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The compound LiCrGeO4 has been recent ly  synthesized 
and  recognized as a spinel on the basis of its X- ray  
powder  d iagram (Strunz & Jacob,  1960), bu t  no informa- 
t ion about  the cat ion dis t r ibut ion has so far been reported.  
Bo th  l i th ium and  ge rman ium are known to have  a 
marked  preference for t e t rahedra l  co-ordination in 
oxygenated  compounds,  and  their  actual  dis t r ibut ion in 
the spinel LiCrGeO 4 can not  be decided wi thout  fur ther  
investigation. The possibilities offered by infra-red spec- 
t roscopy (Tarte & P r e u d h o m m e ;  see also Tarte,  1962a) 
have  been applied to this problem. 
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The observed infra-red spect rum is given in Fig. 1. 
Three strong bands  only are observed in the 1000-300 
cm. -1 range, and one of these bands is modera te ly  shifted 
towards higher  frequencies when  na tu ra l  l i thitun (pre- 
dominan t ly  ~Li) is replaced by  6Li (Table 1). :Now, 
comparison of these results wi th  previous infra-red 
investigations enables cer ta in  conclusions to be drawn.  

(1) G e e  4 t e t r ahedra  have  been found to absorb in the 
830-680 cm. -~ range in a large series of or thogermanates  

Table 1. Isotopic shifts in the infra-red spectrum of 
LiCrGeO 4 

Observed frequencies 
~LiCrGeO~ 6LiCrGe04 A 

623 cm. -1 623 cm. -1 0 cm. 1 
526 523 - 3  
447 473 ÷26 

(Tarte, 1962a). LiCrGeO4 has no band  in this spectral  
range;  this is a first reason for believing tha t  no G e e  4 
t e t rahedra  are present  in this s t ructure.  

(2) An infra-red invest igat ion of l i th ium compotmds 
with  Lie4 t e t r ahedra  or L i e  6 oc tahedra  (Tarte, 1962b) 
has revealed the occurrence, in the 500-400 cm. -~ 
region, of infra-red bands re la ted to L i e  4 t e t r ahedra ;  
these bands are identified wi thout  doubt  by the isotopic 
shift (20-30 cm. -~) related to the  VLi-6Li replacement .  
No such bands are observed for L i e  6 octahedra  and  they  
are expected to lie below 300 cm.-L the actual  l imit  of 
our infra-red equipment .  The conclusion is a straight-  
forward assignment  of the 447 cm. -~ band  in ~LiCrGeO 4 
(473 cm. -1 in 6LiCrGeO4) to L i e  4 te t rahedra .  

All the available infra-red da ta  are thus  consistent  
wi th  the four-fold co-ordination of l i thium, and six-fold 
co-ordination of germanium,  the formula of the spinel 
being LiIV[GeCrJWO~. The infra-red spectrum, however ,  
does not  preclude the occurrence of a slight a m o u n t  of 
ge rmanium on te t rahedra l  sites. 

There is great  similari ty between the infra-red spectra  
of LiCrGeO 4 and LiCrTiO4: from this similarity,  it m a y  
be inferred tha t  LiCrTiOt is also a spinel, wi th  essentially 
the same cat ion dis t r ibut ion as LiCrGeO 4, namely  
LiIV[CrTi]vIo4. 

A s tudy  of the ~Li-6Li isotopic shift has been made  
in a series of l i th ium compounds  (including the  spinels 
LiA150 s and LiF%Os) in order to de termine  the  l i thitun 
co-ordination in these compounds;  the results will be 
published in due course. 
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Many papers have been published characterizing one or 
more phases in the niobium-silicon system. Knapton 
consolidated much of the data when he presented the 
entire niobium-silicon phase diagram in which three 
compounds, l~Ib4Si, l~IbsSi 3, and NbSi 2 were shown and 
described (Knapton, 1955). In a later study by Samsonov 

et al., fur ther  evidence was given for the existence of 
these compounds  found by  Knap ton ,  along wi th  a com- 
plete summary  of their  s t ructural  characterist ics (Sam- 
sonov, Neshpor  & Yermakova ,  1958) (see Table 1). 
The purpose of this paper  is to report  the prepara t ion  
and s t ructure  of another  niobium silicide with the formula 
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NbaSi wh ich  was  p r e p a r e d  a t  t he  U n i t e d  A i r c r a f t  Cor- 
p o r a t i o n  R e s e a r c h  Labora to r i e s .  

Table  1. Structural characteristics of phases 
in the system N b - S i  

(Results of Samsonov) 

Crystal Structural  Lattice 
Phase system type constants 

Nb4Si Hexagonal e-FeaN a = 3.59 /~ 
c = 4.46 

ocNbsSi a Tetragonal CrsB a a---- 6"56 
c =11.86 

flNb5Si 3 Tetragonal NiaP a ---- 10"00 
c = 5"07 

yNbsSi a Hexagonal MnsSi a a = 7.52 
c = 5.24 

NbSi 2 Hexagonal CrSi 2 a = 4.78 
c = 6.56 

The  samples  were  m a d e  f r o m  n i o b i u m  a n d  silicon 
p o w d e r s  (99% p u r i t y )  w h i c h  were  m i x e d  d r y  in stoi- 
ch iome t r i e  quan t i t i e s  in a ball  mil l  for  a p p r o x i m a t e l y  
1 hr .  These  m i x t u r e s  were  t h e n  m a d e  in to  pellets,  sealed 
in e v a c u a t e d  silica capsules ,  a n d  h e a t e d  a t  1100 °C. 
for  140 hr .  

Smal l  a m o u n t s  of t he  p r o d u c t s  were  g r o u n d  for p o w d e r  
X - r a y  d i f f rac t ion  s tudies .  T h e  d i f f rac t ion  p h o t o g r a p h s  
were  t a k e n  us ing a 57.3 ram.  rad ius  Phi l ips  c a m e r a  a n d  
h igh - in t ens i t y  Cu Kc~ r ad i a t i on  w i t h  a se t t ing  of 50 kV. 
a n d  40 m A .  for  3½ hr .  T h e  p o w d e r  p h o t o g r a p h s  t h u s  
o b t a i n e d  c o n t a i n e d  an  X - r a y  p a t t e r n  wh ich  could  be 
i n d e x e d  on the  basis of a smal l  cubic  u n i t  cell of 4.211 A, 
a n d  w e a k  e x t r a  lines wh ich  were  all ident i f ied  as be longing  
to  t e t r a g o n a l  aNbsSi  a. T h e  4.211 /~ va lue  for  the  cubic  
phase  was  d e t e r m i n e d  b y  e x t r a p o l a t i o n  of a 0 versus  
½[(cos 2 0/sin 0) + (cos  2 0/0)] to  0 = 9 0  ° (Nelson & Ri ley ,  
1945). T h e  ;t, Cu Ka 1 a n d  ~t, Cu Kae used  to  der ive  t he  
la t t ice  c o n s t a n t  a re  1.5405 A a n d  1.5443/~,  r espec t ive ly .  
No  s y s t e m a t i c  absences  were  obse rved  a m o n g  the  reflec- 
t ions.  H o w e v e r ,  i t  was  n o t e d  t h a t  t he  ref lec t ions  whose  
indices were  all odd  or all e v e n  were  m u c h  s t ronge r  t h a n  
the  o thers ,  ind ica t ing  t h a t  t he  a t o m s  were  p r o b a b l y  in 
a pseudo  f ace - cen t e r ed  cubic  a r r a n g e m e n t .  Since the  
v o l u m e  of t he  u n i t  cell could  on ly  con ta in  one f o r m u l a  
u n i t  of NbaSi (ca lcu la ted  d e n s i t y  6.82 g.cm.-3),  a logical  
s t r u c t u r e  is one in wh ich  the  silicon a t o m s  o c c u p y  the  
corners  of t he  cubic cell a n d  n i o b i u m  a t o m s  are  in t h e  
faces. A d o p t i n g  these  posi t ions,  one  Si a t o m  a t  0, 0, 0 
a n d  Nb  a t o m s  a t  ½, ½, 0; ½, 0, ½; a n d  0, ½, ½, t he  re la t ive  
in tens i t ies  were  ca l cu la t ed  us ing t h e  f o r m u l a  

I oc P]Fhk~[2(1 +COS 2 20)/sin 2 0 COS 0 

w h e r e  P is t he  m u l t i p l i c i t y  fac tor ,  Fhk~ t h e  s t r u c t u r e  
a m p l i t u d e ,  a n d  the  r e m a i n i n g  t e r m  is t he  c o m b i n e d  
L o r e n t z  a n d  po la r i za t ion  fac tors .  T h e  s t r u c t u r e  ampl i -  
t udes  were  ca l cu la t ed  us ing a tomic  s ca t t e r i ng  fac to rs  for  
silicon f r o m  a p a p e r  b y  Berghu i s  et al. a n d  those  for  
n i o b i u m  f r o m  a p a p e r  b y  T h o m a s  & U m e d a  (Berghuis  
et al., 1955; T h o m a s  & U m e d a ,  1957). 

T h e  a g r e e m e n t  b e t w e e n  the  obse rved  a n d  ca l cu la t ed  
in tens i t ies  g iven  in Tab le  2 ind ica tes  t h a t  the  posi t ions  
of t he  a t o m s  se lec ted  were  p r o b a b l y  correc t .  I n  this  

Tab le  2. Comparison of observed and calculated 
intensities and din values 

din din Observed Calculated 
hkl Observed Calculated intensity intensity 

100 4.20 i 4.20 i m +  13 
110 2.97 2.97 m +  11 
111 2.424 2.427 8+ 100 
200 2.104 2"103 s 47 
210 1.881 1-880 m -- 6 
211 1-717 1.717 m--  4 
220 1-486 1-486 s 32 

300, 221 1.401 1.402 w +  3 
310 1.330 1.330 w 2 
311 1.269 1.268 s 36 
222 1.214 1.214 m l0 
320 1.165 1.166 w-- 1 
321 1.125 1.124 w 2 
400 1.052 1.052 m--  6 

410, 322 1.022 1.021 w 2 
411,330 0.992 0.992 w-- 1 

331 0.966 0.965 s-- 20 
420 0.941 0.940 s-- 20 
421 0.919 0.918 w 2 
332 0.897 0.897 w-- 1 
422 0.859 0.858 s-- 21 

500, 430 0-842 0.841 w-- l 
510, 431 0.826 0-825 m--  4 
511,333 0.810 0.809 s 39 
432, 520 0.782 0.781 m 8 

s t r u c t u r e  each  silicon a t o m  is s u r r o u n d e d  b y  12 n i o b i u m  
a t o m s  a t  a d i s t ance  of 2.98 •, whi le  t h e  n i o b i u m  a t o m s  
are  c o o r d i n a t e d  to  4 silicon a t o m s  a n d  8 o t h e r  n i o b i u m  
a t o m s  a t  t he  s a m e  d is tance .  A f t e r  d e t e r m i n i n g  the  a t o m i c  
posi t ions,  i t  was  f o u n d  t h a t  th is  a r r a n g e m e n t  of a t o m s  
was  the  s a m e  as t h a t  a d o p t e d  by  o r d e r e d  CuaAu a n d  
c o m m o n l y  r e f e r r ed  to  as t he  L12 t y p e  s t r u c t u r e .  

I n  r e c e n t  yea r s  A a B - t y p e  c o m p o u n d s  h a v e  been  s t u d i e d  
e x t e n s i v e l y  because  t h e y  o f t en  a d o p t  t h e  f l - tungs ten  
s t r u c t u r e  which  seems to  be a f avorab le  a r r a n g e m e n t  of 
a t o m s  for  s u p e r c o n d u c t i n g  c o m p o u n d s .  F r o m  an  em- 
pir ical  rule  de r ived  f r o m  a s t u d y  a t  th is  l a b o r a t o r y  
(Galasso, 1962), i t  was fel t  t h a t  NbaSi wou ld  be a super-  
c o n d u c t o r  wi th  a h igh - t r ans i t i on  t e m p e r a t u r e  ( > 18 °K.) 
if i t  h a d  the  f l - tungs ten  s t r u c t u r e .  T h e  smal l  silicon a toms ,  
however ,  p r o b a b l y  wou ld  n o t  f i t  well  b e t w e e n  the  chains  
of n i o b i u m  a t o m s  which  would  run  t h r o u g h  the  f l - tungs ten  
s t ruc tu re ,  a n d  NbaSi t he re fo re  a d o p t e d  the  o r d e r e d  
CuaAu s t ruc tu re .  As a consequence ,  i n s t ead  of h a v i n g  a 
h igh - t r ans i t i on  t e m p e r a t u r e ,  i t  was  f o u n d  to  b e c o m e  
s u p e r c o n d u c t i n g  a t  1.5 °K. 
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