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The general mechanism of intercalation reaction is still 
not experimentally clarified. All of the compounds that ex­
hibit intercalation reaction have in common two-dimensional 
structure. FeMoO4Cl is one of 나le good host candidates to in­
vestigate intercalation mechanism for more insight into the 
unique role of interlayer bonding character.

FeMoO4Cl is a layer type compound whose synthesis, 
structure and some physical properties have been reported1. 
It has tetrag이］al symmetry with unit cell parameters a = 
6.672 and c = 5.223A in the space group P4/nmm (Z = 2). 
Individual layers consist of MoO4 tetrahedra and FeO4Cl 
square pyramids by sharing the corner-oxygen. The octahed­
ral coordination of ferric ion of FeO4ClCr is achieved by 
stacking layers on top of one another in such a way that each 
chlorine in the adjacent layer is in contact with ferric ion in 
the layer below or above it(Cl and C1‘ denote the chlorine 
coordinated around Fe in intralayer and interlayer, respec­
tively).

Recently intercalation reaction of FeMoO4Cl with w-alkyl- 
amines has been systematically studied2, and with alkali 
metals (e.g.f lithium and sodium) has also been investigated 
by electrochemical as well as chemical methods2,3. As 
reported in the previous paper3, we could see that the crystal 
was changed from tetragonal (FeMoO4Cl) to monoclinic 
(LiFeMoO4Cl) symmetry with cell parameters a = 6,994, 
b = 6.871, c = 5.015A and g = 91.27 °by electrochemical and 
chemical lithiations.

In this report, an attempt was made to analyze the ele­
ments participating in the redox reaction and also to under­
stand the bonding nature of intra and interlayer before and
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after lithium intercalation into FeMoO4Cl-host lattice. To 
achieve these purposes, we have performed magnetic sus­
ceptibility measurements and X-ray photo이ectron spectro­
scopic analysis.

The host material, FeMoO4Cl, has been synthesized with 
Fe?。® MoO3 and FeCl3 by chemical vapor transport'fCVl) 
technique as described elsewhere2. Lithiation has been car­
ried out with excess Lil in purified acetonitrile at ambient 
temperature for a week under an inert atmosphere. Conside­
ring the coincidence of EMF vs. Li/Li+ for LiI(2.8V) with 
the open circuit voltage (OCV) of LiFeMoO4Cl(2.2V)4, it is 
thought that Lil is more suitable reducing reagent than 
n-BuLi(—IV). In practice, the crystals of FeMoO4Cl was turn­
ed out to be X-ray amorphous after reaction with n-BuLi.

Magnetic susceptibility measurements were performed in 
an inert atmosphere with Faraday-type magnetobalance 
from 77K to 350K.

X-ray photoelectron spectra using an unmonochromatized 
Mg-Ka radiation (1253.6 eV) were recorded on an PHI 5100 
Perkin-Elmer X-ray phot。이ectron spectrometer equipped 
with PE 7700 computer system. The base pressure was 
maintained in the-10-9 torr throughout all operations. Instru­
mental work function was calibrated by the Au(4f7/2) binding 
energy at 83.8 eV. Samples were mixed with graphite <Cls = 
284.4 eV> as an internal standard, which were mounted on 
the specially designed sample holder covered with gold sheet 
and put into the chamber without exposure to air.

Molar susceptibility (%罗，reciprocal susceptibility 
and effective magnetic moment。七》for FeMoO4Cl and 
LiFeMoO4Cl have been measured over the temperature ran­
ge from 77K to 350K as shown in Figures 1 and 2. The re­
ciprocal susceptibility 히s. temperature for FeMoO4Cl exhi­
bits a typical two dimensional antiferromagnetic behavior in



Communications to the Editor Bull. Korean Chem. Soc., Vol. 10, No. 2, 1989 211
6

14
12
10

mo-x (
응
 E

、n
E
®

、
E
X

20

100
80
60 

-
'Ex

0 100 200 300 400

6

5

4

T(K)
Figure 1. Temperature dependence of corrected molar susceptibili­

ty (top), reciprocal susceptibility (mid이e) and effective magnetic 

moment (bottom) for FeMoO4Cl.仏切=6.46B.M., Cm = 5.21 emu/ 

mole,A^= 5.92B.M. and 0- -207K).
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Figure 2. Temperature dependence of corrected molar susceptibili­

ty (top), reciprocal susceptibility (middle) and effective magnetic 

moment (bottom) for LiFeMoO4Cl. Q砂=5.67B.M., Cm = 4.02 

emu/mcHe,夂診=4.90B.M. and 3= -204K).

the low temperature region with broad minimum at about 
110K (T^J. But in the temperature range 200K<T<350K, 
it appears to follow the Curie-Weiss law with an effective 
magnetic moment of 6.46B.M,, which is slightly higher than 
spin-only value for high-spin Fe3+ which might be due to the 
antiferromagnetic coupling remained in this temperature re­
gion. The large negative value of paramagnetic Curie tem­
perature (0= -207K) also supports the existence of an anti­
ferromagnetic coupling. As in case of FeMoO4Cl, the same 
tendency could be observed in reciprocal magnetic suscep­
tibility (6= -204K) of LiFeMoO4Cl. Moreover, the effective 
magnetic moment (卩研=5.67B.M.) of LiFeMoO4Cl is ap- 
p호oximat이y 0.8B.M. smaller than that of FeMoO4Cl, and is 
more close to that of high-spin Fe2+(^4^2)<P50 = 4.90 
B.M.>than to that of low-spin F/”、양。) <卩&° = 0B.M.>.

X-ray photoelectron (XPE) spectroscopy measurements 
were carried out for all elements in FeMoO4Cl and 
LiFeMoO4Cl. Figure 3 clearly shows the difference in B.E/s 
of Fe 2p core electrons for two compounds. Fe 2p XPE spec­
trum of FeMoO4Cl (Figure 3a) gives Fe 2pV2 and Fe 2p^2 
core electron B.E/s of 724.3 and 711.0 eV which are the 
same values as those of other compounds such as a-Fe2O3

Figure 3. Fe(2Pu?2p3/2)photoelectron spectra of (a) FeMoO4Cl 

and (b) LiFeMoO4Cl after Ar ion sputtering for several min. Major 

satellite lines are indicated by arrows.
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(724.6-711,4 eV), a-FeOOH (724.5-711.0 eV) and KFeO2 
(724.6-711.3 eV)5 having Fe3+ ions in the lattice. After the 
lithiation, Fe 2p core lines become sharper considerably and 
shift to lower B.E. region by~l eV (723.3-710.2 eV). The 
lowering of B.E. means the decreasing in valence state, from 
Fe3+ to Fe2+ in this case. The B.EJs of Fe 2p electrons in 
LiFeMoO4Cl also coincide with other Fe2+-containing com­
pound such as FeO(723.8-710.3 eV)5. The B.E.of core level 
electrons of other elements in FeMoO4Cl(^., molybdenum, 
oxygen and chlorine) are not changed after lithiation. That is, 
intercalated lithium ions selectively reduce Fe3+ to Fe2+ 
rather than Mo6+. Generally the XPE spectra of paramag­
netic Fe 2p levels are highly complex and have many satellite 
peaks with main XPE lines (FWHM = 3.3 eV for Fe 2力龄)， 

which are the characteristic feature of 난le compounds with 
3^-group transition metals6. The existence of complex satel­
lites in 나】e Fe 2p spectra confirms that Fe3+ and Fe2+ are in 
high-spin state with 5 and 4 unpaired electrons, since no 
shake-up satellite peaks could be expected for the diamag­
netic ions like Fe2+(^6^°) with low spin state.

B.E.'s of Mo 3知 and "咽 electrons for FeMoO4Cl and 
LiFeMoO4Cl are measured as (235.4 ± 0.1)eV-(232.2 + 0.1) 
eV, respectively, which are almost the same as those of other 
Mo6+ species such as MoO3<235.6-232.5 eV>, CoMoO4 
<235.0-231.8 eV>, Al2(MoO4)3<235.8-232.7 eV >and Fe2 
(MoO4)3 < 235 3 232.2 eV〉章.XPE lines for 0 1^(530.3 士 

0.1 eV) and Cl 2力(198.2 ±0.1 eV) in FeMoO4Cl and 
LiFeMoO4Cl are not changed as expected. Due to the 
broadening of Li Is line with long tail toward high B.E. 
region by overlapping with other lines such as Fe 3p and Au 
5代 and moreover with complicated satellites, the exact B.E. 
of Li Is line could not be measured.

In summary, it has been confirmed that ferric ions in 
FeMoO4Cl are selectively reduced to ferrous ions upon 
lithium intercalation with a decrease of crystal symmetry 
from tetragonal to monoclinic(LiFeMoO4Cl). From the mag- 
netic and XPS data along with X-ray structural analysis, it 
has been concluded that high spin configuration of Fe2+ 
(电％跄匕7碧勺I?), corresponding to 3Eg ground term in D4h 
symmetry, can be stabilized by the elongation of FeO4ClCr- 
distorted octah은dra in a weak ligand fi이d. And both com­
pounds 아】ow an extensive 아)ort range intralayer antiferro­
magnetic corr 이 ation.
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Various polyanions of both natural and synthetic origin 
are known to exhibit a broad spectrum of interesting biologi- 
cal activities.1'5 Among those synthetic polyanions, divinyl 
e나】er-maleic anhydride (1:2) alternating copolymer 
(DIVEMA) has been extensively studied due to its antiviral, 
antitumor and interferon-inducing properties.6-11

The structural feature of hydrolyzed product (I), an intrin­
sic active form in the biological system of DIVEMA, (I) con­
tains tetrahydropyran rings and carboxylate groups attached 
on the polymer backbone as functionalities.

Hypothesizing that the polymers having similar structure 
to that of DIVEMA would manifest relevant biological ac­
tivities, we synthesized several copolymers which contained

both tetrahydropyran riii용s and carbonyl groups. It was sur­
prising to find that most of the polyanions synthesized and 
tested up to date for their biological activities were designed 
to contain only carboxylates as polar and/or functional 
groups even though s나gar moieties-pyran or furan ring-may, 
in general, play rather important role in biological systems.


