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A review of the intercalation liter-
ature suggests that a single mechanism
accounts for most known reactions that
lead to so-called acceptor compounds. In
many of the well documented cases, it is
clear that before intercalation can take
place, the graphite lattice must first be
attacked by an electrophylic reagent. As
the reagent removes electrons from the
graphite, negative ions, accompanied by
neutral molecules, diffuse into the lat-
tice. This is undoubtedly the case in
the formation of the aluminum chloride
intercalation compound.

It has been established that, when
acting separately, neither chlorine gas
nor the vapor of AlClj will intercalate
the graphite lattice (l1). A mixture of
the two will, however, cause rapid in-
tercalation (1). This is clearly an ex-
ample of a Friedel-Crafts type process
(2). Most probably, the complex
AlClZ---Cl+ is formed at the graphite-
vapor interface by adsorbed AlCl3 and
Cl,. It extracts electrons from the lat-
tice and releases chlorine atoms, which
couple to regenerate chlorine gas. The
Alcl, then diffuses into the lattice a-
long with neutral AlCly molecules.

Although it has been reported that
the Friedel-Crafts catalyst FeCly can be
in;ercalated"without the addition of Cl,
gas (3,4), Rudorff, et al. (5) pointed
out that at intercalation temperaures
FeCl3 decomposes to generate enough chlo-
rine to effect intercalation by the mech-
anism described above. Although there is
less detail given in the literature on
either reaction conditions or characteri-
zation of products (6), the above com-
ments on intercalation by FeCl; apply
equally well to chlz, BeClZ, ZrCl4,
NbClg and TaClg - all known to be
Friedel-Crafts catalysts (2).

Although pure BF3 does not intercal-
ate, introducing small amounts of water
into the reacting system effects rapid
intercalation (7). This is readily ex-
plained by attack on the graphite by the
highly electrophylic ...H of the well
known complex (2)
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Ubbelohde (8) wrote a balanced
reaction for the formation of graphite
nitrate that gives NO, as a side product.
This suggests that intercalation is ef-
fected bX attack on graphite by nitronium
ions, N02, which capture electrons and
generate NO,. 1In a series of experiments
from this laboratory, we recently estab-

‘ lished that NO, is indeed generated dur-
ing intercalation of highly oriented py-
rolytic graphite by the vapor of 100%
HNO3. There is thus little doubt about
the role played by nitromium ions in the
formation of graphite nitrate.

It is important to note, however,
that after formation of a 2nd stage com-
pound, molecular HNO3 could be moved in
and out of the intercalated lattice by
adjusting its partial pressure without
concomitant oxidation or reduction of the
graphite. Varying the HNO3 content be-
tween apparent 2nd and 4th stages had
little effect on electrical conductivity
and lattice spacing (9).

Intercalation compounds based on

AsF5 and SbF5 are of special interest be-
cause of conflicting evidence concerning
their mechanism of formation. Opalovskii
(10) reported that C1F was evolved when
graphite was intercalated in a mixture of
SbF5 and ClF3, which suggests the mecha-
nism

- - +
SbF5 + ClF3 = SbF6 "'Cle

- + - +
SbFg-+-ClF, + nC - SbF; + C} + CIF,

interca- unstable
lated inter-
mediate

2 C1F, ~ CIF + C1F,

Graphite is also readily intercalated
with liquid mixtures of SbFg and HF. The
well-known electrophylic species in this
mixture is HyF' generated by the reaction
(11)

SbFg + 2HF = SbFg + H,F'
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If graphite is oxidized by H2F+, however, 4,
either H, must be_liberated or Sb’ must
be reduced to Sbill We have established
that no H, is formed during intercala- 5.
tion; although splll was found in the re-
action mixture, we have not satisfied
ourselves that it could not have been 6.
formed by a side reaction. This must be
done before its presence represents con- 7.
clusive evidence for the proposed mecha-
nism. 8.
Both SbFg and AsF5 intercalate 9.
graphite without addition of co-reagents,
and there is evidence the intercalation
involves only diffusion into the graphite
lattice followed by electron transfer
(12,13). An alternative mechanism in-
volving electrophylic attack would be: 10.
- +
MFg + MFg = MF,: -MF,
adsorbed complex 11.
- + - +
MFG--MF4 + nC -~ MFG + Cn + MF4 12.
interca- unstable
lated intermediate
2MF, - MFg + MFg 13.
14,

Lin (14) reports that AsP. is evolved
during intercalation by plre AsFg. In
addition, we have identified substantial
quantities of SbFy in the reaction mix-
ture after liguid phase intercalation by
SbFg, but we have not yet established
beyond doubt that it could not have been
introduced by a side reaction. Conse-
quently, at this writing it is still not
established whether or not intercalation
by AsF: and SbF5 is by simple diffusion
and electron transfer, or by oxidation of
graphite by Mv, which is reduced to MIII,
accompanied by diffusion of MFg and MFg
(and possibly MF3) into the lattice.

*) Supported by the National Science
Foundation, MRL Program under Grant No.
DMR 76-00678.
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