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In strong magnetic fields up to 20 T quasistatic measurements of the magnetic-field-induced electric polar-
ization have been performed in LiNiRGingle crystals between 4.2 ard25 K. The magnetoelectricME)
effect has been studied in detail near theeNemperature. The temperature hysteresis of the polarization
induced by a magnetic field was found. An anomalous temperature dependence of the magnetoelectric suscep-
tibility during the phase transition and the ME “butterfly loop” were observed. The phenomenological theory
of the magnetoelectric effect in LiCoRGnd LiNiPQ, has been developed. A tentative explanation of the
existence of the magnetoelectric “butterfly loop” is given. It is shown that there is a non-Lifshitz invariant in
the free energy expansion which is linear in the spatial derivatives. Hence the phase transition to a space-
modulated spin structure is possible. The influence of such a structure on the linear magnetoelectric effect is
examined.

[. INTRODUCTION wherex~0.28 andz~0.98. The projection of the unit cell
onto theXY plane is shown in Fig. 1. LiCoP£and LiNiPQ,
The magnetoelectriéME) effect is characterized either were investigated extensively in the pastAt low tempera-
by the linear change of the electric polarization resultingture antiferromagnetic ordering takes place with preservation
from the application of a magnetic field or by the linear of the unit cell. Thus, the antiferromagnetic structure can be
change of a magnetic moment resulting from the applicatiorflescribed in terms of four magnetic sublattices. Earlier pa-
of an electric field and is basically one of the consequenceBers on LiCoPQ have indicated that this crystal exhibits a
of time invariance violating in materialsn explicit predic- ~ Simple two-sublattice antiferromagnetism with spins aligned
tion of the magnetoelectric effect for £, was made by l0ng theb axis™* The magnetic Co-O-Co superexchange
Dzyaloshinskii in 1959. The lithium orthophosphates occupyNtéractions couple the spins between planes parallel to
a unique place in the large family of magnetoelectrics be{100. Only long-range interactions such as the Co-O-P-
cause of their exceptionally large ME coefficients. At the O-CO operate between these planes. The LiNiR@gnetic
moment there are only speculations whether this is related ggiructure differs only in spin directiofc axis) from that of
the special character of the olivine crystal structure or to thé-ICOPQy. One of the interests in LiCoRCcame from the
particular arrangement of the energy levels of the magnetic __,
ions. B M M

The lithium orthophosphates of divalent cobalt and nickel 9 g) g
4 (+

belong to the olivine family of orthorhombic antiferromag-
netics (AFM) with the general formula N PO, (whereM 5
=Fe"", Mn**, Co'", Ni*"), which are known to be 1("
magnetoelectric There are four formula units per unit cell
and for LiCoPQ and LiNiPQ, the lattice parameters age = -
=10.20 A,b=5.92 A, andc=4.69 A anda=10.03 A, b 2@
=5.85 A, andc=4.68 A, respectively. The standard space 5

group is orthorhombianma(ED"le). The magnetic ions

are crystallographically equivalent and occupy tle f{osi- 3@

tion: =

N

1(x,1/4z),2(— x,3/14,~2),3(x+ 1/2,1/14~z+ 1/2) 4 — x FIG. 1. Unit cell and spin configuration of LiCoR®rojected
onto theXY plane. Only the positions of Cd™ ions and symmetry
+1/2,3/4z+1/2), (1) elements are shown.
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fact that it was considered as a likely candidate for measureal exponen3=0.338. It is remarkable that the nonclassical
ing the so far not yet demonstrated piezomagnetoelectricegion extends here over more th& K so that (Ty
effect? which was not observed experimentally. However, a—T,)/Ty=0.36. The ME susceptibility in crystals with oli-
number of puzzles and unexplained anomalies in this comvine structure would be expected to be proportional to the

pound have been observ&d. sublattice magnetization rather than to the spin-spin correla-
The paper is organized as follows: tion function. Thus we expect that the same critical exponent
In Sec. Il, we briefly discuss the existing experimentaldescribes the critical behavior of the sublattice magnetization
data on a LiCoP@ in LICoPQ,.
In Sec. lll, the results of the investigations of the ME  Another unsolved problem is the specific behavior of the
properties of a LINiIPQ single crystal are reported. linear ME effect in LICOPQ. In recent studies an unex-

In Sec. IV, we present a phenomenological theory of thepected ME “butterfly loop™” was observed betweér, and
magnetoelectric effect. Though the most typical properties— 1 K with a maximum magnetic field of 10 kQRef. 6
can be explained in the framework of the proposed approacand down ¢ 4 K with higher fields. Such a loop is usually
for the description of the ME effect in Li phosphates, somethe signature of the presence of a spontaneous magnetic mo-
experimental results cannot be deduced from the simpleshent, but for structures with magnetic symmetrymnd
model. Several of them could nevertheless be explained byeak ferromagnetism should not exist. In order to measure
use of the original approach provided we assume the transihe magnetoelectric effect it is usually necessary to cool a
tion parameter to be spatially inhomogeneous. We then geample through the N temperature with the simultaneous
on to consider a model which assumes that the free energypplication of both an electric and a magnetic field. It is an

expansion contains Lifshitz-like invariants. important point that it was not necessary to perform a ME
In Sec. V, we summarize the conclusions obtained fromannealing procedure for LiCoROA sufficient condition for
the present investigation. observing the ME effect and obtaining a single AFM domain

state was the annealing with a magnetic field alone. Hence
the material behaves like a weak ferromagnet, but neither a
spontaneous magnetization nor a spontaneous polarization
has so far been observed by direct measurenfents.

Recenﬂy the magnetization of a L|COE@|ng|e Crysta| To throw |Ight on the nature of the above peculiarities and
has been studied in magnetic fields up to 20 T and down t& understand whether these are related to the special char-
||qu|d helium temperature%_The characteristic feature of acter of the olivine crystal structure or essentially due to the
those dependences is a magnetic-field-induced phase trangresence of the @ transition-metal ions ME measurements
tion at about 12 T, followed by a second induced one aPn isomorphic material LiNiP@have been performetsee
about 19 T at 6.5 K, for fields applied along the antiferro-the next section
magnetic axis. It was suggested that two metamagnetic tran-
sitions occur, an antlferrom_a_gnetlc to ferrlmagnet!c phase HIGH MAGNETIC-FIELD-INDUCED PHASE
trgn5|t|0n followed byatran_smon to t.he paramagnetp phase. TRANSITION, MONITORED BY THE LINEAR
It is clear that the magnetic behavior of LiCoP@ high MAGNETOELECTRIC EFEECT

IIl. DISCUSSION OF FORMER, PUBLISHED DATA
OF LiCoPO,

magnetic fields cannot be understood in the framework of IN THE ANTIFERROMAGNET LiNiPO
just a two-sublattice model. It should be emphasized that in ¢
an external magnetic field the magnetic moment of" Co Magnetoelectric measurements have been performed in

ions does not reach the saturation value even for 20 T. Since temperature range of 4.2 K up to 25 K and up to an
the exchange field is so strong, it seems reasonable to suppplied magnetic field of 20 T. The polarization induced by
pose that the metamagnetic behavior could be due to specile magnetic field has been detected by a quasistatic
features of the exchange interaction, and that the biquadrattechnique'? The induced electric charge was recorded with
exchange plays an important role in the magnetic ordering odn electrometer Keithley 642 operated in charge mode. The
LiCoPO,.2 On the other hand, the theory we developedmagnetic field was swept at a constant rate of about 15 kOe/
elsewher? predicts a large anisotropy in the magnetic sus-min. The sample temperature was measured using a cali-
ceptibility, which is observed experimentaff.The great brated carbon-glass resistor. As was mentioned above, below
value of a zero-field splitting has allowed us to calculate ary the magnetic symmetry of this compound allows a linear
magnetoelectric effect in LiCoPO using the one-ion ME effect. The ME tensor has two nonzero components
approximatior! so the magnetocrystalline anisotropy alsoanda,,, wherex, y, andz are taken along the unit cell axes
plays an important role in LiCoPQIt is well known that if  a, b, andc, respectively. The AFM single crystal LiNiRO
the anisotropy energy is largéor comparablgthan the ex- has been investigated on@01)-cut single crystal plate. It is
change energy, a metamagnetic transition takes place insteaderesting to note that in this case it was not necessary to
of a spin-flop transition. All these results suggest that magperform a ME annealing procedure with a view to “poling”
netic and magnetoelectric properties of LiCoP&e much the AFM domains, i.e., by applying simultaneous electric
affected by the crystal field and the exchange interaction odnd magnetic fields. This method was first demonstrated on
the same order of magnitude. The nature of the above tratAFM Cr,05.1% For LiNiPO, a sufficient condition for ob-
sitions is still a subject for investigations. serving the ME effect was an annealing with a magnetic field

Accurate ME measurements with a maximum field of 10alone in order to obtain an AFM single-domain state. It is
kOe show that the coefficientr,,(T) of LiICoPQ, follows a  just the same situation as in LiCoPQRefs. 6 and ¥ for
power law from abouT ;=14 K to Ty=21.9 K with a criti-  observing the ME effectd,).



PRB 62 MAGNETOELECTRIC PROPERTIES OF LiCORQAND LiNiPO, 12 249

07 . r r . 05 0,67 T T T
Hcooling = 7.5T : LINIPO, (oo1)| H,cooling = 16 T : LINIPQ, (001) I ’ A I I L
0,0F /‘A. 7 I /’“‘““ 0,0 LlNlPO4 (001), T=20.5K
o 07 A 1t N l-05
E a a “AAA“
5 13} s 1 | e {0 0,00 |- .
: 2,0 Mﬁmwj 4 o 1:‘ . 2 4-1,5 | .’ l
e 27t ------&;r‘““-/ {20 :
I N -0,67 - 4
204 205 206 207 208 202 203 204 205 206 i
0,7 T T T T T T 0.5 —_— i .
H,cooling = 10 T : LINIPQ, (001) [H,cooling = 19 T : LINIPO, (001) ~ :
ook “ aia] :l,,——m& 00 = 1,33 |- t—
~— 07} Foo- 1 A0 105
= s 1-1 N =) ro 5 B .
= 20 N b 2 1t e 115 = -2,00 - .
N a—n 2455 > oos A "
o 27f i ——zﬁ:‘:‘“‘ﬂ.‘/ 12,0 N | .
33 N . N N N . 25 n_ -
204 205 206 20,7 208201 202 203 204 20,5 2867 | A
07 . . . - - . 0,5
H,cooling = 14 T : LINIPO, (001) H,cooling = 20 T : LINIPO, (001} B
00 q_ 1 [ o, 00
— 07} RN 1 1 i los -3,33 |- .
£ Lo i
~ 13t ~ o : 1-1,0 i
Q 15 .2 1 Ao
= 201 : 3 1 T i - 115 400 ] ] ] ] ] | ]
D.T‘ " - s - 1 1 1 1 1 1 1 1
27k - ] fmumgj‘:/ 120 ,
oy . 25 20 15 10 -5 0 5 10 15 20
5,3 204 205 206 207 200 201 202 203 204 H T
TEMPERATURE, [K ] TEMPERATURE, [K ] Mo [ ]

FIG. 2. Temperature dependence of the magnetoelectric polar- FIG. 3. Variation of the electric polarizatid?, during the AFM
ization of LiNiPQ, measured when coolin@urve 1) and heating  phase transition induced by the magnetic field.
(curve 2 in the magnetic field applied along tixedirection.

ing that an order parameter transforms as a toroidal

Figure 2 shows the temperature dependence of the irfmoment.® The magnetic symmetry of the Li phosphates al-
duced electric polarizatiof, on cooling (curve 3 and on lows a spontaneous toroidal moment, and the above peculiar-
heating(curve 2. The characteristic features of these depenity, which was observed for the first time in those com-
dences are the presence of the hysteresis loop of the induc€gunds, can be the sign of toroidal ordering. The other one is
electric polarization when cooling and heating through the? space-modulated spin structure. The reason for such a
antiferromagnetic phase transition poiif and a peak in the Structure is the presence of a non-Lifshitz invariant in the
temperature dependence of the polarization near the trandi€€ energy expansion which is linear in the spatial deriva-
tion at T=Ty. It is easy to see from the figure that the tives. A more detailed analysis will be given in the next
magnetic field affects the phase transition temperature. In

order to study this aspect the measurements of the inducel I Trommmorrema] | [ [ivommmimreaa] 1y
polarization have been performed in the vicinity of the phase _ 13} 1 ¢ 113
transition and a typical dependence is shown in Fig. 3. The £ oo} r 100
magnetic fields was swept at a rate of about 20 kOe/min. The 2 3f =] 123
discrepancy of the induced polarization for forward and re- o* 4ol 7] 140
verse magnetic fields is due to the nonstability of the tem- 53¢ 1 1°3
perature during the measurements. We believe that the sma 20510 5 0 5 10 15 20 201510 5 0 5 10 15 20"
intermediate peaks on the hysteresis loop are due to pinnin¢ 40— —— 40
of the phase boundary and/or of domains. Another strong f; [aer0, g = (111 0011 1k Luneo, eoors E=gsoie) f;
point is the existence of the ME “butterfly loop.” Such a ¢ 4o} RA i Joo
loop is usually the signature of the presence of a spontaneou g L 113
magnetic moment, but for the structure wittm’m symme- K r j;
try weak ferromagnetism should not exist. Figure 4 shows 1 i 153
the dependence of the induced electric polarizaifgras a BT i S e 67
function of the magnetic field foH||x at various tempera- o 0
tures. From the figure one can see that the ME “butterfly = 7} [NFOuicwing=1iTiT=1821] N0, wgoing = 1 i azi0]

loop” completely vanishes when the temperature approaches—
about 8 K. This may testify to a new phase transition in § b
LiNiPO, at low temperature. To our mind there are at least i -2,
two possible mechanisms which can be responsible for suct®
a behavior of the ME susceptibility. One of them is the pres- :§j7 AN A g
ence of the toroidal ordering. A peak just below the transi- w0 0y PR e H°[T5; 1015 20
tion temperature in LiNiP@Qhas some similarity to the kind o H

of behavior in boracites, e.g., Co-Cl boracite and Co-Br FIG. 4. The electric polarizatio®, vs magnetic fieldH, at
boracite!*!° Such a behavior has been explained by assumvarious temperatures.
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TABLE I. Magnetic symmetries associated with the irreducible corepresentations of the paramagnetic
groupPnmal’ atk=0.

IC’s Magnetic Magnetic point Basis Basis of the Nonzero
groups Induced groups induced of the IC’s IR'associated ajj
by IC’s by IC’s with IC’s
T PnmaD3? mmniD,y, Lyy
T, Pn'm’a’ m'm’'m’/ Lox,Lsz Xyz Axx,Ayy
D31/(D3) D2n(D2) azz
T3 Pnm'a’ mm'm’/ my,L1z yz
D3p/(1C5) D2n(1C2n)
T, Pn'ma m mny Lay, Ty X Qyz,azy
D3R/(1C3,) D2r(1C5,)
Ts Pn'ma’ m'mmn’/ my Xz
D3i/(2C35) D2n(2C5n)
T Pnm'a mmnt m/ Loz,Lax,Ty y Qxz,0zx
D31/(2C3,) D2n(2C2,)
T Pn'm’a m'm’m/ my,Lix Xy
D31/ (3C35) D2n(3C2n)
T Pnmd mmmni/ Loy, T, z axy,ayx
D31/(3C3,) Dan(3c2,)

4rreducible representations.

section. It is necessary to note that at low temperatures no 1, .
phase transition was observed in strong magnetic fields when ¢Ex=§ALz+ ZBL ;
applied perpendicularly to the spin direction. Hence, it would

be interesting to measure another component of the ME ten- 1 1

sor, i.e., when the field is applied along the spin direction. (I)’e*xziDl(Lz- m)2+ §D2L§m2,

IV. PHENOMENOLOGICAL THEORY 1 5 1 4
) ) _ o (DAN:§B1L2y+ Z,Bszy+ Yiloxls,+ valolax. (2)
Further we shall consider LiCoOROAIl consideration is

valid to equal degree for LiNiPPas well as LICoPQif we
make the substitutionis,,—L,,, m—m, andp,—p,. The
antiferromagnetic structure of LiCoRQs shown in Fig. 1.
The spins denoted by 1, 2, 3, and 4 differ only in sign, an
their sum over the unit cell is equal to zel®;=—S,=S;

= —S,. The direction of the spins is aloi§10]. Consistent
with experimental datd' we assume that the translational
symmetry of the crystal does not change during the phas

transitipn. This means that thel order parameter.tranSform%agnetoelectric susceptibility tensor should be nonene
according to one of the irreducible corepresentatid@ss) ther we shall puty,=0). However, for the magnetic group

of the point group of the crystal. Table | summarizes themmm according to Table I, invariant components of the

magnetic symmetries associated with the IC’s of the ParaGe ctorm are absent, which indicates a lack of weak ferro-
magnetic groupPnmal’ (No. 62 at k=0, wherem=S; ’

_ e e B magnetism. Referring to Ref. 8 for details, we would like
;rn%:r %+ ?4’ L_l_il; SZHe%m 'Ss‘,‘ihlzezain r‘?; %et'csﬁﬁo- only to note that Eq(2) gives an entirely correct qualitative
=S-S5 S, ! gneti description of the metamagnetic behavior of exchange origin

ment of the unit cell and.,, L,, andL; are antiferromag- . . - . : .
. . ! ! . L A < .e.
netic vectors associated with a two-sublattice distribution off it is assumed thaD,<0, i.e., allows for the biquadratic

. o exchange.
SpIns. Ong can see ffom Table | t_hat itis the c_omponlgpt . The ME effect in LiCoPQ requires the introduction of
which coincides with the antiferromagnetic order in

: : . . .two additional contributions in the thermodynami tential:
LiCoPQ,, i.e., the order parameter associated with the anti- 0 additional contributions e thermodynamic pote

ferromagnetic transitiorPnmal’—Pnmd, is associated m? p?
with the vectorL,. Itis interesting to note that for that phase ®pye=N1Loymypy+AoLoymypy+ >y T oKk
a toroidal momentunT, is nonzero, i.e., has a spontaneous X
value. The invariant which is responsible for the spontaneous
T, in that phase has the forin,, T,. We shall not consider
further this invariant. Now we can write the thermodynamicMinimization of ® g+ ®g with respect to theP; and
potential m;| -0 Yields

We assume that only one coefficiehtdepends linearly

on the temperatureA = Ayo(T—Ty). The remaining coeffi-
ients are assumed constant and equal to their values at the

cfransition point. The relativistig; terms show that two other
canted AFM structures may arise in LiCopOhese states
result from a weak coupling of relativistic origin. For in-
stance, for the magnetic structure with nonzero component
EZZ according to Table | the components, and «,, of the
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- phase occurs for a given wave numkgmuite close to thd’

30 point (k=0). The symmetry analysis shows that the mecha-
nism under study can be related to the presence of Lifshitz-
like invariants which are linear in the spatial derivatives:

25

. dL, aly . dl, . om .
- - o\ gz The g sm g e ) @
'g 201 1 Invariants like these were introduced first in Ref. 17. We
B - . restrict the discussion here to the first term in Ef, which
2 5L i means to the case of a one-dimensionally modulated incom-
. mensurate system. Adding that invariant to the usual thermo-
3 - . dynamic potential we have
10 —
| i <I>:J' fdz,
5 - 2
1 1 1 ay [dLy\?  ay [ diL
— CAL24 CBRLAL TAL 2 S22 22 2
B . f—ZAL2+4BL2+2A1L1+ 5 ( dx) + 5 ( dxz)
0 L
0 5 10 15 20 25 dL, dL,
“o\Le gy b g ) ®
TEMPERATURE [K]

) where aq, a, and are the constants of the inhomogeneous
FIG. 5. The best fit to the temperature dependence of the M%xchange Eliminating., we obtain

coefficientsay, and ey, measured by RivergRef. 6. The solid
lines represent the experimental data and the dashed lines represent dL,
the best fit according to Eq6). Li=— ZO'AI:LE,
Py=—AKLoymy,  px=—N1KLpymy, 1., 1,1 o 1 [dL2)?
= + — + — — “h ==

my:_)\lXLZypx’ mx:_)\ZXLZypy- (4)
2 2
From Eq.(4) we see that there is no difference in behavior + 2( &) ] (9)
between the spontaneous ME effect alorendy since both 2\ dZ

alongx andy the symmetry breaking relativistic component ] ) .
L,y relatesPy,y andmy, . Let us stress that the linear re- Ifin Eq. (9) (ay—40°/A1)<0, then the transition to the

lationship betweerP; andm; occurs via coefficients which Incommensurate phase takes place. This is precisely the
vary as [Ty—T)Y2 equation investigated earlier in Ref. 18 but the difference is

that in Eq.(9) instead of a one-dimensional order parameter
we have a three-dimensional one. In what follows we repre-
sent the AFM vector by the polar and azimuthal angles and

Including the field contribution®gy, and @, we obtain

= — Kxibay , the b axis coincides with the polar axis,L(r)
1+(D*— )\iK)XLgy = (sin#sin ¢,cosh,sin#cose) and setting- ,= const.
Further we consider the cage- const andp= ¢(z). Tak-
KxNaloy © ing into consideration the crystallographic anisotropy we get
Qyy=

1+(D,-NBK)xLE, 1 .
S(a1=40?A (")

f=K,sir? 9+ K, sin* 6+
whereD* =(D;+D,)>0, Px=a,yHy, Py=ayH,:

1
_ a(Ty—T)¥2 ®) + Eaz{(¢")2+(¢')4}> Sir? 6. (10)
T T I b(Ty-T)

In Eq. (10) we do not take into account the external magnetic

Equation(6) gives the temperature dependencerdbee Fig.  fjg|q |t means we do not consider phase transitions induced

5) and the best fitting forr,, (@) (Ref. 6 is obtained with by the magnetic field.

a~—6.881 (-14.72) ancb~—0.03 (~0.561). _ The Euler-Lagrange equation for the free energy can now
The theoretical analysis carried out cannot explain the eXpa \written as

istence of the ME “butterfly loop” in LICoP® and

LiNiPO,. In the following we provide an explanation of the a2¢'V_{(al_4g2A1—1)¢"+6¢"(¢')2}:o_ (11)

above anomaly, taking into consideration a Lifshitz-like in-

variant in the free energy expansion. It means that we shall It is important for us that under certain correlations be-

discuss a model in which the instability of the paramagnetidween the phenomenological constants in 8d) the phase



12 252 I. KORNEV et al. PRB 62

transition to the conical helix phase take place, thatéis, V. CONCLUDING REMARKS

=const (0<¢<) and ¢=¢(2),”* and we have the solu- e pave detected new features in the field and tempera-

tion ture dependences of the magnetoelectric effect in LiNiPO
H(2)=0qz, ?=—(a;—40%A)2a,, and interpreted them in terms of a thermodynamic approach.

Although difficulties and unsolved problems remain, we
(a;—40%IA1)<0, a,>0, have found that there is no particular mystery about the co-

existence of weak ferromagnetism and magnetoelectricity in
a1—40'2AIl Li phosphates. We showed that the observation of the mag-

Ki— T netoelectric “butterfly loop” could be explained by inclu-
sir? §= (12 sion of an incommensurate magnetic modulation. A general

2K, theoretical treatment of the problem of the symmetry of in-
The mixed invariant of exchange-relativistic origin which is commensurate phases and the possible full or partial cancel-
responsible for the spontaneof, in this phase has the ing of the linear ME effect are not yet at hand and more
form theoretical work is needed, particularly for understanding the
detailed form of the ME anomalies. Some experiments
OPx(L 1zl ox— Lkl 2x). (13 would allow further developments of the theory.
. — The following is of particular interest.
Now we can determine the spontaneous polarization of The angular and magnetic field dependences of the
the system: AFMR spectrum permit us to establish the magnetic ground
state of compounds. The magnetic resonance can probably
_ “N 2 o —1\ 2 help us determine the local spin correlations and check the
Po=0K&(20A; )sif 9~qK&(20A, 6% (14 exigtence of the incommensufate phase because incommen-
surate modulation destroys the translational symmetry and
! . zaltl the lineshape of the magnetic resonance signal will have a
ME interaction[see Eq(4)] which is very small as well and  gpecific signaturd’ The phenomenological theory of the
it reduces to zero below the “lock-in” transition. ~ resonance ME effect in para-, antiferro-, and ferrimagnetic
The existence of the nonzero spatial average electric pQsrystals and in crystals which allow the existence of a weak
larization and magnetization can explain the above anoma'férromagnetic moment was presented in Refs. 21 and 22. Of
of the polarization induced by the magnetic field. To sum-cqyrse, direct neutron scattering can solve this problem, too.
marize, we get the following1) The space-modulated spin sydying the ME effect in other compounds of the family
structure along the axis is possible(2) In this case the | yield further valuable information to understand the spe-
AFM vectorL , can be very close to theaxis in accordance i role played by the olivine crystal structure of these com-

to the neutron scattering da®) There is another antiferro- ounds and by the particular arrangement of the energy lev-
magnetic structure with , #0. But this vector is very small. g|s of the magnetic ions.

(4) The ME susceptibility has approximately the same math-
ematical form in the case of the space-modulated spin struc-
ture as well as in the case of the uniform antiferromagnetic
state. (5) There is nonzero spontaneous polarizatiamd
spontaneous magnetizatjori6) It is easy to show that for The research described in this work has in phid¢.) been
LiCoPQ, we havem,,#0, p,#0, while for LiNiPO, we  supported by a grant from the President of Russia. Partial
havem,# 0, p,o# 0. (7) The microscopic mechanism of the support(of I.K.) from INTAS, Project No. 94-0935, and sup-
nonuniform exchange is the competition of the interactiongort (of S.G. and J.-P.R.by the Swiss National Science
generating the exchange structutgsandL ;. Foundation is also gratefully acknowledged.

The spontaneous magnetizatian,, appears due to the
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