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The vari~ble-fi procedure of the semiempirical SCF Me method was applied to tropone, 
tropolone and related compounds. Although the bond alternation in the heptagonal ring is 
neglected in the initial molecular geometry, the predicted transition energies show a good 
agreement with experiment, indicating the utility of this method for the calculation of the 
electronic spectra of non-benzenoid aromatic compounds. Discussions are given on the assign- 
ments of the absorption bands of tropone and tropolone. 

Die Methode der variablen/3 wurde auf Tropon, Tropolon und verwandte Verbindungen 
angewandt. Obwohl die Bindungsalternierung in Siebenerringen in der ftir die l~echnung be- 
nutzten mo]ekularen Geometric vernachlgssigt worden ist, zeigen die vorausgesagten An- 
regungsenergien gute ~bereinstimmung mit dem Experiment, womit die Niitzlichkeit der 
Methode far nicht-benzolartige aromatisehe Verbindungen demonstriert worden ist. (3bet die 
Zuordnung yon Absorptionsbanden in Tropon und Tropolon wird diskutiert. 

La m6thode SCF Me semi-empirique s fl variable a 6t6 appliqu6e s la tropone, la tropolone 
et des compos6s apparent6s. Quoique l'altemance des liaisons du cycle heptagonal soit n6glig6e 
dans la g6om6trie mol6culaire initiale, les 6nergies de transition pr6vues sent en ben accord 
avec l'exp6rience, montrant ainsi l'utilit6 de cette m6thode pour le calcul du spectre 6lec- 
tronique des compos6s aromatiques non benz6niques. On discute les attributions des bandes 
d'absorption de la tropone et de la tropolone. 

Introduction 

A "variable fi" procedure of semiempirical SCF M e  method  within the Pariser- 
Parr-Pople  formalism has been developed by  NISHI~OTO and FoI~STEI~ [18, 19], 
who have applied this method  with success ell the calculation of  electronic spectra 
of aromatic  hydrocarbons  and their derivatives. For  the variable-/~ calculation, it 
is not  required to specify a precise molecular geometry.  We need not  assume the 
al ternation of bond  distance, even ff the molecule is known to have a considerable 
bond al ternat ion as is in the case of polyenes. I n  effect Fol~sTv.l~ [4] has recently 
shown tha t  the calculation by  this method  gives sat isfactory results for the 
transit ion energies of  polyenes. 

Nonbenzenoid aromatic  compounds  are considered to possess an al ternat ion 
of  bond distance within their rings. I t  has been pointed out  t ha t  this effect should 
be taken into account  in the theoretical calculation of their electronic states [17]. 
Thus it seems part icular ly interesting to examine ff the variable-fl procedure can 
be successfully applied to  the calculation of  electronic spectra of  nonbenzenoid 
aromat ic  compounds  wi thout  introducing the assumption of bond al ternation in 
the initially assumed molecular geometry.  



SCF IYiO Calculations of Troioone, Tropolone and Related Compounds 221 

In the present paper we have calculated by this method the electronic struc- 
tures of tropone, hept~fulvene, troponeimine, tropolone, 3-hydroxytropone and 
4-hydroxytropone. 

Method 

According to the electron diffraction studies [11, 12, 13], both tropone and 
tropolone have a regular heptagon, in which the distance of C-C bond is t .4 i  and 
i.39 2~ for tropone and tropolone respectively. The possibility of slight alternation 
of C-C bond distance, however, has not been ruled out. The observed distance of 
C=O bond is i .26/~ for both tropone and tropolone, and that  of C-OIt bond of 
tropolone is 1.34 7~. The determination of molecular structure has not been done 
for the other compounds studied in the present paper. Since it is not necessary for 
the calculation by the variable-fl procedure to specify a precise molecular geometry, 
we assumed as follows: (i) the molecules always have a regular heptagon ~vith the 
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Fig. 1 

O-O bond distance of 1.395 2~; (ii) the length of C=O, C=N and C-OH bonds are 
1.23, 1.35 and i.36 ~ respectively. The atoms arc numbered as shown in Fig. i. 
The oxygen atom of hydroxyl group in hydroxytropones was always numbered as 
9. 

We used the values given by 1NIS~IMOTO and Fo~sTE~ [19] for the valence- 
state ionization energies and the one-center repulsion integrals. The core resonance 
integrals,/~., were adjusted at each iteration by using the following relation, 

where Pz, is the bond order. The values of A o and A 1 used in the present calcula- 
tion, are given in Tab. t. The two-center repulsion integrals, y,~, were kept fixed, 
which were estimated by using the equation 

y,~ = i4.397/(a,,. + rz~ ) 

where r,~ is the distance between the two atoms, ~nd az~ is ~ constant, for which 
the values proposed by NIS~I~OTO and F o ~ s T ~  [19] were assumed. The bond 
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Table I. Assumed values o] 
Aa and A 1 

Bond A o A 1 
(eV) (eV) 

C--C -2.04 -0.5i 
C--N -2.24 -0.53 
C-O -2.44 -0.56 

lengths were estimated from the final values of bond order by assuming the 
following relations [19] ; 

rc-c  = t.517 - 0.180p (A) 
rc-~ = t .45i  -- 0.180p (_~) 
rc-o  = 1.410 -- 0A80p (A). 

To calculate the electronic spectra, the configuration interaction was taken into 
account for all singly excited configurations. The oscillator strength was calculated 
by the usual procedure. No correction factor was multiplied to the calculated 
oscillator strengths. 

Results and Discussions 

I. Tropone, Hepta/ulvene and Tropondmine 

The SCF MO's and their orbital energies are listed in Tab. 2 and the bond 
orders and bond lengths in the ground state are given in Tab. 3. The charge densi- 
ties are given in Tab. 4. As can be seen from the values given in Tab. 4 the hepta- 
gonal ring has always a positive charge in these compounds. The ~-electron contri- 
bution to dipole moment was calculated from the charge densities. Total moment 
was calculated as the sum of ~- and a-moment, where the latter was estimated by 
using the values of bond moment proposed by OI~GEL et al. [21]. The results are 

given in Tab. 5. 
The dipole moment of tropone has been experimentally determined, which 

is 4.30 D according to G~coMo and S~-TH [5] and 4.i7 D according to KVRITA 
et al. [14]. Our calculation predicts a term moment of 5.9 D, which is appreciably 
larger than the experimental value. The dipole moment of heptafulvene has not 
been observed, although it has been theoretically discussed by several authors 
[1, 9, 10, 16]. A calculation by simple LCAO M0 method predicted a moment of 
4.6 D with the ring positive [1]. Evidently this is too large. A small moment, 
0.14 D, in the opposite direction was predicted by SCF MO method of ROOTHAAN 
[9], whereas a semicmph'ieal SCF MO method with Pariser-Parr approximation 
gave a theoretical moment of 0.6 D with the ring positive [10]. Recently NAKA- 
JIMA and KATAGmI [16] calculated the electronic structure of heptafulvene taking 
into account the effect of bond alternation, and predicted a moment of 0.7t D 
again with the ring positive. The moment predicted in the present calculation is 
slightly larger than the one given by NAKAJIMA and KATAGmL 

The calculated transition energies and oscillator strengths are summarized in 
Tab. 6. The ultra-violet absorption spectrum of heptafulvene exhibits three bands 
with the maxima respectively located at 427 m~ (2.91 eV), 280 m ~  (4.43 eV) and 
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Table 2. SCF M0's  ol tropone, hepta/ulvene and troponeimine 

Sym- Orbital Coefficients 

MO merry energy Z1 (Ze • ZT) ~ (Ze • Z6) ~ (Z4 • Xs) ~ Zs 
(eV) 

Tropone 

1 b~ - t 4 . t 6 2 4  0.51065 0.33687 0.28557 0.25269 0.47061 
2 b 2 -12.6925 -0.34425 0.01307 0.27824 0.48572 -0.50445 
3 a e -11.4823 0 -0.42362 -0.52613 -0.20914 0 
4 b e - 9.4660 0.04724 0.42838 0.20673 -0.37786 -0.50964 
5 a e - 2.6150 0 -0.49922 0.22389 0.44794 0 
6 b e - 1.9101 0.44500 0.17979 -0.48897 0.22900 -0.39277 
7 a e t.0408 0 -0.26708 0.41601 -0.50557 0 
8 b 2 1.9090 0.64844 -0.41294 0.24333 -0.07076 -0.33175 

Heptafulvene 

1 b e -13.4796 0.41663 0.37182 0.36046 0.34978 0.21300 
2 b e -11.5955 -0.51951 -0.19372 0.14689 0.48131 -0.38547 
3 a e -1t .2186 0 0.43946 0.51873 0.19442 0 
4 b e - 8.2667 -0.24945 0.33940 0.27836 -0.31935 -0.59030 
5 a e - 2.2789 0 0.48984 -0.24798 -0.44560 0 
6 b 2 - 1.4825 -0.37202 -0.19998 0.44504 -0.19406 0.55694 
7 a e 1.3588 0 0.25871 -0.41162 0.51346 0 
8 b 2 1.8828 -0.59658 0.41114 -0.27009 0.07969 0.38395 

Troponeimine 

1 b 2 - t3 .8645 0.44519 0.36277 0.34408 0.32828 0.29374 
2 b e -12.1731 0.47541 0.12370 -0.19093 -0.47152 0.47519 
3 a 2 -11.4686 0 -0.43051 -0.52283 -0.20326 0 
4 b e - 9.0015 -0.09492 0.38430 0.23511 -0.34125 -0.59342 
5 a e - 2.5818 0 -0.49576 0.23474 0.44623 0 
6 b 2 - 1.9220 0.43254 0.17222 -0.46911 0.21742 -0.46790 
7 a 2 1.0793 0 -0.26246 0.41419 -0.50948 0 
8 b e 1.7016 0.61619 -0.41922 0.26422 -0.07857 -0.34181 

ge + Z7, Z3 + Z6, Za+ zs fo r  b e ; z 2  - -  ZT, Z3 - -  Z 6 ,  Z 4  - Z5 for a2. 

212 m ~  (5.84 eV) [3]. S e e m i n g l y  t h e  f i rs t  a n d  s e c o n d  b a n d s  are  a s s o c i a t e d  w i t h  t h e  

l o w e s t  t w o  t r a n s i t i o n s  p r e d i c t e d  in  t h e  p r e s e n t  ca l cu la t ion ,  n a m e l y  t h e  1B 1 ~- 1A 1 

t r a n s i t i o n  o f  2.60 eV a n d  t h e  1A 1 ~- 1A 1 t r a n s i t i o n  o f  4 . I0  eV, a n d  t h e  t h i r d  b a n d  

is c o m p o s e d  o f  t w o  b a n d s  a s s o c i a t e d  w i t h  t h e  n e x t  t w o  t r a n s i t i o n ,  t h e  1B~ ~- 1A 1 

Table 3. Calculated bond order and bond length o/ the tropone, hepta/ulvene and troponeimine 

Bond 

Tropone Heptafulvene Troponeimine 

Bond Bond Bond Bond Bond Bond 
order length order length order length 

(1) (1) (_1_) 

t - - 2  0.37551 1.449 0.34177 t.456 0.36766 1.45t 
2,--3 0.82254 t.369 0.85601 1.363 0.83328 1.367 
3 - -4  0.47845 1.431 0.41748 t.442 0.45804 1.435 
4---5 0.79762 1.373 0.83638 t.367 0.81049 1.37t 
1- -8  0.77890 1.270 0.87249 1.360 0.82601 1.302 

16, 
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Table 4. Charge densities of tropone, hepta/nh,ene and 
troponeimine 

Atom Tropone Heptafulvene Troponeimine 

1 0.7630 ~.01i4 0.8664 
2 0.9532 0.9682 0.9599 
3 0.9570 0.9961 0.9669 
4 0.9726 0.9876 0.9757 
8 1.47t4 ~.0848 ~.3285 

transition of 5.87 eV and the 1A 1 4- 1A 1 transition of 5.95 eV. The agreement be- 
tween the calculated and observed transition energies looks quite satisfactory. 
By the SCF MO method of Roothaan's formalism, JULG [9] predicted the 1B 1 ~- 1A 1 
transition at 2.95 eV and the 1A 1 ~- 1A 1 transition at 5 . i i  eV. He assumed that  
the heptagonal ring possesses alternation of single and double bonds with the bond 
distances 1.46 and 1.35 J~ respectively. The calculation by the Pariser-Parr method 
on the assumption of the same molecular geometry, predicted the two transitions 
at  2.75 and 3.40 eV [10]. Recently INUZUKA and u [3] made a SCF MO 
calculation by assuming a regular heptagon structure with the C-C bond distance 
of 1.41 •, and predicted the 1B 1 ~-1A 1 transition at 2.29 and the 1A 1 ~-1A 1 
transition at 4.00 eV. As compared with these calculations, the agreement between 
the calculated and observed transition energies has been considerably improved in 
the present calculation. A better agreement as regards the energies of the lowest 
two transitions can be found in the calculation by •AKAJ:[MA and KATAOmI [16] 
who carefully took into account the effect of bond alternation. The transition 
energies predicted by them are 2.82 and 4.53 eV. 

The ultra-violet absorption spectrum of tropone was studied by HosoYA, 
TANAKA and NAOAKV~A [6]. They assigned the 305 m~ band (4A7 eV) to the 
1B 1 ~- 1A 1 transition and the 229 m~ band (5.51 eV) to the 1A 1 ~- 1A 1 transition 
according to their calculation by the method of "molecules in molecule", where 
these transitions were predicted at 4.98 and 5.86 eV respectively. Later, however, 
W~LTI~- et al. [22] have shown that  the 305 m~ band does not correspond to a 
sing]e transition, but is composed of two different transitions, ~B~ ~-1A 1, and 
~A~ ~- 1A~. They have also suggested that  the 229 m~ band is again composed of 
~B~ ~- 1A 1 and 1A 1 ~- 1A 1 transitions. As shown in Tab. 6, the results of our calcula- 
tion support this interpretation for the spectrum of tropone. The same assignment 
has been made by I~uzu]~A and YOKOTA [7]. Their calculation predicted the 
transitions as follows : 2.97 eV (1B 1 ~- 1A1), 3.78 eV (1A 1 .--- 1A1), 5.42 eV (1B 1 ~ 1A1) 
and 5.81 eV (1A 1 ~- 1A1). 

Table 5. Dipole moments o/ tropone, hepta/ulvene and tro- 
poneimine 

Calculated moment Observed 
~-moment Total moment 
(D) (D) (D) 

Tropone 4.68 5.88 4.3 [5], 4.t7 [14] 
Heptafulvene 1.24 1.24 ( ~ 0.7) 
Troponeimine 3.71 3.2t - -  
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Table 6. Calculated transition energies and oscillator strengths /or tropone, hepta/ulvene and 
troponeimine 

Transit ion Calculated Observed 

E (eV) / E (eV) / Ref. 

Tropone 

1B 1 *-- 1A 1 3.73 0. t6 / 
XA 1 ~- 1A 1 4.20 0.20 J 
1B 1 +- 1A 1 6 . t l  0.04 / 
1A 1 ~- XA 1 6.21 1.57 J 
1B 1 ~ 1A 1 6.67 0.26 
1A 1 ~- 1A 1 7.22 0.56 

(3B 1 +- 1A 1 1.24) 

Heptafulvene 

1B 1 ~- 1A 1 2.60 0.04 
1A 1 ~ XA 1 4. t0 0.45 
1B 1 ~- 1A 1 5.87 0.10 / 
1A 1 ~- 1A 1 5.95 1.35 J 
1B 1 +- 1A 1 6.26 0.004 
1A 1 <- 1A 1 6.44 0.07 

(aB 1 ~ 1A 1 0.80) 

Troponeimine ~ 

1B 1 ~- 1A 1 3.21 0.09 
1A 1 +- 1A 1 4.10 0.34 
1B 1 +- 1A 1 5.94 0.01 / 
1A 1 ~ 1A 1 6.03 1.50 
1B 1 ~- 1A 1 6.45 0.21 
1A 1 ~ 1A 1 6.88 0.04 

(~B 1 ~- 1A 1 t.08) 

a Observed by  Y. KITAH~RA. 

4.17 0.13 

5.51 0.37 

2.91 0.02 
4.43 0.3 

5.84 

3.44 (0.02) 
4.28 (0.13) 

5.5t (0.4) 

[6] 

Fs] 

I n  t h e  case  of  t r o p o n e i m i n e ,  t h e  a b s o r p t i o n  b a n d s  a re  o b s e r v e d  a t  360  m ~  

(3.44 eV) ,  290 m ~  (4.28 eV)  a n d  225 m ~  (5 .5 i  eV)*.  W e  c a n  a s s i g n  t h e  f i r s t  b a n d  

t o  a 1B 1 ~- 1A 1 t r a n s i t i o n ,  t h e  s e c o n d  t o  a 1A 1 +- 1A 1 t r a n s i t i o n  a n d  t h e  t h i r d  t o  a 

b a n d  c o m p o s e d  o f  1B~ +- 1A~ a n d  1A~ ~- 1A 1 t r a n s i t i o n s .  

I I .  Tropolone, 3-Hydroxytropone and 4-Hydroxytropone 

T h e  b o n d  o r d e r s  a n d  b o n d  d i s t a n c e s  c a l c u l a t e d  for  t h e  g r o u n d  s t a t e s  of  t h e s e  

m o l e c u l e s  a r e  g i v e n  i n  T a b .  7. T h e  c h a r g e  d e n s i t y  a n d  t h e  d ipo le  m o m e n t  a re  

s h o w n  i n  T a b .  8. T h e  d ipo le  m o m e n t  of  t r o p o l o n e  p r e d i c t e d  b y  t h e  p r e s e n t  ca lcu la -  

t i o n  is c o n s i d e r a b l y  l a r g e r  c o m p a r e d  w i t h  t h e  o b s e r v e d  v a l u e ,  3 .72 D [15]. 
T h e  t r a n s i t i o n  e n e r g i e s  a n d  o s c i l l a t o r  s t r e n g t h s  a re  l i s t e d  i n  T a b .  9. I n  e v e r y  

case ,  t h e  a g r e e m e n t  b e t w e e n  t h e  c a l c u l a t e d  a n d  o b s e r v e d  t r a n s i t i o n  ene rg i e s  is 

satisfactory. 

T h e  e l e c t r o n i c  s p e c t r u m  of  t r o p o l o n e  h a s  b e e n  s t u d i e d  b y  H o s o Y &  TANAKA 

a n d  NAGAKUtCA [6]. T h e  u l t r a - v i o l e t  s p e c t r u m  c o m p o s e d  o f  t h r e e  b a n d s  ; t h e  f i r s t  

* Observed by  u  Kr r~ARA.  
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Table 7. Calculated bond orders and bond lengths o/hydroxytropones 

Bond 
Tropolone 3-Hydroxytropone 4-Hydroxytropone 
Bond Bond Bond Bond Bond Bond 
order length order length order length 

(A) (A) (A) 

1--2 0.35158 1.454 0.41782 1.442 0.36680 1.451 
2--3 0.70691 1.390 0.74460 t.383 0.83691 t.366 
3 - 4  0.54374 1.419 0.43512 1.439 0.43906 1.438 
4--5 0.75370 1.38t 0.81287 1.371 0.72230 1.387 
5--6 0.52411 1.423 0.46784 i.433 0.51050 1.425 
6--7 0.78470 1.376 0.83141 t.367 0.80137 t.373 
7 - - i  0.42933 t.440 0.36449 1.451 0.39974 1.445 
t - - 8  0.74618 t.276 0.76435 ~.272 0.77029 1.271 
nL-9  0.46670 1.326 0.4t215 t.336 0.40716 1.337 

n = 2, 3 and 4 respectivdyfortropolone, 3-hydroxytropone , and4-hydroxytropone. 

band  in the  340- -380  m ~  region wi th  v ib ra t iona l  peaks  a t  374, 356 and  338 m~,  
the  second one wi th  the  m a x i m u m  a t  320 m~,  and  the  t h i rd  one of  high in t ens i ty  
a t  230 m~.  I t  has  been shown b y  the  observa t ion  of  po lar ized  absorp t ion  spec t ra  
of  a single c rys ta l  [6], t h a t  the  first  band  is associa ted  wi th  a t r ans i t ion  polar ized  
in the  d i rec t ion  nea r ly  perpendicu la r  to  the  C=O bond,  and  the  second one is 
associa ted  wi th  a t r ans i t ion  polar ized  para l le l  to  the  C - O H  bond.  The dh-ection 
of  t r ans i t ion  m o m e n t  der ived  f rom the  presen t  ca lcula t ion is shown in Fig.  2, 
which are  in good agreement  wi th  the  observed  polar izat ions .  F r o m  the  fac t  t h a t  
the  320 m ~  band  is polar ized  para l le l  to  the  di rect ion of  the  C - O H  bond,  HosoYA 
et  al. [6] assigned this  band  to a charge- t ransfer  b a n d  associa ted  wi th  the  electron 
t ransfer  f rom the  h y d r o x y l  group to the  hep t agona l  ring. However  th is  inter-  
p r e t a t i on  seems quest ionable  according to  the  presen t  calculat ion.  The energies of  
the  SCF MO's  of  t ropone  and  t ropolone  are  shown in Fig.  3. I t  is the  orb i ta l  i of  
t ropolone  t h a t  has  a charac te r  h igh ly  local ized on the  oxygen  a t o m  of  h y d r o x y l  
group.  The others  can be corre la ted  to  the  orbi ta ls  of  t ropone.  Therefore  the  in t ra-  
molecular  charge t ransfe r  b a n d  should be associa ted  wi th  an  exc i ta t ion  of  an 

Table 8. Charge densities and dipole moments of hydroxytropones 

Atom Tropolone 3 -Hydroxytropone 4-Hydroxytropone 

t 0.7719 0.7665 0.7671 
2 0.9259 t.0664 0.9365 
3 1.0772 0.9409 t.0008 
4 0.9541 1.0168 0.9486 
5 t.0230 0.9624 t.0796 
6 0.9441 0.9751 0.9473 
7 0.9978 0.9422 0.9988 
8 1.5160 1.4934 1.4825 
9 1.7901 1.8363 t.8387 

~-momen~ (D) 3.72 5.72 6.60 
Total moment (D) 4.95 6.56 7.02 
Observed moment (D) 3.53 - -  
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C a l c u l a t e d  O b s e r v e d  

E (eV) / E (eV) Ref. 

T r o p o l o n e  3 .46  0 .22  3.4 [6, 2]  

3 .95 0 .26  3.9 

5 .55  0.3~ 5.3 

6.01 1.36 

6 .60  0 .04  

6.92 0.13 

(Ta: t . 1 3  eV) 

3 - g y d r o x y t r o p o n e  3.57 0 A 0  4.01 [8] 

4 .13  0.07 4 .16  

5.52 1.03 4 .86  

5.59 0.57 5.08 

6 .59  0.46 

7.03 0 .50  

(T~:  ~.25 eV)  

4 - H y d r o x y t r o p o n e  

(Ta: 

L o w e s t  t r i p l e t  state. 

3.59 0 .20  

3.99 0 .30  

5.72 0 .22  

6.26 0.91 

6.28 0 .72  

6 .84  0 .003  

7.0O 0 .54  

t . 1 8  eV)  

3.68 

5 .44  

[20] 

T a b l e  ~0. C I  wave/unctions of the lowest two singlet excited states o/ tropone and tropolone 

E n e r g y  C I  w a v e  f u n c t i o n  

( S y m m e t r y )  

3 .73 e V  (~B~) 

4 .20  e V  (~A~) 

3.46 e V  

3.95 e V  

T r o p o n e  

r  = 0 .98458  ~pt _~ ~ + 0 .07702  ~a _~ ~ + 0 A 2 0 2 5  y~ _~ ~ + 0 .06383 ~ _> ~ - 

- 0 .05495  y ~  + 0 . 0 3 8 8 2 ~ a ~  s + 0 . 0 t 3 2 4 ~ f ~  - 0 .03788  y~-> 7 

~ = 0 .85710  y~t ~ ~ - 0 .49859  y~a _~ ~ - 0 .10904  y~ _~ ~ - 0 .00700  ~a _~ s + 

+ 0 .03210  y~->~ + 0 .03738  ~__>:  + 0 .04478  y~3_~ s + 0 .02048  y~-_>s 

T r o p o l o n e  

~1  = 0 .86258  ~5 -~ 6 - 0 .41525  ~f5 § 7 - 0 .20296  Y~4 -~ 6 - 0 A 5 0 1 2  Y~4 -~ ~ + 

+ 0 .03607  ~f~ ~ s - 0 .06156  ~3 ~ 6 + 0 .03224  Y~5 -~ 9 - 0 .06100  ~P3 -> v + 

+ 0 .05904  ~pe ~ e + 0 .04350  ~p2-~ 7 + 0 .02996  Ft_~ s + 0 .01081 ~Pt-~9 + 

+ 0 .00434  Y~I -~ 6 - 0 .00566  F~ --> ~ - 0 .00912  YJs ~ s - 0 .04572  ~P8 -~ 9 + 
+ 0 .01329  Y~2 -~ s - 0 .02344  ~P2 ~ 9 + 0 .01911 Y~I --> ~ + 9 .01557 ~1 -> s 

q~2 = 0 .46130  ~5->6  + 0 . 7 7 7 2 t  Y J s ~  + 0 .40901 Y~4-~G - 0 .02778  ~a__> v + 

+ 0 .04257  ~5 -~ s - 0 .07557  ~f3 -~- e - 0 .01202  F5 -~ 9 + 0 .03761 YJ8 -~ ~ + 
+ 0 .03876  y ~ _ ~  - 0 .03261 ~ p ~ .~  - 0 .00676  ~pt_~ s + 0 . 0 3 8 8 0 ~  + 

+ 0 .01167  ~ _ ~  + 0 .00492  F ~ _ ~  - 0 .00832  ~pa.~. s + 0 .02769  ~pa_~ ~ + 

+ 0 .02283  ~f~_~ s + 0 . 0 1 1 7 3 y ~ §  - 0 .00106  ~f~__> ~ + 0 . 0 t 5 2 9  ~f~_~ a 
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e l ec t ron  f rom the orbital I. However ,  as can be seen from the CI wavefunetions 
shown in Tab. i0, the 3.95 eV transit ion of  tropolone is mainly  associated with the 
excitat ion f rom the orbital 5 to  the orbital 7 which corresponds to the excitation 
f rom the orbital 4 to the orbital 6 in the ease of  tropone. Seemingly the 320 m~  
band  of  tropolone is a band  corresponding to the 1A 1 ~- 1A 1 transit ion of tropone, 
and is not  a charge transfer  band. 

C o n c l u s i o n  

As shown above, the calculation by  the variable-~ procedure can well predict  
the electronic spectra of  tropone,  t ropolone and related compounds.  This m a y  
suggest the general ut i l i ty  of  this method  to  nonbenzenoid aromatic  compounds.  

The present calculation has shown tha t  the 305 m~  band  of  t ropone consists 
of  two different transitions, 1B 1 ~- 1A 1 and 1A1 ~- 1A 1, which correspond respective- 
ly to the first and second bands observed in the spectra of  heptafulvene or tro- 
poneimine. The observed polarizations of  the absorption bands of  tropolone has 
been well explained by  the present calculation. 
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