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A series of new organic luminophors with blue and yellow-green 
fluorescence containing two 1,3, 5-triaryl-2-pyrazoline groupings 
has been obtained and their optical characteristics have been studied. 
Doubling the molecule of 1, 3, 5-triphenyl-2-pyrazoline causes a 
considerable bathochromic effect in the absorption and luminescence 
and sharply increases the intensity of absorption. The introduction 
of various bridge groupings weakening or interrupting the chain of 
conjugation between the two pyrazoline rings leads to a displacement 
of the absorption and luminescence spectra in the shortwave direc- 
tion and to a lowering of the relative light yield of photoluminesence. 

1, 3, 5-~[ : v l - 2 - p y r a z o l i n e  and a n u m b e r  of i ts  
der ivat ives ,  :i ~e~ce in t ens ive ly  in the c r y s t a l l i n e  
s ta te  and in  ~ ~ [1]. Many of them have been in -  
ves t iga ted  as e s c i n g  addi t ives  for l iquid [1-4]  
and p las t i c  [5~ +~: :~dllators.  
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1. Abso rp t ion  s p e c t r a  of 
compounds  I and V. 

We have studied the absorption and luminescence 
spectra of a number of luminophors of types A and B 
containing one or two pyrazoline rings in the mole- 
cule. The majority of them have not been described 
prev ious ly .  
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�9169 
Ar=C6Hs; C~Hs--C6H4; CeHs--CsH4--C6H4; 

X - -  various bridge groupings 

The new p y r a z o l i n e  d e r i v a t i v e s  w e r e  obta ined bY 
condens ing  the c o r r e s p o n d i n g  unsa tu ra t ed  monoke-  
tones  and d ike tones  with pheny lhydraz ine  in ace t ic  or  
e thanol ic  a lkal i  with subsequen t  cyc l iza t ion  of the 
a r y l h y d r a z o n e s  fo rmed .  

It i s  i n t e r e s t i n g  to t r a c e  the in f luence  of con juga-  
t ion in the mo lecu l e s  of the compounds  on the i r  a b -  
so rp t ion  and l u m i n e s c e n c e  spec t r a .  The r e s u l t s  of 
the m e a s u r e m e n t s  a r e  given in  Tab les  1 - 3 .  

The absorp t ion  spe c t r a  of all  the compounds s tudied 
have two wel l -de f ined  bands d i f fer ing cons ide rab ly  in 
the i r  i n t e n s i t i e s :  a l ess  in tense  shortwave band with 
a m a x i m u m  absorpt io  n at 290-310 n m  and a m o r e  
i n t e nse  long-wave  band (K band) the posi t ion of which 
v a r i e s  accord ing  to the conjugat ion exis t ing  in the 
molecu les  (see Tables  1 and 2). 

Lengthening the chain of conjugated double bonds 
in the a ry l  r ad ica l  of compounds I-III  leads  to a long- 
wave shift  of the m a x i m u m  and to an i n c r e a s e  in the 
in tens i ty  of absorp t ion ,  while with an i n c r e a s e  in  the 
n u m b e r  of a r o m a t i c  nuc le i  this  effect becomes  s m a l l e r .  

Doubling the molecu le  of I and pas s ing  to V (see 
Table  2) causes  a cons ide rab le  ba thochromic  effect 
and g rea t ly  i n c r e a s e s  the in tens i ty  of absorp t ion  
(Fig. 1). 

All the compounds containing two pyrazoline rings 
included in a single ~-electron system (Table 2) ab- 
sorb and luminesce in a region of longer waves than 
eompomads with one pyrazoline ring (Fig. 2). 

In spite of the fact that on passing from IV to VI 
the chain of conjugation lengthens, absorption shifts 
inthe shortwave direction. This is apparently due 
to a weakening of the mutual influence of the pyrazo- 
line rings as a consequence both of the increased 
distance between them and of the noncoplanarity of 
the bridge groupings connecting them. Similar changes 
in absorption spectra have been observed previously 
in a study of diazo dyes [6] and bis(azomethine)s [7] 
containing the same bridge groupings between two 
chromophor ic  s y s t e m s .  
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Fig. 2. Absorption and lumi- 
nescence spectra of com- 

pounds I and IV. 

Break ing  the chain of conjugat ion between the he t -  
e rocyc l e s  through sepa ra t ion  by one or  two methy lene  
b r idges  (Table  3) causes  a shift  in the absorp t ion  
m a x i m a  to the shor twave  reg ion  of the s p e c t r u m .  
In the pos i t ion  of t he i r  absorp t ion  ma x i ma ,  compounds  
VII and VIII a re  c lose  to 1, 3, 5 - t r i p h e n y l - 2 - p y r a z o -  
l ine ,  which shows the a l m o s t  complete  absence  of 



C H E M I S T R Y  O F  H E T E R O C  YC LIC C O M P O U N D S  

T a b l e  1 

A b s o r p t i o n  and L u m i n e s c e n c e  S p e c t r a  of C o m p o u n d s  of Type  A 

1 
II 

III 

Ar 

CsHs-- 
CsHs--CsH4-- (p) 
CsHs--CsH4--CsH4-- (p) 

UV absorption spectra 

~'max, nm e "10 -4 

360 1.62 
380 2.59 
385 2.99 

Luminescence spectra 

~.~ax, nm 

440 
454 
456 

Relative lumin- 
escence yield 

1.0 
1.08 
1.20 
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IV 
V 

VI 

T a b l e  2 

A b s o r p t i o n  and L u m i n e s c e n c e  S p e c t r a  of C o m p o u n d s  of T y p e  B 

- -CsH4--  
- -CsH4--CsH4--(p)  

--CsH4--CsH4--CsH4--(p)  

UV absorption spectra 

~max' nm e " 10 -4 

420 4,34 
405 6.19 

396 7,18 

Luminescence spectra 

~max' nm 

475, 495 
465, 485 

(inflection) 
460, 480 

(inflection) 

Relative lumin- 
escence yield 

1.00 
1.08 

1.09 

T a b l e  3 

A b s o r p t i o n  and L u m i n e s c e n c e  S p e c t r a  of  C o m p o u n d s  of T y p e  B wi th  a 

D i s t u r b a n c e  of t he  C o n j u g a t i o n  B e t w e e n  the  P y r a z o l i n e  R i n g s  

V --CsH4--C~H4-- (p) 
VII - -CsH4--CH~--CsH4--(p)  

VII I I - -CsH4--CH2--CH2--CsH4--  (p) 
IX - -CsH4--O--CsH4--  (p) 
X - -CsH4--S- -CsH4--  (p) 

UV absorption spectra 

~max, nm e- 10 -4 

405 6.19 
368 4,21 
365 4.11 
372 4.42 
390 4.70 

Luminescence spectra 

~'max, nm 

465, 485 
442 
438 
444 
450 

Relative lumin- 
escence yield 

1.00 
0.73 
0.79 
0.84 
0.78 

~9 

III 
VII 

VII I  

1X 
X 

T a b l e  4 

C h a r a c t e r i s t i c s  of  t h e  C o m p o u n d s  S y n t h e s i z e d  f o r  the  F i r s t  T i m e  

Conditions of 
preparation 

medium ~ ~ .~ 

Alkaline 10 
,, I0 

Acid 4 

Alkaline 12 
Acid 

Mp, 
~ 

266--268 
210--212 

275--276 

220--222 
211--213 

Solvent for crys- 
tallization 

Dimethylformamide 
Ethanol, dimethyl- 

formamide 
Chlorobenzene, di- 

methylformamide 
Dimethylformamide 
Xylene (activated 

zarbon, two crystalliza- 
tions) 

Empirical 
formula 

CssH26N2 
C43H~6N4 

C44H38Nr 

C42H34N40 
C42Hs4N4S 

N, % 

calcu- 
found lated 

6.22 6.22 
9.60 9.21 

8.82 9.00 

9.29 9.i8 
8.92 8.94 

Yield. 
% 

50 
30 

28 

57 
30 
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i n t e r a c t i o n  b e t w e e n  t h e  two h a l v e s  of  t h e i r  m o l e c u l e s ,  
bu t  t h e  i n t e n s i t y  of  t h e  a b s o r p t i o n  of  VII  a n d  VIII  i s  
s o m e w h a t  h i g h e r  t h a n  t h a t  of  I. 

I / I m a x  

o s ] l ;  ',,\, 
If/ ',\: 

04 \\ 

02 -.-)%, 

~SO 500 550 600 X, n m  

F i g .  3. L u m i n e s c e n c e  s p e c t r a  

c o m p o u n d s  I V - V l .  

A c o m p a r i s o n  of  t h e  s p e e t r a i  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  c o n t a i n i n g  b r i d g e s  of o x y g e n  a n d  s u l f u r  

a t o m s  s h o w s  t h a t  in  e o m p o u n d s  IX a n d  X t h e  c o n j u g a -  

t i on  b e t w e e n  t h e  p y r a z o l i n e  r i n g s  i s  d i s t u r b e d .  At  t h e  

s a m e  t i m e ,  t h e  d i s p l a c e m e n t  of  t h e  a b s o r p t i o n m a x i -  

m u m  in  t he  l o n g - w a v e  d i r e c t i o n  i n  IX  and ,  to  a s t i l l  

g r e a t e r  e x t e n t ,  i n  X ( a s  c o m p a r e d  w i t h  VII) s h o w s  
t h a t  t h e  u n s h a r e d  p a i r s  of e l e e t r o n s  of  t h e  o x y g e n  a n d  

s u l f u r  a t o m s ,  e n h a n c i n g  t h e  e l e c t r o n - d o n a t i n g  n a t u r e  

of t h e  b r i d g e s ,  p l a y  a d e f i n i t e  r o l e  h e r e .  

T h e r e  i s  a s i n g l e  b a n d  i n  t h e  l u m i n e s c e n c e  s p e c t r a  

of a l l  t h e  c o m p o u n d s  a p a r t  f r o m  I V - V I .  In  t h e  p y r a z o -  

l i n e s  I V - V I ,  w h i c h  c o n t a i n  a c o n t i n u o u s  c h a i n  of c o n -  

j u g a t e d  d o u b l e  b o n d s  b e t w e e n  t h e  h e t e r o c y c l e s ,  i n  

a d d i t i o n  to  t h e  m a i n  l u m i n e s c e n c e  b a n d ,  t h e r e  i s  a 

s e c o n d  b a n d ,  w h i c h  h a s  a l o n g e r  w a v e l e n g t h  a n d  i s  

l e s s  i n t e n s e  ( F i g .  3). T h i s  i s  s h o w n  m o s t  c l e a r l y  i n  

IV,  i n  t he  m o l e c u l e  of  w h i c h  i n t e r a c t i o n  b e t w e e n  t h e  

p y r a z o l i n e  r i n g s  i s  s h o w n  m o r e  s t r o n g l y .  A s  t h i s  i n -  

t e r a c t i o n  w e a k e n s ,  t h e  s e c o n d  b a n d  b e c o m e s  l e s s  i n -  

t e n s e ,  a n d  i n  t h e  p - t e r p h e n y l  d e r i v a t i v e  (VI) on ly  a 

s c a r c e l y  d e t e c t a b l e  i n f l e c t i o n  in  t h e  r e g i o n  of  t h e  

l u m i n e s c e n c e  m a x i m u m  r e m a i n s .  
O t h e r w i s e ,  t h e  s a m e  f e a t u r e s  a r e  o b s e r v e d  f o r  

t h e  l u m i n e s c e n c e  s p e e t r a  a s  f o r  t h e  a b s o r p t i o n  s p e c t r a .  

EXPERIMENTAL 

Preparation of pyrazolines in an alkaline medium, A boiling sus- 
pension of 0.007 mole of a monoketone in 100 ml of ethanol was 

treated with 0.04 mole of phenylhydrazine and 0.4-0,5 g of caustic 
potash, and the mi-xture was reheated to the boil, After cooling, the 
precipitate was filtered off, washed with water until the wash-waters 
were neutral to litmus, treated with boiling prop~176 ( to remove the 
excess of phenylhydrazine), dried, recrystallized from suitable or- 
ganic solvents, and ehromatographed in benzene solution on a column 
of alumina. 

Preparation of pyrazolines in an acetic acid medium, A boiling 
solution of 0.01 mole of an unsaturated diketone in 150 mE of glacial 
acetic acid was treated with 0.25 mole of phenylbydrazine and the 
solution was boiled again. The precipitate that deposited when the 
solution was cooled was filtered off and purified in the same way as 
in the preparation of the pyrazolines in an alkaline medium. The 
conditions of obtaining the new substances and their characteristics 
are given in Table 4. 

Abso~tion and luminescence spectra. The absorption spectra 
were measured on an SF=4 spectrophotometer in toluene at room tem- 
perature and the luminescence spectra, also in toluene, on anappara- 
tus consisting of a ZMR-3 monoehromator at the outlet of which, as 
a radiation receiver, was placed an FEU-18 photomultiplier working 
through a sensitive M-95 microammeter. The excitation of photo- 
luminescence was performed with an SVDSh-50O lamp from the spec- 
trum of which monochromatic light with a wavelength of 365 nm was 
isolated. 
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