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COMMENTS

Comment on the negative ion states of fluorobenzenes

K. D. Jordan®

Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 15260

P. D. Burrow

Department of Physics and Astronomy, University of Nebraska, Lincoln, Nebraska 68588

(Received 7 February 1979; accepted 27 August 1979)

In a recent paper Frazier et al.! reported a study
employing electron transmission spectroscopy (ETS) to
determine the energies of the temporary negative ion
states associated with the occupation of the three low-
lying 7* orbitals of benzene and several fluorobenzenes.
The purpose of the present note is to point out that the
theoretical model used by Frazier et al.! to account for
the substituent effects is inadequate, and in particular
does not yield the proper symmetry assignments of the
first two anion and cation states of fluorobenzene and p-
difluorobenzene,

In the model of Frazier et al. the anion and cation
states are stabilized upon fluorine substitution by an
amount 3., I ¢;| %, where the {c,} are the coefficients of
the 7 orbitals of benzene, as given in a Hiickel picture,
and the sum runs over those atoms (denoted by ‘5”) to
which fluorines are attached. The parameter y was
chosen to provide the best fit to the anion and cation en-
ergies. While this model appeared to work well for
fluorobenzene, p-difluorobenzene, and 1, 3, 5-trifluoro-
benzene, it was in error by 0.2-0.6 eV for the first two
anion states of 1, 2, 4, 5-tetrafluorobenzene, penta- and
hexafluorobenzene.

The reason for the inability of this model to predict
accurately the energies of the temporary anions of these
last three molecules is that it allows for only a stabiliz -
ing interaction by fluorine. It is well known? that fluo-
rine exerts both a stabilizing inductive and destabilizing
resonance effect on the 7 orbitals of unsaturated hydro-
carbons.

A simple model incorporating both effects through an
expression of the form {3;., l¢;| XX + 3,01 ;11 "V} is
able to predict the first two 7 EA’s and IP’s of these
compounds to greater accuracy. In this expression X
=R +I*, where R is the resonance contribution and 4
is the inductive contribution of a fluorine at the carbon
to which it is attached. I¥¥ denotes the inductive effect
at the nearest neighbor carbon atoms. The choice X
=0.56 eV, IY¥ = - 0.70 eV gives the first two IP’s and
EA’s of these compounds to within 0.3 eV of their ex-
perimental values. Considerably better results are ob-
tained if different parameters are utilized for the anion
and cation states. The choice X =0.60 eV and IV
= -0.60 eV works quite well for the EA’s, while X
=0.52 eV and I"¥ = - 0. 80 eV gives a good description
of the IP’s.

A two-parameter fit should, of course, yield more ac-
curate results than can be obtained with a single param-
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eter. However, by accounting properly for the two sub-
stituent effects, we find also a difference in the pre-
dicted symmetry assignments for certain of the mole-
cules. The degenerate, unoccupied 7* orbital of ben-
zene is split upon substitution yielding a, and b, orbitals
in the C,, point group and b;, and g, orbitals in the D,,
point group. While the model of Frazier ef al. predicts
that the lowest 7-type anion of fluoro and p-difluoroben-
zene is By and B,,, respectively, the model including
both resonance and inductive effects yields 4, and A,
respectively. Additional support for our symmetry
assignment is provided by ab initio calculations® and by
EPR studies in matrices.*

We note also that the ordering of the first two IP’s of
fluorobenzene and p-difluorobenzene as predicted by the
model of Frazier ef al. is not in agreement with the as-
signments as determined by the angular distributions of
the photoionized electrons. ®
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FIG. 1. Correlation diagram for the vertical EA’s and IP’s of
benzene and various fluoro-substituted benzenes. The solid
lines refer to the experimental values and the dots to the values
obtained from the two-parameter induction-resonance model
described in the text. The experimental IP’s for 1, 2,4, 5-tetra-
fluorobenzene and penta-fluorobenzene are from Ref. 1, while
those for the other compounds are from Ref. 5. The orbitals
are labeled S or A, depending on whether they are symmetric
or antisymmetric under reflection in the plane passing through
the C; and C, carbons, perpendicular to the plane of the ring.
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Letters to the Editor

In Fig. 1, we present a correlation diagram of the cal-
culated and experimental EA’s and IP’s derived from the
degenerate e,, and e;, benzene orbitals, respectively.
The overall agreement for the third #* anion state is
much poorer and is not improved over that calculated
by Frazier et al. In part, the reason for this may be
that the third anion state is not as well described by a
gingle configurational wavefunction,

We have plotted the experimental vertical EA’s as
listed by Frazier et al.! except for benzene which we
believe to be in substantial error. The criterion used
by these authors to justify a vertical EA of —1.35 eV
was not discussed. For anions which are sufficiently
long-lived to display well-defined vibrational structure,
the vertical EA’s should be determined from the most
intense member of the vibrational progression. For the
ground state (EZ“) anion of benzene the lowest member is
clearly the strongest. A vertical EA of —1.15+0,03
eV has previously been determined for benzene by Bur-
row et al.’ Our interpretation of the data of Frazier et
al. yields vertical EA’s for certain of the other com-
pounds, in particular, 1,2, 4, 5-tetrafluorobenzene and
pentafluorobenzene which differ somewhat from the val-
ues assigned by these authors. The reinterpreted values
are in better agreement with the predictions of the model
described in this note and with our own measurements. °

Finally, we observe that the model employed by Fra-

5385

zier et al. was employed earlier by Christophorou et
al.” in their assignments of the anion states of several
monosubstituted benzenes. In view of the above discus-
sion, we believe that the agssignments given in that pa-
per should be reconsidered. In particular we note that
their assignments of the anion states of aniline, phenol,
and anisole differ from those presented in Ref. 3.

This research has been supported in part by the Na-
tional Science Foundation and by the Petroleum Re-
search Foundation administered by the American Chemi-
cal Society.
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Comment in reply to K. D. Jordan and P. D. Burrow’s
“Comment on the negative ion states of fluorobenzenes”

L. G. Christophorou and H. C. Schweinler

Health and Safety Research Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830

(Received 1 August 1979; accepted 27 August 1979)

The theoretical treatment of Frazier ef al.' gave good
predictions of the energy positions of the observed -
negative ion states in substituted fluorobenzenes using
only one disposable parameter. The treatment of
K. D. Jordan and P. D. Burrow in the preceding com-
ment uses two or four parameters; it can be reduced
mathematically to the form of Frazier et al. plus a
small or zero correction and, in our opinion, provides
only a marginal improvement over our simple first-
order perturbation treatment for the energies.

We believe that neither our nor Jordan and Burrow’s
treatment is adequate to fully describe the negative ion
states of benzene and its derivatives and their symmetry
assignments. The latter will be unambiguously deter-
mined from truly ab initio calculations and/or from
further experimental work on the angular distribution of
electrons scattered indirectly via these negative ion
states. The experimental work®?® they refer to cannot
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provide unambiguous assignments since the EPR studies
quoted® were performed in the condensed phase where
relaxation processes and medium effects influence the
anionic states, and the PES work they cite® merely iden-
tifies the states under consideration as r states (and

we all agree on that!); it provides no unambiguous in-
formation (the values of the asymmetry parameter for
the b, and a, orbitals are within the quoted experimental
errors)® for symmetry assignments.

In the absence of such calculations or experiments,
we adduced support for our symmetry assignment of
the lowest unoccupied 7 orbital in fluorobenzene from
electron swarm-beam experiments* on the production
of Cl” from C¢H;C1l via dissociative attachment and from
electron transmission® and threshold-electron excitationt
experiments. The former* located the maximum of the
C17/CgH;C1 resonance at 0.86 eV and the latter®® lo-
cated the lowest negative ion resonance of CgH;Cl at
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