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Photoelectron Spectra and Molecular Properties' of trans-Dihalogenoethylenes:
Substituent Effects Spin-orbit Coupling'?

By H. Bock* and K. WITTEL
(University of Frankfurt, Germany)

Summary The photoelectron spectra of #rans-dihalogeno-
ethylenes are assigned considering spin-orbit coupling and
allow unambiguous estimates of inductive, conjugative,
and hyperconjugative contributions of the halogen sub-
stituent effects.

WE report the photoelectron spectra of #rans-dihalogeno-
ethylenes® (Figure 1), from which the lowest five vertical
ionization energies are easily determined (Table 1).

TaBLE 1

Vertical ionization energies IE, (eV)

n 1 2 3 4 5

Cl 9-72 11-79 12-01 12-566 13-79
Br 9:56 11-04 11-04 11-57 12-90
I 8-92 9-86 10-11 10-45 11-85

Our assignment is based on a simple qualitative MO model
(Figure 2) in which two “lone pair” orbitals on each halogen
and the ethylene 7 orbital are combined according to their
irreducible representations in C,, to yield three 7 orbitals
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FiGUurE 1. Photoeleciron spectra of trans-dihalogenoethylenes.

(1ay, 1b,, 2a,) and two o orbitals (4b,, 5a,;). The latter are
destabilized by ‘‘through bond” interaction,* the anti-
bonding admixture of four @, orbitals being presumably
more effective.

From the ionization energies of frans-dichloroethylene,?
(Table 1) various Hueckel parameters may be extracted;
the energy of the nonbonding 15, orbital (12-55€V) is a
good value for the chlorine coulomb integral o«c.® The
m-stabilization energy, Am = E(la,) — E(1b,), is therefore
(13-79 — 12-55) e.v. which when subtracted from the first
ionization potential gives dg-c = 1-24 + 9-72 = 10-96 eV,
Comparison with the first ionization potential of ethylene?
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FIGURE 2. Qualitative orbital diagram for trans-dihalogeno-
ethylenes.

itself results in Agg.c = 1096 — 10:51 = 0-45 eV, which
represents the inductive substituent effect of chlorine. The
secular polynomial (ctoeq — IE)(aq — IE) — Bé-q = 0,
gives a resonance integral Bo_q 19 eV. Finally the
“through bond” shifts A(5a,) = 12-55 — 11-79 = 0-76 eV
and A(4b,) = 12-55 — 12:01 = 0-54 €V can be read directly
from the spectra. These estimates, together with those of
the bromo- and iodo-derivatives, approximated in the same
way, are shown in Table 2.

TABLE 2

MO parameters (eV) from thotoelectron specira

X ox Am  oc-c  Aac-c fo-x A(5a,) A(4b,)
Cl 12-55 1-24 1096 0-45 1-9 0-76 0-54
Br 11-57 1-33 10-89 0-38 1-6 0-53 0-53
I 10-3 1-4 10:5 0-0 1-5 0-2 0-2

For trans-dibromoethylene, the photoelectron assignment
is analogous, except that the lone pair orbitals 4, and 5a,
are degenerate as shown by the doubled intensity of the
second band (Figure 1).

Spin-orbit coupling in bromine (Br,* 0-33 eV) is large
compared to that in chlorine (Clyt 0-07 eV), but in #rans-
dibromoethylene o- and 7r-interactions (Table 2) still prevail.
In the iodo-derivative however spin-orbit interactions
(I,* 0-63 eV) can no longer be neglected. This local coupling
mixes o- and 7-type electron pairs on each iodine and pro-
hibits any classification of the corresponding molecular
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orbitals with respect to the lost mirror plane ¢,. With
respect to the centre of inversion retained, mixing is only
allowed within even (g) or odd (#) functions (Figure 3).
Spin-orbit coupling can be incorporated into the elegant
one-electron-MO model used by Brogli and Heilbronner.®
Clearly, the two (o; + ), orbitals do not imply any degen-
eracy but rather complete g—7 mixing (C,, double group:
e1129)- The latter can be neglected among the odd orbitals
because of strong 7 interaction (Bc_; = 1-5¢V, Table 2).

A s ™u)
7/
£ %
;7 g+ 1
e G
« b E\:-,z-::——-—jf— d,())
7\ \5\ Oy +7C
w b =N g (di+malg
c=C N
\\\\\
\\\
N\,
AN
\——-———1!23((/)
FIGURE 3. Qualitative orbital diagram for spin orbit coupling in

trans-di-iodoethylene.

All three electron pair orbitals are ‘“‘through bond” de-
stabilized. Calculations®8 restrict A(o, + m,), > 0-6 €V,
the experimental value (Table 1:0-59 eV) being in excellent
agreement. The (o 4 ), assignment of bands 2 and 4 in
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the photoelectron spectrum is further confirmed by their
similar vibrational fine structure (Av = 560 4 100 cm~?).

The MO parameters{ (Table 2) obtained from the photo-
electron spectra of the #rans-dihalogenoethylenes deserve
further comment.

Usually a distinction is made between inductive and con-
jugative parts of substituent effects, hyperconjugation
contributing to both of them. Normally neither effect can
be measured separately.

Within our model compounds the parameter ax—taken
from the only occupied b, orbital—represents the un-
perturbed halogen lone pair (IEq > IEy > IE;). Com-
bination of the observed five lowest ionization potentials
yields Aac—c, which can be considered a fair estimate of the
separated inductive effect ox due to partial electron transfer
among low lying orbitals (g > ogr > 01 ~ 0).

The resonance term fSo x reflects diminishing overlap
(Cl1 > Br > I). This is opposed by a decreasing energy gap
between the interacting orbitals Ao = otx — %o (C1 > Br
> J A~ 0), resulting in an almost constant 77 donor strength
as shown by the Ax values.

In addition the rather large influence of hypercon-
jugation—that is “through bond” shifts between ¢ orbitals
of the same irreducible representation—is demonstrated by
the parameters A(5a,) and A(4d,,).
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