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Abstract  

The structure of Y2CoaA19 was determined by the single-crystal diffraction method (h(Mo 
Ka) = 0.71073/~,/~ = 19.931 mm- ~, F(000) = 1104, T= 293 K, WR = 0.037 for 555 unique 
reflections). This new aluminide has an orthorhombic structure of Y2CoaGa9 type, oS56,  
(63) C m c m  -- hg2feca,  a=12.740(2)/~,  5=7.4635(9) /~, c=9.321(1) /~, V=886.3(2) 
/~a, Z=4 ,  Mr--597.44, Dx--4.478 mg mm -3. 

The Y2CoaA19 structure can be interpreted as being built up of two kinds of slabs 
cut from the simple structures CsCI (composition CoAl) and Th3Pd5 (composition Y2AI~): 
Co3Ala +Y2AI~ = Y2CoaA19. The cobalt atoms are surrounded by eight aluminium atoms at 
contact distances, forming a distorted cube, and four yttrium atoms at relatively longer 
distances, the 12 atoms together forming an icosahedron. The yttrium atoms centre 
capped hexagonal prisms, the coordination numbers for the aluminium atoms are 10 or 
11. 

1. Introduct ion  

The isothermal  sec t ion at  873  K of  the Y - C o A l  phase  d iagram up to 
34 at.%Y was  es tabl ished by  Rykhal '  and Zarechnyuk  [1]. F o u r  c o m p o u n d s  
were  found:  YCol_.1.3~d1~o.65 with MgZn2 type  s t ruc ture  (see also ref. 2), 
YCoAI2 with MgCuA12 type  s t ruc ture  [3], and c o m p o u n d s  approximate ly  
YCoA14 and  YCo2AIT. Fo r  the lat ter  two c o m p o u n d s  o r tho rhombic  cells were 
repor ted .  The aim o f  the  p resen t  work  was  to  determine the crystal  s t ructure  
of  the c o m p o u n d  o f  app rox ima te  compos i t ion  YCoA14. 

2. Exper imenta l  detai ls  

A sample  o f  nomina l  compos i t i on  YCoA14 was  p repared  f rom high puri ty 
e lements  (yt t r ium 99.9% pure,  cobal t  and a luminium 99.99% pure)  by  arc 
mel t ing u n d e r  an  a r g o n  a t m o s p h e r e  (weight  loss 0.2%) and  anneal ing at 
1073 K for  two weeks  in a silica tube  under  an  a rgon  a tmosphe re  at  a 
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p ressure  of  400  mmHg.  A single crystal  with i r regular  shape  (mean  radius  
0 .026  ram) was  m o u n t e d  on  a Philips P W l l 0 0  au tomat i c  four-ci rc le  dif- 
f r a c tom e te r  (Mo Ka  radiat ion,  graphi te  m o n o c h r o m a t o r ) .  The  uni t  cell pa- 
rameters ,  ref ined f rom 20 values  of  21 ref lect ions  (Mo Ka, A = 0 . 7 1 0 7 3 / ~ ,  
1 6 ° < 2 0 < 3 4 ° ) ,  are in good  a g r e e m e n t  with those  r e p o r t e d  in ref.  1. 1534 
ref lect ions  were  co l lec ted  out  to sin 0 / A = 0 . 7 0 4  .~-1 ( 0 < h <  17, 0 < k <  10, 
0 _< l _< 13 and  the  ant i ref lect ions)  in the w-20  scan  mode,  yielding 719 unique  
ref lect ions  (Rmt = 0.058) .  Two s tandard  ref lect ions,  0 0 -4 and -3 -1 -3, were  
m e a s u r e d  with m a x i m u m  intens i ty  var ia t ions  of  0 .5% and 0.9% respect ively .  
Absorp t ion  co r r ec t i on  was  made  using the  p r o g r a m  LSABS, desc r ibed  in ref. 
4, with m in imum and  m a x i m u m  t ransmiss ion  fac tors  of  0 .4691 and  0 .4794 .  
The a noma lous  d i spers ion  coefficients  were  t aken  f ro m  ref.  5. Sys temat ic  
absences  led to  the  fol lowing poss ib le  space  groups:  C m c 2 1 ,  C 2 c m  ( = A m a 2 )  
and  C m c m  [6]. The  s t ruc ture  was  so lved in space  g roup  C m c m  by  the  
MULTAN87 p r o g r a m  [7] and  conf i rmed by  a s t ruc ture  re f inement  based  on 
~'1 values.  41 variables ,  including an iso t ropic  a tomic  d i sp lacemen t  pa rame te r s ,  
ref ined to  R = 0 . 0 5 2  and  w R =  0 .037  (w = 1/~r2(~Fre, I), S - - 1 . 8 5 1 ) ,  cons ider ing  
555 cont r ibu t ing  unique  ref lect ions  with ~re~l > 3a(~re~l). The  m a x i m u m  shift  
pe r  e.s.d, in the  last  cycle  was  0.8)< 10 -4 and the  final res idual  e l ec t ron  
dens i ty  was + 3.8 ( -  4.9)  e lec t rons  per/~a.  The p rog rams  used  to  refine the 
s t ruc tu re  were  all f rom the XTAL3.0 sys tem [8]. The a tomic  posi t ional  
pa r a m e te r s  were  s tandard ized  by  using the  STRUCTURE TIDY p r o g r a m  [9 I. 
The  a tomic  pos i t ional  and d i sp lacement  pa r am e te r s  are  given in Table  1 and  
the  in te ra tomic  d is tances  in Table  2. 

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

Y2Co3A19 is the  first a luminide identified with the  YzCosGa9 s t ruc tu re  
type  [10]. Until now  i so types  of  this s t ruc ture  type  have only  b een  found  

TABLE 1 

Structure data for Y2Co3A19 with YzCoaGa9 type, oS56, (63) Cmcm -- hg2feca, a = 12.740(2) 
~, b=7.4635(9)/~, c=9.321(1) /~, V=886.3(2) .~a, Z=4,  wR=0.037 

Atom Wyckoff x y z U_e q × 100 
position (/~2) 

AI(1) 16(h) 0.1685(2) 0.1673(4) 0.0714(2) 0.70(6) 
Al(2) 8(g) 0.1065(3) 0.4450(5) { 0.84(9) 

Y 8(g) 0.33886(9) 0.3328(2) ¼ 0.60(3) 
Al(3) 8(f) 0 0.332'3(6) 0.5433(4) 0.80(9) 

Co(l) 8(e) 0.3289(1) 0 0 0.53(4) 
Al(4) 4(c) 0 0.1249(7) ~ 0.7(1) 

Co(2) 4(a) 0 0 0 0.63(7) 

The equivalent isotropic atomic displacement parameters are expressed as U~ = 
(1/3)~i~.jUii*alaj*ai.aj. E.s.d.s are given in parentheses. 
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Y-Al(2) 2.977(4) A1(3)-Co(2) 2.513(5) 
Y-_AI(4) 2.994(4) A1(3)-2Co(1) 2.545(3) 
Y-2AI(1) 2.997(2) Al(3)-Al(3) 2.630(6) 
Y-2AI(1) 3.001(3) Al(3)-2Al(1) 2.696(4) 
Y-2AI(1) 3.002(3) Al(3)-2Al(2) 2.884(4) 
Y-2Al(3) 3.073(3) Al(3)-2Y 3.073(3) 
Y-AI(2) 3.076(4) AI(3)--AI(4) 3.142 (5) 
Y-2Co(2) 3.347(1) Al(3)-2Al(2) 3.166(4) 
Y-2Co(1) 3.400(1) AI(3)-AI(3) 3.853(5) 
Y-2Co(1) 3.408(1) AI(3)-AI(4) 3.919(6) 

AI(1)-Co(1) 2.486(3) A1(4)-2Co(2) 2.510(2) 
Al(1)-Co(2) 2.571(3) AI(4)-4AI(1) 2.735(2) 
AI(1)-Co(1) 2.571 (3) AI(4)-2Al(2) 2.748(6) 
AI(1)-AI(3) 2.696(4) Al(4)-2Y 2.994(4) 
AI(1)-AI(4) 2.735(2) Al(4)-2Al(3) 3.142(5) 
AI( 1 )-AI( 1 ) 2.758(4) Al(4)-2Al(3) 3.919 (6) 
Al(1)-Al(2) 2.773(4) 
AI(1)-AI(1) 2.829(4) Co(1)-2AI(1) 2.486(3) 
AI(1)-Y 2.997(2) Co(1)-2Al(2) 2.505(1) 
AI(1)-Y 3.001 (3) Co(1)-2Al(3) 2.545 (3) 
AI(1)-Y 3.002(3) Co(1)-2Al(1) 2.571(3) 
AI(1)-AI(1) 3.330(3) Co(1)-2Y 3.400(1) 
AI(1)-AI(2) 3.706(4) Co(1)-2V 3.408(1) 

Al(2)-2Co(1) 2.505(1) Co(2)-2A1(4) 2.510(2) 
AI(2)-AI(2) 2.715(5) Co(2)-2A1(3) 2.513(5) 
AI(2)-AI(4) 2.748(6) Co(2)-4Al(1) 2.571 (3) 
Al(2)-2Al(1) 2.773(4) Co(2)--4Y 3.347(1) 
Al(2)-2Al(3) 2.884(4) 
Al(2)-Y 2.977(4) 
Al(2)-Y 3.076(4) 
Al(2)-2Al(3) 3.166(4) 
AI(2)-2AI(1) 3.706(4) 

E.s.d.s are given in parentheses. 

with cobalt-based gaUides for rare earth elements from neodymium to lutetium 
(europium excepted).  In the original work the structure of  Y2CosGa9 was 
presented as an (hccc)2 stacking along the [0 0 1] direction of close-packed 
aluminium, cobalt and yttr ium atom layers, one third of the rare earth atoms 
in the yttr ium atom layers being replaced by aluminium atoms in the ratio 
1:3. 

The s t r u c ~ r e  of  Y2Co3AI9 can also be described as an intergrowth along 
the c axis of two kinds of  slabs, each formed of three consecutive monoatomic 
layers. Two aluminium atom layers and one cobalt  a tom layer, all with 
triangular meshes, produce  a slab approximately 1.3/~ thick shown on the 
left-hand side of Fig. I.  A similar slab, shown in Fig. 2, can be obtained by 
cutting the structure of CoAl, crystallizing with the cubic CsCl type structure 
[ I I ] ,  perpendicular  to the cubic body diagonal. The same two aluminium 
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Fig. 1. Projections along the [0 0 1] direction of the two kinds of slabs found in the Y2Co3AI9 
structure. The cobalt atoms of the CsCl-type slab and the yttrium and aluminium atoms in 
the central plane of the Th3Pds-type slab are marked by stripes. Dotted lines indicate the unit 
cell, dashed lines the translation unit of the slabs. 

HEIGHT 
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cP2, PmJm, O~2.8GII ~ hP8, i:~2m 
{hRG, RSrn, 0=4.0462, c=4.955G ,~) 0=E149, c=3.899 

Fig. 2. Projections of CoAl along the [1 1 1] direction and ThsPd5 along the [0 0 1] direction. 
For CoAl, only atoms at 1/3<z<2f3 of the triple hexagonal cell are shown. 

layers  toge the r  with one  mixed  y t h i u m  and  alumim'um a t o m  layer  fo rm a 
slab approx ima te ly  3 .3 /~  thick, shown on the r ight -hand side o f  Fig. 1. This 
slab can be  der ived f rom the  hexagona l  Th3Pd5 type  s t ruc ture  [ 12 ], a v a c a n c y  
derivative o f  A1B2 where  1/6 of  the t r igonal  pr i sms are  empty.  A pro jec t ion  
of  Th3Pd5 a long  the  [0 0 1 ] direct ion is shown in Fig. 2. With  r e spec t  to 
binary T h a P d s - T h s P d s P d 2 ,  the  compos i t i on  o f  the  slab in Y2Co~A19 is 
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Y2AI~ ~ AleA13Y2. At present ,  o rdered  subst i tut ion var iants  of  Th3Pd5 are no t  
known,  however ,  similar slabs are found  in the t r igonal  ErNi~kl 9 type  s t ructure  
[13 ]. The compos i t ion  o f  the in tergrowth  s t ructure  is obta ined  in the following 
way: Co~kl3+Y2A18=Y2Co~lg.  There  are four  slabs in the t ranslat ion unit, 
the cobal t  a toms  being loca ted  at z - 0  and z = 1/2 and the yt t r ium a toms  
at z = 1/4 and z = 3/4.  The three-fold axes of  the CsCl-type slabs and the 
six-fold axes  of  the Th3Pds-type slabs are parallel but  do no t  coincide in 
the in tergrowth structure,  leading to o r tho rhombic  symmetry .  

The coord ina t ion  po lyhedron  a round  the yt t r ium site is a hexagona l  
Coc, Al6 prism, with all faces c a p p e d  by addit ional  a toms  (including three 
y t t r ium a toms  at d is tances  grea ter  than  4/~) .  The cobal t  sites centre  Y4AI s 
i cosahedra  whereas  the a luminium a toms  have lower  coord ina t ion  number s  
(10 or  11). Not consider ing Y-Co  con tac t s  ( interatomic dis tances  grea te r  
than  3.3 A), the coordina t ions  of  the cobal t  sites are reduced  to Al8 cubes,  
as in the CoAl s tructure.  Hexagona l  pr isms a round  the large a toms  are also 
found  in other  s t ructure  types  of  t e rnary  aluminium-rich compounds ,  for  
example  PrNi2Al5 [14] and BaFe2Al9 [15]. However ,  in these  s t ructures  the 
t ransi t ion metal  a toms  o c c u p y  sites at  the cent res  of  t r i capped  tr igonal  
prisms.  
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