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Abstract: Hyperfine coupling constants and line widths of neutral 3-carbamoyl-2,2,5,5-tetramethylpyrrolidine-1 -oxyl, cationic 
3-ammonium-2,2,5,5-tetramethylpyrrolidine-l-oxyl, and anionic potassium 2,2,5,5-tetramethyl-l-pyrrolidinyloxy-3-carbox-
ylate spin probes have been determined in water, in benzene, and in 0.10 M dodecylammonium propionate (DAP) solubilized 
water in benzene by electron paramagnetic resonance (EPR) spectroscopy. The neutral probe is somewhat soluble in benzene 
and exchanges among the environments provided by the reversed micelles. The exchange frequency is, however, >6 X 106S-1. 
Conversely, both charged spin probes favorably partition into water and their EPR data provide information on the microenvi-
ronments of these probes. The anionic radical is likely to be anchored at the water-hydrocarbon interface with the polar car-
boxylate group intruding into the surfactant solubilized water pool. The cationic radical, however, is situated in a less polar re
gion, corresponding to that occupied by the ammonium head group of the surfactant. The microviscosities reported by the 
charged probes in 0.10 M DAP in benzene increase initially with increasing water concentration until maxima are reached at 
0.40 M cosolubilized water concentration, when free water molecules begin to appear. Important consequences of these results 
are the required different environments for the surfactant cation head group and its counterion as well as the presence of more 
than one type of bound water molecule. The rate of quenching of the anionic radical by phenylhydrazine remained unaffected 
by micellar DAP but that by sodium ascorbate decreased if the concentration of the quencher is taken to be that dissolved in 
the surfactant solubilized water pool. 

Introduction 

Rates of many reactions are dramatically and specifically 
enhanced in surfactant solubilized water pools in organic sol
vents.2~6 Concentration of the solubilized water, i.e., the size 
of the water pool, profoundly affects reactivities.7~" De
pending on the amount of solubilized water, rate constants for 
the interaction of glycine on vitamin B^a in 0.20 M dodec
ylammonium propionate (DAP) in benzene at 24.8 0 C varies, 
for example, between 6 and 100 M - ' s - 1 .1 0 The largest rate 
enhancement occurs in the smallest water pool. Under this 
condition one vitamin B^a molecule is surrounded by some 
300 molecules of surfactant and all the available water is hy-
drating the surfactant head groups and/or glycine. The reac
tion site appears, therefore, to be the hydration shell of the 
reversed micelle where the reactants are somewhat immobil
ized. At the extreme, the reactants are so close that they need 
not diffuse together. The recently observed ultrafast excited 
state proton transfer (/c*protonation = (2.0 ± 0.2) X 1012 M - 1 

s_1) at the hydration shell of DAP aggregates in benzene 
represents an example of this phenomenon.12 

Information on the properties of surfactant aggregates in 
organic solvents and the water pool entrapped therein is vital 
for the rationalization of catalysis in reversed micellar systems. 
In the absence of additives, association of DAP in nonpolar 
solvents is of the 

K2 K3 Kn 

monomer ^=i dimer ?=^ tnmer . . . . ^=± n-mer 

type.13^18 In this system, the average aggregation number is 
rather small and is concentration dependent. Addition of a 
third component, particularly water, substantially alters the 
aggregation pattern of surfactants in organic solvents.13 Using 
simple geometrical considerations, we have recently shown that 
the average aggregation number of 0.08 M DAP in cyclo-
hexane increases from 5 to 115 as the stoichiometric concen
tration of cosolubilized water increases from 0.185 to 0.739 
M.19 Assuming four molecules of water hydration per DAP, 
numbers of bound and free water molecules had been as

sessed.19 Interestingly, DAP aggregates having average 
aggregation numbers of 18 or less contained only bound water 
molecules. These calculations have been substantiated by de
termining the fluorescence polarization of 8-hydroxy-1,3,6-
pyrenetrisulfonic acid in the DAP aggregates in benzene as a 
function of added water concentration.19 The present work 
reports independent and additional data on the nature of sur
factant solubilized water pools. Advantage has been taken of 
the sensitivity of spin probes to their environments and of the 
availability of information on their use in micelles.20-30 Elec
tron paramagnetic resonance (EPR) spectra of water-soluble 
neutral 3-carbamoyl-2,2,5,5-tetramethylpyrroIidine-1 -oxyl, 
cationic 3-ammonium-2,2,5,5-tetramethylpyrrolidine-1 -oxyl, 
and anionic potassium 2,2,5,5-tetramethyl-l-pyrrolidinyl-
oxy-3-carboxylate have been observed in pure solvents and in 
benzene in the presence of DAP and different amounts of co
solubilized water. The nitroxide radicals used, in general, ex
hibit three-line spectra due to the contact hyperfine interaction 
between electron spin (S = V2) and 14N nuclear spin (/ = 1). 
The hyperfine coupling constants depend on the local polarity 
whereas the line widths reflect the rate of molecular motion 
which is dependent on the local microviscosity.30 

In addition to structural studies, we have observed micellar 
effects on rates of radical scavenging. Water-soluble sodium 
ascorbate and hydrocarbon soluble phenylhydrazine have been 
used as scavengers. 

Experimental Section 

Preparation, purification, and characterization of dodecylam
monium propionate (DAP) were previously described.2 DAP was 
dried for at least 12 h in vacuo and stored in a desiccator prior to the 
preparation of the solution. Benzene (Fisne'r, spectroanalyzed) was 
stored over preactivated Linde-type molecular sieve 4A for at least 
several days prior to use. Water was twice distilled from an all-glass 
equipment. Sodium ascorbate (Biochemical Laboratories) was used 
as received. Its purity was found to be satisfactory by absorption 
spectroscopy; observed e265nm 1-5 X 104 M - 1 at pH 5.5, reported 
£265nm 1.6 X 104M-' cm"1 at pH 5.8.31 Phenylhydrazine (Aldrich, 
97% purity) was fractionally distilled through a 12-cm Vigreux column 
under reduced pressure and stored in the dark. 
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Figure 1. A plot of the hyperfine-coupling constants of the probes in 0.1 
M DAP in benzene as a function of cosolubilized water concentration, a 
= anionic, n = neutral, and c = cationic probe. 

Table I. Hyperfine Coupling Constant of Spin Probes in Water, in 
Benzene, and in 0.10 M DAP in Benzene 

spin probe 

neutral" 
anionic' 
cationic^ 

H2O 

15.97(16.27)* 
16.16(16.42)* 

15.61 

/K, G 

benzene 

14.17(14.40)* 
14.10(14.36)* 

14.09* 

0.10 M DAP/ 
benzene 

14.17 
14.25 

" 3-Carbamoyl-2,2,5,5-tetramethylpyrrolidine-l-oxyl. * Deter
mined in ref 29, using benzosemiquinone as a standard.c Potassium 
2,2,5,5-tetramethylpyrrolidinyl-3-carboxylate. d 3-Ammonium-
2,2,5,5-tetramethylpyrrolidine-l-oxyl. e In "wet" benzene. 

The neutral probe, 3-carbamoyl-2,2,5,5-tetramethylpyrrolidine-
1 -oxyl, and the precursor of the cationic probe, 3-amino-2,2,5,5-te-
tramethylpyrrolidine-1-oxyl, were prepared according to methods 
described in the literature.32 The anionic probe, potassium 2,2,5,5-
tetramethyl-l-pyrrolidinyloxy-3-carboxylate, was prepared by treating 
equivalent amounts of KOH and 2,2,5,5-tetramethyl-l-pyrrolidin-
yloxy-3-carboxylic acid in water. The acid radical (Eastman), re-
crystallized from chloroform/cyclohexane mixture and KOH, was 
of the best analytical grade. The alkali cation was replaced by hexa-
decylpyridinium ion for the kinetic experiments by treating an 
equivalent amount of potassium 2,2,5,5-tetramethyl-l-pyrrolidin-
yloxy-3-carboxylate with hexadecylpyridinium chloride (twice re-
crystallized from ethanol/ether mixture) in dried absolute ethanol. 
The precipitated alkali chloride was filtered off and the filtrate 
evaporated to dryness in a rotary evaporator. Dried cyclohexane was 
added to the resultant thick, viscous mass and the slightly cloudy so
lution was centrifuged. The clear, supernatant solution was carefully 
siphoned off and evaporated to dryness in a rotary evaporator. The 
resultant viscous mass was washed several times with ether and the 
last trace of ether was then pumped off with a vacuum pump. The 
resultant yellow solid, hexadecylpyridinium 2,2,5,5-tetramethyl-l-
pyrrolidinyloxy-3-carboxylate, was used without further purifica
tion. 

Absorption spectra were taken on a Cary 118C recording spec
trophotometer. Electron paramagnetic spectra were obtained with 
a Varian E-6S spectrometer at room temperature (25 0C). In all 
line-width studies, the power was kept at or below 2 mW and the 
modulation amplitude at a level not exceeding 15% of the experimental 
peak to peak line width. The field was calibrated with Fremy's salt 
in saturated potassium carbonate solution where the distance between 
the two outermost lines is 26.182 G.33 The hyperfine splitting constant 
04JM) reported in this work is believed to have a maximum error of 
±0.05 G. The line widths were carefully measured and the precision 
is ±0.01 G or even better in some cases. In all spin probe measure
ments, the probe concentration was kept at approximately 6 X 1O-5 

M concentration. The stock solution of the cationic probe was prepared 
from the amine radical by adjusting the pH of the solution to 5.8-6.0 
by HCl. The stock solutions for the neutral and anionic probes were 
prepared directly from the solid with the appropriate solvents. The 

I02[DAP], M 

Figure 2. A plot of differential line-width broadening of the anionic probe 
as a function of DAP concentration in benzene. Wp is the line width of the 
middle-field line and A is (Vh0/h-] — V7Zi0//? + !) where the designations 
of symbols are described in the text. 

samples were carefully degassed on a vacuum line by means of re
peated freeze-pump-thaw cycles. 

Sodium ascorbate is insoluble in benzene. Stock solutions of this 
reducing agent were, therefore, prepared in degassed water at pH 
5.8-5.9. Appropriate amounts of this stock solution and benzene were 
injected over weighted amounts of DAP just prior to the experiments. 
Phenylhydrazine solutions in benzene were also freshly prepared. 
These precautions were necessary since both the ascorbate ion and 
phenylhydrazine decompose on standing. Sample solutions containing 
the reducing agents and the radical were degassed simultaneously by 
repeated freeze-pump-thaw cycles prior to mixing. Peak to peak 
height of the middle-field line (M = 0) of the radical was measured 
as a function of time. The first measurement was usually made within 
60-90 s after the mixing. A steady stream of N2 was passed through 
the cavity throughout the experiment. The temperature variation was 
less than ±0.2 0C during the whole period of kinetic run. 

Results 

Hyperfine coupling constants of the three spin probes neu
tral 3-carbamoyl-2,2,5,5-tetramethylpyrrolidine-l-oxyl, an
ionic potassium 2,2,5,5-tetramethylpyrrolidinyl-3-carbox-
ylate, and cationic 3-ammonium-2,2,5,5-tetramethylpyrroli-
dine-1-oxyl in water, in benzene, and in 0.10 M DAP in ben
zene are given in Table I. Differences between the present A^ 
values and those reported in the literature29 are due to the 
different standards used to calibrate the instrument. For the 
anionic probe, the coupling constant in benzene in the presence 
of 0.10 M DAP is somewhat higher than that in neat benzene 
(Table I) indicating the increased polarity of the environment. 
Addition of water to the DAP-benzene system, i.e., increasing 
the size of the surfactant solubilized water pool, results in in
creased coupling constants for all three probes (Figure 1). 
There are significant differences, however, both in the rate and 
in the extent of increase of ^ N values. Within the available 
range of added water (up to 0.8 M) the anionic spin probe 
experiences the greatest increase in coupling constant with 
increasing water concentration. Furthermore, the rate of in
crease in ^ N values is more pronounced in the 0-0.30 M H2O 
range than at higher concentrations of added water. A similar, 
although considerably less pronounced, trend is seen for the 
cationic probe. In contrast, the coupling constant for the 
neutral probe increases linearly with increasing size of the 0.10 
M DAP solubilized water pool in benzene (Figure 1). 

The differential line broadening (expressed as W0A, where 
A = Vho/h-i - Vh0/h + \ , and h-\, h0, and h + \ are the 
heights of the M = - 1 , M = 0, and M = +1 lines, respectively) 
of the anionic probe in benzene as a function of DAP concen
tration is plotted in Figure 2. A pronounced break is observed 
at (5.0 ± 0.5) X 1O - 3M DAP concentration. Analogous, al
though less well defined, breaks in plots of the magnetically 
discrete proton magnetic resonance frequencies vs. surfactant 
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Table II. Effects of Medium on Rate of Reduction of the Anionic 
Radical" 

reductant medium A2, M - ' s -

0.2 0 5 0.4 0.S 0.6 0.7 0 8 

[H2O], M 

Figure 3. A plot of (W_i - W+1) of the probes in 0.1 M DAP in benzene 
as a function of cosolubilized water concentration, a = anionic, n = neutral, 
and c = cationic probe. 

concentrations have been previously attributed to operational 
critical micelle concentrations.34 Well-defined discontinuities 
in any physical parameter of the surfactant suggest the ap
pearance of aggregates at a given concentration. This behavior 
can only be accommodated in terms of the accepted indefinite 
self-association of surfactants in organic solvents'3 '18 if one 
or more of the association constants, A^, £ 3 , . . . , Kn, differ 
markedly from the others. 

The ESR spectra were also observed as functions of added 
water. They are all sharp and symmetrical, suggesting that 
they fall within the fast, isotropic motion region. Differential 
line broadenings of all three spin probes in 0.10 M DAP ag
gregates in benzene solubilized with different amounts of water 
are as shown in Figure 3. Line-width contribution from 
Heisenberg spin exchange has been ruled out by taking EPR 
spectra in 0.10 M DAP-0.55 M H20-benzene system at dif
ferent concentrations (all below 1.0 X 1O - 4 M of R --)• Dif
ferential line broadening was found to be independent of the 
radical concentration. The differential line broadenings are 
plotted as W-\ — W+\ values, where W+\ and W-\ refer to 
the +1 and —1 lines in gauss.35,36 Increasing the cosolubilized 
water concentration in 0.10 M DAP aggregates in benzene 
increases the differential line-width parameter up to a plateau, 
centered at 0.5 M H2O, above which there is a slight decrease. 
Conversely, there is little change in the line-width parameter 
for the neutral probe in the 0.10-0.4 M water region but there 
is a rapid increase in {W\ - W+\) values above 0.5 M solubi
lized water concentration. 

Solubility of the anionic probe, potassium 2,2,5,5-tetra-
methyl-l-pyrrolidinyloxy-3-carboxylate, in benzene was de
termined to be in the order of 10~6 M by EPR line intensity 
measurements. Line intensities were converted to concentra
tions by a calibration plot using known concentration of radi
cals. The anionic radical is, of course, highly soluble in water. 
The cationic radical, 3-ammonium-2,2,5,5-tetramethylpyr-
rolidine-1-oxyl, was partitioned between equal volumes of 
water and benzene. The concentration of the radical was de
termined in each phase by EPR and absorption spectroscopy. 
Less than 2% of the spin probe was found in the "wet" benzene 
phase. When the "wet" benzene was dried over Linde type 4A 
molecular sieve and calcium sulfate, no EPR signal could be 
detected under the normal experimental settings. This fact 
indicates the solubility of the cationic probe in benzene to be 
< 1O-6 M. Clearly both charged spin probes partition favorably 
into the surfactant-solubilized water pool. Conversely, 10% of 
the neutral radical, 3-carbamoyl-2,2,5,5-tetramethylpyrroli-
dine-1-oxyl, partitioned into benzene. 

Sodium ascorbate37"40 and phenylhydrazine41 quench ni-
troxide-type radicals. Rate constants for quenching potassium 
2,2,5,5-tetramethylpyrrolidine-l-oxyl spin probe by sodium 

sodium ascorbate 

phenylhydrazine 

H2O 
0.56 M H2O+ 0.1 MDAP 
0.103 M H2O+ 0.1 MDAP 
benzene 
0.55 M H2O+ 0.1 MDAP 
OM H2O+ 0.1 MDAP 

0.14 
3.07* 
2.84c 

0.32 
0.33 
0.34 

" Error as estimated from weighing, transferring of solution, and 
instrumental drifting was less than ±10% and the correlation coeffi
cient for the pseudo-first-order plot was much better than 0.995 in all 
cases. The temperatures for the ascorbate and phenylhydrazine re
duction experiments were 25.5 and 26.5 0C, respectively. * Stoi
chiometric sodium ascorbate concentration is 6.0 X 10-3 M. c Stoi
chiometric sodium ascorbate concentration is 3.0 X 10-3 M. 

ascorbate have been investigated in the present work. The 
height of the middle line of the spectra of the anionic radical 
was measured, as described previously,38 as a function of time. 
Since there is no change in the line widths, line heights are good 
measure of the concentrations. In all kinetic runs, the con
centration of the reducing agent was kept at least in a 100-fold 
excess over the concentration of the radical. Accordingly, 
pseudo-first-order rate dependency was observed. Plots of log 
h°/h' vs. time gave good straight lines, up to 90% reaction, 
from which the rate constants have been calculated in the usual 
manner. Table II summarizes the rate constants for radical 
scavenging in the different systems. 

Discussion 

Electron paramagnetic resonance spectroscopic investiga
tions of spin probes provide information on their microenvi-
ronments. In a multicomponent system, such as reversed mi
celles, the differential line broadening may be due to changes 
in the microviscosity and/or to the modulation of the isotropic 
hyperfine splitting as a result of the exchange of the probe 
among the different environments.42 In reversed micelles, one 
can a priori visualize exchange of the radical among the envi
ronments provided by the surfactant-entrapped water pool, the 
hydrophobic regions of the DAP aggregate, and the bulk 
benzene. The exchange contribution of the probe among these 
environments needs to be ruled out prior to interpreting the 
observed data in terms of the rotational behavior of the 
probe. 

The appreciable partitioning of the neutral radical into 
benzene from water as well as the regular increase of the 
high-field line width (Figure 3) and the hyperfine coupling 
constant (Figure 1) with increasing cosolubilized water con
centration in the DAP-benzene reversed micellar system is 
consistent with the exchange of this probe among different 
environments. Ordering of the spin probe does not contribute 
to differential line broadening since the high-field line re
mained symmetrical in all systems. The larger the size of the 
surfactant-solubilized water pool, the more pronounced the 
exchange effect becomes. It should be noted that the spectra 
in systems where the neutral probe is present in comparable 
quantity in the different pseudophases do not exhibit resolvable 
lines. Since the high-field line widths in benzene and in water 
are 1.24 and 1.15 G respectively, and AA^ =* 2 G, the failure 
to resolve the spectra in DAP aggregates in benzene implies 
an exchange frequency of 6 X 106 or greater. In Aerosol-OT, 
sodium bis(2-ethylhexyl)sulfosuccinate, aggregates in heptane, 
on the other hand, two separate high-field signals were ob
served for the anionic spin probes at a solubilized water to 
surfactant ratio of 10.3.29 On increasing the water to surfactant 
ratio, the two spectra collapsed to one. Lack of water solubility 
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Table IH. Apparent Rotational Correlation Time of Spin Probes in 
Different Media at 25 0C 

spin 
probe 

cationic 

anionic 

medium 

water 
benzene (wet) 
0.4-0.6 M H2O 
and 0.1 MDAP 
water 
benzene 
0.4-0.6 M H2O 
and 0.1 MDAP 

Tr, "S 

1.43 X 10-11 

6.29 X 10"11 

Tr,* S 

4.84 X 10"11 

1.14 X 10"1 

3.17X 10-" 

2.20X 10"11 

4.59 X IO"12 

1.67 X 10"10 

" Calculated from eq 1 based on direct line-width measurement. 
b Calculated from eq 1 based on "ratio of heights" method where the 
peaks were assumed to be Lorentzian and the peak to peak height of 
the first-derivative curve varies with the inverse square of the 
width. 

in DAP aggregates does not allow the investigation of the be
havior of spin probes at conditions comparable to the Aero-
sol-OT system. 

Conversely, there is no, or negligible, exchange contribution 
to the line-width broadening of the cationic and anionic spin 
probes in reversed micellar DAP. Negligible partitioning of 
these probes into benzene from water (see Results) supports 
this assumption. Furthermore, measurements in 0.10 and 0.40 
M DAP in benzene of the cationic probe (in the presence of 1.6 
M water) and of the anionic probe (in the presence of 2.4 M 
water) gave almost identical A^ and (W-\ — W+\) values. If 
exchange effects were important, different proportions of the 
two phases would result in different EPR parameters. 

In the absence of exchange effects the observed differential 
line widths, caused by the modulation of the anisotropic g 
tensor and electron-nuclear magnetic dipole interaction, can 
be related to the rotational correlation time of the radical (Tr) 
by either eq 1 or 235-36 

_ _ VITT(AC+I - AI>-0 ( 1 ) 

(2) 

where 

b&yB0(0.5133 + 0.4w) 
V^TTA{V-\ + Ac+I ~ 2ACQ) 

b2(0.25 - 0.05u) 

b = I [A„ - V2(AXX + Ayy)] £2 

A7 = ^ [g„ - V2(Sx* + gyy) 

U= 1/(1+O)0
2Tr2) 

o>o = resonance frequency 

Ac+i, Ac0, and Ac_i are the peak to peak line widths (MHz) 
of the low-, middle-, and high-field lines, respectively, and Bo 
is the laboratory magnetic field (3400 G). Axx, Ayy, and Azz 
are the respective principal hyperfine coupling constants; gxx, 
gyy, and g2Z are the respective g-tensor elements, /3 is the Bohr 
magneton, and h is Plank's constant. Substitution of the ob
served line widths into eq 1 or 2 gave the rotational correlation 
times of the charged radicals in reversed micellar DAP (Table 
III). Rotational correlation times of (6.29 ± 0.63) X 1O-1' and 
(1.43 ± 0.36) X 1 0 - u s were obtained from direct line-width 
measurements for the anionic and cationic probes, respectively, 
in 0.10 M DAP in benzene in the presence of 0.4-0.6 M coso-
lubilized water by using eq 1. Almost identical values were 
obtained on using eq 2.43 In these calculations, values for the 
g and hyperfine splitting tensors were taken to be those avail
able for 2-doxylpropane.44 These values are not expected to 
change significantly with a gradual change in the medium since 

IO IH2O], M 

Figure 4. A plot of the polarity factor,/, for the anionic (a) and cationic 
(c) probes in 0.1 M DAP in benzene as a function of cosolubilized water 
concentration. 

other factors, particularly molecular motion, have a consid
erably stronger effect on T1-.

45 The rotational correlation times 
calculated here are only approximate because the line widths 
were not corrected for the hydrogen hyperfine splitting.36 

However, this does not affect the order of the relative magni
tude in different systems. Furthermore, for the purpose of 
comparing the relative magnitude, it is sometimes more precise 
and convenient to obtain the apparent correlation times by the 
"ratio of heights" method20-30 and the values in the fourth 
column of Table III were obtained by this method. The rela
tively large values of the rotational correlation time for the 
anionic radical suggest that its motion is more restricted in the 
surfactant aggregates. Correlation time ratios of the cationic 
to anionic probes (rr cationic probe/T1 anionic probe) in neat 
water and in neat benzene are 2.2 and 2.5, respectively. The 
corresponding ratio in reversed micellar DAP in the presence 
of 0.40-0.60 M water is 0.19. These ratios further substantiate 
the restricted rotation of the anionic probe. The more restricted 
rotation of the anionic probe may originate in its association 
with the cationic head group of the surfactant which is attached 
to the long dodecyl chain. In contrast, the cationic probe as
sociates with the much smaller propionate anion. Consideration 
of the polarity factor/ (/"= (AQ- A^)/(A^ - A\>) whereto, 
Ab, and Ay1 are the observed A^ values in the presence of DAP 
aggregates, in neat benzene, and in bulk water, respectively) 
as functions of water concentration in the DAP aggregates for 
the two charged spin probes implies, however, their locations 
in different environments./values are seen to increase to a 
substantially higher value for the anionic than for the cationic 
probe (Figure 4). The predominant solubilization site of the 
anionic radical is, therefore, more polar than that of the cat
ionic radical. Figure 5 illustrates the proposed interactions. The 
anionic spin probe is seen to be anchored at the water-hydro
carbon interface region with the polar carboxylate group in
truding appreciably into the surfactant-solubilized water pool. 
Increasing the size of this water pool results in a greater degree 
of hydration of the carboxylate group and hence in more re
stricted rotation. The cationic radical, on the other hand, is 
most likely to be situated in a position similar to the ammonium 
head group of the surfactant. Comparison of the apparent 
correlation times of the cationic radicals in neat water and in 
(wet) benzene with those in the DAP-entrapped water system 
would suggest the microviscosity of the surfactant head group 
to be somewhere between that of water (0.89 cP) and (wet) 
benzene (0.61 cP). 

There are two important corollaries of this model. Firstly, 
provided that there is a sufficient amount of cosolubilized 
water, the propionate head group of the surfactant is in a more 
polar environment than its counterion. Secondly, there are at 
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Figure 5. Schematic representation of the location of spin probes in the 
reversed micelle. 

least two different types of bound water in reversed micelles: 
those around the ammonium and those around the more hy-
drophilic carboxylate head group. Figure 5 incorporates this 
refinement over the previously proposed model.19 As the water 
concentration further increases free water molecules begin to 
appear. In 0.10 M DAP the appearance of free water occurs 
at 0.4 M stoichiometric water concentration. This concen
tration range corresponds to that observed previously by flu
orescence19 and thus provide an independent support for the 
proposed structure of DAP-solubilized water pools in ben
zene. 

Superficially, sodium ascorbate quenches the anionic radical 
some 20-fold faster in the DAP-solubilized water pool than in 
bulk water (Table II). However, concentration of the reactants 
in the micellar phase, rather than that in the bulk water, needs 
to be considered for assessing true micellar effects on second-
order reactions.46-47 Since sodium ascorbate does not partition 
into benzene, its concentrations in the 0.103 and 0.561 M 
DAP-solubilized water pools are 1.35 and 0.56 M, respectively. 
Using these concentrations of ascorbate ion, the second-order 
rate constants become 6.3 X 10 -3 and 3.3 X 10-2 M - 1 s_1, 
respectively. Thus, the rate constants for quenching the anionic 
radical by sodium ascorbate in the 0.561 and 0.103 M sur-
factant-solubilized water pool are factors of 4 and 22, respec
tively, slower than that in bulk water. The smaller the surfac-
tant-solubilized water pool, the greater the rate retardation. 
This effect is entirely reasonable and can be rationalized in 
terms of electrostatic repulsions between the anionic radical 
and the negatively charged ascorbate ion. If these reactants 
are forced into greater proximity by decreasing the concen
tration of the surfactant-solubilized water pool, larger per
centages of them are repelled from each other and conse
quently fewer percentages can undergo productive collisions. 
Since phenylhydrazine partitions into the benzene phase, its 
rate of quenching remains unaffected by micellar DAP. 
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