
Tunable Formation of ZnSe to ZnO due to a Controlled Phase Transition Driven by Hydrazine 
and Sodium Hydroxide

Controllable ZnSe and ZnO structures with different morphologies were synthesized by a simple hydrothermal method. The effects of hydrazine 

hydrate and sodium hydroxide on the final product and morphology were studied. The results showed that controlled phase transition from ZnSe 

to ZnO was achieved by adjusting the volume of hydrazine hydrate. The structure variety of as-synthesized product depended on the hydrazine 

hydrate volume and sodium hydroxide concentration, which was further confirmed by SEM and XRD. It showed that hydrazine hydrate acted a 

pivotal part in the restoring process of selenium. Pure ZnSe microspheres were obtained when the volume of N H ·H O increased to 10 mL. 2 4 2

While the final product completely changed into ZnO rods when the N H ·H O was absent during the synthesize process. Additionally, when the 2 4 2

concentration of NaOH was higher than 0.5 M, ZnO tended to self-assemble into flower-like ZnO structures. The corresponding reaction 

mechanism was discussed. The current-voltage characteristics indicated that self-assembled flower-like ZnO structures displayed excellent 

electrical properties, which was attributed to the special structural feature with large specific surface area and defect states formed by adjusting 

the sodium hydroxide concentration. This facile approach for phase transition from ZnSe to ZnO may provide an alternative way for preparation 

of functional heterostructure, which demonstrates their potential application in optoelectronic devices.
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1. Introduction
ZnSe and ZnO have emerged interest as potential candidates for

electronic materials owing to their high conductivity and electron
1-5 6mobility,  resulting in broad applications in high-temperature,  high-

7,8 9 10frequency,  anti-radiation,  short-wavelength luminescence areas.  It is

well known that the properties of those devices depend on morphology

and structure, which in turn affects the carrier transport performance of

materials. Many efforts have been devoted to synthesizing ZnO and

ZnSe with various morphologies, such as chemical vapor deposition
11,12 13 14method,  spray deposition,  thermal evaporation,  vapor-liquid-solid

15 16,17method  and pulse laser deposition technology.  However, these

methods are typically time consuming and the experimental conditions

are rigorous, which severely restrict their practical applications in

electronic devices. So, it is highly desirable to develop a facile and

effective synthesis approach. In addition, although various ZnO or ZnSe

structures with different morphologies have been reported, no further

studies have been reported on the tunable phase transitions from ZnSe 

microspheres to rod-like ZnO structures and their electronic properties.

Here, a facile hydrothermal method for the synthesis of ZnSe 

microspheres and ZnO rods was demonstrated. The ZnSe microspheres 

suffered obvious morphological and phase change into ZnO rods when 

the N H ·H O was absent. And the length of ZnO rods was further 2 4 2

decreased when the N H ·H O and Na SeO were absent. Interestingly, 2 4 2 2 3 

the ZnO rods tended to self-assembly into flower-like ZnO structures 

with appropriate concentration of NaOH. The correlative electrical 

properties of ZnSe microspheres and ZnO rods were also investigated, 

and it was found that the self-assembled ZnO flowers exhibited the best 

electrical performance. The difference in electrical performance was due 

to the different specific surface area and defect states generated with 

various concentration of sodium hydroxide.

2. Experimental
2.1 Preparation of ZnSe microspheres and ZnO rods
All chemicals used without further purification were of analytical grade,

which were purchased from Sinopharm Chemical Reagent Co., Ltd

(China). ZnSe microspheres and ZnO rods were synthesized by

hydrothermal method. Typically, 30 mL of Zn(NO ) ·6H O (0.03 M),3 2 2

Na SeO (0.03 M) and NaOH (0.67 M) were prepared stirring at 2 3  by 

room temperature for 20 min. Then, 10 mL N H ·H O (85%, v/v) 2 4 2

solution was added into the above solution under vigorous stirring. 

Subsequently, the mixture was put into a Teflon-sealed autoclave and 
okept at 180 C for 4 h, and then cooled to room temperature. The 

resulting products were collected by centrifugation (1500 rpm, 5 min) 

and then washed twice with ethanol. Finally, the products were 
oannealed at 60 C in the air for further characterization. In addition, the 

effects of N H ·H O volume and NaOH concentration on the structure 2 4 2
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Fig. 1 Low- and High- magnification SEM images of final products prepared with 0.2 mL N H ·H O and 0.67 M NaOH.2 4 2

Fig. 2 FESEM images and XRD patters of final products 0.67 M NaOH and different volume of N H ·H O: (a) 5 ml, and (b)10 ml.2 4 2  prepared with 

and morphology of the products were also investigated.

2.2 Characterization
Structure and morphology of samples were characterized by X-ray 

diffraction (XRD, Philips 1730) and Field Emission Scanning Electron 

Microscopy (FESEM, JSM-7800F), respectively. The absorption spectra 

were investigated in the range of 200-800 nm by UV-Vis absorption 

spectroscopy (UV-3600 Plus). Current-voltage characteristics (I-V) were 

carried out at room temperature using a Keithley 2400 source meter.

3. Results and discussion
3.1 Morphology and Structure Characteristics

Fig. 1a-b present the SEM images of the products synthesized with 

N H ·H O in different volumes. A large amount of ZnO rods and raw 2 4 2

ZnSe microspheres were obtained with 0.2 mL of N H ·H O (Fig. 1). 2 4 2

When the volume of N H ·H O was 5 ml, a large amount of ZnSe 2 4 2

microspheres and some ZnO rods were discovered (Fig. 2a). As the 

volume of N H ·H O increased to 10 ml, only ZnSe microspheres were 2 4 2

achieved (Fig. 2b). Some ZnSe microspheres with diameters of ~5 μm 

were observed. The SEM observations indicated that the volume of 

N H ·H O had a significant effect on the structure change from ZnO to 2 4 2

ZnSe.

The corresponding XRD pattern is shown in Fig. 2c. When the 

volume of N H ·H O was 5 ml, the diffraction peaks of the microsphere 2 4 2
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Fig. 3 FESEM images and XRD patterns of final products synthesized with various concentrations of NaOH (a-d): 0.4 M, 0.5 M, 0.67 M, and 1 M, in 

which N H ·H O was absent and the concentration of Na SeO was 0.03 M.2 4 2 2 3 

(Fig. 2a) could be well indexed to cubic ZnSe (JCPDS#37-1463).

Besides, the relatively weak peaks marked with asterisk were from 

hexagonal wurtzite ZnO (JCPDS#36-1451). While the obtained 

diffraction peaks originated from the cubic ZnSe (JCPDS#37-1463) 

when the volume of N H ·H O reached to 10 mL. 2 4 2 In addition, the 

diffraction peak  of ZnSe sample became narrower and no other s

impurity peaks observed (red curve), compared with another were 

sample (Fig. 2a), which indicated that the growth of ZnSe crystals had 

high purity.

To further investigate the influence of NaOH on morphology and 

structure, the N H ·H O was absent and the concentration of Na SeO2 4 2 2 3 

was kept at 0.03 M. Fig. 3a-d present SEM images of the ZnO samples, 

which were prepared with different concentration of NaOH. As shown 

in Fig. 3a, rod-like ZnO  diameter ~0.5 m and length structure with μ

~4.5 m obtained μ was when the concentration of NaOH was 0.4 M.  

And the ZnO rods began to self-assemble into clusters at 0.5 M NaOH 

(Fig. 3b). A werelarge quantity of flower-like microstructures  self-

assembled when the concentration of NaOH arrived at 0.67 M, and 

each flower was made up of multiple ZnO rods, which grew radially 

from the center (Fig. 3c). When the concentration of NaOH climbed to 

1 M, ZnO rods with longer length were observed (Fig. 3d). Fig. 3e 

exhibits the XRD patterns of four as-synthesized samples, all diffraction 

peaks of four samples could be precisely assigned to the hexagonal 

wurtzite ZnO (JCPDS #36-1451), which also confirmed the high purity 

of ZnO and the absence of other detectable phases in the XRD pattern.

According to the above results, we proposed that the Na SeO  2 3

precursor may have no effect on the final product and its structure when  

N H ·H O was absent. Under the condition of keeping other parameters 2 4 2
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constant, experiments without N H ·H O and Na SeO were carried out. 2 4 2 2 3 

SEM images of ZnO prepared without N H ·H O and Na SeO are 2 4 2 2 3 

shown in Fig. 4a-d. The morphology of ZnO rods was similar to that of 

ZnO The clear difference prepared in the absence of N H ·H O (Fig. 3). 2 4 2

was that the length of ZnO rods and the self-assembled flower-like ZnO 

rods became much more shorter, compared with the samples of Fig. 3b-

c. As the concentration of NaOH exceeded 0.5 M, the ZnO rods also 

self-assembled into flower-like structure, in which the ZnO rods were 

scattered from center.

Fig. 4e demonstrated that all XRD peaks of four products 

corresponded to ZnO with hexagonal wurtzite structure (JCPDS#36-

1451). The room temperature UV-Vis absorbance spectra of the pure 

ZnSe microsphere and ZnO samples were shown in Fig. 5. It was 

observed that ZnSe displayed absorption peak at around 460 nm, and 

Fig. 4 SEM images and XRD patters of final products synthesized with various concentrations of NaOH (a-d): 0.4 M, 0.5 M,0.67 M, and 1M, in which 

N H ·H O and Na SeO were absent.2 4 2 2 3 

the bandgap of the ZnO sample calculated from their central peak 

position was approximately 3.3 eV, which was close to the theoretical 
18 value.

2+ 2- To explain the main origin of the interaction among Zn , Se and 

N H ·H O during the synthesis transformation process (Fig. 6), it would 2 4 2

be of great meaningful to describe the formation of ZnSe microspheres, 

as shown in the following equations (1)-(2):

 

)2(ZnSeZnSe

)1(OH7SeN2SeOOH2OHHN2
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In this work, N H ·H O and Na SeO were chosen as reducing 2 4 2 2 3 

agent and Se source, respectively, and NaOH provided a good alkaline 
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Fig. 5 UV-Vis absorption spectra of pure ZnSe microspheres (a) pure ZnO rods obtained with different concentration of NaOH (b) 1 M, (c) 0.67 M, (d) 

0.5 M, (e) 0.4 M, in which Na SeO was absent.2 3 

environment. N H ·H O worked as a reducing agent and reduced the 2 4 2
2- 2- SeO to Se ions at 180 ˚C according to the reaction equation (1), these 

2- 2+Se ions reacted with Zn  and ZnSe microspheres were formed as 

reaction products. The pure ZnSe microspheres could be obtained when 

the N H ·H O was 10 mL. However, when the volume of N H ·H O 2 4 2 2 4 2

decreased from 10 to 5 mL, ZnO phase were also appeared. This may 

be because the content of N H ·H O was not enough to reduce all Se, 2 4 2
2+ resulting in the residual Zn ions in the solution, which would react 

-with OH, and then the formed Zn(OH) was decomposed into ZnO. 2 

Pure ZnO rods were formed when the volume of N H ·H O was further 2 4 2

reduced to 0 ml, which indicated that the N H ·H O acted a key role in 2 4 2

the structure formation of ZnSe. It was also found that the higher NaOH 

Fig. 6 Schematic illustration of the synthesis of ZnSe microspheres and ZnO rods.

concentration resulted in significantly extended ZnO rods length, which 
- 2+ 19,20 was attributed to the ratio between OH ions and Zn . With the 

- concentration of OH increased, a large number of self-assembled ZnO 

rods with flower-like structure were achieved. It was found that the rods 

grew in a centrally radiated network structure, which was contributed to 
21surface energy and free Gibbs energy.

Additionally, compared with the ZnO synthesized without 

Na SeO , ZnO prepared by Na SeO had a minor increase in diameter, 2 3 2 3 

indicating that the presence of Na SeO had a slight effect on the final 2 3 

diameters of ZnO rods. When the concentration of NaOH was higher 

than 0.5 M, the tips of ZnO rods synthesized were tapered, which was 

attributed to the fact that some groups with negative charge tended to 
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22,23grow on the positive side of the ZnO crystals.

3.2 Electrical characterization
Fig. 5 illustrates the room temperature current-voltage (I-V) 

characteristics of ZnSe microspheres and ZnO rods synthesized with 

different concentration of NaOH. The results showed that the I-V 

features of all samples appeared to be symmetric with respect to the 

bias voltage. Additionally, the current of ZnSe microspheres was 

obviously lower than that of ZnO samples, which could be caused by 

the presence of oxygen deficiencies or Zn interstitials in the ZnO 
24,25lattice.  And the large difference in the conductivity of ZnO prepared 

with various concentrations of NaOH might be due to the different 

amount of Zn interstitial. Moreover, the self-assembled ZnO flowers 

exhibited the highest current compared with other samples, it could be 

attributed to its larger specific surface area and defect states, which were 

beneficial to the free electrons transport. 

4. Conclusions
Tunable phase transition from ZnSe microspheres into ZnO rods was 

achieved by adjusting the volume of hydrazine hydrate and the 

concentration of sodium hydroxide. Pure ZnSe microspheres were 

formed when the volume of N H ·H O increased to 10 mL, while large 2 4 2

amount of pure ZnO rods were formed when the N H ·H O was absent. 2 4 2

Depending on the different concentration of NaOH, ZnO rods tended to 

self-assemble into flower-like ZnO structures when the concentration of 

NaOH was higher than 0.5 M. The related current-voltage 

characteristics of ZnO flowers displayed the superior electrical 

properties, which indicated the suitable concentration of sodium 

hydroxide could significantly affect the formation of defect states in 

microstructures films and then altered its electronic properties. This 

facial phase transition method may be exploited for the fabrication of 

ZnO/ZnSe heterostructures for broad electronic devices applications. 
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