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A Pulse Radiolysis Study of OilAVater Microemulsions
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The spectrum and yield of eaq~ in quaternary benzene/water and dodecane/water

microemulsions were found to be identical with those in pure water. This indicates

probably the scavenging of excess electrons produced in the oil by water. To the

contrary, the yield of OH radicals, determined after scavenging and conversion into

(SCN)2~\ was proportional to water content of the microemulsion. The e^" decay and

the total yield of peroxides in aerated microemulsion were determined and the

characteristics of oxidation in microemulsion was discussed.

Introduction

Owing to the unique structure and properties

of microemulsions, numerous investigations

have been conducted in these systems in

radiation chemistry. One such example is the

study of electron transfer processes in w/o

microemulsions or micelles12 since the water

pools in these systems mimic the water

pockets that are found in various

bioaggregates such as proteins and mem-

branes. Radiation-induced polymerization of

vinyl monomers3 and synthesis of metal

particles4 in microemulsions are examples for

practical interests.

In the present work, quaternary

benzene/water (O/W) microemulsion was

used for pulse radiolysis, and dodecane

/water microemulsion was also employed for

comparison. Yields of eaq" and OH in

microemulsion were determined and

compared with those in pure water. Decay of

eaq" in aerated microemulsion was followed

and the total yield of peroxides, which are

assumed as main products after the oxygen

consumed, was determined.

Experimental

Stock microemulsion was prepared by

adding water to SDS followed by addition of

benzene (or dodecane) and n-pentanol. The

compositions (wt%) are as follows: benzene

(6.4)/pentanol(3.2)/SDS( 11.0)/water(79.4)

(oil content of 20.6 wt%) and dodecane

(6.8)/pentanol(9.2)/SDS(12.0)/water(72.0)

(oil content of 28.0 wt%). The stock

microemulsions were used throughout with

diluting when necessary.

The dose of a 10 ns electron pulse was
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35-100 Gy, determined by using N2O-

saturated solution of lxlO~2 M KSCN and a

Gs{(SCN)2-} of 5.2X10"4 m2/J at 475 m !

The light-path-length of the cell was 1.8 cm.

The samples were bubbled with Ar or N2O

prior to irradiation or left open to air in the

course of irradiation. The accumulated

peroxides were measured with the method

described by Frew et al6 and using e(I3~) =

2.3xl04 M'cm' at 350 ran. The absorbed

dose (4ml of sample) was determined as 3.1

Gy per pulse by replacing the sample with a

Fricke solution and assuming G(Fe3+) = 1.61

Results and Discussion

Spectrum and yield of ê "

Figure 1 shows the transient absorption

spectrum of e^" at 400-800 nm for the

benzene/water microemulsion and pure

water in the absence of oxygen. It is apparent

that the spectrum determined in the

microemulsion is exactly the same as that in

water. The e^" yield is calculated to be 0.28

+ 0.01 jamol/J both in microemulsion and

water using e ^ ) of 1.85xlO4 M ' W at

720 nm. Since the water content is 79.4 wt% ,

the fraction of energy deposited in water

should be 79.4 % by neglecting the electron

density difference among the components. If

water radiolysis was the sole eaq~ source, the

eaq" yield would be only 80 % of that in pure

water. The determined e^ yield implies that

additional e^" is formed in the

microemulsion, most probably resulting

from the scavenging of excess electrons

produced in the oil droplets by water.

1.2

Fig. 1 Transient spectra of e^- for benzene/water
microemulsion (closed & open symbols) and
water ( solid line). Ar-saturated.

The half-life of e^" was determined to be

1.9 ± 0.1 \xs and constant with varied

benzene concentrations. The term of

"concentration" is used here for the sake of

simplicity. The rate constant for the e^"

addition to benzene, is calculated as 1.5xl07

M'V using 2.5xlO~2 M as the aqueous

solubility of benzene.

The e^" yield was further investigated in

dodecane/water microemulsion and similar

results were obtained, except for longer

lifetime of eaq". This is because dodecane is

insoluble in water and does not react with

OH Yield

Determination of OH yield and a comparison

with the eaq" yield are helpful to understand
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behavior of the microemulsion upon

irradiation. Since pentanol present in the

microemulsion rapidly scavenges OH

radicals, we used SCN~ with high

concentration in the dodecane/water micro-

emulsion to compete the scavenging of OH

and followed the formation of (SCN)2*~. The

microemulsion was bubbled with N2O.

Because N2O is a strong electron scavenger7

in hydrocarbon and its solubility in

hydrocarbon is one order higher than in

water, the excess electrons produced in the

oil droplets are assumed to be scavenged by

N2O before diffusing out into water.

Consequently, only the eaq" from water

radiolysis is expected to be converted into

OH by N2O.

OH + n-pentanol —> products k3

OH + SCN~ -> SCN* + OH-

SCN* + SCN" -> (SCN)2-

( k 4 = l . l x l 0 l 0 M V ) 8

From the above reactions, we can get

l l „ k3[C5HnOH],
-(l + )

G{(SCN)2}#~ G(OH) k4[SCN

where G(OH) is the total OH yield.

The aqueous solubility (0.25 M) of

pentanol31 can be considered as [C5HnOH],

so plotting 1/G(SCN)2
#" against 1/[SCN ]

will make a straight line. Figure 2 shows

such plots with good linearity obtained at

water contents of 72.0 and 80.0 wt%. It is

evident that the intercept is dependent on the

5 10 15 20
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Fig.2 plots of 1/G(SCN)2- vs. 1/[SCN] for N2O-
saturated dodecane/water microemulsion.

water content. From the intercepts, G(OH)

values are calculated as 0.46 and 0.53 ^imol/J

at water contents of 72.0 and 80.0 wt%,

respectively, indicating a proportional

relationship between G(OH) and water

content. Here we used s (SCNy of 8.25xlO3

M'cm'1 calculated using G(SCN)2'" of 0.63

jxmol/J9 and re-confirmed Ge(SCN)2*~ of

5.2x10"* m2/J at 475 nm5 for N2O-saturated

solution. The G(OH) is deduced to be 0.65 ±

0.01 |umol/J at 100 wt% water. From the

same figure, kjfCjHuOH]/^ is calculated as

0.10 ± 0.01 M. Using [C5HUOH] of 0.25 M

and the known k4, k, is calculated as 3.6xlO9

M"V, in agreement with the reported value

of4.0xl0 9MV.

O2 consumption in aerated microemulsion

Time profiles of eaq" revealed the increase of

lifetime with continuous pulse irradiation
"aq

for aerated benzene/water microemulsion.

The lifetime became nearly constant after a

certain number of pulses. The degree of
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increase of the eaq" lifetime with pulse

number is more apparent at higher dose rate

or at higher oil content. From the variation of

e^" lifetime at different oil contents and

according to the material balance of O2, G-

values of O2 in the oil and aqueous phases

were estimated to be 2.36 and 0.11 ^imol/J if

assuming partition coefficient of O2 between

the oil and water is 8. It appears that more O2

is consumed in the oil phase than in water.

10 40 5020 30

pulse number

Fig.3 . Concentration of peroxides after pulse
Irradiation (sample: 4ml) for benzene/water
(A) and dodecane/water ( • ) microemulsions.

a, b, c: fitted lines of data for water at 100, 79.4,
and 72.0 wt%.

Of the oxygenated products by pulse

irradiation, peroxides are important and easy

to be detected with the iodometry. The yield

of peroxides was determined to aid in

understanding the oxidation behavior in

microemulsion. Figure 3 shows that the yield

of peroxides is proportional to water content

of the microemulsion, i.e. 79.4 wt% in

benzene/ water microemulsion and 72.0 wt%

in dodecane/water microemulsion. Although

only H2O2 is formed as peroxide in aerated

water, hydroperoxides can also be formed in

the aqueous phase of microemulsion by the

OH abstraction of aqueous pentanol and

followed reaction of pentanol radical with

oxygen. Oxidation in the oil phase seems to

produce very low yield of peroxides.

Conclusion

Our results can be briefly summarized as

follows: (1) The e^' yield in the o/w

microemulsions is the same as that in pure

water but the OH yield is proportional to

water content. (2) For oxygenated micro-

emulsion, more O2 is consumed in the oil

phase but peroxides predominately formed in

the aqueous phase.
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