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a b s t r a c t

The origin and electronic transitions responsible for green emission observed from ZnO–MgO
nanocomposite are investigated. The photoluminescence (PL) spectrum of ZnO–MgO nanocomposite
annealed at 600 1C showed only a sharp and intense UV emission peak centered at 396 nm. As the
annealing temperature increased from 600 1C to 1000 1C, the green emission positioned at 503 nm is
emerged and its intensity enhanced gradually and reached maximum value at 900 1C and then decreased
at 1000 1C. It is observed that both UV and green emission intensities are enhanced with variation of
atomic ratio (Zn/Mg¼1.52, 0.50, 0.30, 0.21, 0.15). Our experiments confirmed that the enhancement of
green emission intensity is due to the formation of oxygen vacancies (Vo) due to Mg doping at the
interface of ZnO and MgO. This experimental observation is in good agreement with the recent
theoretical predictions which states that Mg doping in ZnO lowers the formation energies of oxygen
vacancies (Vo) and zinc interstitials (Zni) significantly. PL excitation and emission spectra analysis reveals
that excited state for both UV and green emissions is same and lies 0.24 eV below the conduction band of
ZnO. Hence, the green emission is attributed to the transition of an electron form the shallow donor
(defect level of Zni) to the deep acceptor (defect level of Vo).

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Among the II–VI metal oxide semiconductors, ZnO has been
investigated widely for its use in short wavelength opto-electronic
devices due to its wide and direct band gap of 3.37 eV and large
exciton binding energy of 60 meV at room temperature [1]. The
exciton binding energy of ZnO is two times higher than the exciton
binding energy of GaN (�25meV) and room temperature thermal
energy (KBT) ensures the stable exciton emission even at room
temperature. Because of these unique properties, ZnO finds potential
applications in opto-electronic and electronic devices. The high emis-
sion efficiency of ZnO makes it as a promising semiconductor material
for solid state white lighting [2]. Further, ZnO is used as a transparent
conductor in solar cells [3,4], UV absorbing materials in sunscreens [5],
active material in varistors [6] and transparent transistor in liquid
crystal displays [7]. Apart from these applications, ZnO is also an
important material for spintronic applications [8]. The ZnO nanos-
tructures generally show two emission bands; one positioned in the
UV region termed as near band edge emission (NBE) and the other
positioned in the visible region (500–530 nm) called green emission

or deep level emission [9]. The origin of this green luminescence of
ZnO is in dispute for a long time. It has been assigned to the singly
ionized oxygen vacancies [10], transition of an electron from the
conduction band to a deep trap [9], zinc vacancy (VZn) creation of Zn
vacancies (VZn) [11], surface states [12], and then formation of Cu
dopants at Zn sites (CuZn) [13]. To improve the luminescence property,
the surfaces of ZnO nanostructures were passivated by various types of
shell materials such as SiO2, ZnS, SnO2, Al2O3 and MgO [14–18]. Bera
et al. reported ZnO–MgO nanocomposite as an ideal nanocomposite
[19]. The ZnO–MgO heterostructures, may be useful as chemical
sensors, optical devices and scanning probes in addition to providing
a reliable heterojunction material to study quantum confinement
effects [20]. Moreover, ZnO–MgO nanocomposites have optical proper-
ties which can be potentially useful for bio-imaging applications [21].
ZnO nanoparticles coated with MgO have also shown enhanced gas
sensing property [22]. Many authors reported that the near band edge
(NBE) emission of ZnO nanoparticles has been enhanced by forming
ZnO–MgO nanocomposites [1,23–27]. Some authors also found an
intense green emission from ZnO–MgO nanocomposites [19,28]. Bang
et al. reported that an enhanced and stable green emission from ZnO
nanoparticles and attributed to surface segregation of Mg [28].
Semiconductor nanocrystals emitting visible light may be useful in
fluorescent probes in bio-labeling and also in visible light display
applications [13].
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In the present study, the effect of Mg concentration and anneal-
ing temperature on the PL emission of ZnO–MgO nanocomposites is
investigated. The formation of ZnO–MgO nanocomposites has been
confirmed by XRD and HR-TEM. The intensity of the UV emission
positioned at 396 nm enhanced with increase of Mg concentration.
As the temperature increased from 600 1C to 1000 1C, the green
emission intensity enhanced remarkably until 900 1C and decreased
afterwards. The reasons for the intensity variations of green emis-
sion intensity are discussed in detail. The experiments indicated that
diffusion of Mg atoms at the interface of ZnO and MgO give rise to
intense green emission. It is also found that the green emission is
attributed to the transition of an electron form the shallow donor
(defect level of Zni) to the deep acceptor (defect level of Vo).

2. Experimental procedure

2.1. Synthesis of ZnO–MgO nanocomposite

The preparation of ZnO nanoparticles is same as described
elsewhere [29]. To prepare ZnO–MgO nanocomposite powders,
stoichiometric quantities of Mg (NO3)2.6H2O and NaOH were dis-
solved in deionized water in separate beakers and stirred vigorously
for sufficient time. In the next step, NaOH solution was slowly added
to the Mg (NO3)2 �6H2O aqueous solution drop wise along the walls
of the beaker for 30 min while stirring and the temperature of the
solutionwas maintained at 60 1C. To this solution, one gram of the as
prepared ZnO was added and stirring was continued for two more
hours and aged for four hours. Subsequently, samples were filtered
and washed with deionized water and ethanol three times and dried
in an oven at 100 1C for 8 h. Sufficient number of samples were
prepared with different concentrations of Mg such as 0.05 M, 0.15 M,
0.25 M, 0.35 M and 0.5 M or atomic ratio's (Zn/Mg) 1.52, 0.50, 0.30,
0.21, 0.15) to study the structural and optical properties of ZnO–MgO
nanocomposite in detail. These five samples are labeled as ZM1,
ZM2, ZM3, ZM4 and ZM5. The dried samples were annealed in a
programmable muffle furnace at 600 1C at a rate of 2 1C/min and
allowed to stay for one hour at each temperature. To investigate the
effect of annealing temperature on structural and optical properties
of ZnO–MgO nanocomposite, sample prepared with 0.25 M (ZM3) of
Mg was annealed at 700, 800, 900 and 1000 1C with the same
heating rate as used above.

2.2. Characterization

The structural analysis of samples was carried out by X-ray
diffractometer (Bruker D8) equipped with Cu Kα radiation (λ¼
1.5406 Å). The morphology, crystallite size and elemental analysis of
the samples were probed by High Resolution-Transmission Electron
Microscope (HR-TEM: model Tecnai G2 200 kV). The absorption was
measured using Thermo Scientific UV–vis absorption spectrometer.
The PL measurements were performed using Jobin Yuon spectro-
fluorometer containing 450 W Xenon arc lamp as source of
excitation.

3. Results and discussion

3.1. XRD analysis

The X-Ray diffraction patterns of ZnO and ZnO–MgO nanocom-
posite powders prepared with different concentrations of Mg are
shown in Fig. 1. The diffraction peaks corresponding to the (100),
(002), (101), (102), (110) and (103) planes confirmed the hexagonal
wurtzite structure of ZnO nanocrystals. All the samples ZM1, ZM2
and ZM3 exhibited a diffraction peak centered at around 43.051 of

2θ value. This diffraction peak corresponds to the (200) reflection
plane of the cubic MgO phase. Further, the diffraction peaks of ZnO
are shifted gradually towards the lower angle side with increase of
Mg concentration. A shift of 0.101 of (101) diffraction plane
towards lower angle side is observed with change in Mg concen-
tration from 0.05 to 0.25 M. To know the reason for this shift,
lattice parameters (a and c) and volume of the unit cell of
hexagonal ZnO structure are also calculated using appropriate
formulas. There is a little increase in ‘a’, ‘c’ and volume of the unit
cell values as the Mg concentration increases. It indicates the
expansion of unit cell of ZnO with increase of Mg concentration.
Hence, it is evident that ZnO nanocrystals are experiencing tensile
strain with increase of Mg concentration. Similar kind of results
have also been observed in Mn/Cu/Fe-doped and Co-doped ZnS
NWs/ZnO QDs@SiO2core/shell nanostructures [30] and also in
CdTe/ZnSe core/shell nanostructures [31]. Generally, the diffrac-
tion peaks shift towards higher angle side with doping of Mg in
ZnO due to the smaller ionic radius of Mg (0.66 Å) compared to Zn
(0.74 Å). However, such a shift in the diffraction peaks towards
higher angle is absent in these samples. The absence of the shift of
the diffraction peaks towards higher angle side confirmed that Mg
neither diffused nor doped into ZnO nanocrystals at an annealing
temperature of 600 1C. The relatively small shift observed in this
study indicates that perfect core/shell structure is not formed.
However, the surfaces of ZnO nanocrystals may be covered with
MgO. The formation of MgO coating on ZnO has been confirmed
from the HR-TEM analysis of these samples. Further, average
crystallite size values are calculated for all the samples using
Debye Scherer formula.

D¼ 0:9λ
β cos θ

where D is the diameter of grain size (in Å), β is the FWHM of the
particular peak in radians, θ is the Braggs angle and λ (1.5405 Å) is
the wavelength of x-rays used. Table 1 shows the various struc-
tural parameters of the samples. Table 1 shows that the crystallite
size increases as the Mg concentration in the ZnO–MgO nano-
composite increases. The enhancement in the crystallite size may
be due to the MgO coating over the ZnO nanocrystals surface. As
the Mg concentration in the ZnO–MgO nanocomposite increases,
thickness of the MgO attached to ZnO may also increases and
hence there is an increase in crystallite size.

3.2. HR-TEM analysis

The ZnO–MgO nanocomposite is further analyzed with HR-
TEM. Fig. 2(a) shows the HR-TEM image of ZM3 annealed at

Fig. 1. The XRD patterns of ZnO and ZM1, ZM2 and ZM3 nanocomposites prepared
with different Mg concentrations and annealed at 600 1C.
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600 1C. This picture clearly shows the intimate contact between
ZnO and MgO and confirms the formation of ZnO–MgO nanocom-
posite. Fig. 2(b) shows the HR-TEM image of the same sample but
at higher resolutions. The lattice fringes of ZnO nanocrystals are
not visible at this resolution may be due to the capping of ZnO
nanoparticles with MgO. The inset of Fig. 2(b) shows the electron
diffraction pattern of the ZnO–MgO nanocomposite annealed at
600 1C. This picture shows large number of diffraction spots
distributed randomly. This random electron diffraction pattern
may be due to the overlapping of electron diffraction patterns of
ZnO and MgO. It indicates that MgO covers the surfaces of ZnO
nanoparticles at 600 1C. Fig. 2(c) and (d) shows the pictures of ZM3
annealed at 900 1C and inset of Fig. 2(d) shows the electron
diffraction pattern of the same sample. Fig. 2(b) shows that at
900 1C, ZnO and MgO nanocrystals have grown individually but
there is an intimate contact between ZnO and MgO nanocrystals.
Fig. 2(d) shows the lattice fringes of ZnO nanocrystals at same
resolution used for the sample annealed at 600 1C. The distance
between the lattice planes shown in Fig. 2(d) is 0.26 nm which is
in good agreement with the XRD data of (002) plane of ZnO
hexagonal wurtzite structure. The electron diffraction pattern
shown in Fig. 2(d) exhibits diffraction spots arranged in concentric
circles. It indicates ZnO nanocrystals are not covered by MgO but
doped in ZnO. As a result of it, HR-TEM pictures of these samples
shows lattice planes clearly. The TEM Energy dispersive spectro-
scopy (EDS) analysis of ZnO showed that there is no impurity
present in the sample. It can be seen that Fig. 2(e) and (f) shows
the EDS spectra of ZnO nanocrystals and ZnO–MgO nanocompo-
site. Fig. 2(f) shows the signals of Zn, O and Mg elements clearly
and presence of other elements such as C and Cu are due to the
carbon coated copper grid used for TEM analysis.

3.3. PL analysis

3.3.1. Effect of Mg concentration and annealing temperature
All the PL spectra were acquired with an excitation wavelength of

353 nm and the reason for choosing this excitation wavelength and
origin of other peaks at 453 nm and 633 nm can be found elsewhere
[32]. Fig. 3 shows the room temperature PL emission spectra of ZM1,
ZM2 ZM3 and ZM4 nanocomposites annealed at 600 1C. The PL of
ZnO nanoparticles showed only a sharp and intense UV emission
positioned at 396 nmwhen annealed at 600 1C [32]. There is no deep
level emission or green emission from ZnO nanocrystals when
annealed at 600 1C. It is observed that the intensity of UV peak
positioned at 396 nm enhanced with increase of Mg concentration
until 0.25 M and there is no change in the intensity beyond this
concentration. This is due to the fact that, if all the surface states are
passivated; further enhancement in the MgO content brings no
change in UV emission intensity [23]. Fig. 4 shows the PL spectra
of ZM3 nanocomposite annealed at temperatures of 600 1C, 700 1C,
800 1C, 900 1C and 1000 1C. There is no green emission from ZM3
nanocomposite when annealed at 600 1C. However, with increase of
annealing temperature up to 900 1C, the intensity of green emission

positioned at 503 nm increased greatly and then decreased for
further increase in temperature to 1000 1C. The intensity of green
emission at 900 1C is nearly 18 times higher than its intensity at
700 1C. Very recently, we have observed that intensity of green
emission positioned at 533 nm from pristine ZnO nanocrystals
enhanced with increase of annealing temperature [33] but its
maximum intensity is three times smaller than the intensity of UV
emission peak. Kim et al. observed an intense green emission from
MgO/ZnO core/shell nanowires and attributed it to the overlapping of
green emissions from MgO and ZnO [34]. Hence the role of MgO and
its contribution to the intense green emission observed in this study
need to be understood.

3.3.2. Effect of Mg concentration and MgO on green emission
To understand the MgO contribution to green emission, MgO nano

powder was prepared by the same method described above and its PL
was recorded. Fig. 5. shows that MgO did not exhibit any emission
peaks except a peak at 453 nm when excited with 353 nm wave-
length. This result proved that MgO shell did not contributed to the
green emission observed from ZnO–MgO nanocomposite. Mostly, the
green emission from ZnO nanoparticles has been attributed to the
singly ionized oxygen vacancies [35–37]. Our very recent results also
support that green emission from pristine ZnO nanocrystals is due to
the singly ionized oxygen vacancies [33]. To confirm this, ZM3
nanocomposite is annealed in the presence of oxygen gas. The PL of
spectrum of ZM3 annealed in oxygen and in air are shown in Fig. 6. It
shows only UV emission peak positioned at 396 nm or in other words,
green emission is completely quenched when annealed in oxygen
atmosphere. It confirmed that green emission observed from ZM3
nanocomposite is due to the oxygen vacancies present in the sample.
Hence, the enhancement of the green emission can be attributed to
increase in the oxygen vacancy related defect density. To verify the
effect of Mg concentration on green emission, ZnO–MgO nanocompo-
sites were prepared with different Mg concentrations and annealed at
900 1C. Three samples are prepared with low, medium and high
concentrations of Mg to obtain ZnO–MgO nanocomposite. The PL
spectra of these ZnO–MgO nanocomposites are also shown in Fig. 5. As
can be seen from the plot, the green emission intensity increased with
increase of Mg concentration. However, there is no appreciable change
in the intensity of green emission for samples prepared with 0.25 and
0.50 M. This result indicates that there exists a critical concentration
beyond which it has no influence on the intensity of green emission. It
also indicates that green emission may be induced by the interface
formed between ZnO and MgO. Lee et al. observed very little
enhancement in the green emission intensity after ZnO nanoparticles
coated with MgO and they attributed it to lattice mismatch between
ZnO and MgO [38]. Some authors reported that the strain at the
interface also generates the oxygen vacancies and hence there will be
enhancement in the green emission intensity [39].

3.3.3. XRD analysis
To understand the effect of strain at the interface on green

luminescence, the samples annealed at different temperatures
were analyzed with the XRD technique to have an insight into the
structural changes at high temperatures. Fig. 7 shows the XRD patterns
of ZnO–MgO nanocomposite (ZM3) annealed in air at different tem-
peratures from 600 to 1000 1C. The strain in the samples is calculated
using Williamson–Hall analysis by simplified integral breadth method
for ZnO and ZnO–MgO nanocomposite [40]. The integral breadth (β)
defined as the ratio between peak area and the intensity maxima for
both size and strain broadened profile, is given by

βn ¼ 1=Dþ2εs in sin θ scaleð Þ ð1Þ
where D is the average particle diameter, ε is the strain, β n¼β cos θ/
λ, and s¼2 sin θ/λ. The average particle diameters were obtained
from this analysis. The inverse of intercept gives the particles size

Table 1
The structural parameters of ZM3 nanocomposite with different concentrations
of Mg.

Sample
name

Angle (2θ)
hkl (100)

Crystallite
size (nm)

Lattice
parameter
(nm)

Volume (V)¼
a2c sin ð601Þ (nm3)

a C

ZnO 32.0246 22 0.3224 0.5584 0.05029
ZM1 32.0143 25 0.3225 0.5586 0.05033
ZM2 31.9866 27 0.3228 0.5591 0.05046
ZM3 31.9290 28 0.3233 0.5601 0.05073
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and slope of the linear fit gives the strain. It is observed that the
slope of the W–H plots for ZM3 decreased gradually as the
temperature increased from 600 1C to 1000 1C. It indicates that
strain decreased monotonously as the temperature increased from
600 1C to 1000 1C. It is contrary to the variation in intensity of green
emission which increased first until 900 1C and decreased at
1000 1C. Hence, it can be concluded that green emission is not due
to the strain at the interface. The average crystallite size of the ZnO
nanocrystals decreased as the temperature increased from 600 to
1000 1C and it is evident from the broadening of the XRD diffraction
peaks. The decrease in the crystallite size may be due to the Mg
doping at higher annealing temperatures. The lattice parameters ‘a’,

‘c’ and volume of the unit cell are calculated using the XRD data and
are shown in Table 2. As can be seen from Table 2, the position of
diffraction peak of ZnO–MgO nanocomposite is found to be shif-
ted gradually towards higher angle side from 2θ¼31.92901 to
2θ¼31.98201 with increase of annealing temperature from 600 to
900 1C. The lattice parameter ‘c’ and the unit cell volume decreases
as the temperature increases from 600 1C to 900 1C. The decrease of
the lattice parameter and volume of the unit cell suggests that Mg2þ

is incorporated into the ZnO host lattice and substitutes for Zn2þ ,
since the ionic radius 0.066 nm of Mg2þ is smaller than that
0.074 nm of Zn2þ [41]. This is due to the fact that, thermal diffusion
of Mg atoms at the ZnO–MgO interface takes place for temperatures

Fig. 2. The HR-TEM images (a) and (b) of ZM3 annealed at 600 1C, ZM3 annealed at (c) and (d) 900 1C and EDS spectra of (e) ZnO and (f) ZnO–MgO nanocomposite.
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greater than 700 1C [42]. To confirm this, UV–vis absorption spectra
of these powders are also recorded and shown in Fig. 8. The
absorption peak is shifted to lower wavelength side as the tempera-
ture increases from 600 1C to 900 1C. These results confirmed that
Mg2þ is incorporated into the ZnO host lattice and substitutes for
Zn2þ . Hence, it is believed that green emission may be due to the
Mg diffusion into ZnO at the interface of ZnO and MgO. This result is
in good agreement with the theoretical predictions of Dutta et al.
They predicted that Mg doping significantly lowers the formation
energies of oxygen vacancy (Vo) and zinc interstitials (Zni) [43]. The

formation energies for different defects with Mg substitution in
place of Zn are shown in Table 3. These results infer that the Mg
atoms substitution in place of ZnO created deep trap levels in the
band gap of ZnO. The charge carriers were trapped at these oxygen
vacancy defect levels and give rise to the intense green emission.

Further, the lattice parameter ‘c' and the unit cell volume of
ZnO increased with increase in temperature to 1000 1C. It may be
the indication that Mg2þ might diffused out from the ZnO
nanocrystals at 1000 1C. In the view of the increase in particle
size and unit cell volume, absorption spectrum should exhibit a
red-shift. But Fig. 8 shows the absorption spectrum is further blue-
shifted as the temperature increased to 1000 1C. From Table 3 it
can be seen that the formation energy of interstitial zinc (Zni) is
lower than compared to zinc vacancy (VZn). Hence, there is a
possibility for the formation oIZn Zni f rather than VZn defects at
1000 1C. As a result of it the volume of the unit cell enhanced at
this annealing temperature. The decrease of XRD peak intensities

Fig. 3. The PL spectra of ZnO and ZM3 nanocomposite at 600 1C.

Fig. 4. The PL spectra of ZM3 nanocomposites annealed at various temperatures
from 600 to 1000 1C and the inset displays the intensity variation of green emission
with increase in annealing temperature.

Fig. 5. The PL spectrum of ZM3 nanocomposites with different Mg concentrations
and PL spectrum of MgO. The inset shows the intensity variation of green emission
with Mg concentrations.

Fig. 6. The PL spectra of ZM3 nanocomposite annealed in air and oxygen atmosphere.

Fig. 7. (a) XRD patterns of ZM3 nanocomposites annealed at various temperatures,
and (b) the variations of 2θ value of (101) plane and green emission intensities with
increase of temperature from 600 to 1000 1C.

Table 2
The structural parameters of ZM3 nanocomposite with annealing temperature.

Annealing
temperature
(1C)

Angle (2θ)
hkl (100)

Crystallite
size (nm)

Lattice
parameter
(nm)

Volume (V)¼
a2c sin ð601Þ
(nm3)

a c

600 31.9290 28 0.3233 0.5601 0.05073
800 32.1318 16 0.3214 0.5566 0.04980
900 32.1705 18 0.3210 0.5560 0.04962

1000 32.9820 20 0.3228 0.5592 0.05048
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may be due to the worsening of the crystal quality due to the
formation of Zni at 1000 1C. However, the absorption spectrum is
still blue-shifted for annealing temperature of 1000 1C. This blue-
shift may be explained by considering the Moss–Burstein band
filling effect [44]. It is well known that ZnO is an n-type
semiconductor and so the Fermi level is inside the conduction
band. It is evident from the PL spectra that oxygen vacancies
enhanced at 900 1C due to Mg doping and hence there is further
increase in the n-type nature of ZnO. As a result of it the Fermi
level of ZnO shifts to higher level due to high concentration of
electrons in the conduction band at 1000 1C. Consequently, elec-
trons in the valence band excited to the Fermi level which is well
above the conduction band edge and absorption spectrum is blue-
shifted. Hence, the decrease of green emission intensity at 1000 1C
may be due to the deterioration of the crystal quality.

3.3.4. Energy level diagram model
Moreover, various transition mechanisms have been proposed for

the green emission which includes transition of an electron from
conduction band to the deep acceptor (Vo) [35] and transition of an
electron from shallow donor to the deep acceptor [36]. To understand,
the transitions involved in the green emission observed in this study,
the PL Excitation (PLE) spectra were recorded by monitoring the
emission wavelengths at 396 nm and 503 nm. Fig. 9 shows the PLE
spectra of ZnO–MgO nanocomposite (annealed at 900 1C) acquired by
monitoring the emission wavelengths at 396 nm and 503 nm. Fig. 9
shows a sharp and weak peak centered at 353 nm when emission
wavelength is monitored at 396 nm and a broad and intense peak at
353 nmwhen emissionwavelength is monitored at 503 nm. It indicates
that the top level for both the emissions is same i.e electrons are de-
excited from the same excited state to different lower energy levels to
produce UV and green emissions. The band gap of ZnO is 3.37 eV and
the UV emission has been observed at 396 nm (3.13 eV). The energy
difference between the near band edge emission and the UV emission
at 3.13 eV is 0.24 eV. It is well established that the defect level due to
the Zni lies 0.22 eV below the conduction band in ZnO [37,45] and it is
in good agreement with the energy difference (0.24 eV) calculated
above. Hence, it can be concluded that the emission at 396 nm is

originated due to the transition of an electron from Zni defect level
below the conduction band to the valence band. On the other hand,
theoretical and experimental investigations confirmed that oxygen
vacancy (Vo) defect state is a deep level in the band gap of ZnO and
it was calculated to be 0.5–0.8 eV above the conduction band max-
imum [46]. From Fig. 6 the excited state for green emission also lies
0.24 eV below the conduction band. The energy of green emission
corresponding to the 503 nm is 2.46 eV and hence the oxygen vacancy
defects responsible for the green emission should lie 0.67 eV above the
valance band. It is in good agreement with the established fact that
oxygen vacancy defect level lies 0.5–0.8 eV above the valence band
maximum. So, the green emission observed in this study centered at
503 nm is assigned to the transition of an electron form shallow donor
(defect level of Zni) to the deep acceptor (defect level of Vo).

4. Conclusion

In summary, structural and PL properties of ZnO–MgO nano-
composite prepared through sol–gel method were investigated. It
was observed that ZnO nanocrystals are under strain with increase
of Mg concentration in the ZnO–MgO nanocomposite. The UV
emission intensity also enhanced with increase of Mg concentration
and there exist a critical concentration beyond which there is no
rise in the UV intensity. As the temperature increased from 600 1C
to 900 1C, intensity of the green emission positioned at 503 nm
increased and subsequently decreased for annealing at 1000 1C. The
green emission is quenched completely when annealed in oxygen
gas. It was also found that the intensity of the green emission
depends on the concentration of Mg in ZnO–MgO nanocomposite. It
was found by correlating the XRD and PL results of the annealed
samples that the green emission is originated due to the diffusion of
Mg atoms at the interface of ZnO and MgO. The diffusion of Mg
atoms at the interface of ZnO and MgO created defects levels on the

Fig. 8. UV–vis absorption spectra of ZM3 nanocomposite annealed at different
temperatures.

Table 3
The formation energies of various defects in Mg-doped ZnO nanocrystals under
various conditions.

Possible Mg sites Formation energy (eV) Condition

ZnMgþVZn 3.51 Zinc rich
ZnMgþVo 2.40 Oxygen rich
ZnMgþZni 1.35 Zinc rich

Fig. 9. (a) The PL Excitation spectra of ZM3 nanocomposite annealed at 900 1C acquired
by monitoring the emission wavelengths at 396 nm and 503 nm and (b) energy level
diagram indicating the transitions responsible for UV and green emissions.
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interface. The electrons are trapped at these deep trap levels and
give rise to the green emission. The decrease of green emission
intensity at 1000 1C is presumed to be due to the deterioration of
the crystal structure due to the formation of Zni defects. The
increase of the band gap at 1000 1C is due to the Moss–Burstein
effect. The green emission observed in this study centered at
503 nm is assigned to the transition of an electron form shallow
donor (defect level of Zni) to the deep acceptor (defect level of Vo).
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