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Optical Properties of Host(SBA-15)-guest(Agl) Composite Materials
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Nanoclusters Agl have been prepared in the channels of SBA-15 molecular sieve host, and the host-guest
nanocomposite materials were prepared by a heat diffusion method. The (SBA-15)-Agl host-guest nano-
composites were characterized by powder X-ray diffraction analysis, nitrogen adsorption-desorption iso-
therms at 77 K, and solid-state diffuse reflectance absorption spectra. The decrease in surface area, pore diam-
eter, and pore volume showed the existence of silver iodide clusters in the channels of SBA-15 host. X-ray dif-
fraction illustrates that the framework of the SBA-15 remained in the host-guest composites of (SBA-15)-
Agl. As the guest loading decreases, a blue-shift was observed in the diffuse reflectance spectra. This shows
that the guest existed in the channels of SBA-15 and a quantum confinement effect emerged. The photo-
luminescence (PL) spectra show that the PL at ~2.38 eV, associated with the hydrogen-related species, de-
creases substantially after the loading of Agl in SBA-15. The decrease of the PL indicates the reduction of the
hydrogen concentration on the pore surface of SBA-15 after the loading of Agl guest. The intensity decrease
of the self-trapped exciton (STE) band at 2.76 eV also suggests a hindrance for generating the excitons upon
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adding the Agl guest into the SBA-15 host.
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INTRODUCTION

The small semiconductor clusters that have hybrid mo-
lecular and bulk properties represent a new class of materials.
Novel nanosized materials have been the focus of intensive
investigations recently.' Zero-dimensional quantum dots and
one-dimensional quantum wires among others have brought
out many novel physical, chemical and optical properties.
Zeolites are a class of porous open-framework solids with
nano-channels.” The nano-pores of zeolites have been used as
templates to create host-guest nanocomposite materials.” "

Very recently, a new molecular sieve, SBA-15, has
been successfully synthesized with a highly ordered two-
dimensional Pémm hexagonal mesoporous silica structure
and large one-dimensional channels.'*'* The large sizes of
the channels in SBA-15 can reach up to 30 nm. This pore size
is ideally suited for the formation of semiconductor quantum
structures. Silver-modified zeolites and silver halide (I-VII
semiconductor) encapsulated zeolites have a great potential
to be applied for chemical synthesis of monodispersed nano-

structures, quantum electronics and nonlinear optics, infor-
mation storage and ion conductors, fast-ion conductors, semi-
conductors, photoconductors materials, ete.'¢7

In the present work, a heat diffusion method is used to
prepare (SBA-15)-Agl host-guest nanocomposite materials.
The as-prepared (SBA-15)-Agl samples were characterized
by powder X-ray diffraction, nitrogen adsorption-desorption
at 77 K, and solid diffuse reflectance absorption spectra. The
X-ray diffraction results showed that the prepared host-guest
nanocomposite materials (SBA-15)-Agl still retain the frame-
work of SBA-15, where the channels of SBA-15 were used as
the nanometer template. The decrease in pore volume, sur-
face area, and pore diameter of SBA-15 in the host-guest
(SBA-15)-Agl through the nitrogen adsorption investigation
at 77 K indicated that Agl was confined in the channels of the
SBA-15 molecular sieve. The solid diffuse reflectance ab-
sorption spectra showed that the absorption of the material is
blue-shifted as the loading of Agl guest decreases. We have
also investigated the photoluminescence (PL) of the prepared
samples. The decrease of the PL intensities upon loading Agl
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in the channels of SBA-15 indicates the change of hydrogen
concentration on the pore surface structures of a SBA-15 mo-
lecular sieve.

EXPERIMENTAL

Sample Preparation

The sample of mesoporous siliceous SBA-15 molecu-
lar sieve was obtained from the synthesis method presented in
the literature.'® The material was calcined in static air at 823
K for 24 h to decompose the triblock copolymer, and a white
powder, mesoporous siliceous SBA-15 molecular sieve, was
obtained. This material was used as the host to produce the
host-guest nanocomposite materials, which are designated as
(SBA-15)-Agl. Before the host was used, it was dehydrated
at 673 K for 2 h to ensure the removal of the adsorbed water.
Silver iodide (99%, New Jersey) was used as received. The
mixtures of SBA-15 molecular sieve and Agl were heated at
773 K for 48 h. The sample analyses for silicon by spectro-
photometry'® and for silver by atomic absorption spectrome-
try were made in order to define the exact compositions of the
prepared materials. The host-guest nanomaterials were light
yellow.

Characterization

X-ray Diffraction

Powder X-ray diffraction (XRD) was carried out on a
Philips X-Pert diffractometer with Cu-K; radiation operating
at 40 kV and 25 mA for small angles (0.40-10.0 degree) with
0.02 step size and 2 s step time.

Chemical Analysis

The amount of silver was determined by a Hitachi Z-
8000 polarized zeeman atomic absorption spectrophoto-
meter. The analyses of silicon were carried out according to
molybdosilicate blue photometry."’

N2 Adsorption

Adsorption experiments were carried out on a Coulter
SA3100 apparatus. Surface area and pore volumes were de-
termined at 77 K using nitrogen with a conventional volumet-
ric method. Before the analysis, the previously calcined sam-
ples were oven dried prior to evacuation overnight at 200 °C
for 12 h under vacuum. The surface area was calculated with
the BET method based on adsorption data. The calculation of
pore size distribution was made using the Barrett-Joyner-
Helanda (BJH) method for the adsorption data of the nitrogen
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sorption isotherms.

DRS-UV Spectra

Diffuse reflectance absorption spectra were recorded
with a Hitachi U-3410 visible spectrophotometer. Light
sources for the diffuse reflection measurements were tung-
sten-halogen incandescent and deuterium lamps for low and
high energy regions, respectively. Barium sulfate was taken
as a standard background.

Luminescence Measurements

The experiment for measuring the PL from SBA-15 and
(SBA-15)-Agl samples excited by a pulsed laser are similar
to those described previously.?’** The SBA-15 and (SBA-
15)-Agl (containing 5% and 15% Agl) powders were pressed
into pellets prior to the PL measurements performed in a vac-
uum chamber at 13 K. The samples were excited with an ArF
pulsed laser (Aexc = 193 nm; Lambda Physik, Complex 102)
with a 10 Hz repetition rate and pulse duration of 25 ns. The
laser beam was focused by a 15 cm lens into a 0.03 cm? spot.
The sample was placed on a copper holder and oriented 45° to
the laser beam. The PL was collected in a conventional 90°
geometry using a 50 cm SpectraPro-500 monochromator
(Acton Res. Corp.) with a 1200 lines/mm grating. The slit
width of the monochromator was ~ 0.7 mm. The spectra were
recorded by a charge coupled device camera (Princeton In-
struments, 330 x 1100 pixels) within an exposure time of 2 s.
The data acquisition was processed in a computer equipped
with a CSMA software (Princeton Instruments). A set of
color filters was used in order to cut the stray radiation from
laser and the scattered laser light from the sample.

RESULTS AND DISCUSSION

The small-angle X-ray diffraction of a SBA-15 molecu-
lar sieve is shown in Fig. 1, where a well-resolved pattern
with a prominent peak is at a 20 value of 0.9 and the other
two peaks are at 1.5 and 1.8. It is typical for a relatively well-
ordered material with an intense (1 0 0) diffraction peak and
two higher order (1 1 0) and (2 0 0) peaks. The d spacing of
calcined SBA-15 molecular sieve is 96.1 A corresponding to
a lattice parameter of 111.0 A. This agrees with the previ-
ously reported results of SBA-15,%4%7
successful synthesis of a SBA-15 molecular sieve. The small
angle XRD patterns of the prepared host-guest nanocom-
posite samples were also performed. Compared with the in-
tensity of calcined SBA-15, the intensities of (SBA-15)-Agl
decreased with the loading of the guest Agl. As the guest

and also confirms the
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loading increased from 10 to 15% (Fig. 1b, c) the intensity of
(1 00) peak dropped drastically which may be due to the loss
of crystallinity of parent material. But in the case of 10% Agl,
the loading structure remained as is seen from Fig. 1b. This
indicates the reduction of the crystallinity of SBA-15 host
due to the incorporation of Agl. But the characteristic diffrac-
tion peaks (100) of SBA-15 in the (SBA-15)-AgI still re-
mained (Fig. 1b), thus indicating the structure of the SBA-15
was not destroyed at 10wt% of Agl loading.”®** It was found
from previous work that the maximum loading, namely the
critical dispersion capacity, of the encapsulation of the guest
in the pore of SBA-15 was 15.0 wt%.** As the encapsulation
of Agl increases in the channels of the host SBA-15 molecu-
lar sieves disorder of the guest increases thus causing a fall in
Gibbs free energy.

The properties of nitrogen adsorption and desorption
for the (SBA-15)-Agl and SBA-15 at 77 K were investigated.
A nitrogen isotherms of the samples are shown in Fig. 2,
where the isotherms can be classified as the type IV isotherm
according to the IUPAC nomenclature,’'*? and the (SBA-
15)-Agl host-guest nanocomposites are typical mesoporous
materials. Nitrogen adsorption isotherm from (SBA-15)-Agl
is quite similar to that from SBA-15, but the overall N, ad-
sorption amount decreases. A linear increase of absorbed vol-
ume is followed by a sharp increase in nitrogen uptake at rela-
tive pressure of 0.65 < P/Py < 0.80, which is due to capillary
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Fig. 1. Small angle XRD patterns of SBA-15 molecu-
lar sieve and nanocomposite materials (SBA-
15)-Agl: (A) calcined SBA-15 molecular sieve
(B) nanocomposite material (SBA-15)-Agl
with 10.0 wt% Agl (C) nanocomposite material
(SBA-15)-Agl with 15.0 wt% Agl.
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condensation inside the mesopores,* and the sharpness of the
step indicates the uniformity of the mesopore size distribu-
tion. The BJH (Barret-Joyner-Halenda) method was used to
calculate the pore size distribution. The BJH pore size distri-
butions calculated from the adsorption branch of the iso-
3433 are presented as the BJH
plots in Fig. 3. The results indicate that the distribution of the

1

therms with the Kelvin equation
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Fig. 2. Nitrogen adsorption-desorption isotherms at 77
K of: (A) (SBA-15)-Agl with 5.0 wt% Agl
(B) SBA-15 (The vertical scale is given for the
isotherm of SBA-15; the baseline of curve A is
displaced vertically to avoid overlap). p: vapour
pressure of nitrogen and po: Saturated vapour

pressure.
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Fig. 3. Pore size distribution curves determined from
Barrett-Joyner-Halenda (BJH) formula: (A)
(SBA-15)-Agl with 5.0 wt% Agl (B) SBA-15
(The vertical scale is given for the isotherm of
SBA-15; the baseline of curve A is displaced
vertically to avoid overlap).
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pore sizes is very narrow for SBA-15 that has a pore volume
and surface area of 1.14 mL/g and 652 m*/g, respectively. It is
interesting to note that the pore volume of the host SBA-15
decreases to 0.905 mL/g and the surface area decreases to 616
m?/g at the level of 5 wt% loading. The decreases in the pore
volume and surface area of the (SBA-15)-Agl sample with
5.0 wt% Agl are 20.6% and 5.5%, respectively, compared
with those of the host SBA-15. The pore diameter of SBA-15
decreases by 6.2% from 67.6 A of the SBA-15 to 63.4 A for
the sample with 5.0 wt% Agl loading. The adsorption investi-
gation indicates that the decrease in the pore volume, surface
area and pore diameter of SBA-15 in the host-guest (SBA-
15)-Agl composite material results from the incorporation of
Aglinto the SBA-15, where the Agl predominantly locates in
the channels of the SBA-15 when the host-guest composite
material was prepared.

The diffuse reflectance spectra (Fig. 4) were obtained
using a Hitachi U-3410 spectrophotometer. We prepared dif-
ferent materials with different guest loadings, and observed
their solid diffuse reflectance absorption spectra. The results
show that the host SBA-15 does not have any absorption in
the investigated range of 400-800 nm. In addition, no absorp-
tion due to silver oxide was observed at the wavelengths stud-
ied, indicating that there is no interaction between silver and
the oxygen of the zeolite framework. This absorption origi-
nates from the electronic transitions of the isolated molecules
in Agl quantum dots. For the sample of (SBA-15)-Agl with 1
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Fig. 4. Diffuse reflectance absorption spectra of (SBA-
15)-Agland SBA-15: (A) (SBA-15)-Agl with 1
wt%Agl (B) (SBA-15)-Agl with 5 wt% Agl (C)
(SBA-15)-Agl with 10 wi%Agl (D) (SBA-15)-
Agl with 15 wt%Agl (E) SBA-15.
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Table 1. DRS-UV Results of (host) SBA-15 with Different

(guest) Agl Loadings
Sample Threshhold value Absorption peak value
(mass percent of Agl) (eV) (nm)
SBA-15-Agl(1wt%) 2.73 455
SBA-15-Agl(5wt%) 2.71 458
SBA-15-Agl(10wt%) 2.66 466
SBA-15-Agl(15wt%) 2.62 474

wt% Agl, the absorption threshold locates at 2.73 eV (Table
1). But for the sample of (SBA-15)-Agl with 5 wt% Agl, the
maximum absorption is at 2.71 eV. More interestingly, as the
guest loading increases to 10 wt% even up to 15 wt%, the ab-
sorption thresholds move to 2.66 eV and 2.62 eV, respec-
tively. The change in the absorption of the prepared host-
guest nanocomposites (SBA-15)-Agl (Table 1) shows that
the absorption thresholds are red-shifted as the guest loading
increases. Because the channels of the host have a confine-
ment effect on the Agl, quantum confinement’®*” for both
electrons and holes of Agl was enforced by the cluster bound-
ary. In this situation, the nano Agl in the channel of SBA-15
was in the form of zero-dimensional quantum dots or one-
dimensional quantum wires. Agl guest was incorporated into
the inner surface of the channels of SBA-15. The nano clus-
ters were formed by the interaction among the Agl mole-
cules. The wave functions of electron and hole were ex-
panded in the clusters. The electron-hole excitation energy
decreases as the cluster size increases. It is found that the ab-
sorption of a sample with low concentration of loading shows
a strong absorption. It is expected that in such a sample with a
lower concentration of guest, the isolated molecules or quan-
tum dots of Agl are dominant, and the optical transition takes
place between the equivalent quantum states and has the
same transition probability. But the total oscillator strength is
proportional to the number of molecules. In this case, the
polariton effect of Frenkel excitons decreases and hence the
absorption coefficients of these materials increase.

The PL spectra of SBA-15 and (SBA-15)-Agl (contain-
ing 5 wt% and 15 wt% Agl) samples excited by an ArF laser
are shown in Fig. 5. The peaks around 2.38 eV have strong PL
intensities. In our previous PL studies on SiO; nanoparticles
and MCM-41 mesoporous silica, the bands with emission at
~2.35 eV were assigned as due to hydrogen-related species
on the surface of SiO; constituents. While there were vibra-
tional progressions, such as Si-H bending and interfacial H,O
bending observed previously in the PL spectra of siliceous
nanoparticles and MCM-41,%*% the peaks at 2.16 and 2.51
eV in Fig. 5 have energy spacings of 1774 and 1084 cm™, re-
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spectively, to the peak at 2.38 eV. Whether these bands are
associated with interfacial H,O bending progression requires
further investigation. The peak at 2.76 eV is attributed to the
emission of self-trapped exciton (STE) generated in the sili-
ceous SBA-15 molecular sieve upon the laser excitation. The
measured lifetime of ~1 ms for the STE emission is consistent
with the spectral nature of the forbidden triplet-singlet transi-
tion in the Si0, materials.*® The PL bands at 1.8-1.9 eV due to
%42 in the SBA-15 molecular sieve are
not observed, indicating the lack of dangling bond of Si-O’ in

non-bridging oxygen

the SiO; framework at room temperature (Fig. 5). The PL at
~2.38 eV associated with the hydrogen-related species de-
creases substantially after packing Agl in the channels of
SBA-15 molecular sieve. The PL decreases as the Agl load-
ing increases. The prominent reduction in the PL intensity at
~2.38 eV indicates a substantial decrease of the hydrogen
concentration on the wall surface in the internal pores of
SBA-15 after the loading of Agl. The decrease of the PL in-
tensity at 2.76 eV also suggests a hindrance for generating the
STE upon adding Agl into the channels of the SBA-15 molec-
ular sieve. The studies for the dependences of this STE emis-
sion on temperature and laser excitation power will be dis-
cussed in a future publication.
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Fig. 5. Photoluminescence spectra of: (A) SBA-15 (B)
(SBA-15)-Agl with 10 wt% Agl (C) (SBA-
15)-Agl with 15 wt% Agl. The samples were
excited with an ArF pulsed laser (Aexe= 193 nm;
with a 10 Hz repetition rate and duration of 25
ns. The PL was collected in a conventional 90°
geometry using a 50 cm monochromator with a
1200 lines/mm grating. The slit width of the
monochromator was ~ 0.7 mm. The spectra
were recorded by a charge coupled device cam-
era within an exposure time of 2 s at room tem-
perature.
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CONCLUSION

The present work shows that the Agl clusters have been
encapsulated in the channels of a SBA-15 molecular sieve
with a heat diffusion method. Powder X-ray diffraction indi-
cates that the framework of SBA-15 remained after the load-
ing of Agl guest in the (SBA-15) samples. The nitrogen ad-
sorption-desorption at 77 K investigation indicates that the
Agl clusters are confined in the channels of SBA-15. As the
guest loading decreases, the maximum absorption of the
(SBA-15)-Agl materials in diffuse reflectance absorption is
blue-shifted, which can be attributed to a quantum confine-
ment in the channels of SBA-15. Also, it proves that the Agl
is located in the channels of the SBA-15 molecular sieve. The
PL at ~2.38 eV decreases substantially after the loading of
Agl in SBA-15, indicating a great decrease of the hydrogen
concentration on the pore surface of SBA-15 after the loading
of Agl. The decrease of the STE band at 2.76 eV also suggests
a hindrance for generating the excitons upon adding Agl into
the channels of the SBA-15 molecular sieve.
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