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Note

THE ENERGETICS OF CHARGE TRANSFER COMPLEXES OF AN
ANTIOXIDANT WITH VITAMIN K DERIVATIVES

H.S. RANDHAWA, K. SINGLA ¥, G.S. GREWAL and H. TUNG
Department of Chemistry, Punjab Agricultural University, Ludhiana (India)
(Received 7 October 1980)

The antioxidant N-phenyl-2-naphthylamine acts as a booby trap for bio-
chemists because it is found as a contaminant of lipid exfracts containing
vitamin K and is the result of charge transfer (CT) complex formation
between antioxidant and vitamin K derivatives [1]. Such complex formation
is highly likely because phenolic and amine antioxidants in general possess
comparatively low ionization potentials (7—9 eV) [2] and are therefore
expected to function as powerful electron donors under favourable circum-
stances. Since quinone type structures are present in vitamin K, the spectro-
scopic studies on the CT complex formation between various quinones and
the antioxidant N-phenyl-2-naphthylamine have been reported from time to
time by various workers [3,4]. However, the energetics of these CT com-
plexes have not been studied in detail and even where the experimental data
on the energy parameters of these complexes are reported, they are not very
reliable, as pointed out by Dwivedi and Rao themselves [4]. Therefore we
considered it interesting to calculate theoretically the energy parameters of
N-phenyl-2-naphthylamine with a few quinone acceptors in order to under-
stand the magnitude of CT interaction responsible for the booby trap. The
energy parameters have'been computed employing the model of Sonnesa and
Daisey [5] and the empirical relationship reported from our laboratory [6,7].
The calculated values of the energy parameters along with the experimental
and predicted value of enthalpy of formation, AH, from the empirical rela-
tionship are given in Table 1.

It is quite evident from Table 1 that the value of interaction energy, G,
depicted from the equation

G0=AH—X0

where X, is the resonance interaction energy of the ground state of the CT
complex, follows the expected trend [7]. The agreement between the experi-
mental and theoretical values of AH is not good (Table 1). The theoretical
value of % charge transfer, F (Table 1) reveals that the strength of the CT
complexes decreases in the order:
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1,4-benzoquinone > 1,4-naphthaquinone > 2,3-dimethylnaphthaquinone >
2-mmethyl-naphthaquinone > 2,3-dimethylanthraquinone

Further, a comparison of the % charge transfer among 1,4-benzoquinone,
1,4-naphthaquinone and 2,3-dimethylanthraquinone shows that the decrease
in % charge transfer with increase of per benzene ring is of the order of 9%.
However, the trend based on the experimental value of AH reported by
Dwivedi and Rao [4] is -

2,3-dimethylanthraquinone > 1,4-naphthaquinone =~ 1,4-benzoquinone

The difference between the theoretical values of AH computed by us and the
experimental values [4] showing the reversibility in the trend of the stability
of these CT complexes may be due to the following factors: (i) it is likely
that the equilibrium constants reported by the earlier authors [8,4] are in
error since the method of evaluation [8] of these quantities is very sensitive
to [donor], and (ii) it is difficult to measure experimentally the energetics of
CT complexes because of weak interaction between donor and acceptor and
also due to the interaction of the solvent with donor and acceptor. Hence,
we feel that the computed values of AH are more reliable than the experi-
mental values reported by earlier workers [4].

Table 1 shows that there is small variation found for any one set of energy
terms. This effect is apparently due to the small variations in the. value of
hver and AH among these complexes. There are, however, some variations
observed as the strength of the complex measured by AH increases. With res-
pect to these variations the complexes are classified into two groups: (A) the
strong complexes; (B) the weak complexes formed from the respective
acceptors (Table 1).

Further, if we compare the energy terms of these complexes (Table 1)
some trends become apparent, e.g. n—0o [5,9,10] and n—n [7] type com-
plexes. Table 1 reveals that the value of A is inversely proportional to the
strength of the complexes and is in agreement with the findings of earlier
workers [5,7,9,10]. The large positive value of G, gives rise to a smaller value
of A. Since in weak complexes the electrostatic forces of attraction predo-
minate, the value of G, becomes negative. The positive value of G, for the
system considered here supports the earlier prediction that in stronger com-
plexes with a short D—A distance the repulsive forces will predominate over
the attractive forces. The increase in the negative value of X, in the ground
state follows the trend of AH, i.e., X, is directly proportional to AH. This
could perhaps best be explained by the fact that the increase in the contribu-
tion of resonance interaction, and hence charge transfer, is responsible for
the stabilization of the ground state in these complexes.

The electrostatic terms in the case of weak complexes make significant
contributions, and in most cases the electrostatic terms outweigh the charge
transfer resonance contributions [11]. Since in stronger complexes the elec-
trostatic terms are operative, the value of X, as well as the trend of these
values for their CT complexes (Table 1) led us to conclude that the CT inter-
action makes a significant contribution to the stability of the ground state,
like those of the n—o and n—x types of complexes [5,7,9,10].
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