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I n  the  course of a s tudy of compounds between fourth 
group transi t ion metals  and the 4B metals  the compound 
t t fSn  has been synthesized. Hafn ium hydride  (Metal 
Hydrides,  Inc., Beverly, Mass.) and t in powder have been 
thoroughly  mixed,  pressed and sintered tinder purified 
argon a tmosphere  in a tantalum-sheet-covered alumina 
crucible in a silicon carbide furnace at 1000 °C for 26 hr. 
I t  was found tha t  the sintering tempera ture  should not  
be higher or lower than  1000 °C to avoid the formation 
of other  phases as for example, the HfsSn 3 with D8 s 
s tructure (Boller, Nowotny  & Wi t tmann ,  1960; Bailey 
& Smith, 1961). I t  is not  possible to synthesize HfSn 
by any mel t ing process. Several samples prepared by 
arc mel t ing or induction melt ing resulted in the formation 
of HfsSn a. Similar results have been observed in the 
system I-If-Ge (Nowotny, Benesovsky & Schob, 1960). 

The powder pa t te rn  could be indexed wi th  a cubic 
uni t  cell wi th  the lattice constant  a = 5.594 A. With  four 
formula units HfSn per uni t  cell the X-ray densi ty can 
be calculated to 11.27 g.cm -3. 

As the h00 reflections occur only for h = 2n the  space 

group of HfSn mus t  be either P213 or P4232. All exist ing 
twofold or fourfold positions in space group P4~32 (O ~) 
require addit ional  special extinctions which have  no t  
been observed. The space group for HfSn is therefore 
P213 (T 4) with only one fourfold posit ion having  one 
adjustable parameter .  

The best geometrical a r rangement  and good in tensi ty  
agreement  was found by placing 4Hf in equipoint  4(a) 
with XHr ---- 0.155 and 4Sn in 4(a) with Xsn =0"845. Table 1 
shows the agreement  between calculated and measured 
intensities. The 200 and 400 reflexes appeared wi th  
stronger intensities than  calculated. This may  be due 
part ly to an orientat ion effect of the crystallites, par t ly  
to a coincidence with reflections from excess tin. Wi thout  
consideration of tempera ture  factor and diffraction lines 
with coincidences the residual factor can be calculated 
to be R = 5 . 6 % .  The structure of HfSn belongs to the  
FeSi (B20) structure type. 

The construction formula of the B20 structure type  
(Parth6, 1961) can be wri t ten as: 

Table 1. Intensity 

hkl d 1000 sin s Oc 

110 3-955 A 37.92 37"7 
111 3.229 56"88 56"5 
200 2-797 75"84 76"0 

210 ~ 2.501 94-80 94"5 
120 ] 
211 2.284 113.76 113.6 
220 1-978 151.68 151.4 
221 1.865 170"64 170"0 

310 ~ 1.769 189.60 189-4 
130 ! 
311 1.687 208.56 208.2 
222 1-615 227.52 227.0 

320 ~ 1.551 246-47 246.2 
230 ) 
321 } 
231 1.495 265.43 265-3 

400 1.398 303.35 303.0 
410 } 
140 1.357 322"31 32i'6 
322 

411 ~ 1-3185 341-27 340"9 
330 J 
331 1,283 360.23 359,7 
420 ~ 1.251 379"19 379"0 
240 ) 
421 ~ 1.2207 398.15 397"8 
241 ) 
332 1.1926 417.11 416.6 
422 1-142 455.03 454.7 

430 ~ 1.1188 473.99 473"8 
340 ] 
431 } 

341 1.097 492.95 493.0 
510 
150 

333 ~ 1.0766 511.91 512.2 
511 1 

calculation for HfSn with FeSi (B20) structure type 
(Cu Ka radiation) 

1000 sin s Oo Ic Io Remarks 

4.7 3.9 
10.2 10-8 
15-4 45.0 

98"3 ~ 100 100 
1.7 ) 

50 53.6 
1.5 2-2 

11-4 10.0 
O. 04"~ 
1.60] 1.64 2-2 

lO.O 11.6 
0.8 1.4 

1.3 ~ 2-9 3-2 
1-6 J 
1.1 } 

38.7 39.8 39.1 
7.3 11.6 

7.8 / 
0.2 8.5 7.3 
0.5 
4.8o~ 
0.04~ 4.84 4.3 

11'6 10"2 
1.35"~ 
1.35j 2.7 2.9 

10.8 ~ 12.5 13.0 
1.7 J 

1.3 1-5 
0.75 < 1 

0.30~ 
0.26j 0.56 ~ 1 

8.oo 1 
0.60( 
0.18 / 8.79 13.0 
0.011 
7.2 } 
0.6 7.8 8.0 

Coincidence with Sn 101 

Coincidence with Sn 501 
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F r o m  the  s y m m e t r y  of t he  c o n s t r u c t i o n  f o r m u l a  i t  
can  be  seen t h a t  H f S n  has  a s t r u c t u r e  w i t h  c o m m u t a t i v e  
pa r t i a l  s t r uc tu re s  ( tha t  m e a n s  t h a t  f rom a geome t r i ca l  
s t andpo in t ,  H f  a n d  Sn sites are  comple t e ly  inter-  
changeab le ) .  W i t h  t he  p a r a m e t e r s  w h i c h  h a v e  been  
used  for t he  i n t ens i t y  ca lcu la t ion ,  eve ry  a tom,  H f  a n d  
Sn, has  seven  equa l ly  d i s t a n t  n e i g h b o r  a t o m s  of t he  
o t h e r  k ind  a t  t he  ideal  i n t e r a t o m i c  d i s t ance  of 2.99 A. 
T h e  d i s t ance  b e t w e e n  a t o m s  of t he  same  k i n d  can  be  
ca l cu la t ed  to  3.458 /~. The  ideal  p a r a m e t e r  va lues  a re  
XH~ = -- XSn ---- ( V5 -- 1)/8 = 0" 155. 

E x a c t l y  t he  s ame  s t r u c t u r e  is o b t a i n e d  b y  us ing  a 
d i f fe ren t  set  of p a r a m e t e r s  (X)Hf(X)Sn w h i c h  are  co r re l a t ed  
in t he  fol lowing w a y :  

(X)Hf = ¼--XHf = 0"095 
(X)Sn ---- ¼--XSn = 0"405.  

T h e  two  se t t ings  differ  on ly  in t h e  choice of t he  or igin  
(shift for ¼, ¼, ~) a n d  the  axes  (Cull i ty,  1947). 

I t  has  been  d e m o n s t r a t e d  b y  use of a space filling cu rve  

Tab le  2. Intermetallic compounds with FeSi  (B20) 
structure type 

Silicides, germanides and stannides 

Compound a (A) rT/rB* Reference 

HfSn 5.594 1.00 This work 
CrSi 4.629 0.96 Pearson (1958), p. 562 
CrGe 4.789 0.92 Pearson (1958), p. 539 
M_nSi 4.557 0.98 Pearson (1958), p. 746 
TcSi 4.755 1.02 Darby (1964) 
ReSi 4.775 1.04 Pearson (1958), p. 832 
FeSi 4.488 0.96 Pearson (1958), p. 657 
RuSi 4.703 1.01 Finnie (1962) 
RuGe 4.846 0.97 Raub & Fritzsche (1962) 
0sSi 4.729 1.02 Korst,  Finnie & Searcy (1957) 
CoSi 4.447 0.94 Pearson (1958), p. 523 
RhSi 4.675 1.01 Pearson (1958), p. 833 
RhSn 5.132 0.85 Pearson (1958), p. 834 
NiSi 4.446 0.94 Existence of B20 type with 

the composition IqiSi has 
been questioned. See Ess- 
linger & Schubert  (1957) 

Aluminides and gallides 

PdGa 4.89 
PtA1 4.864 
PtGa 4-91 

0.91 Pearson (1958), p. 670 
0.97 Esslinger & Schubert  (1957) 
0"915 Pearson (1958), p. 670 

Compounds with elements of the second group of the P.S. 

Pd(Au)Hg 5.22 0.94 Pearson (1958), p. 687 
PtMg 4-863 0.87 Stadelmaier & Hardy  (1961) 
AuBe 4.668 1.25 Pearson (1958), p. 406 

Ternary phases 

C%GaGe a 4-64 
RhsGaGe 4 4.832 
IqipA1Si 4.56 
l~isoGa~Ge s 4.65 
Pd4AlaSi 4.840 
PdsoA142Ge s 4.87 

Esslinger & Schubert  
(1957) 

* The atomic radii have been calculated for a coordination 
number  of 7. 

(Par th6,  1961) t h a t  a c o n t a c t  b e t w e e n  d i f fe ren t  k inds  
of a t o m s  in  t h e  B20 s t r u c t u r e  is possible on ly  in  a 
r e s t r i c t ed  rad ius  ra t io  r ange ;  n a m e l y ,  

0.731 < e  =rA/rB < 1/0.731 = 1.365. 

Tab le  2 gives  a c o m p l e t e  s u r v e y  of all  k n o w n  com- 
p o u n d s  w i t h  B20 s t r u c t u r e  t ype .  W i t h  t he  excep t ion  of 
AuBe ,  P t M g  a n d  R h S n  t h e  r ad ius  ra t ios  of all c o m p o u n d s  
a re  w i t h i n  t he  r e l a t i ve ly  smal l  r ange  f rom 0.91 to  1 .04. 
One ob ta ins  th is  good  a g r e e m e n t  if t he  radi i  a re  co r r ec t ed  
for  a 7 -coord ina t ion  acco rd ing  to  G o l d s c h m i d t  (1928). 

The  p r o p e r  r ad ius  ra t io  is a necessa ry  b u t  n o t  suf- 
f ic ient  cond i t ion  for  t he  occur rence  of a B20 s t r u c t u r e  
type .  All  p rev ious ly  k n o w n  c o m p o u n d s  w i t h  t he  excep-  
t ion  of A u B e  con t a in  t r an s i t i on  me ta l s  of t he  s ixth ,  
s e v e n t h  and  e igh th  group .  Silicides, g e r m a n i d e s  a n d  
s t ann ides  occur  w i t h  Cr-, Mn-,  Fe-  and  Co-group meta l s ,  
whi le  c o m p o u n d s  con t a in ing  A1, Ga a n d  Mg - -  h a v i n g  
one or two  e lec t rons  less t h a n  Si - -  p re fe r  me ta l s  of t he  
Hi -g roup  as pa r tne r s .  T h e  ex is tence  of NiSi  w i th  B20 
s t r u c t u r e  t y p e  has  been  ques t ioned ,  b u t  Ess l inger  & 
S c h u b e r t  (1957) succeeded  in p r e p a r i n g  a t e r n a r y  B20 
t y p e  c o m p o u n d  w i t h  Ni  a n d  p a r t  of Si r ep laced  b y  A1. 

S c h u b e r t  (1963) has  m a d e  a p roposa l  for  t he  spa t ia l  
cor re la t ion  of e lec t rons  w h i c h  tr ies  to exp la in  t he  occur-  
r ence  of t he  B20 s t ruc tu r e s  w i th  the  p rev ious ly  k n o w n  
c o m p o u n d s .  

H f S n  is t he  f i rs t  k n o w n  B20 s t r u c t u r e  c o m p o u n d  w i t h  
a t r ans i t i on  m e t a l  of t he  fou r th  group .  Fo l lowing  Schu-  
be r t ' s  ideas  one has  to  a s sume  for H f S n  a s imple  so-cal led 
'A 1-spatial  cor re la t ion '  w i th  32 e lec t ron  sites pe r  u n i t  
cell. 

This  i nves t iga t ion  is a c o n t r i b u t i o n  f rom the  Labora -  
t o r y  for R e s e a r c h  on t h e  S t r u c t u r e  of Mat t e r ,  U n i v e r s i t y  
of P e n n s y l v a n i a ,  s u p p o r t e d  b y  the  A d v a n c e d  R e s e a r c h  
P r o j e c t  Agency .  T h e  s u p p o r t  of the  sponsor ing  a g e n c y  
is g ra te fu l ly  a c k n o w l e d g e d .  

R e f e r e n c e s  

BAILEY, D. M. & SYIITH, J .  F .  (1961). Acta Cryst. 14, 57. 
BOLLER, H. ,  NOWOTNY, H.  & WITTMANN, A. (1960). Mh. 

Chem. 91,  1174. 
CU~LITY, B. D.  (1947). Trans. Amer. Inst. Min. (MetaU.) 

F, ngrs. 171, 396. 
DA~BY, J .  B.  (1964). J. Less-Common Metals. I n  t h e  

press.  
ESSLINGER, P .  & SC~UBE~T, K .  (1957). Z. Metallk. 48,  

126. 
FINN~:E, L.  N.  (1962). J. Less-Common Metals, 4, 24. 
GOLDSCHMIDT, V. M. (1928). Z. Phys. Chem. 133,  397. 
I~OI:tST, W. L., FINNYE, L. N. & SEA_I%CY, A. W. (1957). 

J. Phys. Chem. 61, 1541. 
NowoTNY, H. ,  BE~rESOVSKY, F .  & SCHOB, O. (1960). Mh. 

Chem. 91, 270. 
P ~ _ a T ~ ,  E .  (1961). Z. KristaUogr. 115, 52. 
PEARSON, W.  B.  (1958). A Handbook of Lattice Spacings 

and Structures of Metals and Alloys. L o n d o n  : P e r g a m o n  
Press .  

RAUB, E .  & FRITZSCHE, W .  (1962). Z. Metallic. 5S, 779. 
SCHUBERT, K .  (1963). Kristallstrukturen zweikomponentiger 

Phasen. Ber l in :  Spr inger .  
STADEL~XEIER, H .  H .  & H~RDY, W .  K .  (1961). Z. Metallic. 

52,  391. 

A C 17 ~ 30 


