PHYSICAL REVIEW B VOLUME 62, NUMBER 21 1 DECEMBER 2000-I

Spiral magnetic structure of Fe in Van der Waals gapped FeOCI
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High-resolution and magnetic neutron-diffraction measurements were performed to investigate the crystal
and magnetic structures of bilayered FeOCI and polyaniline-intercalated FeOCI. A quasi-two-dimensional
crystallographic structure, where charge neutral,(5€l,),, lamellas are weakly linked via Van der Waals
interactions, has made FeOCI a good host for accommodating guest molecules. A three-dimensional long-
range ordering of the Fe spins in FeOCI develops below 80 K, with a magnetic unit cell 28 times the size of
the nuclear one. A spiral magnetic structure was obtained, reflecting the competition between antiferromagnetic
superexchange coupling and ferromagnetic direct exchange coupling. Polyaniline intercalation interrupts the
magnetic correlations between the neighboring bilayers, rendering a coupled-bilayer quasi-two-dimensional
magnetic order for the Fe spins in {liND), 1d~€OCI. No significant change on the ordering temperature of
the Fe spins by the intercalation reaction was observed.

I. INTRODUCTION provide valuable information regarding to the effects of the
presence of electrically conducting guest to the magnetic
As a promising material for practical applications in a properties of the host. We have found, in FeOClI, a spiral
variety of devices, electrically conductive polymers have re-spin arrangement along the shortest crystallographic axis di-
cently received considerable attention. One way to reduceection, that we believe is a direct result of the competition
tangling in polymer molecules and to obtain orientated poly-between the ferromagnetic Fe-Fe direct exchange coupling
mer chains is to grow them inside a structurally organizecand the antiferromagnetic Fe-Fe superexchange coupling
host framework, with accessible oriented tunnels. The quasimediated through the O ions located between them. For spins
two-dimensionalQ2D) nature, that is a result of the appear- along the other two crystallographic directions, where the
ance of Van der Waals crystallographic gapsas made strength of the Fe-O-Fe superexchange coupling was geo-
FeOCl an excellent inorganic host for intercalation metrically reduced, simpler spin arrangements are observed.
reactions’ Various electrically active materials, such as A bilayered Q2D magnetic order was found for the Fe spins
tetrathiafulvalené,  polypyrrole? and polyaniline in polyaniline-intercalated FeOCI, showing that the interca-
(CgH4NH),>® have been intercalated into FeOCI to form lation reaction interrupts the magnetic interaction between
good low-dimensional conductors. Lithium ion intercalatedthe neighboring (F€,Cl,),, bilayers.
FeOCI has also been uged as cathode materials for re-
chargeable Iithi_um batterie_zs. The topochemical subs_titution Il. CRYSTAL STRUCTURE
of the Cl layers in FeOCI with OH layers has been fotfdf
to help stabilize the intercalated Lions and to improve the Polycrystalline iron-oxychloride FeOCI was prepared by
cathode performance. the chemical vapor transport technigidedigh-purity FeOs
Until recently, many of the studies made on the FeOCland FeCJ powders with a mole ratio of 1:1.3 were mixed
related compounds had concentrated on their electrochemicadell and then sealed in an evacuated glass tube, followed by
properties, relatively fewer on their basic properties, whichheating at 380 °C for 40 h. They were then slowly cooled to
remain poorly understood. Phonon spectra of FeOCI for enroom temperature. The resultant product was washed thor-
ergies below 80 meV have been repotfetb resolve six oughly with water-free acetone to remove the excess FeCl
broad vibrational modes using inelastic neutron-scatteringind dried naturally in vacuum. The grains in the resultant
measurements. A spiral magnetic structure, characterized tpolycrystalline sample had a lamellar, rather than spherical,
a propagation vector of0.2750.50.5 for the Fe spins in shape reflecting the anisotropic crystallographic structure of
FeOCI has been proposédbased on neutron-diffraction the compound. FeOCI is rather sensitive to humidity, thus
measurements. In the present work, we have performeolation from the atmospheric environment at all times is
neutron-diffraction measurements to explore the detaileéssential to keep the compound from being hydrated. For
crystal and magnetic structures of naturally bilayered FeOCpolyaniline-intercalated FeOCI, 100 ml of a 3% deuterated
as well as polyaniline-intercalated FeOCI. The results mayniline solution(32.3 mmo} in acetonitrile was stirred with
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5.0 g(4.66 mma) FeOCl in air for a week. The black shiny

microcrystalline product was then isolated by filtration, 4r . F52C115401A i
washed with acetone and dried naturally in vacuum. The 15-20'- 7
intercalation reaction was deemed complete when(@hk) e 3r ! Room temperature

~

peaks of the starting FeOCI disappeared from the x-ray£
powder-diffraction pattern. Elemental analysis shows a2 2+
Ce¢D4ND to FeOCl ratio of 0.16:1, hence a chemical formula ':;)
of (CgD4ND),,€eOCl, for the resultant product. This = ;|
polyaniline intercalated FeOCI compound is hereafter de-& R Y S A )
noted as (PANI) ;¢~eOCI. 5 | Mt e ST At Y |
X-ray-diffraction measurements were used first to charac-5 o
terize the sample, and the detailed crystal structure was de A
termined by a complete structural analysis using neutron- | , | | , | | , |
diffraction measurements and Rietveld analy&i.A high- 0 20 40 60 80 100 120 140 160
resolution neutron-diffraction pattern, covering a scattering-
angle range from 3° to 165° and taken at room temperature,
was collected on BT-1, the 32-detector powder diffracto- FIG. 1. Observed(crosses and fitted (solid lines neutron
meter at the NIST Center for Neutron Research. The neusowder-diffraction patterns of FeOCI collected at room tempera-
trons had a wavelength ok=1.5401A, defined by a ture. The differences are plotted at the bottom. The short vertical
Cu(311) monochromator crystal. Angular collimators with lines shown below the pattern mark the calculated positions of the
horizontal divergences of 1520, and 7 full width at half ~ Bragg reflections.
maximum (FWHM) acceptances were used for the in-pile,
monochromatic, and diffracted beams, respectively. During The crystal structure of FeOCI may be viewed as a stack-
the measurements, the sample was loaded into a cylindricig of charge-neutral Q2D (KF®,Cl,),, lamellas, where the
vanadium can, which produces no measurable neutroradjacent blocks are weakly bondédia Van der Waals in-
diffraction peaks, and was slowly rotating about the cylindri-teractions, with a gap separation of 2.69@)7A at room
cal axis to account for the anisotropic sharp of the grains inemperature. We note that the Fe-O-Fe bond angles and the
the sample. Fe-Fe separations along the three crystallographic directions
The diffraction pattern was analyzed using tisAs  are quite different, resulting in different magnetic interac-
(General Structure Analysis Systgmrogram:® following  tions and resultant configurations for the Fe spins along the
the Rietveld refinement method, with coherent scattering am-
plitudes of 0.954, 0.580, and 0.9840 *?cm for Fe, O, and
Cl, respectively. Several models with different symmetries
were assumed during the preliminary analysis. The refine-
ment was finally carried out by assuming an orthorhombic
symmetry of space grouBpmmn with a unit cell consisting
of two pairs of distorted Cl-Fe-O chains. All structural and
lattice parameters were allowed to vary simultaneously until
R, , the weightedR factor, differed by less than one part in a
thousand within two successive cycles. Figure 1 shows the
observedcrossesand fitted(solid lineg patterns of FeOCI, e
with their differences plotted at the bottom. Clearly, the cal- \
culated and the observed patterns agree very well, showing

a=329921(3) A
b=3.77450(3) A
c=790852(11) A

-

Scattering Angle 2 6 (deg.)

that the observed pattern can be adequately described by the Van der Waals
proposed structure shown in Fig. 2, which is the same one as £ap

has been proposed in other studi¢?’ Table | lists the

refined structural parameters and selected bond angles, which

are in good agreement, but are more precise than those re-

ported in other studies!® Uncertainties quoted here and c
throughout this article are statistical and represent one stan-

dard deviation. Note that the isotropic temperature parameter o O

B, which indicates the mean-square displacement of the at-
oms from their average sites, is much larger for Cl atoms
than for Fe and O atoms, showing that the Cl atoms are |/
relatively weakly bound to the other atoms. Note that there is | —
essentially no improvement made for refinements using an- y
isotropic temperature parameters. Employing the Dollase and a /V'

March modef'?2 a factor of 1.57 was obtained faraxis a

preferred orientation, accounting for the anisotropic shape of

the grains in the polycrystalline sample. We estimated any FIG. 2. Proposed crystal structure of FeOCI, where a unit cell
impurity phases in the sample to be less than 1%. contains two sets of distorted Cl-Fe-O chains.
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TABLE I. Refined structural parameters, selected bond lengths, 50
and bond angles for FeOCI at room temperat@&eepresents the
isotropic temperature parameter wihe= 72(u?), where(u?) is

T T

FeOCl at 190K

T =]
(a)
: £
the mean-square displacement. € .ol 1 i |
FeOClI, space groupmmn room temperature n g S
a=3.29921(3) A ,b=3.77450(3) A,c=7.90852(11) A 5 T =
Atom X y z B(A?)  Occupancy 8 ol .
[\
Fe 0.75 0.25 0.1154) 0.762) 0.991) Qo 3
@] 0.25 0.25 0.951@ 0.853) 0.991) > | |
cl 025 0.25 0.3301) 1572 1.001) @ 2 | n
Ry(%)=5.11 R,(%)=6.15 y=1.31 g 3 S
c e
Fe-O-Fe bond angle Fe-Fe bond length — g
Along a 103.494)° 3.299212) A or =
Along b 148.894)° 3.7745@3) A o
Along ¢ 99.566)° 3.1006%6) A . , I .
or ﬁ o FeOCI at 10 K (b) 7
o < S T kiy=(kntk
three directiongsee below. Apparently, the Q2D structural g . 2 (kL7 =(kD E
nature makes FeOCI a good inorganic Adr accommo- — 40 ‘s s K=Q/7121/2) m
dating guest molecules in the Van der Waals gaps, and form- £ S = L
ing intercalated FeOCI. The basic (EBCl,), lamellas con- S
sist of edge-sharing distorted FgO}, octahedrons, with the 38 30| \ ' o _

Cl layers outermost on either side of a central (dtllayer, “
forming a bilayered Q2D Fe-O-Fe netwotkesignated as
thea-b plane, while the network along the-axis direction is
interrupted by two weakly bonded CI layers.

Intercalation reaction of polyaniline into FeOCI results in
a 103% increase in the gap separation, apparently due to th =
existence of polyaniline in the Van der Waals gaps, and a "
shift, by an amount of §/2b/2), in the relative positions
between the two neighboring bilayers separated by polyani-
line. A 230% increase in theaxis parameter hence resulted.
The lateral shift in the neighboring bilayers found for the  FIG. 3. Neutron-diffraction patterns of FeOClI taker(@t190 K
present (PANI),feOCl is similar to what has been and(b) 10 K. The magnetic peaks are indexed using the notation of
observed in a tetrathiafulvalene-intercalated FeOCI. On the(h k )*=(h k I)+(2/7 1/2 1/2).
other hand, the crystal structure within the bilayered

(F&O,Cly), lamellas remains, with tha andb axis param- jindrical aluminum can filled with helium exchange gas to
eters both increase by1.5%. Unfortunately, the positional facilitate thermal conduction at low temperatures. The

parameters for polyaniline in the present compound can nafample was cooled using a closed-cycle refrigerator, oper-
be uniquely determined from the present data, mainly due t@ted petween 10 and 200 K.

the lack of a crystalline periodicity in the polyaniline them-

selves.
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IIl. MAGNETIC STRUCTURE At temperatures well abpve the magnetic ordering tem_—
perature, the spins of unpaired electrons scatter neutrons in-
Neutron magnetic diffraction experiments were also con-coherently, so that the magnetic scattering appears as a para-
ducted at NIST, using the BT-9 and BT-4 triple-axis spec-magnetic background in the diffraction pattern. When
trometers operated in the double-axis mode. The magnetimagnetic order develops, at temperatures below the ordering
diffraction of FeOCI was carried out on the BT-9, whereastemperature, the magnetic scattering evolves into Bragg
the BT-4 was used to collect data for (PAjeOCI. The peaks. Figures (@ and 3b) show the diffraction patterns
neutrons used had a wavelength ©£2.359 A defined taken at 190 and 10 K, respectively. The solid curves are fits
by using a pyrolytic graphite P@02 monochromator crys- of the data to the Gaussian instrumental resolution function.
tal. A PG filter placed before the monochromator positionAll the peaks in the pattern taken at 190 K can be inde®sd
was employed to suppress any higher-order wavelength coshowr) based on the crystallographic unit cell listed in Table
tamination. For the measurements performed at BB®- I, but using somewhat smaller lattice constants due to ther-
4), angular collimators of horizontal divergences-4@'-48' mal contraction. A series of new resolution-limited peéks
(60'-40'-40") FWHM acceptance for the in-pile, monochro- indicated by the arrowsdeveloped as the temperature was
matic, and diffracted beams, respectively, were employededuced to 10 K, signifying the long-range ordering of the Fe
During the measurements, the sample was loaded into a cgpins.
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e . N - — y FIG. 5. Proposed magnetic structure for Fe spins in dhe
% 35| N LA — plane, showing a spiral spin arrangement alonggtlagis direction.
PO
= x
- A ~ o . . . . .
g’ ;___‘___‘,,_.——"' T h | It is certainly not a simple matter to determine the spin
= L + - s N arrangement. We employed the symmetry group analysis
O 001} ,{002} n 5 . h
E 30 2 . N method® to model the magnetic structure. The spin vectors
S - 0012 'J of the Fe ions can be decomposed into a superposition of
w i I magnetic basis functions, which work as the basic magnetic
- o . configuration modes. In terms of the magnetic basis func-
25— o ] tions, the spin vector of thigh Fe ion in a designated basis
. _ ¥ i nuclear unit cell may be expressed as
f,’ 4
- T T K =(k, 05 0.5) -
20:_|n-~~v - ) 7 Soj:E Cymy,
L 00 00Ty 90826 =277 1
BRI 1 where C, is the superposition coefficient for the magnetic
15 | | [ [ N basis functionm, . The spin vector of thg¢th Fe ion in the
0.0 0.1 02 0.3 0.4 05 nth nuclear unit cell, which can be reached from the basis
Modulation parameter (kx) unit cell by the application of a translation vect®y,, then

takes the form of
FIG. 4. The observecsolid lineg and calculateddashed lines
Bragg angles for the propagation vectord k()*=(hkl)
+(k,1/21/2) as a function of the modulation paramekgr The Sj= E Spj expliay),
arrows indicate the positions where the observed and calculated

lines meet. .
where «,=K-R,, and the summation takes over the two

We employed a diagrammatic methtfdpased on sym- magnetic modulation vectorsK .
metry considerations, to find the appropriate propagation For a symmetry of space grolgmmn there is one irre-
vectors, fkl)*=(hkl)+K, where K=(kskyk,) is the ducible representatioff. The star ofK contains two arms for
modulation vector for the magnetic peaks. The dblthat fit  the two modulation vectorgK, each of which is associated
the observed magnetic peaks properly is shown in Fig. 4with two row vectors. There are therefore 12 magnetic basis
The horizontal solid lines represent the Bragg positions ofunctions for each Fe ion. We then calculated the inteffsity
the observed magnetic peaks and the dashed lines mark tfer all possible combinations of the magnetic basis functions,
calculated ones for a modulation vectét=(k,0.50.5). and found that only the set of spin vectors where
Apparently, atk,=0.2826=2/7 all five calculated lines in-
tersect the observed ones, as indicated by the arrows. The TABLE II. Calculated and observed magnetic integrated inten-
vector (0.2826 0.5 0.5obtained for the modulation param- sities, where{h k [}*={h k [}+(2/7 1/21/2). The intensities are
eters is the only one that fits the data, as is expected from th@rmalized with respect to the peak at 23.2°.
uniqueness of the irreducible representafiband is essen-
tially th1e4 same with the one reported by Adam and Peak indexh k I} 200ps  lobs e
Buisson. Accordlngl_y, the magnetic peaks W(;,\r_e then in- (000°+{001 +{010 +{011}- 2320° 1.001) 1
dexed by adopting the notation hKl)==(hkl) - .
+(2/7 1/2° 1/2), as marked in Fig(19. The magnetic unit {003 +{002"+{011}*+{012~ 34.00° 0.3%) 036
cell is then double the nuclear one in both thandc axis {100 +{110"+{10%"+{111" 36.15° 0.272) 0.27
directions, while it is seven times longer in thexis direc- {101 +{111 +{102 +{112~ 44.19° 0.183) 0.18
tion. There are therefore 28 nuclear unit cells and 56 Fe ionfp 0 2} +{01 2}~ +{003}"+{01 3}~ 49.54° 0.114) 0.16
in a magnetic unit cell.
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—sina, cog a,— mK) agreement is excellent, showing that the proposed spin struc-
S, = 0 and S,,= 0 tur_e} r1]‘|ts to'tth?j _otl_asetrvat_lons V\;_ell. ; ied for the E
cosa, sin oy, — K) e quite distinct spin configurations obtained for the Fe

ions along the three crystallographic directions can be
fits the observations. Both of these spin vectors do not carryeadily understood from the crystallographic anisotropy of
a component along thk-axis direction, showing that the the Fe and O ions. In edge-sharing F&€0;loctahedrons, the
moment lies in thea-c plane. Figure 5 shows the proposed d orbitals of Fé* are split by the crystalline electrical field
magnetic structure at low temperature for the Fe spins in theffect intoey and half-filledt, orbitals, while 3~ occupies
a-c plane. The moment directions for the neighboring spinghe filled p orbitals?’?® Two types of magnetic couplings
along thea-axis direction are X360°/7~102.85° apart, ac- between the Fe ions may then be anticipated, a ferromagnetic
counting for thek,=2/7 obtained for the modulation along direct-exchangéFMDE) coupling between two neighboring
the a-axis direction. Unfortunately, the relative orientations Fe e, orbitals, and an antiferromagnetic superexchange
of the moments between the neighboring lay@ieng the  (AFMSE) coupling between two Fe half-filleth, orbitals
c-axis direction within each bilayer cannot be uniquely de- mediated through the @ orbitals located between thefh.
termined from the intensity calculations, as has been pointe@learly, the coupling strength depends strongly on the geom-
out by Adam and Buissolf. The relative orientations of etry of the Fe-O-Fe bonding. A wider Fe-O-Fe bond angle
these moments shown in Fig. 5 are arbitrarily chosen. Nevgives rise to a stronger AFMSE interaction, while a shorter
ertheless, the moments between the neighboring bilayers aFe-Fe separation results in a stronger FMDE interaction.
antiferromagnetically coupled, as shown in Fig. 5. Along theAlong the b-axis direction, a simple antiferromagnetic ar-
b-axis direction, the neighboring spins are antiparali@t  rangement was observed, showing that the AFMSE coupling
shown). Comparisons between the observed and calculatedominates the FMDE coupling. This behavior can be under-
magnetic intensities are listed in Table Il, where the factor ofstood, since the Fe-O-Fe bond ante148.99 is large and
1.57 (as discussed aboyéor the c-axis preferred orientation the Fe-Fe are well separatéd3.763 A at 10 K along this
has been taken into account, and the intensities are normalirection. Along thea-axis direction, on the other hand, the
ized with respect to the isolated peak at 23.2°. Clearly, thé=e-O-Fe bond angle is smalleér~103.59 and has a shorter

4000 fF

I T =

+

3000 - (PANI), ,;FeOCI

{01} ,{00}
|

1101('11101(
(hkf=(hk)tK
2000 | K=(1/31/2)

{11y {10y

FIG. 7. Magnetic diffraction pattern of
(PANI) 14€0OCI obtained at 10 K, showing a

1000 standard coupled-bilayer Q2D scattering profile.

Intensity (counts / min.)

Scattering angle 2 6 (deg.)
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c tion of ~1 meV. By comparing the magnetic intensities to
e e¥ g the nuclear ones, we obtained a saturated momeqL.of
v a =4.01(5)ug for the Fe ions, which is in good agreement
with the expected moment of 4u@ .

g e & S .

Along b: antiparallel B. (PANI).1d~eOCl
In Fig. 7, we show the magnetic diffraction pattern of
FIG. 8. Proposed magnetic structure for the Fe spins iNPANI),,4~eOCI obtained at 10 K, where the diffraction pat-
(PANI)o.,¢~€OCl at low temperatures. The two neighboring Fe mo-tern taken at 100 K, serving as the nonmagnetic background,
ments along the-axis direction are 120° apart, whereas that alonghas been subtracted. This pattern reveals peaks that devel-
the b axis are antiparallel. oped as the temperature was reduced from 100 to 10 K,
signifying the Fe spin ordering. As seen in Fig. 7, the ob-
Fe-Fe separatioi~3.290 A at 10 K. A stronger FMDE served magnetic reflections have a sharply rising leading
interaction and a weaker AFMSE interaction hence resultedge followed by a trailing edge extending to large scattering
Competition between these two types of couplings then giveangles. Such an asymmetric scattering profile with an oscil-
rise to a noncollinear spin arrangement, so that the twdatory intensity is characteristic of coupled-bilayer Q2D
neighboring moments are X2360°/7~102.85° apart. The behavior’®~*2The solid curve shown in Fig. 7 is a fit of the
coupling along thec-axis direction is crystallographically data to the coupled-bilayer 2D magnetic scattering prifile
separated into intrabilayer and interbilayer interactions. Theonvoluted with the Gaussian instrumental resolution func-
intrabilayer interaction is similar to that along theaxis di-  tion. Clearly, the fit is very good, showing that the observed
rection, but has a more compact Fe-O-Fe bonding, with gattern can be described well using the proposed bilayer pro-
bond angle 0f~99.6° and a Fe-Fe separation-08.092 A at  file. The magnetic peaks were identified as originating from
10 K. A smaller angular separation between the two neighthe (1/3 1/2 rod of a coupled-bilayer spiral spin configura-
boring moments along tha-axis direction can be expected, tion shown in Fig. 8. Again, the relative orientations of the
but cannot be uniquely resolved from the present data. Moshoments between the neighboring layers cannot be uniquely
likely, the interbilayer coupling is dominated by the dipolar determined from the present data. Accordingly, the magnetic
interaction, since the neighboring bilayers are bonded via anit cell triples the nuclear one along taexis direction and
weak Van der Waals interaction, rendering the superexdoubles that along thb-axis direction, while no significant
change interaction insignificant. magnetic correlations between the neighboring bilayers were
Figure 6 shows the temperature dependence of the magbserved.
netic peak at 2=23.2°, where the circles and the triangles  Evidently, the interbilayer couplings itPANI)q 16~€OCI
mark, respectively, the data taken withouenergy- are interrupted by the appearance of polyaniline in the Van
integrated and with(elastig an analyzer crystal. At low tem- der Waals gaps that double the gap separation, rendering the
peratures, there is essentially no difference between the dathpolar interactions between the neighboring bilayers insig-
taken with or without an analyzer crystal, which reveals anificant. The angular separation between the two neighboring
typical order-parameter curve for polycrystalline samplesFe moments along tha-axis direction in(PANI)q ;4~€OCI
The ordering temperature of the Fe spins, as determined b{860°/3=120° is larger than that in FeOCI (2360°/7
the inflection point of the order-parameter curve, Tig ~102.85°), showing a stronger AFMSE interaction for the
~80K. AboveTy, the two curves are obviously different, former than for the latter. This observation can be under-
indicating that there is a substantial contribution from dy-stood, since in(PANI),,4~€OCI thea-axis Fe-O-Fe bond
namical spin fluctuations which exceeds the energy resoluangle (~104.89 is 1.3% wider and the Fe-Fe are 1.5%

30

(PANI), ;sFeOClI
A=2359 A

20=23.0" -
{173 1/2}

N
©
!

3

Peak intensity (10 counts / min.)
&
T

FIG. 9. Variation of theg(1/3 1/2 peak inten-
T, = 80°K sity with temperature, showing &y=~80K for
the Fe spins in (PANp,4~eOCI.
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further apart(~3.339 A at 10 K, as compared to that in dimensional long-range ordering of the Fe spins in FeOCI
FeOCI. Apparently, the spin arrangement along lhkaxis  develops below 80 K, where the moment becomes saturated
direction is not affected by the intercalation reaction thatat below~20 K. Competition between the antiferromagnetic
increases the Fe-O-Fe bond an@lel49.29 by 0.2% and the Fe-O-Fe superexchange coupling and the ferromagnetic
Fe-Fe separation~3.822 A at 10 K by 1.5%, along this Fe-Fe direct exchange coupling gives rise to a noncollinear
axis direction. The ordering temperature, on the other handnagnetic structure for the Fe spins. The arrangement of the
was not significantly affected by the appearance of polyaniFe moments is controlled by the Fe-O-Fe bond angle. An
line in the gaps, as seen in the temperature dependence of thrisotropic Fe-O-Fe network results in different configura-
(1/3 1/2 peak intensity, shown in Fig. 9, indicatingT,  tions for spins along the three crystallographic directions.
~80K for the Fe spins ifPANI), 1g~/€OCI as well. It is the Dipolar interactions, across the Van der Waals gaps, are also
intrabilayer couplings that determine the ordering temperanecessary for 3D long-range ordering to occur. This interbi-
ture, as expected. The saturated moment obtained for the Fayer interaction, however, becomes insignificant in

ions in (PANI)q ;d~€OCl is 3.98(7jg, wWhich is essentially
the same value as obtained for the Fe ions in FeOCI.

IV. CONCLUSION

(PANI) 14~€OCI, where a coupled-bilayer quasi-two-
dimensional order of the Fe spins was observed. The exis-
tence of polyaniline in the gaps interrupts, rather than en-
hances, the magnetic interactions between the neighboring
Fe,0,Cl,), bilayers, indicating that there is no significant

The crystal and magnetic structures of layered FeOChagnetic interaction between the polyaniline and the
have been investigated in detail. The iron-oxychloride FeOC{rg,0,Cl,),, lamellas.

structure consists of Q2D charge-neutral {&£I,) , lamel-
las linked via Van der Waals interactions. This Van der
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