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ABSTRACT

SnO, nanoleaves and nanopencils have been synthesized on single silicon
substrates using Au-Ag aloying catalyst assisted carbothermal evapora-
tion. The products were characterized with field-emission scanning elec-
tron microscopy (FESEM), X-ray diffraction (XRD), Raman spectra, and
photoluminescence spectra (PL). In comparison with SnO, nanopencils,
the new peak at 456 nmin the measured PL spectraof SnO, nanoleavesis
observed, implying that more luminescence centers exist in these
nanostructures. The possible growth mechanisms are discussed for the
nanoleaves and nanopencils. Based on the detailed characterization re-
sults, we can conclude that the diffusion behavior of surface atoms under
different ambient conditions and the different supersaturating degree of
alloying dropletswould be responsible for the formation of different mor-
phologies of SnO, nanostructures.  © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Itiswell known that the largeratio of surface-to-
volume and the coordination numbersimperfection of
surfaceatomsof one-dimensiond (1D) nanostructured
materidshavestimul atedintensveinterestin mesoscopic
physicsand materid science, which not only providea
sort of good systemtoinvestigate theel ectrical and ther-
mal transport in 1D confinement, but a so are expected
to play animportant rolein bothinterconnection and func-
tional unitsinfabricating € ectronic, optoe ectronic, and
magnetic storagedevicesin nanoscaedimension®. In

general, SnO, (Eg=3.54 eV, at 300 K) isanimportant
functiona material, which hasbeenwidely appliedin
thefield of nano- and microe ectronics, such assolar
cellg9, transparent conducting electrodes®, gas sen-
sord”8¥, and transistors?, etc. Naturally, to obtain
SnO,-based nanosca ed devices, we meet the great
challenge that we need try to prepare various
nanoscal ed building blocksfrom zero to three dimen-
sions, e.g., particles, tubesor wires, and beltsor junc-
tions, etc. Thus, the assembly, synthesis and related
physical properties of zero- and 1D SnO,
nanostructures such as particled'®*?, tubed*®, and
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wires*+2 have been attracted intensiveattentioninre-
cent years. For example, ao. — Sh nanowire confined
inaSnO, nanotubewith core-shell configuration shows
the giant superhesating behavior under hightemperature,
confirming by insitu transmiss on e ectron microscopy
observations?4. Evidently, thesurfaceand interface & -
fect would belargdy influenced on physicd properties
of nanostructures®2, However, in comparison with
other SnO, nanostructures, thereonly afew studiespay
attention to two-dimensionad (2D) nanostructuressuch
asnanosheets®. Infact, 2D SnO, nanostructurescould
befound to possessthe unique applicationsin gas sen-
Sors, energy storage, memory devices, and asd ectrodes
for fue cells, etct®3U. Therefore, inthiscontribution,
we report that the difference of two kinds of SnO,
nanostructures, including 2D nanoleaves and 1D
nanopencils, havebeen synthesized onAu-Ag covered
Si substratesusing thermal evaporation of active car-
bon and SnO, powders. Furthermore, the growth
mechanism and photol uminescencebehaviorshaved so
been discussed.

EXPERIMENT

The schematic diagram of the apparatusused in
our experiment isshown in Figure 1. First of all, the
Au-Ag (atomratio 1:1) layer (about 10 nmin thick-

Electric couple
A

ness) isdeposited on single silicon (001) substrates
with areaof 5mm? by sputtering. The active carbon
and SnO, powders (both 99.99%) aremixedinal:4
weight ratio and placed into asmall quartz tube. Two
Si substrates covered by Au-Ag alloy are put on a
ceramic plate near the mixtureinsidethesmall quartz
tube. Thedistance between two substratesis about 2
cm, whilethe substrate 1is1 cm away from the mix-
ture. Then, the small quartz tubewith inner diameter
of 2.5cmispulled into the center of thelargeonewith
inner diameter of 6 cm. They aretogether insertedin
ahorizontal tube e ectric furnace. Thewhole system
isevacuated by avacuum pump for acouple of hours,

and then, the pure nitrogen gasisguidedinto the sys-
tem at flow ratesin 250 sccm under the pressure of

700 Torr. Afterwards, the systemisrapidly heated up
t0 900 °C (the temperature in the place of the electric
couple) from theroom temperature and be kept at the
temperaturefor 10 min. The temperaturein the sub-
strate 1ishigher than that of the substrate 2 because
the distance between the substrate 1 and the el ectric
coupleisnearer than the distance between the sub-

strate 2 and the el ectric couple. Finally, thesystemis
cooled down to the room temperature over several

hours. When two substrates are taken from the small

guartz, we can see some gray productions on sub-

strates.
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Figure1: Schematicdiagram of apparatusused in theexperiment.

Synthesized material wasemployed by FESEM,
XRD and Raman spectrum to characterize the mor-
phology and structure. Room-temperature PL isused
toidentify theluminescence behavior. Notethat wecan
easily repesat the experimental results, suggesting that
our method isflexibleand reproducible.

flano Soienoe and flano Teohnology

RESULTSAND DISCUSSION

Morphologiesof thesynthesized SnO, nanostructures
intwo substrates are, respectively, showninFigure2
and Figure 3. It is clearly to see that many SnO,
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nanoleavesin substrate 1 shownin Figure2 (a). Also,
themeagnified FESEM imageisdisplayedinFigure2 (b).
Indetail, four SnO, nanoleaveswith stipeand veinare
clearly shown, whichthevenindudesthree-dimensond
spacesizesof length, width and thickness. Therange of
szeinlengthand thicknessof theveinsis, respectively,
4-5 nm and 100-200 nm, whilethewidth transits 500-

- -__; .r-— ! o 5 o I \"'". '!

Ontheother hand, anumber of SnO, nanopencils
found in substrate 2 with the length of 8-10 um are
displayedinFigure 3(a). Meanwhile, Figure 3(b) dis-
plays the magnified FESEM images of two SnO,
nanopencils, whichindicatesthat their shapecan bein-
volvedintwo parts: body and tip. Interestingly, we can
seethesizeof nanopencilsbecomeswider dowly along
the body section, and then turnsthinner quickly aong
thetip part. More specifically, Figure 3(c) showsthe
cross section of the body is square-shape, while the
border length of the cross section transitsfrom 100 nm
to 500 nm dowly along thebody. Thehigher-magnified
FESEM imageof thetip part showninFigure3(c) is

ey

Figure2: FESEM morphologies(a), (b), (c), (d) of thesynthesized SnO, nanoleaves.
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800 nmintheroot and 30-50 nminthetip. Thediameter
of thestipeisabout 100-150 nm. Figures2(c) and 2(d)
show the FESEM image of one SnO, nanoleaveand the
corresponding higher magnified FESEM image. Clearly,
we can seethewidth of theroot of vein and the thick-
ness are about 500 nm and 150 nm, respectively. The
diameter of thestipewith circle-shagpeisabout 120 nm.

: M
displayedin Figure 3 (d). However, wefound that the
crosssection of thetip partiscircular-shape, whilethe
diameter of the cross section transitsfrom 500 nm to
30 nm quickly alongthetip.

The XRD measurement iscarried out to identify
the crystalline structure of two kinds of SnO,
nanostructures, asshownin Figure 4. Clearly, both
SnO, samples show atetragonal rutile SnO, phase
with (110), (101), (200), (111), (211), (220), (002),
(310), (112), (301), (202) and (321) diffraction
peaks. So, the XRD patterns of the samples can be
indexed to thetetragona rutile structure of SnO, with
lattice constants of a =0. 4738 nm and ¢ =0.3188
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nm (JCPDS 21-1250). Theintensity of thepeak in  the nanostructures synthesized in substrate 1 are
higher than those of the nanostructures synthesized
insubstrate 2.

XRD pattern of nanoleaves is higher than that of
nanopencilsbecause the thickness and the density of

Figure3: FESEM morphologies(a), (b), (c), (d) of thesynthesized SnO, nanopencils.
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Figure 4: XRD pattern of the synthesized
nanostructures.
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Fgure5 depi ctstheroom temperature Raman scat-
tering spectrumsof two samples. Generdly, rutile SnO,

belongsto the space group DY, of which thenormal
| atticevibration at the A point of the Brillouin zone is
givenonthebasisof grouptheory?®: A= 1A, +1A,
+1A,,+1B, +1B, + 2B, +1E +3E .Among them,
thefour first ordersactiveRamanmodesareB, , E,
A,,andB,, whiletheactiveIR modesareA,, E and
B, - Intheroom temperature Raman scattering spectra
(Figure5) of the SnO, thin films, three fundamental
Raman peaks at 470, 630 and 771 cm™* are appear-
ance, which separately correspond to the EyAL and
B, vibration modes®3. Thus, these peaksfurther con-
firm that the as-synthesized SnO, nanostructures pos-
sessthecharacteristic of thetetragonal rutile structure.
In addition, the Raman band of 689 cn seemto cor-
respondtoA, LO (LOisthemodeof thelongitudina
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optical photos) modes, whichissimilar to Eo LOof
SnO, nanorods™*#%, Furthermore, the peak at 540
cmisidentifiedtobeof S, mode, whichisbelievedto
be the consequence of thedisorder activation of SnO,
nanoleaves®l, Subsequently, the peak at 578 cmis
identified to beof S modearising fromsurfaceregion
which, asan approximation, can be considered to be
of constant thickness for two kinds of SnO,
nanostructures®”. Finally, the peak at 520 cmrtinthe
Raman spectrum of the SnO, nanopencilsisthe char-
acteristic peak of the S substrate, which indicate that
thethicknessand density of thenanostructures synthe-
sized in substrate 1 are higher than those of the
nanogtructuressynthesizedin substrate 2, sothat the S
peak does not appear in the Raman spectrum of SnO,
nanoleaves.
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Figure 5: Raman spectrum of the synthesized SnO,
nanostructures.
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Photoluminescence of the obtained SnO,
nanogtructuresareinvestigated at room temperatureand
theresultsareshown in Figure 6. The PL spectracon-
S st of theemission band located at 343, 370, 399, 470
and 551 nm. Firgtly, the peak at 343 nmistheband-to-
band emission peak of the two kinds of SnO,
nanostructures, whichisoriginated from therecombi-
nation of free exciton éectronhol €. Notably, com-
pared withits bulk counterpart (350 nm, ~3.54 eV),
the peak at 343 nm showsablue shift dueto nanosize
effect. Thevariationd trendiscons stent with other ex-
perimenta observations, whichisoriginfrom perturba
tion of Hamiltonian dueto size dependence of inter-

—= Full Paper

atomic potential™®. Also, thereason that theintensity
of peak isweaker than those of other peaksisthat the
peaks caused by defect | evel sassociated with oxygen
vacanciesor tininterdtitial sresultingfromthesizeeffect
of the SnO, nanostructuresis strong so asto cripple
the band-to-band emi ssion peak!®¥. Secondly, the 370
nm peak is attributed to the band-to-acceptor peak
and related to theimpurity or defect concentration and
not to the structural properties“?. Thirdly, the appear-
ance of the399 nm peak isindependent of the concen-
tration of oxygen vacancies, whiledueto structural de-
fectsor luminescent centers, such asnanocrystalsor
defectsinthe SnO, thinfilmg“*#1. Fourthly, the peak at
470 nmispossibly attributed to the electron transition
mediated by defect |evel ssuch asoxygen vacanciesin
theband gap!“Z. Fifthly, the 551nm peak hasbeen ob-
served in previousreport. In addition, the PL spec-
traof the SnO, nanol eaves consist of theemission band
located at 456 nm, whichisnewly foundin our case.
Thereason of its appearance attributesto the new |u-
minescence centers existing in SnO, nanoleaves, such
asnanometer sized crystalsand defectd™.
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400 500
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Figure6: Room temper aturePL spectrum of the synthesized
SnO,nanostructures.

Thegrowth mechanism of ShO, nanostructurescan
be explained on the basis of the vapor—liquid—solid
(VLS) processes. Inexperimenta, AuinAu-Agaloy
as catalysts is usually used to assist the SnO,
nanostructures synthesis. SnO, powdersfirstly react
with the active carbon, and then SnO can be produced.
Subsequently, the produced SnO decomposesinto Sn
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and SnO,. Sndropletsarestill liquid at thereaction
temperature dueto thelow melting point (231.9°C)
and fall onthe substrate, and then form alloyed drop-
lets by reacting with the Au particles®®. Simulta-
neously, these alloying dropl ets can provide the en-
ergetically favored sitesfor the adsorption of SnO,
vapor, so the SnO, dissolvesinthealloying droplets.
The continuous dissolution of SnO, resultsin asu-
persaturated solution*4. Ultimately, the SnO,
nanostructures grow by precipitation of SnO, from
the supersaturated dropl ets.

Inaddition, thedifferent distance of substratesaway
from the source could lead to different temperature,
which may be one of themain reasonsfor causing dif-
ferent morphol ogiesof SnO, nanogtructures. Physicaly,
thediffusonbehaviorsof deposition aomswouldlargdy
influenceonthegeometricd shadowing. Evidently, there
existsadiffusion barrier of deposited atoms, whichis
determined on the ambient conditionssuch astempera-
ture, pressureand deposition flux in different incidence,
etc*,

Moreover, the different supersaturating degree
of alloying droplets plays an important rolein the
formation of different nanostructures*d. The theo-
retical calculations reveal that most stable crystal
habit of SnO, isatetragon elongated along the c-
axig*”. Accordingly, SnO, havefirstly optimized and
secondly optimized growth directions. At higher
temperature, the single crystal grows along thetwo
optimized directions simultaneously. Moreover, the
growth aong thefirstly optimized directionisfaster
than along the secondly optimized direction, so that
the products such as 2D SnO, nanoleaves can be
formed. At lower temperature, the single crystal
grows along one of thetwo optimized directionsto
form 1D SnO, nanopencilsin our experiment.

CONCLUSION

In summary, we have fabricated 2D nanoleaves
and 1D nanopencilsof ShO, onsinglesilicon substrates
by Au-Ag aloying catalyst assisted carbothermal
evaporation. The band-to-band transitionin the mea-
sured PL spectraindicatesthe blue shift of band gap
dueto nanosize effect. Meanwhile, the new peak at
456 nmin PL spectrais shown for SnO, nanoleaves,

flano Soienoe and flano Teohnology

implying that moreluminescence centersexistin SnO,
nanol eaves dueto nanocrystalsand defects. Interms
of related considerations, thediffusion behavior of de-
posited atomsunder different conditions and the dif-
ferent supersaturating degree of alloying dropletsare
suggested to play the crucial roleinthe shapegrowth.
Also, thegrowth mechanism of the SnO, nanostructures
is discussed on the basis of the vapor-liquid-solid
(VLS) correlation. These nanostructuresare expected
to beapplicationsin nano- and microel ectronics and
chemidtry.
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