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The first polymer with a fluorosilicate backbone and a non-polar shell
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A novel type of linear inorganic–organic hybridic polymer is
presented in which terphenyl ligands are covering the
inorganic backbone, providing it with a non-polar coating.

Over recent years coordination polymers have attracted con-
siderable interest.1 Besides their properties and potential
application,2 controlling the self organisation of the monomeric
units to build one or higher dimensional frameworks has been a
major achievement in this fascinating research area.3 Most of
these inorganic–organic hybrid materials are constructed from
metal cations connected by organic ligands, forming a hybrid
inorganic–organic backbone.4 There are also examples of
coordination polymers with a completely inorganic backbone
showing a wealth of different coordination modes.5

Several examples of crystal structures of organo-tetra-
fluorosilicates are known to date.6–8 In all of these structures the
anions show no direct interaction with more than one counter-
cation. Organofluorosilicates with a potassium counter-cation
are usually destabilized due to potassium–fluorine interactions.
These interactions can be minimised by complexation of the
cation with 18-crown-67 or completely removed with
[2,2,2]-cryptand.8

Earlier we reported9 a globular-terphenyl substituted fluoro-
silicate in which both tetra- and penta-fluoro silicate units are
interconnected in a network built together by the counter-cation
interaction. Herein we report the first inorganic fluorosilicate
based coordination polymer enveloped by a non-polar organic
shell, starting from a multidentate ligand site offering steric
control. In order to investigate the balance between electro-
philicity and steric protection of the silicon centre in such
compounds, we allowed 2,6-dimesitylphenyl trifluorosilane 1
to react with an excess of KF. We exclusively observed the
formation of the terphenyl tetrafluorosilicate 2 (Scheme 1) and
the product adopts a one dimensional polymeric structure in the
solid state (see Fig. 1). To our knowledge this is the first

structurally characterised potassium organo–tetrafluorosilicate
polymer. The interaction of the counter ions leads to association
forming a K–F–Si–F–K type of a linear coordination poly-
mer.

Under stoichiometric conditions 2,6-dimesitylphenyl tetra-
fluorosilicate 2 can be readily synthesised† from the corre-
sponding trifluorosilane 1 and KF. It is a one dimensional
coordination polymer the structure of which has been estab-
lished by X-ray diffraction analysis (see Fig. 2).‡ Polymer 2 is
built by organo-tetrafluorosilicate units each of which acts as a
bidentate ligand towards two potassium ions. The potassium
cations are surrounded by fluorine atoms forming a square
planar coordination environment. The axial positions above and
below the potassium are occupied by the mesityl substituent of
the organic ligand. Additionally one molecule of acetone is
present in the coordination sphere of every second potassium
ion.

The inorganic backbone consists of four membered SiF2K
rings which are spiro connected at the silicon and the potassium
centres. The zig-zag arrangement of the inorganic backbone is
shielded by the organic terphenyl ligands attached to each
silicon atom. The bulky aryl ligands prevent extensive coor-
dination of solvent to the potassium centres, which instead
interact with the p-systems of the mesityl rings of the terphenyl
system. This interaction of the cation with the organic shell

Scheme 1 Synthesis of 2.

Fig. 1 Inorganic backbone of 2 with (right) and without (left) ligand
shell.

Fig. 2 Detail of the structure of 2.
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seems to be crucial for the stability of the polymer, and despite
some effort we have not been able to observe similar structures
with smaller alkali metal ions.

These findings are in good accordance with previous
observations that, due to their preference for increased coor-
dination numbers, the larger alkali metal cations have a
tendency to participate in the formation of higher aggregates
than smaller alkali metal cations,10 even though the cation p-
system stabilisation energies are smaller for potassium than
those observed for lithium.11,12 The K–C distances in 2 (3.1–3.5
Å) fall in the normal range of such interactions.6

The linear polymer 2 is somewhat related to a structural
isomer 3 which however shows no polymeric structure but does
start  a fluorosilicate network in which a globular inorganic core
is covered by a shell of organic terphenyl ligands (see Fig. 3).9
This globular adduct is formed under different kinetic condi-
tions than 2. The chain 2 forms when both starting materials,
dimesitylphenyl trifluorosilane and potassium fluoride, are
present in equal concentration in the reaction mixture. In
contrast the formation of the globular system 3 is characterised
by a large excess of the bulky trifluorosilane in the presence of
a small concentration of potassium fluoride. The latter is
continuously formed in the course of a slow reductive process.9
This illustrates how delicately the reaction parameters control
the resulting architecture of the polymer. Starting with identical
components and controlling reaction conditions globular 3 or
linear arrangement 2 can be obtained.

The structure of 2 is not retained in solution as indicated by
NMR studies. In acetone solution the coordination polymer
dissociates into two species as indicated by 19F-NMR. The main
signal at 2113.3 ppm is sharp and shows 29Si satellites (214
Hz), while a minor signal at –127.3 ppm is relatively broad (n1/2
= 30 Hz) probably due to chemical exchange. Simple 29Si-
NMR experiments are hampered by the fact that the expected
fluorosilicates show their resonance in the same region as the
broad resonance of the glass peak of the NMR tube. Moreover
the Si–H coupling constants and the number of protons that are
close enough to be used for INEPT or DEPT experiments are to
small for this purpose. However, with 1H{29Si}-2D-HMQC
experiments we have been able to observe 29Si spectra and to
assign the data to the respective dissociation products. The
predominant species shows a 29Si signal at 2123 ppm (1JSiF =
214 Hz) and can be assigned to the monomeric Mes2C6H3SiF4

2

ion. For comparison PhSiF4
2 shows a 29Si resonance at 2126

ppm. The 29Si resonance of the other dissociation product
appears at 259 ppm (JSiF = 249 Hz), but due to the low signal
intensity the multiplet cannot be unambiguously assigned. It
should be mentioned that the dissociation process in solution is
reversible and the linear polymer 2 forms again on evaporation
of the solvent.

For similar reasons as in solution the presence of proton and
fluorine nuclei and their dipolar interaction with the silicon
nucleus interferes with conventional CP-MAS NMR tech-
niques. More sophisticated experiments with observation of
29Si with simultaneous decoupling of 19F and 1H are in progress.
Due to the complexity of these experiments, their results will be
reported in context with monomeric organofluorosilanes else-
where in the future.
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Notes and references
† Synthesis of 2: Mes2C6H3SiF3

9 (0.80 g, 2 mmol) is dissolved in acetone
(10 mL) and potassium fluoride (0.12 g, 2 mmol) is added to this solution
at room temperature. The mixture is heated to reflux giving a clear solution.
After cooling to room temperature the solvent is slowly evaporated and 2 is
obtained as colourless crystals which can be separated by filtration (0.76 g,
82.6%). Elemental analysis calc. (%) for C51H56F8K2OSi2: C: 63.06, H:
5.81; found: C: 63.29, H: 5.54. 19F-NMR (acetone-d6): 2113.3 ppm, 29Si-
NMR (acetone-d6): 2123 ppm (1JSiF = 214 Hz).
‡ Crystal data for 2: Formula = C51H56F8K2OSi2, M = 971.34,
monoclinic, space group C2/c; a = 27.63(2) Å; b = 11.432(12) Å; c =
17.03(2) Å; b = 111.50(4)°; V = 5005(10) Å3; Z = 8; Dc = 1.289 Mg m23;
l = 0.71073 Å; reflections collected/unique 12806/4429; R1 = 0.0556,
wR2 = 0.1121.

CCDC reference number 164463. See http://www.rsc.org/suppdata/cc/
b1/b102853g/ for crystallographic data in CIF or other electronic format.

1 A. J. Blake, N. R. Champness, P. Hubberstey, W.-S. Li, M. A.
Withersby and M. Schröder, Coord. Chem. Rev., 1999, 183, 117; A.
Clearfield, Prog. Inorg. Chem., 1998, 47, 371; R. P. Kingsborough and
T. M. Swager, Prog. Inorg. Chem., 1999, 48, 123; J. P. Sauvage,
Transition Metals in Supramolecular Chemistry, Wiley, Chichester,
1999; C. Janiak, Angew. Chem., Int. Ed. Engl., 1997, 36, 1431.

2 O. M. Yaghi, G. li and H. Li, Nature, 1995, 378, 703; D. B. Mitzi, S.
Wang, C. A. Field, C. A. Chess and A. M. Guloy, Science, 1995, 267,
1473; J. S. Miller and A. J. Epstein, Chem. Commun., 1998, 1319.

3 T. L. Hennigar, D. C. MacQuarrie, P. Losier, R. D. Rogers and M. J.
Zaworotko, Angew. Chem., Int. Ed. Engl., 1997, 36, 972; M. J.
Zaworotko, Chem. Soc. Rev., 1994, 283.

4 J. P. Sauvage, J.-P. Collin, J.-C. Chambron, S. Guillerez, C. Coudret, V.
Balzani, F. Barigelletti, L. De Cola and L. Flamigni, Chem. Rev., 1994,
94, 993; V. Balzani, A. Juris, M. Venturi, S. Campagna and S. Serroni,
Chem. Rev., 1996, 96, 759.

5 W. S. Sheldrick and I. M. Müller, Coord. Chem. Rev., 1998, 182,
125.

6 R. R. Holmes, Chem. Rev., 1996, 96, 927; C. Chuit, R. J. P. Corriu, C.
Reye and J. C. Young, Chem. Rev., 1993, 93, 1371.

7 S. E Johnson, R. O. Day and R. R. Holmes, Inorg. Chem., 1989, 28,
3182; C. Brelière, F. H. Carré, R. J. P. Corriu, W. E. Douglas, M. Poirier,
G. Royo and M. Wong Chi Man, Organometallics, 1992, 11, 1586; K.
Tamao, T. Hayashi, Y. Ito and M. Shiro, Organometallics, 1992, 11,
2099.

8 S. Yamaguchi, S. Akiyama and K. Tamao, Organometallics, 1999, 18,
2851.

9 R. Pietschnig, D. R. Powell and R. West, Organometallics, 2000, 19,
2724.

10 C. Schade and P. R. Schleyer, Adv. Organomet. Chem., 1987, 27,
169.

11 R. H. Staley and J. L. Beauchamp, J. Am. Chem. Soc., 1975, 97,
5920.

12 J. Sunner, K. Nishizawa and P. Kebarle, J. Phys, Chem., 1981, 85,
181.

Fig. 3 Crystal structure of 3.9
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