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Acetonitrile, as Hantzsch (1) has shown, is a weakly basic sol- 
vent. When an acid is dissolved in acetonitrile there is estab- 
lished a double acid-base equilibrium; for hydrochloric acid, for 
example, 

A 
A1 + BZ - AZ + Bi 

HC1+ CHaCN S CHaCN * H+ + C1- 

If the acid AI is an indicator, the equilibrium constant can be 
determined directly by the colorimetric method. We deter- 
mined colorimetrically the equilibrium constants of a number of 
indicator acids, preparing the complete acid and basic forms of 
the indicator in acetonitrile by the addition of small amounts 
of suitable acid or base. In the case of a-dinitrophenol, for 
instance, 

Ai + Bz Az + Bi 

OH 0- 

+ CHsCN $ + CHsCN*H+ 

NO* 
(colorless) 

NO2 
(yellow) 

and 

where the brackets indicate concentrations. With brom phenol 
blue two color changes were observed,-colorless-yellow and 
yellow-blue. Only the second is found in aqueous solution. 

R = [CHaCN*H+] [a-dinitrophenolate]/[a-dinitrophenol] 
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Knowing the constant for the equilibrium between the solvent 
and the indicator acid, it is possible to obtain the constant for 
the equilibrium between the indicator acid and a suitable base. 
Thus the constant for the equilibrium between a-dinitrophenol 
and piperidine 

Ai + Bz ? At + Bi 4 

(colorless) (yellow) 

was obtained from the stoichiometric relationships, the color- 
imeter reading, and the constant 

K = [CHICN * H+l(a-dinitrophenolateI/[or-dinitrophenol] 

due correction being made for the basicity of the solvent. 
Knowing the constant for the equilibrium between the base 

and the indicator acid, it is possible to obtain the constantfor 
the equilibrium between the base and a second acid, not an indi- 
cator, present in the solution. For example, the constant for 
the equilibrium between mandelic acid and piperidine 

Bl A Ai + BZ - A1 + 
CeHsCHOHCOOH + CsHioNH $ CaHioNH*+ + CsHsCHOHCOO- 

was obtained from the stoichiometric relationships, the color- 
imeter reading giving the ratio [a-dinitrophenolate]/[a-dinitro- 
phenol], and the constant 

[or-dinitrophenolatel [piperidinium ion] 
[a-dinitrophenol] [piperidine] 

K -  

The determination of the constants for the equilibria between 
acids and basic indicators was carried out in a similar way. In 
the case of dimethyl yellow it was not possible to get quantitative 
results because of the fading of the red color of the indicator. 
Similar chemical difficulties were encountered with other indica- 
tors in the presence of trichloroacetic acid. 
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In all, some forty equilibrium constants were determined. The 
electrolyte concentration in the experiments ranges from p = 1 X 
10-6 to 1 x 10-3. No correction was made for salt effect, and 
furthermore it was assumed that at  these concentrations associa- 
tion was negligible. 

The important question of a general scale of acidity has been 
discussed by Bronsted (2) and by others (3 ,4 ,5 ,6)  and the funda- 
mental difficulties have been pointed out in connection with the 
impossibility of obtaining ionic free energies (7). For this reason 
the logical definition of acid strength 

KA aH+Cg/CA 

cannot be used from solvent to solvent without arbitrary assump- 
tions. It has been shown, however, that in constant medium 
relative acid strengths can be found in reference to some suitable 
acid-base system (2). Although an acid is defined by the equa- 
tion 

A + B + H +  

K’A = [BlIH+l/[Al 

the acid strength of A cannot be expressed by the equilibrium 
constant of the process above. This constant can, however, be 
related to the equilibrium constant K O  which defines the acid 
property of the system having the solvent as the conjugate base 

Ro = [CHsCNI[H+I/[CHsCN.H+] 

Dividing KA’ by KO one obtains 

KA’IKo = [BI[CHSCN.H+]/[AI[CH~CN] 

the ratio being equal to the equilibrium constant for the double 
acid-base equilibrium. Considering the concentration of solvent 
as constant and transposing it to the other side, one has 

K = RA’[CH~CNI/RO = IBI[CHsCN*H+I/[AI 

where K is the customary dissociation constant of the acid A. 
The dissociation constant may therefore be taken as a measure of 
the acid strength in any given solvent. For solvents which are 
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IN ACETONITRILE 

aprotic, like benzene, it is not possible to refer to the acid of which 
the solvent is the conjugate base. Bronsted has pointed out that 
in such cases one may arbitrarily choose as standard some suitable 
acid-base system. 

Even when work is confined to  one solvent the medium is 
changed upon the addition of solutes, so that it is impossible to 
work in truly constant medium. For this reason the experiments 

IN WATER 

TABLE 1 
Order of decreasing acid strength of various acids 

o-Toluidinium ion 
Brom phenol blue, colorless-yellow 
8-Naphthalenesulfonic acid 
Picric acid 
Neutral red 
Dichloroacetic acid 
Salicylic acid 
@-Dinitrophenol 
Brom phenol blue, yellow-blue 
Diphenylguanidinium ion 
a-Dinitrophenol 
Mandelic acid 
Glycolic acid 
Monochloroacetic acid 
Piperidinium ion 
o-Chlorobenzoic acid 
Isoamylammonium ion 
o-Toluic acid 
Benzoic acid 
Acetic acid 

@-Naphthalenesulfonic acid 
Picric acid 
Dichloroacetic acid 
Monochloroacetic acid 
Salicylic acid 
o-Chlorobenzoic acid 
Mandelic acid 
o-Toluic acid 
@-Dinitrophenol 
Glycolic acid 
a-Dinit rophenol 
Brom phenol blue, yellow-blue 
Benzoic acid 
o-Toluidinium ion 
Acetic acid 
Neutral red 
Diphenylguanidinium ion 
Isoamylammonium ion 
Piperidinium ion 

described in this paper were carried out in as dilute solution as 
was practicable. An alternative method would have been to 
maintain a medium of high and constant electrolyte concentra- 
tion, employing the principle of “swamping salt” effect so success- 
ful in kinetic studies. As a general method, the latter is not so 
useful in non-aqueous solution, owing to the fact that many 
salts are insufficiently soluble, and to the fact that it is difficult to 
find a salt the anion or cation of which is not an acid or a base. 
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Table 1 presents a list of acids arranged in order of decreasing 
acid strength in acetonitrile. The acid dissociation constants 
from which the list was made up were obtained either directly 
from the colorimetric measurements or by combination of equi- 
librium constants. For purposes of comparison, the second 
column of the table gives the order of decreasing acid strength 

1. 
2. 
3. 
4. 
5. 
6. 

Picric acid A. Salicylic acid 1. o-Toluidinium 
Dichloroacetic acid B. P-Dinitrophenol 2. Neutral Red 
Monochloroacetic acid C .  Brom phenol blue 3. Diphenylguanidinium 
o-Chlorobenzoic acid yellow-blue 4. Piperidinium 
0-Toluic acid D. a-Dinitrophenol 5. Isoamylammonium 
Benzoic acid E. Mandelic acid 

F. Glycolic acid 7. Acetic acid 

for water as solvent. An examination of the table shows that 
the order of acid strength is not the same throughout in the two 
solvents. The three hydroxy-substituted carboxylic acids- 
salicylic, mandelic, and glycolic acids- are stronger than mono- 
chloroacetic acid in acetonitrile, whereas in water they are weaker. 
The influence of electric charge is shown by the greater strength 
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of the charged acids, relative to the uncharged, in acetonitrile 
than in water. 

In figure 1 the logarithm to the base 30 of the dissociation 
constant in acetonitrile is plotted against the logarithm of the 
dissociation constant in water. For the carboxylic acids, exclud- 
ing the hydroxy-substituted acids, 

log RCH~CN - log RHO = - 4.4 

For salicylic, mandelic, and glycolic acids 

log KCH,CN - log RHD = - 3 

For the cation acids of the amine type the slope is no longer unity, 
the relationship being 

log RCR,CN = 0.47 log RHO - 2.2 

Similar comparisons of dissociation constants have been made by 
Larsson (8) between alcohol and water, and by Hall (9) between 
acetic acid and water, and by LaMer and Downes (6) for 
benzene. 

In  connection with the quantitative estimation of acids in 
acetonitrile solution, acids such as perchloric acid were titrated 
quantitatively with diphenylguanidine using dimethyl yellow, 
benzoyl auramine, or thymol blue as indicator. In the case of 
weak acids like acetic acid, bases of sufficient strength were not 
available. However, Lavine and Toennies (9) have demon- 
strated that for mixtures of perchloric acid and acetic acid in 
acetonitrile it is possible to titrate quantitatively in mixed sol- 
vents using the ethylate ion as the base and thymol blue as the 
indicator. The first change (pink-yellow) gives the perchloric 
acid end-point and the second (yellow-blue) gives both. 

The authors would like to acknowledge a grant from the Chemi- 
cal Foundation which made this work possible. They wish also 
to thank Dr. Joseph Rosin of the Merck Chemical Company for 
the acetonitrile. 



RELATIVE ACID STRENGTHS IN ACETONITRILE 137 

REFERENCES 
(1) HANTZSCH, A.: Ber. B64, 667 (1931). 
(2) BRONSTED, J. N.: Ber. 61, 2049 (1928); Z. physik. Chem. 143, 301 (1929). 
(3) HAMMETT, L. P.: J. Am. Chem. SOC. 60, 2666 (1928). 
(4) HALL, N. F.: Chem. Rev. 8, 191 (1931). 
(5) HALFORD, J. 0.: J. Am. Chem. SOC. 63, 2939 (1931). 
(6) LA MER, V. K., AND DOWNES, H. C. : J. Am. Chem. SOC. 66,1840 (1933). 
(7) TAYLOR, P. B.: J. Phys. Chem. 31, 1478 (1927). 
(8) LARSSON, E.  : Dissertation, Lund, 1924. 
(9) HALL, N. F.: J. Am. Chem. SOC. 62, 5115 (1930). 

(10) LAVINE, T. F., AND TOENNIES, G . :  Forthcoming publication in J. Biol. 
Chem. 


