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content of the peanuts being somewhat higher than 
the moisture determined by analysis. 

The yields of oil and meal which were obtained 
have been compared with the yields predicted on the 
basis of chemical analysis. Under the conditions of 
processing of this test run no so-called invisible oil 
loss was observed. 

A c k n o w l e d g m e n t  

The authors are indebted to G. E. mann for the 
refining loss determinations reported on the oil. 
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Comparison ot Methods for the Determination 
o[ Glycerol by Acetylation 

W. D. P O H L E  and V. C. M E H L E N B A C H E R  
Swift and Company, Chicago, IlL 

T HE aeetin method (3) is the accepted procedure 
for the determination of glycerol by acetvlation 
although results by this method are usuafiy con- 

siderably lower than the true value (2). In the past 
numerous attempts have been made to increase the 
accuracy of this method, but none has led to any 
fundamental improvement so the method remains as 
it was originally written. 

The method to be presented in this paper was not 
the result of an investigation for the improvement 
of the acetin method but the by-product of a study of 
procedures for measuring the hydroxyl content of 
organic compounds. In the course of this investiga- 
tion we found that  the method of West, Hoagland, 
and Curtis (4) for the determination of hydroxyl 
groups was quantitative for glycerol. This acetyla- 
tion procedure proved to be more accurate, more 
rapid and simpler than the conventional acetin 
method. 

Acetic anhydride reacts with glycerol as indicated 
in the following equation: 

O 
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One reel. of glycerol reacts with 3 mols. of acetic 
acid, thus the glycerol in a sample can be calculated 
from the amount of acetic acid combined with the 
glycerol. In the following procedure the acetic acid 
combined with the glycerol is calculated from the  
difference between the amount of standardized alco- 
holic potassium hydroxide required to titrate the 
acetylating reagent before and after reaction with 
the sample. 

E x p e r i m e n t a l  
The preliminary tests were made with the acetic 

anhydride-pyridine reagent (1 eel. acetic anhydride 
and 7 eel. pyridine) used by West, Hoagland and 
Curtis (5), but in later experiments, and in the 

method finally adopted the concentration of acetic 
anhydride was increased by changing the  rat io  to 
1 to 6. This provided an additional excess of acetic 
anhydride and permitted a greater variation in the 
size of sample without jeopardizing the accuracy of 
the method. 

The conditions necessary for quantitative results 
were determined by analysis of a C.P. glycerin that 
contained 95.0% glycerol. The composition of the 
glycerin was established from specific gravity and 
refractive index measurements, analysis by the peri- 
odic acid (1) method and by subtracting the moiSture 
determined by the Fischer Volumetric Method from 
100. 

The time required for complete reaction between 
the sample and acetylating reagent was established by 
analyzing samples after heating for varying periods 
on the steam bath. The results are given in Table I. 

TABLE I 

Relation Between Time Allowed for Reaction on the 
Steam Bath and the Analyses 

Time allowed for reaction I 
cn the ~team ~aib, ~inules  

15 .................................................................... Z:I 94.8 
25 ................................................... .. 95.3 
30 ................................................... iiii:iiii ........ 95.1, 94:9 
60 ............................................................ :IZII... 95.0, 95.0 

129 ...................................................... 94.5, 95.5 
240 ..................................................... IIZIII:II:, 95.0 

Glycerolfound 
by analys is ,% 

The reaction between the sample and acetic an- 
hydr ide  proceeded to completion in a very short 
time, and no additional reactions oeeurred when the 
heating period was extended well beyond that re- 
quired for quantitative results. Thirty to forty min- 
utes was selected as the time the sample and reagent 
should be heated on the steam bath in order to insure 
complete reaction. Since the reaction proceeded sc 
rapidly at steam bath temperatures some tests were 
made at room temperature. Under these conditions 
the reaction was not complete even after 24 hours 
for the analysis indicated only 94.1% glycerol. Quan- 
titative results can be obtained at room temperature 
by increasing the reaction time to two to four days, 
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but such conditions are not practical for a routine 
laboratory test. 

The excess reagent needed for quantitative results 
was determined by analyzing increasing amounts of 
C. P. glycerin while keeping the quantity of acetylat- 
ing reagent constant. The results of these tests are 
shown graphically in Figure 1 .  
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FIG. 1. Re la t ion  be tween reac t ion  of  ace ty l a t l ng  r eagen t  a n d  
size of  sample.  

The reaction between the sample and acetic anhy- 
dride was quantitative up to the point where 70% of 
the acetic anhydride was consumed by the sample. I t  
must be remembered that the water in glycerin also 
reacts with the acetic anhydride and thus reduces its 
effective concentration. This method is intended only 
for glycerins containing less than 20% water. How- 
ever, a crude glycerin containing 60% glycerol, pre- 
pared by diluting an 82% crude with water, was an- 
alyzed correctly. This showed that Samples with less 
than 80% glycerol may be analyzed if the water 
content is not too high. 

Tests have shown that Barrett 's 2A-refined pyri- 
dine or Eastman Kodak Company pyridine 214, b.p. 
113.5~176 can be used in the acetylating reagent 
without the treatment specified by West, Hoagland 
and Curtis (4). The reagent will become colored on 
standing and should not  be used after it has turned 
yellow. Analyses of four samples of glycerin using 
yellow colored reagent three weeks old were approxi- 
mately 0.3% lower than those obtained when the 
solution was fresh. Our experience indicates the 
acetic anhydride-pyridine solution can be used after 
standing for two weeks at room temperature, but it 
is best not to use that which has stood longer. 

A comparison of results obtained by several meth- 
ods on C. P., high gravity C. P., dynamite, and crude 
glycerin is shown in Table II. The data in Table II  
indicates that the acetic anhydride-pyridine pro- 
cedure is more accurate than the conventional acetin 
method. The acetic anhydride-pyridine procedure, 
like the acetin methctd, does not give accurate results 
when the sample contains compounds like trimethyl- 
ene glycol which are also acetylated. However, the 
difference between the results by this method and 
those by the periodic acid procedure will give an indi- 
cation of the amount of hydroxy compounds other 
than glycerol, when such compounds are present. The 
presence of acetylatable material other than glycerol 
is clearly indicated by the analyses of crude glycerins 
7 and 8 in Table II. 
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TABLE II 
Analyses of C. P., High Gravity C. P., Dynamite and Crude Glycerin 

C.P.  G] 
No. 1 
No. 2 
No. 3 
No. 4 
No. 5 
No. 6 
No. 7 
No. 8 
No. 9 
No. 1 

High G: 
C.P.  G] 

No. 1 
No. 2 
No. 3 
No. 4 
No. 5 

Dynami 
No. 1 
No. 2 
No. 3 
No. 4 
No. 5 

Crude ( 
NO. 1 
No. 2 
No. 8 
No.  4 
No.  5 
No. {] 
No. 7 
No. 8 
No. 9 
No. 1 

lOO--% 
water by 
Fischer 

volu - 
metric 
method 

99 .0  
9 9 . 4  
99 .1  
98 .1  
98 .8  

The standard deviation for i7 analyses of a C. P. 
glycerin containing 95.0% glycerol was calculated in 
order to determine the precision of the method. The 
average of the 17 analyses was 94.97% glycerol and 
the standard deviation was _+ 0.3%. 

Method 
Apparatus:  

Glass s toppered  flasks, 300-ml. 
Bure t ,  50-ml., accura te ly  cal ibra ted.  
P ipe t ,  5-ml. 
Gradua t ed  cylinder,  25-ml. 

Reagents: 
Acet ic  anhydr ide -pyr id ine  reagent ,  1 volume of  r e ag en t  qual- 

i ty  acetic anhydr ide  ( a s say  m i n i m u m  9 5 % )  and  6 volumes of  
pyr id ine ,  B a r r e t t ' s  2A-refined or E a s t m a n  K o d a k  Company ,  
214, b.p. 113.5~176 

Alcoholic po t a s s ium hydroxide  solut ion,  0.32 N to 0.35 N,  
U.S.S.D.  Alcohol F o r m u l a  No. 30 is s a t i s f ac to ry .  

I sobu ty l  alcohol, r e agen t  qual i ty .  
Pheno lph tha l e in  ind ica to r  solut ion,  1 .0% in  95% alcohol. 

Procedure : 
W e i g h  aceura te ly  into a 300-ml. g lass  s toppered  Er l enmeye r  

flask 0.10 to 0.15 gin. of  samples  con ta in ing  ca 95% glycerol  or 
0.12 to 0.18 gm.  of  samples  con ta in ing  ca 80% glycerol.  Ad d  
5 ml.  of  acetic anhydr ide -pyr id ine  r eagen t  wi th  a pipet .  Pre-  
pa re  a n d  conduct  a b lank  de t e rmina t ion  s imul t aneous ly  wi th  
the  sample .  The  b l ank  is no t  hea t ed  on the  s t e a m  bath .  Mois- 
t en  the  s topper  wi th  pyr id ine ,  place loosely in the  flask an d  set  
the  flask on a well-f i t t ing hole on a s t e am bath .  Loosen  the  
s topper  two or three  t imes  du r ing  the  first th ree  or f o u r  m in u t e s  
the  flask is on the  s t e am b a t h  so as to relieve the  pressure .  Th en  
inse r t  the  s topper  t i g h t l y  and  hea t  fo r  30 to 40 minu tes .  Re- 
move the  flask f rom the  s t e am ba th ,  cool a t  room t e m p e r a t u r e  
for  one to th ree  m i n u t e s  and  t hen  add  5 ml. of  dist i l led water .  
Le t  the  wa te r  r un  down over the  s topper  and  sides of  the  flask. 
Replace the  s topper  and  hea t  on the  s t e am b a t h  fo r  one to two 
minu tes .  Remove  the  flask f r o m  the  s t eam bath ,  cool a t  room 
t empe ra tu r e  for  10 to 15 m i n u t e s  and  add  25 ml. of  i sobuty l  
alcohol, a l lowing the  alcohol to wash  down the  s topper  an d  
sides of  the  flask. T i t r a t e  wi th  the  alcoholic p o t a s s i u m  hydrox-  
ide u s i n g  0.5 ml. of  pheno lph tha le in  ind ica tor  solution.  
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Calc~dat ions  : 
(B---S) X N X 3.07 

% glycerol 
W 

B ~ ml. of alcoholic potassium hydroxide required to t i t ra te  
blank. 

S ~ ml. of alcoholic potassium hydroxide required to t i t ra te  
sample. 

N ~ Normal i ty  of alcoholic potassium hydroxide. 
W ~---Weight of sample in gin. 

Summary 

A method for the determination of glycerol has 
been presented in which the acetylation is performed 

with a reagent consisting of acetic anhydride in pyri- 
dine. Typical data obtained by this procedure and 
~,?her accepted methods are shown. The proposed pro- 
eedul'e is simpler, more rapid, and more accurate than 
the conventional acetin method. 
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Determination of Borax in Soap and Synthetic 
Deter enls* 

E. W. BLANK and A. TROY 
Colgate-Palmolive-Peet C o m p a n y  

J e r s e y  City, N. J .  

T HE usual method employed for the determina- 
tion of borax in soap and soap products is that 
described by Poetschke (1, 2). The procedure is 

accurate but tedious. It  includes a lengthy fusion 
that requires constant attention and care. In addi- 
tion, repeated operations of filtration and refluxing 
are required to remove, respectively, the excess of 
calcium carbonate over that required to neutralize 
the solution prior to titration of the boric acid and 

t h e  carbon dioxide liberated during neutralization. 
The presence of calcium carbonate during the final 
titration, as recommended in the method, tends to 
obscure the phenolphthalein endpoint. 

Scott (3) describes a method for the determina- 
tion of borax in soap in which the soap is acidified, 
the fatty acids removed by filtration, and the boric 
acid titrated with normal sodium hydroxide solution 
in the presence of mannitol. The excess of acid re- 
maining from splitting the soap is previously neutral- 
ized to methyl orange with sodium hydroxide. If 
silicate is present, it is removed by dehydration with 
concentrated hydrochloric acid employing a distilla- 
tion flask and collecting the volatile boric acid in a 
receiving flask. If phosphates are present, a correc- 
tion must be applied to the titration since a portion 
of the phosphate titrates as borate. 

The method described in this paper is both accu- 
rate and rapid. The presence of phosphate or silicate 
does not interfere with the determination. Carbon- 
ates are destroyed during the course of the procedure. 

Principle of the Method 
The method to be described is based upon the fact 

that soluble silicates, carbonates, and orthophosphates 
can be quantitatively precipitated by strontium chlo- 
ride whereas strontium metaborate is soluble in an 
excess of strontium chloride solution. After the in- 
soluble strontium salts are removed by filtration, the 
strontium metaborate is converted into boric acid by 
acidification with hydrochloric acid, and the boric 
acid titrated in the usual manner in the presence of 
mannitol. 

*Presented at 19th fall meeting of the American Oil Chemilts' Soci- 
ety in Chicago, Nov. 7-9, 1945. 

The solubility of strontium carbonate (SrC03) is 
given as 0.0011 grams per 100 ml. of water at 18~ 
and 0.065 grams per 100 ml. of water at 100~ (4). 
The same source lists strontium metasilieate (SrSiOs) 
and strontium orthophosphate (SrHPO~) as insolu- 
ble. It  has been found by experiment that meta- or 
pyrophospbates do not interfere in the determination. 

B o r a x  (Nao.B4OT.10H20) is slightly soluble in 
ethyl elcohol. For this reason determined values for 
borax in the alcohol insoluble material obtained from 
the original sample tend to run low. In the procedure 
described in this paper the borax is determined on 
the original sample to avoid errors due to the solu- 
bility of borax in ethyl alcohol. 

Solubility of Boric Acid in Ethyl Ether 
and Petroleum Ether 

During the development of the method the ques- 
tion arose as to the degree of solubility of boric acid 
in ethyl ether and petroleum ether. This question 
merits consideration since in the procedure to be 
described the fatty acids are normally removed from 
the sample solution by use of petroleum ether. The 
solubilities were determined by employing a modi- 
fication of the apparatus devised by Bahr (5). Fig- 
ure 1 shows the constructional details of the modified 
apparatus. The apparatus was maintained at 25 • 
0.01~ by immersion in a thermostatically controlled 
water bath. 

The method of procedure was essentially as fol- 
lows: Boric acid was placed in contact with the ether 
and stirred by a stream of dry nitrogen for six hours. 
Nitrogen was passed through the ether by closing 
stopcock B and opening stopcocks A and C. Stop- 
cock D was oriented in such a manner as to permit 
passage of the nitrogen while sealing off the measur- 
ing pipet. A slight amount of refluxing took place in 
the condenser. Some ether was lost by volatilization. 
Due to the latter loss the solubility is determined in 
a solution that is being slowly concentrated. Super- 
saturation is prevented due to the agitation of the 
solution by the stream of nitrogen. The nitrogen was 
dried by passage over anhydrous calcium sulfate. 


