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Abstract In the present work, ZnO microstructures are

synthesized by thermal decomposition of zinc nitrate

[Zn(NO3)2�6H2O] in air at 500 �C for 3 h. Structural and

morphological study of ZnO microstructures have been

analyzed by X-ray diffraction and scanning electron

microscopy. UV–Vis absorption spectroscopy of ZnO

microstructures exhibits absorption edge at 381 nm. Room

temperature photoluminescence spectrum exhibits strong

ultraviolet emission together with feeble visible emissions.

In photoconductivity study, rise and decay of photocurrents

under UV–Vis illumination have been recorded in air as

well as in vacuum. Trap depth is calculated using decay

portion of the rise and decay of photocurrent.

Keywords Photoconductivity � Photoluminescence �
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1 Introduction

With wide band gap of *3.37 eV and large exciton

binding energy of *60 meV at room temperature, zinc

oxide (ZnO), a II–VI semiconducting material, is very

promising for opto electronic device applications e.g. solar

cells, gas sensors, piezoelectric nanogenarators, photode-

tectrors, UV light emitters [1–5] etc. Photoconductivity, the

increase in the electrical conductivity of certain materials

when they are exposed to light of sufficient energy, serves

as a tool to understand the internal processes in these

materials, and it is also widely used to detect the presence

of light and measure its intensity in light sensitive devices

[6, 7]. Photoconductivity occurs when light is absorbed in

the process of creating free carriers by intrinsic or extrinsic

optical absorption. A good photoconductive device

requires not only efficient charge separation but also effi-

cient transport of charge carriers to electrodes. Mollow

studied photoconductivity in ZnO single crystals [8]. Even

relatively small concentration of native point defects and

impurities significantly affect the electrical and optical

properties of ZnO.

Generally, ZnO exhibits n-type semiconducting nature

because of oxygen vacancies and other native defects

such as interstitial Zn ions acting as donors [9]. In addi-

tion, the presence of these native defects is believed to be

responsible for visible luminescence and photoconduc-

tivity (PC) in ZnO. A good photosensitive material should

show a large and fast change in conductivity. Photocon-

ductivity properties of ZnO have been investigated by

several researchers [10–17]. The synthesis of ZnO nano

and microstructures has potential applications in nano and

microscale optoelectronic devices. Methods used for

synthesis of ZnO nano and microstructures include

hydrothermal method, electrochemical route, combustion

method and thermal decomposition method [18–21].

Thermal decomposition method is a simple, inexpensive,

reproducible and mass-scale yield method for the syn-

thesis of ZnO microstructures, in which zinc nitrate as

precursor to synthesize ZnO thin films and microstruc-

tures has been reported by Bacaksiz et al. [22], because

zinc nitrate as a precursor has low solubility, low

decomposition temperature and non requirement of any

catalyst [23].
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In the present work, ZnO microstructures have been

synthesized by thermal decomposition of zinc nitrate at

500 �C for 3 h. ZnO microstructures have been character-

ized for their structural properties by XRD as well as SEM

and optical properties by UV–Vis as well as PL spec-

troscopy. Further, ZnO microstructures have been charac-

terized for their photoconductivity properties by observing

variation of darkcurrent and photocurrent with applied

voltage and by recording the rise and decay of photocur-

rents in air as well as in vacuum.

2 Experimental Section

2.1 Chemicals

Zinc-nitrate Zn(NO3)2�6H2O (purity: 99%, E. Merck Ltd.)

was used as a precursor to synthesize ZnO microstructures

directly without any special treatment.

2.2 Sample Preparation

In a typical procedure, about 2 g of Zn(NO3)2�6H2O was

placed into a crucible and was calcined at 500 �C for 3 h in

a muffle furnace. ZnO microstructures were obtained in

powder form.

2.3 Instrumentation

The structural, morphological and optical properties of

ZnO comprising microstructures were investigated by

X-ray diffraction (XRD) (PANalytical system, Cu Ka
radiation), scanning electron microscopy (SEM) (JEOL

scanning electron microscope), UV–visible absorption

spectroscopy (Perkin Elmer LS-35 spectrometer) and

photoluminescence (PL) spectroscopy (Perkin Elmer LS-

55 fluorescence spectrometer). For UV–Vis absorption

spectroscopy the powder was dispersed in distilled water

and stirred vigorously for homogeneous dispersion. In PL

characterization, He–Ne laser as a source was used to

excite the samples with excitation wavelength at 325 nm.

For studying photoconductivity properties at room tem-

perature, cell is formed by putting a thick layer of pow-

dered sample in between two Cu electrodes with a spacing

of 1 mm and area of illumination as 0.25 cm2. Hg lamp of

300 W is used as UV–Vis light source. A stabilized dc field

(50 V/cm to 500 V/cm) is applied across the cell. The rise

and decay of photocurrent was recorded in air as well as in

vacuum (10-3 mm of Hg to create oxygen-deficient

ambient in a glass chamber with the help of Tarson

Rockyvac 300 vacuum pump) using RISH Multi-18S with

adapter RISH Multi SI-232.

3 Results and Discussion

3.1 Structural Study

Figure 1 shows X-ray diffraction (XRD) pattern of ZnO

microstructures prepared by thermal decomposition of zinc

nitrate at 500 �C for 3 h. The prominent peaks (100), (002),

(101), (102), (110) and (103) are observed at 2h = 31.93�,
34.46�, 36.33�, 47.68�, 56.66� and 63.11� respectively. All

diffraction peaks can be indexed to ZnO wurzite structure

corresponding to JCPDS card No. 36-1451. Similar results

have been reported by Baskoutas et al. [24]. No other

characteristic peaks of impurities such as Zn and Zn(OH)2

are observed, indicating that ZnO has been successfully

synthesized. Peaks are sharper and narrower that indicates

synthesized ZnO microstructures are of good crystalline

structure. The lattice parameters in case of wurtzite phase

are calculated using following formula:

1

dhkl
¼ h2 þ k2

a2
þ l2

c2
ð3:1Þ

where a = b and c are lattice parameters, dhkl is the

interplanar separation corresponding to Miller indices h, k,

l. The calculated values of lattice parameters a, b and c for

synthesized ZnO microstructures regarding most prominent

peak (101) are calculated as 1.675, 1.675 and 4.652 Å

respectively.

3.2 Morphology Study

Figure 2 shows SEM images of the synthesized ZnO

microstructures formed by thermal decomposition of zinc-

nitrate at 500 �C for 3 h. The aggregated morphology of

Fig. 1 X-ray differaction (XRD) pattern of ZnO microstructures

synthesized by thermal decomposition of zinc nitrate
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six sided pyramid shaped microstructure has been

observed. Flowerlike microstructures consist of six sided

pyramid shaped microstructures. The six side surfaces and

the base of the hexagonal micropyramids are smooth.

Similar morphology has been reported by Ukewa et al. [25]

for ZnO particles synthesized by decomposition of zinc

nitrate hexahydrate. The average size of ZnO microstruc-

tures is around 125 lm which is higher than that reported

by Ukewa et al. may be due to the fact that the thermal

decomposition temperature 500 �C is higher than that used

by Ukewa et al. [25].

3.3 UV–visible Absorption Study

Figure 3 shows UV–visible absorption spectrum of the

sample ZnO microstructures showing an absorbance peak

at 381 nm. Similar absorbance peak has been reported by

Wa et al. [26] and Singh et al. [27].

3.4 Photoluminescence Study

Figure 4 shows room temperature photoluminescence (PL)

spectrum of the synthesized ZnO microstructure with

wavelength of excitation as 325 nm at room temperature.

The PL spectrum exhibist a strong UV emission peak at

*364 nm (3.39 eV) related to near band edge emission

(NBE) of ZnO. This UV emission peak is attributed to

recombination of free exciton- exciton collision process

[28, 29].

3.5 Voltage Dependence of Photocurrent

and Darkcurrent

Figure 6 shows the variation of dark-current (Idc) and

photocurrent (Ipc) under UV–Vis illumination with applied

Fig. 2 SEM images a at low

magnification and b at high

magnification of ZnO

microstructures

Fig. 3 Room temperature UV–visible absorption spectrum of ZnO

microstructures

Fig. 4 Room temperature photoluminescence spectrum of ZnO

microstructures
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voltage in ZnO microstructures. ln (I) versus ln (V) curves

are straight lines having different slopes with respect to

varying voltages according to power law, I a Vr, where

r represents the slope of different straight line segments

and I is either darkcurrent or photocurrent. Figure 5 shows

that the dark current Idc varies sublinearly (r = 0.84) at low

voltages, and above 10 V, it varies superlinearly

(r = 1.25), which may be due to flow of additional charge

carriers being injected from one of the electrodes

[7, 30, 31], and the variation of photocurrent (Ipc) with

applied voltage is found to be superlinear that suggests that

some charge carriers are being injected into the material

from one of the electrodes [31–33].

3.6 Rise and Decay in Air and Vacuum

Figure 7 shows the rise and decay curve of photocurrent

under UV–Vis Illumination with fix photo flux and bias

voltage, measured in air as well in vacuum (10-3 mm of

Hg pressure).

The cell was initially kept in dark till the dark current

was stabilized. In air when the light was switched on, the

photocurrent increased very fast due to quick generation

of electron and hole pairs as a result of absorption of

photons. After attaining a peak, the photocurrent started

to decrease slowly even during steady illumination. This

kind of anomalous behavior is attributed to the slow

process of photoinduced chemisorption of oxygen

molecules on the surface of ZnO microstructures

[12, 34, 35]. Oxygen molecules get adsorbed on the

surface as follows.

O2 gð Þ þ e� ! O�
2 adsorbed speciesð Þ

When the light was switched off the current decrease

very fast initially, which could be attributed to

recombination of free electron and holes [6, 36]. Later

the current decreases slowly, which could be attributed to

slow process of desorption of oxygen molecules as follows:

O2 adsorbed speciesð Þ þ h ! O2 gð Þ þ e�

The rise and decay curve of photocurrent in vacuum is

also shown in Fig. 6. In vacuum, no anomalous behavior

was observed unlike that observed in air. This may be

attributed to deficiency of oxygen molecules to be

readsorbed on the surface of microstructures [37]. When

light was switched on, the photocurrent increased sharply

due to generation of electron hole pairs as a result of

absorption of photons and then it increased slowly. After

attaining the peak value the photocurrent got stabilized.

The slow rise and decay in vacuum may not be attributed to

decreased interfacial process in O2
- deficient ambient [38].

Trap depth is calculated from the exponential decay

portion of the rise and decay curves. Decay is expressed as

follows [34, 39]:

I ¼ I0 expð�ptÞ ð3:2Þ

where, p is the probability of escape of an electron from the

trap per second, I0 is the current at the time when light is

switched off and I is photocurrent at time t after the light is

switched off. The probability of an electron escaping from

a trap is also given by

p ¼ S expð�E=kTÞ ð3:3Þ

where, k is Boltzman constant (1.381 9 10-23 J/K), T is

absolute temperature and S is the frequency factor i.e.

attempt to escape frequency [7, 40]. The attempt to escape

frequency (S) is defined as the number per second that the

quanta from crystal vibrations (phonons) attempt to eject

Fig. 5 Variation of photocurrent and darkcurrent as a function of

applied voltage for ZnO microstructures

Fig. 6 Rise and decay curves in ZnO microstructures in air and well

as in vacuum
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electrons from the traps, multiplied by the probability of

transition from trap to conduction band. S is of the order of

109 at room temperature [41]. From the above equations,

trap depth (E) becomes:

E ¼ kT ln S� ln
lnðIo=IÞ

t

� �
ð3:4Þ

The trap depth is calculated to be 0.59 and 0.67 eV for air

and vacuum respectively.

Photocurrent transients were measured by illuminating

the sample under the periodic pulses of UV–Vis illumi-

nation, at a fixed bias voltage of 20 V in air as well in

vacuum (Fig. 7). The photocurrent transient cycles show

that the photocurrents peak in air reduces in each cycle,

which may be due to increased rate of recombination as a

result of anomalous behavior of photocurrents in air [42].

Rise and decay times are of the order of few tens of sec-

onds. Rise time lies in the range of 5–41 s whereas decay

time is found to lie in the range of 19–28 s.

4 Conclusions

Thermal decomposition of zinc nitrate (Zn(NO3)�6H2O) at

500 �C for 3 h yields wurzite ZnO microstructures of

aggregated morphology of six sided pyramid particles. This

method is simple, inexpensive, reproducible and mass

yielding. Absorption edge is at 381 nm and PL spectrum

exhibits a strong ultraviolet emission at *364 nm together

with four feeble visible emission bands. Photocurrent is

found to vary superlinearly with applied voltage whereas

variation of darkcurrent switches from sublinear to super-

linear at high voltage. Anomolous behavior of photocurrent

is observed in air wherein the photocurrent decreases even

during steady illumination which disappears in vacuum.

Under periodic illumination of UV–Vis pulses, ZnO

microstructures exhibit sufficiently fast switching tran-

sients, rise time lies in the range of 5–41 s whereas decay

time is found to lie in the range of 19–28 s, that makes the

synthesized ZnO microstructures good candidate for cer-

tain photo-switching devices.
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