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A z o m e t h i n e s  of the a r o m a t i c  s e r i e s  a r e  among  the i n t e n s e l y  l u m i n e s c e n t  compounds  with s i m p l e s t  
s t r u c t u r e s .  Howeve r ,  l u m i n e s c e n t  p r o p e r t i e s  a r e  d i s p l a y e d  only  by compounds  whose  m o l e c u l e s  have  a 
s t r u c t u r e  that  i s  p l a n a r  o r  n e a r l y  so .  Thus ,  b e n z a l a n i l i n e ,  

"~ - -NN' - -CH = N - - / ~ - - N N ' .  \ .  / \ / (I) 

does  not  l u m i n e s c e  e i t h e r  in c r y s t a l  o r  so lu t i on  f o r m  when s u b j e c t e d  to UV i r r a d i a t i o n .  One r e a s o n  fo r  
th i s  is  the n o n c o p l a n a r i t y  of the b e n z a l a n i l i n e  m o l e c u l e  p r o d u c e d  by  the c o m p e t i t i v e  in f luence  of G u-  and 
n, ~r-conjugat ion.  

L u m i n e s c e n c e  deve lops  when i n t r a m o l e c u l a r  h y d r o g e n  bonds  a r e  p r e s e n t  (II), b inding  the u n s h a r e d  
e l e c t r o n  p a i r  of the  a z o m e t h i n e  n i t r o g e n  and thus  weaken ing  the n, 7r-conjugat ion.  

X / I \ / (II) 

0 H 

T h i s  e f fec t  a l so  a p p e a r s  on i n t r o d u c t i o n  of e l e c t r o n - d o n a t i n g  s u b s t i t u e n t s  such  as  the d i m e t h y l a m i n o  g roup  
into the  " a l d e h y d e "  r ing  of the a z o m e t h i n e ,  in the p a r a - p o s i t i o n  with r e s p e c t  to the a z o m e t h i n e  g roup .  T h i s  
r e s u l t s  in i n t e n s i f i c a t i o n  of the con juga t i on  e f fec t  be tween  the a r o m a t i c  r i n g s  and p r o d u c e s  a m o r e  p l a n a r  
m o l e c u l a r  s t r u c t u r e ,  Such l u m i n e s c e n t  compounds  inc lude  

(CHa) z N - / ~  N\--CH -- N -  ~ - ' ~  (III) \ _ _ _ _ /  - N / "  

T A B L E  1. P o s i t i o n s  of A b s o r p t i o n  and L u m i n e s c e n c e  M a x i m a  of 

III and V - X  in D i m e t h y l  F o r m a m i d e  ( C H 3 ) 2 N - ~ - -  ~ Compounds  

- C H  = N - Y  

kmax for absorption at kmax for lurnines- 
Compound No. Y b K ban d, nm cence, nm 

III 
V 

VI 
VII 

VIII 
IX 
X 

C6Hs 
p-C6H4--SO.2CFa 

p-C~H4--CF~ 
p "C~H4--NO2 

p-C6H4--CI 
-~-C~H4--CFa 

3,5-CGHa (CFa)2 

355 
395 
365 
405 

360 
360 
340, 
375 

(Inflection) 

455 
495 
460 

Weak 
l u m i n e s c e n c e  

460 
460 
460 
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T A B L E  2. Mel t ing  Po in t s ,  A n a l y t i c  R e s u l t s ,  and Compound  Y i e l d s  

Compound 
No. 

V 
IX 
X 

M.p. ,~ 

130--131 
81--82 

57 

Yield, % 

32 
40 
45 

Empirical formula 

C16H150.~N2SF3 
C16HxsNeFa 
CmH14NeF~ 

observed 

8,27 
9,23 
8,00 

N, ~ 

calculated 

7,85 
9,58 
7,77 

Lg ? I  m"" 

\7%",_\ 48[ 11 

i ,, I t  
3 

?fix k \,,Ill i \ \  

F i g ,  1o A b s o r p t i o n  (a) and l u m i n e s c e n c e  (b) s p e c t r a  of 
a z o m e t h i n e s  (the c u r v e  n u m b e r s  c o r r e s p o n d  to the  c o m -  
pound n u m b e r s ) .  

When  e l e c t r o n - a c c e p t i n g  s u b s t i t u e n t s  a r e  i n t r o d u c e d  into the  " a m i n e "  r i n g  (X), bound into  a con juga t ion  
cha in  wi th  the  d i m e t h y l a m i n o  group ,  

(CH3)2 N - ~ - N N ' -  CH--N-- / ~ - - ~ - - X  (IV) \ / -- \ / ' 

t h e r e  shou ld  be an i n t e n s i f i c a t i o n  of the con juga t ion  be tw e e n  the a r o m a t i c  r i n g s .  On the o t h e r  hand,  i t  i s  
a l s o  p o s s i b l e  f o r  t h e r e  to be an i n c r e a s e  in  the  con juga t i on  of the u n s h a r e d  e l e c t r o n s  of the n i t r o g e n  with  
the ~ r -e l ec t rons  of the " a m i n e "  r ing ,  whose  e l e c t r o n - a c c e p t i n g  p r o p e r t i e s  a r e  m o r e  s t r o n g l y  m a n i f e s t e d  
u n d e r  the in f luence  of s u b s t i t u e n t  X. The  ques t ion  of which of t h e s e  types  of con juga t i on  o c c u r s  in c o m -  
pounds  of the type  of IV to a g r e a t e r  ex ten t  can  be a n s w e r e d  by c o m p a r i n g  the op t i c a l  c h a r a c t e r i s t i c s  of 
c o m p o u n d s  con ta in ing  s u b s t i t u e n t s  X with e l e c t r o n - a c c e p t i n g  e f f ec t s  of d i f f e r e n t  s t r e n g t h s .  

The  m o s t  s t r o n g l y  e l e c t r o n - a c c e p t i n g  s u b s t i t u e n t s  inc lude  those  con ta in ing  f l u o r i n e .  Thus ,  we p r e -  
v i o u s l y  gave  the H a m m e r - T a f t  o - c o n s t a n t s  fo r  a n u m b e r  of s u b s t i t u e n t s  and t h e s e  p e r m i t t e d  us  to r a n k  
t h e m  in the  fo l lowing  o r d e r  fo r  con juga t ed  s y s t e m s  [1]: C F  3 < I40 2 < CF3SO 2. Thus ,  the  SO2CF 3 g roup  i s  a 
s t r o n g e r  e l e c t r o n - a c c e p t i n g  s u b s t i t u e n t  than the n i t r o  g r o u p .  

I n t r o d u c t i o n  of the n i t r o  g roup  into the  m o l e c u l e  of a l u m i n e s c e n t  s u b s t a n c e  i s  known to l ead  to an 
a t t enua t i on  of l u m i n e s c e n c e  in m o s t  c a s e s .  T h i s  e f fec t  i s  due  both to the e l e c t r o n  s t r u c t u r e  of the  NO 2 
g r o u p  [2] and to the  low d i s s o c i a t i o n  e n e r g y  of the C - N O  2 v a l e n c e  bond [3]. 

I n v e s t i g a t i o n  of c o m p o u n d s  with a s i m i l a r  s t r u c t u r e  con ta in ing  the NO 2 and C F3SO 2 g r o u p s  would a id  
in s o l u t i o n  of the  p r o b l e m  of the f a c t o r s  r e s p o n s i b l e  fo r  the d a m p i n g  e f fec t  of the n i t r o  g r o u p .  F o r  th i s  
p u r p o s e ,  we s y n t h e s i z e d  compounds  V and Vt, which  had  f l u o r i n e - c o n t a i n i n g  s u b s t i t u e n t s :  

(CHa) 2 N-- " ~ - ~  --  CH-N-- ~ - - ~ - - S O 2 C F  a, (V) \ / - 

(CHa)~ N - ~ - - ~ - - C H - -  N-- ~ - - N N ' - - C F o  , , - \  / - \ . /  ~ ( V I )  
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and compared their  absorption and luminescence spect ra  with those of compounds III and VII [4] (Table 1): 

(cH0)  (VII) -, \ / 

All the azomethines investigated were synthesized by the method described in the l i terature [5], fus-  
ing equimolecular amounts of the corresponding amine and aldehyde. The resultant  azomethines were 
purified by double reerysta l l izat ion f rom petroleum ether.  Data on the melting points and yields of the new 
compounds after  purification and the results  of analysis of the final compounds for nitrogen are  given in 
Table 2. 

The absorption spectra  of the azomethines in dimethyl formamide were measured in an SF-4 spec t ro -  
photometer  at 20~ Azomethines general ly do not luminesce in organic solvents at room tempera ture ;  as 
a result,  the luminescence spec t ra  of the compounds were measured  at 77~ in an apparatus consist ing of 
a ZMR-3 m i r r o r  monochromator ,  an FEU-18 photomultiplier,  and an M-95 mic roammete r .  The radiation 
source was an SVDSh-500 bulb, f rom whose spect rum we isolated the 365 nm excitation line. Table 1 and 
Fig. 1 charac te r ize  the optical proper t ies  of the compounds obtained. 

The absorption spec t rum of compound III, which contained no substituent in the ,,amine, ring, con- 
tained one band with a distinct maximum in the 270-400 nm region. Introduction of a chlorine atom in the 
p-posi t ion with respect  to the nitrogen of the azomethine group caused almost  no change in the charac te r  
of the spect rum and had very  little effect on the position of the absorption maximum. Replacement of the 
chlorine by a CF 3 group, which has a pronounced but comparat ively  weak e lec t ron-accept ing effect, also 
left the form of the spectrum unchanged, displacing it slightly in the long-wave direction.  

On moving to compounds containing strong e lect ron-accept ing substituents, i.e., the NO 2 and SO2CF 3 
groups, the spect ra  became considerably more  complex. The K bands exhibited a bathochromic shift of 
30-40 mn and shor ter -wave bands appeared in the spectra l  region investigated. 

At the same time, compound VII, which contained the nitro group, did not luminesce in c rys ta l  form 
and exhibited very  weak luminescence in solution, while compound V luminesced strongly in powdered form 
and in solution even at room temperature .  This gives us grounds for concluding that the damping effect of 
the nitro group is not related to its electronic s t ructure ,  since the SO2CF 3 group has s t ronger  e lec t ron-  
accepting proper t ies .  

Compounds containing the CF 3 group and chlorine as substituents, like compound III (with no sub- 
stituent in the "amine" ring) and in contrast  to compound V, did not luminesce in c rys ta l  fo rm or solution 
at room tempera ture ;  its luminescence in frozen solutions was weaker than that of compound V. The lumi- 
nescence spect ra  of frozen dimethyl formamide solutions of all these compounds had the same form.  

The luminescence thus became more  intense as the e lectron-accept ing influence of the substituent in 
the "amine" ring became stronger ,  apparently as a result  of an intensification of the d o n o r - a e c e p t o r  in ter -  
action of the substituents in the azomethine aromat ic  rings, which resulted in a coplanar molecular  s t ruc -  
ture.  

Investigation of the absorption spec t ra  of compounds IX and X, which contained one or two t r i f luoro-  
methyl groups in the meta-posi t ion of the namine, ring respectively,  demonstrated the bathochromic in- 
fluence of the induction effect caused by this group; when a second CF 3 group was introduced, we observed 
both an intensification of the bathochromic effect and splitting of the absorption band. Compounds IX and 
X were analogous to compound VI in the charac te r  of the luminescence spec t ra  and the positions of the 
maxima in them. 
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