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Water is well known to be less acidic than deuterium oxide (1,2) but no 

information is available as to the relative extent of acid-base dissociations 

in pure acetic acid and acetic acid-d. Calculation of the increase in sero- 

point energy when equations 1 and 2 proceed to the right, using values of the 

vibrational frequencies of the affecte'd bonds set out in Table 1, leads to a 

value for the deutero acid slightly greater (by about 120 cm -l) than that for 

protio acetic acid. This would indicate that the latter is the stronger acid 

by a small margin. The difference in these values, however, is too small to 

be able to place any reliance on this conclusion owing to the approximate 

nature of such calculations and the neglect of differences in hydrogen bond- 

ing effects and the partition functions for each equilibrium. 
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In order to ascertain the relative acidities of acetic acid and its 

deuterium analogue, we have measured by a spectrophotometric technique (3) 

the dissociations in these media of two indicators, PI, ti-dimethyl-p-nitro- 

aniline(') and h,iu-dimethyl-p-bromoaniline(5) both of which are incompletely 

dissbciated. In either case, the intensity of the n - n;t transition due to 

the free base was measured and found (Table 2, Fig. 1) to be greater in the 
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deutero acid as predicted. 
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TABLE 1. 

Vibrational Frequencies (cm-') 

EEi 

To obtain values of the equilibrium constants KH and KD it is necessary 

to have absolute extinction coefficients for both the free base and conjugate 

acid forms of each indicator. The latter is obtainable from the spectra of 

solutions in 0.1 M sulphuric acid in acetic acid. The free base was examined 

from solutions of indicator in acetic acid containing potassium acetate. 

Under these conditions, spectra of N,N-dimethyl-p-nitroaniline reached a 

constant extinction coefficient at the absorption maximum in the presence of 

0.3 M acetate ion but this was not observed with the slightly stronger base 

N.N-dimethyl-,p-bromoaniline. The conjugate base of this indicator was there- 

fore studied in ethanol where, it was assumed, salvation conditions sufficient- 

ly similar to those in acetic acid exist. This assumption was strengthened by 

the observation that the shape and position of the absorption maxima were not 

noticeably di.fferent in the two solvents (6) . 

TABLE 2. 

dimethylaniline ( Amax=397nu.) 

1 in AcCi ’ h at oc . <:;* in ethanol 

p-Bromo-N,N- 
dimethylaniline 
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Fig. 1 
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We conclude that protonation of a weak base in acetic acid occurs to an 

extent approximately 10% greater than in the deutero analogue. It would there- 

fore be anticipated that a solvolytic reaction in acetic acid proceeding by the 

rate-determining decomposition of the conjugate acid of the substrate would be 

subject to a solvent isotope effect and would be somewhat slower in acetic 

acid-d. This prospect is presently under examination. 
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