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I ”  2. The degree of complex formation between 
boric acid and glycerin was found to increase 

Concentrations of glycerin from 0 to 40% 
had little effect, if any, upon the degree of com- 
plex formation as indicated by a solubility de- 
termination. This complex was found to increase 
as the concentration of glycerin was increased 
from 40 to 100%. 

The heat of solution for each of the solvent 
systems was calculated through use of the van’t 
Hoff relati onship. 

Maximum precipitation of boric acid from 
, n o  R O  (In 4 ”  2 “  n = ~ ~ ~ r ~ l ~  solutions of boric acid in glycerin was found to  

take ptace a t  a concentration of 45% water and 
55% glycerin. 
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Fig. 5.-Precipitation of boric acid from glycerin- 
water solutions. 

As expected, maximum pxecipitation of boric acid 
occurs about 45% water and 55% glycerin. About 
15y0 water can be added without causing precipita- 
tion of boric acid. However, additional quantitiesof 
water will cause a large increase in the amount of 
precipitation. This observation would limit the 
use of boroglycerin glycerite when diluted with cer- 
tain amounts of water. 

SUMMARY AND CONCLUSIONS 

A solubility study of the boric acid-water- 
glycerin system has been made at temperatures 
of 30, 40, 50, and 60’. 
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Infrared Method for the Determination of Ethanol 
and Acetone in Thimerosal Tincture N.F. 

By FREDERIC A. GRONAU, DONALD E. BROADLICK, and 
JAMES E. HAMILTON 

The distillation method for determining ethanol in thimerosal tincture N.F. is time 
consuming and involves special handling to prevent interference of the acetone in the 
preparation. A shorter method is described based on the extraction of the ethanol 
into carbon tetrachloride and the measurement of the infrared absorption at 11.37 p. 
The relative freedom from the interference by other alcohols and acetone assures 
greater specificity than the distillation method. The acetone present in tincture 
thimerosal N.F. can also be determined using the same extracted solution by reading 

the absorption of the carbonyl band at 5.86 p. 

HE DETERMINATION of ethanol in thimerosal It is also possible that it may not give a true esti- 
Ttincture N.F. as described in the National mate of the amount of ethanol in the preparation 
Formulary (1) is that of Thorpe and Holmes (2). due t o  incomplete recovery of the ethanol, in 
It has the disadvantage of being time consuming. the distillate. The method formerly used in 

this laboratory was a modification of that of 
Hoff and Macoun (3) using paraformaldehyde 
and sodium hydroxide to form a nonvolatile re- 
action product with the acetone before distilla- 
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tion. The ethanol content is then determined 
by measuring the specific gravity of the dis- 
tillate. In  an attempt to  overcome these dis- 
advantages, an infrared spectrophotometric 
method has been developed. I t  has proved to  be 
faster, more accurate, and is specific for ethanol. 

Souder and Deluca (4) reported the determina- 
tion of chloroform in pharmaceuticals by infrared 
absorption measurement. This procedure has  
been adapted to  the determination of ethanol in 
tincture thimerosal. The method involves ex- 
traction of the ethanol from the sample into car- 
bon tetrachloride. The  carbon tetrachloride is 
dried and the absorption measured at an ethanol 
band at 11.37 p .  Although not of primary con- 
cern, the acetone content of the sample can be 
determined on the same extracted solution by 
measuring the absorption of the carbonyl band 
at 5.86 p .  
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EXPERIMENTAL 

Band Selection.-The infrared spectra of the 
common pharmaceutical solvents used in external 
preparations-ethanol, acetone, methanol, and 
isopropatiol-were obtained on a Beckman IR-5 
recording spectrophotometer. The ethanol band a t  
11.37 p was chosen for quantitative estimation for 
several reasons. This unique band does not seem to 
be associated with the hydroxyl portion of the mole- 
cule (5) which eliminates the interference of many 
compounds such as other alcohols. The band 
appears in a generally nonabsorptive region of the 
spectrum where the common solvents listed show 
little absorption (Fig. 1). The band also follows 
Beer’s law in the concentration range expected to be 
found in the tincture thimerosal N.F., that is, 3 ~ 1 0 %  
of the theoretical amount. In this region of the 
spectrum, carbon tetrachloride shows very little 
absorption. 

General Technique.-To a suitable glass-stop- 
pered flask containing exactly 50 i d .  of carbon 
tetrachloride, 1 ml. of the tincture is added. About 
30 Gm. of anhydrous sodium sulfate is added to 
form a hydrate with the water in the sample, allow- 
ing more of the ethanol to be dissolved in the carbon 
tetrachloride. The mixture is shaken for 1 minute. 
Several anhydrous salts capable of binding the water 
were tried and sodium sulfate was found to be the 
most suitable. By removing water in this manner 
one may transfer 98%+ of the ethanol into the 
carbon tetrachloride. About 5 ml. of the extracted 
solution is removed and dried in a suitable flask 
with about 2 Gm. of anhydrous sodium sulfate. 
This is a precautionary measure to protect the 
sodiuni chloride cells. The absorption of this solu- 
tion is then determined at 11.37 p in 1.0-mm. sodium 
chloride cells against a blank of carbon tetrachloride. 
After correcting for any cell blank, the absorption is 
compared to  that of a standard run in the same 
manner. A Beckman model IR-2 spectrophotom- 
eter with sodium chloride optics was used for all 
quantitative results reported here. 

Standard Preparation.-Standards were prepared 
in two ways. The alcohol and acetone were re- 
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Fig. 1 .-Infrared spectra of ethanol, methanol, 
acetone, and isopropanol in carbon tetrachloride. 

moved from a sample of tincture thimerosal by 
evaporating under vacuum until the absorption 
maximum of ethanol a t  11.37 fi  and of acetone a t  
5.86 p disappeared. This blank material was then 
reconstituted by adding i t  to exactly 50 ml. of 
absolute ethanol and 10 ml. of acetone in sufficient 
volume to make 100 ml. A mixture of water, 
ethanol, and acetone was prepared by diluting 50 
ml. of absolute ethanol and 10 ml. of acetone to 100 
ml. with water. The absorption of carbon tetra- 
chloride extracts of these solutions was determined 
a t  both the ethanol band a t  11.37 fi  and a t  the 
acetone band a t  5.86 f i  and found to be identical, 
All results reported in this work are determined 
against the water-ethanol-acetone standard. I t  be- 
came apparent from the work done on the standards 
that acetone could be determined on the same 
solution by reading the carbonyl band a t  5.86 p.  
Although the tincture contains only one-fifth as 
much acetone as ethanol, the unusually strong 
absorption of the carbonyl band resulted in a n  
absorption almost as great as that of ethanol. 

Comparison of Methods.-Ten different produc- 
tion lots of the tincture were assayed using the 
general technique. These results are compared to 
those obtained by distillation (Table I). In the  
distillation procedure, 50 ml. of the tincture is 
diluted with 20 ml. of saturated sodium chloride 
solution in a liter boiling flask. A 7-Gm. quantity 
of paraformaldehyde and 5 ml. of a 50y0 solution of 
sodium hydroxide are added. This mixture is then 
distilled in a compact distilling apparatus using 
Friedichs condensers. About 50 ml. of distillate is 
coliccted and diluted to 100 ml. The specific grav- 
ity is measured on a Westphal balance and the 
per cent ethanol obtained from Standard Alcoholi- 
metric Tables found in the U.S.P. 

The per cent acetone found in the samples is in- 
cluded in Table I but the comparison to other 
methods is not made. It is noted that the infrared 
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TABLE I.-COMPARISON OF ETHANOL DETERMINA- 
TION BY INFRARED AND DISTILLATION 

Distillation ---- Infrared----- 
Sample Ethanol, Ethanol, yo Acetone, yo 

1 48.30 49.17 9.31 
2 47.16 49.69 9.50 
3 47.50 50.22 9.60 
4 47.66 50.22 9.75 
5 48.92 49.28 9.73 
6 48.30 49.48 9.55 
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Absolute ethanol was added to  a previously 
assayed sample and the ethanol content was re- 
determined. By subtracting the original ethanol 
result from the total and comparing this figure to the 
amount of ethanol added, the efficiency of recovery 
was found. This study shows the distillation pro- 
cedure used recovers only 96.iY0 of the ethanol 
while the infrared technique recovers 99.8%. This 
difference cf 3.1% is consistent with that of 3.25% 
experienced in assaying the 10 samples by each 
method. The same technique was applied to the 
acetone which also shows a 99.8% efficiency. 

Reproducibility of Method.-One sample was 
assayed in two groups of four aliquots each. These 
results are shown in Table 11. The estimated 
standard deviation on these data was found to be 
0.208 or about 0.470. The reproducibility for these 
eight samples (3 X S.D.) was f1.2570. The 
acetone standard deviation is 0.09 or about 0.9%. 
The reproducibility is +2.7%. 

7 48 62 50 43 9 58 
8 48 46 49 48 9 63 
9 48 30 50 63 9 70 

10 48 62 49 70 9 47 
Average 48.18 49.83 9.58 
Theoretical 50.00 50.00 10.00 

TABLE II.-REPRODUCIBILITY OF INFRARED 
ASSAY 

Ethanol, ’% Acetone, % 
Run 1 

50.32 9.87 
50.22 10.13 
50.32 10.00 
50.53 10.08 

Run 2 
50.85 9.98 
50.22 9.98 
50.53 9.87 
50.53 9.98 

Average 50.44 9.99 
Standard 

3 X S.D., 70 I .25 2.70 
deviation (S.D.) 0.208 0.090 

method gives results which are closer to the theo- 
retical amounts of ethanol in the product. An 
attempt was made to explain the higher results 
found by the infrared method. I t  had been felt 
that the distillation apparatus in use did not give 
complete recovery of the ethanol in the product. 
Using a system of added internal standard, the 
recovery efficiency of the distillation method for 
ethanol and the efficiency of the infrared method 
for both ethanol and acetone were measured. 

SUMMARY 

An infrared method is presented for the  de- 
termination of ethanol in thimerosal tincture N.F. 
The method is less time consuming than distilla- 
tion procedures and gives results which are  
closer t o  the theoretical amounts of ethanol in 
the product. The acetone in  the product may 
also be determined in the same sample. Addi- 
tional data are being collected on other hydro- 
alcohol pieparations and will be included in sub- 
sequent manuscript s. 
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