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Abstract The preparation of ZnO nanometer powder using microemulsion method and their
electron spin resonance (ESR) properties were reported; It was found that at room tempera-
ture ZnO nanometer powder has an appreciable ESR signal. It was confirmed that there are a
lot of zine vacancies and defects on the ZnO particles surfaces which trap electrons and form

paramagentic centers to provide the observed ESR signal.
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Semiconductor nanometer powder have been the subject of extensive researches, be-
cause they have many particular properties including quantum size effects, surface and in-
terface effects, nonlinear optical properties and excellent photocatalytic propertiest 2.
The atoms on semiconductor nanometer powder surfaces have a larger activity, which
leads to the variations of the surface atom transport property and electron spin configura-
tion. The ESR spectrum is a powerful tool for studying the surface electron spin configu-
ratrion and surface constructure of nanometer powder. Bulk ZnO substance is a diamag-
netic material, in normal no ESR signal can be observed. While on quantum-confined-size
region,we did observed ESR signal. In present paper, the ESR properties of ZnO nanome-
ter powder under different annealing temperature were investigated. The ZnO nanometer

powder are prepared through microemulsion method as fellow:
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Here the surfactant can prevent ZnQO particles aggregation and agglomeration. Then
the ZnO emulsion was heated until the surfactant resolved completely due to being ony
genated. We can obtain pure ZnO powder with smaller size. Transmission electron mi-
croscopy and small angle X-ray diffraction exhibited its sphericle-like shape and polycrys-
talline structure. Figure 1 is'a bright field image of the sample 1 (see last page).

The crystal sized was calculated with Scherr’s formulat*,that demonstrates the parti-
cle radius is less than 10nm. Leaving 60mg power (sample 1), the other was divided into
six parts (each 60mg), they were annealed separately at 200, 400, 500, 600 and 800°C
about 2 hours in SPJX-5-13 box-like electric stove, labeled them sample 2,3,4,5,6 and 7
separately. The ESR spectra were recorded on Burcker 200D-SRC spectrometer at room
temperature (RT) and the results are shown in Figure 2 (see last page). When decreases
the calcination temperature of powder, the intensity of ESR signal decreases. On raising
the temperature to 800°C, the intensity of signal is zero.

Through composition analysis of ZnO nanometer powder, it was found that the ratio
between oxygen and zine is about 2.1:1 (analysis deviation 40. 03%)51, which indicated
that there are a lot of oxygen (O'"or O?") ions on the Zn(Q nanometer powder surfaces
which implies that electrons are trapped in the vacancies and form paramagnetic centers
with oxygen ion (O™ or O*") to provide the observed ESR signal. 1f the ESR signal ob-
served came from the O~ ions, then the g factor in our experiment should be equal to that
of free electron g factor (g.=2.0021")). However from Fig. 2, we obtained g=2. 01094
0. 0003. On the other hand, the O'” ion is instabile, in general no stabile ESR signal ap-
pears. While in our experiments the ESR signals observed are stabile and very intensive at
RT. Thus the O~ ion is not the paramagnetic center. However O™ ions at ZnO nanometer
powder surfaces are stabile and can trap electrons to form paramagnetic centers (F
centers) to provide the stabile ESR signals. On the other hand, the sample’s colour varies
with the annealing temperature, the sample 1 appears ashen, the sample 5 (§00°C) yel-
low, the sample 7 appears shallow yellow which is the nature colour of bulk ZnO material.
It shows that increase of annealing temperature leads to increase of the particle size and re-
duce of interface and surface effects, so decreases of the paramagnetic centers. Above
800°C, the ZnO nanometer powder completely becomes bulk material structure be-
haviours, so cannot be observed ESR signal.

In order to verify above conclusions, we measured the ESR signal of ZnO nanometer

powder with a lay of surfactannt (AOT) on their surfaces. Under the same condition, es-
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pecially with same weight as the uncoatde ZnO nanometer powder, the ESR signal of coat-
ed ZnO nanometer powder is very weeker than that of naked ZnO powder (see last page
Fig. 3).

It indicates that the surface modification can reduce the surface vacancies and defects to re-
duce the paramagnetic resonance centers, this phenomenon confirms that electron spin res-
onance centers are really on the surfaces of ZnO nanometer powder.

In summary, the microemulsion method is a simple method in preparing semiconduc-
tor nanometer powder with smaller size and stabile behaviours. Through measuring the
ESR signals of nanometer powder, we can obtain some information of the microstructure
of the nanometer powder even for those materials exhibiting diamagnetism in .normal

state.
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