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A B S T R A C T

Herein, Cu2O@CuO core-shell nanostars were prepared via a solution-processed method. High-resolution 
transmission electron microscopy and X-ray diffraction analyses confirmed that the Cu2O nanostars were 
consistently enclosed by a CuO layer. Dibromo (DB)-3,4-ethylenedioxythiphene (EDOT) monomer was prepared 
from commercially available 3,4-ethylenedioxythiphene via a common bromination method. The Cu2O@CuO 
core-shell nanostars were blended with the DBEDOT monomer and heated to 70 ◦C to form a nano-hybrid hole 
transport material (HTM) for application in solid-state dye-sensitized solar cells (ssDSCs). The nanohybrid is 
systematically characterized through scanning electron microscopy, X-ray photoelectron spectroscopy, and 
Fourier transform spectroscopy. The photovoltaic performance of the ssDSCs was optimized by varying the 
Cu2O@CuO core-shell nanostars concentration in the nanohybrid HTM from 1 to 3 wt%, while maintaining the 
concentration of the DBEDOT monomer at 1wt%. In addition, the electrochemical properties of the nanohybrid 
HTM were explored through electrochemical impedance spectrometry measurements. Among the analyzed 
samples, the 1 wt% Cu2O@CuO core-shell nanostars in the nanohybrid HTM show the best efficiency. This 
method establishes the possibility of applying high-performance organic/inorganic-based nanohybrid HTMs in 
ssDSCs.

1. Introduction

In 1991, O’Regan and Gratzel introduced dye-sensitized solar cells 
(DSCs) that were inexpensive and demonstrated good efficiency, which 
led to the development of third-generation solar cells [1]. DSCs have 
several advantages, including environmental friendliness, ease of prep
aration, low cost, good performance in outdoor conditions, bifacial light 
capture, ability to obtain different colors, and low standards for sample 
purity. These benefits motivated the research and development of DSCs 
even though they have lower efficiencies than silicon solar cells [2–5]. 
Traditional DSCs consist of four main components: the metal oxide 
semiconductor (typically TiO2), sensitized dye (typically ruthenium 

complexes), counter electrode (typically platinum), and liquid redox 
couple electrolyte (typically iodide/triiodide couple). The photovoltaic 
performance of DSCs can be enhanced by fine-tailoring these compo
nents. In particular, replacing the liquid electrolyte is one of the best 
methods to achieve a stable photovoltaic performance; this is because of 
the inevitable exudation of the solvent and corrosion from the liquid 
electrolyte. Solid-state electrolytes are advantageous compared to 
quasi-solid-state and liquid-type electrolytes for the comprehensive 
usage of DSCs. However, a direct hole transfer occurs in the solid-state 
electrolyte from the dye to the solid-state electrolyte via hopping from 
the electronic states of the organic molecules to the counter electrode. In 
contrast, in liquid electrolytes, the conduction hole transfer occurs 
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