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“Amplifying” Effect of Hydrogen Bonding on the Correlation of Frequencies of 
0-H Stretching Vibrations of Phenols with Harnmett Substituent Constants 

By V. BEKAREK 
(Faculty of Natural Sciences, Palacky University, Olornouc, Czechoslovakia) 

Summary The OH stretching frequencies measured for groups can be related to Hammett CT constants, provided 
dilute solutions of various phenols in acetonitrile have that there is not substitution at the ortho-position. Low 
been correlated with Hammett substitution constants. values of the p constant and considerable scatter of the 

experimental vOH values along the regression line gave rise 
IT has been known for many yearsls2 that the frequencies of to rather sceptical conclusions on the usefulness of i.r. data 
stretching vibrations of monomeric phenolic hydroxy- for the estimation of pK or CT constants,3 and the opinion has 
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been advanced4 that substituent effects can be discussed 
only qualitatively in terms of i.r. spectroscopic data. 

Having studied substituent effects in systems with 
hydrogen bonding,5vs we have established that in the case of 
the properties affected by hydrogen bond formation-n.m.r. 
chemical shifts, ionization constants, and frequencies of out- 
of-plane deformation vibrations-the effect of substituents 
on the hydrogen bond strength must be taken into account, 
as well as their direct effect on the reaction centre. So, in 
systems with intermolecular hydrogen bonding, constant a 
in the equation defining the dependence of the property 
studied (I) on the Hammett substituent constants (a), 
I = I, + aa, is considered as including the Hammett p 
constant and a term (c) characterizing the effect of sub- 
stituents on the hydrogen bond strength, so that a = p 
+ c.5 As the formation of the hydrogen bond causes a 
shift of vOH to lower values, the constant c should be 
negative (substituents with (T > 0 strengthen the hydrogen 
bond, thus causing a shift of vOH to lower values) and 
further, because the p constant is negative in the case of 
phenols too (- 13.4 cm-l, solutions of phenols in CCla2) the 
absolute value of the experimentally observed constant a 
should be higher than the value of p observed in inert 
solvents . 

We have measured the frequencies of the stretching 
vibrations for the OH groups of ten phenols dissolved in 

Frequencies of OH stretching vibrations of phenols measured in 
acetonitrile solutions and substituent constants used f o r  the 

Substituent 0- VOH (cm-l) 
4-NH2 - 0.66 3439 
4-OH -0.37 3422 
4-CHS -0.17 3415 
3-CH3 - 0.07 3412 
-H 0.00 3409 

3 -OH 0.12 3402 
4-C1 0.23 3379 
3-C1 0.37 3374 

0.71 3346 
4-NOZ 1-37 3319 

correlation 

acetonitrile (1 yo solutions) and obtained a correlation of 
voa with Hammett substituent constants. The Hammett 
equation has the form vOE = 3402 - 66-60-, the correla- 
tion coefficient and standard deviation being 0.986 and 
f 7.4 cm-l. The reaction constant is five times higher 
than for phenols in CCl,. The contribution of the H-bond 
term c to the constant a is consequently large, and makes the 
i.r. correlation comparable with the correlation of the n.m.r. 
chemical shifts of OH protons of phenols with Hammett 
substituent constants.’ 

(Received, September 27th, 1971 ; Corn. 1687.) 

1 L. J. Bellamy, “Advances in Infrared Group Frequencies”, Methuen, London, 1968, p. 101. 
2 D. Had% in “Infra-Red Spectroscopy and Molecular Structure”, ed. M. Davies, Elsevier, Amsterdam, 1963, p. 236. 
3 0. Exner and E. Svhtek, Coll. Czech. Chem. Comm., 1971, 36, 534. 
4 A. Cabana, J. L. Patenaude, C. Sandorfy, and P. M. G. Bavin, J .  Phys. Chem., 1960,64, 1941. 
5 V. BekArek and J. Slouka, Coll. Czech. Chem. Comm., 1970, 35, 2936. 
6 V. Bekhrek, J. Kavhlek, J. Socha, and S. Andrqsek, Chem. Comm., 1968, 630. 
7 J. G. Traynham and G. A. Knesel, J .  Org. Chem., 1966, 31, 3350. 




