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In this contribution, CuS nanostructures of various morphologies have been synthesized by 
manipulating time and choosing different copper sources via a mild hydrothermal method. The 
products were characterized by XRD, SEM, EDX and TEM analysis methods. Studies showed that after a 
definite time depending on the chosen copper source, the obtained pure CuS nanocrystals show a 
tendency towards self assembly and creating plate, rode, and wire like nano and submicro structures. 
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INTRODUCTION 
 
Recently, nanostructured materials have attracted great 
attention in the fields of experimental and theoretical 
chemistry sciences (Monajjemi et al., 2009, 2008). Due to 
extensive dependence of the properties and application 
of nano structured semiconductors on their crystal phase, 
size, composition and shape, synthesizing of highly tuned 
nanocrystals has been a challenging issue (Sun and Xia, 
2002).  Recently, copper sulfides have gained extensive 
attention on account of their various stoichiometrics. 
Unique optical, electronic, chemical characteristics of 
CuS (Erokhina and Erokhin, 2003; Janata et al., 1994; 
Raevskaya and Stroyuk, 2004) have caused it to be 
applied in many fields such as catalysts (Raevskaya and 
Stroyuk, 2004), solar cells, optical filters (Monajjemi et al., 
2008; Sakamoto et al., 2003), enhanced conductive 
coatings on polymers (Monajjemi et al., 2008) and so on. 
Synthesis of green copper sulfide (covellite) is of interest 
because it shows electrical conductivity like metals 
(Monajjemi et al., 2011). With regard to synthesize pure 
and uniform CuS nanocrystals, many methods have been 
proposed including sonication (Wang et al., 2002), 
template assisted growth (Mao et al., 2004; Monajjemi et 
al., 2009; Wang and Yang, 2000), beam irradiation (Zhou 
et al., 2008), solid state reactions, solvothermal (Lu et al., 
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2002; Zou et al., 2007), and hydrothermal processes 
(Zhang et al., 2004; Tang et al., 2004; Jiang, 2005). CuS 
nanostructures have been prepared in a variety of 
architectures such as flakes and disks (Zhang and Gao, 
2003), nanowhisker (Puspitasari et al., 2007), hollow 
spheres (Zhu et al., 2005), nanorods (Ou et al., 2005), 
trepange like and flower like (Tang et al., 2004), and 
urchin- like (Zhu et al., 2004) structures. Here in, we 
describe a mild hydrothermal method for the synthesis of 
spherical, quadrate, nano and submicrorod CuS 
structures. Effects of the copper source and reaction time 
on the morphology, size and yield of CuS nanostructures 
have been investigated. 
 
 
MATERIALS AND METHODS 
 
The reactants used in this study were Cu(CH3COO)2.H2O and 
Cu(NO3)2.3H2O, thiourea, cetyltrimethylamoniume bromide. All the 
chemical materials were of analytical grade and purchased from 
MerckTM Company. 
 
 
Preparation of CuS nanoparticles without applying surfactant 
 
In a typical procedure, 3 mmol of thiourea solution in 35 ml of 
deionized distilled water was added slowly to a solution of 1.5 mmol 
of copper salt in 35 ml of deionized distilled water at 80°C. The 
colour of the mixture changed from blue to green and then dark 
green. This solution was transferred into  a  100  ml  stainless  steel
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Figure 1. EDX pattern of the product obtained by Cu(ac)2.H2O, Tu and CTAB. 

 
 
 
autoclave, sealed and kept at 80°C for 24 h. Subsequently, the 
system cooled to the room temperature, centrifuged and washed 
with deionized distilled water and ethanol several times. The 
obtained black precipitate was dried under vacuum at 60°C for 12 
h. 
 
 
Preparation of CuS nanoparticles using CTAB surfactant 
 
While stirring, a solution of 1.5 mmol of copper salt in 20 ml 
deionized distilled water was added to a solution of 2.1 mmol of 
CTAB in 30 ml of deionized distilled water at low speed. The 
mixture was refluxed at 80°C for 1 h. Under vigorous stirring, 3 mol 
of thiourea in 20 ml deionized distilled water was added to the 
mixture. The blue mixture turned into green and then dark green. 
The obtained green sols were transferred into a 100 ml stainless 
steel autoclave, sealed and kept at 80°C for 24 h. Then, the system 
was cooled down to the room temperature and 25 ml of ethanol 
was added into the obtained solution. The product was centrifuged 
and washed with deionized distilled water several times and dried 
under vacuum at 60°C for 12 h. 

The crystal phase and particle sizes of the synthesized products 
were studied by X-ray powder diffraction method, using Siemens 
D5000 diffractometer (Cu K� radiation, � = 1.54056Α) in 2θ ranges 
from 5 to 70°. Scanning electron microscopy (SEM) images and 
energy dispersive X-ray (EDX) spectra were taken on a Philips 
XL30 scanning electron microscope. Transmission electron 
microscopy (TEM) images were taken on a Philips CM120 
microscope. 

 
 

RESULTS AND DISCUSSION 
 
Two different copper sources of Cu(ac)2. H2O and 
Cu(NO3)2.3 H2O are used to synthesize CuS 
nanoparticles in the presence and absence of CTAB 
surfactant. 

Figure 1 shows the EDX pattern of the product 
obtained by the reaction of copper acetate monohydrate 
and thiourea after 24 h. The patterns correspond to Cu 
and S and the extra peaks are attributed to Au which the 
nanoparticles were coated with. The EDX patterns are 
approximately similar for all the products. No impurity is 
found and Cu:S ratio approximately equals to 1. 

XRD patterns of the prepared CuS samples are given 
in Figure 2. All the reflections are attributed to pure 
hexagonal phase CuS covellite. The entire diffraction 
patterns match with the data reported in the literature 
(JCPDS card no. 06-0464). The patterns illustrate that 
the whole products are well crystalline and pure which 
conforms to EDX results. 

Yields of the products after 12 h were about 62 and 
65% when Cu(CH3COO)2.H2O  and Cu(NO3)2. 3 H2O 
were used as copper sources, respectively. After 24 h, 
the yields became 84% in the case of Cu(ac)2. H2O and 
90% when Cu(NO3)2. 3H2O was used. It can be 
concluded that a longer reaction time can increase the 
product yield and declines the unreacted copper sources. 

TEM images of the products obtained using 
Cu(ac)2.H2O after 12 and 24 h are shown in Figures 3 a 
and b, respectively. As it is clear, after 12 h, the 
morphology of the product is spherical while after 24 h, 
particles have a quadrate plate like morphology. 
However, the crystal sizes of the products calculated 
using scherrer’s equation [Dutta and Dolui, 2008] shows 
that the size of the particles are about 9 nm and there is 
no size enhancement during a longer reaction time. It can 
be deduced that when the reaction time gets longer than 
12 h the particles have a tendency towards setting beside 
each other  in  order  to  create  polycrystalline  quadrate
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Figure 2. XRD patterns of the products prepared with; (A) Cu(ac)2.H2O and Tu after 12 h, (B) 
Cu(ac)2.H2O and Tu after 24 h (C) Cu(ac)2.H2O, Tu and CTAB after 24 h (D) Cu(NO3)2.3H2O and Tu 
after 12 h (E) Cu(NO3)2.3H2O and Tu after 24 h (F) Cu(NO3)2. 3H2O, Tu and CTAB after 24 h.  

 
 
 

 
 
Figure 3. TEM images of the products prepared with 
Cu(ac)2.H2O and Tu after (a) 12 h and (b) 24 h. 

plates. 
Figures 4a to d show the TEM images of the products 

synthesized with applying Cu(NO3)2.3H2O and Tu at 12, 
16 and 18 h after the beginning of the reaction, 
respectively. As it is shown in Figure 4a, after 12 h the 
particles have an elliptical shape. The particles have a 
mean size of about 15 nm calculated by Scherrer’s 
equation. However, Figure 4b and c show that after 16 h 
the CuS nanocrystals were self assembled in one 
dimension and arranged in a rode shape structures. The 
diameters of the obtained nanorods are between 30 to 70 
nm. Figure 4d is taken after 18 h from the beginning of 
the reaction. At this stage, the obtained product has a 
mean diameter of 85 nm. This image reveals that the 
nanorods got branched and curved over time and created 
a nano wire like morphology over time. The SEM images 
of the product obtained after 24 h are shown in Figure 5a 
and b. As it is shown, the more one dimensional 
assembly of CuS nanoparticles caused the formation of 
submicro wires. Figure 5a reveals that the obtained wires 
are curved and along with some spherical particles. The 
mean diameter of the CuS submicro wires is about 600 to 
800 nm. Figure 5b shows that some of the submicro 
wires are branched. 

Figure 6a and b are SEM images of the products 
prepared in the presence of CTAB surfactant. In the case 
of the product shown in Figure 6a the copper source was 
Cu(ac)2. H2O and the Cu(NO3)2.3 H2O was used to 
prepare sample shown in the Figure 6b. The images 
reveal that after the initial nucleation CTAB  restrains  the
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Figure 4. TEM images of the products prepared with Cu(NO3)2.3H2O and Tu after (a)12 h (b) 
14 h (c) 16 h and (d) 18 h. 

 
 
 

 
 
Figure 5. SEM images of the products prepared with (a) Cu(NO3)2.3H2O and (b) Tu, respectively after 24 h.  

 
 
 

 
 
Figure 6. SEM images of the products prepared in the presence of CTAB, Tu, 24 h and; (a) Cu(ac)2.H2O, and  (b) Cu(NO3)2.3 H2O.
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nanoparticles from aggregating and hinders the formation 
of  plate or rode like morphologies while in the absence of 
CTAB both the aforementioned structures are seen. The 
mean crystal size of the products obtained by the use of 
Cu(ac)2. H2O and Cu(NO3)2.3H2O in the presence of 
CTAB were about 7 and 12 nm, respectively. 

These data were calculated by Scherrer’s equation. It 
can be seen that by employing CTAB the particle sizes 
have been reduced which are due to steric hindrance 
effect of the CTAB. 
 
 
Conclusion 
 
In summary, CuS nanocrystals have been synthesised by 
the use of Cu(ac)2.H2O and Cu(NO3)2.3H2O as copper 
sources and thiourea in the absence and presence of 
CTAB surfactant. The reactions were carried out in 
various reaction times via a hydrothermal method. It was 
found out that variation of copper source and reaction 
time affect the morphologies, size and yields of   the 
products, that is, spherical and elliptical CuS 
nanoparticles were obtained after 12 h by the application 
of Cu(NO3)2.3H2O and Cu(ac)2.H2O, respectively. While 
CuS quadrate particles were achieved using Cu(ac)2. 
H2O after 24 h, and CuS nanorods and submicro wires 
were synthesised using Cu(NO3)2.3H2O after 16 and 24 h 
from the onset of the reactions, respectively, 
Investigations also showed that a longer reaction time 
increases the yield and the use of CTAB surfactant 
prevents the particles from forming rode or plate like 
structures and decreases the particle size due to steric 
hindrance after initial nucleation. 
 
 
REFERENCES 
 
Dutta A, Dolui SK (2008).Preparation of colloidal dispersion of CuS 

nanoparticles stabilized by SDS. Mater. Chem. Phys., 112: 448–452. 
Erokhina S, Erokhin V (2003). Microstructure Origin of the Conductivity 

Differences in Aggregated CuS Films of Different Thickness. 
Langmuir, 19: 766-771. 

Janata J, Josowicz M, Devaney DM (1994). Chemical Sensors. Anal. 
Chem., 66: 207R-228R. 

Jiang C, Zhang W, Zou G, Xu L, Yu W, Qian Y (2005). Hydrothermal 
fabrication of copper sulfide nanocones and nanobelts. Mater. Lett., 
59: 1008–1011. 

Lu Q, Gao F, Zhao D (2002). One-Step Synthesis and Assembly of 
Copper Sulfide Nanoparticles to Nanowires, Nanotubes, and 
Nanovesicles by a Simple Organic Amine-Assisted Hydrothermal 
Process. Nano Lett., 2: 725-728. 

Mao G, Dong W, Kurth DG, Mohwald H (2004). Synthesis of Copper 
Sulfide Nanorod Arrays on  Molecular Templates. Nano Lett., 4: 249-
252. 

 
 
 
 
 

 
 
 
 
Monajjemi M, Baei MT, Mollaamin F (2008).Quantum mechanic study of 

hydrogen chemisorptions on nanocluster vanadium surface. Russian 
J. Inorg. Chem., 53: 1430-1437. 

Monajjemi M, Chegini H, Mollaamin F, Farahani P (2011). Theoretical 
Studies of Solvent Effect on Normal Mode Analysis an 
Thermodynamic Properties of Zigzag (5, 0). Carbon Nanotube, 
Fullerenes, Nanotubes, Carbon Nanostruct., 19: 469-482. 

Monajjemi M, Mahdavian L, Mollaamin F (2008). Characterization of 
nanocrystalline cylicon germanium film and nanotube in adsoption 
gas by monte carlo and langevin dynamic simulation. Bull .Chem. 
Soc. Ethiop., 22: 1-10. 

Monajjemi M, Mahdavian L, Mollaamin F, Khaleghian M (2009). 
Interaction of Na, Mg, Al, Si with Carbon Nanotube (CNT):NMR and 
IR Study. Russian J. Inorg. Chem., 54: 1465–1473. 

Ou S, Xie Q, Ma D, Liang J, Hu X, Yu W, Qian Y (2005) .a precursor 
decomposition route to polycrystalline CuS nanorods. J. Mater. 
Chem. Phys., 94:460- 466. 

Puspitasari I, Gujar TP, Jung KD, Joo OS (2007).  Simple chemical 
preparation of  CuS nanowhiskers. Mat. Sci. Eng. B., 140: 199–202. 

Raevskaya AE, Stroyuk AL (2004). Catalytic activity of CuS 
nanoparticles in hydrosulfide ions air oxidation.J. Mol. Catal. A., 212: 
259-265. 

Sakamoto T, Sunamura H, Kawaura H (2003). Nanometer-scale 
switches using copper sulfide. Appl. Phys. Lett., 82: 3032-3034. 

Sun YG, Xia YN (2002). Shape-controlled synthesis of gold and silver 
nanoparticles. Science, 298: 2176–2179. 

Tang K, Chen D, Liu Y, Shen G, zheng H, Qian Y (2004). Shape-
controlled synthesis of copper sulfide nanocrystals via a soft solution 
route. J. Cryst. Growth, 263: 232–236. 

Tang KB, Chen D, Liu YF, Shen GZ, Zheng HG, Qian YT (2004) .shape 
controlled synthesis of copper sulfide nanocrystals via a soft solution 
rout. J. Cryst. Growth, 263: 232-236. 

Wang H, Zhang JR, Shao XN, Xu Sh, Zhu JJ (2002).  Preparation of 
copper monosulfide and nickel monosulfide nanoparticles by 
sonochemical method. Mater. Lett., 55: 253–258. 

Wang S, Yang S (2000). Chem. Surfactant-assisted growth of 
crystalline copper sulphide nanowire arrays. Phys. Lett., 322: 567-
571. 

Zhang P, Gao L (2003). Copper sulfide flakes and nanodisks. J. Mater. 
Chem., 13: 2007-2010. 

Zhang YC, Qiao T, Hu XY (2004). A simple hydrothermal route to 
nanocrystalline CuS. J. Cryst. Growth, 268: 64–70. 

Zhou R, Wu X, Hao X, Zhou F, Li H, Rao W  (2008). Influences of 
surfactants on the preparation of copper nanoparticles by electron 
beam irradiation. Nuclear Inst. Methods Phys. Res. B., 266: 599-603. 

Zhu H, Ji X, Yang D, Ji Y, Zhang H (2005). Novel CuS hollow spheres 
fabricated by a novel hydrothermal method. Microporous Mesoporous 
Mater., 80: 153- 156. 

Zhu LY, Xie Y, Zheng XW, Liu X, Zhou GE (2004).Fabrication of novel 
urchin-like architecture and snowflake-like pattern CuS. J. Cryst. 
Growth, 260: 494-499.  

Zou J, Zhang J, Zhang B, Zhao P, Xu X, Chen J, Huang K 
(2007).characterization of copper  sulfide nanocrystal with three-
dimensional flower-shape. J. Mater. Sci., 42: 9181–9186. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 


