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Abstract
In the present work, Ni2+ and Cu2+ ions are doped with TiO2 using sol–gel technique. The effects of Ni and Cu doping in TiO2 
matrix are characterized by XRD, Micro-Raman, FTIR, UV–DRS, PL, and FESEM with EDS. Furthermore, it is analyzed 
for photocatalytic activity and magnetic applications. From XRD analysis, it is observed that the peaks corresponding to 
the planes match with the JCPDS data [anatase: 89-4203] of TiO2. The crystallite size of the doped samples is found to be 
greater than that of TiO2. Micro-Raman analysis shows the confirmation of anatase phase of TiO2. FTIR analysis confirms 
the presence of functional groups which are presented in the prepared samples. From UV–DRS, the band-gap values of TiO2 
and doped TiO2 (Ni2+, Cu2+) are found to be 3.25, 2.48, and 1.25 eV. Photoluminescence (PL) results show an emission 
edge of Ni- and Cu-doped TiO2 is red shifted which is due to the vacancies of titanium and oxygen imported subsequently 
during doping. The surface morphology and the elemental composition of Ni- and Cu-doped TiO2 nanoparticles are also 
analyzed. The photocatalytic activity of all the prepared samples are assessed by methylene blue dye as testing pollutant 
and visible radiation. The test reveals that Cu–TiO2, Ni–TiO2, and TiO2 show the degradation efficiency of 68.14, 61.04, 
and 33.32%, thereby showing that the doped TiO2 are more efficient in degrading the pollutant and can be applied for future 
photocatalytic applications. From VSM analysis, the saturation magnetization of Ni–TiO2 and Cu–TiO2 is found to be weak 
and can be improved by the synthesis process and the proportion of dopant.

1  Introduction

To manipulate the properties and, hence, to obtain the 
desired functionality of solids, dopants act an important 
character, particularly in a field of microelectronics and 
optoelectronics. Recently, the search for materials which is 
both the properties of semiconductors and ferromagnetism 
(FM) has derived into the valuable field of material sciences 
to achievement of the spin degrees of freedom for the carrier. 
Thus, important research is in progress on investigating the 
promising of spin functionality of induced ferromagnetism 
in the non-magnetic semiconductors adding dopants of mag-
netic ions via dilute concentrations and thereby obtaining 
diluted magnetic semiconductors (DMS) [1, 2]. DMS exhibit 
both the semiconducting and the magnetic properties such 

as ferromagnetism and magnetoelectricity. In DMS, the 
interaction (exchange) between the electrons and affects the 
change in magnetic properties, which, in turn, leads to shift 
in the bandgap [3]. Studies on DMS have been intensified 
recently due to their promising applications in spintronics 
[4]. DMS materials might be components of new technolo-
gies such as non-volatile memories, high-speed devices for 
data handling and reduced power expenditure, and conceiv-
ably tiny structures [5–8]. However, many experimental 
reports show maintain lower temperature, low moment of 
magnetic ordering [9, 10]. In support of many possible 
results reported in the literature, DMS has still challenged 
by the incorporation of dopants which are consistency, 
possibilities of secondary ferromagnetic phases, and con-
tamination issues [11]. The most intensively explored field 
of DMS research is the doping of regular III–V or II–VI 
semiconductors, where the underlying lattice has wurtzite 
or zinc-blende structure with transition metal ions such as 
Cr, Mn, Fe, Co, and Ni [12]. In general, the magnetic (3d) 
ions in DMS materials are located on substitutional and/
or interstitial sites of the semiconducting host [13]. DMSs 
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based on II–IV metal oxide wide band-gap semiconductors 
such as ZnO, TiO2, and SnO have attracted considerable 
attention for their promising high-temperature ferromagneti-
sation [14]. Hence, the dependence of magnetic ion dopant 
effects in oxides have inspiring possibilities and new physics 
(different spin functionality). Most extensive research in this 
field has been done on two wide band-gap functional metal 
oxides, namely TiO2 and ZnO [15].

Recently, various nanostructures of metal oxides have 
been introduced for breaking through the barriers. On 
account of the high specific surface area and its structures, 
they prefer good performance [16]. TiO2 is a wide band-
gap n-type semiconductor with bandgap 3.1 eV at room 
temperature which is an essential element of devices like 
photocatalytic reactors, photoelectrochemical cells, etc. [17, 
18]. Titanium oxide (TiO2) is a bandgap of 3.2 eV, nontoxic, 
low-cost, physical and chemical stability, and unique elec-
tronic and optical properties [19, 20]. The major drawback 
is absorption in the ultraviolet regime and fast electron–hole 
pair recombination.

These drawbacks are overcome by doping of metals such 
as Ni2+ and Cu2+. The doping of Ni2+ and Cu2+ results in 
the suppression of electron–hole pair recombination on the 
surface of the photocatalyst. In certain semiconductor, low 
valence dopant improves the photocatalytic activity of the 
material.

TiO2 exhibits the characteristics of both the semicon-
ducting and the magnetic materials; it can realize the dual 
control of both electric and magnetic fields by using the 
electric charge and spin properties of electrons. To achieve 
the application of the DMS TiO2, it is important to prepare 
room-temperature DMS materials with high saturation mag-
netization intensity. The room-temperature ferromagnetism 
of DMS can be improved by changing the synthesis method, 
annealing atmosphere, and doping of different metallic or 

nonmetallic ions in the host lattices [21]. Therefore, desired 
doping of these wide band-gap nanostructures can provide 
important materials for the application of magnetic pro-
cesses [22]. The different magnetic ions are doped into TiO2 
for attaining the room-temperature ferromagnetism (RTFM) 
which is one of the appealing conditions in spintronics 
research. The synthesis of materials for DMS includes 
molecular beam epitaxy (MBE) [23, 24], pulsed laser dep-
osition [25], ion implantation [26], and sol–gel technique 
[27]. In the present work, TiO2 and Ni2+, and Cu2+ doped 
with TiO2 nanoparticles are prepared by sol–gel technique. 
This technique gives the advantages such as stoichiometry 
ratio, high crystallinity, and purity [28–30]. The physical 
characteristics of the prepared nanoparticles are analyzed, 
and the photocatalytic performance of as-prepared Ni- and 
Cu-doped TiO2 is evaluated by MB degradation. Figure 1 
shows the schematic diagram of Cu–TiO2. In addition, Ni- 
and Cu-doped TiO2 are analyzed for diluted magnetic semi-
conducting properties.

2 � Experimental

2.1 � Synthesis of TiO2, Ni‑, and Cu‑doped TiO2 
nanoparticles

The TiO2 nanoparticles are prepared by adding 2.5  ml 
of deionized water mixed with 10 ml of isopropanol and 
stirred for half an hour, and 0.5 M titanium tetraisopropox-
ide (Sigma-Aldrich) is added drop by drop into the mixed 
solution. After an hour, 1 ml of conc. HNO3 is added into 
the solution and the solution (mixture) vigorously stirred 
for 45 min. The obtained gel is dried at 80 °C for 5 h and 
then annealed at 300 °C for 3 h. The Ni2+- and Cu2+-doped 
TiO2 is prepared by adding liquid solution of nickel nitrate 

Fig. 1   Schematic diagram of photocatalytic performance of Cu–TiO2 nanoparticles



Synthesis and analysing the structural, optical, morphological, photocatalytic and magnetic…

1 3

Page 3 of 11  288

hexahydrate (NICE) and copper nitrate trihydrate (NICE) of 
desired concentration (0.3 M) drop by drop to the mixture 
accompanied by continuous stirring. The process is repeated 
to get the desired Ni- and Cu-doped TiO2 nanoparticles.

2.2 � Photocatalytic performance evaluation

For photocatalyst powder, 0.05 g of photocatalysts is dis-
persed into 50 mL of 1 × 10−5 M aqueous solution of dyes 
and irradiated under simulated 150 W tungsten lamp (with 
main wavelength at 465 nm) under continuous stirring. Sam-
ples from the aliquots from the solutions are collected at 
time intervals of 10 min, and analyzed to evaluate the con-
centration of MB by a Shimadzu UV-1600 spectrophotom-
eter (λ = 664 nm). The photocatalytic degradation efficiency 
is calculated according to the following equation [31]: 

where C0 is the initial concentration, Ct is the equilibrium 
concentration at time ‘t’, and D is the degradation rate (%).

2.3 � Characterisation

The structural analysis of the prepared samples are carried 
out using X-ray diffractometer (RIGAKU ULTIMA IV) with 
CuKα radiation wavelength of 1.541 Å. The optical diffuse 
reflectance spectra (DRS) are recorded in the wavelength 
range of 200–2500 nm by UV–DRS spectrophotometer 
(UV 2600 ISR). Using Micro-Raman (Renishaw in Via 
Raman Microscope) analysis to confirm the structure and 
corresponding modes of vibrations, functional groups are 
analyzed by FTIR using Perkin Elmer spectrophotometer in 
the range of 4000–400 cm−1. The surface morphology and 
elemental analysis of the prepared samples are examined by 
Field-Emission Scanning Electron microscopy (ZEISS). The 
photoluminescence (PL) spectra are performed by RF 6000 
fluorescence spectrophotometer. The magnetic properties of 
the Ni- and  Cu- doped TiO2 nanoparticles are investigated 
by a vibrating sample magnetometer (Lakeshore V650).

3 � Results and discussion

3.1 � Structural analysis

Figure 2 shows the PXRD patterns of synthesized TiO2, 
Ni-, and Cu-doped TiO2 nanoparticles prepared by sol–gel 
technique. From Fig. 2, it is noted that the synthesized 
TiO2 shows the pure anatase phase with tetragonal struc-
ture and the planes (101), (112), (200), (105), (211), (204), 
(116), (220), and (215) matches, with the JCPDS data 

%D =

(

C0 − C
t

C0

)

× 100, (Card no. 89-4203). In nickel-doped TiO2, additional two 
planes (110) and (103) correspond to anatase phase of 
TiO2 which are also observed. Due to the surface adsorp-
tion of Ni2+ on TiO6 via hydrogen bonding and its changes 
their fable structure and to permit restraint the hydrolysis 
and polycondensation reactions which retarded the phase 
transformation, no other peaks of nickel oxide in the Ni-
doped TiO2 which is attributed to the low concentration or 
elegant diffusion of Ni2+ on TiO2 matrix [32, 33]. In Cu-
doped TiO2 nanoparticles, two additional planes (002) and 
(112) corresponding to CuO [PDF: 48-1548] with mono-
clinic lattice structure which is also observed. The results 
clearly indicate that addition of dopants did not affect the 
tetragonal phase of the host nanomaterial. In addition, the 
incorporation of dopants in host lattices results in the peak 
shift (101) towards the lower angle which is attributed to 
the ionic radii of Ni2+ (0.69 Å) and Cu2+ (0.73 Å) which 
are greater than Ti4+ (0.61 Å). Using the Scherrer equa-
tion [34]:

 
The crystallite size is calculated for the most intense 

(101) plane which is found to be 9 nm for TiO2, around 
22 nm for Ni- and Cu-doped TiO2. The microstrain is cal-
culated for the prepared samples using the formula:

From Table 1, it is noted that the microstructural strain 
of Ni2+ and Cu2+ ion-doped TiO2 is found to be less than 
TiO2. The variation in the microstructural strain of doped 
samples results in reducing the lattice defects in the crys-
tals. This is due to the Ni2+ and Cu2+ ions are strongly 

D =
k�

� cos �
.

� =
� cos �

4
.

Fig. 2   PXRD pattern of TiO2, Ni-, and Cu-doped TiO2 nanoparticles
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introduced into the host (Ti4+) crystal matrix in the sub-
stitutional mode which reflects reducing the lattice distor-
tion. Higher concentration of Ni2+ and Cu2+ in TiO2 helps 
the agglomeration of the small crystallites which in turn 
reduce the lattice defects in the prepared samples [35]. 
In general, increasing the size of the agglomerations that 
are formed will minimize the crystal defects, including 
the microstrain [35–37]. The lattice constants (‘a’ and 
‘c’) of synthesized nanoparticles are calculated using the 
formula:

 
The lattice constant of Ni- and Cu-doped TiO2 is found to 

be less than that of TiO2. The variation in the lattice param-
eter is attributed to the differences in the valencies and ionic 
radii of Ni2+ (0.69 Å), Cu2+ (0.73 Å), and Ti4+ (0.61 Å), 
respectively [37, 38].

3.2 � Micro‑Raman analysis

Micro-Raman spectra of TiO2, Ni-, and Cu-doped TiO2 
nanoparticles are shown in Fig. 3. Raman spectroscopy 
is used to investigate the structure and phase composition 

1

d2
=

(h2 + k2)

a2
+

l2

c2
.

of the prepared samples [39, 40]. In general, tetragonal 
anatase phase of TiO2 shows six Raman active modes 
and three infrared active modes are A1g + 2B1g + 3Eg and 
A2u + 2Eu [41]. A1g mode centered around 513 cm−1, 2B1g 
modes at 399 and 519 cm−1, and 3Eg modes at 145, 197, and 
369 cm−1 [42]. From Fig. 3, it is noted that Eg, B1g, and A1g 
are observed at 144.34, 394.47, 515.80, and 639.50 cm−1 
for TiO2 nanoparticles. The studies shows that shift in the 
principle peak (144 cm−1) of Ni2+- and Cu2+-doped sam-
ples towards higher wavenumber compared to TiO2 which 
is attributed to the result of vacancies in the oxygen surface 
induced by dopants [43–45]. In addition, the distortion of 
lattice structure of TiO2 due to the dopants of ionic radii 
is greater than that of host material. To continue the neu-
trality, the dopants create oxygen vacancies in TiO2 lattice 
which is also observed in the present study [46]. Due to the 
creation of O− vacancies, the lattices get contracted and the 
peaks are moved from lower to higher wave number region 
[47]. In the present work from the microstructural analysis, 
it is noted that the doped TiO2 shows the contraction in the 
lattice parameters. In addition, some researchers reported 
the peak broadening and shifting due to the quantum size 
effect [48]. If the substitutions of Ni2+ and Cu2+ take place 
with Ti4+, Ti–O–Ti bond get petrubated and it reflects the 
Ni–O–Ti and Cu–O–Ti which are formed. The disturbance 
of Ti–O–Ti bonds that results in Ni–O bond further affects 
the Raman active modes and it starts the peak shifting and 
broadening [49]. Apart from the main peaks, the other peaks 
are observed at 241.43, 288.89, 345.35, 461.50, 611.99, 
and 704.41 cm−1 which are due to the Ni–TiO3 attributed to 
the concentration of Ni2+; similar type of observations are 
reported by Chuang et al. [50]. 

3.3 � Functional group analysis

The recorded FTIR spectra of the prepared samples are 
shown in Fig. 4. It is noted that the broad peak around 
3420 cm−1 and 1620 cm−1 is due to the stretching vibra-
tions of NH3

+ and COO−. The CH3 deformation modes are 
assigned to 1381 cm−1. The spectra of lower wavenumber 
region of the band around 438 cm−1 are due to the bending 
vibrations of M–O such as Ti–O and Ti–O–Ti frame work 
bonds [51]. From the spectra of TiO2, Ni-, and Cu-doped 
TiO2, it is noted that a slight shift in the bands/peaks position 
and the change in the intensity of bands are observed which 

Table 1   Microstructural 
parameters of TiO2-, Ni-, and 
Cu-doped TiO2 nanoparticles

Samples 2θ (°) Crystallite size 
(nm)

Lattice constant (Å) Volume of unit 
cell (Å)3

Strain (10−6)

a (3.785) c (9.514)

TiO2 25.60 9.00 3.780 9.459 135.17 0.0965
Ni–TiO2 25.51 22.16 3.771 9.450 134.41 0.0369
Cu–TiO2 25.27 22.15 3.779 9.514 135.94 0.0366

Fig. 3   Micro-Raman spectra of TiO2, Ni-, and Cu-doped TiO2 nano-
particles
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may be due to the presence of the dopants in the interstitials 
of the lattices of the doped samples [51, 52].

3.4 � Optical analysis

The optical reflectance spectra of TiO2, Ni-, and Cu-doped 
TiO2 nanoparticles are shown in Fig. 5. From the figure, it is 
noted that a sharp decrease in reflectance around 380 nm is 
observed for TiO2 due to the electron transfers from O− 2p 
states of valence band (VB) to Ti+ 3d states of conduction 
band (CB) [53] and the absorption edge is red shifted, when 
TiO2 is doped with Ni and Cu [54, 55]. The conversion 
of reflectance spectra into Kubelka–Munk function [56] 

(equivalent to the absorption coefficient), F(Rα), is given 
by the relation:

where Rα is the reflectance of a sample with respect to ref-
erence at each wavelength. From the Fig. 6, it is noted that 
both TiO2, Ni- and Cu-doped TiO2 show direct allowed tran-
sitions and band-gap energy values are found to be 3.25, 
2.48, and 1.25 eV. Due to the Ni2+ and Cu2+ doping, the 
transitions electrons are not straightly transfer to conduc-
tion band of TiO2 because of s–d states of Ni2+ and Cu2+ 
and oxygen vacancies are captured the transitions electrons. 
The sub-band states of Ni2+ and Cu2+ and oxygen vacancies 
are the major role of decreasing band-gap values compared 
to TiO2 [49]. The decreasing band-gap energy is inducing to 
photocatalytic degradation of organic MB dye. 

3.5 � Photocatalytic activity

The basic process for the photocatalysis of organic compounds 
by TiO2 is the generation of electron–hole pair [57]. The gen-
erated electrons are attracted to the metal particle due to the 
difference in the work function of TiO2 and metal particle. 
The photogenerated holes oxidized organic molecule (R+) or 
react with OH− or H2O, oxidizing them into radicals of OH, 
resulting in degradation of organic compounds adsorbed on 
to the TiO2 surface. It is observed that, within the reaction 
period of 60 min, the photocatalyst has attained conversion. 
The photocatalytic degradation of MB using TiO2 initially 
confers and remains steady with time which is due to higher 
bandgap of TiO2. However, the addition of Ni and Cu to TiO2 

F(R�) =
(1 − R�)

2

2R�

,

Fig. 4   FTIR spectra of TiO2, Ni-, and Cu-doped TiO2 nanoparticles

Fig. 5   UV–DRS spectra of TiO2, Ni-, and Cu-doped TiO2 nanopar-
ticles

Fig. 6   Kubelka–Munk plot of TiO2, Ni-, and Cu-doped TiO2 nano-
particles
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did not show the same photocatalytic behavior as TiO2. The 
steps in photocatalytic reduction of metals in TiO2 are shown 
in the following [21, 22]: 

Photocatalyst + h� → e− + h

O2(ads) + e− → O−⋅
2

O−⋅
2
+ H+

→ HOO⋅

HO−
2
+ H+

→ H2O2

H2O2 + e− → OH− + OH⋅

Figure 7a, b shows photocatalytic efficiency and degra-
dation percentage (%) of as-synthesized photocatalysts in 
the degradation of MB (1 × 10−5 M) solution under visible 
light irradiation. It is noted that the degradation of MB is 
faster for Cu–TiO2 than Ni–TiO2 which is attributed to the 
decreased bandgap of Cu–TiO2 (1.25 eV) than Ni–TiO2 
(2.48 eV) as observed in DRS analysis.

The absorption of methylene blue decreases with increase 
in time which is due to the degradation of MB into car-
bon dioxide and water. Figure 8 shows temporal changes in 

H2O + h+ → H+ + OH⋅.

Fig. 7   a Photocatalytic efficiency and b degradation percentage (%) of as-synthesized photocatalysts in the degradation of MB (1 × 10−5  M) 
solution under visible light irradiation

Fig. 8   Temporal changes in absorbance spectra of MB dye with time (1 × 10−5 M) under visible light irradiation using a Ni–TiO2 and b Cu–TiO2
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absorbance spectra of MB dye with time (1 × 10−5 M) under 
visible light irradiation using (a) Ni–TiO2 and (b) Cu–TiO2. 
It is noted that the prepared Cu–TiO2 and Ni–TiO2 shows 
more efficiency for the degradation of MB dye than the bare 
TiO2.

3.6 � Photoluminescence analysis

Photoluminescence (PL) emission spectra of TiO2 and Ni- 
and Cu- doped TiO2, as shown in Fig. 9a, b with an excita-
tion wavelength of 320 nm. The blue–green emission bands 
at 468 nm and 471 nm are due to the charge transfer from 
Ti3+ to oxygen anion in [TiO6]8− complex. This indicates the 
origination of bands from the intrinsic state rather than the 
surface state [58]. The emission edge of Ni- and Cu-doped 
TiO2 is red shifted due to the vacancies of titanium and 
oxygen. The emission intensity of doped TiO2 is decreased 
compared with TiO2 which is due to the well-dispersed 

Ni and Cu ions in anatase Titania which turns to separate 
noticeable. This is because of undesired Ni–Ni and Cu–Cu 
interactions which act as a luminescent quencher and start 
to severe decrease in the emission intensity [56].

3.7 � Morphological and compositional analyses

Figure 10a–c shows FESEM images and EDS spectra of 
TiO2-, Ni-, and Cu-doped TiO2 nanoparticles. Ni- and Cu-
doped TiO2 nanoparticle consists agglomerates of nanosized 
spherical primary particles compared with TiO2 nanoparti-
cles. It is the characteristic of isotropic growth behavior of 
TiO2. From these results, the doping of Ni and Cu in TiO2 
did not alter the morphology which is attributed to the fewer 
amounts of Ni2+ and Cu2+ ions which are incorporated into 
the TiO2 matrix. Similar type of spherical morphologies is 
observed by Momeni et al. [59–61]. Figure 11 shows atomic 
% of TiO2 and doped TiO2. The EDS spectra (Fig. 11) 
clearly show the presence of O, Ti, Ni, and Cu. The varia-
tion in size of the dopants influences either incorporation of 
Ni2+ and Cu2+ ions into TiO2 matrix during crystallization or 
onto the TiO2 surface. These differences may be introduced 
from local analysis of EDS technique [56, 62, 63].

3.8 � VSM analysis

The magnetic properties of TiO2, Ni-, and Cu-doped TiO2 
nanoparticles are carried out by a VSM with an applied field 
of 15KOe at room temperature (Fig. 12a, b) which shows 
ferromagnetic behavior. The room-temperature ferromag-
netism (RTFM) in TiO2 is due to the presence of oxygen 
interstitial defects [64]. Das kar et al. reported the medi-
ated room-temperature ferromagnetism arises in host matrix 
which is attributed to the presence of oxygen vacancies 
[65–67]. In the present work, TiO2 synthesized by sol–gel 
technique using nitric acid as chelating agent did not show 
magnetic behavior. The intrinsic ferromagnetic ordering is 
explained by theoretical model interactions such as dou-
ble and superexchange, Ruderman–Kittel–Kasuya–Yosida 
(RKKY) and Bound Magnetic Polarons (BMP). According 
to BMP theory, the overlap and moment of dopant ions and 
vacancies of oxygen have ferromagnetic coupling between 
two ions via O2 vacancies and this results in RTFM [68]. 
Figure 10 shows the ferromagnetic behavior of Ni- and Cu-
doped TiO2. It is noted that, due to dopant concentration, 
the interaction between ions and oxygen vacancies results 
in either double exchange or superexchange that imparts fer-
romagnetism in the doped TiO2 system. There is no ferro-
magnetic contamination which is observed both in the XRD 
and EDS spectra of Ni- and Cu-doped. In the present study, 
the weak RTFM was observed in both Ni- and Cu-doped 
TiO2 due to the oxygen defects. Coey et al. reported the 
existence of RTFM in dilute magnetic oxides using BMP 

Fig. 9   PL emission spectra of a TiO2, and b Ni- and Cu-doped TiO2 
nanoparticles



	 T. Raguram, K. S. Rajni 

1 3

288  Page 8 of 11

Fig. 10   FESEM images and EDS spectra of a TiO2, b Ni-, and c Cu-doped TiO2 nanoparticles
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model [69] and Kim et al. reported that oxygen vacancies 
induced lattice distortion of TiO2 which makes it ferromag-
netic [70]. The structural analysis confirmed the replacement 
of Ti4+ by Ni2+ and Cu2+ in TiO2 matrix. Due to charge 
imbalance, O2

− ions escape from the lattice creating oxy-
gen vacancies and these vacancies play an important role 
in trapping unpaired electrons located near to the dopant 
ions. In the present work, the dopant concentration (Ni and 
Cu—0.3 mol%) creates an ionic charge imbalance between 
Ni2+, Cu2+ and Ti4+ that produces more oxygen vacancies 
as also confirmed by PL spectroscopy. Thus, the probability 
of more BMP and their overlapping, and room-temperature 
ferromagnetic (RTFM) ordering is developed due to the con-
centration of Ni and Cu in TiO2 samples. The doping of Ni2+ 
and Cu2+, which replaces Ti4+ in the samples which increase 
the intensity of magnetization, coercivity (Hc), remanence 
magnetization (Mr), and saturation magnetization (Ms), is 
shown in Table 2. 

It is noted that, remanence magnetization produced by 
Ni–TiO2 is higher than that of Cu–TiO2, but its coercivity is 
lower than Cu–TiO2 [71].

4 � Conclusion

The structural, optical, and magnetic properties of TiO2, 
Ni-, and Cu-doped TiO2 nanoparticles are synthesized by 
the sol–gel technique. XRD studies indicated the incor-
poration of Ni and Cu into the TiO2 matrix and the crys-
tallite size is found to be 22 nm. Micro-Raman analysis 
shows that anatase phase of TiO2 even adding of dopants 
and the bands are red shifted due to the incorporation of 
dopants. UV–DRS measurements revealed that the band-
gap decreases of doped TiO2 due to the incorporation of 
dopants into TiO2 matrix. Photoluminescence (PL) results 
show that an emission edge of Ni- and Cu-doped TiO2 is 
red shifted which is attributed to the oxygen vacancies and 
Ti vacancies introduced after doping. The morphological 
analysis shows that the particles are spherical in shape 
with agglomeration due to the adding of dopant ions (Ni2+ 
and Cu2+) and the EDS spectra confirm the presence of 
Ti, Ni, Cu, and O in the prepared samples. The photocata-
lytic degaradation efficiency of Ni and Cu–TiO2 is found to 

Fig. 11   Atomic (%) of TiO2, Ni-, and Cu-doped TiO2 nanoparticles

Fig. 12   VSM Plots of a Ni- and b Cu-doped TiO2 nanoparticles

Table 2   Magnetic parameters of Ni- and Cu-doped TiO2 nanoparti-
cles

Samples Hc (Oe) Mr (emu/g) 
(× 10−5)

Ms (emu/g) 
(× 10−5)

Mr/Ms

Ni–TiO2 239.89 16.80 1.13695 0.0676
Cu–TiO2 531.76 14.18 1.08161 0.0762
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be 61.04 and 68.14% which is greater than 33.32% of TiO2 
shows the promising future photocatalytic applications.

The doping of Ni and Cu in TiO2 induces ferromagnetism 
and the saturation magnetization (Ms) of Ni–TiO2 is higher 
than that of Cu–TiO2. However, the values are less shows 
weak ferromagnetism and it can be improved by increasing 
the concentration of the dopant and the synthesis process.
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