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Effect of pH on kinetics of the decay of the radicals formed 
during photolysis of 2,294,6-tetramethyl-l,2-dihydroquinoline 

in aqueous and micetlar solutions 
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Kinetics of the decay of the transient radicals formed from 2,2,4,6-tetramethyl-l,2- 
dihydrequinoline (TMQ) in aqueous and micellar solutions of sodium dodecyl sulfate were 
studied by flash photolysis as a function of pH. In aqueous and micellar solutions of TMQ 
the mechanism of the decay of the transient species and the reaction products are different 
from those in homogeneous organic solutions. The decay of the transient radicals follows 
first-order kinetics in the entire range of pH under consideration in both aqueous and 
micellar solutions. In aqueous solutions at pH 9--12, the decay rate constant decreases from 
25.3 to 3.7 s -~. In micellar solutions at different pH, different types of miceltar catalysis were 
observed. At pH I, the rate constant in a micellar solution is slightly lower than that in an 
aqueous solution. At pH 3--1 l, the decay rate constant increases (positive micellar catalysis). 
The apparent rate constant depends linearly on the concentration of TMQ in micelles. The 
rate constant for the reaction of the transient radical cation with TMQ was determined 
(200 L tool -t  s-I). At pH > 13, the decay rate constant in micelar solutions is lower than that 
in aqueous solutions (negatNe miceUar catalysis). 

Key words:" flash photolysis, decay of radicals, micellar solutions, miceltar catalysis, pH 
dependence. 

The  inf luence of  organized media (micelles,  vesicles, 
and membranes )  on the course of  a large variety of  
chemica l  reactions is now well documented ,  uz On the 
one hand, modif ied  reactivity of  a "guest" molecule  
e n t r a p p e d  w i t h i n  or  o t h e r w i s e  a s soc ia t ed  with a 
microphase  is observed,  3 on the other,  variation o f  the 
parameters  of  the chemica l  process is observed due to 
concent ra t ing  the reagents in a small volume.  TM These 
effects are part icularly marked when ions take part in 
the reaction.  5 Of  the ionic reactions studied most in- 
tensely, the react ions involving prototropic equilibria 
have received special a t tent ion,  due to the unique fea- 
tures of  micel lar  reaction media.  6 

In the last few years, our  interests have been focused 
on the invest igation of  the behavior  of  hydroquinol ines ,  
which are wel l -known ant ioxidants  for unsaturated c o m -  
pounds and biological ly active substances, in micel lar  
solutions.  7,s The  chemica l  and pho tochemica l  effects 
connec ted  with the inclusion o f  hydroquinol ines  into 
micetles vary because the ni t rogen a tom of  the parent  
c o m p o u n d s  is protonated  in modera te ly  acidic solutions 
(pK~ 3--4) ,  and the t ransient  radicals are protonated in 
alkaline solut ions  (pK., 9 .5--13 depending  on the sub- 
st i tuents ira the parent hydroquinol ine) .  9 

As a result of  phototysis of  2 ,2 ,4 ,6 - t e t r ame thy l - l , 2 -  
d ihydroqu ino l ine  ( T M Q )  in a neutral  med ium,  we ob-  

served the genera t ion  of radical cat ions and neutral 
radicals, whose decay kinetics depended  drastically on 
the nature of  the medium (organic solvent,  water,  an- 
ionic  ( sod ium dodecy l  su l fa te ,  S D S )  or  c a t i o n i c  
( ce ty l t r ime thy lammonium bromide ,  C T A B )  amphiphi l ) .  
The  format ion o f  radical cations in water  and in SDS 
micelles as a result of  the photolysis  o f  T M Q  suggests 
that prototropic  equil ibria of  both the  parent  T M Q  and 
the transient radical should affect the rate o f  the reac- 
tion. In this contex t  as a further ex tens ion  o f  our  studies, 
we report in this paper the pH dependence  of  the 
kinetics of  the decay of  t ransient  radicals from T M Q  in 
aqueous  and SDS micel lar  solutions.  

Experimental 

2,2,4,6-Tetramethyl-1,2-dihydroquinoline (TMQ) was sub- 
limed in vacuo. Sodium dodecyl sulfate (SDS) was recrystai- 
lized twice from ethanol. Bidistilled water was used. To pre- 
pare solutions with pH < 7, citrate buffer was ttsed. 10 Solutions 
with pH I0.3, l l .3 ,  and 13.3 were adjusted using NaOH 
(analytical grade, Chemapol). For solubilization, a weighted 
portion of TMQ in water or SDS solution was treated in an 
ultrasonic bath for 30 rain at 40 ~ and then stored at room 
temperature for 3 h. 

Absorption spectra of the parent compounds and the final 
photolysis product were recorded on a Specord UV-VIS spec- 
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trophotometer (Germany). Absorption spectra and decay ki- 
netics of short-lived transient radicals were studied using a 
flash photolysis instrument with a resolution time of 5 gs that 
has been described in detail elsewhere,tl Steady-state photoly- 
sis was carried out with a DRSh-1000 mercury lamp using a 
UFS-5 filter. All measurements were carried out at 24 ~ 

R e s u l t s  a n d  D i s c u s s i o n  

In Fig. I, the absorption spectra of the transient 
species generated by flash excitation of TMQ are pre- 
sented. Previously, tz it has been shown that in organic 
solvents the photolysis products are radicals formed as a 
result of homolytic dissociation of an N--H bond and a 
hydrogen atom; in acidic and polar media, the genera- 
tion of radical cations is observed. In organic solvents, 
the absorption maximum of the neutral radicals is 
410 nm, and that of the radical cation is 480 nm. 

From Fig. 1 it follows that, depending on the pH of 
the medium, two types of transient species are also 
formed in water, with )-,.,x 410--420 nm and 460-- 
490 nm, respectively. The spectra of the transient spe- 
cies in neutral aqueous and micellar solutions of SDS 
and CTAB have been assigned. 8 From the spectra given 
in Fig. I, it follows that in acidic and neutral media only 
the radical cation is formed; in alkaline solutions, a 
neutral radical is generated, and when the pH is close to 
the value o f p K  a of the radical, which is 10.3, 9 both types 
of radicals are recorded. In micellar solutions, the same 
products are formed (see Fig. 1, curve 6). However, the 
range of pH in which the two types of the radicals are 
observed, is shifted in the alkaline direction. The phe- 
nomenon of enhancement  of the apparent value of pK~ 
in micellar solutions of anionic surfactants is well-known 
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Fig. 1. Absorption spectra of the transient radicals generated 
upon flash photolysis of TMQ in .aqueous solutions at pHI (1), 
3.3 (~. 7 (.~, 103 (4), 11.3 (5) and in the mieellar solution of 
SDS at pH 11.3 (6) 

and is rationalized in the theory of micellar catalysis in 
terms of a pseudophase model of ionic exchange IJ,14 
and an electrostatic model. Is 

In the micellar solution, the absorption maximum 
of the radical cation is shifted bathochromically by 
10 nm from that in an aqueous solution. This shift may 
be the result of weakening of hydrogen bonding and a 
decrease in the polarity of the environment as a result of 
passing from water to micelles. This is often accompa- 
nied by an increase in the extinction coefficient. 6 In 
fact, we observed an increase in the absorption at the 
same flash energy when passing from aqueous to micel- 
lar solutions. The increase in absorption may be the 
result of the fact that concentrating the parent di- 
hydroquinoline in the micelles increases the probability 
of its reaction with the hydrogen atom formed by the 
dissociation of the N--H bond (Scheme 1) (RNH is the 
parent dihydroquinotine and RN" is the radical formed 
from it). 

S c h e m e  1 

H + RNH . H 2. RN 

The higher the pH, the higher the increase in ab- 
sorption of the transient species in the micellar solution. 
At pH 1, the increase in the intensity does not exceed 
40% and depends on [TMQ]0. At pH 13.3, an almost 
twofold increase in the intensity of the band at k 430 nm 
occurs independently of [TMQ] 0. It is worth noting that 
the yield of the transient radicals increases with increas- 
ing pH at the same flash power (see Fig. 1). 

As is known, the radicals generated from 
dihydroquinolines in organic solvents decay according to 
second-order reactions of head-to-head 12 or head-to- 
tail t~ dimerization. In polar solvents a disproportion- 
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Fig. 2. Absorbance changes during the steady-state photolysis 
of TMQ in the aqueous solution, pH 7. The photolysis time, 
rain: 0 (1). 2 (~ .  5 (3), l0 (4), [5 (S), 



674 Russ. Chem.Bull., Vol. 46, No. 4, April, 1997 Nekipelova and Pirogov 

ation reaction can occur yielding a compound with a 
quinoid  structure and regenerat ing the parent 
dihydroquinoline. 17 

At all pH values the photolysis of TMQ under steady- 
state conditions yields only one product in both aqueous 
and micellar solutions. The spectrum of this compound 
in a neutral aqueous solution is presented in Fig. 2. The 
spectrum of the product formed in acidic solutions 
differs from that given in Fig. 2. However, after alkaliza- 
tion of the solution, it coincides with the spectrum given 
in Fig. 2, indicating the formation of the cationic form 
of the product in acidic media. 

The spectra of the compound formed in aqueous and 
micellar solutions have an intense absorption band at 
k 295 nm (in water). In the short-wave region in the 
spectrum of the product, instead of the single band at 
~.,,,~" ,~v5_ nm found in the spectrum of TMQ, we re- 
corded two bands at X,,~ 207 and 250 nm (see Fig. 2). 
For comparison, the spectrum of the dimer product of 
the photolysis in organic solvents (heptane and 2-pro- 
panol) has the same absorption maxima as the parent 
compounds, only the extinction coefficients are differ- 
ent. The results of analysis of the products of the 
pbotolysis will be reported in subsequent papers, but the 
character of the absorption spectrum allows us to pro- 
pose that the product formed has a quinoid structure 
(compare with the spectrum of 2,2,4-tr imethyl-6-  
quinolone s7 formed during oxidation of ethoxyquin by 
Ag~_O in acetonel6). 

The change in the direction of the photolysis of 
TMQ in various solvents is the result of the change in 
the medium polarity and the formation of hydrogen 
bonds of different types. Passing from 2-propanol to 
water results in a hypsochromic shift of the absorption 
band of TMQ by 16 nm ( L  333 nm). 7 Similar shifts of 
absorption bands depending on the solvent have been 
observed for phenols. ~8,19 It has been shown that, when 
a hydrogen bond forms, phenols can play the role of 
both a donor and acceptor of protons depending on the 
solvent. In the first case, there is a bathochromic shill of 
the absorption band compared to that in a solvent that 
does not form hydrogen bonds and, in the second case, a 
hypsochromic shift of the absorption band is observed. 
t~ alcohols, phenols are more often proton donors, and 
in water they usually are proton acceptors. The direction 
of the band shifts in the case of hydroquinolines is the 
same as that for phenols. This observation allows us to 
conclude that, on passing from 
nature of the hydrogen bond 
change in the direction of the 
radicals. 

Unlike in organic solvents, 

2-propanol to water, the 
changes resulting in a 

reaction of the transient 

the kinetics of the decay 
of transient species in aqueous and micellar solutions at 
any pH rigorously follow first-order reaction kinetics 
when L > 430 nm (r _> 0.998). The rate constants 
measured at different wavelengths coincide at the same 
pH. At pH 3--11.3, at the initial times (t < 10 ms), 
deviation from first order is observed for the kinetic 
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Fig. 3. Decay kinetic curves for the transient species generated 
upon flash photob~is of TMQ in water (a) and their presentation 
in semi-logarithmic coordinates (b). Registration wavelength. 
k/nm: 420 (/), 470 (2): [TMQ] t.65 �9 10 -4 tool L - I ,  pH 10.6. 

curves monitored at k < 430 nm (Fig. 3), In strongly 
acidic (pH 1) and alkaline (pH 13.3) solutions, i.e., in 
solutions where the parent compound and the transient 
radical are in the same form (cationic or neutral), 
deviations from first-order kinetics are not observed in 
the entire range of wavelengths. It is obvious that at 
pH 3 - - t l , 3  a transient species that absorbs at X < 
430 nm, decays with a higher rate constant, and can be a 
precursor of the radical cation is generated. This species 
does not form in a strongly acidic medium from the 
cationic form of the parent dihydroquinoline,  which 
may be a reason for the low yield of the radical cation 
under these conditions. 

As follows from the data given in Table 1 and Fig. 4, 
at pH < 8 the rate constant for the decay of transient 
radicals in water is practically constant and equal to 
~25.3 s -). At pH 8--13, it drops to 3.7 s -t. The apparent 
rate constant at a given pH does not depend on the 
concentration of TMQ and is the same for the radical 
and the radical cation. 

The results obtained can be described assuming that 
the rate-determining step of the transformation of the 
transient radical to the reaction product is a first-order 
or pseudo-first order reaction, and the rate constants for 
this transformation are different for a radical and 
a radical cation. Thus, the simplest scheme of this 
transformation taking into account  the acid--base equi- 
librium is as follows (Scheme 2} (P is the reaction 
product). 
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S c h e m e  2 /s - t  

R N H  +" ~ p 

RN" k~ --- p 

% 
R N H " '  - R N "  + H *  

In this  case,  the  appa ren t  f i r s t -order  rate cons tan t  is 
equal  to 

_. kt[H ~] + Kak 2 
k~p~, [H'I + K~ ( 1 ) 

In Fig. 4, the  pH d e p e n d e n c e  of  k calculated by 
app K Eq. ( l )  is p lo t t e J  for k~ = 25.3 s -1, k~=  ~.7 s- , and  K~= 

5" I0 -II tool L -I ( p K =  10.3) 9 . As can  be seen in Fig. 4, 
Eq. ( I ) reflects the  exper imen ta l ly  observed variat ions in 
kap p as a func t ion  of  pH. 

In Table  2 the  rate cons t an t s  ob ta ined  in this work 
for mice l la r  so lu t ions  at var ious pH are listed as a 
funct ion  of  the  c o n c e n t r a t i o n s  of  T M Q  and SDS.  In 
con t ras t  to the  s i tua t ion  in aqueous  solut ions ,  the  rate 
cons t an t  for the  decay of  t r ans ien t  species  at given pH in 
mice l la r  so lu t ions  does  d e p e n d  on  the  concen t r a t i ons  of  
T M Q  and SDS.  This  d e p e n d e n c e  is different  at various 
pH. For  this  c o m p o u n d ,  we observe different  cases of  
mice l la r  catalysis  as a func t ion  o f p H "  at pH 1 and 13.3 
there  is typical  negat ive  catalysis  ( the apparen t  rate 
cons t an t  in the  mice l la r  so lu t ion  is lower than  tha t  in 
the aqueous  so lu t ion )  at pH 7 and  I 1.3 there  is positive 
mice l la r  catalysis  ( the  a p p a r e n t  rate cons tan t  is h igher  
t han  tha t  in water) .  

The  appa ren t  f i r s t -o rder  rate cons t an t  in a micel lar  
so lu t ion  is de f ined  by express ion  ~.4 

kaoo = ~,,, + k , n ( P  - I ) C V  
I + ( P -  I )CV (2) 

where  k,, is the  rate c o n s t a n t  in water,  k is the  rate 
c o n s t a n t  in the  mice l l a r  phase,  P is the par t i t ion  coeffi-  

Table  i.  Apparent first-order decay rate constant 
for the transient radicals (kpp) in water as a 
function of pH 

pH [TMQ] 0 " 104 k p~,,/s -t 
/tool L- 

1.0 9.20 24.9 
1.0 6.13 24.0 
1.0 3.07 24.6 
3.3 3.00 24.9 
3.3 1.50 26.0 
7.0 2.30 25.4 
7.0 1.26 24.9 
10.6 3.30 15.2 
10.6 l 65 13.5 
II.3 Saturated 9.0 
13.3 Saturated 3.7 
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Fig. 4. k pp as a flmction of pH: points are the experimental 
values, the line is calculated by Eq. (l). 

c ient  of a substance  between aqueous  and  micel lar  phases, 
C = [SDS] - c .m.c. ,  c .m.c ,  is the  cri t ical  mice t la r  
c o n c e n t r a t i o n ,  and  V is the  m o l a r  vo lume of  the  surfac-  
tant .  Negat ive  mice l la r  catalysis  for a f i r s t -order  reac t ion  
means  tha t  the  rate c o n s t a n t  in the  mice l la r  phase  is 
lower t h a n  tha t  in the  aqueous  phase,  i.e., k,, > km. F r o m  
the  expe r imen ta l  data  it follows t ha t  (see Tab le  2) for 
the  radical  ca t ion  the decrease  in the  rate c o n s t a n t  on  
passing from the  aqueous  to the  mice l la r  phase  is small:  
k w = 24.5 s - l ,  and  the lowest  measu red  value of  k.~pp = 
22 s -~. For  the  neutra l  radical ,  on  passing f rom the  
aqueous  to the  micel lar  phase  ~apo is cut a lmos t  in halt': 
k = 3.7 s -~, and the m i n i m u m  k~pp= 1.95 s - t .  The  
decrease  in the  rate c o n s t a n t  for radical decay in the  
mice l la r  phase  is c o n n e c t e d  with the fact t ha t  wate r  
plays a great  role as a reagent  in the  process u n d e r  study. 
The  a b o v e - m e n t i o n e d  obse rva t ion  of  the  c h a n g e  in the  
d i rec t ion  o f  the  reac t ion  in aqueous  media  conf i rms  this. 

Table 2. Apparent first-order decay rate constant 
for the transient radicals (kapp) in micetlar solutions 
of SDS at various pH 

pH [SDS] �9 tO 2 [TMQI0 " 104 kap# 
/tool L -I / tool L - t  /s -1 

1.0 8.00 9.6 23. I 
1.0 8.00 4.8 22.3 
1.0 8.00 3.2 21,8 
1.0 4.00 3.2 2t .8 
7.0 7.90 10.5 46.0 
7.0 7.90 2.1 29.0 
7.0 3.95 2.1 25.9 
11.3 7.97 4.7 34. [ 
11.3 5.30 4.7 37.9 
11.3 2,66 4.7 60.0 
13.3 8.30 5.4 1.97 
13.3 6.92 5.4 1.95 
I3.3 5.54 5.4 2.23 
13.3 4.15 5.4 2.42 
13.3 2.77 5.4 2.72 
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Hence, the decrease in the concentration ofwater in the 
micellar phase may result in the decrease in the rate 
constant for the reaction. 

At pH 7 and I 1.3, the rate constant in the micellar 
solution is greater than that in the aqueous solution 
(compare Tables 1 and 2). The higher the concentration 
of TMQ at [SDSI = coast and the lower the concentra- 
tion of ISDSI at [TMQI = coast, i.e., the higher the 
concentration of dihydroquinoline in the micelles, the 
higher the rate constant. 

The dependence of k m , on the concentration of 
TMQ in the micelles indicates that there is a reaction 
between the radical cation and TMQ yielding the same 
reaction product. In water, this reaction does not mani- 
fest itself because of low concentrations of the reagents. 
In the micelles, the concentrations of TMQ and the 
radicals increase many times, and its role in the decay of 
the radicals becomes important. 

We believe that this reactmn occurs between the 
radical cation and the neutral parent molecule, because 
only when these species are in the solution at the same 
time do we observe an increase ira k in the mieellar 
solutions. At p H I  and 13.3, when b0t~ compounds are 
either cations or in the neutral form, k~p~, is lower in the 
micelles than that in water. Hence, the reaction of the 
radical cation with the parent dihydroquinoline and the 
acid--base equilibrium tbr TMQ should be added to the 
kinetic scheme (Scheme 31. 

Scheme 3 

RNH ~ § RNH '~'~ ,, P 

R N H 2  + " R N H  4. H "  

To account for the concentration dependence of k~,p 
in the micellar solution, we assumed a that decay of the 
transient species occurred as a result of recombination 
or disproportionation of the radical with the radical 
cation, and the rate-determining step of the reaction 
was formation of the neutral radical in the reaction of 
the radical cation with the parent dihydroquinoline. 
Computer simulation of the scheme suggested in Ref. 8 
showed that. in fact, this made it possible to explain the 
regularities in the variation of k pp as a function of 
[TMQI and [SDSI at pH 7, but only at this single value 
of pH. Expansion of this scheme to the regions with 
pH > 7 and pH < 7 did not lead to adequate reflection 
of the results observed. 

The pseudophase model is usually employed to de- 
scribe the kinetics of reactions in micellar solutions 
proceeding at rates that are lower than the exchange 
between micelles. Based on the pseudophase model. 
general approaches to the kinetic treatment of the reac- 
tions have been developed and successfully used for 
m o n o -  alld bimolecular reactions between neutral or- 
game molecules. 4 Nlodification of the pseudophase model 

to simulate bimolecular ion--molecule  reactions (the 
pseudophase model of ion exchange) has been de- 
scribed. 5a'~ In this model, it is assumed that the reaction 
is pseudo-first order in the molecular component of the 
reaction, and the ionic component (usually a counterion) 
is in excess. In our case, at pH 3--1 1 a different situa- 
tion occurs: we examine the kinetics of the decay of the 
ionic component (radical cation), and the neutral parent 
TMQ is in excess. For this case, we obtained adequate 
simulation of the observed results within the simple 
pseudophase model assuming that the concentrations of 
the radical cation and TMQ in mieelles are determined 
by their partition coefficients Pt and Pz, respectively. It 
is obvious that Pt is determined by Coulomb and hydro- 
phobic interactions, and P, is determined only by 
hydrophobic interactions. 

The apparent rate constant Ibr the decay of the 
radical cations depends on the rate constants for the 
reactions given in Schemes 2 and 3 (,t I and k+, respec- 
tively) and occurring in the aqueous and micellar phases. 
,~ssuming (k+),, = (k4) + = k+ and expressing the concen- 
trations of TMQ and the radical cation in the micellar 
and aqueous phases in terms of the total concentrations 
in the bulk solution, we obtain the following expression 
for the apparent rate constant in the micellar solution of 
SDS: 

k~p - k, = k+ ITMQ~PIP2CV 
(I + Cv&)(I + CvP,) (3) 

After transformation, Eq. (3) converts to: 

tT.MQIo ] t 1 C v  
- - - - 4 -  . . . .  4 . . - -  §  (4) 
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Fig. 5. Calculated dependences of k against the concentration 
of [TMQI and ISDSI in the coordinates of Eq. (4/ at k~ = 
200 L tool - I s - I  and various ~aitJes of P: 500 [/). 1000 (z"), 
1800 (33, 3700 (4). Points represent the experimental results 
obtained earlier ~ at pH 7 ([3) and in this work at pH 7 (A) and 
I I  3 ( - )  
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It is obvious that, when P~ and P2 are high enough, 
Eq. (4) may be reduced to the form: 

[TMQI0 2 CI/ 
+ 

kapp _ kt k4 P k4 , (5) 

where P = 2 P I P J ( P  I + P2), i.e., the expression [TMQI0/ 
( k  - kz) should be a linear function of CV. In Fig. 5 
the data obtained in Ref. 8 at pH 7 and in this work 
at pH 7 and 11.3 are presented. When plotting depen- 
dence (5), we used V= 0.14 L tool - j ,  which corresponds 
to the molar volume of the Stern layer, s where, as 
shown earlier, 7 the molecules of dihydroquinolines are 
located. The results obtained at different pH lie in the 
same straight line. From the slope of the line, the rate 
constant k 4 = (200~_10) L mol -~ s -~ was determined. From 
the intercept, the mean distribution coefficient was esti- 
mated P = (3700• 

In Fig. 5, we present also the dependences of 
[TMQIJ(k_~p- k I) on CV calculated from Eq. (4) for 
k t = 25.3 s- and/c 4 = 200 L tool -~ s -~ at various values of 
P. One can see that, when P = 1000, the linear depen- 
dence (5) is valid at CV > 2 . 10 -3 , when P = 1800 it is 
valid at CV > l �9 10 -3, and when P = 3700 it is valid at 
CV > 2 - 10 -4 , i.e., in the entire range of the SDS 
concentrations used. As follows from Fig. 5, at the values 
of k 4 and P obtained experimentally, Eqs. (4) and (5) 
coincide at these concentrations. Computer simulation of 
the mechanism involving the reactions of Schemes 2 and 
3, which occur in aqueous and micellar phases, and 
transfers of the reacting species between the phases com- 
pletely coincide with the results obtained from Eq. (4) at 
pH 7 and 11.3. These computations agree qualitatively 
with the experimental observations at other pH. 

Thus, we have shown that, in aqueous and micellar 
solutions, the mechanism of the decay of the transient 
radicals generated by the photolysis of TMQ is different 
from that in homogeneous organic solvents, resulting in 
the formation of different final products. It is doubtless 
that hydrogen bonding with water plays an important 
role in this transformation. 

The decrease in the decay rate constant for the 
transient radical in water when the pH is close to the 
value of p K  of the radical cation indicates unambigu- 
ously that conversion of the radical cation into the final 
product proceeds with a higher rate constant than that 
of the t~eutral radical. At pH 3-- t  I, the formation of the 
reaction product in SDS micelles is accelerated because 
of the reaction of the radical cation with TMQ (positive 
micellar catalysis). The decrease in the rate constant in 

an alkaline solution (pH 13.3) indicates that the decay 
of the neutral radical occurs more slowly in micelles 
than in water, probably because of the decrease in the 
concentration of water and the change in the medium 
polarity. 

The authors are grateful to Professor V. A. Kuz'min 
for helpful discussion of the results. This work was 
supported by the Russian Foundation for Basic Research 
(Project No. 96-03-32232a). 
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