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Abstract

Through self-assembly approach, tin oxide with an ordered hexagonal mesostructured tin oxide/surfactant composite (Sn—H) was synthesized
in the presence of cationic surfactant (cetyltrimethylammonium bromide, CTAB{CH):sN*(CHz)3Br~) at room temperature. Powder X-
ray diffraction (XRD) and transmission electron microscopy (TEM) results clearly showed the existence of ordered hexagonal mesostructure
in the composite. According to the X-ray photoelectron spectroscopy (XPS) spectrum, the red-shift igthpead position from the
crystalline Sn@ to the Sn—H composite indicates a change of microenvironments for tin, and this change is attributed to the interactions of
surfactant CTAB with Sn@ In comparison with Sn@bulk, the red-shift of the adsorption band of Sn—H composite can be clearly seen. The
emission band of room temperature photoluminescence (RTPL) in the green spectral range was observed. The results obtained indicate tha
the interfacial effect between the tin oxide and the surfactants plays an important role in the optical properties.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction properties of the inorganic phase with the best properties of
the organic phase. Recent developments in the synthesis of
Tin oxide is an n-type semiconductor oxide with a wide- self-assembled inorganic/organic surfactant composites have
energy-gapig = 3.6 eV, at 300 K). Itis particularly interest-  opened up a new field in the study of composite matej®ls
ing because it has semiconducting properties and has beer\ novel chemical synthetic approach based on self-assembly
widely used as a catalyst for oxidation of organic com- between inorganic species and surfactant was presented to
pounds, and as gas sensfit®], rechargeable Li-batteries inorganic species and organic surfactant into two- and three-
[3,4], and optical electronic devicd5]. Owing to such a  dimensional superlattice structufé®,11] and was success-
large range of applications, various methods have been ap{ully extended to numerous ordered inorganic—organic com-
plied for the synthesis of tin oxide. Beyond sample inorganic posites with hanometer scale periodicitj@¢&,13] The or-
crystals, organic—inorganic composites are of further interest, dered tin oxide/surfactants mesostructure is a novel nanos-
since mesoscopic structures can be generated in the composructured semiconductor-surfactant superlattic materials that
ite by replicating self-organized supramolecular assembliessome novel properties could be thereby expected. However,
of organic molecule$6]. In the past few years, mesostruc- among mesoporous materials, metal oxides/surfactant meso-
tured organic—inorganic composites arouse great recent interporous composites with stability structure are relatively dif-
est from the viewpoints of both applications and fundamen- ficult to synthesize because of their multitude of different
tal research7,8]. The primary goal is to combine the best coordination numbers and oxidation stafg4]. In this re-
spect, several synthetic approaches utilizing the supramolec-
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properties based on Sa@ave been reportd@0,21] How-
ever, its room temperature photoluminescence feature, espe- 100 -
cially relative to the ordered mesoporous tin oxide, has rarely A

‘J *f <101> <200>

Intensity (a.u.)

been mentioned and studied. = hki  angstrom £ ) 'a,'/\\‘ J':.,\ ‘

In this paper, an ordered hexagonal mesoporous tin s O o WM
oxide/surfactant composite (Sn—-H) was synthesized, in £z 200 21 T TR T
which a cationic surfactant cetyltrimethylammonium bro- g Hoddreey)
mide (CTAB) and simple chemical materials SpGH,O =

and tetramethylammonium hydroxide (TMAOH) at room

temperature with self-assembly method, and unusual adsorp-
tion spectrum and novel room temperature photolumines- P R
cence (RTPL) of the resulted composite was observed.

20 (degrees)

2 Experimental Fig. 1. Powder X-ray diffraction patterns for mesoporous Sn—H composite
' in low-angle and wide-angle range.

All the chemical reagents used in the experiments were

obtained from commercial sources as guaranteed-grade - : . .
. o > shown inFig. L The as-synthesized mesostructured tin oxide
reagents and used without further purification. The purities

of SNCh-5H,0 and CTAB were 98 and 99%, respectively. shows three diffraction peaks with lattice spacidgs42, 24

The synthesis method was based on the use of a cationicand 21A. The diffraction peaks can be indexed as the (100),

surfactant (CTAB) as structure directing agent, and hy- (110) and (200) reflections from two-dimensional hexag-

; . : X onal mesostructure with lattice constaats 48.5A, as ob-
drous tin chloride (SnGI5H,0) as inorganic precursor and ; .
. . : served in typical XRD patterns of the hexagonal mesostruc-
TMAOH as counterions, respectively. Reaction was per-

formed at room temperature. The synthetic procedure wastured silica MCM-41[22,23] The composite exhibits reflec-

as follows: (1) 2.5g CTAB were mixed with 26 ml distilled tions of comparablg |r_1tegral |nte.nS|_ty|nlthe rengZE—SO’
o X o . .~ that are characteristic of cassiterite (insetFdg. 1). The
deionized water with stirring until a homogenous solution

was obtained; (2) 36.45g TMAOH (25wt.% solution) was XRD patterns of _sa_mpl_e Qs-syn_thesized a_n_d of the treated
then added int’o the CTAB solution with stirring; (3) when the with ethanol are similar in intensity and position of peak. So
mixing solution became homogenous éSmlut,ion 0f3.0g the removal of the template by solvent extraction tends to
SnCly-5H20 diluted with 26 ml distilled deionized water was pre_?ﬁévz thsaT;r?:eStcr)?(l:ct)l\jvriin le diffraction peaks indicates
introduced, producing a white slurry; (4) after stirring 4 h, the bpeara . ge . P
i that mesoscopic order is obtained in the Sn—H compos-

product was aged at room temperature for 96 h; (5) the result-; g : o .
ing product was filtered, washed with distilled water, dried fte. Th'? IS conﬂr_med by transmission electron microscopy
at ambient temperature. For comparison, the as-synthesize TnE_wclgnr: ggssi'tz?écirsgggv ;JnEMth?[igle O?er:;e[soog %Oztijsne
product was extraction-treated with 100 ml ethanol for 1 h axes of th?e mesostructures 'Ighe mesoscopically ordered
twice, and then filtered and washed with ethanol to remove . : pically
the surfactant. This product was air-dried for 72 h. channels are readlly observed to be arranged n he>§agonal

As-synthesized product was characterized using Powder?&YS by TEM. It is clear that the pore sizes are in the

cray aifaction (XRD, Rigaku Dimax-R8 diffactometer 1382 B 1L ARG Be 1A POt e e s
with Cu Ka radiationA =1.5418A), transmission electron P

micrographs (TEM, Hitachi-800 transmission electron ~2.2nm. It is also consistent with the observed XRD pat-

. ; terns as discussed abovEg. 2a shows characteristic im-
microscope operated at 200KV), Fourier transformed ) S
. . age of Sn—H composite parallel to the pore channel axis (in
infrared (FTIR) spectra (Perkin-Elmer Spectrum GX L .
. the [001] direction) where the hexagonal mesostructure is
infrared spectrophotometer, the samples for FTIR were

repared using the KBr technology which were calibrated clearly visible.Fig. 20 shows a view of Sn-H composite
Ey E)olystyreng), X-ray photoelecgt]r{)n spectroscopy (XPS, perpendicular to the pore axis in the [110]_direction. Long,
Perkin-Elmer PHI 5300 ESCA). The optical properties were stralght.parallel ‘“”’.‘e's are apparent in the image and Fhe ob-
obtained with a UV2100 spectrophotometer and a HITACHI served inter-pore distances are in good agreement with that

850 type visible-ultraviolet spectrometer with a Xe laser as obtained from the XRD patternsig. l .
o The surface/near surface chemical composition of the
the excitation source.

sample analyzed by XPS is shown lig. 3a. The XPS
spectrum of Sn—H composite shows two peaks @f3and
3. Results and discussion 3dz2 at 486.6 and 494.9 eV with a better symmetry, and they
are assigned to the lattice tin in tin oxide. They have peak
The typical low-angle X-ray diffraction (XRD) patterns separations of 8.3 eV between these two peaks. The values
for mesostructured tin inorganic/surfactant composite are correspond to a 3d5 binding energy of Sn(lV) ion (indexed
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Fig. 2. TEM image of mesoporous Sn—H composite, (a) is recorded along

the [1 1 0] zone axis and (b) alone the [0 0 1] zone axis, respectively. Inset in Fig. 3. XPS spectrum of Sn—H composite: (a) Sn 3d and (b) O 1s.
upper right, optical Fourier transform of the part image.

Standard ESCA Spectra of the Elements and Line Energyco_eff'c'em' Therefore, theg of Sn—H composite can be ob-
Information, ® Co., USA). The red-shift in the 3¢ peak talneq by t_he extrapolatloq ofthe abov_e relationto be 2.24 eV
position from the crystalline SnO(Sn—H composite cal-  (S€€Fig. 4inset). A red-shift of approximately 1.36 eV rela-
cined at 500C for 2 h) to the Sn—H composite (from 487.5 tive to bulk SnQ is ewdent.for the Sn—H composite. This is
to 486.6eV) indicates a change of microenvironments for contrary to the quantum size effect which leads to the blue-
tin. This shift (0.9 eV) is due to the interaction of surfactant SNift Of Eq with decrease of particle size, which has been
CTAB with SnQp. This red-shift results have been observed observed in many nanometgr—saed semiconductor mate_rlals
in mesoporous titania by the OZ24] and Zaban grougs]. [27]. The red-shift of absorption spectrum or appeared optical
In Fig. 3b, it can be seen that the O1s XPS is asymmetric (the
left side is little wider than that of the right), indicating that
at least two kinds of oxygen species were present in the near
surface region. The peak at about 531.6 eV is due to the SnO
crystal lattice oxygen, while the peak at about 533 eV is due
to chemisorded oxygen.

UV-vis spectroscopy was used to characterize the optical
absorbance of Sn—H composite. The absorption and corre-
sponding band gap energy of Shulk arex =350 nm and
Eg=3.6 eV.Fig. 4shows the UV-vis absorption spectrum of
Sn—H composite. It can be seen that there is a strong band
edge absorption in the spectrum region of longer than 350 nm
in wavelength. Itis well known that the absorption coefficient 300 350 300 250 300 350 600 650 700 750 500
of an amorphous semiconductor has a characteristic relation T Wavelength (nm)

[26]: [anw]Y/2 = Alnw — Eg], in whichnw is the photon en-
ergy,Eg the apparent optical band gajpthe constant charac-  Fig. 4. The absorbance spectra and the apparent energy gap (inset) of Sn—H
teristic of the amorphous semiconductor, arilde absorption composite from the extrapolation of Urbach’s equation.

(O'Jlm)m

40

Absorbance (a. u.)




164 Y. Wang et al. / Journal of Photochemistry and Photobiology A: Chemistry 171 (2005) 161-165

40 addition of the Sf* solution so that the Sf ions can be
. attracted by the assembled OHb form the mesostructured
[ tin oxide.
301 It was reported recently that Saanocrystalline thin
= Ex=310 nm . . ..

- films has only a broad dorminant photoemission peak at
5 396 nm (3.13eV) at 300 K30]. For the Sn@ nanoribbons,

there are two strong peaks at 392 (3.2 eV) and 439 nm and two
weak peaks at 489 and 496 nm at the room tempergddie

The photoluminescence was attributed to the donor—acceptor
pair transitions or to the luminescent center, such as nanocrys-

PL intensity (a.u.)

10| tals and defects caused by impurities during the growth, but
400 420 440 460 480 500 520 540 560 580 600 that is not yet cleaf18,19] To the best of our knowledge,
Wavelength (nm) it is difficult to observe any photoluminescence phenomenon

at room temperature for bulk Sp@82]. The mesostructured
Fig. 5. Photolumine_sct_ence spectrum of Sn—H composite recorded at roomyin oyide/surfactant composites show well-defined ordered
temperature by excitation 310 nm. structure to form tin oxide/surfactant superlattices. This pe-

culiar structure might have a profound effect on the chemical

and physical properties of tin oxide. Some Snt@noparti-
band gap is worthy to point out that this different would arise cles capped with stearic acid has been reported to exhibit un-
fromthe interface between tin oxide and surfactant. However, ysual room temperature photoluminescefd. We think
the sample of these treated with ethanol does not show thethat the interfacial effect of tin oxide/surfactants compos-
red-shift. ite between tin oxide and the organic surfactants might be

In our investigation, room temperature photolumines- similar to the nanoparticles coated with stearic acid reported
cence spectra were performed with an excitation wavelengthpy Wu et al.[27]. A great lot of oxygen vacancies mainly
(rex=310nm). The RTPL spectrum of tin oxide/surfactant |ocated on the interface of inorganic framework have inter-
mesophase is shown Fig. 5 The RTPL spectrum exhibits  actions with interfacial capping surfactants, and surfactants
a broad emission band between 440 and 580 nm, centered ahight stabilizeF-center-like oxygen vacancies. These inter-
534 nm. When compared to the Sn@anoribbons, the pho-  actions will lead to form the trapped state that might form a
toluminescence from the tin oxide/surfactant mesostructure series of metastable energy levels within the band gap. The
is red-shifted. However, for the sample of these treated with metastable energy levels are relatively long lifetime and their
ethanol, any spectrum of room temperature photolumines- gptical transitions are dipole allowed. So, the room tempera-
cence was not observed. ture photoluminescence can be observed. Therefore, it could
Charge density matching between the surfactant and thepe inferred that the room temperature photoluminescence of

inorganic species was important for the formation of the tin oxide/surfactants mesophase might be induced by the in-

organic-inorganic mesophasg8]. Huo and co-workers  terfacial effects between the inorganic framework and the
proposed a generalized mechanism of formation based ongyrfactants.

the specific type of electrostatic interaction between a given

inorganic precursor and surfactant head gro[29]. By

extension, another charge-interaction pathway ®ia¢= I*,

where St was the structure directol! was the inorganic 4. Conclusions

precursor ancK~ was a counterion. We suggested that this

pathway could explain the formation of the mesostructuretin ~ SnQy/surfactant inorganic—organic nanocomposites with
oxide. Under acidic conditions, through t8& X~ 1* path- ordered hexagonal mesostructure were synthesized based
way the cationic tin specie$*( and the surfactant templat- 0N self-assembly between a cations surfactant (CTAB) and
ing agent CTA (S') could be used to synthesize mesostruc- @ sample inorganic precursor (SuGH,0). The prepared
tured tin oxide. TheX~ (halide anions such as Cland nanocomposites were characterized by X-ray diffraction
Br—, and OH") became involved through this pathway as (XRD), transmission electron micrographs (TEM) and X-

it served to buffer the repulsion between &eand!* by ray photoelectron spectroscopy (XPS). The optical absorp-
means of weak hydrogen-bonding forces. The interactionstion and photoluminescence spectra have been measured. It
between the surfactant molecules (CJAnd the inorganic ~ has been found that SnBurfactant composites have a sig-
counterions (OH) can postpone the combination of the in-  nificant red-shift of the optical absorption band edge and ap-
organic ions, and the self-assembling of inorganic materials Peared optical band gap in contrast to that bulk Sre@d an

and surfactant molecules will prefer to happen so as to form unusual room temperature photoluminescence (RTPL). The
a mesophage through hydrogen-bonding interactions. Ac-rESU|tS obtained indicate that the interfacial effect between
cording to our mechanism, OHshould might self-assemble  the tin oxide and the surfactant plays an important role in the
around the cationic surfactant (CTAB) molecules before the optical properties.
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