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Fig. 1. Plot  of SA4, SBB and SAB against W=d~/dB for 
Laves phases of the C14 type with zirconium as the 'A' 
component.  
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Raynor. Aluminium appears to fit very well into this 
scheme and since chemically aluminium differs con- 
siderably from all other metals in this set, the im- 
portance of geometrical factors in the formation of the 
C14 phase seem to be over-riding. 
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Trans i t ion  E l e m e n t - - R a r e  Earth C o m p o u n d s  wi th  the CusCa Structure  
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A number of new BoA compounds, with A a rare earth or yttrium and B a transition element, Co, 
Ni, or Cu, having the CusCa structure, have been prepared. In most of the compounds, the inter- 
atomic distances are normal. However, Co appears to have a valence substantially greater than 
three. Also, in CosPr , Pr appears to have a valence slightly greater than three. 

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

In the course of a continuing study of the magnetic 
and structural properties of intermetalhc compounds 
between rare earth and transition metals, a number of 
new compounds with the CusCa structure have been 
made. Some of the results of magnetic measurements 
have already been reported by Nesbitt et al. (1959). 
I t  is the purpose of this paper to report on the crystallo- 
graphic investigations of these new compounds. 

E x p e r i m e n t a l  

Stoichiometric amounts of the constituents were 
melted by induction heating in fused A1203 or quartz 

crucibles in an argon atmosphere.* The compounds 
appear to melt congruently as they form readily from 
the melt. 

X-ray powder photographs were taken with Cr K s  
radiation and a Straumanis tsTe Norelco camera 
(114.6 mm. diameter). Observed and calculated inter- 
planar spacings are shown in Table 1. 

These compounds, BsA, belong to space group 
P6/mmm(D~h ) with A in (a): 0 ,0 ,0 ,  2Bz in (c)" 
_+ (½, 2~, 0), and 3B~ in (g): ½,0,½, 0,½,½, ½,½,½. 

* All of the rare earth elements, except Pr  (99-9 + %), and 
Y were of 9 9 + %  purity. Co and Ni 9 9 . 9 + % ;  Cu 99.999%. 
The Nd was kindly supplied to us by Dr F. H. Spedding. 
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Because  t h e  in tens i t i es  of t h e  ref lec t ions  on  t h e  
p o w d e r  p h o t o g r a p h s  of t he  d i f fe ren t  c o m p o u n d s  are  
s imilar*,  r e l a t ive  in tens i t i es  were  c o m p u t e d  on ly  for  
N i sEr  (Table  1) for Cr Kc¢ r ad ia t ion .  Also, p o w d e r  
in tens i t ies  of Ni~Er  were  m e a s u r e d  w i t h  a Nore lco  
d i l f r a c t o m e t e r  us ing  Cu Kc~ r ad ia t ion .  I n  t he  calcula-  
t i on  of in tens i t ies ,  t h e  a t o m i c  s ca t t e r i ng  fac tors  of 
T h o m a s  & U m e d a  (1957) were  used.  These  were  cor- 
r e c t e d  for d ispers ion  us ing  the  va lues  g iven  by  Temple -  
t o n  & D a u b e n  (1950). 

A l t h o u g h  t h e r e  are  some d isc repanc ies  b e t w e e n  t h e  
ca l cu la t ed  a n d  obse rved  in tens i t i es  (Table 2) for NisEr ,  
t h e r e  is l i t t le  d o u b t  t h a t  t he  m o s t  p r o b a b l e  s t r u c t u r e  
is t h a t  g iven ;  t h e  d i sc repanc ies  m a y  be  caused,  to  a 
la rge  e x t e n t ,  by  p r e f e r r ed  o r i en ta t ion .  F u r t h e r  corro-  

Tab le  2. Calcu la t ed  a n d  observed i n t e n s i t i e s  f o r  
N i s E r  

Cu Ka radiation 

hb'l 1 o ! c hk'l  Io Ic 
10-0 0"26 0"35 10-3 0-62 0"51 
00"1 0"85 0"99 21"2 N.O. 0"08 
10-1 5-80 7-31 22"0 1-68 1"74 
11"0 3"34 4"29 31"0 N.O. 0"03 
20"0 4"09 4"48 22"1 
11"1 1 0 " 0 0  12"65 11"3 ) 1"89 1"72 
00"2 3"44 3"36 30"2 0"70 0"69 
20"1 0"70 0.50 31.1 
10 .2  N.O.* 0.11 20.3 ) 0.73 0"76 
21.0 N.O. 0-08 40.0 0.49 0-44 
11.2 1"99 1"90 22.2 2.20 2"22 
21.1 1"74 1-77 40-1 
20.2 2-64 2.43 21.3 ! 0-78 0.62 
30.0 0.65 0.68 30.3 
30-1 ] 10.4 ) 1.17 1-15 

2.66 2.63 00"3 f 
* N.O.--Not observed. 

Table 3. Crystallographic data for the BsA 
c o m p o u n d s *  

Calculated 
Volume density 

a o (h)  c o (A) Cola o (A) a g.cm. -a 

Cosy 4.928 3.992 0.810 83.96 7.58 
CoaCe 4.922 4.026 0-818 84-46 8-54 
C%Pr 5.01 3-99 0.796 86-73 8.34 
C%Nd 5.026 3.975 0.791 86.96 8.38 
C%Gd 4.974 3.973 0.799 85.12 8.80 
C%Dy 4.926 3-988 0.810 83.80 9.05 
C%Er 4.885 4-002 0-819 82.70 9-27 
NisY 4.88 3.97 0.814 81.87 7.75 
NisLa 5.0].3 3.984 0.795 86-70 8.28 
NisCo 4.875 4-010 0.823 82.53 8.72 
NisPr 4.958 3-980 0.803 84.73 8.51 
Ni~Nd 4.948 3.977 0.804 84-32 8-61 
Ni~Gd 4.899 3.973 0.811 82.58 9.05 
NiaDy 4.869 3-969 0-815 81-49 9.29 
NisEr 4.856 3.966 0.817 80.99 9.44 
CusY 4.984 4-117 0.826 88.56 7.62 
CusNd 5-104 4.107 0.805 92.65 8.27 
Cu.sGd 5.018 4-117 0.820 89.78 8.77 

* All lattice constants are within +0.005 /~ except for 
C%Pr and NisY (+ 0.01 /~). 

* The effects of dispersion are, however, observable. 
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Table 4. Interatomic distances in the BsA compounds 

BI-A CZT(12) distances 
BII-BII BH-BI BI-BI Bj I-A Average BII-B from B elements 

B A (A) (A) (A) (A) (A) (A) 
Co Y 2.46 2.45 2.85 3-17 

Ce 2.46 2-46 2.84 3.18 
Pr 2.51 2.46 2.89 3.20 
Iqd 2.51 2.46 2-90 3.20 ~ + 0.05 
Gd 2.49 2.45 2.87 3.18 2.46 t --0.02 2.51 
Dy 2.46 2-45 2.84 3.17 
Er 2-44 2.45 2.82 3.11 

Ni Y 2.44 2.43 2.82 3.15 
La 2.51 2.46 2.89 3.20 
Ce 2.44 2.45 2.81 3.11 
Pr 2.48 2.45 2"86 3.18 [ +0"06 
Nd 2-47 2.45 2.86 3.17 2.45 ~ 2.49 -- 0.02 
Gd 2.45 2-44 2.83 3.15 
Dy 2.43 2.43 2.81 3.14 
Er 2"43 2.43 2.80 3.13 

Cu Y 2.49 2.51 2.88 3.23 
Nd 2.55 2.53 2.95 3.28 2.52 + 0-03 2.56 
Gd 2.51 2.52 2-90 3.25 

borat ion was obtained from oscillation and precession 
pho tography  of a single crystal  chip of l~isEr. 

Crystal lographic da ta  for the  BsA compounds are 
listed in Table 3. Five of these compounds have  been 
repor ted by  other  authors.  The latt ice constants  
(Table 3) of NisGd, NisCe, and  I~isPr are in reasonably  
good agreement  wi th  those repor ted by  End tne r  & 
K l e m m  (1943), Nowotny  (1942), and Vogel & Frilling 
(1947) respectively. Those of NisLa differ significantly 
f rom the values, a=4 .962 ,  c=4-008 J~, obtained by  
Nowotny  (1942); those of CosCe differ significantly 
f rom the values, a=4 .955 ,  c=4 .055  A, repor ted  by  
Heumann  (1948). 

Discuss ion  

The interatomic distances in the  CusCa-type com- 
pounds are given in Table 4. The average nearest  
neighbor,  Bn-BI, distances, approx imate ly  CN(10), 
compare favorab ly  with CN(12) distances (Table 4) 
obtained f rom elemental  Co, Ni, and  Cu. The A - B  
distances are also indicative of metal l ic- type bonding. 

For  compounds having the  same B atom,  the  varia-  
t ion in co is ve ry  small;  i.e., the  change in A a tom 
(Ce excluded*) causes a significant change only in the  
size of the  a-axis (Table 3). Examina t ion  of the 
s t ructure  leads to the  conclusion t h a t  the  A a toms do 

not  in terac t  a t  all in tile co axis direction; the ar- 
rangement of B a toms need only be modified in the  
basal  planes to accommodate  a toms A of different size. 

The var iat ions of the  volume of the  uni t  cells with 
atomic number  of the  rare  ear th  a tom are shown in 
Fig. 1. I t  is seen f rom this plot (see also Table 3) t h a t  
the  Ce a tom in these compounds has a smaller size t han  
would be expected if it  were acting t r ivalent ly.  A 
somewhat  similar s i tuat ion has been observed in 

* As shown later in this series of compounds, Ce behaves 
differently from the other rare earths. 

Ce-Th alloys by  Weiner,  F ree th  & R a y n o r  (1957) who 
suggested t ha t  Ce 4+ ions are created on adding Ce to 
Th by  loss of the 4f  electron to the  conduction band.  
Support  for these conclusions were obtained by  Bates  
& l~ewmann (1958) who proposed t h a t  the  Ce ions are 
resonating between Ce 3+ and Ce 4+ states,  and t h a t  on 
the  average a proport ion of the  Ce atoms m a y  be 
considered to have  no 4f  electrons. 
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Fig. 1. The variation of cell volume with atomic 
number of the rare earth element. 

I t  is known t h a t  P r  forms a number  of complex 
oxides indicating t h a t  P r  also has  more t h a n  one 
stable valence state.  I t  appears  t h a t  a t  least  in CosPr 
(Fig. 1), the  4 f  electrons in Pr  m a y  spend pa r t  of their  
t ime in orbitals outside the  4f  shell, and  t h a t  on the  
average,  the  P r  ion in this compound has less t h a n  
two 4f  electrons. 

Fu r the r  investigations of the  magnet ic  propert ies 
of these compounds will be described later.  I t  is hoped 
also to obtain  some single crystals of some of these 
suitable for neut ron diffraction studies. 
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Die Bestimmun~, ~enauer Schweratomparameter in isomorphen 
azentrischen Kristallen 
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The determination of accurate heavy atom parameters in acentric crystals is discussed in this paper. 
(A) There are two possibilities for the determination of coordinates using all measured intensities: 

(1) Correlation functions. The correlation functions are modulated by the structure of the crystal, 
thus disturbing the determination of the heavy atom coordinates. The influence of the crystal struc- 
ture is discussed using convolution principles for the following correlation functions constructed 
with the observed structure factors 2' of the protein, 2"1 of its heavy atom derivative, and f l  of the 
heavy atoms only: 

C-function (coefficients A1A~; A 1 = {IF1[ 2-[F12}) , 
C-function (coefficients A1A~; A 1 = {IFll 2 -  IFI 2-f~}/2fl ) , 
C"-function (coefficients fl~2; ~1 = A1/IFI) , 
C'"-funetion (coefficients W1W2; W 1 = {12,112-1FI2-f~} . 

I t  is shown that  pseudocentres of symmetry particulary disturb the determination. The calculation 
of the composing convolution structures in a special case (myoglobin) suggests that  the structure of 
protein crystals is quite suitable for the use of correlation functions. An error theory, based on the 
Gaussian error distribution law, is given. Examples of the correlation functions (in the case of 
myoglobin) have been calculated. 

(2) In  the special case of one heavy atom in the asymmetric unit  a determination of the heavy 
atom parameters with a simultaneous elimination of the influence of the crystal structure is in 
principle possible. 

(B) In case preliminary coordinates of the heavy atom parameters and of the phases of the acentric 
crystal have been determined, modified refinement methods are possible (namely difference Fourier 
synthesis and least-squares refinement of the heavy atom parameters). 

Die erste, nach der Methode des mul t ip len  isomorphen 
Ersatzes berechnete azentrische Pro jek t ion  eines azen- 
tr ischen Kristal les (H~moglobin) wurde yon Blow 
(1957) bes t immt;  vor kurzem gelang es Kendrew 
(1958) eine dreidimensionale Fouriersynthese eines 
Eiweisskristalles (Myoglobin) mi t  einer AuflSsung yon  

* Gast aus dem Physikal. chem. Institut der T. It. Miinchen, 
Miinchen, Deutschland. 

6 A zu rechnen, welche die Anordnung der Peptid-  
ke t t en  und  den 0 r t  der H~mingruppe zeigte. 

E a c h  der Theorie des mul t ip len isomorphen Er- 
satzes miissen zun~ichst die Schwera tomparameter  
bes t immt  werden, wobei es nStig ist, diese Pa ramete r  
auf irgend einen P u n k t  im nicht  zent rosymmetr ischen 
Prote ingi t te r  zu beziehen. Im Falle der erw~ihnten 
Myoglobins t ruktur  (Raumgruppe P2~) ist eine Schrau- 
benachse ent lang b ausgebildet,  in welche man  aus 


