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Charge-transfer bands shift location with substitution in
aromatic donars when a common acceptor is used. We applied
perturbation theory to the shift in the first charge-transfer
band of the tetracyanoethylene complexes with methyl naphthalenes (1)
A similar evaluation of the second charge-transfer band for these
complexes 1s therefore of interestes Such a treatment indicates
that the electron transfer for the second band takes place between
the penultimate occupled orbital of the donor and the lowest
unfilled orbital of the acceptor. Furthermore the orientation
of the molecules involved in the m-complex interaction differs
if both the first and second absorption bands are allowed trans-
itionse

Multiple charge-transfer absorption bands could arise from
either n-n* or n-ﬂ* transitions in most of the substituted
aromatics studied (2). However, only K—n* transitions were

possible in the polyaromatic hydrocarbon complexes with tetra-

1. A. Re Lepley, Je Ame Chem. Soc., 86, 2545 (1964).

2 Re Se Mulliken and We Be Person, Anne. Rev. Phys. Cheme, 13,
107 (1962). -
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cyanoethylene and chloranil (3,%). On substitution, the locatilon
and intenslty of these bawuds show only slight chanpges (5-7).

Thus this band nrobably does rnot criginake witn the nnpaired

electrons on the sabstituentses
The limited range of the shiffts and thelr correspondence
to positions of substitution led tou a verturbation treatment of

&

the aromatic systems (1,8)s. Followling the method of Orgel

on multiple charge~transfer bands in benzene derivatives, Voigt

found a lesg than ideal fit methoxy suhstitutions 7This

P

inclusion of solvent shift effects analogous to those of deMaine (90
A simple perturbation treatment of band broadening with the
methyl benzenes gave quite reasonable results (5). The first
charge-transfer band of the methyl benzenes und naphthaleres was

N

used tc evaluate the coulomb perturbatiosn parameter (1)

In benzene a small perturbation of the degenerate Flw

s

orbltals gives cccasional splitting but most freguently only

broadening »f the absorptien bande The naphthalene case ig more

existes hetweer highest

clear cute An apureciable
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TABLE I

w-Complex Interactions with Tetracyanoethylenes Shifts of the

Second Charge-transfer Band of Naphthalene on Methyl Substitutlon.

Substltuent —AEn2a Ecgr Absorptivity
Position (eeva) Ratio®
0 (2490)¢ - 97
1 .07 0 woud
1,% «09 o 77
145 «10 0 9k
1,8 «05 0 +835
2 «18 «167 +95
1,42 «20 «167 «88
1,3 21 +167 92
1,6 .22 $167 .89
243 «37 »333 «99
2,6 30 «333 o9k
247 37 «333 «99
24355 «38 «333 1.02
24346 o52 «500 +98

8caleulated from the gaussian maxima of refs le

bThe second charge~transfer optical densitv at the observed
maximum divided by that of the firste

cEnergy of unsubstituted parent mdlecule second charge-transfer
bande

dThe disappearance of first charge-transfer band and appearance
of a new band (467 mu) near the second charge-transfer absorption
indicated reaction of l-methylnaphthalene with tetracyanoethylenee
The filrst charge-transfer band almost completely disappears
after 2 hourse
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and penultimate cccupled orbitalse Thls difference appears in
the separati-n between the first and second charge-transter bands
of naphthalene witli tetracyanocethylene (3,5) and with chloranil (5).

The charge-transtfer shifts on methyl substitution1 of naphthale-e

in tetracyanoethylene complexes are distincts The .. ~st charge-
transfer band 1s effected principally by substit tion in the 1,
4, 5 and 8 positions while the second band shifts most (Tahle I)
with substitution ir the 2, 3, 6 and 7 positions. “he atomic

orbital crefficlients of the Huckel molecular orbitals in naph-

thalene undergo parallel changes, as previously shown

first charge-transfer band (1). The atomic crbital

for the penultimate occupied orbital are zero

< positions. The coulomb perturbation term, the sum of

squares of the orbital coefficients (J c?r) at the
¥ U1

tution (r) in the effected orbital (1), alone

positicns of subgd

willl suffice t- ribe the shift (Table I)e. The resnnance

perturbatior. terms require cross products between adjiacent

rositions. value at positien 1 1s zero, o
Z=3 interactinr car confribute. Both effects thus imply an

energy snift, 47 ., on substitotion in the 2 or equivalent

(3, 6 or 7) © nse lHowever loss of symmetry of the donor

derivatives indicates that a small change in

=t

the values may osccur even when substitution is at the 1

equivalent (4, 5 or 8) positions. From the eguation:

AT o .
=AM . = 2 et hf
A - g Cir ™

for the perturhatica shift (1) and the resonance integral -
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B = -3+06 eeve (10) for tetracyanoethylene complexes, we have
determined the perturbation coefficient h. The least squares
value of -0.26 obtained from the data in Table I is within error
of -0e21 determineq by the same methed for the first charge-~
transfer band (1).

The molecular orbital symmetry of the parent naphthalene
molecule is appreciably different for the highest and penultimate
orbitalse The highest occupied orbital has nodes at positions
9 and 10 and sign inversion between position 1 and 4 or 2 and 3,

indicating a second set of nodes on the y axise. The penultimate

A p
S0 L.

orbital as indicated before has nodes at 1y 4, 5 and 8 positions
and equal values without a sign change at 2, 3, 6 and 7 and of
opposite sign at 9 and 10. The acceptor symmetry for the lowest
unoccuplied orbital inverts around the y axis. Selection rules
in polyatomic species require inversion of sign along the axis
of transition 1f the excitation is allowed (11l)e Thus the sign
must reverse in the adjacent portions of the stacked donor and
acceptor for a highly probable perpendicular transitions The
first excitation band of naphthalene, with which the first
charge-transfer band is assoclated (12), is polarized along the

x axise The symmetry requirements for the perpendicular

10s Me Jo Se Dewar and He Rogers, Je Am. Cheme S0Ce, 84, 395
: (1962) 0 =

11, Co Sandorfy, "Electronic Spectra and Quantum Chemistry",
Prentice-Hall Inc., Englewood Cliffs, New Jersey (1964).

12+ Ae Re LeDPley, Je Ams Chems Soce, 84, 3577 (1962).
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charge-transfer transition therefore requlre an orientaticn of
the tetracyanoethylene double bond above and to cne side of the
9-10 bond of naphthalenes The symmetry »f the molecular orbital
involved in the second charge-transfer traasition indicates that
the tetracyanoethylene double bond would be perpendicular to the
9-10 bond and centered over one of the rings. Thus two confor-
mations may be suggested for high transitional probabilitye.

The relatively equal intensities of these bands (Table I) and
the lack of temperature dependence of this relative intensity

in the naphthalene-tetracyanoethylene complex (3) indicate that
while the bands are prinecipal charge-transfer transitions, ro-
tational conformers with equlvalent heats of formation are
required.

Although the description 1s compatible with two n-interaction
conformers, a means of determining relative concentrations of
the complex specles and thelr oscillatcr strengths or x-ray
structure analysis are needed to substantiate the existence =f

complex conformerse.



