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In this paper we present experimental data and Monte Carlo calculations of KEg)Msgcific heat in the
temperature range 0.4—6 K and in magnetic felifom 0—1 T applied along the easy axis. The data analysis
for B=0 has identified KEr(Mog), as anS=3/2 Blume-Capel model on rectangular lattice with the intra-

chain exchange interactioNn/kB=O.38 K, interchain exchange interactiaglkf —0.07 K, and single-ion
anisotropyD/kg= 10 K, with the ordering temperatuiie,= 0.95 K. Further Monte Carlo studies of the Blume-
Capel model in the magnetic field applied along the easy axis have been focused on the formation of cluster
excitations in a paramagnetic regime. The magnetic-field dependence of a cluster mean length studied in the

chain direction exactly follows the behavior & 1/2 Ising chain at least for the given settqf, 32, andD
parameters. On the other hand, the specific heat in nonzero field represents a more sensitive quantity to the
presence of interchain correlations and the occupation of a higher do80463-182609)11025-1

I. INTRODUCTION quasi-one-dimension&= 1/2 Ising ferromagnetwas stud-
ied in Ref. 6. The analysis revealed a significantly different
The study of magnetic excitations in one-dimensionalbehavior of data in low magnetic fields. The deviations from
magnetic systems has been a subject of intensive theoreticile theoretical predictions were ascribed to the influence of
and experimental studies for a few decatié3he spin dy- interchain coupling and a presence of transverse spin com-
namics of S=1/2 Heisenberg-Ising linear ferromagnet de-ponents. KEr(MoQ), belongs to the series of rare-earth
scribed by the Hamiltonian compounds with a general formulaXR(Mo,), (X
=Cs,K,Rb, ...R=La,Ce, ... ,L0 representing systems
with a layered crystal structure. In these ionic crystals the
R3* ions occupy sites which are sufficiently far apart from
(1) one another so that dipolar coupling represents the dominat-
) , ) , ing interaction among magnetic momehthe ground state
w_herey is an anisotropy parametgrwhl_ch varies between th%f a free EP* is %ly5,. In the KEF(MoQ,), lattice the 2
Ising model (y=0) and isotropic Heisenberg modely (| 1 gegeneracy of the electronic state is removed by the
=1), was t_heoretlc:_;llly investigated by Johnson and BOﬁner'perturbing effects of the local crystalline fiel@EF) of sym-
The zero-field studies have revealed that for<0y6<1 the ey ¢, and is split into eight Kramers doublets with the
spin waves are dommatmg excitations from thg ground ,Statﬁ)west energie€,=0, E;=13 cm %, andE,=32 cm 18
(spin-wave regimewhile for O< y<0.6 the dominant exCi- e |sing character of this compound is quite well estab-

tations are bound complexes of neighboring spins easily Vifgneq by a strongy-factor anisotropy with
sualizable in the Ising limi{bound magnon regime Spin

clusters—the spin excitations from the ground state of the
Hamiltonian (1) in a longitudinal field(applied along the
easy axiz)—were theoretically studied in detail for=0 in ) ,
Ref. 4. In the same work the theory was applied to the interfor the Iowc_ast doublet. The energy ?f the first excﬂed_doublet
pretation of electron spin-resonance data obtained ol@s re-estimated &s,=15+2 cm - with corresponding
exchange-coupled quasi-one-dimensional Ising ferromagmf:?morsq

CoCl,- 2H,0. The contribution of the spin cluster excitations

to the specific heat of KEr(Mog), previously identified as a 02=2.3, Op,0cu<l. 3

1
HM==202 | §8%1— 7+ 7SS+ 88 |,

9.=1.8, g,<0.9, and g.=14.7 2)
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FIG. 1. Ground-state configuration of KEr(M@Q magnetic
structure calculated in a pure dipolar approdopen and solid
circles correspond to opposite directions of the moments 0

05 1 15 2 25 3 35 4
and CEF effects have. shown that the magnetis sirugture o i
B o e e Plamporar ) th rsutan K400, specic neet e
chains. The moments in neighboring chains are couplegy subtraction .of the c_ont_ribution of crystal-field Iev_e_ls is repre-
antiferromagneticalf (Fig. 1. Similar dipolar calculations ~-eried b do1: the <ol Ine represents exact specifc-heat resuls
gg::gg?:urtgt SE’;eDi(OIYI]?i?qu artjregnl:\lﬁai‘ghlcvatlzer e%%ﬁg?'(\;oer?f clarity, the §pecific heat.data from the nearest surrounding of the
firmed by elastic neutron-scattering experiments performe&hase transition, exceeding the value of 25 J/K mol, are not shown

on CsDy(Mo single crystal at 0.5 K, i.e., in the ordered ) , .
statell y(MoQ), sing 4 behavior of the magnetic systehThe compound was iden-

On the basis of the aforementioned facts the title comiified as a quasi-two-dimensional array of coupge 1/2
pound might be an interesting subject of resonance and thelsing chains with intrachain interactidd,|/kg~0.9-1.4 K
modynamic studies of nonlinear magnetic excitati¢gygin- ~ and interchain interaction 0.03<|J,|<0.1];. This rela-
cluster excitations in Ising system with long-range tively large dispersion id;,J, values might result from the
interactions. However, in spite of the recent progress in tha@nalysis performed on the basis of the approximate effective-
study of Ising systems, there is still lack of theories includingfield theory for S=1/2 rectangular Ising lattice. Since this
long-range interactions. Thus in the first step we have anaapproach does not yield accurate results in the vicinity of the
lyzed the relevant system within exchange-coupled modelphase transition observed &t=0.95 K, to avoid the inac-
characterized by short-range interactions. In particular, theuracies involved by the approximation, the exact Onsager’s
present work is devoted to the theoretical and experimentajo|ytion of this modéf was applied yieldingJ,|/kg=0.85
study of KEr(MoQ), specific heat. The analysis of data hask and|J,/J,|~0.2. Despite the good description of experi-
been performed within spin-3/2 Blume-CaBIC) model on  mental data near the phase transition, the disagreement be-

the re</:tangular (Ijatlti(_:e. In Eeneral, the _exarz]:t SO'“tiO”f f?r t&ween the data and exact theory still persists at temperatures
spin-3 %ZBC model is not known even in the case of planat,,, q 2 K, with rising differences towards higher tempera-
lattices,“ although recently some special cases have bee

solved exactly® These solutions, however, do not include flres, €.g., at the temperatt K the difference between the
Y - ’ data and theoretical prediction takes about 5(Fig. 2.

any case with the external field. For that reason we havq'hese deviations miaht be ascribed to the direct subtracti

applied the standard single-spin-flip Monte CarlbIC) o 9 ) Ibed o the direct subtraction

algorithm#*15 to focus our attention on the study of spin of the C(lrlltrlbutlon of a higher doublet with the energy

cluster excitations in the longitudinal field and their contri- =1 ¢m ~. o _

bution to the specific heat of the studied system. To verify this assumption in detail, a more complex

The outline of this paper is as follows. Section Il is de- model was suggested for KEr(Maf; since in the afore-

Voted to the ana|ysis of a temperature dependence df]en“oned temperature r.ange Only the two |0West doub|etS

KEr(MoOy,), specific heat in the zero magnetic field. In this govern the thermodynamics of our system, the system can be

section theS=3/2 BC model on the rectangular lattice is treated as a$’=3/2 rectangular Ising lattice with

introduced. In addition, further statistical quantities are de-

fined to extend our understanding of the processes on the D=(E1—Eg)/2, (4)

microscopic level. The magnetic field dependence of

KEr(MoOy,), specific heat in a magnetic field applied along Which represents the realization 8f3/2 BC model”*®on

the easy axis is discussed in Sec. Ill. The main conclusiond rectangular lattice given by the Hamiltonian

are summarized in the Sec. IV.

Il. MODEL OF KEr (MoO,), IN ZERO EXTERNAL HBC= —312 S.Z,jslzﬂ,j—JzZ S.Z,jslz,j+1+2 Ho(SF)),
MAGNETIC FIELD ! ! ! 5
5
A. Model of KEr (MoOy,),
. . . . . 9 3 1
Previous specific-heat studies carried out from 0.4-6 K in Ho(S)=D [_ ()2 } SF=t (6)
zero magnetic field have indicated assumed low-dimensional 4 2’72
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where S'; is the spin projection at the site position To simplify the description of the clustering of the two-
i,j, Ho(S? is the single-site part of the Hamiltonigwe  dimensional system, we focused our attention on the forma-
Tt _ 1 7 tion of clusters in the chain direction parallel to tbexis.
used the calibration Hy(3/2)=Ey, Ho(1/2)=E4]; J . . . :
o(312)=Bo, Ho(12)=Eali I 1\ e notion of the spin ferromagnetic chains of the

(=0), J, (=<0), represent the intrachain, interchain length1{*) was introduced as the sequence

nearest-neighbor interactions, respectively, Bnstands for
the single-ion anisotropy parameter. We should note that the 7 oz &
{Sj Shay ,

VA
- 2 (01 S0 ) (11
J1, J, signs were chosen to mimic the dipolar nature of the AR

interactions despite the specific heat is not sensitive to thsicked out from MC snapshot to satisfy the properties
sign of the interaction.

Sf,j = Siz+l,j =...= S:+4°)—1J = Siz+l£°)yj’
B. Calculation techniques
) SE LA S £S5 e
The model(5) is not exactly soluble, thus the MC method ’_“,#_’, 5 T S (12

was used to provide the theoretical predictions of a sufficient pair break pair break
accuracy. Since the MC calculations require much computa-
tional time, the MC method is not an effective tool for fitting

the experimental data to determine the valueji;lo?iz andD
parameters. However, the important fact useful for findin

J1,J, values is thatD of the studied system is quite large
with respect to the temperatures of our interest, more pre- ©

cisely max(T,T.)<2D/kg and D>max(J],[J,|). The lat- (1 >:<1+(L—1)pb>' (13
ter guarantees the dominance $ff= = 3/2 projections and ] ] ) .

the equivalence ob (S92 and D/4 terms. The appropriate where density of the boundary pair bregksis defined by
rescaling of the spin variabl&?’=(3/2)c* (o?=*1) in

H BC demonstrates a direct correspondence between BC and
Ising model

A statistical quantity associated t§9) is the mean length of
ghe ferromagnetic chaind{”) (1=(1{”)<L), which can
be calculated via the expression

’

L-1 L
1
=l 000 <pp,<1.
po=t (L=DL .Zl 12‘1 55?,; Sy O<pp=1. (14
I BC 7 7 , (Here the used Kronecker symbélis generalized for the
H'=H s @moz= =312 of j0711;=322, ofj0{j.1,  fractional indices.
" Y @) To describe the relative occupation af3/2 and +1/2
doublets, we introduced the probability

Where31=(4/9)J1 and32=(4/9)32. Owing to this fact, we

7\ — Z _ QZ\ —
used the previous estimates &f,J, to determine P(S9)=Prol(S;=S )_<5S|Zj <) (19

~ ~ satisfying the normalization conditiop(—1/2)+ p(—3/2)
J1/kg=0.38 K, J,/kg=-0.07 K. ®)  +p(3/2)+p(L/2)=1.
The valueD/kg=10.8 K was estimated from electron para- The MC simulations of the equmprlum temperature de-
. : . pendences were performed by startirigsaK from a ran-
magnetic resonand&PR) experiment using Eq.(4). : i .
; . S ; ... domly chosen spin configuratiqolose to the expected para-
The physical quantity of the main interest is the specific : : .
. ) . “magnetic state Then the spin system was cooled with the
heat which can be calculated by using the fluctuation- . d ft h
dissipation formula temperature stepT—O.lK own to 0.4 K. After eac ._step
AT, 5x10* MC steps/spin were carried out to equilibrate
2 2 the system. Consequentlyx30° MC steps/spin were done
C=R<E )—(E) . (9) to calculate the statistical averages of interest. The simula-
(kgT)2L? tions were performed for thd;,J, given by Eq.(8) and
D/kg=10.8 K revealing the fact that the system slize 30
mean enerav of a lattice involving® spins. R— k.N. is the is sufficient to guarantee that the contribution of the finite-
9y Ng" spins,R=kgNa size effects does not exceed the nominal 5% inaccuracy of

gas constantN, is Avogadro’s number . o X )
Considerable information about the anisotropy of a sys—the experimental dataexcept the critical regior(Fig. 3)

tem is provided by the nearest-neighbor vali@s and(G,) vr;/]r;lggl (l% well described by the Onsager’s solution for the
of intrachain and interchain static pair-correlation functions. ‘
The values have been obtained by averaging,0énd G,:

Here ( ...) means the ensemble average di} is the

C. Analysis of the MC results

1 el ) o The treatment of the MC data indicates the spontaneous
gl:(L_ 1)L 21 ]241 SiSitay transition from the paramagnetic to antiferromagnetically or-
dered phase at the temperatures approaching the value of the
L-1 pseudocritical temperaturEy(L). It was found thatT (30)
G,= 1 E L (10) =0.96+0.01 K estimated from the peak @f(T) coincides
Z(L-1L & & T with the experimentally observel,=0.955+-0.005 K.
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FIG. 3. Temperature dependence of KEr(MyOspecific heat
near the critical poinfdoty and the MC simulations for = 10, 20,

and 30 withJ, andJ, given by Eq.(8) andD/kg=10.8 K.

The results of the MC simulations for the given set of

31 32 andD parameters are drawn in Fig. 4. Fbx 2 K the

specific heat of BC model coincides with the Onsager’s so*
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FIG. 5. (a) The temperature dependence(6f),(G,) and their
ratio <g1)/<g2> calculated using MC sampling fdr=30 and pa-

lution of Eq. (7). A slight but systematic discrepancy be- rameters); /kg=0.38 KJ, /kg=—0.07 K, andD/kg="10.0 K. (b)
tween the MC results and data observed at higher tempera—he temperature dependence of the occupation probability of a

tures, taking about 20% at 4 K, might persist due to
approximative separation of the lattice contribution and/o

30 - 1

20 b

KEI‘(MOO4)2 —_—
MC, D/kg =10.0K ©
MC, D/kp = 108K +

C[J/Kmaol]
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FIG. 4. Temperature dependence of KEr(M@Ospecific heat
with only lattice contribution subtractg@olid line) and MC results
obtained for the Hamiltoniar(5) and (6) with the parameters
J,/kg=0.38 K,J 2/kg=—0.07 K, andD/kg=10.8 K (+) and with

the parametersJ /kg=0.38 KJZ/kB— —0.07 K, and D/kg
=10.0 K (¢) calculated for the lattice size=30.

higher doubletp(=*1/2) calculated for the same parameters as in

Fi9. g. 5a).

experimental inaccuracy @, so further MC trials were con-
centrated on the finding of a more appropriBtealue. They
revealed the alternative value

D/kg=10K, (16)

which provides a good agreement between the theory and
experiment(Fig. 4). It should be noted that the difference
between the original and alternative estimationDofvalue

still lies within the experimental inaccuracy of EPR estima-
tion. Further conjecture stemming from MC studies is illus-
trated in Fig. %a). It shows the temperature dependence of
the ratio{G,)/(G,). This ratio is the measure of the compe-
tition of the intrachain and interchain coupling effects; while
for T<T, the strength of both kinds of spin correlations is
comparable, the anisotropy of spin-spin correlations Tor
>T,. indicates the decoupling of the planar system into
chains. The MC calculation of the probability of the occupa-
tion of the higher doublep(= 1/2) [Fig. 5b)] demonstrates
that unde 2 K the studied system coincides with the model
(7). Thus, on the basis of these facts, in the temperature
region 2<T<3 K the system behavior may be approximated
by S=1/2 Ising chain. This simplification represents an in-
termediate step for understanding of the spin-cluster excita-
tions in the magnetic field applied along the easy &xfs.

Ill. SPECIFIC HEAT OF KEr (Mo00O,), IN EXTERNAL
MAGNETIC FIELD PARALLEL TO THE EASY AXIS

A. The modification of the model for B#0

Specific heat of the single-crystal KEr(Mg@)Q of weight
of 1 g was measured in the temperature range from 2—6 K by
using a standard adiabatic calorimetry in the fieldsupto 1 T
applied along the crystallographicaxis which was declared
by the previous studies to be the easy axis of the magnetic
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4-level Schottky - -+

Lr T=427TK |

0O 02 04 06 08 1 12 14 16

BIT]
1 ;"NMM °° ] FIG. 8. Specific heat of the single crystal KEr(Mg@ versus
0 L e magnetic fieldB|z at the temperatur@,=4.27 K (®). The solid
2 25 3 35 4 45 5 55 6 line represent$=1/2 Ising ferromagnetic chain with, /kg=0.85
T(K] K. The results of the MC calculations f@=3/2 BC model with

FIG. 6. Temperature dependence of the single crystap1/Ks=0.38 KJ;/kg=—0.07 K andD/kg=10 K were obtained
KEr(MoO,), specific heat in zero magnetic field>() and fields for L=20, 30, and 40. The Schottky contribution of the two lowest

Blc; B=0.125T (+),0.25T (J), 0.4 T (A), 0.55T(x), 0.7 T Kramers doublets separated by the energy ;=20 K split in a
(®),1 T (O) (lattice contribution subtracted magnetic field is represented by a dotted line.

system(Fig. 6). The inacuracy of the data did not exceed field applied along the easy aXids shown in F|gs_. 7 and 8.
3%. Experimental details are described elsewf&relattice As can be seen, at the temperatdre the behavior Of. _the
contribution was subtracted from the experimental data usin ystem may be ro_ughly approxma_ted by the s_pecmc-heat
the method described in Ref. 5. As was shown above, zer 9””"09“0” of spln-cluster exutgtlons_ th_eoretlcally pre-
magnetic-field MC calculations suggest to treat the system cted in S=1/2 Ising ferromggnetlc_ Ch"?“n In Fhe magnetic
an S=1/2 Ising ferromagnetic chain in the narrow tempera- 'eld. parallel to the easy afigesulting In a single round
ture range from 2—3 K—the result of a compromise betweed"aX!MuM- Opservatlon of the round maximum represents a
the strength of decoupling of the system into chains and th§trond indication of the ferromagnetic nature of intrachain
occupation of the higher doublet. Thus the temperature ddhteraction since, as was predicted in Ref. 19, the intrachain

pendences of the specific heat in Fig. 6 cannot be anaerzaqtiferromagnetic interaction gives rise to a double peak
within one-dimensiona1D) S=1/2 model in the whole structure of the specific heat versus magnetic-field depen-

temperature region and further analysis was performed ence. Previous zero-field analysis was not able to determine
two chosen temperature®;=2.5 K andT,=4.27 K. The the character of the interactions due to the fact that the spe-

former should represent a more regular condition for applyf'f'cthef‘r: of _Ismgfsysttem ;.n zerlg r?r?gnetlc field is ?Ot se_r]l_5|-
ing the S=1/2 theory of spin-cluster excitatich® to the V€ 10 the Sign of Interaction. Furthermore, recent specitic-

data analysis. Thus using the current data the magnetic—fiel'&eat studies ofH,—T, phase diagrafl point to the

dependence of the specific heat at a constant temperature \A%r%tiferromagnetic'cha.racter of the interchain coupling. Thus
obtained(Figs. 7 and 8 however, the low number of experi- in a rough approximation we could note that the signs of the

mental data does not allow us to make a detailed quantitativ'é‘teraCtIOnS correspond to those theoretically predicted

analysis. The comparison of the experimental data with thavithin the pure dipolar approachnamely,J,>0, J,<0.

theoretical prediction fo=1/2 Ising chain in the magnetic The combined effect of the crystal and external magnetic
field B||z can be incorporated into a generalized single-site

part of BC Hamiltonian(6):

5 T T T T T T T
. KEr(Mo O4)2 ®

$=1/21d Ising —
L=20¢ 7

=3 9 1
E=ba ) HO<SZ)=D[Z—(saz}—zg(lgl)ussgr(SZ) B,
1 (17)

o+

Oe, X=3/2,

0 02 04 06 08 1 12 14 16 g(x)= (18
B[T] o, X=1/2.

FIG. 7. Specific heat of the single crystal KEr(Mg@ versus
magnetic fieldB|/z at the temperaturd,=2.5K (@). The solid
line represent$=1/2 Ising ferromagnetic chain with, /kg=0.85
K plotted simultaneously with the MC results 8= 3/2 BC model

with J; /kg=0.38 KJ, /kg=—0.07 K, andD/kg=10 K calculated

on the lattice sizé& = 20, 30, and 40. The comparison of the data for B>B.=
different system sizes shows that finite-size effects are not essential

with respect to the difference between the MC and experimental

results. changes the antiferromagnetic ground state,

By using Egs.(5) and (17) we can easily verify that the
application of a magnetic field of a supercritical value,

9|J,|
29cug’

(B;=~32 mT), (19)
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3 T=427K
S+lj |J+1 Sgn(slzr])’ V(I'J)’ B<BC' e e T N -+ = . -+ = -5 = . - =
(20 e T
and leads to the ferromagnetic state consisting of the pure L L L L Lo 7047402
1—3/2 projections. Consequently, f@>B;, any spin - : T 5 —) : _’
fllpsS # 3/2 can be considered as spin excitations. The for- T e s s RE R L2
mation oftwo dimensional clusters of the excitations studied LT : S At A A s e Gl
in the chain direction can be quantified by mean Ier{@ﬁ‘?) W - z 222222 F
in analogy with Eq. (13). Now the chain clusters l____
Z . =
{Sz,j , SZ+1,j v ’S|+I(15)—1,j' Siz+l(18),i} satisfy the property =
FIG. 9. The configuration segment of the snapshot created dur-
Sz—lj:SiZ+|(B)+1] 3/2+ Sfu’ ing MC run for S=3/2 BC model for the parametert:=30,T
! =T,,B=0 T,D/kg=10 K. The interactiord 1/kg=0.38 K acts in
for a=i,i+1ji+2,...] +|(lB) (2D the west-east direction, whereiigk,f —0.07 K acts in the north-
. south direction. The symbols-,.,=,< correspond to thes*
and boundary pair breaks occur between 3/2 ﬁbg# 3/2.  =3/2-3/2,1/2;- 1/2 projections, respectively.
To calculate their densitp, we used the modified formula
[see Eq(14)] and data observed at both temperatures strongly indicates

1 L-1 L that the formation of two-dimensional clusters studied in the
hain direction exactly resembles a behavior of 8w1/2
=1- —— , B>B,. (22 " ; : . avio!
Pb (L—1) 2‘ 2 32 e (22 Ising chain. Further interesting observation is the fact that
the quantity(I{®)) is not sensitive to the population of a

B. The analysis of the MC results forB#0 higher doublet and presence of the interchain couﬂi@gt

The MC simulations of specific heat versus magnetic-fieldeast for the given values of parametéisJ, andD. How-
dependences stemming from the Hamilton{@ntaking into  ever, as was shown above, both mechanisms strongly affect
account the modificatiofiL7) were performed for a given set the thermodynamic properties. The sensitivity of the thermo-
of the parameterfEgs. (8) and (16) andg.=14.7g.=1] at dynamics to the population of the higher doublet results from
temperature§;=2.5 K andT,=4.27 K (Figs. 7 and 8 A the energy cost necessary for the creatios%ef + 1/2 exci-
remarkable reduction of the discrepancies between the theofgtions(Fig. 9.
and data was achieved at both temperatures. In the first case
it reveals an imp_ortant role of inte-rt.:hain cqrrelatiqns at a IV. CONCLUDING REMARKS
temperaturel; quite far from the critical region while the
second case indicates the significance of spin-spin correla- Temperature and magnetic field dependence of
tions even at relatively high temperatdrg where one would KEr(MoO,), single-crystal specific heat was analyzed in the
expect the ideal paramagnet behavior; the dashed line in Fiframe of Ising and BC models with anisotropic exchange
8 represents a Schottky contribution of the two lowest Kram-coupling. It was found that despite of the dipolar nature of
ers doublets separated by the enerfy=20 K splitina  magnetic correlations in the studied system this rather phe-
magnetic fieldB||z. These rather phenomenological state-nomenological approach based on the short-range interaction
ments can be supported by MC calculations of the spin con-

figurations performed at both temperatures. 35 ; . . . T T .
In zero magnetic field the presence of mainly intrachain <O
spin correlations is evident even B} where instead of ran- 3t T
domly distributedS*= # 3/2 projections expected for a para- 0s b Fotopo |
magnet one can see the clustering of chdifig. 9. The ’ o+°+°'|_<>+<7’r6" 512{;33:30+K+ +
mean length of the ferromagnetic chain clustét§”) 2L ¢ o]
smoothly diminishes with the increasing temperature, quali- D/ks = 10K
tatively following the behavior of a correlation length 8f L5 1
=1/2 Ising ferromagnetic chai#,? . W_
gz[ln(tanr(‘]l/kB T))]711 (23) 0.5 L L 1 1 I 1 L L
with J, /kg=0.85 K; see Fig. 10. In this figure, the influence 25 s 3.5T[K]4 s ’ 55

of the higher doublet on the shortening of the spin-chains
was demonstrated by increasing @ffrom D/kg=10 K up FIG. 10. Temperature dependence of the mean Ie{dﬁﬂ) cal-

to the saturation valuB/kg=30 K. The comparison of the ¢ \ated for S=3/2 BC model (17) with J;/kg=0.38 KJ,/kg

magnetic-field dependence ¢®)) with the corresponding — 07 K, D/ke=10K (), and D/kg=30 K (+): the solid line
theoretical predictionfthe relationg6) and(7) in Ref. 4/ for  represents a behavior of the correlation lengthorresponding to
the 1D S=1/2 ferromagnetic Ising model is shown in Figs. S=1/2 Ising chain withJ;/kz=0.85 K andB=0 (in units of a
11(a) and 11b). The excellent agreement between the theoryattice spaciny



PRB 60 KEr(MoO,),: A QUASI-ONE-DIMENSIONAL S=3. .. 1173

' : ' ' T erties of the two-dimensional antiferromagnetic Ising model

a) T=25K S=§j§fg‘f‘§g o | are not qualitatively affected by the long-range character of
the dipolar interaction and the presence of dipolar interac-

tions does not change the universality class of the system.
From this point of view, the current analysis of KEr(MgQ
0 . . ; : . - ! suggests the system studied effectively resembles the behav-
0 o1 02 03 04 05 06 07 08 ior of S=3/2 BC model on rectangular lattice with param-
B[T] eters(8) and (16). Furthermore, the ground-state energy per

[ ' ' ' ' ' T ] site predicted within this modelEy/kg=(J;+J,)/kg=
s b) T=427TK S=1/2 14 Isne — —1.01 K, is close toE,4/kg=—1.32 K, the value obtained
® _2f ’ . previously from the pure dipolar approach. In future further

<&’ > measurements of specific heat versus magnetic-field depen-
1r ) dence are to be performed to enable a more detailed quanti-

0 . . . . . L : tative analysis of data; the present analysis reveals that the

o001 0z 03 04 05 06 07 08 measurements in magnetic field are not describable so excel-

lently as the zero-field data when keeping the same param-

eters and it seems the analysis in field should require renor-

the clusters of spins flipped ir z direction, theoretically predicted ][nallzapohn of th? pfaramet:ers. Qne pOSSIfble explanathn Olf the
for S=1/2 ferromagnetic Ising chain withy, /kg=0.85 K inB|z at act might result from the existence of two nonequivalent

T,=2.5 K (solid line) and that calculated by MC from Eqel3 ~ Magnetic centers in the KEr(Mog unit cell® To verify
and(22). (b) Magnetic-field dependence of the mean length of clus-this assumption, further MC S'W”'?‘t'ons of KEr(Mg@

ters of spins flipped in-z direction theoretically predicted fo®8  SPEecific heat in nonzero magnetic field are to be performed
=1/2 ferromagnetic Ising chain with, /ks=0.85 K inB||z at T,  With the nonequivalence included.

=4.27 K (solid line) and that calculated by MC from Eq4.3) and A second aspect of this work is the exact validity of the
(22). Ising model for this system; the precise character of the CEF

ground state suggests rather Ising-like behavior indicated by

models seems to be sufficient for the description of thegma hut nonzero transversgifactor values. It gives rise to
KEr(MoO,), thermodynamics. The same observations wergne propagation of domain walls, thus the spin dynamics of

also found in dipolar magnets Erfau;0; and ErBaCu,Og  the system might be a potential subject of future interest.
where Er moments exhibit qualitatively the same ground-

state magnetic structure as that predicted for KEr(lyo@
i.e., the spins in ferromagnetic chains running in hairec-
tion are oriented along theaxis, with adjacent chains in the We are very grateful to N. Papanicolaou for enlightening
ab plane coupled antiferromagneticaffy.The results of discussions on magnetic excitations. We would like to thank
neutron-scattering studies performed on the compounds were G. Anders and V. Bondarenko for clarifying discussions
found to be in an excellent agreement with Onsager’s exaatn the dipolar interactions and magnetic nonequivalence of
solutions of exchange couple8=1/2 Ising rectangular Er** ions in KEr(MoQ,),. Numerical calculations of D.
lattice® These experimental results have triggered MC studyBlazek are gratefully acknowledged. This work was sup-
of 2D dipolar Ising antiferromagnet with an important con- ported in part by NSF Grant No. INT-9722935 and Slovak
clusion that for relevant range of parameters magnetic propMinistry of Education Grant Nos. 1/4385/97 and 1/6020/99.

FIG. 11. (a) Magnetic field dependence of the mean length of
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