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Abstract:

Pure and Cr?*doped Copper oxide (Cu0O) nanoparticles were synthesized by simple
precipitation method and subjected to photovoltaic activity by forming nanopowder -thin
film as light absorbing layer on an indigenously fabricated heterojunction by Doctor-
Blade method. Effect of concentration of the dopant (2, 4, and 6 mol%) on the properties
of CuO was analyzed from X-Ray Diffraction pattern (XRD), Scanning Electron
Microscopy(SEM)  Energy Dispersive Analysis (EDAX), UV-Vis studies and
Photoluminescence spectroscopy (PL) . The XRD result clearly indicates that the samples
are polycrystalline in nature and belongs to monoclinic crystal structure. It was revealed
that due to the addition of dopants the average grain size varies from 22.14nm -
17.5nm.The improvement in the band gap from 2 to 2.5e V is elucidated from the optical
analysis. The results showed that the Cr?* dopant did not give rise to any new PL signal,
but it could improve the intensity of PL spectra, which was possibly attributed to the
increase in the content of surface oxygen vacancies and defects after doping Cr?+. Solar cell
parameters were measured using Autolab potentiostate coupled with Metro solar
simulator and explored that the cell parameter for 4mol% doping projected a
comparatively better results for power conversion efficiency.

Introduction:

Transition metal oxide (MOs) semiconductors are one of the most significant
class of nanostructure semiconductors owing to their wide and tuneable band gap and it
is cost effective, ease fabrication and non hazardous in nature. The higher surface to
volume ratio and its quantum size effect are largely exploited for the fabrication of gas
sensors, electronic and optoelectronic devices especially solar cell. Metal oxide
nanoparticles are gaining attention as new materials in the applications of photovoltaic
activity [1-4]. Among these CuO is chosen because of its unique properties such as
narrow band gap, non -toxicity, and abundancy. Attempts were made to use CuO
nanoparticles as light absorbing material in solar cell technology [5]. Ranjan bar et al
reports CuO have been spin coated at 100nm thick on FTO substrate and produce a
power efficiency ‘m’ of 1.5 X 10 -4 ,Fill Factor 0.25, Jscof 13 pAcm2 ,Voc of 45mV and
concluded that the formation of higher quality CuO may improve future cell efficiency
[6]. Yusheng Xia reports that the fabrication of CuO nanoleaves on a Si wafer which
shows an optical absorption increase and reduction in reflection in the 250 -1250nm.
The CuO- Si junction produces a bulk potential result in a photo generated electron and
holes increasing the carrier lifetime. The power conversion efficiency has been reported
to increase by 17.90% and the current efficiency to 10.30% [7]. Peng et al reports a
growth of p- CuO nanowires array with simple thermal oxidation and fabrication of p-
CuO and n-ZnO layer heterojunction which exhibits a photocurrent of 0.264pm with
overall efficiency of 0.1% [8].
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Meanwhile very few reports are available on photoelectric conversion properties
of CuO doped with Chromium in literature. Obulapathi et al reports that the Chromium
doping in CuO has enhanced the transmittance and optical band gap [9]. Buvenesware
et el reports the doping of Cr in CuO has enhanced the ammonia sensing at room
temperature due to higher surface area [10] P. Gwizdz et al reports Cr doping in TiO2
gas sensor has different sensing properties as a result of Cr?* doping a change of
conductivity from n type to p type was also observed in 1 atomic wt % doping [11].

In this paper we present our results on the modulation of structural
morphological and optical properties of chromium doped cupric oxide nanostructures
synthesised by Co-precipitation method. The utilization of prepared pure CuO nano
structures and Cr doped CuO nanostructures for light absorption of solar spectrum is
mainly focused.

Materials and Methods:
Materials:

The chemicals used in this study were all analytical grade and used without any
further purification. Copper nitrate or Cupric nitrate [Cu(Noz)2.3Hz0], glacial acetic
acid[CH3COOH], chromium nitrate{Cr(H20)¢](No03)3.3H20} ,ethanol, and sodium
hydroxide [NaOH] were the chemicals used in the reaction process. Muffle furnace and
magnetic stirrer were required to complete the experiment.

Characterisation of Nanostructures:

The structural analysis was performed by powder X ray diffraction (XRD X Pert
PRO PW -1830 Philps Germony) .The vibrational functional group was recorded using
Fourier Transform Infrared spectroscopy(FTIR spectrum 100 Perkin Elmer). The
microscopical analysis of the samples was carried out by a scanning electron
microscope (SEM JSM-200 JEOL USA) equipped with energy dispersive spectroscopy
(EDS). The optical properties were determined by recording the absorption spectra
using UV Spectra photometer (Lamda 20 Perkinelmer). Photoluminescence
spectrophotometry was measured on a Perkin -Elmer LS 55 spectrophotometer. The
fabricated solar cell heterojuctions were then tested using a solar simulator (Autolab
potentiostate coupled with Metro solar cell)

Synthesis of Nanostructures:

Pure and Cr doped CuO nanostructures were prepared by co-precipitation
method. For the synthesis of pure CuO nanostructure, copper nitrate (Cu (NO2)2.3H20)
was dissolved in doubly deionised water to which 1 ml Glacial acidic acid was added.
The obtained aqueous solution was stirred in magnetic stirrer till it reaches the
temperature of 100°C. An aqueous solution of sodium hydroxide (NaOH) was added
drop-wise under continuous stirring until it becomes a black precipitate. The
precipitate thus obtained was filtered out and washed with distilled water and ethanol
several times alternatively to remove any impurities present. It was further centrifuged
and dried at 70°C for 30 minute. This product was sintered to 400°C for one hour to get
better crystalline copper oxide nanopowder. For Cr doped CuO, appropriate amount of
copper Nitrate (Cu (NO2)2.3H20) and chromium nitrate (CrNO3. 6H20,) were dissolved
in doubly deionized water to get 2, 4 and 6 mol% Cr doped CuO nanostructures
following the same procedure.

Solar Cell Fabrication:

The photovoltaic ability of the synthesized pure and Cr doped CuO
nanostructures was examined in an indigenously designed photovoltaic heterojunction
set up and the experimental procedures were maintained similar to that reported
already [12]
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Scotch tape was applied on four corners of the conducting side of ITO glass; the

scotch tape thickness is measured by using electronic digital calliper. The TiO; paste

was smeared with a razor blade on one side of the ITO glass. Now ITO glass plate was

annealed keeping on top of a hot plate to 450 2C for 30 minutes. After 30 minutes, the

ITO glass was left to cool till room temperature. On this, TiO; paste was smeared and

annealed again to the temperature for about 30 minutes. The prepared CuO:

Cr(Cr=0%,2%,4% and 6%) samples were mixed with Triton X-100 to make it into a

paste and this paste was spread on TiOz and again heated to 450 2C for 30 minutes. This

was cooled to room temperature and finally a Copper plate of thickness 1mm was used

to make an electrical contact. Poly lodine electrolyte (0.1M I> and 0.2 M KI) was

prepared as per literature and filled between CuO layer and Cu plate and then sealed.

Both the electrode and counter electrode were combined facing each other by a binder

clips. Using binder clip, the solar cell was sandwiched together. The steps of procedures
used are shown in Fig-1[13].

Figure 1: Steps of fabrication of heterojunction using Dr. Blade method
Result and Discussion:
Structural Analysis:

The crystallite size and the crystalline structure of the prepared samples were
characterized by X-Ray diffractogram. Figure 2 represents XRD plot for pure CuO and
Chromium doped CuO nanostructures at room temperature .The curves a,b,c,d
represents the pure CuO and Cr- doped CuO to 2 mol %,4 mol % and 6 mol %
respectively .From XRD diffractogram it is inferred that the particles are polycrystalline
innature and their 20 values of the prominent peaks are 35.012, 39.812 and 49.14¢,
corresponds to reflections from (-1,1,1), (1,1,1) and (2,0,2) of (hk]l) value with
reference to JCPDS card no. 89-5895.1t is notable that all the samples are monoclinic in
structure .The absence of impurity peaks corresponding to Cuz0 and Cu (OH) indicates
the single phase formation of CuO nanoparticles. A small shift in 26 to the higher angles
is projected as the dopant rate increased. Referring to b-d in the Fig-2 the intensity of
the peak reduces for all the doped samples as the concentration increased to 2 mol %,
4mol % and 6mol% respectively.
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Figure 2: XRD Diffractrogram of CuO and Cr doped CuO samples
Calculated crystallite size, Lattice parameter and microstrain of the prepared
samples were given in Table 1, which revealed that, as the concentration of dopant
increases, particles size decreases, this may be due to replacement of Cu2+* ions by Cr#+
ions. [14]
Table 1: Lattice Parameters

Crystallite Size Lattice parameter Microstrain
Sample nm A b C
Cu0 22.69 4.662 3.449 5.065 0.15
Cu0+ 2% 19.42 4.660 3.445 5.065 0.18
Cu0+4% 21.13 4.659 3.443 5.063 0.16
Cu0+6% 21.85 4.671 3.451 5.127 0.15

The ionic radius of Cr%* (0.44) is smaller than that of Cu?* (0.73) leads to
reduction in the crystallite size.[15] The shift in the peak position compared to pure
indicates a slight distortion in the symmetry of the system due to the creation of defects
and vacancies in the system. This is attributed to the charge imbalance created from Cr
doping in Cu lattice [16] .The decrease in the peak intensity confirms increase in the
electron density indicating loss of crystalinity owing to lattice distortion [17].
Morphological Analysis:

The SEM micrographs of pure and (2, 4 and 6 mol %) Cr doped CuO samples are
shown in Fig-3 (a,b,c,d). The SEM micrograph of pure CuO sample Fig.3(a) shows a
uniform formation of CuO phase of spherical particles with particle size 50-60nm.It is
noted that for 2mol% Cr doped nanostructures it gets agglomerated and changes to
thin varying plates for 4mol% and thick rods for 6mol%. The average particle size for 2
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mol % and 4 mol % are found to be 70nm and 80nm. The presence of Cr in doped
samples is confirmed from the EDAX analysis. EDAX spectra of pure and doped CuO
nanoparticles are shown in Fig.3. It is clear from Fig. (b), (c) and (d) that Cr is
successfully incorporated into the CuO system. The atomic and weight percentage of the
samples are tabulated in Table-2.
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Full Scale 1574 cts Cursor: 0,000 ke

(a) SEM Mlcrograph and EDAX Spectra of Pure CuO

1] 10
Full Scale 15874 cts Cursor: 0.000

(c) SEM Mlcrograph and EDAX Spectra of 4 mol% Cr:CuO
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(d) SEM Micrograph and EDAX Spectra of 6 mol% Cr:CuO
Figure 3: SEM micrographs and EDAX spectra of CuO nanostructures
It can be concluded from the results of XRD and EDAX that the Cr is successfully
substituted in all the doped samples. The variation in particle size matches well with
the XRD results. However, the average particle size obtained from SEM analysis is
slightly greater than the values calculated from XRD measurements. It may be due to
the aggregation of particles at higher calcinated temperatures [18].
Table 2: EDAX Analysis

Atomic Percentage (%) Weight Percentage (%)
Sample Cu 0 Cr Cu 0 Cr
CuO 55.90 44.10 - 75.81 24.19 -

CuO with 2 mol % of Cr 37.78 61.60 | 0.62 70.22 28.83 0.95
CuO with 4 mol % of Cr 21.90 7740 | 0.71 52.18 46.44 1.38
CuO with 6 mol % of Cr 25.02 7413 | 0.85 56.38 42.05 1.57

Optical Analysis:
Ultraviolet-Visible Spectroscopy (Uv-Vis):
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Figure 4: The Absorbance Spectra for (a) CuO and (b-d) Cr doped CuO (2, 4, 6 mol %)
For any nanoparticle system it is found that, the surface to volume ratio (i.e.
aspect ratio) is higher than their bulk counterpart. More atoms/molecules are arranged
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on the surface of nanoparticle due to which, the surface chemistry of these materials is

of immense interest. For this purpose the UV-Vis spectral analysis was carried out

between 200 nm and 900 nm for pure and Cr doped samples and depicted in Fig-4.Pure

and Cr-doped CuO shows a broad absorption peak extending from UV to Visible region

for all the samples [19]. This confirms the semiconducting nature of the CuO

nanocrystals that can be widely used in applications related to photovoltaic and

photocatalytic activities

The absorption data was used to generate Tauc plots to determine the energy

gap of the pure and doped CuO which indicate a direct energy-gap for all the samples.

The band gap energy (Eg) of the synthesized CuO and CuO with Cr (2, 4 and 6 mol%)

were estimated by extrapolating the linear portion of (ahv)?2 versus (hv) plots using the

relation ahv = A(hv-Eg)1/2 Band-gap values found to be larger than the bulk CuO (1.2

eV), which can be attributed to the quantum confinement effect [20]. Further the values

found to increase as the doping concentrations increased slightly from 2.1eV to 2.5eV in
accordance with observations made in XRD plot.
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Figure 5: The Bandgap Energy for (a) CuO and (b-d) Cr doped CuO (2, 4, 6 mol %)

The PL property of the CuO nanoparticles is significantly influenced by the
particle size, morphology and composition. The method of preparation has added
influence on emission properties. Various research groups have done investigations on
the Photoluminescence (PL) studies of CuO nanoparticles [21-26].The reported
emission spectrum of CuO nanoparticles generally consists of many bands in the range
200-700 nm (visible region). Fig- 6 shows the PL spectra of pure and Cr doped CuO
nanostructures prepared by co-precipitation method. The PL Spectrum shows UV as
well as visible emissions and exhibit UV emission peak at 373 nm and visible emission
peak in the violet region 447 nm, a small hump in blue regions 487 nm and green
emission peak at 530 nm. The origin of UV emission in CuO is due to the recombination
of electron-hole pair in free-excitons [21]. The luminescence blue bands at 447 nm are
caused by transition vacancy of oxygen and interstitial oxygen [21,22] The PL peak at
550 nm corresponds to green emission, arises from the singly ionized oxygen
vacancy[23,24] Comparing the pure and Cr doped PL spectra it is observed that doping
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does not create any new emissions whereas there is a profound change the intensities
of the prominent peaks. [26]
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Figure 6: (a) The PL for CuO and (b-d) Cr doped CuO (2, 4, 6 mol %)
Fourier Transform Infrared Spectral Analysis:
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Figure 7: The FTIR for(a) CuO and (b-d) Cr doped CuO (2, 4, 6 mol %)
FTIR analysis can give qualitative (identification) analysis of materials as well as
with suitable standards, can be used for quantitative (amount) analysis. FTIR spectra
were recorded for all the prepared pure and Cr doped-CuO nano particles at room
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temperature in frequency region 600 - 400 cm-1 and the spectra is shown in Figure

7.The absorption peaks in the range of 1380-1640cm-! noted for all the samples may be

assigned to alkyl(O-H) bending vibrations combined with copper atoms[27]. The

absorption peaks at 2358 -2362 cm'! attribute to C=N stretching. The week band in the

range of 2984 and 2967 Cm-1 may be assigned to alkyl C-H stretching present [28]. The

peaks at 525-584 cm! are attributable to Cu-O stretching modes and the peaks at

591cm-1 and 691cm-1 are due to Cu-O stretching vibrations [29, 30]. The peak at 3432

cm1is due to the vibration mode of the absorbed water [31]. The appearance of peaks
around 850 cm! confirms the presence of Cr in the doped samples. [32]

Measurement of Solar Parameters:

In order to investigate the performance of the pure and Cr doped CuO
nanostructures as light absorbing solar materials, heterojunctions ITO/TiO2,CuO:Cr/ Cu
(Cr= 2%, 4% and 6 mol %) were fabricated as discussed earlier. The current-voltage
characteristics and the Power-Voltage characteristics were drawn for all the samples
and depicted in Figs. 8 and 9. It is observed that the noisy appearance in both V-I and P-
V plot of the pure CuO has been completely rectified in the doped samples. It’s also
observed the increase in the P max leads to the increase in the efficiency “n” of the solar
cell. The solar cell parameters such as open circuit voltage (Voc), short circuit current
(Isc), power maximum (Pmax) and fill factor (FF) are summarized in Table 3.

Power (watt)

1 " 1 " 1 " 1

0.0 0.1 0.2 0.3 0.4
voltage (VVolts)

Figure 8: The P-I graph for(a) CuO and (b-d) Cr doped CuO (2, 4, 6 mol %)

The poor value for efficiency “n” may be due to the shunt resistance created by
the polycrystalline nanopowder-thin film that arises from the grains which may lead to
the leakage through the boundries. The curvature observed near Voc is due to
insufficient/non ohmic contact [33]. Ideally, the shunt resistance should be infinite so
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that there is no leakage. This will be observed when the photocurrent -photovoltage

plot is perfectly rectangular as in the ideal case. The low shunt resistance may be caused

by the leakage of current across the semiconductor surface. The presence and
orientation of the crystallite boundaries may be responsible for current leakage.
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Figure 9: The V-I graph for (a)CuO and (b-d) Cr doped CuO (2, 4, 6 mol %)
Table 3: Solar Cell Parameters

Sample Ogsi:;recglt SC}II?::eCri:C;LIXt Fill Factor Areasqcm | Efficiency %
Cu0 0’4907 2.3825 0.17512 1.6 0.016619
Cu0 +2% 0.4907 3.7588 0.15086 1.6 0.022586
Cu0+4% 04907 1.489 0.110078 1.6 0.06531
CuO +6% 04907 7’7697 0.14257 1.6 0.04412
Conclusions:

Pure and Chromium doped CuO nanostructures were synthesised by Co -
precipitation method and was subjected to structural, morphological elemental and
optical analysis. The XRD studies reveals the reduction in the grain size due the doping
of Cr and its substitutional nature in the crystal lattice without altering the monoclinic
structure of the host material. SEM analysis confirms the change in the morphology
created by the dopant concentrations of Cr ions. EDAX analysis confirms the presence of
the dopant ion in the host material. From the absorption spectra, the band gap values
were calculated and found to be increasing from 2 eV to 2.5 eV in accordance with the
XRD results.PL spectra show profound changes in the intensities of the emissions
without any new emissions due to doping of Chromium ions. Heterojunctions of pure
and Cr doped CuO nanostructures were indigenously made by Doctor-Blade method
and cell parameters were measured using a solar simulator. The observations made
revealed that the doping has created some changes in the cell parameters current
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density Jsc, FillFactor (FF) and solar cell efficiency “n” and the value of “n” around
0.04% . The poor value may be due to the shunt value created by the polycrystalline
powder -thin film that arises from the grains which may lead to leakage path through
the boundaries.
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