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Intercalation of organic guest species into layered
inorganic solids is a way of constructing an ordered
inorganic-organic assembly with unique microstruc-
tures controlled by host-guest and guest-guest inter-
actions.1 Besides the basic scientific studies on inter-
calation, the applications of the intercalation compounds
as adsorbates,2 membranes,3 supports for catalysts,4 and
photoactive species5 have extensively been investigated.
The family of crystalline alkali metal polysilicates
includes kanemite, makatite, octosilicate, magadiite,
and kenyaite is a class of layered silicates with guest-
accommodating capability.6 The structure of these lay-
ered silicates is build up of one or multiple sheets of
SiO4 tetrahedra with hydroxylated interlayer surface.
The reaction between organochlorosilanes and hy-
droxylated surfaces leads a creation of organically
modified surfaces where organic moieties are covalently
attached.7 This chemistry has been applied to the
modification of the interlayer space of the crystalline
layered silicic acids.8,9 The organosilyl derivatives are
expected to have higher stability if compared with the
organoammonium-exchanged silicates,10 because the
organic groups are attached by covalent bonds. The
preparations of alkylsilyated derivatives of octosilicate,

magadiite, and kenyaite have been reported so far;8,9,11-13

however, their properties and possible applications have
not been well established. Very recently, we have
reported the preparation of organosilylated magadiites
with controlled microstructures and properties toward
adsorbents with selectivity.14 Further studies on the
construction of unique microstructures in the interlayer
space of layered silicates are worth performing.

In this paper, we report the preparation of fluoro-
alkylsilyated magadiite as a new type of chemically
modified materials. Fluoroalkyl-containing silanes com-
prise a class of silylating agent due to the low surface
energy associated with the fluorinated alkyl chains that,
in turn, impart unique properties to the layered silicic
acids. The coating of hydroxylated surface with fluoro-
alkylsilyl groups has been investigated to modify the
surface properties of solids.15 Biocompatible and water
and oil repellent surfaces which are not available by the
alkylsilylation have been obtained so far.

Dodecyltrimethylammonium (abbreviated as C12-
TMA) exchanged silicates were used as the intermedi-
ates for the silylation. We have succeeded in the
interlayer silylation with bulky organosilyl group by
utilizing the C12TMA-exchanged silicates as the inter-
mediates for the silylation.11-13 The expanded hydro-
phobic interlayer space made it possible to introduce
bulky organic groups. The C12TMA-magadiite was pre-
pared by an ion exchange reaction between Na-maga-
diite, which was prepared by the method described by
Kosuge et al.,16 and an aqueous C12TMA chloride
solution. The basal spacing of the C12TMA-magadiite
was 2.81 nm (Figure 1b), which shows an expansion of
the interlayer space of ca. 1.7 nm. The XRD, infrared
spectrum, and the elemental (C, H, N) analysis (Table
1) were consistent with those reported previously,8,9,14,17

indicating the formation of the C12TMA-magadiite with
the composition of {[(C12TMA)1.8H0.2]Si14O29‚nH2O}.

The dried C12TMA-magadiite was suspended in a
mixture of an organochlorosilane, [2-(perfluorohexyl)-
ethyl]dimethylchlorosilane (C6 F13C2H4(CH3)2SiCl; ab-
breviated as FHES, supplied from Chisso Co.), and
toluene under nitrogen flow for 48 h, and the product
was separated by centrifugation and washed with
toluene and acetone. The X-ray diffraction pattern of
the silylated derivative is shown in Figure 1c. Although
the basal spacing (2.83 nm of the FHES-magadiite) was
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similar to that of the C12TMA-magadiite, the introduc-
tion of the FHES groups in the interlayer space of
magadiite was evidenced by IR, NMR, and elemental
analysis. The infrared spectrum of the FHES-magadiite
showed the decrease in the bands at 2918 and 2952 cm-1

due to C-H stretching vibration of C12TMA ions and
the appearance of a band ascribable to the Si-C
stretching vibration of FHES group at 854 cm-1. In the
29Si MAS NMR spectrum of the silylated product
(Figure 2), a signal due to the M1 environment of silicon
(Si-O-Si-R3) appeared at 22.8 ppm, indicating that the
organochlorosilane reacted with the silanol groups
present in the interlayer surface to form siloxane bonds.

The deintercalation of C12TMA during the silylation
was confirmed by the absence of N in the elemental
analysis (Table 1) of the silylated product. From the
analysis, the amount of the attached FHES group was
determined to be 1.60 mol per Si14O29 unit of magadiite.
All these observations indicate the formation of FHES-
magadiite with the formula {[(FHES)1.6H0.4]Si14O29}.
The expanded interlayer space of the C12TMA-magadiite

made it possible to introduce bulky FHES group in the
interlayer space of magadiite.

The FHES-magadiite thus obtained showed two unique
characteristics, high thermal stability and film-forming
ability, which have not been achieved for analogous
octyldimethylsilylated-magadiite.18 The TG (thermo-
gravimetric analysis) curve of the FHES-magadiite
showed a weight loss ascribable to the oxidative decom-
position of the attached FHES groups starting at 400
°C, which is much higher if compared with that (230
°C) observed for the octyldimethylsilylated-magadiite.
The improved thermal stability of the FHES-magadiite
is worth noting as a merit of the present materials
design for practical applications.

Another important characteristic of the FHES-ma-
gadiite is a film-forming capability. A thin film of the
FHES-magadiite has been prepared with the following
procedure: 10 mg of the FHES-magadiite was dispersed
in 10 mL of 2-(perfluorohexyl)ethanol with sonication.

(18) The octyldimethylsilylated-magadiites were prepared by the
reaction between the C12TMA-magadiite and octyldimethylchlorosilane.
Their preparation and characterization have been described in a
separate paper.14

Table 1. the Elemental Analysis of the C12TMA-Magadiite
and the FHES-Magadiite

sample C/mass % H/mass % N/mass %

C12TMA-magadiite 21.2 4.48 1.62
FHES-magadiite 13.6 0.96 0.05

Figure 1. X-ray diffraction patterns of (a) Na-magadiite, (b)
the C12TMA-magadiite, (c) the FHES-magadiite, and (d) the
cast films of the FHES-magadiite.

Figure 2. 29Si MAS NMR spectrum of the FHES-magadiite.

Figure 3. Scanning electron micrographs of (a) the FHES-
magadiite and (b) the surface of the cast film of the FHES-
magadiite.
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After the nonswelling portion was separated by cen-
trifugation, the supernatant was cast on a trimethyl-
silylated-glass substrate, so that a turbid thin film
formed on the substrate. The X-ray diffraction pattern
of the cast film is shown in Figure 1d. The basal spacing
did not change during the film preparation, indicating
that 2-(perfluorohexyl)ethanol is evaporated and the
attached FHES groups are retained during the film
preparation. The X-ray diffraction pattern as well as the
scanning electron micrograph (Figure 3) of the film
showed that the film is composed of oriented aggregates
of the FHES-magadiite with their basal plane parallel
to the substrate.

It has been well-known that the smectite group of clay
minerals form oriented films by casting the aqueous
suspension on solid substrate.19 The exfoliation of
layered transition metal oxides,20 zirconium phos-
phate,21 and transition metal dichalcogenides22 is a
current topic partly because of their applications as

photocatalysts and molecular devices. However, the
preparation of thin films of the organically derivatized
magadiite has not been reported previously. The ability
to form the suspension as well as the cast film of the
FHES-magadiite may open up new opportunities for the
application of layered silicates.

In summary, we have reported the synthesis of the
[2-(perfluorohexyl)ethyl]dimethylsilylated derivative of
a layered silicate, magadiite. Organoammonium-maga-
diites have been used as adsorbents,23 the starting
materials for pillaring,24 and polymer-silicate nano-
composites.25 The layered silicate modified with a per-
fluroalkylsilyl group prepared in the present study is a
potential material alternative to the organoammonium-
exchanged materials due to its improved stability and
the film-forming ability. Surface dimension and the
packing of the fluoroalkyl groups are shown to be
controlling factors of the oil-repellent properties.15f Since
layered polysilicates with different structure and mor-
phology are known, the fluoroalkylsilylation of layered
polysilicates are worth investigating for controlled
surface properties.
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