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1. RADIOLYTIC SYNTHESES OF INORGANIC NANOPARTICLES IN SOLUTIONS

1.1. In troduction

In the past two decades, nanoparticles have attracted much attention because o f their 
novel properties. Among the numerous synthetic methods, ionizing irradiation, which is 
simple and can take place at normal temperature and pressure, even at low temperature, is a 
powerful method for preparing metals, alloys, metal oxides, metal chalcogenides, metal 
halides and insoluble sulphate nanoparticles [1-5]. In this method, dose rate is always used to 
affect the shape, component and size o f the synthesized nanoparticles [6, 7]. In addition, to 
eliminate the effect o f •OH on the formation o f nanoparticles, alcohol (such as isopropyl 
alcohol) is always added and a lot o f reductive radicals with wide range o f reduction 
potentials are generated. A t the same time, these radicals transformed from •OH can also 
reduce the reactant, which have been used to control the growth o f nanoparticles [8]. 
However, so far, most nanoparticles synthesized by ionizing irradiation are spherical. In our
previous work, “solid” BaSO4 microspheres, mainly consisting o f quasi-spherical

2 + 2-nanoparticles, have been synthesized by precipitating Ba ions with S 0 4 ions, which were 
generated from the reduction o f K2S2O8 in the presence o f EDTA under N 2 atmosphere by y- 
irradiation [5].

1.2. P re lim inary  R esult

According to the results o f N 2 adsorption-desorption isotherm experiment, the “solid” 
BaSO4 microspheres synthesized under N 2 atmosphere are mesoporous and the diameter o f 
the pores is about 4 nm, which is not easy to be found by SEM (Figures 1A and 1C). While 
under N 2O atmosphere, most o f the synthesized BaSO4 microspheres have obvious large-pore 
mesoporous structure (Figure 1B) and the pore size is in the range o f 20-60  nm (Figure 1D). 
This is the first report about the synthesis of large-pore mesoporous BaSO4 microspheres. The 
results o f fragment analysis show that the former is constructed by quasi-spherical nano
particles and few irregular nanorods (Figure 2A), while the latter mainly consist o f irregular 
nanorods and there is a small angle between the building blocks (Fig. 2B), leading to the 
radial arrangement o f the nanorods. The generation o f BaSO4 has been confirmed by XRD, 
XPS and SAED (selected area electron diffraction) analysis.
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Possible mechanism: eaq , one o f the radiolytic product o f water, is transformed to •OH (Eq. 
1) u n d e r  N  2 O a t m o s p h e r e ,  a n d  t h e n  be  e l i m i n a t e d  b y  E D T A ,  l e a d i n g  to

the generation o f EDTA

Fig. 1 : SEM images of the BaSO4 microspheres synthesized under different atmospheres by y-irradiation: (A
and C) N2 taken from ref. 5); (B and D) N2O.

Fig. 2 : TEM images of the fragments of BaSO4 microspheres synthesized under different atmospheres by □ -
irradiation: (A) N2; (B) N2O.

eaq- + N 2O ^  • OH + OH- + N 2 (1)
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• OH + EDTA ^  EDTA • + H 2O (2)

EDTA • + S2O 82 - ------ > SO42- (3)

S2 O / - + eaq - ------ ► SO42- + SO - • (4)

radical (Eq. 2); it may be the EDTA radicals that play a key role in the reduction o f S2Og2” 
(Eq. 3). While under N 2 atmosphere, eaq” is the main reductive species (Eq. 4). Because the 
reduction potential o f eaq” is -2.9 V, much lower than that o f EDTA radicals, the reduction 
rate o f S2Os2” under N 2 atmosphere is much faster than that under N 2O atmosphere. The 
slower reduction rate favors the formation o f nanorod. The experiment results showed that 
the shape o f the building blocks o f the mesoporous microspheres could be adjusted by the 
reductive species with different potentials, and then led to the formation o f different pore 
structures. Thus, we found a practical and convenient method to control the pore size of 
BaSO4 microspheres.

1.3. Possible usage

Because BaSO4 is inert in many chemical reactions, is harmless to human health and 
the microspheres with different pore size have different ability in the mass exchange, the 
mesoporous BaSO4 microspheres may be considered as promising candidates for catalyst 
(containing enzymes) carrier or drug deliver for gastroscopy.

1.4. P lan  in the  following 3 years

First year: controlled syntheses o f porous BaSO4 microspheres with different size and 
pore size; self-assembly o f porous BaSO4 microspheres with different size and pore size, 
and their optic nature.

Second and third year: deposition o f metallic nanoparticles or immobilization o f medicines/ 
enzymes in the mesoporous BaSO4 microspheres, and their applications in biomedical 
field, (bio)catalytic reactions and so on.

2. RADIOLYTIC SYNTHESES OF INORGANIC NANOPARTICLES IN WATER-IN-OIL 
MICROEMULSIONS

2.1. In troduction

In the field o f nanoscience and nanotechnology, the largest activity has been focused 
on the synthesis o f new nanoparticles with different sizes and new shapes, which have 
strong effects on their widely varying properties [9]. Among the numerous synthetic 
methods for preparing nanoparticles, water-in-oil (W/O) microemulsions or reversed 
micelles can provide us with a particularly attractive microreactor, where the morphology 
of nanoparticles can be well controlled [9-11]. Generally, in routine chemical methods, 
surfactant, cosurfactant, anion, and w value (molar ratio o f water to surfactant) can only
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affect the shape o f nanoparticles via  their effect on the structure o f the microemulsion (the 
rigidity o f the interface, the size o f the water pool, etc.) or via the adsorption action o f the 
surfactant on the surface o f the nanoparticles [9, 12-19].

The combination o f ionizing irradiation and W/O microemulsion has become a novel and 
important method in the synthesis o f nanoparticles. By far, Ag [20-23], Cd [24], Pd [24], 
Cu [24], Cu2O [25], CdS [26-28], ZnS [27], and PbS [29] nanoparticles have been 
synthesized by this means. However, most o f the synthesized nanoparticles are spherical 
[20-24, 27-30]. Additionally, the size [22, 27] and shape [26] control o f the obtained 
nanoparticles always depends on the structure o f the microemulsions merely, which is just 
similar to the routine chemical methods. It is worth exploring whether the shape and size 
can be controlled by ionizing irradiation, and the mechanism.

According to the results o f pulse radiolytic investigation on the microemulsion system, 
when a microemulsion is irradiated, eaq” can be mainly generated from the scavenging of 
excess electrons, which are produced originally through the radiolysis o f oil, by water pool 
[31-36]. In addition, the radiolysis o f water in the water pool can also generate eaq” directly, 
but it is less important [31-36]. As the a  value increases, the yield o f eaq” usually increases 
except in the cationic surfactant based microemulsions [31-36]. In the SDS based 
microemulsion, Kapoor et al. [22, 24] have used this regularity to explain the radiolytic 
synthesis o f Ag, Cd, Pd and Cu nanoparticles. In the same microemulsion, they also studied 
the reductions o f Tl , Co2+ and Ni2 by pulse radiolysis and found that the rate constants for 
the reductions o f these cations by eaq” were much lower than those in aqueous solution [23].

Our more systematic work demonstrated that the effects o f the a  value, anion (the
2+ - counterion o f Cu ) and the structure o f surfactant on the yield o f eaq play a key role in the

2+radiolytic reduction o f Cu in nonionic surfactants based microemulsions [37]. It is also 
suggested that the morphology o f nanoparticles may be controlled by the yield o f eaq” [37], 
which was confirmed by our further investigation [38]. Here, it should be pointed out that 
the above results are remarkably different from the mechanism o f a  value, anion and 
surfactant only affecting the morphology of nanoparticles synthesized by routine chemical 
methods as mentioned above.

According to the above illustration, the syntheses o f nanoparticles controlled by the yield 
and reactivity o f eaq~ were unique and different from the routine chemical method. 
However, up to now, this method only exhibits its advantage in the radiolytic reduction of

2+u2 . h e  further ork in this field is necessary, hich ill not only contribute a ne ay 
to understand the formation o f nanoparticles and to prepare nanoparticles with special 
morphology and function, but also extend the application o f ionizing radiation in the area o f 
nanotechnology. A t the same time, the generation, migration, and quenching o f electrons 
can also afford us some structural information o f microemulsions.

2.2. P re lim inary  R esult

In Triton X-100-based microemulsions, the presence o f diglycol (1.6 %) could 
transform the shape o f the Cu2O nanocrystals, the radiolytic reduction product o f 
Cu(NO3)2, from octahedron to polyhedron with more complex structure (Figure 3), which 
is guessed to be dodecahedron. More detail proofs and more clear SEM images will be 
obtained in the following experiment.
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Fig. 3 : SEM and TEM images of complex Cu2O polyhedrons synthesized by □ -irradiation. (Absorbed dose: 40
kGy; dose rate: 40 Gy/min).

2.3. Possible usage

Because o f photocatalytic ability in visible light, Cu2O nanoparticles may be used in 
the field o f sterilization. In addition, Cu2O nanoparticles could also be used to detect L- 
tyrosine. Moreover, the different crystal plane has different activity. Therefore, the 
morphology control o f Cu2O nanoparticles is important and necessary in the fields of 
photocatalysis and biochemical analysis.

2.4. P lan  in the  following 3 years

First year: more conditions (such as the addition o f peroxide, the viscosity control of 
water pools, change o f oil phase, and so on) will be used to controlled the yield and 
property o f eaq”, and further controlled the morphology of Cu2O

Second and third year: effect o f morphology on the photocatalysis and biochemical 
recognition properties o f Cu2O nanoparticles; other nanoparticles synthesized in W/O ME 
controlled by the yield and property o f eaq” (such as Pd-Co alloy, and so on) for catalytic 
use.
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