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Two different mesoporous silica structures (hexagonal and lamellar) were synthesized via sol-gel method
using a series of triblock copolymer (Pluronic) surfactants. L81, L61 & L31 surfactants form lamellar struc-
ture whereas P123 surfactant forms a hexagonal structure. CuO and ZnO nanoparticles (NPs) supported
mesoporous silica were synthesized using impregnation method. The structural properties of these mate-
rials were investigated using several characterization techniques such as FTIR, XRD, SAXS, TEM and TGA.
SAXS and TEM confirmed that the obtained mesoporous silica is based on the EO/PO ratio of Pluronic sur-
factants. They proved that the mesoporosity of silica is well maintained even after they loaded with metal
oxide nanoparticles.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Metal oxide nanoparticles exhibit unique physical and chemical
properties due to their limited size and a high surface area to vol-
ume ratio [1]. Metal oxides are especially attractive with respect to
applications in catalysis [2], sensing [3], energy storage [4] and
biomedical application [5]. During last years, the interest of meso-
porous silica materials has increased due to the great benefits that
these materials can offer. Mesoporous silica materials, discovered
in 1992 by the Mobile Oil Corporation, have received considerable
attention due to their superior textual properties such as high sur-
face area, large pore volume, tunable pore diameter, and narrow
pore size distribution [6–8]. Because of their utilities in drug deliv-
ery systems, adsorption, selective separation and catalysis, meso-
porous silica materials are highly desirable for various purposes
and applications [9–12]. A variety of mesostructured materials
exhibiting lamellar, hexagonal (p6mm), 3D hexagonal (P63/mmc)
or cubic (Ia3d, Im3m and Pm3n) organizations have already been
prepared under different preparative conditions [13,14]. Many
types of ionic and non-ionic surfactants have been used for
obtaining mesoporous silica with different pore structure and
morphological characteristics [15]. The main surfactants used in
the synthesis of mesoporous are non-ionic block copolymers.
Advantages with block copolymers are their stability to time the
ordering by varying solvent composition, molecular weight or
copolymer composition [16]. The length of the EO chains is essen-
tial for establishing the mesoporous structure. Polymers with short
EO chains form lamellar structures; with medium length chains,
two-dimensional hexagonal structures are preferentially formed;
and long EO chains favor a cubic structure [13,14,17,18]. Incorpo-
ration of metal oxide nanoparticles in mesoporous silica materials
has been a very interesting and promising field of research such as
catalysis [19], optics [20] and drug delivery [21]. Some of the meth-
ods used for modification mesoporous silica are direct synthesis
[22,23] and post modification like impregnation [24–26]. There
are a number of different Pluronics available, with a selection of
different molecular weights and variations in the EO/PO ratio.
The tendency for (EO)x-(PO)y-(EO)x block copolymers to adopt dif-
ferent structures depending on temperature and their composition
(EO/PO ratio). The length of PO block has more relation with pore
size and silica order [16], while the length of the EO chains is
essential for establishing the mesoporous structure [13,14,17,18].
The effect of different block lengths of triblock copolymers in the
formation of mesoporous silica has been studied for a series of
Pluronic surfactant (L101, P103, P104, P105, F108, P65, P84 and
P123) [13,14,17]. The main objective of our present research, is
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that mesoporous silica of hexagonal or lamellar structure materials
are prepared based on EO/PO ratio and the length of EO chain using
a series of nonionic triblock copolymer surfactants (Pluronic P123,
L81, L61 and L31). The prepared mesoporous silica using nonionic
triblock copolymers surfactants (Pluronic L81, L61 and L31) are
found to produce lamellar silica structure, whereas the use of
P123 surfactant is found to produced hexagonal mesoporous silica.
The series has similar short length of EO block, but only they have
different length of PO block. Therefore their corresponding meso-
porous silica have general lamellar structure with minor differ-
ences. In case of using P123 surfactant which has medium length
EO block produced a hexagonal mesoporous silica structure. Obvi-
ously the formation of different mesoporous structures is refer to
the difference of hydrophilicity and hydrophobicity properties of
the used surfactants [14]. The two types of mesoporous silica
structures (hexagonal and lamellar) have a different behavior
towards the incorporation of metal oxides. The systematic proce-
dure for synthesis of mesoporous silica and their supported metal
oxides (CuO, and ZnO) via impregnation method are presented in
Scheme 1. Several methods and techniques are used to examine
their structural properties. These methods include fourier trans-
form infrared spectroscopy (FTIR), X-ray diffraction (XRD), small
angle X- ray scattering (SAXS), transmission electron microscopy
(TEM) and thermal gravimetric analysis (TGA),
2. Experimental

2.1. Materials

All the chemicals used were analytical grade and directly used
as received without further purification. Triblock copolymer Pluro-
nic L31 (EO2 PO16 EO2, 99%), Pluronic L61 (EO2 PO31 EO2, 99%),
Pluronic L81 (EO3 PO43 EO3, 99%), Pluronic P123 (EO20 PO70

EO20), Tetraethoxyorthosilicate (TEOS) (Si(OC2H5)4) and copper
acetate monohydrate (Cu(CH3COO)2�H2O) were purchased from
Aldrich company. Zinc acetate dihydrate (Zn(CH3COO)2�2H2O)
was purchased from Sigma Company. Hydrochloric acid (HCl,
37%) was purchased from Merck Company. All the glassware used
in this experimental work washed with distilled water and dried at
100 �C.
Scheme 1. Description of synthesis of supported metal
2.2. Synthesis of mesoporous silica

In a typical synthesis of mesoporous silica [13], 4.0 g of nonionic
triblock copolymer Pluronic surfactant (P123, L81, L61, and L31)
was dispersed in 40 mL of deionized water under stirring for 1 h.
The solution of each surfactant (L81, L61 and L31) was kept at
10 �C. Then 60 mL of 2 M HCl was slowly added to the surfactant
solution under the same conditions for another hour. TEOS (8.8
mL, 39.4 mmol) was added to previous mixture drop wise under
the same conditions. The mixture was put under stirring at room
temperature for 24 h. The mixture was autoclaved at 100 �C for
48 h. The product was filtrated, washed twice with 25 mL deion-
ized water, and then dried at 100 �C for 24 h. The materials were
calcinated at 600 �C for 3 h. The synthesized materials are labeled
SiO2-P123 (SBA-15), SiO2-L81, SiO2-L61, and SiO2-L31, respectively.
2.3. Synthesis of supported metal oxides/mesoporous silica

Metal oxides (CuO and ZnO) nanoparticles supported meso-
porous silica materials were prepared using impregnation method
[25,26], by adding the desired amount (30%) of the appropriate
metal acetate salts in deionized water to 0.7 g of each mesoporous
silica. The mixture was stirred for 2 h at room temperature, and
then was heated to 80 �C under stirring to dryness. The final pro-
duct was dried at 100 �C overnight. The material was calcinated
at 600 �C for 4 h. The obtained materials were labeled as CuO/
SiO2-P123 (SBA-15), CuO/SiO2-L81, CuO/SiO2-L61, CuO/SiO2-L31,
ZnO/SiO2-P123 (SBA-15), ZnO/SiO2-L81, ZnO/SiO2-L61 and ZnO/
SiO2-L31.
2.4. Methodology

Infrared spectra for the materials were recorded on a Perkin-
Elmer FTIR spectrometer using KBr disk in the range 4000–400
cm�1. Thermogravimetric analysis (TGA) was carried out using
Mettler Toledo TGA/SDTA851e analyzer in the range of 25–600 �C
of heat rate of 10 �C/min. The system was purged with nitrogen
using a flow rate of 50 mL/min. Powder X-ray diffraction (XRD)
patterns were recorded on Analytical Expert Pro diffractometer
utilizing Cu Ka radiation (k = 1.54 Å). The TEM analysis was
oxide-mesoporous silica via impregnationmethod.
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performed with JEM2010 (JEOL) transmission electron microscope
with energy-dispersive X-ray spectrometer INCA (Oxford
Instruments).

3. Result and discussion

3.1. Synthesis

Mesoporous silica was prepared using four different surfactants
(L81, L61, L31 and P123) (Scheme 1). P123 copolymer surfactant
form rod-like micelle to obtained well-ordered hexagonal struc-
ture. Copolymer surfactants (L81, L61, and L31) are probably
formed different micelle shape of lamellar structures because of
the short chain EO block copolymers of Pluronic surfactants. The
silica obtained using Pluronic L81, L61, and L31 do not form a well
pore-order as that of SiO2-P123 (SBA-15). This was confirmed by
SAXS analysis discussed later.

The complete removal of surfactant via thermal decomposition
was observed for samples heated at 600 �C. Thus the lamellar
structure was expected to collapse at high temperature at 600 �C.
Apparently, the removal of the surfactant from 2D hexagonal struc-
ture did not produce anymajor change in the shrinkage behavior of
retained its hexagonal, open pore structure even after heating at
600 �C [27]. However, the structural stability should be different
from that of simple lamellar.

CuO- and ZnO-NPs supported mesoporous silica (30%) were
prepared using post synthesis (impregnation) method [25,26]. In
this method, mesoporous silica materials were treated with metal
precursor solution. Metal precursor was loaded into/onto silica and
then metal precursor was decomposed by thermal treatment as
shown in Scheme 1. Using this method, there was a possibility of
loaded the metal oxide nanoparticles into/onto mesoporous silica.
This may leads to the formation of uncontrolled agglomerations of
metal oxide onto the outer surface of mesoporous silica.

3.2. Fourier transform infrared (FTIR)

FTIR spectra of SiO2-P123 (SBA-15) and SiO2-L81 are generally
similar (Fig. 1). However, there were some changes in the relative
intensities of the peaks of OH and SiAO vibrations. The OH vibra-
tions of the lamellar structure materials are higher than that of
SiAO vibrations of hexagonal structure. This means that in lamellar
materials are less stable with less cross-linking and collapsed at
high temperature in comparison with hexagonal structure mate-
rial. The spectra for both materials show same absorption peaks
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Fig. 1. FTIR spectra of (a) SiO2-P123 (SBA-15) and (b) Lamellar-SiO2.
in the three functional regions at 3600–3400 cm�1, 1700–1500
cm�1 and 1400–400 cm�1 correspond to m(OAH), d(OAH) and m
(SiAOASi) vibrations, respectively. The FTIR spectra of SiO2-P123
(SBA-15), CuO/SiO2-P123 (SBA-15) and ZnO/SiO2-P123 (SBA-15)
materials are given in Fig. 2(a–c). A broad band in range of
3600–3400 cm�1 in Fig. 2(a–c) is due to m(OAH) vibration. This is
attributed to hydrogen-bonded between adsorbed water and MO
and silica surfaces. The weak peak at 1645 cm�1 (Fig. 2(a–c)) is
probably due to d(OAH) vibrational [28]. A strong broad band
around 1150–1000 cm�1 centered at 1085 cm�1 (Fig. 2(a–c)) is
due to the asymmetric stretching vibrational of m(SiAO) of silica
network. The peak at 965 cm�1 (weak shoulder) in Fig. 2a is due
to d(SiAO) vibration of non-condensed silanol groups. The peak
around 800 cm�1 (Fig. 2(a–c)) is due to symmetric stretching of
SiAOASi vibration from silica network. The peak around 459
cm�1 (Fig. 2(a–c)) is due to d (SiAO) bending vibration from silica
network [28,29]. The presence of a shoulder at about 560 cm�1in
Fig. 2(b&c) is related to (MAO) vibration for supported MO/meso-
porous silica. There is no presence of absorption peaks related to
surfactant, which gives a clear evidence that Pluronic surfactants
are totally removed upon calcination.

FTIR spectra of SiO2-P123 (SBA-15) (Fig. 2a) and MO/SiO2-P123
(SBA-15) (Fig. 2(b&c)) are very similar, which give a good evidence
about the physical interaction between MO and silica network.
3.3. X- ray diffraction (XRD)

XRD patterns of SiO2-P123 (SBA-15), SiO2-L81, SiO2-L61 and
SiO2-L31 are given in Fig. 3(a–d). All mesoporous silica materials
exhibit broad diffuse peaks at 2h of ca. 23� which is attributed to
the non-crystalline silica [28,30]. XRD patterns of SiO2-L81, SiO2-
L61 and SiO2-L31 (Fig. 3(b–d)) are similar to the XRD pattern of
SiO2-P123 (SBA-15) (Fig. 3a). This confirmed the amorphous nature
of the synthesized mesoporous silica materials (SiO2-L81, SiO2-L61
and SiO2-L31).

The XRD patterns of ZnO/SiO2-P123 (SBA-15), ZnO/SiO2-L81,
ZnO/SiO2-L61 and ZnO/SiO2-L31 are shown in Fig. 4(a–d). All
diffraction peaks of XRD matched with hexagonal phase (wurtzite
structure) of ZnO (JCPDS card No. 89-7102) [31]. The major peaks
at 2h values of 31.7�, 34.35�, 36.17�, 47.46 �, 56.57�, 62.82�, 66.36
�, 67.9� and 69.04�can be indexed to the lattice planes of (1 0 0),
(0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 3), (2 0 0), (2 0 1) and (1 1 2)
reflections, respectively [31–33]. The absence of any diffraction
peaks related to impurities in XRD patterns may confirm high pur-
ity of the synthesized materials.
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Fig. 2. FTIR spectra of (a) SiO2-P123 (SBA-15), (b) CuO/SiO2-P123 (SBA-15) and (c)
ZnO/SiO2-P123 (SBA-15).
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Fig. 3. XRD patterns of (a) SiO2-P123 (SBA-15), (b) SiO2-L81, (c) SiO2-L61 and (d)
SiO2-L31.
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Fig. 4. XRD pattern of (a) ZnO/SiO2-L81, (b) ZnO/SiO2-L61, (c) ZnO/SiO2-L31 and (d)
ZnO/SiO2-P123 (SBA-15).
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ZnO diffraction peaks in SiO2-L81, SiO2-L61 and SiO2-L31 were
more intense than in SiO2-P123 (SBA-15). The reason for this
behavior is that in the case of SiO2-P123 (SBA-15), less ZnO
nanoparticles are inserted into mesopores of the silica. That con-
firmed in the TGA section that discussed latter.

The XRD patterns of CuO/SiO2-P123 (SBA-15), CuO/SiO2-L31,
CuO/SiO2-L61 and CuO/SiO2-L81 are presented in Fig. 5(a–d),
respectively. All the peaks in the diffraction pattern indicate to
the monoclinic phase of CuO, which is in good consistent with
(JCPDS No. 05-0661) [34]. Diffraction peaks related to impurities
were not found in XRD patterns, which confirm high purity of syn-
thesized materials. The obvious main peaks correspond to the lat-
tice planes of (1 1 0), ( �1 1 1), (1 1 1), ( �2 0 2), (0 2 0), (2 0 2), (
�1 1 3), ( �3 1 1), (2 2 0) [34,35]. CuO diffraction peaks in SiO2-
L81, SiO2-L61 and SiO2-L31 were more intense than in SiO2-P123
(SBA-15). The low intensity peaks for CuO/SiO2-P123 (SBA-15) is
probably due to low content of CuO particles is loaded inside the
pores in comparison with that of other mesoporous silica
materials.

3.4. Small angle X-ray scattering (SAXS)

SAXS pattern of SiO2-P123 (SBA-15) synthesized with Pluronic
P123 (EO20 PO70 EO20) surfactant depicts in Fig. 6. It shows a typical
pattern of a hexagonal structure with the occurrence of a strong
peak, due to the (1 0 0) plane, and other two weak peaks, due to
the (1 1 0) and (2 0 0) planes. The presence of three well-resolved
diffraction peaks is associated with highly ordered mesoporous sil-
ica SiO2-P123 (SBA-15) with a two-dimensional hexagonal struc-
ture (space group p6mm) [28,36]. The d100 spacing value is 8.8
nm for silica SiO2-P123 (SBA-15) and pore-to-pore distance (a0)
is 10.2 nm.

SAXS patterns of SiO2-L81, SiO2-L61 and SiO2-L31 are given in
Fig. 7(a–c). For SiO2-L81, two broad peaks at q = 0.625 nm�1 and
3.25 nm�1can be indexed as (0 0 1) and (0 0 2) reflections of lamel-
lar structure [37,38]. There is a little variation in SAXS pattern
between the SiO2-L81 and those of SiO2-L61 and SiO2-L31.
Although, they showed a typical pattern of lamellar structure sim-
ilar to that of SiO2-L81 with the occurrence of a broad peak at q = 3.
25 nm�1, due to (0 0 2) reflection of lamellar structure [14,39]. The
difference between PO/EO ratios of the three surfactants (L81, L61
and L31) in comparison with that of P123 Pluronic surfactant is the
main reason for the difference between the structures of the
materials.

Fig. 8(a–c) showed SAXS patterns of SiO2-L81 and its supported
metal oxide ZnO/SiO2-L81 and CuO/SiO2-L81, respectively. SAXS
patterns of CuO/SiO2-L81 and ZnO/SiO2-L81 (Fig. 8(b&c)) showed
two well-resolved peaks indexed as (0 0 1) and (0 0 2) reflections
were corresponded to lamellar structure as identical to that of
SiO2-L81 (Fig. 8a). This indicates that the insertion of ZnO or CuO
nanoparticles with a controlled amount into the mesoporous silica
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system does not obviously change the lamellar structure of SiO2-
L81 [22,40], but it improve the mesoporosity of the silica precursor
(Fig. 8b).

Fig. 9(a–c) showed SAXS patterns of SiO2-P123 (SBA-15) and
their supported metal oxides CuO/SiO2-P123 (SBA-15) and
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Fig. 9. SAXS pattern of (a) SiO2-P123 (SBA-15), (b) CuO/SiO2-P123 (SBA-15) and (c)
ZnO/SiO2-P123 (SBA-15).
ZnO/SiO2-P123 (SBA-15), respectively. SAXS patterns of
CuO/SiO2-P123 (SBA-15) and ZnO/SiO2-P123 (SBA-15) (Fig. 9
(b&c)) are similar to the pattern of SiO2-P123 (SBA-15) (Fig. 9a).
It showed a typical pattern of a hexagonal phase with the occur-
rence of a strong peak, due to the (1 0 0) plane, and other two weak
peaks, due to the (1 1 0) and (2 0 0) planes. This provides evidence
that the addition of inorganic precursors maintains the mesoscopic
order of SiO2-P123 (SBA-15) silica. There was a shift of all three
peaks to a small q value after impregnation process. This result
of increasing the inter-planar spacing, this suggest that the inser-
tion of metal oxides CuO and ZnO is probably associated with
expansion of the mesoporous silica [41]. Since the insertion of
metal oxide precursors does not alter the peaks position in case
of lamellar-SiO2 silica in comparison with that of SiO2-P123
hexagonal structure, the metal oxides are probably adsorbed onto
the outside surface of lamellar silica.

3.5. Transmission electron microscopy (TEM)

TEM image of SiO2-P123 (SBA-15), SiO2-L81, CuO/SiO2-L81 and
ZnO/SiO2-L81 materials are shown in Fig. 10(a–e). Fig. 10a shows
the hexagonal arrangement of the pores, confirming the meso-
porous hexagonal structure of SiO2-P123 (SBA-15) material [17].
The estimated pore diameter is about 5.1 nm, center-to-center
pore distance is about 10.2 nm which is exactly of same value
obtained from SAXS analysis. TEM image of SiO2-L81 (Fig. 10b)
shows a wormhole-like mesoporous silica structure with no pore
order as that of SiO2-P123 (SBA-15). The high resolution image of
SiO2-L81 (Fig. 10c) shows an overlap of layers confirming the pres-
ence of lamellar structure of SiO2-L81, which is in a good agree-
ment with SAXS results [38]. Fig. 10d shows TEM image of ZnO/
SiO2-L81, the ZnO nanoparticles are seen in dark particles inserted
into the pores of silica grey color. High-resolution image of ZnO/
SiO2-L81 (Fig. 10e) shows a clear pattern of channels where well
crystalline ZnO-NPs are probably absorbed into the pores of silica.
Low resolution of TEM image of CuO/SiO2-L81 (Fig. 10f), the CuO
nanoparticles are impregnated into the pores of SiO2-L81. The
High-resolution image of CuO/SiO2-L81 (Fig. 10g) shows CuO-NPs
in black color are covered the layers of silica. TEM images of sup-
ported metal oxides of SiO2-P123 (SBA-15) are well established
[22,40], so we are limited to report TEM analysis of ZnO/SiO2-L81
and CuO/SiO2-L81.

3.6. Thermal gravimetric analysis (TGA)

Thermal gravimetric analysis (TGA) and differential thermo-
gravimetric analysis (DTA) for SiO2-L81, SiO2-P123 (SBA-15) and
their supported metal oxides are examined under nitrogen at 25–
600 �C at rate 10 �C/min (Figs. 11 and 12). The thermogram of the
SiO2-P123 (SBA-15) (Fig. 11a) shows twosteps of weightloss. The
first step occurs at 75 �C due to loss of 1.2% of its initial weight. This
is attributed to loss of physisorbed water from the system pores.
The second step occurs at 300 �C due to loss of 1%, which is prob-
ably due to the condensation reaction of SiAOH groups. The total
loss is 2.2% [42].Fig. 11b shows the thermogram of CuO/SiO2-
P123 (SBA-15), where two steps of weight losswere shown. The
first step occurs 80 �C is due to 3.0% weight loss, which is attribut-
edto loss of adsorbed H2O on the surface of CuO-NPs and silica
pores. The second step occurs over wide range at 200–600 �C is
due to 2.2% weight loss, which is correspond to dehydroxylation
of silanol and formation of siloxane bonds [34,42]. The total weight
loss is 5.2%. The thermogram of ZnO/SiO2-P123 (SBA-15) (Fig. 11c)
shows a similar thermogram as that of ZnO/SiO2-P123 (SBA-15). It
shows two steps of weight loss. The first step occurs at 80 �C is due
to 2.5% weight loss, which is attributed to loss of adsorbed H2O on
the surface of metal and silica pores. The second step occurs at



Fig. 10. TEM image of (a) SiO2-P123 (SBA-15), (b) (low-resolution) SiO2-L81, (c) (high-resolution) SiO2-L81, (d) (low-resolution) ZnO/SiO2-L81, (e) (high-resolution)
ZnO/SiO2-L81, (f) (low-resolution) CuO/SiO2-L81 and (g) (high-resolution) CuO/SiO2-L81.
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wide range 200–600 �C due to 3.5% weight loss, which is corre-
spond to dehydroxylation of silanol and formation of siloxane
bonds [42–44]. The total loss is about 6.0% of initial weight.
Similarly, the thermogram of the SiO2-L81 materials (Fig. 12a)
shows twosteps of weight loss, the first step occurs at 75 �C due
to loss of 1.4% of its initial weight. This is attributed to loss of
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Fig. 11. TGA and DTA patterns of (a) SiO2-P123 (SBA-15), (b) CuO/SiO2-P123
(SBA-15) and (c) ZnO/SiO2-P123 (SBA-15).
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physisorbed water from the system pores. The second step occurs
at 300 �C due to loss of 1.2%, which is probably due to the conden-
sation reaction between the SiAOH groups. The total loss is 2.6%
[38].Fig. 12b shows the thermogram of CuO/SiO2-L81, where two
steps of weight loss were shown. The first step occurs 80 �C is
due to 5.0% weight loss, which is attributed to loss of adsorbed
H2O on the surface of copper oxide nanoparticles and silica pores.
The second step occurs over wide range at 200–600 �C is due to
2.1% weight loss, which is corresponded to dehydroxylation of sila-
nol and formation of siloxane bonds [30,38]. The total weight loss
is 7.1%. The thermogram of ZnO/SiO2-L81 (Fig. 12c) shows two
steps of weight loss. The first step occurs at 75 �C due to 5.5%
weight loss, which is attributed to loss of physisorbed water on
the surface of metal and silica pores. The second step occurs at
300–600 �C is due to 3% weight loss, which correspond to dehy-
droxylation of silanol and formation of siloxane bonds [38,39,40].
The total weight loss is 8.5%.

The difference in the weight loss in the first step between the
silica and the encapsulated ZnO nanoparticles refers to the
presence of crystallize water molecules of the zinc oxide. It seems
that more ZnO or CuO nanoparticles absorbed onto SiO2-L81 than
SiO2-P123 (SBA-15) silica.

4. Conclusion

Mesoporous silica materials (hexagonal- and lamellar-SiO2)
were synthesized using a series of triblock copolymer (Pluronic)
nonionic surfactants (P123, L81, L61 and L31) as template by sol-
gel method. Metal oxides nanoparticles (CuO and ZnO) were sup-
ported into/onto mesoporous silica by impregnation method.
These materials were investigated by several characterization
techniques, such as FTIR, XRD, SAXS, TEM and TGA. XRD analysis
showed that mesoporous silica materials were in amorphous form.
It is found from SAXS and TEM analysis that short EO chain surfac-
tants (L81, L61 and L31) gives lamellar mesoporous structure,
while medium EO chain surfactant (P123) gives 2D hexagonal
(P6mm) mesoporous structure. SAXS and TEM confirmed that the
introduction of CuO and ZnO metal oxides occurred onto/into
mesoporous silica and they did not alter the mesoscopic structure.
SAXS also suggested that the insertion of CuO and ZnO is associ-
ated with expansion of the SiO2-P123 (SBA-15) silica network,
whereas no change occurs in the case of lamellar-SiO2 silica. TEM
showed that all metal oxides were in crystalline form, monoclinic
CuO and wurtzite ZnO.
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