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The crystal structure and magnetic properties of the layered perovgkitblqroanilinium}CuBr, (1) have been
investigated. The crystal df belongs to the orthorhombRbcaspace groupd = 7.551(2) A,b = 32.082(10)

A, c=7.879(2) A, andZ = 4], which is typical of the material family. The temperature dependence of the ac
susceptibility .= (dM/3H)) of a polycrystalline sample shows magnetic ordering at 15 K with an abrupt increase
of the value. In the ordered state, the field dependenggphamely the differential susceptibility, and the dc
magnetization indicate a hysteresis loop of the magnetization, which can be ascribed to the presence of spontaneous
magnetization. Furthermore, single-crystal magnetic measurements indicate that the magnetic profiextees of
quite anisotropic. When the field is along thexis (perpendicular to the inorganic layer), the field dependence

of yac shows the hysteresis behavior, as observed for the polycrystals, but when it is parallel &xihéparallel

to the layer),xac Shows metamagnetic transitions. The observed anisotropy can be understood in terms of a
magnetic easy axis parallel to tlaeaxis, an antiferromagnetic interlayer interaction, and a spin canting which
produces spontaneous magnetization alongothgis.

1. Introduction ture of the CuX layer is schematically shown in Figure 1. Itis
Igoverned by the cooperative Jatifeller effect: each octahe-
gron is prolonged along the Jahmeller z axis that lies in the

uX plane and has nearly-orthogonal relations with the neigh-
bors. The intralayer magnetic interaction is ferromagnetic,
because of the orthogonal relation between the magnetig d
orbitals!® The interlayer magnetic coupling is much weaker
than the intralayer interaction and is usually antiferromagnetic.
dThe magnetic moments are, therefore, canceled out with each
other, so there is no spontaneous magnetization in the ground
state. A few compounds in the series have been reported to
possess a ferromagnetic interlayer interactfotf. However,
there has been no observation of spontaneous magnetization as
a nonzero remnant magnetization so far, presumably because
the interlayer interaction would be too weak to make the
magnetic hysteresis loop observaHlé?

In this report we describe the crystal structure and magnetic
properties of g-chloroanilinium»CuBr,; (1), comparing with
aﬁhose of the isostructural copper chloride derivativgs, (

chloroanilinium}CuCly (2) and @-nitroaniliniumyCuCl, (3).

For the past decades, magnetic properties of transition-meta
layered materials have been studied extensively, because the
are good examples of two-dimensional magnetic sysfems.
While ideal 2D Heisenberg spin systems are theoretically
predicted not to show magnetic ordering at any finite tem-
peraturéZ—* real 2D materials show various magnetic transitions,
such as the KosterlizThouless transitioR® The magnetic
ground states and the transition temperatures of the 2D layere
systems are governed by the intralayer interaction and the
characteristic minor factors, such as the interlayer interaction
and the magnetic anisotropyWhat is described in this report
is an example that such minor factors bring about a crucial
difference in the magnetic ordering among three isostructural
2D ferromagnets.

Compounds of the type (RNjCuXy, where R is an organic
molecule and X is Cl or Br, have been known as two-dimen-
sional (2D) ferromagnets with. values of 16-15 K270 The
compounds also attracted recent interest as a related materi
of the high T, superconductors and as an organic/inorganic
hybrid layered system. They crystallize in a layered perovskite

) . ) 2. Experimental Section
structure, consisting of isolated layers of corner-sharing £uX P

octahedra, sandwiched by the organic catfotis? The struc- The crystals of compountiwere prepared according to the method
reported by Ishikawa et 4. To an alcoholic solution of-chloro-
(1) Jongh, L. J. d.; Miedema, A. R\dv. Phys.1974 23, 1. anilinium bromide and hydrobromic acid was slowly added a hydro-
(2) Mermin, N. D.; Wagner, HPhys. Re. Lett. 1966 17, 1133. bromic solution of CuBs. The dark-violet crystalline precipitate was
(3) Hohenberg, P. CPhys. Re. 1967, 158 383. filtered and washed with hexane. Chemical analysis, calcd (found)
(4) Mermin, N. D.Phys. Re. 1968 176, 176. for CiaH1N,BraClL,Cu: C, 22.51 (22.42); H, 2.20 (2.34); N, 4.38 (4.38);
(5) Kosterlitz, J. M.; Thouless, D. J. Phys.1972 C5, 124. Br, 49.92 (50.09); Cl, 11.07 (11.20).

(6) Kosterlitz, J. M.; Thouless, D. J. Phys.1973 C6, 1181.

(7) Willett, R. D. InMagneto-Structual Correlations in Exchange Coupled
SystemsWillett, R. D., Gatteschi, D., Kahn, O., Eds.; D. Reidel (11) Steadman, J. P.; Willett, R. Morg. Chem. Actdl97Q 4, 367.
Publishing Company: Dordrecht, The Netherlands, 1985; p 269. (12) Larsen, K. PActa Chem. Scand.974 A28 194.

(8) Willett, R.; Place, H.; Middleton, MJ. Am. Chem. So0d.988 110, (13) Kugel, K. I.; Khomskii, D. I.Sa. Phys. Usp1982 25, 231.
8639. (14) Jongh, L. J. d.; Amstel, W. D. v.; Miedema, A. Rhysical972 58,
(9) Smith, D. W.Coord. Chem. Re 1976 21, 93. 277.

(10) Steijger, J. J. M.; Frikkee, E.; Jongh, L. J. d.; Huiskamp, WPRysica (15) Ishikawa, J.; Asaji, T.; Nakamura, [J. Magn. Reson1982 51,
1984 B123 271. 95.
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Table 2. The Atomic Coordinatesx10000) and Equivalent
Isotropic Thermal Parameters (100 A) ft

atom X Y z B
Cu 5000(0) 0(0) 5000(0) 2.5(0.1)
Br(1) 2335(2) 106(1) 2091(2) 3.3(0.1)
Br(2) 4815(3) 746(1) 5408(3) 3.7(0.1)
cl 4454(11) 2534(2) 742(12) 7.2(0.3)
N 5069(25) 699(5) —215(26) 4.8(0.6)
c() 4979(26) 1164(5) 40(28) 3.2(0.5)
c@) 3744(29) 1383(6) —1008(29) 3.5(0.6)
Figure 1. The structure of the CuXlayer. C(3) 3598(32) 1807(7) —814(30) 4.5(0.7)
Cc(4) 5821(33) 1781(7) 1499(29) 4.3(0.7)
Table 1. The Crystal Data fo C(5) 4646(32) 2005(7) 476(34) 5.2(0.8)
c(6) 5993(33) 1352(8) 1315(31) 4.9(0.8)
formula Q2H14N2C|2CUBI'4
fw 640.32 aEstimated standard deviations in parenthe$8sq = (8/3)7?-
cryst syst orthorhombic (Upa(aa¥) 2 + Uzy(bb*) 2 + Uss(cc) 2 + 2Uaa* bb* cos y + 2U zaa* cc*
space group Pbca(No. 61) cosf + 2Uqsbb*ccr cos ay).
alA 7.551(2)
b/A 32.082(10) Table 3. Selected Bond Distances (A) and Angles (deg)ffor
C///}\_\s 7.879(2) Distances
\z/ }1908-8(9) Cu-Br(1) 2.437(2) Br(1)-N 3.55(2)
Cu-+-Br(1) 3.069(2) Br(2N 3.46(2)
p(calc)/g cn13 2.23 _
ulemi 1033 Cu—Br(2) 2.419(2)
26 range/deg 4655 Angles
Re 0.0842 Cu-Br(1)-Cu 164.6(1)  N-Br(2-Cu 95.0(3)
Ra? 0.104 Br(1)—Cu—Br(2) 89.7(1)  Br(1»Cu--Br(1)  92.6(1)

2R =3 ||Fol = IFll/3|Fol. ® R = { IW(IFol — [Fe)¥IWIFol} 2 w

a Estimated standard deviations in parentheses.
= 1/(o(Fo)? + 0.0020?).

b/4

X-ray diffraction data ofl was collected on a Rigaku AFC-5
automatic four-circle diffractometer with graphite-monochromatized Mo
Ka radiation at 293 K. The diameter of the incident beam collimator
was 1.0 mm, the crystal-to-detector distance was 258 mm, and the
detector aperture was 9:013.0 (horizontalx vertical). The unit cell
parameters were derived by least-squares refinements of the setting
angles of 25 representative reflections in the range 2@6 < 25°.
During the data collection, the intensities of three reflections were
monitored as a check on crystal stability, and no loss of intensity was
found. An empirical absorption correction based on azimuthal scans
of several reflections using UNICS Hflwas applied. The transmission
factors ranged from 0.25 to 1.00. Lorentz and polarization effects were
also corrected. The structure bfwas solved by the direct method
with SHELXS-867 and by subsequent difference Fourier syntheses.
The structure refinement with anisotropic parameters by the block- ¢
diagonal least-squares technique using UNICS Was carried out Figure 2. The labeling of atoms and the thermal vibrational ellipsoids
for all non-hydrogen atoms. Atom-scattering factors were taken from for 1.

Cromer and Wabé® Anomalous dispersion effects were included in

Feaol® Details of the crystallographic parameters are given in Table Table 4. The Crystal Parameters Reported foand 3*

1. Final positional parameters farand the selected bond distances 2 3

are listed in Tables 2 and 3, respectively. The labeling of atoms and

the thermal vibrational ellipsoids fdt are shown in Figure 2. The I\(I)Vrmula %EHé;NZCUCk (21§I;182|4O4CUCI4
obtalneQR value is slightly larger than those reporteq for the other cryst syst monoclinic orthorhombic
perovskites, presumably because of the poor crystallinity. of space group P2,/c Pbca

Ac magnetic susceptibility and dc magnetization were measured on  g/A 16.436(4) 7.063(1)
a Lake Shore ACS7221 and Quantum Design MPMS-XL SQUID /A 7.397(1) 32.460(6)
magnetometers. Variable-temperature measurements were carried out  c/A 7.265(1) 7.925(2)
in the range 425 K. Field-dependent measurements were done in pldeg 101.51(2)
the field up to 1 T, after the sample was cooled under 0 external field. \Z//A3 265-5(3) 41816-9(6)

3. Results and Discussion aFrom ref 16.

Crystal Structure. The crystal structures of related com- those of 1. The compoundsl and 3 crystallize in the
pounds2 and 3 were obtained in the previous stugfy.Their orthorhombicPbca space group, whil@ crystallizes in the
lattice parameters are listed in Table 4 in order to compare with monoclinicP2y/c space group. Althoug®belongs to a different
crystal system, the three compounds are isostructural. Figure
3 shows a schematic comparison between the unit cells of the

(16) Sakurai, T.; Kobayashi, KRikagaku Kenkyusho Hokoki979 55,

69. e -
(17) Sheldrick, G. M. Thesis, University of Goettingen, Germany, 1986. two crystal sys.tems, Where the an”m.lum lons are omlt'ged for
(18) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-  the sake of clarity. The unit cell dfor 3includes two organie

lography, The Kynoch Press: Birmingham, England, 1974. inorganic-organic sandwich layers, while that @fincludes
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Figure 3. The schematic comparison between the unit cells of 3
and2.

Table 5. The Crystal Parameters Reported foand 32 70
1 2 3P 60, -o-1
—— 2
Dy/Ac 3.069(2) 2.906(2) 3.075(2) — 50 -3
DgAc 2.437(2) 2.309(2) 2.303(2) i
interlayer distances/A 16.041 16.105 16.230 g 40
a Estimated standard deviations in parenthe$&som ref 16.° D, E 30
andDs are defined in Figure 1. 9@
~* ool
one. The cell volume of or 3 is twice as large as that &
In Figure 4, parts a and b show side views of the layered struc- 107
tures inl and2, respectively. The alignments of the anilinium 0

cations in the organic bilayer seem to cause the difference in
crystal system. In the crystal & the neighboring layers A

and B are related by an inversion center and, in addition, there gigyre 5.
(triangles),

is a 2-fold screw axis parallel to theaxis. In the crystal of,
there is no inversion center between A and B but they are related
by a 2-fold screw axis operation parallel to tbexis. As a
result, the molecular axes of the cations in the neighboring layers
A and B appear parallel i8, while they are slightly tilted irl.
It is worth noting that the two kinds of crystal systems have
been observed in the (RNHCUCl, series beforé:18.20

The structure of the copper halide layer is characterized by
two kinds of copperhalide distances, the equatori@ld) and
axial (D.) distances caused by the Jatreller effect. The
values of Ds and D, for 1—3 are listed in Table 5. The
interlayer distances in the three are also shown thexgfor 1
is longer than the values f& and 3, probably because of the
larger radius of the bromide ion. The valuelf for 3is larger
than those forl and 2, presumably due to a molecular
arrangement distortion in the organic layeB3P The observed
values ofDs andD, for 1—3 are typical for the layered copper
chloride and bromide perovskites. Concerning the interlayer
distances, there is no significant difference among the three.

Magnetic Properties. The magnetic properties df and 2
have been investigated by Ishikawa et al. previously, by means
of ac susceptibility and NQR measuremefitsThey reported
that1 and2 showed long-range magnetic orderinglat= 14
and 9 K, respectively. The circles, triangles, and diamonds in
Figure 5 represent the temperature dependengg ¢feal part)
for 1—3, which were re-examined in this work under an
oscillating field (125 Hz) of £5 Oe in the temperature range
5—30 K on heating. The results obtained fbrand 2 agree
with the reported one¥. The materialsl, 2, and 3 exhibit
magnetic ordering with an abrupt increaseipat 15, 9.1, and
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Figure 4. The side views of the layered structures @) and2 (b).

Zac (emu mol™) Zac (emu mol™)

Zac (emu mol™)

25 30

Temperature (K)

The temperature dependence xpf for 1 (circles), 2
and (diamonds).

20

15}

10

5
2

i

40

0 200
(b)_|

20

60

400

20

200

300

0 200
Field (Oe)

Figure 6. The field dependence g for polycrystalline samples of
lat7K (a),2at6K(b),and3 at 5 K (c).

Figure 6a shows the magnetic field dependencg.gfor

namely the differential susceptibilitie9N/oH)r, for a poly-
crystalline sample ot at 7 K. Upon increasing the magnetic
field from O, the plots have a maximum at 30 Oe, at which the
magnetization curve has the largest gradient. After passing the
maximum, yac goes down to 0, showing saturation of the

7.0 K, respectively.

(19) Ibers, J. A.; Hamilton, W. CActa Crystallogr.1964 17, 781.
(20) Sekine, T.; Okuno, T.; Awaga, Hol. Cryst. Liq. Cryst1996 279,
65.



2132 Inorganic Chemistry, Vol. 37, No. 9, 1998 Sekine et al.

Xac (@rb. units)

10 . . ) Fie!d (Oe? v
10 -5 0 5 10 15
Field (10°0e)
Figure 7. The M—H curve for1 measured at 7 K. The inset shows 0

the behavior in the-250 to 250 Oe range on an enlarged scale.

200 200 0 200 400 600
magnetization. When the magnetic field is decreased, a Field (Oe)
maximum Ofac appears a{_.SO Qe' The behavior indicates a Figure 8. The field dependence ¢f, for the single crystal of, in
hysteresis loop of magnetization caused by the spontaneouspe field parallel to théb axis (a), thea axis (b), and the axis (c).
magnetic moment at 7 K. Figure 7 shows the field dependence
of M/Ms for 1 at 7 K, whereM is the dc magnetization ards magnetic susceptibility parallel to the easy axis is nonzero and
is the saturation magnetization. The inset shows the low-field ¢gnstant in the spinflip phase but begins to decrease suddenly
behavior on an enlarged scale. THe-H curve also shows a  at g critical field, at which the transition from spifiip phase
hysteresis loop, confirming the presence of the spontaneoustg paramagnetic phase takes place. However, the plotscof
magnetization. The magnitude of the remnant magnetization for 1 make no p|ateau after the Sharp peaks’ Suggesting the
is 33% of the saturation magnetization. absence of the spifflip phase. The sharp peaks jgf; would

The field dependencies gf.for 2and3 are shown in Figure  pe due to metamagnetic transitions from the antiferromagnetic
6, parts b and c, respectively. The plots for each material also state to the paramagnetic state. This transition is usually realized
make two maximums at abottl5 and 15 Oe, but no hysteresis  ynder the condition that the magnetic anisotropy is larger than
is found. The absence of the hysteresis loop indicates2hat the antiferromagnetic coupling energy. It is concluded that
and3 are simple antiferromagnets composed of the intralayer compoundl behaves as an antiferromagnet in the field parallel
ferromagnetic interaction and the interlayer antiferromagnetic to thea axis. Figure 8c showgcalong thec axis. The values
interaction, as well as the other Cu(ll) layered perovskites. The of .. are nonzero and depend little on the field. This strongly
maximums iny,c would correspond to spifflip transitions. It indicates that the axis coincides with the magnetic hard axis.
is concluded that the substitution of chloride with bromide for The single-crystal measurements fbindicate that the easy
X in (p-chloroanilinium}CuX, leads to the occurrence of  axis is thea axis and the direction of the spontaneous mag-
spontaneous magnetization. To our knowledge, this is the first netization is parallel to thb axis. From the orthogonality be-
experimental demonstration of the spontaneous magnetizationyyeen the easy axis and the spontaneous magnetization, canted
in the Cu(ll) layered perovskite materials. ferromagnetism is reasonably concluded for the mechanism of

The cause of the spontaneous magnetic momeftwould the spontaneous magnetizationdin It is worth noting here
be explained by either ferromagnetism or canted ferromag- that two-dimensional canted ferromagnetism has been observed
netism. If the interlayer magnetic coupling is ferromagnetic, iy the manganese and iron layered perovsiités.
the spins would be all aligned parallel and the magnetic system e insets in Figure 8, parts a, b, and ¢ schematically show
would be characterized in terms of simple 3D ferromagnetism. {hq gjignments of “the magnetic moments” on two neighboring
In this case, thg spontaneous magnetization should be par‘?”e|ayers in1 with increases in field parallel to the, a, andc
to the easy axis. On the other hand, canted ferromagnetismayes, respectively. Here, “the moment” means the intralayer
would result from an anisotropic interlayer magnetic interaction, agnetic moment summed by the intralayer ferromagnetic
no matter whether it is ferromagnetic or antiferromagnetic. In interaction. In the insets of Figure 8b,c, the spin canting toward
the picture of the canted ferromagnetism, the spontaneousine, axis is ignored. The expected shapes of the magnetization

magnetization sr_loul_d be perpendicular to the easy axis. _Sincecurves are also drawn there. The field dependengg.dbr 1
remnant magnetization dfis 33% of the saturation magnetiza- Figure 8 indicates two critical fieldssl; and H,, whose

tion, neither the simple nor canted ferromagnetism can be yefinitions are shown in the insets. Now let us estimate the

excluded. _ magnetic parameters fdr the interlayer exchange constaht
The field dependence of. for the single crystal ofl was and the magnetic anisotropy field in the lay&", and compare
carefully examined, to clarify the mechanism. Figure 8a Shows {hem with those of other layered perovskité@ As shown in
the results, when the magnetic field is applied parallel toxthe  rjgre b, the critical fieldHs, of the metamagnetic transition
axis at 5 K. The values gfacshow a hysteresis which is similar  j5130 Oe at 5 K. We confirmed that the valuerbf depended

to that of the polycrystalline sample. Compouhbehaves as  |ige on temperature within the experimental error in the range
a ferromagnet in the field parallel to theaxis. Figure 8b shows

the data in the field parallel to tteeaxis. The plots make sharp

(21) Groenendijk, H. A.; Duyneveldt, A. J. v.; Willett, R. Physical979

peaks at 130 and-130 Oe, but no hysteresis is seen. Such 98B, 53.

peaks have been observed fopligNH3),CuCl, and have been (22) Bloembergen, P.; Berkhout, P. J.; Franse, J. InMJ. Magn.1973
attributed to the spinflip transitions!# In general, the spin 23) ‘éh%tg-P, Drumheller, J. E.; Patyal, B.: Willett, R. Phys. Re. B
flip transitions occur in the magnetic field parallel to the 1992 45, 12365. o T

antiferromagnetically ordered spins. It is known that the (24) Yamazaki, HJ. Phys. Soc. Jpri976 41, 1911.
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2—7 K and adopt it as thél; value at absolute 0. Since the Next, let us pay attention to the electronic structure$-o8.

antiferromagnetic interlayer exchange fieltk, is equal toH;, Whether the spin structure prefers a simple antiferromagnetic
the J value can be calculated according to the formdla= alignment or a canted one depends on the balance of the anti-
27 J Sgug, wherez andg are the number of nearest neighbors symmetric term and the other terms. The antisymmetric parts
and theg factor, respectively. Assuming thdt= 2 andg = of the magnetic exchange and dipolar interactions are related

2.0, we obtain'/kg = 0.01 K. This is comparable to the values to the matrix elements of the spiorbit interaction between
reported for the other (RNHLCuBr, materiald® and for the the ground and excited stat€s|t is established that the inter-
(RNH3).CuCl, serie* but is much smaller than those for the action is stronger in the bromide compounds than in the chloride
(NH3ChH2,NH3)CuBry series? In the field parallel to the axis, compoundg$? In addition, the antisymmetric term is effectively
the magnetic moments are aligned parallel to the field above enhanced, when the energy gap; between the ground state
the critical fieldH, of 150 Oe. TheH, value can be related to  and the lowest excited state, which corresponds to that between
the anisotropy field in the layeHA". Since the metamagnetic  the de-y2 and g, (or dyy) levels in this case, is small. The value

transition has been observed instead of a-sflip transition, of AE; in 1is easily speculated to be smaller than tha? ior
HA™ > Hg, but the value oH; indicates that the intensities of 3, because the interaction between thgadbital on the Cu(ll)
Ha™ andHe are on the same order. The typical value$igh ion and the p orbitals on the halide ions ihis much stronger

for the (RNH;),CuCl, series are in the range 5000 Oe?* The than that in2 or 3.27 Their colors reflect the differences in
value ofHA" for 1 is not as extraordinary as that of a copper AE;: the crystals ofl appear dark violet in contrast to the
layered perovskite. We could not estimate the anisotropy field yellow appearance of those &for 3, because of a red shift of
out of the layer,Ha%", because the presence of spontaneous the LMCT band inl. The lower LMCT transistion energy in
magnetization along thb axis prevented us from measuring 1is due to the higher energy pfr orbitals in the bromide ions,

the perpendicular susceptibility. which raises the @ and gy orbital levels in the Cu(ll) ion and
Here we discuss the origin of the spin cantinglin Since results in the smalleAE; value inl. Therefore, it is expected
there is no single-ion anisotropy on the copper(ll) i®u(= that the antisymmetric term it is stronger than those in the

1/,), we take into account the antisymmetric spin coupling. The copper chloride compounds. It is possible that higher excited
antisymmetrical part of an exchange interaction is the well- states, such as LMCT states, also contribute to the antisymmetric
known DzyaloshinskyMoriya interaction that is the mechanism part, although it is hard to quantitatively estimate their contribu-
of canted ferromagnetism. The antisymmetrical part of a dipolar tions. As was explained before, the (RR,CUX,4 series is
interaction can also be the reason for the spin carffinghe considered to have a double minimum potential well with respect
strongest interaction is the intralayer ferromagnetic one, but the to the angle between the magnetic moments in the neighboring
3D magnetic structure is governed by the following three minor layers, caused by the competition among the isotropic interlayer
factors: the isotropic antiferromagnetic exchange interaction antiferromagnetic interaction, the magnetic anisotropy, and the
between the layers, the magnetic anisotropy, and the antisym-antisymmetric term. Since there is no structural factor which
metric parts of the spin couplings (exchange and dipolar can explain the magnetic difference betwéeand3, the quan-
interactions¥® In the following discussion, “the moment” also titative difference in the antisymmetric term would be respon-
means the intralayer magnetic moment. The energies of thesible for the magnetic difference. The enhancement of the anti-
isotropic antiferromagnetic exchange and the magnetic anisot-symmetric term would be the reason for the canted ferromag-
ropy term are minimized when the magnetic moments are netism inl.

aligned exactly antiparallel with each other. However, the )

energetical minimum of the antisymmetric term appears when 4. €oncluding Remarks

the moments are perpendicular. The thermodynamic potential  we have investigated the crystal structure and magnetic prop-
of such system studied by Dzyaloshinsky is well-established to erties ofl. The compound exhibits spontaneous magnetization,
possess double minimums with respect to the afidletween  which is interpreted in terms of canted ferromagnetism. The

the moment$® One minimum occurs & = 7, a completely  enhancement of the spiorbit interaction inl is suggested to
antiparallel spin alignment, due to the isotropic exchange and pe responsible for the spin canting.

the magnetic anisotropy; the other occuré at = — a, a canted .
spin alignment, due to the antisymmetric term. Acknowledgment. This work was supported by the Grant-
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