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BENZIHIDAZO QUINOLINBS - POTENTIAL LASER DYES 

KEY KlBL!S: Laser dyes, Fluorescence quantum efficiency, 

Fluorescence lifetime, Cross-section of emission, 

Cross-section of absorption. 
* Bangar Raju B., and T.S.Varadarajan 

Centre of Advanced Study, University Department of 
Chemical Technology, Hatunga, Bombay, India 400 018 

and 

T. Hukherjee 
Chemistry Division, Bhabha Atomic 

Research Centre, Trombay, Bombay, India 400 0 0 5 .  

Various photophysical parameters of three substituted 

7-diethylamino benzimidazo quinolines ( I, 11, and I11 ) have 

been evaluated in three solvents: DHSO, DHF and chloroform. Based 

on these parameters, the probability of lasing action by the 

dyes is predicted and is confirmed from the preliminary laser 

investigations. Dye I (-CN Substitution in 3-position ) and Dye 

111, which has an extended conjugated system in 3- 
CN 

/ 

\ 
position ( -  CH C >, have been found to be potential 

COOC H 

laser dyes, while Dye I1 ( - CHO substitution in 3-position ) is 

not. 

~ ~~~ 

*To whom correspondence should be addressed. 
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022 BANGAR R A J U ,  VARADARAJAN,  AND MUKtlERJEE 

I": 

Some of the requirements for any good laser dye are [l]: 

Broad spectral region of fluorescence, high fluorescence quantum 

efficiency ( CbtL ), high molar absorption co-efficient at the 

wavelength of absorption, a short fluorescence life time, (f ), 

preferably a few nanoseconds or lase and a high cross section of 

fluorescence emission ( c ( A > ) .  A dye can be classified as a laser 

dye if it satisfies these requirements. We herein report the 

various photophysical parameters like the fluorescence lifetime, 

the radiative and the non-radiative rate constants, the 

absorption and the emission cross sections of three 7- 

diethylamino benzimidazo quinolines (Dye I, I1 and 111) and use 

these properties to predict the possible laser action from them. 

The synthesis and purification of these dyes has been 

reported recently by Seshadri and co-workers [2]. The absorption 

and fluorescence spectra were recorded on a Bausch and Lomb 

Spectronic 2000 uv-visible absorption spectrophotometer and 

Aminco Bowman Spectrophotofluoroneter respectively, and in three 

spectroscopy grade solvents Dinethyl Sulfoxide ( DMSO ) ,  Dinethyl 

formanids ( DHF ) and Chloroform (CHC13 ) .  The method adopted for 

recording absorption and fluorescence spectra and for measuring 

fluorescence quantum efficiency has been described previously C31. 

Fluorescence lifetimes were measured using a single photon 

counting spectrometer (Edinburough Instruments, U.R., model 199 

spectrometer) consisting of a thyratron triggered metal 

bodied coaxial gated hydrogen or nitrogen discharge lamp as the 

excitation source, operating at a repetition rate of 30 kHz (FUHMd 
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BENZIMIDAZO QUINOLINES-POTENTIAL LASER DYES a23 

1 n s  >, a P h i l l i p s  XP 2020 Q s t o p  p h o t o m u l t i p l i e r  t u b e  and EG & 

0 ORTEC d a t a  a c q u i s i t i o n  sys tem,  i n t e r f a c e d  w i t h  a LSI 11/23 

computer  ( P l e s s e y ,  U.K.). An a p p r o p r i a t e  c o n v o l u t i o n  f i t  

programme, based on t h e  t r u e  f l u o r e s c e n c e  d e c a y  f u n c t i o n  G ( t )  

g i v e n  by 

G ( t )  B exp ( - t /T )  (1) 

where B is t h e  p r e - e x p o n e n t i a l  f a c t o r  and , t h e  

f l u o r e s c e n c e  l i f e t i m e  was u s e d .  The observed  f l u o r e s c e n c e  d e c a y  

f u n c t i o n  ( F i g u r e  1) F ( t )  is a c o n v o l u t i o n  of G ( t )  and t h e  

i n s t r u m e n t  r e s p o n s e  f u n c t i o n  I ( t ) .  The computer  f i t s  were 
e 

e v a l u a t e d  by minimum r e d u c e d X  ( c h i  s q u a r e )  v a l u e s  as w e l l  as by 

t h e  d i s t r i b u t i o n  of t h e  weighted  r e s i d u a l s  among t h e  d a t a  

c h a n n e l s .  I n  a l l  cases r e p o r t e d  i n  t h i s  communicat ion,  1 was 

o b t a i n e d .  

2 

The p h o t o p h y s i c a l  parameters of t h e  t h r e e  d y e s  i n  t h e  t h r e e  

s o l v e n t s  are  g i v e n  i n  t a b l e  I .  The f l u o r e s c e n c e  d e c a y  p r o f i l e s  of  

a l l  t h e  t h r e e  d y e s  i n  DHSO are shown i n  f i g u r e  1, a l o n g  w i t h  t h e  

c o r r e s p o n d i n g  lamp r e s p o n s e  f u n c t i o n  and t h e  b e s t  computer  f i t  

f o l l o w i n g  e q u a t i o n  (1). The dependence of 

l i f e t i m e  on t h e  s o l v e n t  p o l a r i t y  is shown i n  f 

The d e t a i l e d  s o l v e n t  e f f e c t s  on t h e  

f l u o r e s c e n c e  s p e c t r a  and f l u o r e s c e n c e  quantum 

t h r e e  d y e s  are  r e p o r t e d  e l s e w h e r e  C31. 

I t  can b e  observed  from f i g u r e  2 t h a t  t h e  

t h e  f l u o r e s c e n c e  

gure 2 .  

a b s o r p t i o n  and 

e f f i c i e n c y  of t h e  

v a l u e s  of t h e  

n o n - r i g i d  d y e s  I and I1 d e c r e a s e  w i t h  i n c r e a s i n g  s o l v e n t  p o l a r i t y ,  

w h i l e  an o p p o s i t e  dependence is observed  i n  t h e  case of  d y e  111. 
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I I 

. . . . . . . . . .  -..by ............... ... . . . . . . . . . .  .. 
.... 

0 6 12 18 24 30 36 42 48 

i lme/10-9 s e c  

PIG.1. P l u o r e s o e n o e  d e c a y  p r o f i l e s  of d y e s  I ( A ) ,  I I ( B )  and 

III(C) i n  DHSO, a l o n g  w i t h  t h e  i n s t r u m e n t  p r o f i l e  ( D ) .  The solid l i n e s  

give t h e  computer b e s t  f i t  w i t h  X-Jl.B.hexc-’ 337 nm., u s i n g  a 

I -dinohartre lamp (FWHH-J 1 ns) .  

2 

2 
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BENZIMIDAZO QUINOLINES-POTENTIAL LASER DYES 827 

This can be understood in terms of the extended rigid conjugate 

structure of the dye (111) molecule. 

When q q ~  and values are both available, the solvent 

effects can be resolved in terms of the influences on the 

radiative (kT ) and the non-radiative ( k n r )  rate constants [ 4 ] ,  

given by 

and 

kmr ( 3 )  

In all the three dyes, although k, can be accounted to a 

certain extent, for the changes in influence 

involves kqr .This is increased by nearly three times in dye I11 

on going from highly polar solvent (DHSO) to weakly polar solvent 

( P ~ L  , the stronger 

(CHC13). 

An important indication for the quality of laser dyes is the 

cross section of fluorescence emission (GCh) ) given by [S] 

where B( h ) is the normalised fluorescence line shape 

function, such that, JEli9dh =i  , ’n’ is the refractive 

index of the solvent and ‘C* is the velocity of light in the 

particular solvent. 

The cross section of absorption ( Ch) ) is given by [ S ]  

where, &,,, is the molar extinction co-efficient of the 

longest wavelength maximum of absorption. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



a28 BANGAR R A J U ,  VARADARAJAN,  ANL) MUKHERJEE 

I t  c a n  b e  o b s e r v e d  from t a b l e  I t h a t  t h e  cross  s e c t i o n  o f  

f l u o r e s c e n c e  e m i s s i o n  decreases w i t h  d e c r e a s e  i n  t h e  s o l v e n t  

p o l a r i t y . T h i s  b e  e x p l a i n e d  as d u e  t o  e i t h e r  a d e c r e a s e  i n  $sL 

o r  an  i n c r e a s e  i n  '1: i n  weak ly  p o l a r  s o l v e n t s .  The  cross  s e c t i o n  

o f  a b s o r p t i o n  i n c r e a s e s  w i t h  d e c r e a s e  i n  s o l v e n t  p o l a r i t y  a n d  

t h i s  may b e  d u e  t o  t h e  i n c r e a s e  i n  t h e  a b s o r p t i o n s  o f  t h e  d y e s  i n  

weak ly /non-po la r  s o l v e n t s  [ 3 ] .  

may 

The v a l u e s  o f  %(a> o f  d y e  I11 are  c o m p a r a b l e  w i t h  t h a t  

of  t h e  s t a n d a r d  laser  d y e ,  Rhodan ine  6 G  i n  e t h a n o l ,  

( %[a) = a . a x i e M c ~  a t  565 nmC71) and h e n c e  d y e  

I11 p r o m i s e s  t o  b e  a p o t e n t i a l  laser d y e .  T h i s  is s u p p o r t e d  by  a 

large k, and a s h o r t  v a l u e .  Dye I1 h a s  a v e r y  low S C h )  

v a l u e  and an e q u a l l y  low k ,  v a l u e ,  h e n c e  it c a n n o t  b e  

c l a s s i f i e d  as  a laser  d y e .  The b e h a v i o r  o f  d y e  I a p p e a r s  t o  b e  

i n  between t h o s e  o f  d y e  I11 and d y e  11. 

P r e l i m i n a r y  i n v e s t i g a t i o n s  c o n f i r m  t h a t  Dye I11 lases  when 

pumped by  a N i t r o g e n  laser  ( J o b i n  Yvon), w h i l e  d y e  I lases  b y  

Energy  T r a n s f e r  mechanism and d y e  I1 d o e s  n o t  l ase  a t  a l l .  

I t  c a n  h e n c e  b e  c o n c l u d e d  t h a t  t h e  e v a l u a t i o n  o f  t h e  

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

t h e  p o s s i b l e  laser a c t i o n  o f  t h e s e  d y e s .  

The a u t h o r s  are e x t r e m e l y  t h a n k f u l  t o  P r o f .  S .  S e s h a d r i ,  

Dyes R e s e a r c h  L a b o r a t o r y ,  UDCT, Bombay, I n d i a ,  f o r  p r o v i d i n g  t h e  

d y e s  i n  t h e  p u r e  f o r m .  One o f  t h e  a u t h o r s  (BRB)  is t h a n k f u l  t o  

t h e  U n i v e r s i t y  G r a n t s  Commission f o r  t h e  award o f  r e s e a r c h  

f e l l o w s h i p .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



BENZIMIDAZO QUINOLINES-POTENTIAL LASER DYES 

REFERENCES: 

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

a29 

H. G u s t e n ,  H . R i n k e ,  and H . O .  W i e t h :  App. P h y s . ,  458. 279 

(1988). 

V.U. Shenoy ,  and S. S e s h a d r i :  Dyes and P i g m e n t s ,  11, 137 

(1989). 

Bangar  R a j u  B . ,  S .  S e s h a d r i ,  and T.S. V a r a d a r a j a n :  Dye and 

P i g m e n t s  ( C o m n u n i c a t e d )  

G . J o n e s  11, W .  R .  J a c k s o n ,  Chol-Yoo C h o i ,  and W . R .  Bergnark: 

J . P h y s .  Chem.,  89, 294 (1985). 

O . G .  P e t e r s o n ,  J . P .  Webb, W.C. Hc C o l g i n ,  a n d  J . H .  E b e r l y :  

J .  A p p . P h y s . ,  42, 1917 (1971). 

F . P . S c h a f e r  : I n  Dye Lasers, 2nd e d . ,  e d .  by  F . P .  S c h a f e r ,  

T o p i c s  i n  A p p l . P h y s . 1  ( S p r i n g e r ,  B e r l i n ,  H e i d e l b e r g ,  New 

York 1977) p . 3 3 .  

L . G .  N a i r :  P r o g r .  Q u a n t .  E l e c t r o n . ,  7 ,  153 (1982). 

Date  Rece ived :  03/19/90 ~ 

Da te  Accep ted :  04/20/90 ~ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


