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I n t r o d u c t i o n  

I n  t h e  c o u r s e  of  a n  i n t e n s i v e  s t u d y  of  t h e  s i l ic ides  a n d  
g e r m a n i d e s  s t r u c t u r e s  i t  w a s  f o u n d  i n t e r e s t i n g  t o  s t u d y  
t h e  s i l ic ides  a n d  g e r m a n i d e s  w i t h  t r a n s i t i o n  m e t a l s  of  t h e  
t h i r d  a n d  f o u r t h  g r o u p .  I n  o r d e r  t o  i n c r e a s e  t h e  a m o u n t  
of  u s e f u l  d a t a s  fo r  a f u t u r e  s u r v e y  of  t h e  e x i s t e n c e  
c r i t e r i a  of  s i l ic ides  a n d  g e r m a n i d e s  t h e  p h a s e s  Y S i  a n d  
H f s G e  a(C) h a v e  b e e n  i n v e s t i g a t e d .  

P r e p a r a t i o n  o f  s a m p l e s  

T h e  y t t r i u m  s i l ic ide  h a s  b e e n  p r e p a r e d  b y  a rc  m e l t i n g  
of  t h e  c o m p o n e n t s .  T h e  c o m p o s i t i o n  of  t h e  m e l t  h a s  b e e n  
c h e c k e d  b y  c h e m i c a l  a n a l y s i s .  H f s G % ( C )  w a s  p r e p a r e d  
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b y  h o t  p r e s s i n g  a m i x t u r e  of  h a f n i u m - h y d r i d e ,  g e r m a -  
n i u m  a n d  3 a t .  % c a r b o n .  T h e  d e t a i l s  o f  t h i s  s p e c i m e n  
p r e p a r a t i o n  a r e  g i v e n  in  a p r e v i o u s  p u b l i c a t i o n  ( P a r t h 6  
& N o r t o n ,  1958).  

Y S i  

T h e  D e b y e - S c h e r r e r  p o w d e r  p h o t o g r a p h  c o u l d  b e  in- 
d e x e d  b y  u s e  of  H e s s e ' s  m e t h o d  fo r  a n  o r t h o r h o m b i c  
u n i t  cell  w i t h  t h e  l a t t i c e  p a r a m e t e r s  

a = 4-251 , b = 10.526 , c = 3 " 8 2 8 / ~ .  

T h e  u n i t  cell  has s p a c e  fo r  4 f o r m u l a  u n i t s  YS i .  T h e  
t h e o r e t i c M  d e n s i t y  c a n  b e  c a l c u l a t e d  t o  4-53 g . cm.  -a,  
w h i l e  t h e  e x p e r i m e n t a l  v a l u e  a m o u n t s  t o  4 .33 g . cm.  -a.  

T a b l e  1. In tens i ty  calculation for  Y S i  with C r B  structure 
Cr K a - r a d i a t i o n  

d 1000.sin ~ Oc 1000.sin 20o Ic Io 
- -  1 1 . 8 4  - -  0 - -  

5.248 47.4 - -  0"06 - -  
- -  72.6 - -  0 - -  

3.940 84"4 83"5 9.80 m 
- -  89.6 - -  0 - -  

3.096 136-9 136-7 27.20 st 
2.739 174.1 174.6 57.60 vvst 
2.704 179.1 178.6 37-00 vst 
2.630 189.5 189.4 10.90 m 
2.210 268.7 269.9 15.60 rest 
2.166 279.0 280.8 10-90 m 
2.125 290.4 291.0 13.20 m 
1.971 337.7 - -  0.01 - -  
1.911 358.4 358.8 9.36 m 
1.885 368.6 - -  0.007 - -  
1.798 405.7 - -  0.005 - -  
1.754 4 2 6 . 2 }  427.0 1.10 } 
1.752 427.3 9.12 m 
1.721 442.8 442.5 1.46 vvw 
1.691 458.2 459.9 7.23 m 
1.654 479.8 480.8 5.13 m 
1-594 515.8 515.7 6.24 m 
1.561 537-5 538.4 15.95 mst 
1-546 547.8 548.8 5.04 m 
1.517 569.4 570.5 9.82 ~ m  

/ 1.421 648.8 651.2 vst 
1.417 652*7 13.30 
1.403 665.2 - -  0.78 - -  
1.372 696-1 - -  0.006 - -  
1.353 716.6 717.6 2.55 w w  
1.343 727.0 - -  0.01 - -  
1-328 742.3 - -  1.95 - -  
1.318 754.8 / 19.75 ] 
1-315 757.7 / 757.5 0.1557 vst 
1.313 759.9 13.70 J 
1.2924 784.6 785.4 3.38 vvw 
1.2748 806.2 807.8 27.80 vst 
1.2503 838.2 838.4 27.00 vst 
1.2437 847.3 } 14.70 / 
1.2418 849.5 849.8 18.10 vvst 
1.2391 853.7 11.10 
1.2130 890.8 891-0 44.70 vvst 
1.1749 949.4 - -  0.022 - -  
1.1542 983-8 983.9 f vvst 
1.1522 987.2 987.6 ~ 50.00 ~ vvst 
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T h e  mi s s ing  re f lec t ions  l ead  to  t h e  poss ib le  space  g r o u p s  
17 D~h-Cmcm, C~ev-C2cm a n d  C1~-Cmc21 . 
:For t h e  f i rs t  t r i a l  t h e  space  g r o u p  w i t h  t h e  h i g h e s t  

s y m m e t r y  Dl~-Cmcm has  b e e n  a s s u m e d .  P l a c i n g  t h e  
hkil d (A) y t t r i u m  a t o m s  a t  4(c)i w i t h  YI = 0.146 a n d  t h e  si l icon 

a t o m s  a t  4(c)ii  w i t h  YII = 0.440 y ie lds  in t ens i t i e s  w h i c h  10i0 6.83 
c h e c k  wel l  w i t h  t h e  o b s e r v e d  in tens i t i es .  T h e  c a l c u l a t e d  0001 - -  
a n d  o b s e r v e d  in t ens i t i e s  for  C r K a - r a d i a t i o n  can  be  1120 3.94 

2020 3.41 
c o m p a r e d  in Tab l e  1. 1121 3.21 

A s t u d y  of t h e  Y S i - s t r u c t u r e  shows  t h e  s i m i l a r i t y  to  0002 2.77 
t h e  C r B - s t r u c t u r e ,  w h i c h  h a d  been  d e t e r m i n e d  b y  Kiess-  2130 2-58 
l ing (1949). A t  t h e  s a m e  t i m e  t h e r e  has  been  p u b l i s h e d  1012 2.56 
t h e  c rys t a l  s t r u c t u r e  of CaSi (Hel lner ,  1950). B y  choos ing  2131 2.34 
d i f f e ren t  axes  a n d  or ig in  f r o m  those  g iven  in He l l ne r ' s  3030 2.27 
p a p e r  t h e  C a S i - s t r u c t u r e  b e c o m e s  v i r t u a l l y  iden t i ca l  1132 2.26 

2032 2.15 w i t h  t h e  C r B - t y p e  ( N o w o t n y  & P a r t h 6 ,  1954; Laves ,  2240 1.97 o 
1955). T h u s  CaSi  a n d  YSi  b o t h  crys ta l l ize  in  t h e  s a m e  3150 1.89 
s t r u c t u r e  type. 2132 1.887 

A c o m p a r i s o n  of t h e  y t t r i u m  monos i l i c ide  w i t h  t h e  22~1 1.85 s 
si l icides of t h e  2nd,  3rd  a n d  4 t h  g r o u p  m e t a l s  shows  t h e  31~1 1.790 
c o m p e t i t i o n  b e t w e e n  t h e  F e B  a n d  CrB t y p e ,  w h i c h  are  3032 1.757 
n e a r l y  h o m e o t e c t  s t r u c t u r e  t y p e s .  Ca a n d  Y choose  t h e  4040 1.706 
C r B - t y p e ,  whi le  Ce, Zr ,  H f  a n d  U p re fe r  t h e  F e B - t y p e .  1133 1.67 
T h e  ava i l ab le  d a t a  on  monos i l i c ides  a n d  m o n o b o r i d e s  2242 1-60 s 

3250 1.565 
sugges t  t h a t  t h e  F e B  a n d  C r B - s t r u c t u r e s  occur  o n l y  in  3142 1-561 
a c e r t a i n  c o m m o n  r a d i u s  r a t io  r ange .  I n  t h e  case of 3251 1.506 
sma l l e r  r a d i u s  ra t ios  we obse rve  t h e  F e S i - t y p e ,  whi le  in  21~3 1-50 
t h e  case of b igger  r a d i u s  ra t ios  t h e  N a C l - t y p e  has  b e e n  4150 1.489 
f o u n d .  T h e  c o n d i t i o n s  for  t he  p r e f e r e n c e  of t h e  C r B - t y p e  40~2 1.452 
i n s t e a d  of t h e  F e B - t y p e  a n d  vice ve r sa  are  n o t  y e t  u n d e r -  4151 1.438 
s tood .  0004 1.383 

5050 1.365 
H f s G e a ( C  ) 3252 1.363 

10T4 1.356 
S p e c i m e n s  c o r r e s p o n d i n g  to  t h e  c o m p o s i t i o n  HfsG % 22~3 1.346 

w i t h  a n  a d d i t i o n  of 3 a t .  % c a r b o n  y ie ld  an  X - r a y  p a t t e r n  3143 1.320 
w h i c h  cou ld  be i n d e x e d  to  c o r r e s p o n d  to  a h e x a g o n a l  3360 1.313 
u n i t  cell w i t h  4152 1.311 

1134 1.305 
a = 7.883, c ---- 5"537/~, c/a = 0"702.  4260 1.289 

2034 1.282 
T h e  e x t i n c t i o n s  l ead  to  t h e  poss ib le  space  g r o u p s  3361 1.278 
JD~h-P6Jmcm, D~h-P6c2, C~v-P63cm, D~d-P-3cl a n d  4261 1-261 
C~v-P3cl.  T h e  i n t e n s i t y  c a l cu l a t i on  h a d  been  successful  51B0 1.225 
b y  a s s m n i n g  t h e  space  g r o u p  D~/~-P63/mcm a n d  plac:ing 5052 1-223 
t h e  h a f n i u m  a t o m s  in 4(d) a n d  6(g)i w i t h  xi  ---- 0.25 a n d  2134 1.219 

5161 1.196 s 
t h e  g e r m a n i u m  a t o m s  in 6(g)H w i t h  xH = 0.61. T h e  3253 1.1934 
c a r b o n  a t o m s  h a v e  n o t  been  c o n s i d e r e d  for t h e  i n t e n s i t y  3362 1-186 a 
c a l c u l a t i o n  as t h e  s c a t t e r i n g  f a c t o r  for  c a r b o n  is m u c h  3034 1.1819 
sma l l e r  t h a n  t h o s e  for  g e r m a n i u m  a n d  h a f n i u m  a t o m s .  4262 1.168~ 
T h e  c a r b o n  a t o m s  are  p r o b a b l y  l oca t ed  a t  t h e  pos i t i ons  4153 1.1586 
000 a n d  00~- whe re  t h e r e  are  holes  in t h e  s t r u c t u r e  big 
e n o u g h  to  inse r t  a c a r b o n  a t o m  (Aronsson ,  1958). T h e  
a g r e e m e n t  b e t w e e n  o b s e r v e d  a n d  c a l c u l a t e d  i n t ens i t i e s  
m~y b~ se0n in T~blo 2. 

I-IfsGe3(C ) c rys ta l l izes  in t h e  t e r n a r y  D8s - type .  P h a s e s  
w i t h  t h i s  s t r u c t u r e  t y p e  h a v e  been  cal led  in t h e  l i t e r a tu r e  
N o w o t n y - p h a s e s .  R e c e n t l y  i t  also h a d  b e e n  poss ib le  to  
f i nd  a HfsSi3(C ) w i t h  t h e  t e r n a r y  D 8 s - s t r u c t u r e  t y p e  
( N o w o t n y ,  1959). Th i s  closes t h e  gap  in t h e  list  of No-  
w o t n y - p h a s e s  w i t h  t r a n s i t i o n  m e t a l s  of t h e  4 th  g r o u p  
w h i c h  was  g i v e n  in a p r e v i o u s  p u b l i c a t i o n  ( P a r t h 6  & 
N o r t o n ,  1958). 

T h e  a u t h o r  wishes  to  express  his  s incere  g r a t i t u d e  to  
Prof .  J o h n  T.  N o r t o n  for  m a n y  e n c o u r a g i n g  d iscuss ions .  
H e  also a c k n o w l e d g e s  t h e  c o n t r i b u t i o n s  of Mr W a r r e n  

Tab l e  2. In tens i ty  calculations for  HfsGe3(C ) 
with D8 s structure 

Cr K a  radia t ion 

1000. (sin 20)c 1000. (sin 2 0)o Ic Io 

28.15 - -  4.18 - -  
42-8 - -  0 - -  
84.4 - -  3-70 - -  

112.6 113.6 28.0 w 
127.2 127.8 26.9 w 
171-2 172.5 13.85 vw 
197.0} 199.1 53.60} 
199.3 27.65 s, d 
239.8 240-2 120-0 vs 
253.3 } 255.5 61.3} 
255.6 112.0 vs, d 

283.8 -- 2.34 -- 
337.8 - -  1.66 - -  
365-9 - -  1.16 - -  
368.2 - -  0.02 - -  
380-6 - -  1.92 - -  
408.7 409.7 4.84 vvw 
424.5 - -  2"12 - -  
450"4 451"2 5-26 vvw 
469-6 470.3 4.52 w w  
509"0 508.7 35-0 m 
534-8 532.0 6.37 vvw 
537.1 538.4 15-87 w 
577.6} 579.9 31.40} 
582.2 44"50 s, d 
591-1 592-8 27"10 m 
621.6 622-7 51.50 8 
633.9 - -  0.46 - -  
684.8 685.7 28.30 m 
703.7} 705.0 3.14} 
706.0 3.86 vvw 

712-9 ~ 0-22 
723.0 723.9 1.98 vvvw 
751-I 753.0 6.17 vvw 
760.0} 760.5 4.23} 
762-3 20-50 mw 
769.2 - -  1"39 - -  
788.2 788.2 45-0 ms 
797"4 } 802-3 16"20 
802.8 43.20 j ms 
831-0 833.3 13.20 vvw, vd 
872.6} 872.7 58.60} 
874.9 122-5 vs, d 

881.8 880-8 100.0 s 
915.5} 197.0} 
920.0 916.5 310.0 s, vd 
931-2 930.4 198.0 8, vd 
938.1 937"3 320"0 vs, vd 
959-4 - -  13.2 - -  
976.3 - -  6.4 - -  

H o l b r o o k  to  t h e  e x p e r i m e n t a l  p o r t i o n  of t h e  p r o g r a m .  
Th i s  i n v e s t i g a t i o n  was  s p o n s o r e d  b y  t h e  A t o m i c  E n e r g y  
Commission under contract No. AT (30-1)-981. This sup- 
port is g r a t e f u l l y  a c k n o w l e d g e d .  
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