
Investigation of Ti Doping on the Structural, Optical
and Magnetic Properties of ZnO Nanoparticles
Raji P 

Mepco Schlenk Engineering College
K Balachandra Kumar  (  dkbaldr@gmail.com )

Government Arts and Science College https://orcid.org/0000-0003-0659-6629

Research Article

Keywords: ZnO, Coprecipitation, XRD, SEM, FTIR, VSM

Posted Date: February 9th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-171786/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Journal of Materials Science: Materials in
Electronics on April 12th, 2021. See the published version at https://doi.org/10.1007/s10854-021-05803-
y.

https://doi.org/10.21203/rs.3.rs-171786/v1
mailto:dkbaldr@gmail.com
https://orcid.org/0000-0003-0659-6629
https://doi.org/10.21203/rs.3.rs-171786/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10854-021-05803-y


Investigation of Ti doping on the structural,optical and magnetic properties of ZnO 

nanoparticles  

P. Raji1  and K.Balachandra Kumar2* 

1Department of Physics, Mepco Schlenk Engineering College, Sivakasi- 626005  

             2Department of Physics, Government Arts and Science College, Sivakasi - 626124 

 

ABSTRACT 

 Ti - doped ZnO (TixZn1-xO x= 0.00, 0.05, 0.10, 0.15) nanoparticles have been 

synthesized through co - precipitation approach.  X-ray diffraction (XRD), scanning electron 

microscopy (SEM), photoluminescence (PL), UV-Visible spectroscopy, and Vibrating Sample 

Magnetometer (VSM) have been used to characterize the samples. X-Ray Diffraction (XRD) 

analysis manifested the hexagonal wurtzite structure. The crystallite size decreased from 37 nm 

to 29 nm as dopant concentration is increased. Fourier transform infrared analysis showed the 

absorption bands of ZnO, with few within the intensities. SEM investigation showed the 

irregular shape and agglomeration of the particles. Ti, Zn, and O composition were determined 

from EDX analysis and confirmed the purity of the samples.PL spectra showed a  near band edge 

emission and visible emission.Vibrating sample magnetometer (VSM) demonstrated pure and 

doped samples exhibited ferromagnetism behavior at room temperature.  
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1. Introduction: 

In recent years, semimagnetic semiconductors (SMSs)   have attracted significant interest  

because of their versatile capability packages in spintronics devices  

[1–4]. They had been generally acquired by doping a small amount of Transition metallic  

(TM: Fe, Co,Ni, Mn, Cr, and so on.) into semiconductors. 

In Diluted Magnetic oxides,  ferromagnetism at room temperature (RTFM) observed may 

be due to the intrinsic defects ( oxygen vacancies) or  presence of secondary phases (extrinsic) 

and it depends on the methods of preparation. Among II - VI semiconductors, Zinc oxide has a 

large excitation binding energy (60 meV)  with wide direct bandgap [5,6] . Still, there are a lot of 

requirements to enlighten the origin of the RTFM in Transition metal doped ZnO. 

Among Transition metals [7-10], Titanium can be easily substituted for host ions due to 

its d subshells filled in partial. It is a non - ferromagnetic element with a lesser bond length,  

ionic radius and more valency electron compared with Zn [11].  Hence, Ti is a suitable transition 

metal compared with other materials . The properties of ZnO nanoparticles could be easily 

changed and controlled by doping with Ti. 

Venkatesan et al. [12] and Antony et al. [13] synthesized  Ti doped ZnO films exhibited 

room temperature Ferromagnetism with a saturation moment of about 0.15μB/Ti. Akilan et.al. 

[14]  reported defects induced room temperature ferromagnetism in Ti doped ZnO prepared by 

solid state reaction method .  

Various techniques such as radio-frequency (RF) magnetron sputtering , pulsed laser 

deposition , chemical vapor deposition (CVD), atomic layer deposition (ALD), have been used to 

https://www.sciencedirect.com/science/article/pii/S1369800114005678#bib15
https://www.sciencedirect.com/science/article/pii/S1369800114005678#bib16


prepare Ti-doped ZnO thinfilm [15-17]. Besides , some reports on Ti doped ZnO nanomaterials 

by sol gel and ball milling [18,19].   

To the best of our knowledge, there are no reports on Ti doped ZnO nanopowders by co-

precipitation carried out so far. It has the advantages of a simple , low cost, easy modification of  

dopant concentration , controlled particle size and bulk scale synthesis of nanoparticles [20]. 

In this article, we focus on the synthesis of Ti doped ZnO nanoparticles by co - 

precipitation method. Influence of Ti doping on structural , optical and magnetic properties of 

ZnO nanoparticles have been studied by x-ray diffraction (XRD) method, Fourier transform 

infrared (FTIR)spectroscopy, Ultraviolet–visible (UV–vis) spectroscopy, Photoluminescence 

(PL) spectroscopy, Scanning electron microscopy (SEM) with compositional analysis and 

vibrational sample magnetometer (VSM). 

 

2. Materials and Methods 

2.1 Synthesis of undoped and Ti doped ZnO nanoparticles:  

Analytical reagent chemicals Zinc chloride(ZnCl2•2H2O) ,Titanium tetraChloride (TiCl4 ) 

and Sodium hydroxide (NaOH) were purchased from Merck used as the starting materials for 

Zn, Ti and OH and used as received. Pure ZnO and Ti doped ZnO nanoparticles were 

synthesized by simple precipitation method.  

Initially, Zinc chloride and Titanium tetrachloride were dissolved separately in 100 mL of 

pure distilled water to make 0.2 M of solution . These two solutions are mixed with each other  

in a stoichiometric ratio under magnetic stirring  for 30 minutes. Then,  sodium hydroxide 

solution was added to the above mixture drop by drop and stirred continuously.  The addition of 



sodium hydroxide  was stopped until pH = 13, and stirring was continued for 2 h. It was 

observed that white precipitation continued to be formed. The white precipitate was washed 

repeatedly with deionized water and absolute ethanol to remove impurities. Then the precipitate 

was dried at 150 °C for 2 h and the dried powder  was  calcined in air at 600 °C for 5 h. 

2.2. Characterization: 

The phase structure and crystalline size of the samples were determined by X-Ray 

diffraction (XRD) using a PANalytical X'pertPro diffractometer with Cu-Kα radiation 

(wavelength of 1.5406 Å ) . The surface morphology of the samples were studied by SEM (Carl 

Zeiss SUPRA-55). UV–vis absorption spectra of all the samples were recorded by Shimadzu-UV 

2450 spectrophotometer. The photoluminescence (PL) measurements were carried out by Perkin 

Elmer-LS 45 spectrofluorometer with an excitation wavelength 325 nm. Fourier transformed 

infrared (FTIR) spectra of the samples were recorded using a Shimadzu-FTIR spectrometer and 

room temperature magnetic measurements were obtained by LAKESHORE-7410 vibrating 

sample magnetometer (VSM).  

3. Results and discussion: 

3.1. Structural characterization 

 Fig. 1 shows the XRD pattern for undoped and Ti doped ZnO (x= 0.05, 0.10, 0.15) 

nanoparticles.It shows well crystalline single phase wurtzite structure (space group p63mc, 

JCPDS No:36-1451) .The XRD pattern have diffraction peaks at ~ 31.6°,  33.2°,  36.3°,  47.8°,  

56.5°, 62.2°,  66.1°,  67.7°, 69.5° corresponds  to  (100),  (002), (101),  (102),  (110),   (103) , 

(112) (200) and   (201)  planes. The intensities of peaks continuously decrease with Ti doping 



indicates that Ti4+ ions (ionic radius: 0.068nm) are substituted in Zn2+ ions (ionic radius: 

0.074nm) [22]. 

 From the d spacing values, the lattice constant ‘a’ and ‘c’ can be calculated [21] and their 

values are given in Table 1. 

1𝑑2= 
4(ℎ2+ℎ𝑘+𝑘2)3𝑎2 + 𝑙2𝑐2 (1) 

where ‘h’, ‘k’ and ‘l’ are miller indices, ‘a’ and ‘c’ are lattice parameters, and ‘d’ is the inter 

planner spacing. The lattice constant values are found slightly lower than the standard values of a 

= 3.2498 Å and c = 5.2066 Å (JCPDS card no: 36-1451). The lattice parameters (a and c) and 

microstrain of the samples considerably increased with increasing Ti concentration [23] . 

The average crystallite size of the sample was calculated by using   Debye - scherrer’s 

formula [21]. 𝐷 = 0.89𝜆𝛽cos𝜃    (2) 

 

where, λ is the wavelength of X-ray (1.54Ȧ), β is the full width at half maximum and θ is the 

angle of diffraction. The average crystallite size was found to be 37.46 nm for ZnO and it 

decreased to 29.36 nm  for 15% Ti doped ZnO. The decrease in the crystallite size is mainly due 

to the doped Ti4+ ions  that reduce nucleation and  rate of  growth of ZnO NPs. 

 The dislocation density is calculated by using the following relation [21], 

 

The dislocation density indicates the crystallinity of a crystal, and it will increase  with 

increasing Ti concentration.  

By using the following equation, the volume of the unit cell is calculated [21].  

https://www.collinsdictionary.com/dictionary/english-thesaurus/considerably


V= 0.866a2c 

Atomic packing fraction (APF) is estimated using the formula [21],  

𝐴𝑃𝐹 = 2𝜋𝑎3√3𝑐 
The value of APF  does not change from that for bulk ZnO sample and this means that the 

doping of Ti to ZnO has not created new voids . 

The atomic displacements ‘u’ is given as [21],  

 

The average bond length between the cations and the anions can be calculated by the 

following expression [21]. 

 

3.2 Estimation of Young’s modulus & Energy density: 

The Young’s modulus,   energy per unit volume of a lattice (u) and stress (σ) can be 

calculated by the following expressions [24] 

 

𝑌 = (ℎ2 + (ℎ + 2𝑘)23 + (𝑎𝑙𝑐 )2)2𝑆11 (ℎ2 + (ℎ + 2𝑘)23 ) + 𝑆33 (𝑎𝑙𝑐 )4 + (2𝑆13 + 𝑆44) (ℎ2 + (ℎ2 + 2𝑘3 ))(𝑎𝑙𝑐 )2 

 

𝑢 = 𝜀2𝑌2  

σ=Yε 



Here S11, S13, S33,S44 are the elastic constants of ZnO. The values of the constants are  

7.588 x 10-12  m2N-1 , 2.206 x 10-12   m2N-1, 6.94  x 10-12  m2N-1 , 23.57 x 10-12  m2N-1 respectively.  

The value of Young’s modulus, energy density  and  stress  of the NPs are calculated and 

tabulated (Table 1).  It is observed that the energy density increases when the percentage of Ti 

increases .  

 

3.3 MORPHOLOGICAL ANALYSIS 

Figure 2 shows SEM images of pure and Ti doped ZnO nanoparticles. Random  

agglomeration with cluster shape were observed in all SEM images . 

 

3.4.FOURIER TRANSFORMED INFRARED SPECTROSCOPY (FTIR)  

       Figure 3 represents the FTIR spectra for undoped and Ti doped ZnO nanoparticles. The 

srtong absorption band observed at 3500 cm -1 is owing to the  stretching vibration of [O – H in 

water molecules [25].The presence of CO2 molecules is  confirmed by the absorption band at  

2300 cm -1 [26]. A sharp absorption band at 1600 cm-1 is ascribed to bending vibration of H–O–

H  [27]. The band observed at 1400cm-1 is owing to OCO group asymmetric (C=O) and 

symmetric (C-O) stretching vibrations.  [28]. The band at 465 cm-1 is due to stretching frequency 

of Zn-O [29] and it is shifted to a low frequency mode with increasing doping concentration. The 

change in frequency is observed because of change in bond length due to addition of Ti in ZnO.  

 

 

 

 



3.5 UV -Vis spectroscopy 

  The optical absorption properties of undoped ZnO and Ti doped samples were 

analysed using UV-VIS spectrometer. The bandgap of undoped and Ti doped ZnO nanoparticles 

was calculated by Tauc's plot  using the relation  

αhν = B (hν –Eg)n                                                          (3)  

where α - absorption coefficient , B - constant, h - Planck’s constant, ν - photon frequency, and 

Eg is the optical band gap.  

The energy bandgap of ZnO and Ti -doped ZnO nanoparticles were found to be 3.25, 

3.28, 3.4, and 3.67eV, respectively (Fig.4 ).  The redshift in the bandgap is due to the Burstein-

Moss effect [30]. The conduction band lower levels are filled with free electrons  generated  

When  Ti 4+ ions replace the  Zn2+ ions . Subsequently, it increase the Fermi Level and also 

widening the band gap ,  [31].  According to quantum confinement effect, the smaller crystallites 

have a larger bandgap in metal oxide systems [32]. This is correlated with the findings in the 

XRD section in which the crystallite size of ZnO nanoparticles is reduced with the addition of Ti.  

 

3.6. Photoluminescence (PL)             

Figure 5 shows  Room temperature PL emission spectra of undoped ZnO, 5% , 10%,15% 

Ti doped ZnO samples. Technically, all the samples were excited at 325 nm.It is noticed that 

undoped  and doped ZnO samples exhibits two peaks (i) 390nm (UV range)  originates from the 

exciton recombination corresponding to the near-band edge (NBE) and (ii) 412nm (violet range), 

to be the recombination from the defect centerssuch as O and Zn interstitials. 

Defects such as structural defects or vacancies is the main reason for the emission of 

different deep-trap or colors [34] . Interstital zinc ond oxygen are ascribed to structural defects  



while vacancies are produced due to the presence of Zinc and oxygen vacancy  [35]. High 

content of zinc vacancy is the main reason for the violet emission peak observed at 418 nm  [36].  

 

3.7. Magnetic property: 

Pure and Ti doped ZnO samples magnetic properties were  studied at room temperature 

shown in Figure 6. All samples are ferromagnetic as observed from the M-H hysteresis loops  

and the values are give in Table 2 . The plots of coercivity and retentivity as a function of dopant 

concentration are shown for all the samples. The trends of variations are nearly similar to those 

of dislocations density as a function of dopant concentration.  

 The room temperature ferromagnetism of the  nanoparticles could arise due to extrinsic 

magnetism or intrinsic magnetism. But no traces of impurity or secondary phases in XRD ruled 

out the RTFM due to extrinsic source. Hence, the attained ferromagnetism is an intrinsic 

magnetic property of the nanoparticles. The bound magnetic polarons (BMPs) theoretical model 

[37] is a defect-induce ferromagnetism model. According to this, the ferromagnetism arises due 

to the oxygen vacancies and dopant ions indirect interaction. The stable ferromagnetic 

interaction arises due to extend over of polarons. Exchange interaction between oxygen 

vacancies or interstitial Zn atom withoverlap of 3d orbital electrons  in ZnO nanoparticles is the 

origin of Ferromangetism [38].   The PL results  also suggested the oxygen vacancies in ZnO. As 

the presence of such defects is not huge, the extent of ferromagnetic ordering and hence 

coercivity is relatively week.   

 

 

 



 

Conclusions 

Ti doped ZnO nanoparticles were successfully synthesized by co precipitation   

technique. From XRD,  it is found that our samples are having single phase  hexagonal wurtzite 

structure  and  the  average crystallite size 37-29 nm. Scanning Electron Microscopic 

investigation revealed the morphology of pure ZnO and 5%, 10% and 15% nano particle seemed 

to be approximately spherical in shape. The EDX spectrum confirmed the presence of Ti in ZnO 

nanoparticles. Fourier Transform Infrared spectra were recorded to analyze the effect of Ti  

doping on the nanoparticles. The UV-visible spectroscopic study the intercepts yield the direct 

energy  band for the Ti doped ZnO 5%, 10% and 15% samples  are 3.25 3.28 and 3.4 eV 

respectively.   Room temperature VSM study demonstrates that all the samples are suitable for  

spintronic applications.  
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Figures

Figure 1

XRD pattern of Ti x Zn1-xO (x= 0,0.05, 0.10,& 0.15)



Figure 2

SEM images for (a) undoped ZnO, (b) 5 % Ti doped, (c) 10% Ti-doped and (d) 15% Ti-doped ZnO
nanoparticles.



Figure 3

FTIR spectra of Ti x Zn1-xO (x= 0.00, 0.05, 0.10, 0.15)



Figure 4

Tauc’s plot of Ti x Zn1-xO (x= 0, 0.05, 0.10 & 0.15)



Figure 5

PL spectra of Ti x Zn1-xO (x= 0.00, 0.05, 0.10, 0.15)

Figure 6

Hysteresis loop of Ti x Zn1-xO (x= 0.00, 0.05, 0.10, 0.15)


