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a b s t r a c t

A protocol for novel Zinc oxide nano-geometry has been developed through conditional (pH, solvent and
temperature) optimisation of simplewet chemical based acidic route synthesis. Amonodispersed needle-
topped nanorod and nanorosette structures pioneered for technological devices are prepared. Possible
reaction kinetics is proposed for the nanostructural growth. Prepared nanocrystals are opto-physically
characterised using UV–visible spectroscopy, Fourier transform infra-red spectroscopy, X-ray diffraction,
Dynamic light scattering-zeta potential and Field emission scanning electron microscopy.
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1. Introduction

Semiconductor nanomaterials possessing unique opto-physical
and electrical properties are the focus of applied nanoscale re-
search for potential exploration in designing engineered devices [1,
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2]. Among them, class II–VI residing semiconducting nanostruc-
tures are themost studied type due to theirwide application in fab-
ricating electronic devices operational at shorter wavelength [3],
production of transparent liquid crystal display electrodes [4],
light emitting diodes [5], thin film transistors [6], microelectronic
devices [7], among others. Zinc oxide (ZnO; a II–VI class com-
pound having wide band-gap—3.37 eV and high exciton bind-
ing energy—60 meV) both in solitary and in doped form [8,9],
is a promising material for technological advancement due to its
opto-transparency [10,11], specialised conductivity [12], efficient
electron mobility [13], room temperature luminescence near UV-
region and piezo-electricity [14]. Precise regulation over size and
shape of ZnO nano-morphology is the strong determining factor
for efficient performance of integrated devices [15,16]. For the
purpose, considerable importance has been projected upon for-
mulation and fabrication of wide range nanoscale ZnO geome-
tries including cuboid to spherical particles [11,17], rods [18–
20], wires [12], needles [21], belts [22], pencils [23], disks [24],
whiskers [25] and other characteristic shapes adopting differ-
ent methods namely, chemical precipitation, thermal evapora-
tion, chemical bath deposition, vapour-phase transportation, mi-
crowave assisted sol–gel modification and others. Among the
different synthesis techniques, wet chemical co-precipitation is
rather cost effective robust type preparationmethodologywithout
any need of complex instrumentation for the growth of NPs [26].

Present investigation is designed for the conditional optimisa-
tion of a novel ZnO nano-architecture by tuning the wet chemi-
cal aqueous reaction kinetics for engineered devices. Synthesised
nanostructures are opto-physically characterised using UV–visible
spectrophotometry (UV–Vis), Fourier transform infra-red spec-
trometry (FTIR), X-ray diffraction (XRD), Dynamic light scatter-
ing (DLS), Zeta potential and Field emission scanning electron mi-
croscopy (FESEM) for determination of nano-standard quality.

2. Materials and methods

2.1. Wet-chemical synthesis

Stock solutions of 0.01 M (pH 6.0) of Zinc acetate dihydrate
[(CH3COO)2Zn · 2H20, AR-grade Merck-India], 0.01 M potassium
nitrate (KNO3, AR-grade, Merck-India) and 0.1 M (pH 12.8) sodium
hydroxide (NaOH, AR-gradeMerck-India)were prepared following
the dilution of respective salts/pellets in deionised water. ZnO
crystal precipitation reaction was carried out following acidic as
well as basic route of wet chemical synthesis. Both reaction types
were programmed under continuous stirring of the stock solution
on a magnetic stirrer.

Low pH acidic route synthesis (AS) of ZnO-nanocrystals was
performed under two experimental set-up conditions (AS-1
and AS-2). Growth and subsequent precipitation were obtained
following drop wise micro-pipetting (20 µl/drop; 5 drops/min) of
NaOH (4000µl) into the stock acidic solution [AS-1: Zn(CH3COO)2 ·

2H2O:KNO3 :: 25 ml:25 ml; AS-2: Zn(CH3COO)2 · 2H2O:KNO3 ::

30 ml:20 ml]. Final pH of the mixture was fixed at 6.2.
Basic route synthesis (BS) was carried out by drop wise

(20 µl/drop; 5 drops/min) addition of Zn(CH3COO)2 · 2H2O −

KNO3(1:1) mixture (10 ml) into the 0.1 M NaOH stock (50 ml)
under vigorous stirring. Final suspension was maintained at pH
11.6.

Under each experimental set-up, reaction temperature was
kept at 30° ± 1 °C. Vigorous stirring of each resultant suspension
was performed for 2 h.

2.2. Thermal deposition of ZnO-Nanostructure (NS)

For nano fabrication, ZnO-NS super saturated suspensions from
each set (AS-1, AS-2 and BS)were drop-coated on silicon (Si)-wafer
[(1 1 1) plane] (2 mm × 2 mm). Each wafer was subjected to place
inmuffle furnace (400 °C for 20min, at the temperature ramp. rate
of 50 °C–80 °C/min) for thermal deposition and planer typo of 1D
ZnO-NS.

2.3. Characterisation

Opto-physical attributes of ZnO-NS (AS-1, AS-2 and BS) were
studied following the use of UV–Vis, FTIR, XRD, DLS and Zeta
analyser.

Absorbance efficiency near visible and infra-red spectrum re-
gion was analysed under UV–visible spectrometer (Perkin Elmer
LAMBDA 1050) and Fourier transform infra-red spectrometer
(Jasco FT/IR-6300) respectively. Structural and crystalline prop-
erties of synthesised NS powders were assessed by θ/2θ X-
ray diffractometer (Shimadzu LabX) using CuKα radiation. Crys-
talline size (Dnkl) was estimated using Scherrer equation—Dnkl =

kλ/β cos θ ; where λ = wavelength of CuKα radiation, β = full
width and half maximum intensity, θ = diffraction angle of con-
sidered diffraction peak and k = shape factor constant. Average
hydrodynamic diameter of the nanostructures was measured us-
ing dynamic light scattering analyser (DelsaTM Nano C, Beckman
Coulter). Zeta potential estimates the surface electric charge of the
ZnO-NS as well as its morphological stability in the aqueous solu-
tion.

ZnO nanoarchitecture deposited was observed under Field
emission scanning electron microscope (JOEL JSM-7600F).

3. Results and discussion

3.1. Optical and infra-red characterisation

UV–visible absorption plots of the studied NS samples demon-
strate existence of broad peaks (Fig. 1(a)) in 350–390 nm (AS-
1-370 nm; AS-2-395 nm; BS-376 nm) region corresponding to
characteristic standard peak of hexagonal Wurtzite ZnO crys-
tal [27], which is in well agreement with high purity of the sam-
ple types [28,29]. Particle sizing effect on the blue shifting pattern
of the prepared nanosuspensions reveals decreasing size order as
AS-2 > AS-1 > BS. Blue shift of absorption edge of AS-1 and AS-2
is possibly attributed to the resultant interparticle coupling effect
as suggested earlier by Ramani et al. [30] rather than quantum con-
finement due to small size Bohr-excitation radius of ZnO [31]. Red
shifting of absorption edge of BS nanosample indicates abundance
of hexagonal nanorod formation [30], thereby mediating increase
in intensity of optical absorption.

Composite IR plot of 3 studied ZnO nanocrystals (Fig. 1(b))
exhibits inverse peak at 3200–3600 cm−1 region corresponding to
O–H vibration. Changes in peak morphology from intense sharp
type (AS-1 and AS-2) to shallow broad type (BS) may be attributed
to the variation in the crystal morphology coupled with trapped
latticewater diversity. Transmissional peak shifting (BS: 508 cm−1,
AS-1: 493 cm−1 and AS-2: 466 cm−1) of Zn–O bond vibration
towards higher wave number is in proportionate with increase in
pH potential of the suspension. Stretching vibration of NO3 [32] in
800–1390 cm−1 region is recorded for both acidic route samples.
Absence of such in BS sample indicates that the reactionmixture is
devoid of NO3 radical.

X-ray diffraction patterns of the synthesised ZnO-NS powders
are illustrated in Fig. 1(c). XRD spectra of nanosamples reveal
peak localisation within Bragg angles (2θ ) between 20° and
80°. Comparative superposition of the scattered plots of the
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