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Recently several authors!'-% have emphasized
the importance of the charge-transfer mechanism
of hydrogen bonding. Therefore, we may expect
the appearance of charge-transfer bands in hydro-
gen-bonding systems as well as in molecular com-
plexes. However, the present author could not
find any certified charge-transfer bands for hydro-
gen-bonding systems except for the C. T. band of
the hydrogen maleate anion found by Nagakura
and his co-workers.®> Regarding hydrogen-
bonding systems, the relations between the shift
of the X-H stretching vibration; the enthalpy of
formation of the complex, AH; the excess dipole
moment for the complex over the sum of the
ingredients, du; the equilibrium constant of the
complex, K, and the coefficients of Mulliken’s
theory, a and b, will be discussed here, and the
C. T. band of the formic acid dimer will be
estimated.

Mulliken® has written the wave functions for
the ground and first excited states of the complex as:

Un = age + by, Ve = a*d, — b*¢,

In the approximation of the variation method,
the following relation® holds:

aW, + bHy;, = Wyla + bS). o)
Here,

Wo = Hyg = fg{fﬂg&odr, Hyy = fg{:ng!:ldr,
§ = [¢ugude,

AH =~ Wy = fg{:nh’gﬁnd‘dqbnsdf.

H is the exact Hamiltonian operator for the entire
set of nuclei and electrons. In weak complexes,
a=1, and bS is a sufficiently small number com-
pared with a. Therefore, Eq. (1) may be reduced
to:
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Wn+bﬁo= AH.

Here, fy,=H;—W,S; then, for weak complexes,
By=Hy, will hold. If we suppose W, and g, to
be approximately constant for given complexes,
there is a direct relation between b and AH.
However, there is no theoretical reason to expect
W, and f, to remain constant for weak complexes,
even with the same donor. On the other hand,
as is well known, 4H is given by:

AH = — RT In K + constant

Here R and T are the gas constant and the absolute
temperature respectively. According to Mulli-
ken,5 for weak complexes the excess dipole moment
for the complex over the sum of the acceptor and the
donor, A4u, is given approximately by:

dp = pyg = i (b® + abS) = b, 2
The value of p;, the dipole moment of the dative
structure, will be quite large due to the high charge
separation in the dative structure, and it will be

approximately constant for weak complexes.
Therefore, the following direct relation will hold:
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Free OH ko* Bonded OH kn* Ak Ap

str. (cm~1) (md/A) str.8(cm—1) (md/[A) (mdfA) (D)
HCOOH 3700 7.59 3077 5.25 2.34 1.00®
CH,;COOH 3700 7.59 3100 5.33 2.926 0.94%)
C,H,COOH 3700 7.59 3007 5.01 2.58 1.13©
CCl,COOH 3700 7.59 3030 5.09 2.50 1.1®

Force constants are estimated approximately for OH molecule.
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Pimental and McClellan® find a proportionality
between 1/4u and log K in the triethylamine-
phenols and carboxylic acid dimers.

Person and Friedrich® have given the following
equation:

(ko—Fkn)lko = Ak[ky = (1 —ky[ko)(b2+ abS) 3)

If Eq. (2) is inserted into Eq. (3), the relation be-
tween 4k and Ay is found to be:

Ak = [(ko—ky)lm14n
Here k,, k;, and k; arc the X-H stretching force
constants in the bonded X-H, free X-H, and (X-H) -
molecules respectively. If kj, k;, and p, are sup-
posed to be approximately constant, there is a
proportionality between 4k and Au. Empirically
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there is a direct relation, as is shown in Fig. 1,
between 4k and Au in a series of carboxylic acid
dimers. The kg, k;, and Ap values of carboxylic
acid dimers are summarized in Table 1. Nakamoto
et al.® have selected a constant frequency for each
type of X-H stretching band; they concluded that
each type of hydrogen bond shows a distinct
relationship between the shift of the X-H band and
the distance of the hydrogen bond. They selected
3700 cm-1! as the value of the free OH stretching
band, so it seems reasonable to suppose that k,
and k, are approximately constant.

Thereby, Mulliken’s theory for the C.T. complex
can be applied to hydrogen bonding systems. We
may estimate 150 my as the approximate value for
the charge transfer band characteristic of the interac-
tion between the electron donor and acceptor in a
formic acid dimer by using the following equation®:

AH==hvcr(b®a®)




