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Environmental friendly and affordable energy sources is one of the biggest challenges of modern society.
The substantial negative impact of fossil fuels on the environment has prompted the need for clean and
sustainable solar energy. Recent reports affirm that increase in photovoltaic conversion efficiency is
directly linked to morphology control resulting in excellent catalytic activity on the active layer.
Herein, we report on the fabrication of (H is the addition of hexadecylamine HDA capping agents CuS-
H) and (CuS without HDA) photosensitizers using molecular precursor approach. The obtained CuS-H
and CuS were characterized using structural, morphological and electrochemical instruments. The CV,
EIS and bode plot results show that CuS displayed stronger electrocatalytic activity as a good optimum
sensitizer. J-V efficiency obtained indicates that the CuS exhibited a much better efficiency in the
QDSCs compared to CuS-H.
� 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the last decade, energy production, distribution and security
have come to occupy an important place in most societies [1]. This
has heightened the search for efficient energy conversion materials
that are not only environmentally friendly and cost-effective, but
also capable of resolving the energy crisis [2]. This account for
the increasing interest in materials with photovoltaic conversion
efficiency such as Copper sulfide (CuS) nanoparticles. In various
fields such as solar cells, photocatalytic degradation, superconduc-
tors and optical filters [3], there is a tremendous attraction for CuS
nanoparticles because of their small size, excellent electronic and
optical properties. Their small size has displayed novel electronic
physical, chemical, magnetic, and surface properties compared to
the bulk nanoparticles properties. Besides, photovoltaic relies on
the morphology of the active layer to increase power conversion
efficiency [4]. Various approaches have been used to fabricate
CuS nanoparticles such as polyol, microwave irradiation, conve-
nient solution process, molecular precursor, chemical vapour
deposition, hydrothermal, etc. . . [5,6]. One of the most promising
approaches is molecular precursor, which is cost-friendly and effi-
cient with interesting morphology [7]. It uses the aid of capping
agents to control the morphology of the nanoparticles and obtain
small particle sizes, which is vital for different applications [8]. In
the present study, the electrochemical signature of CuS photosen-
sitizers was explored to ascertain their beneficial effects in quan-
tum dots sensitized solar cells.
2. Experimental

Two approaches were adopted to synthesize CuS-H and CuS
photosensitizers. CuS-H was achieved by a slight modification of
literature by [8]. 3 g of hot HDA was mixed with 0.20 g of
(alkyldithiocarbamato) Cu(II) and 4 mL oleic acid (OA) at 360 �C
for 1 h. The reaction mixture was dropped to 70 �C and washed
with 25 mL methanol through centrifugation to remove excess
HDA and OA, followed by air drying and the final product of CuS-
H obtained. Perkin Elmer TGA 4000 ThermoGravimetric Analyser
was employed to fabricate CuS. 25 mg of (alkyldithiocarbamato)
Cu(II) was loaded into an alumina pan at a temperature gradient
between 30 and 900 �C. At temperatures between 360 and
900 �C with a gas flowing of nitrogen at a rate of 20 mL min�1,
CuS was formed from the final residue. Assembling of QDSC was
achieved with 2 � 2 cm2 FTO of Platinum and TiO2 electrodes with
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6 � 6 mm2 active areas of TiO2 screen coated. Dye loading was
done using CuS-H and CuS in 10 mL of warm water with chen-
odeoxycholic acid and addictive co-adsorbents. The TiO2 FTO was
soaked into the solution of CuS-H and CuS for 24 h. The platinum
electrode and the TiO2 loaded with CuS-H and CuS were held
together using polyethylene and soldering iron. The syringe was
used to inject the HI-30 electrolyte iodide at 0.05 M. Electrochem-
ical studies were carried out using Metrohm 85695 Autolab with
Nova 1.10 software. Platinum (as counter electrode), TiO2 (as
anode electrode) and HI-30 iodide (as reference electrode) were
used. Cyclic voltammetry (CV) was carried out at scan rates
between 0.05 and 0.35 V s�1 with an increment of 0.05 V s�1. Elec-
trochemical Impedance Spectroscopy (EIS) was performed at
100 kHz to 100. Keithley 2401 source meter and a Thorax light
power meter evaluated current density-voltage (J-V) parameters.
Lumixo AM1.5 light simulator was employed and lamp was fixed
at 50 cm high to avoid illumination outside of the working area.
X-ray diffraction (XRD) was used to explore the structural pattern,
between 10 and 90� at 40 kV and 40 mA using Cu-Ka radiation (k =
0.15406 nm). JEOL JEM 2100 Transmission Electron Microscope
(TEM) operating at 200 kV. Scanning Electron Microscope (SEM)
Zeiss Auriga SEM outfitted with Energy Dispersive X-Ray Spec-
troscopy (EDX) with Smart SEM programming was utilized at a
quickening voltage of 30 kV. Perkin Elmer LAMBDA 365 UV–Vis
spectrophotometer were used to measure optical properties. The
photoluminescence of the samples was done through Perkin Elmer
LS 45 fluorimeter.
3. Results and discussion

XRD was adopted to investigate the structure and phase pattern
of CuS-H and CuS materials, see Fig. 1(a, e). The characteristic
diffraction peaks of CuS-H exhibited at 11.70�–81.80� and 26.6�–
84� for CuS both corresponding to the indexed of hexagonal covel-
lite phases of CuS (JCPDS no. 00-006-0464). Dunne et al., estab-
lished that temperature sizes dependent nanoparticles are
obtained by either nucleation or growth dominated route [9].
SEM images of CuS-H and CuS are shown in Fig. 1(b, f). Both CuS
and CuS-H displayed densely clusters packed particles with a bet-
Fig. 1. (a, e) XRD, (b, f) SEM, (c, g) EDX, (d, h)
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ter crystalline, well micron-size and regular-shaped particles. This
is linked to the effect of high temperature and molecular precursor
due to their long-chain carbon, affirmed by the report of [10]. The
EDX spectral of both CuS and CuS-H nanoparticles confirmed the
presence of C and O as seen in Fig. 1(c, g). It is observed that the
elemental composition weight of Cu and S are a little higher in
CuS photosensitizer than CuS-H. TEM images of CuS-H and CuS
nanoparticles as seen in Fig. 1(d, h). CuS-H reveals agglomerated
nanoparticles (Fig. 1d), linked to excess capping agent with an
average size of 18.98–57.63 nm. CuS image depicts a spherical
shape with crystallite sizes between 6.89 and 13.56 nm as seen
in (Fig. 1h), which agrees with the study by [11].

Fig. 2(a, d), presents CV curves of CuS-H and CuS photosensitiz-
ers. The CV curves of both samples exhibit two pairs of redox
peaks, the cathodic and anodic peak. CuS-H was slightly less than
that of the CuS. However, CuS sensitizer exhibited higher current
density than CuS-H sensitizer in their redox peaks. This is capable
of enhancing CuS complexion with TiO2 surface, which promotes
conversion efficiency [12]. The EIS as seen in Fig. 2(b, e), revealed
a high-frequency region with no small semicircle, which means
that CuS displaces insignificant charge transfer resistance. CuS-H
with straight line connotes electronic conductivity and higher
ionic. This implies that CuS-H catalytic activity is poor [13]. The
electron diffusion rate and the longer lifetime of CuS depicted that
the s values are larger Thereby, enabling a higher conversion effi-
ciency in QDSCs. The CuS-H (Fig. 2c), lower electron lifetime is
linked to recombination through the injected HDA capping agent.
The electrons lifetime (s) for CuS (Fig. 2f), increased due to the
highly crystallized structure which is in good agreement with
XRD result [14]. Fig. 3(b, e), shows the emission spectra of CuS-H
displays blue and red shift at 451–691 nm and 453–614 nm for
CuS. This is due to the microstructure and chemical composition
of the material, which is similar to the studies by [15]. UV–Vis
spectra (Fig. 3(c, f), displays absorption around 268–271 nm for
CuS and CuS-H absorption band edges at 274 nm, which is similar
to the study by [16]. J-V characteristics of CuS-H and CuS are
shown in Table 1 and Fig. 3(a, d). J-V efficiency obtained indicates
that the photosensitizer of CuS has a much output performance
compared to CuS-H. The active surface area increases the catalyst
HR-TEM of CuS-H and CuS respectively.



Fig. 2. (a, d) CV, (b, e) EIS, (c, f) Bode plot of CuS-H and CuS respectively.

Fig. 3. (a, d) I-J, (b, e) PL, (c, f) U-Vis of CuS-H and CuS respectively.
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of materials with an increase in Jsc as seen in CuS-H 11 cm�1. CuS
exhibited a much better efficiency in the QDSCs with higher Voc
and highest g of 0.87%. The higher electron density at TiO2 conduc-
tion band accounts for the higher Voc value, which elevates the
Fermi level [17].
3

4. Conclusions

In this study, photosensitizer’s nanoparticles were successfully
prepared through a molecular precursor route. The cathodic and
anodic peaks of CuS-H was slightly less compared to CuS. The EIS



Table 1
J–V characteristics of CuS-H and CuS nanoparticles.

Dye Photoanode Electrolyte CEs JSC (mA/cm2) VOC (V) FF g (%)

CuS-H TiO2 HI-30 Pt 11 0.218 0.311 0.75
CuS TiO2 HI-30 Pt 4.559 0.678 0.279 0.87

Previous study [8]
CUS/HDA TiO2 HI-30 Pt 1.78 0.877 0.1 0.15
CUS TiO2 HI-30 Pt 0.64 0.068 0.3 0.01
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results show that CuS-H displayed insignificant charge transfer
resistance. While CuS sensitizer exhibited reversed change ten-
dency and semicircle exchange current density of Rs, and Rct as
well as optimum sensitizer. J-V efficiency obtained indicates that
the CuS exhibited a much better efficiency in the QDSCs with
higher Voc and highest g of 0.87%. CuS displayed stronger electro-
catalytic activity as a well optimum sensitizer. Although, the elec-
trochemical performance of both photosensitizers is not the most
impressive one. However, the obtained efficiency is enhanced com-
pared to the previous study [8].
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