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The total  bond ene rg i e s ,  the a tomizat ion ene rg ies ,  the molecular  d i ag rams  in the ground 
and f i r s t  exci ted s t a t e s ,  the in te ra tomic  dis tances  in the ground s ta te ,  and the e lec t ronic  
s p e c t r a  of the azo and quinonehydrazone fo rms  of 3-hydroxy-4-phenylazoquinol[ne  and 4- 
hydroxy-3-phenylazoisoquinol ine  were  calcula ted by the MO LCAO method within the 
P a r i s e r - P a r r - P o p l e  approximat ion  with the util ization of opt imizat ion of the in te rnuc lear  
d is tances  with r e s p e c t  to the min imum of the a tomizat ion energy.  It follows f r o m  an ana l -  
ysEs of the AH values that  the azo f o r m  in the f i r s t  case  is energe t ica l ly  more  advantageous 
than the quinonehydrazone fo rm,  while the opposi te  is t rue  in the seeond case .  The ca lcu-  
la ted  in te ra tomic  dis tances  and bond o rde r s  of the t au tomer s  co r r e spond  to those in the azo 
and quinonehydrazone s t ruc tu r e s .  The absorp t ion  bands in the e lec t ronie  s p e c t r a  were  a s -  
signed. The long-wave band in the absorpt ion s p e c t r a  of the quinonehydrazone t au tomer s  is 
due p r i m a r i l y  to charge  t r a n s f e r  f r o m  the b r idge -amino -n i t rogen  a tomto  the quinoid sy s t em.  

3-Hydroxy-4-phenylazoquinol ine  (I) exis ts  p r i m a r i l y  in the azo f o r m  (Ia), while 4 -hydroxy-3 -pheny l -  
azolsoquinoline (II) ex is t s  p r i m a r i l y  in the quinonehydrazone f o r m  (IIb). 
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An evaluat ion of the s tabi l i t ies  of the t au tomers  of I and II, obtaining of data on the e lec t ronic  s t r u c -  
tu res  and the s t ruc tu r e s  of the t a u t o m e r s ,  and ass ignment  of the absorpt ion bands in the e lec t ronic  sp ec t r a  
s e e m  of in teres t .  In o rder  to achieve this ,  we p e r f o r m e d  a quan tum-chemica l  calculat ion of the ground and 
exci ted s ta tes  of the t a a t o m e r s  by  the P a r i s e r - P a r r - P o p l e  (PPP) method with introduction of the "approx-  
imation of the var iab le  /3, [2]. The in terac t ion  of 25 singly exci ted configurat ions was taken into account 
in the calculat ion of the spec t ra .  The values of the o rb i t a I - ion iza t ionpoten t ia l s  (I), the one -cen te r  i n t e r -  
e lec t ronic  repu l s ion  integrals  (y) (for the calculat ion of the exci ted s ta tes) ,  and t h e / ~ - v a r i a t i o n p a r a m e t e r s  

*Communica t ion  VI f r o m  the s e r i e s  "Structure  and P r o p e r t i e s  of Dyes., '  See [1] for communicat ion  V. 

Sc ien t i f i c -Resea rch  Insti tute of Organic  In te rmed ia te s  and Dyes,  Moscow. Trans la ted  f r o m  Khimiya 
Getero ts ik l ichesk ikh  Soedinenii, No. 7, pp. 952-957, July,  1974. Original  a r t i c le  submit ted  May 17, 1973. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

832 



TABLE i. Energy Indexes of the Tautomerie Forms of I and 11 

Form E rib. eV E oh, eV g b �9 eV an, eV ~Haz o - A H q h ,  eV 

Ia 
Ib 

IIa 
lib 

32,571 
32,214 

32,510 
32,785 

74,241 
74,367 

74,236 
74,389 

106,812 
106,581 

106,745 
I07,174 " 

155,626 
I55,158 

155,559 
155,750 

0,468 

-0,191 

TABLE 2. Charges on the Atoms (qr) of the Tautomeric  Forms  of 
I and II in the Ground (Ia, Ib, IIa, and IIb) and F i r s t  Excited (ia*, 
Ib*,  IIa*,  and IIb*) States 

qr 
Atom - 

Ia In* I b ,  I b*  IIa IIa* IIb  l l b *  

6 
7 
8 
9 

I0 
11 
12 
13 
14 
15 
16 
17 
18 
I9 

1 0,019 
2 0,022 
3 0,00 I 
4 0,013 
5 0,002 

0,015 
0,083 
0,070 
0,020 
0,053 
0.091 
0,207 
0,050 
0,002 
0,003 
0,001 
0,002 
0,002 
0,068 

0,048 
,009 

0,008 
0,002 

--0.009 
-- 0,240 
-0 ,262  

0,132 
0,121 
0.029 

--0,221 
0,056 
0,037 
0,044 

--0,016 
0,066 

--0,041 
0,236 

0.028 
--0,046 

0,002 
--0,028 

0,003 
--0,044 

0,146 
--0.165 

0.127 
0,265 
0,158 

--0.167 
0,034 
0,014 
0,017 
0,009 
0,025 

--0,025 
--0,349 

0,056 
0,040 
0,010 
0,064 
0,014 
0,033 
0,601 

- 0,396 
0,103 
0,118 
0,078 

- 0.249 
0,025 
0,006 
0,019 

--0,011 
0,035 

-0,039 
- 0,508 

0,021 
0,021 

--0,001 
0,009 

- 0,003 
0,012 

--0,092 
- 0,063 

0,038 
0,065 

- 0,002 
0 
0,008 
0,004 
0,011 

- 0,002 
0,109 

--0,206 
0,071 

0,040 
0205 

- 0,002 
--00,004 

-0,018 
-0,241 
- 0,278 

0,162 
0,147 

-0,043 
0,032 
0,006 

-- 0,003 
0,046 

- 0,047 
0,209 

--0,252 
0,242 

0,011 
--0,032 

0,003 
-0,018 

0,004 
- 0,033 

0,238 
-0,149 

0,081 
0,255 
0,001 
0,045 
0,018 
0,019 
0,016 

-0,003 
0.166 

-0,218 
-0,403 

0,043 
0,033 
0,010 
0,062 
0,014 
0,020 
0,587 

-- 0,393 
0,!34 
0,155 

--0,044 
0.034 
0,002 

- -  0,005 
0,022 

--0,041 
0,114 

--0,255. 
--0,492 

were taken f rom [3]. The I and Y values (for the calculation of the ground state) and the pa ramete r s  for the 
determination of the a-bond energies  were taken f rom [4]. Optimization of the internuclear  distances with 
r e spec t  to the minimum of the atomization energy (AH) was used in the calculations. The optimization was 
ca r r i ed  out with respec t  to a p r o g r a m  that we composed that rea l izes  the Dewar a lgor i thm [4]. In the cal-  
culations it was assumed that all of the molecules are  planar sys tems with angles between the bonds of 
close to 120 ~ The positive direction of the angle of rotat ion of the vector  of the moment of the transi t ion 
was selected as being clockwise f rom the x axis. 

~ r - E l e c t r o n i c  S t r u c t u r e s  

The position of the tautomeric  equilibrium between forms I a ~ I b  and I I a ~ I I b  is determined by the en- 
erget ic  advantageousness of the corresponding forms.  The bond energies of all forms should be compared  
in o rder  to evaluate it [5]. Within the approximation of independence of the a and r e lectrons,  the bond 
energy (Eb) is r epresen ted  in the form of the sum of the 7r-bond (ETrb) and a-bond (Eab) energies ,  i.e., 
E b =ETrb +Ecrb. A more co r rec t  value for evaha t i ono f the  energet ic  stabili ty of the tautomers  is the a tomi-  
zation energy AH [4]. The absolute values of all of the calculated energy values are  presented in Table 1. 

It follows f rom Table 1 that the E b and AH values for the azo tautomer  of I a re  l a rge r  than for the 
quinonehydrazone tautomer ,  while the relat ionship between E b and AH is just the opposite of this for II. 
Consequently, the azo fo rm of I is more favorable than the quinonehydrazone form,  while the quinonehydra- 
zone tautomer  is more favorable for II. These conclusions are  confirmed by the experimental  data [1]. It 
should be noted that one cannot draw conclusions regarding  the stabil i ty of the tautomers  only f rom the 
7r-bond or  only f rom the ~-bond energies ,  inasmuch as the bond lengths of the tautomers  differ markedly 
f rom one another,  and an analysis only of these energies  leads to conclusions that contradict  the exper i -  
mental resu l t s  and the relat ionship between the E b and AH values. The energet ic  advantageousness of form 
IIb as compared with IIa is probably due to the special  position of the nitrogen atom in the ring. 

M o l e c u l a r  D i a g r a m s  

It is apparent from the data on the bond lengths (Rrs) and orders  (Prs) and also from the charges on 
the atoms (qrs) of the molecules  (Tables 2-4) that a unified 7r-electron s y s t e m  of bonds is formed in the azo 
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TABLE 3. Bond Orders and Lengths (Prs and Rrs) of the Tautomeric 
Forms of I in the Ground (la, Ib) and First Excited (la*, Ib*) States 

Prs (Rr,) 
Bond 

Ia Ia* Ib ' Ib* 

1--2 
1--6 
1--7 
2--3 
3--4 
4--5 
5--6 
7--8 
8--9 
9--!0 
9--18 

16--11 
!0--19 
11--12 
i2--13 
13--14 
13--18 
14--I5 
15--16 
16--17 
17--18 

0,612 (1,406) 
0,609 (1,406) 
0,386 (1,379) 
0,677 (1,394) 
0,661 (1,397) 
0,656 (1,398) 
0,683 (1,393) 
0,834 (1,269) 
0,409 (1,375) 
0,663 (1,397) 
0,489 (1,427) 
0,549 (1,416) 
0,264 (1,351) 
0,740 (1,316) 
0,520 (1,355) 
0,523 (I,421) 
0,561 (1,414) 
0,757 (1,380) 
0,569 (l,413) 
0,751 (1,381) 
0,539 (1,418) 

0,546 
0,546 
0,496 
0,699 
0,637 
0,633 
0,703 
0,562 
0,559 
0,430 
0,460 
0,540 
0,476 
0,707 
0,480 
0,554 
0,555 
0,707 
0,595 

�9 0,706 
0,549 

0,631 (1,402) 
0,631 (1,402) 
0,316 (1,392) 
0,674 (1,395) 
0,662 (1,397) 
0,662 (1,397) 
0,674 (1,395) 
0,207 (1,380) 
0,850 (1,295) 
0,282 (1,463) 
0,340 (1,453) 
0,299 (1,460) 
0,847 (1,255) 
0,871 (1,293) 
0,378 (1,381) 
0,6!3 (1,405) 
0,591 (1,409) 
0,684 (t,393) 
0,645 (1,400) 
0,679 (1,394) 
0,625 (1,403) 

0,513 
0,515 
0,563 
0,710 
0,626 
0,624 
0,711 
0,336 
0,638 
0,396 
0,434 
0,412 
0,683 
0,786 
0,423 
0,601 
0,551 
0,690 
0,625 
0,697 
0,580 

TABLE 4. Bond Orders and Lengths (Prs and Rrs) of the Tautomeric 
Forms of II in the Ground (IIa, lib) and First Excited (IIa*, lib*) States 

Bond 

1--2 
1--6 
1--7 
2--3 
3--4 
4--5 
5--6 
7--8 
8--9 
9--10 
9--18 

10--11 
10--19 
11--12 
11--16 
12--13 
13--1-t 
14--15 
15--16 
i6--17 
17--18 

P,, (Rr,) 
. . . . . . . . . . . . . . . . . . . . .  

I I a  I I a  ~ 

0,613 (1,405) 0,542 
0,6i0 (1,406) 0,541 
0,389 (1,380) 0,503 
0,677 (1,394) 0,702 
0,661 (1,397) 0,624 
0,656 (1,398) 0,630 
0.682 (1,393) 0,705 
0,835 (1,269) 0,563 
0,405 (1,376) 0,54i 
0s (1,395) 0,428 
0,503 (1,358) 0,493 
0,506 (1.424) 0,498 
0.271 (1,350) 0,493 
0,535 (1,419) 0,542 
0,567 (1,413) 0,533 
0,750 (1,381) 0,728 
0,575 (1,4!2) 0,575 
0.748 (1,382) 0,716 
0,542 (1,418) 0,562 
0,495 0,426) 0,462 
0,768 (I,31 I) 0,731 

nb 

0.631 (1,402) 
0.631 (1.402) 
0,308 (1,393) 
0,675 (1,395) 
0,662 (1,397~ 
0.6G2 (1,397) 
0,674 (1,395) 
0,365 (1,352) 
0,797 (1,308) 
0,321 (1,455) 
0,385 (1,379) 
0.330 (i,455) 
0,8!5 (1,261) 
0,624 (!,403) 
0,508 (i,4o8) 
0,680 (!,394) 
0,644 (1,400) 
0,687 (1,392) 
0,6!2 (1,406) 
0.376 (!,447~ 
0.842 (1,298) 

lib* 

0,517 
0,518 
0,551 
0,713 
0,620 
0,629 
0,714 
0,373 
0,614 
0,377 
0,476 
0,392 
0,713 
0,604 
0,552 
0,690 
0,623 
0,698 
0,588 
0,442 
0,741 

fo rms  of I and II due to con juga t ion  of the azo group  with the a r o m a t i c  r i n g s .  It follows f r o m  a c o m p a r i s o n  
of the P r s  va lues  that  the con juga t ion  of the qu ino l ine  r i n g  with the azo group  is g r e a t e r  by a factor  of 1.5 
than  the con juga t ion  with the hydroxyl  group.  It should be noted that  the P r s  and R r s  va lues  in the r i n g s  
axe d i f fe rent .  Thus ,  whi le  all  of the P r s  and R r s  va lues  in the phenyl  r i n g s  a r e  a p p r o x i m a t e l y  equal ,  the 
P r s  and R r s  va lues  in the qu ino l ine  r i n g  take on a s l ight  quinoid c h a r a c t e r .  In the f i r s t  exc i ted  s t a te  ( 'B), 
the P C - N  and PN =N va lues  a r e  equa l ized ,  the nega t ive  cha rges  on the n i t r o g e n  a toms  of the azo group  i n -  
c r e a s e  m a r k e d l y ,  and the oxygen a toms  acqu i r e  an addi t iona l  pos i t ive  charge .  This  a t t e s t s  to the p a r t i c i -  
pa t ion  in the 'A--~'B t r a n s i t i o n  of charge  t r a n s f e r  f r o m  the oxygen a t o m  in the 7r-conjugated s y s t e m  p r i -  
m a r i l y  to the azo group,  du r ing  which  the quinoid c h a r a c t e r  of the phenyl  r i n g s  a l so  i n c r e a s e s ,  while  the 
7r bonds  in the qu ino l ine  r i n g  b e c o m e  m o r e  de loca l ized .  Because  of r e d i s t r i b u t i o n  of the cha rges  on the 
a toms  dur ing  the ' A ~ ' B  t r a n s i t i o n ,  the ~r dipole mome n t s  (PTr) i n c r e a s e  marked ly ,  and the i r  d i r e c t i on  

changes .  

The PC =N and PC =O va lues  in the ground s ta te  of the qu inonehydrazone  f o r m  of Ib and IIb, l ike  the 
RC =N and  R C =O va lue s ,  a t t e s t  to c o n s i d e r a b l e  m u l t i p l i c i t y  of these  bonds .  The o r d e r s  of the C - C  and 
C - N  bonds ad jacen t  to C =O and C =N have d e p r e s s e d  va lues  (0.282-0.385).  The P r s  and R r s  va lues  of al l  
of the bonds in the benzene  r i n g s  of Ib and Kb a r e  a p p r o x i m a t e l y  equal ,  and th is  a t t e s t s  to a c o n s i d e r a b l e  
degree  of de loca l i za t i on  of the Ir bonds .  The cha rges  on the a toms  of the b r i d g e - a m i n e - n i t r o g e n  a tom a re  
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TABLE 5. v Dipole Moments (Pr) and Thei r  Direct ions (q~o) for 
the Tau tomer ic  Fo rms  of I and II  in the Ground (Ia, Ib, IIa, and rib) 
and F i r s t  Excited (Ia*,  Ib* ,  I I a* ,  and l ib*) States 

Form Ia la* Ib Ib* IIa IIa* I Ib  IIb* 

.Pn I 1,570 
~ 1 41 

2.189 
161 

3,187 
219 

10,196 
177 

1,986 
125 

6,568 
185 

3,568 
196 

7,071 
5 

TABLE 6. Calculated C h a r a c t e r i s t i c s  of the Elec t ron  Trans i t ions  
of the Tau tomer ic  F o r m s  of I and II: Wavelengths (X), Osc i l l a to r  
F o rce s  ( f ) ,  Po la r iza t ions  (cP~ and Eigenvector  of the Conrigura-  
t ional In terac t ion  Matr ix  (CIM) 

Com- CIM eigenvector pound State ~, ~ f ~o 

Ia '[ 'B 
tG+ 
~C- 

"G- 
t G - -  

4156 
3288 
2924 
2533 
2298 
2188 

0,85 
0,33 
0,11 
0,23 
0,17 
1,10 

185 
55 
11 

260 
269 
75 

0,98(t0--11) 
0,91 (9--11) +0,29(10--13) +0,19(9--12) 
0,91 (8--11) -0,21 (9--11) --0,14(7--II) 
0,53(10--13) -0,50(10--12) +0,46(9--12). 
0,69(10--14) -0,51 (7--11) -0,35(8--14) 
0,69(10--13) -0,64 ((9--12) -0,17(6--13) 

Ib ~ !4988 
3560 

"C+ 2812 
"G+ 2605 

2243 
! '(CH)- 2190 

~ 4147 
Ila '( )-  2796 

t IU+ 
,'(UC) i 21612206 

l lb i  'B 4623 
I'(GC) 2711 
L '6 -  I 2579 
!'(CG) ] 2494 
!'(~H) 12244 

2107 
1 J 

0,52 
0,22 27 
0,43 234 
0,13 267 
0,37 241 
0,20 208 
1,05 I77 
0,61 212 
0,28 270 
0,10 150 
0,89 180 
0,15 219 
0,11 265 
0,61 193 
0,37 155 
0,16 73 

0,98(10--11) --0,12(10--12) 
0,98 (9--11) 
0,85(10--12) +0,36 (7--11) +0,18(9--12) 
0,75(10--14) +0,52 (8--11) +0,33(8--15) 
0,77(10--13) --0,35 (7--12) +0,33(9--12) 
0,78(10--15) --0,44 (6--il) --0.30 (8--14) 
0,98(10--11) --0,11(10--12) 
0,74 (9--11) --0.4l(10--12) --0,31(7--12) 
0,80(10--14) +0,48 (8--11) +0,28(9--14) 
0,56 (9--12) -0,49 (7--12) +0,42(6--11) 
0,98(t0--1I) +0,12(10--13) 
0.82(10--12) --0,42 (7--11) +0,20 (8--11) 
0,70 (9--11) -0,62(10--14) --0,30 (9--15) 
0,77(10--13) +0,31 (10--15) --0,30 (7--11) 
0,52 (8--12) --0,44 (7--12) +0,36(10--13) 
0,75 (7--12) +0.34 (8--12) +0,32(10--15) 

0.146 and 0.238, r e s p e c t i v e l y ,  for  f o r m s  Ib and rib.  The  p o s i t i v e  c h a r g e  on th i s  n i t r o g e n  a t o m  in the  f i r s t  
e x c i t e d  s t a t e  ('B) i n c r e a s e s  b y  a f a c t o r  of 2.5 fo r  Ib and b y  a f a c t o r  of  1.6 for  IIb.  This  l e a d s  to an i n c r e a s e  
in Pv f r o m  3.187 to 10.196 D fo r  Ib and f r o m  3.568 to 7.071 D for  i I b  (Table  5). M o r e o v e r ,  the  Pv d i r e c -  
t ions  change  by  a l m o s t  180 ~ C o n s e q u e n t l y ,  d u r i n g  the  'A --*TB t r a n s i t i o n  t h e r e  is  p r o n o u n c e d  c h a r g e  t r a n s -  
f e r  f r o m  the b r i d e - a m i n e - n i t r o g e n a t o m t o t h e  v - c o n j u g a t e d  s y s t e m  of the  m o l e c u l e .  The quinoid  c h a r a c -  
t e r  of the  phenyl  r i n g s  i n c r e a s e s ,  wh i l e  the  quinoid  c h a r a c t e r  of the  quinol ine  r i n g s  d e c r e a s e s .  The d e -  
c r e a s e  in PC =O and the  i n c r e a s e  in P C - N  in the f i r s t  e x c i t e d  s t a t e  a t t e s t s  to an i n c r e a s e  in the  con juga t ion  
of  the  b r i d g e  a m i n e  n i t r o g e n  a t o m  wi th  the  be nz e ne  r i n g .  

A s s i g n m e n t  o f  t h e  7r ~ v *  A b s o r p t i o n  B a n d s  

The a b s o r p t i o n  bands  in the e l e c t r o n i c  s p e c t r a  of  the  i n v e s t i g a t e d  compounds  w e r e  a s s i g n e d  wi th  a l -  
!owance  fo r  the  fo l lowing  da ta :  the  a g r e e m e n t  b e t w e e n  the c a l c u l a t e d  c h a r a c t e r i s t i c s  and the e x p e r i m e n t a l  
v a l u e s ,  the  type  of o r b i t a l s  be tween  wh ich  the  e l e c t r o n  t r a n s i t i o n ,  d e t e r m i n e d  f r o m  the c o e f f i c i e n t s  of  e x -  
p a n s i o n  of the  MO wi th  r e s p e c t  to the  AO, is r e a l i z e d ,  a l l o w a n c e  for  the  c o n f i g u r a t t o n a l  i n t e r a c t i o n ,  the  
magn i tude  and the d i r e c t i o n  of the  sh i f t  of the  v - e l e c t r o n  d e n s i t y  du r ing  t r a n s i t i o n  of  the  m o l e c u l e  to the  
e x c i t e d  s t a t e ,  l o c a l i z a t i o n  of the  e l e c t r o n  t r a n s i t i o n  wi th in  the  l i m i t  of  c e r t a i n  f r a g m e n t s  of the  m o l e c u l e ,  
and  the d i r e c t i o n  (po l a r i za t i on )  and  i n t e n s i t y  ( o s c i l l a t o r  fo rce )  of the  t r a n s i t i o n .  

A c c o r d i n g t o t h e  l i t e r a t u r e  d a t a  [6], the  l o n g - w a v e  a b s o r p t i o n  bands  i n t h e  e l e c t r o n i c  s p e c t r a  of azo  c o m -  
pounds  can  b e c l a s s i f i e d  as  Snv and Sv v* t r a n s  i t i ons .  The  Sn~r* bands  a r e  of low int en s i t y  and a r e  f r e q u e n t l y  
o v e r l a p p e d  by the  m o r e  i n t e n s e  bands  of the  Sv v* t r a n s i t i o n s .  C o n s i d e r i n g  the s t r u c t u r a l  p e c u l i a r i t i e s  of the  
m o l e c u l e ,  the  Sv v* t r a n s i t i o n s  can  be  d iv ided  into s e v e r a l  s e r i e s  a c c o r d i n g t o  the  c l a s s i f i c a t i o n  in [7, 8]. a band  

a s s o c i a t e d  wi th  the  l o n g - w a v e  t r a n s i t i o n s  o v e r  the  e n t i r e  ~ r -con juga ted  s y s t e m  - 'A --*VB (S~4r * o r  S2pzV *)) 
bands  a s s o c i a t e d  wi th  the  r e m a i n i n g  t r a n s i t i o n s  o v e r  the  e n t i r e  7r s y s t e m  - VA--*'C (Svr*), bands  a s s o -  
c i a t e d  wi th  t r a n s i t i o n s  l o c a l i z e d  in the  a r o m a t i c  r i n g s  - ' A '  --*H ($4,~*) , and bands  a s s o c i a t e d  wi th  t r a n s i -  
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tions between the MO of the entire 7r-conjugated sys t em of the molecule and the MO of the a romat ic  
r i n g s -  ' A ~ ' G  (S~r~. and S ~ r , } .  

The calculated ~ max values of the intensities and polarizat ions of the absorption bands are  in s a t i s -  
fac tory  agreement  with the experimental  values [1]. This attests to a re l iable  selection of the computational 
pa rame te r s .  The charac te r i s t i c s  of the most intense absorption bands re la ted to the transi t ions with an os -  
ci l lator force of no less  than 0.10 are  presented in Table 6. 

The long-wave band in the spec t rum of the azo form of I at 432 nm is re la ted  to the 'A ~ ' B  transi t ion 
with a small  amount of part icipation of charge t rans fe r  (~ 9%} of the unshared pair  of electrons of the oxy- 
gen a tom to the r system.  According to the calculat ions,  this band is due (96%) to t ransi t ion f rom the 
upper occupied ~r MO (~UOMO) to the lower vacant 7r * MO (v *LVMO), and the t ransi t ion is polar ized along 
the x axis. The calculated wavelength of this band (~ max 416 rim) is somewhat lower than the experimental  
value (432 n m). This can be explained by the effect of the intramolecular  hydrogen bond (IHB), which was 
not taken into account in the calculations.  The band at 326 nm is re la ted  to the 'A ~ ' G  transi t ion consist ing 
(to the extent of 83%) of t ransi t ion between the ~r MO of the qulnoline sys t em and the ~ MO of the entire s y s -  
t e m  of the molecule. The osci l la tor  forces  of both t ransi t ions are  in sa t i s fac tory  agreement  with the ex- 
peri  mental values (f t h e o r / f  exp = 3.7-3.9). 

According to the calculations,  the quinonehydrazone fo rm of I is cha rac te r i zed  by a long-wave band 
at 499 nm, which is re la ted  to the 'A -~'B t ransi t ion polar ized along the x axis. It follows f rom an analysis 
of the coefficients of expansion of the MO with r e spec t  to the AO that this band is due to an S2pz7 r . t r ans i -  
tion f rom ~rUOMO to 7r* LVMO- The 2pz-AO of the br idge-amine-n i t rogen  atom m~kes the greates t  con- 
tr ibution (29%} to 7rUOMO. The second ihtense band at 356 nm is re la ted  to the 'A ~ ' C  transit ion.  The r e -  
maining bands that charac te r i ze  both tautomers  of I are  presented in Table 6. 

It is known [1] that II exists p r imar i ly  in the fo rm of the quinonehydrazone tautomer.  Corre la t ion of 
the calculated and experimental  spec t ra  of the azo form of II is therefore  difficult. According to the ca l -  
culations, the long-wave band that charac te r i zes  the azo fo rm of II should appear at 415 nm. It is re la ted  
to the 'A -~'B t ransi t ion f rom ~UOMO to 7r *LVMO (S~r ~r *} polar ized along the x axis. Taking the IHB into 
account, it can be assumed that this band should undergo a bathochromic shift of 15-20 nm; this is con- 
f i rmed by expansion of the electronic absorption spec t ra  of II into Ganssian components [1]. 

The spec t rum of the quinonehydrazone form of ]I is of grea tes t  interest.  The calculated spec t rum of 
this fo rm is cha rac te r i zed  by the long-wave band of the 'A-~ 'B  transi t ion polar ized along the x axis. The 
band at 462 nm is due p r i m a r i l y  to t ransi t ion f rom ~rUOMO to ~*LVMO. Inasmuch as 29% of ~UOMO con- 
s is ts  of the 2pz AO of the b r idge-amine-n i t rogen  atomand apronounced shift of the electron density f rom 
this ni t rogen a tom to the quinoline r ing occurs  during this t ransi t ion,  it can be classif ied as an S2pz7 r . 
t ransi t ion with charge t rans fe r  f rom the br idge-amine-n i t rogen  atom pr imar i ly  to the ~r sys t em of the quin- 
oline ring. The remaining intense bands are caused by a shift of the 'A ~'G and 'A ~'C transitions with 

alternating predominance of one or another excited state (Table 6). 
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