
ELSEVIER . .6-:-263 (1997) 114-117 Journal of Alloys and Compourtds "~ " 

Journal of 

C stal chemistry and magnetic properties of ternary stannides 
"n R, M.,S (R = rare earth or uranium, M = Ni, Pd) 

B. Chevalier*, F. Fourgeot, D. Laffargue, P. Gravereau, L. Fourn~s, J. Etourneau 

bt.~titttt tie Chimie tk la Matii're G.,th,/t,~e de Bordeata', (ICMCB)./UPR q048], tbm~.rsit: tit. Bordeauv i, 
:ll)t't~lW dtt Dr ,4. Schweitzer, 33(~08 Pessac, France 

Abstract 

We have synthesized a great number of ternary stannides R2NI2Sn, R:Pd2. ,Sn t . ,  (R = rare earth) and U 2 M2Sn (M = Fe, 
Co, Ni, Ru, Rh, Pd, Ir. Pt), They crystallize either in the orthorhombic W:CoB:-type or in the tetragonal O~Si:-type. A 
~tructur,lt relation:ship exists between these ty~.,, and those of binary RNi and ternary RNISn or RPdSn equiatomic 
~'ompound,~ A~tention is t~l~o focused on the wide range of their magnetic properties [complex (B. T)-magnetic phase diagram. 
antiferromagneti¢ ~ ferromagnetic tr~.m~ition .... ]. ¢) 1~)7 El~vier Science S.A. 

gm,,,~t.~: Ur~,nitmt: R~lr¢ e,~,rth: St~u'mido; Ct)'sh,I strut:lure; Magnetic: Prol~rties 

I, latrMuOio. 2. Results and discuss!on 

The tet0uary urauiunt U:M:Sn ~l~u~t~id¢~ (M ~ F¢, 
Co, Ni, Ru, Rh, Pd, It, PI) bye been extensively 
tnvestigated during the past 3 years due to their wide 
range of physical properties [I,2]. The existence of 
this family of urat~ium compounds allows us to study 
the influence of 5f{U)°ligand hybridization effects on 
th~ electronic and magnetic properties. These stan. 
hides except U, IriSh and U~ PI, Sn c~stailize in the 
tetragon, al ordered version of the U~Si:=type structure 
[3L I]:Ir:Sn and U, PI,Sn adoia the tetragonal 
Zr~Al:type which is ~ su~rstructure of the U~Si:. 
~vpe P]. 

Recently, some investigations have been carried out 
on game similar st~nnidcs based on cerium such as 
(~e:Ni:Sn [5,6] ~nd Cc:Pd:.,Sn~=, [0=8]. lsotypi¢ 
compounds ¢~m be obhtined with other rare earth 
elemenis, A survey of their structural and magnetic 
pr~F,2rtie:s is the su!~ject of this present Paint, 

I~:~,S-]&~i~7/$i?,ll~} ~' I~}7 Elsevier S¢iti~ce S.A. All rights rescn, ed 

All ternary stannides were pr¢i~ared by melting of 
the constituent elements under a purified argon atmo= 
sphere, The samples were then annealed under vac- 
uum at 8(XI°C tar 2=3 weeks, Their purity and chemi- 
cal composition homogeneity were checked by mi- 
croprobc :;n~dysis ar;d X=tay i~wds:= diffraction. 

2,/, Formatio~l o f  the sttomides 

The ternary ¢~:m~unds'~ ' R:Ni~Sn are obtained for 
R ~ Ce, Nd, Gd, Tb and ~ .  Our attempts to synthe° 
size Hoo, Ni~Sn and Er:Ni:Sn have failed. Moreover 
the microprobe analysis perIormed on Tb:Ni:Sn and 
I~pNi,Sn° ° rumples rcvgah the preface of.para,,s'ttt¢" 
phases such as equiatomk stannide ~H~NiSn or DyNiSn 
and binal~ comI~uttd TbNi: or l~,Ni:. It is certain 
that the stability of R~Ni~Sn stannides is governed by 
the size of the R-elem~aL 

Nowadays, the R,Pdz~,Sn~., compounds can be 
obtained with R ~= Ce, Nd, Gd, Tk  Dy, Ha, Er and U 
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and present a large range of homogeneity on the 
palladium rich side [6-10]. For instance these stan- 
nides exist with R = Ce and U, respectively, for 
0.04(3) <x  < 0.21(4) [7] and 0 <x < 0.44(2) [9]. 

Z2. Co,sial smtctur¢ 

All the R2Ni:Sn compounds based on rare earths 
crystallize in the orthorhombic structure related to 
the W~CoB2-type. R atoms form a three-dimensional 
network (Fig. 1) and constitute a [R s] prism surround- 
ing either Sn atoms or Ni-Ni pairs. These last atoms 
me located inside a distorted [R~] trigonal prism. An 
interesting structural comparison concerns CeNi 
(OrB-type), Ce2Ni2Sn and CeNiSn (TiNiSi-type)(Fig. 
I) which contain trigonal prisms [NiCe,] more or less 
distorted. The formation of Ce2Ni2Sn and CeNiSn 

stannides arises from the insertion of Sn atoms into 
the [Ce~] prisms which are unoccupied in CeNi. Ac- 
cording to the sequence Ce2Ni2Sn =, CeNiSn, Sn fills 
a double [Ce~] prism so forming a [SnCe s] prism then 
a simple [SnCe~,] trigonal prism. 

The unit cell parameters of R2NiaSn compounds 
decrease with the size of the rare earth (Table 1). 
This variation leads to a decrease of dN~_sa distance 
which varies from 0.2734(1) nm to 0.2642(1) nm fol- 
lowing the sequence Ce,Ni2Sn =,DyaNiaSn. These 
values, much smaller than the metallic radii sum 
(r~ +rsn=0.2869 rim), suggest a strong 3d(Ni)- 
5p(Sn) bond in these compounds. 

All the R 2 Pd, + .~ Sn t -.~ compounds crystallize in the 
tetragonal Ce2Pd~.+~Snt_.t-type structure (Fig. 1) 
where Pd excess atoms occupy one split position sur- 
rounding the replaced Sn atoms [7]. This structure is 
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Fig. I. Comparison of the crystal structure of CeM (M ~ Ni), Cc:Ni :Sn,  C c : M : S n  (M ~ Pd, PI) and '7~:MSn (M ~ Ni, Pd. PI). 

°rabh: I 
Ct~slallograi~hi¢ dala relative 1o R:  Ni,Sn stannidcs 

R Lat t ice  p{iralllClets (11111) Voltllllt: (nm '~ ) Re fe r ence  

a h c 

C¢ 0.439 i( I ) It.5735(2) I).850 I¢ 3) 0.21 {)3 [h] 
Cv 0.43t)3¢~Lg) 0,573%(t}) 0~859C~7( 13, 0.2108 [5] 
NO 0,43t~0{ I ) tl.~{~t.JS(2) 0.8408(2) {),21 l0 [I 1] 
Gd 0.4294{ 1 ) 0.5t~38{ 1 ) (10839{K i ) 0,203 ! [~' ] 
°11~ ().4278( I ) ().5614{ I) 0.8332( | ) l) 21H)I ['*] 
Dy ().4247( 1 ) l).5615{ 1 ) 0.8273( I ) 0.1973 ["] 

This work. 



|6 B, Chevalier et al, / h m m a i  o] °AIh~3's am/ 2 0 2 2 o 3  i l ~71  i 14  ~ 117 

characterized by infinite columns of [Ce.] trigonal 
prisms surrounding Pd atoms and infinite columns of 
[Ce~] tetragonal prisms where Sn or Pd excess atoms 
take position. 

Z 3: Magnetic properties 

Our recent investigations intricate that: (i)the mag- 
~t ic  prc.~rfres of Ce:Ni.Sn appear to be governed 
by a strong com~tition between the Kondo and 
R ~ Y  magnetic interactions; it exhibits the be- 
haviour of a magnetically ordered Kondo system hav- 
ing T~, ~ 8 K and Ts ~ 4.7 K, respectively, as Kondo 
and N~el tem~ratures [5]; (ii) at low fields, Nd:Ni:Sn 
shows three ordering transitions, one antiferromag- 
netic occuring at 21 K and the others appearing, 
resw2ctively, at 17.7 K and 14=15 K: the complex 
magnetic phase diagram of Nd: Ni :Sn suggests a com- 
~tition between the magnetocrystailine ani~tropy 
produced by CEF effect and the o~illatory character 
of the RKKY exchange interactions [11]. 

As claimed previously, the purity of TbeNi:Sn and 
~ :NizSn  samples is not g o ~  and their investigation 
by magnetization measurements confirm this state- 
ment. Three maximums are clearly visible on the 
Mug, ~ fiT) curve concerning the temperature de~n-  
denee of the magnetization of ~ : N i : S n  (Fig. 2): (i) 
lhe firgt appearing at 65(I) K could he attributed to 
the occurrence of antiferromagnefic ordering for thi~ 
~i~|nnide; (it) on the contra~, the others peaks around 
42(1) K and 7(!) K, respectively, characterize the 
p|~sence of °ll)Ni~ (ferromag|tet at 7~ ~45 K)[12] 
a~d ~NiSn  (antife|'romagnc! a! 1'~ ~ 21) K but eXo 
hibiting a ct~nted structure at 7 K)[13], The susccpti° 
bility of ~:Ni~SI~ c~hibit~ Curic~Wciss bchaviour 
~d~ve 811 K', the paeameters obtained by iitting are 
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Fig, 2, Temperature d,cpcndcnce of the rn~agl~cliealion of "i1' L, Ni :Sn. 
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Fig. 3. Temperature dependence of the magnetization of 
11~ Pd:  .2 Silo q~' 

/~¢rl= = 10.23 I.Lj'l'b and 01, = 39 K. Neutron diffrac- 
tion ex~riments are now in progress in order to 
establish the intrinsic magnetic properties of 
11"~ N i, Sn. 

Various magnetic properties are observed for 
R:Pd: , ,Snt  , stannides: it) a phase transition 
between an incommensurate anti ferromagnetic struc- 
lure and a simple ferromagnetic one appears around 
2,S~3,4 K for Ce~ Pd ~,,~Sn,,,., [14]: (it) Nd~Pd:, ,Snl 
compound~ order anfiferromagnetically hut the 7" N 
tcnlpcralure decreases wilh ° ' o " '  ~ ~ ' '  mclcasmg x (TN 8.8(3) 
K and 0,5(3) K, respeclively, tot x ~ (I,1|2 and 0,12L 
Moreover, these stannidcs exhibit several step°like 
field induced ~ '  ' ,  ' ' "  metamagm:t~c transitions [151: (iii) neu° 
tron ~wder  diffraction yields lot U.Pd:,,Sn~=, 
non.collinear k ~ (0. 0, O) (x ~ O) and collinear k ~ (0, 
(}, 1/2) (X ~ 0.35) antiferromagnetic structures with 
magnetic raoments at 1.5 K equal to 2.2(1(5) and 
1).t~1(2) ,~n/U. reslrectively; the reduced Uomagnetie 
moment ob~rved for x ~ 0.35 can be correlated to an 
increase of the number of Pd atoms surrounding U 
ones and favouring the 5[(U)=4d(Pd) hybridization 
116]. 

All the R: Pd :° ,Sn~,  stannidcs wilh R ~ Gd, Tb. 
Dy. Ho and Er order antiferromagnetically. For in- 
stance, the magnetization of Tb.Pd..~Sn.,,,~ as a 
tunction of the teml~rature (Fig. 3) exhibits a maxi- 
mum, indicating the onset of antifer|'omagnetic order- 
ing at Tr.~ ~ 22( 1 ) K. Also, at 2 K the field dependence 
of its magnetization evidences metamagnetic4ike be- 
haviour with a critical field of approx, 3.5 T. Similar 
measurements l~rformed on R~Pd.o:Sn.~s com- 
pounds indicate that T~ is equal to 27.5(5), 13(i ), 6(1) 
and 8(!) K for R ~ Gd, Dy, Ho and Er. respectively. 
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