
INTRODUCTION

The discharge of large quantity of coloured water from
industries poses a threat to the environment. The existence of
dyes in polluted water colouration, which might interfere with
photosynthesis and hence have an impact on the aquatic ecology,
UV-visible light is absorbed by the coloured molecules, reducing
the amount of light available for photosynthesis. Photocatalytic
degradation of organic dyes is gaining popularity as a viable
possible treatment. Many fields of chemistry, physics and
material science are interested in transition metal oxides with
nanostructure. As a result, efforts are being undertaken to develop
materials with absorption ranging into the visible range, giving
for the use of majority of the solar spectrum. Lead(II) oxide
nanoparticles can be synthesized by different methods [1-6].
A number of systems containing transition metal doped TiO2

[7], nitrogen doped TiO2 [8] have been reported for the photo-
sensitization of dye pollutants [9,10].

Diamond green B dye has several industrial applications.
It is used as a fungicide, ectoparasiticide and antiseptic in fish
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farming industry. This is also used to dye leather, silk, paper
and plastics [11]. This dye may be easily reduced to its leuco
form, which is carcinogenic to humans [12]. For all these reasons,
the development of innovative technologies of wastewater
purification is essential [13-22].

EXPERIMENTAL

Lead nitrate, copper nitrate, hydrochloric acid, diamond
green B dye (hexadecimal colour code #b9cca6, an anthocyanin
dye emitted from real blueberry fruit extract), fluorine doped
tin oxide (FTO)-plate, ruthenium dye (535-bisTBA, N719)
solution and ethanol were obtained from Sigma Aldrich, USA
and used as received. Throughout the studies, glasswares were
cleansed with chromic acid and then carefully washed with
distilled water.

Synthesis of CuPbO nanomaterial: Lead nitrate and
copper nitrate hexahydrate were mixed in a 1:1 ratio in 100
mL deionized water and stirred vigorously at room temp-
erature. Then solution was sonicated for 20 min. Also with
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inclusion of ammonia solution, the pH of the solution was
boosted to around 9. A precipitate was generated by mixing 5
drops conc. HNO3 with 5 mL distilled water. The alkali phases
were recovered by filtering the residue and washing with 10
mL ethanol. The residue was again collected and dried in an
hot air oven at 100 ºC for 12 h. The powdered was then annealed
for 3 h at 500 ºC.

Characterization: The surface morphology of CuPbO
HR-SEM has been used to investigate using JEOL-JES-1600
instrument. At 25 ºC, EDX assessment trials were carried out
on an FEI Quanta FEG 200 apparatus equipped with an EDX
analyzer. A JEOL-JEM-2010 UHR apparatus was used to obtain
a high-resolution transmission electron microscopy (HR-TEM)
pictures with a lattice image resolution of 0.14 nm and an
acceleration voltage of 200 kV. The X-ray diffraction using a
Shimadzu-6000 (monochromatic CuKα radiation, λ = 1.5406
Å) apparatus was used to investigate the nanomaterial’s crysta-
lline characteristics. At room temperature, the XRD pattern
was recorded in the 2θ range of 10º to 90º with 0.05º steps. At
room temperature, the photoluminescence (PL) spectra of PbO
and CuPbO were obtained using a Perkin-Elmer LS 55 fluore-
scence spectrometer. A Hitachi-U-2001 spectrophotometer was
used to measure UV-Vis absorbance across a range of 800-

200 with a quartz cell with a 10 mm optical path length. On a
Shimadzu UV-1650PC spectrophotometer the UV-vis DRS of
PbO and CuPbO were measured. The photovoltaic parameters
of the material were investigated by monitoring the photo
current-voltage (I-V) curve under Ampere metres (A.M) 1.5
sun irradiation with a current density of 100 Mw/cm2.

RESULTS AND DISCUSSION

Evaluation of exterior microstructures

HR-SEM evaluation via EDX: The HR-SEM image of
the CuPbO nanomaterial is shown in Fig. 1a. The material
exhibited a uniform nanobundle flower like morphology with
an abundance of grain boundaries. The observed pores indicate
the possible catalytic sites for adsorption and photodegradation.
The EDX spectrum was acquired to examine the nanocatalyst’s
appropriate quantity, which shows the presence of Cu, Pb and O
(Fig. 1b).

HR-TEM: HR-TEM pictures revealed more about the
structure of the CuPbO nanomaterial that has been developed.
The images exhibit a typical intercrossed nanoribbon structure
(Fig. 2a). The CuPbO nanomaterial has a dimension of around
200 nm. A picture profile based on particle size in a specified
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Fig. 1. (a) SEM image of CuPbO nanomaterial and (b) EDS analysis
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Fig. 2. (a) HR-TEM micrograph of CuPbO nanomaterial (b) Image profile from particle size in selected area highlighted
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area marked in Fig. 2a is shown in Fig. 2b. The “Image J Viewer”
software was used to calculate the image aspect distribution.

XRD analysis: The XRD pattern of CuPbO (Fig. 3)
exhibited characterized peaks (2θ) at 29.1º, 30.4º, 32.5º, 37.7º,
49.4º, 50.9º, 53.3º, 56.2º and 63.7° corresponding to 111, 002,
200, 210, 022, 220, 222, 311 and 131, respectively. The XRD
pattern is consistent with the structure of lead oxide (JCPDS
Card No. 76-1796) with space group Pca21. The spiky peaks
indicate the excellent crystalline nature of lead oxide nano-
material and the broad peaks indicate that the particles are in
superior agreement with the SEM images. L = 0.89/COS, the
particle size computed using the Debye-Scherrer formula was
found to be 24 nm.
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Fig. 3. XRD analysis of CuPbO nanomaterial

Photoluminescence (PL) studies: The coupling of electric
charge causes spectroscopy to occur. As a result, charge carrier
pairings and trapping may be studied using PL spectra. The
PL emission of PbO and CuPbO in the 350-500 nm region is
shown in Fig. 4a and 4b, respectively. The emissions peaks

for the bare PbO nanoparticle are about 368, 403, 440 and 487
nm. CuPbO on the other hand, has a broad emission peak in
the range of 350 to 500 nm, concentrated around 375 nm. The
peak position indicates that it is caused by defect emission
[23-25]. The large red-shifted peak is consistent with CuPbO’s
UV-vis-DRS. This is caused by the alteration of the band struc-
ture of PbO caused by Cu doping. When compared to PbO,
CuPbO showed a considerable drop in PL intensity, indicating
that CuPbO had a reduced photogenerated charge carrier
recombination rate. Doping was discovered to reduce trap
states on the material surface and inhibit the recombine of
electrolyte ions in PbO. As a result the charge carrier separation
improves and PbO’s quantum efficiency improves.
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Fig. 4. PL spectra of (a) PbO and (b) CuPbO nanomaterial

UV-vis-DRS studies: Fig. 5a-b shows the UV-Vis-DRS
spectra of generated PbO and CuPbO nanomaterial. The Tauc
plots could be used to determine the band gaps of the synthe-
sized nanomaterials. The band gap of the synthesized bulk
CuPbO nanomaterial is determined by plotting [F(R) hν]2 versus
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Fig. 5. UV-vis DRS-direct band gap of (a) PbO and (b) CuPbO nanomaterial
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the photon energy (hν). The width effect occurs for the blue
shift in PbO nanoparticle. The PbO and CuPbO nanomaterials
have suitable band energies of 2.8 and 2.5 eV, respectively.
This study reveals that CuPbO has a lower band gap energy,
suggesting that it could be used as a photocatalyst [26-29].

Photodegradation of diamond green B dye: With artificial
UV-light irradiation, the photodegradation of diamond green
B dye was studied in deionized water, distilled water and
contaminated saltwater. At a concentration of 1 × 10-4 M, the
aqueous solution of diamond green B dye was black in colour.
After the photodegradation (45 min of irradiation time), the
colour disappeared and the solution became colourless. The
photodegradation investigations were performed out under
different conditions, including those in which there was no
energy. catalyst and in dark. The photodegradation profiles of
the dye by PbO and CuPbO after 45 min of irradiation are
shown in Fig. 6a-c. In deionized water, the efficiency was 12%,
5%, 95%, 56% and 45% without catalyst, under dark condition,
with CuPbO catalyst and PbO catalyst, respectively. In distilled
water, the efficiencies in the same order mentioned above were
9%, 6%, 79% and 43%. In contaminated seawater, the effici-
ency was 4% without the catalyst, 3% under dark condition,
42% when CuPbO was used as catalyst and 32% when PbO
was used as catalyst. Comparison of the results shows that
CuPbO photodegrades diamond green B dye to a greater extent
in deionized water than in distilled or contaminated seawater.
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Fig. 6. Effect of degradation study of DG B dye under UV-light irradiationin
(A) deionized water and (B) distilled and (C) sea water under the
conditions of (a) dark (b) without catalyst (c) PbO catalyst and (d)
CuPbO catalyst

Stability of photocatalyst: The system has better dura-
bility and reusability, which are extremely crucial by repeating
diamond green B dye photocatalytic degradation studies four
times, these features of PbO and CuPbO were studied. The
photocatalysts were carefully rinsed with water after each cycle
and a new solution of diamond green B dye was prepared
before every photocatalytic run in the photoreactor under UV
light and the results are shown in Fig. 7a-c. In deionized water
(59 and 98%), distilled water (21 and 62%) and polluted sea
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Fig. 7. Stability and reusability of the catalysts [(a) PbO and (b) CuPbO]

in (A) deionized water and (B) distilled and (C) sea water under

water, total deterioration occurred in 45 min up to the 4th cycle
(16 and 20%). The produced photocatalysts were successfully
synthesized and reusable. In comparison to the entire breakdown
of diamond green B dye, catalyst performance dropped after
the fourth cycle consequently the response did not alter
significantly, showing that the catalyst was stable. In fact, the
CuPbO photocatalyst is harmless. As a result, CuPbO photo-
catalyst can be utilized to photodegrade impurities with good
sensitivity and recyclability.

Photocatalytic mechanism: A possible mechanism to
degrade diamond green B dye photocatalytically by CuPbO
can be proposed as follows:

1DG B dye 0 + hν → DG B dye1 (1)
1DG B1 + ISC → 3DG B dye1 (2)

CuPbO + hν → e–(CB) + h+(VB) (3)
–OH + h+ → •OH (4)

•OH + 3DG B dye1 → Leuco DG B dye (5)
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Leuco DG B dye → Products (6)

The diamond green B dye consumes the appropriate wave
length and generates an electronically excited state. Intersystem
crossing is also used to give a much more durable triplet state.
This energy is also used by the CuPbO semiconductor to excite
its electron from the valence band to the conduction band.
The hole (h+) located in the valence band of the semiconductor
can withdraw an electron from the hydroxyl ion, resulting in
the formation of the •OH radical. The hydroxyl radical will
oxidize the diamond green B dye to its leuco form, which could
eventually breakdown into products. The presence of hydroxyl
radical scavenger (2-propanol) significantly reduced the rate
of degradation of diamond green B dye, indicating that the
•OH radical participates as an active oxidizing species in the
dye degradation [30-37].

Photovoltaic characteristics (Synthetic based dye sensi-
tized solar cells): CuPbO has the ability to function as a photo-
detector. It’s deposited on a single crystal made of fluorine
doped tin oxide (FTO-plate). A ruthenium dye was used to
create two dye-sensitized solar cells made of PbO and CuPbO.
(535-bisTBA, N719). From the data, it is obvious that the
CuPbO-fabricated cell has a higher short-circuit current
density, Jsc (4.4 mA/cm2) than the PbO (3.9 mA/cm2) fabricated
cell. The Voc (500 mV) open-circuit voltage FF (0.94) fill-factor
and performance (1.7%) Fig. 8a-b depict the J-V curves. CuPbO
improves electron transport in short circuit current density,
according to the findings [38,39].

Photovoltaic characteristics (natural-based dye sensi-
tized solar cells): The anthocynin dye (Vaccinium myrtillus)
extracted from blueberry fruits was used to manufacture two
dye-sensitized solar cells employing PbO and CuPbO. With
the maximum value of short-circuit current density, the CuPbO-
based cell exhibits better activity as well. The Jsc (5.5 mA/
cm2) is higher than PbO (5.0 mA/cm2) in terms of open-circuit
voltage (500 mV), fill-factor (0.94) and efficiency (1.7%).

Conclusion

Subsequently using a simple co-precipitation approach,
an effective CuPbO nanomaterial was prepared. The HR-SEM,
EDX, HR-TEM and HR-TEM were used to characterize this
nanomaterial and UV-vis-DRS studies. The SEM analysis
showed that CuPbO has a nanoflower morphology. The high
photocatalytic action of CuPbO material be ascribed to the
decreased emission intensity and small band gap energy. The
nanomaterial CuPbO was found to photodegrade diamond
green B dye in deionized water with superior efficiency. The
present studies also established that CuPbO can acts as a prom-
ising photoelectrode in fabricating dye based (both synthetic
and natural) solar cells with enhanced current produced in short
circuit.
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