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Hydrogen bonds between organic hydroxy com-

pounds and aromatic compounds, i.e., the so-called

example, methyl alcohol- methylated benzene com-

plexes were examined by Krueger and Mettee.l)
When p-chlorophenol was used instead of methyl

alcohol, the shift of the OH-stretching frequency was

greater than in the case of methyl alcohol. In this
case p-chlorophenol was used as the proton donor,
and methylated, ethylated and isopropylated ben-
zenes were used as proton acceptors.
Thc OH-strctching frequency shifts,Δ ν, the

enthalpy changes,-ΔH, the entropy changes,-ΔS,

and the equilibrium constants, K, for π-H complexes

formed in a carbon tetrachloride solution were ob-
tained and compared with other findings on hydro-

gen-bonded complexes.

Experimental

The infrared absorption spectra were recorded with a
Jasco Diffraction Grating Infrared Spectrophotometer,
Model DG 201.

The concentrations of p-chlorophenol were regulated
so as to have an order of magnitude of 0.001mol/l and
so as not to form hydrogen bonds among themselves,
while those of alkylbenzenes were 0.5mol/l, except for
penta- and hexamethylbenzenes, which had a 0.2mol/l
concentration because of their low solubilities.
The temperatures of the solutions were altered by 10°

stages from 15℃ to 74℃ in order to obtain-ΔH and

-ΔS from the change in the absorption intensities of the

free and hydrogen-bonded OH-stretching frequencies.

Results and Discussion

The observed values of Δ ν,-ΔH,-ΔS, and K

are listed in Table 1. The frequency shift, Δν,

seems to correlate extremely well with the number,

n, of alkyl groups and little with their mutual con-

figurations. The correlations are represented by a

linear relation, i.e., Δ ν=an+47, shown in Fig.1.

The gradients, a, were 9.0 in methylated benzenes,

7.9 in ethylated benzenes, and 9.7 in isopropylated

benzenes, while the standard deviations were 0.3,

0.2, and 0.1 respectively.

The same linear correlation may be found from

the table of methyl alcohol- methylated benzene

complexes,1)where a is 8.7±1.7 and where the 47

Fig.1. The correlations between the OH fre-

quency shifts Δv of p-chlorophenol and the

number n of alkyl groups in alkylbenzenes.

Fig.2. The correlations between-ΔH and-ΔS

of p-chlorophenol-alkylbenzene complxes.

constant is replaced by 23. It is interesting to see

that the gradients are nearly equal to each other

irrespective of the species of alkyl groups in the

proton acceptors and of the proton donors.
The linear relationship between Δν and ΔH

(Badger-Bauer's rule)does not hold in this study

1) P. J. Kruegar and H. D. Mettee, Can. J. Chem., 42,
288 (1964).
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TABLE 1. VALUES oF Δν,-ΔH,-ΔS AND K OF π-H QOMPLEXES OF p-CHLOROPHENOL

AND PROTON ACCEPTORS

either, as Pimentel and McClellan have pointed out

that it does not hold for many other examples of

hydrogen-bonded complexes?)
The ΔH vs. ΔS relation seems to be nearly linear,

as in many other complexes,1,2 although the devia-
tion from linearity is rather large (Fig. 2). The

equilibrium constant, K, tends to increase mono-

tonously as n increases. This trend is quite differ-

ent from that of the methyl alcohol- methylated

benzene series,1) which has shown the minimum

value when n=2.

The authors wish to express their gratitude to

Professor Keizo Suzuki for his kind encouragement

throughout this study.

2) G. C. Pimentel and A. L. McClellan, "The
Hydrogen Bond," W. H. Freeman and Company, San
Francisco and London (1960), p. 85.


