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oz2RE FAHAT (LaS)xCrS:(xx1.20)¢] XRD A pattern&
ico) CrS-F-Axte} 259 2AAZA MUY FARY 25dE2H S
o8 zAIYETh 77K~ &9 exdoa (LaS)xCrS,(x=1.20)¢] #}7] 2 3}& < Faraday balance
o2 Z#sH) (LaS)xCrS,;(x=x1.20)& A& o-H ploto] A} paramagnetic3t # %S Vel cl.
258 FEAY] moment(ua)E Cr'™ & spin-onlyoll 213 AF La’** -2 spin-only$t orbitalol] 2]

o8 ALY B8 2 dAHUT

monoclinic®] LaS-3-27 =}, triclin-

ALgA X-d HEEA

Mo nE

Abstract The (LaS)xCrS;(x=1.20) of the incommensurate misfit layer was systhesized from reactant
mixture of La,S; Cr and S at 1273K. Powder X-ray diffration of (LaS)xCrS;(x=1.20) was indexed as

a complex structure consisted with a monoclinic LaS-sublattice, a triclinic CrS;-sublattice and their

superlattice. The temperature dependence of sublattice dimension was investigated by the X-ray diffraction

analysis at low temperature. The magnetic susceptibility of (LaS)xCrS;(xx~1.20) was measured between

77K and room temperature using a Faraday balance method. (LaS)xCrS,(x=1.20) was paramagnetic on a

o-H plot at room temperature. The observed effective magnetic moment( iz ) was in fair agreement with

the value calculated by spin-only contribution for Cr**, and spin and orbital contribution for La®*,
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Fhel 22 R (subcel) o] F7|7t ] Rel
HE 2t REAFE olge AATLe MY

(incommensurate) ¢l #Al¢] Jotm T
ok ol A shte] AT ME uAH
3t 2% [ Fr)del FEI}E F2E VA
Frzeta dhed, HT o) Bold AA
FZo| TAle] BolAa Yk WA B
ATZE 257 (superspace-group) ©1 &2
24 ﬁ'% Pﬁ% dAax AP e,
A 5tY = 3 (Charge Density
Wave)«l dAo 2 AR Hofojgo &
ABoldm o]l FEd H4o] HopA 1
At
(LaS)xMS,(M=Ti, V,Cr)9] 2HFx= o

aS%3% Cd,d dAF2&E Ze
2 FAdEg. X-4 dA4AYPoem
(LaS)xCrSy(x~1.20) &
CrS,-5-2 A (sublattice), Z8lal ¥
Zb(superlattice) 24 AR TZ A&
(Fig. 1). LaS-34Axz}e] AANAF=
A, b=5.752A, ¢c=11.036 A %} «=90.39", =
95.30°, r=90.02"o]1, CrS,-%Z A= a=5.
936 A, b=3.4354A, ¢c=11.053A 7 «=93.29°,
A=95.29°, r=90.03" & zt= 740& E:ﬂ_ﬂ
Atk ®3 ol “LaCrS;"¢] ZZAzl=
5.94 4, b:172A c=66.2 A 1} a:90.3 y ﬂ:
95.3°, r=90.0°2 UEpdTh a-Zo BaAE
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Fig. 1 The crystal structure of (LaS)xCrS:(x=x1.
20) reported by Kato et al'V projected along a.
CrS; and LaS layers consist of pseudo-
orthohexagonal O-cell and pseudo-tertragonal T-
cell, respectively. Supercell and subcell outlines are

indicated by broken and full lines.

LaS-¢} CrS;-3 27 =% ge 27|18 21,
3b(LaS)#5b(CrS;) o v|AHA FAE ZHe
Aol Hus et 28y ol #A9 2x9
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(LaS)xCrS;(x=x1.20)¢] Ao dojre
ZohA el & A Sivk H.S7h2& § &
Al71H A La.0s9F Cr058 1650Ke A HE-3-4]
A #3Eg o YHYY LaCr0sg Ar+t
CS: 2971l A 7tE w3 Al A A ste Wy
of At ©AH AHES dr] HAsA=
(LaS)xCrS,(x~1.20) & o I. (transport
agent) &-& LaCli(mineralizer)& ¢F 1300K
o Al H7F vbg A7 whgYel glut.

2 dfed e (LaS)xCrS:(xx1.20)& ¢
71 ¥ 3te, La0O;, Cr, SE x=1.200] FH =&
Ar 971l A HFEFSA  H A (pellet) 3}
st A, Mod Feldto] HFEYsA o] &
@.U 294 Sg}_QJ uLodu}O o7 0]6‘}_ ;q:xl_lg_cg
el #4Eg FHatrl s, MA3 2xE F
olo] 873KelA 3d &<t whEAl7l 3, 1273K
AA 1FLEF}F HEAATY. AHES Ar B
A7l A ThAl Bt febRe #AFE 3
3] wrE . gAY £29 3L Cu-Ka
(1.5406 A) S Mo 3t 60k, 200mAe] X
-ray diffractometer(XRD)E  A}-&34ch
(LaS)xCrS,(xx~1.20) AA T x| Jojr &
BARY W] LEEHS AL

1

_?’].‘-5}04 TTK~A 29 2xgdaddr XRDd
o3t BAAE(LaS, CrS,) ¢ AxAYFZ T
e

(LaS)xCrS:(x=1.20) 9] 2} 3} & (magnetic
susceptibility : y,)-& Faraday balance®] o &
ZAHHA. FEAE05g)S A4 3m H
o] 12mme] Ao Hof o] TTK~HEo &%
doAdox ZAstAct EI g-He 54L& A
2o A FHAsta, 2rwigt] wE 23
B Ao A7t o5t HHLEENA =
A sttt

3. Za & nH

g M 4 (LaS)xCrS:(xx1.20)
o] X-4 34 pattern® Fig. 2¢] Yt
°| & patterno A & I Kol FHFTEY
542l (00)Ho] XM= ull gk (preferred orienta-
tion)st SUEE & F Uth FHA patternoi
A La,S;, LaS, CrS, Cr;Ss, CrsSs, CriSy, CrivxS;

(x=0.07), Cr:S; &9 €9 peake o7

= 29



706 S A AM4D A6F (1994)

5% gkorrh. X-4 313 peak: “LaCrSy” =
TZUNog {4 muPE AMogE Byl
58 t}49] peakr) R E Ao 3
peake Table 13} o] LaS-FZAH A, CrSp-%
Aze} “LaCrSy-22422 38 £ A
LaS~%2 2o} CrS.-%# 2 xjoll 23§ 3|H peak
= A9 FEHI Z}zyo] A zlel] 2] st

Wy b5 d 2B peakd ARt HA 24
A 2 (method of least squares) 2.2 o}& 7}
7ol AARFFE T3 cH(Table 2). o) A
¥ Otero-Diaz V0| olsled n s A=A 5
ot Ao WAEAT, LaS-RAA ] #dajA
monoclinic®. 2 FAT £ AAT. FE9 a-
Zo) #e A= LaS-¢ CrS,-F 44 =5 A

Table 1. Indexing of X-ray diffraction data for (LaS)xCrS,(x=:1.20)

do/ A 1/1, hkl(“LaCrSs”);d./ A hkl(LaS);d./ A hkl(CrSy) ;de/ A
11.0424 3 001;11.016 001;11.013 001;11.024
5.6184 1 110;5.594
5.5142 1 002;5.508 002;5.506 002:5.512
4.2110 1 102;4.233 102;4.228 102:4.237
4.1259 1 130;4.129 110;4.130
3.9553 3 131;3.952 111;3.956
3.7921 1 131;3.785 111;3.791
3.6747 100 003;3.672 003:3.671 003;3.675
3.5256 1 122;3.520
3.4191 3 132;3.413 112;3.416 010:3.436
3.2087 2 132;3.204 112:3.210
2.9588 3 200;2.956 200;2.957 200;2.957
2.9266 2 201;2.925 201;2.924 201;2.926
2.8842 4 060;2.884 020;2.887 111;2.877
2.7912 3 061;2.790 021;2.791 201;2.791
2.7543 31 004;2.754 004;2.753 004;2.756
2.7121 2 202;2.713 202;2.711 202;2.715
2.5687 2 114;2.563 022:2.560
25116 2 231;2.512 202;2.511 112;2.512
2.4150 4 203;2.416 203;2.414
2.3624 2 134;2.364 114;2.365
2.3340 1 223;2.327 113;2.315
2.2685 2 063;2.268 023;2.266
2.2255 2 134;2.225 213;2.225 211;2.218
2.2057 3 005;2.203 005:2.203 005;2.205
2.1643 1 080:2.163 123;2.163
2.0632 2 260;2.064 220;2.065
2.0536 2 261;2.053 221;2.053 212;2.057
2.0317 1 180;2.031 221;2.007 114;2.204
1.9985 2 135;1.999 115:1.999 212:1.997
1.9911 1 164;1.992 024;1.990
1.8938 1 262;1.893 222:1.894
1.8704 1 322:1.868 311;1.867 213;1.888
1.8504 1 271;1.850 223;1.850
1.8357 11 006;1.836 006;1.835 006:1.837
1.8145 1 155;1.815 312;1.815 303;1.810
1.7938 1 340;1.793 131;1.797 302;1.803
1.7465 1 341;1.746 016;1.748
1.7102 1 0101;1.710 106;1.709 020;1.718
1.6381 1 136;1.638 116;1.638 116;1.633
1.6279 1 361;1.628 320;1.628 121;1.628
1.6112 1 283;1.612 230;1.613 121;1.610
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“LaCrS,”-
superlattice, LaS-sublattice and CrS,-sublattice

Table 2. Unit cell dimenstions of

“LaCrS;” LaS CrS; | LaS* CrS*

“a/A 5964 5942 5941 |5.934 5.936

b/A 17.158 5.776 3.442 |5.765 3.431
¢/A 11.034 11.078 11.091]11.047 11.067
a 90.00°  90.00° 93.21° | 90.15° 93.44°

4 94.76° 95.38° 95.42° | 95.37° 95.27°

r 90.00°  90.00° 90.04° {90.09° 90.02°
*Values reported by T.B.Willlams and B.G.Hyde
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Fig. 2. Powder X-ray diffraction pattern of {LaS)y
CrS.(x=1.20).

o] & AAE et EI FAFTROIEE
c*-%2 22 WIS AT b-Fo HFfA=
A 2.0} 4 b(LaS)=b(CrS;) x5/32) #AAE 7}

At Table 2914 (LaS)xCrS,(x=1.20) 7%
% LaS-7A7e AARFFE a=59428% b
=5.776 A olt}. o]¢t o] LaS-¥ 2 2= cubic
Nacl#x2 Rt @o|l W &S ¢
A} dAz 2x3= cubic NaCly +z
zte LaSslet&'®e] Az 58154
ot} Cubice] LaSe} ®]i3t® Fig. 37 2ol
Las-® A A= B 250
(elongated) $l1i, b-Zo] glolAs WY ZE
sZ 5l o] (contracted) Ut} CrS,-F A z}boll A
= o]A+3# hexagonal packing®. 2 7} A st S
Aol AHztel Hlasf LaS-FAHzs ¥R
a-% & F£&5o 91, b-=& A5 of(elon
gated) 2Arf. o]E LaS-9 CrS,-5 74 z29
cubic®} hexagonal FXZXEl9 ¥ (distor-
tion) & AAAF7F B & LaS-9F CrS,-
ZFol Az AT 7108 Ao #Adwch A

2o A] b-Zof #a vAFAH AH=[3b(LaS)-

RS

a-Zd

at [T .

Las crs, |

b, b,
(2) (b)

Fig. 3. Comparisons of cell dimensions (a) between
LaS with ideal NaCl-type structure(dotted line)
and LaS sublattice in (LaS)xCrS,(x=1.20) (solid
line), and (b) between CrS. with ideal Cdl,-type
structure(dotted line) and CrS; sublattice in (LaS)x
CrSa(x=1.20) (solid line).

5b(CrS:) &= o 0.118 4 o) $i}

NS ARTFEE Hsl st a-F
of BAME $4 e ANE AHE st
Aoko] wrech ole] Wl b-Zol oA
Frel HrAgel oA 4ge wAW 43

o] nfeo AxAE 7HE # Utk b-Fof
wE Hig A e 2 oA AE Fig 4
of WetiRth 2x=7F Aatde]| welr LaS
Zo] bh-Zo HAANSFE PAE, vigs
CrS, &9 A2 S7kste s &+ Usd

agja BAEA %ELSb(LaS)»Sb(CrSg)J—t—
Zrastal, 180Kolsle] 2wofx Aol YAt
& 7o A3 A 2eA 2wt el
meb LaS33 CrS.5¢ HAXES ZH7
o}’¢# ¢l cubic® hexagonal Z =z}ol 7}7to)
aRe] AzAzZE "Halivte HE ¢ 5 U
ok oole} 2 HALS AdwkH o
sbatel meh 7t olee] WHEOR
Azel hFAol FobAE 2 YA
U Z o] A AsFA (electrostatic) A F ZA}
gt7] st (LaS)xCrS,(x=1.20)9 &4&
Al g-3le] 2} 3}-& (magnetic susceptibility | y,)
& 2ok 200Kl A (LaS)xCrS,(x=1.
2009 A8 ()& 1.007x107°( g /emu) o]
et HoA =A¥E o-H plote Fig. 590
VHERU 2} (magnetic field) 2] 1 &9
u}2} o 2} 5} & (magnetization) & Aol Y H &
Auv Hd ez Waldd 2Fatgd A (paramag-



708 ) R e

T l T T T T f T L L T —‘
u 3b(LaS) |
17.3H -
< L ﬁ
0
r  5b(CrSy) N
- -
17.2~ —
4 -
6.00— -
I ]
g a-axis
(U “0/0/0\0\0 -
592t L .o by L
100 200 300

T/K

Fig. 4. Temperature dependence of the sublattice
in (LaS)xCrS:(x=1.20). The lattice constant of
the a-axis is indicated by open circle. The
demensions of 3b(LaS) and 5b(CrS;) are indicated
by open square and filled square, respectively.
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Fig. 5. Magnetization as a fuction of magnetic

field curve for (LaS)xCrS;(x=1.20) at room tem-

perature.
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Fig. 6. Reciprocal susceptibility as a fuction of
temperature for (LLaS)xCrS;(x=1.20).

par=1.2% pgo(La*") + p5(Cr*h)

=12x gJT(J+1)+2/S(S+1) (1)
A7TAM, per

effective magnetic moment

+S(S+1)—L(L+1)
2 2J(J+1)

J=L+S(L : angular

and S . spin magnetic moment).
La**7d 9 LaS%& 273 momentE
1, CrS;Z&9 Critulo] #7134 moment& 7+
=t} La** e} Crivel A$¢ (LaS)«CrSi(x=1.
20)e] Fxol AAA FFel AHsHH Wiz
= (La’"$*) e} (Cr**87y) o] o, F&o

momentum

ZE A o

AR Ao osto] FAT I} o] Fol
A AE oudnt. dAE CrSe e

&84 %31 (LnS)xCrS:(Ln=La, Ce, Pr,
Nd;x~1.20)9] ¥-Azeto g Eagct'™ 170
~77Ke &= ddolA & (r) S FF3]

Z7}sta] Curie-Weiss® R ol A o} ere] &= ¥ 35}
Z B9t LnCrSe)y(Ln=La, Ce, Pr, Nd)¢l

octahedron CrSe,ZW oA Azl &3
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(antiferromagnetic interaction) ¥ - Cr-S-Cr
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e Aoz dudHn. (LaS)yCrS.(xx1.20)
oM Ashge] 2xmwstel BAYY AY £
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TERE
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v AT (LaS)((CrS:(xx1.20)=
E#=2(LaS;+Cr+8) & 1273Ko A 7E-g-A] A
Al g sk (LaS)«CrSy(x=1.20)¢] X-4
3 & patterne monoclinice] LaS-5-2#}(a=
5.942A, b=5.776 A, ¢=11.078 A, #=95.38"),
triclinic®] CrS,-%-Z =H(a=5.9414, b=23.442
A,c=11.091A, «=93.21°, §=95.42°, r=90.
04" )9} 189 =PE(a=596A, b=17.154,
c=66.20A, «¢=90.0°, §=94.76°, y=90.0")=
A A E AT RARY] exoBEAS ZA}
§ 43 77K A &7} Zvlghel we} LaS
Z3 CrS5;% & olAF3 9 cubic¥} hexagonalo
Zhrkol aFe] HARA|ZF Wb AL o
U old o wAFH Hw[3b
(LaS)-5b(CrSy) J&= #7tatsd (LaS)«CrS,
(xx1.20)9] #A7|x3b-g 9] ZHoA Last Cr
o] valencys= +3712 A4 497 &2A A
9] Z7Imomentet 7t} # AXFL 4 F
ARt (LaS)xCrSx(xx1.20) ol A w9 =
gtol) wa v Gzshge o%sle CrS,

¢

Zo oxw3z o AHxel w3 (distortion)
& #ACE de Ao wodEn)
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