
Introduction

Transition metal chalcogenides have attracted consider-

able attention in recent decades due to their interesting

optical and electrical properties [1–5]. Since the historic

discovery of the photovoltaic properties of CuxS thin

films in contact with CdS films [6], the copper-sulfur

systems have received particular attention related to the

achievement of solar cells [7, 8], solar control and solar

absorber coatings [9–11]. On the other hand, because of

great importance in copper pyrometallurgy, oxidation

processes of different copper sulfides were subjected of

considerable interest [12–18].

As a promising method for the preparation

nanocrystallites of sulphides, the decomposition of

complex precursors containing metal sulfur (either in

solution or solid state) would be regarded as an effi-

cient synthetic route [19–21].

It was extensively studied the thermal behaviour

of natural and synthesized copper sulfides

[12–15, 22–34]. It was established that the CuS ther-

mal decomposition is a multistep process, and de-

pending on experimental conditions (temperature, at-

mosphere) different copper sulfides (Cu1.8S and/or

Cu2S), oxides (Cu2O and CuO), sulfates (Cu2SO4,

CuSO4), oxysulfates (CuO·CuSO4) were formed

[24–32]. Generally, the final product obtained from

CuS thermal decomposition is Cu2O, but in case of

mechanochemically synthesized nanocrystalline CuS

particles thermal decomposition is obtained Cu in-

stead of Cu2O, which is stable up to 1100°C [23].

In this article, is presented the influence of dif-

ferent morphological characteristics of the prepared

CuS on their thermal behaviour as expressed by ther-

mal stability and decomposition stoichiometry.

Experimental

Materials

As raw materials in CuS synthesis copper acetate, am-

monium metavanadate and, sodium thiosulfate of re-

agent quality were used (Merck Chemistry Co. Ltd.).

Reactions were conducted at the medium

pH (5,5) at different Cu
2+

:S O
2 3

2–
molar ratios, 1:6 and

respective 1:4, in the presence or absence of NH4VO3.

One of the CuS sample was obtained by system

Cu
2+

:V
5+

:S O
2 3

2–
used in order to copper vanadium

mixed sulfide obtained.

Sample 1

1.996 g (10 mmoles) Cu(CH3COO)2⋅H2O, and 1.17 g

(10 mmoles) NH4VO3 was mixed with 9.92 g

(40 mmoles) Na2S2O3·5H2O in 200 mL distillated wa-

ter. After continuous stirring for 10 min the solid

compounds were dissolved and a yellow solution was

obtained. The initial pH of the solution was 7. After

20 min of stirring, the yellow solution is changed into

a brown-yellow solution (temperature about 45°C)
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which furthermore is converted in a brown solution

and a green-brown precipitate (temperature about

70°C). After another 15 min of heating the tempera-

ture of solution was 92°C and the solution changed

into a green solution. The colour of precipitate was

green-black at this temperature. This mixture was

maintained at 90±5°C temperature by continuously

heating and stirring for two hours. At the end, this

mixture was cooled at room temperature and the pre-

cipitate was filtered and washed with distilled water.

The final product was dried at room temperature.

Sample 2

1.996 g (10 mmoles) Cu(CH3COO)2·H2O was mixed

with 14.88 g (60 mmoles) Na2S2O3·5H2O in 200 mL

distilled water. The same yellow solution was obtained

after 5 min of stirring with heating (temperature about

60°C). The yellow solution obtained changed into a

brown-yellow solution after 30 min of stirring at 70°C.

After another 10 min brown-yellow was converted into

a brown solution and a green-brown precipitate. When

the temperature reached 92°C the brown solution

changed into a green solution, and the green-brown pre-

cipitate changed into a green-black precipitate. This

mixture was heated and stirred for two hours at 90±5°C,

whereupon the black-violet solution and a black precipi-

tate were formed. Then the solution with precipitate was

cooled at room temperature. After filtering and washing

with distilled water, the final product was dried at room

temperature.

Sample 3

1.996 g (10 mmoles) Cu(CH3COO)2·H2O was mixed

with 9.92 g (40 mmoles) Na2S2O3·5H2O in 200 mL

distilled water. After 10 min of stirring with heating a

yellow solution was obtained. The colour of the solu-

tion changed in brown-yellow after 35 min of stirring

with heating (temperature about 50°C). After other

20 min of heating with stirring the brown-yellow so-

lution was changed into a brown solution, and precip-

itate changed into a green-brown precipitate. Temper-

ature at this point was 71°C. The green-black

precipitate was obtained after other 20 min of heating

when temperature got 92°C. A black precipitate was

obtained after 1 h of stirring at 90±5°C. The solution

with precipitate was cooled at room temperature. Af-

ter filtering and washing with distilled water, the final

product was dried at room temperature.

Methods

The samples obtained from these three systems

were characterized by IR Spectroscopy, X-ray powder

diffraction (XRD), transmission electron microscopy

(TEM), and selected area electron diffraction (SAED).

The elemental chemical analyses were performed by an

Electronics SPD 1200A ICP emission analyzer with a

pump flow of 1.85 mL min
–1

and a flow rate of the aux-

iliary gas (Ar 99.99%) of 0.5 L min
–1

. The IR spectra

were recorded on a FTIR 620 (Jasco, Japan)

spectrophotometer in the 400-4000 cm
-1

range using

KBr pellets. Powder X-ray diffraction (XRD) was used

to characterize the sample. Data were collected on the

Shimadzu XRD6000 and Philips Xpert X-ray diffrac-

tion-diffractometers. Transmission electron microscopy

(TEM) was applied to determine the morphology of the

prepared products by a specific methods for crystalline

powders study. These powders were dispersed in alco-

hol and then they were deposited on a TEM grid with

carbon support. Selected area electron diffraction

(SAED) patterns were obtained from polycrystalline

particles aggregates. TEM study was performed using a

Jeol 200CX electron microscope. Thermal measure-

ments were performed on a Q-1500 Paulik–Paulik–

Erdey derivatograph, at heating rates of 2.5–5 K min
–1

and with sample mass of ~20 mg.

Results and discussion

Characterization of the sulfides

The elemental chemical analysis of the powders ob-

tained from these systems at 90±5°C showed that all

the powders are copper monosulfide. Two of them

were hydratated with 1 and 0.7 H2O molecules. This

result was confirmed by IR spectrum which showed

that there are no impurities, e.g., thiosulfate, acetate,

vanadate, or other impurities, which could be detected

in the samples. The band presents at 3400–3500 cm
–1

(Fig. 9) is assigned water molecules. The copper sul-

fide CuS samples 1 and 2 present this band.

The XRD patterns of a copper monosulfide pre-

pared are shown in Figs 1–3. All the copper mono-
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Fig. 1 XRD pattern of the copper monosulfide obtained from

copper acetate, ammonium metavanadate and sodium

thiosulfate system (1:1:6) at 90±5°C after 2 h



sulfide peaks in the pattern correspond to the reflec-

tions of hexagonal phases (ASTM File No. 6-0464

and ASTM File No. 78–877) and the pattern indicates

that the prepared product is crystalline [35, 36].

The TEM investigation of the copper sulfide pow-

der reveals the presence of polycrystalline aggregates of

CuS hexagonal phase. Figure 4 shows such aggregates

which are formed by nanometric CuS crystallites, ob-

tained in the copper acetate, ammonium metavanadate

and sodium thiosulfate (1:1:6) system. The morphology

of these aggregates is nearly spherical and changes

slowly depending of the composition of the system. The

size of the CuS nanocrystallites is between 20 and

30 nm, as can be easy observed from the variation of the

Bragg contrast in a polycrystalline aggregate. Figure 5

shows the SAED pattern corresponding to the sample

exposed in Fig. 4. Only reflexions of the hexagonal CuS

phase are present. The SAED patterns for all the ana-

lyzed samples are similar.

The CuS aggregates can be characterized as

polycrystalline spherical nodules. The diameter of

these nodules is between 200 and 300 nm. The spheri-

cal nodules obtained from system Cu
2+

:S O
2 3

2–
(1:6)

look to be less compact as the nodules obtained in the

system with vanadium. By comparing Figs 4 and 6 is

possible to conclude that the presence of vanadium in

the system induce a densification of CuS nodules, but

do not change the hexagonal CuS structure [37].

From system copper acetate and sodium

thiosulfate at molar ratio (1:4), the spherical nodules

are about 450 nm in average and the morphology of

CuS nanocrystallites is radial, as can be seen in Fig. 7

[38]. In this case, the nodules can be the result of suc-

cessive nucleation of CuS crystallites around a center.

Particle dimension was determined from TEM

study, but also from XRD patterns using Scherrer for-

mula [40]:

D=0.91λ/(βcosθ)
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Fig. 2 XRD pattern of the copper monosulfide obtained from

system copper acetate and sodium thiosulfate (1:6) at

90±5°C after 2 h

Fig. 3 XRD pattern of the copper monosulfide obtained from

system copper acetate and sodium thiosulfate (1:4) at

90±5°C after 2 h

100 nm

Fig. 4 Transmission electron microscopy of copper sulfide

CuS from system copper acetate, ammonium

metavanadate and sodium thiosulfate (1:1:6) at 90±5°C

after 2 h

S

100 CuS

101 CuS

102 CuS

110 CuS

Fig. 5 SAED pattern obtained from aggregate of copper sul-

fide polycrystallites presented in Fig. 4

200 nm

Fig. 6 Morphology of an aggregate of spherical nodules of

copper monosulfide crystallites obtained from Cu
2+

:

S O
2 3

2–
(1:6) system



where: D=crystallite dimension, λ=wavelength

(CuKα), β=peak’s half-width, θ= the diffraction angle

of the peaks with relative intensity higher than 10.

Thermal behaviour of the sulfides

The thermal decomposition curves (TG, DTG and

DTA) of the three copper sulfides (CuS) are depicted

in Figs 8, 10, 11.

Generally, the thermal oxidation of natural and

precipitated covellite (CuS) studies mention the exis-

tence of four steps [21–28].

• formation of lower sulfur content sulfides (Cu1.8S

and/or Cu2S) associated with oxidation of the

evolved sulfur to SO2;

• oxidation of the existing sulfides either to copper

oxides (Cu2O and CuO, the late can be formed also

by Cu2O oxidation) or two copper sulfates

(Cu2SO4, CuSO4, the late is formed either by direct

oxidation of Cu2O, or reaction between liberated

SO2 and Cu2O);

• oxysulfates formation (CuSO4, and CuO·CuSO4)

by reaction between copper oxide, oxygen and lib-

erated SO2;

• decomposition of oxysulfates with CuO formation.

The thermal decomposition of CuS·H2O ob-

tained from Cu
2+

:V
5+

:S2O3

2–
(1:1:6) system starts with

two endothermic steps (50–98°C, tmax DTG=78 and

81°C, and 155–181°C, tmax DTG=164°C) correspond-

ing to the evolving of a one half of water molecules

each (calcd./found: 7.04/7.53% and 7.04/6.49%). The

IR spectra (Fig. 9) support this affirmation due to the

disappearance with increasing temperature of the

strong and wide band from 3550–3200 cm
–1

and weak

one from 1200–950 cm
–1

assigned to the OH stretch-

ing vibrations of water. Except these vibrations, no

infrared activity was detected in the FTIR spectrum

(Fig. 9a), which is characteristic for sulfides.

The next two processes (181–260 and

260–311°C) represent the formation of copper sulfide

with lower content of sulfur, namely Cu1.8S and Cu2S

(calcd./found: 11.74/11.88% and 1.57/1.56%). The

oxidation of evolved sulfur is responsible for the reg-

istered exothermic effect. Like the unreacted CuS, no

infrared active phases were detected in FTIR spec-

trum (Fig. 9b).

The formed Cu2S is instable, a gradual exother-

mic mass gain occurring in the temperature range
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300 nm

Fig. 7 Morphology of an aggregate of spherical nodules of

copper monosulfide crystallites obtained from Cu
2+

:

S O
2 3

2–
(1:4) system

Fig. 8 TG, DTG and DTA curves of CuS·H2O obtained from

Cu
2+

:V
5+

:S O
2 3

2–
(1:1:6) system
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Fig. 9 IR spectra of CuS·H2O obtained from Cu
2+

:V
5+

:S O
2 3

2–

(1:1:6) system and its decomposition products: a –

CuS·H2O; b – Cu1.8S; c – SO
4

2–
monodentate; d – SO

4

2–

bidentate
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Fig. 10 TG, DTG and DTA curves of CuS·0.7H2O obtained

from Cu
2+
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(1:6) system



(311–435°C, tmax DTG=325 and 335°C), assigned to

Cu
+
→Cu

2+
and S

2–
→SO

4

2–
oxidation and CuO·CuSO4

formation (calcd./found: 35.21/34.80%). The FTIR

spectra registered for the intermediates isolated in this

temperature range Figs 9c and d evidenced a change

of SO
4

2–
group binding mode from mono- to bidentate

one with temperature increase [40].

The oxysulfates stable in a large temperature

range (435–652°C) decompose via three endothermic

steps on further heating (652–855°C) to CuO

(calcd./found: 35.21/34.82%).

The thermal behaviour of CuS·H2O obtained

from Cu
2+

:V
5+

:S O
2 3

2–
(1:1:6) system may be expressed

by the following reactions.

CuS·H2O→CuS·0.5H2O+0.5H2O

CuS·0.5H2O→CuS+0.5H2O

1.8CuS+0.8O2→Cu1.8S+0.8SO2

2Cu1.8S+0.2O2→1.8Cu2S+0.2SO2

Cu2S+2.5O2→CuO·CuSO4

CuO·CuSO4→2CuO+SO2+0.5O2

Copper sulfide CuS·0.7H2O obtained from Cu
2+

:

SO
4

2–
(1:6) system evolved adsorbed water

(calcd./found: 11.72/12.01%) in the temperature

range 77–160°C (tmax DTG=92°C).

The anhydrous CuS release further sulfur

(160–322°C) leading to Cu2S formation

(calcd./found: 14.79/14.27%). The decomposition

stage is a complex one, three peaks were identified on

DTG curve (199, 245 and 314°C). Unlike the first in-

vestigated case, it was not possible to discriminate the

formation as reaction intermediate of Cu1.8S.

The formed unstable sulfide, is oxidized in the

temperature range 322–486°C. The DTG curve regis-

tered four peaks (334, 363, 418 and 447°C), compara-

tive with two identified in the first sample. The mass

gain of 32.07% corresponds to the formation of

0.87 moles of CuO·CuSO4 and 0.13 moles of CuO.

The final temperature of the oxidation is ~50°C

higher comparative with the first sulfide.

The final decomposition stage, representing the

sulfate decomposition with CuO formation

(calcd./found: 32.07/32.20%), occurs through two

processes (586–774 and 777–908°C). The initial tem-

perature of sulfate oxidation is ~130°C lower compar-

ative with the first case.

In the following reactions is presented the ther-

mal behaviour of CuS·0.7H2O obtained from Cu
2+

:

S O
3

2–

2
(1:6) system:

CuS·0.7H2O→CuS+0.7H2O

2CuS+O2→Cu2S+SO2

0.94Cu2S+2.3O2→

0.87CuO·CuSO4+0.13CuO+0.06SO2

CuO·CuSO4→2CuO+SO2+0.5O2

The third investigated copper sulfide obtained

from Cu
2+

:S O
3

2–

2
(1:4) system is converted into Cu1.8S

(calcd./found: 13.59/14.01%) in the temperature

range 161–322°C. As in the second case three peaks

are detected on DTG curve (195, 261 and 308°C).

The oxidation of Cu1.8S to CuO·CuSO4

(calcd./found: 40.09/40.66%) takes place in the tem-

perature range 322–585°C, being associated with

three (332, 366 and 477°C)/ five (330, 366, 432, 449,

480°C) peaks on DTG/DTA curves.

The oxysulfates decompose to CuO

(calcd./found: 40.09/40.77%) through two steps

(608–783 and 814–934°C).

The following reactions present the assumed

thermal behaviour of CuS.

1.8CuS+0.8O2→Cu1.8S+0.8SO2

2Cu1.8S+4.7O2→1.8CuO·CuSO4+0.2SO2

CuO·CuSO4→2CuO+SO2+0.5O2

Conclusions

The oxidation of copper sulfide (CuS) is complex in

nature. The associated solid state transformations de-

pend upon history of the sulfides.

The ammonium metavanadate has an important

influence in the morphology of CuS particles. Thus

the presence of vanadium in the system induce a

densification of CuS nodules, but do not change the

hexagonal CuS structure.

Depending on the starting CuS, changes of both

thermal induced reactions stoichiometries and their

temperature range occurrence are evidenced. Thus, al-

though the formation of lower sulfur content sulfides,

occurs practically in the same temperature range

J. Therm. Anal. Cal., 88, 2007 75

THERMAL BEHAVIOUR OF CuS

Temperature/°C

M
a
s
s

lo
s
s
/%

T
E

x
o

TG

DTG

DTA

0 200 400 600 800 1000

50

40

30

20

10

0

Fig. 11 TG, DTG and DTA curves of CuS obtained from

Cu
2+

:S O
2 3

2–
(1:4) system



(~160–~320°C), for the first two investigated samples

a conversion CuS→Cu2S is evidenced, while the sulfur

elimination from the copper sulfide CuS obtained from

Cu
2+

:S O
3

2–

2
(1:4) system conducts only to Cu1.8S. The

further oxidation of sulfides, lead to CuO·CuSO4 for

CuS obtained from Cu
2+

:V
5+

:S O
3

2–

2
(1:1:6) and Cu

2+
:

S O
3

2–

2
(1:6) systems, and to an oxysulfate with excess

of CuO for Cu
2+

:S O
3

2–

2
(1:6) system. The stability of

the oxysulfates obtained is different: 23°C for Cu
2+

:

S O
3

2–

2
(1:4) system, 100°C for Cu

2+
:S O

3

2–

2
(1:6) system

and 217°C for Cu
2+

:V
5+

:S O
3

2–

2
(1:1:6) system. The par-

ticle dimensions have an important role in the thermal

stability and the stoichiometry of the thermal decom-

positions. Thermal decomposition of lower CuS parti-

cles can be used to obtain Cu2S, and bigger particle

CuS can be used to Cu1.8S obtained.

The stability of oxysulfates depends on CuS par-

ticle dimensions. It was observed that the oxysulfates

obtained from CuS with greater particle dimensions

stability is 23°C, and for CuS with lower particle di-

mensions oxysulfates stability is 100°C.
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