Downloaded by NAT LIB UKRAINE on August 6, 2009
Published on October 11, 2001 on http://pubs.acs.org | doi: 10.1021/nl0156181

NANO
LETTERS

Controlling the Particle Size of Calcined R

SnO, Nanocrystals 723-726

Guangsheng Pang,*' Siguang Chen,* Yuri Koltypin,* Arie Zaban,*
Shouhua Feng, and Aharon Gedanken**

Department of Chemistry, Jilin Unérsity, Changchun, 130023, P. R. China, and
Department of Chemistry, Bar-llan Urersity, Ramat-Gan 52900, Israel

Received August 28, 2001; Revised Manuscript Received October 1, 2001

ABSTRACT

Smaller SnO, nanocrystals are prepared by a novel method. In this method, hydrous tin oxide nanoparticles are precipitated by dropping
ammonium hydroxide into tin salt solution under sonication. Further calcination is conducted after the hydrous tin oxide nanoparticles are
adsorbed onto the surface of SrCO; nanoparticles. Calcination at 600 °C yields SnO, particles with an average particle size of 3.5 nm. This
compares with 5.9 nm for the sample prepared by the conventional method. The band gap of SnO, nanocrystals increases from 3.65 eV with
a particle size 5.9 nm to 3.97 eV with a particle size 3.5 nm.

Introduction. Controlling the particle size of nanoparticles We have developed a novel method for controlling the
is of great technological and scientific interest. It has been particle size of YSZ nanocrystat$ A hydrous metal oxide
demonstrated that a host of properties depend on the size otolloid is precipitated from an inorganic salt solution, and a
nanoparticles, including magnetic, optical, melting points, stable colloidal solution is formed after sonication in etha-
specific heats, and surface reactiiyFurthermore, when  nol 5 When further calcination is processed, the agglomera-
such ultrafine particles are consolidated into a macroscaletions of YSZ particles are inhibited after the colloidal hydrous
solid, these bulk materials sometimes exhibit new properties metal oxide nanoparticles adsorbed onto the substrate of
(e.g., enhanced plasticity). Sp@ an n-type wide band gap  SrCQ; particles. A monodispersed nanocrystalline YSZ with
semiconductor with an appreciable degree of ionicity. Some an average particle size of 4.7 nm is obtained. A very high
unique properties of SnOmake this material useful for  surface area of 165 #y and a significant band gap increase
applications such as resistors, gas sensors, special coatingfom 4.13 to 5.44 eV are observed. Sni® also a very
for energy-conserving “low emissivity” windows, transparent important material, and the preparation process of S50
heating elements, electrodes in glass melting furnaces,similar to that of ZrQ. Here, we report the preparation of
antistatic coating, et€.® Sol—gel is a common method in nanocrystalline SnOby the same method.

the preparation of Snthanoparticls.? Hydrous tin oxide Experimental Section.The reactants used for the prepara-

is formed by hydrolysis of tin(IV) salt solutions with an tion of SNQ are SNCJ5H,0, Sr(NQ),, NH,OH, and NH-

average particle ;ize betvygen 15 apd 3.0 nm, dePe”dinchog, (Aldrich). The synthetic process follows the experi-
upon the preparation conditiond.o achieve full crystalline mental procedure described in ref 14. SpEH,O is

_de_h;(;(_jrated ptr)(l)du;t, furtrlle; c?lcmatlr(])n atshlghterggeratuieojissolved in deionized water under stirring. Ammonium
Itim |S[t)_ersa_ €. fesveg_l_f] ra egle? dave teen Lkllse N(;QCO” r ydroxide is dropped into the solution under sonication by
€ particle size of sn € use of dopant such as using a direct immersion titanium horn (Vibracell, 20 kHz,

can control the particle groyvth during the synthesis O.f Sn0 100 W/cn?). The precipitate is centrifuged and washed with
processed by the polymeric precursor metHoGhanging deionized water. At this stage, the product is referred to as

the surface properties by replacing the hydroxyl group with _ )
a methylsiloxyl surface group has been used to prevent the2® prepared hydrous SpQrhe as-prepared hydrous SnO

) . is washed with ethanol and sonicated in ethanol for 10 min.
crystal growtht? The methylsiloxyl surface group decom- : .
T R ) At this stage, the product is referred to as ethanol-treated
poses in air at 350C, resulting in SiQ particles that serve

as the “pinning” particles. The sonochemical method has alsosample. SrCenanoparticles are prepared by droppingNH

. . . HCO;s solution into 0.05 M Sr(N@), solution under soni-
been used in the preparation of nanocrystalline SA0 . .
brep Y S cation and washed with water and ethanol. The SCO
*To whom  correspondence should be addressed. E-mail: nanoparticles are dissolved in ethanol and formed a suspen-
ge?gﬂﬁeﬂﬁ\%&r‘gi‘g‘"a‘:"'* panggs@mail jl.cn. sion. The SrC@nanoparticles suspension is added into the
*Bar-llan University. ethanol-treated hydrous Sp8uspension under stirring. The
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Figure 1. TGA curves of (a) the ethanol-treated hydrous gnO
(b) SrCQ, and (c) the mixture of the ethanol-treated hydrous SnO
and SrCQ.
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proportions of hydrous Snand SrCQare 1:2.5 in weight, 2030 24§(De 50 6070
. X . . . gree)

respectively. The mixture is further sonicated for 10 min.

The mixture is evaporated by heating and stirring, dried at Figure 2. XRD pattern of (a) the ethanol-treated sample, (b) sample

120 °C, and calcined at 600C for 2 h. SrCQ is washed A, (c) sample B, and (d) sample C.

out by dissolving it in 10% HN@solution under sonication.

The solid product at this stage is referred to as sample C.evolution during isothermal sintering of Sp&erogels'® The

The calcined sample of the as-prepared hydrous,&md small microcrystallites with the incipient cassiterite structure

the ethanol-treated hydrous Snére referred to as sample are formed at 110C, the dehydration reaction between 110

A and sample B, respectively. and 250°C leads to an amorphization evidenced by a
The transmission electron micrographs (TEM) are obtained decrease of the long and short-range crystallographic order,

by using JEOL-JEM 100SX microscopes. Samples for TEM and a continuous coagulation of the crystallites leads to grain

are prepared by placing a drop of suspension on a coppergrowth at higher temperature. The pure Sg@@noparticles

grid (400 mesh, electron microscopy sciences) coated with decompose at 1008C. The TGA curve of the mixture of

carbon film and then allowing it to dry in air. Powder X-ray ethanol-treated hydrous Sp@nd SrCQ reveals both the

diffraction (XRD) is performed on a Rigaku 2028 diffrac- dehydration of hydrous Sri@rom room temperature to 500

tometer, with nickel-filtered Cu K radiation. The particle  °C and the decomposition of SrGg@&om 700 to 1000°C.

size is calculated from the X-ray line broadening, using the The decomposition temperature of Srgdecreased due to

Debye-Scherrer equation. Thermogravimetric analysis (TGA) mixing with SnQ. However, there is no obvious weight loss

is performed using a Mettler Toledo TGA/SDTA851 in the between 500 and 60. This means that the hydrous SnO

temperature range 3100°C in a nitrogen atmosphere at can be dehydrated and crystallized at 6@) whereas the

a heating rate of 10C/min. UV—vis diffuse reflectance  SrCG; nanoparticles do not decompose.

spectroscopy (DRS) is measured by a Cary 500-Wigible Figure 2a shows the XRD pattern of the ethanol-treated
spectophotometer at room temperature in the wavelengthsample, which indicates its amorphous structure. The ethanol-
region between 200 and 800 nm. treated hydrous Snshows the properties of am-oxide.

Results and DiscussionParts a-c of Figure 1 show the  There are two types of hydrous tin(IV) oxide that are formed
TGA curves of the ethanol-treated hydrous e mixture by hydrolysis of tin(IV) salt solutions depending on the
of the ethanol-treated hydrous Snahd SrCQ, and SrCQ, conditions: the freshly prepared material is cakedxide,
respectively. For the ethanol-treated sample, there is a weightwhich is not a crystalline product, while the aging process
loss of 19.7 wt % when the sample is heated from room producesfs-oxide, which has an X-ray diffraction pattern
temperature to 480C. Weight loss of 9.3 wt % when the  characteristic of tin(IV) oxidé? Sonication of SnGlagueous
sample is heated from room temperature to 1G0s due to solution at 8C°C for 2 h also results in a crystalline hydrous
desorption of physical adsorbed water. The weight loss of product! Parts b and c of Figure 2 show the XRD patterns
5.5 wt %, which occurs when the sample is heated from 130 of samples A and B, respectively. The particle sizes estimated
to 250 °C, is mainly due to the loss of hydroxyl groups. from the broadening of the XRD are the same, 5.9 nm, for
The weight loss of 5.3 wt % in the temperature range-250 both samples A and B. Washing by ethanol has no effect on
480°C, is due to the removal of chemically adsorbed water the particle size. This is different from the result of the
and the oxidative decomposition of chemisorbed ethoxy calcination of hydrous YSZ For the calcination of hydrous
group. The three stages of weight losses are consistent withYSZ, washing with ethanol plays an important role in the
the reported results of EXAFS study of the structural condensation process of surface hydroxyl groups. The

724 Nano Lett., Vol. 1, No. 12, 2001
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Figure 3. TEM micrographs of (a) an ethanol-treated hydrous $rf) sample A, (c) sample B, and (d) sample C.

agglomeration and particle size of the ethanol-treated sample

are significantly lower and smaller than those of the
as-prepared sample. Figure 3d shows the XRD pattern of
sample C. The average particle size of sample C as estimated
from the broadening of the XRD is 3.5 nm.

Figure 3a shows the TEM micrographs of an ethanol-
treated sample. The particles are monodispersed with a
particle size of ca. 2.0 nm. Parts b and c of Figure 3 show
the TEM micrographs of samples A and B, both of which
consist of monodispersed particles with a particle size of ca.
6.0 nm. By comparison, the particle size of sample C is ca.
3.5 nm (Figure 3d). This size is in excellent agreement with
the size calculated for sample C from the XRD data.

For semiconducting nanoparticles, the quantum confine-
ment effect is expected, and the absorption edge will be
shifted to a higher energy when the particle size decreases.
The band gaps of the Sa®@amples are studied by UWis
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gap by analyzing the DRS results. Figure 4 shows the plots Figure 4. Plots ofF(R) vs wavelength of (a) sample A, (b) sample

of F(R) vs wavelength of samples-AC. The band gaps are
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B, and (c) sample C. The inset show the DRS result.
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Figure 5. Variation of the average particle size of sample C after
heating at different temperatures for 2 h.

defined by extrapolation of the rising part of the plots to the
X-axis (dotted line in Figure 4). The inset of Figure 4 shows
the DRS results. The band gaps of samplesCAare 3.65

eV (340 nm), 3.65 eV (340 nm), and 3.97 eV (312 nm),

respectively. The band gap of the samples A and B (3.65

eV) are similar to the literature value of the bulk Sii®'®

The band gap increases from 3.65 to 3.97 eV when the

particle size decreases from 5.9 to 3.5 nm.

The thermal stability of sample C is studied by heating at
different temperatures for 2 h. The average particle sizes
estimated from the broadening of the XRD are 4.0, 4.5, 5.9,
7.1, and 8.8 nm for the samples calcined at 400, 500, 600,

700, and 800C, respectively. Figure 5 shows the variation

of the average particle size of sample C after heating at

different temperatures. When the SrCi9 dissolved out,

sample C with particle size 3.5 nm cannot be stabilized at

roles in this method. The hydrous Snp@anoparticles are
adsorbed onto the surface of SrQ@noparticles. Dispersing
the hydrous Sn@particles on a higher surface area lowers
the agglomeration and oxolation during the dehydration
process. For the same precursor, temperature is an important
factor to influence the particle size during the calcination
process. Our results suggest that, at the same calcination
temperature, changing the local environment of the precursor
particles can inhibit the growth of nanocrystals. A smaller
crystal size of Sn@usually confers good properties. An
improved sensor device performance is expected for our
samples.
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