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Growth and photoluminescence of SnO2 nanoleaves and
nanopencils synthesized by Au-Ag alloying catalyst assisted

carbothermal evaporation

INTRODUCTION

It is well known that the large ratio of surface-to-
volume and the coordination numbers imperfection of
surface atoms of one-dimensional (1D) nanostructured
materials have stimulated intensive interest in mesoscopic
physics and material science, which not only provide a
sort of good system to investigate the electrical and ther-
mal transport in 1D confinement, but also are expected
to play an important role in both interconnection and func-
tional units in fabricating electronic, optoelectronic, and
magnetic storage devices in nanoscale dimension[1-4]. In

general, SnO
2
 (E

g
=3.54 eV, at 300 K) is an important

functional material, which has been widely applied in
the field of nano- and microelectronics, such as solar
cells[5], transparent conducting electrodes[6], gas sen-
sors[7,8], and transistors[9], etc. Naturally, to obtain
SnO

2
-based nanoscaled devices, we meet the great

challenge that we need try to prepare various
nanoscaled building blocks from zero to three dimen-
sions, e.g., particles, tubes or wires, and belts or junc-
tions, etc. Thus, the assembly, synthesis and related
physical properties of zero- and 1D SnO

2

nanostructures such as particles[10-12], tubes[13], and
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SnO
2 
nanoleaves and nanopencils have been synthesized on single silicon

substrates using Au-Ag alloying 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

2
 nanopencils,

the new peak at 456 nm in the measured PL spectra of SnO
2
 nanoleaves is

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 droplets would be responsible for the formation of different mor-
phologies of SnO

2
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wires[14-23] have been attracted intensive attention in re-
cent years. For example, a � Sn nanowire confined
in a SnO

2
 nanotube with core-shell configuration shows

the giant superheating behavior under high temperature,
confirming by in situ transmission electron microscopy
observations[24]. Evidently, the surface and interface ef-
fect would be largely influenced on physical properties
of nanostructures[25-28]. However, in comparison with
other SnO

2
 nanostructures, there only a few studies pay

attention to two-dimensional (2D) nanostructures such
as nanosheets[29]. In fact, 2D SnO

2 
nanostructures could

be found to possess the unique applications in gas sen-
sors, energy storage, memory devices, and as electrodes
for fuel cells, etc[30,31]. Therefore, in this contribution,
we report that the difference of two kinds of SnO

2

nanostructures, including 2D nanoleaves and 1D
nanopencils, have been synthesized on Au-Ag covered
Si substrates using thermal evaporation of active car-
bon and SnO

2
 powders. Furthermore, the growth

mechanism and photoluminescence behaviors have also
been discussed.

EXPERIMENT

The schematic diagram of the apparatus used in
our experiment is shown in Figure 1. First of all, the
Au-Ag (atom ratio 1:1) layer (about 10 nm in thick-

ness) is deposited on single silicon (001) substrates
with area of 5 mm2 by sputtering. The active carbon
and SnO

2 
powders (both 99.99%) are mixed in a 1:4

weight ratio and placed into a small quartz tube. Two
Si substrates covered by Au-Ag alloy are put on a
ceramic plate near the mixture inside the small quartz
tube. The distance between two substrates is about 2
cm, while the substrate 1 is 1 cm away from the mix-
ture. Then, the small quartz tube with inner diameter
of 2.5 cm is pulled into the center of the large one with
inner diameter of 6 cm. They are together inserted in
a horizontal tube electric furnace. The whole system
is evacuated by a vacuum pump for a couple of hours,
and then, the pure nitrogen gas is guided into the sys-
tem at flow rates in 250 sccm under the pressure of
700 Torr. Afterwards, the system is rapidly heated up
to 900 °C (the temperature in the place of the electric

couple) from the room temperature and be kept at the
temperature for 10 min. The temperature in the sub-
strate 1 is higher than that of the substrate 2 because
the distance between the substrate 1 and the electric
couple is nearer than the distance between the sub-
strate 2 and the electric couple. Finally, the system is
cooled down to the room temperature over several
hours. When two substrates are taken from the small
quartz, we can see some gray productions on sub-
strates.

Figure 1: Schematic diagram of apparatus used in the experiment.

Synthesized material was employed by FESEM,
XRD and Raman spectrum to characterize the mor-
phology and structure. Room-temperature PL is used
to identify the luminescence behavior. Note that we can
easily repeat the experimental results, suggesting that
our method is flexible and reproducible.

RESULTS AND DISCUSSION

Morphologies of the synthesized SnO
2 
nanostructures

in two substrates are, respectively, shown in Figure 2
and Figure 3. It is clearly to see that many SnO

2
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On the other hand, a number of SnO
2
 nanopencils

found in substrate 2 with the length of 8-10 ìm are
displayed in Figure 3(a). Meanwhile, Figure 3(b) dis-
plays the magnified FESEM images of two SnO

2

nanopencils, which indicates that their shape can be in-
volved in two parts: body and tip. Interestingly, we can
see the size of nanopencils becomes wider slowly along
the body section, and then turns thinner quickly along
the tip part. More specifically, Figure 3(c) shows the
cross section of the body is square-shape, while the
border length of the cross section transits from 100 nm
to 500 nm slowly along the body. The higher-magnified
FESEM image of the tip part shown in Figure 3 (c) is

displayed in Figure 3 (d). However, we found that the
cross section of the tip part is circular-shape, while the
diameter of the cross section transits from 500 nm to
30 nm quickly along the tip.

The XRD measurement is carried out to identify
the crystalline structure of two kinds of SnO

2

nanostructures, as shown in Figure 4. Clearly, both
SnO

2
 samples show a tetragonal rutile SnO

2
 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 the tetragonal rutile structure of SnO

2
 with

lattice constants of a =0. 4738 nm and c =0.3188

nanoleaves in substrate 1 shown in Figure 2 (a). Also,
the magnified FESEM image is displayed in Figure 2 (b).
In detail, four SnO

2
 nanoleaves with stipe and vein are

clearly shown, which the vein includes three-dimensional
space sizes of length, width and thickness. The range of
size in length and thickness of the veins is, respectively,
4-5 nm and 100-200 nm, while the width transits 500-

800 nm in the root and 30-50 nm in the tip. The diameter
of the stipe is about 100-150 nm. Figures 2(c) and 2(d)
show the FESEM image of one SnO

2
 nanoleave and the

corresponding higher magnified FESEM image. Clearly,
we can see the width of the root of vein and the thick-
ness are about 500 nm and 150 nm, respectively. The
diameter of the stipe with circle-shape is about 120 nm.

Figure 2 : FESEM morphologies (a), (b), (c), (d) of the synthesized SnO
2
 nanoleaves.
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Figure 5 depicts the room temperature Raman scat-
tering spectrums of two samples. Generally, rutile SnO

2

belongs to the space group D14
4h , of which the normal

lattice vibration at the Ã point of the Brillouin zone is

given on the basis of group theory[32]: Ã = 1A
1g 

+ 1A
2g

+ 1A
2u 

+ 1B
1g 

+ 1B
2g 

+ 2B
1u 

+ 1E
g 
+ 3E

u
. Among them,

the four first orders active Raman modes are B
1g

, E
g
,

A
1g

 and B
2g

, while the active IR modes are A
2u

, E
u 
and

B
1u

. In the room temperature Raman scattering spectra
(Figure 5) of the SnO

2
 thin films, three fundamental

Raman peaks at 470, 630 and 771 cm-1 are appear-
ance, which separately correspond to the E

g
, A

1g
 and

B
2g

 vibration modes[33]. Thus, these peaks further con-
firm that the as-synthesized SnO

2
 nanostructures pos-

sess the characteristic of the tetragonal rutile structure.
In addition, the Raman band of 689 cm-1 seem to cor-
respond to A

2u
 LO (LO is the mode of the longitudinal

nm (JCPDS 21-1250). The intensity of the peak in
XRD pattern of nanoleaves is higher than that of
nanopencils because the thickness and the density of

the nanostructures synthesized in substrate 1 are
higher than those of the nanostructures synthesized
in substrate 2.

Figure 3 : FESEM morphologies (a), (b), (c), (d) of the synthesized SnO
2
 nanopencils.

Figure 4: XRD pattern of the synthesized SnO
2

nanostructures.
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Photoluminescence of the obtained SnO
2

nanostructures are investigated at room temperature and
the results are shown in Figure 6. The PL spectra con-
sist of the emission band located at 343, 370, 399, 470
and 551 nm. Firstly, the peak at 343 nm is the band-to-
band emission peak of the two kinds of SnO

2

nanostructures, which is originated from the recombi-
nation of free exciton electronhole[38]. Notably, com-
pared with its bulk counterpart (350 nm, ~3.54 eV),
the peak at 343 nm shows a blue shift due to nanosize
effect. The variational trend is consistent with other ex-
perimental observations, which is origin from perturba-
tion of Hamiltonian due to size dependence of inter-

atomic potential[39]. Also, the reason that the intensity
of peak is weaker than those of other peaks is that the
peaks caused by defect levels associated with oxygen
vacancies or tin interstitials resulting from the size effect
of the SnO

2
 nanostructures is strong so as to cripple

the band-to-band emission peak[38]. Secondly, the 370
nm peak is attributed to the band-to-acceptor peak
and related to the impurity or defect concentration and
not to the structural properties[40]. Thirdly, the appear-
ance of the 399 nm peak is independent of the concen-
tration of oxygen vacancies, while due to structural de-
fects or luminescent centers, such as nanocrystals or
defects in the SnO

2
 thin films[40,41]. Fourthly, the peak at

470 nm is possibly attributed to the electron transition
mediated by defect levels such as oxygen vacancies in
the band gap[42]. Fifthly, the 551nm peak has been ob-
served in previous report[43]. In addition, the PL spec-
tra of the SnO

2
 nanoleaves consist of the emission band

located at 456 nm, which is newly found in our case.
The reason of its appearance attributes to the new lu-
minescence centers existing in SnO

2
 nanoleaves, such

as nanometer sized crystals and defects[33].

optical photos) modes, which is similar to E
u(2) 

LO of
SnO

2
 nanorods[14,34,35]. Furthermore, the peak at 540

cm-1 is identified to be of S
2
 mode, which is believed to

be the consequence of the disorder activation of SnO
2

nanoleaves[36]. Subsequently, the peak at 578 cm-1 is
identified to be of S

1 
mode arising from surface region

which, as an approximation, can be considered to be
of constant thickness for two kinds of SnO

2

nanostructures[37]. Finally, the peak at 520 cm-1 in the
Raman spectrum of the SnO

2
 nanopencils is the char-

acteristic peak of the Si substrate, which indicate that
the thickness and density of the nanostructures synthe-
sized in substrate 1 are higher than those of the
nanostructures synthesized in substrate 2, so that the Si
peak does not appear in the Raman spectrum of SnO

2

nanoleaves.

Figure 5: Raman spectrum of the synthesized SnO
2

nanostructures.

Figure 6: Room temperature PL spectrum of the synthesized
SnO

2 
nanostructures.

The growth mechanism of SnO
2 
nanostructures can

be explained on the basis of the vapor�liquid�solid

(VLS) processes. In experimental, Au in Au-Ag alloy
as catalysts is usually used to assist the SnO

2

nanostructures synthesis. SnO
2
 powders firstly react

with the active carbon, and then SnO can be produced.
Subsequently, the produced SnO decomposes into Sn
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and SnO
2
. Sn droplets are still liquid at the reaction

temperature due to the low melting point (231.9°C)

and fall on the substrate, and then form alloyed drop-
lets by reacting with the Au particles[36]. Simulta-
neously, these alloying droplets can provide the en-
ergetically favored sites for the adsorption of SnO

2

vapor, so the SnO
2
 dissolves in the alloying droplets.

The continuous dissolution of SnO
2
 results in a su-

persaturated solution[44]. Ultimately, the SnO
2

nanostructures grow by precipitation of SnO
2
 from

the supersaturated droplets.
In addition, the different distance of substrates away

from the source could lead to different temperature,
which may be one of the main reasons for causing dif-
ferent morphologies of SnO

2
 nanostructures. Physically,

the diffusion behaviors of deposition atoms would largely
influence on the geometrical shadowing. Evidently, there
exists a diffusion barrier of deposited atoms, which is
determined on the ambient conditions such as tempera-
ture, pressure and deposition flux in different incidence,
etc[45].

Moreover, the different supersaturating degree
of alloying droplets plays an important role in the
formation of different nanostructures[46]. The theo-
retical calculations reveal that most stable crystal
habit of SnO

2
 is a tetragon elongated along the c-

axis[47]. Accordingly, SnO
2
 have firstly optimized and

secondly optimized growth directions. At higher
temperature, the single crystal grows along the two
optimized directions simultaneously. Moreover, the
growth along the firstly optimized direction is faster
than along the secondly optimized direction, so that
the products such as 2D SnO

2
 nanoleaves can be

formed. At lower temperature, the single crystal
grows along one of the two optimized directions to
form 1D SnO

2
 nanopencils in our experiment.

CONCLUSION

In summary, we have fabricated 2D nanoleaves
and 1D nanopencils of SnO

2
 on single silicon substrates

by Au-Ag alloying catalyst assisted carbothermal
evaporation. The band-to-band transition in the mea-
sured PL spectra indicates the blue shift of band gap
due to nanosize effect. Meanwhile, the new peak at
456 nm in PL spectra is shown for SnO

2
 nanoleaves,

implying that more luminescence centers exist in SnO
2

nanoleaves due to nanocrystals and defects. In terms
of related considerations, the diffusion behavior of de-
posited atoms under different conditions and the dif-
ferent supersaturating degree of alloying droplets are
suggested to play the crucial role in the shape growth.
Also, the growth mechanism of the SnO

2
 nanostructures

is discussed on the basis of the vapor-liquid-solid
(VLS) correlation. These nanostructures are expected
to be applications in nano- and microelectronics and
chemistry.
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