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The polarizability, «, and second hyperpolarizability, 7, of the phenyl cation are computed by
employing the CHF —PT-EB-CNDO method. Variations of the properties induced by changes

in the structure of the cation are discussed.

Introduction

The phenyl cation has been the subject of special
interest since 1942, when it was proposed as an
intermediate in the decomposition of the benzene
diazonium ion [1-5].

The objective of this communication is to discuss
the change in the polarizability, « [6], and second
hyperpolarizability, y [6] of C4HZ?, resulting from
geometry variations of this cation. In addition these
variations are related to the stability of C4H<.

The present study is considered timely and of
current interest because:

(a) Very little is known concerning the electric
moments (permanent and induced) of molecular
cations [7].

(b) Questions related to the potential importance
of environmental factors on the isomerization
process of the phenylium cation, as well as the
properties of the ion itself have already been raised
in the literature [5].

(c) The phenyl cation, due to the strong polariza-
tion of the system toward C* [1] and the delocaliza-
tion of positive charge (almost 70% of the positive
charge is away from C*) [1], is a significant model
system for the study of polarization phenomena in
positively charged molecular species.

Method

The computation of the properties has been
performed by employing the CHF-PT-EB-CNDO
method [8—12]. An essential part of this technique
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1s the optimization of the basis set with respect to
some judiciously chosen experimental results. This
feature allows:

(a) An effective treatment of problems related to
the correlation effect, which cannot practically be
dealt with by ab-initio methods (due to the size of
the compounds considered here) and which are
essential for the accurate determination of « and in
particular y[13].

(b) The best use to be made of available infor-
mation in order to extend it to other related mole-
cules and/or properties.

The basis set employed for the study of C¢H{
has been optimized with respect to benzene [14]
(Table 1, footnote ¢) due to lack of any experi-
mental data for the polarizability and hyperpolariz-
abilty of molecular cations. This facilitates the sys-
tematic comparison between the properties of
charged species (both positive and negative [14])
with those of their neutral precursor, although it is
understandable that the wave function may be less
successful for the charged species than it has been
for C¢H¢. However, this possible shortcoming is
circumvented by concentrating on the study of
differences of properties and in the identification of
trends. Thus it is considered that the reported
analysis retains its validity although the absolute
values may be revised.

Results and Discussion

It is observed (Table 1) that the results from the
phenyl cation confirm the trend which has already
been found [15], according to which molecular
positive ions have x and y values smaller, in general,
than the values of their neutral precursors and
within the same order of magnitude as them.

0340-4811 / 85 / 1100-1140 $ 01.30/0. — Please order a reprint rather than making your own copy.

@NOIS)

Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung®) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher

Nutzungsformen zu ermdéglichen.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der

ND Wissenschaften e.V. digitalisiert und unter folgender Lizenz veréffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



M. G. Papadopoulos and J. Waite -

Table 1. The polarizability, «*, and second hyperpolariz-
ability, y® of C4H§ and its neutral precursor, C¢Hg .

Cation  «¢ ya Neutral « y
precursor
C¢H7, ¢ 608 12800 C¢Hg 68.3[14] 22300[14]
¢ 56.5 14500 61.9[10] 24 700([10]
f56.5 13900 62.1[18] 73300 [22]
g 547 12200 51.9[19] 13500 [23]
h58.0 14100 66.81[20] 24 500
) 1 596'[24]
69.5'[21] 18 600
127801 [25]

4 In au., lau of polarlzablllty ~0.148176 x 10~ esu

~0.164867 x 1070 C2m? J- 1.

In a.u., 1 au. of hyperpolarlzablhty =~ 0.503717 x 1073

esu = 0.623597 x 1064 C4m* J =3,

¢ The computations have been performed by employing

the following basis [14]:

C: 25(1.625), 2 p (1.625);

H: 15(0.9), 25(0.4223), 2 p (0.4223).

The geometry is from [2]. The structure is presented in

Fig. I (1).

¢ The geometry is from [2]. The structure is presented in
Fig. 1 (2). It has C,, symmetry.

f The C,HC, plane (this plane involves the H which
migrates) forms a 45° angle with the plane of the other
atoms.

¢ The C,HC, plane (see footnote f) forms a 90° angle

with the plane of the other atoms.

The computations have been performed by employing

~ the geometric model of the neutral precursor [10].

' This value has been determined experimentally.
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Fig. 1. Structure of the cations that have been considered.

Employing for the phenyl cation (Fig. 1), the
geometry given by Schleyer et al. [2] (this was fully
optimized with a split valence basis set, 3-21G//3-
21G) and the experimental bond angles and lengths
of benzene [10], we find that the differences in «
and y are 2.8au. and 1300a.u., respectively
(Table 1). The optimized geometry is associated
with higher polarizability and lower hyperpolariz-
ability compared to the values given by using the
geometry of the neutral precursor [10].

It has been found that the difference in energy
between 1 and 2 (which is indicated to be a
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transition structure in the automerization of the
phenylium ion [2]) is 67.2 kcal mol~! and 52.2 kcal -
mol~! at 3-21G//3-21G and MP2/6-31G**//3-21G,
respectively [2]. The present results show that the
differences in % and ; between 1 and 2 are 4.3 a.u.
and 1700 a.u., respectively (Table 1).

It is observed that the transition state (2) has
lower » and higher y with respect to 1. To get a
feeling of what these differences mean, in terms of
energy, we employ an approximate field of 10 esu
(Buckingham [l6a] considers that this is approxi-
mately the value of the field which is found at a
point a few Angstrom units from an ion or polar
molecule), and find that the non-linear inductive
effect [16b], associated with a and y, leads to a de-
stabilization of 2 in comparison to 1 of approxi-
mately 4 kcal mol ™.

It is noted that y is a uniquely sensitive probe of
intramolecular changes. As an example it is observed
that the difference in energy between 1 and 2 (at the
3-21G//3-21G level, empolying 1 as a reference), is
0.05% [2], while the difference in y is 13.3%

In order to increase our understanding of the
transition structure, and since Schleyer et al. [2]
believe that this structure has a Cg symmetry, we
have performed computations on another two con-
figurations; that is when the plane, which is defined
by the hydrogen which migrates and C; and C,
(Fig. 1) forms angles of 45° and 90° with the ring
plane. We see that the difference in « is small and is
observed when the angle gets larger than 45°.

The geometry variations in the phenyl cation,
which have been considered, produce changes less
than 10% for « and 15% for y (employing as a
reference point the values for 1).

It is useful to note that work which is currently in
progress shows that the hyperpolarizability of
1-C,4H¢ (ion of anthracene) appears to change
considerably as a function of the geometry. Thus,
employing the symmetric geometry of the neutral
precursor, y equals 136000 a.u. [15] while for the
complete MNDO [17] optimized geometry of the
ion we find y has the value 79500 a.u. On the other
hand, the y value of 4-C,4HJ (ion of phenanthrene)
employing the symmetric geometry is 92500 a.u.

The results for the phenyl cation and C4H§ show
that the structure-polarization relationship of mo-
lecular cations needs to be studied in much greater
detail before conclusive rules can be stated.
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