
Author’s Accepted Manuscript

Impacts of surface or interface chemistry of ZnSe
passivation layer on the performance of CdS/CdSe
quantum dot sensitized solar cells

Fei Huang, Juan Hou, Hongen Wang, Hao Tang,
Zhaoyu Liu, Lisha Zhang, Qifeng Zhang,
Shanglong Peng, Jianshe Liu, Guozhong Cao

PII: S2211-2855(16)30610-3
DOI: http://dx.doi.org/10.1016/j.nanoen.2016.12.047
Reference: NANOEN1698

To appear in: Nano Energy

Received date: 16 November 2016
Revised date: 23 December 2016
Accepted date: 24 December 2016

Cite this article as: Fei Huang, Juan Hou, Hongen Wang, Hao Tang, Zhaoyu Liu,
Lisha Zhang, Qifeng Zhang, Shanglong Peng, Jianshe Liu and Guozhong Cao,
Impacts of surface or interface chemistry of ZnSe passivation layer on the
performance of CdS/CdSe quantum dot sensitized solar cells, Nano Energy,
http://dx.doi.org/10.1016/j.nanoen.2016.12.047

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/nanoenergy

http://www.elsevier.com/locate/nanoenergy
http://dx.doi.org/10.1016/j.nanoen.2016.12.047
http://dx.doi.org/10.1016/j.nanoen.2016.12.047


 

Impacts of surface or interface chemistry of ZnSe passivation layer on the 

performance of CdS/CdSe quantum dot sensitized solar cells 

 

Fei Huang
a,b

, Juan Hou
c
,
 
Hongen Wang

a
, Hao Tang

a
, Zhaoyu Liu

a
, Lisha Zhang

b
,
 
Qifeng Zhang

a
, 

Shanglong Peng
a
, Jianshe Liu

b*
, Guozhong Cao

a* 

 

a 
Department of Materials Science and Engineering, University of Washington, Seattle, 

Washington 98195-2120, United States 

b 
College of Environmental Science and Engineering, Donghua University, Shanghai 201620, P.R. 

China 

c
 Key Laboratory of Ecophysics and Department of Physics, School of Science, Shihezi University, 

Xinjiang 832003, P. R. China 

Corresponding author: 

a 
E-mail: gzcao@u.washington.edu; Tel: +1-206-616-9084 

b 
E-mail: jiansheliu@dhu.edu.cn 

Abstract 

ZnSe deposited via successive ionic layer adsorption and reaction (SILAR) method onto 

TiO2/CdS/CdSe photoanode has been proven as an effective passivation layer to suppressing 

charge recombination and enhancing power conversion efficiency in quantum dot-sensitized solar 

cells (QDSCs). However, the device performance varies appreciably with the deposition process 

as the chemical identity and the interfacial structure between the passivation layer and the 

quantum dots and electrolytes have retained quite some unanswered questions. The present paper 

reports the significant impacts of ZnSe passivation layer with different surface or interface 

chemistry on the performance of CdS/CdSe QDSCs. The photovoltaic properties show that the 

performance of assembled cells has a strong dependence on the SILAR immersion sequences 

started with Zn
2+

 or Se
2-

. When Zn
2+

 was initially deposited, the unintentionally formed 

QDs/ZnSe/Se/SeO2 structure with a large amount of ZnSe leads to a significant increase in the 

photovoltaic properties. When Se
2-

 was first deposited, most of the Se
2-

 absorbed on the surface of 

the photoanode would be oxidized to form Se
0
 and SeO2, with a small fraction of ZnSe formed. 

The resulted QDs/Se/SeO2/ZnSe structure leads to a drastic decrease of the solar cell performance.  

Keywords: Quantum dot sensitized solar cell; ZnSe passivation layer; SILAR immersion sequence; 

Surface or interface chemistry; Charge recombination 

Introduction  

Excitonic solar cells have gained much attention, due to low materials cost, simple solution 

fabrication process with low energy consumption, and relatively high solar energy to electricity 

conversion efficiency.
1-3

 Among various excitonic solar cells, dye sensitized solar cells (DSCs) 
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