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The vacuum ultraviolet absorption spectra of styrene, benzaldehyde, aeetophenone and 
benzonitrile have been measured in the wavelength region of 1500 to 2200 ]~. The absorption 
bands in the vacuum ultraviolet region appear at 200, 196, t89, t80 and 163 m/z for styrene; 
at 195, 186, '178 and 165 m# for benz~ldehyde; at 196, 191,179 and t67 m/z for aeetophenone; 
at 187.5, 180 and 167 m# for benzonitrile. 

Theoretical studies of n-electron structures have been carried out with styrene, benzal- 
dehyde and acetophenone by considering eonfigurational interactions among the ground, 
locally excited, and charge-transfer configurations. The calculated transition energies and 
oscillator strengths are in good agreement with the observed values. The theoretical results 
show that  the contribution of the charge-transfer configuration amounts to 58 and 68% in the 
excited states of the 238 m# band of styrene and of the 232 m/z band of benzaldehyde respec- 
tively. This means that  these two bands may be regarded as the intramolecular charge- 
transfer band. 

The electron affinity of the C = C and C = O groups were determined to be respectively 
-0.84 and - t . 2 0  eV from the present analysis of the ultraviolet spectra. 

Die Vakuum-Ultraviolettspektren yon Styro], Benzaldehyd, Acetophenon and Benzoni- 
tril im Bereich yon 1500 bis 2200 A wurden gemessen: 200, 196, 189, t80 und t63 m# fiir 
Styrol, 195, 186, 178 und 165 in#. fiir Benzaldehyd, 196, 191,179 und 167 m# fiir Acetophenon 
und 187,5, 180 und 167 ml~ ffir Benzonitril im Vakuum-UV-Bereich. 

Berechnungen der z-Elektronensysteme der drei erstgenannten Verbindungen warden 
unter Einsehlul~ von Konfigurationen mit und ohne Charge Transfer durchgeffihrt und ergaben 
~bergangsenergien und Oszillatorst~rken, die mit den MeBwerten bcfriedigend fibereinstim- 
men. Zum oberen Zustand der 238 mt~-Bande yon Styrol trEgt die Charge Transfer Konfigura- 
tion 580/0 bei, und zu dem der 232 m/z-Bande yon Benzaldehyd sogar 68%, woraus hervorgeht, 
dab es sich bei diesen beiden Banden um intramolekulare Charge Transfer Banden handelt. 

Die Elektronenaffinit~t der C = C- und der C = O-Gruppe betr~gt nach diesen Berech- 
nungen -0,84, bzw. -1 ,20 eV. 

Nons avons mesur5 les spectres d'absorption du styrene, du benzald~hyde, de l'ac~to- 
ph~none et du benzonitrfle entre 1500 et 2200 A. Les bandes se situent s 200, 196, 189, 180 et 
t63 m,u pour le styrene; s 195, t86, 178 et 165 m# pour le benzald6hyde; s 196, 191, 179 et 
t67 m/~ pour l'ac@toph6none et ~ 187,5, 180 et 167 m~ pour le bentonitrile. 

Les structures ~-61ectroniques des trois premieres mol@cules out @t6 ~tudi~es, en consid@- 
rant l ' interaction entre les configurations forndamentales, loculement exeit@es et exeit6es 
avec transfert de charge. Les @nergies et forces oscillatrices calcul~es s'accordent bien aux 
valeurs observ6es. Le calcul montre que la configuration s transfert de charge entre avec 58% 
duns la bande & 238 mp du styrene, et avec 68o/0 duns ceUe ~ 232 m# du benzald@hyde. Par 
consequent ces deux bandes peuvent ~tre attributes au transfert de charge intramol@culaire. 
Notre analyse des spectres donne les affinit@s 61ectroniques des groupes C = C et C ~ O 
-0,84 et -1 ,20 eV, respectivement. 

* Present address: Department of Chemistry, Faculty of Engineering Science, Osaka 
University, Toyonaka, Osaka. 
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1. Introduction 
Recently, we have experimentally and theoretically studied the vacuum ultra- 

violet spectra of nitrobenzene [8], aniline and its N-derivatives [2], and phenol, 
anisole, phenetole, thiophenol, halogeno-benzenes, and toluene [3]. It has been 
shown that the ultraviolet spectra can well be interpreted in terms of the intra- 
molecular electron transfer between the substituent groups and the benzene ring. 
In the present study, we have measured the vacuum ultraviolet absorption with 
styrene, benzaldehyde, acetophenone, and benzonitrile. Furthermore, in order to 
clarify the nature of the new absorption bands obtained by the present work and 
to deepen the knowledge on the 7~-electronic structures of these molecules, we have 
carried out theoretical studies on styrene and benzMdehyde, using the same 
method as employed in our previous studies. 

2. Experimental 
M a t e r i a l s  a n d  M e a s u r e m e n t s .  - The  commerc ia l  ma te r i a l s  of  s ty rene ,  benzMdehyde ,  

ace tophenone ,  a n d  benzoni t r i le  were f rac t iona l ly  dist i l led a n d  t he  vapor s  o f  the i r  purif ied 
samples  were t r ans fe r r ed  t h r o u g h  a v a c u u m  glass  l ine in to  t he  gas  cell a t t a c h e d  to t he  appara -  
tus .  A b s o r p t i o n  m e a s u r e m e n t s  f rom 160 to  220 m #  for t hese  c o m p o u n d s  were carr ied ou t  in  
t h e  v a p o r  phase  a t  r oom t e m p e r a t u r e  b y  a record ing  v a c u u m  u l t rav io le t  spec t ropho tome te r ,  

gas  cells of  7, 10, a n d  30 m m  p a t h  l e n g t h  
Wavelenyth ~ and wi th  l i t h i u m  fluoride windows  be ing  

/GO ~TO /80 /30 200 2/0 220 230 2~0 ZY0280 

I i i I i i i 

80 55 50 r r 
Wove number x I0-3c~ -I 

Fig. 1. The ultraviolet absorption spectrum of styrene in 
the wavelength region 160 ~ 260 my 
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Fig. 2. The ultraviolet absorption spectrum ofbenzaldehyde 
in the wavelength region 160 ~ 240 mtl 
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used.  The  detai ls  of  t he  a p p a r a t u s  a n d  ex- 
p e r i m e n t a l  p rocedure  h a v e  r ecen t ly  been  
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Fig. 3. The ultraviolet absorption spectrum of ace- 
tophenone in the wavelength region 160 ~ 240 my 
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Fig. 4. The ultraviolet absorption spectrum of ben- 
zonitrile in the wavelength region 160 ~ 240 mtt 
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published elsewhere [13]. The vacuum ultraviolet spectra for individual compounds were 
carefully measured several times for different vapor pressures. The ultraviolet absorption 
spectra in the wavelength region longer than 200 mp were measured with a Cary recording 
spectrophotometer model 14 3/[. 

Experimental Results. - The ultraviolet absorption spectra of styrene, benzaldehyde, 
acetophenone, and benzonitrfle measured in the present work are shown in Fig. t, 2, 3 and 4 
respectively. 
Tab. 1 summarizes experimental results on the absorphon bands of these compounds. The 
experimental ] values were obtained from the integral areas under the absorption curves by 
the use of the following equation 

.f = 4.32 x 10 -~ j" e dr, 

where e is the molar extinction coefficient and v is the frequency in cm -1. Since several bands 
overlap with each other in the vacuum ultraviolet region, the sum of the oscillator strength 
values for overlapped bands is shown in Tab. 1. 

Table t. Experimental results on the electronic spectra o/styrene, benzaldehyde, acetophenone, and 
benzonitrile in the vapor phase 

Styrene BenzMdehyde 

). (m#) e ] A (m/~) s ] 

0.O2 O.O2 
0.24 0.26 

280 
238 

(200) 
196 

(189) 
180 
163 

800 
10000 
65000 
68000 
54000 
30000 
25000 

2.4 

275 
232 
195 

(186) 
t78 
165 

1000 
14000 
50000 } 
36000 
26000 
21000 

1.7 

Benzonitrile 

(m~) / Z (m~) ~ / 

0.02 0.0t 
0.28 0.46 

Acetophenone 

e 

275 950 
23t 13O00 
196 48000 
191 46000 
179 24000 
167 21000 

1.7 

274 
224 
187,5 

(180) 
167 

650 
23000 
59000 } 
40000 
18000 

Values in parentheses show the positions of shoulder of the absorption spectra. 

1.6 

The vacuum ultraviolet spectra of styrene, benzMdehyde, and benzonitrfle have been 
measured by WALS~ [14] and by KLEVENS and PLATT [4] many years ago. According to 
KnevE~s and PLATT [d], the absorption peaks of styrene, benzaldehyde and benzonitrile in 
the vacuum ultraviolet region locate at around 205, 200 and 185 mtt, respectively. Our meas- 
urements are extended to shorter wavelength region. 

3. Theoretical 

The z-electron structures of styrene, benzaldehyde and  aeetophenone have been 
studied theoretical ly by  using the method  originally presented by  Lo~ovET- 
Hmaiz~s and  M u ~ m m  [5]. I n  the present  calculation, the subs t i tu ted  benzenes 
under  consideration were divided into two components ;  one is the benzene ring, 
and  the other is the subs t i tuen t  with a double bond. The molecular orbital~ of 
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each  c o m p o n e n t  h a v e  been  d e t e r m i n e d .  T h e r e a f t e r ,  t h e  i n t e r a c t i o n  b e t w e e n  t h e  

c o m p o n e n t s  has  been  cons ide red  b y  t h e  conf igu ra t iona l  i n t e r a c t i o n  a m o n g  seve ra l  

e l ec t ron  conf igura t ions  i n c l u d i n g  t h e  g round ,  loca l ly  exc i ted ,  a n d  cha rge - t r an s f e r  

conf igura t ions .  

Tab .  2 shows t h e  w a v e  func t ions  a n d  t r a n s i t i o n  energies  for  t h e  loca l ly  exc i t ed  

conf igu ra t ions  o f  t h e  benzene  r ing  a n d  t h e  subs t i t uen t s .  T h e  e n e r g y  va lues  of  t h e  

Table 2. Wave/unctions and energy values o/the locally excited con/igurations used in the present 
calculation o/ styrene and benzaldehyde 

Wave Function I Energy (eV)~ /~ 

Benzene Ring 

~ f~  = 2-1/~ [(cpa-1 ~o~) + (~.-1%)] 

~,E; u = 2--1/2 E(~03--1 ~4)  -" (~P2 - 1  ~ 5 ) ]  

Substituted Group 

W'/, = ( 0 1 - 1  02) 

EB2u = 4.89 
Ee~u = 6.17 
E~I~ = 6.98 
E ' = 6.98 Elu 

0.001 
0.126 

t.035 

EL (c=c) = 7.60 b (styrene) 
EL (c=o) = 7.92~ (benzaldehyde 

and acetophenone) 
Molecular Orbitals* 

q)2 = 1 2 - 1 / 2  ( 2 Z 1  + X~. - Z3 - 2 Z 4  - Z5 + Z6) 

~ss = 2-1 (Z2 + 7.3 - 7.5 - Z~) 
~s4 = 2-~ (7.~ - Z3 + 7.5 - 7.6) 
% = 1 2  - 1 / 2 ( - 2 Z 1 + Z 2  + 7 . a -  27.a +7.5 +Z~) 
01 = aT. 7 + bT.s 
0~. =bT. 7 - a Z s  
where a = b = 2-~/2 for styrene, and 
a = 0.5472 a and b = 0.8370 a both for benzMdehyde and 
acetophenone 

a gefs. 2 and 3. b Ref. t t .  e l~ef. 15. d l~ef. 7. 
* 7.1's are atomic orbitals shown in Fig. 5. 

locally excited configurations shown in Tab. 2 were taken from the positions of the 
-+ ~* transition bands of benzene [2, 3] ethylene [11] and formaldehyde [15] 

r e spec t ive ly .  T h e  m o l e c u l a r  o rb i t a l s  o f  t h e  C = 0 g roup  used  in t h e  p r e s e n t  

c a l cu l a t i on  are  t a k e n  f r o m  those  g i v e n  a l r e a d y  b y  one  o f  t h e  p r e sen t  a u t h o r s  [7]. 

T h e  w a v e  f u n c t i o n s  a n d  energies  o f  t h e  cha rge - t r ans fe r  conf igura t ions  are  g i v e n  
b y  t h e  fo l lowing  f o r m u l a s :  

Y J c ~ =  (~-1 02), ECTa = IJ3 -- AC=O -- Q2 | fo r  b e n z a l d e h y d e  and  

~fcTb = (~7 a 02), E c ~  = 12 --  A e = o  -- Qa ~ a c e t o p h e n o n e  

WcT~ - 2 -*l~ {(~71 03)- (0i-' ~04)}, EcT~ = ~ (IB-- Ac=c + Ic=c-AB-Qa-Q4) 

= 03) + (o; E c T . - -  

I ( i B - - A c = c  + I c = c - A B - Q 2 - Q ~ )  

t 
~- (IB--Ac=c + Ic=c-AB-Qa-Q4) 

y (IB--Ac=c + Ic=c-AB-Q2-Qs) 

�9 
(D 

~z 
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The  conf igura t ions  of  ( ~  0~) and  (~.~ 0e) are due  to  e lectron t ransfers  f rom the  
benzene r ing to  the  subs t i tuen t ,  while those  of  (0~ -~ ~ a ) a n d  (0~ -~ ?~) are due  to  
e lectron t ransfers  in the  reverse  direction.  Here,  IB  and  I c = c  are the  ionizat ion 
potent ials  of  benzene and the  C = C group respectively,  and AB, Ac=o and Ac=c 
are the  electron affinities of  the  phenyl,  C = 0 and  C = C groups respectively.  
Q~, Qa, Qa and  Q~ are the  electrostatic energies given by  the following equat ion*:  

b 2 
Q~ -- [~% q0~ I 0~ 0~] = i~2 (4 q~ + q~ + q~ + 4 q~ + q~ + q,~) 

§ 

+ 

Qa = [~a ~ I 01 01] = 

+ 

Q5 = [% ~05 [ 01 01] = 

+ 

a 2 
: : t / / 

b2 
(q~ + q~ + q~ + q~) 

2 

(q~ + q~ + q~ + q'~) 

a 2 
(q~ + qa + q~ + q~) 

~2 ~ I t 

(~ + q~ + q~ + ~'0) 

a 2, 
~ -  (4 q~ + q~ + q~ + 4 q~ + q~ + q~) 

~)2 ! ! ! ! I 
(4 q'~ + q~ + q~ + 4 q~ + q~ + q~). 

Here,  q~ and q~ are two-center  repulsion integrals expressed by  0# )r gv Zv) and 
(Z~ gi 1 Zs Zs), respectively,  i being 1, 2, �9 - �9 6, and a and  b are given in Tab.  2. 
These values were calculated b y  the use of a quadrat ic  equat ion of a tomic distan- 

Table 3. The off-diagonal matrix elemente used in the calculation o/ styrene, benzaldehyde, and 
acetophenone (The con]igurations, (01-1 ~ )  and (01-1 q%), were not tal~en into account /or 

benzaldehyde and acetophenone) 

* [~2 ~2! 02 023 is the 

H (~, 01-1 ~5) = (2/V6) ( -aft  + af '  - bf") 
H (a, ~2 -1 02) = (2 /~)  (bfi + bf' - af") 
H (B2u, 01-1 ~ )  - (t/Vg) (aft + a f '  + bf") 
H (B2~, ~a -1 02) = (1/1/~) ( -bf l  + bfi' + aft") 
H (Blu, 01-1 ~5) = (-1/V6) (af + af' + bf") 
H (Blu, ~2 -1 02) = (1/V6) ( -bfi  + bfl' + aft") 
/ t  (El.u, 01-1 ~)4) = ( - 1 / ~ / g )  ( a f  . aft ! + bfl") 
H (EI~, ~ - 1  02) = (l/Vg) ( -bp  + bf' + af") 
H (EIJ, 01-1 ~5) = (t/V6) (a~ + af' + bf") 
H (Elu', ~2 -~ 0~) = ( - 1 / V 6 )  ( - b f  + bf' + a/3") 
H (L, 01-1 q~5) - (1/Vg) ( -bf i  + bfi' + aft") 
H (L, q~2 -1 02) - ( -1 /1 /3)  (ab + aft' + bfl") 
H (L, Zlu)  = 1/2 [(01 02 ! ~3 ~5) -- (01 02 I ~2 ~4)] 
H (L ,  E iu ' )  - 1/2 [(01 02 I (Pa ~4) - (01 02 ] q~2 (])5)] 
H (L, Blu) = ~ [(01 02 [ Of 3 ~)4) -]- (01 02 ] ~2 ~5)] 
H (01-1 ~4, 01-1%~) = - (01 01 ] q~4 %) 
H (~2 -1  02, %-1  02) = - (~1 q~ I 0,, 02) 

abbreviation of ~ ~2 (i) 92 (i) ~ 0~(~) 02(~) dz,:, for instance. 
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ces which was obtained in the way  suggested by  PARISEIr and P a n ~  [9] 

(Z~ Z/] Zc Zc) = 0.222 r ~ - 2.67 r + 10.60 
(Z/Z~ I Zo Zo) = 0.378 r ~ -- 3.68 r § 12.30. 

Assuming the molecular geometry of planar configuration*, we have:  Q~ = 4.74 
and Qa = 4.36 eV for benzaldehyde and acetophenone, and (Q3 + Qa) = 4.06 and 
(Q~ § Qa) = 4.46 eV for styrene. 

Off-diagonal matr ix  elements of  the tota l  electron Hamil tonian are shown in 
Tab. 3. I n  Tab. 3, /~ is the resonance integral between two atomic orbitals, Z~ and 
Zv,/~' is t ha t  between Z2 and ZT, and fi" is t ha t  between gl and gs (see Fig. 5). The 
values for fi' and fl~' were calculated on the assumption tha t  the resonance inte- 
grals are proport ional  to the corresponding overlap integrals S;  t ha t  is to  say 

fl' = fi (S'/S) and f i "  = fi (S"/S). 
In  Tab. 4 are shown the values of  S, S', and S"  taken  from the table of NVLLIKn~ 
et al. [6]. The inclusion offi  ~ and fi" in the present calculation is one of the charac- 
teristics of  a series of  oar  calculations for various subst i tuted benzenes [2, 3]. 

I n  the calculation of styrene, (IB - Ac=c + I c=c  - AB) and fi were taken  as 
parameters  to be determined from a comparaison between the experimental  and 
theoretical t ransit ion energies, and (IB - Ac=o) and ~ were taken as parameters  

X5 XG 

% Z~ Xl %7 

Fig. 5. The atomic orbitals of the substituted benzene 

in the case of benzaldehyde and ace- 
tophenone.  I n  order to select a best 
set of  these parameter  values the  
energy levels and wave functions were 
evaluated by  a F a c o m  202 electronic 
computer ,  in considerably wide ranges 
of the parameter  values with intervals 
of 0.2 eV for ( I B -  Ac=c + I t = c -  AB) 
and ( I~  - A t=o)  and for fl values of  
-1 .30 ,  - i . 5 0 ,  and - t . 7 0  eV. The 

best values of  charge transfer energy 
were found to be:  I B -  AC=C-~-IC=C- A B =  20.92eV for styrene and 
1B - Ac=o = t0.45 eV both  for benzaldehyde and acetophenone, and the best value 
of/3 is - 1 . 5 0  eV for all the molecules. Tab. 5 and 6 show the best sets of  the 
calculated transit ion energies and the corresponding wave functions. 

The theoretical oscillator strengths were obtained by the use of// j  = 1.085 • 10 u 
uij D~j, where ~iJ and D~j are respectively the frequency (in cm -~) and momen t  
(in era) of the i -~ ] transition. The observed f values corresponding to the 1Alg -~ 
1Elu and 1Alg -* 1Blu transit ions of  benzene were used instead of the theoretical  
values for the evalution of hJ values f rom the wave functions and energy levels 
given in Tab. 5 and 6. 

4. Discussion 
Since the spectrum of acetophenone is very  similar to t ha t  of benzaldehyde 

and the difference in the positions of their absorption peaks is too small to  be 
explained in the present theoretical calculation, the same theoretical  t rea tment  
was commonly  applied to  the spectra of  these two compounds.  

* An angle of 120 ~ was assumed between tile double and single bonds of the side chain. 
r (C - C)B .... = t.40 •, r (C 1 - C~) = 1.47 A, r (C = O) = 1.24 A, and r (C = C) ~ t.35 ~. 
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Table 7. Comparison between the experimental and theoretical results o/transition energy, given 
in eV units, and oscillator strength/or styrene, benzaldehyde, acetophenone and benzonitrile 

S t / r e n e  

Present Work 
Experimental Theoretical 

(E - Eo) 

4.42 ! 
5.21 [ 

(6.20) 
6.32 

(6.57) 
6.88 

7.60 

/ (E - Eo) 

0.02 4.89 
0.24 5.26 

i 

6.25 
6.36 

2.4 6.69 
6.82 [ 
7.57 
7.63 
8.40 

0.01 
0.29 
0.20 
0.27 
0.01 
0.38 
0.48 
0.91 
0.98 

LONGUET-HIGGINS and MUI~RELIJ [5] 
Theoretical 

(E - Eo) 

4.72 
5.77 
6.15 
6.61 
6.77 
7.67 
8.33 
8.49 
9.t8 

A c e t o p h e n o n e  

Present Work 

Experimental 

(E - Eo) / 

4.52 0.02 
5.37 0.28 
6.33 / 
6.50 
6.92 1.7 
7.43 

Theoretical 

(E - Eo) / 

4.96 0.01 
5.72 0.30 
6.26 0.23 
6.53 0.04 
7.06 1.12 
7.37 1.0t 
8.56 0.51 

i 

B e n z o n i t r i l c  

PresentWork 
Experimental 

4.53 
5.54 
6.6i 

(6.88) 
7.44 

P E A C O C K  a n d  

WILKI~SO~ [10] 
Theoretical (SCF) 

5.00 
5.55 
6.68 
6.83 

B e n z a l d e h y d e  

Present Work 

Experimental 

(E - Eo) / 

4.52 0.02 
5.35 0.26 
6.35 } 

(6.68) 
6.97 t.7 
7.50 

Theoretical 

(E - Eo) / 

4.96 0.01 
5.72 0.30 
6.26 0.23 
6.53 0.04 
7.06 1 A2 
7.37 t.01 
8.56 0.51 

TA?CAKa [/2] 

Theoretical 

(E - Eo) / 

4.65 0.005 
5.39 0.25 
6.06 0.41 
6.63 
7.49 
7.57 

Values in parentheses show the positions of shoulder. 

BLOOR and 
PERADEJORDI [I] 

Theoretical (SCF) 

(E - ~0) 

4.69 
5.39 
6.48 
6.88 

All  the  bands  of  s tyrene,  benza ldehyde  and  ace tophenone  observed  in the  
presen t  expe r imen t  could successful ly be assigned b y  the  presen t  theore t ica l  
considerat ion.  Tab.  7 shows a compar ison  be tween  the  exper imen ta l  and  theore-  
t ica l  resul ts  of  t r ans i t ion  energy and  osci l la tor  s t r eng th  for s tyrene,  benza ldehyde  
and  aeetophenone.  As is seen f rom the  compar ison shown in Tab.  7, a cons iderab ly  
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good agreement was obtained between the experimental and theoretical results 
for both the transition energies and the oscillator strengths, except for the longest 
wavelength bands. A comparatively large discrepancy between the observed and 
theoretical values was commonly seen for the longest wavelength bands of many  
monosubsti tuted benzenes studied by the present authors. 

I t  is no doubt tha t  the excited levels of longest wavelength (274 ~ 280 m#) 
bands are predominantly of the B~u character of benzene. The present calculation 
indicates tha t  the charge-transfer configuration, FCT,, contributes to the 238 m# 
band of styrene by  5 8 ~  and ~0cT~ contributes both to the 232 m# band of benzal- 
dehyde and to the 23i m# band of acetophenone by  680/0 . This means that  these 
bands may be regarded as the intramolecular charge-transfer band. 

As seen from Tab. 5 and 6, the charge-transfer configurations contribute to the 
ground states of the molecules by  several per cent and the resulting stabilization 
energies are 5.60 Kcal/mol for styrene, and 5.05 Kcal/mol for benzaldehyde and 
acetophenone. These values of stabilization energy are intermediate between 
those of phenol (4.6 Kcal/mol) [3] and aniline (7.4 Kcal/mol) [2]. 

Next  let us t ry  to evaluate of the electron affinities of the C ~- C and C = O 
groups from our best values of 1B--  Ac=c + I c ~ c - -  AB ( =  20.92 eV) and 
IB - Ac=o ( = i0.45 eV). For styrene, assuming that  IB is equal to the ionization 
potential of benzene (9.25 eV) [16], AB to the electron affinity of benzene 
( -- l . i0  eV) [3] and Ic=c to the ionization potential of propylene* (9.73 eV) [16], 
we have a value of -0 .84  eV for Ac~c which is the electron affinity of the C = C 
group. In  the case of benzaldehyde and acetophenone, again assuming that  IB 
and AB are equal to the above corresponding value, we have a value of -- i .20 eV 
for Ac=o which is the electron affinity of the C = 0 group. I t  is interesting to note 
tha t  this value completely coincides with tha t  successfully used in the interpreta- 
tion of electronic spectra of formamidc and acrolein by one of the present au- 
thors [7]. 

In  Tab. 7 are given the results obtained by  other authors [1, 5, 10, 12] in com- 
parison with ours. Our calculated transition energies of styrene are considerably 
different from those by Lo~Gv~r-Hiao i~s  and MUR~ELL [5]. This is mainly due 
to the difference between the energy values of the charge-transfer configurations 
taken by  them and those used by us. 

The calculated result of transition energy of benzonitrfle by  P~ACGCI~ and 
W~L~I~sos [4] is in good agreement with the present experimental result except 
for the longest wavelength band. As is clearly seen from Tab. 7, the absorption 
bands of benzonitrile (Fig. 4) locate in shorter wavelengths than the corresponding 
bands of benzaldehyde (Fig. 3). This indicates tha t  the energies of the charge- 
transfer configurations of the former may  be much higher than those of the latter. 
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