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ABSTRACT

In order to evaluate the photothermal effect of CuS@Cu2S nanoparticles, photothermal temperature curves and 
images were observed by an infrared camera, and photothermal efficiency was calculated by linear fitting. The 
results show that CuS@Cu2S nanoparticles have higher temperature increase under 808 nm laser irradiation, which 
can be proved by near-infrared (NIR) thermal images. Moreover, high photothermal conversion efficiency of 
CuS@Cu2S can be adjusted by the content of Cu2S.  
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1. INTRODUCTION

As potential semiconductors, copper sulphide (CuS) nanoparticles have 

been paid extensive attentions [1,2]. CuS is one of the most important p-

type semiconductor materials, which has been fabricated by a variety of 

morphologies such as nanoparticles, nanowires, nanoplates, nanorods, 

nanotubes, ball-flower, hollow sphere and hollow cages by different 

methods [3-6]. CuS nanoparticles show excellent performance in 

photocatalytic degradation of dyes, gas sensing, solar cell, lithium ion 

batteries, etc [7-11].  

Cuprous sulfide (Cu2S) is also a p-type semiconductor，which prohibits a 

great potential in energy and catalysis field, such as solar cells, catalysis, 

solar energy conversion, biosensors, efficient photo catalyst and a certain 

optoelectronics equipment [12-16].  

Recently, CuS@Cu2S have attracted more and more attention due to their 

unique structure and excellent properties in physical and chemical, which 

have been successfully used to degrade methyl violet, rhodamine B, 

methyl orange and methylene blue by UV–vis spectrum analyzer [17, 18]. 

In this work, CuS@Cu2S nanoparticles were synthesized by hydrothermal 

method, and the photothermal effects of CuS@Cu2S nanoparticles were 

investigated. 

2. EXPERIMENTAL

2.1 Materials and Synthesis 

Copper chloride (CuCl2·2H2O) and sodium sulphide (Na2S·9H2O) were 

obtained from Tianjin Damao Chemical Regent Co., Ltd. 

Polyvinylpyrrolidone (PVP-K30) was obtained from Beijing Yili Chemical 

Co., Ltd. Sodium hydroxide (NaOH) and hydrazine anhydrous solution 

(N2H4·H2O) were purchased from Tianjin Damao Chemical Regent Co., Ltd. 

Sodium borohydride (NaBH4) was purchased from Sinopharm Chemical 

Reagent Co., Ltd.  

CuS@Cu2S nanoparticles were prepared by a previously related method 

with slight modification. Firstly, 120 μL CuCl2 solution (0.5 M) was added 

to 30 mL deionized (DI) water including 0.25 g PVP-K30 under slight 

stirring at 25°C. Then, 30 mL NaOH solution (pH = 9.0) and 6.5 μL 

N2H4·H2O (50%) was injected to form Cu2O spheres. After 5 min, 220 μL 

Na2S aqueous solution (320 mg mL-1) was added to the solution. Then, the 

mixture was heated for 2 h at 60 °C and collected by centrifugal method at 

14000 rpm for 10 min with four times DI water washed. Finally, the CuS 

nanoparticles were suspended in 20 mL ethanol, followed by the addition 

of 0.15 g PVP-K30. Then, different NaBH4 (3 mM) was added and stirred 

for 1 h. The CuS@Cu2S nanoparticles were washed and dispersed in 20 mL 

water. 

2.2 Photothermal measurement 

To evaluate the photothermal effect of CuS@Cu2S nanoparticles in 

solution, 180 μL solutions with different CuS@Cu2S concentrations and 

Cu2S volumes were deposited into centrifuge tube. Then, the tubes were 

irradiated by an 808 nm laser at different power density (0.5, 0.8 and 1.0 

W cm-2) with the increasing time. All the temperatures and images were 

achieved by a multi-wavelength laser device (fabricated by Jilin Institute 

of Chemical Technology) containing both high-power laser and infrared 

thermal imaging camera. 

2.3 Linear fitting and calculation 

According to the eq1, the photothermal conversion efficiency (η) of 

CuS@Cu2S was calculated by the temperature cooling results [19].  

eq1 

Tmax —— equilibrium temperature; 

Tsurr —— ambient temperature of the surroundings; 

Qdis ——heat loss from light absorbed by the container (~ 0 mW); 

I —— incident laser power (0.5 W cm-2); 

A808 —— the absorbance of samples at 808 nm; 

h —— heat transfer coefficient; 

s —— surface area of the container; 

hs —— calculated using the following eq2 [19]: 

sDD hcm /s =      eq2 

τs —— sample system time constant; 

mD —— mass of the solvent; 

cD —— heat capacity of the solvent. 
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3. RESULT AND DISCUSSION

3.1 Evaluation of CuS@Cu2S photothermal behavior 

Figure 1A displays the temperature elevation of CuS@Cu2S, CuS and DI 

water under 808 nm laser irradiation. With time goes on, CuS@Cu2S 

aqueous solution (100 ppm) increases to a higher temperature of 67.3 °C 

(808 nm, 0.5 W cm−2, 7 min). However, CuS and pure water only increase 

to 32.0 and 23.2 °C, respectively. Moreover, after three cycles of heating 

and cooling, the photothermal effect of CuS@Cu2S still remains good 

(Figure 1B).  Figure 1C, D exhibits that both CuS@Cu2S concentration and 

laser power density are proportional to the temperature increment, 

respectively. All the related results of temperature increasing can be 

proved by the images of the NIR thermal images (Figure 2). 

Figure 1: (A) Photothermal temperature curves of CuS@Cu2S, CuS, and 
DI water; (B) The photothermal conversion cycling test of CuS@Cu2S 
aqueous solution; (C) Photothermal conversion characterizations of 

CuS@Cu2S aqueous solution with different concentrations under 808 nm 
laser irradiation (0.5 W cm−2, 420 s); (D) Photothermal conversion 

characterizations of CuS@Cu2S aqueous solution under different power 
density of 808 nm laser irradiation (CCu = 100 ppm, 420 s). 

Figure 2: NIR thermal images CuS@Cu2S 

3.2 Photothermal conversion efficiency of CuS@Cu2S 

The temperatures increasing and cooling of specimens with different Cu2S 

was also detected. Figure 3A shows that the temperature increases with 

the increasing concentration of Cu2S. Furthermore, the highest (27.9) was 

obtained at the Cu2S volume of 10 mL, which is similar to the temperature 

increasing (Figure 3B). These photothermal conversion efficiency results 

were calculated by the linear fitting, indicating the data of η value are 

repeatability (Figure 3C-H) [20]. 

Figure 3: (A) Temperature increasing and cooling curves of CuS@Cu2S; 
(B) Photothermal conversion efficiency (η) of CuS@Cu2S; (C-H) Linear 

time data gained from A. 

4.  CONCLUSIONS

In summary, we have successfully prepared the CuS@Cu2S nanoparticles 

by using hydrothermal synthesis. The excellent photothermal effect of 

CuS@Cu2S specimens were achieved with increasing concentration and 

high photothermal conversion efficiency were obtained with high Cu2S 

volume. In addition, good linear fitting results were gained by formula 

calculation, illustrating the stability of the photothermal effect. 
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