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Role of chelating agent in chemical and fluorescent properties of
SnO, nanoparticles*
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A modified polyacrylamide gel route is applied to synthesize SnO; nanoparticles. High-quality SnO; nanoparticles
with a uniform size are prepared using different chelating agents. The average particle size of the samples is found to
depend on the choice of the chelating agent. The photoluminescence spectrum detected at Aex = 230 nm shows a new peak
located at 740 nm due to the surface defect level distributed at the nanoparticle boundaries.
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1. Introduction

Tin oxide (SnO;) has been attracting a great deal of re-
search interest due to its intriguing physicochemical proper-
ties. It has been established that SnO; has high chemical sta-
bility, remarkable resistivity variation in a gaseous environ-
ment, and a high exciton binding energy of 130 meV.!'! These
outstanding properties make SnO; a promising candidate for
the applications in gas sensors,?! dye-based solar cells,l®!
field emission displays,[*! and luminescent devices.”! Nano-
SnO; is of special interest, with many unique surface prop-
erties including luminescence and photocatalytic activity.[67!
By investigating the photoluminescence spectra of pure SnO»
nanoblades, Her er al®! reported a blue luminescence band
at 2.8 eV related to a triplet-to-ground transition of a neutral
oxygen-vacancy defect. For the nanostructured SnO, films,
Gaidi e al"”! reported a band at 3.2 eV attributed to defects
close to the conduction band, a band-acceptor peak at 3.01 eV,
a donor—acceptor pairs peak at 2.9 eV, and a broad peak at
2.48 eV connected to oxygen vacancy concentration. Al-
though there has been substantial progress in this field, many
issues such as the preparation method of SnO; nanoparticles
and the origin of the luminescence still need to be further stud-
ied.

Recently, many efforts have been directed toward the fab-
rication of nano-SnO, to enhance the performances of ma-
terials in current applications. To date, well-defined nano-
structures of SnO, with different dimensionalities such as

10,11 hanowires, 12! nanoparticles,[9’13] nano-

14-16 17,18

nanowhiskers,!

blades,® nanotubes,['*1% and nanofibersl!”-!3! have been ob-

tained successfully. The polyacrylamide gel route is a promis-
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ing method of producing nanoparticles, the basic reason for
using chelating agents is that the corresponding crystal size
may be adjusted under certain reaction conditions and with
certain chelating agents.!>?°] Therefore, it is significant to
prepare SnO» nanoparticles by using different chelating agents
and study their luminescence properties. In this work, a modi-
fied polyacrylamide gel route is presented to synthesize SnO,
nanoparticles with different average sizes.

2. Experiment

Stannic chloride, SnCly-5H,0, was dissolved in deion-
ized water (0.015 mol/l). After the solution became trans-
parent, a stoichiometric amount of citric acid or oxalic acid,
which was used as the chelating agent to complex the cations,
was added to the solution in the molar ratio 1.5:1 with respect
to the cations (Sn). After that, 20-g glucose was dissolved
in the solution. Finally, the acrylamide and N, N’-methylene-
bisacrylamide monomers were added to the solution and the
pH value was adjusted to about 3 with aqueous ammonia. The
resulting solution was heated at 90 °C on a hot plate to initi-
ate the polymerization reaction, and a polyacrylamide gel was
formed a few minutes later. The gel was dried at 120 °C for
24 hin a thermostat dryer. The obtained xerogel precursor was
ground into powder and some powder was sintered at 400 °C
for 5 h to prepare SnO, powders.

The phase purity of the samples was measured by means
of X-ray powder diffraction (XRD) with Cu Ka radiation.
The particle morphology was investigated by an INSPECT-
F field-emission scanning electron microscope (SEM). Differ-
ential scanning calorimetry (DSC) analyses were performed

*Project supported by the Joint Fund of the National Natural Science Foundation of China and the China Academy of Engineering Physics (Grant Nos. 11076008
and 61178018) and the Ph.D. Programs Foundation of Ministry of Education of China (Grant No. 20110185110007).

fCorresponding author. E-mail: xtzu@uestc.edu.cn
© 2013 Chinese Physical Society and IOP Publishing Ltd

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn

058102-1


http://dx.doi.org/10.1088/1674-1056/22/5/058102
mailto:xtzu@uestc.edu.cn
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn

Chin. Phys. B  Vol. 22, No. 5 (2013) 058102

by a Netzsch STA 449C simultaneous thermal analyzer. The
luminescence properties were investigated at room tempera-
ture with a SHIMADZU RF-5301PC fluorescence spectropho-
tometer in the range of 200 nm—800 nm by using a 150-W
xenon lamp as the excitation source.

3. Results and discussion

Figure 1 shows the XRD patterns of SnO, samples pre-
pared by using citric acid or oxalic acid as the chelating agent,
respectively. For both samples, almost all diffraction peaks
can be indexed in terms of the tetragonal rutile structure of
SnO, (JCPDS No. 21-1250). Interestingly, the grain size of
the samples is found to depend on the choice of chelating
agent. The use of citric acid as the chelating agent produces an
SnO, sample with relatively broad diffraction peaks compared
with that of oxalic acid, as clearly shown from the enlarged
peaks given in Fig. 1(b). The crystallite sizes of the samples
were calculated using the Scherrer equation

kA

~ Bcos@’

(M

where k = 0.9 is the grain shape factor, and f is the full width
of the diffraction peak. The calculated crystallite sizes of the
samples prepared by using citric acid and oxalic acid as the
chelating agent are 92 nm and 118 nm, respectively. This in-
dicates that an SnO; sample with a smaller grain size can be
obtained by using citric acid as the chelating agent.
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Fig. 1. (color online) (a) XRD patterns of SnO, samples prepared by
using citric acid or oxalic acid as chelating agent. (b) Enlarged patterns
around the peak (101).

Figures 2(a) and 2(b) display the SEM images of SnO,
particles prepared by using citric acid or oxalic acid as the
chelating agent, respectively, revealing that the particles are
irregularly faceted with a narrow diameter distribution. The
sample prepared with citric acid has an average particle size
of 96 nm while the sample prepared by oxalic acid has an av-
erage particle size of 120 nm. Figure 3 depicts the correspond-
ing particle size distribution statistically calculated from over
100 particles. The chelating agent is an important factor that
affects the particle morphology.

Fig. 2. SEM micrographs of SnO, particles prepared using (a) citric
acid or (b) oxalic acid as the chelating agent.

To confirm the different particle size distributions with
different chelating agents, the differential scanning calorime-
try (DSC) curves of SnO, xerogel are shown in Fig. 4, reveal-
ing two exothermic processes. The weak exothermic peak at
about 170 °C (oxalic acid)/200 °C (citric acid) is likely to be
attributed to decomposition of micro-molecular organic com-
pounds. The large exothermic peak at about 330 °C (oxalic
acid)/354 °C (citric acid) is assigned to the decomposition of

s.121.221 Ag shown

polyacrylamide’s backbone and other residue
in Fig. 4, the chemical reaction finishes at about 380 °C (ox-
alic acid), resulting in the formation of SnO, powder. How-

ever, the modification of the SnO; precursor with a chelating
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agent (citric acid) can result in an increased phase formation
temperature. By considering the DSC patterns in Fig. 4 to-
gether with the SEM images in Fig. 2, we can see that the size
of particles is not only determined by the chelating agents but
also the temperature.
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the donor—acceptor pair and band-acceptor transitions, respec-
tively, which concern structural defects or impurities formed
during the growth.[! The emission peak at 470 nm (2.48 eV)
is assigned to electron transition mediated by the defect levels
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Fig. 3. Particle size distribution of SnO, samples prepared by using (a)
citric acid or (b) oxalic acid as chelating agent.
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Fig. 4. (color online) Differential scanning calorimetry (DSC) curves of
SnO; xerogel prepared by using citric acid or oxalic acid as chelating
agent.

Figure 5 shows the photoluminescence (PL) excitation
(Aem = 379 nm) and the emission (Aex = 326 nm) spectra
of the SnO, xerogels prepared by using citric acid or oxalic
acid as chelating agent and sintered at 400 °C for 5 h. The
excitation peaks at about 326 nm and 360 nm always oc-
cur in the SnO; powder, regardless of the chelating agent.
The spectra were measured with the emission wavelength of
379 nm. The PL spectra of the SnO; samples consist of four
peaks at about 379 nm, 417 nm, 450 nm, and 470 nm, as
clearly seen from the inset of Fig. 5. The emission peak at
379 nm could be ascribed to the defects close to the conduction
band.”! The 417-nm and 450-nm peaks could be attributed to

in the band gap, such as oxygen vacancies.®->3-2!
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Fig. 5. (color online) Photoluminescence excitation (Aey, = 379 nm)
spectrum of the SnO, xerogels prepared by using citric acid or oxalic
acid as chelating agent. The inset shows the emission (Aex = 326 nm)
spectra of the SnO; xerogels prepared by using citric acid or oxalic acid
as chelating agent.

Figure 6 shows the excitation (Aey; = 740 nm) and emis-
sion (Aex = 230 nm) spectra of SnO; samples. The emission
spectra show that the emission bands around 740 nm are ob-
served when the excitation wavelength is 230 nm. This is
possibly related to the surface Fs-centers (surface defects) dis-
tributed on the nanoparticle boundaries. It is found that the
intensity of emission peaks strongly depends on the sample’s
particle size. When the particle size of the SnO, sample de-
creases, the relative intensity of 740-nm emission increases.
This size-dependence of the emission peaks intensity is inter-
preted in terms of charge carrier recombination, in which the
intensity increases with decreasing SnO, nanoparticle size be-
cause of the particles’ higher surface-to-volume ratio.l”)
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Fig. 6. (color online) Excitation (Ader, = 740 nm) and emission (Aex =
230 nm) spectra of SnO, samples.

4. Conclusions

In this work, a polyacrylamide gel route to synthesize
SnO; nanoparticles is presented. It is found that the average
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particle size of the samples depends on the choice of chelating

agent. The photoluminescence spectra of the samples consist

of two emission bands for both SnO, samples prepared by us-

ing citric acid or oxalic acid as the chelating agent. One emis-

sion band is composed of three emission subbands peaking at

417 nm, 450 nm, and 470 nm, while the other is centered at

379 nm. The emission intensity increases with the decrease of

the particle size.

References

(1]
[2]
[3]
[4]

[5

—_

[6]

[7

—

(8]

[9

—

Luo SH,FanJY, Liu WL, Zhang M, Song Z T, Lin C L, Wu X L and
Chu P K 2006 Nanotechnology 17 1695

Wang Y, Jiang X and Xia Y 2003 J. Am. Chem. Soc. 125 16176
Snaith H J and Ducati C 2010 Nano Lett. 10 1259

LiLJ, Zong FJ, Cui X D, MaHL, Wu X H, Zhang Q D, Wang Y L,
Yang F and Zhao J Z 2007 Mater. Lett. 61 4152

Zhou W, Liu R, Wan Q, Zhang Q, Pan A, Guo L and Zou B 2009 J.
Phys. Chem. C 113 1719

Wang Q Q, Lin B Z, Xu B H, Li X L, Chen Z J and Pian X T 2010
Micropor. Mesopor. Mat. 130 344

Sinha S K. Bhattacharya R, Ray S K and Mann I 2011 Mater. Lett. 65
146

Her Y C, Wul Y, Lin Y R and Tsai S Y 2006 Appl. Phys. Lett. 89
043115

Gaidi M, Hajjaji A, Smirani R, Bessais B and El Khakani M A 2010 J.
Appl. Phys. 108 063537

[10]

(1]
[12]

[13]
[14]

[15]
[16]

[17]
(18]
[19]
[20]
[21]

[22]
(23]

[24]

[25]
[26]

058102-4

Luo S H, Wan Q, Liu W L, Zhang M, Song Z T, Lin C L and Chu Paul
K 2005 Prog. Solid State Chem. 33 287

Ying Z, Wan Q, Song Z T and Feng S L 2005 Mater. Lett. 59 1670
Kar A, Stroscio M A, Dutta M, Kumari J and Meyyappan M 2009 Appl.
Phys. Lett. 94 101905

Jiang L H, Sun G Q, Zhou Z H, Sun S G, Wang Q, Yan S Y, Li H Q,
Tian J, Guo J S, Zhou B and Xin Q 2005 J. Phys. Chem. B 109 8774
Lai M, Lim J H, Mubeen S, Rheem Y, Mulchandani A, Deshusses M
A and Myung N V 2009 Nanotechnology 20 185602

Ye J F, Zhang HJ, Yang R, Li X G and Qi L M 2010 Small 6 296
Kuang Q, Xu T, Xie Z X, Lin S C, Huang R B and Zheng L S 2009 J.
Mater. Chem. 19 1019

Kim I D, Jeon E K, Choi S H, Choi D K and Tuller H L 2010 J. Elec-
troceram. 25 159

Xia X, Dong X J, Wei QF, Cai Y B and Lu K'Y 2012 Express Polym.
Lett. 6 169

Yang H, Wang S F, Xian T, Wei Z Q and Feng W J 2011 Mater. Lett.
65 884

Lin G J, Yang H, Xian T, Wei Z Q, Jiang J L and Feng W J 2012 Adv.
Powder Technol. 23 35

Xian T, Yang H, Shen X, Jiang J L, Wei Z Q and Feng W J 2009 J.
Alloys Compd. 480 889

Wu S Q, Liu Y Y, He L N and Wang F P 2004 Mater. Lett. 58 2772
GuF, Wang SF, Song CF, Li MK, Qi Y X, Zhou G J, Xu D and Yuan
D R 2003 Chem. Phys. Lett. 372 451

Goossens O, Vanhavere F, Leys N, Boever P De, O’sullivan D, Zhou
D, Spurny F, Yukihara E, Gaza R and McKeever S 2006 Radiat. Prot.
Dosim. 120 433

Wang B and Xu P 2009 Chin. Phys. B 18 324

Liu CM, Fang L M, Zu X T and Zhou W L 2007 Chin. Phys. 16 95


http://dx.doi.org/10.1088/0957-4484/17/6/025
http://dx.doi.org/10.1021/ja037743f
http://dx.doi.org/10.1021/nl903809r
http://dx.doi.org/10.1016/j.matlet.2007.01.044
http://dx.doi.org/10.1021/jp808422a
http://dx.doi.org/10.1021/jp808422a
http://dx.doi.org/10.1016/j.micromeso.2009.11.033
http://dx.doi.org/10.1016/j.micromeso.2009.11.033
http://dx.doi.org/10.1016/j.matlet.2010.09.076
http://dx.doi.org/10.1016/j.matlet.2010.09.076
http://dx.doi.org/10.1063/1.2235925
http://dx.doi.org/10.1063/1.2235925
http://dx.doi.org/10.1063/1.3485811
http://dx.doi.org/10.1063/1.3485811
http://dx.doi.org/10.1016/j.progsolidstchem.2005.11.008
http://dx.doi.org/10.1016/j.matlet.2005.01.044
http://dx.doi.org/10.1063/1.3097011
http://dx.doi.org/10.1063/1.3097011
http://dx.doi.org/10.1021/jp050334g
http://dx.doi.org/10.1088/0957-4484/20/18/185602
http://dx.doi.org/10.1002/smll.v6:2
http://dx.doi.org/10.1039/b815514c
http://dx.doi.org/10.1039/b815514c
http://dx.doi.org/10.1007/s10832-010-9607-6
http://dx.doi.org/10.1007/s10832-010-9607-6
http://dx.doi.org/10.3144/expresspolymlett.2012.18
http://dx.doi.org/10.3144/expresspolymlett.2012.18
http://dx.doi.org/10.1016/j.matlet.2010.11.068
http://dx.doi.org/10.1016/j.matlet.2010.11.068
http://dx.doi.org/10.1016/j.apt.2010.12.002
http://dx.doi.org/10.1016/j.apt.2010.12.002
http://dx.doi.org/10.1016/j.jallcom.2009.02.068
http://dx.doi.org/10.1016/j.jallcom.2009.02.068
http://dx.doi.org/10.1016/j.matlet.2004.04.017
http://dx.doi.org/10.1016/S0009-2614(03)00440-8
http://dx.doi.org/10.1093/rpd/nci652
http://dx.doi.org/10.1093/rpd/nci652
http://dx.doi.org/10.1088/1674-1056/18/1/053
http://dx.doi.org/10.1088/1009-1963/16/1/017

	1. Introduction
	2. Experiment
	3. Results and discussion
	4. Conclusions
	References

