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Calculation of Partial Charges on Functional Groups in
Organic Compounds
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The principle of electronegativity equalization has been applied for the
calculation of group partial charge on functional groups in organic
compounds. The increasing alkyl chain length increased partial negative
charge on groups such as OH, COOH, CONH;, COCIl, OC(O)CHj;,
OC;Hs, NH;, CHO and Cl. The partial negative charge on various
groups decrease in the order : acid chloride > ester > amide > aldehyde >
chloro > alcohol > ether > amine for each alkyl group. The reactivity of
organic compounds is correlated with the partial charge on functional
group.

INTRODUCTION

A significant development in the electronegativity concept has been
provided by Sanderson formulation of the principle of electronegativity
equalization’2, The physical and chemical properties of substances are
largely determined by the partial charges on the constituent atoms3#* and
the evaluation of these partial charges is an important electronegativity
application. Bratsch’ described a method for the calculation of equalized
electronegativity (X¢q) and the estimation of group partial charge. X,
was calculated according to

Xeg = N+gq

where N = 2v = the number of atoms in the species formula and q is the
charge of the species. The net partial charge on groups was calculated by

S = Ng (X———eq); XG)

where Ng is the number of atoms in the group formula, Xg is given by

The reactivity of organic compounds can be understood in terms of
group partial charge on various functional groups and such an attempt
has not been made so far. The partial charge on various groups in
peptidesS, lipids” and carbohydrates® have been reported earlier. The
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present communication, therefore, deals with the calculation of group
partial charge in organic molecules using equalized electronegativity
values obtained by Bratsch method.’

RESULTS AND DISCUSSION

The values of equalized electronegativity (X.,) and partial charge on
some organic functional groups for alkyl groups namely CH;, C;Hs, C3Hg,
CHy and Cs;H;, are summarized in Table 1. X,, Values decrease with
increase in alkyl chain length in each class of organic compounds. Each
functional group possess partial negative charge which increase with
increasing alkyl chain length. The results also showed that the partial
negative charge on functional groups decrease in the order: COCI)
COOH » OCOCH; > CONH, » CHO > Cl> OH> OC,Hs> NH, for each
alkyl group.

The reactivity of organic compounds is understandable in terms of
partial charge possessed by a functional group which has been calculated
using X, values obtained by Bratsch method® (Table 1). Within the
series of acid derivatives, relative reactivities towards a common nucleo-
phile (e.g. water) generally decrease in the order®:

Acid chlorides > esters > amides

The partial negative charges on these groups also decrease in the same
sequence. It is thus apparent that higher is the partial negative charge on
a functional group, higher is the reactivity of organic compound contain-
ing that group. The order of reactivity of the subclasses of alcohols:
tertiary ) secondary ) primary, for nucleophilic substitution reaction of
alcohols®® involving rupture of the C-O bond is easily explained on basis
of partial positive charge on alkyl group (Table 2). The partial positive
charge on alkyl group in alcohols decrease in the sequence: tertiary )
secondary > primary. It is therefore indicated that greater is the partial
positive charge on alkyl group, greater is its ability to attract nucleophile.
Likewise the order of case of dehydration of alcohols to form alkenes is
tertiary ) secondary ) primary and may be correlated to the partial negative
charge on OH group in tertiary, secondary and primary alcohals (Table 2)
which decreases in the similar sequence. Higher is the partial negative
charge on OH group, greater is its affinity towards H* to form protonated
alcohol (ROHZ) which is the first step in the mechanism involving dehy-
dration of alcohols to form alkenes®,

Basicity of amines and ammonia is also correlated with the partial
negative charge on NH,/NH group. Higher is the partial negative charge
on a group, greater is its ability to accept proton. The data(Table 2) show
that the partial negative charge on NH, group in ammonia is less than
in methylamine. Further, in methylamine NH, group has lesser partial
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TABLE 2

GROUP PARTIAL CHARGES IN SUBCLASSES
OF ALCOHOLS AND AMINES

Compound Partial Charge

OH Alkyl
CH,CH,OH —0.2355 40,2355
(CH»).CHOH —0.2475 +0.2475
(CH3)sCOH —0.2540 +0.2540

NH,/NH

HNH, —0.074
CH:NH, ~0.105
(CH;),NH —0.176

negative in magnitude than NH group in dimethylamine. The basicity
constant (K,) values for ammonia, methylamine and dimethylamine are
1.8 x 1075, 4.4x 10~* and 5.2 10-5 respectively®d, It is well known that
the higher the Ky, the stronger the basicity of the amine and it is thus
apparent that the aliphatic amines are stronger bases than ammonia. The
present results, therefore, provide evidence that the magnitude of the
partial charge on a functional group helps us in understanding the reacti-
vity of organic compounds.
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