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TABLE III . 

SOLUBILITY OF A C E T A N I L I D E , P H E N A C E T I N E , C A F F E I N E AND SALOL I N ORGANIC 

SOLVENTS. 

Grams per 100 grams saturated solution : 
Sp. gr. , • 

Solvent. of solvent. t° Acetanilide. Phenacetine. Caffeine. Salol. 

'Water °'997 25 0.56 0.11 2.14 insoluble 
'E ther 0.716 " 7.7 1.56 0.27 
'Chloroform 1.476 " 16.6 4.76 11.0 
Acetone 0.827 30-31 3r-T5 (0.902) 10.68 2.18 (0.S32) 90.99 
Benzene 0.S72 " 2.46(0.875) 0.65(0.873) 1.22(0.875) 88.57(1.148) 
Benzaldehyde 1.055 " '8.83 (1.068) 8.44 (1.063) 11.62 (1.087) ? 
Amylacetate 0.860 " 10.46(0.882) 2.42(0.865) 0.72(0.862) 85.29(1.136) 
Aniline 1.02 " 19.38(1.034) 9.46(1.025) 22.89(1.080) very soluble 
Amylalcohol 0.814 25 14.00 3.51 (0.819) °-49 (0.810) 20.44 (0.869) 
Acetic acid2 1.055 21.5 33.21 13.65(1.064) 2.44 63.24(1.143) 
Xylene 0.847 32-5 1-65(0.847) 1.25(0.847) 1.11(0.847) S7.14+ 
Toluene 0.862 25.0 0.50(0.862) 0.30(0.863) 0.57(0.861) 83.62(1.128) 

Figures in parentheses are the specific gravities of the saturated solutions. 

Fairly good results have been obtained by the author in separating 
mixtures of different amounts of salol, caffeine, and acetanilide by 
digesting first in toluene for the removal of salol and then in amyl 
alcohol for the removal of the acetanilide. 

As is shown by the table, none of the four compounds are completely 
insoluble in any of the solvents, and consequently it cannot be expected 
that a very sharp separation can be made. This is especially true for 
mixtures containing relatively small amounts of either of the substances. 
It is also to be mentioned that the influence of the presence of one sub­
stance upon the solubility of the others in the mixture has not been 
investigated and therefore conclusions based upon the solubility of single 
substances in a given solvent may be considerably in error when applied 
to mixtures of two or more substances acted upon by the same solvent. 

The author regrets that circumstances have prevented the extension 
of these determinations to a larger number of solvents and the applica­
tion of the results to a more accurate method of separating and deter­
mining the constituents of headache powders. 
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While continuing the investigations described in the previous paper a 
suggestion was obtained which has led to the following method for deter-

' Results from U. S. P., 8th Revision. 
2 99-5 7c 
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mining acetanilide in presence of many of the substances usually associ­
ated with it in the headache and neuralgia remedies found on the mar­
ket. 

In studying the distribution of phenol and of aniline between water and 
several immiscible solvents YaubeP and subsequently Riedel- titrated the 
phenol or aniline as the case might be with a standard solution of potas­
sium bromate and found that very satisfactory determinations could be 
made. The method is based upon the well known property of phenol and 
of aniline to unite with bromine in a strongly acid aqueous solution to 
form the insoluble tri-bromide in each case. When the precipitation is 
complete the free bromine in solution is easily detected by the yellow color 
which it imparts to the liquid. A method based upon this same reaction 
is given for carbolic acid in the 1890 U. S. Pharmacopoeia, page 10. Ac­
cording to this method, however, the excess of added bromate solution 
(Koppeschaar 's solution) is titrated back with standard sodium thiosul-
phate. 

In view of the ready saponification of acetanilide in acid as well as 
alkaline solutions it was thought desirable to test the applicability of the 
above method to the determination of the aniline set free from acetanilide 
by saponification in strongly acid solutions. The preliminary experi­
ments proved entirely satisfactory and it only remained to determine the 
limits of accuracy which could be attained and ascertain the influence 
exerted by other substances in solution. 

The standard potassium bromate solution may be conveniently pre­
pared by adding bromine to a cold almost saturated aqueous solution of 
about one hundred grams of potassium hydroxide, until no more is taken 
up. diluting somewhat with water and heating to expel the excess of 
bromine, filtering and bringing to a volume of about two liters. The 
solution may be standardized with weighed amounts of either pure ani­
line or acetanilide. In the latter case the acetanilide is first boiled several 
minutes in a moderately concentrated solution of hydrochloric acid and 
the hot solution titrated. The bromate solution is diluted so that each 
cubic centimeter corresponds to 0.01 gram of acetanilide; this being a con­
venient strength to use ; although a more dilute standard solution may be 
used if desired. 

Experiments made for the purpose of ascertaining the limits of 
strength of acid and time of heating necessary for complete saponification 
of acetanilide showed that the acid solution should contain not less than 
approximately 1 part of concentrated hydrochloric acid to 4 parts of 
water and the heating should be continued for at least an hour on the 
steam bath or the solution boiled energetically for five minutes. In these 

1 J . pr. Cliem., (2) 67,476, (1903). 
2 Z. physik. C.hein., 56, 243, (1906). 
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experiments half gram samples of acetanilide and approximately 60 cc. 
of the acid solution were used, and the mixtures heated in 200 cc. Erlen-
meyer flasks. 

In regard to the accuracy which may be attained it was found that with 
half gram samples of acetanilide, the amounts recovered as calculated from 
the cc. of standard bromate used agree in practically all cases to within 
one per cent, of the weight of acetanilide taken. 

The next point investigated was the effect upon the reaction of other sub­
stances in solution. Among the first of these considered was caffeine 
It was found that with half gram samples of acetanilide amounts of caf­
feine varying between one-half and two grams did not interfere at all 
with the accuracy of the titration. It is very probable that the presence 
of caffeine in even larger relative amounts would not seriously affect the 
accuracy of the determinations although it was noticed that with the 
larger amounts of caffeine there is some tendency for the yellow color of 
the free bromine in the solution at the end of the titration to fade on 
standing. 

As is of course to be expected, sodium bicarbonate and other unoxidiz-
able inorganic salts which may possibly be used in headache powders do 
not interfere with the accurate titration of the acetanilide. 

With sugar, which is a frequent constituent of this class of medicines it 
is found that heating to the temperature of the steam bath or boiling with 
hydrochloric acid of the concentration required for the saponification of 
the acetanilide, causes the sugar to carbonize with a resulting darkening 
of the solution. The dark color prevents the detection of the end point 
of the reaction, but it is found that in such cases on cooling the solu­
tion and adding a little animal charcoal and filtering, the dark color may 
be satisfactorily removed and an accurate titration of the clear solution 
made. A more satisfactory plan, however, is to remove the acetanilide 
from the sample by means of chloroform or some other solvent, and after 
evaporating the latter, determine the acetanilide as above outlined. In 
some cases, on the other hand, it may be desirable to dissolve out the su­
gar and other water soluble constituents with the least possible amount 
of cold water and then saponify the undissolved acetanilide with hydro­
chloric acid as described. 

Experiments made with mixtures of salol and acetanilide showed that 
the accuracy of the determination is in no wise influenced by the presence 
of the salol. 

The above named substances are the ones which are usually found in 
the ordinary headache and neuralgia preparations which are sold by drug­
gists and therefore the very simple and rapid method here described is 
applicable in the large majority of cases. In order to test the method, a 
number of headache powders containing various amounts of acetanilide 
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mixed with sugar, sodium bicarbonate, caffeine, salol, etc., were prepared 
and the acetanilide determined by the titration as above described. In all 
cases the amounts found agreed within a few tenths of a per cent, with the 
amount which the sample was known to contain. 

In addition to acetanilide, the only other substances which have found 
extensive application in the relief of headaches are phenacetine and an-
tipyrine I)Ut the use of these as compared with acetanilide has until re­
cently been largely restricted on account of their higher price. The ac­
tion of these substances upon the nerve centers is very similar to that of 
acetanilide and for this reason it is not to be expected that they will gen­
erally be used together with acetanilide in headache remedies, nevertheless 
it was thought desirable to examine their influence upon the titration 
method described above. A few tests immediately indicated the impossi­
bility of ti trating the saponified acetanilide solution with potassium brom­
ate when even the smallest amount of either phenacetine or antipyrine is 
present in the original sample. In the case of phenacetine the first few 
drops of the bromate solution turns the liquid pink to purple color and this 
becomes darker, even to deep black with continued addition of the brom­
ate solution.1 With the presence of antipyrine the end point of the titra­
tion is also obscured. 

At the present time apparently the only satisfactory methods available 
for the quantitative determination of phenacetine and of antipyrine are the 
Zeisel • ethoxy and methoxy distillation method for the former and Bou-
gault 's :; iodine titration method for the latter. A number of determina­
tions made by the author with the Zeisel method indicated that the pro­
cedure can be carried out only by a skilled worker, and this fact together 
with the amount of time required for each determination will undoubtedly 
impair the usefulness of the method for ordinary practice in control lab­
oratories, in regard to the method for antipyrine, it is evident that the 
determination can not be made upon samples containing caffeine or other 
substances which unite readily with free iodine. In view of these con­
siderations it appeared especially desirable to modify the titration method 
for acetanilide proposed in the first part of this paper, in such a manner 
that at least quantitative determinations of this substance in presence of 
phenacetine could be satisfactorily made. With this idea in mind a very 
large number of experiments have been made and so far only partial 
success has been attained. The cause of the difficulty lies in the presence of 

1 This observation suggests a simple test for detecting the presence of phenace­
tine in acetanilide. Dissolve the sample in moderately strong hydrochloric acid, 
boil and add a few drops of potassium bromate solution, a purple color indicates the 
presence of phenacetine. 

2 vSee Tingle's translation of Hans Meyers' little book upon the "Determination 
of Radicals in Carbon Compounds," p. 38. 

3 J. pharm. chim., (6) 7, 161, 11, 97. 
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the ethoxy group in the phenacetine. The bromine acting upon this por­
tion of the molecule converts the compound into an intensely colored qui-
none derivative which makes it impossible to observe the end point of 
the reaction. Among the plans for getting around this difficulty which 
have so far been tried without success may be mentioned, the attempts to 
remove or render the ethoxy group inactive either by oxidation or re­
duction methods; titration with the use of spotting plates or test papers 
upon removed portions of the solution; and the use of mild saponifying 
agents for liberating aniline from the acetanilide without acting upon 
the phenacetine. 

It was found that although acetanilide alone, and with less success phen­
acetine, could be titrated directly (without previous saponification) in 
the cold, acidified, aqueous solution with standard potassium bromate, 
the reaction is slow since time must be allowed for the dissolving of the 
phenacetine or acetanilide during the titration, and in addition the presence 
of caffeine seriously interferes with the determination of the end point. 

The only process which has appeared to be worthy of further study 
is based upon the statements found in Meyer and Jacobsen, vol. 2, p. 455, 
that chloride of lime acting upon />-aminophenols produces quinone chlor-
amide and this product is very easily reduced back to the />-phenol by 
means of reducing agents. Quantitative experiments made with stan­
nous chloride as the reducing agent showed that if an excess of the brom­
ate solution be added to the acid saponified solution of a mixture of acet­
anilide and phenacetine, this excess could be titrated back with stannous 
chloride and the difference corresponds fairly closely to the amount re­
quired by the acetanilide alone in the mixture. Further work will be re­
quired however to demonstrate the practical applicability of this proce­
dure ; and in the mean time it is hoped that the method as described for 
acetanilide alone will prove useful particularly to the chemists having 
charge of the enforcement of the new Pure Food and Drug Law. 

A STUDY OF THE INFLUENCE OF MAGNESIUM SULPHATE ON THE 
GROWTH OF SEEDLINGS. 

BY G E R T R U D E S. BURLINGHAM. 

Received March 29, 1907. 

Introduction 
This investigation is an outgrowth of a more comprehensive problem 

in nutrition,the aim of which was to learn the effects of the different miner­
al nutrients upon the growth of a test plant, from these, data to com­
pound a perfect nutrient solution, and then to note the variations in 
structure and form which might be produced by modifying the composition 
of this nutrient solution. Abutilon abutilon was chosen as the test plant, 


