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Native defects, responsible for n-type behavior of ZnO are found to be reduced by Mg doping. Zn;_

Mg, O nanoparticles synthesized by conventional coprecipitation route are characterized by XRD, TEM

and various spectroscopic techniques like FTIR, XPS, UV-visible, PL, Raman and PAS. Unintentional

hydrogen and their complex defects in addition to cationic and anionic vacancies (Vz, and V) in ZnO

nanoparticles are observed from FTIR. After incorporating Mg, additional IR mode at 856 cm™ is

observed and attributed to Mg-H. Additional mode contributing excess hydrogen in Mg doped ZnO is

further confirmed from XPS. PL and PAS measurements indicate less native defects in Mg doped ZnO

because of passivation of defects by excess hydrogen. We conclude that Mg doping not only diminishes

the native defects in ZnO, but also could be used as a suitable material for hydrogen storage.

Introduction

ZnO, a wide band gap semiconductor, has been extensively
studied due to its multifunctional properties and potential
applications in devices like ultraviolet light emitting diodes, field
effect transistors, lasers, gas sensors and resonators.' A major
drawback in ZnO is the fact that it always shows n-type
conductivity. One of the widely accepted reasons is the presence
of native defects such as zinc interstitial (Zn;) or oxygen vacancy
(Vo).>® However, Van de Walle predicts a new source of the
observed conductivity, which is hydrogen atom.” In most of the
semiconductors, hydrogen acts as a compensating centre
counteracting the existing conductivity. However, in ZnO, the
behaviour of hydrogen is amphoteric. The hydrogen atom acts as
a shallow donor when present in the interstitial site of ZnO
lattice. It may present in ZnO or transition metal (TM) doped
ZnO in the form of H; (Interstitial) or complexes like Vz,-H and
TMy,-H.® Wardle et al. suggests that hydrogen complexes in ZnO
are stable shallow donor systems at room temperature rather than
isolated H,.® Hydrogen related defect complexes such as Vy,-H
and TMz,-H have been observed in other metal oxides like MgO,
Ca0, SrO and Mg doped GaN.>"* The source of hydrogen in ZnO
is the water which is used as solvent during chemical synthesis.
The ZnO surface is able to split the water and generate
hydrogen.' It is reported that the water-splitting phenomenon
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s0 is enhanced after doping Al or Mg in ZnO.'>'® Therefore, the
hydrogen generated on the surface of ZnO due to the water
splitting is responsible for the formation of complexes like V,-H
and TMz,-H. On the other hand, the source of hydrogen could be
hydroxyl ions (OH) which sometimes serve as passivator for

ss acceptors.'” In particular, passivation of acceptors (native defects
or impurities) by hydrogen or hydroxyl ions (OH) has been
identified as a serious problem for p-type doping.'® The
identification and removal of these native defects and undesired
impurities introduced during or after material growth that hinders

0 the development of efficient ZnO based optoelectronic devices is
still a great challenge for the researchers.

The present work is undertaken to capture the defects after
doping Mg in ZnO prepared by conventional coprecipitation
route. It is shown that upto 15% of Mg, wurtzite phase of ZnO

s remains unchanged. While FTIR shows clear evidence of
magnesium related peak (Vy,-H/OH) in Mg doped ZnO, XPS
shows more hydrogen impurity in Mg doped ZnO than pure ZnO.
Both, photoluminescence and positron annihilation spectroscopic
techniques provide additional support for reduction of native

70 defects and at the same time capacity of hydrogen uptake is
enhanced.

Synthesis and Characterizations

ZnO and Mg doped ZnO nanoparticles were synthesized by
conventional co-precipitation technique. For ZnO desired
75 quantity of zinc nitrate of 1M solution was taken in a beaker. 2M
aqueous solution of NaOH (A.R. grade) was added drop wise
with constant stirring to the zinc nitrate solution till the pH of
precipitation attained 11. A white product was obtained after
filtering and washing the precipitate several times with distilled
so water followed by acetone. Zn,_ Mg O (x = 0, 0.04, 0.08, 0.12,
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0.10, 0.15 and 0.02) samples were made by the same procedure
after adding the calculated amount of 1M solution of Mg(NO;),
to 1M solution of Zn(NOs;), followed by stirring, precipitating
with aqueous solution of NaOH, filtering and washing. Final
product of ZnO and Mg doped ZnO were dried at 250 °C for 12
h. The dried powders were characterized by x-ray diffraction
(XRD) using an 18 kW rotating anode (Cu Ka) based Rigaku
powder diffractometer operating in the Bragg—Brentano geometry
and fitted with a graphite monochromator in the diffracted beam.
FT-IR data were recorded by SHIMADZU-8400S in the range
500-4000 cm’'. The X-ray photoelectron spectra (XPS) were
recorded for identification of oxidation state of zinc, magnesium
and oxygen on a X-ray electron spectrometer using Mg K,
radiation. Transmission Electron Microscopy (Model: Tecnai 20
G? FEI) with an acceleration energy of 100 keV was used for the
phase and microstructural studies. The elemental detection was
carried out by EDS (From OXFORD instruments).
Photoluminescence (PL) spectra were recorded using pulsed Nd:
YAG laser (Spitlight600, Innolas, Germany,) as a light source (A
= 266 nm) and a spectrometer (Ocean Optics QE65000) for
recording the emission spectra. Optical band gap was estimated
by using double beam UV-visible spectrophotometer
(SHIMADZU-2450). Raman scattering was performed on a
micro-Raman setup (Renishaw, UK) equipped with a grating of
1800 lines/mm and a peltier cooled charge coupled device (CCD)
detector. The Ar' laser (514.5 nm) was used as an excitation
source. A microscope from Olympus (Model: MX50 A/T) was
attached with the spectrometer, which focuses the laser light on to
the sample and the GRAM-32 software was employed for data
collection. Positron annihilation lifetime (PAL) measurement was
carried out using a fast-fast coincidence system consisting of two
1 in. tapered off BaF, scintillators coupled to XP 2020Q
photomultiplier tube. The prompt time resolution of the system
using a ®°Co source with *Na gate was 298 ps. The lifetime
spectra were deconvoluted using the code PATFIT 88.

Results and discussion

In X-ray diffraction pattern of pure and Zn; Mg,O (0.04 < x <
0.20) are depicted in Figure 1(a). Up to x=0.15 of Mg doping, all
observed peaks are indexed with the wurtzite phase (JCPDS 8§9-
1397) of ZnO. No additional peaks within the detection limit of
XRD is observed indicating neither any structural changes nor
formation of additional phases in ZnO up to x=0.15. Mg(OH),
(JCPDS 07-0239) as an impurity phase is observed at x=0.20 and
marked as “*” in Fig. 1(a). Reported results shows the solubility
limit of Mg in ZnO is < 0.15,'"2° comparable to the present case.
XRD peak corresponding to (101) plane with increasing Mg
concentration shifts towards higher 20 value indicating the
decrease in lattice parameter, shown in Figure 1 (b). We have
analysed the lattice parameter and found decrease in c/a ratio with
increase in x (0 < x < 0.15) by using Fullprof software for Le Bail
refinement at constant scale factor (Table. 1). Further, the strain
and crystallite size are calculated from the Williamson—Hall plot

shown in Figure 2 with the help of Eq. (1).
B cos® K 2 sin®
A D A

o

—_ 4
(@ _ g8 (b) (101)
S8l - Bl
T 5= _ o @ o~ 4 N
] | ‘ > =) [=PE gt .
hopns < > T8=8 = ! x=0.15
o /I‘;\’SJ‘L"V\ Kt Nx AEFG— /\
: Il x=0.20 /7
3 pay A D O N P . x=0.12
z -
® =0. o x=0.10
< AT
[ FAET BN
h= , ST N x=0.08
- -0.08 ////“.'\ S
— Ol x=0.04
x=0.00 x=0.0
T T * T T T T T
30 40 50 60 70 36.0 36.2 36.4 36.6

20 (degree)

Fig. 1 (a) X-ray diffraction pattern of Zn;_ Mg,O (x = 0, 0.04,
0.08, 0.10, 0.12, 0.15 and 0.20) nanoparticles. (b) The magnified
6 view of the peak corresponding to (101) plane.

Where B is full width at half maximum (FWHM) of various
Bragg peaks measured after removing the Ka, contribution and
the instrumental broadening effects, 0 is the Bragg angle. Eq. (1)
os represents a straight line. K/D is the intercept of the straight line,
where K is constant and D stands for the crystallite size. Slope of

Eq. (1)

gives the strain in the lattice. Strain and crystallite size

with varying the x (0 <x <0.15) are tabulated in Table 1.
Fig. 2 Williamson—Hall plot for Zn,_,Mg,O (x = 0, 0.04, 0.08,
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70 0.10, 0.12 and 0.15) nanoparticles.

Table 1. The c/a ratio and lattice volume detection from
Le Bail refinement, crystallite size and strain calculation
from the Williamson—Hall plot

Sample name cl/a Strain Crystallite
(P6;mc) Size (D)
089-1397 1.6025 e e

ZnO 1.6022 0.21537 11+£3
Zny.96Mgp 040 1.6017 0.20583 8+2
Zny.9:Mgp 050 1.6010 0.19335 8+2
Zny.90Mgp. 100 1.6009 0.18215 8+1

Zny gsMgp 1,0 1.6005 0.17653 6+1

Zny gsMgp 150 1.6018 0.1904 742

a, b, and c are in A, (D is in nm)
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Fig. 3 Transmission Electron Micrograph of (a) ZnO and (b) Zng9sMgg 040 nanoparticles with EDS spectra. Inset

shows the SAED pattern of respective samples.

with increase in x (0 < x < 0.15), strain as well as c/a ratio

s obtained from Le Bail profile fitting shows a decreasing trend
upto 12 % of Mg. It has been reported in the materials like SnO,,
TiO,, ZnO etc, strain in the lattice is due to the defects or lattice
disorder.?! Reduction of strain in the present case is thus
confirmed the reduction of defects in lattice. Further, c/a ratio

10 measures the defects in the lattice. While the theoretical value of
c/a ratio for ZnO is 1.602, for doped and undoped ZnO it is
reported as 1.599-1.603. The deviation of c/a ratio from the
theoretical value shows the presence of defects in ZnO.* For
instance, Mohanty et al. have observed an increase in c/a ratio in

15 ZnO due to large number of zinc interstitials.”? Thus, the decrease
in c/a ratio and strain observed in our case indicates the reduction
of defects with
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Fig. 4 Photoluminescence spectra of ZnO and ZngosMgj 04O
nanoparticles. Inset shows the absorbane and (a/v)® vs. hv plot
20 for both samples obtained from uv-visible spectrophotometer.
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increase in Mg content. The crystallite size in ZnO found to be of
11nm whih is reduced to ~7 nm in Mg doped ZnO and does not
show significant change with dopant concentration. Several
studies report gradual decrease in crystallite size with
incorporation of dopants like Mg, Fe and Al in ZnO.* Various
reasons like compression stress arising due to the difference in
the ionic radii of Zn and dopant ion or obstruction of the crystal
growth or generation of defects in the crystals due to
incorporation of dopant ion could suppress the growth of ZnO.*
In addition, size of the particle is decided by nucleation and
growth process. Decrease in crystallite size thus indicates more
nucleation sites and obstruction of growth of ZnO like in Fe
doped ZnO.?

Figure 3(a-b) depicts typical TEM micrographs with EDS
patterns of ZnO and Zng 9sMgg 040 samples. EDS spectra confirm
the presence of Mg in  ZngoMgposO. Selected area
electrondiffraction (SAED) pattern of both the samples reveals
self-organization of nanoparticles and single crystalline nature.
While the homogeneous particle size distribution with size about
18 nm in ZnO is observed, in ZnggsMgg 040 sample with a broad
particle size distribution of nanorods having aspect ratio 1:4 is
detected.

Typical photoluminescence spectra of ZnO and ZngosMgy 040
are shown in Figure 4. One intense UV emission peak at about
~3.19 eV (389 nm) and a broad hump in the range of 2.4 to 1.77
eV (516 nm to 700 nm) for an excitation wave length 266nm
have been seen. UV emission at 3.19 eV is due to the
recombination through free excitons and is known as near band
edge (NBE) emission. It has been reported by Ke et al that optical
transition occurs in green (2.32 eV), green-yellow (2.21 eV) and
yellow-orange (2.07 eV) zones for ZnO. While green emission is
ascribed to Zn vacancies, green-yellow emission is likely due to
O vacancies and yellow-orange emission may be caused by O
interstitials.>* Therefore, the latter broad emission could be
mediated by some deep level defects or vacancies due to

This journal is © The Royal Society of Chemistry [2015]
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Fig. 5 (a) Raman spectrum of ZnO and Zn, 9sMgy 04O nanoparticles in the range of 300 to 1400 cm™. The lorentzian fitting of
270-760 cm™ and 900-1240 cm™ for (b) ZnO and (c) Zng9sMgp 04O samples. Here the silent modes and multiphonon modes of
ZnO are denoted as SM and MP, respectively. 40

impurities in the present case. However, Mg inclusion suppresses However, the intensity of these modes decreases in

the broad emission. Improvement in UV emission efficiency of
Mg doped ZnO is ascribed to the diminution of active centres,
which are responsible for the origin of visible emission.”> UV
emission in both the samples as well as the improvement of UV
emission in Mg doped ZnO is well matched with the optical band
gap obtained from UV-visible spectroscopy. A clear shift in
absorption onset towards blue is observed in Mg doped ZnO
(inset of Figure 4.), indicating an increase in band gap. Thus PL
studies clearly show the reduction or passivation of native defects
in Zngy 9sMg 04O nanoparticles compared to ZnO.

Figure 5 shows the Raman spectra of ZnO and Zn,osMg 040
nanoparticles ranging from 300 to 1400 cm™ measured at room
temperature. Due to overlapped modes, we could not distinguish
the individual peaks. The whole spectra are thus deconvoluted
into separate peaks by Lorentzian curve fitting shown as Fig. 5(b-
c). It is clearly seen that reported values of first order Raman
modes such as A(TO), E|(TO), E,(high), A;(LO), E{(LO) and
second order mode such as 2E, are matched well with the
experimentally observed Raman modes.’**® Besides the first
order and second order phonon modes, a few additional modes at
about 517, 536, and 649 cm’! are also observed. 22 Similar
additional modes have been found in ZnO doped with Ni and Mn
at ~524 and 670 cmr’' and other dopants like Sb, Ga and Fe at
511, 531, 644 and 720 cm’, respectively.29‘3° The authors have
been attributed the origin of these additional modes to intrinsic
host-lattice defects related to doping. Manjon et al. have reported
that most of the additional Raman modes observed in doped ZnO
samples correspond to the silent modes (SM) of ZnO.*® The ab
initio calculations have shown the silent modes B;(low),
2B,(low), By(high), TA+B,(high) and B,(low)+B(high) obtained
at 261, 520, 552, 650 and 810 cm'’ respectively. Additional
modes in both pure and doped ZnO in our case are matched with.

Zng9sMgg 040. After deconvolution, the broad band in the range
900 to 1250 cm™, is fitted with four peaks in ZnO at positions
982, 1050, 1096 and 1148 cm™ as well as in Zng 9sMgg 040
centred at 974, 1053, 1099 and 1148 cm’! represent the
multiphonon modes (MP) and are matched well with reported
values.”® The peaks at 583 and 1148 cm™ are assigned as first
order and second order of E;(LO) mode respectively as a
consequence of defects such as O-vacancies, Zn interstitials, or
these complexes.>! The ratio of E,(LO) and Ej,hign (characteristic
of wurtzite structure); which tells quantitatively about the
presence of defects are found to be higher in ZnO than in
Zng 96Mgg 040, well corroborates with the PL results.

Atomic vibrational modes of pure and Mg doped ZnO are
examined by Fourier Transform of the Infrared spectrometer
(FTIR) as shown in Figure 6 (a). Peak at around 2363 cm™ is
caused by a small amount of residual CO,. Two peaks observed at
1261 and 1385 cm™ correspond to residual NO5 ion which could
not be removed completely after washing. A broad band between
400 and 650 cm™' represents the stretching mode of Zn-O.* The
band centred at 1620 cm™ is the bending vibrational mode of
hydroxyl group of the chemisorbed and/or physiosorbed water
molecules.** A broad band around 3000-3700 cm™' corresponds to
the O-H bond stretching local vibrational modes (LVM). After
deconvolution of broad band, peaks at 3251, 3384, 3452, 3492,
3532 and 3575 cm’' have been obtained in ZnO and Mg doped
ZnO (Figure 6 (b & c)). The peaks are assigned to interstitial
hydrogen bonded with oxygen in bond-center and anti-bonding
position as well as with vacant zinc site (Vz,) in parallel and
perpendicular alignment to the c-axis.** The observed modes are
compared with both theoretically and experimentally reported
values and are found to be in between the limit of theoretically
and experimentally reported values.®*> A prominent band at
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Fig. 6 (a) FT-IR transmittance spectrum of Zn;_Mg,O (x = 0, 0.04, 0.08, 0.12, 0.10 and 0.15) nanoparticles (left side) and the
Lorentzian fitting of absorbance plot for the (b) ZnO and (¢) Zng gsMg, 5O nanoparticles in range of 2500-3900 cm™.

908cm™' observed in ZnO corresponds to the bending vibration of
V,.-H ABO||.8 Besides the above common modes, a few additional
modes are also observed at 856, 1512 and 3690 cm™ in Mg doped
ZnO. Comparing the modes of ZnO and Mg doped ZnO at 908
and 856 cm™!, one may note that, while the higher wave number is
asigned to Zn-H as per the literatures, the lower one could be due
to Mg-H as per the relationship (v=* = /m/k) where the wave
number is proportional to mass of ions. As Mg is having lower
mass than Zn, so Zn-H band occurs at higher wave number than
Mg-H. The increase in intensity of the Mg-H band with Mg
content further confirms that the band must be associated with
Mg. Other two bands also become more pronounced with higher
concentration of Mg shown in Fig. 6(a). All three modes scale in
intensity with magnesium content which further indicates that the
above modes
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Fig. 7 Positron lifetime spectrum of ZnO and ZngosMgj 04O
nanoparticles.
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are due to vibrations of different Mg-H complexes. Local
vibrational modes of the Mgg,-H complexes have also been
identified through infrared absorption measurements in Mg doped
GaN at 3125 cm™."* Gonzalez et. al. have reported Mg-H band at
1000 cm™ and a band at 3700 cm™ for Mg(OH), precipitates in
MgO.? One may clearly see in our case that the peaks at 908 cm’!
and 1512 cm” in ZnO are splitted into two peaks after Mg
doping. Therefore, the additional mode at 856 cm™ could be
attributed to Mg-H and modes at 1512 and 3690 cm™ to Mg-OH
band. The amount of hydrogen impurity is thus found to be higher
in Mg doped ZnO. This is possible due to high hydrogen storage
capacity of Mg.* Similar occurrence of higher hydrogen content
in ZngosMgo 04O nanowire than that of ZnO nanowire have been
found by Pan er al through hydrogen absorption measurements.'®
Gonzalez et al. have reported that if hydrogen impurities are
present in the crystal, it is expected that they can be trapped at
oxygen-vacancy sites and form H~ ions.” Gotz et al have also
established in Mg doped GaN that Mg acceptors are passivated by
hydrogen.!! Thus, one expects the excess hydrogen in Mg doped
ZnO may passivate more vacancies compared to pure ZnO and
results in less native defects contributing to defect emission in PL
spectrum as observed in our case.

Positron annihilation measurement is further used as a
complementary technique to further probe the defects, shown in
Figure 7. The positron annihilation life time T, is 150 ps for
Zng9sMgo 04O which is lower than that of t; (186ps) of ZnO
nanoparticles and is comparable to that of bulk ZnO (158 ps). It
has been calculated theoretically that if hydrogen is attached to
Vs, the positron life time decreases successively.’’*® For
example, while a hydrogen attached to V7, yields a positron life
time of ~200 ps while four hydrogens attached to zinc vacancy
reduces the life time to 158-162 ps.*”*® Therefore, 1, in ZnO and
Zng 96Mgg 040 matches well with the life time of V7, attached to
one and four hydrogens respectively which further support the
FTIR results. The behaviour of 1, is characteristic of positron

This journal is © The Royal Society of Chemistry [2015]
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annihilation at the larger defects sites like cluster of vacancy,
trapped positrons in nanovoids at the intersection of three or more
grain boundaries (e.g., triple junction).*” In the present case, these
vacancy sites are made up of multiples of the Zn+O
divacancies.*” Depending upon the size, vacancies could be a
cluster of 2 to 6 di-vacancies (Vz,.0) and subsequently the life
time of positron annihilation increases from 265 ps to 375 ps.*’
The life time 368 ps obtained for 1, in ZnO is in between the life
time of positron annihilation corresponding to cluster of 5 and 6
(Zn+0) di-vacancies. However, in Zng9sMg 040, the decrease in
T, (306 ps) further indicates the passivation of divacancies by
hydrogen or the reduction in the size of Zn+O divacancies. From
this study, we conclude that the native defects in ZnO are
significantly reduced or passivated by Mg doping.*” Hydrogen is
responsible for the passivation of such defects and the formation
of Vz,-H and Mg-H type of defect complexes.

To understand the chemical bonding in ZnO and Zn;  Mg,O
nanopowders, the core levels of Zn 2p, Mg 1s and O 1s states are
examined using XPS techniques as shown in Figure 8(a-c),
respectively. The charge shifted spectra are corrected using the
adventitious C 1s photoelectron signal at 284.6 eV. In ZnO
sample, the asymmetric O 1s peak is observed with shoulder at
higher binding energy side. With the help of XPS Peak Version
4.1, the O 1s peak is deconvoluted into three peaks such as peak
1, 2 and 3 at 530.12, 531.3 and 532.5 eV, respectively. The peak
1 corresponds to the O—Zn bonding, peak 2 is associated with O
ions in oxygen deficient regions within the matrix of ZnO or the
O-H surface adsorbed group on the ZnO surface, whereas the
peak 3 is correlated to H/H,O species.*'* The deconvolution in
other spectra of O 1s peak for Zn; ,Mg,O (4 < x < 0.15) samples
has been done by fixing the peak positions at 530.12, 531.3 and
532.5 eV in order to compare the intensity of individual peak.
The asymmetric O 1s peak maxima from lower binding energy
side gradually shifts towards the higher binding energy as x (0 <x
< 0.15) increases. The intensity of peak 1 is found to be most
intense compared to 2 & 3 peaks in ZnO. However, with
increasing x (0 < x < 0.15), the intensity of peak 3 is gradually
increased at the expense of peak 1. The increase in intensity of
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peak 3 with x, thus confirms the excess H/H,O species. The
binding energies corresponding to 1021.3 eV and 1044.5 eV are
attributed to the 2p;,, and 2p;), core levels of Zn ions, confirming
the divalent Zn ions. With increasing x (0 < x < 0.15), Zn 2p;,,
and 2p,), peaks shift towards higher binding energy with decrease
in relative intensity. The shift indicates the Mg and/or Mg-H
incorporation into Zn site.*** The Mg 1s peak centred at 1304.5
eV is ascribed to the presence of Mg®* replacing Zn*".

ZnO, a well studied n-type semiconductor, shows many
vibrational frequencies like H; at antibonding site (ABq, +), H; at
bond centred position (BC|), Vz—H, Vz;—H,, Zn-Ho and O-H
etc whose origins are still puzzling. However, the interaction of
ubiquitous impurity like H with ZnO has many important
technological implications. For example, H is expected to become
an environmentally benign fuel in future and nanoparticles of
ZnO can be a potential material for hydrogen sensor. Moreover,
ZnO may be considered as a prospective material for hydrogen
storage in future. We have shown clearly the additional
vibrational modes at 908 cm™ and 1512 ecm™ after Mg doping
which is attributed to Mg—H and Mg—OH bond, respectively. The
increase in intensity of above bands with increase in Mg
concentration further shows the evidence of excess H/H,O
species in XPS spectra. Although the source of hydrogen is due to
the adsorption of H,O on ZnO surface, during conversion of zinc
hydroxide to zinc oxide, H,O is dissociated into H" and OH™ and
remain attached to the surface which we detect **. The above
process speeds up with doping Mg in the ZnO lattice, because
MgO surface is more sensitive for dissociation of H,0.* The
dissociation of water occurs at the site of the defects rather than
physisorption. The defects change the physical and chemical
properties and even increases the dissociation energies.** The
defects such as zinc vacancy (Vz,) and cluster of Zn+O di-
vacancies (Vz,.0) might be responsible for dissociation of water
in the present case. Therefore, Mg doped ZnO samples
synthesized by easy and cost effective conventional
coprecipitation technique could be a useful futuristic material not
only for hydrogen sensor, but also can be used as photocatalysts,
hydrogen storage material etc.

Conclusions

ZnO and Mg doped ZnO nanoparticles synthesized through
conventional coprecipitation route showed defects related to local
vibrational modes of hydrogen as it has been reported in single
crystals and thin films of ZnO. Although, XRD showed pure
wurtzite phase, Raman spectra revealed few additional modes
corresponding to silent modes such as 2B,(low), B;(high) and
TA+B,(high) of ZnO, which were suppressed after Mg doping.
FTIR spectra demonstrated the presence of cationic vacancies in
addition to unintentional hydrogen doping and their complexes in
ZnO and Mg-H defect complex in Zn; ,Mg,O (0.04 < x < 0.20).
Positron life time measurement, Raman and photoluminescence
studies confirmed that after Mg incorporation in ZnO lattice, the
native defects were reduced or passivated by the hydrogen
significantly. XPS confirmed the excess hydrogen in Mg doped
ZnO sample.
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