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Crystal Structures of ZrsGe3, TasGe3 and CrsGe3 
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(Received 1 July 1957) 

The crystal structures of ZrsGe 3, TasG % and CrsG % have been examined by means of Debye- 
Scherrer diagrams and compared with the corresponding sflicides. CrsG % crystallizes in the T1 type 
structure with a = 9.413 A and c = 4.780 A. TasG % crystallizes in the T1 structure also, as pre- 
viously reported, but transforms to the Nowotny structure (DSs type) with a = 7"581 /~ and c = 
5-235 A if 5 % of carbon is added. ZrsG % crystallizes directly in the Nowotny structure (D8 s type) 
with a --~ 7-993 ~ and c = 5.59¢/~. Apparently the residual impurities are sufficient to stabilize this 
phase in the latter case. The germanide structures are thus the same as the corresponding silicide 
struct~res. 

Introduct ion 

A comparison of the structures of the silicides and 
germanides of the t ransi t ion metals,  in so far as the 
structures have  been determined,  shows a complete 
correspondence of structure types, in spite of the fact 
tha t  the germanium atom is considerably larger than  
the silicon atom. In  the case of the phases with the 
formula MsSi 3 it  is known tha t  the expected b inary  
phases are f requent ly  replaced by  the so-called 
Nowotny phase having a D8 s type structure, the 
stabil izat ion of the la t ter  apparen t ly  being brought 
about  by  the presence of atoms of carbon, boron, 
oxygen or nitrogen, often in very  small  amounts  
(Parth6, 1957). In  order to extend the analogy be- 
tween the silicides and germanides somewhat  further,  
the compounds ZrsG %, TasGe 3 and  CrsG % were ex- 
amined.  

Preparation of samples 
The specimens were prepared from powders of zir- 
conium hydride,  t an t a lum hydride,  chromium, and 
germanium.  The powders were mixed in proper por- 
t ions in t r ichlorethylene in a hard-meta l  ball-mill  and 
the dried powders were hot-pressed in graphite  dies. 
The temperature  was 1200 ° C. and t ime at tem- 
perature about  2 min.  Since this temperature  was 

* :Research Staff, Massachusetts Institute of Technology. 
t Professor of Metallurgy, Massachusetts Institute of 

Technology. 

above the melt ing point  of germanium,  the pressure 
was applied slowly. 

CrsGe3 

The powder diagram of CrsG % could be indexed to 
correspond to a tetragonal  uni t  cell with the latt ice 
constants:  

a = 9 . 4 1 3 / ~ ,  c = 4 . 7 8 0 j ~ ,  c / a = 0 . 5 0 7 .  

The extinctions lead to the space group DS4h-I4/mcm. 
The agreement  between observed and calculated 
values of the intensities (Table 1) was obtained if the 
Cr atoms were placed in positions 4(b) and 16(k) with 
the parameter  x = 0.074 and y = 0-223, while the Ge 
atoms were in positions 4(a) and 8(h) with the para- 
meter  x = 0.17. Thus CrsG % has the same structure 
as CrsSi 3, which is of the T1 type. The lines of the phase 
Cr~Ge were also observed in the specimen. 

A second specimen to which 5 a tomic% carbon was 
added showed the same T1 structure of the b inary  
phase CrsG%. 

TasGe3 

The specimen prepared from t an t a lum hydr ide  and 
germanium confirmed the T1 structure of the b inary  
phase TasG % reported by Nowotny,  Searcy & Orr 
(1956). Wi th  the addit ion of 5 a tomic% carbon, how- 
ever, the powder pat tern  was different and recogniz- 
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T a b l e  1. I n t e n s i t y  c a l c u l a t i o n  f o r  C r s G e  a w i t h  T 1  s t r u c t u r e  

Cr K 5  r a d i a t i o n  

hkl  d ( A )  ( sme0)c  ( sm20)o  Ic 

100 - -  14.815 - -  0 - -  
110 6.658 29.63 - -  26 - -  
001 - -  57.45 - -  0 - -  
200 4.703 59.20 - -  4 - -  
220 3.323 118.52 119.2 28.6 vw 
211 3.158 131.52 130.8 66-8 w 
310 2.973 148.15 147.7 40.7 w 
002 2.387 229.80 230.6 114.0 w 
400 2.350 237.04 236.5 51.5 v w  
321 2.289 250.04 250.0 152 m 
112 2.246 259.43 - -  3.3 - -  
330 2-216 266.67 266.8 68.6 vw  
202 2.129 289.06 288.7 334 s 
420 2-105 296"30 295.0 312 s 
411 2"058 309"30 308"9 618 vvs  
222 1.940 348.32 348.8 167 m 
312 1.861 377.95 - -  0"5 - -  
510 1.845 385.19 - -  5"0 - -  
431 1.750 427.82 - -  5"85 - -  
402 1-675 466.84 466.9 52-2 w 
440 1.663 474.08 473.8 15.6 vvw 
521 1.640 487.08 486.0 90 m w  
332 1.624 496.47 496.5 84 m w  
530 1.613 503.71 501.7 59 vw 
422 1.578 526-10 - -  1.5 - -  
600 1.568 533.34 533.1 18.5 ~ w  
213 1.4890 5 9 1 . 1 2 }  591.3 9 . 8 }  
620 1.4860 592.60 38.0 vw,  d 
611 1.4710 605.60 - -  2.4 - -  
512 1.4598 614.99 - -  0"3 a - -  
541 1.4036 664.86 - -  0.37 - -  

442 1.3604 703.88 705.0 w, d 
323 1.3589 709.60 72 
631 1.3450 724.12 722.3 96 vw 
532 1.3370 733.51 ~ 101 | 

7 1 0 }  1 . 3 3 0 0 }  740.75 t 736.3 46 7 w , d  
550 36.5)  
602 1.3105 763.14 762.0 76 vw 
413 1.3058 768.90 767.4 547 s 
640 1.3045 770.38 - -  0-1 - -  
622 1.2621 822.40 821.7 254 m s  
721 1-2469 842.64 841.6  271 m s  
730 1-2352 859.27 858.3 157 vs 
433 1.2152 887.42 - -  1.84 - -  

004 ~ 51 1.1949 51 917-76 51 918.8 ~ ]260 ms ,  d 

J 52 1.1931 52 920.89 52 920.7 ) 
523 1.1766 946.68 947.1 697 vs 
800 1-1756 948.16 - -  10.7 - -  
114 1.1754 948.83 - -  9.2 - -  
651 1.1676 961.16 959.9 32.6 vvvw 
7 1 2 }  51 1"1630 / 51 9 6 8 . 9 9 )  5~ 969.5 1660 } vs 
552 52 1.1611 52 972.27 52 972-2 1170 
204 1.1574 978.46 979.7 6"9 vw 

R e m a r k s  

K 210 Cr3Ge 

K 222 Cr3Ge 

K 321 Cr3Ge 

K 211 Cr  

K 400 CraGe 

15 

able as tha t  of the Nowotny phase with the D8s struc- 
ture. The lattice constants were 

a = 7 . 5 8  lj~, c = 5 . 2 3 5 j ~ ,  c/a=0.690. 

Agreement between the observed and calculated 
intensities (Table 2) was obtained if the Ta atoms 
were placed at positions 4(d) and 6(g)i with x = 0.25 
and the Ge atoms at 6(g)ii with x -- 0.61. The space 
group is D~h-C6/mcm. The carbon atoms were not 
considered in the intensity calculations. As has been 
shown previously (Nowotny, Parthg, Kieffer & Bene- 

sovsky, 1954) for the analogous phase in the system 
Mo-Si-C, there might be a metal deficiency on the 
4(d) position. 

ZrsGea 

The specimen prepared from zirconium hydride and 
germanium powders without carbon addition showed 
the pat tern of the D8s Nowotny phase directly with 
no other lines. The lattice constants were 

a = 7 " 9 9 3 A ,  c = 5 . 5 9 ~ ,  c/a=0.700, 
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T a b l e  2. I n t e n s i t y  c a l c u l a t i o n  f o r  Ta~Ge a (C) w i t h  

D 8  s s t r u c t u r e  

Cr K a  radiat ion 

T a b l e  3. I n t e n s i t y  c a l c u l a t i o n  f o r  Zr~Ge a w i t h  

D 8  s s t r u c t u r e  

Cr K a  radiat ion 

hki l  d (A) (sin20)c (sin20)o Ic Io hki l  d (A) (sin20)c (sm 2 0)o 

1010 6"56 30.4 - -  3"92 - -  1010 6"90 27"4 - -  
0001 - -  47"9 - -  0 - -  0001 - -  41"9 - -  
1120 3"78 91"4 - -  3"82 - -  1120 3"99 82 - -  
2020 3"27 122 121"5 27"7 m w  2020 3-44 110 - -  
1121 3.07 139-3 139"1 26-0 m w  1131 3.25 124 - -  
0002 2.61 192 190.8 11.3 w 0002 2-79 167.5 168.5 
2130 2.48 213 213.2 49.6 s 2130 2-61 192 
10i2 2.43 222 221.9 35.4 m 1012 2.59 195 / 193.5 
2131 2.24 261 260"7 110.0 vvs 2131 2.36 234 234"0 
3030 2-18 274 273.0 59.0 s 3030 2.31 246 ~ 248.5 
1132 2.14 284 284.0 95-2 vs 1122 2.29 249 y 

2032 2.04 314 - -  1.92 - -  2032 2.17 277 276.1 
2230 1.893 365 - -  1.56 - -  2230 1.99 s 329 - -  
3130 1.819 396 - -  0-98 - -  3130 1.920 356 355.5 
2132 1-799 405 - -  0.013 - -  2132 1.911 359 - -  
2231 1.781 413 413"2 1"70 vvw 2241 1.880 371 370"6 
3131 1-717 444 442.5 4.16 vvw 3131 1.815 398 397.8 
3032 1-675 466 - -  0.216 - -  3032 1.781 413 - -  
4030 1-639 487 486-0 6.75 vw 4030 1.731 438.5 439.1 
1123 1.583 523 522.7 4.44 vvw 1133 1.691 459 - -  
2232 1.533 557 555.7 37.1 ms  2242 1.624 496 496.5 
3250 1.505 578 576-5 7.22 vw 3250 1.587 520 - -  
3132 1.492 588 586.8 18.3 w 3132 1.58~ 523 522.7 
3251 1.447 626 626.0 35.0 m s  3251 1.52 o 562 ] 
4150 1.431 639 637.8 31.0 ms  2133 1.517 569 / 569.6 
2133 1.426 645 644.5 52.1 s 4150 1.507 576 
4032 1.389 679 677.6 62.8 s 4032 1.471 605 605.7 
4151 1.381 687 - -  0.475 - -  4151 1.456 618 - -  
5050 1.311 762 762.0 3.88 vw 0004 1.397 671 671-0 
0004 1.307 767}  767.9 4 . 1 2 }  5050 1.382 685}  
3252 1.304 770 5.00 w 3252 1.380 687 687.3 
2243 } 1-282 797}  2.72 } 1014 1.369 698 - -  
1014 797 798-1 0.32 vvw 2233 1.362 706 706-6 

3133 1-258 828 ) 9"05 ) vw, d 3360 1.330 740 
4152 1.256 831 832.0 30.9 w, d 4152 1-327 743 ~ 743.9 
4260 1.239 853 851.1 66.0 m s  1134 1.319 753 - -  
1134 1.236 858 - -  2.66 - -  4260 1.306 767 767-9 
3361 1.226 871 871.6 67.0 m s  2034 1.295 781 
2024 1.214 889 890.8 31.3 w, d 3361 1.294 782 / 782.5 
4261 1.205 901 901.4 22-3 vvw,  d 4261 1.272 809 810"6 

{ } 5160 1.242 850~ 5052 1.1721 954 a 1 950"9 354 vvs 852-3 
a 2 953.9 5052 1.240 852 

2134 1.1563 980 980.1 736 vvs, d 2134 1.232 863 863-3 
5161 1.212 892 891.8 
3253 1.208 897 898.3 

w h i c h  a r e  p o s s i b l y  m o r e  p r e c i s e  t h a n  t h o s e  r e p o r t e d  33~2 1.201 907 907.6 
3034 1.1958 917 918.4 

b y  C a r l s o n ,  A r m s t r o n g  & W i l h e l m  (1956).  4262 1.184 a 934 933.9 
O n  t h e  ba s i s  of t h e  s a m e  c a l c u l a t i o n s  as  b e f o r e ,  t h e  4153 1.1726 953 - -  

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 e n -  
s i t i e s  w a s  o b t a i n e d  as  s h o w n  in  T a b l e  3. I n  t h i s  case  

i t  a p p e a r s  t h a t  e v e n  t h e  r e s i d u a l  i m p u r i t i e s  i n  t h e  g e r m a n i d e  h a s  b e e n  p r e p a r e d ,  i t s  s t r u c t u r e  t y p e  is t h e  

p o w d e r s  o r  t h e  s l i g h t  c a r b o n  p i c k - u p  f r o m  t h e  g ra -  s a m e  as  t h a t  of  t h e  c o r r e s p o n d i n g  s i l ic ide .  T h e  p r e s e n t  
p h i t e  d i e  is s u f f i c i e n t  t o  s u p p r e s s  t h e  f o r m a t i o n  of  t h e  r e s u l t s  s h o w  t h a t  in  T % G %  t h e  s i t u a t i o n  is e x a c t l y  
b i n a r y  p h a s e  t h a t  m i g h t  be  e x p e c t e d  a n d  t o  s t a b i l i z e  a n a l o g o u s  t o  t h e  s i l ic ide  ca se ;  n a m e l y  t h a t  t h e  T1  
t h e  t e r n a r y  N o w o t n y  p h a s e ,  b i n a r y  p h a s e  is s t a b l e  w i t h  l ow  c a r b o n  c o n t e n t  b u t  

D i s c u s s i o n  

fc  Jo 

4-35 
0 
0.02 
3.47 - -  
0.41 - -  
8.68 w 

16.2 "[ 
9" 10j m, d 

48-3 s 
26.2 } 
41.1 s, d 

2.35 vw  
0.27 
1.23 vvw 
0.01 
2.00 vvw 
4-92 w 
0-30 
0-93 vvvw 
0.07 

10-4 m 
0.51 
1.90 vvw 
8.60 } 

15-8 ms,  vd 
5.53 

10.8 m 
0-40 
9.9 m w  
2.87 } 
3.68 m w  

0.20 
1.83 vw 
5.80 w 
1-25 } 
7.30 w 
0.003 - -  

14-0 m 
1.5 } 

12-4 m 
11.2 w ,  d 
12.8 } 
45.0 s, d 
23.7 ms, d 
40.2 ms, d 
34-8 ms,  d 
31.2 ~ns 
86.0 vs, d 
11.4 w, d 

3.08 - -  

I n  T a b l e  4 is s h o w n  t h e  p r e s e n t l y  k n o w n  i n f o r m a t i o n  
o n  t h e  p a r a l l e l i s m  of  t h e  s t r u c t u r e s  of  s i l i c ides  a n d  
g e r m a n i d e s .  I t  a p p e a r s  t h a t  in  e v e r y  case  w h e r e  t h e  

t h a t  t h e  D 8  s N o w o t n y  t e r n a r y  p h a s e  is s t a b i l i z e d  if 
t h e  c a r b o n  c o n t e n t  is i n c r e a s e d .  I n  t h e  case  of Z r s G e  3 
t h e  D 8  s p h a s e  is s t a b l e  e v e n  w i t h  v e r y  s m a l l  i m p u r i t y  
c o n t e n t ,  as  is a l so  t r u e  of  t h e  s i l ic ide .  A g a i n ,  in  t h e  
case  of  CrsG % t h e  b i n a r y  T1  p h a s e  is s t a b l e  e v e n  w i t h  
a p p r e c i a b l e  c a r b o n  c o n t e n t ,  w h i c h  p a r a l l e l s  t h e  cor-  
r e s p o n d i n g  s i l i c ide ;  b u t  i t  s t i l l  r e m a i n s  t o  be  s h o w n  
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Table 4. Silicides and germanides with transition metals of the 4th to 6th group of the period system 

C o m p o u n d  f o r m u l a  M a X  M s X  a M X  M X  2 
^ ^ 

S t r u c t u r e  t y p e  D A  15 T 1  T 2  D 8  s B 2 0  C54  C49  C40  C11 

S G S G S G S G S G S G S G S G S G 

T i t a n i u m  - -  - -  - -  + -}- - -  + + - -  - -  
Z i r c o n i u m  . . . . . .  + + - -  - -  + -t- 
H a f n i u m  - -  -t- 

m _ 

V a n a d i u m  + + + - -  + 
N i o b i u m  - -  + ,+ + + + 
T a n t a l u m  - -  + + -k- ,-{- + + 

Chromium + ÷ ÷ ÷ -- 
Molybdenum -t- + + + -~- 
Tungsten -- + + 

÷ ÷ + 
+ 

(+) 

+ : s t r u c t u r e  is f o r m e d .  

- -  : s t r u c t u r e  is n o t  f o r m e d .  
S = s i l ie ide ;  G = g e r m a n i d e .  

whether  the D8 s phase could be stabilized at  higher 
carbon contents.  I t  seems clear, however, t h a t  the  
s tab i l i ty  of the T1 b inary  phase with respect to the  
D8 s phase increases with increasing group number  in 
the periodic table. Fur ther  studies of the germanides 
will undoubted ly  s t rengthen this interest ing and im- 
po r t an t  analogy between these two groups of inter- 
metall ic compounds. 
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The Crystal Structure of L-Leucyl-L-Prolyl-Glycine* 
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The crystal structure of the tripeptide leucyl-prolyl-glycine 'mono'-hydrate has been determined 
by Fourier and least-squares analysis of complete three-dimensional intensity data from copper 
radiation. The crystals are monoclinic with space group P21 ; the unit-cell dimensions are : a 0 = 9-44, 
b 0 = 6.72, c o ---- 12.10 /~, fl ---- 100.2 °. With the exception of a twist required by the presence of the 
proline ring, the peptide chain is in a highly extended configuration. A surprising feature is the 
presence of only approximately 80 % of a water molecule of crystallization per molecule of tripeptide. 
In addition, one atom in the pyrrolidine ring of the proline residue is disordered, being located with 
apparently equal probability on either side of the plane of the other four ring atoms. 

In troduc t ion  

Accurate determinat ions  of the  crystal  s tructures of 
amino acids and simple peptides are of fundamenta l  
impor tance  in arr iving at  the configurations of poly- 
peptide chains in prote in  molecu]es. Such determina- 
t ions yield informat ion  concerning the dimensions of 

* C o n t r i b u t i o n  No .  2149  f r o m  t h e  G a t e s  a n d  C r e l l i n  L a b o -  
r a t o r i e s  of  C h e m i s t r y .  T h e  w o r k  d e s c r i b e d  in  t h i s  a r t i c l e  w a s  
c a r r i e d  o u t  u n d e r  a c o n t r a c t  ( N o n r - 2 2 0 ( 0 5 ) )  b e t w e e n  t h e  Of f ice  
of  N a v a l  R e s e a r c h  a n d  t h e  C a l i f o r n i a  I n s t i t u t e  of T e c h n o l o g y .  

the various components  of the polypept ide  chain, the 
methods of packing of the side chains, and  the role of 
hydrogen bonding in determining the spat ial  arrange- 
ments  of the chains. The confidence which can be 
placed in predictions of these various s t ruc tura l  
features of a p ro t e in - - and ,  hence, the  confidence with 
which the s t ructure of a protein as a whole can be 
p red ic ted- -depends  direct ly on both  the number  and 
the accuracy of the experimental  results derived from 
the simpler compounds. 

The amino acid proline is an impor t an t  const i tuent  

A C l l  2 


