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ABSTRACT
The aim of this paper is to study the effect of Mn concentration on the structural, magnetic 
and optical properties of TiO2 nanoparticles. TiO2 nanopowders with Mn concentration of 0%, 
0.2%, 1% and 5% were synthesized by the sol-gel method. The structural, surface morphology 
and average crystal grain size, optical, magnetic properties and chemical compounds of the 
samples are studied using XRD, FE-SEM, Uv-Vis, VSM and EDX analysis respectively. The re-
sults indicate that the samples are crystallized at anatase phase. Also, the average size of the 
nanoparticles is decreased by increasing Mn doping percent. The study of the optical proper-
ties shows that the absorption maximum dislocates toward higher wavelengths by adding Mn 
to the sample. This shift may be ascribed to the enhanced trapped electron absorption caused 
by the Mn-doped ions. The optical energy band gap of the doping samples shows significant 
reduction rather the pure state. The samples show significant paramagnetic behavior when 
the Mn concentration is 5%. 
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INTRODUCTION
TiO2 is a safe substance for human and 

environment. This material has industrial 
importance because of having the energy band gap 
3.2 e V (at anatase phase), considerable chemical 
resistance, and the high number of the solvents in 
a wide range of PH, transmittance and the high 
refraction coefficient [1-3]. TiO2 exists in three 
crystallite forms: anatase, rutile, and brookite [4]. 
Anatase type TiO2 is a crystalline structure as the 
tetragonal system and is photochemically more 
active than the others. Rutile type structural of 
TiO2 also is a tetragonal crystal structure and this 

type used as white pigment in paint. Brookite 
type structural of TiO2 is an orthorhombic 
crystalline structure. Therefore, TiO2 is had 
applications in various products such as solar cells, 
capacitors, paint pigments, sunscreen lotions and 
electrochemical electrodes [5]. TiO2 is usually 
better in the anatase phase because of its high 
photocatalytic activity. Also, TiO2 at anatase phase 
was found to be a superior photocatalytic material 
for purification and disinfection of water and air, as 
well as remediation of hazardous waste [6].

This material has been drawing quickly 
increasing attention from researchers because of 
its potential in magneto-electronic applications 
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[7-9]. TiO2 doped with Fe, [10] Co, [11] Mn, 
[12] and other elements have been prepared by 
hydrothermal [13], synthesis spray under heat 
[14], sol-gel of spin coating [15], dip-coating [16], 
magnetron sputtering RF [17] and other methods. 
[18-20]

Recently, dilute magnetic semiconductor (DMS) 
is the main subject in the magnetic semiconductor 
field. This is made based on semiconductors that 
were doped with transitional metals. They are 
semiconductor substances that present good 
magnetic and semiconductor properties and they 
have been used widely for spintronic device [21]. 
Also, TiO2 -based diluted magnetic semiconductor 
(DMS) with room temperature ferromagnetism 
was successfully prepared by Matsumoto et al. [22]
In this paper, we investigated the effect of 
doping percent on structural, optical and 
magnetic properties of the nanoparticles 
by preparing TiO2 nanoparticles prepared 
by the sol-gel method at anatase phase and 
then these doped with the various percent 
of Mn.

EXPERIMENTAL
Preparation of Sol-gel TiO2 and Mn-doped TiO2 
nano powders

Sol-gel method and thermal treatment at 5000C 

were used to make Mn-doped TiO2 nano powder 
for 2hrs. Titanium isopropoxide (Merck, 99% 
Ti [OCH (CH3)2]4) was used as a precursor. The 
process was as follow. First, we added 4.23 ml 
titanium isopropoxide to 20 ml ethanol and kept 
it for 30 min at room temperature under magnetic 
stirring (magnetic magnet and stirrer Hot Plate 
Model Genway 1000) to obtain initial precursor 
solution. Then we combined.0.26 ml distilled 
water, 3.4ml Acetic acid (Merck, 99.9%) and 5 ml 
ethanol and added it to the initial solution with 
the rate one drop per second while it was under 
constant magnetic stirring. After that we added a 
predetermined quantity of Mn (NO3)2 to TiO2 sol 
and stir it for one hour to obtain Mn-doped TiO2 
anatase nano powder. The quantity of the additive 
matter is estimated as follows [23]: 
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Where, NTi and NMn are mole values of Ti and 
Mn respectively. 

In the following, the prepared samples were 
transmitted to the furnace (electric furnace with 
the maximum operating temperature 1100°C 
model Thermal Defign, Lenton) and kept under 
thermal treatment at 500°C for 2hrs because in this 
temperature the dominant phase is Anatase [24]. 

Regarding that anatase phase of TiO2 is the 
desired phase and it is dominated at 500°C and 
when the temperature of annealing is increased the 
anatase phase changes to rutile phase [25], therefore 
maximum temperature remains constant at 500°C. 

RESULTS AND DISCUSSION
The structure of Mn-doped TiO2 nano powders

X-ray power diffraction analysis (XRD) was 
done to study crystallite and phase structure of 
Mn-doped TiO2 anatase, powder samples Ti1-X 
MnxO2 in which Mn is transition metal and x is the 
concentration of the additive matter (x=0%, 0.2%, 
1%, 5%). This analysis was done using XRD analysis 
(model X pert, made by Philips Company doping 
and model Seifert 3003). Since the anatase phase 
was dominated at 500°C, the diffraction pattern of 
all samples confirm the presence of TiO2 anatase 
phase as a dominate phase in the system which was 
in good agreement with Standard Card 1272-021-
00 related to TiO2 anatase phase and there is no 
additive peak related to another phase next to this 
phase [26]. This agreement is well seen in Fig. 1-a.

As it known from XRD results, XRD peaks 
have become broader by increasing concentration 
additive from 0.2% to 5%. In the most of the 
cases, broadening is due to decrease the grain size 
and structure disordering [27-28]. The size of the 
crystallites estimated by using Debye-Scherer’s 
relationship [29]. 

λ
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=
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kD                                                                                                                    (2)

  

The Fig. 1-a shows that the position of the peaks 
in the pure and Mn doped of the XRD pattern 
slightly shifted by changes in Mn percent of the sol. 
Also, the results are given in Tab.1. 

Also, crystal lattice constants for planes 004 and 
101 are measured as fallows [30]. 
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Fig. 1. X-ray diffraction spectrum,(a) Standard Card of TiO2 
anatas phase, Mn and peaks of C4 sample  (b)Ti1-xMnxO2 
nano powder annealed at 500°C related to the samples 
with different percent Mn, sample C1: x=0%, sample C2: 
x=0.2%, sample C3: x= 1%, sample C4: x= 5%. (c) The 
shift of peaks via Mn percent.

Table1. the lattice constants and the average size of the sample 
crystallites

D(nm)Lattice constants (Å)Mn –doped 
(%)

Sample
ca=b

13.389.49923.76890C1

13.039.45483.76230.2C2

12.169.32513.76211C3

11.369.21253.76205C4

Where, d is distance between continuous crystal 
planes, (hkl) is Miller index which shows crystal 
growth direction and a,b,c are lattice constants that 
are as follow for anatase: a=b≠c

The average size of the crystallite was 13.38nm, 
13.03nm, 12.16nm and 11.36nm for samples C1, C2, C3 
and C4 respectively. By comparing the average size of 
the crystallites, we find that increasing the percent of 
Mn leads to decrease the size of the crystallites.

The ionic radius of the Mn4+ (0.670) as an addative 
in the octahedral site is smaller than the ionic radius 
Ti4+(0.745), so Ti4+ can replace with the Mn4+ cation in 
the TiO2 lattice. As a result, the decrease of the lattice 
constant C in the Mn-doped sample lattice can be due 
to the smaller ionic radius of Mn [31].

The X-pert analysis of X-ray diffraction 
spectrum of sample C4 shows at Fig. 2. The presence 
of manganese is well confirmed by Fig. 2.

Considering XRD spectrums, it is clear 
observable that when the percent of Mn increase, 
the anatase peaks move toward to decrease 2θ [32]. 

Morphology of Mn-doped TiO2 nano powders
SEM analysis was used to study morphological 

properties of the surface and also calculate the 
average size of the nano particles (scanning electron 
microscope SEM, Model S4160, made by Hitachi 
Company). Fig. 3 shows SEM results.

a

b

c

Fig. 2. X-ray diffraction spectrum of Ti1-xMnxO2 nano powder annealed at 500°C related to the samples with Mn, sample C4: x= 5%.
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Fig. 3. SEM images of the annealed Ti1-xMnxO2 at 500°C and with different concentrations of the Mn: C1=0%, C2=0.2%, C3= 1% and C4=5%.

As can be seen, the grain size is influenced by 
changing of a percent of Mn. The average size of the 
grain is 20, 25, 28 and 30nm for C1, C2, C3 and C4 
respectively. These results show that the decrease 
grain size is due to the increase of the percent of 
Mn which is in agreement with the results of the 
obtained crystallites size by the XRD. 

Fig. 4 show the approximated average size of the 
particles using SEM device based on the percent of 
Mn respectively. 

Fig. 4. the average size of the nanoparticles with different Mn 
content.

Optical properties of Mn-doped TiO2 nano powders
UV-Vis spectrophotometer (Model Varian-Cary 

500Scan) was used to calculate the optical energy 
band gap of the samples. 

Fig. 5. the UV-Vis absorption spectra of (a) TiO2 pure nano 
powder (b) Ti1-x MnxO2 nano powder with the percent of 
Mn equal to 5% annealed at 500°C.

Fig. 5 shows the absorption of the TiO2 pure 

C1 C2

C3 C4
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and Ti1-x MnxO2 nano powders (Mn-doped TiO2 
nano powder) with the percent of Mn equal to 5%. 
These samples annealed at 500°C. As you see TiO2 
pure nano powder shows the absorption maximum 
at 380-390nm of the absorption area while TiO2 
nano powder synthesized with Mn with the 5% 
concentration has an absorption maximum at the 
480-490nm. 

The optical energy band gap of the samples 
calculated as fallowing relation [33]:

E = hv = hc/λ                                                                           (4)

Where, h is the plank constant (h=6.62 ×10 -34), 
c is the light speed (c= 3× 108 m/s) and λ is the 
wavelength maximum. The amount of estimated 
energy gap for the TiO2 pure nano powder based 
on λ=388nm is E=2.3Ev while it is E=6.2 eV 
for the synthesized TiO2 nano powder with 5% 
concentration of the Mn based on λ= 480nm. This 
show that by doping Mn ions at samples and by 
considering the different ionic radius of the Mn and 
TiO2, the variation between valance band and the 
conduction band of TiO2 lead to change the band 
gap and shift the absorption edge toward the visible 
area [34]. A number of band gap decreases [35-37] 
and this change lead to increase the photocatalytic 
sensitivity of the TiO2 [36]. 

Magnetic properties of Mn-doped TiO2 nano 
powders

After investigating the magnetic behavior of 
the samples using VSM, we reported that Ti1-x MnxO2 
nano powder samples with the Mn concentrations 
1%,  0.2% and 0%, annealed at 500°C do not show 
reasonable magnetic behavior, while the sample 
show paramagnetic behavior by increasing the Mn 
concentration to 5%. Fig. 6 describes the magnetic 
hysteresis (M-H) for Ti1-x MnxO2 nano powder 
with the Mn concentration at %5 and annealed at 
500°C. This sample has effective field HC 20.43Oe 
and its hysteresis is 1.61×10-5 emu/g. Since The 
TiO2 do not show the magnetic properties, so 
the observed paramagnetic can be due to the 
bond of the Mn ions to TiO2 lattice. According 
to the obtained results from XRD spectrum of 
the samples in this research that show the Ti+4 

replaced with Mn+4 at TiO2 lattice, it can be 
concluded that Mn ions substitution in TiO2 
lattice can be the reason for the paramagnetic 
behavior. Also not observing magnetic behavior 
with the concentration less than 5% can be due 

to the little Mn concentration because it cannot 
create the magnetic order for the samples. 

Fig. 6. The chart of the magnetization variations as a function of 
M-H forcing   of the Ti1-x MnxO2 nano powder with x=5% 
at the room temperature.

The composition of Mn-doped TiO2 nano powders
EDX was used to study chemical composition 

and chemical analysis energy. The Mn concentration 
was measured using EDX analysis. Fig. 7 shows the 
typical spectrum of the EDX analysis for the powder 
sample with 5% concentration. This confirms the 
presence of Mn in the structure which indicates 
Ti+4 replaced by Mn+4 in the TiO2 lattice.

Fig. 7.  EDX image of Ti1-x MnxO2 nano powder with 5% of the 
Mn concentration and annealed at 500°C.

CONCLUSIONS
In this paper, structural, magnetic and optical 

properties of TiO2 nanoparticles are studied by 
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preparing them with doping percent 0, 0.2, 1 
and 5% using the sol-gel method. The results 
of the X-ray diffraction analysis confirm the 
anatase phase of the samples and show that 
when the doping percent increases, the size of 
nanoparticles significantly decreases because 
the ionic radius of the Mn is smaller than that of 
the Ti. Also SEM results show that as the doping 
percent increases, the surfaces are smoother and 
they will have a thinner gradation. The increase 
in the average size of the particles confirms 
the X-ray diffraction results. In the following, 
EDX results confirm Mn-doping at the samples. 
The analysis of the absorption spectrum of the 
spectrophotometry for the samples with %5 
Mn-doping and samples without doping show 
the displacement at the absorption maximum of 
the pure nano powder from 380-390nm than to 
the doped samples with 5% Mn concentration at 
480-490nm. Also, results related to the energy 
gap estimation show the decrease band gap 
from 2.3 eV to 2.6 eV for the pure sample and 
the doped sample with 5% Mn, respectively. At 
last, as the VSM show that the samples without 
doping and the samples with doping do not 
indicate significant paramagnetic properties at 
0, 0.2 and 1%. But the doping with 5% of the 
sample not only shows good paramagnetic 
properties but also it has effective field HC 
20.43Oe and magnetic hysteresis is 1.61×10-5 
emu/g emu. 
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