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SCF CI Calculation of the Electronic Spectra 
of Cis and Trans Isomers of Stilbene and Azo-Benzene 

By 
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SCF CI calculation has been made on cis and trans isomers of stilbene and azo-benzene. I t  
has been shown that the electronic spectra of trans isomer should appear at a shorter wave 
length than the corresponding eis isomers, although the resonance theory reverses their posi- 
tions. Experimentally azobenzene agrees with the conclusions of SCF theory while stilbene is 
better represented by the resonance theory. 

Nous avons calcul6 les spectres 61ectroniques des isom~res cis et trans du stilbgne et de 
l'azobenz~ne. Les spectres des isom~res trans devraient apparaltre & des longueurs d'onde 
plus eourtes que ceux des cis correspondants. La th6orie de r~sonance donne des r@sultats 
inverses. Les speetres des azobenzgnes s'accordent aux conclusions de la th~orie SCF, tandis 
que les stilb~nes se repr6sentent mieux par la th6orie de r6sonanee. 

Fiir die cis- und trans-Isomeren des Stilbens und Azobenzols wird eine Bereehnung naeh 
der SCF-CI-Methode durehgefiihr~. Es wird gezeigt, da8 die Elektronenspectren der Trans- 
Isomeren bei einer kiirzeren Wellenlgnge als diejenigen der cis-Isomeren liegen sollten, obwohl 
nach der Resonanztheorie eine umgekehrte Lage zu erwarten wgre. Die experimentellen 
Ergebnisse stehen beim Azobenzol in Einklang mit den Resultaten der SCF-3~ethode wghrend 
sic beim Stilben besser im I~ahmen der Resonanztheorie zu deuten sind. 

I t  is a usual  exper imenta l  observa t ion  t h a t  the  cis and  t rans  isomers of an  
u n s a t u r a t e d  organic compound  have  different electronic spec t ra  wi th  respect  to  
the  m a x i m a l  wave  length  and  the  i n t ens i ty  of  the  absorp t ion  b a n d  due to  an  
al lowed electronic t r ans i t ion  [2]. I t  has been argued t h a t  since the  ehromophor ic  
sys tem of  a t r ans  isomer is more  e longated  t h a n  t h a t  of  the  corresponding cis 
isomer,  the  X and  s for the  N - - V  band  is expec ted  to decrease in the  l a t t e r  as is 
genera l ly  the  ease wi th  carot inoids  and  polyenes.  I t  is known,  however,  t h a t  such 
phys ica l  a rguments  m a y  some t imes  lead  to  comple te ly  wrong conclusions. Al l  
such phys ica l  a rgumen t s  mus t  be backed  b y  proper  theore t ica l  calculat ions so as 
to  enable one to  use the  phys ica l  p ic ture  wi th  more  confidence. The ob jec t  of  the  
present  inves t iga t ion  was to  make  a comple te  SCF calcula t ion with  ~-e lec t ron 
app rox ima t ion  of the  long wave  length  electronic spec t ra  of  cis and  t r ans  isomers 
of s t i lbene and  azo-benzene.  E x p e r i m e n t a l l y  the  t r ans  isomer of  s t i lbene absorbs  
a t  a longer wave  length  t h a n  the corresponding cis isomer,  while the  reverse is the  
ease wi th  azo-benzene.  

Method o~ Calculation 

The m e t h o d  of  ca lcula t ion  is too  well known to be reproduced  here. The proce- 
dure  for machine  compu ta t i on  has been descr ibed in a previous  communica t ion  
[1]. No less t h a n  32 i te ra t ions  were necessary to  get  comple te  self-consistency. The 
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calculat ion,  however,  converged ve ry  r ap id ly  over  t he  first i2  i t e ra t ions  and  
the rea f t e r  the  convergency was ve ry  slow. To get  accuracy  up  to four  decimal  
places t2  i te ra t ions  were found to be good enough. Al l  the  resul ts  recorded in the  
present  communica t ion  were ob ta ined  af ter  i2  i terat ions.  
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Fig. 1. Stilbene and Azobenzene [5] 
For Azobenzene 7--7'  N- -N 1.23 

1--7'  C--N 1.46 
rest 1.39 

For Stilbene 7--7 '  C--C 1.33 
1--7 '  C--C 1.45/~ 
rest 1.39 

All bond angles equal to 120 ~ 

Selection of the parameters :  Fol lowing values 
were used for Coulomb and  resonance in tegra ls  
in the  Hfickel  calculat ions on st i lbene and  azo- 
benzene : 

~ = c~c + 0.25 rice ; 

f i ~  = .96 rice and  fic~ = 0.66 ficc �9 

The mono-centr ic  e lect ron repuls ion integrals  
were e s t ima ted  f rom the  valence s ta te  ioniza- 
t ion  energy and  e lect ron aff in i ty  of the  respec- 
t ive  a t o m  [3]. The two-center  in tegra ls  were cal- 
cu la ted  b y  poin t -charge  a pp rox ima t ion  [4]. The 
core resonance integrals  were given the  follow- 
ing values  in the  SCF calcula t ion:  

f l c c =  2.39 ev ; 

fic~r = t .60 ev and fl~r = 2.30 ev . 

Since the  7 - 7' C - C bond  in stflbene is a lmost  
an isola ted  double  bond,  the  core resonance in tegra l  for th is  bond  was set equal  to  
2.92 ev in  st i lbene.  

I n  the  CI calcula t ion levels lying wi th in  10 ev were mixed  symmet rywisc .  
This led to  mix ing  of the  configurat ion wave  funct ion ZT, s with ZT, ~. 

Results 
The resul ts  of  the  calculat ion of  the  longest  wave  length  ~ --  7~* sing]et b y  

SCF and  SCF CI me thods  for s t i lbene and azo-benzene are summar i sed  in the  
Tab.  I along wi th  the  exper imenta l  values.  

Table t : Calculated and experimental spectral transit ion in  e. v. 

Com!oound SCF SCF CI Experimental [1] 

~r~ns-stilbene 4.055 4.038 4.20 
cis-stilbene 3.852 3.733 4.42 
trans-azo-benzene 4.157 4.147 3.88 
cis-azo-benzene 4.032 3.950 3.82 

Simple geometric considerations show that in cis compounds steric obstruction 
will cause the structure to deviate from uniplanarity. If one of the phenyl ring is 
tilted through an angle 0 about the bond i' - 7', the steric strain may be relieved. 
SCF calculation of the electronic spectra of cis compound with different values of 
0 were made and the results are summarised in the Tab. 2. For stilbene and 
azo-benzene following values were used for the core resonance integrals of the 
i' -- 7' bond, about which the phenyl ring was rotated: 

fi1'-7' = ficc cos 0 (Stilbene) 
= ~c~ cos 0 (Azobenzene) 
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Table 2. Sterio e~eet on electronic spectra o/ci#-isomers 
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Calculated vmax ev 
compound 0 

singlet triplet 

cis-azo-benzene ] 

eis-stilbene 

0 
30 
45 
60 

0 
30 
45 
60 

4.032 
4.041 
4.046 
4.052 

3.852 
3.852 
3.854 
3.856 

6.422 3.408 
6.442 3.421 
6.462 3.431 
6.477 3.439 

5.541 2.749 
5.565 2.764 
5.583 2.769 
5.601 2.771 

5.678 
55.710 

5.742 
5.769 

4.912 
4.946 
4.975 
5.002 

Ca lcu la t ions  were  m a d e  for  t h e  t w o  long w a v e  l e n g t h  z -- ~* single~ a n d  t r ip le t s .  

I n  t h e  Tab les  3 --  6 are  r e p r o d u c e d  t h e  S C F  charge  a n d  b o n d - o r d e r  m a t r i c e s  

for  eis a n d  t r a n s  i somers  o f  s t i lbene  a n d  azo-benzene .  

1 t 2 J i I r ~ I 7 I 1 

Table 3. Charge and bond-order matrix ]or trans stilbene (portion o] interest in the 14 x 14 matrix) 

1.0000 
0.6206 
0.0001 

-0.3120 
0.0001 
0.6363 
0.35t8 

-0.0356 

t.0000 
0.6791 
0.OO00 

- 0 . 3 2 7 2  
-0.0001 

0.O000 
0.0000 

0.9998 
0.6580 

-0.0001 
-0.3232 

- 0 . 0 3 8 3  
0.0060 

1.0005 
0.6654 

-0.000~ 
0.0001 
0.0000 

0.9997 
0.6703 

-0.0253 
0.0073 

1.0000 

-0.0001 

-0.0000 

0.9998 
0.0001 1.0000 

Table 4. 

1.0000 

0.6169 
-0.0000 
-0.3101 

0.0000 

0.6239 
0.3622 

-0.0521 

Charge and bond-order matrix/or eis stilbene (portion o[ interest in the 14 x ld matrix) 

1.0000 
0.6815 

-0.0000 
-0.3280 
-0.0000 

0.0000 
-0.0000 

t.0000 
0.6560 
0.0000 

-0.3212 
!-0.0436 

0.0143 

1.0000 
0.6667 
0.0000 
0.0000 
0.0000 

t.0000 
0.6688 

-0.0224 
0.0020 

1.0000 
-0.0000 

0.0000 
1.0000 

-0.0000 1.0000 

0.9895 
0.6406 

-0.0002 
-0.3208 

0.0018 
0.6440 
0.2552 

-0.0147 

Table 5. Cha~ye and bond-order matrix ]or trans azo-benzene 
(portion o/interest in the 14 x 14 matrix) 

0.9852 
0.6736 
0.0080 

-0.3300 
-0.0051 

0.0407 
0.0124 

t.0069 
0.6620 

-0.0048 
-0.3272 
-0.0294 

0.0021 

0.9908 
0.6657 
0.0095 

-0.0365 
-0.0091 

t.0068 
0.6690 

-0.0190 
0.0034 

0.98t0 
0.0438 
0.0129 

t.0401 
-0.0751 0.9898 
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0.9873 
0.6400 
0.0027 

-0.3202 
-0.0017 

0.6434 
0.2583 

-0.0244 

Table 6. Charge and bond-order matrix/or cis azo-benzene 
(portion of interest in the 14 • 14 matrix) 

0.9843 
0.6743 
0.0093 

-0.3300 
-0.0053 

0.0400 
0.0~14 

1.0047 
0.6612 

-0.0031 
-0.3268 
-0.0315 

0.0075 

0.9902 
0.6664 
0.0077 

-0.0364 
-0.0084 

t.0067 
0.6684 

--0.0180 
-0.0002 

0.9872 
0.0430 
0.0137 

1.0397 
-0.0745 

I 1' 

0.9880 

Discussion 
From the qualitative physical arguments  it has been suggested tha t  cis-trans 

isomers of azo-benzene behaves ra ther  abnormally  with respect to the position 
of the longest wave length electronic spectra [2]. The SCF calculation, however,  
suggests t ha t  it is stilbene rather  than  azo-benzene which is abnormal  (Table ]). 
The non-planar i ty  of  the phenyl  rings cannot  explain this discrepancy since the 
longest wave length singlet and triplet is affected only slightly by  tilting one of the 
phenyl  ring with respect to the other  th rough  different angles up to about  60 ~ 
The bond-orders of  7 -  7' (trans azo-benzene: 0.9286; cis azo-benzene: 0.9274; 
t rans stilbene: 0.8785; cis stilbene: 0.8754; and l - 7 (~' - 7') bonds show tha t  
they  are behaving as isolated double and single bonds respectively (Tables 3 - 6), 
As there is very  little conjugation between the phenyl  rings across the central 7 -- 7' 
bond, tilting of one plane with respect to the other is not  expected to affect the  
energy values appreciably. 

The electron densities at  various atoms are not  very  much different in cis and 
tra.ns isomers, consequently from the point  of view of isolated a tom approximat ion 
the chemical react ivi ty of the two isomers will be about  the same. 

Sincere thanks are due to Prof. P. O. LSwmN for providing financial assistance and labo- 
ratory facilities at Uppsala where a part of the work was done and to Dr. KL~vs APPEL for 
machine computation on Alwae III .  
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