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ACETYL CHLORIDE AS A REAGENT FOR THE 
DEI'ERMIN ATION OF HYDROXYL GROUPS 

Part I. Theory and Development 

Introduction 

The · simplest methods ~or the determination of the 

hydroxyl radical in organic compounds are those based on 

esterification procedures. Acetic anhydride with and 

without pyridine has been widely used in this connection 

(3, 4, 5, 7). 

Although acetyl chloride is a much more active 

acetylating agent little attention has been given to the 

possibility of its use in quantitative work (6). Due to 

its properties it is difficult to measure and handle 

small amounts of this reagent. 

Smith and Bryant (6) were the first to recognize 

its possibilities and employ it for analytical purposes. 

These workers avoided the problem of volatility and activ

ity by employing it in the form of an acetyl pyridinium 

chloride suspension in toluene. · In other respects their 

method was similar in principle to the acetic anhydride

pyridine procedures. In this indirect use of acetyl 

chloride it is quite probable that ketene (9) was the 

acetylating agent. 
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There is much to be gained if pure acetyl chloride 

rather than a suepension of acetyl pyridinium chloride in 

toluene were used as the esterifying agent. This would 

eliminate the annoying pyridine vapors, and the diluent 

and solubility effect of the toluene, as well as the use 

of a solid acetylating agent. 

In order to use pure acetyl chloride a way must be 

found to measure and control it. Acetyl chloride reacts 

very slowly at low temperatures even with methanol. Dry 

ice, Which is now readily available, offers a convenient 

means of controlling its reaction rate. Recently Linder

strom-Lang (2) have described an ingenious pipet for the 

pr.ecise measurement of small volumes. Using a modified 

for.m of this instrument a simple technique has been devel

oped for the use of pure acetyl chloride in the determina

tion of the hydroxyl content of organic compounds. 

Experimental 

Reagents 

Acetyl chloride Eastman (Practical) 

Sodium hydroxide 0.3 N (carbonate free) 

Phenolphthalein indicator 

Dry ice 

Apparatus 

The pipet illustrated diagrgmmatically ·in Fig. 1 
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was constructed from 10 mm. pyrex tubing, was 21 em. over

all, and delivered 0.5 ml. of liquid. Its two important 

features were the 0.1 mm. constriction and the split rub

ber cap. By pressure parallel to the slit, the cap func

tions as a medicine dropper. When a slight pressure was 

exerted in the opposite direction the slit opened and the 

contents were then free to drain. 

The pipet was filled in the manner of a medicine drop

per. The slit was then opened and the contents drained 

to the constriction. The acetyl chloride could now be 

transferred to the reaction vessel. In delivery, the 

contents of the pipe t were allowed to drain into the lower 

capillary while the slit was held open. A slight pre·ssure 

was then exerted on the closed rubber cap slowly forcing 

all the liquid out of the pipet. 

The reaction vessel, Fig. 2, was constructed from an 

8-inch and a 4-inch test tube. An inverted 6-inch test 

tube fitted with a glass hook served to seal the water 

trap. 

Analytical Procedure 

Smnples of .1 - .750 grams (depending on the com

pound) were weighed in a 4~1nch test tube. In case of 

volatile materials the tube was stoppered during the 

weighing. The test tube was then immersed in dry ice. 

After the charge was sufficiently chilled, a measured 
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charge of acetyl chloride was added with the pipet, and 

the small test tube was then placed in a large 8-inch test 

tub·e containing 5-10 ml. of water. As indicated in Fig. 2, 

a 6-inch test tube which was inverted over the smaller 

test tube served as a seal. The tube was then stoppered 

and placed in· a bath 40° C for 20 minutes. In many cases 

heating was unnecessary since reaction took place immedi

ately on coming to room temperature. 

After twenty minutes the reaction vessel was in

verted to hydrolyze the excess acetyl chloride. The con

tent·s were then carefully removed and titrated with 

standard sodium hydroxide using phenolphthalein as the 

indicator. A small amount of alcohol was used to wash 

the last traces of ester from the reaction flask. The 

per cent of hydroxyl present was then calculated by means 

of the simple equation 

(Blank - ml of sodium htdroxide) x Norm.ali ty x 17 =% 
weigh of charge 

Because of the .quality of acetyl chloride used and 

since its titer may change on standing it is necessary 

to make blan~ determinations daily. These blank runs 

also serve as a good check on the analyst's p recision. 

Whenever fading of the endpoint occurred, the base was 

added in small increments (0.03 ml.) until the color 

persisted for thirty seconds. 
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FIG.!lFIG.! 
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Results and Discussion 

The results obtained with this procedure are given 

in table I. 

This method is rapid and lends itself to mass pro

duction methods. As indicated in the table it has con

siderable applicability and gives as good a precision as 

older methods based on the use of an acetylating agent. 

In the case of the ._phenols the results in general were 

superior. From the results in the table it is apparent 

that several lim~tations are imposed by the character of 

the molecule undergoing esterification. 

The effect of solubility in this connection has been 

noted by others (6). In initial experiment's with mannitol 

low results were obtained. When a small anount of water 

was added to this compound the acetylation was almost 

complete. The interference of several functional groups, 

for example aldehyde and nitroso, with indicators was 

observed. This made the titrations by the usual methods 

impossibl e. 

Side reactions in~olving the liberated hydrogen 

chloride may account for several unusual results, particu

larly i n the case of such olefinic compounds as geraniolJ 

linalool, and iso eugenol. This may explain the uriusual 

behavior of alpha and beta naphthols in which one ring 

readily for.ms addition products (8). 



7 

Table I. Acetulation of Alcohols and Phenols 

Primary and Secondary alcohols 

Methanol 
Ethanol 
Propanol - 1 
Propanol - 2 
Butanol - 1 
2 - Methyl propanol - 1 
But anol - 2 
Pelltanol - 1 
3 - Methyl butanol -
Pentanol - 3 
Hexanol - 1 
Cyclohexanol 

1 

2 - Ethyl hexanol 
Octenol - 2 
Lauryl alcohol 
Benzyl alcohol 
Furfuryl alcohol 
Cinnamyl alcohol 

- 1 

Tertiary alcohols 

2 - Methyl propano~ - 2 
2 - Methyl butanol -
Benzopinacol 

Polyhydric alcohols 

Glycerol
Ethylene glycol 
Propylene glycol
Diethylene glycol 
Mannitol 

Substituted alcohols 

2 

Ethylene chlorohydrin 
1,3 - Dichloro propanol - 2 

Terpenes 

Borneol 
Menthol 

Detns. 

4 
5 
4 
4 
5 
5 
3 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 

5 
5 
1 

4 
4 
4 
5 
3 

5 
4 

5 
5 

%of theoretical 
hydroxyl content 

95.4 
95.7 
95.4 
95.4 
98.5 
98.9 
98.2 
96. 1: 

100.1 
99.0 
93.9 
99.7 

100.0 
98.6 
97.2 

101.0 

49.0 
88.7 
3.5 

98.8 
99.1 
99.0 
99.0 
93.4 

98.6 
100.3 

100.9 
100.7 

Ave. 
dev. 

0.3 
0.2 
0.3 
0.1 
0.5 
0.3 
0.1 
0.3 
1.0 
0.2 
0.2 
0.2 
0.1 
0.2 
0.8 
1.0 

1.9 
2.4 

0.4 
0.3 
0.4 
0.4 
3.2 

0.2 
0.3 

0.1 
0.3 
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Detns. %of theoretical Ave. 
hydroxyl content dev. 

Terpenes (Continued) 

Geraniol 5 *2 140.4 4.5 
Linalool 5 *2 131.0 1.5 

Miscellaneous 

Lithium lactate 3 102.2 1.5 
Rochelle salt 3 *5 65.8 1.7 
Citric acid 3 *5 38.3 3.1 
Benzoin *6 124.1 3.2 

Phenols 

Phenol 5 99.4 0.2 
o - Cresol 5 100.6 1.1 
m - Cresol 4 99.9 0.2 
p - Cresol 
p - Tertiary amyl phenol 
alpha - Naphthol
beta - Naphthol 
Thymol 
Xylenol 

·Catechol 

5 
2 
2 
2 
5 
2 
4 

*2 
*2 

101.0 
101.2 
107.7 
110.6 

99.5 
99.3 

100.1 

0.5 
0.1 
4.5 
5.5 
0.7 
0.3 
0.5 

Hydro quinone 
Resorcinol 

2 
2 

98.2 
98.7 

0.3 
0.3 

Orcinol 2 98.0 1.4 
Phloroglucinol 5 *1 
Pyrogallol 2 98.7 0.8 

Substituted phenols 

Guaiacol 5 99.7 0.5 
iso - Eugenol
Vanillin 

5 
5 

*2 
*1 

137.2 4.1 

P·- Chlorophenol 
o - Chlorophenol 
2, 4 - Dicblorophenol 

3 
5 
2 

101.0 
99.2 
96.5 

0.4 
0.5 
0.1 

3 - Bromo - 4 - phenyl
phenol 

2, 4, 6 - Triiodo phenol 
o - Nitro phenol 
m - Nitro phenol 
p - Nt tro phenol 

2 
1 
2 
2 
2 

100.6 
8.1 

100.9 
103 .1. 
100.0 

1.3 

1.1 
2.1 
0.9 

2, 4 - I[nitro phenol 2 9,.5 0.5 
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Detns. %of theoretical Ave. 
hydroxyl content dev. 

Substituted phenols (Continued) 

2; 4, 6 - Trinitro phenol 5 1.6 
3, 5 - Dinitro o-cresol 2 *1 
Salicylic acid 2 3.3 
m - Hydroxy benzoic acid 2 61.9 4.3 
p - Hydroxy benzoic acid 2 89.8 6.5 
Methyl salicylate 5 14.8 3.1 
alpha - Nitroso - beta - Naphthol *1 

* Interfering factor 
1 Poor endpoint - unable to titrate 
2 Possibly addition with evolved hydrogen chloride 
3 Reacts with evolved hydrogen chloride 
4 Rearrangement 
5 Solubility 
6 Enolization 
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The data obtained with tertiary alcohols can also be 

explained on this basis since such alcohols are known to 

readily react with hydrogen chloride {8). 

Interesting observations were noted in the studies of 

the substituted phenols. As indicated in the table the 

more acidic phenols such as pioric acid were not acety

lated. This was to be expected in that the hydroxyl group 

is more acidic than phenolic in character and therefore 

behaves as an acid {8). 

The failure to acetylate salicylic acid and its 

isomers cannot be adequately explained on this basis. 

Perhaps it is more a question of chelation. It is 

evident that such factors as solubility, chelation, 

unsaturation, enolization, and rearrangement are impor

tant considerations in the determination of the hydroxyl 

content of organic compounds by the use of acetyl chloride. 

Summary 

A simple and rapid method for the determination of 

the hydroxyl content of organic compounds based on the 

use of acetyl chloride has been described. 

Limitations of acetyl chloride as an acetylating 

agent have been demonstrated. 
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Part II. Practical Application 

The Determination of Menthol in Oil of Peppermint 

This problem was undertaken to meet the demand of 

Oregon State College Experiment Station for a simpler and 

more rapid method for the analysis of peppermint oils. 

In a recent publication (1) Brignall has cited this same 

problem, has disc~ssed the limitations of the official 

method, and has described a new procedure based on the 

use of an acetylating mixture of acetic anhydride and 

n-butyl ether. 

The results obtained in the first part of this study 

indicated that the method worked out there might be applied 

to analysis of essential oils and other naturally occurring 

products containing alcoholic constituents. On the basis 

of this information further work was undertaken to· de

velop a new method for the analysis of peppermint oil. 

Experimental 

Reagents 

Acetyl chloride Eastman Practical 

Sodium hydroxide 0.3 N (carbonate free) 

Silver nitrate 0.3 N 

Phenolphthalein indicator 

Potassium chromate indicator 
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Apparatus 

The apparatus and the manner of its use was the same 

as in Bart I. 

Analytical Procedure 

One gram sample of peppermint oil was weighed in a 

4-inch test tube. A measured charge of acetyl chloride 

was added with the pipet, and the small test tube placed 

in the 8-inch test tube containing 5-10 ml. of water. 

As indicated in Fig. 2, a 6-inch test tube which was 

inverted over the smaller test tube served to make a 

water seal. The tube was then stoppered, and placed in 

a water bath at 50'° C. 

After twenty minutes the reaction vessel was in

verted to hydrolyze the excess acetyl chloride. The 

contents were then carefully removed and titrated with 

standard sodium hydroxide using phenolphthalein as the 

indicator. A small amount of alcohol was used to wash 

the last traces of ester from the reaction flask. 

Since the oil of peppermint contains considerable 

amount of pinene which absorba some ,of the evolved hydro

gen chloride it is · necessary to measure the chloride ion 

in order to determine the actual acetyl chloride involved 

in the acetylatation. This was readily accomplished by a 

second titration with silver nitrate solution using 

potassium chromate as the indicator. An allowance of 
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0.1 ml. was subtracted from the measured am:runt of silver 

nitrate solution to account for the indicator blank. The 

addition of a small amount of CC14 to highly discolored 

smnples removed the interfering material and greatly aided 

the NaOH titration. The per cent of free alcohol was then 

calculated by means of the equation 

[l./2 Blank - ml NaOH .., F(ml. AgN03i} x N X Mol wt x 100 : 'fo 
wt. of samPie 

N : Normality of NaOH 
F • Normality of NaOH 

Normality of AgN03 

Blank determination: Because of the quality of the 

acetyl chloride used, and due to variation of the titer 

with temperature, etc., blank determinations should be 

made at the time of the run. These blank runs also serve 

as a good check on the analyst's precision. Whenever 

fading of the phenolphthalein endpoint occurred, the base 

was added in small increments (0.03 ml.) until the color 

persisted for thirty seconds. 

Results and Discussion 

Results of the analysis of nine samples of pepper

mfunt oil by this procedure and by Brignall's method (1) 

are given in Table II. The agreement in most cases was 

quite good. Where considerable differences between the 

results of the two methods occurred, samples 3, 6, and 8, 
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Table II. Analysis of Peppermint Oils 

Semple 

Author's Method 

%Menthol Ave. No. of 
Mean Dev. Runs 

fo 

BDignall's Method 

Menthol Ave. No. of 
Mean Dev. Runs 

1 42.9 .6 6 42.9 .1 2 

2 50.3 .5 4 50.3 .2 2 

3 46~0 
46.3 

.2 

.2 
4 
2 

44.8 
46.6 
45.1 

.o 

.o 

.3 

2 
2 
2 

4 43.8 
43.6 

.3 

.3 
4 

. 3 
43.8 .1 2 

5 44.9 .2 4 44.9 .1 2 

6 43.4 
43.4 

.1 

.1 
3 
2 

45.0 
44.5 
43.2 

.3 

.1 

.2 

2 
3 
2 

7 43.0 
43.0 

.2 
• 3 

2 
4 

43.3 .3. 2 

8 41.9 
42.3 

.2 3 
1 

45.3 
43.6 
42.3 

.1 

.2 

.6 

2 
2 
2 

9 43.3 .1 4 43.0 .o 2 
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both methods were repeated. In all cases consistent 

results were obtained by the author's metho.d. Although 

the precision of Brignall's method on simultaneous runs 

was slightly better, consecutive runs showed wide devLa

tion. 

To determine the total alcohols in peppermint oil, 

an ester determination on a second sample may be made in 

the usual manner, and the %of total alcohols can then be 

calculated. 

%free alcohol + (mol. wt. of alcohol) %ester : %total 
(Mol. wt. of ester ) alcohol 

Analysis of some other essential oils and some 

alcohols which they contain was attempted by this pro

cedure, end the results obtained are given in Table III. 

In the case of Oil of Sandalwood and Oil of Rosemary 

the method is probably satisfactory. The low and incon

sistent results in most of the remaining cases can be 

explained on the basis of hydrolysis and rearrangement 

of the esters. 

Summary 

1. A new method has been developed for the analysis 

of peppermint oils which is more rapid and more adaptable 

to routine analysis than sny of those in current use. 

2. Possibilities and limitations of the method in 

analysis of other essential oils have been shown. 
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Table III. Analysis of Essential Oils 
end Alcohols 

Oils 

Cedar Oil #l 

Cedar Oil #2 

Lavender 

Sandll'Wodd 

Rosemary 

Cinnamon 

Citronella 

Cloves 

Alcohols 

Cinnamyl 

GerS!niol 

iso-Eugenol 

..,, 

Brignall' s Method 

%of Alcohol Ave. 
Constituent Dev. 

63.5 .7 

10.1 .1 

13.3 

73.9 .1 

96.3 .• 3 

Author's Method 

%of Alcohol 
Constituent 

13.9 

6.7 

neg. value 

65.1 

9.8 

23.6 

72.6 

38.5 

32.0 

93.2 

Ave. 
Dev. 

1.1 

.3 

.5 

.6 

.4 

1.4 

1.5 

11.3 

4.3 
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