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Crystalline microporous inorganic-organic nanohybrids were synthesized by pillaring layered octo-
silicate with 1,4-bis(trichlorosilyl)benzene or 1,4-bis(dichloromethylsilyl)benzene. The silylating agents
were preferentially bridged between the layers of octosilicate, resulting in the formation of microporous
hybrids with BET surface areas of∼500 m2/g. The trichlorosilyl or dichloromethylsilyl groups were
regularly grafted with confronting two Si-OH groups on the same octosilicate surface, and each reacted
group possessed one unreacted site (chloro or methyl group). The micropores derived from 1,4-bis-
(trichlorosilyl)benzene showed a hydrophilic nature due to remaining Si-OH groups after hydrolysis of
chlorosilyl groups, whereas those derived from 1,4-bis(dichloromethylsilyl)benzene showed a hydrophobic
nature. The difference affected the phenol adsorption behavior from dilute aqueous solutions.

Introduction

Microporous inorganic-organic hybrids with crystalline
structures are of great importance as molecular sieves and
catalysts.1-4 Many attempts have been devoted to the devel-
opment of these new hybrids. Microporous hybrids derived
from supramolecular construction of metal coordination poly-
mers are rendered by the spontaneous aggregation of building
units.3 In contrast, microporous hybrids formed by pillaring
layered inorganic materials with organic molecules provide
unique nanoporous surfaces surrounded by inorganic and
organic moieties.2 In general, the properties of inorganic-
organic hybrids depend on their structures as well as their
inorganic-organic junctions. Thus, the precise design of such
hybrids is crucial for the development of desired functions.

Pillaring layered materials with organic molecules through
covalent bonds is a rational approach for building well-
ordered nanostructured materials with specific building units.5

The size of the organic groups affects the interlayer gallery
height, and the location and arrangement of reactive sites in
layered materials define the lateral distance of immobilized
organic moieties. Pillared layered metal phosphates/phos-
phonates were first introduced by Dines et al. in an effort to
cross-link zirconium phosphate layers with rigid organo-

diphosphonates.6 However, fully pillared zirconium phos-
phate has a crystalline structure with no porosity because of
the closeness of adjacent phenylene pillars (∼5.3 Å).7 Thus,
the introduction of spacer molecules such as-O3PH groups
is indispensable for producing porosities. The organic groups
in those diphosphonates are easily designed,7 but the inor-
ganic structures are difficult to design in a controlled manner
because most of the pillared layered metal phosphates/
phosphonates are synthesized by dissolution-reprecipitation
processes.8-11 On the other hand, the topotactic phosphate/
phosphonate exchange usingγ-zirconium phosphate has been
proposed, but the diversity of layered metal phosphates is
limited.12-15

Two-dimensional (2D) layered silicates are versatile scaf-
folds for 3D silica nanostructures because of stable silicate
structures and regular arrangements of Si-OH/Si-O- groups
on their surfaces.16 The typical examples are magadiite,17

kenyaite,17 MCM-22 (MWW),18 RUB-15,19 PREFER,20

HLS,21 AMH-3,22 and M2Si2O5 (M ) H, Li, Na, K, Cs, Rb,
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and their mixture).23-27 Various methodologies have been
developed, and one of them is interlayer condensation with
pillaring monomeric and/or oligomeric species. However, the
regularities of the interlayer surfaces are not well-retained
because of random polymerization of those species.28-30

Recently, we have reported new crystalline silica structures
by controlled silylation of layered silicates using dialkoxy-
dichlorosilanes or alkoxytrichlorosilanes.31,32 Layered octo-
silicate (known as ilerite and RUB-18) is a rational scaffold
for controlled silylation because its crystalline structure
imposes a constrained geometry to preferentially induce a
dipodal reaction of one silylating agent with two confronting
Si-OH/Si-O- groups (Figure 1).33 Quite interestingly, the
dipodal reaction leaves a functional group as a residual site
at the inorganic-organic interface. The residual groups are
crucial for the affinity of interlayer nanospaces, which shows
different adsorption behaviors of polar molecules.34-36

The objective of this work is to design new microporous
inorganic-organic hybrids using the silylation followed by
crosslinking of layered octosilicate with 1,4-bis(trichloro-
silyl)benzene or 1,4-bis(methyldichlorosilyl)benzene. Inor-
ganic-organic nanohybrids derived fromR,ω-organo-bis-
silanetriols orR,ω-organo-bis-silanediols are of great interest
because of their chemical nature.37-39 However, porous
materials did not show any crystallinity at a molecular level,
although nonporous materials showed a crystallinity at-
tributed to the stacking of organic species. Though a
biphenylene-pillared layered octosilicate with 4,4′-bis(tri-
alkoxysilyl)biphenylene was reported by Ishii et al.,40 its
structure exhibited a low crystallinity because of the low
reactivity of alkoxysilyl groups. In contrast, silylation using
Si-Cl groups exhibits a high reactivity to the Si-OH groups,
reflecting the original silicate structure in the silylated
samples. Furthermore, we also focus on the dipodal reaction,
which makes it possible to leave one site of the silylating
agents. The remaining site is utilizable by the selection of
appropriate silylating agents, and the method reported here
should contribute to the development of multifunctional
zeolitic structures.

Experimental Section

Materials. All the synthetic reactions of the silylating agents
were carried out under N2 using a vacuum line and Schlenk tech-
nique. Solvents were dried and distilled just before use.

1,4-Bis(trichlorosilyl)benzene (1) was synthesized by the reaction
of a Grignard reagent of 1,4-dibromobenzene (Tokyo Kasei Co.)
with tetrachlorosilane (Tokyo Kasei Co.). A mixture of 1,4-
dibromobenzene and magnesium chips in dry THF with a Mg:1,4-
dibromobenzene ratio of 2 was heated at 70°C for 24 h. The white
suspension was added to an excess solution of tetrachlorosilane in
THF at-10 °C. The suspension was then stirred for 24 h at room
temperature. After the filtration of the suspension, the filtrate was
evaporated under a vacuum and a crude oil was doubly distilled
under a vacuum (bp 80°C, 1 × 10-1 Torr) to afford 1,4-bis-
(trichlorosilyl)benzene as a clear solid:1H NMR (500 MHz, CDCl3)
δ 7.9; 13C NMR (125.7 MHz, CDCl3) δ 132.8, 136.2;29Si NMR
(99.3 MHz, CDCl3) δ -1.7.

1,4-Bis(dichloromethylsilyl)benzene (2) was prepared by fol-
lowing the same reaction starting from 1,4-dibromobenzene and
trichloromethylsilane (Tokyo Kasei Co.). After a usual workup, the
compound was obtained as a clear solution by vacuum distillation
(bp 60 °C, 1 × 10-1 Torr): 1H NMR (500 MHz, CDCl3) δ 1.0,
7.8; 13C NMR (125.7 MHz, CDCl3) δ 5.4, 132.7, 137.2;29Si NMR
(99.3 MHz, CDCl3) δ 18.2.

Na-octosilicate (Na-Oct; Na8[Si32O64(OH)8‚32H2O]) was pre-
pared according to the literature.29 SiO2 (special grade, Wako
Chemicals), NaOH, and distilled water were mixed in a 4:1:25.8
SiO2:Na2O:H2O ratio. The mixture was treated at 100°C for
4 weeks in a sealed Teflon vessel. Hexadecyltrimethylammonium-
octosilicate (C16TMA-Oct), prepared by the ion-exchange reaction
of Na-Oct with hexadecyltrimethylammonium chloride (C16H33-
N(CH3)3Cl, C16TMACl; Tokyo Kasei Co.),21 was used as an inter-
mediate. Na-Oct (12 g) was dispersed in an aqueous solution of
C16TMACl (0.1 mol/L, 400 mL). The mixture was stirred for 24 h
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Figure 1. Different bonding modes of organosilyl units to a silicate surface.
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at room temperature and then centrifuged to remove the supernatant.
This procedure was repeated three times. The resulting slurry was
washed with water and air-dried at room temperature.

Silylation. Silylation of layered octosilicate was performed
according to the literature.41 C16TMA-Oct (1.5 g) dispersed in dehy-
drated dichloromethane (30 mL) and dehydrated pyridine (10 mL)
was mixed with an excess amount of the silylating agents. The
mixture was stirred for 1 day at room temperature under a N2

atmosphere. The solid products were filtered and washed with
dichloromethane to remove unreacted silylating reagents, pyridine
hydrochloride, and de-intercalated C16TMACl. The resulting prod-
ucts were dried in vacuo to yield1aand2a (Figure 2). The samples
were then washed with a mixture of acetone and an aqueous 1 M
HCl solution for the removal of C16TMA cations and the conversion
of remaining Si-Cl groups to Si-OH groups and dried under a
vacuum.

Adsorption of Phenol.Adsorption of phenol by the derivatives
1b and 2b (Figure 2) from an aqueous solution was conducted
according to the literature.42 A silylated sample (20 mg) was
dispersed in an aqueous solution of phenol (30 mL) for 1 day at
25 °C. After the suspension was centrifuged, the concentration of
phenol in the resulting supernatant was measured by UV absorption
spectroscopy (absorptionλmax ) 269 nm). The adsorption amount
of phenol was calculated by the difference in concentration between
the original solution and the resulting one.

Analysis. Powder X-ray diffraction (XRD) measurements were
performed on a Rigaku Rint 2000 powder diffractometer with
monochromated Cu KR radiation (λ ) 1.5405 Å). Thermogravi-
metry (TG) was carried out with a Rigaku Thermo Plus2 instrument
under a dry air flow at a heating rate of 10°C min-1, and the amount
of SiO2 fraction in the products was determined by the residual
weight after heating to 900°C. The amounts of organic constituents
were determined by CHN analysis (Perkin-Elmer PE-2400). Solid-
state29Si MAS NMR spectra were recorded on a JEOL JNM-CMX-
400 spectrometer at a resonance frequency of 79.42 MHz. We
confirmed that the signals were fully relaxed under a recycle delay
of 400 s with a 45° pulse so that quantitative analysis was possible.
Samples were put into 7.5 mm (or 5 mm) zirconia rotors and spun
at 5 kHz. Solid-state13C CP/MAS NMR spectra were recorded on
the same spectrometer at a resonance frequency of 100.40 MHz
and a recycle delay of 5 s. The29Si and13C chemical shifts were
referenced to tetramethylsilane at 0 ppm. Nitrogen adsorption
measurements were carried out on a Quantachrome Autosorb-1MP.
Prior to the adsorption measurements, samples were outgassed at
120 °C for 3 h. BET surface areas were calculated from the

adsorption data in the relative pressure range around 0.1. The micro-
pore volume was calculated byt-plot method. Pore size distribution
was calculated from adsorption branches using the Horva´th-
Kawazoe method (slit pore geometry).43 Water vapor adsorption
isotherms at 25°C were collected on a Belsorp 18 (Bel Japan, Inc.).
Samples were outgassed at 120°C for 3 h prior to the measure-
ments. The scanning electron microscopic (SEM) images were
obtained with a JEOL JSM-5500LV microscope at an accelerating
voltage of 25 kV. UV absorption spectra were obtained on a
Shimadzu UV-2500PC spectrometer. Structurally optimized cal-
culation was performed with an Accelrys Discover software by
using the COMPASS force field. The void occupancies of the
optimized structures were calculated using a Material Studio
software with packaging balls of 4 Å.

Results and Discussion

Synthesis of Silylated Derivatives.The XRD patterns of
the intermediate and the silylated samples are shown in
Figure 3. The silylated samples of1b and2b showed new
peaks with repeat distances of 13.5 and 15.6 Å, respectively,
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Figure 2. Silylation of octosilicate with 1,4-bis(trichloro- and dichloromethyl-silyl)benzenes.

Figure 3. XRD patterns of (a) C16TMA-Oct, (b) 1a, (c) 1b, (d) 2a, and
(e) 2b.
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which is slightly decreased from1aand2a (13.7 and 15.8 Å,
respectively). The heights of the interior region (gallery
height) were estimated to be 6.1 and 8.2 Å for1b and2b,
respectively, by subtracting thed-spacing of protonated
octosilicate (7.4 Å) from the observedd-values. The interior
heights are slightly shorter than the molecular length of the
silylating agents (8.6 Å), suggesting that the 1,4-disilylphenyl
groups obliquely bridged adjacent layers to form pillared
structures. The complete removal of C16TMA cations was
confirmed by the absence of nitrogen content in the silylated
derivatives (Table 1). The remaining carbon portions in the
silylated derivatives correspond to phenylene groups, as
revealed by13C CP/MAS NMR (see the Supporting Informa-
tion, Figure S1). These data demonstrate the attachments of
the silyl groups onto the interlayer surface. The number of
attached phenylene groups in1b and 2b was estimated to
be 0.25 per Si-OH/Si-O- unit, as determined by the chem-
ical compositions. These values are half of those reported
for the alkoxysilylated products,32 implying that both silyl
groups of one molecule react with the Si-OH/Si-O- units
on the interlayer surfaces. In the higher diffraction angle of
the XRD patterns of the silylated derivatives, many peaks
attributed to the crystalline nature of the silicate are observed.
All of the (00l) reflections are broadened, suggesting that
the atomic arrangement within the silicate layers is well-
ordered but the stacking along thec-axis is less-ordered. This
less-ordered stacking was also observed for the topotactic
conversion of octosilicate.44 In addition, the peaks at around
49°, which are assigned to the intralayer ordering, also
indicate well-ordered structures within the silicate layer. The
morphologies of the silylated samples did not change from
that of the intermediate (see the Supporting Information,
Figure S2).

The29Si MAS NMR spectra of the products are shown in
Figure 4, and the relative intensities of the signals are shown
in Tables 2 and 3. The spectrum of octosilicate shows two
signals at-100 and-110 ppm, corresponding to Q3 and
Q4 sites, respectively, with an intensity ratio (Q3:Q4) of 1.
The spectrum of the sample before the treatment with a
mixture of acetone/HCl aq. (1a) shows a new signal at-52
ppm. This signal can be ascribed to the dipodally grafted
silyl groups (Si(OSi)2ClR) because the signal is shifted
downfield from the T2 site (Si(OSi)2(OH)R) of phenyl-
silylated samples (typically appears at-65 ppm32). In par-
ticular, the signal due to the dipodal grafting was shifted to
the T2 site after the acid treatment (Figure 4c). The signal at
-1 ppm is also observed in the spectrum of1a, indicating
the presence of unreacted silyl groups (RSiCl3), although the
relative intensity is very small (∼10%) compared to those

of the dipodally grafted groups. Such unreacted silyl groups
can be assigned to a silyl group located opposite to the
grafted silyl group in one silylating molecule, because totally
unreacted silylating molecules should be completely removed
during the washing process. The spectrum of2a shows two
signals due to the silyl groups, corresponding to D2 (-27
ppm) and unreacted silyl groups (18 ppm). The intensities
attributed to the silylating groups are estimated to be 0.5
per Si-OH (or Si-O-) group of octosilicate. This value is
approximately twice that of phenylene groups (0.25), which
is in good agreement with the number of attached silyl groups
per Si-OH (or Si-O-) evaluated by the TG and elemental
analysis. The relative intensity of the Q3 signal of C16TMA-
Oct decreased to ca. 0.1 after silylation, indicating that 90%
of reactive sites are reacted. The dipodal grafting of silyl
groups onto layered octosilicate is confirmed by the value
of 2.1 in the ratio of increments of the Q4 signal to the
amount of silylated sites (Si(OSi)2ClR andSi(OSi)2R2).

After the treatment with a mixture of acetone/HCl aq., the
spectra of the silylated samples show the new signals due to
the T1 (Si(OSi)(OH)2R, -60 ppm) T2 (Si(OSi)2(OH)R,-67
ppm), and T3 (Si(OSi)3R, -76 ppm) sites for1b, and D1

(Si(OSi)(OH)R2, -17 ppm) for2b. The new T1 and D1 sites
were presumably generated by the hydrolysis and condensa-
tion of the unreacted silyl groups, because the intensities of
these sites were comparable to those of the unreacted sites
(SiCl3R or SiCl2R2) in 1a and2a. Likewise, the new T3 site
appeared by the condensation of the Si(OSi)2ClR site with
unreacted silyl groups. The total relative intensities of these
signals are approximately equal to that of the silyl groups in
1a. The presence of unreacted silyl groups means that the
silylating agents incompletely bridge between silicate layers.
This is attributed to the overloading of silyl groups because

(44) Marler, B.; Stroter N.; Gies, H.Microporous Mesoporous Mater.2005,
83, 201.

Table 1. Amount of Phenylene Groups of the Silylated Samples

mass % C mass % N % SiO2

amount of phenylene groups/
(SiOH + SiO-)a (mmol/g)

amount of phenylene
groups (A) mmol/g

C16TMA-Oct 38.1 2.3 45.2
1b 11.6 0.0 85.1 0.25 1.61
2b 14.9 0.0 84.5 0.25 1.55

a Evaluated by29Si MAS NMR and thermogravimetry.

Figure 4. 29Si MAS NMR spectra of (a) C16TMA-Oct, (b) 1a, (c) 1b, (d)
2a, and (e)2b.
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of the wider interlayer gallery height of C16TMA-Oct. How-
ever, the ratio of unreacted sites is relatively low, probably
because of the contribution of the steric hindrance of phenyl-
ene groups.

Microporosity of the Silylated Samples.The silylated
samples 1b and 2b showed clear Type I adsorption/
desorption isotherms (Figure 5), characteristic of microporous
materials, with BET surface areas of 520 and 470 m2/g,
respectively (Table 4). These values are similar to that of
biphenylene pillared octosilicate (616 m2/g).40 The pore size
distribution curves of these samples showed the presence of
micropores with diameters centered at ca. 5 Å (Figure 5).
The diameter is quite reasonable if the distance between the
phenylene groups is considered, because the repeating
distance of phenylene groups is estimated to be 7.4 Å on
the basis of the arrangement of Si-OH groups in octosilicate,
and the thickness of phenylene groups is estimated to be
∼2 Å. The micropores of1b and2b are formed by bridging
the silicate layers with enough distances between pillars,
whereas Ishii et al. assumed that the microporosity of
biphenylene pillared octosilicate can be derived from the
extraction ofn-hexylamine as co-intercalated guest species.40

This difference may occur because of the different reactivities
of the silylating agents. The reaction of Si-Cl groups with
Si-OH groups induces the removal of surfactants because
of the generation of HCl as byproduct,34 although that of
Si-OR groups does not remove organoammonium cations.
Therefore, the formation of microporosity reported here is
completely different from that of the biphenylene pillared
octosilicate. The microporous structures are thermally stable
to 500°C without any loss of the phenylene groups (see the
Supporting Information, Figure S3).

To estimate the hydrophilicity of the microporous surface,
we have shown the water adsorption isotherms of two
silylated samples in Figure 6. The isotherm of1b exhibits a

larger amount of adsorbed water than that of2b, which
reveals that1b has a hydrophilic pore surface. It is well-
known that the hydrophilicity of a surface depends on the
number of Si-OH groups. Actually,1b has a large amount
of Si-OH groups because of the presence of transformed

Table 2. Relative Intensities in the29Si MAS NMR Spectra of the Samples Silylated with 1

Table 3. Relative Intensities in the29Si MAS NMR Spectra of the Samples Silylated with 2

a The intensity of D2 for 2b includes that of the site formed by the condensation of the unreacted silyl groups (Ph-SiMeCl2). Thus, it is not so meaningful
to calculate the ratio of (Q4-1)/D2.

Figure 5. (A) Nitrogen adsorption isotherms and (B) pore size distributions
calculated by the HK method. Circles and triangles correspond to1b and
2b, respectively.
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OH groups after the dipodal reaction, but2b has a small
amount of Si-OH groups of unreacted interlayer surface
silanol groups. However, the amount of adsorbed water in
1b at saturated pressure (∼6 mmol/g) is small, if compared
with the microporosity of 0.24 cm3/g (15mmol/g). This can
be attributed to the presence of both Si-OH groups and
phenylene groups in the micropores.

The phenol adsorption isotherms for the silylated samples
exhibited L type adsorption (Figure 7). The maximum
amounts of adsorbed phenol in the samples1b and2b were
estimated to be 0.165 and 0.857 mmol/g, respectively (Table
4). It is known that layered silicates silylated with alkyl-
trichlorosilanes adsorbn-alcohols in the interlayer space
rather than the products silylated with alkyldimethylchloro-
silanes because of the hydrogen-bonding of OH groups
between alcohols and Si-OH groups.34-36 In contrast, the
phenylene pillared octosilicates showed a different behavior
from the alkylsilylated layered silicates, possibly because of
differences in the adsorption mechanism. The adsorbed
amount in2b is larger or similar to that observed for other

organically modified clay materials,42 indicating that the
phenylene pillared octosilicate acts as an effective adsorbent
for phenol. Molar ratios of adsorbed phenols to phenylene
groups (0.55) are higher than the volume ratios of adsorbed
volumes to micropores (0.31), suggesting that the adsorbed
phenol preferentially interacts with phenylene groups (Table
4). However, the amount of adsorbed phenol does not reach
the value of full interaction with phenylene groups, probably
because of the hindrance of methyl groups.

Ideal Structures of the Silylated Samples.We propose
ideal structures of the silylated samples using the data
described above. On the basis of the29Si MAS NMR spectra,
two different structures for the attached silyl groups can be
proposed on the assumption of the unchanged crystal struc-
ture of octosilicate. One model shows that one bis(trichloro-
silyl)benzene molecule perpendicularly bridges between
adjacent layers, resulting in pillaring of the interlayer space.
The other model involves the parallel arrangement of the
phenylene groups by reaction with the Si-OH sites on one
interlayer surface. In the present study, we can choose the
model of interlayer pillaring because the dipodal reaction of
silyl groups leads to perpendicular alignments of the phenyl-
ene groups because of tetrahedral coordination of Si species.
It is impossible to determine the crystal structures of the
products because there are a couple of possibilities on the
crystal systems (tetragonal, monoclinic, or orthorhombic cell)
caused by several possible alignments of Si-Me/Si-OH
groups (see the Supporting Information, Figure S4). The
crystal systems cannot be determined by the XRD pattern
fitting, because their proposed structures are very similar and
the structures are probably a mixture of these structures. One
of the ideal structures simulated with Discover software is
shown in Figure 8. The micropores are surrounded by
phenylene groups and silicate layers with the functional
groups because of the unreacted sites. The pore volumes of
these structures calculated by the Material Studio software
are estimated to be 0.21 and 0.26 cm3/g for 1b and 2b,
respectively. These values are in good agreement with the
experimental values calculated from the N2 adsorption data
(0.24 and 0.27 cm3/g for 1b and2b, respectively), supporting
the reliability of these models.

On the other hand, the basal-spacings differed between
1b and2b (the difference is 2.1 Å.). According to previous
reports,35 the basal spacings of silylated derivatives of
magadiite correspond to the degree of silylation. However,
the amounts of silyl groups in both of the silylated samples
are almost equivalent here. Thus, the difference is presumably
caused by the alignment of the phenylene groups. Moreover,
the alignment of the phenylene groups is probably changed
by the difference in the numbers of Si-Cl groups in one

Table 4. Porosities of the Samples and Adsorption Data of Phenol

N2 adsorption phenol adsorption

surface area
(m2/g)

pore volume
(B) (cm3/g)

maximum adsorbed
amount (C) (mmol/g)

correlation
factorr2

volume of
adsorbed phenol

(D) (cm3/g)

volume ratio
of adsorbed

phenol (D)/pore (B)

molar ratio of
adsorbed phenol (C)/

phenylene groups (A)a

1b 470 0.24 0.165 0.992 0.016 0.07 0.10
2b 520 0.27 0.857 0.995 0.084 0.31 0.55

a Amounts of phenylene groups (A) are shown in Table 1.

Figure 6. Water adsorption /desorption isotherms of1b (circles) and2b
(triangles).

Figure 7. Adsorption isotherms of phenol on1b (circles) and2b (triangles).
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silyl groups. The dipodal grafting is proceeded not by simul-
taneous reaction but by two consecutive reactions, which is
proved by the monopodal grafting of trichlorosilanes with a
short-alkyl chain.46 Thus, one Si-Cl group in one silyl group
reacts with one Si-OH site, and another Si-Cl group in
the silyl group subsequently reacts with the other confronting
Si-OH site. Here, a large difference should occur between
trichlorosilyl and dichlorosilyl groups because of the different
selectivities of the reactive sites. In other words, dichlorosilyl
groups are forced to take one alignment of phenylene groups
because the only remaining Si-Cl group must react with
the confronting silanol group on the interlayer surface,

whereas the trichlorosilyl groups may be able to take a more
liable alignment of phenylene groups because one of the two
remaining Si-Cl groups can react to form a dipodal grafting.
Therefore, the sample silylated with trichlorosilanes is
expected to form a smaller basal spacing to attain a more
stable conformation.

Conclusions

Inorganic-organic microporous materials are prepared by
interlayer silylation and pillaring of layered octosilicate with
1,4-bis(trichlorosilyl)benzene and 1,4-bis(dichloromethyl-
silyl)benzene in a controlled manner. The dipodal reaction
of the silyl groups onto the silicate leaves functional sites of
hydroxysilyl and methylsilyl groups that do not react with
the interlayer surfaces. These unreacted sites largely affect
the microporous surface properties. The microporosity of the
inorganic-organic hybrids can easily be controlled by the
design of silylating agents. This method can be extended to
other layered silicates such as magadiite and kenyaite with
different interlayer surface structures and layer thicknesses,47

which is promising for future nanoporous materials design.
Moreover, crosslinking phenylene groups can be modified
with sulfonation and bromination, indicating the prospec-
tive formation of well-designed bifunctional microporous
hybrids.
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Figure 8. Ideal structural models of1b and2b as simulated using Discover.
Perspective views of1b along (a) [110] and (b) [11h0] and 2b along (c)
[110] and (d) [11h0] directions.
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