has proved very satisfactory in the authors’ hands.

Since the facilities of the laboratory permitted the simul
taneous use of all three methods, data have accumulated 
which demonstrate the relative accuracies of the methods 
and indicate their individual field of usefulness in the deter
mination of the lead content of various types of biological 
material.

I t  is the purpose of this paper to record illustrative data 
and to discuss their significance.

Procedure
In comparative studies of the three methods, materials 

commonly handled in the laboratory, such as urine, feces, 
mixed food samples, and tissues obtained from human necrop
sies, were used. The methods of preparing samples for analy
sis were as previously described (2,10),  except that some (es
pecially feces and mixed food) were found to contain such 
large quantities of tin that metastannic acid was formed on 
treatment of the ash with nitric acid. To prevent this, the 
ashed materials were dissolved in hydrochloric acid and dis
tilled water and the volumes of the clear solutions were ad
justed to 250 cc. for mixed food samples and 100 cc. for fecal 
samples. When all three methods were employed in analyz
ing the same solution, the aliquots chosen for the spectro
graphic, dithizone, and carbazide method, respectively, were 
2, 10, and 238 cc. for the mixed food samples (Table II), and

1, 5, and 94 cc. for fecal samples known to have a high lead 
content (Table III). In the case of normal fecal samples 
(Table IV), on which only the spectrographic and dithizone 
methods were used, the respective aliquots were 2 and 10 cc. 
The comparative results for the necropsy specimens (Table 
VI) were obtained with suitable aliquots from the properly 
adjusted solutions of the ashed materials (2).

Since past experience had shown the inadequacy of the 
carbazide method for the accurate estimation of the small 
quantities of lead likely to be present in 24-hour specimens of 
normal urine (9, 12), comparative results on such samples 
were obtained only with the dithizone and spectrographic 
methods. Two types of comparative data were obtained; 
(a) two 100-cc. samples were withdrawn from a larger volume 
of clear urine, for independent preparation and analysis by  
the two methods; (6) the remainder of the original sample 
was prepared as a whole, and quantities equivalent to 100 
cc. and to 200 to 300 cc. of urine, respectively, were taken  
for analysis by the spectrographic and ditliizone methods.

The study of the comparative recovery of added quantities 
of lead (Table I) was carried out with synthetic samples

T a b l e  II. F r e q u e n c y  D i s t r i b u t i o n  f o r  M i x e d  F o o d  S a m p l e s

(F ifty  sam ples obtained b y  norm al subject)
Lead Spectrographic D ith izon e Carbazide
M g.

0 .0 0 -0 .0 4 9 2
0 .0 5 -0 .0 9 9 2
0 .1 0 -0 .1 4 9 *4 4 8
0 .1 5 -0 .1 9 9 4 5
0 .2 0 -0 .2 4 9 7 8 8
0 .2 5 -0 .2 9 9 10 8 9
0 .3 0 -0 .3 4 9 5 10 7
0 .3 5 -0 .3 9 9 8 7 3
0 .4 0 -0 .4 4 9 6 6 5
0 .4 5 -0 .4 9 9 3 3
0 .5 0 -0 .5 4 9 2 ' i
0 .5 5 -0 .5 9 9 '3
0 .6 0 -0 .6 4 9 *i 1
0 .6 5 -0 .6 9 9
Num ber of sam ples 50 50 50
T ota l lead  found, m g. 15 .42 16.41 12 .3 0
C alculated mean 0 .3 1 6  *  0 .0 1 1  0 .3 3 4  *  0 .0 1 1 0 .2 4 8  *= 0 .0 1 1
Standard deviation =fc 0 .1 1 5 *  0 .1 1 6 =* 0 .1 1 3
Differences betw een m eans: Carbazide and :Bpectrographio 0 .0 6 8  *  0 .0 1 5

Carbazide and dithizone 0 .0 8 6  *  0 .0 1 5
Spectrographic and dith izone 0 .0 1 8  =*■ 0 .0 1 5

T a b l e  I I I . F r e q u e n c y  D i s t r i b u t i o n  p o r  F e c a l  S a m p l e s

(F ifty  sam ples from  a sub ject exposed to  lead)
Lead (D aily) 

M g.
Spectrozraphio D ith izone Carbazide

0 .2 0 -0 .3 9 9 2 3 6
0 .4 0 -0 .5 9 9 5 7 6
0 .6 0 -0 .7 9 9 9 7 13
0 .8 0 -0 .9 9 9 10 9 5
1 .0 0 -1 .1 9 9 5 3 5
1 .2 0 -1 .3 9 9 5 6 3
1 .4 0 -1 .5 9 9 1 2 4
1 .6 0 -1 .7 9 9 4 2 3
1 .8 0 -1 .9 9 9 2 3 4
2 .0 0 -2 .1 9 9 2 3
2 .2 0 -2 .3 9 9 1 1 ' i
2 .4 0 -2 .5 9 9 3 3
2 .6 0 -2 .7 9 9 i 1
N um ber of sam ples 50 50 50
T ota l lead  found, mg. 5 8 .4 8 5 9 .8 0 4 8 .2 5
C alculated mean 1 .1 8 4  =** 0 .0 6 0  1 .1 8 8  *  0 .0 6 2 0 .9 7 6  *  0 .0 4 9
Standard deviation =*= 0 .6 2 5 =*= 0 .6 4 6 *  0 .5 1 7
D ifferences betw een means: Carbazide and spectrographic  

Carbazide and d ith izone  
Spectrographic and d ith izone

0 .2 0 8  *  0 .0 7 7  
0 .2 1 2  *  0 .0 7 9  
0 .0 0 4  *  0 .0 8 6

488
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simulating ashed samples of urine. The use of synthetic 
samples permitted an accurate control of the lead content 
since the stock solution employed could be prepared free from 
lead (2). The strength of the stock solution was such that 
when known quantities of lead were added to 500-cc. portions 
and the mixture was diluted to 1000 cc. with distilled water, 
each 100 cc. represented the ash of 1 liter of average normal 
urine. Analyses were carried out in duplicate by each method 
following the complete procedure employed for samples of 
fresh urine (3, 6, 10). Aliquots corresponding to 100-cc. 
samples of urine were used for analysis by the dithizone and 
spectrographic methods and the equivalent of 1000 cc. of 
urine for the carbazide method.

R esu lts
The comparative results obtained by the different methods 

in the analysis of the synthetic samples are listed in Table I. 
In Tables II and III are listed the frequencies of distribution, 
the calculated means with their probable errors, and the 
standard deviations from the means for the results on mixed 
food and fecal samples by all three methods. The differences 
between the means obtained by the different methods, the 
probable errors of these differences, and the total lead re
covered in each case have also been recorded. The material 
employed represented fifty 24-hour fecal samples and a like 
number of mixed food samples. Each of the latter samples 
consisted of duplicates of all meals eaten during each 24 hours 
by a human subject under study.

The high lead findings in the fecal series in Table III are 
due to known conditions of lead exposure on the part of a 
human subject under observation. In Table IV are listed 
similar data for a series of normal fecal samples on which only 
the dithizone and spectrographic methods were employed. 
In Table V are recorded the results obtained by the dithizone 
and spectrographic methods on independent 100-cc. samples 
of the same urine and the results obtained by each method 
with aliquots from the prepared remaining sample, as well 
as the total volume of urine originally available. Table VI 
lists the comparative results for necropsy specimens from a 
suspected case of lead poisoning. The data are recorded not 
only to give the actual comparative results for each organ, 
but also to show the types and quantities of material and the 
lead ranges which can be conveniently handled by either 
method.

D iscu ssion
The comparative findings in the analysis of synthetic 

samples containing known quantities of lead (Table I) show 
agreement for the dithizone and spectrographic results and 
substantiate the magnitude of the average loss occurring with 
the carbazide method (9). That this loss of approximately 
0.07 mg. per sample also occurs in dealing with the usual run

OCTOBER 15, 1937

T a b l e  IV. F r e q u e n c y  D i s t r i b u t i o n  f o r  N o r m a l  F e c e s

(F ifty  sam ples from a normal subject)
Lead Spectrographic D ithizone
M g.

0 .0 0 -0 .0 4 9 1 1
0 .0 5 -0 .0 9 0 1 1
0 .1 0 -0 .1 4 9 8 8
0 .1 5 -0 .1 9 9 9 7
0 .2 0 -0 .2 4 9 3 9
0 .2 5 -0 .2 9 9 12 12
0 .3 0 -0 .3 4 9 10 4
0 .3 5 -0 .3 9 9 2 3
0 .4 0 -0 .4 4 9 2
0 .4 5 -0 .4 9 9 *3 2
0 .5 0 -0 .5 4 9 1 1
N um ber of sam ples 50 50
T ota l lead  found, mg. 12 .1 0 12 .1 2
C alculated mean 0 .2 5 2  *  0 .0 1 0 0 .2 4 8  ±  0 .0 1 0
Standard deviation *  0 .1 0 8 *  0 .1 0 6
Difference betw een m eans: 0 .0 0 4  0 .0 1 4

T a b l e  V. A n a l y s i s  o f  U r i n e

(Showing the reproducibility of results by  each m ethod)
Independent I00-Cc. A liquots from Prepared

Sample
Samples 

Spectrographic D ithizone
Rem ainder 

Spectrographic D ith izone
M L M g. M g. M g. M g.
1800 0 .0 3 0 .0 5 0 .0 4 0 .0 4 - f
1900 0 .0 2 0 .0 5 0 .0 2 0 .0 5
1650 0 .0 8 0 .0 8 0 .0 8 0 .0 7
930 0 .0 4 0 .0 4 0 .04 0 .0 4

1500 0 .0 2 0 .0 4 0 .0 3 0 .0 4  +
2200 0 .0 2 0 .0 4 0 .0 3 0 .0 4
10-10 0 .0 7 0 .0 8 0 .0 6 0 .0 7
1020 0 .0 6 0 .0 7 0 .0 5 0 .0 5
1300 0 .0 1 0 .0 4 0 .0 1 0 .0 3
930 0 .0 5 0 .0 5  + 0 .0 5 0 .0 4

1200 0 .0 5 0 .0 6 0 .0 6 0 .0 6

T a b l e  VI. A n a l y s i s  o f  N e c r o p s y  S p e c i m e n s  (C a s e  11)
Lead Found

Tissue Sam ple

B y
spectro
graph

d i& -
zone

Grama M g. M g.
K idney 3 0 .5 0 .2 9 0 .3 1
Liver (portion of left lobe)
Liver (portion under gall bladder)

3 8 .9 1 .17 1 .2 0
3 8 .9 1 .15 1 .2 0

Brain (fiber tracts— midbrain) 
Brain (cellular— midbrain)

2 1 .3 0 .1 0 0 .11
1 9 .8 0 .0 8 0 .0 9

Spleen 3 7 .1 0 .2 0 0 .1 8
Bone (femur) 105 .6 3 .1 0 3 .1 0
Spicules (from m edulla of rib) 2 .2 0 .0 1 5 0 .0 2 5
Spicules (from m edulla of femur) 1 .7 0 .0 1 0 0 .0 1 0

Total lead 6 .1 1 5 6 .2 2 5

of samples is evident from inspection of the differences be
tween the respective means recorded in Table II. The ap
plication of the carbazide method to the determination of 
larger quantities of lead (Table III) is likely to result in an 
increased loss as a consequence of the simultaneous carrying 
of a large number of samples through the numerous steps of 
the method. The maintenance of the average loss at a uni
form low level requires careful attention to detail which is 
possible only when a few samples are analyzed at one time. 
Nevertheless the carbazide method is satisfactory in those 
cases in which the loss inherent in the method becomes negli
gible either as a consequcnce of the use of large samples or 
because of the high lead content of the material (9,12) .

The close agreement between the findings for the dithizone 
and spectrographic methods is evident not only from the re
sults listed in Tables I and VI but, most strikingly, from the 
comparative recoveries and from the differences between the 
means of the two sets of results recorded in Tables II, III, 
and IV. A statistical evaluation of the ratios of these dif
ferences to their probable errors indicates values of 1 or less, 
and offers a further proof of the similarity of the findings by 
the two methods (13).

The apparent discrepancies which may be observed in the 
results on samples of urine in which the lead levels lie between 
0.01 and 0.02 mg. per 1000 cc. become understandable with 
a recognition of the possible errors of analysis by each method. 
The error in estimating concentrations of lead from 0.01 to
0.10 mg. per 1000 cc. of urine is ± 0 .01  mg. for the spectro
graphic method (3). Since all samples are adjusted so that 
each cubic centimeter of the final solution is equivalent to 10 cc. 
of the original urine, the relative error remains constant re
gardless of the size of sample employed (3). On the other 
hand, the relative error of analysis by the dithizone method 
varies with the size of the aliquot and equals that of the spectro
graphic method, for aliquots corresponding to 100 cc. of urine, 
but decreases as the aliquot is increased. The determination 
of the total quantity of lead from the analysis of an aliquot 
can therefore be attended by a relatively large error in both 
methods, especially in the extremely low lead ranges. While 
the use of larger aliquots in working with the dithizone method 
results in an increased analytical accuracy, the results, as is 
evident from Table V, are not significantly different from



490 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. 10

the results obtained with smaller aliquots. Moreover, since 
these variations in the analysis of low urinary lead concen
trations (0.01 to 0.02 mg. per 1000 cc.) can hardly be of prac
tical importance, either method can be considered satisfactory. 
The comparative data, therefore, indicate that the dithizone 
and spectrographic methods may be used with equal assurance 
as to the reliability of the results in the estimation of amounts 
of lead in excess of 1 gamma.

While the two methods are equally satisfactory for the 
analysis of the general run of samples, the spectrographic 
method must be considered superior in certain cases in which 
the quantity of lead is less than 1 gamma, as in the analysis 
of spinal fluid (where the available samples vary from 3 to 10 
cc.), and other materials available only in small quantities. 
The superiority of the spectrographic method here is due to  
the following factors: the constancy of the relative error 
of analysis—0.02 gamma on the arc (S); the lack of need for 
blanks because of the use of specially purified reagents (2,3);  
the minimal number of manipulations; and the remarkable 
sensitivity of the spectrographic detection of lead (S). Con
versely, the estimation of these minute quantities by the 
dithizone method is rendered uncertain partly because of the 
opportunities for contamination occasioned by the manipula
tive procedures, but principally because of the necessity for 
correcting the result by a “rack blank” which may be greater 
than the lead content of the material under analysis.

In dealing with such sensitive methods as the dithizone 
and spectrographic, it is necessary to take every possible 
precaution against lead losses and contaminations, especially 
when the total quantity of lead in the aliquot is of the order 
of 1 to  10 gamma. In general, losses are negligible and the 
most serious factor is contamination. This may occur from 
the use of improperly cleaned apparatus and from lead in 
dust-laden air. The lead contamination from the latter 
source may be reduced appreciably by the removal of dust 
from the air of the laboratory, and chance contamination in 
general may be ruled out for practical purposes by the analysis 
of duplicate samples when sufficient material is available.

S u m m ary
Comparative data for determinations of lead in biological 

material by  means of a spectrographic, a dithizone, and a

chemical separatory (carbazide) method have -been given. 
The specific field of usefulness of each method has been defined 
as follows:

In dealing with the general run of biological samples in 
which the quantity of lead present exceeds 1 gamma, the 
spectrographic or dithizone method may be used with equal 
assurance of the reliability of the results.

The spectrographic method is superior in dealing with 
quantities of lead less than 1 gamma.

The chemical separatory (carbazide) method is chiefly 
useful in the case of large samples, and is satisfactory when 
the lead content of the samples is such that the loss inherent 
in the method (approximately 0.07 mg. per sample) is insigni
ficant in either a chemical or a physiological sense.
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An Inexpensive M icrochem ical F ilter Crucible
A . J .  B A IL E Y

D iv is io n  o f  F o r e s tr y , U n iv e r s ity  o f  M in n e s o t a ,  S t .  P a u l ,  M in n .

F ILTRATION micromethods are numerous but often 
handicapped by special considerations in quantitative 

work. Hemmes’ filtration procedure (1), drawing off liquid 
by filter paper, is only of qualitative value. Strzyzowski’s 
glass funnel (2)> Pregl’s microfunnel (3), Pregl’s filter stick 
(4), and Sell winger’s suction filter (S) are instruments of 
distinct quantitative utility  but in certain cases m ay be 
handicapped by the impossibility of wiping clean the interior 
of the funnel tube. Further, igniting m ay be impossible 
or difficult. Donau dishes (5) and similar commercial cru
cibles with a platinum-iridium sponge are excellent but 
expensive.

A  simple, inexpensive, and easily made crucible that has 
given excellent results was made by heating the end of a 
Pyrex glass tube 10 mm. in outside diameter until the glass, 
through surface tension, formed a smooth orifice of approxi
m ately the shape shown in Figure 1. While still plastic, the
end of the tube was flattened by pressing on an asbestos m at. F igure 1
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After cooling, the lower centimeter of the tube was cut off 
and the edges were fire-polished. Small “tear drops” of Pyrex 
glass were made approximately to fit the interior of the orifice. 
The final preparation of the crucible consisted in connecting 
it  to  a suction tube with a short section of heavy rubber 
tubing, and forming an asbestos mat above the tear drop. 
The tip of the tear drop should not extend below the bottom  
of the crucible; otherwise the filter m at would be disturbed 
when the crucible was set down.

Checked in analytical work by comparison with com
mercial platinum crucibles with a platinum-iridium sponge 
filter plate, it showed little difference in performance. It 
successfully withstood ignition, if heated gradually at first. 
Loss in weight was practically nil. The exterior could be 
easily cleaned by wiping, preventing possible retention of 
solid material apt to “creep” into the tube of a tube-type filter. 
Hygroscopic materials were easily transferred from the desic

cator to a small weighing bottle in equilibrium with the 
atmosphere of the balance case. The total load was still 
less than half the capacity of a 20-gram microbalance. The 
weighing bottle had the further advantage of obviating 
the difficulty of obtaining constant weight (anhydrous sur
face, electrical charges?). Its general performance attested  
its value for analyses requiring a number of crucibles at one 
time or for use in class instruction.
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Microdetermination of Organic Sulfur
W IL L IA M  S A S C H E K , C o lle g e  o f  P h y s ic ia n s  a n d  S u r g e o n s , C o lu m b ia  U n iv e r s ity , N e w  Y o r k , N . Y .

T HE Pregl gravimetric method (8) of determining sulfur 
in organic compounds by catalytic oxidation in the spiral 

combustion tube occurs in two main operations: combustion 
of the substance and determination of the sulfuric acid 
formed.

The general advantage of this method is somewhat im
paired by experimental difficulties encountered in the second 
part of the original procedure, which involves washing out the 
combustion tube, evaporating the collected wash liquid to a 
very small volume or to dryness before precipitation, and 
transferring the precipitate to a Neubauer filter crucible. If 
precipitation is done before evaporation, an evaporation 
ring of precipitated barium sulfate tends to form and adhere 
tenaciously to the wall of the vessel, causing difficulty in 
quantitative transfer. These difficulties have led to the ap
plication of various devices such as alternate washing with 
water and alcohol, use of a “feather,” use of automatic trans
fer devices (7, 10, 11), or precipitation with a “celluloid sol”
(2). All these devices for facilitating quantitative transfer 
of barium sulfate precipitate, which is inherently difficult, are 
inconvenient and include possible sources of error. The 
various open fusion and bomb fusion methods (3,12)  tend to 
increase the possibilities of error, as they require precipita
tion of the small amounts of barium sulfate in the presence of 
proportionately large amounts of other salts. These condi
tions of high nitrate-ion concentration (anion most highly co
precipitated with barium sulfate), insufficient digestion, and 
the impossibility of reprecipitation are most favorable for ex
tensive co-precipitation.

To circumvent difficulties connected with the quantita
tive transfer of barium sulfate, titrimetric methods of deter
mining the sulfuric acid after the combustion have been rec
ommended (4, 5, 8).  These have only limited applicability 
to halogen-free and nitrogen-free substances, or are cumber
some and time-consuming.

Heller and Meyer (6) suggest transferring the barium sul
fate after evaporation into a large crucible of 25-cc. capacity 
and drawing off the wash liquid by means of a porcelain filter 
stick (£>), but fail to give sufficient detail.

During the past 7 years the following technic, which avoids 
many of the above difficulties, has been practiced and taught 
to students in this laboratory, and has, therefore, already

found its way into many other laboratories. As the necessity  
of transferring the barium sulfate precipitate from one ves
sel to another is eliminated, it is generally preferred to the  
Neubauer crucible technic.

Procedure

For precipitation a thin-walled porcelain crucible (pref
erably with black interior glazing) of about 15-cc. capacity
(I) and a small porcelain filter stick (9) are used. The cruci
ble should be cleaned of precipitate from previous analyses 
and rinsed with distilled water, the exterior wiped with a clean 
cloth. The filter stick may be cleaned by brushing oil any 
adhering precipitate and then washed by sucking water



through it in both directions to rid the porous filter surface of 
precipitate as much as possible. Reverse washing is facili
tated by the use of a suitable “adapter.”

The crucible, containing the filter stick, should be dried at 
150° to 200° C. for about 10 minutes. For this purpose an 
oven, which can be made easily and practically without ex
pense from a tin can, is convenient and adequate; Figure 1 
explains some of its details. An electric hot plate will also 
serve nicely as a heating base for the oven. The crucible is 
then placed on a piece of clean metal, covered, and allowed to  
cool. A metal cooling block (Figure 2), with glass cover for 
protection against dust, allows more secure handling of the 
crucible.
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The size and form indicated have finally been evolved as a 
more convenient carrier for the boats and other small con
tainers of analytical samples than the more clumsy glass hand 
desiccator of Pregl. The standard small metal block fits over 
the depression for the crucible (Figure 3). -

After drying, the crucible should be handled with suitable 
(curved) metal forceps until after weighing. After about 15 
to 20 minutes, when the crucible has cooled to room tempera
ture, it is placed on the balance for about 5 to 10 minutes and 
then weighed to one-hundredth milligram. The filter stick is 
then removed from the crucible and kept in the balance until 
needed for filtration.

Combustion is carried out according to Pregl. The ab
sorption liquid of the combustion tube is transferred quanti
ta tively  to the weighed crucible in the following manner:

The combustion tube is either clamped in a vertical position 
fover the crucible, or held horizontally, and 1 to 2 cc. of water 
.acidulated with hydrochloric acid (1 to 300) are blown into the 
wide end from a wash bottle fitted with a fine nozzle. For con
venience a length of thin rubber tubing may be attached to the 
’-mouthpiece of the wash bottle. The combustion tube is rotated 
in sudi a manner as to wash the entire inside surface, and the 
wash liquid is then transferred to the crucible by holding the tube 
vertical with the capillary end in the crucible. Care must be 
taken not to lose wash liquid outside the crucible. Since the 
liquid flows out through the capillary rather slowly, expulsion 
may be:hastened by blowing into the combustion tube through an 
air filter to which a length of flexible rubber tubing is attached 
for more convenient operation. This process is repeated four to 
five times to ensure complete rinsing. The amount of wash

liquid employed should be so adjusted that the crucible will not 
become much more than about two-thirds filled.

For checking the completeness of the rinsing, another larger 
washing of the combustion tube may be collected in the protect
ing test tube and tested for sulfuric acid. If a precipitate of 
barium sulfate forms, it may be added to the crucible during sub
sequent filtration. It has been found, however, in several hun
dred sulfur determinations, that complete removal of the sul
furic acid produced in the combustion can easily be effected with 
three to four washings of 1 to 2 cc. as described. For precipita
tion of the barium sulfate the crucible is placed on a suitable 
steam bath, and about 0.5 cc. of 10 per cent barium chloride 
solution is added dropwise.

Any combustion residue in the boat is extracted with small 
portions of wash liquid and filtered into (the reduced contents of) 
the crucible. After about 15 minutes the solution is allowed to 
cool and filtration is carried out as described below. In case of 
very low percentages of sulfur, the volume should be reduced be
fore filtration.

For filtration the filter stick is attached to a suitable suction 
device, and sufficient suction is applied so that the liquid filters 
at a rate of 1 to 2 drops per second. The precipitate is then 
washed in such a manner that the whole inside surface of the 
crucible is thoroughly moistened and rinsed three to four times 
with .small portions of the acidulated water, making a total wash 
volume of about 3 cc. The filtrate should be collected and ex
amined in a separate vessel of the suction device, and must be 
perfectly clear. Traces of barium sulfate may pass through a 
filter used for the first time; in this case the filtrate is poured 
back into the crucible and refiltered before washing. The filter 
is then detached and left in the crucible, which is wiped outside 
with a clean moist cloth and placed in the oven. With moist 
precipitate in the crucible, drying should be started below 100° C. 
to allow the moisture to be driven off slowly without spattering.
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When thoroughly dried, the crucible is allowed to cool and is 
weighed as before. Many trials have shown that another wash
ing with 2 to 3 cc. as before should not cause a decrease of weight 
of more than 0.01 to 0.02 mg.
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Determination of Lead
A Photometric Dithizone Method as Applied to Certain Biological Material

D O N A L D  M . H U B B A R D , K e t te r in g  L a b o ra to ry  o f  A p p lied  P h y s io lo g y , U n iv e r s ity  o f  C in c in n a t i ,  C in c in n a t i ,  O h io

T H E introduction of dithizone by Fischer (9) and its 
later adaptation as a special reagent for the determination 

of minute quantities of lead by Fischer and Leopoldi (10), 
have led to its use in the development of numerous methods 
applicable to the determination of lead in biological materials 
( 1 , 2 , 8 ,12 ,13,  14, 15). A  study of these methods has resulted 
in the development of a photometric dithizone method, based 
essentially on the so-called “mixed color” method of Clifford 
and Wichmann (8) but incorporating ideas from Wilkins, 
Willoughby, Winter, and their co-workers (13, 14, 15). This 
method has proved reliable for the accurate evaluation of 
lead in almost every range of concentration and has been 
tested extensively by comparison with the spectrographic 
method (4, 5) used in this laboratory in recent years.

It is the purpose of this paper to present the details of this 
method and to discuss its application to the analysis of cer
tain biological material.

R eagents
High-grade chemicals are used throughout the analysis to 

ensure a low initial lead content.
Whenever possible and feasible, reagents are further puri

fied to reduce the lead content to a minimum, either by the 
aid of hydrogen sulfide or by distillation. These methods of 
purification as previously described (4, 5) are used for acids, 
distilled water, and ammonium citrate solution. Ammonia 
and chloroform are freshly distilled according to the technic 
of Clifford and Wichmann (8), and used chloroform contain
ing dithizone and lead dithizonate in solution is reclaimed by 
the method of Biddle (3). Dithizone used for the final ex
traction is obtained in a state of exceptionally high purity 
(2).

The analysis of reagents commonly used is shown in Table
I. N o attem pt is made to purify potassium cyanide. [Ac
cording to Clifford (7), the presence of phosphates in sodium 
and potassium cyanides is harmful and purification of 
these salts by recrystallization is advisable. In the case of 
potassium cyanide the effect is negligible, in his experience, 
if the color is developed immediately after the addition of 
the ammonium cyanide reagent to the 1 per cent acid (7), as 
done in this laboratory.]

G lassw are
All glassware (Pyrex) before use is washed thoroughly with 

hot 50 per cent nitric acid, followed by rinsing with distilled 
water to ensure the removal of lead which may be present as 
surface contamination.

The same procedure is used for silica or porcelain ware.

A pparatus
The neutral wedge photometer as described by Clifford 

and Wichmann (8) is used, with slight modifications.

L ig h t  B o x . The light source consists of nine 32-candlepower, 
12- to 16-volt, automobile headlight bulbs (Mazda "Tung Sol’ 
T-1144) wired in series from a 122-volt alternating current cir
cuit and arranged in a circle around two 2.5-cm. (1-inch) circular 
apertures in the interior of the box. The light is reflected from 
a piece of solid opal glass 15 X  15 cm. ( 6 X 6  inches) mounted 
about 2.5 cm. (1 inch) from the light source, so as to give diffuse 
reflected light. t , ,,

E y e p i e c e . Prism system a n d  housing complete, from the 
Bausch & Lomb No. 3600 hemoglobinometer.

W e d g e . A neutral density wedge constructed of Bausch & 
Lomb smoked "C” neutral glass, length 150 mm., height 20 
mm., thickness at thick end 8.0 mm. and at thin end not more 
than 0.5 mm. The wedge is compensated and reinforced by a 
wedge of clear glass of the same dimensions cemented to the wedge 
proper.

T a b l e  I. A n a l y s i s  o f  R e a g e n t s  C o m m o n l y  U s e d  i n  D i t u i -  
z o n e  M e t h o d

R eagent I^ ad  C ontent
G am m a/liter

W ater (regular double-distilled, Barnatead still) 2
W ater (triple-distilled, third d istillation  in  Pyrex) Trace“
H N O i concentrated 10-30
H N O j concentrated (triple-distilled, in quartz) Trace0
HC1 concentrated 10-30
HC1 constant-boiling (triple-distilled, in quartz) Tracea
HjSO« concentrated Ca. 800
K C N  solution , 10 per cent W /V  80
Ammonium citrate solution, 40 per cent W /V  Trace®

a Less than 1 gamm a.

C e l l s . All cells are constructed of Pyrex glass with ground 
and polished fused-on windows of Corex glass. The windows 
are parallel and optically plane. No flux or cement is used in the 
construction. Vents are placed in the tops of the cells to permit 
of ready emptying and filling. Three cells are used having 
internal lengths of 12, 25, and 50 mm. (tolerance of ±0.1 mm.) 
for ranges of 0 to 10, 0 to 50, and 0 to 100 gamma of lead, re
spectively. The internal diameter for these cells is 14.5 mm. 
with a tolerance of ±0.5 mm.

F il t e r . The spectral region employed (510 mu) is obtained 
by means of a Wratten compound filter (Eastman Kodak No. 45 
and No. 58). The maximum transmission of this filter (10 per 
cent) occurs at 510 mu and it decreases sharply for regions on either 
side of the maximum, reaching a value of only 0.1 per cent at 478 
and 550 mu.

Procedure
P r e p a r a t i o n  o f  S a m p l e s . Biological material other than 

mixed food samples and small samples of urine are prepared 
for analysis by the method described by Kehoe et al. (11). 
Mixed food samples and small quantities of urine are pre
pared by the method described by Cholak (5). In preparing 
samples of bone it has been found advisable to isolate the 
lead in the form of its sulfide as the first step, in order to 
eliminate the use of large amounts of ammonium citrate, other
wise required to keep the calcium in solution during the 
dithizone extraction.

The clear prepared solutions of the ashed materials or 
the solutions of the sulfides are then transferred to graduated 
glass-stoppered cylinders or flasks.

E x t r a c t i o n  1. A suitable aliquot of the prepared sample is 
delivered by pipet into a properly graduated Squibb separatory 
funnel equipped with glass stopper held on by a rubber tie. (The 
aliquot chosen depends upon the extraneous salt and lead content 
of the sample, one-tenth of the prepared sample generally being 
satisfactory. Whenever possible the lead range selected should 
be 0 to 100 gamma in order that the greatest accuracy may be 
obtained in the determination of large amounts of lead.) Fifteen 
milliliters of purified ammonium citrate solution, equivalent to 
6 grams of citric acid (monohydrate), and 2 drops of phenol red 
(Clark and Lubs) are next added to the solution, which is then 
partially neutralized to a distinct yellow color by the addition, 
dropwise, of concentrated redistilled ammonia, the funnel being 
swirled meanwhile for mixing. At this point 5 ml. of potassium 
cyanide solution (10 per cent W/V) are added and the pH of the 
mixture is adjusted to 7.5 by further addition of ammonia.

The solution is now read}' for the initial extraction of lead 
with dithizone. The dithizone solution for this purpose is pre
pared by dissolving 30 mg. of the regular grade of dithizone (ap
proximately 86 per cent pure) in 1 liter of freshly distilled or
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reclaimed chloroform. The strength is such that 1.0 ml. of solu
tion is equivalent approximately to 10 gamma of lead. (In 
order to remove traces of lead, the dithizone solution to be used is 
shaken with 1.0 per cent nitric acid immediately prior to use.) 
The extraction is made by adding 5-ml. portions of the dithizone 
solution until the color of added dithizone remains unchanged, 
the color ranging from a bright red for large amounts of lead, 
through purple, to the bluish green of the dithizone solution itself. 
The separatory funnel is shaken well after each 5-ml. addition, the 
chloroform layer being drawn off and saved in a second separatory 
funnel. To the collected lead-dithizone complex in the second 
separatory funnel 20 ml. of 1.0 per cent nitric acid are now added, 
the funnel is shaken well, and the chloroform lead-free phase is 
discarded, except for 1 ml.

E x t r a c t i o n  2. To the contents remaining in the funnel, 2 
drops of rn-cresol purple (Clark and Lubs) are added and the pH 
of the aqueous phase is adjusted to 2 by the addition of weak 
ammonia (10 per cent). The funnel is shaken well and the phases 
are allowed to separate. If the chloroform, dithizone-containing 
phase shows no change of color, bismuth is absent (14) and the 
aqueous phase is readjusted to pH 7.5 by further addition of weak 
ammonia, one drop of phenol red being used as indicator. Again 
the funnel and contents are shaken and the phases permitted to 
separate. Inspection of the chloroform phase at this point 
will indicate whether the amount of lead present is more or less 
than 10 gamma.

The lead extraction is carried to completion by the repeated 
addition of 5-ml. portions of dithizone solution as in the first 
extraction, the number of portions used definitely fixing the lead 
range. The separated and collected chloroform fraction, con
taining all the lead as chloroform-soluble lead dithizonate plus 
uncombined dithizone, is then shaken with 40 ml. of 1.0 per cent 
nitric acid (nitric acid adjusted to specific gravity 1.40 should be 
used for dilution). The chloroform-dithizone phase is discarded 
and the last traces are driven out with pure chloroform. The 
nitric acid solution is now filtered into another clean funnel 
through a carefully cleaned pledget of cotton placed in the stem 
of a small funnel. (The pledget is washed with hot 50 per cent 
nitric acid followed by successive washing with hot redistilled 
water and with chloroform-saturated, 1.0 per cent, redistilled 
nitric acid.) The original separatory funnel is rinsed twice with 
5-ml. portions of 1.0 per cent nitric acid, as above, and the rinsings 
are filtered. All the lead is now present in 50 ml. of 1.0 per cent 
chloroform-saturated nitric acid, ready for the final estimation.

If bismuth is present it seriously interferes and must be re
moved. If the amount is less than 0.5 mg. this is easily accom
plished, according to Willoughby et al. (14), by extracting with 
dithizone at the point of extraction, when pH 2 is obtained 
(see first paragrapn under Extraction 2). When large amounts 
of bismuth (greater than 0.5 mg.) are present a fresh aliquot must 
be taken from the remainder of the prepared sample, which has 
been freed from bismuth by a method described earlier (11), 
which step is necessary for occasional samples of feces.

E x t r a c t i o n  3 ( F i n a l  E s t i m a t io n  o p  L e a d ) .  For the final 
estimation lead is again extracted by means of chloroform dithi
zone-containing solutions made up by using purified dithizone 
(S). To the 50 ml. of 1.0 per cent chloroform-saturated nitric

acid containing the lead, 10 ml. of ammonia cyanide mixture are 
added (20 grams of potassium cyanide plus 150 ml. of redistilled 
concentrated ammonia, specific gravity 0.9, or equivalent, di
luted to 1 liter with triple-distilled water). Upon shaking, a 
pH of approximately 9.5 is obtained. Next, 10 or 25 ml. of the 
proper dithizone solution are added and the mixture is shaken 
vigorously for 1 minute. Enough of the chloroform phase to 
fill the proper-sized cell is filtered through a Whatman No. 42 
filter paper and the density of the water-free phase is determined 
by means of the wedge photometer. The linear displacement of 
the wedge, as read from a millimeter scale with vernier attach
ment, can be correlated to the lead content by comparison with 
the working curves shown in Figure 1.

The lead content of the sample is then determined by sub
tracting a blank designated as the “rack blank” run with each 
series of samples and by multiplying this result by the aliquot 
factor. In the case of samples requiring large amounts of acids 
for their preparation, it is also necessary to make a further 
correction by subtracting an additional blank representing the 
lead content of the acids used. This blank rarely exceeds 20 
gamma.

The working curves are obtained by using 50-ml. portions of 
pure lead nitrate solutions in 1.0 per cent chloroform-saturated 
nitric acid, the procedure being essentially that given by Clifford 
and Wichmann (S). Concentrations of the various dithizone 
solutions and pertinent data regarding the quantity to be used as 
well as the size of cell employed are listed below.

R ange
G amm a

0-10
0 -5 0
0-100

D ith izon e Concn. 
M g ./I .

4
8

16

V olum e U sed  
M l.
10
25
25

C ell Length  
M m .

50
25
12

R e c l a m a t i o n  o f  C h l o r o f o r m . A modification of im
portance is the use for the preparation of the above dithizone 
solutions, of chloroform reclaimed by the method of Biddle 
(3) and given a special treatment in order to ensure the stabil
ity  of the solutions. One liter is placed in a large separatory 
funnel and is shaken with 100 ml. of 0.5 per cent aqueous 
hydroxylamine hydrochloride solution neutralized with 1.0 
per cent ammonia to pH 7.5, phenol red being used as in
dicator. Traces of water are removed by filtering through a 
dry fluted filter paper. Dithizone solutions prepared with 
chloroform so treated have been found to maintain their 
strength for at least 2 months. I t  has been found good 
practice to test the particular dithizone solution for stability  
each time that it is used in a series of analyses, by checking 
the wedge reading for zero lead concentration.

A n aly tica l R esu lts

In Table II are listed results obtained for known amounts 
of lead prepared from pure lead nitrate solutions and analyzed 
directly by the step of final estimation as outlined above.

T a u l e  II. D ir e c t  A n a l y s i s  o f  P u r e  L e a d  N i t r a t e  S o l u 
t i o n s  ( F i n a l  S t e p  O n l y )

R ange U sed Lead A dded Lead Found
G am m a G am m a G am m a

0 -1 0 0 .5 0 .7
0 -1 0 1 .3 1 .3
0 -1 0 3 .4 3 .4
0-1 0 5 .5 5 .6
0-1 0 7 .2 7 .2
0-1 0 8 .9 9 .1
0-100 1 2 .0 1 1 .0
0-100 5 7 .0 5 7 .0
0 -1 0 0 6 2 .0 6 3 .0
0 -100 7 5 .0 7 5 .0
0 -1 0 0 8 6 .0 8 7 .0
0-100 9 6 .0 9 6 .0

In  Table III are listed results obtained by adding known 
amounts of lead to a suitable quantity of salt stock solution 
such as that described by  Cholak (o). Ten samples in dup
licate were made up as unknowns, each having a volume of 
100 ml. and containing urine salts equivalent to 1 liter of 
normal urine (5). The solutions were analyzed with the 
same technic as that outlined for regular urine samples, an 
aliquot being taken equivalent to 100 ml. of urine.

A study of the reproducibility of results gave the findings
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presented in Table IV. The data show results for like ali
quots of the same prepared sample run at weekly intervals.

A large number of analytical results obtained from the 
analysis of various kinds of biological material has been 
collected during the past year. In many cases the samples 
could be analyzed simultaneously by the s-diphenylcarbazide
(11) and spectrographic (4,5)  methods, and these comparative 
results are reported elsewhere (6).

D iscu ssion

The reliability of the method reported is clearly demon
strated by the results listed in Tables II, III, and IV. From 
Table II it is apparent that pure lead nitrate solutions of 
lead content 1 to 100 gamma can be analyzed with an error 
of 1 to 2 per cent except when the amount is less than 1 
gamma or within the lower part of the range selected, where 
the percentage of error becomes somewhat greater. To ob
tain these values only the last step of the method has been 
used. Such accuracy, however, is not attained when samples 
are carried through the complete analytical procedure, as 
the results listed in Table III clearly show. This is due 
principally to the fact that the greater number of manipula
tions offers opportunities for losses and contamination.

T a b l e  III. A n a l y s i s  o f  S y n t h e t i c  U r i n e  S a m p l e s  ( b y  
C o m p l e t e  P r o c e d u r e )

R ange U sed Lead Added Lead Found®
G am m a M o. M o.

0 -1 0 N il N il
0 -1 0 N il N il
0 -1 0 0 .0 3 0 0 .035
0 -1 0 0 .0 3 0 0 .0 2 6
0 -5 0 0 .0 6 0 0 .055
0 -1 0 0 .0 0 0 0 .0 7 0
0 -5 0 0 .0 9 0 0 .0 9 5
0 -5 0 0 .0 9 0 0 .0 9 5
0 -5 0 0 .1 3 0 0 .1 2 5
0 -5 0 0 .1 3 0 0 .1 3 5
0 -5 0 0 .1 7 0 0 .1 6 0
0-50 0 .1 7 0 0 .1 6 5
0 -5 0 0 .2 1 0 0 .2 1 0
0 -5 0 0 .2 1 0 0 .1 9 5
0 -50 0 .3 1 0 0 .3 0 5
0-5 0 0 .3 1 0 0 .3 0 0
0 -5 0 0 .4 4 0 0 .4 1 0
0 -5 0 0 .4 4 0 0 .4 2 5
0 -100 0 .6 2 0 0 .6 2 0
0 -100 0 .6 2 0 0 .6 1 0

° C alculated  from  result obtained w ith J/ 10 aliquots.

Losses m ay occur when surface lead absorbed from ashed 
material is incompletely removed from the container used in 
ashing. Surface lead in glassware and the lead from dust
laden air which inevitably get into the sample are sources 
of contamination. The effect of the latter can be reduced 
considerably in the case of small samples by carrying out the 
complete procedure in a laboratory equipped with a dust- 
removal system.

For the estimation of amounts of lead below 10 gamma 
amounts such as in practice may be present in 100 ml. of 
urine— the final accuracy depends upon the magnitude of the 
“rack blank” which is a variable, for reasons stated above, 
and must be determined in conjunction with each series of 
analyses. An average value of 0.8 gamma has been obtained, 
with deviations between 0.5 and 1.5 gamma.

T a b l e  IV. R e p r o d u c i b i l i t y  o f  A n a l y t ic a l  R e s u l t s

T im e

Initia l analysis
1 week later
2 w eeks later
3 w eeks later
4 w eeks later

Lead Found  
in  M ixed Food  

M e.
0 .2 6
0.28
0 .2 5
0 .2 5
0 .2 5

Lead Found  
in  Feces 

M g.
1 .18
1 .24
1 .13
1 .18
1 .1 8

The method described above should prove highly satis
factory for the analysis of practically all types of material 
likely to be encountered. In the analysis of material such 
as the ash of mixed foods and feces containing considerable 
quantities of extraneous salts in addition to large amounts

of tin, copper, aluminum, and manganese, the introduction of 
two extraction steps before the final estimation permits the 
isolation of lead as pure lead dithizonate in the final step. 
The role of the first extraction step is to remove complexes 
of such metals as tin, copper, and zinc and to separate the 
lead from extraneous salts. Because of the presence of these 
salts, the lead extraction at this step proceeds gradually and 
not quantitatively, making an accurate fixing of the range 
difficult. The second extraction is therefore useful not only 
for fixing the range definitely after the extraneous salts have 
been completely removed, but also for detecting the presence 
of bismuth and removing this element totally if it is present. 
Of the known interfering elements, thallium has thus far 
not been encountered, while bismuth can be readily identi
fied and removed, as just stated. Stannous tin if present as 
such is oxidized and removed during the course of analysis. 
Although samples frequently contain large quantities of tin, 
numerous spectrographic tests of the final dithizone extract 
have shown it to be entirely free from this element.

The wedge photometer as described has given satisfaction. 
Wedge readings as obtained by the type of wedge used have 
been found to be a linear function of corresponding density 
measurements.

It is planned to continue experimental work, particularly 
in the lower range of lead concentration (0 to 10 gamma), 
the spectrophotometer being used to attain greater accuracy 
in density measurements. Of decided advantage will be 
the elimination of light filters, since this will simplify the 
application of the method to the estimation of other metallic 
dithizone complexes.

Sum m ary
A photometric “mixed color” dithizone method has been 

applied to the analysis of certain biological materials. The 
introduction of three extraction steps permits the ready 
isolation of lead in a state of high purity. The first extraction 
step removes extraneous salts, the second eliminates bis
muth, if present, and the third extraction step is used for 
the final estimation. Other metals usually found in bio
logical material do not affect the results.

Reclaimed chloroform, as such, and the “specially treated” 
product have given complete satisfaction in the method de
scribed, thus eliminating waste.

The method is rapid. Prepared samples can be analyzed 
completely on the same day that they are received.
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Angular Constants o f Microcrystalline Profiles 
and Silhouettes

In the Conclusive Identification o f Substances

A R T H U R  C U R T IS  S H E  A D , U n ir c r s ity  o f  O k la h o m a , N o r m a n , O k la .

A NGULAR measurements on such facies of crystals as 
fortuitously presented themselves have been made spor

adically for the last three-quarters of a century by min
eralogists, botanists, and a few chemists. Drawings and 
photomicrographs illustrative of tests and purported tests 
have also circulated in the literature since the time of Worm- 
ley (18). The value of these, for comparative purposes, has 
been unquestioned but so preponderant were the nondiagnos
tic glasses, isotropic substances, rectangular prism or pina- 
coidal facies, regular hexagonal aspects, crystallites (15), and 
the like, that the existence of diagnostic crystals with char
acteristic, mathematically expressible angular constants was 
almost overlooked. Such meager quantitative data of this 
nature as were submitted were discredited by petrographic 
crystallographers, familiar with the outlines of random rock 
cross sections, and by other mineralogists, who while recog
nizing the law of constancy of interfacial angles on crystals, 
failed to comprehend fully that any observed angle on a crys
tal must necessarily be some function of a corresponding in
terfacial angle, and as such can itself serve directly as a con
stant under proper conditions. The dearth of this sort of data 
is proof of the oversight.

This discrepancy was noted by Shead (12) who proposed a 
corollary to the law mentioned with the purpose of extending 
its usefulness to  practical analytical chemistry. This modi
fication m ay be thus stated: Any functional angle of an in
terfacial angle on a crystal must be also a constant. This 
functional angle is called a “profile” or “silhouette” angle to 
emphasize its relationship with the actual interfacial angle as 
being the same as that between the “shadow and substance” 
of, for example, the human face or form. As distinguished 
from its profile or silhouette angle the profile or silhouette it
self is a flat crystal of such a tubular habit as to exhibit sen
sible dimensions in two directions with subordinate extension 
in the third. Such a thin crystal, settling through a solution, 
will generally assume a constant position upon a microscopic 
slide or other flat surface, under the influence of gravity. Here 
any characteristic angles it may have can be measured in pro
file by recognized methods. Microscopic inspection will usu
ally disclose individual crystals in orientation suitable for 
accurate measurement even in cases where dry (sublimation) 
preparational methods have been employed.

The profile or silhouette angle as a constant is invaluable to 
the microchemist because frequently the actual interfacial 
angle cannot be readily determined on microcrystals because 
of unfavorable orientation and the difficulty of manipulation 
to a more suitable position on account of minute size, whereas 
its function, the profile angle, can be directly measured on 
crystals of the habit above considered. In such cases, the 
functional angle m ay be directly employed as data, whereas 
the corresponding interfacial angle would have to be laboriously 
calculated before it could serve that purpose. Such con
stants are indispensable in characterizing substances that de
compose or sublime before the more familiar melting or boil
ing points are attained. Furthermore, the silhouette or pro
file angle is a unique constant in that it can be photographed, 
preserved, and exhibited, especially in important forensic

cases, to a jury that can usually appreciate simple geometri
cal differences and varying angular magnitudes.

Illustrations in Figure 1 depict the value of photomicro
graphs of single crystals, when of adequate size and perfection, 
as an ocular demonstration of visible quantitative data. A 
closely allied application is the detection of local variation in 
a lot of crystals that show chemical purity on the average. In 
such cases the condition is revealed bj inconsistency of angular 
measurements on individual crystals taken from different 
parts of the lot. This lack of uniformity has been noted es
pecially in c. p . acid potassium tartrate and is explained as 
localizations of normal potassium tartrate or tartaric acid in 
individual cream of tartar crystals. Such circumstances may 
explain in part some reported difficulties in accurately dupli
cating angular measurements.

Crystals suitable for profile angular constant measurement 
are obtained by a combination of proper preparational methods 
and discriminating selection of material that is adequate in 
perfection, simplicity, and orientation. The individual crys
tal should be isolated from all other specimens so as to lie flat, 
from its tabular habit, on the supporting microscope slide, in 
order that its whole periphery m ay be simultaneously brought 
to focus at moderate magnifications; it should approach the  
perfection and simplicity of a line drawing, and it should pref
erably exhibit the statistically common geometrical form of 
a parallelogram or hexagon. A casual survey of illustrations 
to be found in the literature will disclose that these specifica
tions are not unduly rigid.

P reparational M eth od s
Preparational methods for the production of crystals suit

able for profile angular measurements necessarily vary with 
the physical and chemical properties of the different sub
stances concerned, and consequently must be classified ac
cordingly. Owing to the profound effect of speed of formation 
upon the character of the resulting crystals, methods may be 
roughly classified as rapid or slow according to whether pro
duction requires but a few seconds or takes place over an ex
tended period of time. As W alcott (17) concludes, crystals 
growing at a rapid rate have a tendency to develop as simple 
forms while complex forms result as a rule from long-continued 
operations. Sometimes a rapid method produces nondiag
nostic crystallites where a slower one provides optimum re
sults. With other substances a rapid process produces the 
desired simplicity, where a slower one furnishes diagnostic 
but complex forms. In still other cases method seems to 
have little influence on results. In all cases frequent in
spection of work in progress and the judgment of the operator 
are invaluable in determining the proper course to pursue.

Crystallization of substances, 0.5 to 5.0 per cent soluble in 
water, a typical rapid procedure, is ordinarily effected by a 
combination of sudden cooling and violent agitation of a hot 
solution at such concentration as will be definitely supersatu
rated at room temperature. The cooling is usually produced 
by simply holding the container under the tap while the vio
lent agitation is effected by striking it forcefully against the 
hand or some wooden object. If nondiagnostic crystallites

496
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F ig u r e  1. P h o t o m ic r o g r a p h s

Upper row: trional, potassium  chlorate, 2,4,6-tribrom opbenol bromide
Second row: mercuric bromide, mercuric iodide
Third row: veronal, aspirin, acetanilide
Lower row: picric acid, morphine
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form under this treatment, milder measures may be adopted. 
After suitable crystals are formed, these are suspended in 
their mother liquor, poured upon a glass microscope slide, 
and allowed to subside thereon. After a short time for set
tling, supernatant liquid is drained off at a low pouring angle, 
and the excess is gently blotted away from the crystals with a 
piece of filter paper held taut between the fingers.

Check results m ay be obtained by a slower method, the 
spontaneous evaporation of the solvent water from the satu
rated solution or mother liquor resulting from the preceding 
operation. This solution, placed upon a glass slide, is seeded 
with some of the separated solute, which appears to induce 
more perfect and larger crystals upon evaporation to dryness 
in proportion as the seed particles are fewer in number. U n
less this process of what may be termed “autoseeding” of the 
saturated solution be carried out, the spontaneous evapora
tion of the solvent is likely to leave the solute in featureless 
films of little value for quantitative angular measurement. 
Frequently the crystallizing power of the solute is so great 
that all will be incorporated in crystals, leaving a clear field 
when the evaporation of the solvent is complete. But if 
too much featureless debris tends to form, it may be advisable 
to stop crystallization, when it is seen that optimum results 
are obtained, by pouring off the excess mother liquor and 
blotting it away from the crystals with filter paper, as de
scribed above. This slower method is likely to produce more 
complex forms than the preceding faster one.

Crystallization of substances, soluble in hot water but in
soluble in the cold, may perhaps best be accomplished by an 
initial evaporation of the hot solution to incipient crystalliza
tion, followed by a period of slow spontaneous cooling to room 
temperature, w ith subsequent manipulation of the resultant 
crystals, as previously described. 2 ,4 ,6-Tribromophenol bro

mide (Figure 1) prepared by the action of excess warm bro
mine water on a hot solution of phenol, salicylic acid, or other 
allied compound, is perhaps representative of the solubility 
group under discussion.

A small 7.5-cm. (3-inch) test tube full (4 ml.) of this tribromo- 
phenol bromide (m. p. 96° C.) solution, hot and approximately 
saturated in the presence of excess (colored) bromine water, is 
supported in the mouth of an Erlenmeyer flask by a cork seg
mented for the escape of steam. The test tube is bathed ex
teriorly by the water contents of the flask. This system is 
placed on a wire gauze over a hot plate (105° C.) so as to maintain 
a temperature below the melting point of the compound under 
treatment. Evaporation is continued (overnight) until suffi
cient solvent has been removed to permit initial separation of 
solute from the hot solution. The system is then set aside to 
cool spontaneously at a rate which is controlled by the heat ca
pacity of the water in the Erlenmeyer flask that served initially 
as a water or steam bath. After cooling is complete, the resulting 
crystals are removed to a microscope slide and manipulated as 
detailed above. Trichites result if the solute be allowed to melt. 
Blotting of the crystals is not required in this group.

Crystallization of substances by microsublimation has 
been discussed by Chamot and Mason (4), Emich (6), and 
others, as well as by Hoffman and Johnson (8) andShead (18). 
Shead concluded that conditions of temperature upon the 
condensing surface and time appear to be the critical factors 
controlling the production of crystals that are optimum for 
profile angle measurement, by the process of microsublima
tion. Maximum periods of time, during which the initially 
deposited material reworks by repeated cycles of vaporiza
tion and condensation, are conducive of perfection of crystal 
form. Temperatures on the condensing surface that ap
proach as closely as possible to the sublimation temperatures 
defined and tabulated by Hoffman and Johnson (8) are apt

T a b l e  I. A n g u l a r  C o n s t a n t s  o f  M ic r o c r y s t a l l i n e  P r o f i l e s  a n d  S i l h o u e t t e s

Parallelogram Parallelogram
A cute Obtuse A cute O btuse

Substance angle angle Preparational M ethod Substance angle angle Preparational M ethod

Veronal 3 6 .4 ° 1 4 4 .4 ° From  h ot water Antipyreneferrocyanide 82° • • . A cid so lu tions of antipyrene
o-N itrobenzoic acid 3 9 .5 ° Spontaneous evaporation of 

CiHjO H or CÂH* solution  
(6)

+  ferrocyanide. C old
U 0)

H gCiH jOi 8 3 .5 ° 97° From  h ot water
AgjCrtCb (43°) 4 4 .5 ° 1 3 6 .3 ° Ag - f  CrO< +  evaporation  of Sulfonal 85° 95° From  hot w ater. Quenched

d ilu te HNO» solution  (2 , 3, 
12)

o-Chloronitrobenzene 85° E vaporation  of CjHsOH or 
CeHe solu tions (6)

U rea nitrate 4 9 .8 ° 1 3 0 .2 ° From  hot 1:1H N O j so lu tion  
(I*)

m -N itrobenzoic acid From  hot water or acetone 
solu tions (6)

Asparagin 50°42' 129°18' Spontaneous evaporation of p-Brom onitrobenzene 86° E vaporation  of CiH*OH or
CiH*OH solution  (19) Cell« solu tions (5)

B a(S b0-C *H 406)r2H ,0 52° 128° Tartar em etic +  B a + + 4- Trional 8 6 .5 ° 9 3 .5 ° From  hot water. Quenched
HiO (U ) Picric acid 87° 93° From  hot water or sublim ed

C a S 0 4-2H 0H 52°29' 127°31/ Natural: 2 per cent HsSO« + a t 100° C. (13)
C a + ♦ in  HjO (7) H exagon

U rotropin +  H gC li 54° 125° Special (1) Tw o Four
Phénobarbital 5 6 .7 ° 1 2 3 .3 ° From  hot water solution apex

angles
nonapex

CaC4H40 6-4H i0 57°30 ' 122°30' Ca + + -+* H ,C Jl40e-H 20  solu 
tion  ( / / )

From  hot water (3)

angles

AgsCiO* 58° 122° m -N itroaniline 80° From  hot CjIIjOH or CCI4
m-Nifcrophenol 58° From  hot water or h ot C«H« solution  (6)

(0) U rea nitrate 8 1 .8 ° 1 3 9 .4 ° From hot 1 : 1 HNOa so lu 
o-D ichlorobenzene
Morphine

59° 121° Sublim ation a t 5 0° C. {12) tion
5 9 .1 ° 1 2 0 .9 ° Sublim ation a t 190° C. (13) 

E vaporation  of CiH»OH, 
C#He, or CCI4 so lu tion  (6 )

Picric acid 87° 1 3 6 .7 ° From  hot w’ater or sub lim ed
p-Chloronitrobenzene 60°

AgjCnO j
at 100° C.

8 7 .4 ° 1 3 6 .3 ° E vaporation  of hot 1:1 
H N O j solu tiono-N itrobenzyl alcohol 62° E vaporation  of CiH»OH or

p-N itrobenzoic acidC#H# solu tion  (ff) 135° From  hot Celia (6)
Mercuric iodide 6 4 .6 ° 1 1 5 .4 ° Sublim ation a t 100-110° C. AgCiHjO* 90 °' From  hot water (4)

(12)
Salted  from water so lu tion

Sulfonal 95° I 3 2 !5° From  h ot water
A ntipyrene 66°? HgCtHjOs (100°) 97° 1 3 1 .5 ° From  h ot water

by N aC l (16) U rea nitrate 9 9 .5 ° 1 3 0 .2 ° From  hot 1:1 HNOa so lu 
M ercuric bromide 69° 111° Spontaneous cooling of hot tion  (12)

water solu tion A cetanilide 9 9 .5 ° 1 3 0 .2 ° From hot water. Quenched
Tribrom ophenol bromide 6 9 .7 ° 11 0 .3 ° Sublim ation a t 8 5 -9 0 °  C. m -N itroaniline 100° From  h ot C iH iO H  or CCI4

and from  hot water (13) solu tion  (0)
p-N itrobenzyl alcohol 75° E vaporation  of CjH»OH or Picric acid 108 .5°? 1 2 6 .3°? From  hot water or sub lim a

C«He so lu tion  (5) tion  a t 100° C. (13)
p-N itrophenol
KClOa

77°
7 9 .8 ° io ô !à °

From fusion (6)
From  hot water. Quenched

Tribrom ophenol brom ide 1 1 0 .3 ° 1 2 4 .5 ° Sublim ation  a t 8 5 -9 0 °  C. 
(13)

K N O j 7 9 .8 ° 9 9 .4 ° Spontaneous evaporation of Phénobarbital 1 1 3 .4 ° 1 2 3 .3 ° From hot water
water so lu tion  (12, 19) M orphine 1 1 8 .2 ° 1 2 0 .9 ° Sublim ation a t 190° C. (12) 

From  h ot water. Quencliedo-N itrophenol 80° From  h ot C*H»OH or Cell* Aspirin 11 9 .7 ° 1 2 0 .3 °
solution  (6)

From  h ot CjHsOH or CtH«
Phénobarbital 1 2 2 .1 ° 1 1 9 .5 ° From  hot w ater. Quenched

p-N itrotoluene S0° A ntipyrene 128° 116° Salted  from water so lu tion
solution  (5) by N aC l (10)

U rea n itrate (82°) 8 1 .8 ° 9 8 .2 ° From  hot 1:1 HNOa solution p-N itroaniline 125° From  hot CjH sOH, C«H«, or
(5, 12) CCU solution  (&)
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Figure 2

\ _______________________________________________________

to be optimum. Regulation of these temperatures by con
trol of heat, rather than by application of cooling water to 
the condensing surfaces, is recommended, especially should 
initial condensation take place at optimum temperature. 
Finally, minimum amounts of material sublimed are condu
cive to the formation of individual crystals suitable for profile 
angle measurement. Fortunately, direct inspection of the 
sublimate from time to time permits suitable modifications of 
the procedure as such become necessary.

A pparatus for M icrosub lim ation
Apparatus for microsublimation at atmospheric pressure 

has also been described by Shead (IS) who uses a sublimation 
cell consisting of a metallic ring for the walls, closed below by 
metallic foil for the floor and above by a glass microscope slide 
or cover slip as a condensing surface, to receive the deposit.

 /

The metal parts are preferably of platinum or gold for most 
purposes. The metallic ring is about 1 mm. high and ap
proximately 1 cm. in diameter. One advantage of the metal 
parts is better heat conduction from the supporting hot plate, 
which is bored diametrically to furnish a thermometer well, 
containing preferably a short Anschutz thermometer to  
avoid emergent stem corrections. Besides the avoidance 
of temperature lag, another advantage of the metal cell is 
the prevention of condensation of sublimate on the cell wall, 
which is a difficulty often encountered when the wall is of 
glass. A  third desirable feature is the lenslike action of the 
metallic cell in converging a very small deposit at a focus on 
the condensing surface with the attendant gain in sensitivity 
for critical cases.

Miscellaneous methods of crystallization including crystal
lization from nonaqueous solvents and from fusion, have
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been reported by others, notable by Ilartshorne (6‘) but will 
not be further discussed here.

Profile A ngular M easu rem en t
Substances prepared directly in crystalline form suitable 

for profile angle measurement may be exemplified by the 
production of the high temperature (+ 1 2 6 °  C.) form of mer
curic iodine (Figure 1) which separates in yellowish rhombs 
(obtuse angle, 115.4 from a hot solution of mercuric ion, HgCl2) 
when the latter is touched with a droplet of concentrated 
hydriodic acid on the tip of a splinter of glass. Kohlschutter
(3) gives several good methods of preparing this important 
compound and furnishes excellent photomicrographs of the 
product.

Selection of crystals suitable for profile angular measure
ments is based upon the avoidance of nondiagnostic forms and 
the adherence to specifications as given above.

The measurement of profile angular constants is effected by 
methods recommended in standard texts, such as that of 
Chamot and Mason (4, Vol. 1, p. 423). Satisfactory results 
may be obtained by protractor measurement of the enlarged 
image of the crystal as projected on a ground-glass or other 
screen through the optical system of the microscope. Protrac
tor mensuration also serves well for photomicrographs of ade
quate size. A microscope fitted with a cross-hair ocular and 
provided with a rotating stage graduated in angular degrees, 
read to tenths by an attached vernier, is a convenient device 
for profile angular measurement. The crystal, on a micro
scope slide clamped to the stage of such an instrument, is 
centered with the apex of the angle to be measured at the in
tersection of the cross hairs projected from the eyepiece. 
First one side of this angle and then the other is brought in 
alignment with a given cross hair, and the angular rotation of 
the stage is determined by the difference in the successive read
ings on its graduated periphery.

The accuracy and precision in the determination of profile 
angular constants is apt to  vary somewhat with the individual 
case. Undoubtedly, successive single measurements cannot 
be duplicated with much greater precision than one angular 
degree. Just as certainly, two different sets of readings on 
a given angle, separately arrived at and compared with each 
other as individual averages, must deviate from a mean be
tween the two with a much greater precision than one angular 
degree. Evidently, the deviation will depend largely on the 
number of observations averaged to make up the sets of de
terminations compared. Since angular measurements can be 
quickly made in a short space of time, it is easy to increase the 
precision of profile angular constants in the manner suggested.

The accuracy of a single measurement also depends upon 
the size of the angle measured, as the percentage error in
volved decreases as the angle concerned increases inmagnitude. 
For this reason the largest angle available should be most 
suitable for the determination of the constant. Thus, if but 
a single value is to be tabulated, the obtuse angle of a parallelo
gram should be selected rather than its smaller supplement.

An accuracy and precision of 0.2° is tentatively suggested as 
a reasonable tolerance for permissible deviations pending 
further developments. This proposal is based as an example 
upon a representative set of observations on the acute angle 
of the tribromophenol bromide (Figure 1) parallelogram. An 
average mean of 69.9° was found for sixteen individual de
terminations: 70.4°, 70.2°, 70.5°, 69.3°, 70.2°, 69.6°, 69.9°, 
69.7°, 70.5°, 69.5°, 69.7°, 70.2°, 69.6°, 70.0°, 68.7°, and 
70.1°. These were taken from different specimens and each 
represents, approximately, an average of four readings, one in 
each quadrant defined by the cross hairs in the ocular of the 
microscope.

The proposed accuracy and precision of 0 .2° cannot be 
claimed for Table I, as it has been compiled in part from vari

ous sources, no doubt of varying reliability. Some of the 
values have been checked and found satisfactory, but oppor
tunity has not been found to prepare material and verify them  
all. Discrepancies will be found, principally from slight 
experimental errors in independent determinations on mathe
matically related angles, where actual, not theoretical, values 
are recorded.

A ngular R ela tion sh ip s
Angular relationships on microcrystalline profiles and sil

houettes of crystals belonging to the tetragonal, hexagonal, or- 
thorhombic, and monoclinic crystallographic system s are rela
tively simple and readily calculated. A method for arriving 
at definite values is discussed below for the systems mentioned 
with the exception of the clinopinacoid facies of the monoclinic, 
which is but slightly more complicated than the rest. In 
general angles derived from the isometric system, the c pina- 
coids of the tetragonal, hexagonal, and orthorhombic systems, 
rectangles from unmodified prisms or pinacoids, and the like 
are nondiagnostic because of their regularities, and are to be 
ignored for that reason, while forms derived from the triclinic 
crystallographic system cannot be system atically treated be
cause of the extreme irregularities therein. As a general rule, 
angles derived from pyramids or domes and their combinations 
with prisms or pinacoids are both numerous and diagnostic 
and are the ones treated.

M ultiple forms usually arise from slower preparational meth
ods and can be avoided by employing more rapid processes, 
while arbitrary selection of the simpler forms almost invariably 
associated with the more complex, serves to avert the diffi
culties that arise from the source mentioned. These, how
ever, in the cases cited are more apparent than real.

Figure 2 (1) and Figure 3 (upper right) represent, respec
tively, a geometric parallelogram and its crystalline analog 
of picric acid. The latter shows incipient development of 
lines that tend to produce the related hexagon. There are 
but two different angles on a parallelogram and these are 
supplementary; hence if either be known and recorded, the 
other may be readily calculated. In Figure 2 (2 and 2') is 
shown the hexagon with two identical angles, A , retained from 
the original parallelogram and four new angles, C, resulting 
from truncation of angles B  by lines drawn parallel to the 
bisector of the retained angle, A . The reason for the necessity 
of this type of truncation is inherent in the symmetry of the 
system s to which it is applied and is axiomatic to the crys- 
tallographer. All identical angles are identically lettered in 
Figure 2. As the sum of all angles of a six-sided polygon is 
720°, the formula for calculating angle C for a hexagon of this 

720° — 2 A
general type i s  -̂------=  C. Figure 3 (upper left) is such

an actual hexagon of picric acid. If angle A were truncated 
and B  retained, an analogous hexagon would result by the 
same process. I t  is evident that either angle A or angle B  
must be common to the parallelogram and one or the other of 
its derived hexagons. The octagon (Figure 2, 4 and 4') re
sults when both angles A  and B  of the original parallelogram 
or of either derived hexagon are truncated in the same man
ner. It is noteworthy that there are only two different angles 
in the octagon and that these are identical with one or the 
other of the larger angles found on a hexagon. The trape- 
zoid (Figure 2 ,5 , and Figure 3, left center) results when the two 
like angles of a hexagon are bisected, leaving two of the original 
four identical angles of the last-named figure intact. Close 
inspection of the rest of Figure 2 shows some of the infinite 
number and variety of forms that might result by continuing 
indefinitely the processes indicated.

It is there also indicated how few and simply related are the 
angles encountered. Figure 3 is to be consulted for crystal
line forms analogous to the theoretical figures of Figure 2.
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F i g u r e  3 . P ic r ic  A c id  C r y s t a l s

N_____________________________________________ /
Figure 1 illustrates the usual simplicity of profiles and sil

houettes apt to result from the more rapid analytical pro
cedures.

S u m m ary  and C onclusions
The foregoing seems to indicate the validity of a corollary 

law of the constancy of profile or silhouette angles, corre
sponding to that of interfacial angles and applicable to chemi
cally precipitated or sublimed crystals with appreciable exten
sions in two dimensions and restricted extension in the third; 
the facility with which microcrystals suitable for profile angu
lar measurements m ay be prepared; the simplicity of profile 
angle mensuration ; the value of profile angular data as con
stants in cases where the ordinary constants do not exist be
cause of decomposition or sublimation of the compound un

der examination; the simplicity of profiles and silhouettes pro
duced by the ordinary rapid analytical methods; the com
paratively simple numerical and geometrical relationships 
existing even on complex crystals formed by slower prepara- 
tional methods; the possibility of individual differentiation by 
profile angular studies on lots of chemical having a nominal 
average chemical purity; and the value of photomicrographs 
of single crystals having adequate size, in the presentation 
of quantitative ocular proof.
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V olum etric D eterm ination o f Iodine Using Elek-Hill M icrobomb
A D A L B E R T  E L E K  A N D  R O B E R T  A . IIA R T E , T h e  R o c k e fe l le r  I n s t i t u t e  fo r  M e d ic a l R e s e a r c h , N ew  Y o r k , N . Y .

T H E  utilization of micromethods has become increasingly 
extensive, not only because of their great value in con

serving precious material, but because of the considerable 
saving in time their application permits.

The introduction of the peroxide fusion as carried out in 
the Elek-Hill microbomb (S) has greatly speeded the processes 
of analysis for halogens (1, 8), sulfur and phosphorus (4), 
and arsenic (£)•

In order to eliminate the preparation, drying, and weighing 
of the filter, as well as the tedious filtration, washing, drying, 
and weighing of precipitates, volumetric methods are now 
supplanting gravimetric procedures wherever possible. As 
another step in this direction, the volumetric determination 
of iodine after peroxide fusion is described herein. Further 
experiments are in progress to develop volumetric methods 
for the determination of chlorine and bromine.

Using the Pregl spiral tube method, Leipert (6) and Gold
berg (5) have described volumetric methods for iodine, based 
on conversion to iodate followed by treatment with iodide and 
titration with thiosulfate. However, the spiral tube com
bustion requires fragile apparatus and the exercise of great 
care by the analyst to ensure complete decomposition of the 
sample, especially in the case of volatile liquids. It is also 
more tune-consuming than the bomb fusion, a half hour or 
more being needed for the combustion of the sample.

Procedure
A sample of from 3 to 0 mg., accurately weighed, is ignited in 

the bomb exactly as described by Elek and Hill (3). After 
cooling, the bomb contents are dissolved in 15 to 20 ml. of hot 
water in a 125-ml. Erlenmeyer flask. When solution is com-

?lete, the bomb is removed from the flask and carefully rinsed, 
'o the fluid sufficient, boiled-out Alundum, grain size 16, is added 

to cover about two-thirds of the bottom of the flask, and the 
liquid is kept in moderate ebullition for 30 minutes, the whole 
of the free surface being covered with breaking bubbles. (In a 
preliminary experiment it was found that no peroxide was left 
in the solution at the end of this time. With shorter boiling, 
complete destruction of the peroxide could not be assured.) 
The use of Alundum instead of glass beads completely prevents 
bumping, even when this alkaline solution becomes very con
centrated. After cooling under the tap, the solution is made 
just acid to methyl orange with 3 N  sulfuric acid, run in from a 
50-ml. buret. About 10 ml. are required. The acid solution is 
filtered, with suction, into a ground-glass-stoppered 125-ml. 
Erlenmeyer flask where it is treated with 1 ml. of saturated 
bromine water to ensure complete oxidation of the iodide to 
iodate. Iodine is almost quantitatively converted to iodate in 
the bomb (S), but the oxidation with bromine is necessary to 
make certain the completeness of the conversion.

After the solution has stood, stoppered, for o minutes the 
excess of bromine is destroyed by the addition of 2 to 3 drops of 
formic acid (7) with thorough shaking to remove the last traces 
of bromine from the vapor phase as well as from the solution.

During this treatment a moderate pressure is built up in the flask, 
necessitating care in subsequently opening it. If, after 2 minutes, 
the solution is not completely decolorized, another drop of formic 
acid should be added with shaking. To the colorless solution 
0.2 to 0.3 gram of potassium iodide is added, the flask is stoppered 
and shaken to dissolve the salt, and, after 5 minutes, the liberated 
iodine is titrated with 0.01 N  sodium thiosulfate (prescribed 
instead of 0.02 N,  as recommended by several authors, because 
of the greater accuracy it. permits, in addition to its more general 
usefulness in the microanalytical laboratory), which is standard
ized daily against 0.01 N  potassium biiodate.

One milliliter of 0.01 N  thiosulfate solution is equivalent to 
0.2115 mg. of iodine. Under the conditions described, using 
the purest grade of analytical reagents, the blank value is 
entirely negligible. Typical analytical results are given in 
Table I.

T a b l e  I. A n a l y t i c a l  R e s u l t s

0.01 N
W eight of T hiosulfate Iodine

Substance Sam ple R equired Found Theory
M i7. M l. % %

Iodoacetam ide 3 .9 2 2 12 .7 0 68 .5 1 6 8 .6 4
4 .1 8 2 13 .5 3 6 8 .4 8

Iodoacetic acid 3 .9 1 2 12 .6 3 6 8 .3 3 6 8 .2 7
3 .6 0 0 11 .6 1 6 8 .2 6

Iodoacetylsu lfan ilio  acid  N a 5 .3 1 1 8 .8 5 3 5 .2 7 3 5 .2 6
4 .5 0 3 7 .5 0 3 5 .2 5

2-Iodobutane 6 .6 3 3 2 1 .6 2 6 8 .9 9 6 9 .0 2
4 .1 8 3 13 .68 6 9 .1 8

p-Iodobenzoic acid 4 .2 2 0 5 .1 3 ° 5 1 .4 0 5 1 .1 8
3 .9 1 9 4 .7 4 ° 5 1 .2 0

Iodopropionic acid 5 .2 9 5 1 5 .8 8 6 3 .4 6 6 3 .4 6
3 .2 1 8 9 .6 4 6 3 .3 8

Iodobutyric acid 5 .2 2 0 14 .63 5 9 .3 3 5 9 .3 0
4 .2 0 2 11 .7 6 5 9 .2 3

6-Iodo-4-tosyl- 4 .8 9 2 4 .7 3 2 0 .4 5 2 0 .5 4
2,3-d iacetylbenzylglucoside 5 .3 9 6 5 .2 3 2 0 .4 9

a 0 .0 2  ¿V th iosulfate so lu tion  was em ployed  for th e titration .

As seen from the duplicate analyses presented, the pre
cision of the method is high. The results show a very satis
factory accuracy, the mean deviation of the sixteen analyses 
given from the theoretical values being less than =*=2 parts 
per thousand. The time and labor involved are reduced 
materially when compared w ith existing methods, and as the 
number of analyses to be done is increased the economy of 
time becomes much more than simply proportionally greater.

L iteratu re  C ited
(1) Beam ish, F . E ., In d . E n o . C h e m .,  A nal. E d ., 5, 348 (1933).
(2) Beam ish, F . E ., an d  Collins, H . L ., Ibid., 6, 379 (1934).
(3) Elek, A., an d  H ill, D. W„ J. A m . Chem. Soc., 55, 2550 (1933).
(4) Ibid., 55, 3479 (1933).
(5) G oldberg, J. L., Mikrochemie, 14, 161 (1933).
(6) Leipert, T ., M ikrochem. Pregl Festschr., 266 (1929),
(7) Viebock, F ., and  B recher, C ., Ber. deut. chem. Ges., 63, 3207

(1930).

R e c e i v e d  Ju ly  1 4 , 1 9 3 7 .



Determination of Alkyl and Aryl Halogen
In the Presence of Each Other

W IL L IA M  II . R A U S C H E R , R e n sse la e r  P o ly te c h n ic  I n s t i t u te ,  T r o y , N . Y .

T HE use of monoethanolamine in the determination of 
halogens in organic combination has been previously re

ported (1). Experience gained in the use of this reagent 
suggested that it might be used to advantage in the deter
mination of alkyl and aryl halogen in the presence of each 
other. Monoethanolamine has proved to be capable of 
quantitatively converting the alkyl or reactive halogen in a 
number of compounds, solutions, and mixtures, which con
tain both alkyl and aryl halogen, to the ionic form without 
affecting the aryl halogen present. The reaction is also 
quantitative when the halogenated compounds are present in 
dilute kerosene solution, thus making the reagent useful in 
the analysis of certain types of insecticides. The aryl halogen 
in such cases m ay be found by determining the total halogen 
by the procedure of M ethod I as outlined elsewhere (1), and 
then subtracting the alkyl halogen found.

The compounds, solutions, and mixtures listed in Table I 
were chosen to establish the range of usefulness of the method. 
The kerosene solutions of carbon tetrachloride and p-di- 
chlorobenzene were chosen to simulate an insecticide. Where 
the alkyl and aryl substances used as pairs had sufficient 
mutual solubility and fairly close boiling points, known solu
tions of the two were made up in small glass-stoppered 
bottles and portions of the solutions used immediately 
for analysis. Two or more portions were used for deter
mining the alkyl halogen present and two or more portions

for the determination of the total halogen present. In those 
cases where mutual solubility was low, or boiling points widely 
different, small amounts of the two substances were weighed 
out in the glass-stoppered vials of Method I or the bomb 
tubes of Method II (1). The entire weighed mixture or solu
tion was analyzed so that only the alkyl or total halogen con
tent of the sample could be determined. The kerosene solu
tions were made up in small glass-stoppered bottles by weigh
ing all the ingredients.

D eterm in ation  o f  A lkyl H alogen  in  th e  Presence o f  
Aryl H alogen

The apparatus, materials, method of weighing samples, 
and the general procedure are the same as in Method II. 
Micro- and semimicrosamples of the kerosene solutions are 
weighed, but macrosamples may be measured with a Mohr 
pipet. One milliliter of the amine is used for microsamples 
contained in the small bomb tubes, and 3 to 4 ml. are used for 
macrosamples contained in the large bomb tubes. The 
kerosene solutions float on the amine, so that care must be 
used in sealing the bomb in order to avoid loss of the more 
volatile constituent. Microsamples are heated at the boil
ing point of diethanolamine for 0.5 hour and the macrosamples 
for 1 hour. After opening the bombs the procedure of 
Method II is followed exactly. Insoluble aromatic substances 
are brought into solution by the use of alcohol or dioxane.

T a b l e  I. R e s u l t s

W eight of 
Sam ple  

M o .

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

13 .343
16 .359

7 .5 8 4
11 .164

21 .1 4 6
15 .215
12 .371
10 .031

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

15 .345
19 .896
13 .868
8 .6 7 7

5 0 .2 5
3 4 .9 5
4 2 .3 5
3 8 .4 0  
3 8 .9 8  
21.68 
4 6 .0 2  
2 0 .6 0  
8 3 .6 8  
6 4 .2 7  
15 .42
3 0 .4 0

1 Solution .

% A ryl H alogen  
% A lkyl H alogen

1.000

0 .4 4 4

1.000

0 .4 4 0

2 .2 5 3

W eight of 
Ag halide 

M o.

T otal H alogen -

8 .6 6 9
6 .1 0 2

12 .215
18 .026

W eight of 
Found Calcd. Ag halide  

% %  M o.
p-Brom ophenacyl Brom ide  

57 .5 2  4 .9 1 2
. . 5 .1 3 8

57 .5 1  ..........
57 .5 9  ..........

p-Chlorobenzyl Bromide 
12-225  
14.937

o-C hlorobenzyl Chloride 
4 4 .0 6  18 .883

13 .590

•Alkyl H alogen -  

Found  
%

2 2 .0 7 0  
17 .870

9 2 .7 0
5 0 .3 2

17 .877
11 .199

4 4 .1 3
4 4 .0 7

o-C hlorobenzyl Brom ide 
3 3 .3 2  
2 3 .3 6

p-Brom obenzenesulfonyl Chloride 
8 .8 4 8  

11 .098

28 .8 3
2 8 .8 5

38 .9 9
3 8 .8 6

2 2 .0 9
22.10

3 9 .0 2
3 8 .9 5

13.67
1 3 .8 0

0 ,0 '-D ichlorodiethyl E ther and Chlorobenzene«

Calcd.
%

2 8 .7 6

3 8 .9 0

2 2 .0 3

3 8 .9 0

1 3 .8 8

A ryl H alogen (b y  D ifference) 
W eight of
Ag halide 

M g.

5 .2 7 6
7 .8 1 2

4 0 .0 3
2 1 .7 9

10 .176
6 .381

Found
%

2 8 .6 7
2 8 .7 5

17 .21
17.31

2 2 .0 4
2 1 .9 7

17 .2 2
17 .30

3 1 .2 3
3 1 .2 9

Calcd.
%

2 8 .7 6

17 .2 6

2 2 .0 3

1 7 .2 6

3 1 .2 8

0 .6 4 1 4 0 .5 2 5 0 .2 7 2 4 .7 5 24 .6 9 . . . 15 .83

69! 29 4ÓÍ47
3 4 .9 5 2 4 .7 4

i ś !73
6 2 .9 0 40 .5 2 1 5 .7 8

0 .0 1 6 0 49 .1 6 76 .2 3 48.'38 4 8 .3 9 0 .7 7

9 i  140 49 Ü 3
4 2 .3 5 4 8 .3 2

! 6 .7 8
4 0 .8 6 4 9 .0 7

1 .9 1 1 .91
0 .7 2

15 .87 32 .2 2 6 .4 5 0 3 0 .3 1

2 0 !ÓÓ2
3 9 .5 0

3 2 ! io
32 .1 4

4 .9 7 0 1 .91
3Ó Ü 9
3 0 .2 3

(Continued on next page)
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T a b l e  I .  R e s u l t s  ( Continued)

%  Aryl H alogen .---------------T ota l H alogen— /■-------------- A lk yl H alogen— Aryl H alogen (by D ifference)
W eight of W eight of W eight oi W eight of

Sam ple % A lkyl H alogen A g halide Found C aled. A g halide Found C aled. Ag halide Found C aled.
M g. M g. % % M g , % % M o. % %

A cetylene T etrachloride and B rom obenxene1»
7 .1 2 1 0 .0 1 1 4 2 3 .8 5 3 8 2 .8 6 8 2 .9 4 0 .9 4

39 6 .4 5 5 1 .2 5 15 .738 0 .9 8 0 .9 8 5 0 .3 3
21 .6 3 5 0 .0 4 9 8 7 0 .2 4 0 7 8 .0 5 i .9 7 8 3189 3 .8 9
61 .7 5 4 4 1 .6 8 7 5 .8 6 0 1 .2 0 7 2 .8 5 4 5 0 .2 0 5 0 .2 0

H exachloroethane and Iodobenzcne&
5 3 .2 8 0 .1 2 2 16 4 .5 5 7 6 .4 0 7 6 .3 7 9 .3 4

174 .70 1.880 170 .40 2 4 .1 3 2 4 .1 3 4 5 .4 8
39 .361 3 4 .7 3 4 7 .1 7 1 .7 6 44! 37 6 0 .9 4 6 1 .0 0
36 .7 4 6 0 .1 6 4 116 .05 72 .6 3 8 .1 7 12 .0 2 1 1 .9 3

Carbon T etrachloride and p-Dichlorobenzcne&
7 3 .2 4 11 .7 5 5 0 .1 3 11 .820 3 .9 9 3 .9 3 4 6 .2 0
6 4 .9 5 5 .9 1 8 51 .8 3 19 .644 7 .4 8 7 .4 9 4 4 .3 4
16 .246 0 .0 2 7 5 9 0 .0 0 57 .5 8 4 8 7 .6 2 8 7 .5 8 2 .4 2
17 .959 3 .0 3 5 3 9 .675 5 4 .6 4 54 .7 2 13 .5 6 4Í.Ó 8 4 1 .1 6
16 .162 0 .0 2 2 8 59 .0 2 0 9 0 .5 0 90 .5 3 88 .5 1 1 .9 9 2 .0 2
15 .620 0 .0 0 6 7 5 7 .8 7 3 9 1 .6 6 9 1 .6 5 9 1 .0 3 0 .6 3 0 .6 2
33 .1 2 6 0 .0 0 7 4 122 .65 9 1 .5 9 9 1 .5 9 9 0 .9 2 0 .6 7 0 .6 7
18 .192 0 .0 3 0 0 6 6 .0 8 0 8 9 .8 5 89 .8 2 8 7 .2 0 2 .6 5 2 .6 2

Carbon T etrachloride and p-D ichlorobenzene (in  Kerosene)
7 .8 4 8 1 .769 8 .0 3 0 .9 2 4 2 .9 1 2 .9 0 5 .1 3
8 .5 1 5 0 .9 7 0 2 .8 2

13 .405 1 .4 6 0 2 .6 9
107 .10 12 .497 2 .8 8
141 .55 16 .786 2 .9 3

19 .94 6 .4 9 1 8 Ü 0 s!  20
51 .5 2 16 .840 8 .0 8 5 .1 8

8 5 1 .4  (1 ml.) 9 8 .5 5 86
8 5 1 .4 9 8 .9 6 2 .8 8
4 2 5 .7 137130 S .Ó Í 5 Ü 1
4 2 5 .7 137 .65 8 .0 4 5 .1 4

b M ixture.

N o attem pt is made to bring the kerosene into solution. 
Spinning coagulation of the silver halide is the more con
venient and rapid method of coagulation.

For compounds of the type p-chlorobenzyl bromide and 
combinations of the type /3,/3'-dichlorodiethyl ether-chloro- 
benzene, it suffices to reflux the sample with monoethanol- 
amine alone in the open test tube-cold finger procedure of 
Method I (jf). For the first type of compound 10 minutes’ re- 
fluxing is sufficient to convert the alkyl halogen to the ionic 
form. In other cases the time allowed should be extended.

D eterm in a tio n  o f  Aryl H alogen  in  th e  P resen ce  o f  
A lkyl H alogen

To determine the percentage of aryl halogen the percentage 
of total halogen present is found and from this is subtracted 
the percentage of alkyl halogen found, provided that both 
halogens present are the same. W ien  the two halogens pres
ent are not the same the calculation of aryl halogen must be 
handled differently. In this case the weight of mixed silver 
halides from the total halogen present in the sample is first 
determined. From this weight is subtracted the weight of

the silver halide from the alkyl halogen present to get the 
weight of silver halide from the aryl halogen. The weight of 
“alkyl” silver halide is obtained by multiplying the sample 
weight by the percentage of alkyl halogen and dividing by 
the proper gravimetric factor.

In either case the total halogen is converted to the ionic 
form by the use of sodium, monoethanolamine, and dioxane 
exactly as in M ethod I.

Su m m ary
A simple and rapid method for the determination of alkyl 

and aryl halogen in the presence of each other has been de
veloped. It appears to be applicable to  a variety of prob
lems and m ay be used on a micro, semimicro, or macro scale. 
The procedure may, of course, be used qualitatively.

L iteratu re  C ited
(1) R auscher, I n d . E ng . C h em ., A nal. E d ., 9, 296 (1937).

R e c e i v e d  July 27, 1937. A bstract of part of th e P h .D . d issertation  of 
W illiam  H . R auscher in the G raduate School of R ensselaer P o ly tech n ic  
In stitu te.
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MICROCHEMICAL APPARATUS 
FOR INDUSTRIAL LABORATORIES

I l lu s tr a tio n —P reg l m ic ro  n itro g en  d is til la tio n  a p p a ra tu s . A c c o m m o d a te s  6 flasks a n d  
c o n s is ts  o f  tra n s ite  flask  sh e lf, co p p er g a u ze  co vered  flask  h o les  a n d  in d iv id u a l m a n i
fo ld  m o u n te d  m ic ro  b u rn ers a n d  Pyrex fu m e  d u c t .  C o m p le te  w ith  fu m e  d u c t  b u t

w ith o u t flasks  . . . .  $30.00.

W idely varied general equipment; combustion apparatus for carbon and hydrogen, 

nitrogen, halogen, sulfur, metallic salts and phosphorous; Kjeldahl apparatus for nitrogen; 

specialized apparatus for determination of specific organic groups, halogens and carbon; 

and equipment for physical methods comprises our present selection of microchemical 

equipment all of which is in accord with the demands of current practice.

Anticipating rapid changes and increasing standardization of equipment, w e are prepared 

to cooperate in designs and to execute new designs of microchemical apparatus for which 

need may arise. The present equipment, while modified in many points to conform with 

the latest specifications of the profession, is fundamentally based on methods described 

in current literature.

O ur selection of microchemical equipment constitutes one of the most varied and com

plete at the present time, and your requirements for such equipment can always be com

pletely satisfied by specifying E. H . Sargent and Company as your source of supply.

5HRGEITT
L R B O R R T O R y  S U P P L I E S
E . H . s n R G E n m n D  c o m p n n s
1 5 5  E A S T  S U P E R I O R  S T . .  C H I C O G Q
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I t  i s  p le a s a n t  to  t h in k  o f  t h e  w a y s , c o n s tr u c t iv e  fo r  h u m a n i t y ,  
in  w h ic h  H o sk in s  F u r n a c e s  a re  u s e d . H ere , fo r  in s t a n c e ,  i s  o u r  
F D -2 0 3  in  t h e  la b o r a to r y  o f  t h e  D iv is io n  o f  P u b lic  H e a lth ,  
S ta t e  o f  I n d ia n a . I t  i s  u se d  fo r  d e t e r m in in g  t h e  a m o u n t  a n d  
c h a r a c te r  o f  t h e  a s h  o f  v a r io u s  fo o d  p r o d u c ts ;  a ls o , u s e d  in  
p r e p a r in g  fo o d  s a m p le s  fo r  d e t e r m in in g  le a d  sp r a y  r e s id u e .  
. . . Y o u , t o o ,  w il l  f in d  H o s k in s  E le c tr ic  F u r n a c e s  f ill a  u s e f u l  
p la c e  in  y o u r  o w n  la b o r a to r y . A n d  t h e  C h r o m e l e le m e n t s  a re  
v ery  d u r a b le . W rite  to  y o u r  d e a le r , o r  t o  u s . . . . H o s k in s  
M a n u fa c tu r in g  C o ., D e tr o it ,  M ic h .

HOSKINS
Electric

FURNACES

t h e  ß u J ji l i c  c J i e a l t k

O F  I N D I A N A

The W ir e  th a t M a d e  
E lectrica l H ea t P ossib le



YOU HAVE 

WAITED FOR

56 p a g e s — fu lly  illu s tra te d ; 
from  c o v e r  to  co v e r— a v a lu 
a b le  so u rc e  b o o k  of pH  m a 
te r ia l th a t w ill b e  w e lc o m e d  
b y  e v e ry  o n e  w h o  e n g a g e s  
in  or c o n te m p la te s  pH  r e 
se a rc h  a n d  p ra c tic e .

The first complete  and p ra c t i ca l  book on pH  

technique and contro l ,  wr it ten  in simple, under

standable language.

WRITE FOR YOUR COPY tlO W i
A de luxe edition showing the full line of Coleman pH elec
trometers, electrode assem blies and accessories, togethei 
with informative discussions of pH theory and practice, fir 
interesting and valuable book for every pH operator or those 
interested in pH technique.

As this de luxe edition is  strictly lim ited, w e advise an early  
reservation. W rite today to any of the re liab le dealers listed below 
in order to be sure to get your copy.

B U RR EL L TECHNICAL SU PPLY  CO. 
1936 F i f th  A venue 

P i t ts b u rg h , P a .

C IN CIN N A TI S C IE N T IF IC  COM PANY 
224 M a in  S tr e e t  
C in c in n a ti ,  O hio

EBERBACH & SON COM PANY 
200 E ast L iberty  S tre e t 
A nn  A rbor, M ich igan

GREENE BROTHERS, INC. 
1812 G riffin  S tre e t 

D allas, T exas

P H IP P S  & B IRD , IN C .
915 E . C ary  S tr e e t  

R ic h m o n d , V irg in ia

G EO . T . W ALKER & COM PANY 
324 F if th  A venue, S o u th  

M in n eap o lis , M in n .

TO CONTROL—IS FIRST OF ALL TO KNOW
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The D irect Reading

Hellige Duboscq 
Colorimeter

Now made by HELLIGE in the U. S. A.

. . . Unsurpassed in convenience, precision, and accu
racy . . . Reading to 1/io mm. without vernier . . . 
Special plungers adapt it for 100 mm. liquid depth 
. . . Special cups and plungers convert it for micro tests 
. . . Excellent workmanship throughout.

HELLIGE
I N C O R . P  O R . A T  E  D

3718 NORTHERN BLVD.. LONG ISLAND CITY, N.YI

No. WO 
M O D E L

Bulletin describing this 
and  5 other models sent on request.

CHEMICAL MICROSCOPE
•  One Instrument iM an y  Uses
T his L e i t i  M ic r o s c o p e  is o n e  o f  th e  m ost v e rsa tile  m ic ro s c o p e  eq u ip m e n ts  
th e  C h em ist can  h a v e  in h is la b o ra to ry . It can  b e  u sed  w ith  a  great v a r ie ty  
o f  A c c e s s o r ie s  fo r  m a n y^ d ifferen t t y p e s  o f  illu m in atio n s.

F o r e x a m p le :

1 — T r a n s m it t e d  l ig h t ,  p o la r -  2 — R e fle c te d  l ig h t ,  p o la r iz e d
iz e d  or  n o n -p o la r iz e d . o r  n o n -p o la r iz e d .

3 — D a rk fie ld  o r  U ltr o p a k  
I l lu m in a t io n .

O b s e rv a t io n s  can  b e  m a d e  a lso  at h igh  tem p era tu res , thus b ro a d e n in g  
g re a t ly  th e  u t ility  o f  th is m ic ro sc o p e . A n d  c o m b in e d  w ith  its g rea t v e r 
s a t ility  is  lo w  co st fo r  b o th  instrum ent a n d  A c c e s s o r ie s .

B u lle t in  N o. 8 g ives fu l l  d e ta i ls .  S h a ll  w e  
se n d  y o u  a c o p y ?

E. LEITZ, Inc.
730 Fifth A y e ., New York, N . Y.

W a sh in g to n  ¡C h ic a g o  D e tro it

W e stern  A g e n t s :  S p in d le r  &  S a u p p e , Inc.
L o s  A n g e l e s  San  Fran cisco
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D e t e r m i n a t i o n  o f  P h e n o l
HEAGEffT—p -N itrosod im ethylan iline  

METHOD—Colorim etric, by form ation  o f an indophenol 

ADVANTAGES—S en sitiv ity .. .a ccu ra cy .. .sp e e d ... 
less interference  

IlEFEItENCE—H oughton and Pclley, A n a l y s t ,  62 ,117 (1937)

TH IS  method (sensitivity—0.01 p.p.m .) is rapid and accurate 
over a wide range of pH. I t  gives no reaction with o-cresol 

or organic matter. F u ll details will be forwarded upon request.
Eastm an p-Nitrosodimethylaniline N o. 188 (10  gram s, 70c), a 

purified grade suitable for such analytical work, is available for 
immediate shipment. Eastm an K odak Com pany, Chemical Sales 
Division, Rochester, N . Y .

E A S T M A N  O R G A N I C  C H E M I C A L S

If  You Need a Reminder
You Need a

Choice o f two timing ranges
T h e  M IN U T E M IN D E R  m ay  b e  h a d  w ith  6 0  
m in u te  d ia l  ( i l lu s tra te d )  o r  w ith  15 m in u te  
f ra c tio n a l  m in u te  c a l ib r a te d  d ia l. I n  its  a t tr a c 
tiv e , e n a m e le d  s te e l ca se , th is  effic ien t h e lp e r ,  
b e a r in g  a  g u a ra n te e  o f  p e r fe c t  r e m in -  c  
d e r  se rv ic e , b e c o m e s  y o u r  a s su ra n c e  
o f  f re e d o m  f ro m  w o r ry  a n d  w a s te .

I N U T E  
I N D E R

I  f l p  M IN U T E M IN D E R  is  a n ew  k in d  o f  r e m in d e r —  
‘  s im p le , re l ia b le , s tu rd y  a n d  su re . N o  m a tte r  

h o w  o fte n  y o u  u se  it, i t  w il l  n o t  r e q u ire  w in d in g .  S et it  
to  r e m in d  y o u  a n d  i t  w il l  d o  so  every  t im e  b e cau se  i t  is  
d e s ig n e d  to  d o  th e  w o r k  o f  r e m e m b e r in g  fo r  y o u  in  every  
w ay . I n s te a d  o f  h a v in g  to  r e m e m b e r  to  w in d  i t , i t  w in d s  
its e lf  w h e n  y o u  se t th e  p o in te r ;  th e r e  is  n o  c h a n c e  o f  
e r ro r .  O n ly  o n e  m a n u a l o p e ra t io n  is r e q u ire d — th e  s im p le  
tu rn in g  o f  th e  d ia l  p o in te r  to  th e  tim e  p e r io d  d e s ire d . 
T h a t ’s a ll. Y o u  c a n  safely  g o  aw ay  a n d  fo rg e t  i t  a f te r  th a t 
fo r  th e  M IN U T E M IN D E R  b e ll  w o n ’t, c a n ’t, fa il to  s ig n a l 
w h e n  th e  tim e  in te rv a l  h a s  e x p ire d . I t  is  th e  p e r fe c t  r e 
m in d e r ;  th e r e  is  n o  o th e r  lik e  it.

A .  D A I G G E R  & C O M P A N Y
E stablished 1894 

159 WEST KINZIE STREET, CHICAGO
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The New

SHIELDED
Gla ss Electrode

For the B E C K M A N  pH M ETER  

A n  Outstanding Achievement!

C O R P O R A T I O N  

R O C H E S T E R ,  N.  Y.

NATIONAL TECHNICAL 
L A B O R A T O R I E S

3325 E. C olorad o S t .,  P a sa d e n a , C a lifo rn ia

H O E P P L E R  V I S C O S I M E T E R

Viscosity Determinations
with an

Accuracy 0.1% to 0 .5 %
W ith  the H o c p p le r  V isco sim ete r the usual range of 

m easurem ents (from 1 0  to 6 0 0  centipo ises) can be  

determ ined accurately  to 0 .1 % .  A t  the extrem e limits 

of the instrum ent, the accuracy is w ithin 0 .5 % .

Range 0.01 to 1,000,000
(in centipoises)

Substances ranging from gases (h yd ro g en , air, carbon  

d io x id e , e tc .) to heavy liqu ids w hich w ill just pour 

through a 16m m . opening can be measured with ease  
and s im p lic ity .

Rapid, Duplicatable Results
M easurem ents are q u ick ly  m ade (2 0  to 3 0 0  seconds) 

and m ay be repeated as often as desired  on the same 

sam ple. O n ly  a small sam ple (3 0  m l) is requ ired . 

The instrument is sea led , preventing evaporation. 
The apparatus is easy to clean .

The Precision  M o d e l H o e p p le r  V isco sim e te r as 

illustrated is furnished co m plete  with all necessary  

accessories includ ing  pneum atic stirring d ev ice  and  

heating unit. P rice  $ 2 2 0 .0 0 .

The Industrial M o d e l, range 0 .6  to 1 0 0 ,0 0 0  cen ti

po ises, accuracy =*= 1 .0 % ,  costs $ 1 1 0 .0 0 .

C om plete descriptive literature will be furn ished  
on request.

E n th u s ia s t ic a lly  ap p roved  b y  m a n y  S c ie n 
t is t s ,  T e c h n ic ia n s  a n d  I n d u s tr ia lis t s , t h is  
n e w  E lec tro d e  is  r e c o m m e n d e d  to  pH  in 
v e stig a to r s  a s  a  very  p r a c tic a l w o rk in g  to o l  
o f th e  m o s t  a d v a n ced  d e s ig n .

SH IE L D IN G —p rev en ts  e le c tr o s ta t ic  e ffec ts!  
PE R M A N E N C E —e lim in a te s  m a in te n a n c e  ! 
S T U R D IN E S S —m in im iz e s  b reak age !
T h e  s tu r d in e s s  o f  th e  SH IE L D E D  G lass  
e lec tro d e  is  a p p r o x im a te ly  e q u a l to  t h a t  o f  
a p la in -g la s s  t e s t  tu b e —it  is  fa c to ry  ch a rg ed  
a n d  se a le d . W ith  i t s  c o m p a n io n  C a lo m e l  
e le c tr o d e  i t  m a y  b e  c o n v e n ie n t ly  m o u n te d  
o n  a  su p p o r t -s ta n d  for t it r a t io n . T h e  
C a lo m e l e lec tro d e  c o n ta in s  a p e r m a n e n t  
ch a rg e  o f  c a lo m e l-m e r c u r y  a n d  i t s  im 
m e r s io n  en d  is  f it te d  w ith  a  g r o u n d -g la ss  
sleev e  w h ic h  p rev en ts  c o n ta m in a t io n  an d  
in su r e s  r e p r o d u c ib ility  o f  l iq u id  ju n c t io n  
p o te n t ia ls .  W rite  for lite r a tu r e .
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W ACO Utility Heater

T h e r m o s t a t i c  C o n t r o l

F rom  a m ere w arm  up  
h ea t . . .  to  th e  fu ll 750 
w a tts  for q u ick  w ork . . . 
th e  WACO U tility  H ot  
P la te  is  b u ilt  for every  
con tro lled  h ea t job .

A tu rn  of th e  h an d le  
se ts  th e  th er m o sta t for 
th e  h ea t required  . . . n o  
w aste  nor overh eatin g  ! 
Cord and  p lu g  are in 
c lu d ed  a t th e  low  price.

$3.50 Each or s3.30 if 6 ....

N o. 4724. WACO U til ity  H o t P la te — F or 110 
V o lts , A .C . o n ly —T h e r m o sta t  C o n tro l—750 W a tts  
—D ia m eter  4"—H eavy C h rom e F in ish —W ith  Cord  
a n d  P lu g —E ach  $3.50.

You Should Be

UNIVERSAL 
PHOTO-ELECTRIC 

COLORIMETER
(Dr. Bruno Lange)

Q uick H eat . . . 750 W atts

E m bedd ed  E lem en t

FO R  rapid, objective measure
ments, independent o f the 
observer’s visual acuity. D i

rect absorption and extinction 
readings for fluid measurements o f 
0.2-100 ccm. M easurements in
dependent o f current fluctuations 
by connecting two semi-conductors 
in series. E v er  ready because of 
elimination o f anode and heating 
batteries. Color filters for ab
sorption determination o f range 
spectra. M onochrom atic measure
ments with sodium vapor lamp. 
For a.c. or d.c., any voltage. No 
dark room required.

Prict, with iris for 0.1-100% absorption, in
cluding measuring instrument with absorp
tion and extinction scalcs, 2 photo-cells, 3 
cuvettes (100 ccm.) and 8 color filters, in 
cabinet.....................................................  2S0.00

Bulletin on request

W. J. GILMORE DRUG CO.
Laboratory Apparatus Division

on  our m a ilin g  l is t  for 
WACO CATALYST . . .  a  
th o u sa n d  m en  are a l
ready u s in g  th e  WACO 
H ot P la te  becau se  we 
w rote th e m  la st Sp rin g!  
Y ou, to o , can  have th ese  
“ a h e a d -o f-t im e ” m a il
in g s  . . . m e n tio n  it  on  

order, p lease!

422 Blvd. of the Allies 
Pittsburgh, Pa.

C A N A L S T
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“Better Laboratory Equipment
Twelve years of specializing in complete units

55

G o ld f is c h  
E le c t r i c  H e a t e r o f

Kjeldahl Nitrogen Apparatus
a n d

Associated Equipm ent
H as developed our superior equipment and a de
mand for its installation in the better laboratories.

I t

18  F la s k  C a p a c i t y  C o m b in a t io n  
D ig e s t io n  a n d  D i s t i l l a t io n  U n it

F¥ P
6  C a p  G o ld f is c h  

E x t r a c t io n  A p p a r a tu s
6  C a p  C r u d e  F ib e r  

C o n d e n s e r

¿ f r ?

A c id  D i s p e n s in g  
S t a n d  w i t h  S in k

i
 C a ta log  a n d  L is t  o f  U sers o n  R e q u e s t  )

Your enquiry is invited. N o trouble to subm it proposals on r 
your requirements and, o f course, without obligation to you. )

M A N U FA C T U R E D  AN D  SO LD D IR E C T  TO T H E  U S E R  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
1113-1115 Holmes S t r e e t ........................Kansas City, Missouri, U. S. A.

L 496 
SPECTROGRAM 

MICRODENSITOMETER
Designed for measuring the density of spectrum lines on 

photographic plates. The density o f the plate is compared 
with a known density of a neutral absorbing wedge. The 
instrument has many new and convenient features and is 
fully described in Catalog L-2. A rotating stage can be 
supplied for measuring X-ray plates.

GAERTNER SCIENTIFIC CORP.
1216 Wrightwood Ave. Chicago, 111.

W ANTED/
B a ck  J o u r n a ls  o f  th e  
A m er ica n  C h e m ic a l S o c ie ty  

IN D U ST R IA L  A N D  E N G IN E E R IN G  
C H E M IST R Y
Industrial Edition—Vol. 28, No. 3 @ .25 each 
Analytical Edition—Vol. 6, No. 3 @ .50 each 

8, No. 1 @ .25 each 
News Edition—Vol. 5, No. 6 @ .25 each 

6, No. 1 @ .25 each

CH EM IC A L A B ST R A C T S
Vol. 1, Nos. 12, 13, 14, 16 and 22 @ #1.00 each 
Vol. 1, Nos. 2, 3, 15, 17, 18, 19, 20, 23 and Index @ .75 

each
1, Nos. 4, 5, 8, 9, 10 and 24 @ .50 each
1, Nos. 1, 6, 7, 11 and 21 @ .25 each
2, Nos. 1, 3, 6, 7, 8, 11, 17 and 19 @ .75 each
2, Nos. 2, 4, 5, 9, 10, 12, 13, 14, 15, 16, 18, 20, 21, 22, 

23 and 24 @ .50 each
3, Nos. 1, 2, 4, 6, 7, 8, 9, 10, 11. 12, 13, 14, 15, 16, 17, 

18, 19, 20, 21, 22, 23, 24 and Index @ .25 each
4, Nos. 1, 2, 5, 8, 9, 15, 16, 17, 22 and 24 @ .25 each
5, Nos. 1, 6, 10, 11, 12, 13, 14, 15, 16, 17 and 24 @ .25 

each
30, Nos. 5 and 6 @ .50 each

JO U R . A M ER . C H E M . SO C IE T Y
Vol. 58, Nos. 2 and 3 @ .25 each

Address all packages to the American Chemical Society, 
20th and Northampton Streets, Easton, Pa., and pay trans
portation charges. Express collect packages will be refused. 
Be certain that your name and address appear thereon. Also 
send memorandum to Charles L. Parsons, Secretary, Mills 
Building, Washington, D.C. Journals must be received in good 
condition. This offer is subject to withdrawal without notice.
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S U P E R P R E S S U R E  
E Q U IP M E N T

H y d ro g e n a tio n
A p p a ra tu s

"W ^E A R E  p r e p a r e d  t o  s u p 
p ly  c o m p le t e  a p p a r a t u s  

f o r  t h e  s y n t h e t i c  h y d r o 
g e n a t io n  o f  o r g a n ic  s u b 
s t a n c e s .  T h e  b o m b  s h a k e r  
i l l u s t r a t e d  w a s  d e v e lo p e d  b y  
A m in c o  fo r  t h i s  w o r k .

YO U U  n e e d s  fo r  a p p a r a tu s  e m p lo y in g  h ig h  p res
su r e s  a n d  te m p e r a tu r e s  fo r  th e  in v e s t ig a t io n  o f  

c a ta ly t ic u l  c h e m ic a l  r e a c t io n s  c a n  h e  su c c e ss fu lly  
m e t  b y  A m in c o  t e c h n ic ia n s .  A sp c c ia l sh o p  d e 
p a r t m e n t  is  m a in t a in e d  fo r  p r o d u c in g  d e s ig n s  in  
l i ig h - s t r c n g t h  m a te r ia ls  fo r  a l l  p h a se s  o f  su p e r -  
p r e s su r e  te c h n iq u e .

W rite  fo r  Catalog 406-P

Prices, in oak or mahog
any cabinet, $265 and $275

S e t  o f  W e ig h ts  No. 118, 
gold platinum or chro
mium plated.

1 mg. to 50 g. . .$15.75

SARTORIUS  
Air-Damped Balance D3 "Pro/a"
J p O R  rapid weighings. E x a c t  readings from 0 

to 10 mg. w ith  accuracy of .1 mg. on large 
projection scale. No eye strain  from prolonged 
observations. A ll optical components are fixed 
to the p illa r.

The damping device stops the balance after a single 
oscillation. W eights from 10-990 mg. are placed 
on right side of beam by rotating two dials. Direct 
readings eliminating errors. Zero point adjustment 
from outside o f cabinet. Automatic light switch.

Particulars on request

Pfaltg & Bauer, Inc.
EMPIRE STATE BUILDING, N EW  YORK

A m e r ic a n  In str u m en t  C o ., inc.
8010 *8020  Georgia A ve . Silver Spring, M d.

C H E M IC A L  A SPECTS  

O F  IM M UN ITY

H. Gideon Wells, Ph.D., M.D.
Professor of Pathology, University of Chicago

A  digest of the entire sub ject, so arranged as to 

constitute not o n ly  a summary of the situation, but 

also to serve as an illustrated guide to the literature 

dealing  with these chem ical aspects.

C O N T EN T S : Introduction. Antisens. Immunological
Specificity. The Nature of the Antibodies. The Neutrali
zation of Toxin by Antitoxin. Asglutination and Precipita
tion Reactions. The Lytic Reactions (Bacteriolysis, Cytolysis, 
Amboceptor-complement Reactions). The Wassermann 
Reactions and Related Reactions with Syphilitic Blood. 
Hypersensitiveness, Anaphylaxis, A llergy. Phagocytic Im
munity. Resistance to Non-antigenic Poisons. Index.

A . C . S. Monograph No. 21— Second Edition 

286 Pages— Illu s t ra te d ...........................................$4.50

Reinhold Publishing Corporation N.w'y«t?N.y'.

T h e  N e w  M a c h l e t t  A u t o -Bu r e t t e
Controlled by a single stopcock!

A half turn fills—a half turn empties

S e lf-s e ttin g  a t Z e ro  P o in t

E xcess S o lu tio n  R e tu rn e d  A u to m a ti

ca lly  to  R e s e rv o ir

SPEEDY— C O N V EN IEN T—ACCURATE

Send fo r  Bulletin A-B giving fu l l  
particulars

MACHLETT SPECIAL APPARATUS

N one Finer Made

G la s s b lo w in g  D o n e  O n ly  by E x p e rts  

E xact C a lib r a t in g  a n d  E n g ra v in g  

G r in d in g  T ru ly  P re c is io n

Send Sketch or Blueprint 
fo r  QuotationU .S .A .

P at. #2,089.790

E. M A C H L E T T  & S O N
E st. 1 8 9 7

2 2 0  East 2 3 r d  Street N ew  Y o r k , N . Y .
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i f  interested in  micro wares ask fo r  
leaflet EM

WE INVITE YOUR INQUIRIES

/ s y y )  The  A M E R I C A N  P L A T I N U M  W O R K S
N.J. R.R. AVE. AT OLIVER ST. NEWARK, N. J. V _ _ _ /

Refiners and  M anufacturers o f P latinum , G o ld  and  S ilv er

G r e a t e r  a c c u r a c y
i n  a b s o l u t e  u n i t s

H O P P L E R  
VI SC OSIMETER

For de te rm in ing  th e  ABSOLUTE viscosity o f 
gases* o ils, grease, varn ishes, viscous tars  o r  
syrups, accord ing  to  the  Falling B a ll Principle.
D irect read ings in  Centipoises (o r  centistokes).
Small sam ple (30  cc.) re* 
q u ired . Results consisten t 
and  reproducib le .

Range: From  0.01 to
1,000,000 C entipoises.

Accuracy: 0 .01%  to  0 .5 % . M odel B

D ifference in  viscosity betw een d istilled  and  tap  w a ter can be 
m easured.

Bulletin H V  251 available on request.

W hen  requesting  detailed  inform ation , state ran g e  o f m easurem ents 
requ ired .

ULTRA THERMOSTAT (After H6ppler)
T em p. C onstant *  0 .02° C  T em p. Limits —35° to  +  250°

For Refractometry, Viscosimetry, Serology

Com pletely autom atic, self-contained. D elivers to  the instrum ent fo r 
continuous service 5 lite rs  o f constan t tem peratu re  liqu id  per m inute. 

P am phlet H T  254  on  request.
Available a t all lead ing  labo ra to ry  supply dealers.

FISH-SCHURM AN C O R P O R A T IO N , U. S. A gents 
2 50  East 4 3 rd  Street, N ew  Y o rk

Fish-Schurmai

S T A N D A R D  E L E C T R I C

S T O P  C L O C K
•  offers a sim ple, accurate method o f measur
ing  elapsed time to the sp lit second. Has 
large d ia l fo r easy reading, handy remote 
contro l sw itch . C lo ck  is  ruggedly con
structed fo r hard service. Sizes and types for 
every laboratory need.

S E N T  O N  A P P R O V A L

W rite fo r  literature and  details 
on our 30 day free  tr ia l offer.

A  complete selection of A .P .W .  Platinum W ares  
to suit any type of Laboratory Application—

—Platinum
is m ost

economical—

Y o u r  o ld P latinum  
W ares remade or exchanged

P L A T IN U M  Crucibles 
P L A T IN U M  D ishes 
P L A T IN U M  Electrodes 
P L A T IN U M  Capsules 
PL A T IN U M  Boats

W ire— Foil—T ub ing—Gauze
Sp onge—Black— Chlori de

Our catalog E  16 describes our 
regular line of

PL A T IN U M  L A B O R A T O R Y  
WARES

THE STANDARD ELECTRIC TIME CO.
Springfield, M ass. Offices in Principal Cities


