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MAGNETISM IN INCOMMENSURATE LAYER COMPOUNDS
(RES),VS; (RE=RARE EARTHS)

TETSUO KONDO, KAZUYA SUZUKI, TOSHIAKI ENOKI and

SHUNJI BANDOW*
Department of Chemistry, Tokyo Institute of Technology,

2-12-1, Ookayama, Meguro-ku, Tokyo, 152, Japan
*Institute for Molecular Science, Myodaiji, Okazaki, 444, Japan

Abstract Magnetic properties are presented for incommensurate layer com-
pounds (RES).VS;. Antiferromagnetic transitions were observed in the com-
pounds of RE=Ce and Gd at Ty=5.6K and 4.8K, respectively. The magnetic
ordering of the compound of (CeS);19VS; is discussed in relation to the two
dimensionality coming from layer structure of this material.

INTRODUCTION

The structure and physical properties of incommensurate layer compounds (MS),. TS,
(M=rare earth, Pb,Sn,Bi, T=Ti,V,Cr,Nb,Ta) have attracted much attention in re-
cent years.!~* The distorted cubic MS layers and distorted hexagonal TS, layers are
alternately stacked in these compounds. The differences in symmetry of each layer
lead to the incommensurate nature in the in-plane periodicity of these compounds.
In the compounds of M=RE, the rare earth elements have localized 4f magnetic
moments. The NaCl type structure of pristine RES is deformed to two atom thick
(001) slices of the distorted tetragonal RES layers that are separated by conducting
TS, slabs. Such structure forms good conditions for realizing two dimensional mag-
netism. In our previous investigation, electric conduction of (RES),VS,; was found
to be semiconducting.® This is an advantage in studying magnetic interactions by
comparing with metallic T=Nb, or Ta analogues, because the effect of the conduc-
tion carriers is excluded. With these conditions, we carried out detailed research
for (RES),;VS; by means of susceptibility and specific heat. Emphasis is laid on
(CeS)1.19 VS, that shows an antiferromagnetic long range ordering accompanied by
a metamagnetic transition. Some comparison with T=Nb or Ta analogues will be

discussed.
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FIGURE 1 Inverse susceptibility vs TABLE 1 Crystal field parameters of
temperature plot of (CeS);.19VS; at (CeS)1.15VS;.

10kOe. The solid lines are calculated

susceptibility.

EXPERIMENTAL

(RES), VS, were synthesized from the constituent elements or RE;S; by heat treat-
ing under a temperature gradient of 850 to 950°C. Structural characterization of -
the resulting materials is performed by in-plane electron diffraction and powder X-
ray (00]) diffraction. Magnetic susceptibility and magnetization were measured by
SQUID magnetometer and Faraday balance method. Specific heat measurements

were performed by the standard adiabatic heat pulse method.

RESULTS AND DISCUSSION

i)Magnetic properties of (CeS), VS,

The magnetic susceptibility is presented as a function of temperature in Figure 1.
The susceptibility shows convex curvarture and deviates from the Curie-Weiss law
at low temperature below c.a. 100K. This deviation comes from crystal field effect.
In order to clarify the microscopic character of the localized magnetic moments,
we analyzed the crystal field effect in (CeS);.19VS2 by means of Stevens’s equivalent
operator method.® In cubic crystal field symmetry, the Ce®* 4f-states (J=5/2) split

into a I'7 doublet and a I's quartet. In a crystal field lower than cubic symmetry,
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the Ce 4f-states split into three Kramers doublet states. In (CeS);.19VS2, the CeS
slabs are expected to have symmetry lower than orthorhombic. Since the in-plane
anisotropy of the susceptibility has not been measured, we treat the crystal field to
have tetragonal symmetry as a preliminary approach. The crystal field Hamiltonian

with tetragolal symmetry is expressed as
H. = B03 + B0O§ + B0}, (1)

where OF, are the Stevens operators and B, are the crystal field parameters that
are evaluated empirically. The eigen functions of Kramers doublets under this crys-
tal field symmetry are [l >=ca|£3> 48| F 3>, 22 >=8|£%> —a|F 3>,
[3+ >= |+ } >, where a and f§ are the normalization factors of the eigen functions.
Table 1 summarizes the crystal field parameters for this fitting. The calculated
susceptibility is also shown in Figure 1 with the experimental data. The lowest
lying doublet is |2+ >. The g-factors of the lowest lying doublet are expressed as
Glle = 295 < 2+ |22+ >, g1 = 297 < 2+ |Jz|2— >, where g; is the Lande’s factor
(9s=6/7). The deduced g-values of gy.=2.23 and g,.= 2.01 have an anisotropy of
about 10%.

Figure 2 presents the magnetic susceptibility of (CeS);.19VS; in a field of 1500e.
The susceptibility has a sharp peak at 6.0K when the field is applied parallel to the c-
axis, indicating that an antiferromagnetic transition occurs around this temperature.
Figure 3 is the magnetization curve of (CeS);.19VS; at 2.0K, in a field up to 5kOe.
The magnetization parallel to the c-axis increases abruptly at 1.5kOe and saturates
above 2kOe. The magnetization shows a clear field dependent hysteresis without
remnant magnetization at zero-field, indicating a field dependent first-order phase
transition. Thus, the magnetic state of (CeS);.19VS; is assigned to the metamagnetic
transition. The saturation moment along the c-axis 1.1up is in good agreement
with the value calculated from the crystal field parameter M,.; = 1/2gcpup. The
metamagnetic transition where the easy axis is the c-axis suggests that ferromagnetic
CeS layers are antiferromagnetically stacked. The interlayer exchange constant J’
correlates with the critical field of the magnetization process H, with the relation
expressed as g.upH. = 2'|J'| where 2’ is the number of interlayer nearest neighbors,
i.e. /=4 and J' becomes —0.04K.

The anisotropy of the susceptibility exceeds 40 at 6.0K. Such large anisotropy
of the susceptibility does not arise from the anisotropy of the g-values (about 10% ).
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FIGURE 2 Temperature dependence
of the susceptibility of (CeS);.19VS; at

1500e.

guide for the eye.

FIGURE 3 Magnetization curve of
(CeS)1.10VS; at 2K. The solid line is a

In the temperature range between Tn and ca. 10K, a deviation from the Curie-
Weiss law appears, indicating the presence of ferromagnetic short range order. The
Weiss temperatures estimated in the temperature range between 10 and 25K for-
both crystallographic axes are ©.=+7.9K and © .=—1.7K. The interlayer exchange
J'= —0.04K is two orders of magnitude smaller than Ty, suggesting the intralayer
exchange is dominant in this magnetic ordering. Thus, we use the transition tem-
perature as an appropriate parameter in discussing the intralayer exchange inter-
action. Under the molecular field approximation, the intralayer exchange constant
J is expressed by the transition temperature kgT. = zJ. In (CeS);19VS,, the Ce
ions have four nearest neighbors in the same plane as the CeS double layers and
four nearest neighbors in the adjacent plane. We treat these eight neighbors as the
same intralayer nearest neighbor because these neighbors have similar nearly 90°
superexchange paths. Under this treatment, z=8 and J becomes 0.7K.

Figure 4 is the temperature dependence of the specific heat of (CeS);19VS,.
The transition temperature is estimated to be 5.6K from the specific heat peak.
The entropy is calculated from the specific heat data, where the specific heat be-
low the lowest temperature point of the measurements(1.93K) is extrapolated as a
straight line. We employ the specific heat data of non-magnetic isostructural com-
pound (LaS); 14NbS; for the lattice contribution in the entropy.® The magnitude of

entropy below Ty is estimated to be 3.22J/Kmol where the lattice contribution to
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FIGURE 4 Specific heat C of TABLE 2 Magnetic properties of

(CeS)1.19VS;. The solid line is the C (RES),VS;. AF represents the antifer-
of nonmagnetic (LaS); ;4NbS; (Ref.8). romagnetic transition.

the entropy is negligible (<5% ). It is 56% of RIn2=>5.76J/Kmol expected from the
doublet 4f ground state of Ce. The specific heat has a tail trailing character above
Tx. Around 10K, a ferromagnetic short range order effect appears in the suscepti-
bility, and a magnetic contribution of ca. 1J/Kmol still remains in the specific heat.
The behavior of the specific heat indicates that short range magnetic ordering grows
over a wide temperature range above Ty. Short range magnetic ordering is a typ-
ical characteristic of a low-dimensional magnet. The gain of the magnetic entropy
above the transition temperature (S(co) — S(Tw)) is estimated to be 57% for the
two-dimensional Ising quadratic lattice and 14% for the three dimensional fcc Ising
lattice.? The 50% gain of the magnetic entropy above the transition temperature
suggests the fact that (CeS);.19VS; is a quasi two dimensional magnet.

As mentioned above, the magnetic transition in (CeS);.19VS; is dominated by
the intralayer interaction of CeS slabs. Similar orderings have been observed in
(CeS)1.14TaS; and (CeS);15NbS; at Ty=2.0K and 3.0K, respectively.®* The higher
transition temperature in semiconducting (CeS); 19VS; means that the conduction
carriers have no effect in the intralayer interaction. Moreover, the transition tem-
perature is not changed in the 2nd-stage compounds where one more TS, layer
is inserted between the CeS slabs and the interlayer distance between Ce ions is
expanded from about 8A to 14A.3* This suggests that the intralayer interaction

predominates the development of this rﬁagnetic ordering.
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ii)Magnetic properties of other compounds.

Table 2 summarizes the magnetic properties of (RES),VS, for RE=Ce, Nd, Sm.
An antiferromagnetic ordering was also found in (GdS),25VS; at 4.8K. In this com-
pound, the magnetic moments of Gd3* ions are oriented in the basal plane, different
from the Ce compound where the magnetic moments point to the c-axis. The 4f
magnetic moment of Gd** is an isotropic Sy, state that lacks the orbital contribu-
tion. (GdS);35VS; is assigned to the two dimensional Heisenberg antiferromagnet.
In (SmS);.25VS2, a valence fluctuating state of 4f state was observed in our suscep-

tibility and XPS measurements.
ACKNOWLEDGEMENT

The authors are indebted to Mr. M. Sakai for his assistance in susceptibility mea-
surements by the Faraday balance method. This work is supported by Grant-in-Aid
for Scientific Research No0.04242103 from the Ministry of Education, Science and
Culture of Japan.

REFERENCES

1. G. A. Wiegers, and Ed. A. Meerschaut, "Noncommensurate layered com-
pounds ” (Trans. Tech. Publication.) (1992).

2. G.A. Wiegers, A. Meetsma, S. van Smaalen, R.J. Haange, J. Wulff, T. Zeinstra,
J.L. de Boer, S. Kuypers, G. Van Tendeloo, J. Van Landuyt, S. Amelinckx, A.
Meerschaut, P. Rabu, and J. Rouxel, Solid State Commun., 70, 409, (1989).

3. T.Terashima, and N. Kojima, J. Phys. Soc. Jpn., 61,9, (1992).

y ==

-~

K. Suzuki, N. Kojima, T. Ban, and 1. Tsujikawa, J. Phys. Soc. Jpn., 59, 266
(1990).

T. Kondo, K. Suzuki, T. Enoki, Solid State Commun., 84, 999, (1992).
. R.J. Elliott. and K.W.H. Stevens, Proc. Roy. Soc., A218, 553, (1953).

. M. T. Hutchings, Solid State Physics, pp.227-273, (1989).

© N & o

D. Reefmann, P. Koorevaar, H. B. Brom, and G. A. Wiegers, Synthetic Metals,
41-43, 3775, (1991).

9. C. Domb, and A.R. Miedema, Progress in Low Temperature Physics, ed C.J.
Gorter (North Holland, Amsterdam, 1964) vol.IV,ch.VI




