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Synthesis and Characterization of Wormhole-Like Mesoporous SnO,
with High Surface Area
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Abstract: High-surface-area wormhole-like mesoporous SnO, with a tetragonal rutile-type structure was fabricated adopting the hydrother-
mal strategy using poly(ethylene glycol) (PEG) as the template, tin chloride as the tin source, and urea as the precipitating agent. The effects
of PEG with different molecular weights and its concentration, hydrothermal temperature, and calcination temperature on the pore structure
and morphology of SnO, were examined. The physical properties of these materials were characterized by X-ray diffraction, nitrogen ad-
sorption-desorption, transmission electron microscopy, selected-area electron diffraction, infrared spectroscopy, and ultraviolet-visible dif-
fuse reflection spectroscopy. It is shown that the PEG template could be removed by washing, no significant impact of PEG molecular
weight was observed on the surface area of the mesoporous SnO, samples, but the factors such as PEG concentration, hydrothermal tem-
perature, and calcination temperature exerted considerable influence on the pore structure of the SnO, samples. After the hydrothermal
treatment at 120 °C for 29 h with the molar ratio of PEG (with a molecular weight of 6 000 g/mol) to Sn of 0.01, a wormhole-like mesopor-
ous SnO; sample with a high surface area of 161 m%g and an average pore size of 2.6 nm was generated. The SnO; samples exhibited good
behavior in UV-light absorption. These porous materials are suitable for use as catalysts, supports, and gas sensors.
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Fig. 1. XRD patterns of different SnO, samples. (1) 0.04SP(4000)-
120; (2) 0.04SP(6000)-120; (3) 0.04SP(10000)-120; (4) 0.01SP(6000)-
120; (5) 0.04SP(6000)-100; (6) 0.04SP(6000)-160; (7) 0.04SP(6000)-
120-350; (8) 0.04SP(6000)-120-450. In the SnO, sample name xSP(y)-
Ti-T2, X, Y, Ty, and T, represent the PEG/Sn molar ratio, PEG molecu-
lar weight, hydrothermal temperature, and calcination temperature,
respectively.

R1 SnO HmHABRSE
Table 1 Structural parameters of different SnO, samples

Surface  Average Pore Particle
Sample area pore size  volume size”

(m?lg) (hm) _ (cm¥g)  (nm)
0.04SP(4000)-120 100 2.6 0.06 45
0.04SP(6000)-120 142 3.6 0.13 4.6
0.04SP(10000)-120 147 31 0.11 45
0.01SP(6000)-120 161 2.6 0.07 4.2
0.02SP(6000)-120 145 31 0.12 —
0.06SP(6000)-120 150 2.7 0.09 —
0.04SP(6000)-100 161 2.6 0.04 33
0.04SP(6000)-160 85 5.4 0.15 10.3
0.04SP(6000)-120-350 89 35 0.10 6.6
0.04SP(6000)-120-450 56 5.4 0.11 9.7

“The particle size was calculated according to the Scherrer equation
using the full width at half maximum intensity (FWHM) of the (110)
plane.
Y I ok RS S M N 3% 5 Devi 45 PRI TE 1 45 i
AL

2y ANTA] ) SnO A il PR N B A -l By 583 2k
Hi P& W] g, A A X TR T plpe = 0.4~0.8 i M
0.04SP(6000)-120 £1 0.04SP(10000)-120 ¥ i 1] W% B -
It B S5 U £ R B/ BA, J I T BRIV Y AR
%, 2 WK YA RE S AT I SOR A 7L & e B0
0.04SP(6000)-120 F¥ ity 17 W B - it B 55 it £k 75 p/po =

Volume adsorbed (cm®g)

of
0.0 02 04 06 08 1000 02 04 06 08 1.0
P/po P/Po

2 SnO, #EREY N W% BE- Bt Mt iR 2%
Fig. 2. N, adsorption-desorption isotherms of different SnO, samples.
(1) 0.04SP(4000)-120; (2) 0.04SP(6000)-120; (3) 0.04SP(10000)-120;
(4) 0.01SP(6000)-120; (5) 0.02SP(6000)-120; (6) 0.06SP(6000)-120;
(7) 0.04SP(6000)-100; (8) 0.04SP(6000)-160; (9) 0.04SP(6000)-120-
350; (10) 0.04SP(6000)-120-450.
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3 0.04SP(6000)-120 #1 0.04SP(10000)-120 & TEM B8 /i % SAED
Fig. 3. TEM images and the SAED pattern (inset) of 0.04SP(6000)-120 (a, b) and 0.04SP(10000)-120 (c).
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Fig. 4. FT-IR spectrum of 0.04SP(6000)-120.
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Fig. 5. TEM images of the 0.01SP(6000)-120 sample.
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41-1445), Tt E Ky FE A B T o5 R IR &S A R
0.04SP(6000)-120-350 £ 0.04SP(6000)-120-450 [t] i
2435 4 6.6 F19.7 nm (3 1), /T SCHR[35]4R IE [ /v
FL SnO, Al KL [ KL A2

FEAS TR 9L 5 458 i BT 43 SnOL FF il 17 N W B -
W 258 2 & 2 (9) A1 (10) B~ . i AT A,
0.04SP(6000)-120-350 #1 0.04SP(6000)-120-450 ]
- T3 B 5 2 B A IV B LA S R A L 5 A R AE
0% Be il B2 th 350 °C Tt 48 450 °C I, SnO, K i 1) L
F 10 A h 89 m¥/g % A 56 m?/g, “F- 4L 4% I 1 3.5 nm
B2 5.4nm (K 1), KRR 7K K5 3 BGH 5 FLIEH
. IWREREE FTASFE L 1) TEM B (B 7) ATl 22 5],
Bt 55 e T B 1) TE R, SN0 RL 1~ K KAk 1 2, R 1

6 0.04SP(6000)-100 #1 0.04SP(6000)-160 B TEM BB K & SAED
Fig. 6. TEM images and SAED patterns (insets) of 0.04SP(6000)-100 (a, b) and 0.04SP(6000)-160 (c).
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Fig. 7. TEM images and SAED patterns (insets) of 0.04SP(6000)-120-350 (a, b) and 0.04SP(6000)-120-450 (c).
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Fig. 8. UV-Vis spectra of 0.04SP(6000)-120 (1) and 0.04SP(6000)-
120-350 (2).
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