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Abstract  

The structure of L a R u S i  2 has been determined and refined from single-crystal X-ray 
diffraction (R= 0.048 for ten variable parameters and 157 structure factors). The space 
~roup i s P 2 1 / m ( Z  = 2). The cell parameters are a = 4.506(5)/~; b = 4.110(5)/~; c = 8.374(8) 
A; fl = 99.45(4) . This new type is a distorted variant of the CeNiSi2-type structure. The 
cell parameters of the isotypic compound CeRuSi2 are given. 

1. Introduct ion  

In r e c e n t  p a p e r s  [ 1, 2 ], we have  shown  the in te res t ing  m a g n e t i c  p r o p e r t i e s  
of  R(Mn,Fe)Si2 c o m p o u n d s  (R = L a - N d )  which  crystal l ize in the  TbFeSi2- type 
s t ructure .  In o rder  to find new iso typic  c o m p o u n d s  and  owing to  the  s imilar  
crysta l  c h e m i s t r y  of  Ru(Os)  and  Mn(Fe)  t e rna ry  alloys,  we have  inves t iga ted  
the  R - R u - S i  (R = r a r e  ear th)  sys tems .  In a p re l imina ry  X-ray analys is  o f  
LaRuSi2 al loys p o w d e r  pa t t e rn s  we re  o b s e r v e d  which  s e e m  to be long  ne i the r  
to the  TbFeSi2 [3] no r  to the  CeNiSi2 [4] type  of  s t ruc tu re  and  led us  to  
s tudy  this new phase .  

2. E x p e r i m e n t a l  detai l s  and resu l t s  

2.1. S a m p l e  p r e p a r a t i o n  a n d  p r e l i m i n a r y  r e s u l t s  

RRuSi2 c o m p o u n d s  (R-=La,Ce)  were  p r e p a r e d  f r o m  s to i ch iomet r i c  
a m o u n t s  of  ra re  ear th  (purity,  99.9%),  r u t h e n i u m  (puri ty,  99 .99%)  and  sil icon 
(purity,  99 .999) ,  me l t ed  in an induct ion fu rnace  u n d e r  an  a r g o n  a t m o s p h e r e .  
Ingo t s  we re  sea led  unde r  a rgon  in quar tz  t ubes  and  were  annea l ed  a t  1173 
K for  5 days.  The i r  pur i ty  and  their  f o r m u l a  w e r e  c h e c k e d  b y  X-ray and  
m i c r o p r o b e  analysis .  

Crysta l l ized s a m p l e s  were  ob ta ined  b y  mel t ing  and  s low cool ing  ingots  
of  LaRuSi2. A monocrys ta l l ine  sp l in ter  was  found  a f t e r  severa l  b r eak ings  of  
a twinned  crystal .  P re l iminary  s tudies  w e r e  p e r f o r m e d  on  a W e i s s e n b e r g  
c a m e r a  (Cu Ka) .  A monoc l in ic  uni t  cell was  found  wi th  the  fol lowing condi t ion  
l imit ing poss ib le  reflect ions:  0k0  with  k = 2 n .  This  leads  to two poss ib l e  
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space groups: P21/m and P21. Cell parameters were obtained by least-squares 
refinements by curved detector (INEL CPS 120, Co Ka powder patterns): 
a=4 .506 (5 ) /~ ,  5=4 .110(5)  /~, c=8 .374(8) /~ ,  f~-99.45(10)  °. 

For the isotypic compound CeRuSi2, we obtained a=4 .478 (4 )  /~, 
5 = 4.085(5)/~, c = 8.303(9)/~, fl = 102.57(6) °. 

2.2. S t r u c t u r e  o f  L a R u S i 2  
2.2.1. S t r u c t u r e  r e f i n e m e n t  
Data collection was performed on a Nonius CAD4 automatic diffractometer 

at the Service Commun de Diffractom~trie de l'Universit~ de Nancy I. The 
conditions for the collection of the single-crystal data and the refinement of 
the structure are given in Table 1. Absorption has been neglected (~r < 0.2). 
Atomic scattering factors for neutral atoms and anomalous dispersion cor- 
rections were taken from ref. 5. All computer programs used were taken 
from ref. 6. A list of the structure factors can be obtained from the authors 
on request. 

The cell parameter transformations a '  = a,  b '  = 2c + a,  c' = b led to a 
new unit cell (with the non-standard space group C1121/m), similar to those 

TABLE 1 

Summary of data collection and structure refinement 

Molar mass (g) 296.15 
Average crystal diameter (/~m) 20 approx. 
Symmetry Monoclinic 
a (/~) 4.506(5) 
b (/~) 4.110(5) 
c (/~) 8.374(8) 
fl (deg) 99.45(10) 
V (/~8) 151.37 
Z 2 
p¢~, (g cm -3) 6.50 
Space group P21/m 
Radiation Ag Ka (1500 V¢) 
Monochromator Graphite 
Scan mode 0-20 
Take off (deg) 2.5 
Record limits O< 25 ° 
Linear absorption coefficient /z (cm -1) 194 
Number of intensities 

Recorded 383 
Unique and non-zero 335 
Kept (a( /) / I  < 0.30) 157 

F (000) 258 
Number of parameters 10 
Final R value 0.048 
Final R~ value 0.051 
W 0.4486/  

[o'~(Fo) +g(Fo) 2] 
g 0.00436 



TABLE 2 

Lattice parameters of CeNiSi2, WbFeSi 2 and LaRuSi2 

237 

Compound a (/~) b (/~) c (/~) T/f3 (deg) Space group 

CeNiSi2 4.141 16.418 4.068 - Cmcm 
TbFeSi2 4.107 16.308 3.933 - Cmcm 
LaRuSie 4.506 16.614 4.110 96.07 "Cl12~/m" 
LaRuSi2 4.506 4.110 8.374 99.45 P21/m 

TABLE 3 

Atomic coordinates of LaRuSi2 a 

Atom Position Symmetry x y z 

La 2(e) M 0.0898(5) 1/4 0.2016(2) 
Ru 2(e) M 0.3801(8) 1/4 0.6113(3) 
Si(1) 2(e) M 0.4565(22) 1/4 0.9085(12) 
Si(2) 2(e) M 0.8216(22) 1/4 0.5068(11) 

aSpace group, P21/m; B¢ = 0.16(9). 

of  CeNiSi2 and TbFeSi2 (Table 2). Under  these  condit ions,  using the a tomic  
coord ina tes  der ived f rom or thorhombic  CeNiSi2 s t ruc ture  as s tar t ing point ,  
pre l iminary  re f inements  in the space  group  P 2 1 / m  led to  a reliabili ty f ac to r  
R = 0 . 0 5 6 .  Owing to  the lack of  informat ion  due  to  the small size of  the 
crystal,  only  the genera l  t empe ra tu r e  fac tor  has  been  refined yielding the  
final res idual  fac to r  R = 0 . 0 4 8  (Rw=0.051) .  The a tomic coord ina tes  and 
in tera tomic  dis tances  are listed in Tables  3 and 4. The s t ruc ture  is shown 
in Fig. l (a ) .  

3. D i s c u s s i o n  

In spi te  of  the similarity of  the i r  cell pa r am e te r s  the LaRuSie and CeNiSi2 
s t ruc tures  are  ra ther  different.  First, we have to  no te  the  abnormal ly  large 
value of  t he  a ' / c '  ra t io  (1 .096)  c o m p a r e d  with the usual  va lues  a / c  in CeNiSi2 
c o m p o u n d s  (1 .038  for  LaCuo.s2Gee to  0 .999  for  LaPdGe2 [7l).  

Other  d i sc repanc ies  are re la ted  to the a tomic  posi t ions.  For  compar i son ,  
Table  5 gives the a tomic  coord ina tes  of  CeNiSi2 ( C m c m )  and LaRuSi2 in 
the  non-s tandard  monocl in ic  descr ip t ion  (C1121/m,  i .e .  x ' = z /2 - x ,  y '  = z / 

2, z '  = y ) .  It shows that  x'Ru and X'su s t rongly  deviate  f rom zero. 
LaRuSie, CeNiSie and TbFeSie s t ruc tures  are  p r e s e n t e d  in Fig. 1 where  

the  s tacking of  BaA14 and  A1B2 slabs, emphas ized  by  Bodak  and  Gladyshevski i  
[4] and Parth~ and Chabot  [8] in the i r  descr ip t ion  of  the CeNiSie-type 
s t ructure ,  are  outl ined.  The examina t ion  of  the a tomic  coord ina tes  and s t ruc ture  
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TABLE 4 

Interatomic distances and angles in the Ru[Si]4 tetrahedron 

Atom 1 Atom 2 Distance (/~) Atoms Angle 

La Si(2) 3.055(12) Si(2)-Ru--Si(2) 97.1 (3) ° 
2Si(2) 3.150(8) Si(2)-Ru-Si(2) 119.9(4) ° 
2Si(1) 3.174(9) Si(2)-Ru-Si(1) 116.0(4) ° 
2Si(1) 3.185(8) Si(2)-Ru-Si(2) 112.4(3) ° 
Si(1) 3.243(13) 
2Ru 3.280(7) 
Si(1) 3.335(14) 
Ru 3.396(8) 
2Ru 3.550(6) 

Ru Si(2) 2.341(12) 
2Si(2) 2.374(5) 
Si(1) 2.437(11) 
Si(2) 2.478(11) 
2Ru 3.121 (6) 
2La 3.280(7) 
1La 3.396(8) 
2La 3.550(6) 

Si(1) Ru 2.437(11) 
2Si(1) 2.542(12) 
2La 3.174(9) 
2La 3.185(8) 
La 3.243(13) 
La 3.335(14) 

Si(2) Ru 2.341(11) 
2Ru 2.374(5) 
Ru 2.478(11) 
2Si(2) 2.627(13) 
La 3.055(12) 
La 3.150(8) 
2Si(2) 3.534(17) 

drawings  shows that  the inner  par t  o f  the BaA! 4 b locks  is mainly af fec ted  
by  the  monocl in ic  distort ion.  This implies two main features ,  as follows. 

(1)  Owing to  the i r  shift  in the  [Si]5 square  pyramid,  the ru then ium a toms  
are  s u r r o u n d e d  by  four  sil icon neares t  ne ighbours  with S i - R u - S i  angles  to  
c lose  to 109 ° (Table  4). If we leave the fifth silicon a tom out  of  cons idera t ion ,  
this coord ina t ion  is c lose  to the  Fe(Mn)[Si]4 t e t r ahed ron  e n c o u n t e r e d  in 
TbFeSi2 compounds .  Correspondingly ,  this shift  leads to  a "z igzag"  chain  
of  Ru a toms  with R u - R u  dis tances  (3 .12 /~) m u c h  shor te r  than  the  Ni-Ni  
d is tances  in CeNiSi2 (3 .62 /~) and comparab le  with the R u - R u  dis tances  
(2 .98 /~ )  obse rved  in LaRu2Si2 [9] where  the Ru a toms  are  loca ted  in te t ra-  
hedra .  

(2)  The  shift  o f  the  sil icon a toms  in thei r  [Ru]4 t e t r ahed ra  leads to  the  
fo rmat ion  o f  two types  of  Si(2)--Si(2) distance.  One is relat ively shor t  (d  = 2 .63 
/~) and comparab l e  wi th  the Si(1)--Si(1) separa t ion  ( d = 2 . 5 4  /~); the  o the r  
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Fig. 1. (a) LaRuSi2 (in the non-standard group C1121/m; see text), (b) CeNiSi2 and (c) TbFeSi2 
(projection along [0011): O, z= 1/4; • ,  z=3/4; . . . .  , TSi4 tetrahedra and TSi~ pyramids. 

TABLE 5 

C o m p a r i s o n  of  the  a tomic  c o o r d i n a t e s  o f  CeNiSi2 (Cmcm) and  LaRuSi 2 (Cll2]/m f' 

A t o m  x y z A t o m  x '  y '  z '  

Ce 0 0 . 1 0 7 0  1/4 La 0 . 0 1 1 0  0 . 1 0 0 8  1/4 
Ni 0 0.3158 1/4 Ru 0.9255 0.3056 1/4 
Si(1) 0 0.4566 1/4 Si(1) 0.9977 0.4542 1/4 
Si(2) 0 0.7492 1/4 Si(2) 0.9318 0.7534 1/4 

~See text. 

( d = 3 . 5 3  /~) is m u c h  larger than the co r re spond ing  dis tance in CeNiSi2 
( d =  2 .90 /~) .  

It is ra ther  difficult to  explain which of  these features  is responsible  for 
the s t ructural  dis tor t ion f rom CeNiSi2 to LaRuSiz. Nevertheless,  our  previous  
studies ei ther  on rare ear th  ru then ium germanides  with CeNiSi2-type s t ructure  
[ 7 ] or  on qua te rnary  rare ear th  p la t inum ru then ium germanides  with CaBe2Ge2- 
type s t ruc ture  [ 10] have shown the p o o r  affinity of  ru then ium for  the pyramidal  
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coordination. The occurrence of the LaRuSi2-type structure, intermediate 
between those of  CeNiSi2 and TbFeSi2, probably arises from this fact. 
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