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ABSTRACT

Well-aligned ZnO nanorod arrays were synthesized by low-temperature wet chemical bath deposition (CBD)
method on S substrate under different conditions. Results illustrated that dense ZnO nanorods with hexagonal
wurtzte structure were vertically well-aligned and uniformly distributed on the substrate. The effects of precursor
concentration and growth temperature on nanorods morphology were investigated systematically. The mechanism
for the effect of preparation parameters was elucidated based on the chemical process of CBD and basic nucleation
theory. It is demonstrated that the controllable growth of well-aligned ZnO nanorods can be realized by readily
adjusting the preparation parameters. Srong near-band edge ultraviolet (UV) emission were observed in room
temperature absorbance spectra for the samples prepared under optimized parameters, yet the usually observed
defect related deep level emissions were nearly undetectable, indicating high optical quality ZnO nanorod arrays
could be achieved via this easy process chemical approach at low temperature.
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INTRODUCTION

One-dimensional (1D) nanostructure materials haentextensively studied because of their poteafiplications
in nanoelectronic devices, such as field-effecbdistors [1], single electron transistors [2], mudddes [3], and
chemical sensors [4]. Among these 1D semiconductorgnaterial’s, there has been considerable attefdicused
on low-dimensional ZnO nanostructures on accouritsafhany exciting properties, such as a wide hgeaql (3.37
eV), a large exciton binding energy (60 meV), eberdl chemical and thermal stability, transparency,
biocompatibility, and wide electrical conductivitgnge [5]. ZnO has probably the richest family ahastructures
among all materials, which exhibits the most spiérehd abundant configurations of nanostructureg tine
material can form. An up-to-date comprehensiveawvbn ZnO nanomaterial platform for nanotechnology be
found in Ref. [6]. Single crystal ZnO nanorod ispafiticular interest due to its potential appliocat in an emerging
area of nanotechnology. Up to now, numerous expariat attempts have been reported to fabricate @aidrod
materials, such as molecular beam epitaxy (MBE), [fjlsed laser deposition (PLD) [8], sputtering,[9]
electrochemical deposition [10], vapor phase trartsf)yPT) [11], chemical vapor deposition (CVD) [1&hermal
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evaporation [13]. However, these methods usuatiyiire expensive equipment’s and high operation tatpre,
which are not compatible with organic substratesdioplications in flexible and wearable electroniC®@mpared
with the methods mentioned above, the wet chenhigdd deposition (CBD) method as a high performagrogvth
technique for ZnO nanorod/nanowire is especiallyaative due to its obvious advantages of low-cdmiy-
temperature operation and environmental friendinddoreover, this technique can be carried out cat |
temperatures and large scale on any substraterdiegs of whether it is crystalline or amorphoud,[15]. An
important and key issue for the technological aygpions of ZnO nanorods is to realize the contbbdiagrowth for
desired functionality and put it into practice. Téfere, fundamental understanding of the effectpreparation
parameters and growth mechanism are essentiddisipaper, the wet CBD method was employed to dab#iZnO
nanorods on Si substrate and the special attemtaspaid to the effect of the precursor concemtnatgrowth
temperature and time on the morphology of as-gr@gw® nanorods. It should be noted that only stroegr#band
edge UV emission peak were observed in room temmyperabsorbance spectra for the samples under iaptim
parameters, indicating high optical quality ZnO o@d arrays could be achieved via this low-tempeeakasy
process chemical approach. The achievement of aligited ZnO nanorod arrays with high optical qyatnd
uniform thickness and length distributions is ohsiolerable interest because they are highly apjatepior further
fabrications of vertical nano device arrays.

MATERIALS AND METHODS

2 Experimental Details

CBD technique has been proven to be a good appfoadynthesis of ZnO nanorods with the use of Zs@ds in
the forms of thin films [16]. Here, Si was chosen a substrate for ZnO nanorod arrays grown usirf@B®
technique. The Si substrates were cleaned in thesahic bath with acetone, ethanol and deionizaigmto remove
adsorbed dust and surface contamination. In oal&altricate vertically aligned nanorods, ZnO sesei was first
fabricated on the substrates by simple silar methb@dml aqueous solutions composed of zinc acetate
(Zn(CH,COO),.2H,0) with ammonia solution were used as a precursarce for the growth of ZnO nanorods. All
the employed chemicals were analytical reagentegride concentration of Zn(GEOO), .2H,0 was varied in the
range of 0.025 to 0.075M while keeping the moldioraf Zn(CHCOO), .2H,0 and ammonia to be 1:1. The
solution was then transferred into a sealable dbesker in which the substrates were suspendeitalgrt The
optimized films with precursor concentration wea&en for growth temperature variation in the ran§é5°C to
95°C. At the end of the growth, the substrates wagten out of the solution and rinsed several timiés deionized
water, and then blew dried with high purity Ar gatsroom temperature. A detailed chemistry proces€BD
technique can be found elsewhere [17].

A Philips Japan MPD 1880 X-ray powder diffractommet@s employed to study the crystal structure ef fthms.

Surface morphology of the films was examined byagsy electron microscopy, SEM (JEOL, 15 kV). A@hdzu
double beam spectrophotometer was employed foiirobgaabsorbance in the wavelength range of 350+800
and to evaluate the direct band gap energies.

RESULTS AND DISCUSSION

Fig. 1 shows the typical XRD pattern for the asvwgraZnO nanorod arrays grown on Si substrate. Aflattion

peaks are consistent with the wurtzite structureickv can be indexed to a standard spectrum of JCRIDS 36-
1451). For all the samples, the (0 0 2) diffractpmak in XRD patterns is dominant, which reveaéspteferentially
oriented growth along the c-axis.
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Figl: XRD pattern of as grown ZnO nanorod arrays.

A series of experiments were performed by varyihg precursor concentration keeping other parameters
constantd investigate the effect of the precursor concéintiaon the morphology and asect ratio of ZnO nanorod
arrays. Fig. 2 shows the SEhages of ZnO nanorod arrays grown with the prem concentration varied from
0.025M to 0.075M. The growttemperature andme were 85°C andh? respectively. It can | clearly seen that the
morphology of as-grown Zn@anorod arrays are closely related to the precuwrsacentratior Furthermore, it
shows thatnitially for low precursr concentration each nanorod has change in diaraleteg its entire length, and
are small in sizéndicating that the growth anisotropy constantly changing but for 0.5M concentration growth
anisotropy is constantly maintainadd well grown nanorods are formed. Figh®ws that the ZnO nanorod arr
possessed an averagariation in nanorocdiameterwith increase in precursor concentratibut poor preferred
orientation. The ZnO samples prepared from 0.025M and 0.05M aicetate solution possessghly oriented
nanorod arrays with high density, which is duehi® fiact that the nucleation density on the Si sabsincreases
the Zn concentration in the solute on increasesth&ssolution concentration increases above 0.05N4, very
obvious hat the average diameter is dramatically incredsethe clustering of nanorods, which leads to lo
aspect ratio and may also worse the degree of adnanientation However, for samples under hig precursor
concentration, ardense ZnO nanorod ars with ahexagonal wurtzite structure were vertically -aligned and
uniformly distributed on the Si substra

Fig 2: SEM micrograph of precursor dependent ZnO tfin films (a) 0.025M (b)0.05M (c) 0.075M.

To study the effect of growttemperature on the morphology ZnO nanorod arrays, CBD growth of the Z
nanorod arrays weneerformed on Si substrate from °C to 95 °C with the optimizefdrecursor concentration of
0.075M for 2h. The corresponding SE images of the nanorods grownegich temperature are show! Fig. 3. It
shows that nearly all the ZnO nanorods are perpertatly oriented to the substrate regardless of the gt
temperature. Topiew SEM images reveal that the nanorods hexagonal prism shape, suggesting tha
nanorods grow along [0 q direction at various temperatures. However, ttoawh temperature haa strong impact
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on the diameter ankkngth of the nanorods. As shown in Fig—d, the averagdiameter, length and aspect r¢
increased dramatically with thiacrease of growth temperat upto 85°C and further decreased with rise
temperatureThe average diameter incree from 80 nm to 170 nm. This implielat the growth rate along [0 ]
direction is more sensitive to temperature compéwatiosealong [0 0 1] and [1 O]idirections. This statement w
also supported byhe fact that the ZnO nanorod arrays grown at loteenperatur have more uniform size
distribution. It is observed that the aspect ratio of the ZnOonadls is increased with thncrease of zinc acetate
concentration because when the concentration i®ased, the concentration of © will also increase and the
these OHions can partially suppress the growth c-deposited ZnO nanorystallines along the-axis direction
[45]. Therefore, changing tlgrowth temperature is another important means tdrabthe morphology and aspect
ratio of the ZnO nanorod arrafs3,19].

Fig 3: SEM micrograph of temperature dependent ZnO thinfilms deposited at (a) 65°C (b) 75°C (85°C (d) 95°C.

The mechanism for the fett of precursor concentration aigrowth temperature can be elucidated with
chemicalprocess of CBD and basic theory of crystal nuabeatind growtt The chemical process involved in 1
growth of ZnO nanorods can besdeibed as follows: Zn(C;CO0)2.2HO provides Zf'" ions required for building
up ZnO nanorods, water molecules in solution provide & ions. Even though the exact functionammonia
solutionduring the growth is still unclear, it is belie\ to act as a wealase, which would slowly hydrolyze in t
water solution andradually produce O [20]. The ZnO will form through dehydration of Zn(C, and precipitate
onto the substrates, leading to the formation @ Zxanorods on the substra

Wurzite ZnOhas polar surface such as [0], and nonpolasurfaces such as [1 0 1] and [1 O 0]. The aspéct oé
the as growrZnO nanorods will be determined by the relativewgh rate of the polar surface and I-polar
surface. With the increase pfecursor concentration, the amount of Zn(, produced fror precursor solution will
increase correspondingly, which v increase the speed of growth during synthesis [Zhpsi processes are
endothermic and will hinder ZnO nanorod ar growth in the [0 0 2] directionss a result, thickenanorod arrays
were obtained under higher precursor concentri The temperaturdependent aspect ratio may als' understood
considering the fact that the relative growth raft the polar [0 O 2] surface and ther-polar [1 0 1] and [1 0 O]
surfaces increase with the rise of growth tempeeafliherefore, is possible to control the morphology and asj
ratio of ZnOnanorod arrays on the substrate by adjusting theupso concentration, growth temperatumnd time
[22].

Optical properties of nanorods are important fonynaf theil technological application:

404
Scholars Research Library



B. N. Pawaret al Arch. Phy. Res,, 2012, 3 (5):401-406

0,010

b
>

{ ——0.025M —— 0.025M
3 ——0.05M - ——0.05M
= (a) 0.075M _"Eo‘oog, 0.075M (b)
= 3.4 =
o T
= 239 20,006 -
=
g 2.0 -:
2 Hj — (0,004
z i
- 1.04 N
2 anozf
= =
= 0.5 =
B - - ‘ 0000 ‘ ‘ ‘ ‘ ‘ : .
400 200 600 =00 500 L8 20 22 24 26 28 30 32
Wavelength (nm) Photon energy (eV)
2.8 ( ) 0.0028{——65°C d
C TS
o <024 §80C
3 E 95 o(*
= 20 .5 0.0020
o -
2 Lo 2 0.00161
= 0
< 12 = o.0012
s w
o> g
2 0.8 . 0.0008
- z
0.4 23 0.0004
M-
0.0l — - - 0.0000 ‘ ‘ - :
400 S0 o) 00 800 2.1 2.4 b 3.0 3.3
Wavelength (nm) Photon energy (eV')

Fig 4 : Absorption spectra and Variation of (1h(1)? vs. hi of the ZnO thin films (a) absorption spectrasf precursor variation (b) band
gap spectra of precursor variation (c) absorption gectra of temperature variation (d) band gap energyspectra of temperature variation.

The variation of absorbanceat] andband gapenergy of ZnO film with the precursor concentratis shown in Fig.
4(a) (b). This spectrum reveals that low concerdraZnO film has low absorbance in the visible regiwhich is ¢
characteristic of ZnO [23]The absorbance has increased with increase augs@ concentratiorThe films shows
absorption edge dhiat low wavelength attributed to various factsteh as electronic defects, vacan [24] and
nanorods imbedded in the amorphous p [25]. Also Fig 4(c) showsvith the variation in bath temperature fr¢
65°C the absorbance increases til°C and further decreases for 95%ll. the films have sharp absorption edge¢
low wavelengthWhen a metal nanoclustor was embedded in the diel@catrices, an optical absorption spectt
was observed which accoagntor the quantum size effect]], or the limited metal free pathf the conduction
electrons [2F it is known that the system contains large nohekagonal nanorods of ZnO. The role of

interaction between metal nanorods within the s@faf substrate and temperature affect the lingsical

absorption mechanisnSharp ultraviolet absorption edges at approximaA=380nm are observed with t
absorption edge being shifted to shorter waveleaglower concentrationlt can be clearly seen the shift in be
edge in Fig. 4(b). The absomuti coefficien a is calculated by applying the Tauc mof#3]:

atv=A(hv - Eg)m @

Where,a is absorption coefficient, A is an ene-independent constant, m is a constant which detesriype o
the optical transition (m= 1/2 for allowed dirernsitions and m= 2 for allowed indirect transigpand Eg is th
optical band gap. It is evalut that the optical band gap of the ZnO film ha#act optical transitior

Fig.4 (b) shows plots ofahv)? Vs. v for the ZnO films deposited at differedncentratior. As seen from these
figures, the values of optical band gaps of thmdidecrease with increasing concentrs. Namely, it shifts from
3.1025eV to 3.257eV ancentration varies from 0.02! to 0.075M.A blue shift in the absorption edge of Zi
film is also observed. This could mainly be atttémito the Burste—Moss effect [2D since the absorption edge
a semiconductor shifte® shorter wavelengths with increase in carrierceotration. There are two main reason
the shifting in the direct bangap with variation of concentration and temperz in the semiconducto [30]. The
first reason is the effect of the lattice thermgbansion which is related to the change of elecémoergies with th
volume. That is, the variation of Eg with temperatmay be attributed to a shift in the relativeiposs of the
valanceand conduction bands due to the temperature depeads the dilation of the lattice. The second oeas
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the direct renormalization of the band energies tuehe temperature dependence of the electron-gohon
interactions. However, this shift accounts for osityall fraction in the total variation of the gageegy.

CONCLUSION

ZnO nanorods arrays were successfully synthesinatie Si substrate by the wet chemical bath ddépas{CBD)
method. The effects of precursor concentrationwgrdemperature and time on nanorods morphologyasmect
ratio were investigated systematically. The resirticate that it is possible to control the aspetio of ZnO
nanorods on the substrate by adjusting the precamwentration, growth temperature and time. ¢tudth be noted
that only strong near-band edge UV emission peate wbserved in room temperature PL spectra forZih®
nanorods arrays on all substrates, yet the uswdiserved defect related deep level emissions weeglyn
undetectable, indicating high optical quality Zn@norod arrays could be achieved via this low teatpee
chemical approach. The high optical quality ZnO orad arrays presented here are very prospectivehfar
applications in optoelectronic nanodevices, suchUas lasers, light-emitting diodes, and vertical ldieffect
transistor arrays.
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