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Abstract:

In the present work synthesis of undoped and Mn- doped ZnO nanoparticles by simple co
precipitation method is reported. X-ray diffraction data revealed the formation of
hexagonal wurtzite phase. for both undoped and Mn-doped nanoparticles.

The ac conductivity and the dielectric constant of Mn-doped ZnO were investigated at
temperatures from 320 to 515K in the frequency range from 10°to 10° Hz.

The temperature dependence of frequency exponent s is investigated to understand the
conduction mechanism.in the Mn doped ZnO samples of different concentrations .The
non-overlapping small polaron tunneling model can explain the temperature dependence
of the frequency exponent in the temperature range (320-410K), while the correlated
barrier hopping model is the predominant conduction mechanism in the temperature
range (410-515K).
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Introduction:

Zinc oxide (ZnO) is one of the most important 11-VI semiconductors. This importance is
arising from its high chemical stability, wide band gap (3.37 eV), high exciton enrgy (E=
60 meV) and high dielectric permittivity. Therefore, ZnO enters in many applications in
industry such as, optical devices in UV region [1,2], in polymerization reactions as photo
initiator [3] , photo catalysis [4], water purification [5,6], solar cell windows [7,8], Sun
screen [9], electric capacitors [10,11]. Furthermore, due to the good biocompatibility of
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ZnO with the human body, ZnO nanoparticles is reported as antibacterial and antifungal
material [12, 13]

Recently, Mn-doped ZnO is considered as one of the most important diluted magnetic
semiconductors (DMS). The main advantage of this compound is its high blocking
temperature (Tg) which means the presence of ferromagnetism at room temperature. A
theoretical prediction, which reveals that hole mediated Mn doped ZnO can achieve
Curie temperature above room temperature. Another theoretical study reported that, P-
type Mn-doped ZnO is ferromagnetic while the n-type is antiferromagnetic. On the other
hand, For Mn-doped ZnO nanoparticles many researchers have reported different
magnetic behavior such as ferromagnetism [14], spin glass behavior [15] and
paramagnetism [16].

On the other hand, the electrical conduction mechanism of Mn-doped ZnO is also
affected by the preparation condition [17].The violation between the theoretical
prediction and experimental observations is mainly related to two main factors: (i) the
presence of oxygen vacancies. (ii) The presence of Mn ions with different valances
during the preparation. Therefore, the elimination of the presence of oxygen vacancies
and different valances on Mn ions may give clearer image about the physical properties
of Mn-doped ZnO

In this study, the transport properties are investigated for Mn-doped ZnO samples which
are prepared by simple.method but in the presence of Ar gas atmosphere and at low
temperature to eliminate the above two factors.

Synthesis and experimental techniques

The stoichiometric ratios of Zinc acetate dehydrate [Zn(CH;COO),. 2H,0], and
Manganese acetate tetra hydrate [Mn(CH3;COOQ),. 4H,0] were dissolved in 100 ml of
distilled water according to the chemical formula Zn,Mn,,O ,where X= 0.00, 0.01, 0.03,
0.05, 0.07, 0.09, 0.10 by a constant stirring ( 500 rpm ) at 100°C for 30 minutes with the
help of a magnetic stirrer to achieve a good homogeneity with subsequent addition of the
drops of sodium hydroxide [NaOH] which was dissolved in 100 ml of distilled water
according to the chemical reaction:

(1-X)ZN(CH5CO0)+ (X)Mn(CH;COO), +2 NaOH —& 4 2NaCH,CO0+Zn,Mn,O

The precipitates which get formed were separated from the solution by filtration, washed
several times with distilled water and then dried in an oven at 100°C overnight to obtain
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Mn doped ZnO nanoparticles, then these materials were sintered at 700°C for 4 hours in
argon gas atmosphere. Thereafter, the material was taken and grinded using a mortar,
then pressed into pellets using a hydraulic piston with pressure of 5 tons/cm? for 10
minutes.

Characterization

X-ray diffraction (XRD) patterns were obtained using adiffractometer of type (X Pert
Graphics, Germany) withCuKa radiation (A=1.54056A).The data recorded from (20=20°
to 20=80°) were used to identify the crystal structure of the samples while their particle
sizes and morphology were investigated by Transmission Electron Microscope (TEM, )
with accelerating voltage of 100 KV. Fourier transform infra-red spectroscopy (FTIR)
was performed by (NICOLET 380 FT-IR ) in range 400-4000 cm™ at room temperature
In transmission mode which indicates absorption of electromagnetic waves at certain
wave numbers. The position of absorption peaks indicates the bond strength and
structural geometry in the molecule. The dielectric constant and the AC conductivity are
measured using EUCOL U2826 LCR meter for a frequency range from 20 Hz 5 MHz at
various temperatures ranging from 300- 520K.

Results and discussion:

XRD patterns of pure and Mn doped ZnO nanoparticles are shown in figure (1).
All diffraction peaks could be indexed as wurtzite hexagonal ZnO phase. Furthermore, no
other impurity peak was observed in the XRD pattern showing the single phase sample
formation of ZnO nanoparticles up to x=0.05, beyond which an impurity phase of MnO
was detected in higher dopant concentration (x=0.07, 0,09 , and 0.10).The effect of Mn
concentration on lattice parameters (a &c) is shown in figure (2). The obtained values of
the lattice parameter of our samples are in good agreement with that reported before [18].
Also, it is clear that, the lattice parameters slightly increase with the increase of Mn
concentration up to x=0.05 after which they decrease for higher doping concentration.
For more understanding the effect of Mn doping on the micro strain and the grain size is
shown in figure (3). It is obvious that, the grain size has the same behavior of the lattice
parameters, on contradictory, the strain curve has sudden increase for x > 0.05. The
above results could be explained as follows:
For Mn concentration up to x= 0.05, the crystal structure of ZnO in the form of Mn*
replacing Zn*?. Since ionic radii of Mn*? (0.83 A) is greater than that of Zn®* (0.74A), the
lattice parameter and the crystallite size slightly increase.

On the other side, for x >0.05, the formation of MnO phase comes into the picture
and this phase resides at the grain boundaries. This phase makes compression stresses on
the unit cell causing the lattice parameter and the crystallite size to decrease. The sudden

GSJ© 2020
www.globalscientificjournal.com



GSJ: Volume 8, Issue 8, August 2020
ISSN 2320-9186 1838

increase of the micro strain for x > 0.05 confirms the presence of MnO phase at the grain
boundaries which is in good agreement with the experimental results.

FTIR spectra of ZnO with Mn content have been measured in the range 1300-400 cm™ is
shown in Figure 4. It is clear that, for pure ZnO sample, there is an absorption band at
437 cm™which is corresponding the stretching vibration of Zn-O bond [19]. It is relevant
to observe that, this band has a blue shift with increasing Mn content. The shift of this
band indicates a successful doping of Mn?* ion into ZnO crystal structure where, the band
position could be related to the change in the bond length that takes place upon
substitution of Mn at Zn site [20]. Moreover, a new band is appeared at 650 cm™for
samples with x > 0.07. This band is corresponding to the vibrational modes of Mn-O
bond. This observation proves the presence of MnO at the grain boundaries as was
discussed in X-ray diffraction results.

Dielectric and conductivity measurements:

The dielectric constant (€) and the conductivity (o) were measured for Mn,Zn; ,O (X=
0.0,0.01, 0.03, 0.05, 0.07, 0.09, and 0.1). The measurements were carried out in
temperature range from 300K to 520K and frequency range from 1000 Hz to 5 MHz.

The dependence of the dielectric constant € with the frequency at various temperatures
for Mn doped ZnO at different concentrations are shown in figure (5). It is obvious that,
the magnitude of dielectric constant € decrease with increasing frequency. The presence
of oxygen vacancies, and grain boundaries defects are the reasons of the large value of
the dielectric at low frequency while, the decrease in dielectric constant with frequency is
attributed to the lagging between induced electric dipoles and the applied field at high
l.e., the electron exchange between the charge carriers cannot follow the applied
alternating field frequencies [21-22].

The frequency dependence of the conductivity ¢ at different selected temperatures is
shown in figure (6). It is noticed that the electrical conductivity increases with increasing
frequency. This could be attributed to the increase of hopping between the ch arge
carriers with increasing the frequency which results an increase in conductivity value of
all samples. Furthermore, the conductivity is found to decrease with the increase in Mn
concentration. The incorporation of substitution Mn suppresses the formation of native
defect such as oxygen vacancies [23]. Thus hopping between the charge carriers is not so
ease at higher concentration of Mn. In other words Mn doping ceases hopping
mechanism and hence results in a decrease in the electrical conductivity.

For studying the conduction mechanism of the prepared samples, it is well known
that the Ac conductivity could be written as 0 = A ®° [24] where, A is a constant
depending on temperature, o is the angular frequency and s is the frequency exponent.
Then the variation of exponent s with temperature is very important to study the
conduction mechanism of the investigated samples in the present temperature range.
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Figure (7) shows the variation of the exponent s with temperature. It is obvious that, this
figure could be divided into two regions:

In region I, the exponent s increases with increasing temperature while in region Il, The
frequency exponent s decreases with increasing temperature.

In fact, the change of the exponent s with temperature depends on the conduction
mechanism of the charge carriers where, according to Quantum mechanical tunneling
(QMT), it is suggested that the exponent is independent of temperature which is not
applicable for the experimental results.

In Overlapping large polaron tunneling (OLPT) [26] also is not applicable for the present
system, since this model predicts that, s exhibits a minimum at a certain temperature and
subsequently increases again.

In Non-overlapping small polaron tunneling (NSPT) model [27], the value of s decreases
with increase of temperature where,

4

ln( L )— Wy /KT

wTo

the polaron hopping energy, K is Boltzmann’s constant, and T is the temperature.

S=1- , Where, o is the angular frequency, 1o IS the relaxation time, Wy, is

Hence, it is the mast suitable mechanism for explaining the behavior of investigated data
of Mn- doped ZnO in the frist region. On the other hand, according to Correlated barrier
hopping (CBH) [28], the frequency exponent s is given by,

S=1- OKT — , Where, W\, is the maximum barrier height.
WM—KT ln(m)

It is clear that CBH model predicts an increase of s with increasing temperature.
Therefore, CBH model is the most suitable mechanism for explaining the conduction
mechanism in the second region. This means that, there is a change in the conduction
mechanism from NSPT to CBH at certain temperature. The arrows on figure (7) shows
the transition temperature from NSPT mechanism to CBH. It is clear that, this transition
temperature increases with increasing Mn-content. The above results could be explained
as follows:

1-  The preparation of Mn-doped ZnO samples in argon atmosphere eliminates the
presence of Mn** and Mn*® valances which causes the hopping mechanism of conduction
needs more energy which in turn affect the temperature at which the hopping takes place.
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2-  The increase of the transition temperature from NSPT to CBH with increasing Mn
content could be attributed to the increase of sp-d overlapping which increases the barrier
height energy and reduces the oxygen deficiency.

According to the NSPT and CBH models the electrical conductivity is given by,
2
onser= o e*KTa ' [N(Ep)]*wR,* and

_ nn3 2 6 .
GCBH—ZN EEQwR,," respectively

Where, e is the electronic charge, o is the decay parameter for the localized wave
function, N(Ef) is the density of states at the Fermi level, R,, is the hopping distance, €
and &p are the dielectric constants of material and free space, respectively, and n is the
number of electrons involved in the hopping process, n=1 for single polaron hopping, and
n=2 for bipolaron hopping.

By making a fitting of the experimental data in the two regions, according to the above
two models, the polaron radius (R,) and the hopping distance (Rw) in both mechanisms
could be calculated and tabulated in table (1). It is obvious that, the values R, in NSPT
model in the range of the lattice parameter of the samples while Ry in CBH model is
larger than that of R, with many order of magnitude of lattice parameter. Furthermore,
the values of R,, decreases with increasing Mn-content which supports the decrease of the
electrical conductivity with-Mn- content. Moreover, the variation of the hopping energy
W, and the localized density of states N with Mn-content are also shown in table (1).
One can see that, there is an increase in both of Wy and N with increasing Mn-content.
This result support the increase of sp-d interaction with increasing Mn ratio in the
samples.

Conclusion:

1-A series of nano crystalline Mn-doped ZnO particles were synthesized by co-
precipitation method. The XRD patterns suggest that all of our nano crystalline Mn-
doped ZnO particles are constituted in a hexagonal wurzite structure, With the increase in
Mn concentrations the lattice parameter, the average crystallite size increased up to 5%,
then decreased, while the strain has showed the opposite behavior.

2- AC electrical conductivity measurements were carried out in the frequency range from
10° to 10° Hz and at different temperatures from 320 to 515K. From these measurements
we can conclude that;
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e The AC conductivity increases with the increase in temperature, and the frequency
of the applied field, also it decreases with the increase in Mn concentration.

e The NSPT conduction mechanism is the predominant conduction mechanism in
the temperature range 320-410K ,while the CBH conduction mechanism is the
predominant one in the temperature range 410-515K in these materials.

3-The density of states N, the hopping distance R,,, the polaron hopping energy Wy, and
the maximum barrier height Wy, were obtained by fitting the experimental data to each
model in the temperature range.
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NSPT at T = 320 CBHatT =470 K
K

Mn 'Ry | Wy [ @ | Ry | Wy [ N(m?® eV
) A €V) | ApA) | V)

000 44 | 021 | 11 ] 8 | 0.19 2.5E+24
001 60 | 039 | 41 | 80 | 0.27 8.2E+24
003 49 | 031 | 0.7 | 60 | 0.28 1.9E+25
005| 50 | 034 | 09| 49 | 0.35 2.9E+25
0.07| 48 | 040 | 0.8 | 39 | 0.53 2.9E+25
009 58 | 062 | 1.2 | 35 | 0.63 1.0E+26
010 | 50 | 0.69 | 0.8 | 30 | 0.74 1.3E+26

Table (1): The change of the polaron radius, activation energy and the density of states
with Mn content
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Figure captions:

Figure (1): XRD chart for Mn,Zn O (x=0.00, 0.01, 0.03, 0.05, 0.07, 0.08 and 0.10).

Figure (2): Effect of Mn content (x) on the lattice parameter of Mn,Zn;xyO samples.

Figure (3): Effect of Mn content (x) on the lattice strain and grain size of MnyZn.,O samples.
Figure (4): FTIR spectrum of MnyZn;.,O samples.

Figure (5): Frequency dependence of the dielectric constant of Mn,Zn1,O samples at different
temperatures.

Figure (6): Frequency dependence of the electrical conductivity of Mn,Zn(1.x)O samples at different
temperatures.

Figure (7): Dependence of the s exponent on temperature.
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