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Fig. 1 SEM images of pure ZnO and 1 : 150Ag/Zn0O
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g it — 2L W b 4 46 ZnO F01 + 150Ag/ZnO K 19
A R EE Y s ABIETEXS BE dh HEAT T XS EOB AR AT A (XRD) KA
(2 7R %R K B 6 B 26 ZnO #1 Ag $82% ZnO K
oty (9 TS I AR C

(101)

(100)

1:150 Ag/ZnO

)

Intensity/a.u.

=
~
S
S
Q
<

10 20 30 40 50 60 70
20(°)

B2 ZnO #11:150Ag/Zn0O # & XRD EiZ
Fig. 2 XRD patterns of Pure ZnO and 1 : 150Ag/ZnO
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Fig. 3 Raman spectra of Pure ZnO and 1 : 150Ag/ZnO

at ambient pressure
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Fig. 4 High-pressure Raman spectrum of Pure ZnO
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Study on Preparation of Ag-Doped ZnO Nanomaterials and Phase
Transition at High Pressure Using Diamond Anvil Cell and Raman
Spectra

WANG Shi-xia, HU Tian-yi, YANG Meng
College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract Zinc oxide (ZnO), a semiconductor material with a wide band gap, has the excellent properties on photoelectric
performance, mechanical behavior and chemical characteristic. The structure of ZnO material has a great influence on its
properties. Element doping may change the crystal structure and band gap width of ZnO, which is an effective means to improve
the performances of ZnO. And Ag doped ZnO is commonly used to improve the photocatalytic efficiency. High pressure is an
important method to control the structures and properties of materials besides temperature and composition. It is also an
important factor to produce new materials and new regulatory principles. By comparing the high-pressure phase transition
behavior of pure ZnO crystal and Ag doped ZnO crystal, the research reveals the effect of element doping on the structures and
properties of ZnO nanocrystals. ZnO and Ag-doped ZnO nanomaterials (1 : 150Ag/ZnO) are first prepared by hydrothermal
synthesis. XRD and SEM results show that the pure ZnO and Ag-doped ZnO nanospheres are hexagonal wurtzite structure, and
which morphology are formed by self-assembly of small nanoparticles. With the doping of Ag ions, the lattice constant of ZnO
increases and the lattice volume expands. The high-pressure structure phase transition behaviors of pure ZnO nanomaterials Ag/
7Zn0O nanomaterials are investigated using Diamond Anvil Cell combined with in-situ Raman spectroscopy. Compared with the
pure ZnO, the Raman characteristic peak width of 1 :* 150Ag/Zn0O (439 cm™ 'in E, highvibration mode) becames narrower and
moved to lower frequency, which is similar to the Raman spectra of amorphous ZnO. It shows that the replacement of Ag™ to
Zn*" affects the Zn—O bond and the long-range order of ZnO lattice structure. During the process of adding pressure, the

1

Raman peak 439 cm™' of hexagonal wurtzite structure ZnO shows instantaneous weakening and broadening. With the pressure
increased to 9. 0 GPa, the Raman peak of wurtzite ZnO 439 ecm ™' disappears and a new peak of 585 cm ' emerges, which
indicates that the structure of ZnO crystal changes from hexagonal wurtzite structure to rock salt structure. With the pressure of

system adding to 11. 5 GPa, which the Raman peak of 585 cm !

is significantly enhanced and the peak shape becomes narrow,
the phase transition is completed. The transformation pressure of 1 : 150Ag/Zn0O from hexagonal wurtzite structure to cubic
rock salt structure is 7. 2 GPa, which is lower than that of pure ZnO nanomaterials by 9.0 GPa. The possible reason is that
doping makes ZnO lattice expands and crystal structure relaxes, the relative volume change of two phases increases, which lead
to the decrease of phase transition barrier and the phase transformation of samples happen at lower pressure. The high-pressure
study of nanomaterials reveals the influence of element doping on the structural stability of materials. which is a potential method

for the regulation principle of nanomaterials.
Keywords Synthesis of ZnO nanomaterials; Ag doping; High pressure; Structural phase transition; Raman spectroscopy
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