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Low-temperature Growth of Zn-ZnO Polygon Prismatic Nanocrystals by Thermal
Vapor Transport for Photonic Crystals
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film (ZnO). Depering on the differentannealing
temperature and reaction atmosphere, Zn polygon
prismatic structure having various morphologies
can be developed. The dimension and crystal phase
can be controlled by temperature, time, kinetic
surface energy, and cappinglecoles. The
possible formation mechanism for theZn-ZnO
polygon prismatic crystal structureis identified and
proposed as the Zn-ZnO mineral bridge mechanism.
Although the present nonprefect Zn-ZnO polygon
prismatic structure shows weakly UV emission and
strongly deep-level emission, the PL properties and
crystallization of Z+ZnO prismatic nanocrystals
could be improved by suitable post-treatment
Keywords: ZnO - nanocrystals -~ photonic

crystal ~ photoluminescence ~ thermal vapor
transport and condensation

£hEe s 'Lf*ﬁ&“ﬁ&mf%ﬁ% i oo . Introduction
EE S ﬁ?‘mf CE N g:;;g_ Zinc oxide possesses unique optical, eectrical
- HITL R AW - and structural properties that make it useful for a
BEAE: § AR~ 2K B B8 k3 B8 .y x . wide range of technological applicationsuch as
O A photo-detector [1], solar cdls[2,3], nanolasers [4],
e ‘ and other highly functional devj6e Recently,
much effort has been invested in fabricating
Abstract quasi-one-dimensional Zn0O nanostructures,
A novel hierarchical polygon prismatFteCause the sizand shags of narjocrystall
represent key elementthat determine their

nano-structure of hexagonal ZnO and Znhas been
successfully grown on silicon by thermal vapor
transport and condensation method. Thus, in this
work,
compound was first coated and used as seeds on the
silicon substrate. Subsequently, it was grown by
thermal vapor transport with ZnO powder at 250°C
(substrate) in Ar atmosphere. The samples were
characterized using X-ray diffraction, scanning and
transmission electron microscopy,
photoluminescence spectroscopy.
as-synthesized ZnO polygon prismatic
nano-structure consisted of hexagonal
nuclei (Zn) covered with an oxidation outer thin

2

the organic solvent with zinc chemic

metallic

electrical and optical properties[6]. Currently, both
gas and liquid phase methods are used to synthesize

d control the nanocrystal. The vapodiquid-solid

LS) method is the common approach to grow the
nanostructure and manyresearchers have tried to
control the process parameter to produce various
shape nanocrystal, such as nanorod [7], nanonail [8],
nanoblets [9], etc. On the other hand, the liquid
phagﬁ ynthesis of anisotropic nanocrystals has
beetiah r more limited, and only thebassil
system has been studied in depth.The liquid phase
growth mechanism cansketchy divide into two
steps. In the first step, spherical seed nanocrystals



are homogeneously nucleated Precursors with thermally annealed at550°C for over 3 hours to
materials for the desired one-dimensional structures study the changes of morphology and
are chemically reduced in the presence of capping crystallization.

molecules and seed nanocrystals thatveseas The deposited product was characterized and
nucleation sites. The gas phase process has been analyzed by scanning electromscopy
explored to produce 1Dnanostructure of different (FE-SEM, S4100), and the crystal structure was
cross sections as well as some other exotic shage analyzed using XRDSidmens D500). TEM
[10]. However, the gas phase and liquid phasestudies of the crystal were carried out a Philips
syntheses seem to be hard to reach unifo@®20 and Hitacit-600 operated at 200KeV and 100
morphologies at comparativiy mild synthesizing KeV, and energdispersive Xray spectroscopy

conditions. (EDS) attached to SEM and TEM, respectively.
The photonic band gap crystal is simply a
spatially periodic structure consisting of high and ||| Results and discussion

low dielectric regions. A promising technique to Fi ; ;
. . ; ) gure 1 shows typical scanning electron
fabricate 3D photonic crystals with a photonic band microcopy (SEM) and TEM image of the Zn

gap in omal wavelengths is sassembling polygon prismatic crystals.The diameter of the

growth of -thmerssi onal inorganic
. crystals can be tuned fro®0 nm to p2n by
nano-crystals. In contrast to conventional process increasing the concentration of the Zn(G)O

we present both gas and liquid method toward the : ,
i . solution. As the concentration of the Zn(QO
growth of well-proportional and crystallized Zn and solution increases, the amount of Zn particles

Zn0 polygon prismatic nanocryals. In order to would increase. The Zn particlesbehave asthe

r??;)n%gltizf tsrtl;eugr;vevth dm‘%;r;?]?lsrr? d?ngiy%?:j nucleus sites of thelarger Zn crystals The amount
prisn ; ’ . of Zn nucleus sites would bproportional to the
heating profiles were designed to observe the

moroholo and crvstallization of Zn polvdo concentration of the Zn(Clp solution. In the
orphology y n polyg r}1ighly concentration solution, the large and sharp
prismatic structure. The crystal size fro

micrometer to nanometer and phase control of the nin polygon prismatic crystalsun{-2were

ZnO polygon prismatic nanocrystals can %/éltheazed on the substrate by thermal vapor

achieved by varying the growth time PL SSS(F!Q' 1A). Onthecontrary,astheamquntof
temperature. nucleus sites decreases, the crystal size of Zn

polygon prismatic structure shrinks to ~30 nm scale
. (Fig. 1C). Figure 2A illustrates the schematic
I1. Experimental mechanism of such a processn this case, the
ZnO and Znpolygon prismatic nanocrystals initial nucleus sites were prepared by Zn(QLO
were synthesized using a colloidal Zn particles and solution. When Zn sorces were transported by
physical vapor transport system. An alumina tube thermal evaporation process, these nucleus sites
was mounted inside a -teigperature tube would capthese Zn moleculesto develop the
furnace. Preparation of colloidal Znin methanol: 50 nanocrystals. In the following step, some of the fine
ml of a 1x1G M Zn (CIQ), solution is added to  Zn nanocrystals would getogether to form the
442 ml methanol plus 8 ml 5M NaOH. The solution large crystals. According to above statement, it was
is vigorously shaken for 10 min and left overnight.  found that the concentration of the Zp(ClO
After about 24 hours a transparent solution of stable  solution could determine the nucleus sites.
colloidal is obtained. ZnO powder and graphite Therefore, the amount of nucleus sites would
mixture were used as Zn source. The sour@&ermine the size of the Zn polygon prismatic
material was placed on an alumina boat. Aftercrystals. It was found that the initial nuclei of Zn
placing the boat at the center of @éhtube and the  polygon prismatic crystals wereemerged into the
substrate locating downstream of the carrier gas small Zn polygon prismaticcrystals by themselves
flow, the tube was sealed and evacuated by #nd its diameter is less than 10 nm, as seen in Fig.
mechanical rotary pump to a pressure of 80 mTorr. 2B, Figure 2C shows the special distribution pattern
As carrier gas of 100% Ar was used, with a flow of zZn polygon prismatic nanocrystals (~30 nm)
rate of 10 sccm, reaction was carried out at 1100C  formed in the initial stage of crystal growthlhe
and kept at that temperature for 0.55 hour to form spreading region of thesdistributed Zn
Zn-ZnO polygon prismaticnanocrystals at 250C  nanocrystals has diameter around 150 nmthat is
(substrate temperature). The Zn polygon prismatic  close to the composirgystals obtained in our
nanocrystals were annealed at 280 in pure experiments (Fig. 2D).It suggests that thespatial
oxygen atmosphere (5N) for 30 minutes to formthe  distribution region ofZn nanocrystals would
ZnO layer on the Zn crystalsAfter thatheé  develop the base for the larger size crystals. After
Zn-ZnO polygon prismaticanocrystals were  the suitable growth time, the Zn polygon prismatic



crystals will be formed on that base (Fig. 2E). The photoluminescence (PL) measurements of

The shape of the Zn polygon prismathe synthesized Zn polygon prismaticnanocrystals
nanocrystals would vary with the growth time.are performed at room temperature,using a HeCd
Figure 3 presents the growth of the Zn polygonlaser line of 325 nm as the excitation sourcls

prismatic nanocrystaks as a function of timerhe
prefect Zn nanocrystals are observed for the growth
time of 2 hours. When the growth time exceed 2

shown in Figure 6, UV and green emissiavith
peaks at 380 nm and 530 nmare observed for the
Zn polygon prismaticnanocrystas with surface

hours, the shape of the Zn polygon prismatimeatment. The PL spectrum is different from that of

nanocrystals wauld begin to disintegrate (Fig. 3B).

Zn. Zn polygon prismatioanocrystas without

It is well known that metal state will becorroxidation treatmat. No emission peakis found

unstable when the temperaturereaches around its
melting point. The apparent melting point (Zn: mp
410°C) would be reducedfor nanocrystal with size
small enough The balance between the
thermodynamic and kinetics would be influenced

because the Zn polygon prismatioanocrystal is
only composed by pure zinc metalin this case On
the contrary, as the Zn nanocrystals have undergone
oxidation treatment, the surfacewill form a thin
oxide layer. According tothe XRD analysis,the

by the growth time. It implies that if the growth oxide layer is basical zinc oxide.ZnO usually

time exceeds thecritical time, theequilibrium
status would bedestroyed. It could be due to the
unstable lattice-site of zinc atom in the Zn polygon
prismatic crystak, long time thermal heatingvill
make the crystal structuredestructible. To keep the
stability of grown crystals,the oxidation treatment
to modify the surfacestatus of Zn polygon
prismatic crystal is applied. Both Zn and ZnO have

displays two major PL peaks, UV (near-band-edge)
emission peak andgreen (or &d) emission peak
(deep-level). The deep-level emissions are
generally associated withdefects in ZnO lattice
Besides, the neaband-edge transition could not
effectively exist in the rooystalline ZnO.
Although the developed Zn polygon prismatic
nanocrystals are well crystallipethe interface

the hexagonal (hcp) structure. From the growth between Zn and ZnO surface layer usually results
kinetics point of view, when ZnO is formeth large latticemismatch (17%). The kind of

rearrangement of the sublattices of zinc from hcp

(Zn) to hep (ZnO) has to occur only at Zneaction

front. Therefore, the nucleating ZnO grain has a mismatch,

interface beomes the defectgenerator to support
the deeplevel emissions. In addition to lattice
the incomplete oxidation of zinc

template to follow the orientation of Zn exactly. produces the defectsinside surface layer and gives
Figure 4 shows the surface morphology of Zmleep-level emission too.

polygon prismatic nanocrystal after thermal
treatment at 550°C for 3 hours. It is obvious that Zn
polygon prismatic crystas with surface treatment
could retain the complete crystals structure (Figure
4B). It is due to the ZnO layer formed by surface
treatment that prohibits the zinc atomseaving
away lattice and preventsthe crystals from being
destroyed.

Figure 5 shows the Xay diffraction (XRD)
spectrum of the nanostructures, where the intensity
of zinc crystalline phasds different for different
treatment. In contrast withcrystallization of Zn
polygon prismatic nanocrystas, the sample that
undergoes the oxidation treatment presertthe
stronger XRD pesak intensity than the other. For the
Zn polygon prismaticnanocrystas subjected to
oxidation treatment on Zn surface,
crystalline phase can be developed adentified
from the XRD (Fig. 5B). Ghieal composition
microanalysis by energdispersive spectrometry
(EDS)
nanocrystals with surface oxidationare composed
of more content of zinc compared tothose without
surface treatment (with an atomic ratio of = 13).
Thisisin a good agreement with the XRDanalysis
result.

V. Conclusion
Single-crystalline Zn polygon prismatic

nanocrystals are synthesized by liquid solution seed
nucleation and vapegas growth method. The
cation concentration of liquid solutiondetermines
the dimension of Zn crystals from the nanometer
(30 nm) to iomometer scale (2um). The Zn
polygon prismatic nanocrystal are grown up
through a thermal evaporation proces$he Zn
nanocrystals undergone surface treatment will form
the ZnO surface layer. The ZnO surface layer could
maintain the polygon prismaticucaire and
prevent the zinccrystal from being destroyed at
higher temperature. In addition the ZnOsurface
layer improve the photoluminescence property.

the Z@Onsidering their shape, crystal dimension and

oxidation behavior, as expected, the crystals having
good optical propertycould be formedwithin
different microcavities. These nano and

reved that the Zn polygon prismatimicrocrystalscan be further used as building blocks

to assembl e two- or three-dimensional assemblies.
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Fig. 1. SEM images of the Zn polygon prismatic

crystals synthesized by liquid solution and vapor

tragsport method. A) Zn polygon prismatic crystals
-um diameter. B) Zn polygon prismatic crystals

of 306nm diameter. C) TEM images of the Zn

polygon prismatic nanocrystals of 30-nm diameter.

Fig.2. (A Schematic illustration of growth
mechanism of Zn polygon prismatic nanocrystals.
(B) TEM image of thwicle of Zn polygon
prismatic nanocrystals (~7 nm) (C) TEM irage of

Zn polygon prismatic nanocrystals (30 nm) formed

by thermal vapor process. (D) Growing Zn polygon
prismatic nanocrystals (0.6  m). (E) SEM image of

Zn polygon prismatic crystals (0.7 ¢ m) formed by

the coallection of the ultra-fine Zn nanocrystals.



lumh' .
JT myguh prism
rowing as a function of time. (A) 2

Fig. 4. SEM images of Zn polygon prismatic
nanocrystals were thermally heated at 5%D and

kept for 3 hours (A) without and (B) with oxidation
treatment.
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Fig. 5. X-ray diffraction (XRD) spectrum of Zn
polygon prismatic nanocrystas were thermally
heated at 550°C and kept for 3 hours (A) without
and (B) with oxidation treatment.

Zn nanocrystals

m@ —o—7Zn0O/Zn nanocrystals
%

PL intensity (a.u.)

F Fi@%" 6. %onﬁﬁp%@glgﬁgtﬁ%golmﬁneﬁé&ce

spectra recorded from Zt(xrlygpon prismatic
nanocrystals with and without oxidation




treatment.



