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ABSORPTION , FLUORESCENCE AND CHEMILUMINESCENCE SPECTRA 
OF 2,4,5-TRIPHENYLIMIDAZOLE (LOPHINE) AND 2-(p-DIMETHYL- 
AMINOPHENYL)-4,5-DIPHENYLIMIDAZOLE IN MICELLAR SOLUTIONS 

STAMATIS BOYATZIS AND JOHN NIKOKAVOURAS 
N . R. C . “Demokr i to s ”  
153 10 Aghia Paraskevi Attikis, Greece 

Abstract 
their chemiluminescent properties, are exceptionally 
hydrophobic. The solubilization of lophine and 2-p- 
dimethylamino-substituted lophine in micellar solutions 
enabled us to conduct spectroscopic and chemiluminescence 
studies in these media. From absorption, fluorescence 
and chemiluminescence spectra, it became evident that 
lophine is solubilized in the Stern layer-core region of 
the cationic CTAB micelle and in the outer polar region 
of the anionic SDS micelle, while 2-(p-dimethylaminophe- 
nyl)-4,5-diphenylimidazole is found in the polar region 
of CTAB micelle. This work is still in progress. 

Lophine and its derivatives, well known f o r  

INTRODUCTION 

Xicellar solutions of Cetyltrimethylammonium Bromide (CTAB) 

and Sodium Dodecyl Sulfate (SDS) enhanced the solubilization 

of the exceptionally hydrophobic 2,4,5-triphenylimidazole 

(lophine) and 2-(p-dimethylaminophenyl)-4,5-triphenylimida- 

zole. The standard problem o f  investigating the locus of 

solubilization of each substance inside the micelle had to be 

faced in comparing their absorption and fluorescence spectra 

to those obtained in ethanolic solution. Then according to 

the well-known Kosower empirical scale’ it was possible to 

assign the appropriate micro-environment at the site of 

addend solubilization. The absorption and fluorescence 

spectra shown below proved satisfactory for this end. 

It is well-known that lophine and its derivative 
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404 S. BOYATZIS AND J. NIKOKAVOURAS 

2-(p-dimethylaminophenyl)-4,5-diphenylimidazole exhibit 

chemiluminescence' 7 3  on reaction with atmospheric oxygen as 

well as with singlet oxygen. It is also known that micellar 

media affect the rates and quantum yields of most photoche- 

mical reactions, as well as the emission wavelength of the 

chemiluminescent ones . In the present work, chemilumine- 

scence emission from both compounds was achieved in micellar 

media (SDS and CTAB) and the corresponding chemiluminescence 
spectra were obtained, although with some difficulty in the 

case of SDS, and were compared with those in ethanol. 

4 

6 
ABSORPTION SPECTRA 

The absorption spectra of lophine in CTAB and SDS compared 

to those in solvents of increasing polaritv (i.e. n-Hexane, 

n-Eexane-Ethanol mixture, Ethanol and Ethanol-water mixtu- 

res) are shown in Figure 1 .  

I 

F1GUF.E 1 .  Absorption spectra of lophine in - n-Hexa- 
ne; -.- Hexane-Ethanol; - - -Ethanol; 
---- CTAB; -..- SDS. 

... Ethanol-EZO D
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LOPHINE IN MICELLAR SYSTEMS 405 

The maxima of  t h e  s p e c t r a  above a r e  l i s t e d  i n  Table I .  

A s  w e  can c l e a r l y  see t h e  abso rp t ion  max imum i n  CTAB rnicel- 

les l i es  a t  308 nm resembling t h a t  i n  t h e  Ethanol-Hexane 

mixture. I n  SDS micelles t h e  maximum l i e s  a t  298 nm. These 

obse rva t ions  allow u s  t o  conclude t h a t  lophine i s  so lub i -  

l i z e d  i n  t h e  S te rn  layer-core r eg ion  of t h e  CTAB m i c e l l e s ,  

while  i n  t h e  case of SDS it  i s  found i n  t h e  o u t e r  S t e rn  

l a y e r  nea r  t h e  an ion ic  po la r  r eg ions .  

TABLE I 

Solvent Absorption maximum E (molar ex t .  c o e f f . )  
(nm) 

n-Hexane 31 2 2681 7a  

n-Hexane-Ethanol 306 26644 

Ethanol 302 ( l i t  305’) 24660 ( l i t :27200 ) 

Ethanol-E20 300.5 

CTAB 306 25645 

SDS 2 98 18800 

a 

( 5 : l )  
2 

( 2  : 3 )  

Found wi th  e x t r a p o l a t  ion from s e v e r a l  n-Hexane-Ethanol 

mixtures .  

I n  a l k a l i n e  s o l u t i o n s  unreacted lophine anion2 exh ib i t ed  

a red-shif ted absorpt ion wi th  decreasing m i c e l l a r  concentra- 

t i o n s  (Figure 2 ) .  A s i m i l a r  s h i f t  w a s  observed i n  va r ious  

mixtures  of Ethanol-water w i th  inc reas ing  e thano l  percen- 

t age .  This  f a c t  suggests  t h a t  t he  anion moves t o  more p o l a r  

environments when micellar concen t r a t ion  i n c r e a s e s ,  probably 

because of diminished r epu l s ion  caused by OH- bound t o  

every m i c e l l a r  aggregate .  

f o r  2-(p-dimethylaminophenyl)-4,5-diphenylimidazole (Figure 

3). The absorpt ion maxima are summarized i n  Table 11. 

S imi l a r  s p e c t r a  were recorded D
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406 S. BOYATZIS AND J. NIKOKAVOURAS 

I 2 (nm) --t 300 350 

FIGURE 2. 

- CTAB 1.0~10-~M, --- CTAB 2 . 0 ~ 1 0 - ~ F ,  

... CTAB 4 . 0 ~ 1 0 - ~ M .  

c o n c e n t r a t i o n  remains c o n s t a n t  (0.0027 M ) .  

Absorp t ion  s p e c t r a  of  l oph ine  an ion  

I n  every case ,  t o t a l  OH- 

From the  peak a t  322 nm i n  CTAB micelles w e  conclude t h a t  

t h e  loph ine  d e r i v a t i v e  i s  l o c a t e d  i n  t h e  p o l a r  r eg ion .  

FLUORESCENCE SPECTRA5 y 6  

The f luo rescence  s p e c t r a  of l oph ine  were ob ta ined  i n  

n-Hexane, n-Hexane-Ethanol mixture ,  E thanol  and Ethanol- 

water mix tu re ,  as w e l l  a s  i n  CTAn and SDS (F igure  4 ) .  The 

r e s u l t s  are discussed below. The e x i s t e n c e  of 

v i b r o n i c  bands i n  f luo rescence  s p e c t r a  depends upon s o l v e n t  

p o l a r i t y .  I n  the  case o f  l oph ine  t h e s e  bands do not  e x i s t  

i n  n-Hexane, b u t  they  are p resen t  i n  Ethanol  and i t s  mixtu- 

res wi th  water,  more i n t e n s e l y  i n  t h e  l a t t e r  which i s  more 

p o l a r .  Inc reased  p o l a r i t y  a l s o  caused a s l i g h t  broadening  

of  t h e  s p e c t r m .  The spectrum i n  CTA3 shows no v i b r o n i c  

bands o r  broadening  i n d i c a t i n g  a non-polar environment f o r  
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LOPHINE IN MICELLAR SYSTEMS 407 

T 
Q, 
V 
E 
rg 
0 
L 

51 
1) 
4 

I 
3bo 330 

a 

I(nm)-- 
FIGURE 3. Absorption s p e c t r a  of 2-(p-dimethylamino- 

phenyl)-4 , 5-diphenylimidazole i n  - Hexane , 
- - -  Ethanol ,  ... Ethanol-1120, --- CTAB . 

TABLE I1 

Solvent  Absorption maximum E (molar e x t .  coef f  .> 
(nm) 

n-Hexane 317 
2 

E t h  ano 1 313.5 ( l i t .  319 nm) 35.140 ( l i t .  36.800) 

Ethanol-Ii20 320 

(1:2) 

CTAB 322 37.700 

loph ine  i n  t h i s  t ype  of micelle. On t h e  o t h e r  hand, t h e  

broadening  of t h e  f luo rescence  spectrum i n  SDS, i n d i c a t e s  

a resemblance t o  t h a t  i n  e thanol -water ,  sugges t ing  a more 

p o l a r  environment f o r  t h e  s o l u b i l i z e d  loph ine .  These f a c t s  

are i n  complete agreement wi th  those  de r ived  from a b s o r p t i o n  

s p e c t r a .  The f luo rescence  maxima of t h e  loph ine  an ion  were 

a l s o  r ed - sh i f t ed  on dec reas ing  t h e  CTAB c o n c e n t r a t i o n s  
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408 S. BOYATZIS AND 3 .  NIKOKAVOURAS 

- -  . Hexane-Ethanol; - - - Ethanol;  

--- CTAB; -. .- SDS 

. . . Ethanol-I120; 

PIGUFS 5 .  Fluorescence s p e c t r a  of lophine anion i n :  

- CTAR 1 . O x 1 0  M; . . . CTAB 4.0 10-2Pf. I n  each case  t h e  

. t o t a l  OH- concen t r a t ion  was kept constant  (0.0027 N ) .  

-2 
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LOPHINE IN MICELLAR SYSTEMS 409 

(Figure 5). 
phenyl)-4,5-diphenylimidazole exhibit their maxima at a 

broader range than those of lophine (Figure 6) in solvents 
of increasing polarity. 

The fluorescence spectra of 2-(p-dimethylamino- 

rcoo ?c(nm)- 
350 

FIGURE 6. Fluorescence spectra of 2-(p-dimethylamino- 

phenyl) -4,5-diphenylimidazole in: - n-Hexane; 
I-- Ethanol; . . . Ethano1-I120; --- CTAB. 

The basic fact here is that no vibronic bands are observed 

in the more polar environments(except a slight shoulder in 

ethanol), while broadening of the spectrum is noted in the 

case of ethanol-water mixtures. A small broadening also 

exists in the case of CTAB micelle indicating a polar envi- 

ronment. 

CHEMILUMINESCENCE SPECTRA 

Air oxidation of alkaline lophine solutions in ethanol re- 

sult in light emission. The spectrum of this emission 
2 (0.0027 M KOH) gives a weak peak at 520 nm (lit. 530 1. 

Light emission is more intense with singlet oxygen oxidation 
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410 S. BOYATZIS AND 1. NKOKAVOURAS 

(sodium h y p o c h l o r i t e  and hydrogen pe rox ide ) .  

scence  emiss ion  w a s  a l s o  e x h i b i t e d  wi th  s i n g l e t  oxygen i n  

n e u t r a l  s o l u t i o n  wi th  a maximum a t  510 nm. 

confirmed 

l y  r e p o r t e d .  

Chemilumine- 

Th i s  f a c t ,  
h e r e  f o r  e t h a n o l i c  s o l u t i o n , h a s  no t  been previous-  

A i r  o x i d a t i o n  of a l k a l i n e  l o p h i n e  s o l u t i o n  i n  CTAB ( F i -  

gure  7b) g i v e s  a peak a t  510 nm; t h i s  i s  more i n t e n s e  wi th  

s i n g l e t  oxygen. In  SDS, t h e r e  w a s  no l i g h t  emiss ion  wi th  

a tmospher ic  oxygen. S i n g l e t  oxygen ox ida t ion ,  however, gave 

a weak chemiluminescent peak a t  521 nm. 

L a  
I ,  

6b0 
'560 A(nln)--. 5ba Ix(.nm)% 400 

FIGURE 7 .  Chemiluminescence s p e c t r a  of loph ine .  

( a )  E t h a n o l i c  s o l u t i o n s :  - r e a c t i o n  wi th  atmospheric 

r e a c t i o n  w i t h  ' 0  i n  oxygen; -.- r e a c t i o n  wi th  lo2 ;  --- 
n e u t r a l  s o l u t i o n ;  (b) Micellar s o l u t i o n s :  - r e a c t  i o n  

wi th  a tmospher ic  oxygen i n  CTAB; -.- r e a c t i o n  wi th  

s i n g l e t  oxygen i n  CTAB; -..- r e a c t i o n  wi th  s i n g l e t  

oxygen i n  SDS. I n  a l l  a l k a l i n e  s o l u t i o n s  OH- concentra- 

t i on  w a s  0.0027 M. 

2 

React ion  of a l k a l i n e  s o l u t i o n s  (0.0027 M) of Z-(p-dimethyl- 
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LOPHINE IN MICELLAR SYSTEMS 41 1 

aminophenyl)-4,5-diphenylimidazole, was more e f f i c i e n t l y  

chemiluminescent (F igu re  8 a ) .  A i r  o x i d a t i o n  gave a peak a t  

493-495 nm ( l i t .  492 and t h e  same peak w a s  ob ta ined  

wi th  s i n g l e t  oxygen. 

d e r  appeared a t  430 nm. 

nophenyl) -4,5-diphenylimidazole i n  CTAB s o l u t i o n  (F igure  8b) 

gave a maximum wi th  two shou lde r s  at  490 and 504 nm. 

S i n g l e t  oxygen o x i d a t i o n  r e s u l t e d  i n  a s t r o n g e r  emiss ion  a t  

498 nm, which i n  t h e  cour se  of t h e  r e a c t i o n  w a s  s p l i t  i n t o  

two new shou lde r s  a t  h98 and 508 nm (curve  2 ) .  

I n  a 0 .23  M KO11 s o l u t i o n  a new shoul- 

A i r  o x i d a t i o n  of 2-(p-dimethylami- 

I ;  
400 2(nm)-, 

f 
h 

.n 
E 
c)  

t 

4 ... 

a 

+-+ 

FIGURE 8. Chemiluminescence s p e c t r a  of 2-(p-dimethyl- 

aminophenyl) -4,5-diphenylimidazole.  

( a )  E thano l i c  s o l u t i o n s :  - r e a c t i o n  wi th  a tmospher ic  
1 oxygen; -.- r e a c t i o n  wi th  

s p h e r i c  oxygen (OH- c o n c e n t r a t i o n  0.23 M) ; (b) m i c e l l a r  

s o l u t i o n s :  - r e a c t i o n  wi th  a tmospher ic  oxygen i n  CTAB; 

- _  . r e a c t i o n  wi th  lo2.  I n  a l l  c a s e s  OH- concen t r a t ion  

was 0.0027 M excep t  where noted .  

r e a c t i o n  wi th  atmo- 02; --- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
13

 1
9 

Fe
br

ua
ry

 2
01

3 



412 S. BOYATZIS AND J .  NIKOKAVOURAS 

CONCLUSION 

The spectroscopic studies of lophine and Z-(p-dimethyl- 

aminophenyl)-4,5-diphenylimidazole were carried out to de- 

termine the locus of solubilization of these two substances 

in micellar media. The appropriate information having now 

been gained, it should be more easy to study the behavior 

of the two chemiluminescent compounds inside anionic or 

cationic micellar media. As this work is still in progress, 

there are further observations to be reported, not fully 

confirmed at the moment, as, for example, the spectra of 

2-(p-dimethylaminophenyl)-4,5-diphenylimidazole in SDS 

micelles. 
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