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Abstract: Cr’" doped ZnSe nanocrystals are an important type of mid-infrared materials. ZnSe-based
semiconductor nanocrystals with core-shell structure have shown excellent optical, electrical and catalytic
properties. The defects of nanocrystals are one of the important factors affecting their properties. For example,
nanocrystals with twinned structure have higher strength and hardness. In order to improve the comprehensive
performance of doped nanocrystals, Cr’:ZnSe/ZnSe nanocrystals with core-shell structure were prepared by
two-step hydrothermal processes, using soluble Zn salt as Zn source, newly prepared NaHSe solution as Se source,
and Cr(AC), as doping source, and chemically stable nanocrystals at room temperature were obtained by sintering

at 400 and 800 ‘C under protection of argon or high vacuum, respectively. Their structural and morphological
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characterization results show that the nanocrystalline size is mainly concentrated in the range of 20-30 nm, the shell

thickness is about 2.6 nm, and the nanocrystals have delamination defects, thus twins are developed. The analysis

results show that the twin plane is (111), the angle between the adjacent two crystal planes is 70.02°+ 0.5°. The twin

density of the sample increases with the increase of the crystallinity, which indicates that release of lattice distortion

energy leads to formation of delamination and twin. Meanwhile, the twin growth can be explained by dislocation

induced nucleation-growth. XPS analysis shows that Cr elements with a valence of +2 exist in the nanocrystals, and

the reflection spectroscopy test shows that nanocrystals have an absorption band around 1775 nm, indicating that

the prepared nanocrystals with twins have a promising mid-infrared luminescent property.

Key words: Cr*":ZnSe; core-shell structure; nanotwins; twinning mechanism; sintering
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Fig. 1 XRD patterns of nanocrystalline samples

(a) XRD patterns of different samples after sintering; (b) Local magnification of (111) crystal plane diffraction
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Tablel Parametersof (111) crystal planes of
samples sintered at different temperatures

Sample 77°C  26/(°) d/mnm FWHM/rad D/nm
ZnSe 200 27.455 03246  0.761  10.8
ZnSe/ZnSe 400 27.472 03244 0613 13.5
0 2+,
0.3%Cr=ZnSe/ 400 27465 03245 0557 149
ZnSe
0 2+,
0.5%Cr™=ZnSe/ 400 27451 03246 0540 154
ZnSe
1.5%Cr?":ZnSe 800 27.207 03275  0.537 155

* T: Temperature; d: Interplanar distance; FWHM: Full width at half
maximum; D: Average grain size
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Fig. 2 Microscopic morphology (a) and grain size distribution

(b) of 0.5%Cr>":ZnSe/ZnSe sintered at 400 C
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Fig. 3 HRTEM images of ZnSe/ZnSe sintered at 400 C

(a) High resolution TEM image; (b) Local grain enlargement image
Colorful figure is available on website
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Fig. 4 HRTEM images of 0.3%Cr’":ZnSe/ZnSe sintered at
400 C

(a) High resolution TEM image; (b) Local enlarged grain image
Colorful figure is available on website
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