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FIBROUS GLASS
T H E  la te s t  ach iev em en t o f  C orning S cien tific  R esearch  is fibrous g lass. M elted  by  g lass  
tank m eth o d s, spun  in to  fibres o f  near m icroscop ic fin en ess, these C orn ing  F ibre P rod u cts  
p ossess q u a litie s  h ith erto  u n ava ilab le . T h ey  are resilien t, to u g h , so ft  and  p liab le.

F or use as a filtering m ed ium  in lab oratory  w ork , tw o  co m p o sitio n s , b o th  lead  and  
borax free, arc now  ava ilab le . A lth ou gh  b oth  ty p es  o f  w ool are id en tica l in  p h ysica l 
ch a ra cter istic s , " P y r e x ”  H igh  S ta b ility  W ool is superior in  ch em ica l s ta b ility .

“ P Y R E X ” HIGH ST A B IL IT Y  WOOL— Catalog N o. 9930. M ade o f " P y r e x ”  brand Fibre 
Glass No. 719, it i s ‘recommended for use where solubility or pH are critical factors. Its fibre 
diameters vary between 0.0002" and 0.0003".

“ C O R N IN G ” ST A N D A R D  WOOI,— CatalogNo. 9940. Its fine fibre diameter (0.0002" to0.0003") 
makes for increased filtering efficiency and case in handling. M ade from “ C o r n in g ”  brand Fibre 
Glass No. 008, it is chemically comparable to the better grades o f glass wool now com monly uBcd.

B o th  ty p e s  o f  w ool are su p p lied  in  sh ee t form  in  co n v e n ie n t h a lf-p ou n d  rolls w ith  24  
rolls in  each  original p ack age. T h e  sh eets are ap p ro x im a te ly  o n e-e ig h th  in ch  th ick  and  
ten  in ch es -wide.

T h ese  item s are ava ilab le  and sam p les m ay  b e ob ta in ed  through you r regular dealer  
in  " P y r e x ”  brand laboratory g lassw are.

Cat.
No. Description

Code
fVord

Lbs. per 
Pkg.

N et P rice  
per lb.

N e t  P r i c e  p e r  P a c k a g e  
1 pkg . 25 pkgs. 50 pkgs. 100 pkgs.

9930 " P y r e x ”  H i g h  S t a b il it y  
W o o l , m a d e  f r o m  
" P y r e x ”  brand Fibre 
Glass No. 719.

C Q O S U 12 $2.20 $23.76 $22.57 $21.38 $20.20

9940 " C o r n i n g ”  S t a n d a r d  
W o o l , m a d e  f r o m  
" C o r n in g ”  brand Fibre 
Glass No. 008.

C Q O U Q 12 1.30 14.04 13.34 12.64 11.93

L a b o r a t o r y  &  P h a r m a c e u t ic a l  D iv is io n  o f  

C O R N I N G  C L A S S  W O R K S ,  C o r n i n g ,  N . Y .  •  M a n u f a c t u r e r s  o f  “ P Y R E X ”  B r a n d  G l a s s w a r e
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NEW 1937 MODELS, NO. 35, 50 AND 65

T R O E M N E R  A N A L Y T I C A L  B A L A N C E S
WITH IMPROVED RIDER CARRIER AND WITH BEAM GRADUATED 

ON B O TH  SIDES OF CENTRAL KNIFE EDGE

T R O E M N E R  A N A L Y T I C A L  B A L A N C E S , N o .  3 5 , 50  a n d  6 5 . N e w  1937 M o d e ls  w ith  
beam  g rad u ated  on  b o th  s id e s  o f  th e  cen tra l k n ife  ed g e  an d  p rov id ed  w ith  r id er  carrier o f  im p roved  
d ou b le  arm  ty p e  w h ich  p erm its  r id er  a d ju s tm e n t w ith  m in im u m  m o tio n  an d  fr ic tio n , w ith  accu ra te  
a lig n m en t, and  w ith o u t d an ger  o f  s tr ik in g  th e  b eam . R id er  can  b e  m o v ed  ra p id ly  w ith o u t dropp ing .

B eca u se  o f  th e ir  ru gged  an d  ro b u st co n stru c tio n , e q u a lity  o f  arm  le n g th  an d  p ara lle lism  o f  k n ife  
ed ges, th e y  h a v e  b een  fo u n d  to  w ith s ta n d  th e  w ear a n d  tea r  o f  ro u tin e  la b o ra to ry  w ork  in  a rem ark ab le  
m an n er.

1810. A nalytical B alance, T rocm ner N o. 35, capacity 200 grams in each pan, sensitivity V$th mg.
two 10 mg riders ..................................................................................................................................

1842. A nalytical B alance, T roem ncr N o. 50, capacity 200 grams in each nan, sensitivity '/in

1 8 « .

With two 5 mg riders .

Code
With Word
50.00 Aodpo

h mg.
80.00 Aoehe

90.00 Aoeud

5%  discount in lots of 6  'l 
10% discount in lots of 12 > Either singly or assorted 
15% discount in lols of %'i )

Over 6,800 o f the above Balances, m ost o f which are in daily use, have been sold by 
ns w ithout a single expression of dissatisfaction b ut w ith repeated com m endation of 
of their dependability.

Copy o f  new  p a m p h le t EE-91 illu s tra tin g  and  describing th e  new  
1937 m odels, se n t upon  request.

ARTHUR H. THOMAS COMPANY
RETAIL—WHOLESALE— EXPORT

LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE 

PHILADELPHIA, U.S.A.

C ab le  A ddress, “ B a la n c e ,” P h ila d e lp h ia
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Im pro ved  Service to A nalysts

TH E  A n a l y t i c a l  E d i t i o n  o f I n d u s t r i a l  a n d  
E n g i n e e r i n g  C h e m i s t r y  h as com p leted  e igh t  

v o lu m es an d  h as d eve lop ed  it s  serv ice to  th e  p o in t  
w here it s  p o sitio n  in  th e  field  o f ch em ica l literature  
is  u n q u estio n ed  an d  is  to  b e en v ied . T h o se  w ho are 
served  b y  th is  ed it io n  w ill b e p leased  w ith  th e  action  
ta k en  b y  th e  B oard  o f D irec to rs of th e  A m e r ic a n  
C h e m i c a l  S o c i e t y ,  b y  w h ich  th e y  w ill be enabled , 
b eg in n in g  w ith  th is  issu e , to  h a v e  th eir  n ew  an a ly tica l 
m eth o d s and  procedu res, in clu d in g  p h y sica l te s tin g  
and  n ew  ap p ara tu s , in  a  m o n th ly  in stead  o f a  bi
m o n th ly  ed ition .

’M icroch em istry  w ill receive  sp ecia l recogn ition , th e  
p ap ers in  th a t  sp e c ia lty  b e in g  s e t  asid e a s a  sep arate  
sec tio n  in  each  issu e  for w h ich  th ere are p apers a v a il
ab le , and  th is  w ill b e don e w ith o u t d im in ish in g  th e  
n u m b er  o f p a g es a v a ila b le  for papers in  o th er  fields of 
a n a ly s is .

W e are fo r tu n a te  in  h a v in g  th e  serv ices o f th e  B oard  
o f A d v iso ry  E d ito r s  s e t  u p  in  1935 and  sh all re ly  
e x te n s iv e ly  u p o n  th e ir  gu id an ce in  th e  further d evelop 
m e n ts  o f our A n a l y t ic a l  E d it io n .

N ote to A uthors

IN  T H E  preparation of manuscripts authors should address 
them selves to  specialists in their particular fields, rather 

than to the general reader. If the article describes a new 
method, the author should endeavor to tell the complete 
story, so that the reader will not have to w ait for succeeding 
contributions or duplicate the unpublished tests in order to  
find out whether he can apply the method in his own work.

The following is suggested as a general outline to be fol
lowed in preparing analytical methods for this edition:
1. Preliminary statement or introduction, in which the need for

the method should be stated, brief reference to other 
methods or literature given, etc.

2. Experimental:
Outline of proposed method 
Description of apparatus and reagents 
Procedure 
Data:

Interfering substances or conditions 
Concentration range through which the method is 

applicable 
Accuracy of the method 
Precision of the method

3. Discussion and summary
T he author should state a t  the outset what the original 

features of the paper are. If it  deals with a method of analy

sis, he should give some comparison with established methods 
in point of speed, applicability, accuracy, and cost. Ex
tensive reviews of the literature should not be given and 
such references as are cited should be carefully checked. In 
correct references are inexcusable and cast doubts on the  
author’s reliability. The theoretical considerations on which 
the method is based should be clearly set forth.

In  the experimental part, previously published or well- 
known procedures which have been foEowed should only be 
designated or references given to  them. If, however, the  
method is new, the data upon which it  is based should be 
presented but in no greater detail than is necessary to  prove 
its soundness. N ew  procedures should be clearly described, 
that readers can easily duplicate the work. Loose directions 
should be avoided, unless the author knows that no possible 
harm can result from the m ost liberal interpretation that 
can be made of such expressions as “ to the faintly acid solu
tion,” “wash the precipitate,”  “ignite,”  etc. If new or un
common reagents are needed, the author should state their 
probable cost, where they can be purchased if rare, or how  
they can be prepared, if not on the market.

The author should distinguish carefully between precision 
and accuracy. Briefly but som ewhat roughly stated, ac
curacy is a measure of degree of correctness; precision is a 
measure of reproducibility. The precision of a result does 
n ot necessarily have anything to do with its accuracy; it  
serves merely as a measure of the duplicability of the pro
cedure in  the hands of a  given operator. N o claim for ac
curacy should be made unless the author believes that he has 
satisfactorily established the correct result.

The author should be frank and define the lim itations of the 
method. T ests dealing w ith the effects of foreign compounds 
should be m ade on mixtures in  which the ratios of the com
pounds sought to  the foreign compounds are varied and 
simulate conditions that are likely to be encountered in  
practice. I f  the author has made no such tests, he should 
state that he has no knowledge of the effects of foreign sub
stances. I t  is desirable that possible applications of m ethods 
should be stated.

A summary or prefatoiy abstract should acquaint the  
reader w ith the main points of the article. This should give 
concisely where possible the substances determined, nature of 
material to  which determination is applicable, interfering 
substances, range of concentration to  which m ethod is 
applicable, whether or not a sensible constant error is in
volved— that is, the accuracy of the method— and its  preci
sion. Either the summary or the prefatory abstract is so  
often used b y  abstractors that the author m ay well spend 
considerable tim e in their preparation, in  order to be certain 
that proper emphasis is given to  the main features of the 
contribution.

Our “ Suggestions to Authors” is available to  those un
familiar w ith the form of manuscript and illustrations pre
ferred by In d u st r ia l  a n d  E n g in e e r in g  C hem istr y .
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Standard Methods for the Sam pling and 
Analysis o f Commercial Soaps and 

Soap Products, Revised
F . W . SM IT H E K , Ii . E . D IV IN E , C. P . LON G, M . L . SH E E L Y , H . P . T R E V IT H IC K , AND P . H . W A LK ER  

C o m m itte e  o n  A n a ly s is 'o f  S o ap s a n d  S oap  P ro d u c ts  o f  th e  A m erican  C h em ica l S oc ie ty

TH E  Committee on Analysis of Soaps and Soap Products 
of the A m e r i c a n  C h e m i c a l  S o c i e t y , appointed in 1935, 
has given careful consideration to criticisms of the methods 

published in 1922 (6), and to the cooperative studies carried 
out by  the Soap Analysis Committee of the American Oil 
Chem ists’ Society (14), w ith the result that the following 
report was unanimously adopted October 31, 1935.

A. Sam pling
The seller shall have the option of being represented at the 

time of sampling, and when he so requests shall be furnished with 
a duplicate sample.

I .  C a k e  S o a p s , F l a k e  a n d  P o w d e r e d  S o a p  P r o d u c t s  W h e n  
P a c k e d  i n  C a n s  o r  C a r t o n s . One cake (can or carton) shall 
be taken at random from not less than 1 per cent of the vendors’

' shipping containers, provided such containers contain not less than 
50 pounds (22.7 kg.). In the case of smaller containers, a cake 
(can or carton) shall be taken at random from each lot of con
tainers totaling not more than 5000 pounds (2270 kg.). The total 
sample shall in all cases consist of not less than three cakes (cans 
or cartons) taken at random from separate containers. With 
very large lots where the sample drawn as above will amount to 
more than 20 pounds (9 kg.), the percentage of packages sampled 
shall be rcduced so that the amount drawn shall not exceed 20 
pounds (9 kg.).

Wrap the individual cakes (cans or cartons) tightly in paraf
fined paper at once and seal by rubbing the edges with a heated 
iron. The inspector shall accurately weigh each -«Tapped cake 
(can or carton), record its weight and the date of weighing on the 
wrapper, place the wrapped cakes (cans or cartons) in an air
tight container, which should be nearly filled, and seal, mark, and 
send to the laboratory for test. Samples should be kept cool 
until tested.

II. F l a k e  a n d  P o w d e r e d  S o a p  P r o d u c t s  W h e n  i n  B u l k . 
A grab sample of not less than 0.5 pound (227 grams) shall be 
taken at random from not less than 1 per cent of the vendors’ 
shipping containers, provided such containers contain not less 
than 100 pounds (45 kg.). In case of smaller containers, a grab 
sample of not less than 0.5 pound (227 grams) shall be taken at 
random from each lot of containers totaling not more than 10,000 
pounds (4540 kg.). The total samples shall in all cases consist of 
not less than three grab portions taken at random from separate 
containers. With very large lots where the sample drawn as 
above will amount to more than 20 pounds (9 kg.), the percentage 
of packages sampled shall be reduced so that the amount drawn 
shall not exceed 20 pounds (9 kg.). The inspector shall rapidly 
mix the sample, place in an air-tight container, which shall be 
filled, and seal, mark, accurately weigh, record its weight and 
date of weighing on the package, and send to the laboratory for 
test. Samples should be kept cool until tested.

III. L i q u id  S o a p . A sample of not less than 0.5 pint (236.6 
cc.) shall be taken at random from not less than 1 per cent of 
the vendors’ shipping containers, provided such containers con
tain not less than 10 gallons (almost 38 liters) each. In case of 
smaller containers, a sample of not less than 0.5 pint (236.6 cc.) 
shall be taken at random from each lot of containers totaling 
not more than 1000 gallons (37,853 liters). The total sample

shall in all cases consist of not less than three portions of 0.5 
pint (236.6 cc.) each taken at random from separate containers. 
Before drawing the sample from the container selected, the con
tents of the container shall be thoroughly agitated. The inspec
tor shall thoroughly mix the samples drawn, place in clean, dry 
cans or bottles, which shall be completely filled and securely 
stoppered with clean corks or caps; seal, mark, and send to the 
laboratory for test.

IV. P a s t e  S o a p  P r o d u c t s . (1) When ■packed in  cans or 
cartons of 5  pounds (2.27 kg.) or less. One can or carton shall 
be taken at random from not less than 1 per cent of the vendors’ 
shipping containers, provided such containers contain not less 
than 50 pounds (22.7 kg.). In case of smaller containers, a can 
or carton shall be taken at random from each lot of containers, 
totaling not more than 5000 pounds (2270 kg.). The total sample 
shall in all cases consist of not less than 3 cans or cartons taken 
at random from separate containers. With very large lots where 
the sample drawn as above will amount to more than 20 pounds 
(9 kg.), the percentage of packages sampled shall be reduced so 
that the amount drawn shall not excced 20 pounds (9 kg.). 
Wrap, seal, mark, and send to laboratory for test.

(2) When packed in  bulk. Take a trial sample at random of 
not less than 0.5 poimd (227 grams) from not less than 1 per 
cent of the vendors’ shipping containers, provided such con
tainers contain not less than 50 pounds (22.7 kg.). In case of 
smaller containers a trial sample shall be taken at random from 
each lot of containers totaling not more than 5000 pounds (2270 
kg.). The total sample shall in all cases consist of not less than 
3 half-pound (227-gram) portions taken at random from separate 
containers. With very large lots where the sample drawn as 
above will amount to more than 10 pounds (4.5 kg.), the per
centage of packages sampled shall be reduced so that the amount 
drawn shall not exceed 10 pounds (4.5 kg.). The inspector shall 
promptly place the combined sample in a clean, dry, air- and 
water-tight container, which shall be filled, and seal, mark, and 
send to the laboratory for test.

B. Preparation o f Samples
I. C a k e  S o a p . In case of samples that can be easily disinte

grated and mixed, run the entire sample through a suitable 
chopper. When the sample is large, each cake may be quartered 
and one-quarter of each cake run through the chopper. With 
samples that cannot be handled as above, select a cake of average 
weight, quarter it by cutting at right angles in the center, and 
shave equally from all freshly cut surfaces sufficient soap for 
analysis. Mix and weigh out all portions for analysis promptly. 
Preserve the remainder in an air-tight container in a cool place.

II. P o w d e r e d  a n d  C h i p  S o a p s . Rapidly disintegrate and 
mix the sample; if desired, quarter down to about 1 pound 
(453.6 grams) and weigh out all portions for analysis at once. 
Unused portions of the sample for analysis shall be preserved in 
an air-tight container in a cool place.

III. L iq u id  S o a p . No preparation of the sample, other than 
thorough mixing, is necessary unless it is received during very 
cold weather, when it should be allowed to stand at least 1 hour 
after it has warmed up to room temperature (20° to 30° C .)  
before it is noted whether it forms a satisfactory lather.

2
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IV. P a s t e  S o a p  P r o d u c t s . Mix thoroughly by kneading and 
quarter down to about 1 pound (453.6 grams). Weigh out all 
portions for analysis promptly and preserve remainder in an air
tight container in a cool place.

C. M ethods of Analysis
When a determination shows nonconformity with the specifi

cations, a duplicate shall be run.
I .  M o i s t u r e . The oven method given below is generally 

applicable to all soaps. Experience has shown, however, that 
certain exceptions to this method must be made if accurate re
sults are desired. These exceptions include: (a) For soaps con
taining appreciable amounts of sodium silicate the distillation 
method is preferred, (b) Soaps of linseed and other oxidizing 
oils absorb oxygen and i? the oven method is used may gain in 
weight near the end of the test. Therefore, either an inert atmos
phere or vacuum oven should be used. The distillation method 
is also applicable to these types of soaps.

(1) Matter volatile at 105° C. (oven method). Weigh 5 grams 
( ± 0.01 gram) of the sample in a porcelain or glass dish about 6 to 
8 cm. in diameter and about 2 to 4 cm. deep, and dry to constant 
weight in an air oven at a temperature of 105° ±  2 ° C.

(2) Distillation method (7). For soaps containing from 5 to 
25 per cent of moisture and volatile matter use a 20-gram (± 0 .04  
gram) sample. For soaps containing more than 25 per cent mois
ture and volatile matter use a 10-gram ( ± 0.02 gram) sample. 
The weighed sample is carefully transferred to a 500-cc. short
necked round-bottomed flask or an Erlenmeyer flask. Add ap
proximately 10 grams of anhydrous, fused sodium acetate to 
prevent violent frothing, and then follow with 100 cc. of xylol 
which has previously been saturated with water by shaking the 
xylol with a small quantity of water and distilling. Use the 
xylol distillate for the determination. Attach the flask to a 
graduated 5- or 6-cc. distilling tube receiver, calibrated at 25° C., 
such as the Bidwell-Sterling or Stark and Dean apparatus, which 
is connected to a 48-cm. reflux condenser (19-inch Liebig con
denser). Prior to starting the determination, fill the receiver 
with saturated xylol by pouring in through the reflux condenser.

So that the refluxing will be under better control, wrap the 
flask and the tube leading to the receiver with asbestos cloth. 
Apply heat to the flask by means of a gas burner or an electric 
heater and distill slowly. The rate at the start should be ap
proximately 100 drops per minute. When the greater part of 
the water has apparently distilled over, increase the distillation 
rate to 200 drops per minute until no more water is collected. 
Purge the reflux condenser during the distillation with 5-cc. 
portions of xylol to wash down any moisture adhering to the 
walls of the condenser. The water in the receiver may be made 
to separate from the xylol by using a spiral copper wire. Move 
the wire up and down in the condenser occasionally, thus causing 
the water to settle to the bottom of the receiver. Reflux for at 
least two hours, after which the heat is turned off. Adjust the 
temperature of the distillate to 25° C. Read the volume of water 
and calculate the percentage of moisture in the soap, as follows:

Volume in cc. a t  25° C. X 0.997 
W eight of sam ple

X 100 =  %  m oisture in soap

I I .  T o t a l  M a t t e r  I n s o l u b l e  i n  A l c o h o l . F r e e  A l k a l i  
o r  F r e e  A c i d . (1) Matter insoluble in alcohol. Digest a 2- to 
10-gram ( ± 0.01 gram) sample with 200 cc. of freshly boiled 
ethyl alcohol (94 per cent or higher and neutral to phenol- 
phthalein) in a covered vessel on a steam bath until the soap is 
dissolved. Filter through a counterpoised filter paper neutral 
to phenolphthalein, or a weighed Gooch crucible with suction, 
protecting the solution from carbon dioxide and other acid fumes 
during the operation. Wash the residue on the paper, or in the 
crucible, with hot neutral alcohol until free from soap and re
serve the filtrate and washings. Dry the filter paper or crucible

with residue at 100° to 105° C. for 3 hours, cool, and weigh the 
total matter insoluble in alcohol. [The matter insoluble in alcohol 
will contain most of the alkaline salts, such as carbonates, borates, 
silicates, phosphates, and sulfates, as well as starch, and may be 
used for the approximate determination of these constituents. 
These salts are not entirely insoluble in alcohol, so for accurate 
determinations separate portions of the soap should be used. 
For determination of carbonates see C-XI; phosphates, C-XII; 
sulfates, C-XIII; silicates, C-X; borax, C-IX; starch, C-XIV 
(4).]

(2) Free alkali or free acid. Heat the reserved filtrate to in
cipient boiling and titrate with standard acid or alkali solution, 
using phenolphthalein as indicator, and calculate to sodium 
hydroxide (or potassium hydroxide) if alkaline, or to oleic acid, 
if acid.

(3) Matter insoluble in  water. Proceed as in the determination 
of matter insoluble in alcohol. After filtering and thoroughly 
washing the residue, change receivers and extract it with water 
at 60 0 C., and wash the filter thorougldy. (When the matter in
soluble in water is all inorganic, boiling water may be used for 
the extraction and washing.) Reserve the water solution. Dry 
the filter and residue at 100° to 105° C. for 3 hours, cool, and 
weigh matter insoluble in water. The nature of this matter may 
be determined by further examination.

(4) Total alkalinity of matter insoluble in  alcohol. (Alkaline 
salts.) Titrate the water solution obtained in C-II (3) with 
standard acid, using methyl orange as indicator. Calculate 
the alkalinity to sodium oxide (NajO), and, if desired, to any 
other basis agreed upon by the parties interested.

III. C o m b in e d  A l k a l i . T o t a l  A n h y d r o u s  S o a p . D is
solve 5 to 10 grams ( ±0.01 gram) of the sample, depending upon 
the anhydrous soap content, in 100 cc. of water in a 250-cc. Erlen
meyer flask. When solution is complete, add dilute sulfuric acid 
in slight excess, insert a small funnel in the neck of the flask, and 
heat the flask at a temperature not exceeding 60° C . until the 
fatty acids separate as a clear layer. Transfer to a separatory 
funnel, draw off the acid layer into a second separatory funnel, 
and shake the acid aqueous liquid with two 20-cc. portions of 
ethyl ether. Dissolve the fatty acids in the ether used for washing 
the aqueous liquid and shake with 10-cc. portions of water until 
they are no longer acid to methyl orange. Unite the water por
tions used for washing and shake with 20 cc. of ether. Wash 
this ether until the wash water is neutral to methyl orange. 
Save the acid water for determination of chloride (C - I V ) .

Unite the ether solutions (if necessary, filter, washing the paper 
with ether) in a suitable weighed vessel, add 100 cc. of neutral 
alcohol free from carbon dioxide, add phenolphthalein, and ti
trate to exact neutrality with standard sodium hydroxide solu
tion. Evaporate off the alcohol, dry to constant weight as 
in the determination of matter volatile at 105° C., and calculate 
the percentage of soda soap. This naturally includes any mineral 
oil and neutral fat, which, if determined separately, must be de
ducted from the result to obtain the true soap. Calculate the 
combined sodium oxide (Na20) and deduct from the weight of 
soda soap to give the acid anhydrides. If the original soap was 
potash soap, proper calculation must be made to reduce to potas
sium oxide (K2O), or the titration made directly with standard 
potassium hydroxide solution. In case the soap shows an excess 
of free acid, proper corrections must be made in calculating the 
combined alkali in the original soap. (A blank test should be 
made on the sodium or potassium hydroxide solution for neutral 
salts and the proper corrections made if necessary.) With soaps 
containing a large amount of soluble silicates, and soap products 
containing a high percentage of finely divided material insoluble 
in water, the foregoing procedure cannot be applied as given. 
In such cases the filtrate obtained in the determination of total 
matter insoluble in alcohol can be used after neutralizing any 
free acid or alkali. Evaporate off the alcohol on a steam bath, 
take up in water, and proceed as above.
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With soap products containing a high percentage of matter 
insoluble in alcohol where approximate results will suffice, such 
as may be the case with cleansers, soap powders, scouring com
pounds, pastes, etc., and where agreed upon by the parties in
terested, the alcoholic solution, obtained after filtering off and 
washing the matter insoluble in alcohol, may be evaporated 
directly in a weighed vessel, dried at 105° C. to constant weight, 
and the result reported as soap.

IV. C h l o r i d e . Neutralize with chloride-free alkali the acid 
water obtained in paragraph C - I I I .  Titrate with standard 
silver nitrate solution, using potassium chromate as indicator, 
and calculate the result to sodium chloride or potassium chloride 
as the character of the soap indicates.

In case the total anhydrous soap is not to be determined, it 
will be more convenient to use the following method (4) • Dis
solve 5 grams ( ±0.01 gram) of the sample in 300 cc. of water, boil
ing if necessary to effect solution. Add an excess of neutral, 
chloride-free magnesium nitrate solution [about 25 cc. of a 20 per 
cent Mg(NOa)j-6HjO solution]. Without cooling or filtering, 
titrate with standard silver nitrate solution, using potassium 
chromate as indicator.

V. U n s a p o n i f ie d  a n d  U n s a p o n i f ia b l e  M a t t e r  (17).
(1) Extraction cylinder. The cylinder shall be a 250-cc. glass- 

stoppered cylinder about 35 mm. (1.375 inches) in diameter and 
about 30 cm. (12 inches) high.

(2) Petroleum ether. The solvent used should be of the pentane 
type, containing a minimum amount of isopentane, isohexane, 
and hexane, and meeting the following requirements:

Initial boiling point, not less than 35° C. nor over 40° C.
Dry-flask end point, not less than 50° C. nor over 60° C.
Distilling under 55° C., at least 95 per cent
Distilling under 40° C., not over 85 per cent
Specific gravity at 15.5° C. (60° F.), 0.630 to 0.675
Color, water white. Doctor test, sweet
Evaporation residue, not over 0.002 per cent by weight
Copper-strip corrosion test, noncorrosive
Unsaturated compounds, trace only permitted

(3) Determination. Weigh 5 grams ( ± 0 .2  gram) of the pre
pared sample into a 250-cc. Erlenmeyer flask or beaker which con
tains approximately 0.1 gram of bicarbonate of soda, and dissolve 
in 100 cc. of redistilled 50 per cent ethyl alcohol. Warm and shake 
to effect solution, keeping the temperature under 60° C .,  and 
filter off any undissolved residue on a Gooch crucible with an 
asbestos pad or in a funnel, using an asbestos pad deposited on a 
perforated porcelain disk. Wash three times with hot 50 per 
cent alcohol and then with 5 cc. of hot 95 per cent alcohol. 
Wash with a small amount of petroleum ether to remove any 
traces of unsaponified and unsaponifiable matter. Transfer 
the entire alcohol-water and ether filtrate to the extraction 
cylinder and make up to the 160-cc. mark with redistilled 50 per 
cent ethyl alcohol. Add 50 cc. of petroleum ether, shake vigor
ously for 1 minute, and allow to settle until both layers are clear. 
The volume of the upper layer should be about 40 cc. Draw off 
the petroleum ether layer as closely as possible, by means of a 
slender glass siphon, into a separatory funnel of 500-cc. capacity. 
Repeat the extraction at least six times using 50 cc. of petroleum 
ether each time. Wash the combined ether extracts first with a 
mixture of 15 cc. of 0.1 N  sodium hydroxide solution and 15 cc. 
of 95 per cent alcohol, and then three times with 25-cc. portions 
of 10 per cent alcohol, shaking vigorously each time. Transfer 
the petroleum ether extract to a beaker and evaporate the 
petroleum ether on a steam bath by the aid of a current of air.

Test the residue for solubility by treating with 50 cc. of 
petroleum ether at room temperature. Filter and wash free 
from the insoluble residue, if any; evaporate and dry in the same 
manner on the steam bath, and finally in an air oven at 100° 
to 101° C. for 30 minutes. Weigh and return to the oven, 
reweighing at 15-minute intervals until constant weight is reached. 
Take up the residue in 50 cc. of warm ethyl alcohol, neutralized

to phenolphthalein, titrate to the same color as original neutral 
alcohol with 0.04 N  sodium hydroxide solution, and calculate to 
oleic acid. Deduct this figure from the gross weight previously 
found and report as “unsaponified and unsaponifiable matter.” 
(Any blank from the petroleum ether must be deducted from the 
weight before calculating the unsaponified and unsaponifiable 
matter.)

(4) Unsaponifiable matter. Weigh 5 grams (± 0 .2  gram) of the 
prepared sample into a 200-cc. Erlenmeyer flask. Add 30 cc. of 
redistilled 95 per cent ethyl alcohol and 5 cc. of aqueous 50 per 
cent potassium hydroxide, and boil the mixture for 1 hour under a 
reflux condenser. Transfer to the extraction cylinder and wash to 
the 40-cc. mark with redistilled 95 per cent ethyl alcohol. Com
plete the transfer, first with warm and then with cold water, until 
the total volume is 80 cc. and finally with a small quantity of 
petroleum ether. Cool the cylinder and contents to room tempera
ture and add 50 cc. of petroleum ether; and then proceed with 
the extraction as outlined above under “unsaponified and un
saponifiable matter,” except that the alkaline wash may be 
omitted; weigh the residue and correct for fatty acids in the usual 
manner. Report the result as "unsaponifiable matter.”

From the total unsaponified and unsaponifiable matter figured 
as found above, deduct the unsaponifiable figure and report as 
“unsaponified matter.”

Thorough and vigorous shaking is necessary in order to secure 
accurate results. The two phases must be brought into the most 
intimate contact possible; otherwise low and disagreeing results 
may be obtained.

The above method will not remove all the unsaponifiable 
matter in soaps to which lanolin has been added. More extrac
tions are required when substances of this nature are present.

VI. R o s in -W o l f f ’s  M e t h o d , M o d if ie d  (16). P r e p a r a t io n  
o f  F a t t y  a n d  R o s i n  A c id s . Dissolve 5 grams (± 0 .01  gram) 
of the sample in 100 to 200 cc. of hot distilled water in a 250-cc. 
beaker, add a slight excess of dilute sulfuric acid (1 to 1), heat on 
the steam bath until the fatty acids collect in a clear layer, cool to 
room temperature, and transfer to a separatory funnel, washing 
the beaker free from fatty and rosin acids with small portions of 
ethyl ether, adding the ether washings to the separatory funnel. 
Add about 50 cc. of ethyl ether to the separatory funnel and whirl 
to dissolve the fatty and rosin acids. After the solid acids have 
dissolved in the ether, let stand for at least 5 minutes.

Draw off the aqueous portion into another separatory funnel 
designated as No. 2, add about 30 cc. of ethyl ether to funnel 
No. 2, shake vigorously, allow to stand for at least 5 minutes, 
and then draw off the aqueous portion into another separatory 
funnel designated as No. 3. Transfer the ether extract to separa
tory funnel No. 1. Wash the aqueous liquid three more times, 
using for each washing about 30 cc. of ethyl ether, then discard 
the aqueous liquid and add the ether washings to funnel No. 1. 
Now add about 50 cc. of distilled water to the combined ether 
extracts in funnel No. 1, shake vigorously, and allow to stand for 
5 minutes. Draw off the aqueous solution into another separa
tory funnel. Repeat this operation, combining the water wash
ings until the ether is free from acid, using methyl orange as 
indicator. Add 50 cc. of ethyl ether to the water washings, 
Bhake the separatory funnel vigorously, and allow to stand for 
at least 5 minutes. Draw off and discard the aqueous solution 
and wash the ether layer with small portions of distilled water 
until free from acid, using methyl orange as indicator. Transfer 
the total ether extract to a 250-cc. Erlenmeyer flask, evaporate 
off the ether slowly on the side of a steam bath, dry 1 hour in an 
oven at 105° C., cool, and dissolve in 20 cc. of absolute alcohol.

(1) First esterification. Add 10 cc. of a solution of one volume 
of concentrated sulfuric acid (sp. gr. 1.84) in four volumes of abso
lute ethyl alcohol, bring to boil on the steam bath, and boil exactly 
4 minutes under a reflux condenser. Remove from the steam bath, 
add to the liquid about five times its volume of 7 to 10 per cent 
solution of sodium chloride. Transfer to a separatory funnel,
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washing the Erlenmeyer flask with small portions of ethyl ether, 
the ether washing being added to the aqueous solution in the 
separatory funnel. Add about 30 cc. of ethyl ether to the separa
tory funnel, shake vigorously, and allow to stand for at least 
5 minutes. Draw off the aqueous solution into another separatory 
funnel (No. 2). Add about 30 cc. of ether to funnel No. 2, shake 
vigorously, allow to stand for at least 5 minutes, and then draw 
off the aqueous layer into another separatory funnel (No. 3). 
Repeat the extraction of the aqueous solution three more times. 
Then discard the aqueous liquid and add the combined ether 
solutions to separatory funnel No. 1. Add 50 cc. of sodium chlo
ride solution (7 to 10 per cent) to the combined ether extracts, 
shake vigorously and allow to stand for at least 5 minutes. Draw 
off the aqueous solution into another separatory funnel.

Repeat this operation until the washings are neutral to methyl 
orange, all salt water washings being combined. Add 50 cc. of 
ether to the combined washings in the separatory funnel. Shake 
the funnel vigorously, allow to stand for at least 5 minutes, and 
then draw off and discard the aqueous salt solution. Add 50 cc. 
of sodium chloride solution and wash the ether layer until the 
aqueous salt solution is neutral to methyl orange. Dry the ether 
extract by the addition of about 3 grams of anhydrous sodium 
sulfate to the separatory funnel, filter into a 250-cc. Erlenmeyer 
flask, washing with ether, and evaporate off the ether slowly on 
the steam bath to dryness.

(2) Second eslerificalion. Cool and dissolve the residue in 20 cc. 
of absolute ethyl alcohol and then proceed as above under “first 
esterification.” Add 30 cc. of neutral alcohol (94 per cent or 
higher) and titrate rosin or rosin soap as desired, using phenol- 
phthalein as indicator (1 cc. 0.5 N  alkali =  0.173 gram of rosin 
or 0.188 gram of rosin soda soap). If the pure fatty acid soap 
is desired, subtract the rosin soap from the total anhydrous 
soap obtained under C-III.

The above method gives somewhat high results with low- 
rosin and approximately correct results with high-rosin soap. 
In all cases where the rosin content is found to be less than 5 per 
cent, the actual presence or absence of rosin should be checked 
qualitatively by the Liebermann-Storch test, which is as follows:

Transfer 1 to 2 cc. of the sample of fatty acids to a test tube, 
treat with 5 to 10 cc. of reagent grade acetic anhydride, and 
warm on a steam bath. After cooling, pour 1 to 2 cc. into a white 
porcelain dish and allow a drop or two of sulfuric acid (sp. gr. 
1.53) to run down the side of the vessel. If rosin is present, a 
fugitive violet coloration changing to a brownish tinge is im
mediately produced at the margin of contact of the reagents. 
The test should be checked with a sample of fatty acids to which 
a small amount of rosin has been added.

[Sulfuric acid of 1.53 specific gravity is prepared by diluting 
34.7 cc. of concentrated reagent grade sulfuric acid (sp. gr. 1.84) 
with 35.7 cc. of distilled water.]

VII. T i t e r  T e s t . (1) Preparation of total fatty matter {fatty 
and rosin acids and unsaponified matter) . Dissolve about 50 grams 
of soap in 500 cc. of hot water, add 100 cc. of 30 per cent sulfuric 
acid, heat until the fatty matter collects in a clear layer, siphon 
off the aqueous acid layer, and wash the fatty matter free from 
sulfuric acid with hot water. Decant the fatty matter into a 
dry beaker, filter, using a hot-water funnel, or placing both funnel 
and receiving beaker in a water-jacketed oven, and dry for 20 
minutes at the temperature of boiling water.

When other determinations are to be made on the total fatty  
matter, and volatile and readily oxidizable fatty acids are present, 
the following method should be used:

Dissolve about 50 grams of the soap in 300 cc. of hot water, 
transfer to a separatory funnel, add 150 cc. of approximately 
2 Ar sulfuric acid, cool somewhat, add 120 cc. of ether, shake, 
draw off the acid layer, and wash the ether layer free from acid 
with a strong salt (NaCl) solution. Then draw off the aqueous 
layer as completely as possible, transfer the ether layer to a 
flask (it is not necessary to transfer quantitatively), add 20 
to 30 grams of anhydrous sodium sulfate, stopper the flask, shake,

and let stand at a temperature below 25° C. until the ethereal 
liauid becomes perfectly clear, showing that all water has been 
taken up by the sodium sulfate. Filter through a dry paper 
into another Erlenmeyer flask, and completely evaporate off 
the ether by passing through the flask a current of dry air and 
heating the flask to a temperature of about 50° C.

(2) Determination (5). (a) Thermometer. The thermometer 
shall be a standard titer thermometer graduated at zero and in 
tenth degrees from 10° to 65° C., and certified by the National 
Bureau of Standards.

(b) Procedure. Transfer the fatty acids prepared as under VII
(1), when cooled somewhat, to a titer tube 25 by 100 mm. placed 
in a 273- to 275-cc. (16-ounce) saltmouth bottle of clear glass 70 
by 150 mm., fitted with a cork that is perforated so as to hold 
the tube rigidly when in position. Suspend the titer thermometer 
so that it can be used as a stirrer and stir the fatty acids slowly 
(about 100 r. p. m.) until the mercury remains stationary for 
30 seconds. Allow the thermometer to hang quietly with the 
bulb in the center of the tube and report the highest point to 
which the mercury rises as the titer of the fatty acids. The titer 
should be made in a room at about 20° C. for all fats having a 
titer above 30° C. and at 10° C. below the titer for all other fata.

VIII. A cid  N u m be r  o f  F atty  A c id s. (1) Preparation of 
fatty acids. Follow procedure given under C-VII.

(2) Determination. In a 250-cc. Erlenmeyer flask dissolve 2 
grams of the fatty acids, accurately weighed, in 20 to 30 cc. of 
neutral 95 per cent ethyl alcohol. Titrate with standard alkali, 
using phenolphthalein as indicator. Calculate the acid number 
(mg. of potassium hydroxide per gram of fatty acids).

IX . B o r a x  D e t e r m i n a t io n  (1 2 ). Weigh 10 grams ( ±0.02  
gram) of the soap [or 5 grams (±0.01 gram) if more than 5 per 
cent of borax is present] into a platinum dish and add 2.15 grams 
of fusion mixture (consisting of 200 grams of sodium carbonate 
and 15 grams of silica in fine powder). To this mixture add 15 cc. 
of alcohol, mix with the aid of a glass rod and, after washing the 
rod with a little alcohol, evaporate the mass to dryness on the 
water bath. Ignite until the combustible material is destroyed, 
cover the dish with a piece of platinum foil, and fuse. Completely 
disintegrate the fusion by boiling with water and transfer the 
solution to a 250-cc. round-bottomed flask. Acidify with 20 cc. of 
dilute hydrochloric acid (1 to 1), heat nearly to boiling, and add 
a moderate excess of dry precipitated calcium carbonate. Con
nect with a reflux condenser and boil vigorously for 10 minutes. 
Filter out the precipitate through a folded filter, washing several 
times with hot water, but keeping the total volume of liquid be
low 100 cc.

Return the filtrate to the flask, add a pinch of calcium carbon
ate, and again boil under a reflux condenser. Remove the flame 
and connect the top of the condenser with a water pump. Apply 
the suction until the boiling has nearly ceased. Cool to ordinary 
temperature, add 50 cc. of neutral glycerol; and titrate the solu
tion with 0.1 N  sodium hydroxide, free from carbonate, using 
phenolphthalein as indicator. After the end point is reached, add 
10 cc. more of glycerol and again titrate. Repeat this process 
until the addition of glycerol causes no further action on the end 
point. The number of cubic centimeters required multiplied by 
0.00955 will give the equivalent of borax (NaiB,O7-10HtO) 
present in the solution.

X . D e t e r m i n a t io n  o f  S il i c a  P r e s e n t  a s  A l k a l i n e  S i l i 
c a t e s . (1) When the material contains no mineral matter that 
is insoluble in water, ignite a  sample of the soap containing not 
to exceed 0.2 gram of silica in a platinum dish a t a low tempera
ture. When charred, extract the soluble salts with water, return 
the paper and charred residue to the dish, and complete the igni
tion. Unite the residue in the dish and the water extract, care
fully acidify with hydrochloric acid, finally adding the equivalent 
of from 5 to 10 cc. of strong hydrochloric acid in excess. The
or casserole containing the solution should be covered with a 
watch glass while adding acid so as to avoid loss by spray.
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(2) When the material contains mineral matter insoluble in 
water, or a determination of highest accuracy is not necessary, 
take a portion of the solution after titrating the matter in
soluble in alcohol C-II (4) containing not more than 0.2 gram of 
silica and add 5 to 10 cc. of strong hydrochloric acid.

Evaporate the acidified solution (washing off and removing the 
cover glass if used) to dryness on a steam bath or hot plate at a 
temperature not exceeding 200° C. Cool, moisten with concen
trated hydrochloric acid, and let stand 5 to 10 minutes, breaking 
up all lumps with a stirring rod. Add about 25 cc. of hot water. 
Heat a few minutes and filter through a small ashless paper. 
Wash thoroughly with hot water.

Evaporate the filtrate to dryness and repeat the above treat
ment, filtering on a second paper. Carefully ignite the two papers 
and contents in a weighed platinum crucible, first at a low tem
perature until the paper is consumed, then over the blast lamp. 
Cool in a desiccator, weigh, and repeat until constant weight is 
obtained. If extreme accuracy is desired, moisten the weighed 
contents of the crucible with water, add 10 cc. of hydrofluoric 
acid and 4 drops of strong sulfuric acid, evaporate to dryness 
over a low flame, ignite at the temperature of the blast lamp for 
about 2 minutes, cool in a desiccator, and weigh. The difference 
between this weight and the previous weight is the weight of the 
silica (S i02, 8).

To calculate sodium silicate having the ratio lN a 20:3.25  
S i02, multiply the weight of S i02 by 1.308 (15).

XI. D e t e r m i n a t io n  o p  C a r b o n  D i o x id e  ( C a r b o n a t e s ) .  
For most determinations the dry matter insoluble in alcohol as 
obtained in C-II (1) will be suitable for this determination. In 
some cases it might be desired to run the test directly on an 
original sample of the soap. This should always be done when 
the highest accuracy is required. Any reliable absorption method 
for determining carbon dioxide may be used (1 ).

The following is a method which has proved satisfactory:

A 250-cc. Erlenmeyer flask is placed on a gauze over a burner. 
The flask is equipped with a 2-hole rubber stopper, one opening 
of which carries a 25-cm. (10-inch) reflux condenser and the other 
a thistle tube equipped with a 3-way stopcock. The lower end 
of the thistle tube is drawn to a small point, which is placed very 
close to the bottom of the flask. To the straightaway end of the 
stopcock is attached a small funnel for the introduction of acid 
to the flask. The other opening of the stopcock is attached to 
receive air from a purifying tube containing soda-asbestos (as
eante) or other suitable carbon dioxide absorbent. The top of 
the reflux condenser is attached first to a drying tube containing 
a dehydrating agent such as concentrated sulfuric acid or mag
nesium perchlorate, and then to a weighed tube containing 
ascarite and magnesium perchlorate, and a second containing 
concentrated sulfuric acid. This train is attached to a protective 
U-tube containing calcium chloride. The U-tube is attached to 
an aspirator.

Procedure. Set up the apparatus, leaving out the weighed 
train, and aspirate with a slow' stream of the dry carbon dioxide- 
free air until the apparatus is freed from carbon dioxide. Insert 
the train and continue the aspiration for 0.5 hour. Check the 
weight of the train to determine if the air is passing through too 
fast, or if the system is free from carbon dioxide. The system 
must be free from leaks. Weigh out 1 or 2 grams of the sample 
into the Erlenmeyer flask, cover with 20 cc. of freshly boiled 
distilled water and close the apparatus with the train in place. 
Add 20 cc. of dilute hydrochloric acid (1 to 1) through the funnel 
very slowly, with no heat being applied to the flask. The rate 
of adding acid should be carefully controlled so that the gas 
does not pass through the train too rapidly. As soon as the acid 
is added, start aspiration gently. When the absorption begins 
to slacken, start heating gently and continue until the contents 
of the flask have boiled 15 to 20 minutes. Stop heating and con
tinue aspirating until the flask has cooled down. Remove the 
train and weigh. The increase of weight represents carbon diox
ide, which multiplied by 2.41 equals sodium carbonate.

X II. D e t e r m i n a t io n  o p  P h o s p h a t e s  (2). If a qualitative 
test has shown the presence of phosphates and their determina
tion is desired, the matter insoluble in alcohol C-II (1) or the 
ash from the incineration of an original sample can be used.

An original sample should always be used when the highest 
accuracy is desired.

(1) Reagents, (a) Molybdate Solution. Dissolve 100 grams 
of molybdie acid in dilute ammonium hydroxide (144 cc. of am
monium hydroxide, sp. gr. 0.90, and 271 cc. of water); pour this 
solution slowly and with constant stirring into dilute nitric acid 
(489 cc. of nitric acid, sp. gr. 1.42, and 1148 cc. of water). Keep 
the final mixture in a warm place for several days or until a portion 
heated to 40 0 C. deposits no yellow precipitate of ammonium phos- 
phomolybdate. Decant the solution from any sediment and 
preserve in glass-stoppered vessels.

(b) Ammonium Nitrate Solution. Dissolve 100 grams of 
commercial ammonium nitrate, phosphate-free, in water, and 
dilute to 1 liter.

(c) Magnesia Mixture. Dissolve 55 grams of crystallized 
magnesium chloride (MgCl2-6H20 ) in water, add 140 grams of 
ammonium chloride and 130.5 cc. of ammonium hydroxide 
(sp. gr. 0.90), and dilute to 1 liter.

(d) Dilute Ammonium Hydroxide for Washing. Dilute 50 cc. 
of ammonium hydroxide (sp. gr. 0.90) to 1 liter.

(2) Determination. Weigh out a 2-gram (± 0 .01  gram) sample 
of the alcohol-insoluble or ash, and proceed as in C-X for removal 
of silica, saving the filtrate. Make up to 250 cc., concentrating 
if necessary. Pipet an aliquot corresponding to 0.50 or 1 gram 
into a 250-cc. beaker; add ammonium hydroxide in slight excess; 
and barely dissolve the precipitate formed with a few drops of 
nitric acid, stirring vigorously. Add about 15 grams of dry am
monium nitrate or a solution containing that amount. Heat 
to about 60° C. and add 70 cc. of the molybdate solution for 
every decigram of phosphoric acid (P20 5) present.

Digest at about 65° C. for an hour, and determine if the phos
phoric acid has been completely precipitated by adding more 
molybdate solution to the clear supernatant liquid. Filter, and 
wash with cold water, or preferably, ammonium nitrate solution. 
Dissolve the precipitate on the filter with ammonium hydroxide 
(1 to 1) and hot water, and wash into a beaker, keeping the volume 
under 100 cc. Neutralize with hydrochloric acid, using litmus 
paper or bromothymol blue as an indicator, cool, and from a 
buret add slowly (about 1 drop per second), stirring vigorously, 
15 cc. of magnesia mixture for each decigram of phosphoric acid 
(P20 6) present. After 15 minutes add 12 cc. of ammonium 
hydroxide (sp. gr. 0.90). Let stand till the supernatant liquid 
is clear (2 hours is usually enough), filter, w'ash the precipitate 
with the dilute ammonium hydroxide until the washings are 
practically free from chlorides; dry, burn first at a low heat and 
ignite to constant weight, preferably in an electric furnace, at 
1050° to 1100° C.; cool in a desiccator, and weigh as Mg2P20 7. 
Calculate and report the result as percentage of P20 6 or alkaline 
phosphate known to be present.

X III. D e t e r m i n a t io n  o f  S u l f a t e s . For most determina
tions the matter insoluble in alcohol obtained under C-II may 
suffice. If a determination of the highest accuracy is desired, 
ignite a 10-gram ( ± 0.1 gram) sample of the soap and use the 
ash from the ignition. Digest with 100 cc. of wrater, cover w'ith 
a watch glass, and neutralize carefully with hydrochloric acid. 
When neutralized, add 5 cc. excess of hydrochloric acid, filter, 
and w'ash the residue thoroughly. (Evaporation to dryness is 
unnecessary unless gelatinous silica should have separated, and 
should never be performed on a bath heated by gas, 9.) Make up 
the filtrate to 250 cc. in a beaker, and boil. To the boiling solu
tion add 15 to 20 cc. of 10 per cent barium chloride solution slowly 
drop by drop from a pipet. Continue boiling until the precipitate 
is well formed, or digest on a steam bath overnight. Set aside 
overnight or for a few' hours, filter through a prepared Gooch 
crucible, ignite gently, and weigh as barium sulfate. Calculate 
to sodium sulfate, or the alkaline sulfate known to be present.

X IV. D e t e r m i n a t io n  o f  G l y c e r o l , S u g a r , a n d  S t a r c h .
(1) Determination of glycerol in the absence of sugar. The solutions
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required are: potassium dichromate, 74.552 grams per liter;
sodium tliiosulfate, 0.1 N ; potassium iodide, 10 per cent.

Dissolve an accurate^ weighed sample of the soap equivalent 
to not more than 3.0 grams of glycerol in 200 cc. of hot water 
in a 600-cc. beaker. [If starch is present., it will be necessary to 
remove the matter insoluble in water as described under C-II (1) 
and (3). Combine the alcohol and water solutions, evaporate 
off the alcohol, and proceed.] Decompose with 25 cc. of sulfuric 
acid (1 to 4). If alcohol is present, volatilize it by boiling for 20 
to 30 minutes. Cool, remove, and rinse the cake of fatty acids, 
transfer the acid water and rinsings to a 500-cc. graduated flask, 
and add about 0.25 gram of silver sulfate to precipitate traces 
of chlorides and soluble fatty acids. Make up to volume and 
mix contents thoroughly.

Transfer a filtered, accurately measured 50-cc. aliquot of the 
above to a 400-cc. beaker, and to this add 75 cc. of accurately 
measured potassium dichromate solution, followed by 25 cc. 
of sulfuric acid (sp. gr. 1.84). Cover with a watch glass, and 
oxidize by heating to 90° to 100° C. for 3 hours. Conduct a 
blank in like manner but using 100 cc. of water, 25 cc. of sulfuric 
acid (sp. gr. 1.84), and 25 cc. of accurately measured potassium 
dichromate. Cool and make up the solutions to 1000 cc. in 
graduated flasks. The excess of potassium dichromate is deter
mined by taking 50-cc. aliquots of the above, adding 50 cc. of 
water and 20 cc. of 10 per cent potassium iodide solution, and 
titrating the liberated iodine with 0.1 N  tliiosulfate, using starch 
solution as indicator.

Calculate the percentage of glycerol (1 cc. of the potassium 
dichromate solution equals 0.0100 gram of glycerol).

(2) Determination of sugar. Dissolve 10 grams ( ±0.01 gram) 
of the soap in 200 cc. of hot water in a 600-cc. beaker. Decompose 
with 25 cc. of sulfuric acid (1 to 4), boil gently for 20 minutes to 
invert the sucrose completely. Cool, remove, and rinse the cake of 
fatty acids. Extract the acid liquid with 25 cc. of ether. Neu
tralize the acid liquid with sodium hydroxide solution and trans
fer to a 500-cc. graduated flask, make up to volume and mix 
thoroughly. Determine invert sugar in 50 cc. of this solution 
by the Munson-Walker Method' (11). To calculate sugar 
(sucrose) multiply the amount of invert sugar found by 0.95. 
[If starch is present, first remove as described under C-XIV
(1) and then proceed as above.]

(3) Determination of glycerol in the presence of sugars (10). 
Proceed as above under (1), taking a sample so that the sum of 
the glycerol and sugar is not more than 3.0 grams. [If starch is 
present, this must first be removed as described in C-XIV (1).] 
The solution must be boiled in all cases at least 20 minutes to 
ensure complete inversion of sucrose. Determine the amount of 
potassium dichromate solution required to oxidize both the sugar 
and glycerol. Determine also the sugar by the method given in
(2).

Calculate the percentage of glycerol after deducting the amount 
of potassium dichromate required by the sugar.

1 cc. of potassium  d ichrom ate equals 0.0100 gram  of glycerol
1 cc. of potassium  dichrom ate equals 0.01142 gram  of invert sugar

(4) Determination of starch (3). Separate the matter insoluble 
in water as under C-II (3), using a sample of soap that will give 
not more than 3 grams of starch. Transfer the insoluble matter, 
without drying, to a beaker and heat for 2.5 hours with 200 cc. 
of water and 20 cc. of hydrochloric acid (sp. gr. 1.125) in a flask 
provided with a reflux condenser. Cool, and nearly neutralize 
with sodium hydroxide. Complete the volume to 250 cc., filter, 
and determine the reducing sugars by the gravimetric method 
as given under method for the determination of sugar.

Calculate the amount of dextrose (d-glucose) equivalent to 
the cuprous oxide obtained. This multiplied by 0.90 equals the 
amount of starch.

X V . D e t e r m i n a t io n  o p  V o l a t il e  H y d r o c a r b o n s  (13). 
This method requires a source of dry, oil-free steam which is

passed through the sample treated with acid, sufficient to liberate 
the fatty acids from the soap. The steam is next passed through 
strong caustic solution to scrub out any volatile fatty acids, 
while the volatile hydrocarbons are condensed with the steam 
in a suitable arrangement which allows the excess water to flow 
away, leaving the volatile hydrocarbons in the measuring buret. 
The method may be applied to samples containing substances 
immiscible with water and volatile with steam. For solvents 
heavier than water a Bidwell-Sterling tube should be used.

Apparatus. The apparatus and its arrangement are shown 
in Figure 1. The following are the important items.

Steam  trap , A ,  a  1-liter round-bottom ed ring-necked flask equipped with 
a  siphon tube  to  the  drain  from  the  bo ttom  of the  flask and  provided with a 
means of regulating the steam  flow in to  the  flask.

Evo lu tion  or sam ple flask, B, a  1-liter round-bottom ed ring-necked flask. 
In  case large sam ples arc desirable the  size of th is  flask m ay be increased.

C austic scrubber flask, D, a steam -jacketed  m etal flask is preferred, bu t 
a  1-liter Florence flask provided with a  steam  coil of 0.32-cm. (0.125-inch) 
copper tub ing  around the upper half m ay be used. If the  glass flask is used, 
i t  should be provided with a  safety  bucket below it  and  should be renewed 
frequently  since the  Btrong caustio dissolves th e  glass ra th e r  rapid ly . This 
flask should be connected to  th e  condenser by  a  K jeldahl connecting tube, 
E, or sim ilar safety  device.

T he  in let tubes for the  Bteam in to  the evolution and  scrubber flasks should 
extend nearly to  the  bo ttom  of the flasks and be bent a t  rig h t angles and 
parallel to  the  sides of the flask.

Condenser, F, a  30.5-cm. (12-inch) or longer sp iral condenser of sufficient 
bore so th a t  the  condensate will no t readily  close it.

M easuring b u re t, II , a  10-cc. b u re t calibrated  to 0.1 cc. and  carry ing  a bulb, 
I ,  approxim ately  100-cc. capacity , a t  the  lower end.

The stoppers used should be of a good grade of rubber and 
should have been thoroughly cleaned free from any surface sulfur 
and should be given a steam-distillation in position for several 
hours before use on a sample.

Insulating the flasks and tubing to reduce condensation aids 
distillation and its control.

Determination. Place 150 cc. of sodium hydroxide solution 
(about 1.47 sp. gr.) and several sticks of solid sodium hydroxide 
to provide against dilution in the scrubber flask. Rinse out the 
condenser and buret with acetone. Attach a rubber tubing to 
the lower end of the buret, fill the buret and tubing with 
water, and raise the outer end of the tubing so that the water 
level in the buret is near the top of the scale when the water is 
flowing to the drain from the automatic overflow, J. Be sure the
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connections are tight and that the tubing contains no air bubbles. 
Place the condenser in position so that the lower end extends 
directly into the upper end of the buret just above the water 
level or connect to an adapter siphon, G, which discharges into 
the buret. The cooling water should be 15.5° C. or colder. 
Ice water may be desirable for low-boiling hydrocarbons.

Weigh 100 grams (± 0 .5  gram) of the soap (cut into cubes of 
about 1-cm. edges) or 50 grams (± 0 .3  gram) of soap powder 
and transfer to the evolution flask. Add about 10 grams of gum 
arabic (commercial) and 100 cc. of distilled water. Place the 
flask in position with 100 cc. of sulfuric acid (1 to 3) in a dropping 
funnel, C, carried in the stopper. Connect with the steam line, 
wash the flasks and the condenser, making sure that the stoppers 
are tightly fitting and held in place by wiring. Rubber connec
tions in the lines between the evolution flask and condenser 
should be avoided.

Add the acid to the sample slowly to avoid excessive frothing. 
While adding the acid, turn on the steam cautiously, so adjusting 
the pressure by a bleeder valve that just enough steam flows to 
prevent any liquid from backing into the steam trap flask.

When all the acid has been added, turn on enough steam to 
cause brisk distillation, taking care that no liquid is carried over 
from the evolution and wash flasks and that the condenser water 
does not become warm.

Continue the distillation until there is no increase in the 
volume of the upper layer for 45 minutes or no small droplets 
can be noted in the condensate.

When distillation is completed, shut off and drain the condenser 
water, and allow the steam to heat up the condenser to drive out 
the last traces of volatile hydrocarbon. Shut off the steam as 
soon as vapor begins to issue from the lower end of the condenser. 
Immediately open the stopcock of the dropping funnel to prevent 
caustic being drawn into the evolution flask.

Stopper the buret and allow its contents to come to room 
temperature or bring them to a definite temperature by immersing 
the buret for 1 to 2 hours in a water bath held at 25° C.

Read the volume of the upper layer to the nearest 0.01 cc. The 
volume multipled by the specific gravity equals the weight of 
the volatile hydrocarbon. The specific gravity should be de
termined at the temperature at which the volume is read. A 
small Sprengel tube made of 3-mm. glass tubing is convenient 
for this purpose.

Calculation.

cc. of volatile hydrocarbon X specific g rav ity  X 100 
weight ol sam ple

per cent of volatile hydrocarbon

For some samples the volatile hydrocarbon content may be 
so low that a larger sample than 50 or 100 grams is desirable. 
The size of the evolution flask may need to be increased if larger 
samples are used. The amount of water in the evolution flask 
and acid used should also be correspondingly increased.
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A Sim ple Laboratory  
O zonizer

W . SH EEH A N  a n d  W . CARM ODY 
T h e  N eville C o m p an y , P i t ts b u rg h , P a .

A QUICKLY assembled ozo
nizer that can be operated 

for relatively long periods to 
give satisfactory yields is shown 
in Figure 1, which is self-ex
planatory. I t  has been con
structed of a 600-mm. Pyrex 
condenser w ith extended side 
arm, and from other materials 
available in a laboratory. It 
is s im p le  in  c o n s t r u c t io n ,  
quickly assembled, relatively in
e x p e n s iv e ,  a n d  can be dis
mantled into service as a stand
ard condenser.

The transformer u se d  w a s  
o b t a in e d  from a neon sign. 
Several were tried, r a n g in g  
from 10,000 volts upwards; all 
were satisfactory, and although 
not a stockroom item  w ith m ost 
laboratories, they can be readily 
obtained from any neon sign  
agency. Used transformers are 
always available.

The units are supported in 
ordinary ring stands, insulation  
being provided by means of cork 
or rubber between the outer foil 

and the support. Several can be used in series by  making the 
proper sealed connection.

R e c e i v e d  N ovem ber 7, 1936.

0

v ,

F i g u r e  1. D i a g r a m  o f  
A p p a r a t u s

A .  B rass wire
B . N . R ubber stoppers
C. 5 per cen t sulfuric acid
D . 15,000-volt transform er
E . A lum inum  foil
G. 600-mm. condenser 
L . G round 
M . Oxygen 
T . Ozone (oxygen)



M easurement o f  D istensibility o f  
Organic Finishes

A. E , SC IIU II a n d  H . C. T IIE U E R E R , B ell T e le p h o n e  L ab o ra to rie s , New Y ork , N . Y.

ON E  of the m ost important physical characteristics 
determining the serviceability of an organic finish is 

distensibility. This property perhaps more than any other 
furnishes an excellent means of following the ravages of age 
on a finish. B y  comparing their rates of change of distensi
bility w ith time, otherwise seemingly similar finishes can 
often be readily differentiated. In the case of oleoresinous 
varnishes and enamels, differences in oil length are clearly 
reflected in the degree of distensibility, and progressive em
brittlem ent w ith age is readily followed. In the case of cellu- 
lose-ester finishes the effects of varying the amount and kind 
of plasticizer are revealed by distensibility measurements. 
In this paper the several variables that affect the flexibility 
of a finish will be briefly discussed. Two test devices for 
measuring the distensibility of organic finishes will be de
scribed in detail and the results obtained with them compared.

The variables th at determine the distensibility of an organic 
finish are: (1) composition of the film-forming material, (2) 
thickness of the organic finish, (3) age and exposure history 
of the finish, (4) temperature and hum idity at time of test, 
and (5) the rate of stress application.

These constitute the major variables that any distensibility 
m ethod m ust take into consideration. Some idea of the 
relative importance of several of these factors can be had 
by examining the illustrative experimental values shown in 
Tables I, II, III , and V II. The per cent elongation shown in 
these tables was determined by  stretching finish specimens to  
point of rupture, by a method described at a later point in 
this paper.

Methods of Test
There are two general methods of measuring the distensi

b ility  of organic finishes. One is the free-film method, and the 
second is by bending or stretching a m etal specimen coated 
with an organic finish. In  the first method, a suitably shaped 
and detached film of the finish is stretched between two 
clamps, and the tensile strength and per cent elongation up 
to the point of rupture are directly determined. The value of 
this test was clearly shown by Nelson (1, 8- 6) and his co
workers a number of years ago. More recently H unt and 
Lansing (!!!) have published an interesting and important 
paper in which the sam e method was used to determine the 
significance of the change of the hum idity and temperature 
coefficients of distensibility w ith age.

In  th is laboratory the authors have for several reasons 
preferred to measure distensibility of actual finish specimens, 
even though this is attended by  a limitation of the test to 
flexible base materials. The distensibility of a paint film 
attached to its basis material is affected by both cohesional 
and adhesional factors. The relation between these factors 
is not as yet quantitatively known. However, the user of 
paint materials is interested in the degree to which a given 
finish m ay actually be bent or stretched. In the case of those 
finishes in  which the adherence of the organic coating is of 
a very low order, distension tests using a finish specimen 
yield distensibility values approximating those obtained by  
the free-film m ethod a t equivalent rates of distension. _

Two m ethods of measuring the effective distensibility of 
organic finishes have been investigated. In  each case, sample 
specimens of the actual finish— that is, organic coating applied 
to  its base material— are used. One method employs an

improved mandrel test, in which a number of mandrels of 
different diameters are used, and the other em ploys a direct- 
extension test in which a standard A. S. T . M . tensile specimen  
for sheet m etals is coated w ith the finish and is stretched to  
the first sign of film rupture. A t this point the per cent 
elongation is determined directly. In either method the test 
is performed under conditions of known temperature and 
humidity, and the age and thickness of the specimen are 
known.

Mandrel Test
The mandrel test, as developed in this laboratory, employs 

an apparatus (Figure 1) in which six test strips, 3 inches by

T a b l e  I. E ffect  o f  C om position  o n  D ist e n sib il it y  of E st e r  
G um  V a r n is h

Oil Length 
Gal.
10
25 
40

Thickness of coatings, 0.0005 inch, 
outdoors.

E longation
%
3 .2

36 .5
43 .8

Aged 1 m onth  indoors plus 1.5 m onths

T a b l e  II. E ffect  of T e m p e r a t u r e  a n d  H u m id ity  on  
D ist e n sib il it y

T em perature , 
77° F .

-P e r  C en t E lo n g atio n -
R elative  H um idity , 

50 P er C en t
M aterial

10-gallon este r gum  varnish 
Synthetic  enam el (air dry)
Lacquer enam el (highly plasti

cized)
S ynthetic  enam el (baked)

a R elative  hum idity .
In  all cases coatings are 2 weeks old. 

inch  th ick .

26% ° 50% ° 90%® 55° F . 77° F . 95° F .
1 .5 4 .2 49 .9 0 .6 4 .2 54 .0

15 .0 15.1 54.9 2 .4 15.1 53 .2

22 .5 24 .5 31 .2 12 .8 2 4 .5 31 .6
4 3 .0 42 .3 4 6 .6 12.5 42 .3 4 8 .9

All films are approxim ately  0.001

T a b le  I I I . E ffect  of T h ic k n e ss  a n d  A ge on  D ist e .v s ib il it t

M ateria] Thickness
P er C en t E longation 

1° 116 II I*

10-gallon ester gum  varnish
0 .00Î  inch  

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

25-gallon ester gum  varnish 0 .5 > 60 2 5 .5 4 9 .7
1 .0 59 48 .3 54 .4
3 .0 > 6 0 > 6 0 > 6 0
6 .0 58 .6 > 60 > 60

Lacquer A 0 .5 19.4 2 .9 13.7
1 .0 19.6 6 .0 9 .8
2 .5 9 .4 1 .7 2 .4
4 .0 11.2 2 .7 3 .0

Lacquer B 0 .5 35 .1 2 .7 22 .4
1 .0 30 .9 5 .6 21.1
3 .0 23 .0 8 .7 19.5
6 .0 24 .0 12.5 2 0 .2

Baked syn thetic  varnish
enam el A 0 .5 42 .2 10.3 9 .6t 1 .0 4 3 .7 2 .0 7 .5

3 .0 3 8 .5 2 .3 3 .8
6 .0 28.9 1 .6 2 .3

B aked syn thetic  varnish
enam el B 0 .5 58 .6 3 .1 > 6 0

1 .0 > 6 0 5 .4 > 6 0
3 .0 > 60 2 9 .0 > 6 0
6 .0 > 60 51 .6 > 60

a T est specim ens aged one m onth  a t  77® F . and  50 per cen t re la tiv e  h u 
m idity .

b Sam e as in  a plus 13 m onths outdoors. 
c T est specim ens aged 16 m onths as in a.
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approxim ately 0.5 inch, are bent either singly or simultane
ously around six mandrels of diameters 0.125, 0.25, 0.375, 
0.5, 0.75, and 1 inch, respectively. Each test strip is securely 
locked in place a t the lower end and is then bent by a drawbar 
in a manner that assures close contact of the specimen 
against the mandrel surface during the entire bend of almost 
180°. Smooth motion of bending is assured by the use of a 
worm-gear mechanism between the crank handle and the 
drawbar.

PANEL 
MANDREL I DRAWBAR MASTER BAR

J

F i g u r e  1. A p p a r a t u s  f o r  M a n d r e l  T e s t

In this test, it is im portant to ascertain the degree to which 
the surface of the test specimen is actually stretched during 
the bending. This is dependent primarily on the radius of 
curvature of the mandrel and the thickness of the test strip. 
A  first approximation to the actual per cent elongation of the 
finish as a result of bending can be computed on the assump
tion that the neutral surface lies halfway between the outer 
surfaces of the strip. This is the condition that would pre
vail if the stresses were within the elastic lim it of the metal 
base. W ith this assumption it  can be readily shown that the 
elongation is

I
=  100 :

t
2 r +  l 2  r +  t

where r is the radius of the mandrel 
t is the thickness of the strip

per cent (1)

Table IV , which is based on Equation 1, gives the values of 
per cent elongation for three panel thicknesses and the six 
mandrel sizes.

T a b le  IV . V a r ia t io n  i n  D ist e n sib il it y  w ith  P a n el  
T h ic k n e ss

(P er cent elongation)
Panel
T hick

ness
TV i ‘ T V

0.125 0 .25 0.375 0 .5 0 .7 5 1
Inch % % % % % %
V« 11.1 5 .9 4 .0 3 .0 2 .0 1 .5
‘/n 20 .0 11.1 7 .7 5 .9 4 .0 3 .0
>/.« 33 .3 20.0 14.3 11.1 7 .7 5 .9

A ctually the elastic lim it is definitely exceeded in m ost of 
the bending operations, the neutral surface shifts toward the 
compressed side of the specimen, and the elongation of the 
stretched surface therefore increases. This increase in elonga
tion cannot be calculated directly, but m ust be determined 
experimentally. The authors have performed such an ex
periment for V 32-inch panel stock and for three commonly 
used m etals in order to determine the magnitude of this in
crease in elongation.

To do this a special jig shown in  Figure 2 was devised in 
which m etal strips were securely bent around mandrels of 
several sizes. Each strip prior to bending was marked with  
tw o finely scratched lines. The distance between lines was 
determined w ith a comparator to an accuracy of 0.00008 
inch (0.0002 cm .). W ith the strip in  position on the mandrel, 
the angle subtended at the center by the distance between the 
hair lines was determined to w ithin ± 5  seconds of arc. The 
total distance between the center of the mandrel and the sur

faces of the specimen was next measured and the new extended  
length between gage marks calculated. U sing this method, 
values for all but the 0.125-inch mandrel were determined. 
The values for the 0.125-inch mandrel were obtained by ex
trapolation (values plotted on double logarithmic paper) 
from the values for the other mandrels. The values obtained  
for the per cent elongation of W in c h  sheet stock of hard and 
annealed brass and of cold-rolled mild steel are shown in 
Table V.

I t  is of interest to  note that the annealed 
metal which has the least elastic range shows 
the greatest deviation from the values given in 
Table IV.

The values recorded in Table V are consid
erably higher than those computed from 
Equation 1 (see Table IV ), particularly for 
the smaller mandrel sizes. However, since a 
high degree of accuracy is not necessary for 
m ost finish investigations, the computed values 
of Table IV  m ay be used where the true values 
are unavailable.

T a b l e  V.

M aterial

A c tual  P e r  C e n t  E l o n g a tio n  at  V a r io u s  
M a n d r e l  S izes

-M andre l D iam eter in In c h e s -
0.125 0.25 0.375 0 .5 0 .75 1

% % % % % %
29.1 14.2 9 .6 6 .9 4 .6 3 .4
33 .5 15.9 10.3 7 .5 4 .9 3 .6
2S.0 1 3 .S 9 .0 6 .7 4 .4 3 .3

V < h a rd  brass 
Annealed brass 
Cold-rolled steel

In the authors’ studies of the physical characteristics of 
finishes it  was of interest to ascertain the effect of change 
of thickness of the organic coating on distensibility. Since 
the organic coatings increase the effective mandrel diameter, 
it  is necessary to apply a correction factor to the previously  
determined values to get the true surface elongation of the fin
ish. T his correction becomes more im portant as the thickness 
of the coating increases. On the assumption that the paint 
coatings are com paratively weak in tensile properties and 
therefore exert a negligible effect on the bending resistance 
of the specimen, a correction formula for coating thickness 
was developed. I t  can be shown that the elongation, e', of 
the outer surface of the finish is given by

e + V (1 +  e) 
r  +  t

, where t' is the thickness of coating (2)

Table V I lists the corrections, as computed from Equation  
2, in per cent elongation per 0.001 inch of coating to  be added 
to  the elongation values of Table V . Equation 2 m ay also 
be used to correct the values of Table IV  for coating thickness. 
Since the corrections to be added are small in comparison to

F ig u r e  2 . S pe c ia l  J ig
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the normal values of elongation, they m ay be 
neglected for coating thickness up to 0.001 inch. 
However, as the coating thickness is increased 
the corrections become increasingly important, 
particularly for the smaller mandrel sizes, and 
therefore cannot be neglected.

Dircct-Extension Method

The mandrel test has the inherent draw
back of being a discontinuous process— that is, 
w ith a convenient number of mandrel sizes, in  
order to cover a moderate range of values, the 
elongations are measurable only at fairly wide 
intervals. One w ay of overcoming this is by 
increasing the number of mandrels. Another 
w ay is to use a means of extension in which 
any degree of elongation can be directly meas
ured. This has been accomplished with the 
apparatus shown in Figure 3. The finish to 
be tested is applied to a standard A. S. T. M . 
tensile specimen for sheet m etal which is then 
fastened between two jaws, one of which is 
pulled at a slow even rate by  means of a screw 
driven through reduction gears by a motor.
During stretching, the surface of the finish 
is observed w ith a low-power microscope, and the elongation 
is measured at the point of film rupture. This is done by 
measuring the change in length of 1-inch gage marks which 
had been scratched on the surface of the specimen with the 
aid of the marking instrument also shown in  Figure 3. The 
measurements are made with the aid of an extensometer, 
which consists of a vernier caliper, to  the measuring head of 
which is attached a small microscope with a cross-hair eye
piece. The cross hair is focused on each of the gage marks 
and the corresponding vernier readings are noted, from which 
the elongation can be directly determined. Regarding the 
precision of the direct extension method, it  was found that 
the average deviation from the mean elongation values was 
± 8  per cent on the basis of several hundred determinations.

In this test, as in the mandrel test, a qualitative measure 
of the adherence of the distended film to the base metal is 
provided. The distensibility of the coating determines the 
point of failure, and the adherence, the character of the failure. 
W ith good adherence the initial rupture is in the form of 
m any fine cracks, whereas w ith poor adherence the coating 
m ay tear off com pletely and loosen over long distances behind 
the point of rupture.

T a b l e  VI. C orrection' in  P e r  C e n t  E longation  fo r  M an
d r e l  D ist e n sib il it y  V a l u e s  p e r  0.001 In c h  o f  C o ating

EXTENSOM ETER

FINISHED AS.T.M. 
TEN SILE 

SPECIM EN

GAUGE MARKING 
INSTRUMENT

M aterial

*/« hard  brass 
Annealed brass 
Cold-rolled steel

-M andrel D iam eter in  Inches-
0 .125 0 .25 0.375 0 .5 0 .75 1

% % % % % %

1.38 0 .73 0 .50 0 .3 8 0.26 0.21
1.43 0.74 0.50 0.3S 0 .26 0 .21
1.37 0.73 0 .50 0 .38 0 .26 0 .21

In both these m ethods of measuring finish distensibility, 
granulation of the m etal occurs increasingly w ith degree of 
extension. This granulation is dependent on the metal or 
alloy used and serves to increase the actual surface extension 
of the paint-metal interface. In the values for distensibility  
reported in this paper this secondary effect due to granulation 
has not been determined quantitatively.

In  one study in which several hundred determinations of 
distensibility of the same finishes were made by both methods 
of distension, an opportunity was offered for a comparison 
of the results obtained by the two methods. The result

F ig u r e  3. A pp a r a t u s  for  D irec t -E x t e n sio n  M ethod

was disconcerting but illuminating. Although the sam e ma
terials over a common base metal a t equivalent thicknesses of 
coating and at the same age were measured under identical 
conditions of temperature and relative hum idity, it  was 
found that about half of the values for distension as deter
mined by the mandrel test were considerably below those 
obtained by direct extension. Correction for coating thick
ness and using the values for actual surface extension as 
recorded in Tables V  and V I reduced the disagreement be
tween the two methods only moderately.

The discrepancy was consistently larger for coatings com
bining high tensile strength and high distensibility. T his 
suggested that the rate of stretching, being quite different in 
the two tests, m ight account for the disagreements. In  the  
mandrel test a 1S0° bend is completed in about 15 seconds, 
whereas in the case of the direct-extension test the rate of 
stretching was about 0.6 inch per m inute. Furthermore, 
there is a fundam ental difference in the rate of stretch in the  
two m ethods. In  the mandrel test, only a sm all fraction of 
the test specimen is under tension a t any one moment, but 
at that m om ent this fraction receives the complete bending 
stress as i t  enters the bending zone. In  the second test, 
however, the entire surface of the specimen is subjected to an 
even, but steadily increasing stress. I t  became of interest 
therefore to see w hat effect varying the rate of stretch would  
have on the distensibility values obtained by each of these 
m ethods. T he mandrel test was performed at rates ranging 
from 15 seconds to 55 m inutes to complete a  full bend of 180 ° C. 
The rate of the direct extension test was varied from 3.3  
inches to 0.2 inch per m inute. T he effect of varying the rate 
of stretch is shown in  Table V1L for four different finishes, 
compared at equivalent film thickness.

T a b l e  VTL E f f e c t  o f  R a t e  o f  S t r e t c h  o n  D i s t e n s i b i l i t t  
o f  F i n i s h e s

-P e r  C en t Eloag& tioo-
Extension  T est

M aterial
M andrel T est 

15 sec. 55 s u n .
0 .2  i n . /  0 .6  in , /  3 .3  in . /mire. mjn. Trt’r».

A 1 0 .3 -1 5 .9 1 5 .9 -3 3 .5 25 25 21
B < 3 .6 3 .6 -  4 .9 5 .9 5 .9 3 .9
C < 3 .6 7 .5 -1 0 .3 9 .5 9 .0 8 .5
D 1 0 .3 -1 5 .9 > 3 3 26 .0 2 1 .0 1 8 .0

A ll films are approx im ate ly  O.OOI inch  th ick . T h e  thickness varia-tion 
betw een specimen  of th e  sam e m ateria l -arss. -within 0X001 ineh_
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In each method the effect of slowing down the rate of stretch  
was to increase the value for distensibility, as is the case for 
m etals and other materials. This indicates that, as more time 
is allowed for stretching, an opportunity for internal flow 
within the finish coating is provided, by means of which the 
finish can partially accommodate itself to  the applied stress. 
T his effect was particularly noticeable in the case of finishes 
that have aged not more than about one m onth. The effect 
diminished rapidly w ith age with thin-finish coatings, and 
slowly as the coating thickness was increased. The fact that 
the distensibility values arc influenced by rate of stretch means 
that w ith either test a constant rate of extension should be 
used. The authors have found the rate of 15 seconds for the 
complete bend in the mandrel test and 0.6 inch per minute 
for the extension test satisfactory.

Summary
Two methods of measuring distensibility of organic finishes 

are described.
In  order to be able to express results in per cent elongation, 

methods for either calculating an approximate per cent

elongation value or determining actual elongation of mandrel 
specimens are described. A  correction for thickness of finish 
is given.

A direct-extension method for coated specimens is described 
which has the advantage of permitting any degree of disten
sibility up to rupture of the supporting base material to be 
measured.

The factors th at affect the distensibility of an organic 
finish are discussed and the relative importance of these 
factors is illustrated by experimental values.
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A Photoelectric M ethod for the D eterm ination  
o f Phosphorus
C. W . EDDY AND FLO Y D  D eE D S 

B u reau  o f  C h e m is try  a n d  Soils, U. S. D e p a r tm e n t o f  A g ric u ltu re , a t  th e  D e p a r tm e n t o f  P h a rm aco lo g y , S ta n fo rd
U n iv e rs ity  S choo l o f  M cd ic in e , S an  F ra n c isc o , C alif.

WIT H  existing quantitative methods for detecting phos
phorus it  is not possible to  determine with a high degree 

of accuracy quantities as small as 0.001 m g. The device 
herein described was constructed to give a sensitive, simple 
and rapid, yet accurate, method for phosphorus determina
tions when applied to the methods of Fiske and Subbarow  
(J), Kuttner and Cohen (5 ), or K uttner and Lichtenstein (6).

The apparatus has been entirely satisfactory when applied  
to  the determination of blood sugar by Folin’s method (2 ), the 
study of phosphatase activ ity  by  Jenner and K ay’s (4) modi
fication of the Kuttner and Cohen procedure, and the deter
m ination of yeast population by  turbidity measurements.

T he use of the photoelectric cell for colorimetric and tur
bidity estim ations is not new. I t  has been applied by Osborn
(7), Greene (S), and Samuel and Shockey (8).

The apparatus described makes use of the circuit outlined 
by Samuel and Shockey (5) modified to permit the use of a 
sensitive galvanometer, and a smaller light source.

T he modified circuit of the apparatus is given in Figure 1. 
A single light source of low intensity directed vertically up
ward through a 50-ml. flat-bottomed Nessler tube containing 
the solution to be tested, and impinging on the photronic cell, 
causes a deflection of the galvanometer, the amount of the 
deflection being a function of the quantity of light allowed to 
pass through the solution.

The circuit used in the apparatus described has two de
cided advantages over previously described photocolorimeters: 
T he use of a light source of small intensity eliminates tempera
ture effects, the solutions can remain in the apparatus for ex
tended periods without being influenced by  temperature. 
T he use of a variable resistor (i?3) instead of a fixed resistor 
makes it  possible to  maintain a constant spread on the gal-

1 Since p resen ta tion  of th is m ethod a  s im ilar photoelectric  colorim eter has 
been described (5).

vanometer scale, since by its use compensation for battery  
depletion is regulated.

A number of precautions in the use of this photoelectric color
imeter are essential, when great accuracy is desired. Cleanliness 
of Nessler tubes, light bulb, photoelectric cell, and the apparatus 
in general is necessary. The effect of finger marks is appreciable 
and, unless the Nessler tube is kept clean, is reflected in deflec
tion of the galvanometer to the extent of 1 to 2 mm. It is cus
tomary, prior to making a determination, to clean the tube with 
chromic acid solution, followed by washing with distilled water. 
Before each reading is made, the outside of the tube is wiped dry 
and free from finger marks.

The resistance R i must be capable of carrying 10 amperes; 
otherwise temperature changes of the resistance will cause fluctua
tions in the galvanometer, producing erroneous results.

It is essential to use the same Nessler tube for all determina
tions, since the authors have not found two tubes characterized 
by the same calibration curve. This will be seen by comparing 
Tables I, II, and III with Figure 2, three different Nessler tubes 
having been used.

T a b l e  I. R e p r o d u c i b i l it y  o f  C a l ib r a t io n  C u r v e

0.00093 0.001868 0.00467 0.00934
Phosphorus B lank mg. mg. mg. mg.
Readings“ 42 .2 3 7 .5  3 0 .6 19.5 10 .4

43 .2 37 .6  3 1 .6 20 .2 10.6
42 .0 36 .4  31 .4 19.9 10.6
43 .2 35 .2  3 0 .4 19.5 10.2
4 3 .6 3 7 .6  30 .8 10.8

M ean 42. S4 36 .86  30 .98 19.78 10.52
“ P ho tron ic  cell N o. 9. Nessler tu b e  No. 3.

Photronic cells vary appreciably in the current outi)ut relative
to a given change in depth of color. Therefore, eacll  photronic
cell must have its own calibration curve.

Because of the sensitivity of the equipment to minute changes 
in depth of color, it is always essential to follow the identical pro
cedure in developing the color in a series of determinations that 
was employed in establishing the calibration curve. The same 
precaution applies to turbidity measurements.

The characteristics of the photronic cell are such that colorimet
ric methods involving transmitted light of yellow or orange color
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Nessler tube, fla t bo ttom  
6-volt storage b a tte ry  
Single-pole single-throw  switch 
3-candle power 6-volt autom obile bulb 
Reflector
D ouble-pole double-throw  switch 

. W eston 594 photronic cell
L .N . box galvanom eter (0.025 microam p. per m m.), scale replaced 

by  scale 70 m m. long graduated  in 1 mm.
Ri. 3-ohm, 10-amp. variable resistor serially connected to  3-ohm, 10- 

am p. fixed resistor 
Ri. 1.5-megohm fixed radio  resistor 
Ri. 200,000-ohm variable radio  resistor
 L igh t-tigh t box w ith tw o separa te  ligh t-tigh t com partm ents; a

round  3.75-cm. (1.5-inch) d iam eter opening is made between 
N  and  L  to  allow ligh t to  pass through Nessler tube

N.
B.
S.
L.
A.
D.
P.E,
O.

ing by the use of the resistor R 3. The greater the spread, the 
greater will be the sensitivity of the apparatus, and the more 
accurately the unknown substance can be determined. The 
double-pole double-throw switch is then placed in position 2, 
and 72i is adjusted until the galvanometer again gives the 
same reading as selected in the first operation. I t  m ay be 
necessary to readjust % again, until both positions give the 
same desired deflection. If the current source is constant 
there is no further need of adjustment.

Procedure for Determ ination of Phosphorus
The m ethod for the determination of phosphorus as finally 

modified by ICuttner and Lichtenstein (6) was used. The  
following reagents are necessary:

Stock  S o l u tio n s . (1) Sodium molybdate (Na2M o04-2H20 ), 
7.5 per cent; (2) 10 N  sulfuric acid, 282 cc. of concentrated acid 
(sp. gr. 1.84) per liter; and (3) stannous chloride, 40 per cent in 
concentrated hydrochloric acid.

S ta nd a r d  S o l u tio n s . Dissolve 0.0879 gram of dried mono
potassium phosphate (KH2PO<) in 1 liter of distilled water, and 
add a few drops of chloroform. One cubic centimeter of this 
solution contains 0.02 mg. of phosphorus. Make five standard 
solutions by placing 1.0, 2.5, 5, 7.5, and 10 cc. of the above solu
tion in each of five 100-cc. volumetric flasks, and filling to the 
mark with distilled water. These standards contain 0.001, 
0.0025, 0.0050, 0.0075, and 0.010 mg. of phosphorus in 5 cc., re
spectively.

The color of the standards is produced as follow s:

A molybdic acid solution is freshly prepared by adding 20 cc. 
of distilled water to 10 cc. of 7.5 per cent sodium molybdate 
(solution 1), and then 10 cc. of 10 N  sulfuric acid (solution 2). 
A dilute stannous chloride solution is freshly prepared by diluting
0.25 cc. of 40 per cent stannous chloride (solution 3) to 50 cc. 
with distilled water. To 5 cc. of each standard, 4 cc. of the 
molybdic acid solution are added and, while stirring constantly 
and regularly, 1 cc. of the dilute stannous chloride is added. One 
hour is allowed for the maximum color development.

After the apparatus has been adjusted for the desired sensi
tivity, the blue colored standards are transferred successively to 
the Nessler tube and made up to the mark. After placing the 
tube in the apparatus and closing the light-tight box, the gal-

are less satisfactory than methods based on changes in blue. A 
spectrally pure blue-green filter inserted between the light source 
and the solution to be tested will be found helpful in the case of 
yellow solutions.

If it is desired to reduce the sensitivity of the instrument, a 
shunt can be placed in the galvanometer circuit, or a 0-100 micro
ammeter can be substituted, in which case it becomes necessary 
to reduce the amount of resistance in Rt and R?.

Operation of Colorimeter
Five m inutes before a determination is to be made^ the 

switch is closed, allowing the apparatus to attain equilibrium. 
A clean Nessler tube filled with distilled water is placed in 
position. W ith switch D  open, the galvanometer is set at 0. 
W ith the double-pole double-throw switch in position 1, the 
deflection on the galvanometer is set at some arbitrary read-

T a b l e  II. P h o sphorus in  B o n e  A sh

M i .
0.00199
0.00202
0.00422
0.00424
0.00395
0.00386
0.00394
0.00401

Experi Age W eight
Scalem ent of of D ilution

No. R a t Ash F acto r Reading'
Days Mg. Mm.

98 24 11.2 1000 33 .0
32 .8

102 39 6 .8 500 22.2
22.0

107 50 16.7 1000 23.4
23.8

113 52 38 .9 2000 23.5
23.0

orus

Variation
of

Duplicate 
Reading b

% %
17.76 1.51
18.03 1.50
31.03 0 .47
31.17 0 .47
23.65 2 .28
23.12 2 .33
20.25 1.78
20.61 1.75

a Photronic cell No. 9, Nessler tube No. 2. 
b Difference in mg. X 100.

F ig u r e  *2. S ta n d a r d iza t io n  C u r v e  fo r  P h o sph o r u s  
D e t e r m in a t io n  

Photronic cell No. 9, Nessler tu b e  No; 2
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vanometer deflection is noted. Five standards suffice to plot a 
calibration curve, as shown in Figure 2, which automatically 
eliminates any error due to traces of impurities in a given set of 
reagents.

Analysis is accomplished by taking o cc. of a solution in which 
the amount of phosphorus lies within the range of 0.001 to 0.010 
mg. The color is developed and the galvanometer deflection ob
tained as in the case of the standards. From the position of the 
galvanometer reading on the calibration curve the quantity of 
phosphorus present may be read off.

T a b l e  I I I . P h o s p h o r u s  i n  B o n e  A s h

V ariation
E xperi Age W eight of

m ent of of D ilu tion Scale D uplicate
No. R a t Ash F ac to r R eading0 Phosphorus R eading î>

Days M g. M m . M g. % %
61 10 2 .4 100 3 2 .9 0.00115 4 .7 9 2 .61

33 .3 0.00112 4 .67 2 .6 8
62 6 1.4 50 24 .1 0.00205 7 .32 8 .29

25 .7 0 .00188 6 .71 9 .06
64 20 15.6 1000 32 .4 0.00120 7 .69 1.67

32 .2 0 .00122 7 .82 1.65
66 11 5 .1 200 15.2 0.00395 15.49 1.26

15.4 0 .00390 15.29 1.28
° Photronic cell No. 1, Kessler tube No. 1.
I D ite reace  in mg. X 100. 

m g.

The character of the calibration curve is conditioned by the 
particular photronic cell, Nessler tube, and set of reagents 
employed. W ith these three factors constant, the reproduci
bility of the calibration curve for photronic cell N o. 9, tube 
N o. 3, was determined by noting the galvanometer reading of 
five sets of standards. Table I lists the mean and individual 
galvanometer readings for the blank and four solutions con
taining known concentrations of phosphorus.

The results of a number of typical analyses for phosphorus 
in bone ash are given in Tables II and III. The data in

Table II  were obtained w ith photronic cell N o. 9 and Nessler 
tube N o. 2 and fit the calibration curve shown in Figure 2. 
The data in Table III , using a different photronic cell and 
Nessler tube, furnish additional evidence of the applicability 
of the method.

T he variation in phosphorus content of bone ash in differ
ent experiments is due to the fact that bones from rats of 
different ages, as well as poisoned and unpoisoned rats, were 
used. These variations are of no significance for this paper 
and will be discussed in a subsequent publication.

Summary
A  simple photoelectric colorimeter employing a W eston  

photronic cell is described, and its application to the deter
mination of phosphorus between the lim its 0.001 and 0.01 
mg. is demonstrated.
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Sodium Chlorite as a Volum etric O xidizing Agent
DONALD T . JA C K SO N  a n d  JO H N  L. PA RSO N S 

H n m m e rm ill P a p e r  C o m p an y , E rie , P a .

Sodium chlorite of high purity is now 
available in quantities which perm it it to 
be considered as a laboratory reagent, par
ticularly as an oxidant in volumetric analy
sis. A sodium  chlorite solution is easily 
prepared and standardized, and is stable 
over a period o f several m onths if  kept in a 
dark bottle. Standard sodium  chlorite 
solutions have been successfully used in the 
determ ination of sulfur dioxide, sulfites, 
and bisulfites, and preliminary work indi
cates that tlieir use can be extended to the 
quantitative oxidation of other reducing 
substances.

SO D IU M  chlorite of high purity has recently been made 
available (The M athieson Alkali Works, Inc., 62 E ast 

42nd St., N ew  York, N . Y .) in quantities which permit it to be 
considered as a laboratory reagent. The stability  of sodium  
chlorite solution and its sm ooth and easily controlled oxida
tion reactions suggested that it  m ight prove of use as an oxi
dizing reagent in volumetric analysis. T he authors’ investi
gations have shown th at dissolved sulfur dioxide, sulfurous

acid, and sulfites can be satisfactorily determined by oxida
tion w ith sodium chlorite. Preliminary work indicates that 
it can probably be applied to the volum etric determ ination of 
certain other reducing substances.

There are but few references in the literature to the use of 
chlorites (1, 3, Jh 5) and only one to  their use as a quantitative  
analytical reagent. Levi and Ghiron (4) m ade use of the 
reaction between calcium chlorite and a permanganate in a 
neutral solution to determine the permanganate.

The sodium chlorite as obtained is a white, finely crystalline 
material. Being slightly hygroscopic, it takes up some moisture 
when exposed to air. The salt dissolves readily in water, its 
solubility being 91.3 parts in 100 parts of water at 30° C. (6). 
The freshly prepared solutions are entirely clear and colorless. 
The more concentrated solutions gradually turn yellow and 
yellow-green if allowed to stand exposed to light.

An analysis (if) of a sample of sodium chlorite showed the 
following percentages: NaClOa, 97.6; NaCl, 0.7; NaOH, 1.5; 
NaClOj, 0.0; and HjO (by difference), 0.2.

Preparation and Standardization of Solutions
The equivalent weight of sodium chlorite (as an oxidizing 

agent in an acid solution) is one-fourth of its molecular 
w eight:

C10a-  +  4 H + +  4 ( - )  — >- C l-  +  2H 20
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In this investigation, standard solutions of two different 
strengths, approximately 0.1 N  and 0.3 Ar, were prepared by- 
dissolving the calculated amount of salt in freshly boiled dis
tilled water and diluting to the desired volume.

The sodium chlorite solutions -were standardized by comparing 
them against a standard sodium thiosulfate solution whose 
strength had been determined by the use of potassium iodate 
according to the modified method of Than (S), An accurately 
measured volume of the sodium chlorite solution was run into an 
Erlenmeyer flask containing 75 ml. of distilled water, 15 ml. of 
10 per cent potassium iodide solution, and 15 ml. of 30 per cent 
acetic acid. The liberated iodine was titrated with sodium thio
sulfate, 5 ml. of a 1 per cent starch solution being added near the 
end of the titration.

Stability of Sodium  Clilorite Solutions
Levi and N atta  (.5) working with solutions of 0.2 N  and

0.02 N  sodium chlorite found that the chlorite was stable in  
the presence of 0.5 per cent sodium hydroxide. The stability  
of the authors’ solutions was tested as follows:

The sodium clilorite solution was carefully standardized and 
divided into two parts. One portion was placed in a clear, glass- 
stoppered Pyrex bottle; the second portion was placed in a simi
lar bottle which had been heavily coated on the outside with 
black paint and wrapped in heavy black paper. The two bottles 
were then stored in the laboratory (at room temperature) so that 
they were protected from direct sunlight but exposed to ordinary 
light. Tests were made on the chlorite solutions (as in the stand
ardization) from time to time. The results are shown in Table I.

T a b l e  I. T h i o s u l f a t e  E q u iv a l e n t  t o  1 M l . o f  S o d iu m  
C h l o k it e  S o l u t io n

Solution Solution
Elapsed Protected Exposed 

to  L ight'R m e from  L ight
Days M l. M l.

0 1.00 1 .00
1 1.00 1.00
2 1.00 0.94
5 1.00 0.92
8 1.00 0.92

21 1.00 O.SS
30 1.00 0.S3
90 1.00

210 1.00

T he sodium chlorite solution is entirely stable over a pe
riod of several months when stored so that light is excluded.

Determ ination of Sulfites
A standard solution of sodium chlorite has been used to  de

termine the sulfites in  calcium bisulfite, sodium sulfite, sul- 
furous acid solutions, and the cooking acid used in  the sulfite 
pulping process. T he latter solution contains lignin deriva
tives, sugars, and other organic matter. The sodium chlo
rite solution has been found satisfactory in  each case.

Hendrixson (2) has shown that the oxidation of sulfite by  
iodate is quantitative. Palmrose (7) has shown that the  
iodate oxidation is not affected by  the presence of organic 
m atter in  the solution being tested. In  th is investigation, 
the results obtained b y  the iodate titration were taken as the 
standard and the results of the sodium chlorite titrations 
compared w ith them.

Procedure
A measured amount of the solution being tested (or an aliquot 

part of the diluted solution) was transferred, with the usual pre
caution to avoid loss of gas, to an Erlenmeyer flask containing 
100 ml. of distilled water, 15 ml. of 10 per cent potassium iodide 
solution, 15 mL of 30 per cent acetic acid, and 5 ml. of 1 per cent 
starch solution. The standard chlorite solution was then run in 
rapidly until near the end point and then drop by drop until the 
blue starch-iodine color persisted. It is best to avoid shaking the 
solution until most of the chlorite has been added.

The reaction C102~ +  2SOa—  — d "  +  2SO «'“ probably 
takes place if chlorite is allowed to  react with sulfite alone. 
It appears, however, to be a time reaction and seems to  go

fairly slowly. In the presence of potassium iodide the reac
tions probably are:

C I O ,"  +  4 1 - +  4H -  — >- C l -  +  21, +  2H»0 
2H -0 +  21, +  2SOj — >- 2SO<—  +  41" +  4H +

W hen all the sulfite has reacted, the free iodine gives the deep 
blue color to  the starch, indicating the end of the reaction.

Resxdts
M o s t  of the authors’ work has been done on solutions of 

calcium bisulfite containing from 0.3 to  6.0 per cent of total 
sulfur dioxide (free and combined). Some of the results ob
tained are given in Table II . T he agreement among different 
operators was good, the results usually checking within 4 
parts per thousand.

T a b l e  II. D e t e r m i n a t io n  o f  T o t a l  S u l f u r  D i o x id e  i n  
S o l u t io n s  o f  C a l c iu m  B i s u l f i t e

Sulfur Dioxide
Sam ple Iodate Chlorite

No. m ethod m ethod
% %

1 0.537 0.5392 0.497 0.492
3a 4 .18 4 .18
4 5.66 5 .65
5 5.71 5.71
6 5.21 5.19
7 5 .25 5.27
So 3 .1 4 3.14
9a 3.07 3.07

10 5.07 5.06
11 5.52 5 .5 Î
12 5 .32 5.33
13 4.88 4 .90
14 5 .68 5 .68
15 5 .03 5 .02

« Solutions did n o t contain  organic m atte r.

Conclusions
Sodium chlorite gives an easily prepared, easily stand

ardized volum etric oxidizing solution which is Etable when  
properly protected from the light. The analytical procedure 
is simple and rapid.

Sodium chlorite solutions have been found satisfactory for 
the determination of sulfur dioxide, sulfites, and bisulfites 
in various solutions and especially in  the calcium bisulfite 
solutions used in the sulfite pulping process. The chlorite 
oxidation is  not affected b y  th e  presence of sm all quantities 
of organic substances such as are present in  the cooking acid 
•used for the sulfite process.

Preliminary work indicates th at sodium chlorite probably 
can be used for the quantitative oxidation of other reducing 
substances.
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Odor Concentration in  Air-Conditioned  
Structures

D eterm ination  by the Freeziug-O ut and O sm oscope M ethod and R eduction  by  
A ctivated Carbon

V. A . G AN T, U n iv ers ity  o f  I llin o is  C ollege o f  M ed ic in e , AND I I .  D . SHAW , T h e  P u llm a n  C o m p an y , C h icago , III.

IN  A IR  C O N D IT IO N IN G  any structure where certain 
percentages of fresh air and recirculated air are utilized, 

in  tim e the odor concentration will increase to  the point where 
it  is very objectionable, and m ay present a health hazard and 
industrial problem. I t  then becomes necessary to  remove the 
odor or its cause. If complete removal is impossible, the 
odor concentration should be reduced to  the point where it  is 
no longer noticeable.

Complete air conditioning involves the control of tempera
ture, humidity, dust, and odors. These factors cannot be 
controlled satisfactorily unless we have scientific and practical 
proof as to  the efficiency of the equipm ent. Temperature 
can be observed on a thermometer, hum idity on the hygrome
ter, and dust by suitable dust-counting apparatus. M ethods 
are known whereby odorous substances known to  exist in  the 
air can be determined quantitatively, but information ob
tained in this w ay is not satisfactory for obvious reasons. 
The odors m ay be so complex and derived from so m any dif
ferent sources that simple chemical determinations of one 
or more odoriferous substances m ay represent only a sm all 
percentage of the total am ount present.

Solution of the problem resolves itself into the following 
steps: (1) to determine the total odor concentration by  a

scientific and practical method; (2) to  reduce the concentra
tion effectively by  some efficient and economical material; 
and (3) to prove by the developed method how m uch the odor 
concentration is reduced by  using this material.

A  railroad car of the club-lounge type (the use of which was 
made possible through the courtesy of The Pullman Com
pany) was reserved for the purpose of conducting the tests. 
In  the car selected eating, drinking, smoking, and sleeping 
were in alm ost constant progress while the car was in  use. 
The air was composed of about 25 per cent fresh air and 75 
per cent recirculated. Large proportions of tobacco smoke, 
and the odors of food, liquor, and human bodies from the bed
rooms and lounge were drawn directly into the recirculated 
air intake. The condition of the atmosphere during and 
after a trip is best described by likening it  to  that of an im
properly ventilated room where persons have been eating, 
drinking, and sm oking while playing cards.

D eterm ination of the total odor concentration and quantita
tive  estim ation of certain odor-bearing materials were at
tacked in the following manner:

Known amounts of air were drawn slowly through absoiption 
towers filled with activated carbon. The air was sampled imme
diately above the recirculated-air grille, thus assuring the same 

composition as existed in the car. Samples were 
drawn through a rubber tube into the towers by 
means of a small Buffalo blower and suction pump 
connected by a flexible shaft to a small 32-volt 
motor. The velocity of the air was controlled by 
a glass stopcock inserted in a rubber tube connect
ing the second absorption tower with the pump. 
In 45 hours about 200 cubic feet of air had 
passed through.

This method was unsatisfactory because the 
odors could not be recovered from the carbon 
for identification. Further efforts involved  
drawing the air successively through washing 
towers containing, first, dilute sulfuric acid  
and then dilute alkali. This, too, was unsatis
factory because very little odor could be re
covered and it was apparent th at chemical ac
tion had changed or destroyed the odorous 
material originally present.

Freezing-Out Method
The freezing-out m ethod followed the dis

couraging results previously m entioned. For 
this purpose the following apparatus and tests  
were devised:

A box of 3-inch cork was constructed according 
to the dimensions in Figure 1 because it was cal
culated that this size was necessary to hold 
enough solid carbon dioxide (dry ice) to last 40 
to 45 hours. A 1-inch Pyrex glass tube about 19 
inches long, containing a chromel wire spiral to 
serve as a condenser, was inserted through closely 
fitting holes bored in each end of the box as near 
as possible to the bottom inside. This tube was 
fitted with one-hole rubber stoppers at each end,

D E TA IL  AT A-Ñ  
SHOW ING TUBE /> 53EM  at- Y

F i g u r e  1. A p p a r a t u s  f o r  F r e e z i n g - O u t  M e t h o d  o f  O d o r  D e t e r m i n a t io n
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through which passed smaller glass tubes for connecting to rubber 
tubing. Pulverized dry ice was packed in the bottom of the box, 
enough to cover the condenser tube, and 2 solid cakes were 
sawed to fit and completely fill the remaining space inside the 
box. The box was tightly strapped and any noticeable leaks 
were stopped with asbestos fiber.

This container was placed over the hatch in the ceiling of the 
outside vestibule. A long rubber tube was connected to the 
intake end of the condenser tube and was allowed to hang 
over the recirculated-air grille inside the car. To the outlet 
end of the condenser tube another rubber tube was connected 
which led to a glass tube containing a stopcock for regu
lating the rate of air flow. This was connected by rubber tubing 
to the intake nozzle of a small Buffalo compressor and blower, 
which was connected by a flexible shaft to a small 32-volt motor. 
Thus a sample of recirculated air was drawn through the con
denser tube, and the moisture and odor were frozen out as a cone 
of porous ice 3 or 4 inches long. To determine the flow of air, 
a calibrated manometer containing colored alcohol was con
nected on the outlet side of the condenser tube. The glass stop
cock was so adjusted that the rate of flow was 61.02 cubic inches 
(1 liter) per minute, and then the manometer was disconnected. 
Knowing the length of time that the test was allowed to run it 
was a simple matter to calculate the amount of air that had passed 
through the tube.

A rate of 1 liter per minute was used because tests in the labora
tory showed that such gases as ammonia, methyl amine, acetone, 
alcohol, and hydrogen sulfide were completely condensed in the 
first fourth of the intake side of the tube and no traces could be 
detected coming from the outlet end.

At the end of about 45 hours the rubber tubes were discon
nected and the condenser tube was tightly stoppered and taken 
to the laboratory in the box containing the remaining dry ice. 
The tube was then taken out of the box and the frozen odor and 
moisture were placed in a wide-mouthed bottle, properly fitted 
with a cork collar through which was inserted a Fair osmoscope 
(1). The ice was allowed to melt and the liquid was shaken to 
saturate the air in the bottle with the odor of the liquid.

B y  setting the instrum ent a t its highest reading, a sniff 
through the nosepiece w ill draw in  one volum e of odor-laden 
air from the bottle and 63 volum es of fresh air. The odor 
will thus be diluted 1 to  64 or 2~‘. If the odor is not sensed  
in this dilution, its pO value (relative odor value, or intensity  
of odor) is less than pO 6. In  this case the setting is changed 
to  its next higher position, and so on until the point is reached 
where the odor is barely detectable, which reading is the rela
tive odor value (1 ).

Thus a new and very practical use has been found for the 
osmoscope. Previously i t  had been used to determine the 
odor value of water, but now it can be used to determine this 
value in  air by first freezing out the water and odor in the 
air. After determining the relative odor value, the total 
amount of condensate was reserved for identification tests  
and quantitative determinations of the detectable odorous 
substances.

W ith a practical method for determining the intensity of 
odor it  is hardly necessary to attem pt a thorough chemical 
analysis. T he wide variety and structural complexity of 
substances which impart odor render direct quantitative de
term inations of little significance. In Table I  only four sub
stances were determined and these only because they could be 
detected and were known to exist. They serve only as a check 
on the relative odor value, for certainly their combined odor 
intensity is only a small percentage of the total.

Removal of Odor
M any m ethods for removing odors have been tried, such as 

various sprays which a t best give only temporary relief by  
masking the odor. Ozonators m ust be accurately controlled 
in order to avoid increasing the concentration of ozone to the  
point where it  becomes toxic. Ozone deodorizes by oxidizing, 
but the odor of some substances is more unpleasant after 

" l than before unless oxidation is complete. The 
gone itself is unpleasant to m ost individuals. Elec- 
V ecipitators become inactive and act as a source

of odor after the plates have become coated with the precipi
tated material.

A ctivated carbon was chosen as the m aterial to  reduce ef
fectively the odor concentration in  the car. After consider
able experimental work on the odor-adsorbing power and 
pressure-drop from one side of a filter to another, a decision  
was reached to use for this work Nuchar (manufactured by  
the Industrial Chemical Sales Co. of N ew  York, N . Y ., which  
kindly furnished all activated carbon used in this work). The 
gas-adsorbing power of this carbon is about So per cent of 
that of the more expensive nutshell carbon and it  costs about 
one-eighth as much. I t  is extrem ely porous, thus offering a 
very large exposed surface to odor-laden air and very little  
resistance to the flow of air in  the ordinary ventilating ducts.

For experimental purposes only, eleven V -type screen 
filters were constructed. Each filter contained four V's and 
there was a 0.5-inch space between the screens. The filters 
were filled w ith Nuchar and installed in the car in such a w ay  
that all air coming into it  passed through them . The pres
sure drop a t  200 feet per m inute was 0.10 inch of water. 
After a round trip between Chicago and N ew  York, indi
viduals who entered the car and tested the air by smelling 
reported no objectionable odor. Previous to the installation  
of carbon odor-filters, these same individuals had stated that 
the odor was objectionable.

I t  is regretted that these experiments could not be carried 
on for a longer period. The original plan was to make two 
tests on the same day, one before the installation of odor-filters 
and another while the carbon was new. Subsequent tests 
were to be made at intervals of 2 ,4 , 6 m onths, etc., until the 
adsorptive power of the carbon had decreased to the point 
where the odor was again objectionable. N o test could be 
made while the carbon was new, because of inclement weather 
which caused an undue amount of ice to freeze on the genera
tor belts. Changes in the ventilating ducts necessitated  
removing the filters a t the end of 4  m onths while the carbon 
was still functioning efficiently. Therefore, it  is impossible 
to state w hat the life of the carbon would have been under 
these conditions.

Table I  gives the results of tests before and after installa
tion of activated carbon filters.

T a b l e  I. T e s t s  o n  R e c ir c u l a t e d  A i r

R elative  odor value  (of 200 
cu. ft.)

A m m onia (N H j), p . p . m. 
N itrite  (NOj). p. p. m. 
Alcohol (CsH jO H ), p . p. m. 
Phenolic bodies, p- p. m* 
O dor rem oved, per cent

U n
filtered

40
0 .06
0 .0008
0 .3
0.006
0

F iltered  th rough  A ctivated  
C arbon 

A fter 2 A fter 4 
m onths ' use m onths ' use

2
0.004
0.00003
0.015
0 .0004

95

10
0 .02
0.00013
0 .09
0.002

75

For convenience of comparison, the relative odor value was 
either determined or calculated on 200 cubic feet of air, the 
am ount which actually passed through the apparatus. T he  
value of 40 was calculated from a reading of 4 obtained on an 
aliquot representing 20 cubic feet; 2 was the value of the 
whole condensate from 200 cubic feet; and the value of 10 
was calculated from a reading of 2 obtained from an aliquot 
representing 40 cubic feet.

T he ammonia and nitrite present are apparently derived 
from one or both o f two sources: the decomposition of other 
nitrogenous products, or the effects of oxidation and ultravio
le t  rays on the nicotine in  tobacco smoke as found by  Gant 
(£). T he absence of nicotine and sulfur compounds m ay be 
accounted for by the ease w ith which they are oxidized in such 
th in  films, or they m ay escape detection because of the m inute 
degree of concentration. The alcohol is undoubtedly due to
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the consumption of alcoholic beverages by passengers. The 
phenolic bodies are apparently derived from the smoke of the 
locom otive. The condensate also had a distinct petroleum
like odor, which m ay be accounted for by  the fact th at the  
train passed through a district where large oil refineries were 
located, or it  m ay have been due to lubricating oil on 
machinery in and about the car.

Summary
A freezing-out method has been developed for determining 

the concentration of odors in air-conditioned structures.
Solid carbon dioxide, contained in  a properly insulated box, 

was the refrigerant used to freeze out moisture and odor in an 
efficient condenser tube through which measured amounts of

air were drawn at a low velocity. Liquid air was not used 
on account of the expense and danger involved.

The osmoscope was employed to determine the relative 
odor value of the condensate by the air-dilution method. 
Values obtained in  this manner were verified by  quantitative 
chemical determinations and also by  individuals who entered 
the car and tested the air by smelling.

A ctivated carbon was demonstrated to be a safe, very  
efficient, and economical means of removing the odor in an 
air-conditioned structure.
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An Air-Bomb Aging Test for Tread Compounds
E . W . B O O TH  a n d  D. J .  BEAVER 

M o n s a n to  C h em ica l C o m p an y , T h e  R u b b e r  Service L a b o ra to rie s  D ivision, N itro , W . Va.

T 1^IIE comparative age-resisting properties of tire tread 
JL compounds are determined in the laboratory by either 

oxygen-bomb or Geer-oven aging tests. The conditions 
under'which these tests are carried out are standardized and 
from their results reliable predictions are made concerning 
the natural aging life of the tread compounds.

A few years ago oxygen-bomb aging tests, comparing first- 
quality tread compounds, could be satisfactorily carried out 
in  from 39 to 48 hours, in which tim e the tread compound lost 
about 50 per cent of its original tensile. Today, largely be
cause of the developm ent of better antioxidants and organic 
accelerators, oxygen-bomb aging tests carried out under the 
same conditions require between 4 and 10 days to cause the 
same percentage loss in  tensile, and the tim e necessary to carry 
out a Geer-oven aging test has been correspondingly increased. 
Therefore it  is very desirable to develop a shorter laboratory 
aging test which can be correlated w ith the oxygen bomb or 
the Geer oven and which should be indicative of natural ag
ing results.

The use of the air bomb as a laboratory method of carrying 
out a g in g  t e s t s  h a s  
b e e n  previously sug
gested (1, S'). How
ever, papers recognized 
that the c o n d it io n s  
therein employed were 
too severe to permit 
reliable comparisons of 
the aging properties of 
tread compounds.

Experimental
Procedure

T h e  procedure rec
o m m e n d e d  b y  th e  
American Society for 
T e stin g  M a ter ia ls , 
d esig n a ted  as D 4 1 2 -  
35T, was followed in 
carrying out the mill
ing, vulcanizing, and 
testing of the rubber 
compounds described

•4 . •y
-£>

4000 Zli

3SOO Z1L

3000 zu.

1500 nt>.

2000 Ml-

¡500 /ob

IOOO 70. 
TTmc -

Oxygen-Bomb Ftged

F i g u r e  1 . A g i n g  T e s t s

C ure, 75 m inutes a t  274° F . (134° C .).
B ase stock : sm oked sheets, 100.00; carbon b lack , 50.0; zinc oxide, 5.0; s tearic  acid, 3.0; 

pine ta r , 2.0; an tiox idan t, 1.5.
A dded to  base stock;

Sulfur A ccelerator 
A  2 .2 5  1.25
B  2 .00  1.50
C 1 .75  1.75
D 1 .50  2 .0 0

in this paper, and the D428-35T recommendations were fol
lowed in carrying out the oxygen-bomb and Geer-oven ag
ing tests, w ith  the exception that in both cases only tw o test 
pieces were broken instead of three, and in  the case of the 
oxygen-bomb and Geer-oven aging tests one-half of the usual 
press-cured sheet was employed instead of the usual dumbbell 
test pieces.

The air-bomb aging conditions referred to as being too se
vere consist in placing the usual dumbbell test piece in a rack, 
and elongating 50 per cent; the rack is then placed in the air 
bomb, and a temperature of 260° F . (126.7° C.) and an air 
pressure of 100 pounds per square inch (7 kg. per sq. cm.) are 
maintained for the duration of the test. These conditions 
were employed in carrying out the first series of tests in which 
the ratio of sulfur to rubber was varied. The results are 
shown in  Figure 1.

In  the second series of tests the elongation was varied be
tween 0 and 50 per cent, the air pressure between 50 and 100 
pounds per square inch (3.5 and 7 kg. per sq. cm .), and the 
temperature between 210° and 260° F . (98.9° and 126.7° C .).

Only a single variation  
was m ade in any one 
test and the duration 
of the test was kept 
c o n s t a n t  a t 5 hours, 
as shown in Figure 2. 
F ro m  th e  d a ta  o b 
tained in these as well 
as additional tests, the 
following c o n d it io n s  
were adopted as more 
suitable for the com
paring of tread com
pounds: e lo n g a t io n ,  
0; pressure, 50 pounds 
p er  s q u a r e  inch (3.5 
kg. p ersq . cm .); tem 
p e r a tu r e ,  2 2 0 °  F .  
(104.4° C .); and time, 
10 h o u r s .  T h e s e  
“modified” conditions 
w ere  e m p lo y e d  in  
c a r r y in g  out all the 
later tests shown.

Hir-Bomb fljld

E
F
G
H

Sulfur
1.25
1.00
0 .80
0 .60

A ccelerator
2.20
2 .40
2 .80
2.80
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n T I  n T I
n r  c e n t  E I o a i o *  s o  2 5  ¡ o lb . / in . - t o o .  So. 
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6o. SO. 'E* 
4 .1  ¿ 5  °C*

P e r c e n t

O x y g e n
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lb  0 ZSO 110 ZIO
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F ig u r e  2. E ffe c t  of  Va r ia t io n s  in  C o n d it io n s  of A ir -B omb A ging

C ure, 60 m inutes a t  274° F . (134° C.) Aging time, 5 hours. Base stock: sm oked sheets, 
100.0; carbon black, 60.0; zmc oxide, 5.0; sulfur, 2.75; s tearic acid, 3.0; pine ta r , 2.0- 

accelerator, 1.25; an tioxidant, 1.50.

In  the third series of tests the oxygen concentration was 
varied by dilution w ith nitrogen. The usual dumbbell test 
pieces were employed here and the end point of the test was 
the tim e necessary to cause a loss of 40 per cent in tensile.

Discussion
The results of previous laboratory comparisons of heat- 

resisting inner-tube compounds, which were carried out in the 
air bomb, established the theory that a low ratio of sulfur to  
rubber was necessary (1 ). Therefore the first series of tests 
in  this study was carried out to  determine whether or not 
tread compounds w ith low sulfur ratios aged better than 
tread compounds containing normal sulfur ratios and to pre
sent data to show that these air-bomb aging conditions were 
too severe to permit reliable comparisons of tread compounds.
The results are shown in Figure 1.

I t  is known that tread compounds such as those shown in 
Figure 1 are not practical because of their poor resistance to 
flex cracking and abrasion. The unaged results are not shown, 
but to  m aintain the same rate of cure for all the compounds it  
was necessary to increase the accelerator ratio as the sulfur 
ratio was decreased. A range of cures was carried out and 
aging tests were made on several cures. However, the 75- 
m inute cure at 274° F . (134° C.) was chosen to make up this 
chart because it was the optimum cure. The unaged ten- 
siles of all the compounds were the same within the usual 
laboratory error of ±  5 per cent. The unaged modulus figures 
varied between about 3000 pounds per square inch (211 kg. 
per sq. cm.) in the case of the 4  compound to about 2300 
pounds per square inch (161.7 kg. per sq. cm.) in the II  com
pound. Figure 1 represents the results of the A , B, and C 
compounds as being 
alike, but actually  
th e  r e s u l t s  shown 
are the averages of 
the three r e s u l t s .
The same is true, in  
the case of the D, E, 
and F  and the G 
and H  compounds.
This was d o n e  in  
order to present a 
clearer picture.

The results show  
t h a t  reducing the  
sulfur ratio has im
p r o v e d  th e  a g e -  
resisting properties 
of the tread com
pounds in the case of 
both the air-bomb 
and th e  o x y g e n -  
bomb a g in g , th e

improvement being greater in the case of the 
air bomb. However, even the G and H  com
pounds show a loss of about 50 per cent in ten
sile due to 7 hours’ aging in the air bomb, 
whereas previous tests showed th at a heat-resist
ing inner-tube compound lost only about 30 per 
cent in tensile through aging 18 hours under the 
same conditions (1). Therefore, these air-bomb 
aging conditions are too severe, and since the 
main difference between the composition of the 
heat-resisting inner-tube compounds and tread  
compounds G and II  is the use of P33 black 
and carbon black, respectively, the conclusion 
seems obvious that carbon black does not age as
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Unaged
GeerOven
R i r B o m b

OxygenBomb

F ig u r e  3. E f fe c t  of O x y g e n  C o n c e n t r a t io n

Same base s tock  as in  F igure 2. E n d  point, loss of 40 per cent of origi
nal tensile. T o tal pressure, 300 pounds per square  inch (21.1 kg. per 
sq . cm .). T em peratu re , 158° F . (70° C .). Oxygen concentration  

varied  from  0 to  100 per cent.

well as some of the other compounding ingredients. Schoen- 
feld (S) recognized the relatively poor aging properties of 
carbon black and attributed them  to oxygen or oxygen com
pounds in the carbon black.

The second series of tests was carried out to determine 
which of the air-bomb aging conditions had the greatest effect 
on the results. T he data shown in Figure 2 indicate that the 
temperature employed has the greatest effect. These results, 
together w ith a few confirming tests, led to the adoption of 
the “modified” air-bomb aging conditions given above.

The compound employed here and in all the later tests is 
probably higher in accelerator and antioxidant ratio than is 
usual in commercial compounds. T he accelerator employed 
in all the compounds in this paper is dibenzothiazyldim ethyl- 
thiol urea and the antioxidant employed is a ketone-prim ary 
aromatic amine reaction product. T his compound has an

e x c e l l e n t  range of
U / r - B o m b H g m g  = r o h r s .

O x y g e n  B o m b  A g in g  d a y s  

G e e r - O v e n  F tg 'm g  * zS d a t js

T c n s i / e s

OxygenBemb 
flir Bom b  
Geer Oven

F ig u r e  4.

■idags sd og s  id a y s  /oda t/s  o  z o  3 0  4 o  S o

3 hrs shrs. /ohrs. ¡ ¡ f ir s .  P e r c e n t  C a rb o n  B l a c k

Tdags K d a y s  I !  d o g s  2 1 d a y s

C o m parison  of Ox t g e n -B omb, A ir -B om b , a n d  G e e r -O v e n  A ging

Left, base stock, sam e as in F igure 2
R ight, sam e stock except carbon black varied  from  0 to  50 parts  
Cure, 60 m inutes a t  274° F .(134° C.)

cure, showing no in
dications of o v e r 
cure up to the 105- 
m inute cure. The 
abrasion index and 
flex cracking resist
a n c e  are excellent. 
T h e  4 0 0  p er  cent 
m o d u lu s  figure of 
the cure shown was 
about 3200 pounds 
p e r  s q u a r e  in c h  
(2 2 5  k g . p er  s q .  
cm.) and the tensile 
w a s  a b o u t  4 4 0 0  
pounds per square 
in c h  (309 kg. per 
sq. cm.).

In the third series 
of tests the oxygen  
concentration w a s
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F ig u r e  5. E f f e c t  o f  C o m p o u n d in g  I n g r e d ie n t s
Base s t o c k ,  s m o k e d  B h e e ts ,  100.00; z i n c  o x i d e ,  5.0; su lfur, 2.75; s t e a r i c  a c i d ,  3.0; pine t a r ,  2.0 

a c c e l e r a t o r ,  1.25; a n t i o x i d a n t ,  1.50.
A dded to  base stock:

A, control
B, calcene (CaCO* plus s tearic acid), 50.0
C, blanc fixe, 50.0
D, zinc oxide, 50.0
E, P33 black  (B o f t  black), 50.0 
JP, clay, 50.0

In the last series of tests a comparison 
was made of the effect of several com
pounding ingredients on the aging of 
rubber compounds. These results are 
shown in Figures 5 and 6. W ith carbon 
black it  was necessary to show the 200 
per cent modulus figures, because in the 
G e e r -o v e n  a n d  a ir -b o m b  aging the 
elongations were less than 400 per cent. 
F ig u r e  5 sh o w s  the modulus results 
unaged and after aging in the air bomb, 
oxygen bomb, and Geer oven. Each  
compound shows an increase of the aged 
modulus over the unaged modulus for 
air-bomb and Geer-oven results, while 
the modulus decreases after oxygen-bomb  
aging. Figure 6 shows the tensil eresults 
o b ta in e d  w ith the same compounds. 
These results show definitely that, irre-

S' n
. 5' X

-S'
316.4 4500

zS i.i 4000

146.1 3500

Zio.g 3000

n s . i 2500

/ 4o.6 7,000

O, G astex (soft b lack), 50.0 
/ / ,  carbon black, 50.0

varied in an attem pt to obtain data  
which would explain the differences 
between the results of the oxygen- 
bomb and the Geer-oven aging tests 
and perhaps suggest better conditions 
under which to  carry out compari
sons of tread compounds. The re
sults are shown in Figure 3. The only 
obvious conclusions that can be made 
from these results are that a tempera
ture higher than 158° F . (70° C.) is 
necessary m aterially to  shorten the 
tim e necessary to  carry out aging 
tests, even though the oxygen concentration is 100 per cent.

In the fourth series of tests a comparison was made of air
bomb, oxygen-bomb, and Geer-oven aging, and the results 
are shown in Figure 4. T he “modified” air-bomb aging con
ditions were employed in  this comparison. T he results show  
a correlation of the three aging m ethods. A horizontal line 
was drawn which represents a loss of 40 per cent in tensile 
(indicated as “correlation” ) and shows th at about 10 hours’ 
aging in  the air bomb has brought about the same loss of ten
sile as about 7 days’ aging in  the oxygen bomb or 28 days’ 
aging in the Geer oven. Realizing that m any more tests 
m ust be carried out before an exact correlation of the three 
aging methods can be made, this apparent correlation is shown 
to  emphasize the shorter length of tim e necessary to carry out 
air-bomb aging tests and to  explain the reason for adopting  
these various tim es in carrying out later comparisons.

Also shown in Figure 4 are the results of tests to determine 
whether the same correlation held for various am ounts of 
carbon black. As the carbon black content is increased from 
0 to 50 per cent based on the rubber content, the unaged ten
sile increases rapidly until about 40 per cent of carbon black 
is present. A t this point the tensile decreases rapidly. The 
air-bomb and Geer-oven aging also show a slight initial in
crease in tensile as the carbon black content is increased with 
a later decrease, but nevertheless the percentage loss in  tensile 
increases progressively as the carbon black content is in
creased. T he oxygen-bomb aging shows no increase as the 
carbon black content is increased. These results show that 
the correlation is not exact for these various aging methods 
when different amounts of carbon black are employed. How
ever, the air-bomb and Geer-oven aging are probably within 
the lim it of experimental error.

= iw a g e d  
w  = air-bomb aged iohours 
i " i = Geer-oven aged 28days 

= oxygen-bom b aged jdays
Curc= ö o m m . a t  z j y cFfi3-l0C)

Materia! Control Calcene BlancEixeZ/ncOx.ida p JsB ta c k  C lay
u

( ja s te x CorbanB/oek

F ig u re  6. T e n s il e  R e su l t s  w ith  C o m po u n d s in  F ig u r e  5

spective of pigm ent used, the “modified” air-bomb aging 
conditions parallel the Geer-oven results, but show consider
able variation from the oxygen-bomb results. In  other 
words, the higher temperature employed for a shorter length  
of tim e in the air bomb has practically the sam e effect on 
continuing vulcanization and oxygen deterioration as is ob
tained in the Geer-oven tests.

Conclusion
D ata here presented demonstrate that study of tread com

pounds by  the air-bomb aging m ethod m ust include modifica
tions of the conditions followed in  the comparison of inner- 
tube compounds.

D ata are presented which show the effect of air pressure, 
temperature, elongation, oxygen concentration, time, and 
pigm ent variation on the aging of rubber compounds.

The air-bomb aging conditions suggested for the study of 
tread compounds, consisting in  testing a t 0 elongation, 50 
pounds air pressure per square inch (3.5 kg. per sq. cm .), and  
220° F . (104.4° C.) temperature, have provided a shorter 
laboratory test which parallels the Geer-oven aging test in its  
effect on carbon black compounds.
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Analysis o f Light Petroleum  Fractions
S. S. K U R TZ, J r .,» and  C. E . H EA D IN G TO N  

T h e  A tla n t ic  R efin ing  C o m p an y , P h ila d e lp h ia , P a .

This paper describes a m ethod for the  
determ ination of conjugated diolefins, cy
clic monoolcfins, noncyclic monoolefins, 
paraffins, naphthenes or saturated cyclic 
com pounds, and aromatics, in light pe
troleum  fractions boiling from 40° to 200° C.

The m ethod involves chemical treatm ent 
o f the m aterial with m aleic anhydride and 
sulfuric acid, fractionation into 30° C. cuts, 
and m easurem ent o f density and refractive 
index of the cuts. Calculation of results 
depends on graphical m ethods and is bet
tered by use o f a new constant, the refrac- 
tivity intercept.

I T  IS O FT E N  helpful in industrial research to have infor
m ation on the chemical nature of the major types of hy

drocarbons occurring in petroleum mixtures, even though the 
determ ination of individual hydrocarbons is impracticable. 
Such a classification is less satisfactory for the higher molecu
lar weight fractions where a large proportion of the mole
cules undoubtedly is composed of several hydrocarbon types, 
but is quite suitable for the lighter fractions where the mole
cules m ust be relatively simple in structure.

T he authors have combined chemical and physical methods 
to  yield  an analytical method for the estimation of the follow
ing hydrocarbon types in petroleum fractions boiling from 40° 
to  200° C.: conjugated diolefins; cyclic olefins; noncyclic
olefins; aromatics; naphthenes or saturated cyclic com
pounds; and paraffins,

In this classification aromatic compounds by definition are 
those which contain one or more aromatic rings, and the 
naphthenes are those con-

that for a given structural type of hydrocarbons the refrac
tive index varies linearly w ith the density. The refractivity  
intercept is the intercept constant b in the equation:

Refractive index =  0.5 density +  b

Hydrocarbon types differ, in this respect, only in the numeri
cal value of b and are therefore distinguishable by the value 
of this constant. These values for a number of hydrocarbon 
types are given in Table I.

T a b l e  I .  R e f r a c t iv i t y  I n t e r c e p t

R efractiv ity  In te rcep t0
D ensity  \  

2 )
H ydrocarbon T ype ^R efractive  Index —

Paraffins 1.0461
N aphthenes 1.0400
Arom atics 1 .0627
Cyclic monoolefins 1.0461
Noncyclic monoolefins 1.0521
Cyclic conjugated diolefins 1.0643
Noncyclic conjugated diolefins 1.0877
Cyclic nonconjugated diolefins Insufficient d a ta
Noncyclic nonconjugated diolefins 1.0592

° N um erical values from  K urtz  and  W ard (3).

Graphical Analysis
The use of the refractivity intercept in the general analytical 

method depends on the graphical comparison of the density  
and the refractivity intercept of a  chemically treated or 
untreated fraction w ith those of various hydrocarbon types 
of the sam e boiling range. For this purpose the density and 
refractivity intercept of the unknown are plotted w ith like 
points for not more than three hydrocarbon types of the same 
boiling range as, and present in, the unknown as illustrated  
in Figure 2 . The refractivity intercept values for the hydro
carbon types are taken from Table I, while the density values 
are taken from Figures 3 and 4 where average density and

are
taining a 5 or 6 carbon-satu
rated ring structure. The 
terms “ paraffin’' and “olefin’' 
are used in the conventional 
sense subject to  the above 
lim itations. Cyclic olefins, 
however, refer only to com
pounds wherein the double 
bond is located within the 
ring structure.

Refractivity Intercept
I n  t h i s  m e th o d  there is 

used a new physical constant 
called the refractivity inter
cept. T his constant w a s  
originally developed in these 
laboratories and is described 
in detail by Kurtz and Ward
(8). Its  nature, therefore, will 
be but briefly treated here. 
From Figure 1 it  is evident
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'able II. B oiling P oints and D ensities op N oncyclic 
Olefins, Cyclic Olefins, and Aromatics

Com pound Form ula  
Noncyclic Olefins

1-Pentene
2 -P en tene
2 -M ethy l-2 -butene
1-Hexene
2 .3 -D im ethy l-l-bu tene
3 .3 -D im ethy l-l-bu tene
2.3-D im ethyl-2-butene
3-M ethyl-1-pentene 
3-M ethyl-2-pentene
2-M ethyl-2-pentene
2 -E thy l-l-bu tene  
1-Heptene
3-E thyl-2-pentene
2.3-D im ethyl-2-pentene
4 .4-D im ethyl-2-pentene
3 .3-D im ethyl-l-pentene
1 -Octene
4 .4-Dim ethyl-2-hexene
2.2-D im ethyl-3-hexene 
D iisobutylene
4-M ethyl-3-beptene
2-Nonene 
4-M ethyl-4-octene
1-Decene
2.3-D im ethyl-2-octene
2-M ethyl-5-ethyl-5-heptene 
D iam vlene
1 -U ndecene
2-Undecene 
Triisobutylene 
T etraisobuty lene

CsHio 
C$Hl8 
CsH,c 
CcHit 
C«H« 
CsHu 
C«Hu 
C«H,2
CiHij
C«H„ 
C«H,j 
CtHu 
CtHh 
CtH u 
CtHm 
CtH m 
c $h 18
CsHu 
CsHu 
C 8H ,8 
C .H i6 
C ,H ,8 
CsH is
CioHjo
CioHjo 
CioH;o 
CioHto 
CnH» 
CljHj4 
C u H « 4  CxeHu

Cyclic Olefins

A rom atics

Benzene
M ethylbenzene
E thylbenzene
1.2-Dim ethylbenzene
1.3-Dim ethylbenzene
1.4-Dim ethylbenzeno
1.2-M ethyl-ethy lbenzene
1.3-M ethyl-ethylbenzene
1.4-M ethyl-eth vlbenzene
1.3.5-Trim ethy lbenzene
1.2.4-Trim ethylbenzene 
1,2,3-Trim ethylbenzene 
Propylbenzene 
Isopropylbenzene 
B utylbenzene 
Isobutylbenzene 
aec-Butylbenzene 
ieri-Butylbenzene
1.2-D iethylbenzene
1.3-Diethylbenzene
1 .4-D iethylbenzene
1.2-M ethyl-isopropylbenzene
1.3-M ethyl-isopropylbenzene
1.4-M ethyl-isopropylbenzene
1.2.3.4-Tetram ethylbenzene
1.3.5-Triethylbenzene
1 .2.4-Triethylbenzene

Boiling 
P o in t a t  

760 m m .,
°C.

40 
36 
38 
64
73
41
74 
62 
70 
67 
67
97
98 
95 
84 
77

123
106
100
101
120
150
139
172
162
138
156
188
193
175
250

D ensity
20°

4

0.647
0.651
0.666
0.683
0.712
0.653
0.708
0.682
0.698
0.692
0.6914
0.702
0.721
0.719
0.688
0.696
0.720
0.720
0.705
0.720
0.724
0.752
0.748
0.748
0.748
0.745
0.768
0.763
0.761
0.760
0.794

Cyclopentene
Cyclohexene

CsHio 44 0.776
CeHu 83 0.810

1,2-D im ethylcyclopentene C iH h 103 0.792
2-E thylcyclopentene
1-M etnylcyclohexene

C tH u
C7H 14

108
1 1 0

0.796
0.809

2-M ethylcyclobexene C 7H 14 110 0.810
3-M ethylcyclohexene C 7H 14 104 0.805
4-M ethylcyclohexene C 7H 14 103 0.799
6-M ethylcyclohexene CtH i4 103 0.799
1-Ethylcyclohexene C8H,8 136 0.826
1,2-Dim ethylcyclohexene C sH u 135 0.826
2,4-D im ethylcyclohexene CsH I« 127 0.803
1,4-D im ethylcyclohexene CsHi# 127 0.800
1,5-D im ethylcyclohexene CsH,8 127 0.802
4,6-Dim ethylcyclohexene C sH 18 126 0 .798
5,5-Dim ethylcyclohexene CsH|8 119 0.803
1 -n-Pr opy 1 cy cloh exe ne C9H,s 156 0.824
l-Isopropylcyclohexene C*Hi» 153 0.828
l-E thyl-2-m ethylcyclohexene C9H 1S 157 0.830
2-E thyl-4-m ethylcyclohexene C#Hts 152 0.813
l-E thyl-4-m ethylcyclohexene C*Hl8 152 0.812
l-E thyl-3-m ethylcyclohexene C»Hi8 149 0.813
1,5-Trim ethylcyclohexene C9H 11 129 0.800
2,5-Trim ethylcyclohexene CiHis 140 0.804
1.6-Trim ethylcyclohexene
1.2.6-Triraethylcyclohcxene

C .H 11 148 0.824
C9Hl8 150 0.828

2,4,6-Trim ethylcyclohexene CsHia 140 0.800
2,4,5-Trim ethylcyclohexene CvHit 145 0.805
1-n-Butylcyclohexene
l-Propyl-2-m ethylcyclohexene

CioHjo 182 0.826
CioHjo 177 0.830

2-Propyl-4-m ethylcyclohexene CioH:o 173 0.814
l-Propyl-4-m ethylcyclohexene C ioH jo 174 0.813
4-Isopropyl-l-m ethylcyclohexene CioHio 168 0.812
1-n-Amylcyclohexene •CnHtt 204 0.829
1-Isoamylcyclohexene C nH jj 195 0.824
l-B utyl-2-m ethylcyclohexene C iiH m 198 0.831
2-Butyl-4-m ethylcyclohexene CnHjj 195 0.820
l-B utyl-4-m ethylcyclohexene C „H « 197 0.816
2-Isobutyl-4-m ethylcyclohexene C 11H » 185 0.810
1-A myl-2-m ethylcyclohexene CiiHï2 219 0.832

CeH« 80 0.879
CtIIs 111 0.866
CsHio 134 0.868
CjHio 144 0.879
CsHio 139 0.864
CsHio 138 0.861
C*H,j 162 0.882
CsH« 163 0.867
C«Hu 162 0.862
C*Hu 162 0.863
CoHu 169 0.876
C 9H 11 177 0.895
C tH u 156 0.862
C9H 1J 155 0 .864
C 10H 14 ISO 0.864
CioHl4 167 0.854
C ioH u 175 0.860
CioHu 169 0.867
C 10H 14 185 0.866
CioHu 182 0.860
CloHl4 1S3 0.865
C 10H 14 157 0.S56
CioHu 175 0 .860
C ioH i4 175 0.857
C 10H 14 204 0.901
C iîH is 218 0.863
CitHis 218 0.882

boiling point have been correlated for hydrocarbons of 
several types. The basic data for Figures 3 and 4 are given  
in Tables II  and III.

Assume the refractive index, refractivity intercept, and 
density of hydrocarbons to be additive on a volum e per cent 
basis. Then if the points A , B , and C  in Figure 2 represent 
three hydrocarbon types and a point D  lying within the  
triangle represents the unknown which consists solely of 
A , B , and C, i t  follows that the composition of D  m ay be 
computed from the geometrical properties of the triangle. 
In the special case of a binary mixture, say  of -4 and B , D  
will lie on the line A B  and its composition is apparent.

Referring to Figure 2, the composition in volum e per cent 
of the unknown D  would be found by  comparing the length  
of the lines indicated in the equations below.

A ~ m m

B CE
BC  

C =  100

(100 -  A) 

-  A  -  B

T he assumption of the additivity of the refractive index 
and density of hydrocarbons on a volum e per cent basis is 
justified by the work of M acFarlane and W right (4). It 
follows that the refractivity intercept is therefore also additive.

I t  should be emphasized that even though the refractivity  
intercept is independent of boiling point, the points A , B, 
and C  on the graphical analysis diagram will vary for different 
boiling points because of the corresponding change in density  
illustrated in Figures 3 and 4. Because of this variation, 
graphical analysis is made only on fractionated cuts of about 
30° C. in boiling range. These analyses are made on dif
ferent diagrams for each cut and the composition of the 
original sam ple is computed from the composition of the cuts.

Chemical Treatm ent
Analysis by the above means alone is lim ited to three 

components, and is further lim ited by  the fact that the three 
components m ust form a triangle on the graphical analysis 
diagram. In order to use this m ethod of analysis on mixtures 
of more than three components, resort is m ade to chemical 
treatm ent which will segregate or remove three or less of 
those hydrocarbon types which can be analyzed graphically. 
W hen chemical treatm ent leaves such a ternary mixture, 
its  refractive index and density are measured and its com
position is determined graphically. On the other hand, when 
no more than three hydrocarbon types are removed from 
the sample by  the treatm ent, the refractive index and density  
of the ternary mixture removed m ay be calculated from those  
properties, and the volum e of the sample before and after  
treatm ent. Its composition m ay then be determined graphi-
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cally. I t  is thus seen that this m ethod does not require 
the isolation of a ternary mixture of hydrocarbon types in 
order to obtain knowledge of the composition of the mixture.

The principles of the chemical treatment are given below  
and the details are discussed later in the procedure.

M aleic  A n h y d r id e  T r ea tm en t . Removal of conjugated 
diolefins is brought about by treatm ent of the sample w ith

T a b l e  III. B o il in g  P o i n t s  a n d  D e n s i t i e s  o f  P a r a f f i n s  a n d  
N a p h t h e n e s

Com pound

n-P en tane
2-M ethylbufcane
n-H exane
2 -M ethylpentane
3 -M ethylpentane
2.2-D im ethylbutane
2.3-D im ethylbutane 
n -H eptane
2-M ethylhexane
3-M ethylhexane 
3 -E thy lpen tane
2.2-D im ethylpentane
2.3-D im ethylpentane
2.4-D im ethylpentane
3.3-Dimefchylpentane
2.2 .3-T rim ethylbutane 
n-O ctane
2.2-D im ethylhexane
2-Methylhepfcane
3-M ethylheptane
4-M ethylheptane 
3-E thylhexane
2.3-D im ethylhexane
2.4-D im ethylhexane
2.5-D im ethylhexane 
3,4-D im ethylhexane
2-M ethyl-3-ethylpentane
2.2 .3-T rim ethylpentane
2.4 .4-T rim ethylpentane 
n-N onane
3-M ethyloctane
4-M etbyloctane
4 -E thy lhep tane
2.4-D im ethylheptane
2.5-Dimefchylheptane
2 .6-D im ethylheptane 
2,2,5-Trim ethylhexane 
n-D ecane
2-M ethyl nonane
3-M ethyl nonane
5-M ethylnonane
4-P ropylheptane
2.6-D im ethyloctane
2 .7-D im ethyloctane
3.6-D im ethyloctane
2.2 .6-T rim ethylheptane 
U ndecane 
D odecane

N aphthenes

C yclopentane
Cvclohexane
M ethylcyclopentane
M ethylcyclonexane
1.1-D im ethylcyclopentane
1.2-D iraethylcyclopentane
1.1-D im ethylcyclohexane
1.2-D im ethylcyclohexane
1.3-D im ethylcyclohexane
1.4-Dim ethylcyclohexane 
Ethylcyclohexane 
n-Propylcyclohexane 
Isopropylcvclohexane
1.2-M ethylethylcyclohexane
1.3-M ethylethylcyclohexane
1.4-M ethylethylcyclohexane
1.3.5-Trim ethyIcyclohexane
1.3.4-Trim ethylcyclohexane
1.1.3-Trim ethylcyclohexane
1.2.4-Trim ethylcyclohexane 
n-Butylcyclohexane 
Isobutylcyclohexane 
sec-Butylcyclohexane 
tert-B utylcycloh exane
1.2-M ethyl-n-propylcyclohexane
1.2.4.5-Tetram ethylcyclohexane
1.3-M ethyl-n-propylcyclohexane
1.4-M ethyl-n-propylcyclohexane
1.3-D iethyl-n-propylcyclohexane
1.4-D iethy 1-n-propylcyclohexane 
l,3-D im ethyl-5-ethylcyclohexane 
n-Am ylcyclohexane 
Isoam ylcyclohexane 
¿ert-Amylcyclohexane 
1 ,2,3,5,6-Pentam ethylcyclohexane
1.2-M ethyl-n-butylcyclohexane
1.3-M ethyl-n-butylcyclohexane
1.4-M ethyl-n-butyIcyclohexane
1.2-M ethyl-n-am ylcyclohexane
1.3-Dim ethyl-5-isobutylcyclohexane

C iI I io
C«Hu
C«Hn
C îH u
C7H14
C 7H 1«
C*Hl6
C*Hi«
CsHie
CgHie
CsHu
CiHis
C*H,g
C«His
C9H 18
CflHis
C»Hu
C»Hii
C .H 1»
C»Hi*
C 10H 10
CioH*9
C ioH î#
C 10H »
CioH«
CioH*o
C ioH m
CioHjo
CioHm
CioHso
CwH;o
C uHm
CuHsj
C11H »
C uH a
CuHtt
CuHî*
C11H 21
CuHî«
CllHt4

Boiling 
P o in t a t  

760 m m .,

50
81
73

100
88
Q**

120-125
127
121
123
130
155
152
153 
149 
151 
140 
140 
138 
140 
180
171 
179 
170 
176 
161
172 
176
174
175 
169 
202 
194
194 
190 
197
195
196 
218 
194

D ensity
20°

F orm ula 0 C. 4
Paraffins

CsHu 36 0.631
C$Hu 28 0.621
CeHn 69 0.6595
CsHu 60 0.6542
CeHu 63 0.6647
CsHu 50 0.649S
CôH h 58 0.6613
C7ÏÎU 9S 0.6S36
C 7H 1Î 90 0.6789
C 7HU 92 0.6S70
C7H 1. 93 0.6984
C 7H 1« 79 0.6737
C 7H 16 90 0.6952
C 7H 1« SI 0.6745
C 7H 16 86 0.6934
C 7HU 81 0.6900
CgHig 125 0.702
CgHig 107 0.6953
CgHig 116 0.6985
CgHig 122 0.707
C8H „ 118 0.722
CgHig 119 0.713
CgHig 114 0.720
CsHu 109 0.703
CsHig 109 0.696
CgHig 117 0.721
CgHig 114 0.704
CgHig 111 0.717
CgHig 99 0.691
C«Hm 150 0.71S
C»Hîo 143 0.719
CoH» 142 0.727
C9H20 139 0.737
C«H»o 133 0.716
CaHîo 136 0.714
CçH-o 132 0.707
C»Hîo 126 0.707
CioHa 174 0.727
CioHa 160 0.724
CioHa 167 0.735
CioHa 166 0.732
C 10H » 162 0.736
CioH m 161 0.729
CioHm 160 0.722
C10H » 161 0.730
C 10H « 152 0.721
CiîiHj* 195 0.741
CiHjé 216 0.749

0.754
0.779
0.750
0.767
0.755
0.751
0.781
0.790
0.772
0.775
0.785
0.791
0.797
0.S03
0.789
0.789
0.775
0.789
0.790
0.778
0.797
0.795
0.799
0.811
o.sos
0.785
0.794
0.796
0.798
0.800
0.793
0.802
0.798
0.819
0.785
0.811
0.801
0.807
0.S14
0.810

a s o

ass
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F i g u r e  3 . B o il in g  P o in t - D e n s i t y  R e l a t io n s h i p  f o r  
N o n c y c l ic  O l e f i n s , C y c l ic  O l e f i n s , a n d  A r o m a t ic s

m aleic anhydride according to the m ethod of D iels and Alder 
( i ) .  Table IV  gives the results of a  typical treatm ent and il
lustrates how the reaction is complete after 1 hour of treat
m ent w ith 10 per cent of maleic anhydride a t 100° C.

T a b l e  IV. M a l e ic  A n h y d r id e  T r e a t m e n t  

R efractive
Tim e of 
T rea t

M aleic
Anhydride

D ensity
20®

Index
20° R efractiv ity

m ent C oncentration 4 D In tercep t
Hours

0
%
0 0.7825 1.4418 1.0505

1 .0 10 0.7870 1.4420 1.0485
2 .0 10 0.7869 1.4420 1.0485
3 .0 10 0.7869 1.4420 1.0485

Estim ation of the conjugated diolefin content is made from 
the loss in  volum e after the reaction products and excess 
reagent have been washed from the sample.

Su l fu r ic  A cid  T r ea tm en t . A fter  m aleic anhydride 
treatm ent the sample m ay contain cyclic olefins, noncyclic 
olefins, aromatics, naphthenes, and paraffins. Rem oval of a 
three-component mixture comprised of cyclic olefins, non
cyclic olefins, and aromatics is  effected by treatm ent w ith  
91 and 98 per cent sulfuric acid b y  the m ethod of Faragher, 
Morrell, and Levine {2 ).

M easurem ent of the density, refractive index, and volum e 
before and after sulfuric acid treatm ent permits the calcula
tion of the density and refractive index of the ternary mixture 
removed by the acid. These values, then, allow a graphical 
analysis of this mixture according to Figure 2.

The residue from the acid treatment, when freed of poly
mers, contains only naphthenes and paraffins. T he com
position of this binary mixture is obtained from a second  
graphical analysis.

Elim ination o f Polymers from Acid Treatm ent
In  view  of the fact that part of the analysis is calculated  

from the physical properties o f the sample before and after
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sulfuric acid treatm ent, it  is obvious that if the analytical 
results are to indicate the true composition of the sample, 
the material after acid treatm ent should consist only of 
m aterial originally present less that removed by the acid. 
During acid treatm ent, however, polym erization and con
densation take place and fractionation of the treated material 
to  its original end point m ay not be sufficient to remove all 
polymers so formed. For instance, if two molecules of pentene 
polymerize to the dimer, its boiling point of about 165° C. 
m ay fall w ithin the boiling range of the material treated.

In order to  eliminate such polymers from the sulfuric 
acid-treated sample, it  is treated in two fractions, the first 
boiling up to 125° C. and the second boiling from 125° to  
210° C. After acid treatm ent both fractions are refractionated  
to their original end points and combined. The boiling points 
of the dimers of the lowest boiling compounds in each fraction 
will fall above the boiling range of the fractions and so will 
be eliminated in the redistillation.

Procedure
In order to eliminate very volatile materials in density and 

refractive index measurements, the sample is stripped of all 
material boilingbelow40°C.byfractionation. Six hundred cubic 
centimeters of the stripped sample are then treated with 60 grams 
of freshly distilled maleic anhydride by heating in a 1- 
liter flask on a steam bath for 1 hour. A reflux con- (Volume
denser maintained at —10° C. with cold brine is used to 
prevent loss due to vaporization. At the end of an hour 
the sample is cooled, the hydrocarbon layer decanted from the 
maleic anhydride, and enough 10 per cent sodium hydroxide solu
tion added to the maleic anhydride remaining in the flask to dis
solve it. This solution is then added to the hydrocarbon layer in a 
1000-cc. separatory funnel and after gentle shaking and settling is 
drawn off and discarded. One hundred cubic centimeters of fresh 
10 per cent sodium hydroxide solution are then added to the hydro
carbon in the funnel, shaken, and drawn off, followed by two 100-cc. 
water washes. Handling losses should be determined by carrying 
out a blank treatment and have been found by authors to be of the 
order of 1 per cent.

Five hundred cubic centimeters of the maleic anhydride- 
treated material are then carefully fractionated into cuts of the 
following boiling ranges: 40° to 70° C., 70° to 100° C., 100° to 
125° C., 125° to 1506 C., 150° to 180° C., and 180° to 210° C.

/20°\The volume percentage as well as the refractive index ( —  )
/ 20° \  '  D■' and density ( ) are measured for each cut and the cuts dis

carded. The errors in physical property measurements should 
not be greater than 0.0005 in the case of the density and 0.0002 
for the refractive index.

A portion of the stripped untreated sample is fractionally 
distilled to a vapor temperature of 125° C. and the overhead 
and bottoms are then treated twice with their own volume of 
91 per cent sulfuric acid following the procedure of Faragher, 
Morrell, and Levine (£). Each treatment is carried out in 250-cc. 
centrifuge tubes, and the sludge and acid are separated by cen
trifuging at 1800 to 2000 r. p. m. for 10 minutes. The acid layer 
is withdrawn by suction.

After the second application of 91 per cent acid the naphtha 
is washed in the treating tube with 70 per cent methanol to 
remove sulfonic acids. Each fraction is then distilled through a 
small Hempel column to a temperature 5° C. above the end point 
of the original naphtha to eliminate polymers.

The two fractions are now combined and the resulting sample 
is treated twice with its own volume of 98 per cent sulfuric acid 
and centrifuged. If serious emulsions are encountered it is 
treated with 70 per cent methanol. The sample is washed with 
two volumes of 2 per cent sodium hydroxide solution and then 
with two volumes of water. If methanol is used, it must be 
thoroughly wrater-washed from the sample in order to prevent 
interference in refractive index measurements.

Sufficient sample should be taken for distillation and sulfuric 
acid treatment to yield residues of treated hydrocarbon totaling 
at least 200 cc. The overhead portions are then combined and 
subjected to exactly the same fractionation as the maleic an
hydride-treated material, cutting the material again into the 
same 6 cuts by temperature and measuring the volume per cent, 
density, and refractive index of each cut. Handling losses should 
be evaluated and suitable corrections applied to the acid treating 
loss. The authors have found these handling losses to be of 
the order of 4 per cent.

Calculation of Results
Calculation of results is simplified by  means of the steps 

enumerated below. All results are reported on the basis of 
a sam ple boiling within the range 40° to 210° C.

C o n j u g a t e d  D i o l e f i n s .
1. Calculation of conjugated diolefin content on the basis of 

the sample stripped of volatile material.
Volume per cent of conjugated diolefins *=* (volum e per cent loss on maleic 

anhydride trea tm en t) — (volum e per cent handling loss)

A r o m a t ic s , C y c l ic  O l e f i n s , a n d  N o n c y c l ic  O l e f i n s .
2. Conversion of first fractionation (after maleic anhydride 

treat) to the stripped sample basis.
(Volume per cent of each cut) X

(100 — volum e per cent conjugated  diolefins) 
100

3. Conversion of second fractionation (after sulfuric acid 
treat) to the stripped sample basis.
(Volume per cent of each cut) X
[100 — (volume per cent acid treating loss — volume per cent handling loss) ]

100

4. Calculation of volume per cent aromatics plus olefins in 
each cut, on the basis of the cut from the first fractionation, by 
subtraction of the results in per cent of steps 2 and 3.

X  100per cent in 1st fractionation) — (volum e per cent in  2nd fractionation) 
volum e per cent in  1st fractionation

5. Calculation of the density and refractive index of the aro
matics plus olefins in each cut by means of these properties of 
the cuts before and after acid treatment and the result obtained 
in step 4.

where
A
B
C
D

(100B)-[C(100-£>)]
“  ------------------------ D ------------------------

density  or refractive index of arom atics plus olefins 
density  or refractive index before acid trea tm en t 
density  or refractive  index afte r acid trea tm en t 
volum e per cent arom atics plus olefins from  step  4

6. Calculation of refractivity intercept for aromatics plus
/20°\olefins in each cut from the density i -^ -J  and refractive index 

/20°\( )  obtained in step 5.

R efractiv ity  in te rcep t — refractive index — 0.5 density

7. Graphical analysis of the aromatics and olefins bv locating 
on a separate chart similar to Figure 2 for each cut tne refrac-
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tivity intercept from Table I and the density from Figure 3 
for pure aromatics, cyclic olefins, and noncyclic olefins. The 
density and refractivity intercept of the cut are then located on 
these charts and the graphical analyses carried out as described 
previously.

8. Conversion of graphical analysis results of each cut to the 
stripped sample basis for each component type.

Concentration in each cut «=* (result of step 2 — result of step 3)„X
/result of step 7 \
V 100 /

9. Addition of aromatic, cyclic olefin, and noncyclic olefin 
contents from step 8 to obtain concentration of each type in 
stripped sample.
N a p h t h e n e s  a n d  P a r a f f i n s .

10. Graphical analysis similar to step 7 for naphthenes and 
paraffins in each cut by means of the densities and refractivity 
intercepts of the cuts from the second distillation. Refractive 
intercepts for this analysis are taken from Table I and densities 
from Figure 4.

11. Conversion of graphical analysis results on each cut, 
from step 10, to the stripped sample basis for each component 
type.

Concentration in each cut = (result of step 3) X ^re3u^ °qq3*CI>

12. Addition of naphthenes and paraffin contents from step 
11 to obtain concentration of each type in stripped sample.

Discussion
This method does not provide for the determination of 

nonconjugated diolefins of either the cyclic or the noncyclic 
type. T hey are removed during the sulfuric acid treatment 
along w ith monoolefins and aromatics, but it is believed that 
their concentration in m ost petroleum fractions is negligible. 
On the graphical analysis triangle the point for the non
cyclic nonconjugated diolefins falls near that for the noncyclic 
monoolefins, while the point for the cyclic nonconjugated 
diolefins falls near that for the aromatics; therefore, when 
present they will be included with the noncyclic monoolefins 
and aromatics, respectively, in the analytical results. On 
the other hand the conjugated diolefins are very far removed, 
on the graphical analysis diagram, from these other groups 
and consequently their presence even in low concentrations 
m ight m aterially affect the physical properties of the mixture; 
hence the necessity for their removal.

Cyclic olefins wherein the double bond is located in a side 
chain were not included in the preparation of Table I nor 
the density-boiling point relationships. The latter relation
ship for these compounds, however, has been found to be 
very close to that for the cyclic olefins included in Table II  
for the range covered. The refractivity intercept of these 
compounds is slightly higher than the value for cyclic olefins 
given in the table. R esults for cyclic olefins would therefore 
be slightly low if an appreciable concentration of these 
compounds were present.

In the analysis of fractions of high conjugated diolefin 
content, values for both the cyclic and noncyclic types may 
be obtained by a calculation of the refractive index and 
density of the material removed by maleic anhydride fol
lowed by a graphical analysis. In fact, the intercepts of 
these two hydrocarbon types are so far apart that â  simple 
interpolation instead of a  graphical analysis is sufficient for 
the result.

In view  of the preliminary stripping to 40° C., the analysis 
is limited to materials boiling above this point, unless special 
precautions for handling these light materials are taken. 
Also, there m ay be a sm all distillation residue boiling below  
210° C., due to vapor hold-up in the flask. If desirable this 
residue can be taken overhead by adding to the flask some 
kerosene from which the naphtha residue can be fractionated. 
The kerosene should have an initial boiling point of a t least 
250° C. to  avoid naphtha contamination.

In this connection it  should be emphasized that the selec
tion of cut point temperatures previously given is somewhat 
arbitrary. The aim was to concentrate 6-carbon cyclics and 
7-carbon noncyclics in cut 2 , 7-carbon cyclics and 8-carbon 
noncyclics in cut 3, 8-carbon cyclics and 9-carbon noncyclics 
in cut 4, etc., although it  is not absolutely essential that this 
division be obtained. T he authors have found the tempera
tures given to be very useful in gasoline analyses. Fractions 
should have an appreciable boiling range because the method  
is dependent upon average values wherever the density- 
boiling point relationship is involved. In very narrow boiling 
fractions the assumption of an average relationship would 
be less valid, due to the limited number of compounds of 
each type present. W ith very wide boiling fractions the mid
temperature of the boiling range m ay differ appreciably from 
the weighted average boiling temperature and so impair the 
application of the density-boiling point relationship.

In  relating the density and boiling point, the relations 
given in Figures 3 and 4 for naphthenes and cyclic olefins 
are based entirely upon 5- and 6-carbon ring compounds 
because of the theory and evidence favoring the dominance 
of these compounds in these types.

T a b l e  V. T y p ic a l  C r a c k e d  D i s t i l l a t e  A n a l y s e s

Volume Per Cent
Sam ple 1 Sam ple 2

Noncyclic monoolefins 10.3 42 .6
Cyclic monoolefins 16.8 24 .0
A rom atics 25.1 14.3
N aphthenes 6 .3  11.4
Paraffins 4 1 .5  7 .7

The differences in the composition of the two cracked dis
tillates in Table V illustrate the application of this method to  
two materials representing extremes in composition.

Accuracy
I t  is very difficult to  state the accuracy that can be ex

pected from a method of this type. Obviously this is depend
ent upon how closely the composition of the hydrocarbon 
types approaches the averages used in the density-boiling  
point relationship. Considerable work was done on known  
mixtures of hydrocarbons and on gasoline analyses. Such 
analyses can be reproduced to 1 or 2 per cent (arithmetical).
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Spectrographic Analysis o f  B iological Material
II. B ism uth

JA C O B  CH O LA K , K e tte r in g  L a b o ra to ry  o f  A pp lied  P hysio lo g y , U n iv e rs ity  o f  C in c in n a ti ,  C in c in n a ti ,  O hio

A m ethod is reported for the spectro
graphic determ ination of b ism uth in  bio
logical m aterial. The m ethod is capable of 
detecting 0.00004 m g. o f b ism uth and can 
be used to  determ ine quantities from 0.001 
to 3.00 m g. w ith an average error of ±10 per 
cent. Samples as sm all as a fraction o f a 
gram of tissue or 25 to 50 cc. of urine m ay be 
used.

TH E  quantities of bism uth present in biological material 
m ay be determined by a m ethod similar to that de
scribed for lead {1, 2). I t  is necessary first to isolate the bis

m uth in a concentrated form, since the m ost sensitive bis-

F i g u r e  1

m uth line (X 3067.7) is partially masked by  the iron line at 
X 3067.3 when material rich in iron is being analyzed, and since 
the presence of a  faint narrow band in the spectrum of the 
graphite electrodes makes it  im possible to detect bismuth  
unless the short-wave edge of the band is enhanced by having 
at least 0.00004 mg. of bismuth in the arc. Bism uth is not a 
common contam inant of reagents and as its sulfide is one of 
the least soluble of the heavy m etals (solubility product =  
3.2 X  10 "91, 4), its separation and concentration are not 
attended by  great danger of contam ination or loss. The dis
advantage of increased manipulation is offset by the fact 
that the isolation of the bism uth permits the arcing of m aterial 
identical in composition w ith the standards used to derive the 
working curves.

Technic
The samples, digested with nitric acid and evaporated to 

dryness, are ashed in a muffle furnace maintained at a temperature

of 450° to 500° C. (Some difficulty due to fusing is encountered 
when materials rich in phosphates are ashed. Such samples, 
especially liver and brain, are best ashed by a wet method employ
ing sulfuric, nitric, and perchloric acids. If care is taken to 
destroy the char as soon as it is formed, bismuth will not be lost 
during" the process of ashing.) The time required for complete 
ashing may be shortened considerably if the gray ash produced 
after a few hours in the furnace is treated with nitric acid, evapo
rated to dryness, and again placed in the furnace for about 15 
minutes. The resulting white ash is dissolved in the smallest 
possible quantity of nitric acid and distilled water. The excess 
acid is neutralized with 20 per cent sodium hydroxide and the 
solution made just acid to methyl orange with (1 to 2) hydro
chloric acid. An excess of 3 cc. of (1 to 2) hydrochloric acid for 
each 50 cc. of solution is added and the solution is treated with 
hydrogen sulfide for 1 hour. After it has been permitted to 
stand overnight in order to coagulate colloidal bismuth sulfide, 
the sulfide is filtered off on a Munktell No. 00 filter paper and 
washed with a hydrogen sulfide-saturated solution of 0.1 per 
cent hydrochloric acid. The sulfides are dissolved from the paper 
with hot (1 to 1) nitric acid and the paper is washed several times 
with hot distilled water. The filtrates containing the bismuth 
are then adjusted to suitable volumes, as determined by the ap
parent quantity of sulfides obtained. Thus when a sample is 
small and when the sulfide is barely visible, the filtrate may be 
concentrated conveniently to 2 cc., which may then contain up 
to 0.06 mg. of bismuth. When the sulfides indicate the presence 
of considerable quantities of bismuth, any convenient concentra
tion between 0.2 and 3.0 mg. of bismuth per 100 cc. may be em
ployed.

Two cubic centimeters of the properly adjusted bismuth solu
tion and 2 cc. of a stock solution of inorganic salts containing 500 
mg. of zinc per 100 cc. (the zinc line X 3036 serves as the “internal 
standard”) are mixed in a graduated 15-ce. Pyrex centrifuge tube 
and evaporated to 2 cc. in a water bath. [The concentrated 
stock salt solution used as diluent and as base for the standard 
bismuth solutions is made up by dissolving 170.5 grams of sodium 
chloride, 63.5 grams of potassium chloride, 31.5 grams of calcium 
chloride (CaClj-6H20 ), 20 grams of magnesium chloride (M gClj- 
6H20 ), and 37.5 grams of sodium dihydrogen phosphate (NaH2- 
PO1H 2O) in 1 liter of 10 per cent hydrochloric acid. Portions 
of this solution (50 cc., diluted to 100 cc. and made to contain 
500 mg. of zinc) serve as the stock salt standard for mixing with 
the bismuth isolated from the samples and to make up the bis
muth standards used to derive the calibration curves. This solu-

0.01 002 005 0.10 020 0S> 1.0 ZO 50  IQO
LCXr CONCENTRATION (MG. Bi PER IOO cc)

F ig u r e  2
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T a b l e  I. B i s m u t h  R e c o v e r i e s

B ism uth  added,
mg. N il 0 .001 0 .01  0 .10  0 .25  0 .50  1 .00  2 .00

Bism uth  found,
mg. Nil 0 .0008 0 .008  0 .10  0 .23  0 .4 8  0 .9 8  1.80

N il 0 .0008 0 .009  0.085 0 .27  0 .50  1 .08  1.80

T a b l e  II . R e c o v e r y  o f  B is m u t h  f r o m  T is s u e s  a n d  E x c r e t a  
o f  a  R a b b it

(K illed one week afte r the  adm inistra tion  of 3.5 mg. of bism uth 
intravenously)

Tissue W eight
Grams

B ism uth Found 
Mo.

Blood 76.1 0.001
Liver 54 .8 0.013
Spleen
Kidneys

0 .7 0.000
11.5 0 .08

H eart 4 .1 0.000
Lungs 6.2 0.001
C entral nervous system 14.0 0.000
Testes 1.4 0.000
Bile 0.000
Pancreas '2 .1 0.004
M uscle 578.5 0.014
Bone 132.0 0 .18
Skin 208.4 0.01
In tes tin a l tra c t 132.2 0 .05
C ontents of tra c t 164.0 0.03
E ars, tail, and  feet 130.0 0 .10
R em ainder 
E n tire  carcass 

Urine 
Feces

T o ta l b ism uth  found in  excreta 
T o ta l b ism uth  found

348.0

2 .24
0.90

0 .05
0.533

3.140
3.673

tion has proved very satisfactory, in that the salts present are 
good conductors and give a very steady arc when used with the 
technic described (1). Moreover it is free from the excessive 
creeping which may give rise to incrustations about the crater 
of the electrodes. Such incrustations result in spectrograms with 
very dark backgrounds because of the high concentration of in
candescent salt particles in the arc.] Then a 0.2-cc. portion is 
introduced into each of 4 cratered graphite electrodes which are 
dried at 120° C. and arced in accordance with the technic de
scribed for lead (i) , while the region X2600 to X3S00 is 
photographed.

Following the suggestion of Lundegardh (S), two curves 
have been found useful in evaluating the densitometric values 
for the plates. The curve in  Figure 1, in which the opacity 
ratios (galvanometer throw for the zinc line/galvanometer 
throw for the bismuth line) are plotted against the bismuth 
concentrations, is employed when the average opacity ratio 
of the four spectra indicates less than 0.0004 mg. (0.20 mg. 
per 100 cc.) of bismuth on the .arc. This curve m ay also be 
used in estim ating higher amounts of bismuth by diluting

with a sufficient quantity of the diluent to reduce the bis
muth concentration. The alternative, when dealing with  
quantities above 0.20 mg. of bismuth per 100 cc., is to deter
mine the average density of the bismuth line corrected for 
variations in the density of the internal standard and to evalu
ate the bismuth concentration from the straight-line portion 
of Figure 2. These curves were plotted from the mean values 
of repeated observations on a series of solutions prepared by  
adding known quantities of bism uth and the required quantity  
of the “internal standard” to suitable volum es of the stock  
salt solution.

Applicability, Sensitivity, and Accuracy of 
Method

The recoveries for known amounts of bism uth added to 
digested portions of beef are tabulated in Table I. In Table 
II  are recorded the results obtained from the tissues and  
excreta of an experimental animal. The weights of tissue  
available have been recorded in order to indicate the size of 
samples which can be utilized. The error of analysis, as 
shown in Table I, naturally depends on the quantity of bis
m uth encountered. For amounts above 0.20 mg. the error 
is ± 1 0  per cent. For quantities from 0.01 to 0.20 mg. the 
error is about ± 0 .01  mg. The greatest proportional error 
naturally occurs w ith quantities below 0.01 mg., but the errors 
in the estim ation of extremely small amounts down to 0.001 
mg. rarely exceed ± 2 0  per cent. (Although much smaller 
quantities can be detected, a t least as low as 0.00004 mg., 
quantitative estim ations below 0.001 m g. do not appear suf
ficiently accurate to be useful because of mechanical losses, 
such as those caused by adsorption, and the passage of colloidal 
bismuth sulfide through the filter paper.) In the case of 
material free from iron and containing very little  ash, the 
separation of bismuth is of course unnecessary, and it  m ay  
well be that quantities as low as 0.0002 m g. of bismuth can 
be dealt w ith by  further concentrating the solution of the ash.
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D eterm ining Calcium  in  B lood  Serum
H. K . M U R E R ,1 W ash in g to n  A g ric u ltu ra l E x p e r im e n t S ta t io n ,  P u llm a n , W ash .

IN  T H E  determination of blood serum calcium by the Rymer 
and Lewis {!) modification of the Tisdall (2) method, the 

separation and washing of the calcium oxalate by  successive 
centrifuging are very time-consuming. There is also pos
sible loss while decanting and from creeping of the pre
cipitate.

B y  the use of 30-cc. sintered-glass Büchner funnels (desig
nation 3 G. 4), this centrifuging and decanting can be avoided.

Place 2 ml. of serum in the test tube, dilute with 2 ml. of water 
and 0.5 ml. of saturated ammonium oxalate, shake, and allow to 
stand overnight. Filter on the glass filters, and wash 
ammonia water (4 cc. of concentrated ammonia to 2o0 ml.). 
After removing the funnel, rinse out the portion below the niter,

1 P resen t address, 44 Irv ing  S t., Cam bridge, M ass.

place the funnel on top of test tube in the suction flask, dissolve 
the precipitate through the filter with three 2-ml. portions of 
hot N  sulfuric acid, applying suction after each addition of acid, 
and wash the filters with water. Remove and rinse the test tube 
and lower portion of filter into a 50-ml. beaker, heat to boiling, 
and titrate with dilute permanganate from a Koch automatic 
microburet.

Very satisfactory results were obtained w ith th is method  
which lends itself well to  fast routine work.
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Spectrographic Determ ination o f Platinum  
by the Constant-Pair Method

JA M E S  J .  M A N N IN G  AND JA M E S  C O U LL, C ooper U n io n  I n s t i t u te  o f  T ech n o lo g y , N ew  Y ork , N . Y.

WH ILE  investigating m inute impurities in  dental alloys 
by means of the spectrograph, the authors were able to 

develop a rapid m ethod for the determination of platinum. 
T he present method of cupellation and subsequent chemical 
analysis, although more precise, is long and tedious, besides 
being expensive. T he spectrographic method is not only  
simple of execution but the m ost rapid by  which the platinum  
content of precious m etal alloys, jeweler’s scrap, etc., m ay be 
obtained. I t  is the authors’ belief that this m ethod can be 
extended to include such m etals as palladium, gold, silver, 
rhodium, etc., w ith all the advantages mentioned above.

Inasmuch as the authors’ method has been evolved from a 
study of m any methods previously established, it  is desirable 
to give a brief account of these other methods.

A  previous method for the spectrographic determination of 
platinum in silver alloys, as developed by  de Laszlo (2), is 
based on the fading out of weak lines a t certain concentrations 
of platinum. A t threshold concentrations weak lines disappear 
until, as the concentration becomes smaller, only the persistent 
lines or rates ultimes remain on the photographic plate. The 
degree of correlation existing between the number of fine lines 
appearing in the spectrum and the concentration of platinum  
is one of the main factors governing the accuracy of this 
method. Undue stress, however, is n ot placed on the re
producibility of arc conditions, in going from one spectrum  
to  the next. The de Laszlo method, as used in the routine 
analysis of alloys containing sm all amounts of platinum, has 
an accuracy of ± 2 0  per cent of the am ount present.

T he authors have found that greater accuracy can be ob
tained by  counting the number of lines in  a given spectrum  
than by direct visual comparison of line intensities. This 
latter method, which enjoys widespread application, requires 
very rigorous control of arc conditions in order to reproduce 
the background present in the standard plate.

M ethod of Constant Internal Standard

I t  remained for Gerlach and Schweitzer (1 ) to  show, “that 
it  is not practical to establish on general principles an absolute 
system  of analyses which is based solely upon the measure
m ent of the intensity of spectrum lines of the elem ent which is 
to  be quantitatively determined.” Thus they compare in 
the same spectrum lines of the impurity w ith lines of the 
main constituent, where the latter is assumed to be present in 
constant amount or to vary only as the result of the variation 
in  the amount of the im purity to be determined. This ar
rangement eliminates any differences arising from changes in 
conditions of excitation, timing, photography, etc., since 
these latter affect both groups of lines similarly. For alloys 
having elements w ith m any lines of decided intensity varia
tion this method is excellent. In cases of elem ents having few  
lines, however, it  becomes a m atter of considerable difficulty 
to  find enough suitable pairs to compile a  reference table of 
any value. In precious m etal alloys where gold is the main 
constituent (present in varying am ounts), the above method  
cannot be used.

N itchie and Standen (3) modified Gerlach and Schweitzer's 
m ethod by adding to the sample in solution a constant amount 
of an element not originally present. The added element 
furnished spectrum lines of constant intensity which served

as a comparison standard in estim ating the percentages of 
the constituent to be determined. U sing a microphotometer, 
the intensity of the added element was compared w ith that 
of the elem ent being estim ated, and from known amounts of 
the latter, in standards, a calibration chart was constructed. 
This calibration chart could then be used in future analyses.
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F ig u r e  1

Constan t-Pair 
M ethod

In  th e  c a s e  o f  
d e n ta l  a l l o y s  the 
method of Gerlach 
and Schweitzer (1) 
cannot be used be
cause the main con
stituents a re  n o t  
present in constant 
a m o u n t .  T h e  
method of N itchie  
and Standen (S) can 
be employed where 
a microphotometer 
is available.

Obviously if an 
elem ent c o u ld  be  
fo u n d  w h ic h  be
haved like platinum  
in its arc spectrum, 
the am ount of plati
num in the sample 
could be estim ated  
from the concentra
t io n  o f  s u c h  an  
element. Some of 
the lines of this ele- 
m e n t  w o u ld  have 
the same intensity  
a s  so m e  o f  th e  
p la t in u m  lines if 
b o th  were present 
in equal a m o u n ts .  
B y noting the con
c e n tr a t io n  o f  the 
a d d e d  elem ent at 
which equal intensi
t i e s  a re  obtained, 
th e  percentage of 
platinum could be 
f o u n d .  S u c h  a 
m ethod would re
quire no calibration 
c u r v e  a n d  would  
se c u r e  the full ad
v a n ta g e  of the in
te r n a l  s ta n d a r d  
method. T he p r e 
l im in a r y  w o rk  
n e c e s s a r y  in  th e  
selection of a suit-
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able internal standard is som ewhat long and tedious, but once 
this has been done the determinations which follow are a 
m atter of simple routine.

Selection of Internal Standard
Confining attention to the work done in the proper selection  

of an internal standard for platinum, the authors were able to 
note the following facts: The element chosen as the internal 
standard m ust be absent from the sample or alloy which is 
the subject of analysis. Its spectrum m ust contain a sufficient 
number of suitable lines n ot too far removed from the platinum  
lines usually employed in  analysis. I t  m ust be subject to  the 
sam e sampling conditions as the element being determined—  
the two elem ents m ust be soluble in the same acids or at 
least be capable of giving a clear solution when their separate 
solutions are mixed or diluted.

Among the elem ents examined as to  their suitability to act 
as internal standards for platinum, aluminum, manganese, 
and nickel were eliminated because of the differences in their 
rates of volatilization as compared with platinum. The lack 
of suitable lines eliminated tungsten. Tin, bismuth, and 
antim ony were rejected on account of their failure to m eet the 
sampling conditions specified above. Molybdenum was found 
to be suitable and the final selection of this element was justi
fied by the results explained below.

Selection o f Constant Pair
Solutions were made by dissolving separately in aqua regia 

2-gram samples of pure molybdenum and platinum. These 
solutions were diluted to  various concentrations and mixed 
in equal volumes, so th at a series of solutions containing from 
0.4 to 0.03 per cent of each m etal was obtained. Spectro- 
graphic examination of these solutions as shown in Figure 1 
revealed the following pairs of lines.

Pair
Platinum
M olybdenum

2719.0
2816.1

3204.0
3208.8

2771.6
2775.4

2893.8
2871.6

Of these the matched constant pair marked D  was selected  
because the lines were sufficiently sensitive to record small 
changes in composition over the range studied; they were not 
basic or ultim ate lines subject to reversal, masking or halation 
effects were absent, and their close proximity to each other 
ensured uniform conditions in the emulsion.

In addition to D , the authors have selected as matched 
pairs A , B, and C, which were found to be very useful as an 
aid to checking results. A t the higher concentrations pair 
A  has the same intensity, whereas pair B  has the molybdenum  
line slightly more intense than the platinum line, and in pair 
C  the platinum line is more intense than the molybdenum  
line. These pairs are therefore useful in estimating roughly 
the am ount of platinum present in the solution.

Apparatus and Experimental Results
The spectrum from 2450 to 3300 A. was photographed on a 

25-cm. (10-inch) plate using a Bausch and Lomb Littrow-type 
quartz spectrograph of 70-mm. aperture and 183-cm. focal length. 
Three-minute exposures were found to be sufficient to volatilize 
all the platinum and molybdenum contained in the crater of the

 ̂ A 1-gram sample of the alloy dissolved in aqua regia was diluted 
to 25 cc. Three solutions, each of 10 cc., were prepared by taking 
equal volumes of alloy and molybdenum solutions, the latter at 
hitch, medium, and low concentrations. Spectra were obtained 
from these solutions by pipetting 0.15 cc. into each carbon crater 
and arcing when dry, using a current of l l .o  amperes. Inese 
spectra serve to indicate the approximate amount of platinum 
in the solution. A final plate was then made using the molyb
denum solutions over a narrower range of concentration until a 
matched pair of lines was obtained. In the hands of an experienced

operator five to seven solutions are required in obtaining a suit
able match.

Table I  shows the quantitative results obtained by the 
constant-pair method for a group of dental alloys. The 
analyses given in the second column are taken as correct, 
since they represent a t least six determinations of platinum. 
These determinations were carried out by cupellation of the 
alloy and precipitation of the platinum from the solution as 
ammonium chloroplatinate after removal of the gold.

T a b l e  I. Q u a n t i t a t i v e  R e s u l t s  w i t h  D e n t a l  A l l o t s

Sample

P la tinum
by

C upellation, etc.

P la tinum
by

Spectrograph Difference
AG 0.0250 0.0227 -0 .0 0 4 3
A7 0.0300 0.0350 + 0 .0 0 5 0
A8 0.0115 0.0130 +  0.0015
A3 0.0300 0.0280 -0 .0 0 2 0
A9 0.0102 0.0088 -0 .0 0 1 4
A1 0.0400 0.0370 -0 .0 0 3 0
A P 0.0129 0.0124 -0 .0 0 0 5

T he method as carried out should give an accuracy of 
=*=17 per cent of the total am ount of platinum present, by  
visual comparison of line intensities. I t  is probable that this 
accuracy could be greatly improved by determining line 
intensities using a densitometer.

Summary
A spectrographic method has been developed in which a 

rapid estim ation m ay be made of platinum in precious metal 
alloys, using molybdenum as the internal standard. Condi
tions governing the proper selection of elem ents used as 
internal standards are stated.
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Impact Machine for Rubber Testing
D eterm in ing the Stress-Strain D iagram  at H igh  Speed

G EO . J .  A LB E R T O N I 
T h e  G oodyear T ire  a n d  R u b b e r  C o m p an y , A k ro n , O h io

The m ain features of this im pact m a
chine are as follows: high speed of per
formance, 25,000 cm. per m inute, as com
pared w ith 50 per m inute by the ordinary 
m ethods, accurate and direct determ ination  
o f the energy absorbed at a speed in  reason
able agreement with performance, possi
bility o f determ ining the slress-strain  
relationship by im pact, possibility of de
term ining the m agnitude of decay on the  
energy storage capacity at successive cycles, 
possibility of determ ining the stress-strain  
characteristics o f uncured stocks by em 
phasizing the elastic phase under condi
tions of high speed, and sim plicity of 
m aniptdations required, leading to the 
possible application to routine control.

piece is carried by a cylinder capable of rotating around a pinion. 
The method of arresting and releasing the rotor is illustrated by 
the detailed view of the tripping device (Figure 3).

To secure the release of the test piece at different elongations, 
an arc is attached to the pendulum hammer. To this arc is 
secured a removable pin, capable of releasing the tripping device 
at any prefixed elongation of the test piece. The arc carries a 
series of holes at such distances as to operate at zero elongation, 
at 50, 100, 150, and every 50 per cent elongation up to 400 per 
cent. On the present machine, holes are also provided for 10, 
20, 30, 40 per cent, and also for 450 up to 650.

Experimental determinations, carried out by the use of fine 
metallic wire of proper lengths secured with the rubber test 
piece in proper position for test, tend to demonstrate that the 
test piece is fully released at the elongation required.

In  Figure 3 the arrows indicate the direction of the motions 
and illustrate the coordination of the m ovem ent of the arcu
ated member, w ith the release of the trigger.

T e s t  P i e c e  . Although different experiments were carried 
out, using the dumbbell test piece, the ring type was finally 
adopted for convenience. T he rings are cut from the ordinary

General Features

I N  CO NTRAST to  the ordinary standard procedure at low  
speed, various m ethods have been devised to carry out 

tensile tests of rubber under rapid application of load, with  
the purpose of securing more definite indications, at a speed 
in agreement w ith actual performance. T he application of 
those m ethods to  the study of the tensile properties of rub
ber stocks goes as far back as 1910, when Beadle and Stevens 
( 1 ) made use of the pendulum to investigate these properties. 
Their work applied to  rubber compounds of different com
positions and different loadings.

More recently, Van Rossem  and Beverdam (2) presented 
a set of results tending to  prove an optimum in the tensile 
properties, coinciding with the best cure as determined by  
practical observation.

However, all experiments, previous to those here reported, 
are limited to  the determination of the tensile strength of 
rubber, and no attem pt was made to extend the investigations 
to  the determination of the resistance of rubber at different 
elongations.

The machine here illustrated is designed to  measure not 
only the energy absorbed at break, under conditions of high 
speed, by impact, but also the stress-strain relation.

Figure 1 shows a general view of the im pact tester as 
designed by the author and in use at the Goodyear Research 
Laboratories. The pendulum hammer and the test piece are 
in position ready for test. Figure 2 represents a close view  
of the pendulum hammer and scales.

E l o n g a t i o n  F e a t u r e s . T he m ost im portant parts of 
the elongation system  are the tripping device and the arcuated 
member secured to the pendulum hammer.

The method of securing the test piece to the machine consists 
in having one of the two supporting pins capable of dropping 
from position whenever the lock is set free by the impact of the 
elongation pin secured at the arcuated member of the pendulum 
hammer. The dropping pin supporting one end of the test

F i g u r e  1. G e n e r a l  V i e w  o f  M a c h in e

A . A rcuated  m em ber on which are directly  indicated  settings of 
pin used to  tr ip  releasing device a t  different elongations of te st 
piece 

D. D ials
H . P endulum  ham m er
I .  Ind icato r
P , R. Paw l and  rack  a rrangem ent (used only for special purposes, 

pawls being norm ally k ep t in a lifted position)
S. P ins securing te st piece a t  proper position
T. S upport, a t  back of which is secured the  tripp ing  mechanism
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molded 2-mm. sheets, by the same procedure used for the 
dumbbell test piece. The diameter, measured at the middle 
of the width, is 7.0 cm.; the initial length is 11 cm. (half 
of the circumference). Figure 4 shows the three test pieces 
(6.3, 5, and 3 mm. in width) and the corresponding dies.

Operation
The procedure to  be followed in the operation of the machine 

can be considered in three w a y s:

1. Procedure required to obtain the maximum of accuracy 
necessary to calculatc the full extent of the stress-strain curves. 
A new test piece is required for the determination of each point.

2. Simplified procedure sufiicient to determine the energy 
absorbed by the test pieces at two elongations, a and 6 (preferably 
100 per cent apart), and to calculate the modulus at the elonga
tion (a +  &)/ 2.

3. Determination of the energy absorbed at break, to evaluate 
the relative tensile strength of the stocks and eventually their 
best cure.

Aside from the type of correction and the number of test 
pieces required, the method of operating the machine is 
substantially identical in all three cases. However, in deter
mining the tensile strength, the use of the releasing pin, set at 
the arcuated member of the hammer, is omitted, and the 
tripping device is kept in locked position.

The method of operation is as follows:

Raise the pendulum to the position for impact and set the pin 
in the arcuated member of the hammer at the position indicated

F ig u r e  2 . C l o s e  V i e w  o f  P e n d u l u m  H a m m e r  a n d  
S c a l e s

A . A rcuated m em ber a ttached  to  pendulum  ham m er
D. Degree scale (divided in tenths)
E. Openings for holding releasing pin a t  different elongation settings 
/ / .  Pendulum  ham m er , .
X. Ind icato r arrangem ent and  sliding supporting  disk, pressed (a t

back) by  a  series of sm all springs 
P . Pawls, with sm all ad justing  cam .
R. Roller a t  center of pendulum  ham m er, against which stretches 

central portion of lubricated  te s t piece while pendulum  advances 
S . Scale for corrected readings of available k inetic energy of pendulum

for the release of the test piece at the elongation wanted. Lubri
cate the test piece with castor oil, or castor oil diluted with a 
mixture of methanol ahd ether. Set the ring test piece, across 
the pendulum path, from the movable to the stationary pin and 
lock the trigger of the tripping device. Release the pendulum 
weight and record the readings of the dials.

In operating the machine, the pendulum ruptures or 
carries the test pieces to  a definite elongation when near or at 
the bottom  of the fall.

The difference between point II,  from which the center of 
gravity of the pendulum is allowed to drop, and height Hi, 
to which it rises at the other side of the stroke, is proportional 
to the energy required to break or to elongate the test piece. 
The energy absorbed is equal to:

W(II -  Hi) 
where W  =  weight of the pendulum

Construction Details and Calculation of Results
The total drop height and available drop heights of the 

pendulum hammer when due allowance is made for frictional 
resistances are:

Distance of the center of gravity from the axis of rotation, 
56.6 cm.

Maximum pendulum deviation from the vertical, 142.3°; 
total drop height, 101 cm.

Available drop height when correction is made for bearing 
and air resistance and for frictional resistance of the pointer, 
100 cm.

Available drop height when further correction is made for the 
resistance due to the tripping device, 98.5 cm.

On the dial for the direct reading of the per cent energy 
absorbed, when the elongation device is used, the graduation 
of the scale represents the drop in centimeters of the center 
of gravity of the hammer from 98.5 cm. above its lowest 
position.

Hammers of different weights were adopted on account of 
wide differences in resistance of the rubber stocks. The

o  o  o

o  o  o

F ig u r e  4. T e s t  P ie c e s  a n d  D i e s
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F i g u r e  5 . C a l c u l a t io n  o f  K g. p e r  Sq. C xi. V a l u e s  
f r o m  E n e r g y  A b s o r b e d  (K g. Cm. p e r  C c .)

F i g u r e  6 . E n e r g y  A b s o r b e d  a t  Low S p e e d

50 cm. per m inute, by  usual m ethods

F i g u r e  7 . E n e r g y  A b s o r b e d  a t  H i g h  S p e e d  b y  I m p a c t  

25,000 cm. per m inute

three weights used are 4,077, 10,695, and 13,325 grams. 
T hey are quickly interchangeable, being constructed of 
overlapping sections. Figures 1 and 2 illustrate a single
weight hammer of 10,695 grams.

T he average dimensions of the three test pieces used are 
as follows: m ean diameter of all three r in g’ test pieces, 
7.0 cm.; w idths, 6.3, 5.0, and 3.0 mm .; volum e per millimeter 
of thickness, 1.38, 1.08, 0.65 cc., respectively; average gage, 
1.8 mm.

T he factors for the calculation of the energy absorbed per 
unit volum e of the test piece, from calculations are as follow s:

T es t Pieca (1.8-M m . Gage)   F acto rs  fo r :-
W id th  Vol. 74.08-kg. w t. 10.69-kg. w t. 13.3-kg. w t.

j\fm. Cc. ■--------------------- Kg. cm. per cc.--------------------
6 .3  2 .4 9  1.61 4 .23  5 .2 6
5 .0  1.95 2 .0 6  5 .4 0  6 .72
3 .0  1 .17  3 .43  9 .0 0  11.20

100 2 0 0  3 0 0
%  ELONGATION

F i g u r e  8 . S t r e s s -S t r a i x  R e l a t io n s h i p  b y  
I m p a c t

Kg. per sq. cm. calculated  from  kg. cm. per cc. values

T he factors, based on the equivalence of results, from  
experimental data are:

T es t Piece (1.8-M m . Gage) -----------------------Facto rs for: -
W id th  Vol. 4.08-kg. w t. 10.69-kg. w t. 13.3-kg. wt.
M m . Cc. ,---------------------Kg. cm. per cc.------------------- -
6 .3  2 .4 9  1 .7  4 .2 3  5 .2
5 .0  1.95 2 .0  5 .3  6 .5
3 .0  1.17 3 .3  8 .7  10 .8

The actual drop height of the hammer at different elonga
tions is:

Elonga
tion

D rop
H eignt

Elonga
tion

D rop
H eignt

Elonga
tion

D rop
H eight

% Cm, % Cm. % Cm.
20 95 .2 300 9 9 .8 500 96 .2

100
200

96 .9
98 .1

400 98 .4 600 9 4 .9

100 2 0 0  3 0 0
%  E L O N G A T IO N

—  ' g a s
  n
  2
—  u

STRESS STRAIN CUR V E S 

BY IM P A C T

200----------------------

%  E L O N G A T I O N

°/'o
2  00

E L O N G A T I O N
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T a b l e  I. E n e r g y  A b s o r p t io n - ( K g . Cm. p e r  Cc.) G a s  B l a c k  L o a d in g s , V o l u m e s

✓------------------------------------------------------------------------------- Gas Black Loadings, Volumes------------------------------------------------------------------
,---------- 0 ----------- • ,-----------5 ------------  1 0 -----------*   20-----------• , 2 5 ---------- . .--------- -30 -----------. ,-----------35

Elongation
%
50

50° 25,000“ 50“ 25,000a 50° 25,000« 50* 25,000a 50a 25,000d 50a 25,000a 50a 25,000"

3 1 4 1 6 2 8 3 13 5 17 7 24
100 1 6 2 9 3 12 5 22 8 32 13 43 19 57
150 2 10 4 14 6 20 15 42 20 58 30 79 4L 103
200 4 14 8 21 12 34 33 70 44 98 57 128 76 166
250 8 21 12 31 21 52 60 108 78 149 97 196 126 250
300 12 27 20 43 36 76 96 156 122 214 149 278 192 354
350 18 36 28 58 58 108 140 217 178 296 216 370 272
400 26 48 40 76 86 144 190 290 244 384 290 364

a Cm. per m inute.

For ordinary determinations, th is correction is generally 
not required but was applied in calculating the results illus
trated here.

The correction for frictional resistance of the test piece, 
at the pins, was calculated as the energy absorbed at no 
elongation by releasing the tripping device at such position, 
and recording the energy absorbed. This determination is 
desirable to establish the operating condition of the machine 
and the characteristics of the stock tested. The values range 
between 5 and 7 kg. cm. per cc., according to the type of 
stock. The results are very uniform when the test piece is 
previously lubricated, as indicated under “Operation.”

The striking velocity of the pendulum hammer is calculated 
from the equation

V  =  V T g s  
where V  =  velocity at end of time t, sec.

S  =  vertical space traversed in time I (100 cm.)
G =  acceleration of gravity (980)
V =  V 2  X 980 X 100 

= 443 cm. per sec.
=  26,580 cm. per min.
=  10 miles per hour

F i g u r e  9 . E n e r g y  A b s o r b e d  b y  I m p a c t

'L A t 250 and  350 per cen t elongation, and  calculated modulus a t 300

The calculation of the stress-strain curves (in kg. per sq. 
cm.) from the relation between elongation and energy ab
sorbed (in kg. cm. per cc.) is made as follows:

The area under the stress-strain- curves can, with sufficient 
degree of approximation, be divided into a series of trapeziums.

The number of kg. per sq. cm. at E  per cent elongation =  
[(kg. cm./cc. at elongation E +  A) — (kg. cm ./cc. at elongation 
E — A) \ multiplied by 100/2 A.

The area under the curve representing kg. cm. per cc. between 
0 and 50 per cent elongation can be considered as a triangle. 
The number of kg. per sq. cm. at 25 per cent elongation can be 
considered equal to the number of kg. cm. per cc. at 50 per cent 
elongation.

Figure 5 illustrates graphically the procedure used to calcu
late the stress-strain curve from the values of kg, cm. per cc.

Experimental Applications to Vulcanized Rubber
The following is a series of tests applied to vulcanized rub

ber. N o attem pt is made to illustrate the application of 
the machine to uncured stock.

C o m p o s i t i o n  a n d  C u r e . The composition of the stocks 
tested was as follows:

Stock No. V-92 V-93 V-94 V-95 V-96 V-97 V-98
R ubber 100 100 100 100 100 100 100
Gas black None 9 .4 18.8 3 7 .5 47 .1 56.4 6 5 .8
Zinc oxide 5 5 5 5 5 5 5
Sulfur 3 3 3 3 3 3 3
Stearic acid 4 4 4 4 4 4 4
C a p t  a  x (m er- 

c a p to b e n z o -
thiazole) 0 .35 0.50 0 .8 0 1.2 1.3 1 .3 1 .3

Vol. gas black
loading 0 5 10 20 25 30 35

Cures were 35, 50, 70, 100, and 140 m inutes at 260° F. 
T he best cure, as judged by tear and practical observation, 
was 70 minutes. Therefore, in the following tests (except for 
the application of the im pact test to the determination of 
the best cure), only the 70-m inute cure was represented.

E l o n g a t i o n  a n d  E n e r g y  A b s o r b e d . T he relation 
between elongation and energy absorbed a t low speed by 
the usual methods and at high speed by im pact is shown in 
Figures 6 and 7. The comparison between energy storage 
capacity at 50 and at 25,000 cm. per minute is given in Table I.

S t k e s s - S t r a i n  D a t a . T he stress-strain curves by impact, 
calculated from the relation between elongation and energy 
absorbed, are given in Figure 8. The stress-strain data 
calculated from Table I are as follows:

,------------------- Gas Black C onten t, V olum es:----------------- —»
E longation  0 5 10 20 25 30 35

%  ,------------------------------ Kg. per sq. cm.-------------   *

25 3 4 6 8 13 17 24
100 7 10 14 34 45 62 79
150 8 12 22 48 66 85 109
200 11 17 32 66 91 117 147
250 13 22 42 86 116 150 188
300 15 27 56 109 147 174
350 21 33 68 134 170

S i m p l i f i e d  D e t e r m i n a t i o n  o f  E n e r g y  A b s o r p t i o n  
a n d  M o d u l u s . A  simplified procedure limited to the deter-



31 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 9, NO. 1

mination of the energy storage capacity a t 250 and 350 per 
cent elongation and to  modulus at 300 per cent is shown in 
Figure 9 and in Table II.

E n erg y  A bso r ptio n  at B r e a k . T he energy storage 
capacity at break in relation to best cure is shown in Figure 10.

Probably one of the m ost useful applications of the im pact 
test is the determination of the best cure, from the standpoint 
of energy storage capacity. The difference between cure is, 
in some cases, not very accentuated and alm ost on the lim it 
of the errors involved in the test. However, the general trend

is, in m ost cases, sufficient to indicate the true value of the 
best cure.

T a b l e  II
/-------------- Gas B lack C on ten t of Stock, Volum es:-------------- *

E longation  None 5 10 20 25 30 35
%

350 11 .3“ 16 .9“ 2 8 .8 “ 5 5 .3 “ 5 8 .8 “ 4 4 .5 “ (52)°
250 7 .7 “ 10 .4“ 1 5 .4 “ 2 9 .0 “ 3 0 .9 “ 2 4 .4 “ 3 0 .7 “

/------------------------- T est Piece W idth , M m .:------------------------- >
■; 6 . 3 -----------------  5  i. 3 -----------------.

E xperim ental F acto rs
  4 . 2 ------------- . 5 .3  , 8 .7----------------

Energy Storage C apacity
350 476 716 1216 2326 3126 3876 (452)6
250 32b 446 056 1226 1646 2126 2676

M odulus
300 15« 27 c 56 c 110e 148c 175 c 185c

“ Scale reading (per cent energy absorbed).
6 Values m arked “ m ultiplied by the  corresponding factors. 
c M odulus (kg. per sq. cm .), calculated from  values m arked 6.

Following is a comparison of results obtained at 50 cm. 
per minute w ith those at more than 25,000 cm. by impact; 
the cures were 35, 50, 70, 100, and 140 m inutes at 260° F.:

Ratings in % of Lowest Cure Values-
Stock Gas Black 50-

—A t low 
70-

speed—
100- 140- 50-

- B y  im p a c t-  
70- 100- 140-

No. Loading min. m in. min. min. min. m in. min. mi n.

V-92
Vol.

None 116 118 128 132 108 113 106 101
93 5 169 228 295 340 118 123 110 104
94 10 163 234 267 297 132 152 146 126
95 20 157 207 237 243 110 116 104 83
96 25 140 206 192 178 104 99 90 68
97 30 131 178 138 119 100 98 77 62
98 35 128 147 128 112 99 97 75 47
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A Standard Q uinhydrone Electrode
V ER N ER  SC IÏO M A K E R  a n d  D . J . BROW N 

Avcry L a b o ra to ry  o f  C h e m is try , U n iv e rs ity  o f  N eb ra sk a , L in co ln , N eb r.

I T  W AS the authors’ purpose to prepare an electrode readily 
w ithout use of balance or volumetric apparatus. Of those 

studied, a quinhydrone half cell in  wliich the solution is potas
sium tetroxalate, saturated at 0°, was found to be very satis
factory.

The saturated calomel electrode was used as the reference 
half cell. In all the determinations the calomel half cells were 
of the same reproducibility as those prepared by Samuelson, 
(5) and the sam e precautions were used in their preparation. 
The value + 0 .2446  +  0.00020 (t — 25) was used to calculate 
the values for the quinhydrone electrode (1, 2). However, 
if the temperature coefficient of the hydrogen electrode at 
all temperatures is called zero, the temperature coefficient 
of the saturated calomel half cell is —0.66 m v. per degree (0). 
Values on this basis are also included.

Since the authors were attempting to prepare a half cell for 
general laboratory use, ordinary distilled water was used.

Eastman’s quinhydrone was carefully recrystallized from water. 
However, observations made using the quinhydrone as received 
varied less than 0.1 mv. from the purified product.

A sample of the best grade of potassium tetroxalate (Merck) 
was twice recrystallized. The resulting salt, the original material, 
and salts from other sources, including a very old sample (Eimer 
and Amend), all gave the same results.

A solution of potassium tetroxalate nearly saturated at room 
temperature was placed in an ice bath, vigorously stirred for 2 
or 3 hours, and then decanted through a glass tube which con
tained a plug of carefully washed cotton.

A “nest” of half cells, similar to those used by Samuelson (<5), 
was prepared for each type of solution, and these half cells were 
measured against one another. The average deviation in milli
volts during a series of observations is included in Table I. One 
of these was then compared with one of a nest of calomel half
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cells which had been likewise interchecked and found to have a 
very small average deviation.

A sufficient quantity of the tetroxalate solution for several half 
cells was saturated with quinhydrone, and several half cells were 
filled. The balance of the solution was used to wash the platinum 
foil electrodes, which were prepared as directed by Morgan. 
Lammert, and Campbell (4 ) and kept in water. Before use they 
were thoroughly washed with the solution of the half cell, but 
when transferred from one solution to another they were washed 
thoroughly with the latter solution only. To detect possible 
misbehavior of the electrodes, they were checked against one 
another in some of the solution before each run, and were not 
used untO they agreed within 0.02 mv.

The liquid junction between the nest of calomel electrodes and 
of the quinhydrone electrodes was effected by means of “glass- 
stoppered” salt bridges built according to the directions of 
Irving and Smith (3).

A Leeds & Northrup Type K potentiometer equipped with a 
type R galvanometer was used in connection with a calibrated 
Weston cell.

The potential of the tetroxalate-quinhydrone electrode was 
calculated at 25° C. and its temperature coefficient expressed 
either absolutely (1 , 2 ) or relatively to the hydrogen electrode 
at all temperatures as zero (6).

The resistance of the cell was found to be comparatively 
low. If a  current of 0.1 microampere, sufficient to deflect the 
galvanometer 3 cm. on the scale, flowed for 20 seconds, the 
maximum effect was 0.05 m v. This polarization disappeared 
within 20 seconds, or more quickly if stirred.

The new half cell is very easily prepared without use of 
balance or volumetric apparatus. The materials are easily  
obtainable. 'While the temperature coefficient is high, so is

T a b l e  I. Q u i n h y d r o n e  E l e c t r o d e

Average E . m. f.
E . ra. f. D evia of Calomel

Tem p. Observed tion 1« 116
Mv.

0 0.36566 0.07 0.2396 0.24625
25 0.35236 0 .04 0.2446 0.2446
35 0.34743 0.06 0.2466 0.2380

E . m . f.
Ia 116

0.60526 0.61191 
0.59696 0 .59595 
0.59403 0 .5854

a Absolute.
6 R elative to  hydrogen electrode.

AE
-£ijï =  —0.31 mv. degree 

■~^r =  —0.1.17 mv. degree

that of the half cells to be measured, and, since in ordinary 
work the temperature coefficients are not considered, the 
observed values will be more nearly true than if the com
parison half cell had a lower value. For these reasons the 
authors believe this quinhydrone-potassium tetroxalate 
electrode is very suitable for ordinary laboratory work.
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Determ ination o f the Ash Content o f  
Sugar Products

A Standardized Sulfated A sli M ethod

R . V A LD EZ1 AND F . C A M PS-C A M PIN S,S M a s sa c h u se tts  I n s t i t u te  o f  T e ch n o lo g y , C am b rid g e , M ass.

Experiments showed that the sulfated 
ash m ethod needed to be standardized as to  
the tim e and temperature of heating of the 
resulfated ash. A standard m ethod was 
worked out, based on the therm al decompo
sition of pure sulfates. A technic was de
vised for ashing large am ounts of low-ash  
samples. The m ethod is suitable for ash 
adsorption studies, etc., where precision 
m easurem ents are necessary.

T H E  methods for the determination of the ash content 
of sugar products are of two types— i. e.. gravimetric 

and conductometric. As the latter is interpreted in terms of 
the former, it is obvious that gravimetric methods are the 
basis of all quantitative ash measurement. There are two 
gravimetric methods— the carbonated ash method and the 
sulfated ash method.

C arbo na ted  A sh  M eth o d . Browne and Gamble (2 ) have 
shown that the ash content as measured by the carbonated

1 P resen t address, C entral Valdez, G uayas Prov., E cuador.
* P resen t address, N ational Adhesives C orp., New Y ork, N . Y.

ash method is affected by the partial and variable loss of 
chlorine, nitrogen, and sulfur from the sample during in
cineration. Thus the percentages of these constituents so 
lost vary according to the method of burning and the nature 
of the bases w ith which these elem ents are combined. This 
means that the method is unsuitable for the determination of 
comparable values of the ash content at various stages of 
the fabrication process or before and after treatm ent w ith  
some ash adsorbent. For these reasons the use of the method  
has been discontinued.

Su lfa ted  A sh  M eth o d . In this method (1) the partly  
dried sample of sugar product is moistened with concentrated  
sulfuric acid and then incinerated till a white ash is obtained. 
This ash is taken up writh a few drops of sulfuric acid— i. e., 
resulfated. T he excess acid is driven off by heating and 
the w eight of ash recorded.

All the volatile constituents of the ash are driven off by  
the acid treatm ent. Obviously, owing to the variation in 
the composition of the sulfatable salts as well as the amounts 
of the inert m atter present, there is no correlation between  
the sulfated and carbonated ash values.

Purpose of Resulfation
In the ash obtained by the decarbonization of the sulfated  

sugar product, qualitative tests have shown (1) the presence
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of sulfides; this is in accord w ith the findings of Schweizer 
(S); and (2) the presence of chlorides in the case of low- 
grade products— e. g., molasses— hydrogen chloride fumes 
being liberated when sulfuric acid is added to the ash.

This means that resulfation of the ash effects its sulfation 
by the conversion of sulfides into sulfates and by driving off 
volatile constituents when the addition of sulfuric acid to 
the sugar product is ineffective, inadequate, or absent. A ny  
sulfuric acid added to the sugar product reacts during the 
decarbonization process, not only w ith  the ash but also with  
the decomposing sucrose; and the latter is by far the pre
dominating component. This explains the presence of 
chlorides and sulfides in the ash prior to resulfation, and the 
discrepancy in the results when resulfation is not used.

Standardization of Method
The need for the standardization of the tim e and tempera

ture of heating of the resulfated ash is brought out by the 
following experiment: A  sample of raw cane sugar was sul- 
fated and ashed and the ash so obtained was heated for the 
tim e and temperature specified, resulfation of the ash being 
performed prior to each heat treatment.

T a b le  I. R e s u l f a t i o n
T em peratu re  of Tim e of W eight of

H eating  H eating  Ash
° F. ° C. Hours Gram

Before resulfation 1000 538 5 0 .376
Ash resu lfa ted  580 304 4 0 .450

1200 649 2 0.387
1480 804 1 0 .384

A typical result is given in Table I, which shows that apart 
from the gain in weight on resulfation, the w eight of the 
resulfated ash is a function of the time and temperature 
of heating; and that the rate of decomposition of the sulfates 
increases w ith increase in temperature. The m ost striking  
feature is that the result a t 580° F. (304° C.) is some 17 per 
cent higher than the value at 1480° F . (804° C .).

Further experiments were carried out to note whether
(1) the ash w eights approach a constant value as the tem 
perature rises— i. e., a weight a t which the salts that tend to 
decompose are decomposed— and (2) the position of the ash 
in the muffle furnace has any bearing on its weight.

The resulfated ash from a raw sugar solution was heat- 
treated as shown in Table II.

T a b le  II. H e a t  T r e a tm e n t  o f  R e s u l f a t e d  A sh

T em peratu re Tim e I«
------W eight of Ash—

II I l l
° F Hours Gram Gram Gram

580 4 0.1807 0.1801 0.1812
5S0 20 0.1767 0.1776 0.1782

1000 2 0.1512 0.1521 0.1517
1000 20 0.1507 0.1511 0.1502
1480 1 0.1477 0.1481 0.1479
1480 16 0.1458 0.1464 0.1472

° Position in muffle: I ,  fa rth es t in; I I I ,  near m outh.

Further data showed that samples’ incinerated near the 
m outh of the muffle possessed in practically all cases higher 
w eights than samples heated well inside the muffle: Ash 
weight III  >  ash weight II >  ash weight I. D ata also 
showed that an 8 per cent loss in weight occurred between  
1500° and 1700° F . (816° and 927° C .).

T he conclusions from the above data are (a) the salts do 
not arrive at a constant state of composition but continue 
to decompose even when im practicably high temperatures 
arc reached; (b) for a given temperature after a certain time 
the raté of decomposition of the sulfates is slow; and (c) 
resulfated samples heated near the m outh of the muffle 
furnace have larger weights than those heated well inside the 
furnace. This is explicable on the basis of a temperature 
gradient iii the furnace m ainly due to the distribution of the 
heat insulation.

In order to select the m ost suitable time and temperature 
for the heating of the resulfated ash, the thermal decomposi
tion of pure sulfates was studied. The sulfates chosen were 
those which were known to occur in the ash of sugar products.

P r o c e d u h e : The weight of the pure sulfate was noted. The 
salt was then heated for varying times and temperatures, and 
the weight taken; prior to each heat treatment the sample was 
resulfated so as to copy the conditions used in the ash determina
tion. The composition of the salt was determined by the ratio 
of the weight of partially decomposed product to the weight of 
the sulfate. When the decomposition of the salt was complete, 
this ratio became equal to that of the ratio of the formula weight 
of the oxide to that of the sulfate for the salt in question (Table 
III).

T a b l e  III. S u m m a r y  o f  R e s u l t s

Assumed W eight of P roduct 
W eight of P ro d u ct Form ula  W eight C orresponding

Sulfate Used W eight of Sulfate of P roduct to  Assumed Form ula 
4-H our H eat T rea tm en t a t  580° F . (304° C.)

K:SO. 1.45 K :S;O j 0 .999
Na=SO. 1.56 Na-SiOî 1
CaSO. 1 CaSO. 1
MgSO. 1 M gSO. 1
Fei(SO.)a 1 F cî(SO.)j 1
Ah(SO .)j 1 Al.(SO.)j 1

2-H our H eat T rea tm e n t a t  1200° F . (649° C.)
K:SOt 1 K.SO. 1
N a.SO . 1 N aiSO . 1
CaSO« 1 CaSO. 1
M gSO. I MgSO. 1
Fe:(SO .)i 0 .40  Fe:Oj 1
Al:(SO.)j 0 .84  AliOj 2 .82

1-Hour H eat T rea tm en t a t  1480° F. (804° C.)
KsSO. 1 K ;SOi 1
N a;SO. 1 N a:SO. 1
CaSO. 0 .9 8  CaSO. 0 .98
MgSO. I M gSO. 1
Fei(SO .)i 0 .40  FeiOi 1
Ah(SO.)i 0 .29  Al.Oi 1

The choice of the times and temperatures was based on 
the following facts:

Even after 20 hours at 580° F. both ferric sulfate and aluminum 
sulfate were practically undecomposed.

After 2 hours at 1200° F., Fe2(SOj)3 is converted completely 
into Fe20 3.

After 1 hour at 1480° F., Al2(SO.)3 is completely decomposed 
into A120 3.

The sodium and potassium salts, when heated for less than 
4 hours at 580° F. after treatment with sulfuric acid, gave weights 
greater than required by the formulas K2S2O7 and N a2S20?.

These experiments show that the order of decomposition  
of the sulfates in the resulfated ash as the temperature in
creased is as follows: (1) sodium and potassium pyrosulfates, 
(2) ferric sulfate, (3) aluminum sulfate, and (4) calcium sul
fate, the temperature range for the decompositions being 
from 580° to beyond 1700° F.

T a b le  IV. T y p ic a l  R e s u l t s
Ash per 

100 Gram s 
P u rity  of Borax

x Ash W eights » A m ount of in
A B C  Ashed Sam ple Sam ple 

Cc. Grams

1.3777 1.3771   50" 74 4 .5
0 .5113 0.51136   50" 85 1.7
0 .2470 0 .2460   50* . . .  0 .8
0 .1248 0 .1250   50'* 99 0 .4

G ranu la ted  sugar 0 .0083 0 .0083 0 .0085 100c 99 .99  0 .01
a A t 50° Brix.
6 This sam ple prior to  resulfation  showed w eights of 0.4790 and  0.4904 due 

to  incom plete su lfa tion—i. e., the presence of chlorides.
* A t 61° Brix.

Therefore the tim e and temperature of heating of the re
sulfated ash m ust be standardized; and the m ost appro
priate conditions were 1480° F. for 1 hour. Thus, while 
reproducible results were obtained for sugar solutions at the 
two other time-temperature conditions stated, 1480° F. was 
chosen because it  was rapid and because under certain con

Samples

C rystallizer ) 
R em elt sirup  J 
C rystallizer 
R em elt sugars 
Raw  sugar
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ditions of heating (above about 1200° F.) the ferric oxide in 
the ash does not resulfate except by digestion of the ash with  
hydrochloric acid prior to the sulfuric acid treatment.

These experiments also explain the large difference between 
the asli weights of a sugar solution at 580° and at 1480° P., 
due m ainly to the pyrosulfates of sodium and potassium. 
The sm all percentages of iron and aluminum in sugar ash 
cannot account for the 17 per cent increase in weight between 
1480° and 580° F., whereas the percentages of alkali metals 
range around 30 per cent; so that when we realize that the 
formation of pyrosulfates can increase this value to 30 X 
1.5 =  45 we find therein the main cause of the 17 per cent 
increase noted above.

Standardized Method
Add a few cubic centimeters of sulfuric acid to the sugar 

product and decarbonize in the usual way at 1000° F. Add a 
few drops of sulfuric acid to the carbon-free ash; and drive off 
the excess acid over a free flame. Heat the resulfated ash at 
1480° F. for 1 hour in a muffle furnace, cool in a desiccator, and 
weigh.

To test this procedure on a wide variety of samples, a method 
was devised for the carbonization of large amounts of low- 
ash samples.

D r o p  M e t h o d . For samples of low ash content, the 
am ount of sample carbonized and ashed m ust necessarily 
be large if an appropriate weight of ash is to be obtained.

The solution of the sugar product (say at 50° Brix) plus a 
few cubic centimeters of sulfuric acid was allowed to drop slowly 
from a pipet into a platinum dish heated over a small open 
flame so as to bring about the dropwise carbonization of the 
sample without any sputtering. In this way some 60 to 100 
grams of the sample were carbonized in a dish of 100-cc. capacity; 
The admixture of the acid with the sample facilitated the char
ring of the drops in the heated dish. The rate of dropping was 
regulated by a screw clamp which saddled a piece of rubber tubing 
placed over the top of the pipet.

P r e c i s i o n  o p  S t a n d a r d i z e d  M e t h o d . D uplicate ash 
determinations agree to within 0.5 per cent. Where the ash 
weight was too low for this precision, the results checked 
within the precision of weighing. A few typical results are

shown in Table IV. The method was successfully applied to 
char-treated liquors.

P r e c a u t i o n s . As it is not practicable to elim inate the 
temperature gradient in the muffle furnace, trouble from this 
source must be minimized by using one zone (say two or three 
platinum dishes deep) in the muffle for all determinations.

Too rapid heating is the source of loss of sample by spat
tering in the decarbonization process, as well as in driving 
off the excess sulfuric acid after resulfation. Some charred 
matter is lost if the carbonized sample is inserted into too 
hot a muffle furnace [1000° F. (538° C.) is recommended].

Conclusions
The sulfated ash method using resulfation of the ash is 

capable of giving results differing by 17 per cent or more, 
depending on the time and temperature of heating of the 
resulfated ash.

The heating of the resulfated ash for 1 hour at 1480° F. 
(804° C.) yields all the sulfatable metals as sulfates except 
iron and aluminum, which are com pletely decomposed into 
the oxide. Duplicate results agree to 0.5 per cent when the  
ash weights can be determined with that precision.

Large amounts of low-ash samples can be carbonized by  
using the drop method. In  this w ay ash determinations can  
be carried out w ith great precision on low-ash samples.

No account is taken of the chemistry of phosphates. There 
is evidence th at Ca3(POj)2 on treatment w ith sulfuric acid 
yields sulfate and pyrophosphate, w ith a gain in weight de
pending on the amount of transformation.
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Effect o f Time 011 the Iodom etric Method 
o f Sugar Analysis

H O K E  S. M IL L E R , C o lu m b ia  U n iv e rs ity , New Y ork , N . Y.

T H E iodometric method of sugar analysis is based upon 
the oxidation of aldose sugars to their corresponding 

acids by an alkaline solution of iodine according to the fol
lowing reaction:

RCHO +  I2 +  3NaOH — >- RCOONa +  2NaI +  2H20

Since ketose sugars are only negligibly affected under con
trolled conditions, a number of investigators (1, 2, 5) have in 
this way proposed a method of identifying and quantitatively  
determining aldose sugars in the presence of ketoses. There 
is a voluminous literature concerning the merits and demerits 
of various alkali media, while investigators have apparently 
touched only sparingly upon the question of the relative ease 
by which different members of aldose sugars are oxidized  
under identical conditions.

Using sodium carbonate as an alkaline medium, Cajori
(2 ) calls attention to the fact that the oxidation of maltose 
by iodine proceeds more slowly than the oxidation of glucose.

Where glucose was completely oxidized in 25 minutes, mal
tose under the same conditions required 35 minutes. This 
question of tim e is an im portant one and should not be over
looked. The author presents data showing the relative 
length of tim e between the oxidation of glucose and lactose 
by an alkaline solution of iodine under the same conditions.

Chemicals
All chemicals used were c. p . quality corresponding to the 

following descriptions :

Iodine-potassium iodide solution: 12.69 grams of iodine plus 
16.60 grams of potassium iodide, dissolved in distilled water and 
diluted to a liter.

Sodium thiosulfate solution: 24.8 grams of sodium thiosulfate 
pentahydrate, dissolved in distilled water, heated to boiling, 
cooled, and diluted to 2 liters.

Sodium hydroxide solution: 0.1 N  sodium hydroxide, pre
pared from the corresponding saturated solution free from 
carbonate.
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Glucose: The [a]JD'° of the glucose (10 grams in 100 cc. of 
solution) was found to be 52.45.

Lactose monohydrate: The [a]3D5° of the lactose monohydrate 
was 52.90.

Sucrose: Optical measurements showed it to be 99.68 per 
cent pure.

Potassium dichromate solution: The potassium dichromate
was recrystallized from water and dried overnight in an oven 
at 100° C., after which 3.8639 grams were dissolved in distilled 
water and diluted to 1 liter. This solution was used as a primary 
standard against which the thiosulfate solution was standardized.

Starch solution was prepared fresh daily.

Procedure
The procedure adopted was essentially that employed by 

Kline and Acree (3). Twenty-five cubic centimeters of the 
sugar solution were pipetted into a 250-cc. ground-glass 
stoppered flask, to which were added the iodine and sodium  
hydroxide solutions successively in  approximately 4- and 
7-cc. portions, respectively, w ith shaking after each addition. 
All the experiments were performed at 25° C. The length  
of tim e indicated in Tables I to V  was reckoned from the 
tim e the iodine and alkali were added to the sugar solution  
until the solution was made slightly acid w ith sulfuric acid, 
the iodine unused being titrated im mediately afterwards 
with the standard thiosulfate solution.

Some typical results obtained with the dextrose are shown 
in Table I. I t  is significant to note that 8 m inutes is the 
optimum length of tim e for practically complete oxidation 
under the conditions employed. W hen a shorter length of 
time was allowed incom plete oxidation resulted, while on the 
other hand, if the oxidation was prolonged beyond 8 minutes, 
overoxidation was indicated.

T a b l e  I. T y p i c a l  R e s u l t s  w i t h  D e x t r o s e

(100.0 rag. of dextrose, 35 cc. of 0.1 sodium  hydroxide, an d  20 cc. of 0.1 N
iodine)

Tim e of Dextrose
R eaction Found E rror

Afin. Mg. Mg.
8 9 9 .5  - 0 . 5

99 .3  - 0 . 7
9 9 .6  * - 0 . 4
9 9 .6  - 0 . 4
9 9 .5  *  0 .1

T a b l e  II. T y p i c a l  R e s u l t s  w i t h  L a c t o s e

(100.0 mg. of lactose-HiO , 35 cc. of 0.1 N  sodium  hydroxide, and  20 cc. of 
0.1 N  iodine)

T im e of Lactose-HjO
R eaction Found E rro r

M in . Mg. Mg.
8 88 .7 - 1 1 .3

93 .6 - 6 . 4
96:1 - 3 . 9
92 .0 - 8 . 0
91 .1 - 8 . 9
88 .3 - 1 1 .7
95 .6
92 .2  7 .8

- 4 . 4

T a b l e  III. R e s u l t s  w i t h  L a c t o s e
f lactose-HiO , 35 cc. of 0.1 N  sodium  hydroxide, anc 

iodine)
Tim e of Lactose-HiO

R eaction Found E rror
M in . Mg. Mg.

8 98 .6 - 1 . 4
15 100.9 + 0 .9
15 99 .2 - 0 . 8
15 99 .4 - 0 . 6
15 99 .4 - 0 . 6
15 99 .9 - 0 . 1
15 100.0 0 .0
30 102.6 + 2 .6
30 102.9 + 2 .9
30 102.6 + 2 .6
30 103.0 + 3 .0
60 103.1 + 3 .1
60 103.4 + 3 .4
60 103.6 + 3 .6
60 103.4 + 3 .4

T a b l e  IV. R e s u l t s  w i t h  G l u c o s e  a n d  L a c t o s e

(50.0 mg. of lactose-HiO . 50.0 mg. of glucose, 35 cc. of 0.1 N  sodium  hydroxide,
and  25 cc. of 0 .1 2v iodine)

Tim e of Lactose-HiO Glucose
R eaction Found Found E rro r

M in. Mg. Mg. Mg.
15 48 .9 48.9 - 1 . 1

49 .0 49 .0 - 1 . 0
48 .9 48.9 - 1 . 1
49 .0 49 .0 - 1 . 0
49 .0 49.0 - 1 . 0
49 .0  *  1.0

T a b l e  V. E f f e c t  o f  S u c i io s e

(50.0 rag. of glucose, 50.0 rag. of lactose-H iO , 100.0 mg. of sucrose, 35 cc. of
0.1 iV sodium  hydroxide, and  25 cc. of 0.1 N  iodine)

Tim e of Lactose-HiO Glucose
Reaction Found Found E rror

M in. Mg. Mg. Mg.
5 50 .0 50.0 0 .0
5 49 .2 49.2 - 0 . 8
5 51 .9 51.9 +  1.9

15 53 .8 53 .8 + 3 .8
15 54 .0 54 .0 + 4 .0
15 52 .9 52.9 + 2 .9

Em ploying the same length of tim e for the oxidation of 
lactose as for the oxidation of glucose, all other conditions 
being equal, it was found that about 8 per cent of the lactose  
was not oxidized, as is shown in Table II.

The results given in Table III  show that even w ith an in
crease in  the am ount of iodine used the lactose is not com
pletely oxidized in 8 minutes, but requires 15 m inutes for 
optimum oxidation. Beyond 15 m inutes high results oc
curred, similar to those reported by  Slater and Acree (4) 
when excess alkali was used.

W hen a mixture of equal weights of glucose and lactose 
monohydrate was subjected to the iodometric m ethod of 
sugar analysis as outlined in this report, it  was found that 
after 15 m inutes the oxidation of each sugar, calculated on the 
basis that each sugar is oxidized according to its chemical 
equation, was about 2 per cent short of complete oxidation. 
Typical results are shown in Table IV.

W hen 100 mg. of sucrose were added to the mixture of 50 mg. 
of glucose plus 50 mg. of lactose monohydrate, complete oxi
dation was indicated within 5 m inutes and overoxidation  
within 15 minutes. This increase in oxidation cannot be 
attributed wholly to sucrose alone, since under similar con
ditions sucrose gave only an apparent amount of dextrose 
equivalent to 0.3 =*= 0.1 mg. (5 measurements). Results 
are recorded in Table V.

Summary
Experimental data show that the oxidation of lactose mono

hydrate by an alkaline solution of iodine proceeds more 
slowly than does the oxidation of glucose.

A mixture of equal weights of glucose and lactose mono
hydrate is more difficult to oxidize by  an alkaline solution  
of iodine than either separately, while a mixture of these 
sugars in the presence of sucrose gives complete oxidation  
within 5 m inutes and overoxidation w ithin 15 minutes.
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A M icrometliod o f Gas Analysis Adapted for 
Biological Studies

M .  H . SEEV ER S A N D  R . T . STO R M O N T, U n ivers ity  o f  W isconsin , M ad iso n , W is.

I N  A D A PT IN G  the principles of the method of micro
analysis of gases, described by Blacet and Leighton (1), 

to biological studies, it became necessary to devise methods o f  
sampling and transporting of samples which were suitable to 
such investigations. Whereas the original apparatus used by  
these authors is relatively simple, its manipulation is rather 
tedious for routine analysis. Several modifications of their 
apparatus have been suggested by the original authors (2 , 8) 
and by Swearingen, Gerbes, and Ellis (4), who used a horizontal 
buret to replace the vertical one, thus obviating the necessity 
of raising and lowering the mercury reservoir. The present 
authors feel that this feature has m any advantages, not the 
least of which is the saving of the physical energies of the ana- 
l y s t .  Modifications 
w h i c h  were found 
over a 3-year period 
to be m ost applicable 
in  t h e  accomplish
m e n t  o f  r a p i d  and 
accurate analysis of a 
l a r g e  n u m b e r  o f  
samples have been 
incorporated into the 
present apparatus.

I m p r o v e m e n t s  
have been made in 
methods of sampling, 
transport of samples, 
introduction of the 
reagents into the gas,
and activation of the F i g u r e  1.
mercury thread. The
maintenance of a constant temperature in the water jacket 
eliminates one correction factor and tends to increase accuracy. 
Since four absorptions m ay be in progress simultaneously, the 
time ordinarily consumed in this part of the analysis is ma
terially shortened. Certain inherent limitations of the dry 
method, as regards the analysis for water vapor, are discussed.

Apparatus
The assembled analysis apparatus, sampler, and sample 

carrier may be seen in Figure 1.

The details of the microburet, drawn to scalc, are shown in 
Figure 2. The whole unit is rotated around the horizontal axis 
of the capillary on the bearings, NN,  by the lever, P. The unit 
may be easily removed from the bearings, for cleaning the buret, 
by release of the thumbscrews. The extent of rotation of the 
unit is limited by the adjustable stop, II, to prevent damage to 
the capillary arm. This arm is further protected by the support,

The microburet is of O.G6-mm. capillary Pyrex tubing, fused 
to a 2-mm. capillary at the manipulator end to prevent the 
accidental aspiration of the sample into the manipulator reservoir. 
The portion of the capillary used for volume measurements has 
a capacity of 0.18 cc. and is enclosed in an ordinary 50-cc. buret 
with scale divisions which completely encircle the buret to 
prevent parallax. Both capillary and reading buret are further 
enclosed in a heavy glass water jacket which fits snugly into a

r i g i d  b r a s s  t u b e ,  
threaded at both ends 
for the brass end caps 
and cut away on both 
sides, as indicated, to 
allow for reading of the 
buret. The glass parts 
are thus held rigidly 
in place between two 
rubber gaskets when 
the end plate nearest 
the buret tip is screwed 
into place. Manipula
t i on  of  th e  thumb
screw, II, r e s u l t s  in 
pressure on the 18-gage 
Allegheny metal dia
phragm, L, and activa
tion of the mercury 
thr ea d .  The metal 
diaphragm is much 
superior to any of the 
numerous contrivances 
which the aut hors have 

utilized to activate the mercury thread, since there are no parts 
to replace and hysteresis is reduced to a minimum.

The manipulator reservoir is machined from a steel' block, 
open at the end to receive the plate, T, which may be conveniently 
removed to allow for cleaning of the capillary. A thin cardpaper 
gasket, saturated with de Khotinsky wax, and sealed into place 
after warming the metal parts, effects a mercury-tight union 
of both the end plate and the diaphragm with the reservoir. 
In assembling, the capillary tube is inserted through the unit 
and spaces V V  are filled with sealing wax over a rubber gasket. 
Mercury is introduced into the apparatus through the opening 
at the top of the manipulator reservoir and sealed with a tight-

T h e  A p p a r a t u s

F ig u re  2. D e t a il  o f B u ret  
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fitting needle valve. As indicated by the arrows in the diagram, 
water from a constant-temperature bath circulates by gravity 
feed between the capillary and the reading buret and returns to 
the outlet through the space between the reading buret and the 
outer jacket. It empties into a reservoir from which it is elevated 
to the bath by a water pump. Forced pumping through the 
apparatus results in so much bubbling as to make reading 
difficult.

T he relation of the microburet to the absorption reservoir 
is shown in Figures 2 and 3.

By rotation of the buret unit around its horizontal axis, the 
buret tip may be introduced into any capsule of either the sample 
carrier, Ar, or the capsule holder, Q, since the latter two have not 
only a vertical axis of rotation, but are free to describe an arc 
around their respective supporting rods.

Absorption of the various constituents is accomplished in the 
four capsules in the holder, Q, which is shaped like a segment of 
a circle to allow' vertical passage of the bead holders when the 
capsules are turned toward the buret tip. The four capsules 
are held in the same horizontal plane by the stops, A. The 
capsules in this holder, as in the carrier, are held firmly in place 
by a coiled spring and ball bearing, W. The authors have found 
this to be a most satisfactory method of holding the capsules 
firmly and still allowing for easy removal. Steel forceps made 
from a sponge clamp are used to handle the capsules, which are 
filled by slowly inverting under mercury before insertion into 
the holder. Care must be exercised to prevent small air bubbles 
from adhering to the walls of the capsule during this procedure.

The interchangeable bead holders are of glass tubing fastened 
into the metal shank with wax, or preferably an adjustable rod 
of stainless steel fastened to the bead-holder arm by means of a 
set screw. The platinum tip is of sufficient length that the glass 
portion of the holder does not enter the sample. The bead 
holders are of uniform size and shape and held in fixed position 
by two pins upon the cross arm T  (Figure 3) which is raised or 
lowered by the rack and pinion. It is thus possible to insert four 
beads into the absorption capsules without any bead coming 
in contact with the inner surface of the capsules. As reported 
repeatedly, such an occurrence ruins the analysis. The level of
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the mercury in the reservoir may be changed by raising or lower
ing the Bakelite block, K.  This provision is necessary in order 
to maintain a constant level of mercury in the reservoir.

Sam pling, Transporting, and Drying the Gas
T he sampler in Figure 4 was devised for convenience in  

taking a large number of samples from gas depots in the  
skin or som e body cavity where 2 or 3 cc. of gas were available 
for each sample. If desired, it  could be made on a scale to 
handle smaller volumes.

The needle, A, with lateral openings near the tip, is fastened 
into the short section of glass capillary with a metallic oxide 
dental cement. Before sampling, the needle unit, which is de
tachable to allow of sterilization, is connected to the sampler 
by a short section of gum-rubber pressure tubing. The entire 
apparatus, excepting the needle, is then completely filled with 
mercury. The mercury is activated by pressure exerted on the 
heavy gum-rubber tubing enclosed in the brass tube by the 
thumbscrew, G, the action being similar to that of a fountain 
pen pouch in its barrel. The diagrams in Figure 4 are largely 
self-explanatory. Stopcock C is of convenience in cleaning the 
apparatus without dismantling the reservoir.

After the needle is introduced into the source of the gas to 
be sampled, 1 or 2 cc. are aspirated into bulb M  to wash air from 
the needle or any bubbles which may be trapped at the rubber 
connection. This gas is discarded. The sample is then drawn 
into bulb R, from which it is subsequently discharged through 
tip E  into the capsule of the sample carrier.

The sample carrier is transported in the mercury reservoir 
as indicated in Figure 4. The central shaft of the carrier rotates 
about its vertical axis and is fixed by the thumbscrew, Z. The 
rod, H, is threaded into the Bakelite shaft and trough, X .  Re
lease of the thumbscrew, P, allows the trough to be raised or 
lowered to seal the open ends of the sample capsules. As is dis
cussed below, it is essential, if accuracy is not sacrificed, that all 
water vapor be removed prior to introduction of the sample into 
the microburet. By means of the rack and pinion, four bead 
holders carrying phosphorus pentoxide beads may be introduced 

simultaneously into four samples. Accurate centering of 
the capsules over the beads is obtained by bringing a mark 
on the sample carrier into a definite positional relationship 
with the indicator, F, and fixing thumbscrew Z  prior to 
insertion of the bead holders into the mercury. The whole 
carrier may then be swung clear on its supporting shaft 
to allow insertion of the bead holders into the mercury.

If two sample carriers are available, dehydration of 
four samples may be accomplished while the analysis of 
four others is in progress. Extra carriers are also of value 
in collecting and storing numerous samples. After re
moval of water vapor, trough X  is elevated into position 
to seal the capsules, the entire carrier is transferred into 
the large absorption reservoir of the analysis apparatus, 
and the trough is lowered away from the capsules. The 
level of the mercury in the reservoir is then brought 
to the ivory tip, M, by raising or lowering the Bakelite 
block, K.

The Analysis
A  detailed account of the technic of analysis anil 

the preparation of the reagents for the various gases 
which have been satisfactorily analyzed will be found 
in the papers of Blacet et al. T he following short 
description outlines variations from the procedure only 
in so far as mechanical changes make such clarification 
necessary.

The tip of the dry mercury-filled capillary is introduced 
into one of the capsules of the carrier and a sample of the 
previously dried gas is drawn to a predetermined mark on 
the reading scale. The tip is lowered into the reservoir 
and mercury is drawn in until the entrapped sample lies 
between two points in the reading scale. All readings are 
made at a pressure slightly below atmospheric, represented 
by the difference in level between the sample in the capil
lary and the surface of the mercury in the reservoir. The 
tendency of the mercury thread to stick to the walls of the 
capillary and fail to assume a constant pressure is over
come by vibration induced by gentle tapping of the handle, 
P. After reading the volume, the sample is discharged into 
a mercury-filled capsule in holder Q (Figure 3). Four
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samples are measured thus, care being taken to adjust the mer
cury level to the ivory tip, M, at each reading.

The dry reagent for the particular constituent to be removed 
is fused into the platinum loops of the four bead holders and 
they are placed in position under the mercury. Capsule holder 
Q is now rotated into position over the four bead holders and the 
beads are elevated into the gas sample. Following absorption, 
the residual gas is drawn into the buret, the volume reading 
made, and the gas discharged into the same capsule. Particular 
care at this reading is taken to see that the mercury level is the 
same as during the original reading. The position of the thumb
screw, R, in relation to the handle, P , is such that both raising 
and lowering of the buret tip and the activation of the mercury 
thread are accomplished without change of position of the right 
hand, thus leaving the left hand free to alter the position of the 
capsules in relation to the tip.

Discussion of Results
Blacet and Leighton stress the fact that the normal vapor 

pressure of water cannot be assumed to exist in these reacting 
system s. T hey did not, however, lay particular emphasis 
upon the necessity of keeping the microburet absolutely free 
from moisture, although this m ay be inferred from their 
data.

The representative results in Table I indicate the source 
and magnitude of the error which occurs in the analysis when 
a w et gas is introduced into a dry buret and vice versa. Four 
w et samples of identical composition were measured succes
sively into the capillary, which was initially dry, and dis
charged into four dry capsules. After removal of water vapor 
by phosphorus pentoxide, they  were again drawn, in the same 
order, into the capillary (which is now wet) for volum e reading. 
As noted in Table I, the contraction in volume increases 
progressively from the first to  the fourth sample.

T a b l e  I .  E f f e c t  o f  I n t r o d u c in g  a  W e t  S a m p l e  i n t o  a  D r y  
B u r e t  o n  t h e  S u b s e q u e n t  A n a l y s is  f o r  C a r b o n  D i o x id e

Sam ple

P jOi absorption 
K O H  absorption

1
%

0.20
7.42

%
0 .50
7 .22

3
%

0.72
7.05

4
%

0.83
7.05

The contraction in volum e of the first sample was the 
sm allest because it not only contributed the greater portion of 
its water vapor to the initial saturation of the dry capillary, 
thus reducing the initial volum e reading for that particular 
sample, but also took up the largest quantity of adsorbed 
water when reintroduced into the wet capillary after dehydra

tion. That such an explanation is a tenable one is evident 
from the progressive diminution in contraction which parallels 
the former increase when the four samples are subsequently  
exposed to a potassium hydroxide bead. This bead removes 
not only the carbon dioxide present, but also the water vapor 
which was contributed during last contact of the sample with 
the wet capillary, thus introducing an error in  the analysis 
for carbon dioxide. I t  m ight appear to be theoretically  
possible to  determine the absolute quantity of water vapor 
in any given gas, if the analyst started with a dry capillary 
and made several passes and absorptions until the capillary 
was again dry, the result for water vapor being obtained by  
adding the successive contractions in volume. The authors 
have never succeeded, however, in even approaching the 
theoretical figure for water vapor in air saturated at room 
temperature. It appears that as the sample is drawn into the 
dry buret, the majority of water vapor is adsorbed onto the 
dry walls of the capillary arm before the reading portion of 
the buret is reached. The initial volum e determination at this 
point is in reality made on the dry gas plus the small amount 
of water vapor which has escaped adsorption in the arm. 
As m ight be expected, only a very small contraction in volume 
is obtained, even though the adsorbed water vapor be sub
sequently removed from the arm by successive passes, since 
the total water present in the original sample was not included 
in the initial volume measurement. Values for water vapor 
which approach but do not quite equal the theoretical have 
been obtained by observing the contraction in volum e in 
the capillary arm after sealing the buret tip with a droplet 
of mercury, thus eliminating the majority of the dead space 
in which adsorption onto dry walls can occur.

Although it  does not appear that the apparatus is suited  
to the accurate determination of water vapor, the utilization  
of chemical reactions within the capsule, in which water 
vapor is one of the end products, is seem ingly permissible 
providing this constituent is removed prior to aspiration of 
the residual gas into the capillary for volum e determination. 
As discussed by Blacet and Leighton even this procedure has 
certain limitations.

Determinations were done in quadruplicate on theoretical 
mixtures made by diluting a given quantity of the dry com
mercial gas w ith a known volum e of commercial nitrogen, 
both gases being measured in the microburet. T he theoretical 
purities of the mixtures in Table II are known to be slightly  
in error, since the commercial gases contain small quantities
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of impurities. Cyclopropane was removed w ith fuming 
sulfuric acid held in a porous bead. A follow-up potassium  
hydroxide bead removed the sulfur trioxide fumes. This 
m ethod is identical to that used by Blacet and Leighton for 
ethylene and the results are of the same order of accuracy. 
T he authors have experienced considerable technical difficulty 
in preparing satisfactory sintered-glass beads for introducing 
liquid reagents and prefer the grog-kaolin bead advocated by  
Swearingen, Gerbes, and Ellis (/+).

T a b l e  II. R e s u l t s  o f  A n a l y s e s  f o r  C a r b o n  D i o x i d e , 
C y c l o p r o p a n e , a n d  O x y g e n

Gas
Sample

C 0 2

CaHo

Oj in labw a- 
to ry  air

1
- D eterm inations 

2 3 4 M ean

Aver
age

D evia
tion

from
M ean

T heo
re ti
cal

T heo
re ti
cal

M inus
M ean

% % % % % % % %
9.52 9 .43 9 .49 9 .45 9 .47 0.03 9 .43 + 0 .0 4
9 .37 9 .38 9 .3 4 9 .3 8 9 .37 0 .01 9 .47 - 0 .1 0

19.62 19.72 19.75 19.75 19.71 0 .04 19.82 - 0 .1 1
19.84 20.00 20.07 20.09 20.00 0 .08 20 .08 - 0 .0 8
20 .15 20.09 20.00 20.02 20 .06 0 .05 20.22 - 0 .1 6
20.07 20.09 19.83 19.96 19.99 0 .09 20.20 - 0 .2 1

9.41 9.43 9 .4 0 9 .3 5 9 .40 0.02 9.46 —0.06

20.77 20.71 20.73 20.80 20.75 0 .03 20.90 - 0 .1 5

The apparatus, as described, is substantial and requires 
little attention to keep in working order. Since it is not 
necessary to measure absolute volumes, and readings are 
made on the outer buret, the capillary, if broken, m ay be 
quickly replaced by any uniform capillary tubing of 0.5- 
to  0.7-mm. bore. W ith a little experience, four samples may 
be analyzed for carbon dioxide and oxygen in less than 1 
hour. Over five hundred samples of 0.05- to 0.15-cc. volume 
have been analyzed for carbon dioxide and oxygen with 
gratifying results.
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M icrodetermination o f Zinc
C om parison o f  Spectrographic and C hem ical M ethods

L E W IS II. R O G E R S A N D  OW EN E. G A LL, U n iv ers ity  o f  F lo r id a  A g ric u ltu ra l E x p e rim e n t S ta t io n ,  G ainesv ille , F la .

T H IS study was undertaken to  analyze various plant 
materials for zinc by two different methods of analysis 

and to compare the results. T he chemical method which 
was followed em ploys an iodometric titration ( /)  and is often  
used for the determination of zinc in plant materials. The 
spectrographic method which was used (2 ) has been shown 
feasible for this determination, but is not so well known.

Approximately forty samples have been analyzed by both 
methods and the results appear in Table I. For about half 
the samples, there has been fair agreement, but the analyses 
show wide differences for many of the other samples. In  
nearly all cases where differences occurred, the spectrographic 
analyses gave higher results than did the chemical analyses. 
In an attem pt to explain these differences, various possible 
sources of errors have been considered.

Particularly careful homogenization of the ash of the 
samples before separating into two portions for the analyses 
by the two methods has reduced the error from this factor to  a 
minimum.

Possible sources of error in the spectrographic method are: 
(1) contamination, from the internal standard or from the 
graphite electrodes; (2) nonuniform distribution of the in
ternal standard throughout the sample; (3) variation of ex
posure conditions (wandering of the arc, change of line volt
age, e tc .); (4) influence of varying major constituents of the 
ash on volatility and “excitability” of the zinc atoms; (5) 
photometric errors.

The first factor m ay be controlled by spectrographic ex
amination of the tellurium and of the graphite electrodes for 
zinc. The influence of the second factor may be lessened by  
careful homogenization. The fourth factor is to be discussed 
in another paper, but its effect in all cases studied thus far is 
not as great as the third factor.

The dispersion of the results of replicate analyses is a cri
terion of the influence on the method of the second, third, 
and fifth factors. Some calculated probable errors of the 
spectrographic method are shown in Table II.

Three-fourths of the samples in group B in Table II  
had a calculated probable error of less than 10 per cent of the 
mean, while the average calculated probable error for all 
sixty-one samples was 8.3 per cent of the mean.

Possible sources of error in the chemical m ethod are: 
(1) incom plete extraction of zinc, either (a) in the first 
extraction of the original sample, or (b) in dissolving the zinc 
sulfide precipitate; (2) contamination, from the various re
agents; (3) incomplete precipitation of zinc; (4) precipita
tion by hydrogen sulfide of other m etals which would affect 
the titration; and (5) titration errors.

As to the first factor, qualitative spectrographic examina
tion of residues from the original hydrochloric acid extraction  
(the first procedure in the chemical method) of nineteen sam
ples has shown zinc in every residue (last column of Table I, 
which also gives quantitative spectrographic analyses of eight 
of the residues). It will be noted that zinc was found in the 
residues of som e samples even though the analyses for the total 
zinc by the two methods agree. This inconsistency is ap
parently due to one of the other error factors. Obviously, 
when only a very small proportion of the ash is insoluble in 
the acid, the hydrochloric acid extraction procedure m ay be 
sufficient, but it seems indicated that a modification of the 
extraction procedure will be necessary when plant samples 
with large proportions of acid-insoluble m atter are en
countered, if a true value of the zinc content is to be ob
tained.

In view of the data given above, studies of the influence on 
the chemical method of the other error factors are being held
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T a b l e  I. C o m p a r is o n  o f  A n a l y s e s  f o r  Z in c  o n  V a r io u s  P l a n t  M a t e r ia l s

(Expressed on ash basis)

Identification

T es t sam ple
Isopappus divaricatus (N u tt.)  T . & G.

M exican clover, Richardia scabra S t. Hil.

Pods from th ree  species of C ro talaria  
Coffeeweed, Emelista tora (L.) B ritton  Sc Rose 

Diodella teres (W alt.) Small 
B uzzard grass, Heteropogon inelanocarpus (E ll.) B enth.

Ileterotheca subaxillaris (Lam .) B ritton  
& R usby

M exican tea , A m brina ambrosioides (L.) Spach. 
Crotalaria spectabilis Roth.

Crotalaria striata DC.

C rab grass, Syntherism a sanouinale (L.) Dulac. 
Foxtail, Chaetochloa lutescens (Weigel) Stuntz. 
F lea bane, Leptilon canadense (L.) B ritton

Crotalaria intermedia  K otschy 

Ragw eed, Ambrosia elatior L.

Beggarweed, M eibomia purpurea  (M ill.) Vail

a Used here to  ind icate  0.6745

Sample
M ean of 2 
Chemical

M ean of 5-10 
Spectrographic

Calculated 
Probable Error® of 
M ean of Spectro-

Residue 
from Chem ical 
Analyses after 

H C l E x traction

Zinc Found 
in Residue 

w ith Spectro
No. Ash Analyses Analyses graphic Analyses of 1 G. of Ash graph

% M g./g. M g./g. % Gram Mg.
1244 0 .21 0 .29 6 .9 N ot weighed Presen t
1266 4 .45 0 .26 0 .38 6 .5 N o t weighed Presen t
1267 4.19 0 .42 0 .40 13.0 N ot weighed Presen t
1268 5 .03 0 .21 0.38 11.5 N ot weighed Presen t
1269 5.08 0 .3 8 0 .45 13.0 N ot weighed Presen t
1240 14.10 0 .11 0 .12 5 .0 N ot weighed Trace
1242 13.38 0 .11 0.11 4 .5 N ot weighed Trace
1243 13.23 0 .09 0 .09 4 .4 N ot weighed P resent
1239 13.10 0 .10 0 .10 2 .0 0.1991 0 .04
1241 13.36 0.14 0 .15 4 .0 0 .1127 0 .02
1245 3 .96 0 .28 0 .60 5 .0 0.0009 Present
1255 7 .99 0 .43 0.656 6 0.0009 Present
1256 8 .33 0.27 > 1 .0 6 6 0.3753 > 0 .3 7
1257 3 .96 0.51 > 1 .0 6 b 0 .0759 > 0 .0 8
1263 5.82 0 .43 0 .22 4 .3 N ot weighed P resen t
1264 6.45 0 .33 0 .26 12.0 0.0095 0.005
1265 6.41 0 .27 0 .22 5 .5 0.0199 0.004
1276 10.41 0 .08 0 .14 12.0 0.0211 > 0 .0 2
1258 10.18 0 .22 0 .18 3 .3 0.0099 0 .01
1260 9 .89 0 .22 0.21 7 .6
1246 4 .70 0 .26 0 .29 6 .9
1247 4 .34 0 .15 0 .10 3 .0
1248 5.73 0.21 0 .34 10.0
1249 4.52 0.25 0.57 7 .5
1250 6.94 0 .26 > 1 .0 6 b
1251 9.08 0 .42 > 1 .0 ^ b
1252 5 .78 0 .56 0 .52 3 .3
1253 6.17 0.51 0 .67 6 .7
1254 5 .89 0 .43 1.06 b
1261 5.59 0 .25 0 .7 7  6 6
1262 6.11 0 .32 0 .32 17.0
1270 7.53 0 .44 0.796 6
1271 7 .68 0.31 0.846 b
1272 7.39 0 .28 0 .57 11.5
1273 7.15 0 .20 0 .24 13.4
1274 7 .30 0 .10 0 .43 9.1
1275 7 .44 0 .25 0 .49 9 .8

6 One (or more) of the  replicates of th is sam ple was off the calibration curve; hence instead  of averaging the  concentrations, this value wi 
averaging the  density  ra tios and  then  determ ining the  average concentration  of zinc. For the  sam e reason no calculated  probable e rror is given 
calculated  probable error m ay be assum ed as 15 per cent of the  m ean.

as ob tained  by  
A reasonable

in abeyance until a more generally applicable extraction pro
cedure has been developed.

Recently, Vanselow and Laurance (4) have proposed a 
modified combination of the two methods which have just 
been discussed. Their procedure permits the use of spectro- 
graphic methods for the determination of zinc in plant ma
terials where only a grating spectrograph (or other spectro
graph employing reflection surfaces) is available, since it em
ploys a spectral line of zinc in the near ultraviolet (3345 A.),  
whereas the spectral line of zinc employed in this study  
(2138 A.) would be almost totally  absorbed by the usual 
reflection surfaces. As pointed out previously (8), the zinc 
fine at 3345 A. is not as sensitive as the zinc line at 2138 A. 
In fact, Ruthardt and Hirschmann (S) find that the 2138 A. 
line is thirty to fifty times 
more s e n s i t i v e  than the 
3345 A. line. Thus, using 
the zinc line at 2138 A., 20 
p. p. m. of zinc (on the ash 
basis) m ay be determined 
by spectrographing the ash 
of the sample, but using the 
s a m e  t e c h n i c  w ith the 
3345 A. line, a minimum of 
500 p. p. m. of zinc m ay be 
determined. Reducing the 
analyses from the ash basis 
to  the dry basis obviously  
changes both results by the 
same ratio.

However, few plant ashes

contain as much as 500 p. p .m.  of zinc; hence to analyze 
plant materials for zinc using the 3345 A. line, it is necessary 
to concentrate the zinc. Vanselow and Laurance find, using 
the 3345 A. line and auxiliary chemical concentration, that 
1 p. p. m. of zinc (on the dry basis) m ay be determined. 
Using the same technic w ith the 2138 A. line, it would be 
possible to determine 0.04 p. p. m. of zinc.

There has never been a plant sample encountered at this 
laboratory which could not be analyzed for zinc by direct 
spectrography of the ash using the 2138 A. line. Accordingly 
it has never been necessary to  introduce any chemical pro
cedure in th is determination.

In addition to requiring ten to tw enty tim es more sample 
per determination and much extra manipulation, the modi

fication combines spectro- 
graphic error factors 1, 3, 
and 5, with error factors 
la , 2, and 3 for the chemi
cal method.

Therefore, the inherent 
advantages of analyzing for 
zinc with direct spectrog
raphy of the plant ash us
ing the 2138 A. line (speed, 
sensitivity, elimination of 
c h e m i c a l  reagents, fewer 
manipulations, and fewer 
possibilities of introduction 
of contamination) are dis
carded, and the disadvan
tages of the chemical method

T a b l e  II. C a l c u l a t e d  P r o b a b l e  E r r o r s 0 o f  t h e  S p e c t r o - 
o r a p h ic  M e t h o d

C alculated

G roup A (5 sam ples)

G roup B (61 sam ples)

a Used here to  indicate 0.6745 ^

Sample N um ber of Probable Ei
No. R eplicates the  Mei

%
1892 30 4 .4
1893 30 3 .8
1894 28 5. 1
1895 44 8 .5
1896 30 6.1

D ifferent Replicates
Samples on E ach Sam ple

2 10 0-3
13 5-10 3-5
30 5-10 5-10
14 5-10 10-15
2 5 15-17

5 d*
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are introduced by the lengthy procedure of the Vanselow and 
Laurance modified combination of the two methods. In fact, 
there seems to be no advantage in using the spectrograph for 
the final determination of zinc in place of the iodide titration  
in the chemical method.

Summary
Comparisons of analyses for zinc by a spectrographic 

method with analyses for zinc by a chemical method have 
been made on about forty samples of several varieties of 
plants. Agreement has been attained on only half the 
samples. I t  has been found that zinc is frequently retained 
in the residue from the hydrochloric acid extraction em

ployed in the chemical method, which m ay explain som e of the 
lack of agreement between the two m ethods. A  modification 
of the extraction procedure seems indicated. A  discussion of 
a modified combination of the two methods is given.
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The M icroanalysis o f Gases
IV. N itrous O xide and M ethane

FR A N C IS E . B LA C ET AND DAVID H . VOLM AN, U n iversity  o f  C a lifo rn ia  a t  L os A ngeles, C alif.

T H E  methods of microanalysis of gases previously de
scribed (1 , 2 , 8) have been extended to include a new 

procedure for the combustion of gases. This procedure has 
been applied in the analysis for nitrous oxide and methane 
and presents the possibility of application in the case of several 
other gases. I t  is assumed that the preceding articles are 
available to the reader and in the interest of brevity refer
ence to them will be made frequently.

Analysis w ith the aid of a combustion in which an ex
plosion occurs (1) has two im portant limitations. In the 
first place, the mixture m ust exceed a certain minimum  
richness before an explosion will occur. This means that a 
sm all percentage of gases such as methane or ethane cannot 
be detected readily by this method. In the second place, 
certain gases do not burn completely upon the passage of a 
spark through the system containing them. These fac

tors m ay be over
come, however, by  
c a r r y i n g  out the 
reaction on a hot 
surface placed in the 
system  (4). This 
was accomplished, 
in the present in
stance, by means of 
a p l a t i n u m  loop 
shown in the operat
ing position in Fig
ure 1. Other de
t a i l s  o f  t h e  g a s  
microanalysis appa
r a tu s  h a v e  b ee n  
described (S).

The mounting for 
the p l a t i n u m  was 
made from a piece 
of soft glass tubing 
of the same length 
and diameter as an 
absorbent holder (1 , 
3). A 7-cm. length 
of 24-gage platinum 
wire was placed in the 
tube in such a man
ner that about 1 cm. 
of it extended beyond 
one end of the tube. 
Starting at this end,

F ig u r e  1. C om bustion  C o il  in  
O pera tin g  P osition

a narrow portion of the tubing was heated carefully, so that a 
fusion of glass to platinum occurred. By slowly moving the 
tube through the flame the platinum wire was encased in glass 
for a length of about 5 cm. It is important that no air bubbles 
be trapped in this process. The glass and wire were then bent 
to assume the shape shown in the diagram.

The exposed platinum was bent so that the top of the loop 
was about 1 mm. above the end of the glass and the tip of the 
loop could be immersed in the mercury within the gas holder. 
The top of the loop was worked down for a distance of 1 mm. 
by careful filing and the use of Crocus cloth, until the cross 
section was approximately one-third of the original. By placing 
a small amount of mercury in the unconstrictcd portion of the 
mounting, electrical contact could be made, as indicated. The 
large mercury reservoir served to complete the circuit.

In the use of this combustion coil, it was found convenient to 
have available an electrical potential of about 10 volts and to 
regulate the glow of the coil by means of a slide wire rheostat 
placed in the circuit.

In any extensive program involving gas microanalysis it is 
necessary to save more samples than the main analytical ap
paratus can accommodate. The authors have solved this 
problem by using gas holder clips of the type sketched in Figure 
2, which will fit on the side of any mercury reservoir in the 
manner indicated. The clip is made of iron with one piece of 
watch spring to hold it in place and another to support the gas 
holder. By means of the pneumatic trough previously de
scribed (£), gas samples may be transported, without danger of 
loss or contamination, from a storage reservoir to the analytical 
apparatus or vice versa.

Specific M ethods of Analysis
N i t r o u s  O x i d e . I t  has been suggested that a satisfactory  

method of microanalysis for nitrous oxide in the presence of 
air would be very useful in the field of anesthetics (6). This 
problem has been solved by first removing the oxygen and 
moisture by means of phosphorus and potassium hydroxide 
(1 ) and then reducing the nitrous oxide w ith hydrogen gas 
by the well-known reaction in which nitrogen gas and water 
are produced (4). The procedure up to the analysis for 
nitrous oxide is identical w ith that described for oxygen (1 ).

Thereafter, a measured volume of pure hydrogen is added 
to the sample and the combustion coil placed in position as 
shown in Figure 1. After adjusting the coil so that a small 
amount of the glass insulation appears above the mercury 
surface, the current is turned on and regulated until the thin 
portion of the platinum wire appears reddish orange in color. 
W ith this condition it  was found that in all cases complete 
reduction of the nitrous oxide took place within 4 minutes. 
Varying the excess of hydrogen does not seem to affect the 
accuracy of the results in any w ay and has little effect on the
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combustion time. Upon completion of the reaction, the coil 
is removed and fused potassium hydroxide introduced to re
m ove the water vapor. The volume decrease which is now  
obtained is a direct measure of the am ount of nitrous oxide 
present in the original sample.

In Table I  are given typical results of the analysis of a 
nitrous oxide sample obtained by heating ammonium nitrate 
and collecting the gas over mercury after removing the water 
vapor by means of a carbon dioxide trap. The deviation  
from a 100 per cent sample is to be expected in th is method of 
preparation of the gas (5).

Table II gives results obtained upon analysis of a sample 
made by diluting the sample represented in Table I  w ith dry 
air. The 'theoretical percentage of nitrous oxide present is 
20.01, calculated on the premise that the undiluted sample is 
99.25 per cent nitrous oxide as indicated in Table I. The 
oxygen was removed as previously described.

M e t h a n e . I t  is frequently desirable to estim ate the 
am ount of saturated hydrocarbons in small gas samples 
which do not contain enough of these substances to give an ex
plosive mixture with oxygen. The combustion coil herein 
described has made this type of microanalysis possible in the 
case of m ethane and there is little doubt but that the method 
m ay be applied to certain other gases.

The procedure is essentially the same as that employed in 
the analysis for nitrous oxide, except that the gas to be 
analyzed in this case is oxidized instead of reduced and hence 
an excess of oxygen, or carbon dioxide-free air, is added in 
place of hydrogen. After the water vapor has been removed, 
the carbon dioxide produced in the reaction is determined in 
the usual way. This, of course, represents the amount of 
methane in the original sample. U sing a reddish orange

T a b l e I .  A n a l y s is  o f  N it r o u s  O x i d e  P r e p a r e d  b y  t h e
D e c o m p o s it io n  o f  A m m o n iu m  N i t r a t e

Volume Volume D eviation
D eterm ina- of of N itrous from

tion  Sam ple H ydrogen Oxide M ean
Cu. mm. Cu. mm. % %

1 53.73 71.77 99.05 - 0 .2 0
2 54.58 71.78 99.56 + 0 .3 1
3 54.31 71.20 98.92 - 0 .3 2
4 54.13 76.49 99.48 + 0 .2 3

Av. 99.25 ± 0 .2 7

T a b l e  II. A n a l y s is  o f  a  M i x t u r e o f  N it r o u s  O x i d e  a n d
D r y  A i r

D eter Volume Volume D eviation D eviation
m ina of of N itrous from from

tion Sam ple H ydrogen Oxide M ean Theoretical
Cu. mm. Cu. mm. % % %

1 54.79 47 .89 19.60 - 0 .2 4 - 0 .4 1
2 57.07  50.37 19.96 + 0 .1 2 - 0 .0 5
3 56.27  49.44 19.87 + 0 .0 3 - 0 .1 4

Av. * 0 .1 3 - 0 .2 0

T a b l e  III. A n a l y s is  o f M e t h a n e  P r e p a r e d f r o m  S o d iu m

A c e t a t e  a n d  S o d a  L im e

D eterm ina- Volume of D eviation
tion  Sample M ethane  from  M ean

Cu. mm. % %
1 41.91 96.42 + 0 .1 8
2 40 .15 96.00 •0.24
3 39 .98 96.20 -0.04
4 39 .69 96.35 + 0 .1 1

Av. 96.24 =0.14

T a b l e  IV. A n a l y s e s  o f  M i x t u r e s  o f  M e t h a n e  a n d  A ir

M ethane M ethane
D eterm i Volume of Theoreti D eter

nation Sam ple cal mined Difference
Cu. mm. % % %

1 62.06 56.52 56.61 + 0 .0 9
2 108.53 5.81 5 .90 + 0 .0 9
3 101.56 3 .18 3 .22 +  0 .04
4 101.29 3 .19 3.41 +  0 .22

coil, it  was found that methane 
was oxidized completely within 2 
minutes.

In this work methane was pre
pared by heating a mixture of 
sodium acetate and soda lime and 
collecting the gas over mercury. 
Table III  gives the results of the 
analysis of the sample thus pre
pared.

In order to test the value of the 
method when sm all am ounts of 
methane are present in a sample, 
portions of the gas were diluted 
with known volumes of air and then 
analyzed. The data thus obtained  
are shown in Table IV. The theo
retical percentage is based on the 
assumption that the analysis repre

sented in Table III  is correct. The close agreement of the 
experimentally determined percentage with the theoretical 
appears to validate this assumption.

Discussion
The requirements of the combustion coil are such that it 

m ust necessarily be fragile. An attem pt was made to at
tach the end of the loop to the glass insulation of the incom
ing wire, but for some reason which is not clear, it  was more 
difficult to get the coil up to the desired temperature when this 
was done. However, w ith reasonable care one coil will last 
for a long tim e when made as described and, when the tip  
does break off, the rest of the wire can be salvaged in good 
condition by sim ply heating the glass and platinum to redness 
and plunging them into cold water.

The coil is so constructed that the gas m ay be brought to the 
desired temperature at the surface of the wire while the mer
cury and surroundings are kept relatively cool. Because of 
this the expansion of the gas volume is not great during the 
course of the combustion and the contamination of the sample, 
by adsorbed gases which m ay be driven from the glass sur
face, is reduced to a minimum. It is im portant that the glass- 
enclosed platinum extend beyond the lower bend in the ap
paratus; otherwise, foreign gases m ay be introduced into 
a sample by the development of minute cracks in the glass.

There was no evidence of the oxidation of mercury during 
the short time required for the reactions of nitrous oxide 
and methane. However, continuous operation of the coil 
for 15 m inutes or more, gave some evidence of this reaction.

It would appear that this m ethod of analysis m ay be 
applied generally in cases where combustible gases are in
volved. Hydrogen m ay be determined by the use of oxygen 
and oxygen m ay be determined by the use of hydrogen, etc. 
However, an attem pt to analyze for butane by this method  
was not quantitatively successful. The time required for 
the reaction to go to completion was of such length that the 
entire system became hot and oxidation of mercury began 
to take place. I t  is possible that further experimentation 
w ith conditions would overcome these difficulties.
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Determ ination o f Small Quantities o f Nicotine  
by a Silicotungstic Acid M icromethod

JO S E P H  R . S P IE S , B u re a u  o f  E n to m o lo g y  a n d  P la n t  Q u a ra n tin e , U. S. D e p a r tm e n t o f  A g ric u ltu re , C ollege P a rk , M d,

T H E  necessity of accurately determining quantities of 
nicotine of the order of 0.1 mg. in connection with green

house fumigation experiments prompted the developm ent of 
the method to  be described. Colorimetric and nephelometric 
methods are available for the determination of very small 
quantities of nicotine, but the author believes that, for 
directness, accuracy, and ease of manipulation, the silico
tungstic acid micromethod described here has much to  recom
mend it. Although determ inations are started one day and 
completed the next, the actual tim e required for making each 
determ ination is short.

The silicotungstic acid method is ideal as the basis of a 
gravimetric micromethod. The solubility of nicotine silico- 
tungstate is very low, the weight of the ignited residue is more 
than nine tim es that of the combined nicotine, and since the 
ignited oxides are not appreciably hygroscopic they can be 
weighed in an open crucible.

Bertrand and Javillier (1 ) were the first to  use silicotungstic 
acid for the determination of nicotine by a volum etric method, 
and they suggested the possibility of its use in a gravimetric 
method. Chapin (8) later worked out the experimental 
conditions for the gravimetric method now recommended 
by the Association of Official Agricultural Chemists. Bertrand 
and Javillier observed that the solubility of nicotine silico- 
tungstate is dependent on the acid concentration of the solu
tion from which it is precipitated, and Chapin showed that 
loss of nicotine due to solubility of the silicotungstate is 
negligible in the macroprocedure. Preliminary investigation  
soon made it apparent that such loss could not be neglected  
in the microdetermination, as it is 10 per cent when 0.1 mg. of 
nicotine is precipitated from a solution containing 10 ml. of 
0.05 N  hydrochloric acid. For greatest accuracy it is neces
sary to know both the volum e and the acid concentration of 
the solution from w h i c h  
the nicotine is  p r e c i p i 
tated and to apply the 
appropriate correction.

The effect of dilute hy
d r o c h l o r i c  acid on the 
solubility of nicotine sili
cotungstate has been re
ported elsewhere (7). For 
convenient reference the 
results are given in Fig
ure 1. Although the solu
bility of the salt is at a 
minimum in 0.005 N  hy
drochloric acid, it is de
sirable to earn’ out the 
precipitation in 0.03 to  
0.1 N  acid, since crystal 
formation appears to be 
favored in more concen
trated acid. For washing 
the precipitate 0.005 N  
acid can be used; this is 
s l i g h t l y  lower than the 
concentration adopted by 
the A. O. A. C.

T h e  t e m p e r a t u r e  of  
ignition is important, par

ticularly w ith small quantities of nicotine silicotungstate, 
since nicotine is calculated from the w eight of the residue, 
which is regarded as S i0 2-12W 0 3. Three factors are to be 
considered in the ignition: the complete burning off of the  
combined nicotine, the dehydration of silicic acid, and the  
prevention of volatilization of tungstic oxide. Iiillebrand and 
Lundell (4) state:

If both [Si and W] are to be determined in mixed oxides the 
analyst must therefore choose between getting high results for 
silica or low results for tungsten. Ordinarily the first choice is 
taken and causes less trouble, for when the two occur together the 
percentage of silicon is usually relatively small.

These authors recommend that the ignition be carried out 
below 850° C. in these cases. The present writer’s experi
m ents are in agreement with these conclusions, and in the  
case of nicotine silicotungstate one molecule of water repre
sents only 0.63 per cent of the total weight of the residue. 
Pizer (6) recently reported 1000° C. as the desirable tempera
ture of ignition of nicotine silicotungstate, but he used con
siderably larger quantities of nicotine silicotungstate, and 5 
mg. was the sm allest quantity of nicotine determined. In 
th is work ignition has been carried out in an electric muffle 
at 650° C. for 30 minutes. Full dehydration of the silica 
does not occur, but burning of nicotine is complete and loss 
of tungstic oxide is prevented.

The foregoing conclusions are supported by the following 
experiment, which demonstrates that the residue can be cooled 
in air w ithout taking up prohibitive amounts of water, and also 
by the results given in Table II: Approximately 0.2-gram  
samples of pure nicotine silicotungstate (7) were ignited at 
650° C. in platinum crucibles for 0.5 hour. The tare platinum  
crucibles were treated in exactly the same way. The samples

and tares were cooled in 
a desiccator o v e r  p h o s 
phorus pentoxide. The 
crucibles were weighed as 
soon as possible after re
moval from the desiccator 
and at intervals thereafter.

The results are given in 
Table I. It is e v i d e n t  
that the weight becomes 
c o n s t a n t  w i t h i n  10  
minutes. The i n c r e a s e  
during the first 10 minutes 
m ay be attributed to the 
film of water t h a t  c o n 
denses on any dry surface 
when exposed to air. The 
residue is slightly heavier 
than calculated for nico
tine silicotungstate on the 
b a s i s  of  t h e  f o r m u l a  
SiO2-12WO3-2H,O-2CI0H 14- 
N 2-5H20 .  T h i s  is a c 
counted for in part by  
i n c o m p l e t e  dehydration  
of silica, although Ber
t r a n d  and Javillier (1 ) 
state that the water of

F i g u r e  1. N i c o t in e  R e t a i n e d  i n  S o l u t io n  a s  S il i c o t u n g s t a t e  
i n  V a r io u s  C o n c e n t r a t io n s  o f  H y d r o c h l o r ic  A c id
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crystallization is not definitely five molecules but m ay vary  
with the humidity.

T a b le  I. E f f e c t  o f  Timf, o f  E x p o s u re  o x  A b so rp tio n 7 o f  
W a t e r  f ro m  A ir  by R e s id u e  O b ta in e d  W h e n  N ic o t in e  
S i l i c o t u n g s t a t e  W as I g n i te d  f o r  30 M in u te s  a t  650° C.

Residue Found on Ign ition  of
Samples of N icotine S ilico tungsta te

Exposure to  Air Sam ple 1 Sam ple 2
^[inutcs Gram Gram

2 0.16308 0.17270
5 0.16319 0.17279

10 0.16326 0.17286
30 0.16327 0.17283
60 0.16323 0.17286

120 0.16325 0.17282
180 0.16324 0.17286
120rt 0.17281
Calcd.& 0.16253 0.17209

W eight of original sam ple 0.18827 0.19934

No. of 
D eter
m ina Average N icotine Founda Caled.

Average E rror 
Uncor- Cor-

tions U ncorrected C orrected f> N icotine rected rectedi*
Mg. Mg. Mg. % %

(  8 0 .089  =*= 0.002 0.099 ±  0.002 0.101 - 1 2 .0 - 2 . 0
1 9 0 .189  =*= 0.002 0.199  ±  0.002 0.202 -  6 .4 - 1 . 5
1 9 0 .289  =*= 0.002 0.299  =fe 0.002 0.302 -  4 .3 - 1 . 0
\  12 0.489  *  0.004 0.499 =*= 0.004 0.504 -  3 .0 - 1 . 0
i  12 0 .089  =*= 0.002 0.099  ±  0 .002 0.099 - 1 0 .0 0 .0
1 8 0 .188  =* 0.002 0.198  =*= 0 .002 0.198 -  5 .0 0 .0

ie due to solubility  of the  silico tungstate a t  the ra te  of 0.001 mg. per ml. of

° A fter second ignition a t  650° C. for 2 hours. 
b C alculated  as SiOs-12W Or2HsO-2CioHuNr5HsO to  S i0 r l2 W 0 3.

Table II shows the results of two series of determinations of 
solutions containing from 0.5 to 0.1 mg. of nicotine in 10 ml. 
of 0.05 N  hydrochloric acid. In one series the nicotine silico
tungstate was ignited over a flame and in the other an electric 
muffle at 050° C. was used.

T a b le  II. A n a ly s e s  o f  S t a n d a r d  N ic o tin e  S o lu t io n s

M ethod of Ignition

Over flame a t  m oderate red heat 
for 10 m inutes

A t 650° C. for 30 m inutes

a Residue X 0.114. 
f> Corrected for loss of n 

0.05 N  hydrochloric acid.

Since the crucibles are weighed on different days, it is 
essential to use tares of the same density to compensate for 
variations in pressure, temperature, and hum idity. The use 
of the usual glass lead-shot tares for porcelain crucibles was 
found to introduce an appreciable error due to these causes. 
The writer has used broken chips of porcelain to make the final 
adjustment of tares. Ordinary porcelain crucibles can be used 
as tares for the filterstick-crucible combination.

Experimental
R e a g e n ts .  A 12 per cent solution of silicotungstic acid 

(4H20 S i 0 2 12W0s-22H20 ), standard solution of hydrochloric 
acid for dilution to obtain proper acid concentration (this will 
vary with the experimental conditions), and solution of 0.005 N  
hydrochloric acid for washing the precipitate.

A p p a ra tu s .  Microchemical balance (in this work a Kuhl- 
mann balance, the rider of which was checked against a Bureau 
of Standards calibrated 10-mg. weight, was used). Porcelain 
crucibles with darkened interior and filterstick similar to those 
used in the sulfur microdetermination (S). The burets and 
volumetric flasks were calibrated to an accuracy consistent with 
the use to which they were put. To obtain the results given in 
Table II, standard solutions containing weighed amounts of pure 
nicotine in 0.1 N  hydrochloric acid were used. The nicotine 
(n2D2 =  1.5241) was purified by repeated crystallization of the 
zinc chloride addition product and subsequent distillation in 
vacuo, according to the method of Lowry and Lloyd (-5).

In weighing the samples of nicotine, precautions were taken to 
prevent absorption of moisture.

G e n e r a l  P r o c e d u r e .  New crucibles and filtersticks should 
be boiled with dilute nitric acid and washed with distilled water 
before being used. The crucibles and filtersticks are then ignited 
to constant weight and the filtersticks removed and placed up
right in a covered holder (3). In a crucible is placed an ac
curately measured aliquot containing the nicotine hydrochloride 
in 0.1 N  hydrochloric acid, and the required amount of 0.05 Ar

hydrochloric acid and water is then added to give a total volume 
of 10 ml. of 0.05 Aracid. The solution is stirred with a short 2-mm. 
glass stirring rod while 0.1 ml. of the silicotungstic acid solution 
is being added (0.2 ml. of silicotungstic acid was used in precipitat
ing 0.5 mg. of nicotine). The stirring rod is then removed and 
washed with a few drops of 0.005 N  acid. The stirring rod should 
be cleaned with warm chromic acid each day before use, as other
wise particles tend to adhere to it. The crucibles are then covered 
and allowed to stand until the next day to ensure crystallization 
of the originally amorphous salt.

The liquid is filtered from the precipitate by means of the filter
stick, and the walls of the crucible and filterstick are washed three 
times with approximately 1 to 2 ml. of cold 0.005 N  hydrochloric 
acid. Before ignition the crucibles and filterstick are dried at 
95° to 100° C. to remove excess water, which might cause spat
tering on ignition. For ignition the crucibles are placed within 
larger porcelain crucibles in an electric muffle at 650° C. for 30 
minutes. Upon removal from the furnace the crucibles are cooled 
for 2 hours in a desiccator (no drying agent) and are then allowed 
to stand for 1 hour on a metal block within the outer balance 
case before weighing. The crucibles are weighed 5 minutes after 
they have been placed on the balance pan and the door has been 
closed. After weighing, the crucibles are ready for another run. 
It is unnecessary to remove the residue from the previous run, 
but great care must be taken to knock off all loosely adhering 
particles from the filterstick against the crucible wall before the 
filterstick is removed. In all operations the crucibles are never 
touched with the hands, platinum-tipped forceps being used. 
During filtration the crucible is placed on a watch glass which 
can be rotated to facilitate washing.

For general use it is convenient 
to scratch a mark on the inner 
wall of the crucible to indicate 
a volume of 10 ml. Precipita
tions have been made in con
centrations up to 0.1 N, the ap
propriate correction being ap
plied.

Summary
A micromethod for the de

termination of nicotine based 
on the precipitation o f th e  
silicotungstate is d e s c r i b e d .  

On the basis of eight to tw elve runs each, solutions containing  
0.1 to 0.5 mg. of nicotine were analyzed with an average accu
racy of =*=0.002 mg. It is necessary to correct the results for 
loss of nicotine due to the solubility of nicotine silicotungstate. 
The correction depends on the volum e and acid concentration  
of the solution from which precipitation is made. The tem 
perature of the ignition of the silicotungstate m ust be con
trolled; 650° C. has been found suitable for the micromethod. 
A concentration of 0.005 N  hydrochloric acid is recommended 
for washing the precipitated nicotine silicotungstate, since its 
solubility is at a minimum at this concentration.
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An Improved Semi-Micro and Micro-Carius 
Determ ination

R . H . K IM B A L L , H . H . W IT T E N B U R G , a n d  D. E . M a cFADYEN  
U n iv e rs ity  o f  New H a m p sh ire , D u rh a m , N . H .

T H E familiar method originated by L. Carius three- 
quarters of a century ago and still commonly employed 

for the elementary analysis of halogen in organic compounds 
suffers from several well-known disadvantages. A  compara
tively large sample is needed, proper sealing of the large bomb 
tube is difficult, and the apparatus is subject to explosion and 
inherently dangerous to handle because of the high pressures 
generated. On cracking off the end of the tube, glass chips 
often fall into the precipitate. Transfer and rinsing of the 
halide from the bomb tube and small specimen tube are in
convenient, and a second transfer to the Gooch crucible in
volves a further chance of loss.

Some of these difficulties have been m itigated by  improve
m ents which have been suggested from tim e to time. Adapta
tion to the micro scale is described by Pregl (4), the sample 
being weighed in small glass capillaries open at both ends. 
After cracking off the end of the bomb tube as usual, the con
tents are rinsed into a dish or the capillary is lifted out by  
means of a bent platinum wire, rinsed, and the halide siphoned 
directly from the bomb tube onto a micro filter tube. To 
obtain the same advantage of direct transfer of precipitate, 
H . Roth (6) introduces the unprotected sample by means of a 
long-stemmed funnel when dealing with substances unaffected 
by cold nitric acid. A  semi-micromethod has been recently  
described by Clark ( i ) ,  employing samples of approximately 
25 mg. weighed to 0.02 mg. on a special sepii-microbalance. 
After rinsing out the halide into a small beaker it  is siphoned 
onto the filter tube. H e has designed a sm all electric bomb 
furnace now on the market (The American Instrum ent Co., 
Inc., 774 Girard St., N . W ., W ashington, D . C.).

The procedure described below was developed 4 years ago, 
and sufficient results have now accumulated to show that the 
method is simple and reliable even in the hands of under
graduates. The weighings are done on an ordinary good 
analytical balance, adjusting the sensitivity and calibrating 
the weights to obtain an accuracy of 0.05 mg. Samples usually  
run from 25 to 35 mg., but have been varied from 20 to 100 mg. 
without change in the accuracy of the results.

The samples are weighed in small capsules of pure silver foil 
(fine silver foil, dead soft, about 0.0006 inch thick, obtain
able inexpensively from the Peerless Roll Leaf Co., Inc., 
911-17 N ew  York Ave., Union City, N . J.) which effec
tively protects the substance from the nitric acid while the 
tube is being sealed, but dissolves on heating and supplies 
the necessary silver nitrate. N o sample tube remains for re
moval, and the halide is siphoned directly from the bomb 
tube into the micro filter tube.

To obviate any chance of glass splinters contam inating the 
precipitate, the top is melted from the bomb tube in a flame. 
The procedure used here is som ewhat similar to that recently 
described by Unterzaucher (5), but seems more reliable and 
convenient.

Procedure
S em i-M ic ro  S c a le .  A capsule is made by winding a strip of 

silver foil about 2 X 3  cm. around a 4-mm. glass rod, folding in 
the edges several times to make a tight seam, and pressing the 
end down firmly to form a cup. This is weighed to 0.05 mg. and 
contains about 90 mg. of silver. A 25- to 35-mg. sample is placed 
in the cup, which is closed by pressing the sides together and fold
ing down the top edge, and finally is rolled into a tight coil and 
weighed again.

The bomb tube is made by sealing and rounding one end of 
a piece of ordinary Pyrex tubing 30 cm. long by 15 mm. outside 
diameter, not too thin-walled. After cleaning with acid and 
drying, 2 cc. of concentrated nitric acid (sp. gr. 1.42) free from 
halogen are introduced through a long-stemmed funnel. The 
capsule containing the sample is dropped in and the tube sealed 
in the oxygen flame, the action of the acid on the silver at room 
temperature being so slow that the sample is completely protected. 
Instead of the usual long capillary seal, it is easier to let the tube 
taper gradually to a point over 3 to 5 cm., and this facilitates rins
ing down the walls after opening.

The heating can be carried out in any bomb furnace, making 
sure that the tube is inclined at a sufficient angle to keep the 
materials in the bottom. Here an ordinary electric bomb furnace 
is employed. The tube is wrapped in a sheet of paper and a wire 
looped around for convenience in drawing it from the iron jacket. 
The temperature rises gradually to 250 C. over about 3 hours 
and is held at that point for approximately the same time, and 
the tube is then allowed to cool in the furnace, conveniently 
overnight.

By means of the wire, the end of the tube is drawn slightly 
out of the iron sleeve and the tip of the seal is heated in an 
ordinary Bunsen flame till the very moderate pressure blows out 
an opening. The tube is then removed from the sleeve and the 
opening fire-polished. After cooling, a stream of water is directed 
into the tube to wash down any particles of halide, though as a 
matter of fact none are ever observed near the seal if the tube has

F ig u r e  1. F lame O pe n in g  o f  B omb T ube

been kept inclined. A piece of glass tubing about the same 
diameter as the bomb tube is inserted over the tapered end and 
sealed on roughly (Figure 1). The bomb tube is then heated at 
the shoulder and blown out into a thin-walled bulb; this can be 
blown in stages and may be very irregular. A hole is blown 
while the flame is playing on the thin side of the bulb and the 
flame then quickly worked around the bulb, drawing the glass 
apart. In this way the end of the tube can be quickly and easily 
cut off without danger of glass chips, leaving a flared edge around 
the opening.

Enough water is added to fill the bomb tube about one-third 
full and the contents are mixed by careful shaking. The halide 
can be filtered at once, but it is better practice to stand the tube 
for an hour in a beaker of hot water to coagulate the precipitate. 
After cooling, the halide is drawn directly from the bomb tube 
into a micro filter tube by the siphon method of Pregl (4). Any 
lumps should be broken up with the end of the siphon tube. The 
precipitate is rinsed several times with nitric acid (1 to 100) and 
then allowed to draw over through the siphon. The walls are 
rinsed several times alternately with dilute nitric acid and with 
95 per cent alcohol until all the halide has been transferred to the 
filter. On completing the filtration, the siphon is removed from 
the filter tube, and that portion projecting into the tube is rinsed 
with water into the filter tube. The halide is finally washed 
with four half-filter-tube portions of distilled water.

The filter tube is then wiped with a damp cloth, placed in a 
wire holder for convenience in weighing, and slid into an ordinary 
glass adapter open at both ends. (The stems of the filter tubes 
were cut to 4 cm. to facilitate drying.) It is heated in the oven 
at 125° C. for an hour and allowed to cool for a half hour in the 
balance room. After removal from the adapter it is weighed to 
0.05 mg. in the wire holder, which prevents rolling on the balance 
pan. Bv keeping the tube in the stoppered adapter, the final 
weight of one analysis can be used as the initial weight of the 
next. The bomb tube can be used for two more analyses before 
becoming inconveniently short.

M ic ro  S c a le .  A series of analyses was made using samples 
of 6 to 10 mg., weighed in a slightly smaller silver capsule on the
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microbalance. After rolling between the fingers, the capsule is 
left on the balance pan for 10 minutes to reach constant weight. 
The bomb tubes are constructed of 10-mm. tubing and the amount

T a b l e  I. R e s u l t s  b y  S e m i - M ic r o m e t h o d

Sample Halide Caled. Found Difference
Mg. Mg. % % %

p-B rom oacetanilide, BrCeH<NHCOCHj
22.30
23.25 
48.50 
46.20 
26.55
58.25 
23.70

19.80
20.30
42.30 
40.25
23.30  
50.65
20.80

37.34 37.79
37.17
37.12
37 .08
37.36  
37.01
37.36

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

p-Chloroacetanilide, CICsHtNHCOCHa
39.45 
58.25
26.45  
43 .10

33 .20
49.10
22.40
36.00

20.92 20.82
20.85
20.95
20.66

- 0 .1 0  
- 0 .0 7  
+ 0 .0 3  
- 0 .2 6

p-N itrochlorobenzene, ClC«H<NOi
41.75  
29.85

101.20
61.05
45.75
20.75

37.90
27.00
92 .20
54.75
41.95
19.15

22.51 22.46
22.38
22.54
22.18
22.68
22.82

- 0 .0 5
- 0 .1 3
+ 0 .0 3
- 0 .3 3
+ 0 .1 7
+ 0 .3 1

Ar-( 7 -bromopropyI) phthalim ide, CsHtOjN-CHs-CHi-CHsBr
31.45 22.00 29.82 29.77 - 0 .0 5
35.05 24.50 29.75 - 0 .0 7
37.15 25.95 29.73 - 0 .0 9
21.85 15.30 29.80 - 0 .0 2
63.00 44.05 29.76 - 0 .0 6
82.30 57.50 29.74 - 0 .0 8

M ethyl-a-phenyI-0-brom o-/S-benzoyl propionate (*), C nH iiO iB r
37.25 19.90 23.03 22.74 - 0 .2 9
21.55 11.70 23.11 + 0 .0 8
19.65 10.60 22.96 - 0 .0 7
21.55 11.60 22.92 - 0 .1 1

ethyl-or,7--diphenyl-a,/5-dihydroxy-7-chlorobutyrate (5), C 1 7 H 1 7 O4CI
12.75 5.70 11.06 11.06 0
22.15 9 .95 11.11 + 0 .0 5
20.80 9 .25 11.00 - 0 .0 6

T a b l e  II. R e s u l t s  b y  M ic r o m e t h o d

Sample H alide Caled. Found Difference
Mg. Mg. %

p-Brom oacetanilide
% %

11.660 10.280 37.34 37.52 + 0 .1 8
10.710 9.395 37.34 0
10.666 9.370 37.39 + 0 .0 5
12.807 11.240

p-Chloroacetanilide
37.36 + 0 .0 2

11.161 9 .430 20.92 20.91 - 0 .0 1
7.156 6.095 21.07 + 0 .1 5
6.226 5.315 21.11 + 0 .1 9

of nitric acid is reduced to 1 cc. They are charged, heated, and 
opened, and the precipitate is transferred to the filter as before. 
Before the first weighing of any day the filter tube is wiped with 
a damp cloth, placed in the adapter, and heated in the oven at 
125° C. The adapter is closed with cork stoppers and allowed 
to cool, and the filter tube wiped again with the damp cloth and 
left for a half hour on the pan of the microbalance before weighing. 
After filtration the identical procedure is followed, and this 
weight can be used as the first weight of any succeeding analysis 
on the same day. Obviously the drying block technic of Pregl 
could be employed if desired.

The accuracy seems to be of the same order as the semi-micro - 
determinations. Slightly more time is required, so that economy 
of material is the only advantage of the micromethod.

Analytical Results
The data given in Tables I  and II, obtained by under

graduate students, indicate that the degree of accuracy is 
about that normally expected. It is worthy of note that the 
use of a larger sample brings no corresponding increase in 
accuracy, showing that the errors in weighing are well within  
those inherent in the method itself. Of the few failures en
countered, only two were n ot traced to faulty manipula
tion.

Summary
A simplified Carius method is described for the semi

micro- and microdetermination of chlorine and bromine in 
organic compounds. The sample is weighed on an ordinary 
analytical balance in a capsule of silver foil which dissolves 
and allow's the halide to be siphoned directly from the bomb 
tube onto a micro filter tube. The bomb tube is opened with  
a flame which eliminates the danger of glass chips falling into  
the precipitate. The method is reliable and convenient and 
the results are of the usual order of accuracy.

Literature Cited
(1) Clark, J . Assoc. Official Agr. Chem., 17, 483 (1934).
(2) Kohler and Goodwin, J . Am. Chem. Soc., 49, 226 (1927); Kohler

and Kimball, Ibid., 56, 730 (1934).
(3) Ibid., 55, 4637 (1933).
(4) Pregl, “Quantitative Organic Microanalysis,” 2nd English ed.,

tr. by Fyleman, p. 149, Philadelphia, P. Blakiston’s Son A 
Co., 1930.

(5) Ibid., 4th German ed., p. 129, Berlin, Julius Springer, 1935. 

R eceived  A ugust 20, 1936.

P reparation  o f  V ehicle F ilm s Free o f  Supporting F oundation
E . H . BAYOR a n d  L . K A M PF 

D iv ision  o f  A nalyzing  a n d  T e s tin g , B o ro u g h  o f  Q ueens,
L ong Is la n d  C ity , N . Y.

I N  T H E  analysis of paints, etc., useful information con
cerning their physical characteristics can be obtained by 

examination of a film of the vehicle. The following is a 
method of preparing such films: The vehicle m ust first be 
separated from the pigm ent by settling, centrifuging, or filter
ing with or w ithout the aid of solvents or solvent mixtures. 
If a solvent is used, the solvent m ust subsequently evaporate 
so as not to  change the nature of the vehicle. The separated 
vehicle is poured on a thin aluminum sheet and allowed to  
harden, and the aluminum is dissolved with dilute (1 to 10)

hydrochloric acid to which a drop of platinum chloride solu
tion has been added. The film is then washed and dried.

To avoid wrinkling of the film during preparation or after
wards, the authors found it practical to dip the four edges of 
the film in molten paraffin, after it  dried on the aluminum  
sheet. This protects the aluminum underneath from the 
action of the acid bath and leaves a m etal frame around the  
film.

R e c e i v e d  N ovem ber 3, 1936.



A Simplified Micro-Kjeldahl Apparatus
JO S E P H  E. SC O TT a n d  EDW ARD S. W EST 

U n iv ers ity  o f  O regon  M ed ica l S ch o o l, P o r t la n d , O re.

T H E apparatus for the inicro-Kjeldahl determination of 
nitrogen devised by Parnas and Wagner (4) is com

plicated and fragile as well as cumbersome to set up and 
manipulate: R ecently Kirk (S) and Fife (1) have described 
different types of apparatus for the same purpose, which 
seem to represent improvements over that of Parnas and 
Wagner. For some time the writers have used an apparatus 
which m ay be of interest because of its relative sim plicity, 
compactness, strength, and accuracy. Figure 1 shows the 
details of construction.

ItO m rn .

It consists of a 100-ml. digestion and distillation flask (a 
100-ml. Kjeldahl flask) attached by a ground-glass joint to a 
distilling head composed of a West distilling trap (6) and a West 
condenser (.5). The only part of the construction which may 
give trouble to the amateur glass blower is making the trap. 
As can be seen from the diagram, the trap consists essentially 
of a small sealed-in tube (about. 6 mm.) with open end over 
which a small test tube, with a hole near the bottom, is inverted. 
There is a small water-return hole (about 2 mm.) in the bottom  
of the 6-mm. tube. The rim of the inverted test tube should have 
a few indentations in it (not shown) to facilitate return of water 
to the distilling flask. As can be seen, the vapor makes two 180°

turns in passing through the trap. Two Pyrex bulbs are placed 
above the inverted tube to hold it in place and also to serve as 
additional baffles. The water condenser may be omitted if 
desired, though the writers have experienced less trouble with 
sucking back when the condenser is used. The distillation may 
also be carried out more rapidly with the condenser.

The sample to be analyzed is digested in the distilling 
flask according to the procedure of Harte (2 ).

After cooling, 25 ml. of water are added and the alkali tube is 
placed in the flask. The contents of the flask are further cooled 
if necessary and then 15 ml. of 65 per cent sodium hydroxide 
are carefully added from a pipet through the tube, forming a 
layer under the acid solution. The glass joint is moistened with 
water and the distilling head firmly set in place with the tip 
from the condenser just under the standard acid (10 ml. of
0.0143 iV hydrochloric and 10 cc. of water) in the receiving tube. 
A vessel of cold water is placed around the distilling flask, which 
is then gradually shaken to mix the alkali and acid. The clamps 
(rubber-covered) holding the apparatus should be well tightened 
to hold the glass joint in place. The condensing water is turned 
on slowly and the flask is heated with a microburner. The 
alkali tube remaining in the flask serves as a boiling tube. A 
small U-shaped boiling tube may also be advantageously used, 
in addition.

Distillation is continued until solid sodium sulfate crystallizes 
out and the volume in the distilling flask has been reduced to 
about one-half. During the distillation the receiving tube should 
be moved down at intervals, so that the condenser tip never ex
tends much below the surface of the acid. The last part of the 
distillation is carried out with the condenser tip just above the 
receiving acid. There is generally some bumping as the sodium 
sulfate separates, but with care this causes no trouble. After 
the distillation is complete, the tip of the condenser is washed 
down with a few milliliters of water and the excess acid in the 
receiving tube is titrated with 0.0143 N  sodium hydroxide, using 
four drops of Tashiro’s indicator (2 ml. of 1.0 per cent 
aqueous methylene blue mixed with 100 ml. of 0.04 per cent 
methyl red in 50 per cent alcohol). Blank determinations on 
the reagents gave about 0.07 ml. titration, correction for which 
was made in the calculations.

The titration is m ost efficiently carried out w ith the aid of 
a mechanical stirrer and buret which have been previously 
described (7). The stirring can be satisfactorily done, 
however, w ith a loop stirrer having a right-angle bend to 
serve as a handle.

T a b l e  I. A n a l y s is  o f  N it r o g e n - C o n t a in in g  S o l u t io n s

Nitrogen Nitrogen
Substance Present Found E rror

Mg. Mg. %
(NHi)jSO< 0.997 0.987 - 1 . 0

0.993 - 0 . 4
0.993 - 0 . 4
0.991 - 0 . 6

U rea 0.991 0.992 + 0 .1
0.985 - 0 . 6
0 .989 - 0 . 2

Tyrosine 0 .595 0.599 + 0 .7
0.595 0 .0
0.591 - 0 . 7

C reatinine 0 .955 0.948 - 0 . 7
0.961 0.957 - 0 . 4

e I gives a series of unselected results obtained on
ammonium sulfate, urea, tyrosine, and creatinine.

Literature Cited
(1) Fife, I n d . Eng. C h e m ., Anal. Ed., 8, 316 (1936).
(2) Harte, Ib id .,  7, 432 (1935).
(3) Kirk, Ib id . ,  8, 223 (1936).
(4) Parnas and Wagner, B iochem . Z . ,  125, 253 (1921).
(5) West, I n d . Eno. C h e m ., Anal. Ed., 2, 199 (1930).
(6) Ib id . ,  4, 445 (1932).
(7) Ib id . .  8, 62 (1936).

R e c e i v e d  A ugust 19, 1936.
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C O N T IN U O U S IN D IC A T IN G  

H IG H  SPEED  

H IG H  P R E C IS IO N

Accurate and Easy 

Reading by Light Spot 

On Galvanometer Scale

S A R G E N T  C O N T IN U O U S  IN D IC A T IN G

PO TEN TIO M ETRIC T IT R A T IO N  ASSEM BLY

W illard-H ager C ircu it

A much more rapid and simplified technique is achieved by continuous indication of potential in which rebalancing 
during titration  is completely eliminated. This method is even quicker and gives more accurate results than colori
metric procedures.

Regardless of voltage change, the entire reaction may be indicated across the scale of the galvanometer by ad just
ing the sensitivity of the circuit. The galvanometer is a portable tau t suspension enclosed lamp and scale type of 
high sensitivity and strictly linear scale characteristics.

The Sargent Continuous Indicating Potentiom etric T itration Assembly has the highest sensitivity yet developed 
without sacrificing stability in a continuous indicating instrum ent. The extreme stability  of this instrum ent is due 
to a balanced bridge circuit with both bridge arm resistances in one twin element thermionic tube, thus eliminating 
errors due to variations in tube characteristics.

The sample is in a grid circuit which provides the best possible protection of sample against electrolysis by reducing 
current passing through the cell to a very m inute quantity.

Hydrogen, quinhydrone or bare platinum electrodes against calomel electrodes, or any bimetallic electrode system 
such as tungsten and platinum, may be used with the Sargent Continuous Indicating Potentiom etric T itration 
Assembly.

The instrum ent is operated directly from 110 volt A.C. 60 cycle circuits w ithout the use of batteries.

S a rg e n t C o n tin u o u s  In d ic a t in g  P o te n tio m e lr ic  T i t r a t io n  A p p a ra tu s , W illa rd -H ag er C irc u it,  consisting 
of control unit and galvanometer unit o n ly ........................................................................ - ................................................$85.00

S a rg e n t C o n tin u o u s  In d ic a tin g  P o te n t io 
m e tr ie  T i t r a t io n  A ssem bly , W illa rd -H ag er 
C irc u it. Complete as illustrated, with porcelain 
base support stand, control unit, galvanometer, 
platinum and calomel electrodes, accurately paired 
burettes, burette clamp, stirring apparatus and 
cord and plug for direct connection to 110 volt A.C. 
60 cycle c irc u its ..................................................$125.00

5 R R G E Ü T
LRBORRTORy SUPPLIES
E  H  S f l R G E i l T R n D  C O m P R I l ü

155 ERSTSUPERIOR ST., CH1CRGO
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Braun Improved Chipmunk Crusher

J l u u f i n u i l u A

a n  I M P R O V E D

Braun Chipmunk Crusher
The Braun C hipm unk Crusher has long been a world

wide favorite for reducing laboratory  
sam ples. Now Braun presents an im 
proved m odel C hipm unk which retains
all o f  th e  features th a t have m ade th is m ach in e’s enviable reputation , 
b u t w hich has added strength  wherever th a t seem ed desirable. The new  
steel w edge-block ad justm en t takes up  th e  shock o f crushing and pre
vents breakage o f adjusting screw.

The Improved Chipmunk is m ade in  two sizes. Type YD having a jaw open
ing of 234 x 3" will reduce about 400 pounds of ore to inch in  an hour. 
Type WD with a 2?/s"  x 4" jaw opening has about double that capacity. 

Write for literature. Address Department 1-1.

B R A U N  C O R P O R A T I O N
2 2 6 0  E.  1 5 T H  S T R E E T ,  L O S  A N G E L E S ,  C A L I F O R N I A ,  U .  S .  A.
S an  F ra n c isc o : B ra u n -K n c c h t-H c im a n n -C o . S e a tt le , W a sh in g to n : S cien tific  S u p p lie s  Co.

N e w  G a s  A n a l y s i s  A p p a r a t u s

Goss Section view , showing 
construction o f new adjustment

P ortab le A pparatus
N o. 10335

Standard - Burrell
“ Build-Up”  Models

Choose the apparatus exactly suited to  your current 

needs— alter it later if you desire.

The new Burrell //Build-U p// models may be had in 

p o r t a b l e  and l a b o r a t o r y  styles in almost  endless 

combinations.

WRITE NOW FOR NEW CATALOG NO. 79

B u r r e l l  T e c h n ic a l  S u p p l y  C o . P i t t s b u r g h , P a .
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NEW OXIDATION-REDUCTION 
INDICATOR

. / V  s h a r p ,  reversible color change, high stability, and negligible indi
cator error are three of the im portant advantages of the new oxidation- 
reduction indicator, N-Phenylanthranilic Acid. Its  unexpectedly 
high oxidation potential places it in an exceptional position. I t  can be 
used successfully in all standard oxidation volumetric procedures, 
and is especially advantageous in the determination of ferrous iron.

Eastm an N-Phenylanthranilic Acid, No. 2222, is of the purity essen
tial for such indicator purposes, and its price, 95c for 10 grams, makes 
it economical to use. An abstract of the article by Syrokomsky and 
Stiepin, J. A. C. S., 58, 928 (1936), describing this indicator, will be 
forwarded promptly upon request. Eastman Kodak Company, Chem
ical Sales Division, Rochester, N. Y.

EASTMAN ORGANIC CHEMICALS

p H
MODERNIZE YOUR POTENTIOMETER

fo r  GLASS ELECTRODES

Among 
the Users:

U. S. A rm y, M ed ical Su p p ly  
B ase

M t. H olyok e C ollege  
Solvay P rocess Co.
C arnegie I n s t itu t io n  of 

W ash in gton  
B arrett Co. R esearch  L abo

ratory  
D o m in io n  R ubb er Co.
D u k e U n iversity  
O stro R esearch  L aboratory  
U. S. R ubb er P rod u cts, 

P assaic
U. S . R ubb er P rod u cts, 

D etro it
U . S. R ubb er P rod u cts, 

Providence  
U. S. R ubb er P rod u cts, 

N au gatu ck

If you already have a 
P O T E N T I O M E T E R  . .
there is no need of buying another ju st 
because your require an improved null-indica- 
cator. You can modernize your measuring 
circuit by simply substituting the Hellige 

Vacuum-Tube Galvanometer for your present null-indicator.

This new VACUUM-TUBE GALVANOMETER is the  only instrum ent o f its k ind

I t  is—A general purpose null-indicator of universal adaptability for precise 
measurements of oxidation-reduction potentials, streaming potentials, insulation re
sistance, and various types of bridge measurements. I t  is suitable for measuring
systems of high resistance (1010 ohms), and those easily polarized, with the same high
sensitivity (0.1 millivolt) and the same simple technique as tha t of all ordinary systems.

F or f u l l  in fo r m a tio n , a lso  on  th e  H ellige  e le c tro m e tr ic  p H -M e te r  w ith  glass e lectrode , n ew  c y lin d rica l g lass e lec tro d es , a n d
n ew  c a lo m e l cells , see  b u lle tin s  N os. 7030, 7040, a n d  7400.

HELLIGE.I n c
3718 NORTHERN BLVD. 
LONG ISLAND CITY, N.Y.
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V/hy Leading Chemists Stand

ardize on W H A T M A N  Filt er 

Papers Exclusively

Increasing numbers or th o u g h tru l  
Chemists have standardized their A n a 
lytica l filtrations on W H A T M A N  Fil
ter Papers exclusively for efficiency and 
economy.

They have found that W H A T M A N  
Filter Papers include a grade for every 
type  of analytical filtration to which 
paper is adapted with porosity, speed 
and ash weight suitable for the particular 
determination.

By c o n f in in g  th e ir  p urchases to  
W H A T M A N , they frequently obtain 
the advantage o f discounts for quantity  
purchases, which would otherwise be 
denied them.

Best of a ll, they have the assurance of 
uniform quality, month in and month out 
engendering confidence among analysts 
and those dependent on their results.

Samples cheerfu lly  supplied.

H. REEVE ANGEL & CO., INC. 
7-11 SPRUCE ST., NEW YORK, N. Y

COORS 
U. S. A.

A m e r i c a n  M e t e r  C o m p a n y

M e tr ic  MtTAi. W o rk s  f r i k . Pe n n s y l v a n ia

EVERYTHING 
A CHEMIST NEEDS

IN REGULAR

LABO RATO RY
PORCELAIN

tPLu a .
SPECIAL SHAPES 
AND SIZES FOR 
EVERY PURPOSE

Coors Porcelain Co.
GOLDEN. COLORADO

m oistu re -proo f a lum inum  ca t«  m erely Is sw ung open . . . exposing pressure spring, clock, 

chart, and  record ing m echanism . O r, by  speedily rem oving  the low -pressure  cham ber cover 

o f the forged-stee l d iffe re n tia l gage  body, the  en tire  in te rio r is accessible . . .  w ith o u t loosen- ;i
Ing a single connection th a t a ffects accuracy. A d justm ents do  not in te rfe re  w ith  a n y  o f  the 

w o rk in g  p a rts f Engineering Bulletins on W eslcott O rifice M eters and  the p o p u la r ne w  Round 

Case F lowmeters w i ll  be m a iled  on request.
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WHATEVER THE PURPOSE
there are

@ > PLATINUM CRUCIBLES
To satisfy the need

O F  all the chemist's equipment, none is more 
useful than platinum crucibles.

W h ile  standard types answer mostly, you can 
get A .P .W . crucibles in every conceivable 
style fo r routine analyses, fo r special w o rk , o r 
for exceptiona lly  hard usage, and they are 
available from micro sizes up to as large as 
you w ant.

W e list a fe w — made e ither in specially pure 
platinum o r platinum rhodium —

Regular platinum crucib les— pla in , offset, or 
other types o f re in forced rims, regular or 
especially heavy bottoms.

V o la tile  M a tte r Crucibles 
G ooch Crucibles Neubauer Crucibles
Capsule Crucibles M ic ro  Crucibles

FOR H A R D  U SAG E

Heavy Rim or Heavy Duty Crucibles
(in fo rm a tio n  u p o n  re q u e s t)

A l l  A .P .W . Crucibles H A N D  H A M M E R E D

Platinum Wares Remade o r Exchanged 

Ask for C ata log F-16 

I f  interested in micro wares— Leaflet F-M

The AMERICAN PLATINUM WORKS
NJ.R.R. AVE. AT OLIVER ST.

NEWARK, N. J.

Suspended Level 
Viscosimeter

B y L. U b b c lo h d c

U. S. P a te n t No. 2,048,305

Kinematic Viscosity in absolute units
(centistokes) obtainable directly by
the following equation:

, ,  „  -2 .0 0  
V =  K t --------t

V, the kinematic viscosity in centistokes. 
t, the efflux time in seconds.

K, the calibration factor o f the instrument.

The suspended level is formed at the 
base of the capillary. The efflux time 
is the interval between the formation 
of the suspended level and the fall of 
the liquid between two calibrated 
marks. Available in sets of three 
capillaries or singly. Calibrated or 
uncalibrated.

Accuracy ± 0.1%. Small sample re
quired.

Checks and re-checks with same 
sample at different temperatures.

B u lle tin  U V 256 on request
A v a ila b le  a t  L e a d in g  L a b o r a to r y  S u p p ly  D ea lers

U ltr a  T h e r m o s ta t
A fte r  I lö p p lcr

F o r  BACTERIOLOGY 
SEROLOGY 
REFRACTOMETRY  
VISCOSIMETRY

Uniform and accurate regulation of tem
perature. Completely automatic. Self 
contained. Delivers to the instrument 
for continuous service 5 liters of constant 
temperature liquid per minute. Easily 
adjustable regulator, quickly attains the 
desired temperature.
The Ultra Thermostat maintains tem
peratures o f circulating bath constant 
within ± 0 .02° C., and of instruments 
controlled by a circulating bath within 
±0.005° C.

Temperature Ranges —35° to + 3 0 0 °  C.

A s k  f o r  B u l le t in  IJ T  254 
A t  L e a d in g  L a b o r a to r y  S u p p ly  D e a le rs

FISH -SC IT U R M A N  CO RPO RATIO N  
250 E a st 43rd S tr e e t, N ew  Y ork

U. S. Agents

Fish-Schurma
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EPILUM ILLUM INATOR
FREE from glare, for use with standard 
stands. In  general work the new Reichert 
M icroscope M eK  with ad justable stage is 
especially recom m ended.

In the Epilum attachment the illuminating 
pencils of light are admitted independent of 
the objective, and refracted upon the specimen 
by a special annular condenser.

Leaflet 398 on request

Pfaltg & Bauer, Inc.
EMPIRE STATE BUILDING, NEW YORK

BRING YOUR LAB. UP-TO-DATE
Why have your Re-agents scattered 
on open shelves, covered with dust

when it is possible, 
at a small outlay, 
to file them in a 
neat, orderly way, 
instantly at the 
finger tips when 
re q u ire d , and  — 
away from dust 
and  d e tr im e n ta l 
effects of light.

Install the 
S C H W A R T Z  S E C T IO N A L  S Y S TE M
which so many have to their complete 

satisfaction.
Send fo r  illustrated catalog with net 

price list.

S C H W A R T Z  S E C T IO N A L  SYSTEM  
IN D IA N A P O L IS ,  IN D .

N E W  
ELECTROLYTIC APPARATUS

We have designed a new in
expensive deposition ap
paratus which offers many 
advantages. Some of which 
are as follows:
1. Can be used on alternation 

current.
2. Meets requirements of the 

Micro Method for determina
tion of lead.

3. Polarity can easily be reversed.
4. Does not require rectifier.
5. Two determinations can be 

made simultaneously.
6. Rotating Electrode with speed 

control.
7. Produces electrode voltages 

from 0 up to 5 volts.
8. Can be used for determination 

of all metals.
9. Price of No. 3314, shown, 

<80.00.

Other models are available from 
?45.00 up.

Complete description upon request

P A IQ  M Y E R S  i\(
Apparatus fo r  Industrial and Laboratory Use 

81 Reade Street New York, N. Y.

PHOSPHORIC ACID, PHOSPHATES 
AND PHOSPHATIC FERTILIZERS

W. H. Waggaman
Phosphorus, always an essential in plant and animal life, 

now bids fair to displace sulfuric acid for a number of pur
poses, due principally to the commercial development of 
the pyrolytic process of production. This volume con
tains a complete discussion of this process, together with 
descriptions of the phosphate industry in the United 
States and abroad and the production and uses of various 
phosphorus acids and compounds.

C O N T E N T S: Introduction; Historical; Elemental phos
phorus, oxides of phosphorus, and the acids of phosphorus; 
Phosphoric acid in animal metabolism; The role of phos
phoric acid in agriculture; Sources of phosphoric acid and 
their classification; Phosphates ot the United States; Re
serve supply of phosphate rock; Phosphates of foreign 
countries; Phosphates of the Pacific and Indian Oceans; 
Phosphates of Europe; Phosphates of Asia; So-called 
available phosphates; Water soluble phosphates; The 
manufacture of phosphoric acid by the sulfuric acid 
process; The volatilization process for producing phos
phoric acid; Phosphate baking acids and powders; The 
use of phosphates as water softeners and the manufac
ture of trisodium phosphate; Miscellaneous uses of 
phosphoric acid and phosphates; Phosphoric acid in rust 
proofing compounds; Uses of phosphoric acid and phos
phates in glass and ceramic products; Use of phosphoric 
acid in beverages; Phosphoric acid in dental cements; 
Phosphoric acid and phosphates in photography; Phos
phates in fire proofing compounds; Phosphoric acid and 
phosphates in the refining of sugar; Phosphates in fer
mentation processes and yeast culture media; Phosphates 
in the weighing of silk; Manufacture and uses of trical
cium phosphate; Appendix.

A. C. S. M onograph 370 pages. Illu stra ted  $5.75

REINHOLD PUBLISHING CORP. n'Jŷ n.y.
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Lead determinations in foods and chemicals . . . .
to LESS than one part per m illion  . . . .  are routine w ith  the 
W A C O . Autom atic contro l o f all physical factors has been 

incorporated. Results are positive and SURE . . . .  accu
rately re p ro d u c ib le !

Q Our original contributions
w e re  made possible through the earnest help 

men 'n Research Laboratories o f the large 
Can manufacturers, N a tiona lly  know n Food 
Processors and the Dept, o f A g ricu ltu re .

W A C O  CATALYST, V o l. 3A is ready . . . .
It describes the lead in food equipment . . . .  the 
Deposition M anual giving procedures fo r micro and 
macro determinations . . . .  and the N E W  Coleman 
Electrometers . . .  fo r p H  and redox w o rk . A  request 
fo r your copy w i l l  be appreciated!

L A B O R A T O R Y  S U P P L I E S  AND C H E M I C A L S

W
I L K E N S ' A N D E R S O N f O

New • Unusual
An Electric Oven designed particularly for drying and 
baking lacquer, etc., where inflammable fumes are de
veloped.

4 F e a tu re s ►

C o o l e y  E l e c t r i c  M a n u f a c t u r i n g  C o r p .
INDIANAPOLIS, IND.

Protected embedded heating elements reduce fire hazards.
Baffle construction insures uniform tem perature, by circulation 
of air.
Pyrex windows in front and rear perm it observation of work 
without opening oven.
Vents relieve oven of excessive fumes.
Three heat switch perm its flexible regulation of heat input.
Encased rheostat controls tem perature on each heat input.
Tem peratures controllable between 125° and 700° F.
Chamber dimensions 12" by 18" by 24".
Power input 2.5 kw a t 220 volts.

ELECTRIC OVEN 
FOR DRYING AND BAKING

Type 0 -121821
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1* A ll IC INSTRUM ENT CO. 
2 2 2  ö 2 i h I S tr e e t  
M olin e , Illin ios

W'rite f o r  n e w  B u l le t in  

a n d  P a r t s  L is t  No. E-39

A halogen determ ination  can be m ade  
in  forty-five m in u tes w ith  the

P A R R  M ICRO  B O M B
Other tests o f organic com pounds, as 

for sulfur and phosphorus, are equally  
rapid. 

The in vestm en t is n o t heavy. The  
com plete bom b and outfit as illustrated  
below, w ith  nickel cups, m ay be had for 
§29.00.

M a c h le tt  hollow P l u g  
Stopcocks

f  --  A-
w

NOT just another stopcock

BUT a product of precision

and unexcelled workmanship I

Light in Weight 
Precision Ground 

Less Likely to Freeze 
Unexcelled for High Vacuum Work 

Less Likely to Break under Strain 
Plug and Barrel of Pyrex Brand Glass 

Costs No More than Common Solid Plug Yariety 

In popular use the nation over 

Write fo r Bulletin "M . P ." giving fu ll particulars

E. MACHLETT & SON
Est. 1897

Scientific Glassware & Apparatus 
220 East 23rd Street New York, N. Y.

WANTED/
Back Journals of th e  
A m erican C hem ical Society  
JOUR. AMER. CHEM. SOCIETY
Vol. 58, No. 2 ©  .25 each

INDUSTRIAL AND ENGINEERING  
CHEMISTRY
Industrial Edition—Vol. 25, No. 6 @ .25 each 

26, No. 5 @ .25 each 
28, No. 3 @ .25 each 

Analytical Edition—Vol. 6, No. 3 @ .50 each
8, No. 2 @ .25 each

News Edition—Vol. 5, No. 6 @ .25 each
6, No. 1 @ .25 each
14, No. 4 @ .25 each

CHEMICAL ABSTRACTS
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
27, No. 21 @ .50 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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M1201—30 COMPARATOR 
100 m m  Range

NEW ITEMS
O F

MODERN APPARATUS

Goldfisch
Extraction
Apparatus

This Comparator is especially designed for measuring spec
trograms, but may also be used to advantage in calibrating 
scales and measuring linear distances on any object which 
may be conveniently placed on the stage.

This instrument, typical of our precision instruments, is of 
thoroughly modern design throughout, embodying many new 
features which add materially to its accuracy, convenience 
and permanency.

Write for Bulletin No. 136 for a complete description.

THE GAERTNER SCIENTIFIC CORP.
1216 W rightwood Avenue 

CHICAGO

Crude
Fiber

Apparatus

[ Complete Details on Request ]

LABORATORY CO NSTRUCTION  COM PANY
M fgrs. o f M odern  K jeldah l N itro g en  A pparatus 

1113-1115 Holm es St. Kansas City, Mo., U.S.A.

METAL CLAD JOINTED APPARATUS
(PATENT PENDING)

(Further details will be sent on request.)

SCIENTIFIC GLASS APPARATUS COMPANY
49 ACKERMAN STREET BLOOMFIELD, NEW JERSEY

Interchangeable ground glass joints that will not stick or freeze are 
now available on every piece of equipment having ground connections. 
These are made possible by our new process of applying protective 
coatings of Silver, Gold or Platinum  to glass.

Vacuum Distilling 
apparatus No. 1447 as 
illustrated is now being 
co n stru cted  wi t h  
metal clad joints, thus 
reducing breakage due 
to sticking joints.

Stationary me t a l  
clad parts such as con
nections and stoppers 
may be used without 
lubricants.

Just sufficient metal is applied to each surface to assure pro
tection against corrosion, and is processed so that the Silver, 
Gold, or Platinum becomes permanently attached to the glass 

surfaces.

All Metal clad surfaces are finished to a 
bright polish and 
fit perfectly, form
ing smooth, duc
tile,m etal tom etal 
bearing surfaces.
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STOKES
L A B O R A T O R Y  E Q U I P M E N T

S H E L D O N  L A B O R A T O R Y  
FURNITURE

TABLES ~  FUME HO O DS ~  CASES
in

W O O D  and  S T E E L
hundreds of standard designs or 
special creations for special needs

SH ELD O N Steel Installation at Wm. W ria ley, J r. Co.— Q iicago

W e have a technically trained representative in your v icin ity 
— subject to your call. H e can materially assist you in plan
ning your layouts to properly and most economically rough 
in fo r mechanical services and help w o rk  out any special 
problems o f design.
O u r factory is devoted exclusively to production of Science 
Laboratory Furniture and our research department is constantly 
developing new  materials in this highly specialized field.

Dept. 1C

E. H . S H E LD O N  & C O ., Muskegon, M ich.SKILL THAT MATCHES 
Y O U R  E V E R Y  NEED

Our glass department is a collection 
of expert glass blowers to whom 
your requirements, whether simple 
or complex, are a challenge. To each 
task they bring a rapid, precise skill 
—based on years of rigid apprentice
ship under the exacting tutelage of 
craftsmen—that is reflected in the 
superb quality of their output. 
When you order from Will you have 
the satisfaction of knowing that your 
specifications will be met exactly at 
prices that are most reasonable.

Vacuum Shelf Dryers
Illustration shows small prac
tical self-contained Vacuum 
Shelf Dryer for laboratory and 
experimental use. Compact, 
of neat appearance with verti
cal surface condenser and 
receiver forming the base.
Chamber contains two 18' x 
12' shelves with 4 ' clearance.
May be heated with hot water, 
hot oil or steam. Full line of 
commercial dryers available.
I l l u s t r a t i o n  a l s o  s h o w s  
Stokes High Vacuum pump 
connected to dryer.

High Vacuum P u m p s
Rugged, simple, com pact, dependable. For all labo ra to ry  purposes. 
Vacuum  w ithin .01 mm. F ive stock  sizes, 10 to 225 cu ft. capacity .

Autoclaves
C onstruction  and design to  su it requirem ents.
M ade of s tan d ard  or special m etals. H eated  
by steam , gas or e lectricity .

W ater Stills
Produce h ighest q u a lity  d istilla te .

22 stock sizes from H  to  100 gal. per hr.

FJStdkes m a c h i n e  c o m p a n y
5944 TABOR ROAD, OLNEy, P. O ., PHILADELPHIA, PA.
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DESPATCH TEST OVENS 
ROTARY TYPE 

fo r
A. S. T. M.

Standard D6-33

and  
A. S. S. H. O.

T-47 T est Specifications
Designed primarily for determination of loss on 

Heating of Oil and Asphaltic compounds accord
ing to above procedures.

Ready removal of perforated rotary shelf (9.75" 
dia.) allows oven to be used for general purposes.

Equipped with DeKhotinsky thermoregulator 
sensitive to % °C. changes, temperatures are main
tained ^ l 'C .  at 163°C.

Radically new type baffle plate guarantees posi
tive natural circulation of air, insuring uniformity 
of heat distribution throughout chamber.

Many other new features and refinements have 
been incorporated.

Two sizes; each built for maximum tempera
tures of 180° or 260°C respectively.

Oven finish, attractive and durable.
Write for Bulletin No. C-3 page 7.

DESPATCH OVEN COMPANY
630 N in th  Street, S. E. M inneapolis, M inn ., U. S. A.

Pioneer Builders o f Laboratory Ovens Since 1902

AMINCO

I l lu s tr a t io n  
S h o w s  th e

A M  IN C ©

A sk  f o r  B u lle t in  406

S U P E R P R E S S U R E  
EQUIPM ENT
• * . inclu d es a 
com p lete  lin e  
o f  apparatus 
for tlie  in vesti
ga tion  o f  h igh-pressure  
ca ta ly tic  reaction s on  a 
laboratory and sem i-  
w orks scale.

Hydrogenation Apparatus
T he A m erican In stru m en t Com pany m ain ta in s a de
sign  d ep artm ent thorough ly  fam iliar w ith  the prob
lem s o f  super-pressure design and a special shop de
p artm en t for w orking up these designs in  m odern  
h igh -stren g th  m ateria ls.

TALL YAPOR DOMES 
NOW  STANDARD

S A T  NO EXTRA COST
Thousands of installations in every conceivable kind 

of laboratory, in every field of industry and research, 
testify to the satisfactory performance of “ Precision” 
Automatic W ater Stills. Year in and year out these de
pendable Stills deliver distilled water tha t is chemically, 
physically, and bacteriologically pure—at extremely low 
operating cost and with practically no manual attention 
required.

Among the many features responsible for the superior 
performance of “Precision” stills are the following— 
tube-free non-clog condenser built into the still; remov
able cover for quick accessibility to evaporator interior 
to facilitate cleaning; each still equipped with evapora
tor communication nipple for flush and bleed valves; 
entire evaporator surface contacting vapors or distilled 
water coated with pure block tin.

Every “ Precision” A utom atic  Water S till  
Is Now a “ HARD” WATER MODEL

And now added to all these vital features mentioned 
above, is the tall dome with gas vent a t the top and con
taining a series of baffles to strip the ascending vapors of 
every vestige of solids and moisture before condensation 
takes place. This notable improvement promotes the 
purity of the distillate to an appreciable degree and offers 
another reason why it will pay you to install a “ Precision” 
still in preference to any other.

T h e  C h e m ic a l  R u b b e r  C o .
L a b o ra to ry  A p p a ra tu s— C h em ic a ls— R u b b e r  G oods

1902 W„ 112 ST. CLEVELAND, OHIO

BELOW — Electrically heated 
"P recision” A utom atic  W ater 
S till built in sizes of 1, l l/ 2, 2 and 
3 gals, per hour. E lectric heating  
makes the  ideal labo ra to ry  still 
installation because of absolute 
cleanliness and ease of operation . 
A utom atic cut-off shown is ex tra  
equipm ent to  safeguard heating  
units from non-im mersion.

N o. 5240
ABOVE— G asheated"P recision” 
A utom atic W ater Still bu ilt in 
sizes of 1, 2 or 3 gals, per hour. 
Body is M onel m etal; special 
evaporato r insures gas com bus
tion efficiency.

No. 5244

Write
for

Catalog

A m e r ic a n  In s t r u m e n t  C o ., inc.
0010-8020 Georgia Ave. Silver Spring, M d.
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LABORATORY 
SUPPLIES

. . .  if you do not have the new A .  D A IG G E R  

catalog, a request on your stationery is all 

that is necessary to procure yours promptly.

A .  D A IG G E R  & C O ., 155 W . K IN Z IE  ST., C H IC A G O  

L A B O R A T O R Y  S U P P L I E S  A N D  C H E M I C A L S  S I N C E  1 8 9 4

In select i ng your  new Cent r i f uge,  

C O N S I D E R :
•  Its quality of material and workmanship.
•  Actual capacities at higher speeds.
•  Motor strength for continuous duty.
•  Its adaptability to wide range of accessory equipment.
•  The manufacturer’s policy in design of new equipment to fit older models.
•  Future requirements of your laboratory.

I N T E R N A T I O N A L  CE NT RI F UGE S
are furnished in many types and sizes, all of finest material and de
signed, so far as possible, to allow for future adaptation of improved 
accessories as developed by new principles of advanced technique.

The International Size 2 Centrifuge is a very popular model due to 
its large overload capacity, power, protective starting device, flexible 
speed control and portability. Research Laboratories demand this 
particular centrifuge because of its wide field of usefulness.

Your Dealer knows International’s reputation.
Send fo r  bulletins or advice on your particular problem

A L  E Q U I P M E N T  C O M P A N Y
M a k e r s  o f  F in e  C en trifu g es  Boston, Mass.

INTERNATIONAL  
Size 2 Centrifuge with Stand

352 Western Avenue


