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Abstract

In order to investigate the effect of particle size and morphology on the optical properties of ZnO, a series of ZnO powders were synthesized by low-temperature hydrothermal processing using zinc
acetate dihydrate and sodium hydroxide as the starting materials, and polyvinylpyrrolidone as the stabilizing agent. The particle size and morphology were tailored by adjusting the reactant molar ratios
[Zn?*)/[OH"], while the reaction temperature and time remained unchanged. XRD, TEM, SAED and HRTEM analyses have shown that the powders have a high crystalline pure wurtzite structure with
nanosized crystallites. The size and morphology of the ZnO powders were investigated by FE-SEM, which showed a modification from micro-rods via hexagonal-faceted prismatic morphology to nano-
spheres, by simple adjusting of the reactant molar ratios [Zn?*]/[OH"] from 1:1 to 1:5. The optical properties of the ZnO powders as well as their dependence on the particle size and morphology were
investigated by Raman and UV-Vis diffuse reflectance spectroscopy (DRS).

Experimental

In the series of experiments, the reaction temperature and time were kept constant, while the [Zn?*]/[OH-] molar ratio in the starting solution was changed in order to tailor the particle size and shape.
Namely, the [Zn?*]/[OH-] molar ratio was varied from 1:1, 1:2, 1:3, 1:3.5, 1:4 fo 1:5, resulting in the pH values of the reaction solution: 8, 9, 10, 11, 12 and 13, respectively. The starting materials, zinc
acetate dihydrate (Zn(CH;C00),-2H,0), sodium hydroxide (NaOH) and polyvinylpyrrolidone (PVP, (C4HsNO)n) as a stabilizing agent, were used without any additional treatment. (0.01 mol) of zinc
acetate dihydrate and 0.0574 g (2.10-6 mol, i.e. 5 wt%) of PVP were dissolved in 750 ml of deionized water with a constant stirring at 1000 rpm and heating at 80 C. After the dissolution of zinc
acetate dihydrate and PVP, an adequate amount of the aqueous solution of NaOH was added dropwise, resulting in a white precipitate. The as-prepared suspension was thermally treated in 2 | Parr
stainless steel stirred reactor under non-equilibrium conditions up to 120 C at a constant heating rate of 2 C/min, under constant stirring of 400 rpm. The reaction time was 72 h.

The morphologies of the synthesized ZnO powders are shown
in Fig. 2. ZnO8 powder, synthesized at pH 8, consists of
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crystalline and hexagonal phase. Fig. 5a shows a TEM image of
the ZnO particles synthesized at pH 13. The SAED pattern,
Fig. Bb, proves that ZnO13 has high crystallinity and a

Table. 1. Synthesis conditions and characteristics of prepared ZnO powders.
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