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1. INTRODUCTION
ZnO is a direct band gap semiconductor (wide bandgap of
3.37 eV) with a large exciton binding energy of 60 meV.1
It has attracted interest due to its useful characteristics
such as non-toxicity, cheap, relatively high abundance,
biocompatible and chemically stable.2–4 There are several methods for the growth of ZnO nanostructures. However, the most energy-efficient and economical method for
synthesizing ZnO nanostructures is the sol–gel method.
The sol–gel method has attracted attention as it is a relatively low cost process and represents an ideal method for
growing ZnO nanostructures for use in applications such
∗
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as sensors,5 solar cells,6 field emission application,7–9
optoelectronic, catalysis, and biomedical devices.
In recent years, there has been an increasing interest in green nanotechnology which utilizes biomaterial as
a source for the synthesis of nanomaterials. This is an
eco-friendly alternative to minimize or totally eliminate
hazardous chemicals commonly used for nanomaterials
synthesis. Many researchers have reported the formation of gold and silver nanoparticles using biomaterial
sources such as micro-organism, yeast, and plant due
to the more efficient, inexpensive, eco-friendly and nontoxic approach.10–12 ZnO nanoparticles are also previously synthesized using biomaterials such as Aloe vera
leaf extract,13 milky latex of Calotropisprocer 14 and
Citrus aurantifolia extract.15
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We report here the field electron emission performance of pure ZnO and Mg doped ZnO nanostructures prepared on aluminium substrates using Citrus Aurantifolia by the sol–gel method. XRD analysis confirmed that
the pure ZnO and Mg-doped ZnO nanostructures were polycrystalline with the hexagonal wurtzite crystal structure. Based on EDX analysis, the Mg atomic percentage incorporated in the ZnO samples increased with
increasing Mg concentration during synthesis. With Mg doping, the field electron emission performance was
significantly affected possibly due to increase in electrical conductivity with doping level. The turn-on electric
field values for ZnO nanostructures decreased as dopant concentration increased with values of 6.99, 6.35,
6.07 and 5.99 V/m for pure ZnO, and 3, 5, and 10 mol% Mg-doped ZnO nanostructures respectively. Almost
similar trend was observed for the threshold electric field values of 9.16, 9.17, 8.62 and 8.49 V/m for pure
ZnO, and 3, 5, and 10 mol% Mg-doped ZnO nanostructures, respectively. Field enhancement factor, , showed
no significant trend and was comparable for all samples mainly due to the similar geometrical features of the
samples. Emission currents up to a few mAs and with good stability obtained with Mg doping are potentially
applicable in field emission technology.
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In this study, we synthesized ZnO nanostructures using
C. Aurantifolia as a reducing agent and adding a different
concentration of Magnesium (Mg) as a dopant by sol–
gel method. C. Aurantifolia also known as lime is one of
the familiar fruit in the citrus fruit family (Rutaceae). Mg
was selected as the dopant element for the similarity in
Zn2+ and Mg2+ ionic radii, which make doping plausible.
It has been reported that modulation of band gap and UV
luminescence intensity resulted from Mg doping.16
To the best of our knowledge, there has been no previous report on the synthesis of Mg-doped ZnO nanostructures by using C. Aurantifolia extract. The product
synthesized in the present technique is comparable to those
obtained from conventional reducing agents such as hexamethylenetetramine (HMTA) or cetyltrimethylammonium
bromide (CTAB). In this study, pure and Mg-doped ZnO
nanostructures were then characterized using Field Emission Scanning Electron Microscope (FESEM), Energy Dispersive X-ray (EDX), X-ray diffraction (XRD) and tested
for Field Electron Emission (FEE) application.
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2. EXPERIMENTAL PROCEDURE
2.1. Preparation of C. Aurantifolia Extract
250 g C. Aurantifolia fruits were peeled and the fruit pulp
was blended with 250 ml DI water. The blended slurry was
filtered using muslin cloth to remove large particles. The
liquid extract obtained was further filtered using a 200 nm
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pore syringe filter. The final C. Aurantifolia extract was
stored at 4  C until further use.
2.2. Synthesis of Mg-doped ZnO
Synthesis of ZnO nanostructures was done using the sol–
gel immersion technique. 0.55 g zinc nitrate hexahydrate
(Zn(NO)3 · 6H2 O) was dissolved in 50 ml C. Aurantifolia
extract and 0.1 M sodium hydroxide (NaOH) was added
dropwise until the pH of the solution was 11. For the synthesis of Mg doped ZnO, 16.5, 27.5 and 55.04 mg magnesium nitrate hexahydrate (Mg(NO32 · 6H2 O) was added
to the stock solutions which corresponded to 3, 5 and
10 mol% Mg with respect to zinc. The solutions were
stirred continuously for 2 hours at room temperature and
then aged for 24 hours before deposition process. Al substrates were used and were immersed in the stock solutions
heated to 90  C for 3 hours for pure and Mg doped ZnO
nanostructure deposition.
Structural characterization was carried out using XRD
over the 2 range of 30–80 using Cu K radiation
(1.546 Å) with 0.01 step size and at room temperature.
FESEM equipped with EDX attachment was utilized to
analyze the surface morphology and chemical composition
of the ZnO nanostructures. Field electron emission measurements were conducted using the diode configuration
at a pressure of 10−7 mbar using a Keithley 2410 source
meter unit. The distance between the cathode of pure or
Mg doped ZnO and a copper anode was 120 m measured

Fig. 1. (a) Normalized XRD patterns of (i) pure ZnO, and (ii) 3, (iii) 5 and (iv) 10 mol% Mg-doped ZnO nanostructures (black circle represent Al
peak) and (b) enlarged XRD patterns of pure ZnO, and 3, 5, and 10 mol% Mg-doped ZnO nanostructures in the range 30–37 .
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Table I. Peak positions of XRD peaks of pure ZnO and Mg doped ZnO nanostructures compared to standard values.
(hkl) plane (2/Sample

(100)

(002)

(101)

(102)

(110)

(103)

(112)

(201)

(202)

Pure ZnO
3 mol% Mg-doped ZnO
5 mol% Mg-doped ZnO
10 mol% Mg-doped ZnO
JCPDS No. 01-079-2205

3174
3175
3176
3182
31766

3437
3447
3438
3439
34419

3623
3625
3629
3630
36251

4737
4727
4723
4730
47536

5668
5654
5664
5673
56591

6288
6290
6284
6293
62852

6797
6797
6801
6802
67942

6913
6903
6913
–
69080

–
7628
7638
7639
76953

using a micrometer gauge attached to the anode. The resolution of the micrometer gauge was 10 m. The effective
emission area was 0.25 cm2 . All the measurements were
carried out at room temperature.

3. RESULTS AND DISCUSSION
3.1. X-ray Diffraction
Figure 1(a) shows the normalized XRD spectra of pure
ZnO and Mg-doped ZnO nanostructures at 3, 5, and
10 mol% Mg doping respectively and the enlarged part
of the spectra was shown in Figure 1(b). The XRD

pattern exhibit seven major diffraction peaks which can
be assigned to (100), (002), (101), (102), (110), (103) and
(112) ZnO planes respectively and all the samples exhibit
the hexagonal wurzite structure which is in good agreement with JCPDS card No. 01-079-2205. The peak positions are tabulated in Table I.
Also, present are peaks due to the Al substrates at 38.5,
44.7, and 65.1 attributed to diffraction from the Al (111),
(200) and (220) faces based on standard values (JCPDS
No. 01-085-1327).
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Fig. 2.

FESEM images of (a) pure ZnO (b) 3 mol% Mg-doped ZnO, (c) 5 mol% Mg-doped ZnO and (d) 10 mol% Mg-doped ZnO nanostructures.
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Fig. 3. (a) EDX spectra of (i) pure ZnO (ii) 3 mol% Mg-doped ZnO, (iii) 5 mol% Mg-doped ZnO and (iv) 10 mol% Mg-doped ZnO nanostructures
and (b) The Mg atomic percent ratio over Zn from EDX versus MgNO3 (mol%) used during the synthesis.

Figure 1(b), shows the close up view of the (100), (002)
and (101) diffraction peaks for all samples. It was found
that as the Mg concentration increased, the position of
XRD peaks shifted towards higher angle which was evident of Mg doping. The shift in peak positions toward
higher angle with increasing Mg doping level was due to
the smaller ionic radius of Mg2+ compared to Zn2+ .17 18
3.2. FESEM and EDX Analysis
Figure 2 shows the surface morphologies of pure ZnO,
and 3, 5, and 10 mol% Mg-doped nanostructures. It can
be seen that all samples exhibit a fiber-like structure with
different aspect ratio. The ZnO nanostructures both pure
and Mg doped ZnO were not dense. This feature is favorable for field electron emission applications since dense
nanostructures will induce electric field shielding that will
impede electron emission. The diameter of ZnO nanostructures was approximately between 20 nm and 150 nm.
The composition of the pure ZnO and Mg-doped ZnO
nanostructures is shown in Figures 3(a) and (b). The Mg
atomic percent from EDX shows that the amount of Mg in
the sample increased with increasing dopant concentration
during synthesis at 0.225, 0.29 and 0.45% for 3, 5, and
10 mol% Mg respectively.
3.3. Field Electron Emission (FEE) Measurement
FEE properties of pure ZnO and Mg-doped ZnO nanostructures in the form of emission current density versus the applied electric field (J-E) plots are depicted in
Figure 4(a). The results were analyzed based on the Fowler
4

Nordheim equation,19 given by:
 2 2


A E
B 3/2
J=
exp −
E

(1)

Where J is the current density, the applied field (E) is
defined as E = V /d, where V is the applied potential and
d is the separation between anode and cathode. (eV) is
the work function of the emitting material, which is 5.3 eV
for ZnO,20  is the field enhancement factor, while A and
B are constant with value A = 1. 56 × 10−6 AeV V−2 and
B = 683 × 109 eV−3/2 Vm−1 . Equation (1) is linearized to
obtain the FN plot and,
=

B 3/2
mslope

(2)

where mslope is the gradient of the FN plot.
The turn on field and the threshold field, defined as electric fields required to produce 1 A/cm2 and 100 A/cm2
respectively, were obtained from the J –E curves shown
in Figure 4(a). Results from this work are tabulated in
Table II, together with previously reported results for
comparison.
Apart from threshold on field values for pure and
3 mol% Mg doped samples, our results showed a general
trend of decreasing turn on and threshold field values with
increasing Mg doping levels. The threshold fields seemed
to be almost equal for pure and 3 mol% Mg doped samples at 9.16 and 9.17 V/m before receding to 8.62 and
8.49 V/m, for samples doped with 5 and 10 mol% Mg
respectively. The turn on field values shows a much clearer
Mater. Express, Vol. 5, 2015
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Fig. 4. (a) J–E field emission plot from pure ZnO, 3 mol% Mg-doped ZnO, 5 mol% Mg-doped ZnO, and 10 mol% Mg-doped ZnO nanostructures,
(b) the corresponding F–N plot.

Table II.

ZnO, 3, 5, and 10 mol% Mg doped samples, respectively
(Fig. 4(a)).
The FN plots obtained for all samples are shown in
Figure 4(b). For all samples, the FN plots were well fitted to straight lines. The field enhancement factors, ,
obtained from the fitted straight line are tabulated in
Table II. The  values showed no clear correlation with
Mg doping level. This is understandable since  values are
predominantly influenced by emitter geometry, for example, emitters with high aspect ratio and sharp tips tend
to produce the highest enhancement.21 22 This is evident
from the results previously reported shown in Table II.

Field electron emission parameters of pure ZnO and Mg doped ZnO nanostructures.

ZnO nanostructure
Pure ZnO nanofiber
3 mol% Mg-doped ZnO nanofiber
5 mol% Mg-doped ZnO nanofiber
10 mol% Mg-doped ZnO nanofiber
Mg-doped ZnO tetrapods

Substrate

Turn-on field value
for (V /m)
2

Threshold field
value (V /m)

Field enhancement
factor, 
2

Reference

Aluminum

6.99 (1 A/cm 
6.35(1 A/cm2 
6.07(1 A/cm2 
5.99(1 A/cm2 

9.16 (100 A/cm 
9.17(100 A/cm2 
8.62(100 A/cm2 
8.49(100 A/cm2 

801
965
955
786

(This work)

Powder form

2.6

–

2327

[23]

2

ITO glass

3.2 (1 A/cm 

6.6

2364

[24]

Pin-cushion cactus like ZnO nanopencil

Zn foil

1.38 (0.1 A/cm2 

2.84 (49 A/cm2 

–

[25]

Cu/ZnO Nanocomposite film

Zn foil

1.56

3.12 (0.1 mA/cm2 

–

[26]

ITO glass

4.8 (0.1 A cm−2 

–

4700

[27]

ZnO nanospikes

ZnO nanowalls

2

2

Si

0.78 (10 mA/cm )
1.62 (10 mA/cm2 

1.22 (100 mA/cm )
2.32 (100 mA/cm2 

2310
1140

[28]

PET

1.2 (1 A/cm2 
2.2 (1 A/cm2 

–

23104
5256

[29]

Sn doped ZnO nanowires

Zn foil

0.53 (1 A/cm2 
1.52 (1 A/cm2 

1.1 (100 A/cm2 
2.25 (100 A/cm2 

–

[30]

ZnO nanowires (0.002 M)
ZnO nanowires (0.004 M)
ZnO nanowires (0.016 M)

Zn foil

1.24 (1 A/cm2 
1.2 (1 A/cm2 
1.32 (1 A/cm2 

1.9 (10 A/cm2 
1.64 (10 A/cm2 
1.96 (10 A/cm2 

–

[31]

ZnMgO/Au (10 nm) nanowires
ZnMgO/Au (30nm) nanowires
ZnO Nanopillars
ZnO Nanowalls

Mater. Express, Vol. 5, 2015

5

Article

trend i.e., 6.99 V/m was recorded for pure sample compared to 5.99 V/m for the sample doped with 10 mol%
Mg. Based on the present understanding, the two main factors that may affect the turn on and threshold field values
are emission cathode geometry and electrical conductivity.
Based on FESEM imaging, the structures and geometry
of our samples were almost identical. As such, the main
reason for the trend observed in the increase in the electrical conductivity of the ZnO nanostructures with increasing doping levels. Such increase in conductivity is evident
in the values of the maximum current density measured
at 10 V/m of 0.8, 0.9, 2.4 and 3.2 mA/cm2 for pure
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this study has demonstrated that the use C. Aurantifolia
as a green reagent is viable for the synthesis ZnO nanostructures with good field electron emission features.
Acknowledgments: This work is funded by the University of Malaya under the UM Research Grant
No. RG247-12AFR, PPP Grant No. PG068-2013A and
UM.C/HIR/MOHE/SC/33.
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Fig. 5. Stability of the emission current over time of (a) pure
ZnO (b) 3 mol% Mg-doped ZnO, (c) 5 mol% Mg-doped ZnO and
(d) 10 mol% Mg-doped ZnO nanostructures.

The emission stability of pure and Mg-doped ZnO
nanostructures was tested for 120 min at a fixed electric field of 1000 V and the plots for the variation of
emission current with time are shown in Figure 5. The
results show that the emission current stability for pure
ZnO, 3 mol% Mg-doped ZnO and 10 mol% Mg-doped
ZnO nanostructures were generally good even though for
5 mol% Mg-doped ZnO nanostructures, some slight fluctuations were observed. These results indicated that pure
ZnO and Mg-doped ZnO nanostructures prepared by low
temperature sol–gel method using C. Aurantifolia exhibit
good emission current stability and is a good candidate for
field emission device applications.

4. CONCLUSION
Pure and Mg-doped ZnO nanostructures have been synthesized using C. Aurantifolia fruit extract as a reducing agent
by a biomolecules assisted sol–gel method. XRD results
showed that pure and Mg-doped ZnO exhibits the hexagonal wurtzite structure of ZnO. The Mg atomic percentage
from EDX analysis showed that the amount of Mg element
in the sample increased as the dopant concentration during
synthesis increases which was 0.225, 0.29 and 0.45 at.%
for 3, 5, and 10 mol% Mg concentration during synthesis,
respectively. Field electron emission measurements yielded
a general trend of decreasing turn-on and threshold field
values with increasing Mg doping level. Threshold electric field values of 6.99, 6.35, 6.07 and 5.99 V/m were
measured for pure ZnO, 3, 5, and 10 mol% Mg concentration during synthesis, respectively. Almost similar trend
was observed with the turn on field values of 916, 917,
8.62 and 8.49 V/m. The field enhancement factor, which
significantly depended on the emitter geometry, showed no
clear trend. Almost equal field enhancement factor values
of 801, 965, 955 and 786 for pure ZnO, 3, 5 and 10 mol%
Mg concentration during synthesis respectively was due to
similar geometrical structure of the samples. In general,
6
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