
http://support.spring8.or.jp/Report_JSR/PDF_JSR_2021B/2021B1761.pdf 
 

2021B1761 BL19B2 

In-situ X-ray Powder Diffraction of Electrodeposited n- type Cu2O and p-type 
Cu2O to Identify Phase Transformations and Thermal Expansion 

 
K. M. D. C. Jayathilaka a, L. S. R. Kumara b, C. Dewasiri c, O. Seo b, R. Wijesundera a and S. Jayanetti d 

a University of Kelaniya, b JASRI, c Infinics Pvt. Ltd., d University of Colombo 

n-type and p-type Cu2O films were electrochemically deposited on a Ti substrate in an acetate bath and 
lactate bath respectively. In-situ x-ray powder diffraction of electrodeposited n- type Cu2O and p-type Cu2O 
clearly shows same crystal orientation at room temperature and similar behaviour up to 400 ℃. At 450 ℃ 
n-Cu2O completely converted to the CuO and p-Cu2O partially converted to the CuO. 
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Introduction 
The increasing global demand for energy, limited fossil fuel supplies on the planet and global climate changes 
due to greenhouse gas emissions from fossil fuel burning have made it necessary to use renewable, clean energy 
sources as energy alternatives. Among the various technologies available, photovoltaics is considered one of the 
cleanest ways to achieve this objective. However, the difficult task of solar cell manufacturers is to reduce 
production costs in relation to the resulting output power of the solar modules with a view to enhance their 
marketability and use. In order to solve this problem, a number of materials are being studied for their use in 
applications based on solar energy. Among them, recent studies show that cuprous oxide (Cu2O) has become a 
key candidate as it has the potential to meet global demand for electricity and reduce photovoltaic costs compared 
to other materials [1].  
One of the main challenges for the production of Cu2O-based solar cell devices is to fabricate Cu2O p-n 
homojunctions. Since the homojunction should not present any interfacial deformation resulting from the lattice 
mismatch between p-type and n-type materials, the separation of photoinduced charges in the Cu2O 
homojunction can be considerably improved, hence improving the photoelectric conversion performance [2]. 
However, research on the fabrication of Cu2O homojunctions is insufficient to date due to the lack of studies on 
the production of n-type Cu2O films. Since the demonstration of the growth of n-type Cu2O films using the 
electrodeposition method by our laboratory [3] several other methods have been reported on preparation of n-
type Cu2O films on various substrates. One way to enhance the efficiency is to improve the quality of the n-type 
and p-type surface and interface of the p-n junction. In this experiment thermal behavior of structural properties 
of individual films were examined. 

 
Experiment 
n-type Cu2O films were electrochemically deposited on a Ti substrate in an aqueous solution containing 0.01 M 
copper acetate and 0.1 M sodium acetate at solution pH of 6.2, a deposition potential of -200 mV vs. Saturated 
Calomel Electrode (SCE) and at a temperature of 60 ℃. p-Cu2O films were deposited on Ti substrates in an 
aqueous solution containing 0.4 M copper sulfate and 3 M sodium lactate at a solution pH of 11, the deposition 
potential of -450 mV vs. SCE and at a temperature of 60 ℃. In order to perform powder XRD, electrodeposited 
sulfur treated Cu2O thin films were pealed off from Ti substrates and filled in to Lindemann glass capillary tubes 
of 0.3 mm internal diameter. Diffraction data of powdered samples were obtained using 25 keV photon energy 

 

 

実実験験：： 
単一のアルキル鎖長を有する EO 系セカンダリーアルキルエーテル界面活性剤 sec-C12EOx(y)（x

は平均 EO 鎖長で x = 6.0、7.5、10.0、y = 53、67、87）を SAXS 測定に用いた。各界面活性剤水溶

液の濃度および温度を変えることにより測定を行い、形成する会合体の構造を決定し、会合体構

造に及ぼす EO 鎖長やアルキル鎖の 2 位の炭素に付加した EO 鎖の割合の影響を調べた。なお、広

い Q領域（Qは散乱ベクトル、0.05–0.3 nm−1）の散乱曲線を測定するためにカメラ長 2.0 m、波長

0.7 Å の条件で行い、露光時間は 3 分とした。散乱強度の絶対強度化を行うために glassy carbon の

測定を行った。 
 
結結果果おおよよびび考考察察：： 

EO 系セカンダリー界面活性剤 sec-C12EO6.0(y)（y = 53、67、87）の曇点は、それぞれ 24.4、27.9、
38.5 °C であり、アルキル鎖の 2 位炭素に付加した EO 鎖の割合が高いほど、曇点は高くなった。

sec-C12EOx(y)の 2 位付加の割合 y が同じ場合、EO 鎖長 x が増加すると、曇点は高くなった。

sec-C12EO6.0(y)（y = 53、67、87）の臨界ミセル濃度 CMC（y = 53 は 20 °C、y = 67 と 87 は 25 °C）
は、それぞれ 0.187、0.161、0.146 mmol dm−3 であり、2 位付加の割合が高くなると CMC は小さく

なった。sec-C12EO6.0（y = 53、67、87）の水溶液の温度と界面活性剤の重量分率の関係の相図を図 
1 に示す。EO 鎖の 2 位付加の割合によって相挙動に違いが認められた。2 位付加の割合が 87 %で

は、低温で濃度増加により、ミセル（I）→ヘキサゴナル液晶（H1）→ラメラ液晶（Lα）の転移が

見られ、Lα相は H1 相と比べて広い温度範囲で見られた。2 位付加の割合が減少すると、Lα相の領

域はやや狭くなって 2 液相（II）が広がり、H1 相は 67 %で狭くなり 53 %では消滅した。

sec-C12EO7.5(y)と sec-C12EO10.0(y)（y = 53、67、87）の相挙動についても同様の傾向が見られた。2
位付加の割合が同じ場合、いずれも EO 鎖長が増加すると、H1 相の領域は増大するのに対し、Lα

相の領域は減少し EO 鎖長 10.0 では消滅した。これは、EO 鎖長の増加により分子の曲率が大きく

なるために、Lα相よりも H1 相を形成しやすくなることが考えられる。 
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図 1. セカンダリー界面活性剤（sec-C12EO6.0(y)（y = 53、67、87））の相図 

 
今今後後のの課課題題：： 

ミセルに対する散乱プロファイルのモデル解析を、球状のコア－シェルモデルまたは楕円状の

コア－シェルモデルを用いて行う。ミセルのコアと全体の長さ、長軸・短軸の長さの比、会合数、

水和数などを見積もる予定である。また、ギニエプロットにより、ミセルの回転半径や会合数を

算出する予定である。 
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X rays of wavelength around 0.49592 Å. An XRD peak that was absent in previously reported laboratory XRD 
patterns could be observed using the powder XRD experiments. Thermal stablility of Cu2O samples were 
investigated using in-situ X-ray powder diffraction with low signal to noise ratio and low background in the 
scattering angle range from 2 to 85 degree using MYTHEN detectors installed in the two-axis diffractometer at 
BL19B2. 

 
Results 
Figure 1 shows the in-situ powder XRD patterns of electrodeposited (a) n-Cu2O thin films prepared at pH 6.2 
in the acetate bath (b) electrodeposited p-Cu2O thin films prepared at pH 11 in the lactate bath. 

Figure 1 In-situ powder XRD patterns of electrodeposited (a) n-Cu2O thin films prepared at pH 6.2 in the 
acetate bath (b) electrodeposited p-Cu2O thin films prepared at pH 11 in the lactate bath. 

Laboratory XRD was not sensitive enough to detect possible formation of phases such as CuxO and small 
variation of crystallinity due to annealing. On the other hand, as shown in figure 1 the use of synchrotron powder 
XRD can divulge more accurate structural information due to high-energy beam with high flux as well as high 
counting statistics from little amount of powder sample.  
In figure 1, in-situ powder XRD of electrodeposited n- type Cu2O and p-type Cu2O clearly shows same crystal 
orientation at room temperature and show that several CuO peaks have evolved after annealing at 300 ℃ due to 
the oxidation of Cu2O into CuO phase with similar behavior up to 400 ℃. At 450 ℃ n-Cu2O completely 
converted to the CuO and p-Cu2O partially converted to the CuO. 

 
Next Step 
We will obtain crystal structure information such lattice parameters and unit cell volume of n-Cu2O and p-Cu2O 
using FullProf suit under the Rietveld refinement method for a Pseudo-Voigt function. 

 
References 
[1] C. Wadiya, A. P. Alivisatos, D. M. Kammen, Environ. Sci. Technol. 43, 2072-2077 (2009). 
[2] A. Baltakesmez, S. Tekmen, S. Tüzemen, J. Appl. Phys. 110, 054502 (2011). 
[3] W. Siripala, J. R. P. Jayakody, Sol. Energy Mater. 14, 23-27 (1986). 
 

(a) (b) 




