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Abstract  
 

ZnO:Mn
2+

 thin films were deposited on glass substrate 

using chemical bath by alkalinity pH solution synthesis 

route. Mn
2+

 is varied between 0 and 10 mole% in steps 

of 2.5. The pure and Mn
2+

 doped ZnO nanocrystalline 

film have been compared structurally, morphologically 

and optically using, respectively, X-ray diffraction 

(XRD), scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), UV–Vis. 

absorption studies photoluminescence (PL) and 

photoconductivity studies. The synthesized 

nanocrystalline films were composed of quantum dots 

with wurtzite structure. The UV–Vis absorption spectra 

revealed that pure and doped ZnO nanocrystalline film 

exhibit the blue shift in the absorption spectra with that 

of the bulk ZnO. The photoluminescence spectra 

showed enhanced luminescence intensity and the entry 

of Mn
2+

 into host lattice. Time resolved rise and decay 

photocurrent spectra are found to exhibit anomalous 

photoconductivity for pure and doped ZnO thin film 

wherein the photocurrent decreases even during steady 

illumination. 
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1. Introduction  
A variety of manufactured metal oxide nanoparticles 

are being developed and incorporated into products 

where their unique catalytic capacity, optoelectronic 

properties and other characteristics make them 

attractive for a broad range of applications [1-3]. ZnO 

is one of the advanced optoelectronic materials which 

has been extensively investigated for its use in short 

wavelength optoelectronic devices such as light 

emitting diodes (LED) and laser diodes. Various thin 

film techniques have been used to synthesize doped 

ZnO, such as laser molecular-beam epitaxy [4], solid-

state reactions [5-7] and pulsed laser deposition [8], but 

these methods always need high temperature and 

catalysts, which makes the synthesis procedure more 

complex and more expensive. Among these, chemical 

bath deposition technique is the most attractive one due 

to its perfect control of morphology, purity, 

crystallinity, composition and low cost for large-scale 

production. To modify structural, optical and other 

properties of ZnO nanostructures, it is practical to dope 

or decorate ZnO with other elements. Metal ion doped 

ZnO have also been reported, which include iron oxide 

(Fe2O3) [9], iron chloride (FeCl2) [10], etc. In single-

doped ZnO, Mn doped ZnO thin films have attracted 

most of the researchers’ attention for their several 

advantages in terms of conductivity, thermal and 

chemical stability [11-12] while Cu
2+

 doped ZnO 

nanocrystalline films were reported elsewhere [13] for 

their enhancement of green band emission. 

Luminescence is one of the most distinguished features 

of doped ZnO samples [14–19]. The photoconductive 

aspects of ZnO can also take part in the 

accomplishment of some optoelectronic tasks such as 

transparent photoelectrodes [20], compound sensors 

[21-22] or in solar cell circuits [23]. Apparently, the 

study of the role related with optical and photoelectrical 

parameters that can take part in the use of ZnO 

nanocomposites looks to be motivating.  

In the present work, we report the optical and 

photoconductivity properties of various concentrations 

(2.5, 5.0, 7.5 and 10.0 mole %) of Mn
2+

 doped with 

ZnO nanocrystalline films prepared by chemical bath 

deposition technique (CBD). The objective is to see if 

there is any change in behavior with the change in 

concentration of Mn
2+

 ions in host ZnO nanocrystalline 

films. 
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2. Experimental sections 
 

2.1.  Chemicals 
Zinc acetate heptahydrate (Zn(CH3COO)2∙7H2O), 

urea (CO(NH2)2) and manganese chloride (MnCl2) 

were purchased from Sigma-Aldrich. All the chemicals 

were of AR grade and used without further purification. 

 

2.2. Sample preparation 
1 mole Zn(CH3COO)2∙7H2O and 2.5 mole % MnCl2 

were thoroughly mixed with 1 mole CO(NH2)2. Then 

the mixture was dissolved into 50 ml deionized water 

to get homogeneous mixture solution. The solution was 

continuously stirring for about 30 min. Few drops of 

NH4OH solution were added into the mixture solution 

in order to maintain the pH at 9. The mixer solution 

was heated at 60 ºC with continuous stirring for about 

70 minutes to produce ZnO:Mn
2+

 nanoparticles. The 

depositions take place on commercial glasses. These 

were cleaned with detergent in an ultrasonic cleaner 

and finally dried with N2. The cleaned glass substrate 

was placed vertically inside the chemical bath 

containing solution. The bath was kept at room 

temperature (30 ºC) for 3 h. In order to maintain 

uniform thickness of the ZnO:Mn
2+

 thin film the 

coating time is maintained as 3 h. After the deposition, 

the substrate coated with film was taken out, washed 

with double distilled water and acetone, and then dried 

in hot oven at 60 ºC for an hour. The ZnO:Mn
2+

 thin 

film formation was started in about 10 min and 

completed within 180 min. The solution color was 

changed from whitish to greenish after deposition. 

Similar procedure was repeated for other Mn
2+

 doped 

(5.0, 7.5 and 10.0 mole %) ZnO thin films. 

 

2.3. Instrumentation 
The crystal structure of synthesized thin films was 

characterized by X-ray diffraction (PANalytical X-Pert 

Pro diffractometer with Cu Ka radiation (λ = 1.54056 

Å) source over the diffraction angle 2θ between 20º and 

80º). The film composition was determined by energy 

dispersive X-ray analyzer (EDX). Microstructural 

characterization at high magnifications was carried out 

using a transmission electron microscope (FEI Tecnai 

30 G
2
 300 kV, resolution 1.4 Ǻ with 1 million 

magnification power). The absorption measurements 

were made by SHIMADZU UV-2400 PC spectrometer 

with a medium scan speed sampling interval 0.5 nm in 

the wavelength range 200-800 nm. The 

photoluminescence (PL) spectra were obtained on a 

FLUOROLOG-FL3-11 Spectroflorometer with 

wavelength resolution of 0.5 nm at room temperature. 

Xenon arc lamp of 450 W was used as the excitation 

light source. All the PL spectra in this study were 

acquired at an excitation wavelength of 300 nm. In 

photoconductivity study, an Hg bulb of 300 W was 

used as a photo-excitation source. The time-resolved 

rise and decay of photocurrent spectra are recorded 

using RISH Multi 15S with adapter RISH Multi SI-

232. The observations have been made at room 

temperature in ambient air. 

 

3. Results and discussion 
 

3.1. Structural study 
Fig. 1 shows the X-ray diffraction patterns (XRD) 

of ZnO:Mn
2+

 (0, 2.5, 5.0, 7.5 and 10.0 mole%) 

nanocrystalline films prepared by CBD technique. All 

the diffraction peaks can be indexed to the ZnO 

hexagonal phase [24]. The lattice constants are 

calculated for the most prominent peaks which are 

found to be close to standard values for the ZnO phase 

in the JCPDS date (JCPDS card no: 36-1451) [25].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: XRD patterns of ZnO:Mn
2+ 

nanoparticles 

with different concentration of dopant (2.5, 5.0, 7.5 

and 10.0 mole%) 

 
The lattice parameters for the hexagonal wurtzite 

phase are calculated using formula [26]. The average 

crystallite size (D) of un-doped as well as Mn
2+

 doped 

ZnO thin films is estimated using Scherer’s formula 

[27]. The estimated lattice parameters and average 

crystallite size of these nanoparticles is given in Table 

1. No diffraction peak associated with Mn
2+

 related 

compounds is observed which may be due to low Mn
2+

 

concentration. It is found that the variation in the lattice 

constants of Mn
2+

 doped ZnO nanoparticles are 

different as compared to that of un-doped ZnO 

nanoparticles which may be attributed to difference in 

ionic radii of Zn
2+

 (0.83 Å) and Mn
2+

 (0.91 Å). 

The topographical analysis of as prepared pure and 

10 mole% Mn
2+

 doped ZnO thin films were established 
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using transmission electron microscopic are shown in 

Fig. 2. The pure and doped nanoparticles show mono 

dispersity with less agglomeration. The average 

particles size inferred from the TEM micrographs is 

10.2 nm for pure ZnO and 14.93 nm for 10.0 mole% 

Mn
2+

 doped ZnO thin films. The morphology of the 

particles is witnessed as spherical in shape. 

 

 

Table 1: The observed structural data crystallite 

size from XRD measurements for pure and 

Mn
2+

doped ZnO thin film. (*JCPDS file No. 36-

1451) 

 

Sample 

name 

Dopant 

concentra

tion 

Calculated parameters 
Crystal

lite size 

mole % 
a=b 

(Å) 

c 

(Å) 

Volume 

(Å
3
) 

nm 

pure ZnO – 
3.2414 

*3.2498 

5.1887 

*5.206

6 

47.212 

*47.62

1 

9.28 

Z
n

O
:M

n
2
+
 

2.5 3.2684 5.2127 48.224 10.33 

5.0 3.2954 5.2589 49.459 11.89 

7.5 3.3147 5.3682 50.081 13.07 

10.0 3.2831 5.6091 52.359 15.28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: [a] TEM image of pure ZnO [b] particle 

size distribution histogram for pure ZnO [c] TEM 

image of 10.0 mole % Mn
2+

 doped ZnO [d] particle 

size distribution histogram for 10.0 mole % Mn
2+

 

doped ZnO thin films 

 

3.2. Optical absorption study 

The optical absorption spectra of as prepared 

undoped ZnO and Mn (2.5, 5.0, 7.5 and 10 

mole%) doped ZnO nanoparticles were recorded 

and shown in Fig. 3(a). The absorption data 

were analyzed and the band gap was estimated 

using the Tuac’s relationship between the 

absorption coefficient (α) and the photon energy 

(hυ) [28]. The excitonic absorption peak for 

pure ZnO nanocrystalline file is observed at 341 

nm. This is lower than the band gap wavelength 

of 388 nm for bulk ZnO [29]. Fig. 3(b) shows 

the plot of  
 

2
h 

 vs h  for pure ZnO and 

Mn2+ doped ZnO nanocrystalline films. The 

values of the direct bandgap energy (Eg) were 

obtained from the linear portion of the plots 

after extrapolating to zero as shown in Fig. 3(b). 

The obtained Eg values are 3.64, 3.51, 3.42, 3.36 

and 3.30 eV for pure ZnO, 2.5 mole % Mn2+ 

doped ZnO, 5 mole % Mn2+ doped ZnO, 7.5 

mole % Mn2+ doped ZnO and 10.0  mole % 

Mn2+ doped ZnO respectively. The Eg value 

shifted to the shorter (blue shift) or longer (red 

shift) wavelengths depending upon a number of 

factors. The shift to the shorter wavelength 

(blue shift) generally occurred when the particle 

size decreased [30]. When the particle size was 

smaller than the Bohr’s radius, the blue shift can 

be explained by the size effect or the effect of 

quantum confinement [30]. The size of all the 

products in this experiment is beyond the Bohr’s 

radius, thus the change in Eg values might be 

replacement of Zn2+ sites by the Mn2+ sites 

(dopant) in to the host ZnO lattices. The 

obtained energy gap values are in good 

agreement with ZnO nanoparticles [31]. As the 

concentration of Mn2+ increases in ZnO lattices, 

the optical bandgap energy decreases.  This can 

be attributed to a decrease in the repulsion 

between the lowest conduction band edge of the 

ZnO that originated from the 4s state of the Zn 

atom and the highest valence band edge from 

the 2p state of the O atom [32]. 
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Figure 3(a): UV-Vis. absorption spectra of pure and 

different concentration of Mn
2+ 

doped ZnO 

nanocrystalline films 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3(b): Optical bandgap measurements of pure 

and different concentration of Mn
2+ 

doped ZnO 

nanocrystalline films 

 

3.3. Photoluminescence study 

Photoluminescence (PL) study is a powerful 

method for investigating the effects of impurity 

doping on optical properties of semiconductor 

nanostructures with direct band gap, because 

doped nanostructures are expected to have 

different optical properties compare to undoped 

nanostructures. Fig. 4 shows the PL spectra’s of 

pure and doped ZnO nanostructures on glass 

substrate.   
All the as synthesized samples shows the existence 

of two peaks, a narrow ultra-violet (UV) emission peak 

centered at 350 nm (3.54 eV) and a broad visible light 

emission extending from approximately 480 nm to 680 

nm with a strong defect emission peak. The visible 

band emission corresponds to the singly ionized 

oxygen vacancy in ZnO. This emission results from the 

recombination of a photo-generated hole with the 

singly ionized charge state of the specific defect. 

Compared to Mn doped ZnO thin film, the high 

intensity of the green emission of ZnO nanocrystalline 

particles may be due to the high density of oxygen 

vacancies during the preparation. Whereas, the narrow 

UV emission intensity indicates that the synthesized 

film possess perfect crystallinity [33]. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Photoluminescence spectra of pure and 

different concentration of Mn
2+ 

doped ZnO thin 

films. 

 
All the as synthesized samples shows the existence 

of two peaks, a narrow ultra-violet (UV) emission peak 

centered at 350 nm (3.54 eV) and a broad visible light 

emission extending from approximately 480 nm to 680 

nm with a strong defect emission peak. The visible 

band emission corresponds to the singly ionized 

oxygen vacancy in ZnO. This emission results from the 

recombination of a photo-generated hole with the 

singly ionized charge state of the specific defect. 

Compared to Mn doped ZnO thin film, the high 

intensity of the green emission of ZnO nanocrystalline 

particles may be due to the high density of oxygen 

vacancies during the preparation. Whereas, the narrow 

UV emission intensity indicates that the synthesized 

film possess perfect crystallinity [33]. 

 

3.4. Photoconductivity study 

The variation of field dependence dark current (Id) 

and photocurrent (Ip) with applied voltage (V) for pure 

and doped ZnO nanocrystalline films for different 

concentrations of Mn
2+

 ions are shown in Fig. 5(a-b). 

The corresponding variation in ln – ln scale is shown 

Fig. 5(c-d). It is observed that both dark and photo 

currents of pure and Mn
2+

 doped ZnO nanocrystalline 

films increase linearly with the applied voltage. The 

photocurrent of both pure and doped ZnO 
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nanocrystalline film is more than the dark current, 

which is termed as positive photoconductivity. All the 

synthesized pure and Mn
2+

 doped ZnO nanocrystalline 

films considered in the present study are found to 

exhibit positive photoconductivity. This may be 

attributed to the generation of mobile charge carriers 

caused by absorption of photons [34]. It is also 

observed that, the photocurrent of lower concentration 

(2.5 and 5.0 mole %) of Mn
2+

 doped ZnO 

nanocrystalline films are higher than that of pure ZnO. 

However at the higher concentration (7.5 and 10.0 mole 

%) the behavior is lesser than that of pure ZnO. The 

variation of dark-current and photocurrent with 

different dopant concentrations (mole %) of Mn
2+

 

doped ZnO at constant applied voltage (30 V) is shown 

in Fig. 6. Form the Fig. 6 we observed that the ZnO 

doped with 5.0 mole% Mn
2+

 is more photosensitive as 

compared to other Mn
2+

 doped ZnO nanocrystalline 

films. The variation of dark-current (ln(Id)) with the 

applied voltage (ln(V)) is found to be linear (r = 1) for 

un-doped as well as lower concentration (2.5 and 5.0 

mole %) of Mn
2+

 doped ZnO nanocrystalline film 

whereas at higher concentrations (7.5 and 10.0 mole %) 

the behavior is super-linear (r > 1). However, from the 

plots ln(Ip) vs ln(V) (see Fig. 5(c-d) are found to be 

super-linear for un-doped as well as Mn
2+

 doped ZnO 

nanocrystalline films with different concentrations 

considered in the present study. Super-linear behavior 

suggests that extra carriers are injected into the 

nanocrystalline film from the electrode side [35]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: (a) Variation of dark current (b) variation 

of photo current (c) variation of ln(Id) vs ln(V) (d) 

variation of ln(Ip) vs ln(V) with applied voltage of 

pure and different concentration of Mn
2+

 doped 

ZnO thin films 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: The variation of dark and photo 

current with different concentrations   (mole %) of 

Mn
2+

 doped ZnO at constant applied voltage (30 V) 

 

After attaining maximum value of photocurrent it 

start decaying (anomalous behavior of photocurrent) 

even during steady illumination.  This is caused by the 

presence of imperfection centers in the forbidden gap 

[35] of the nanocrystalline films. Also the anomalous 

behavior of photocurrent may be attributed to 

dominance of the process of photo-induced adsorption 

of oxygen molecules [39]. Adsorption of oxygen 

molecules captures free carriers, which results in 

reduction in photocurrent. The anomalous behavior of 

photocurrent may also be attributed to the variation of 

the surface depletion region [40]. Bera and Basak [37] 

have reported the similar anomalous behavior in ZnO 

nanowire. After that, the photocurrent decreases 

exponentially during steady illumination for a long 

while and attains a constant value. When illumination 

is switched off, the photocurrent further decreases 

exponentially and attains a constant value for long 

time. This is due to the electrons recombine with holes 

and is captured by re-adsorbed oxygen molecules [41]. 

The photocurrent rise and decay curves are also 

governed by trap levels and recombination centers 

lying in the forbidden region of the photoconductor, so 

these curves are used to know the nature and 

distribution of traps and recombination centers [42]. As 

the concentration of Mn
2+

 increases (2.5 and 5.0 mole 

%) more defect states are introduced in the host ZnO 

which contributing more photocurrent. Further the 

concentration of Mn
2+

 increases (7.5 and 10.0 mole %) 

the photocurrent decreases due to Mn–Mn interaction. 

The concentrations of defect states are supposed to get 

reduce the photocurrent [43]. In our present study, even 

the small amount of dopants in the host ZnO lattices 

highly enhances the photocurrent. The rise and decay of 

photocurrent of the ZnO nanocrystalline film is highly 
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changed with the change in concentration of dopants in 

the host ZnO nanocrystalline film. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Variation of time resolved rise and decay 

of photocurrent spectra of pure and different 

concentration of Mn
2+

 doped ZnO thin films. 

 

4. Conclusion 
Pure and Mn

2+
 doped ZnO thin films are successfully 

prepared by chemical bath deposition technique. The 

structural and morphological studies were studied. 

XRD analysis confirms the prepared nanocrystalline 

films are in wurtzite structure and the average 

crystallite size for pure ZnO is 9.28 nm. TEM and EDS 

analysis shows the particles are in spherical shape and 

the presence of dopant in the ZnO system. UV–visible 

spectra show the free exciton absorption band and gets 

red shifted with increasing concentration of Mn
2+

 in 

ZnO lattices. The PL analysis shows the existence of 

both UV and visible emissions. Also it shows red-shift 

and decrease in visible emission with Mn
2+

 doping in 

ZnO host lattices. Un-doped as well Mn
2+

 doped ZnO 

nanoparticles are found to exhibit an anomalous 

photoconductivity which may be attributed to 

photodesorption of water molecules. 
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