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Alkyl-bridged biferrocene compounds, Fc(CH,),Fc [Fc =
(C5H5)Fe(C5H4); n = 1 and 2] were intercalated into the
VOPO, and V,0g5 interlayer spaces by the redox reaction
between the ferrocenyl (Fc) group and the V(V) ion site.
Further oxidation of the Fc center in the interlayer spéce

depends on its proximity to another V(V) ion site.

Layered inorganic solids intercalated with organic and organometallic

compounds have been extensively studied because of their characteristic

1) In our

properties of molecular geometries and electronic states.
studies on several VOPOy- and gel-V,0g5-(ferrocenylalkyl)ammonium inter-
calation compounds, arrangements and electronic states of the guest
molecules in the interlayer spaces have been suggested to be affected by
the extent of proximity of both the ammonium group and the ferrocenyl (Fc)

2,3) The Fc center can be oxidized by the

4-6)

center to the vanadium ion site.
V(V) ion and intercalated into the VOPO, and V205 interlayer spaces.
Thus, the intercalation of the alkyl-bridged biferrocene compounds, Fc-
(CHy ) FC (n =1 and 2), into VOPO,4 and gel—V205 is of much interest to
clarify the electronic states of these two Fc centers in connection with
the distance between the neighboring V(V) ion sites as well as molecular
arrangements in the interlayer spaces. This paper reports electronic
states and arrangements of the guest molecules of the above VOPO4- and
gel-V205—Fc(CH2)nFc intercalation compounds.

Into a mixture of ethanol and chloroform(2:1 v/v, 300 cm3) containing
FcCH,CH,Fc(890 mg, 2.6 mmol) was added finely powdered VOPO4~H20-EtOH4'5)
(300 mg, 1.3 mmol). The suspended solution was stirred at 60 °C for 1 d
in darkness. The resulting precipitate was collected by centrifugation
and washed with chloroform until the visible spectrum of a supernatant
solution showed no band of FcCHyCHoFc. The composition of the product was
VOPO4-H20-(Fc+CH2CH2Fc+)O.15 (1). A similar reaction of VOPO, +H)0 - EtOH
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Table 1. Interlayer distances (d) of the VOPO, and V,0g5 intercalation
compounds

Compound d/A (d - 4.18))/A (4 - 8.8P))/A
VOPO, - H,0+ EtOH®) 7.5 (3.4)

VOPO, +H,0+ (Fc*H)( 35°) 9.9 (5.8)

VOPO, -H50+ (Fc*CHyCHyFcT )g 15 (1) 10.9 (6.8)

VOPO, -Hy0+ (Fc*CHyFC)g 15 (2) 10.6 (6.5)

V,05+ (Hy0)q  62) 11.6 (2.8)
V,05+ (Hy0)q. g* (FcHY ) 57%) 13.4 (4.4)

V505 (Hy0)q g+ (FCTCHyCHyFcT )y 53 (3)  13.5 ~ (4.5)

V505 (Hy0)q 7+ (FCTCHyFCT ) g o4 (4) 13.6 (4.6)

a) For anhydrous VOPO4.9) b) For dehydrated gel-V,0g [V2050(H20)0.6].11)
c) Ref. 5. d) Ref. 3.

with FcCH2F07) afforded VOPO4-H20-(Fc+CH2Fc)O.12 (2). At reaction times
longer than 2 d, the microcrystalline structures of the compounds were
appreciably destroyed. No intercalation compounds were obtained by
reactions at room temperature for 7 d. Finely powdered gel-V,0g [V,0g--
(H20)1.6]8) was also suspended in a mixture of ethanol and chloroform(2:1
v/v) containing twice molar amounts of FcCH,CHpFc or FcCHyFc. The
suspended solutions were stirred for 10 d at 60 °C to afford precipitates
of V,05:(Hp0)q . g* (Fc*CHyCHyFCcY ) 53 (3) or V,0g:(Hy0)q. 7+ (FcTCHyFCY ) g o4
(4).10)

The alkyl-bridged biferrocene compounds can be intercalated into the
interlayer spaces of the VOPO, and gel-V,05 layered compounds through the
redox reaction between the Fc center and the V(V) ion site, as observed
for the ferrocene and its alkylammonium derivatives.27 %) The interlayer
distances of the VOPO, and V5,05 intercalation compounds have been
determined by the X-ray powder method. They are summarized in Table 1,

together with those of the original VOPO4 and V,0g5 compounds and their

ferrocene-intercalated compounds. The distances of the present VOPO,4 and
V,05 compounds are very close to those of ferrocene- and
(ferrocenylalkyl )ammonium-intercalated compounds. Thus, these findings

suggest that the long-axis direction of these guest molecules is arranged
approximately parallel to the sheets of the host lattices (Fig. 1), as
illustrated for the VOPO4-Fc(CHy),NMegz* (n = 1 and 2) intercalation

2) This is consistent with the fact that the bulkiness of the

compounds.
Fc group is close to that of the -NMe3+ group.
In compound 1 both the Fc centers are oxidized to form the Fc?t

moieties. This has been confirmed by the observation of the X-ray photo-



Chemistry Letters, 1993 801

‘lii!!lr.
e Fig. 1. Schematic

arrangement of the
biferrocene moieties
in the VOPO,4 inter-
layer space.

electron (XPS) bands of Fe 2p3/2 electrons at 712.4 eV corresponding to
the Fc' center (Fig. 2-a). 1In accordance with this, the band for the Fct
center has been observed at 640 nm in the powder diffuse reflectance
spectrum. On the other hand, compound 2 shows two XPS bands at 708.7 and
711.6 eV which are ascribed to the Fc and Fc' centers, respectively (Fig.
2-b). This is close to the spectrum for biferrocene(FeII—FeIII)
picrate.lz) One of the Fc centers of FcCHyFc is not oxidized in the
VOPO, interlayer space. This comes from the arrangement of the FcCHyFc
molecule where one Fc center accesses to one V site and the other Fc
center cannot be located in proximity of another V site. The similar mo-
lecular arrangement and the oxidation

state of the Fc group were observed

for the VOPO4-FcCH2NMe3+ intercalation

compound.z) The VOPO4-FcCH,CHyFCc inter-

calation compound results in the oxi- (@

dation of both the Fc moieties owing to

the adequate proximity of two Fc centers

to V sites, which is also similar to the

case of the VOPO,-FcCH,CHyNMez™ inter-

calation compound.z) Thus, the relation-

ship between the oxidation of the Fc (b)

centers and the proximity of them to the

V site suggested for VOPO4—Fc(CH2)nNMe3+

(n = 1 and 2) intercalation compounds can Fe 2p,), Fe 2p;
be confirmed for the VOPO4-Fc(CH2)nFc (n — . . . 1

= 1 and 2) compounds. Intercalation of 730 725 720 715 710
these biferrocene derivatives into the Binding energy / eV

Fig. 2. The X-ray photoelectron
. . spectra13) of (a) VOPO4-(H20)'—
dation of both the Fc centers independent (Fc*CHZCHZFc+)O 15 (1) and (b)

of the lengths of methylene chains: XPS VOPO4-(HZO)-(Fc*CHZFc)O_lz (2).

gel-V,05 interlayer leads to the oxi-
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bands of Fe 2p3/2 electrons have been observed at 711.7 and 711.8 eV
for 3 and 4, respectively. A short distance between the neighboring
V(V) ion sites causes the oxidation of both the Fc centers.

The VOPO, and V,0g intercalation compounds show intense powder ESR
signals due to the presence of the V(IV) ions. Compounds 1 and 2
exhibit approximately isotropic, much broad signals (the peak-to-peak
linewidths, 45 and 40 mT, respectively) at g = 1.97, which are in contrast
to that of the benzylammonium-VOPO, intercalation compound (the line-
width, 13 mT). These findings are close to those of the VOPO, -
Fc(CHz)nNMe3+ intercalation compounds. The signal broadening comes from
an accelerated spin-spin interaction between the paramagnetic Fct group
and the V(IV) site.?) Compounds 3 and 4 have also exhibited broad ESR
signals (the linewidths, >50 mT), although they are not isotropic.

It is concluded that the redox reaction between the V(V) ion site and
the Fc center of Fc(CHj,),Fc or the iodide ion of Fc(CHZ)nNMe3+I' (n =1
and 2) leads to the intercalation of these molecules into the VOPO, and
V505 interlayer spaces, followed by the oxidation of the other Fc center

depending on its proximity to another V(V) ion site.
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