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Silica mesoporous molecular sieves doped with europium were synthesized using Cab-O-Sil M35 silica and
europium chloride in the presence of cetyltrimethylammonium bromide surfactant. The materials obtained with
lower Eu content (Si: Eu molar ratio of 100) in the synthesis gel exhibited two-dimensional hexagonally ordered
structure of the MCM-41 type, whereas larger Eu contents resulted in lower size of hexagonally ordered porous
domains (for Si: Eu=33) or in disordered porous structures (for Si: Eu=20). The pore size increased from 3.4
to 4.0 nm as the amount of Eu in the synthesis mixture increased. Pore size distributions (PSDs) for Eu-doped

silicas were narrower than the PSDs of the pure-silica MCM-41 material synthesized under the same
conditions. A decrease in the specific surface area and primary mesopore volume was observed for higher Eu
loadings. The volume of secondary (interparticle) pores increased as the content of Eu in the synthesis gel
increased, which is consistent with the transmission electron microscopy images that provided an indication of
the decrease in the particle size, although the latter was not uniform throughout the materials under study.
Energy dispersive X-ray fluorescence (EDX) data indicated that europium is indeed present in the structure of
the materials studied, although its content tended to be somewhat lower than that in the synthesis gel and its
distribution within the materials appeared to be non-uniform. The synthesis procedure reported herein was used
to synthesize silicas doped with other lanthanides, and for given lanthanide loadings, the resultant materials
exhibited porous structures similar to those of the Eu-doped samples.

Introduction

The synthesis of mesoporous molecular sieve silicas with
framework-incorporated or grafted heteroatoms has received
much attention during the last decade. Initially, aluminium-,"
titanium-,>> and vanadiurn-incorporated4 MCM-41 and HMS
silicas were reported, which was followed by a large number of
studies on the incorporation or surface grafting of these and
other metals.>® The resulting materials were found to be useful
as acid and redox catalysts.>® The possibility of doping ordered
mesoporous silicas with lanthanides attracted relatively little
attention (here lanthanum is considered as a lanthanide).
This is somewhat surprising because the beneficial effects of
lanthanide or lanthanide oxide doping of porous silicas and
aluminas are well known. For instance, cerium oxide is used as
an additive for preparation of automobile converter catalysts
to enhance performance and stability.”® Lanthanum and
cerium have been used as promoters of noble metal
catalysts.”!® The effect of the promotion was observed despite
the lack of catalytic activity for pure lanthanide oxides. Other
applications of lanthanide-doped materials include photocata-
lysis, optical amplifiers, micro lasers, and luminescent labels
(see ref. 11 and references therein). Despite all these beneficial
features of lanthanides, their incorporation or grafting on the
surfaces of ordered mesoporous materials was discussed only in
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a few studies.'>2* In particular, the synthesis of La-doped
MCM-41 was reported, wherein the evidence was found for
incorporation of these heteroatoms in the framework of as-
synthesized materials, whereas calcined samples were suggested
to contain mostly extra-framework lanthanide oxides.!?!®
Doping of the aluminosilicate MCM-41 with lanthanum
resulted in a moderate improvement of its thermal stability.'®
The synthesis of Ce-doped (as well as La-doped) MCM-41 was
also accomplished.'”" Ce- and La-doped aluminas with
wormlike pores exhibited improved porous structures and
enhanced thermal stability.?’ Impregnation of MCM-41 with
caesium acetete and lanthanum nitrite allowed for the synthesis
of a stable basic catalyst with an active CsLaO, phase.”!
Moreover, neodymium silylamide precursors have been grafted
on the surface of siliccous MCM-41.?>?? Herein, we report the
synthesis and characterization of europium-doped ordered
mesoporous silicas. The synthesis procedure employed in this
study can be used to obtain silicas doped with other lantha-
nides, and the structures of the resultant materials are similar to
those reported herein for the corresponding lanthanide doping
level.

Experimental
Synthesis

The pure-silica and europium-doped samples were synthesized
via a hydrothermal method similar to that reported in ref. 24.
Cab-O-Sil M-5 silica (Cabot Co.), Eu,O3 (Sigma), hydrochloric
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acid (Fisher Scientific), cetyltrimethylammonium bromide
(CTMABYr) (Aldrich) and 97% tetramethylammonium hydro-
xide pentahydrate (TMAOH-5H,0) (Fisher Scientific) were
used as received. The synthesis mixture had the following molar
composition: 1.0 Si0,:0.317 TMAOH:0.45 CTMABr:x
Eu,03: 18x HCI: 67 H,O (x=0.000, 0.005, 0.015 and 0.025).
In a typical synthesis for x=0.015, TMAOH-5H,0 (1.48 g)
was dissolved in 20.0 g of water and 4.09 g of CTMABr was
added to the TMAOH solution under vigorous mechanical
stirring (the pH of the mixture was equal to 13.5). Then, 0.132 g
of Eu,O3 was dissolved in 3.5 g of 2 M HCI solution under
heating at about 343 K, and after cooling, the resultant
solution was added to the TMAOH-CTMABr mixture. The
remaining amount of water was added to the synthesis mixture
to reach a mass of 30.1 g (the pH of the mixture was 12.8).
After 15 min of stirring, 1.5 g of Cab-O-sil silica was added and
the stirring was continued for the next 30 min, after which pH
dropped to 12.5. The resulting gel was transferred into a
Teflon-lined autoclave, and heated statically under autogenous
pressure for 40 h at 373 K. After cooling to room temperature,
the pH of the mixture was 12.2. The resulting solid product was
filtered off and washed extensively with deionized water and
dried at room temperature. The samples were calcined under
flowing nitrogen and subsequently air (100 mL min~' flow).
The temperature was increased from ambient to 813 K using a
heating rate of 1 K min~!. After heating for 5 h at 813 K, the
flowing gas was switched from nitrogen to air and the heating
was continued for an additional 2 h. Selected samples were
additionally calcined at higher temperatures. More specifically,
one sample calcined at 813 K was subjected to calcination at
973 K for 4 h under air atmosphere with an initial temperature
ramp of 2K min~!. The resulting material was used for
nitrogen adsorption measurement and the calcination at
1073 K was performed in the same manner. After the
adsorption study, the resulting material was calcined once
again at 1173 K. The samples are denoted as follows. The pure-
silica material is denoted MS (mesoporous silica), whereas the
europium-doped materials are denoted MS-EuX, where X
denotes the Si: Eu molar ratio in the synthesis gel (X=100 for
x=0.005; X=33 for x=0.015; X=20 for x=0.025). In
addition, in the case where two samples synthesized under
the same conditions are described, the second is denoted as
MS-EuXA. For the samples calcined at temperatures different
from 813 K, the calcination temperature is indicated in
parentheses. For instance, MS(1173) denotes the pure-silica
material calcined at 1173 K.

Characterization

Nitrogen adsorption measurements were carried out using a
Micromeritics ASAP 2010 volumetric adsorption analyzer.
Before the measurements, the samples were degassed at 473 K
in the outgassing port of the adsorption instrument. Weight
change curves were recorded under flowing nitrogen on a TA
Instruments TGA 2950 high-resolution thermogravimetric
analyzer in high-resolution mode with maximum heating rate
of 5 K min~'. Powder X-ray diffraction patterns were recorded
on a Siemens D5005 diffractometer using Cu-Ko radiation.
The FTIR spectra were recorded on a Nicolet Magna 550
spectrometer at 4 cm ™! resolution using KBr pellet techniques.
A typical pellet contains about 1 wt% sample diluted in KBr
(Merck, 99.9%). Transmission electron microscopy (TEM)
images were obtained using a JEOL 3010 TEM instrument
(accelerating voltage of 300 kV, C;=0.6 nm) and recorded on
films. Energy dispersive X-ray fluorescence (EDX) measure-
ments were carried out using an Oxford LINK, ISIS 300
spectrometer.

Specific surface areas were calculated using the Brunauer—
Emmett-Teller (BET) method.?®> The relative pressure range
from 0.04 to 0.08 was used in the BET calculations in order to

consistently use the same pressure interval for all samples and
to exclude the data from the capillary condensation region.
Total pore volumes® (i.e. the volume of pores narrow enough
to exhibit capillary condensation at relative pressures distin-
guishable from the bulk saturation pressure, which is expected
to correspond to the upper pore size limit of about 200400 nm
in the case of nitrogen adsorption at 77 K) were evaluated from
the amount of N, adsorbed at a relative pressure of about 0.99.
The primary mesopore volumes and the external surface areas
were evaluated using an o, plot>>?® method in an o interval
from 1.25 to 1.6 (o is defined as a ratio of the amount adsorbed
for a reference adsorbent at a given relative pressure to the
amount adsorbed for this adsorbent at a relative pressure of
0.4). It should be noted that pores are classified herein as
micropores (diameter below 2 nm), mesopores (diameter from
2 to 50nm) and macropores (diameter above 50 nm).>
Moreover, the uniform mesopores within the particles of the
samples under study are referred to as primary mesopores,
whereas other mesopores and macropores of the size below
ca. 200-400 nm are referred to as secondary pores. For the
samples under study, the secondary pores can be considered as
interparticle pores. The presence of microporosity in the
samples was examined using the o plot method in an o4 range
from 0.0 to 0.6. The pore size distribution (PSD) was calculated
using the Barrett-Joyner—Halenda (BJH) algorithm?®’ (but
without the simplifying assumptions proposed by these
authors) and the (pore diameter)—(capillary condensation
relative pressure) relation determined recently for a significant
range of mesopore sizes using a series of MCM-41 silicas
as model adsorbents.”® The statistical film thickness curve
(t-curve) employed in the BJH calculations was also derived
using large-pore MCM-41 silicas and extrapolated using the
data for a macroporous silica.?® The t-curve data are reported
elsewhere.? The pore diameter is defined as the position of the
maximum of the PSD.

Results and discussion

Powder X-ray diffraction patterns for calcined pure-silica (MS)
and europium-doped materials (MS-Eul00, -Eu33, and -Eu20)
are shown in Fig. 1. The pure-silica sample (MS) and the
sample with low europium content in the synthesis gel (MS-
Eu100) exhibited XRD patterns with three peaks characteristic
of the MCM-41 structure' that is known to consist of two-
dimensional hexagonal (honeycomb) arrays of uniform non-
intersecting channel-like pores.”* The samples synthesized
using higher europium contents in the synthesis gel exhibited
XRD patterns similar to those of HMS silicas® that exhibit
disordered interconnected structures with uniform pore
diameters.’>3!' It is known that such XRD patterns can also
result from the small size of coherently scattering domains of
2-D hexagonally ordered structures.**** Transmission electron
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Fig. 1 Powder X-ray diffraction patterns for the pure-silica and
europium-doped samples.
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Fig. 2 Transmission electron microscopy image for a particle of the
MS-Eul00 sample.

microscopy (TEM) images of the europium-doped materials
allowed us to refine this structural identification. Fig. 2 shows
an image of a particle of the MS-Eu100 sample taken with [10]
incidence. The fringe spacing is about 3.7 nm and corresponds
to the [10] lattice fringe of two-dimensional MCM-41 type.
This image can be regarded as a side view of a regular
arrangement of long nonintersecting channels characteristic of
the MCM-41 structure.** The particle shown in Fig. 2 was
quite large, although TEM imaging also revealed a small
amount of much smaller particles with porous systems that
appeared to be partially disordered (image not shown). Fig. 3
shows a TEM image of MS-Eu33. In this case, rather small
sizes of uniform domains of a 2-D hexagonal phase were
observed (as seen from the appearance of regions showing
honeycomb structures, as well as side views of honeycomb
structures, i.e. parallel lines with uniform spacing) along with
some domains that appear to have disordered porosity.>? These
apparently disordered domains in MS-Eul00 and -Eu33
structures may actually be hexagonally ordered ones imaged
with the incident electron beam that is neither parallel nor
perpendicular to the ordered channels. As will be shown later,
the primary mesoporosity of MS-Eul00 and -Eu33 was of
uniform size, which makes the presence of two different types
of pore structure arrangements somewhat unlikely. The porous

Fig. 3 Transmission electron microscopy image of the MS-Eu33
sample.
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Fig. 4 Transmission electron microscopy image of the MS-Eu20
sample.

domains appear to be randomly oriented within aggregates in
such a way that some porosity between domains was observed.
The TEM image of MS-Eu20 (Fig. 4) indicated a disordered
structure of primary pores in the material. These pores appear
to be located in particles of size well below 100 nm, and these
particles themselves were agglomerated into much larger
structures with appreciable interparticular pores.

It is known that doping of heteroatoms during the synthesis
of ordered mesoporous silicas might produce different effects
in terms of the degree of incorporation of heteroatoms in the
resultant materials. Some heteroatoms can be incorporated
into the silica framework when synthesis conditions are
appropriate.® Other heteroatoms may be more difficult to
incorporate and may have a tendency to form extra-framework
species,”® or their content in the resultant materials may be
much lower than that in the synthesis gel.>> As inferred from
EDX analysis, europium was indeed incorporated in the
samples, although the molar percentages appeared to be
somewhat lower than those in the synthesis gel. For the samples
with the molar Si:Eu ratios in the synthesis gel of 100:1
(MS-Eul00), 33:1 (Eu33) and 20:1 (MS-Eu20), average
molar Si: Eu ratios in the calcined samples estimated from the
EDX data were about 186:1, 34:1, and 26:1, respectively.
However, the data for particular samples exhibited significant
variations, thus indicating that the distribution of europium
in the samples may be quite inhomogeneous. FTIR spectra
provided an additional insight into the problem of the
europium location in the structure of the samples under
study. The FTIR spectra were generally similar to those of
amorphous silicas (compare Fig. 5 with the data reported in
ref. 36). However, positions of bands corresponding to
asymmetric stretching and bending modes of internal tetra-
hedral vibrations in the silica-based structure®” were shifted to
higher frequencies. More specifically, the asymmetric stretch
band shifted from 1059 cm ™! for as-synthesized MS silica, to
1065, 1068 and 1074 cm ™' for MS-Eul00, -Eu33, and -Eu20,
respectively. The corresponding shift for the calcined materials
was from 1086 to 1088, 1089 and 1092 cm” L, respectively.
Likewise, the bending mode band shifted from 455 cm™! for
as-synthesized MS silica, to 456, 457 and 461 cm™!' for MS-
Eul100, -Eu33, and -Eu20, respectively, and the corresponding
shift for the calcined materials was from 461 to 465, 467 and
469 cm ™!, respectively. A similar shift to higher wavenumbers
has been reported for zeolites with sodium ions exchanged for
lanthanide ions®® and for La- and Ce-doped MCM-41,"" but a
shift to lower wavenumbers was observed in other studies of
La-doped MCM-41.'>15 Nonetheless, it is clear that the
presence of europium affects the silica framework vibrations
for the samples under current study, thus indicating some
degree of incorporation of europium in the framework, or
the presence of extra-framework europium species in close
contact with the framework. The latter would suggest that if
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Fig. 5 FTIR spectra for selected samples under study.

extra-framework europium species were present, they were
highly dispersed on the silica surface. It can be expected from
previous studies of cerium- and lanthanium-doped MCM-41
silica that lanthanides are likely to be incorporated to some
extent in the silicate framework of as-synthesized MCM-41.
However, they are not retained in the framework after the
calcination and form extra-framework lanthanide oxides.
Similar behavior is likely for the samples under current
study, although verification of this will require further studies.

Thermogravimetric analysis indicated that the contents of
surfactant (approximated by the weight loss from about 373 to
623 K) in as-synthesized materials were very similar for the
pure-silica sample and the MS-Eul00 samples with lowest
europium content (see Fig. 6). However, the as-synthesized
materials with higher europium contents (MS-Eu33A and
MS-Eu20) exhibited a tendency to contain a gradually reduced
surfactant content. The as-synthesized MS-Eu33 sample was
exceptional, because it exhibited an unexpectedly large weight
loss in the surfactant decomposition temperature range, perhaps
because of the retention of some excess (non-templating)
surfactant after washing. For the europium-doped materials,
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Fig. 6 Weight change curves for as-synthesized pure-silica and europium-
doped samples.
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Fig. 7 Nitrogen adsorption isotherms for the pure-silica and europium-
doped samples.

no correlation between the weight loss between about 573 and
723 K and the heteroatom content was observed, in contrast to
the behavior observed for some other heteroatoms, such as
aluminium.*

Nitrogen adsorption isotherms for all the samples under
study were generally of the type commonly observed for
ordered mesoporous materials***! (see Fig. 7). The adsorption
process took place via (1) monolayer-multilayer adsorption at
lower relative pressures, followed by (ii) capillary condensation
in primary mesopores at relative pressures somewhere between
0.25 and 0.45, and subsequently (iii) multilayer buildup on
the external surface of particles, and finally (iv) capillary
condensation in secondary (interparticle) pores. The step of
capillary condensation in primary mesopores shifted to higher
relative pressures as the content of europium in the synthesis
gel increased. The adsorption capacity of primary mesopores
increased for lower europium doping levels and decreased for
higher heteroatom loadings. An increase in the heteroatom
doping level led also to an increase in the amount adsorbed at
relative pressures close to 1, indicating an increase in the
volume of interparticle pores of size below about 200 nm.

Structural information about the samples derived from
nitrogen adsorption data is listed in Table 1. It can be seen that
the BET specific surface area was similar for the pure-silica and
the MS-Eu100 samples, but further increase in the heteroatom
doping level led to a decrease in the specific surface area. The
pore diameter increased and the width of PSD was reduced as
the content of heteroatoms increased (see Fig. 8). An improved
uniformity of the pore size in the materials with larger
europium content (MS-Eu33 and -Eu20) appears to contradict
the XRD data that showed an increase in the structural

Table 1 Structural properties of pure and europium-doped ordered
mesoporous silicas

S B ET/ V(/ Vp/ S. ex/ wl
Sample m’g!' g mPg! m’g! nm
MS 1120 1.03 0.77 90 34
MS(973) 1030 0.88 0.66 80 3.2
MS(1073) 960 0.82 0.59 80 3.0
MS(1173) 850 0.63 0.44 60 2.6
MS-Eul00 1090 1.67 0.79 170 3.7
MS-Eul00A 1140 1.22 0.80 130 3.6
MS-Eul00A(973) 1100 1.14 0.76 120 3.5
MS-Eul00A(1073) 1020 1.00 0.68 110 3.3
MS-Eul00A(1173) 910 0.84 0.55 80 3.0
MS-Eu33 940 1.83 0.65 260 3.9
MS-Eu33A 920 2.06 0.57 300 3.9
MS-Eu20 670 1.75 0.42 220 4.0

“SgeT, BET specific surface area; V,, total pore volume; V,, primary
mesopore volume; Sy, external surface area; w, pore diameter.
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Fig. 8 Pore size distributions for the pure-silica and europium-doped
samples.

disordering. However, these results can be reconciled when one
takes into consideration that a poor resolution of the XRD
patterns may result not only from poor structural ordering but
also from small size of coherently scattering domains. As
discussed above and will also be confirmed on the basis of
adsorption data, the particle size for the samples doped with
Eu appears to decrease as the doping level increases. No
microporosity was detected for the samples under study
using o plot analysis. However, the introduction of europium
to the synthesis gel resulted in a slight increase in the low-
pressure nitrogen adsorption in comparison to the pure-silica
material, as seen from relative adsorption curves (the relative
adsorption is defined as the amount adsorbed divided by the
BET monolayer capacity). The primary mesopore volume
increased, and then decreased as the europium content in the
synthesis gel increased, which was accompanied by a fairly
systematic increase in the ratio S./Sper and secondary
(textural) pore volume (difference between the total pore
volume and primary mesopore volume). It should be
emphasized that the textural pore volume for the samples
doped with europium may be comparable or even several times
larger (in the case of MS-Eu33B and MS-Eu20) than the
primary mesopore volume. This feature was observed in the
case of HMS silicas®* and was shown to lead to improved
catalytic activity of heteroatom-incorporated silicas, which was
attributed to the improved diffusion properties of the uniform
porous structure with appreciable textural porosity.*> There-
fore, the significant textural porosity of the europium-doped
mesoporous silicas studied herein may be beneficial in
applications requiring good transport properties of the overall
porous structure. It should be noted that the synthesis
procedure reported herein was found to be highly reproducible
as far as the specific surface area, primary mesopore diameter,
and primary mesopore volume is concerned (see data for MS-
Eul00 and MS-Eul00A, as well as MS-Eu33 and MS-Eu33A
listed in Table 1). The secondary pore volume was less
reproducible, but it also should be noted that the determination
of this quantity is quite inaccurate for the samples whose
adsorption isotherms exhibit an abrupt increase close to the
saturation vapor pressure, as was the case for the europium-
doped materials.

To further compare the properties of pure-silica and
europium-doped materials, their thermal stability was assessed.
The MS and MS-Eu100 samples were calcined at 973, 1073 and
1173 K and their nitrogen adsorption isotherms were measured
(see Figs.9 and 10). It can be seen that a decrease in the
primary mesopore volume after the high-temperature calcina-
tion was larger for the pure-silica material (for instance, 43%
for MS vs. 31% for MS-Eul00 after calcination at 1173 K). The
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Fig. 9 Nitrogen adsorption isotherms for the pure-silica sample
calcined at different temperatures.

750 | _.»_AI

2
=

102

i -".“f.'ﬁ';‘f.')"m?ﬁ(:(}‘.')\_.

=
Ln
=

300 MS-Eul00A

®  MS-Eul00A(973)
© MS-Eul00A(1073)
4 MS-EulO0A(1173)

Amount Adsorbed /cm’ STP g'l

0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure
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MS-Eul00 calcined at different temperatures.

reduction of the pore diameter and BET specific surface area
was also larger for the pure-silica material, which shows that
the doping with europium increased the thermal stability of
ordered mesoporous silica, similarly to La and Ce doping of
porous aluminosilicates'® and aluminas.”® When compared to
the literature data, the stability of the pure-silica MS sample
was moderate, because some MCM-41 samples lost much of
their BET specific surface area after calcination below or at
1173 K,** and other samples were reported to exhibit only
a minor surface area loss (about 10%) at these tempera-
tures.** Even the europium-doped material experienced
larger loss of the specific surface area than the aforementioned
MCM-41 samples. However, it needs to be kept in mind that in
the current study, the relative pressure range used for the BET
calculations was chosen in such a way that the data in the
capillary condensation region were excluded even for the sam-
ples that experience a major decrease in the capillary condensa-
tion pressure after the heat treatment. It is not clear if the same
precautionary measures were taken in the studies reported in the
literature, and thus a possibility of some degree of the BET
specific surface area overestimation resulting from the inclusion
of data in the capillary condensation range cannot be excluded.
This would suggest a higher thermal stability than the actual
stability. It also should be noted that among different ordered
mesoporous silicas, MCM-41 appears to exhibit only a moderate
thermal stability, inferior to FSM-16,*" and other silicas derived
from kanemite,*® as well as MSU-G,* though superior to
MCM-48 (as inferred from data reported in ref. 50).
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Calcination at 1173 K led to a noticeable broadening of
PSD, whereas the treatments at lower temperatures resulted
primarily in the shift of PSD toward smaller pore sizes (see
Figs. 11 and 12). As the calcination temperature increased, the
step corresponding to the capillary condensation in primary
mesopores gradually became less pronounced (see Figs. 7 and
8). However, it is known that the capillary condensation step
for MCM-41 becomes less distinct for the samples that exhibit
capillary condensation at lower relative pressures because of
their smaller pore sizes,’! and even highly ordered samples may
exhibit poorly pronounced steps when their pore size is close to
the micropore range.>? Therefore, the broadening and even
disappearance of the capillary condensation steps on adsorp-
tion isotherms after the high-temperature heat treatment
cannot be regarded as convincing evidence of a partial or
complete collapse of ordered mesopores, as suggested in some
studies,>>>* although this interpretation may be correct for
some samples. This is because the aforementioned changes may
merely result from a decrease in the mesopore size, especially if
the latter is accompanied with a broadening of the PSD, as for
the MS sample studied herein. Furthermore, the shrinkage that
accompanies the heat treatment leads to a decrease in the pore
volume, so even a dramatic decrease in the pore volume upon
high-temperature calcination may not be the result of any
appreciable degree of collapse of the ordered domains. It is also
interesting to note here that the high temperature calcination
resulted in a small, gradual decrease in the relative adsorption

at low pressures both for pure-silica (MS) and europium-
doped (MS-Eul00) samples, which can be attributed to
dehydroxylation, and thus removal of strongly interacting
adsorption sites.>

In the current study, the results were presented only for
europium-doped mesoporous molecular sieve silicas. Similarly
structured materials were also synthesized for other lantha-
nides (lanthanum, cerium, praseodymium, neodymium, samar-
ium, terbium, erbium and ytterbium). The resultant materials
with the same contents of different lanthanides in the synthesis
gel exhibited very similar pore sizes, BET specific surface
areas, pore volumes and secondary porosities as the europium-
doped samples. Thus, the synthesis procedure reported herein
is not only reproducible for europium-doped silicas, but is
general for lanthanide-doped silicas. The properties of meso-
porous molecular sieve silicas doped with several different
lanthanides will be reported elsewhere.

Conclusions

The addition of europium chloride to a synthesis mixture
suitable for MCM-41 preparation resulted in the formation of
mesoporous silicas with structural properties dependent on the
europium doping level. An increase in the content of europium
in the synthesis gel led to an increase in the primary pore size
and the volume of secondary pores. The BET specific surface
area and the primary pore volume were reduced for higher
europium contents. The addition of small or moderate
amounts of europium to the synthesis gel resulted in the
improvement of uniformity of the primary mesopore size.
However, the long-range ordering of the porous structure was
diminished for moderate or high europium contents. Both
pure-silica and europium-doped samples exhibited good
thermal stability, but the doping of europium to the silica
framework was clearly beneficial from this point of view.
Europium is indeed present in the structure of calcined
samples, although its content tends to be smaller than that in
the synthesis gel and its distribution within the structure
appears to be non-uniform. The location of europium within
the structure will require further studies.
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