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Charge-transfer bands shift location with substitution in 

aromatic donors when a common acceptor is used. We applied 

perturbation theory to the shift in the first charge-trazfer 

band of the tetracyanoethylene complexes with methyl naphthalenes (I). 

A similar evaluation of the second charge-transfer band for these 

complexes is therefore of interest. Such a tre:ctment indicates 

that the electron transfer for the second band takes place between 

the penultimate occupied orbital of the donor and the lowest 

unfilled orbital of the acceptor. Furthermore the orientation 

of the molecules involved in the rc-complex interaction differs 

if both the first and second absorption bands are allowed trans- 

itions. 

Multiple charge-transfer absorption bands could arise from 

either n-x* or X-X* transitions in most of the substituted 

aromatics studied (2). However, only X-X* transitions were 

possible in the polyaromatic hydrocarbon complexes with tetra- 
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TABLE I 

n-Complex Interactions with Tetracyanoethylene. Sh:fts af the 

Second Charge-transfer Band of Naphthalene on Methyl Substitution. 

Substituent -%2a 
2 

,CC2r Absorptivity 

Position (e-v.) Ratio* 

0 

.I. 

194 

1,5 

198 

2 

lY2 

1¶3 

196 

293 

~6 

297 

2,3,5 

2,3,6 

(2.90)’ 

-07 

.09 

+lO 

.05 

.-18 

-20 

r21 

.22 

l 37 

.30 

.37 

038 

l 52 

0 

0 

0 

0 

.167 

.167 

.167 

.167 

-333 

9333 

.333 

9333 

.500 

l 97 

l 94 
d 

077 

.94 

.85 

095 

.a8 

.92 

089 

.99 

.94 

099 

1.02 

-98 

aCalculated from the gaussian maxima of refe 1. 

b The second charge-transfer optical dens.'?!. at the observed 
maximum divided by that of the first. 

'Energy of unsubstituted parent malecule second> charge-transfer 
band. 

d The disappearance of first charge-transfer band and appearance 
of a new band (467 rn@ near the second charge-transfer absorption 
indicated reaction of l-methylnaphthalene with tetracyansethylene. 
The first charge-transfer band almost completely disappears 
after 2 hours* 
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ar.d penultimate r’ccijpied orbitals. Ti-iis difference appears i!? 

the separat’. ‘r !:etweer: the first and sec,:nd char:.e-trar.st’er ba.!(is 

of naphthalene ~it:l tetracyanoethylene (3,5) a:->d with cilloraiA (5). 

The charge-tra:lsfer shifts on methgl sl;bsfit~2t,i~~ I of rlnp!:i;hale.;e 

in tetracya:loetl.;:e,~e complexes are distinct. The A.‘=~:. S:ia;lr;e- 

transfer ba~iu i:- effected principally by substit ,ti:‘;, Ir; t:;e 1, 

4, 5 and 8 pk)?i;;.i)rir; while the second bx:id shifts most (‘Cable :j 

with slAhstit:;ti:>!: ir. tile _!, 3, 6 and 7 positions, ‘:‘l:e rit_2mil: 

orbital. c ‘efflc:z:;t.s ?f the Eiuckel molecular ,>rbitaZ,: 1,: nap!-- 

thalene l:r:deri_- pa~alle? changes, as pre\riJnsiy shown f r -.‘.E 

first chari:e-trarl.5 fer band (1). The ntcomic crbital c~e~f~cit~r.~ 

f?r the ~:er:i.Ztir;a:;e ,ccl*pied orbital are Zero and -‘:.l~:~t~ ir, :.i;e 1 ;I” 

.z p0s-l.ti.7*-~. iii:- : ,il$>rnb perturbation term, “,he sxn ~1.” iile 

for the pertiirbutL~n shift (;) and t:?e resona::ce isterra: - 
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b = -3.06 e-v. (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 -0.21 determined by the same method for the first charge- 

transfer band (1). 

The molecular orbital symmetry of the parent naphthalene 

molecule is appreciably different for the highest and penultimate 

orbitals. 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 axis. The penultimate 

orbital as indicated before has nodes at i, 4, 5 and 8 positions 

and equal values without a sign change at 2, 3, 6 and 7 and of 

opposite sign at 9 end 10. The acceptor symmetry for the lowest 

unoccupied orbital inverts around the y axis. Selection rules 

in polyatomic species require inversion of sign along the axis 

of transition if the excitation is allowed (11). Thus the sign 

must reverse in the adjacent portions of the stacked donor and 

acceptor for a highly probable perpendicular transition. The 

first excitation band of naphthalene, with which the first 

charge-transfer band Is associated (12), is polarized along the 

x axis. The symmetry requirements for the perpendicular 
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charge-transfer transition therefore require an orientation of 

the tetracyanoethylene double bond above and t;i one side ~ f the 

9-10 bond of napI,thalene. The symmetry ?f the m,>lecu:ar .lrbiC-al 

involved in the second charge-transfer transition i:?dI;:ates that 

the tetracyanoethyiene double bond would be perpendic.ilar t: the 

9-10 bond and centbred Over ane of the rings. Thus tw confor- 

mations may be suggested for high transitiorial pr?b:ibiiity. 

The relatively equal intensities of these bands (TaYlle 1) and 

the lack of temperature dependence of this relative Intensit; 

in the naphthalene-tetracyanoethylene csmplex (3) indicate that 

while the bands are principal charge-transfer transitions, ro- 

tational conformers with equivalent heat; of formation are 

required. 

Although the description is compatible with two n-interaction 

conformers, a means of determining relative concentrations of 

the complex species and their oscillator strengths or x-ray 

structure analysis are needed to substantiate the existence -.f 

complex conformers. 


