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THE TEMPLATE SOL-GEL METHOD FOR SYNTHESIS OF TIN (IV) OXIDE NANOPARTICLES

Background. It is known that the presence of templates greatly affects on physical and chemical properties of the
synthesized powders. Therefore, investigation of powders synthesis SnO, in the presence and absence of templates by
sol-gel method are scientific and practical interest.

Objective. The purpose this paper was synthesis of SnO, nanoparticles in absence and presence of template non-ionic
type (ethylene glycol and PEG) by sol-gel method and characterization of obtained powders.

Methods. In paper synthesized the tin (IV) oxide powders by sol-gel method with and without the use of templates.
The ethylene glycol and polyethylene glycol with a molecular weight of 6000 (PEG 6000) was used as templates.
Results. The minimum temperature for crystallization of hydrated tin (IV) oxide powders is defined by thermal
analysis. It is found that the heat treatment under these conditions leads to the formation of the polycrystalline
powders pure rutile modification with a low degree of crystallinity and with a structure approximated to amorphous
state. It is shown that the sol-gel method produces nanocrystalline (0.8—3.5 nm) and nanoparticulate (10—15 nm)
powders of tin oxide (IV), and the use of template-PEG 6000 2—4 times reduces the size of crystallites. It is shown
that the increase in mass of content template PEG-6000 from 1 to 10—75 % results in a slight distortion of the crystal
lattice of tin oxide (IV). The calculated value of the bandgap for SnO, is equal to 3,69 eV. This value is in good
agreement with literature data.

Conclusions. The use of sol-gel method allows to obtain of nanoparticle SnO, powders, and template — significantly

smaller crystallite size SnO, (to 0.8 nm). It is shown that minimum temperature for receiving of crystalline SnQO, is

350 °C.

Keywords: Tin (IV) Oxide; nanoparticles; sol-gel method; template.

Introduction

The tin (IV) oxide (SnQ,) is an important
n-type semiconductor with wide bandgap (3.6 eV),
high electrical conductivity, optical transparency,
sensitivity to adsorbed molecules. SnO, used widely
as a sensing layer in metaloxide gas sensors and
other applications (lithium-ion batteries, sensitized
solar cells, and catalysts). However, sensors based
on tin (IV) oxide have low sensitivity. In order to
increase of sensitivity the SnO, particle size neces-
sary reduce to nanometer range. For this, success-
fully different methods of SnO, synthesis are used:
hydrothermal synthesis [1, 2], sol-gel [3, 4] and
template [4] methods and chemical vapor deposi-
tion (CVD) [5, 6]. Among them sol-gel technology
is most popular due to achieving high homogeneity
of materials. In addition, in recent years the tem-
plate method becomes more and more popularity
through the possibility of obtaining nano-objects
with different morphologies. In this way zero-di-
mensional and one-dimensional nanostructures are
obtained [7]. The different anionic, cationic and
nonionic surfactants are used as a template.
Among them non-ionic surfactants are most popu-
lar, for example, polyethylene glycol (PEG). But
there are questions about choice of temperature for
decomposition of hydrated tin (IV) oxide to its

oxide and remove of PEG residual. Therefore, in-
vestigation the tin (IV) oxide synthesis in presence
and absence of templates by sol-gel method is ac-
tual and it is interesting from the point view of ob-
taining nanosized oxide powder.

Formulation of the problem

The purpose this paper was synthesis of SnO,
nanoparticles in absence and presence of template
non-ionic type (ethylene glycol and PEG) by sol-gel
method and characterization of obtained powders.

Materials and methods

The reagents tin (IV) chloride (chemically pu-
re), ammonia 25 % w/w (chemically pure), polye-
thylene glycol (PEG-6000), ethylene glycol were
used.

Synthesis of SnO, sample without template
carried out as follows. Solution of tin (IV) chloride
was prepared with a concentration 0.05 mol/dm’.
Then solution was heated to 50 °C and in obtained
solution with vigorous stirring aqueous ammonia
was added dropwise to pH 7.8 (Fig. 1). The resul-
ting gel was kept at 50 °C for 2 hours and at room
temperature for 12 hours. Then gel was washed
with distilled water and dried at 100 °C for 2 hours
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and calcined at a temperature of 350 °C in air for
1 hour.

NH,OH

Solution

Compressor

" Thermostat

Fig. 1. The scheme of SnO, obtaining

In the synthesis of SnO, samples in presence
template to solution of tin (II) chloride with vigo-
rous stirring ethylene glycol or PEG were added,
then obtained solution was heated and added
dropwise concentrated solution of ammonia to the
formation of a white gel. Then

optical absorption of SnQ, films. Measurements were
performed on a spectrophotometer UV-5800 PC.

Results and discussion

On Fig. 2 presents thermograms of synthe-
sized gels in the presence of templates: / — in
presence of ethylene glycol, 2 — in presence of
PEG-6000. As seen from Fig. 2 in both samples at
temperature of 110—150 °C there is a great loss of
water (about 16 % wt.). Then two small exothermic
effects are fixed, which there are not clear due to
the simultaneous crystallization of SnO, and com-
bustion residues of ethylene glycol and PEG-6000.
Nevertheless, the beginning of crystallization and
remove residual template already is fixed at 300,
the end there is at 500 °C (for ethylene glycol),
and at 800—900 °C (for PEG). And in case used
PEG-6000 the exothermic effects and weight loss
are larger. This is due to the great calorific value of
PEG-6000. Based on the obtained thermograms
heat treatment temperature of gels were selected
350 °C.
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XRD (X-ray diffraction) mea-
surements were conducted using
X-ray diffractometer Ultima IV Ri-
gaku with CuKa radiation.

The thermal analysis of ob-
tained samples was carried out in
air with thermoanalyzer Derivati-
graf Q-1500 (MOM, Hungary) in

~0,8

—
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a small platinum crucible using
calcined Al,O; as a standard at
heating rate of 10 deg/min.
Bandgap of SnO, samples
was determined by measuring the
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Fig. 2. The thermogram of SnO,"xH,0 gels: / — in presence of ethylene glycol (sam-
ple 2), 2 —

in presence of PEG-6000 (sample 3)



100 Haykosi sicti HTYY "KMI"

2015/3

c

Fig. 3. TEM images of SnO, samples and corresponding SAED patterns: a — sample 1; b — sample 2; ¢ — sample 3
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Fig. 4. The XRD patterns of SnO,: / — sample 1; 2— sample 2; 3 — sample 3

TEM images of synthesized SnO,
powders (samples 1—3) are shown in
Fig. 3. As seen from the TEM images,
the all samples particle are enough
small size (less than 10 nm) and globu-
lar-spongy structure that resembles of
amorphous materials. For a crystal
structure is necessary to increase the
duration and/or time of thermal proc-
essing. So used sol-gel method provides
a nanoparticle powder SnO,. The tem-
plate effects on the structure and size of
the SnO, particles were not found.

Fig. 4 shows XRD patterns of ob-
tained samples SnO, (samples 1-3).
The structural parameters of SnO, pre-
sented in Table 1.
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Most distinct peaks on XRD patterns corre-
spond to (110), (101) and (211) crystal faces (ac-
cording card Ne 1000062, USER (COD)). All dif-
fraction lines can be indexed to the tetragonal
rutile phase. The comparison of the defined lattice
constants for the samples 1—3 with their standard
values (a = 0.476, ¢ = 0.318) shows that the crys-
talline lattice of SnO, in samples well-nigh was not
deformed. All samples have little values of coher-
ent scattering region (CSR), so the particles struc-
ture closer to the amorphous state. The crystallite
size decreases from sample 1 (3.5 nm) to sample 3
(1.8 nm).

Fig. 4 presents TEM images of obtained SnO,
samples (samples 4—7). According to the TEM im-
ages SnO, samples 3—7 there are more amorphous.
The resulting diffraction patterns for these samples
indicate what pure SnO, of rutile modification are
obtained. The structural parameters of SnO, sam-
ples 3—7 presented in Table 1.

The comparison of the defined lattice con-
stants for the samples 4—7 with their standard val-
ues shows some deformation in SnO, samples. All
samples have even less crystallite size than samples
1-3, so the structure of particles still closer to the
amorphous state. The crystallite sizes are in the re-
gion of 1 nm in all cases.

S0 nm

b

Table 1. The structural parameters of SnO, samples 1—3

Sample | hkl 20, Cr.ystalline Lattice constant, nm
deg. | size, nm a c

110 | 26.88

1 101 | 33.77 3.5 0.473 0.319
211 | 52.09
110 | 26.88

2 101 | 33.77 2.53 0.470 0.318
211 | 52.09
110 | 26.88

3 101 | 33.77 1.8 0.476 0.323
211 | 52.09

Table 2. The structural parameters of SnO, samples 4—7

Crystalline size, Lattice constant, nm
Sample
nm a ¢
4 0.93 0.471 0.328
5 0.83 0.473 0.323
6 1.0 0.479 0.312
7 1.3 0.476 0.318

Fig. 6 shows dependence of the absorption
coefficient on wavelength for sample 3. Limit
wavelength value determined from the obtained
diagrams is 337 nm. The bandgap was calculated
by the formula:

Fig. 5. TEM images of SnO, samples and corresponding SAED patterns: a — sample 4; b — sample 5; ¢ — sample 6; d — sample 7
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AE = h-c The value of the bandgap for sample 3 is
" AMimir equal to 3,69 eV. This value is in good agreement

with literature data.

where & — Planck constant; ¢ — speed of light.

Conclusions

(ahv)"2
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The use of sol-gel method allows to obtain of
nanoparticle SnO, powders, and template — sig-
nificantly smaller crystallite size SnO, (to 0.8 nm).
It is shown that minimum temperature for receiv-
ing of crystalline SnQO, is 350 °C. The temperature

and duration of calcination process desirable to in-
crease for a better crystallization and more com-
plete remove of residual template. The calculated
value of the bandgap for SnO, is equal to 3,69 eV.
/ This value is in good agreement with literature
data.

2 3 4 5 6 7 In future the effect of temperature and dura-

v tion of heat treatment on crystallite size and degree

Fig. 6. Dependence of the absorption coefficient on wavelength of crystallinity of SnO, will be investigated.
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T.A. JoHuoBa
BUKOPUCTAHHA TEMIMJITATHOIO 30/b-TEJlb METOLY ANA OTPUMAHHA HAHOYACTUHOK CTAHYMY (IV) OKCUOY

Mpo6nemartuka. Binomo, L0 HasABHICTb TemMnnaTiB 3Ha4YHO BNNMBAE Ha (Pi3MKO-XiMiYHi XapakTepUCTUKM MOPOLLKIB, O CUHTE3Y-
10TbCA. TOMYy AOCHiAXEHHA OTPUMaHHsi nopoLukiB SnO, 3a HassBHOCTI Ta BiACYTHOCTI TemMnnaTiB BigOMUM 301b-reflb METOAOM CTaHOBUTL
HayKOBO-NPAKTUYHUN iHTEpeC.

MeTa pocnigxeHHs. MeToto poboTH € CUHTE3 HaHOoYacTMHOK SnO, TeMnnaTHUM 305b-reflb METOAOM 3 NOAanbLUOK XapaKTepu-
3aLieto OTPUMaHNX NOPOLLKIB.

MeTtoauka peanisauii. B poboTi npoBegeHo cuHTe3 nopowwkie ctaHymy (IV) okcmay 3omb-renb MeToaom 3 Ta 6e3 BUKOPUCTaHHS
TemnnaTiB. Sk TeMnnaTi 3aCTOCOBYBanu eTUIEHIMIKONb Ta nonieTuneHrnikone 3 monekynsipHoto macoto 6000 (MEM-6000).

Pe3ynbTatn gocnigxeHHs. TepmiyHum aHanizom Gyno Bu3HavyeHO MiHiManbHy TemnepaTypy Ans kpuctanisauii rigpatoBaHux
nopouukiB ctaHymy (1V) okcuay. BctaHOBMEHO, WO 3a 3agaHyX YMOB NPOXapoBaHHSA YTBOPHOOTLCA MOMIKPUCTarnivHi MOPOLLKM YUCTOT py-
TUNbHOI Moaudikauii 3 HEBUCOKMM CTyMeHeM KpUCTaniyHOCTi Ta 3i CTPYKTYpOlo, WO HabnwxeHa Ao amopdHoro ctaHy. NMokasaHo, wo
300b-renb MeToA Aae 3MOry oTpumyBaTu HaHokpucTaniyHi (0,8-3,5 Hm) Ta HaHoaucnepcHi (10—15 Hm) nopowku ctaHymy (1V) okenay, a
BMKOpUCTaHHs Temnnaty MNEM-6000 y 2—4 pa3n 3Huxye po3mip kpucTanitiB. lMoka3aHo, Wwo 36inblweHHs MacoBOro BMICTy Temmnnarty
MEr-6000 3 1 go 10-75 % npu3BoAnTL A0 HE3HAYHMX CMOTBOPEHb KpucTanivyHoi pewitkn ctaHymy (IV) okenay. PospaxoBaHa wimpuHa
3ab0pOHEHOI 30HM 3@ ONTUYHMMM CNEKTpamu cTaHoBUTL 3,69 eB, Wwo focuTb 4o6pe y3roaXyeTbes 3 nitepaTypHUMN JaHUMM.

BucHoBkuW. BrkopucTtaHHsi 3onb-renb Metogy Aae 3MOory oTpumary YyacTuHkum SnO; B HaHoAina3oHi. HasiBHICTe TemnnaTy npuBo-
OWTb 00 ofepxaHHsa ctaHymy (V) okcmay 3i 3Ha4yHO MeHLWwMM po3mipom kpucTanitiB (4o 0,8 Hm). MiHimanbHa TemnepaTypa ans oTpu-
MaHHs kpucTanidHoro SnO, ctaHoBUTL 350 °C.

KniouoBi cnoBa: ctaHymy (V) okcuna; HaHOYaCTUHKY; 30Mb-refb MeToa; Temnnar.

T.A. JoHuoBa
NCMNONb3OBAHNE TEMMNATHOIO 30J1b-N'Eflb METOOA AN1A NOJTYYEHUA HAHOYACTUL, OKCUOA OJIOBA (IV)

Mpo6nemaTtunka. M3BeCTHO, YTO HanMMyMe TEMNNaToB 3HAYUTENbHO BIUSIET HA (HU3NKO-XMMUYECKNE XapaKTEPUCTUKN CUHTE3U-
pyeMbIX NOPOLLKOB. [103TOMY MccnefoBaHus Mo NoyyYeHno NopoLkoB SnO, B NPUCYTCTBUU U OTCYTCTBMUM TEMMNIATOB 30Mb-refb METo-
[10M NpeAcTaBnseT Hay4YHO-NPaKTUYECKUIA MHTEpEC.

Llenb uccnepgoBaHus. Llenbto paboThl siBNsieTcsi CMHTE3 HaHodacTuy, SnO, TeMnnaTtHbIM 30Mb-refb METOAOM C NOoCcneayoLLen
xapakTepusaumei NonyyYeHHbIX NOPOLLIKOB.

MeTtoauka peanusauun. B paboTe cuHTe3anpoBaHbl nopolky okcnaa onosa (V) 3onb-renb metogoM ¢ 1 6e3 ucnonb3oBaHus
TemnnaToB. B kayecTBe TeMnnaToB NPUMEHSANN STUINEHTTIMKOMNb U NONMUATUIEHINMKOMb C MonekynspHon maccor 6000 (M3r-6000).

Pe3ynbTaTbl uccrnepoBaHuA. TepMUYECKMM aHanM3oM ornpeaeneHa MYHUMarbHas Temneparypa Ans Kpuctannusaumu rugpa-
TUPOBAaHHbIX NMOPOLLKOB okcuaa onosa (V). YcTaHOBNEHOo, YTO Npu aHHbIX YCroBUsX TepMoobpaboTku obpasyloTcs MOnukKpucTannu-
Yeckue MOPOLLUKU YUCTOW PYTUIbHOMW MOAMMUKAUUM C HEBBICOKOM CTEMEHbI0 KPUCTANfMYHOCTM U CO CTPYKTYPOW, NPUOMMXEHHOW K
amopdHOMY cocTosiHui. [1okasaHo, YTO 30Mb-refb MeToq NOo3BOMNsAEeT nonyyatb HaHokpucTannuyeckue (0,8-3,5 HM) M HaHogmcnepc-
Hble (10-15 Hm) nopowkun okcuaa onosa (IV), a ucnonb3oBaHne Temnnara M3Mr-6000 B 2—4 pa3a cHWXxaeT pasmep KpucTannuTos. [lo-
Ka3aHo, YTO yBennyeHue mMaccoBOro cogepxaHus Temnnara M3M-6000 ¢ 1 go 10-75 % npmMBOAWT K HE3HAYUTENbHBIM UCKAXKEHUSM
KpucTannuyeckon pelletkn okcupga onosa (V). PaccuvMTaHHass No ONTMYECKUM CMeKTpaM LUMpMHA 3anpeLyeHHON 30Hbl COCTaBnsieT
3,69 3B, koTOpas XxopoLO cornacyeTcs ¢ NMTepaTypHbIMU AaHHBIMU.

BbiBoabl. Vicnonb3oBaHne 30mb-renb MeToAa no3sonseT nonyunts yactuusl SnO, B HaHoaunasoHe. Hanvune Temnnara npuso-
OWT K nonydeHunto okenaa onosa (V) co 3HauuTenbHO MEeHbLIMM pa3mepom KpucTannutoB (4o 0,8 HM). MnHumanbHas Temnepatypa
Ons nonyyeHusi kpuctannunyeckoro SnO, coctaensieT 350 °C.

KnioueBble cnoBa: okcug onosa (1V); HaHoYacTuLbl; 30Mb-renb MeToa; Temnnar.

PexomenmoBana Panoro Hapiitina mo penakiii
XiMiKO-TE€XHOJIOTIUHOTO (haKyJIbTETy 10 6epes3ns 2015 poky
HTVYY “KIII”
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