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Abstract  

The structure of the compound SmlsNi52Ga44 was investigated by means of single-crystal 
methods (autodiffractometer "Syntex" P21, Mo Ka, graphite monochromator): space group 
P6m2, a=8.771(1)  ~; c=25.061(4)/~,  Z=  15, RE=0.079 for 391 reflections using the 
isotropic approximation for thermal parameters. The shortest interatomic distances are: 
Sm-Sm, 3.87; Sm-Ga, 2.76; Sm-Ni, 2.66; Ga-Ga, 2.20; Ni-Ni, 2.32; Ni-Ga, 2.30 /~. 
The coordination numbers for the atoms are: samarium, 18-20; nickel, 11, 12, 14; 
gallium, 11, 12, 14. 

1. Introduct ion  

T e r n a r y  c o m p o u n d s  with i soconcen t r a t ions  of  a b o u t  13 at .% of  ra re  
ea r th  m e t a l  (R) have  b e e n  k n o w n  for  a long t ime  in R - N i - G a  sys tems;  for  
e x a m p l e ,  the  c o m p o u n d  with p r o b a b l e  c o m p o s i t i o n  Ho3NisGa11 exis t ing  in 
this r a n g e  was  first r e p o r t e d  in 1980 [1]. The p o w d e r  pa t t e rn s  of  these  
p h a s e s  are  sufficiently c o m p l i c a t e d  to  m a k e  a s t ruc tu re  de t e rmina t ion  f r o m  
p o w d e r  da ta  imposs ib le .  The  p u r p o s e  of  the  p r e s e n t  work  was  to d e t e r m i n e  
the  c rys ta l  s t r uc tu r e s  o f  the  p h a s e s  found  by  m e a n s  of  s ingle-crys ta l  me thods .  

2. E x p e r i m e n t a l  de ta i l s  

Detai ls  of  the  s a m p l e  p r e p a r a t i o n  were  r e p o r t e d  earl ier  [2]. H o m o g e n e o u s  
annea l ing  was  ca r r i ed  ou t  a t  600  °C. A single crys ta l  of  p r i sma t i c  s h a p e  w a s  
e x t r a c t e d  f r o m  the  SmlaNi44Ga4a alloy. Inves t iga t ion  of  the  single crys ta l  by  
the  Laue  m e t h o d  ind ica ted  h e x a g o n a l  6 / m m m  s y m m e t r y .  The  unit  cell 
p a r a m e t e r s  were  d e t e r m i n e d  b y  the  ro ta t ion  m e t h o d  fo l lowed by  r e f inemen t  
on the  au tod i f f r ac tome te r :  a = 8 . 7 7 1 ( 1 )  /~, c = 2 5 . 0 6 1 ( 4 )  ~.  A set  of  1763 
ref lec t ions  w a s  m e a s u r e d  on  the  s a m e  d i f f r ac tome te r  us ing  the  0 -2  0 me thod .  
Af ter  e l imina t ion  o f  the  w e a k  ref lect ion and  a v e r a g i n g  of  the  s y m m e t r i c a l  
equiva lents ,  391 ref lec t ions  wi th  I >  2(rI r e m a i n e d  in the  set .  Mos t  ref lec t ions  
were  c o m p a t i b l e  wi th  the  r h o m b o h e d r a l  lat t ice (h - k + 1 = 3n) .  However ,  the re  
w e r e  a b o u t  10% w e a k  ref lec t ions  fo r  which  these  ex t inc t ions  were  not  valid. 
F u r t h e r  analys is  ind ica ted  P 6 / m m m ,  P6m2 ,  P 6 2 m ,  P 6 m m  and P 6 2 2  as 
poss ib l e  s p a c e  g roups .  
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3. Structure determinat ion  and descript ion 

The structure was solved in the P6m2 space group. Atomic positions 
were defined by direct methods  and refined by the least-squares method 
using the isotropic approximation for thermal parameters  to R F - -  0.079. Final 
atomic coordinates  are given in Table 1 and interatomic distances are given 
in Table 2. All calculations were carried out by means of  program package 
CSD [3]. The projection of the structure Sm,sNi~2Ga44 on the XY plane is 
shown in Fig. 1. Only the atoms with 0~<z~<½ are presented.  

The coordination polyhedra of Sm atoms are CaCu5 like with 20 corners 
or derivatives thereof.  Ga atoms are located in the centres of  both icosahedra 
and trigonal prisms. Coordination polyhedra of  icosahedron, cubo-octahedron 
and hexagonal  antiprism type are characteristic for Ni atoms. The trigonal 
prisms in Sm1~Ni~2Ga44 can be considered as defect  icosahedra. 

The structure of  Sm,~Ni52Ga44 is the first representat ive of  a new structure 
type. It can be referred to the structures with icosahedral coordination of  
the smallest atoms according to Kripjakevich [4]. 

TABLE 1 

Atomic parameters for Sm~sNi52Ga44 

Atom x /a  y/b z/c B (~2) 

28ml ~ {~ 0.079(1) 1.5(2) 
28m2 § ~} 0.241(1) 1.4(2) 
28m3 t ½ 0.414(1) 1.0(2) 
28m4 ~ ~ 0.2549(8) 0.6(1) 
28m5 ~ ~ 0.4227(8) 1.1(2) 
28m6 0 0 0.0835(9) 0.4(2) 
28m7 0 0 0.3350(6) 1.1(1) 
28m8 ~ ~ 0 1.0(2) 
12Si 1 0.302 (3) 0.007(3) 0.4168 (8) 1.4(2) 
12Ni2 0.310(2) 0.009(3) 0.2504 (9) 1.3(2) 
6Ni3 0.175(2) 0.825(2) 0.343(2) 1.4(2) 
6Ni4 0.493(3) 0.507(3) 0.327(1) 1.1(2) 
6Ni5 0.808(5) 0.192(5) 0.329(1) 1.1(2) 
3Ni6 0.170(4) 0.830(4) ½ 1.7(2) 
3Ni7 0.840(6) 0.160(6) 0 1.4(2) 
2Ni8 0 0 0.204(2) 1.5(2) 
2Ni9 0 0 0.453(2) 1.5(2) 
12Gal 0.050(2) 0.381(2) 0.0837(8) 0.8(1) 
6Ga2 0.161 (3) 0.839(3) 0.154(1) 2.1 (2) 
6Ga3 0.500(3) 0.500(3) 0.1729(9) 1.0(2) 
6Ga4 0.830(5) 0.710(5) 0.1516(6) 0.7(2) 
3Ga5 0.498(4) 0.502(4) ½ 0.9(2) 
3Ga6 0.850(5) 0.150(5) ½ 1.0(2) 
3Ga7 0.142 (2) 0.858(2) 0 0.6(2) 
3GaS 0.515(2) 0.485(2) 0 0.6(2) 
2Ga9 ~ t 0.137(1) 0.5(2) 
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Fig. 1. Projection of Sm15Ni52Ga44 structure on XY plane and coordination polyhedra for atoms. 

Rm+2nX5m÷ 17n 

Sm15Ni52 Oa44 HoNi2,6Oa2, ~. 

Fig. 2. SmlsNis2Ga44, Th~Znl~ and HoNi2.6Ga2.4 structures as packing of polyhedra around R 
atoms. 
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TABLE 2 

Interatomic distances (~ngstrSms) for SmlsNi52Ga44 

Atom Distance Atom Distance Atom Distance 

Sml-3Ga8 3.03(3) Sm2-6Ni2 3.00(2) 
3Ga4 3.08(4) 3Ga3 3.06(4) 
6Gal 3.17(2) 3Ni5 3.06(4) 
3Ni7 3.30(4) 3Ga4 3.35(3) 
3Ga3 3.46(4) 3Ni4 3.40(4) 
Sml 3.95(4) Sml 4.07(4) 
Sin2 4.07(4) 

Sm4-Ga9 2.96(3) Sm5-3Ni3 3.12(4) 
3Ni4 3.03(4) 6Nil 3.13(2) 
6Ni2 3.11(2) 3Ni6 3.15(5) 
3Ga3 3.26(4) 3Ga5 3.17(6) 
3Ni3 3.27(4) 3Ni4 3.42(4) 
3Ga2 3.65(4) Sm5 3.87(3) 

Sm7-3Ni3 2.66(3) Sm8-3Ga8 2.76(3) 
3Ni5 2.93(4) 3Ga7 2.91(4) 
Ni9 2.96(5) 12Gal 3.26(2) 
Ni8 3.29(5) 2Ga9 3.43(3) 
6Nil 3.33(3) 
6Ni2 3.42(3) 

Ni2-Ni5 2.41(3) Ni3-2Nil 2.32(4) 
Ni2 2.56(4) 2Ni4 2.46(6) 
Ni4 2.57(4) Sin7 2.66(3) 
Ga3 2.59(4) 2Ni2 2.75(4) 
Ni3 2.75(4) 2Ni5 2.83(5) 
Ga4 2.80(3) Sm5 3.12 (4) 
Ga2 2.80(4) Sin4 3.27(4) 
Ni2 2.80(3) 
Ni8 2.93(3) 
Sin2 3.00(2) 
Sin4 3.11(2) 
Sin7 3.42(3) 

Ni5-2Ni2 2.41(3) Ni6-2Ga6 2.45(7) 
2Ni4 2.42(3) 2Ga5 2.49(10) 
2Nil 2.63(3) 4Nil 2.51(4) 
2Ni3 2.83(5) 2Ni9 2.84(6) 
Sm7 2.93(4) 2Sm5 3.15(5) 
Sin3 3.03(4) 
Sm2 3.06(4) 

Sm3-3Ni5 3.03(4) 
6Nil 3.04(2) 
3Ga5 3.34(6) 
3Ni4 3.42(4) 
3Ga6 3.51(4) 

Sm6--3Ga7 3.00(3) 
Ni8 3.01(5) 
3Ga2 3.01(4) 
3Ga4 3.09(3) 
6Gal 3.15(2) 
3Ni7 3.20(4) 

Nil-Ni3 2.32(4) 
Ga6 2.44(3) 
Ni6 2.51(4) 
Nil 2.53(4) 
Ni5 2.63(3) 
Nil 2.71(3) 
Ga5 2.73(4) 
Ni9 2.77(3) 
Ni4 2.87(4) 
Sin3 3.04(2) 
Sm5 3.13(2) 
Sin7 3.33(3) 

Ni4-2Ni5 2.42(3) 
2Ni3 2.46(6) 
2Ni2 2.57(4) 
2Nil 2.87(4) 
Sra4 3.03(4) 
Sin2 3.40(4) 
Sin5 3.42(4) 
Sm3 3.42(4) 

Ni7-2Ga7 2.30(6) 
2Ga8 2.49(3) 
4Gal 2.83(4) 
2Sm6 3.20(4) 
2Sml 3.30(4) 

(continued) 
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Atom Distance Atom Distance Atom Distance 

Ni8-3Ga2 2.74(4) Ni9-Ni9 2.36(7) Gal-Ga2 2.20(4) 
3Ga4 2.89(4) 3Ga6 2.57(4) Gal 2.47(3) 
6Ni2 2.93(3) 6Nil 2.77(3) Gal 2.52(3) 
Sin6 3.01(5) 3Ni6 2.84(6) GaS 2.52(3) 
Sin7 3.29(5) Sm7 2.96(5) Ga4 2.54(3) 

Ga7 2.55(3) 
Ga3 2.59(4) 
NiT 2.83(4) 
Ga9 2.83(2) 
S i n 6  3.15(2) 
Sml 3.17(2) 
Sin8 3.26(2) 

Ga2-2Gal 2.20(4) Ga3-2Ga4 2.57(5) Ga4-2Ga2 2.51(5) 
2Ga4 2.51(5) 2 N i 2  2.59(4) 2Gal 2.54(3) 
2Ga3 2.62(6) 2Gal 2.59(4) 2Ga3 2.57(5) 
Ga9 2.66(4) 2Ga2 2.62(6) 2 N i 2  2.80(3) 
Ni8 2.74(4) Ga9 2.69(4) Ni8 2.89(4) 
2 N i 2  2.80(4) Sin2 3.06(4) Sml 3.08(4) 
Sin6 3.01 (4) Sin4 3.26(4) Sin6 3.09(3) 
S i n 4  3.65(4) Sml 3.46(4) Sin2 3.35(3) 

Ga5-2Ni6 2.49(10) Ga6-4Nil 2.44(3) Ga7-2Ni7 2.30(6) 
2Ga6 2.68(7) 2 N i 6  2.45(7) 4Gal 2.55(3) 
4Nil 2.73(4) 2 N i 9  2.57(4) 2GaS  2.84(5) 
2Sm5 3.17(6) 2 G a 5  2.68(7) Sm8 2.91 (4) 
2Sm3 3.34(6) 2Sm3 3.51(4) 2Sm6 3.00(3) 

Ga8-2Ni7 2.49(6) Ga9-3Ga2 2.66(4) 
4Gal 2.52(3) 3Ga3 2.69(4) 
Sm8 2.76(3) 6Gal 2.83(2) 
2Ga7 2.84(5) Sm4 2.96(3) 
2Sml 3.03(3) Sm8 3.43(3) 

The availability of  po lyhedra  which are character is t ic  for s impler  s t ructure  
types  (Fig. 2) and also the fact  tha t  c o m p o u n d s  having a s t ructure  of 
Sm1~Ni~2Ga44 type  are in equil ibrium with te rnary  phases  with s t ruc tures  of 
Th2Zn,7 and HoNi2.6Ga2.4 types  in the phase  d iagrams al lowed us to make  
a conc lus ion  on the possible f r agment  building of  the s t ruc ture  determined.  
The Sm15Ni52Ga44 s t ructure  can be descr ibed  as a l inear s tacking combina t ion  
( intergrowth)  of  d is tor ted flat f ragments  f rom Th2ZnIT and HoNi2.6Ga24 
s t ructure  types.  The unit cell compos i t ion  of  the s t ruc tures  built in this way  
can  be expressed  by the formula  R3m+2nXl5m+ 1 7 n ,  where  m and n are amoun t s  
of  HoNi2.~Gae.4 and Th2Zn17 f ragments  respectively.  For  Sm15Ni52Ga44, m = 3 
and n = 3 are valid. 

I sotypic  c o m p o u n d s  were  found  in the sys tems  with R = Y ,  Tb, Dy, 
Er, Tm, Yb and Lu. Most of  t hem have small ranges  of  homogene i t y  
be tween  x =  44 and 57. Unexpec t ed  is the absence  of  a gadol in ium phase.  
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TABLE 3 

Crystallographic data of RlsNig~_~Gax compounds 

R x a (/~) c (~) V (/~3) 

Sm 44 8.777(1) 25.061(4) 1670 
Y 51-57 8.735(3)-8.758(3) 24.662(9)-24.63(2) 1630-1636 
Tb 50-56 8.721(4)-8.771(5) 24.56(1)-24.68(1) 1618-1644 
Dy 50 8.787(5) 24.79(3) 1658 
Er 54 8.901 (5) 24.82(2) 1703 
Tm 49-56 8.690(4)-8.711(3) 24.51(1)-24.58(1) 1603-1615 
Yb 46-52 8.708(3)-8.712(6) 24.30(1)-24.32(1) 1596-1597 
Lu 52-56 8.710(3)-8.719(3) 24.86( 1)-24.89(1) 1633-1639 

Lattice parameters refined from the powder patterns (Cu, Ka) are shown in 
Table 3. 
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