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Zlectrochemical reactions in solutions causing 

V . I. To min 

the production of electrochemiluminescence (ECL) have 

been studied already for more than ten yearsq4. k 

the main the ECL mechanism is established, the main 

regularities of this interesting phenomenon are de- 

termined. The attention is paid to the ECL in connecti- 

on with the fact that its radiation gives a vast in- 

formation about the electrochemical reactions in solu- 

tions. Moreover on this basis an effective and conve- 

n ien t  transformators of the e l e c t r i c a l  signals into 

light can be carried out (the quantum efficiency is 20% 

for some solutions 5 ). As a rule the ECL experiments are 

made under conditions controlled by an ordinary or 

convective diffusion. In this paper the results of 
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764 ZHIVNOV, RUMYANTSEV, AND TOMIN 

investigations of the ECL upon condition of grea t  ex- 

t e r n a l  disturbances o f  solut ion which occur due to  the 

application of the u l t rasonic  f i e l d s  t o  the c e l l  are  

given. To our knowledge such invest igat ions have not 

been undertaken e a r l i e r .  

Acoustic vibrat ions in kilocycle and megacycle 

ranges are  used i n  the experiments. The o s c i l l a t o r  of 

the bipolar  pulses serves as the source of exci ta t ion.  

The &L was observed on electrodes o f  d i f f e r e n t  confi- 

gurabions: s t r a i g h t  platinum wires,  rectangular plabes,  

on couple of electrodes one of which had a h e l i c a l  shape. 

An acoustic influence on the solut ion was rea l ized  by 

d i f fe ren t  means. In one case the vibrat ions were trans- 

f e r r e d  t o  the electrodes d i r e c t l y ,  i n  the other one t o  

the solut ion i n  a c e l l .  

It has been found experimentally t h a t  an application 

o f  the acoustic vibrations causes the e s s e n t i a l  varia- 

t ions i n  different parameters of the ECL solution: the 

peak power, quantum effeciency, duration o f  the emission 

pulse,  time of i t s  development and a lso  the  redox poten- 

tials of the molecules. These var ia t ions  a re  revealed i n  

the solut ions of l,5-diphenyl-3-stiry1pirasoliney rubre- 

ne, 9,10-diphenylanthracene (DPA),  9,lO-dimethylaatha- 

cene and perylene. N,N-dimethylformamide serves as the 

solvent,  the tetra-n-butylammonium perchlorate as the 

supporting e lec t ro ly te .  
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ACOUSTIC FIELD EFFECT ON ECL O F  ORGANIC MOLECULES 765 

I n  our inves t iga t ions  we d id  not  f i n d  out  the de- 

gerideiice o f  the  LCL n e i t h e r  on the type o f  the acous t i c  

cu r ren t s  i n  the so lu t ion  and the  e l ec t rode  shapes and 

media ;&or the way o f  an acous t ic  f i e l d  app l i ca t ion .  

The cl-iaiige i n  the ECL peak power i s  mainly deternii- 

rled by the  vol tage  on the  e l ec t r cdes ,  composition o f  the 

s o l u t i o n  aqd the i n t e n s i t y  o f  t he  acous t i c  v ib ra t ions  i n  

t h e  c e l l .  I n  Yig.’l the  dependence o f  the  r e l a t i v e  ECL 

p a l :  i n t e n s i t i e s  I/Io (where I 

without acous t ic  f i e l d )  i n  a quas i s t a t iona ry  regime 

i n  the f i e l d  on the  amplitude o f  the  a2p l i ed  vol tage 

f o r  DPA ( a )  arid for rubrene (b) i s  given. A s  i t  i s  seen 

f r o m  t h i s  f i b w e  the  switching o f  an acoustic f i e l d  de- 

c reases  i n t e n s i t y  o f  t h e  emission a t  t he  threshold 

i s  the dCL i n t e n s i t y  
0 

Fig.1. Dependence of t he  
ratio l/Io on the  amplitu- 
de o f  an appl ied  vol tage .  
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766 ZHIVNOV, RUMYANTSEV, AND TOMIN 

p o t e n t i a l s  ( i .e.  the p o t e n t i a l s  corresponding t o  t'ne ECL 

appearance),  while the  growth o f  thc vol tage  amplitude 

aiid the  switching o f  an acous t i c  f i e l d  l eads  t o  an 

increase  i n  the &CL i n t e n s i t y .  

, The r a t i o  I/Io depends on  the  coricentration of the  

e l e c t r o l y t e  arid the  substance (Fig.2). For example, the  

coricentration growth of the  s u b s t a m e  from lo-% t o  

IO-*M r e s u l t s  i n  the  i n t e n s i t y  increase  by 5 times f o r  

the  DPA so lu t ion .  By changing the  e l e c t r o l y t e  concentra- 

t i o n  from 5.10-3bI t o  IO-% t he  r a t i o  I/I, r i s e s  approxi- 

mateljr 4 t imes.  

The u l t r a s o n i c  e f f e c t  is  followed by ar? i nc rease  of 

the absolu te  value o f  t h e  measured redox p o t e n t i a l s  ( f o r  

I 
C I 2 3 -If$ 
Fig.2. Dependence o f  t he  
ratio I/Io on t h e  concen- 
t r a f i o n  of  t h e  e l e c t r o l y t e  
(a) and the substance (b). 
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ACOUSTIC FIELD EFFECT ON ECL OF ORGANIC MOLECULES 767 

example, the  oxidatiori  p o t e n t i a l  E (wR+) is  changed by 

400 mV, and the reduct ion  p o t e n t i a l  8 (z/R-) by gci m v  i n  

perylene s o l u t i o n ) .  

To the  b e s t  of our knowledge an u l t r a s o n i c  inf luecce  

on the s o l u t i o n  can be accompanied by a number of physi- 

cochemical phenomena6y9. We suggest  t h a t  the e s s e n t i a l  

inf luence on tha SECL is mainly connected w i t h  the  mixing 

ef i 'ect  o f  an acous t i c  f i e l d .  This n ix ing  i s  more in ten-  

s i v e  than the  mechanical mixing p a r t i c u l a r l y  near  th.e 

e lec t rodes .  The cu r ren t  passed through the electrochemi- 

c a l  c e l l  increases  under the  inf luence  of t he  acous t i c  

f i e l d .  This i n d i c a t e s  the  inc rease  o f  the  n e u t r a l  mole- 

cule  flow t o  the  e lec t rode  and coxsequently increase  i n  

the  procluction o f  the ca t ion  and anion r a d i c a l s  a t  the  

e lec t rode .  The growth o f  the  ion-radical  number gives  

r i s e  t o  a lengthening o f  tlie ECL l i g h t  pu lse  (sometimes 

the durat ion can increase  by 4 - 5 t imes) .  l!:oreover an 

acous t ic  mixing con t r ibu te s  favourably t o  the  removal o f  

the i r r e v e r s i b l e  r eac t ion  products  f r o m  the  v i c i n i t y  o f  

the  e lec t rode .  

The in t ens ive  s o l u t i o n  mixing affects the  recharge 

time o f  t he  double l a y e r  which determines the  delay o f  

the E;cL pulse  r i s i n g  wi th  r e spec t  t o  the  moment o f  pola- 

r i t y  change i n  the i n i t i a t i n g  e x c i t i n g  e l e c t r i c  pu lse  a s  

i n  the  case of  acousto-optic modulation . 10 
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768 ZHIVNOV, RUMYANTSEV, AND TOMIN 

It should be noted tha t  the strong vortex flows must 

r e s u l t  i n  an increase o f  the ion-radical recombination 

coeff ic ient  i n  comparison w i t h  i t s  d i f f i s i o n  value. The 

influence of  ul t rasonic  f i e l d  on the redox potent ia l s  

changes the energetics o f  E L  reactions;  a s imilar  e f f e c t  

on dye l a s e r  cavity has been recently suggested i n  the 

l i t e r a t u r e ” .  It is  knownq2 the course of the react ion 

is  determined by i ts  f r e e  enthalpy 

- AH’ = E(WR+) - 5iR-) - FAso 
where E (R/R+) and E(R,R-) are the oxidation and reduc- 

t ion  poten t ia l s ,  T a  So i s  the entropy fac tor .  

Thus the increase o f  the absolute magnitudes o f  

E(ii/R+) and E(wR-) values causes an increase i n  the 

system enthalpy. The increase o f  this value might turn 

out t o  be enough f o r  converting an energy def ic ien t  reac- 

t i o n  in to  a s u f f i c i e n t  one. Probably such a s i t u a t i o n  

takes place,  f o r  example, i n  rubrene where the emission 

in tens i ty  considerably exceeds the ECL of  the nonradiated 

solution but the emission i n t e n s i t y  of DPA under i r radia-  

t ion  tends t o  the peak in tens i ty  of  the first pulse o f  

the E L .  

Certainly a l l  o f  the above phenomena contribute t o  

the changing o f  the ECL under the acoustic influence. 

Further experiments and calculations l e t  us estimate the 

cont~?ihu.tion of  each phenomenon. The results of  the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ACOUSTIC FIELD EFFECT ON ECL OF ORGANIC MOLECULES 769 

ex-perimerits sugbest  t h a t  the app l i ca t ion  af the acous t ic  

f i e l d  provides valuable  iiiformation about the e l ec t ro -  

chemical r eac t ions  in the  so lu t ions .  These r e s u l t s  t e s t i f y  

t h a t  the acous t ic  f i e l d  b f l u e n c e s  appreciably or+ the 

electrochemical r eac t ions  i n  so lu t ions .  It i s  noteworthy 

t o  emphasize t h a t  t h i s  permits  t o  l e a d  the r eac t ions  

which do not  take p lace  under usual  condi t ions of 

experiment. 

We consider  the  inves t iga t ion  of ECL t o  be the most 

important under high i n t e n s i t i e s  o f  the  acous t i c  f i e l d  

where the  ECL may e x h i b i t  new fea tu res .  

The authors  s ince re ly  thank A.K.Rubinov and 

C.P.keszthelyi f o r  reading th i s  manuscript and o f fe r ing  

some use fu l  comments. 
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