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Abstract

In this work, We synthesized the size-controlled ZnQO nanowires were growth by
oxidation of Zn layer in acetone vapor ambient at low pressure with temperature of 850°C.
The Zn films were deposited on FTO glass substrate by thermal evaporation. The ZnQO
nanowires were characterized by field emission scanning electron microscopy (FE-SEM),
transmission electron microscopy (TEM), X-ray diffraction and UV-vis spectroscopy for
morphology, crystal structure, optical properties, respectively. The diameter of ZnO
nanowires was found to depend on thickness of Zn layer and acetone vapor flow rate. The
Zn0O nanowires had diameter ranging from 45 to 319 nm. Also, the largest energy gap of ZnQO
nanowires was found to be 3.20 eV. In addition, The growth mechanism of ZnQ nanowires

on the FTO substrate was discussed.
Keywords

Zn0 nanowires; FTO glass; Zn layer; acetone

Introduction

One-dimensional nanostructure
materials such as nanorods or nanowires
have caught interest due to their unique
physical  properties and potential
applications in nanodevice. Zn0O has a
wide band gap of 3.37 eV and an excition
binding energy of about 60 meV.
Applications of ZnO nanowires arrays
have been demonstrate in nanolaser [1],
nanogenerators [2], nanosensors [3], light-
emitting diodes (LEDs) [4], field emitters
[5], gas sensors [6] and dye-sensitized
solar cells (DSSCs) [7]. ZnO nanowires
can be prepared by wvarious techniques
such as chemical vapor deposition (CVD)
[8-10], metal-organic chemical wvapor
deposition (MOCVD) [11],
electrochemical deposition [12] and
aqueous solution method [13].

In this paper, we have used
chemical vapor deposition (CVD) method
to prepare ZnO nanowires on FTO glass
substrate. This method has advantages on

low production cost, easy handling, high
efficiency and high crystal quality [5]. We
report growth, characterized morphology
and optical properties of ZnO nanowires
by chemical vapor deposition on FTO
glass substrates in presence of acetone
vapor.

Experimental

To clean and remove surface
contamination on the substrate, FTO glass
was sonicated in anticeptic and acetone
solution for 15 minutes each. Next, FTO
glass was coated with a thin layer of Zn
powder by evaporation technique. The
thickness of Zn layer was controlled by
weights of Zn powder at 0.5g. Then, ZnO
nanowires arrays were grown in a tube
furnace by chemical vapor deposition
(CVD) technique.

In the process, Zn powder as a
source prepared in a ceramic boat was
placed at the center of the tube furmace at
850°C. FTO glass substrate with Zn layer

*W.Sc.. Faculty of Science, Chiang Mal University, e-mail address : phystac@windowslive.com
** Asst. Prof., Faculty of Science, Chiang Mai University, e-mail address : supab99@gmail com
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Figure 1 Tube furnace system for growth ZnO nanowires

was placed at 18 cm from Zn powder
source with the temperature of 530°C
under Ar gas atmosphere with the flow
rate of 1 L/min in the tube furnace for 5
minutes in order to remove O, residual out
from the tube furnace. After that, the
valves were closed to prevent Zn vapor
leaking out from the system. When the
temperature reached 850 °C, the valves
were opened and 0.5 L/min Ar gas was
flown with different flow rates of acetone
vapor of 12.5, 25 and 50 sccm (Standard
Cubic Centimeters per Minute) for 15

Results and Discussion

2\ o
WP\

. { . Sy Ew

Figure 2 (a) Cross-sectional FE-SEM image of Zn layer deposited from Zn p

minutes in the tube furnace. Next, the
valves were closed for 15 minutes for the
initial chemical vapor between Zn and
acetone reactions. After this process, the
valves were opened and another Ar gas
with 0.5 L/min flow rate was filled for 30
minutes to remove O, out from the tube
furnace, then the reaction was stopped for
the tube furnace cooling down to room
temperature. Finally, the samples were
annealed in air at 500 °C for 2 hours to
remove carbon contamination.

M: SOV X11.000 1 WO 1

owder of 0.5g. (b-d)

FE-SEM images of ZnO nanowires for acetone flow rates of 12.5, 25 and 50 sccm, respectively



Intensity (a.u.)

FE-SEM cross-sectional image for
the first step of Zn layer coated on FTO
substrate with Zn powder of 0.5 g was
shown in Figure la. The thickness of Zn
layer was 550 nm. The second step, ZnO
nanowires were grown on the Zn film-
coated substrate with different acetone
flow rate of 12.5, 25 and 50 sccm. The
diameters of ZnO nanowires with different
acetone flow rate of 12.5, 25 and 50 sccm
exhibited various diameters of ZnO
nanowires of 45, 81 and 319 nm(Figure
1b-1d), respectively. The larger diameters
of ZnO nanowires with increasing acetone
flow rate can be explained in terms of
supersaturation ratio, and the increase of
acetone flow rate induced the enhancement
of O, partial pressure in ZnO atom, leading
to enlarge the diameter of ZnO nanowires
[14].

S @ 125 scem.
i @® 25scom.

@ 50scem.
ZnO powder
W SnO_F

26 (degree)

Figure 3 XRD patterns of ZnO nanowires
and ZnO powder

XRD patterns of the samples with
different acetone flow rate were shown in
Figure 3 and can be mainly indexed to
hexagonal structure of bulk ZnO (JCPDS
file no. 89-1397) with lattice parameter a =
3.253A and ¢ = 5.213A. The SnO, peaks at
20 = 26.59°, 33.88°, 37.96°, and 51.78°
were also observed due to the FTO glass
substrate. It can be confirmed that the
different acetone flow rate remain perform

120

the ZnO nanowires on substrate with out
contamination incorporated in the samples.

Selected area electron diffraction
(SAED) pattern and TEM image were
shown in Figure 4a and 4b. SAED showed
spot pattern indicating single crystalline
property and can be indexed to hexagonal
structure of ZnO nanowires of (JCPDS file
no. 89-1397) (1101), (1101), (0002)
and (1103), which is consistant with the d-
spacing of 2.47, 2.47, 2.60 and 147 A,
respectively (JCPDS file no. 89-1397).
Moreover, from trace analysis it was found
that the growth direction of ZnO
nanowires is along (1101) direction.

The d-spacing was indexed to
hexagonal structure of bulk ZnO (JCPDS
file no. 89-1397) (1101), (1101), (0002)
and (1103), respectively.

Figure 4 (a) selected area electron
diffraction pattern of ZnO nanowire and (b) TEM
image.

Figure 5a showed absorbance
spectra  obtained from  UV-visible
spectroscopy. The absorption edges with
increasing of acetone flow rates are
slightly shifted to longer wavelengths
(~380-400 nm). This range exhibited the
excitonic excitation peaks of ZnO signals
(Shown in inset)
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Figure 5 (a) absorbance spectra of ZnO
nanowires obtained from UV-visible spectroscopy
(b) The plot of (¢hv)? and energy of light source for
energy gap determination.

The energy gaps can be determined
from the plot of (ahv)?® and energy of light
source as shown in Figure 5b. The
obtained energy gaps were 3.20, 3.19 and
3.16 eV for acetone flow rates of 12.5, 25
and 50 sccm, respectively. The values of
energy gap corresponded with previous
work [15]. The small variation of energy
gaps as a function of acetone flow rate
may due to variation of the nanowire size.
The increase of ZnO nanowires size
attributed to the narrower energy gap of
ZnO nanowires due to the tunable
absorption in ZnO nanowire structure of
the quantum confinement effect[16-18].

Conclusion

We have successfully synthesized
the ZnO nanowires on Zn layer coated
FTO glass substrates by oxidation
techniques in acetone vapor. XRD
confirmed that ZnO nanowires were grown
on FTO glass substrate under different ace
tone flow rate with contamination-free
structures. Also, FE-SEM and TEM
micrographs indicated that the average
diameter of ZnO nanowires increased
when acetone flow rate increased with the
growth direction along [102]. The small
variation of energy gaps as a function of
acetone flow rate was observed and maybe
due to variation of the nanowires sizes.
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