
Research Article

Tunable Band Gap Energy of Mn-Doped ZnO Nanoparticles
Using the Coprecipitation Technique

Tong Ling Tan, Chin Wei Lai, and Sharifah Bee Abd Hamid

Nanotechnology & Catalysis Research Centre (NANOCAT), Deputy Vice Chancellor (Research & Innovation),
Institute of Graduate Studies, University of Malaya, 50603 Kuala Lumpur, Malaysia

Correspondence should be addressed to Sharifah Bee Abd Hamid; sharifahbee@um.edu.my

Received 14 October 2013; Accepted 17 December 2013; Published 28 January 2014

Academic Editor: Clare C. Byeon

Copyright © 2014 Tong Ling Tan et al. 	is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

A simple coprecipitation technique was introduced to form manganese (Mn) doped on zinc oxide (ZnO) nanoparticles e
ectively.
Based on our morphological studies, it was revealed that mean particle size was increased while bigger agglomeration of
nanoparticles could be observed as the amount of concentration of Mn was increased. Interestingly, it was found that the position
of the absorption spectra was shi�ed towards the lower wavelength (UV region) as correlated with the increasing of Mn dopants
concentration into ZnO nanoparticles. 	is result inferred that optimum content of Mn doped into the ZnO nanoparticles was
crucial in controlling the visible/UV-responsive of samples. In the present study, 3mol% ofMn dopants into the ZnO nanoparticles
exhibited the better UV as well as visible light-responsive as compared to the other samples. 	e main reason might be attributed
to the modi�cation of electronic structure of ZnO nanoparticles via lattice doping of Mn ions into the lattice, whereas excessive
Mn dopants doped on ZnO nanoparticles caused the strong UV-responsive due to the more 3d orbitals in the valence band.

1. Introduction

Nowadays, most countries are facing environmental pollu-
tion problems and thus the awareness of people upon this
matter was increased tremendously. Water is an essential
source for human beings and it was shown that the demand
of clean and safe drinking water is rising; therefore, the use of
the nano semiconductormaterial on photocatalytic oxidation
for oxidizing the toxic pollutant has become of great interest
in recent material research �eld [1].

Zinc oxide (ZnO) is an essential semiconductor with
direct band gap of 3.3 eV and high excitant binding energy of
60meV. Due to its potential application inmany areas such as
optoelectronic devices, solar cells, chemical sensor, and pho-
tocatalyst hence, it has attracted the attention of more and
more researchers and scientists to develop ZnO in the �eld of
science and technology. In addition, ZnO is lower in cost and
is environmental friendly as compared to other metal oxides
[2]. Normally, ZnO is studied in nanoscale; this is probably
due to the fact that the high surface area tomass ratio of nano-
particles could enhance the adsorption of organic pollutants
on the surface of particles as compared to the bulk materials
[1].

However, undoped ZnO nanoparticles have certain lim-
itation on light absorption catalytic activity. It was revealed
that ZnO has alarge band gap energy of about 3.3 eV which
can only absorb light within UV region. In addition, the fast
recombination rate of photogenerated electron-hole pairswill
also contribute to the limitation of photocatalytic activity.
	us, in order to enhance the optical, magnetic, and electrical
properties of ZnO, the transitionmetal-doped ZnO nanopar-
ticles have been introduced. 	e modi�cation of ZnO nano-
particles with impurity incorporation leads to possible appli-
cation in UV optoelectronic and spin electronics [3]. Among
the transition elements, Mn shows the maximum magnetic
behaviors with electron e
ective mass ∼0.3�� (�� = free
electron mass); a doping of Mn into the ZnO semiconductor
host lattice may result in large injected spins and carrier
which make it suitable to be applied as diluted magnetic
semiconductor (DMSs) [4].

Actually, the term “doped” is used to modify the optical
or magnetic properties of the host by adding impurities ions
against the host lattice.	edopingwith 3dmetals such asMn,
Ni, Fe, Co, and Cr will increase the surface area and reduce
the particle size of ZnO nanoparticles [5]. Mn is preferred for
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Table 1: Amounts of reactant required to prepare nanoparticles with di
erent manganese concentrations.

Amounts added in mmol for mol% of Zn(OAc)2⋅2H2O, Mn(OAc)2⋅2H2O and NaOH

Chemicals 0 3 5 10 15 20

Zn(OAc)2⋅2H2O 2.00 1.94 1.90 1.80 1.70 1.60

Mn(OAc)2⋅4H2O 0.00 0.06 0.10 0.20 0.30 0.40

NaOH 2.00 2.00 2.00 2.00 2.00 2.00

the doping of ZnO due to the fact that the d electron of Mn
at �2� level can easily overlap with the ZnO’s valence bond as
compared with other transition elements. 	ere are various
studies which showed, that Mn-doped semiconductors have
in�uenced the physical, chemical, and structural properties
of undoped ZnO nanoparticles. For example, the optical
properties of undoped ZnO nanoparticles especially on the
tuning of the band gap can be greatly improved at the
nanoscale by optimum content of Mn doping [6, 7].

Currently, the synthesis of Mn-doped ZnO nanoparticles
can be through various types of methods such as wet-
chemical, sol-gel, coprecipitate, solid-thermal, and spray
pyrolysis. In order to enhance the optical properties and
obtain a small particle size, a search for alternative synthesis
methods for e�ciency Mn doping with ZnO nanoparticles
has become the major interest of studies. 	e purpose
of this work was to synthesize band gap energy tunable
of Mn-doped ZnO nanoparticles with high surface area
for better photocatalytic performance using coprecipitation
method. Zinc acetate (Zn(ac)2⋅2H2O) andmanganese acetate
(Mn(ac)2⋅4H2O) act as precursors and absolute ethanol was
used as a solvent to synthesis Mn-doped ZnO nanoparticles.
Basically, the synthesis of electrostatically stable Mn-doped
ZnO nanoparticles was performed in an alcoholic solution in
order to avoid the formation of ZnOH [8].

2. Experimental

2.1. Materials. All the chemicals used were analytical grade
and were used in this experiment without further puri�-
cation. 	e chemicals used were zinc acetate dehydrate
(Zn(OAc)2⋅2H2O), >99.5%, from Fluka), manganese acetate
tetrahydrate, (Mn(OAc)2⋅4H2O, >98%), sodium hydroxide
(NaOH, 98%), and absolute ethanol (C2H5OH, >99%).

2.2. Synthesis Procedures of Mn-Doped ZnO Nanoparticles.
Mn-doped ZnO nanoparticle was prepared by using sol-
gel method [8]. Mn-doped ZnO nanoparticles were synthe-

sized by the reaction of Zn2+, Mn2+, and OH− in an alcoholic
medium (ethanol). For 5mol% of Mn-doped ZnO nanopar-
ticles, there were generally three solutions that needed to be
prepared. 	e �rst solution contained 20mM of zinc acetate
dehydrate (Zn(ac)2⋅2H2O) in 10mL of ethanol. 	e second
solution consisted of 1.0mM of manganese acetate tetrahy-
drate (Mn(ac)2⋅4H2O) in 10mL of ethanol. 	en, the next
solution consisted of 20mM of NaOH in 10mL of ethanol.
	ese three solutions at �rst were heated to 50∘C. A�er
heating, zinc acetate solution was poured into round bottom
�ask and then manganese acetate solution was added to it.

Zinc acetate andmanganese acetate solutionwas again heated
to 80∘C with constant stirring for 30 minutes. 	en, NaOH
solution was added dropwise into the solution containing
Zn(ac)2⋅2H2O and Mn(ac)2⋅4H2O along with re�ux. 	e
solutions were again heated to 60–65∘C with magnetic stir-
ring for 2 h. A�er this, the solution was cooled to room tem-
perature. 	e precipitate was formed and was washed several
times with distilled water and then followed by ethanol. 	e
purpose of washing precipitate with ethanol was to remove
the unwanted salt and impurities.

To investigate the e
ect of di
erent concentrations of Mn
dopant ions on the physical, chemical, and optical properties
of Mn-doped ZnO nanoparticles, the same procedures as
stated above were carried out for 3mol%, 10mol%, 15mol%,
and 20mol% of Mn-doped ZnO nanoparticles. Table 1 below
shows the amount of reactant required to prepare nanoparti-
cles with di
erent manganese concentrations.

2.3. Characterization. 	e e
ects of Mn/ZnO on the compo-
sition,morphology, and optical properties ofMn-doped ZnO
nanoparticles were determined by various techniques. Ele-
mental and chemical composition of Mn-doped ZnO nano-
particles were carried out using a Scanning Electron Micro-
scope-Energy Dispersive X-ray (SEM-EDX). Surface mor-
phologies of Mn-doped ZnO nanoparticles were carried out
using a Scanning Electron Microscope (SEM). 	e SEM
images are shown in the magni�cation of 10,000. FTIR anal-
ysis was performed using a FTIR spectroscopy Perkin Elmer
spectrum GX model to obtain information about the chemi-
cal bonding and molecular structure in a sample. 	e optical
absorption spectra of Mn-doped ZnO nanoparticles were
carried out using a UV-visible Spectrophotometer operating
at a wavelength range of 300 nm to 500 nm. Fluorescence
spectrophotometer, CARY Eclipse, and Varian model were
used to investigate the e
ect of di
erent Mn-doped con-
tents on the optical emission properties of Mn-doped ZnO
nanoparticles.

3. Results and Discussion

3.1.Morphological Studies. 	e in�uence of di
erent percent-
age of Mn (3, 5, 10, 15, and 20mol%) on the surface mor-
phologies of Mn-doped ZnO nanoparticles was studied by
SEM which is shown in Figure 1. It can be seen that as the
percentage of Mn doped increases, the grain size of the ZnO
nanoparticles is also increasing (Table 2). From the SEM
images, it can be seen that with above 15mol%, the agglom-
eration increases. 	is may probably be related to the kinetic
equilibrium process where the high concentration of Mn
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Figure 1: SEM images of Mn-doped ZnO nanoparticles with (a) 3mol%, (b) 5mol%, (c) 10mol%, (d) 15mol%, and (e) 20mol%.

Table 2: 	e mean size obtained from di
erent percentage of Mn
doping in ZnO nanoparticles.

Manganese dopant
concentration (mol%)

Mean particle size (nm)

3 157

5 187

10 245

15 432

20 509

dopants could be nucleated with oxygen ions by itself and
form bigger particles. Hence, it could be di�cult for the Mn
to be incorporated into ZnO lattice in higher concentration.
As a conclusion, a lower dopant concentration of Mn-doped
ZnO nanoparticles showed lower agglomeration and well-
ordered and small particles size distribution than the higher
Mn dopant concentration [9].

3.2. Elemental and Chemical Composition Analysis. Figure 2
shows the EDX spectrum of 3mol%, 5mol%, 10mol%,
15mol%, and 20mol% of Mn-doped ZnO nanoparticles.
From theEDX spectrum, it can be seen that the amount ofMn
element in the samples increased depending on the increasing
Mn incorporation in the ZnO nanoparticles. 	e area of

the corresponding spectral K lines gives the quantitative
results of the Mn/Zn ratio [10]. 	e elemental analysis for
O, Mn, and Zn for each sample (3mol%, 5mol%, 10mol%,
15mol%, and 20mol%) was shown in Table 3.

3.3. FTIR Analysis. Various peaks corresponding to the main
absorption bands can be seen from the FTIR spectrum on
Figure 3. 	e broad absorption peak around 3376 cm−1,
3377 cm−1, and 3378 cm−1 represents the O–H stretching of

the hydroxyl group. 	e peak around 2900 cm−1 was due to
C–H (acetate) stretching [11]. Two absorption peaks are

observed between 1650 and 1400 cm−1, corresponding to the
asymmetric and symmetric stretching of the carboxyl group
(C=O).

From the studies, the stretching mode of undoped ZnO

is at 431 cm−1. In this work, for Zn1−�Mn�O (� = 0.03, 0.05,
0.10, 0.15, and 0.20), the values of absorptionwere found to be
blueshi�ed at 443, 450, 462, 470, and 481 cm−1, respectively.
Undoubtedly, this can prove that the Zn–O–Zn network was
perturbed by the presence of Mn in its environment with the
change in the peak position of the ZnOabsorption bands [12].

3.4. Optical Studies. In this work, we obtained the wave-
length for undoped ZnO and 3mol%, 5mol%, 10mol%, and
15mol% Mn-doped ZnO nanoparticles. It was observed that
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Table 3: Mass % of O, Mn, and Zn as determined by EDX analysis.

Element
Mass %

3mol% 5mol% 10mol% 15mol% 20mol%

O 23.48 33.73 7.60 43.31 53.34

Mn 3.26 4.66 9.51 15.23 20.97

Zn 73.25 61.62 82.89 41.46 25.69
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Figure 2: EDX spectrum of Mn-doped ZnO nanoparticles with (a) 3mol%, (b) 5mol%, (c) 10mol%, (d) 15mol%, and (e) 20mol%.
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Figure 3: FTIR spectrum of Mn-doped ZnO nanoparticles with (a)
3mol%, (b) 5mol%, (c) 10mol%, (d) 15mol%, and (e) 20mol% of
Mn dopant concentrations.
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Figure 4: Absorbance spectrum of Mn-doped ZnO nanoparticles
with (a) pure ZnO, (b) 3mol%, (c) 5mol%, (d) 10mol%, and (e)
15mol%.

the absorption edges of undoped ZnO and 3mol%, 5mol%,
10mol% and 15mol% of Mn doping are 374.5, 370, 367, 365,
and 362.5 nm as shown in Figure 4.

With the increasing of Mn concentration in ZnO
nanoparticles, the position of the absorption spectra is shi�ed
towards the lower wavelength side or known as blue-shi�ed
which is correlated to the change in the optical band gap
value. 	e band gap energy of undoped and Mn-doped
ZnO nanoparticles could be determined using the following
formula: �bg = ℎ	/
, where �bg is the band gap energy, ℎ is
Planck’s constant (4.135667 × 10−15 eV s), 	 is the velocity of

light (2.997924× 108m/s), and 
 is the absorptionwavelength
(nm) [11]. 	e value of the band gap obtained for undoped
ZnO is 3.31 eV and it starts increasing for 3, 5, 10, and 15mol%
samples as 3.35, 3.38, 3.40, and 3.42 eV, respectively.

Generally, blueshi�ed in the band gapwas due toMndop-

ing in ZnO nanoparticles with the replacement of Zn2+ ions
in the ZnO lattice by Mn2+ ions. 	is indicates that the band
gap of ZnO nanoparticles increases with the increasing dop-

ing concentration of Mn2+ ion. Furthermore, the blueshi�ed
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Figure 5: Fluorescence spectra of Mn-doped ZnO nanoparticles
with (a) pure ZnO, (b) 3mol%, (c) 5mol%, (d) 10mol%, and (e)
15mol%.

in the band gap energy with increasing the amount of Mn
doping concentration can be de�ned as the separation in
energy between the top of the valence bond and the unoc-
cupied energy states in the conduction band [13].

	e �uorescence spectrum of undoped ZnO nanopar-
ticles was taken into account for the comparison of �u-
orescence intensity between the undoped and Mn-doped
ZnO nanoparticles. From the studies, it was known that
ZnO tends to produce intrinsic defects such as interstitial
zinc and oxygen vacancy and these defects will certainly
a
ect the �uorescence behaviour of ZnO. 	e �uorescence
emission peak shi�s are found to be size dependent due to
quantum size e
ect. 	e shi� from the top of the valence
band and the bottom of conduction band is contributed as
a function of �uorescence emission peaks shi�. Normally, it
was indicated that a redshi� of UV emission as the particle
size increases [14]. 	e intrinsic luminescence properties of
ZnO rely upon the concentration of Mn doping and thus
the �uorescence intensity decreases with the increasing of
Mn dopant concentration and the spectrum related to a Mn
dopant concentration of 3mol% shows the maximum of �u-
orescence intensity which is shown in Figure 5. 	e increase
of �uorescence intensity indicates that the incorporation of

Mn2+ ion into ZnO nanoparticles may suppress some non-
radiative recombination of free excitation that is near band-
edge emission. Moreover, on doping with Mn, the surface
traps are eventually quenched which is correlated to the
reduction in the surface traps. Moreover, higher concentra-
tion of Mn may induce a high density of defects and thus
reduces the intensity of emitted light [15].

4. Conclusion

Mn-doped ZnOnanoparticles have been successfully synthe-
sized through coprecipitation method. 	e e
ects of man-
ganese dopant concentrations (3mol%, 5mol%, 10mol%,
15mol%, and 20mol%) on the composition, morphologies
and optical properties of Mn-doped ZnO nanoparticles have
been investigated through EDX, FTIR, SEM,UV-visible spec-
troscopy, and �uorescence spectra.
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