
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2022.23920

INTRODUCTION

Azo dyes are used in various industries such as paper,
textile, leather and additives [1]. These industries are releasing
a large quantity of wastewater containing toxic dyestuffs into
the aquatic systems [2]. These pollutants seriously disturb and
destroy the ecological system, leaving a heavy negative impact
on both plants and human beings [3]. Many researchers have
focused on degradation of dye pollutants and many studies
have been developed, such as chlorination [4], electrochemical
[5], biodegradation [6], photocatalytic [7-11] and adsorption
[12,13] methods. However, advanced oxidation processes are
the alternative techniques for the wastewater treatment. The
utilization of photocatalysis allows for the safe degradation of
organic and inorganic contaminants at ambient temperature
and pressure [14]. The most commonly used photocatalysts
are TiO2, CdS, ZnO, FeO3 and WO3 [15-21]. Titanium dioxide
have some advantages including high thermal and chemical
stability, high photocatalytic activity, strong oxidizing power,
non-toxic and relatively cost effective. Hence, TiO2 is mainly
used for the degradation of organic pollutants [22-26]. How-
ever, due to its large band gap (3.2 eV) its activity is limited to
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near-ultraviolet region. To enhance the performance of TiO2

its structure and morphology is modified by doping with metals
and non-metals. Therefore, researchers is of great interest in
their research work on the photocatalytic activity of TiO2 doped
with different metal ions such as Fe [27,28], Cu [29,30], Mn
[31], Au [32], Ag [33], Ni [34,35] and Pd [36]. The photo-
catalytic activity of metal doped TiO2 is dependent on the metal
deposition sequence and the type of doped metal [37]. The
bimetal photocatalyst exhibit good performance in hydrogen
production because these metals act as an electron sink for
photoexcitation electron and it extends the photocatalytic
activity towards the visible light region [38-40].

In present work, Ni-Cu doped TiO2 nanoparticles were
synthesized by simple sol-gel method with varying wt.% of
nickel and copper and its application on degradation of Congo
red dye in water using solar light and to evaluate the complete
degree of degradation of dye as well as its stability and recycl-
ability.

EXPERIMENTAL

Characterization: The particle size and phase structure
of the prepared photocatalyst were analyzed using powder XRD
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with CuKα radiation (λ = 1.5406 Å) as an incident beam in
the 2θ mode over a range of 20-80º operated at 40 kV and 30
mA. The presence of functional groups in the photocatalyst
was identified by FT-IR technique using Jasco FTIR-4600, Japan
(AVATAR 370). The band gap energy and absorption edge were
investigated using DRS analysis (Agilent Cary 5000) and
BaSO4 as reference. The surface morphology along with its
elemental composition was analyzed by SEM (FEI Quanta
FEG 200F) equipped with an energy dispersive X-ray (EDS)
spectrophotometer operated at 30 kV and HR-TEM (JEOL-
2100) with an accelerating voltage of 200 kV.

Preparation of Ni-Cu doped TiO2 particle: The Ni-Cu
doped TiO2 photocatalyst was prepared by sol-gel method. In
this method, titanium tetraisopropoxide (TIP) acted as the prec-
ursor of titanium. The photocatalyst was prepared by mixing
2.5 mL of deionized water with 10 mL of isopropanol. The
above solution was stirred for 0.5 h. To this solution, required
quantity of 0.5 M TIP was added dropwise to form a suspension
followed by the addition of 1 mL of conc. HNO3. The solution
was vigorously stirred for 45 min. Finally, nickel nitrate hexa-
hydrate and copper nitrate trihydrate of desired concentration
were added dropwise with continuous stirring. The obtained
gel was dried at 80 ºC for 5 h and then annealed at 450 ºC for
3 h to get Ni-Cu doped TiO2 photocatalyst [41].

Photocatalytic activity: The photodegradation efficiency
of the synthesized Ni-Cu doped TiO2 nanoparticles were eval-
uated by degradation of Congo red dye as contaminant. The
Ni-Cu doped TiO2 nanoparticles (250 mg) was immersed in
100 mL of 20 ppm Congo red dye solution in a beaker. The
solution was allowed to equilibrate completely for 30 min in
dark using magnetic stirrer. Then, the system was irradiated
using visible light and then 2 mL suspension of Congo red
was withdrawn and analyzed at 10 min interval at λmax = 500
nm, which corresponds to the maximum absorbance of dye.
The percentage of degradation was calculated using eqn. 1:

o t

o

C C
Degradation (%) 100

C

−= × (1)

where, Co is the initial concentration of Congo red, Ct is the
final concentration of Congo red after visible light irradia-
tion.

RESULTS AND DISCUSSION

XRD analysis: The phase structure and the crystal size
of the synthesized photocatalyst were determined by using
XRD analysis. Fig. 1 shows the XRD patterns of undoped TiO2

and Ni-Cu doped TiO2. In Fig. 1b, the synthesized Ni-Cu TiO2

shows the presence of pure anatase crystal planes as (101), (112),
(200), (105), (204), (116) and (215) (JCPDS No. 21-1272).
There were no peaks corresponding to nickel and copper oxide
in Ni-Cu doped TiO2 which is attributed to low concentration
or elegant diffusion of Ni2+ and Cu2+ into TiO matrix [42,43].
Since the ionic radii of Ni2+ (0.69 Å) and Cu2+ (0.73 Å) are
greater than that of Ti4+ (0.61 Å), the addition of dopants does
not alter the phase of host TiO2 nanoparticle, but it does cause
a shift in the (101) peak towards the lower angle. The average
crystallite size of the samples was calculated by Debye-
Scherrer’s formula:

K
D

cos

λ=
β θ (2)

where D represents the average crystalline size, 0.9 indicates
the shape factor of grain, λ corresponds to wavelength of X-
ray, β gives the FWHM of diffraction peak and θ is the incident
angle of X-ray. The average calculated crystal size of the Ni-
Cu doped TiO2 was found to be 8 nm.

FT-IR analysis: FT-IR spectra of undoped and Ni-Cu
doped TiO2 samples are shown in Fig. 2. The peaks at 3400
and 1628 cm-1 corresponds to stretching and bending vibrations
of H2O and OH–, respectively. The lower wavelength band
around 437 cm-1 is due to the bending vibration of M-O such
as Ti-O and Ti-O-Ti framework bonds [44]. When comp-ared
to the undoped TiO2, most of the peaks in Ni-Cu doped TiO2

showed a slight shift in the bands, since the dopants are located
in the interstitial space of lattice.

SEM-EDAX studies: The SEM images of Ni-Cu doped
TiO2 showed the agglomeration of uniform particles when
compared to TiO2 (Fig. 3). This revealed that co-doping of
Ni2+ and Cu2+ did not affect the morphology of TiO2 which is
attributed to the small amount of Ni2+ and Cu2+ ions incorpo-
rated into the TiO2 matrix [45-47]. EDAX spectrum (Fig. 4)
shows the atomic % Ni-Cu TiO2 chemical composition in the
synthesized Ni-Cu doped TiO2 nanoparticles, which confirmed
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Fig. 1. XRD patterns of (a) TiO2 (b) Ni-Cu doped TiO2
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Fig. 4. EDAX spectrum of Ni-Cu doped TiO2 nanoparticles

the presence of Ti, O, Ni and Cu in the TiO2 lattice. Doping of
Cu-Ni with TiO2 with has not affected the morphological
appearance due to very small concentration of dopants incor-
porated in the lattice of TiO2.

TEM studies: The structure of the doped TiO2 was further
investigated by HR-TEM images. Fig. 5 shows that Ni-Cu
doped TiO2 nano catalyst were found to be spherical in shape.
From the high-resolution TEM images, the lattice fringes with
inter planar distance of 0.35 and 0.18 nm were observed, which
corresponds to the (101) and (200) planes of anatase TiO2

respectively [48,49]. It indicates that the synthesized Ni-Cu
doped TiO2 has crystalline structure. The particle size distri-
bution histogram (Fig. 5e) obtained by Gaussian fitting method

confirmed that the average particle size of Ni-Cu doped TiO2

is 8 nm.
Optical studies: The UV absorption spectra of the samples

showed a band edge of 500 nm for Ni-Cu doped TiO2 (Fig. 6a),
which in turn showed a possible enhancement in the photo-
catalytic activity of Ni-Cu doped TiO2. From Fig. 6b, the band
gap energy value for Ni-Cu doped TiO2 was found to be 2.72
eV. Due to the doping of TiO2 with Ni2+ and Cu2+, the electrons
involved in transitions could not be transferred directly to the
conduction band of TiO2. The reason behind this is that the
s-d transition states of the dopants Ni2+, Cu2+ and oxygen vacan-
cies capture the transition electrons. Therefore, the sub band
states formed by Ni2+, Cu2+ and oxygen vacancies significantly
contribute to lowering the bad-gap values in comparison to
TiO2. This decrease in band gap, increases the photocatalytic
behaviour of Ni-Cu doped TiO2 [50].

Photocatalytic degradation studies: The UV spectra of
Congo red dye solution (20 ppm) with Ni-Cu doped TiO2 (250
mg) photocatalyst as a function of time irradiated in the presence
of visible light is shown in Fig. 7. Initially, Congo red dye
with photocatalyst exhibited a maximum absorption at λmax =
500 nm and this maximum absorbance gradually decreased
with increase in the irradiation time and therefore confirmed
that the toxic dye was successfully degraded by using Ni-Cu
doped TiO2 photocatalyst.

Mechanism: From the investigation of degradation of
Congo red dye with Ni-Cu doped TiO2, it was found that the
high surface area and the retardation of electron-hole recombi-
nation centres is the basic process for the photocatalysis of
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Fig. 2. FT-IR spectra of (a) TiO2 (b) Ni-Cu doped TiO2

Fig. 3. SEM images of (a) undoped TiO2 (b and c) Ni-Cu doped TiO2
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Fig. 5. (a,b) TEM images of Ni-Cu doped TiO2, (c) HRTEM images of Ni-Cu doped TiO2, (d) SAED pattern of Ni-Cu doped TiO2, (e)particle
size distribution of Ni-Cu doped TiO2
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organic compounds by photocatalyst. The generated electrons
were attracted towards the metal particle. The photogenerated
holes react with OH– or H2O, oxidize into OH radicals, resulting
in the degradation of organic compounds adsorbed onto the
TiO2 surface. As a result, the Ni-Cu doped TiO2 not only incre-
ases visible light absorption due to a narrowing band gap, but

also improves the efficiency with which photoinduced electrons
and holes are separated.

Photocatalytic mineralization of Congo red dye:
Photocatalytic degradation of Congo red was also confirmed
by COD analysis before and after the experiment. The COD
of the dye solution before (20155.2 mg/L) and after (92.43
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mg/L), the irradiation using visible light was measured. the
reduction in the COD values of dye solution confirmed that
all the dye molecules had been mineralized and the colour
had been eliminated from the solution.

The % of mineralization was calculated by using eqn. 3:

o t

o

COD COD
Mineralization (%) 100

COD

−= × (3)

Reusability: In order to analyze the reusability of Ni-Cu
doped TiO2, photocatalyst after the degradation experiments
was filtered from the reaction medium, washed with deionized
water for several times and dried under normal temperature.
After drying, it was utilized to perform more number of photo-
catalytic degradation experiments on Congo red, under same
experimental conditions. The Ni-Cu doped TiO2 nanoparticles,
exhibited stable photocatalytic performance without any
change in the degradation efficiency for about four cycles and
then the efficiency decreased slightly for the next immediate
cycles (Fig. 8). This performance has exhibited an excellent
long-term stability and good potentiality of the prepared
photocatalyst for wastewater treatment applications.
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Fig. 8. Recycling ability of catalyst

Conclusion

A novel photocatalyst Ni-Cu doped TiO2 with size 8 nm
was successfully synthesized by a simple sol-gel method with

low-cost precursors to degrade contaminants in aqueous solu-
tions. The FT-IR results confirmed the presence of Ni and Cu
in the lattice structure of TiO2. The co-doping of TiO2 with
transition metals has led to small grain size, low band gap,
high surface area and enhanced the photocatalytic activity of
catalyst. It was suggested that the doping of Ni-Cu on TiO2

enables an impurity band to develop between the valence band
and conduction band, hence increasing the photocatalytic
activity of the material. Thus, Ni-Cu doped TiO2 was found to
be an efficient photocatalyst for degradation of Congo red dye
within 30 min. The TOC results showed a high degree of miner-
alization of Congo red dye achieved using Ni-Cu doped TiO2

nano photocatalyst. Thus, Ni-Cu doped TiO2 exhibited a good
recyclability and stability under solar light irradiation.
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