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Abstract

Basicity of aliphatic amines in gas phase is analyzed in terms of a new generalized index of
chemical reactivity and selectivity named philicity which can take care of electrophilic, nucleophilic
and radical attacks in a similar fashion.
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1 INTRODUCTION

Global reactivity indices like electronegativity () [1], hardness () [2] and electrophilicity
(o =§—;) [3] and local reactivity indices like Fukui function ( f(7))[4] and local softness (s(7))[5]
have been extensively used in understanding reactivity as well as site selectivity in molecular

systems [6]. Within density functional theory (DFT) [7] the electronegativity of an N- electron
system characterized by the external potential v(7) and the total energy E, is defined [8] as the

negative of the chemical potential (p), the first- order energy derivative, (2—1'\5,) , and the hardness

v(F

is defined [9] as the corresponding second- order derivative, + g ;,b; )V(F) . On the other hand the

local quantities are defined as,

f(r)= (a/;z(v?))v(f) = (%)N )

and
=\ = __{op(#) (2)
s(7)=f(7)s =(22)

where p(7)and S are the electron density and the global softness respectively.

In order to provide a unified treatment of chemical reacitivity and selectivity a new concept
of philicity is introduced recently [10] through a resolution of identity. This local philicity index is
given as

a [y a = 3)
0" (r)=af " (r)
or its condensed- to- atom variant for the atomic site &k in a molecule is defined as

a a 4
w; = of, @

where @ =+,-,0 refer to nucleophilic, electrophilic and radical attacks respectively. The @, is
capable of providing other local and global reactivity descriptors.

The electrophilic or nucleophilic power is distributed over all atomic sites in a molecule

keeping the overall philicity conserved. The atomic site with the highest Ct)k+ will be the most
favorable site for nucleophilic attack, the highest @, for the electrophilic attack and the highest

a),g for the radical attack.
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2 COMPUTATIONAL DETAILS

In order to test the efficacy of this new concept, DFT level calculations with B3LYP
exchange- correlation functional and 6- 31+G* basis set using GAUSSIAN 03 program [11] are
performed on several amines. Necessary Fukui functions are calculated using the direct method
proposed by Contreras et at [12]. The molecules considered are NHs;, CH3;NH,, (CH3),NH and
(CH3)sN.

3 RESULTS AND DISCUSSION

For all the molecules @, is the highest in the N- center indicating that this site would be
most favorable for electrophilic attack (say protonation). As shown in Figures 1 the order in which
@  varies is NH; ) CH;NH, ) (CH3),NH ) (CH;3);N which corroborates with other theoretical [12-

14] and experimental [15] results of the studies on gas phase basicity of aliphatic amines. Unless
otherwise specified the atoms are hydrogen in Figures 1.
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Fig.1c: Local philicity of (CH3),NH Fig.1d: Local philicity of (CH3);:N

In table I the numerical data of gas phase basicity, f,, and @, are given. Our f, values are

slightly different from that of Contreras etal (Ref. /2) because we have used B3LYP/6-31+G* basis
set whereas they have used HF/6-311G basis set. An inverse relationship has been observed

between gas phase basicity and @, .
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Table I: Basicity, Fukui function and @,

Amine Basicity fA; oy,
Ref 13 Ref 12 This paper

NH; -818 - 0.9764 0.9743719 0.053950

CH5NH, -861 0.3173 | 0.8135 0.8276224 0.048041

(CHs) ,NH -890 0.3017 | 0.7401 0.7341378 0.037861

(CH3) 5N -909 0.2902 | 0.6891 0.6506701 0.031944

On the other hand, C!)k+ is the highest in the C- centers signifying that the nucleophilic attack
will take place in the C- site. The order of preference turn out to be CH3NH, ) (CH;3),NH ) (CH3);N.

We have also checked another homologus series obtained by a methyl substitution on the
carbon, viz., CH;CH,NH,, (CH3),CHNH, and (CH3);CNH; which also provides with the results at
par with those from other theoretical [12-14] and experimental [15] studies.

4 CONCLUSIONS

Now we summarize the novel features of this work. The new philicity index is capable of
properly delineating the electrophilic/ nucleophilic/ radical attacks on different atomic centers in a
molecule. It can provide us with the global reactivity information as well. Gas phase basicity of
amines is analyzed as a prototype example. A molecule with high global electrophilicity value
would be more reactive towards that with a corresponding low value. For two such molecules the

reaction would be through the atomic center having the largest @, in one molecule with the atomic

center having the largest @, of the other molecule and vice versa.
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