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A computationally simple "variable fl" procedure within the Pariser-Parr- 
Pople formalism has been applied with success to the calculation of aromatic 
hydrocarbon spectra [1]. The method has now been extended to encompass linear 
polyenes and cr co-diphenylpolyenes. In  the variable/7 approach the precise mole- 
cular geometry need not be specified and it is not necessary to assume bond alter- 
nation. Bond lengths were all set at 1.40 tix and bond angles at 120 ~ The core 
resonance integrals,/~ ---- Alp  + Ao, were adjusted at each iteration but the two- 
center repulsion integrals, ypq = 14.394/(1.294 + rpq) eV were kept fixed. A 1 
--0.51 eV is appropriate for all C-C bonds [1] and a good fit for the trans-buta- 
diene spectrum is obtained with A 0 = - -2 . t0  eV. Since this latter quanti ty is close 
to the value used for benzene, it was employed for all bonds in the polyenes and 
diphcnylpolyenes. 

PLATT has classified the polyene transitions by means of configuration inter- 
action t rea tment  [2]. The transitions to 1B, ~D, and 1F (PLATT'S 1D2) are allowed. 
Labeling the occupied orbitals l, 2, 3 . . .  (in order of decreasing energy) and the 
vacant  orbitals t ' ,  2', 3' . . .  (in order of increasing energy), 1B +- 1A is essentially 
I -~ t ' ,  but I -+ 2' and 2 -+ 1', degenerate in the zeroth order, are mixed by confi- 
guration interaction to form the IC and 1L c states. Transitions to both of these 
states arc forbidden in the all-trans isomers, but 1C +- 1A becomes allowed when 
the center of symmetry  is destroyed (cis band) I f  the SCF MO method with 
extensive configuration interaction is to be useful for routine computations, the 
results cannot be greatly dependent on the amount of configuration interaction. 
To obtain the higher transition energies it is useful to include the nine configura- 
tions arising from the set 3, 2, t --, t ' ,  2', 3'. For convenience in machine calcula- 
tions additional configurations were included. This only results in an increase in 
the number of low-lying states of 1L character, to which transitions are forbidden 
in all configurations, but the energies and intensities of the allowed transitions are 
essentially unaltered. 

The linear polyene results are compared with experiment in Tab. 1. This 
comparison is complicated by solvent effects [3], but the results are comparable 
to those obtained by  assuming bond alternation [3, 4]. The oscillator strengths 
calculated by  a "molecules in molecules" method [3] were smaller than  those 
observed, but in the present work the calculated f nos. exceed experiment, a result 
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generally obtained in  LCAO MO calculations. The bond orders agree closely with 
those obtained by  ADAMS and  MILLER [4], and  the expected bond  a l ternat ion is 
obtained.  

I n  one respect the results are poor. The calculated 3B ~- IA t rans i t ion  energies 
are much  too small, ranging from i.43 to 0.98 eV as the carbon chain varies from 
C a to C2~. This overest imation of singlet-triplet  spli t t ing in  polyenes has been 
previously noted [4, 5]. 
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Table 1. Transition Energies (eV) o] H-(CH = CH)~-H (All-trans Configurations) 

1B 
calc exp a 

(a) (b) (c) 

4.599 4.62 4.52 
3.928 4.07 4.00 
3.481 3 .71  3.74 
3.163 3.41 
2.924 3.18 
2.742 3.02 2.95 
2.599 2.8t 
2.485 2 .77  2.61 
2.393 
2.319 

4.22 
3.76 
3.38 
3.19 
2.99 

2.63 
2.59 
2.57 
2.46 

1Cb 
c~lc exp~ 

(a) (e) 

6.767 
5.886 5.84 5.46 
5.220 5 .27 4.88 
4.724 
4.337 
4.028 
3.771 3.78 
3.558 3.76 
3.391 3.43 
3.213 3.26 

1D 1F 1Eb 
ealc exp a 

(e) 

8.232 
7.266 
6.498 
5.901 
5.431 
5.050 
4.735 4.8 
4.469 4.6 
4.242 4.4 
4.045 4.3 

calc calc 

8.696 9.415 
7.562 8.127 
6.789 7.482 
6.178 6.863 
5.698 6.339 
5.350 5.907 
5.071 5.544 
4.844 5.242 
4.657 4.980 
4.502 4.742 

(a) H-(CH = CtI)~-H in hydrocarbon solvents. 
(b) CHs-(CH = CH)~-CH s in hydrocarbon solvents. 
(e) Carotenoids in hydrocarbon or alcohol solvents [Ref. 3]. 

b Forbidden in all-trans configurations, calculated values for all mono-c/s isomers are 
within 0.2 eV of these quantities. 

Table 2. Transition Energies (eV) o] ~-(CH CH)~-~0 

1A-~ 1B 1C 1/) 
n calc exp~ c~lc exp calc exp 

l 4.103 4.20 5.872 5.39 
2 3.633 3.58 5.221 5.17(?) 5.647 5.37 
3 3.318 3.36 4.790 4.69 5.547 5.19 
4 3.063 3A4 4.4t2 4.43 5.465 5.39 
5 2.871 2.92 4.113 5.139 
6 2.719 2.79 3.835 4.823 

a ZEC~EISTE~, L.: Cis-Trans Isomeric Carotenoids, Vitamins A and Arylpolyenes, 
New York: Academic Press 1962, and ]V[ACCOLL, A. : Quart. Rev. 1, 16 (1947). 

The diphenylpolyene results (Tab. 2) are in  good agreement  with experiment.  
The bond orders in  the phenyl  groups are not  far from 2/3 and are independent  of 
chain length while the chain bonds al ternate  s trongly and approach the polyene 
l imit ing values. The 1B ~ 1A t ransi t ions  are near ly  pure ]_ ~ l '  and  these orbitals 
are delocalized over the entire ~-framework. 

Although the computed t rans i t ion  energies for the mono-cis and  di-cis isomers 
differ little (less t h a n  0.2 eV) from the all-trans energies, the change in  electron 
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repuls ion with  grea ter  "coi l ing"  cannot  be ignored.  An  in te rmed ia te  ob ta ined  in  
the  photochemica l  conversion of  s t i lbene to  phenan th rene  has  been identif ied,  on 
mechanis t ic  grounds,  as a d ihyd rophenan th rene  [6]. This ma te r i a l  exhibi ts  an 
absorp t ion  m a x i m u m  at  447 m ~  

/ - \ r j , ~ j  
| J  r, 

and the  ca lcula ted  2max = 440m~. This example  i l lus t ra tes  the  appl icabi l  i t y o f  
the SCF MO m e t h o d  to molecules in which the  geometr ies  are quite varied,  and  
va l ida tes  the  use of the  same var iable  fi formal ism for bo th  r ing and chain hydro-  
carbons.  
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