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Intercalation com pounds o f graphite with S n (C H 3) 3Cl have been prepared by U V irradiation,
in the presence o f graphite, of solutions of S n (C H 3) 3Cl, S n(C H 3)4, o r of S n(C H 3) 4 + SnCl4 in
CC14. M ixtures o f stage 1, stage 2, and stage 3 compounds have been obtained. T h ey were
ch aracterized by X -ra y diffraction, 119Sn M össbauer spectroscopy, and by chem ical analysis.
A pparently an oligom eric, anionic species is intercalated together with some solvent.

Introduction
Graphite intercalation compounds (G ICs) have
found great interest in recent years, and compounds
with a great number of guest species between the
expanded layers of the graphite lattice have been
prepared [1 —3]. In most cases, several stages of a
G IC with a given intercalated species have been ob
tained. It is customary to define a stage by the
number of carbon layers separating the intercalated
layers in regular stacking. Stage 1 compounds are
richest in intercalate.
We have discovered a new photochemical interca
lation method [4]: solutions or dispersions of the intercalants in CC14 and/or other chlorinated solvents
are irradiated with U V light. Chlorine atoms and
other radicals formed by photolysis of the solvents
oxidize the carbon sheets, and negatively charged
species are intercalated together with neutral solvent
molecules. The resulting GICs are so-called acceptor
compounds. The positive counter charges reside
mainly on the carbon layers adjacent to the interca
lated layers [5].
Using this method, we succeeded recently in inter
calating SnCl4 [6 ]. The intercalated, anionic species
was shown to be SnCl62 -. The anions are solvated by
co-intercalated solvent molecules which also fill the
remaining free spaces in the intercalated layers. We
have also succeeded in producing novel GICs with
organometallic compounds, namely methyltin com
pounds. Structural aspects of the GICs with tetramethyltin and with trimethyltin chloride have been
briefly described in a first, preliminary report [7]. We
are reporting now on the reaction conditions which
* Reprint requests to: Prof. D r. H . P. B o eh m . Institut für
A norganische C hem ie der U niversität M ünchen.
0 3 4 0 - 5087 /8 4 /0 6 0 0 - 0788/$ 01.0 0 /0

lead to intercalation of Sn(C H 3) 3Cl, and on the
characterization of the reaction products by chemical
analysis, X-ray diffraction and Mössbauer spectro
scopy.
Experimental
Natural graphites of 9 9.9% purity from Kropf
mühl, Bavaria, were used (S40: flakes of
0 .3 —0.7 mm diameter, A F : finely milled to
1 - 1 0 ^m). SnCl4 from M erck, Darmstadt, was used
without further treatment. Sn(C H 3)4, prepared by
reacting SnCl4 with the Grignard reagent, was freed
from halides by distilling over Al(n-C 4 H9)3.
Stoichiometric mixtures of Sn(C H 3) 4 and SnCl4 were
heated to produce Sn(CH 3)3Cl which was purified by
rectification. All solvents were dry and gaschromatographically pure.
Stirred suspensions of graphite in the solutions
were irradiated under N2 for 3 days in Schlenk tubes
(borosilicate glass), using a 100 W medium pressure
Hg burner [6 ]. The reaction products were filtered,
and dried at 10 ~ 3 Pa at room temperature.
The samples were handled under dry argon or ni
trogen. For analysis, the samples were oxidized with
Na20 2/Na0H in a Parr bomb (for potentiometric C ltitration) or with refluxing H 2 S 0 4/HN0 3 (for A A S
determination of Sn).

Results and Discussion
Intercalation has been observed under various
reaction conditions, using either a solution of
Sn(CH 3 ) 3Cl, or of a 3:1 mixture of Sn(CH 3) 4 and
SnCl4 in CC14. Reaction can also be achieved with
pure Sn(CH 3) 4 in CC14; it has been proven that upon
UV irradiation first Sn(CH 3)3Cl is formed by photo
lysis, which is subsequently intercalated. The follow
ing reaction conditions have been employed:
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(1) graphite + Sn(CH 3)3Cl + CC14,
UV irradiation at room temperature or at
- 7 8 °C.
(2) graphite + Sn(CH 3) 4 + SnCl 4 + CC14,
U V irradiation at room temperature or at
- 7 8 °C.
(3) graphite + Sn(CH 3) 4 + CC14,
U V irradiation at room temperature.
The best route is by reaction (2) which makes use
of the rapid ligand exchange between Sn(CH 3) 4 and
SnCl4. The reaction products are extremely air-sensi
tive; they have to be handled under protective gas
(argon). As in the case of SnCl4-GICs [6 ], distinct
and sharp X-ray reflections appeared only after
vacuum degassing at room temperature. In addition
to small quantities of free graphite, several phases
were always observed together. All phases were turbostratic, no (hkl) reflections could be discerned.
Frequently, two phases o f the same stage, but with
different interlayer spacings (Ic) were present (see
Table I). The Ic spacings differed by less than
335 pm, i. e. the thickness of a carbon sheet, indicat
ing that the differences in Ic were due to a variable
thickness of the intercalated layers. This was ob
viously caused by differences in co-intercalation of
the solvent or its photolysis products.
Table I presents also analytical data for a few
characteristic samples. The ratio Cl:Sn was usually
near 2. The first sample with a higher chlorine con
tent had been in contact with the reaction mixture for
30 days after irradiation. A higher mobility of the
intercalated species was manifested in the 119Sn, 'H
and 13C NM R spectra of this preparation [7]; its Ic
value could be determined less precisely as with the
other samples.
The u9Sn Mössbauer spectrum of the third sample
of the list is shown in Fig. 1. The isomer shift of
1.41 mm/s corresponds nearly to that of free
Sn(CH3)3Cl (1.42 mm/s). The quadrupole splitting
(3.55 mm/s) is, however, somewhat larger than for

Fig. 1. U9Sn M össbauer spectrum at 80 K of graphiteS n(C H 3')3Cl prepared from S 40 graphite by preparation
method no. 2. (Isom er shift: 1.41 mm/s vs. SnÖ 2, quadru
pole splitting: 3 .55 m m /s, FW FIM : 0 .8 5 m m /s).

free Sn(CH 3)3Cl (3.33 mm/s). Bulk Sn(CH 3)3Cl is
polymeric, it is penta-coordinated due to bridging by
the Cl ligands. The Mössbauer data indicate that
there are no monomolecular units in the intercalated
state, either. Very likely, the intercalate consists of
oligomeric
[C l—Sn(CH 3) 3 —(C l—Sn(C H 3 ) 3)„—C l]ions. The analytical Cl/Sn ratio is not very informa
tive, since chlorinated solvent is co-intercalated in
unknown quantities. Some photolytically produced
Cl atoms may also have been chemisorbed on the
carbon layers, especially at their periphery as indi
cated by C is photoelectron spectra (X P S) [8 ]. In
view of this and because of the coexistence of several
phases, it seems not very sensible to discuss the ratio
of carbon atoms to Sn atoms. The isomer shift of the
first sample of Table I was slightly higher (1.64 mm/s),
but the quadrupole splitting was the same as with the
other samples. Possibly, this sample contains
[Cl—Sn(CH 3) 3 —Cl]~ ions.
The samples exfoliated on rapid heating (rate
> 2 0 °C/min). On heating sample no. 3 of Table I at

Table I. A nalytical data fo r graphite — S n (C H 3) 3Cl compounds.
Preparation
method

G raphite

S n[% ]

C l[% ]

Cl:Sn

X -ra y analysis, Ic in pm and stage

1
1
2
2

AF
AF
S 40
AF

6 .4
7 .2
6 .2
3 .6

8.3
4 .8
3 .6
2 .8

4.4 3
2.23
1.94
2 .6 0

998 ± 4 5
9 7 8 ± 18
971 ± 4
974 ± 7

(st.
(st.
(st.
(st.

1);
1);
1);
1);

1185 ± 1 5
1 1 7 8 ± 10
1444±10
1685 ± 1 8

(st.
(st.
(st.
(st.

1); 1447 ± 2 0 (st. 2)
1); 1 2 8 5 ± 2 4 (st. 2)
2)
3)
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an intermediate rate of 10 °C/min, formation of Cl
( m/e = 35), HCl (m/e = 36), CC1 (m/e = 47), CH 3 C1
(m/e = 50), CH3Sn (m/e = 133), and of the allyl
cation, C 3H5+ (m/e = 41) was observed in the mass
spectrum. The decomposition peaked near 330 °C.
The samples from A F graphite showed also some
deintercalation around 100 °C.
On irradiation of solutions in chlorine-free sol
vents, e.g. T H F, tetramethyltin can also be interca

lated [7], The method described here can also be
used for the intercalation of other organometallic
compounds, e.g. Q H sH gCl, in graphite.
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