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During the past decade, considerable efforts have been

made to fabricate inorganic materials with hollow nano/

micro structures because many interesting optical, elec-

tronic, magnetic, catalytic and chemical properties are

associated with these structures [1]. Among the methods

that have been used for the synthesis of hollow nano/micro

structures, hard- and soft-template syntheses are the two

mostly used routes [2–6]. The size and morphology of the

product can be controlled very well through choosing

appropriate template, however, the removal of template is a

rather complex process. Recently, a new sacrificial-tem-

plate route is used to synthesis nanomaterials [7–9], in

which the template materials act as one reactant and will be

used up after the reaction, hence, the step for the template

removal is successfully leaving out.

SnO2 is a wide-band-gap semiconductor (Eg � 3.62 eV,

at room temperature) and a well-known material having

applications in transparent electrodes [10], gas sensors [11],

photocatalyst [12] and dye-sensitized solar cells [13]. One-

dimensional nanostructure such as nanoribbons [14] and

nanorods [15–16] have been successfully synthesized

through solution synthesis. For better understanding the

relationship between morphology and property, other

morphology SnO2 nanomaterials should also be synthe-

sized. Although there are several reports on the fabrication

of SnO2 nanostructures with hollow interiors using different

hard template [17–18], the synthesis of SnO2 hollow micro/

nano structures through a simple route remains a challenge

for material scientists [19–21].

In the present study, we reported a solvothermal route

for the preparing SnO2 hollow nanospheres with diameters

about ca. 40–120 nm. In this process, a complex compound

was used as precursor and reactant. Water was used as

another reactant. After the solvothermal process, complex

compound precursor was converted to SnO2 product

completely.

All the reagents used in this work were chemical purity

and used as received. In a typical process, 4 mmol hex-

amethylene tetramine (HMTA) was dissolved in a mixture

of 1 mL distilled water and 30 mL absolute ethanol rring,

then precursor precipitation was formed instantly after the

addition of 0.5 mmol solid SnCl2 Æ 2H2O. The suspended

material was transferred directly into a Teflon-lined stain-

less steel autoclave up to 60% of total volume. The sealed

autoclave was maintained at 180 �C for 10 h inside an

electric oven, and then cooled to room temperature natu-

rally. The product to get a clear solution under continuous

sti precipitation was collected by centrifuge and washed

several times with water and ethanol before dry under

50 �C for 5 h.

The XRD patterns were recorded using a Japan Rigaku

D/max-cA 200 X-ray diffractometer with Cu Ka radiation

(k = 1.54178 Å) in the 2h range from 5� to 75�. The size

and morphology of the as-synthesized product were

characterized with JEOL JSM-6700F field emission

scanning electron microscopy (FESEM) and JEM-

100CXII transmission electron microscopy (TEM)

instruments. Infrared spectrophotometer was collected on

a Thermo-Nicolet 370 FT-IR instrument. The RT photo-

luminescence (PL) spectrum was recorded in the range of

380–550 nm on a fluorescence spectrometer (Hitachi

M850).
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The XRD pattern of the as-prepared product was illus-

trated in Fig. 1. All the diffraction peaks could be indexed

to the tetragonal phase SnO2 (JCPDS card file.No.88–

0287). No characteristic peaks of the precursor and other

impurities were detected. However, the diffraction peak of

the hollow nanospheres was broadened due to the small

crystallite, which could be confirmed later by the TEM

observation.

The size and morphology of the obtained product was

characterized by TEM and SEM observations as shown in

Fig. 2. Both images showed nanospheres with 40–120 nm

in diameter. The TEM image showed in Fig. 2a revealed

the clear contrast between the outer part and the inner part

of these sphere-like structures, which provided good evi-

dence for the hollow structure of the product. High-mag-

nified TEM observation presented that the product was

composed of small crystallite. The corresponding selected-

area electron diffraction (SAED) pattern shown in the inset

of Fig. 2a confirmed the polycrystalline nature of the SnO2

hollow nanospheres. Obviously, the SEM images showed

in Fig. 2b exhibited rough surface. One broken nanosphere

could also be seen in the same SEM image, which further

proved that the SnO2 product was hollow nanospheres.

In order to make clear the reaction process, character-

ization of the precursor was conducted. The FTIR spectrum

of the precursor showed in Fig. 3a gave a new absorption

peak at 497 cm)1, which could be caused by the Sn–N

stretching [22–25]. The precursor might be a complex

compound between Sn (II) and HMTA. For the easily

comparison between precursor and product, the FTIR

spectrum of product was showed in Fig. 3b. Seen from the

FTIR, the complex compound precursor was transferred

into SnO2 product completely through the solvothermal

process. Morphology of the precursor was also character-

ized. SEM and TEM observation of the precursor gave

similar images (see ESM) to these showed in Fig 2a and

Fig. 2b, which suggested that precursor morphology might

predestine the product morphology.

On the basis of above analysis, a possible mechanism

under present experimental conditions might be described

as following: Complex compound between Sn (II) and

HMTA with hollow nanospheres shape was prepared

firstly, then the complex compound was hydrolyzed in the

solvothermal process. That is, ligand was substituted by

hydroxy, the newly formed Sn(OH)2 was oxidized to

Sn(OH)4 and subsequently experienced condensation pro-

cess.

According to the mechanism that we proposed, the ratio

of water to ethanol should play great role in the solvo-

thermal process because it would affect the ligand institute.

A series experiments was conducted to clarify this by
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Fig. 1 XRD patterns of SnO2 hollow nanospheres

Fig. 2 Typical images that

obtained when different ratio of

water to ethanol was used in the

solvothermal process: 1 mL

distilled water and 30 mL for

(a) and (b); 15 mL distilled

water and 15 mL ethanol for

(c); 30 mL distilled water for

(d)
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changing water content from 2% to 100% while other

parameters was kept constant, the morphology of SnO2

changed from hollow nanospheres (Fig. 2a) to conglom-

eration (Fig. 2c), and then to prickly structure (Fig. 2d).

The composition of the product was changed from pure

SnO2 to mixture of SnO2 and SnO (see ESM)and the color

of product changed from white to shiny gray. This could be

explained as: The higher water content could provide more

hydroxyl ions at the beginning of the solvothermal process,

which would increase the ligand release. What’s more, the

quick reaction destroyed the morphology of the complex

compound, and more irregular shape formed. When only

water was used in the solvothermal process, the particle

growth led to the prickly structure. Another possible reason

for the above phenomenon was that the hydrophilic hy-

droxyl of the ethanol would coordinate with the newly

formed Sn2+, thus, the hydrophobic ethylic would protect

the product from aggregate upon decreasing water content.

The PL spectrum (Fig. 4) from SnO2 hollow nano-

spheres has been measured using an excitation wavelength

of 340 nm. The emission spectra revealed one blue emis-

sion band centered at 440 nm. The emission might be re-

lated with oxygen vacancies. A similar blue emission has

been reported in the case of uncapped SnO2 nanoparticles

synthesized by sol–gel method [26]. The present PL result

agreed very well with their proposed model. Thus the blue

emission could also be attributed to recombination of

electrons in the conduction band with deep doubly ionized

oxygen vacancies.

A simple solvothermal route was used to synthesize

SnO2 hollow nanospheres, which might be extended to the

growth of other metal oxide by proper choosing ligand

and the following treatment. Such a rational low-temper-

ature synthetic route might be adapted for the scale up in

industry.

References

1. Wilcox D, Berg M, Bernat T, Kellerman D, Cochran J (1995) In:

Symposium Proceedings of Materials Research Society, vol 372.

Pittsburgh, PA

2. (a) Sun X, Li Y (2004) Angew Chem Int Ed 43:597; (b) Sun X, Li

Y (2004) Angew Chem Int Ed 43:3827; (c) Li X, Lou T, Sun X,

Li Y (2004) Inorg Chem 43:5442

3. Zhong Z, Yin Y, Gates B, Xia Y (2000) Adv Mater 12:206

4. Huang J, Matsunaga N, Shimanoe K, Yamazoe N, Kunitake T

(2005) Chem Mater 17:3513

5. Xia Y, Mokaya R. (2005) J Mater Chem 15:3126

6. Liu T, Xie Y, Chu B (2000) Langmuir 16:9015

7. Li Y, Wang Z, Ma X, Qian X, Yin J, Zhu Z (2004) J Solid State

Chem 177:4386

8. Chen M, Gao L (2006) J Cryst Growth 286:228

9. Wang X, Gao P, Li J, Summers CJ, Wang ZL (2002) Adv Mater

14:1732

10. He Y, Campbell J, Murphy R, Arendt M, Swinnea J (1993)

J Mater Res 8:3131

11. Dieguez A, Rodriguez A, Morante J, Weimar U, Berberich M,

Gopel W (1996) Sens Actuators 31:1

12. Oliveira MM, Schnitzler DC, Zarbin AJG (2003) Chem Mater

15:1903

13. Ferrere S, Zaban A, Gregg BA (1997) J Phys Chem B 101:4490

14. Ye C, Fang X, Wang Y, Xie T, Zhao A, Zhang L (2004) Chem

Lett 33:54

15. Cheng B, Russell J, Shi W, Zhang L, Samulski E (2004) J Am

Chem Soc 126:5972

16. Zhang D, Sun L, Yin J, Yan C (2003) Adv Mater 15:1022

17. Liu B, Zeng H (2004) J Phys Chem B 108:5867

18. Wang Y, Lee J, Zeng H (2005) Chem Mater 17:3899

19. Du F, Guo Z, Li G (2005) Mater Lett 59:2563

20. Shao W, Wang Z, Zhang Y, Cui J, Yu W, Qian Y (2005) Chem

Lett 34:556

21. Ohgi H, Maeda T, Fujihara S, Imai H (2004) Chem Lett 33:738

22. Neumann WP (1970) The organic chemistry of Tin. Wiley, NY

23. Poller RC (1970) The chemistry of organotin compounds. Logos

press, London

24. Jones K (1997) Organotin compounds, vol 2. Dekker, NY, p 509

25. Yoder CH, Zuckerman J (1966) J Inorg Chem 5:2055

26. Gu F, Wang S, Lu M, Zhou G, Xu D, Yuan D (2004) J Phys

Chem B 108:8119

Fig. 3 FT-IR of the precursor (a) and the product (b)
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Fig. 4 A RT PL spectrum from the as-synthesized SnO2 hollow

nanospheres
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