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The e lec t ronic  s t r u c t u r e s  of a number  of o l igomer ic  1 ,3 ,4-oxadiazoles  and the i r  phenyl 
de r iva t ives  were  ca lcula ted  by the P a r i s e r - P a r r - P o p l e  method.  The energy  c h a r a c t e r -  
i s t ics  and m o l e c u l a r - d i a g r a m s  for  the ground and exci ted s ta tes  are  d i scussed .  It is 
shown that the ef fec t iveness  of conjugation between the r ings  in polyoxadiazole is c lose  to 
that  in polyphenylene.  

Continuing our investigation of the effect of the electronic structure of macromolecu les  on their 
strength characteris t ics  in destruction p r o c e s s e s  [1], in the present communication we examine polyoxadi-  
azo les  - one of the promising c la s se s  of heat-res is t ing  compounds.  

The literature contains individual quantum-chemical  calculations of 1 ,3 ,4-oxadiazoles  and some of 
their phenyl derivatives by the Hflckel method [3-6]. In the present communication we present the results  
of calculations by the P a r i s e r - P a r r - P o p l e  (PPP) method of the ground and excited states of a number of 
oxadiazoles  with different chain lengths and addition i s o m e r i s m .  The methodical details of the calculation 
and the parameters  used were reported in [1]. The geometrical  characterist ics  of the oxadiazole ring were 
borrowed from [7]. It was assumed that all of the compounds are coplanar, that the benzene rings in them 
are regular hexagons with bond lengths of 1.40 A,  and that the bonds between the benzene and oxadiazole 
rings are directed along the b isectors  of the corresponding external angIes and are 1.50 A long. 

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

The mo lecu l a r  d i ag rams  of the examined compounds are p resen ted  in Fig.  1 (the number ing  of the 
compounds will subsequent ly  be used in conformi ty  with this f igure) .  The ~ components  of the dipole m o -  
ments  (~r)  and other calcula ted values a re  p resen ted  in Table 1. 

I t  is seen f r o m  the mo lecu l a r  d i ag rams  that there  is a r a t h e r  s t rong in teract ion between the a toms 
within the oxadiazole ring, which leads to cons iderable  polar iza t ion of the e lec t ron cloud. 

*See [1] fo r  c o m m u n i c a t i o n  I .  

TABLE 1. E n e r g y  C h a r a c t e r i s t i c s  of  1 ,3 ,4 -Oxad iazo les  

Comp. ~n ~ v.o., Etot ' (D) eV ~I~7~' eV ~b, eV ~int, eV ~int, eV 

I ] 3,88 
I1 3,75 

III 3,58 
IV 6,80 
V 9,38 

VI 11,08 
VII 4,86 

- 10,677 
-9,768 
--9,382 
--9,219 
-9,177 
--9,169 
-9,408 

--0,410 --1041182 
--1,717 &181,770 
--1,971 --259,363 
--2,365 --441,702 
--2,526 --624,040 
--2,615 --806,375 
-2,181 --441,680 

9,352 
19,980 
30,613 
5t,162 
71,710 
92,255 
51,140 

0,~o 
1,144 
2,284 
3,422 
4,557 
2,262 

0,570 
0,572 
0,571 
0,570 
0,570 
0,56l 

V l a d i m i r  S c i e n t i f i c - R e s e a r c h  Ins t i tu te  of Synthet ic  Res in s .  T rans l a t ed  f r o m  Khimiya  G e t e r o t s i k l i -  
chesk ikh  Soedineni i ,  No. 8, pp. 1041-1047,  Augus t ,  1972. Original  a r t i c l e  submi t ted  D e c e m b e r  25, 1970. 
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F i g .  2.  C a l c u l a t e d  e l e c t r o n i c  s p e c t r a  of 
a r o m a t i c  1 , 3 , 4 - o x a d i a z o l e s  fo r  t r a n s i -  
t i ons  to s i n g l e t  ( - - )  and  t r i p l e t  (- - - )  
e x c i t e d  s t a t e s  (the t r a n s i t i o n s  wi th  f > 
0.1 a r e  i n d i c a t e d ) .  

m o l e c u l a r  cha in  i s  i n c r e a s e d  f u r t h e r ,  i . e . ,  on 
ly) .  

A c o m p a r i s o n  of the  m o l e c u l a r  d i a g r a m s  of the  m -  (VII) and p -  (IV) s u b s t i t u t e d  d i m e r s  d e m o n s t r a t e s  
t ha t  c o m p e t i t i v e  a c c e p t a n c e  of the  e l e c t r o n s  of the  pheny lene  b r i d g e  g r o u p  f r o m  the 2 - p h e n y l - l , 3 , 4 - o x a d i -  
a z o l e  f r a g m e n t s  i s  a b s e n t  in VI i .  

In c o m p a r i n g  the  m o l e c u l a r  d i a g r a m s  of I - I I I  tha t  we ob ta ined  wi thin  the f r a m e w o r k  of the  P P P  
m e t h o d  wi th  t h o s e  p r e v i o u s l y  ob t a ined  by  the Hiicke[ m e t h o d ,  i t  m a y  be no ted  tha t  the  e l e c t r o n  d e n s i t y  d i s -  
t r i b u t i o n s  ob ta ined  when the  O r g e l  p a r a m e t e r s  [4] a r e  u s e d  in the  H~cke l  MO m e t h o d  p r o v e  to be c l o s e s t  to 
ou r  v a l u e s .  H o w e v e r ,  the  add i t ion  of a benzene  r i n g  to the  o x a d i a z o l e  r i n g  l e a d s  to s o m e w h a t  d i f f e r e n t  
q u a l i t a t i v e  r e s u l t s  in [4]. 

The  e n e r g y  c h a r a c t e r i s t i c s  of  I -VI I  a r e  p r e s e n t e d  in T a b l e  1. 

The  e f f e c t i v e n e s s  of the  i n t e r a c t i o n  among a l l  of the  r i n g s  in the  m o l e c u l e  can be e s t i m a t e d  by  m e a n s  
of  the  s o - c a l l e d  to t a l  i n t e r a c t i o n  e n e r g i e s  (Eint) , wh ich  a r e  d e t e r m i n e d  as  the  d i f f e r e n c e s  be tween  the ~ - 

The  addi t ion  of a phenyl  g r o u p  to the  o x a d i a z o l e  r i n g  in 
the  2 pos i t i on  l e a d s  to a s m a l l  sh i f t  in the  e l e c t r o n  d e n s i t y  
away  f r o m  the pheny l  g r o u p  to the  h e t e r o r i n g .  

When phenyl  g r o u p s  a r e  s i m u l t a n e o u s l y  i n t r o d u c e d  into 
t he  2 and 5 p o s i t i o n s ,  the  c h a r g e  d i s t r i b u t i o n  i s  o b t a i n e d  as  a 
r e s u l t  of the  s u p e r i m p o s i t i o n  of the  e f f e c t s  of e a c h  phenyl  
g r o u p  s e p a r a t e l y  - the c h a r g e s  on the a t o m s  of the  C = N 
bonds  b e c o m e  c l o s e  in m a g n i t u d e  to  t h o s e  in I ,  bu t  the  o r d e r  
of t h e s e  bonds  d e c r e a s e s  a p p r e c i a b l y .  The  c h a r g e s  on the  
c a r b o n  a t o m s  of the  benzene  r i n g s  have a l m o s t  the  s a m e  
v a l u e s  a s  in I I .  

The  t r a n s i t i o n  f r o m  III  to IV is  a c c o m p a n i e d  by  a change  
in the  c h a r g e s  on ly  on the c a r b o n  a t o m s  of the  phenyl  g r o u p  
tha t  c o n n e c t s  the 2 - p h e n y l - l , 3 , 4 - o x a d i a z o l e  f r a g m e n t s .  The  
m o l e c u l a r  d i a g r a m s  of the  f r a g m e n t s  t h e m s e l v e s  r e m a i n  
p r a c t i c a l l y  unchanged  in the  p r o c e s s .  The  m a g n i t u d e  of the  
c h a r g e  tha t  d e v e l o p s  on any c a r b o n  a tom of the phenyl  b r i d g e  
g r o u p  i s  c l o s e  to the  s u m  of the  c h a r g e s  tha t  de ve lop  on t h i s  
a tom f r o m  i n t e r a c t i o n  wi th  e a c h  of the  f r a g m e n t s  s e p a r a t e l y .  
The  s a m e  e f f ec t s  t ha t  a r e  o b s e r v e d  on p a s s i n g  f rom the  
m o n o m e r  to the  d i m e r  a r e  o b s e r v e d  as  the  l eng th  of the 
p a s s i n g  to the  t r i m e r s  and t e t r a m e r s  (V and VI,  r e s p e c t i v e -  

T A B L E  2. C o m p a r i s o n  of the  C a l c u l a t e d  and E x p e r i m e n t a l  C h a r -  
a c t e r i s t i c s  of  the  ~0 ~ l ~ l  E l e c t r o n  T r a n s i t i o n s  in O x a d i a z o l e s  

Compound 

I 

II 

III 
IV 

V 
VI 

VII 

Calculamd* 

E ~  ~0~1 
n m  

185 0,300 
264 0,011 
246 0,791 
271 1,163 
298 1,755 

310 2,155 
311 2,297 
276 0,932 

)~max' nlTl 8 �9 10 4 

_948 e 
282 an] 2,6 
315 ch 4,8 
3t8cy 

327 d 
285 d 

_ Experimenral~._ . . . . .  

limratttre 

8 
9,1t 
It 
9 

8 
9 

* The  t e r m s  of the  e x c i t e d  s t a t e s  have  B 2 (C2v g roup)  s y m m e t r y .  
? S o l v e n t s :  e i s  e thano l ,  c y  is  c y c l o h e x a n e ,  ch  i s  c h l o r o f o r m ,  and 
d i s  d i m e t h y l f o r m a m i d e .  
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bond energies  for the entire molecule 0E~b) and the isolated r i n g s . t  The Ein t value, which is re la ted to 
the number  of bonds between the r ings,  was assumed to be equal to the energy of interaction (eint) between 
the oxadiazole and benzene r ings .  

The Ein t value increases  on phenylation of the oxadiazole r ings and on fur ther  lengthening the chain 
of the molecule,  since the number  of interacting groups inc reases .  Moreover ,  the energies  of the upper 
occupied MO (eu.o)  increase ,  and the energies of the lower vacant MO (e l .v)  dec rease .  However, e int  
remains  unchanged rega rd less  of whether the interacting r ings are  te rminal  or  br idge.  

A different resul t  is obtained on passing f rom III to VII: the energy of interaction of the oxadiazole 
and m-subst i tu ted benzene rings proved to be less  than e int in the individual molecules  (see Table 1). 

It should be noted that e int for II-VII  proved to be close to the energy of interaction of the benzene 
rings in diphenyl, which we also calculated and found to be 0.588 eV. 

C h a r a c t e r i s t i c s  o f  t h e  E x c i t e d  S t a t e s  

The calculated electronic absorption spec t ra  for all of the investigated compounds are presented 
schemat ica l ly  in Fig. 2. The calculated energies  of the ~ ~ ~ * t ransi t ions (E 0 _. t) to the f i rs t  singlet 
s tates ~ i ) ,  the osci l la tor  forces  ( f0~l ) ,  and the corresponding experimental  values are  presented in 
Table 2. The molecular  d iagrams of I-VII in severa l  excited states are  presented in Fig.  3. By c o m p a r -  
ing the experimental  and calculated spectral  cha rac te r i s t i c s ,  one is easi ly convinced that they are  in good 
agreement.$ 

We will next consider  the redistr ibut ion of electron density that occurs  in the molecules  when they 
are excited. Since it turned out that excitation to singlet and the corresponding tr iplet  states is accom-  
panied by qualitatively s imi la r  effects,  the reasoning will be equally valid for the two types of excitat ions.  

The transit ion of I to the excited state is accompanied by migrat ion of the electron density f rom the 
atoms of the C ~ N  bonds to the oxygen atom. The long-wave excitation in III-VII additionally, leads to 
migrat ion of the charge to the adjacent phenyl groups,  with an attendant increase  in the o rders  of the bonds 
between the rings and a decrease  in the order  of the C - O  bond. The maximum redistr ibut ion of charge  in 
long molecules  is observed in the center  of the molecule (Fig. 3). The amount of charge that migra tes  
f rom the heteror ings  also dec reases  as the chain length of the molecule inc reases .  

The cha rac te r  of the low-intensity long-wave transit ion in II is different.  In this compound, the e lec-  
t ron density is t r ans fe r r ed  f rom the benzene ring to the oxadiazole ring during excitation. The molecular  
d iagram of II for the second excited state, the t ransi t ion to which is more  probable, is therefore  also p r e -  
sented in Fig.  3. An analysis  of the molecular  orbi tals  and molecular  d iagrams demonst ra ted  that the 
second electron transi t ion in II is of p rec i se ly  the same nature as the long-wave electron transi t ions in the 
remaining compounds.  

Having ascer ta ined that the long-wave transi t ions in I and III-VII and the second transi t ion in II are 
of the same nature,  it can be asse r ted  that a bathochromic shift of the long-wave absorption band and an 
increase  in its intensity occur  on phenylation of the 1,3,4-oxadiazole ring and c~ fur ther  lengthening of the 
molecules  of aromat ic  oxadiazoles.  The same resul t  is also obtained in an analysis of the experimental  
data (see Table 2). A bathochromic shift is noted during excitation to the tr iplet  states only on passing 
f rom the monomer  to the d imer  (from III to IV) ; the position of the long-wave absorption band remains  
prac t ica l ly  unchanged as the chain length is increased  fur ther .  

There  are severa l  qualitative differences in the shifts of the electron density in IV and VII during ex-  
citation to the singlet s ta tes .  Thus, while the electron density in p-substi tuted IV is shifted f rom the oxadi- 
azole r ings and the t e rmina l  phenyl groups to the cent ra l  benzene ring, the electron density in m-subst i tu ted  
compound VII is shifted f rom the oxadiazole rings principal ly to the terminal  phenyl groups.  These dif fer-  
ences are  not detected during excitation to the tr iplet  s ta tes .  

The value that we calculated for Elf b of benzene is 10.058 eV. 
$ The smal l  sys temat ic  deviations of the calculated E 0 _  i values f rom the experimental  Xmax values could 
have been excluded by cor rec t ion  of the pa r ame te r s .  However, it is not compulsory  to do this for a c o m -  
parat ive study of one c lass  of compounds.  
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The k max  value is g r e a t e r  in p-subs t i tu ted  IV on pass ing to both the s inglet  and t r ip le t  exci ted s t a tes .  
This  is also exper imenta l ly  observed .  This  re la t ionship  is apparent ly  also re ta ined  in p o l y m e r s .  

It  is known [9] that  oxadiazole r ings a re  unstable  to heat ,  radiat ion,  and chemica l  action, and that  
t he i r  s tabi l i ty  i n c r e a s e s  cons iderab ly  when benzene r ings  a re  added. This  is evidence for ,  f i r s t ,  the la rge  
role  of conjugation in these  s y s t e m s  and, second, the pa r t i c ipa to ry  c h a r a c t e r  of ~ - e l e c t r o n  in terac t ions  in 
s i m i l a r  so r t s  of c h a r a c t e r i s t i c s  of the m a c r o m o l e c u l e s .  The conjugation between the oxadiazole and ben-  
zene r ings  in polyoxadiazoles  can be judged f r o m  the s int values  and f rom the obse rved  shift  of the long-  
wave absorpt ion bands.  It  turns  out that  if s int is  used, the e f fec t iveness  of conjugation between the r ings  
in polyoxadiazole is c lose  to that in diphenyl.  The following exper imenta l  fact  also a t tes t s  to this:  r e -  
p lacement  of the benzene r ing in polyphenylene by the 1,3,4-oxadiazole  r ing a l t e r s  the position of the long- 
wave absorpt ion band of the po lymer  in the UV spec t rum only v e r y  s l ight ly [8, 11, 13]. 

As the conjugation chain length i n c r e a s e s ,  the effect  of the e lec t ronic  shifts  during excitat ion is ex-  
tended to the ent i re  molecule ,  decreas ing  f rom its cen ter  to i ts  ends.  The magni tudes themse lves  of the 
shif ts  of the e lec t ron densi ty  on the a toms of the f r agmen t s  in the cen t ra l  portion of the molecule  a lso  de -  
c r e a s e  s imul taneously .  The high photostabi l i ty  and radiat ion s tabi l i ty  of po lymer s  with a sy s t em of con-  
jugated bonds and, in genera l ,  of compounds with extended conjugation chains is apparent ly  assoc ia ted  with 
th is .  

Since it turned out that  the e lec t ronic  s t ruc tu re  in the ground s ta te  r e m a i n s  p rac t i ca l ly  unchanged as 
the chain length of the molecule  i n c r e a s e s ,  it is easy  to predic t  the e lec t ronic  s t ruc tu re  of the po lymer  
molecule  f r o m  the data for the m o n o m e r  or  d imer  link. Because  of the constancy of the s  value,  the 
energy  of the po lymer  molecule  is de te rmined  f rom the fo rmula  

E~b = n. E~b ~ + (n + 1 ) E~b benz ~- 2n~-mt , 

where  n is the num ber  of oxadiazole groups .  

Additional s tabi l izat ion of the bonds between the oxadiazole and phenyl r ings  in the po lymer ,  as c o m -  
pa red  with the monomer ,  due to conjugation, as p roposed  in [5], is not detected f rom e i the r  the magni tudes 
of the cor responding  bonds or f rom the ~ int va lues .  This  also holds for other  bonds in the po lymer .  

It was exper imenta l ly  es tab l i shed  in [14, 15] that  c leavage  of the C - O  and N ~ N  bonds is mos t  p rob-  
able in polyoxadiazoles  during t h e r m a l  des t ruc t ion .  The r e su l t s  of the calculat ions,  f r o m  which the high 
degree  of double bond c h a r a c t e r  of the C = N  bonds follows, and the absence  of un i formi ty  of the bond o rd e r s  
in the oxadiazole r ings  do not contradic t  this  fact .  
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