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The Crystal Structure of Ce~Ni~* 
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The structure determination of C%Ni~ is described. The unit cell is hexagonal, probable space group 
_P63/mmc, with a=4.98___0.02, c=24.52__+0.08 A, and contains four formula units. The structure 
consists of double layers of the CeNi 5 structure (CaCu 5 type) alternating with double layers of the 
CeNi 2 structure (Cu2Mg type). Relationships between this structure, the CeNi~, and PttNi 3 structures, 
the fundamental MX 5 structure and the three Laves or Friauf phases are discussed in detail. 

Introduction 

Vogel (1947), in a study of the cerium-nickel phase 
diagram, reported the six compounds Ce3Ni, CeNi, 
CeNi2, CeNi3 (?), CeNi4 (?) and CeNis. The exact com- 
positions of the compounds listed as CeNi3 and CeNi4 
were uncertain. The crystal structures of CeNi~ and 
PuNi8 were recently reported by Cromer & Olsen (1959) 
so that  the uncertainty with regard to the composition 
CeNi8 no longer exists. In  that  paper it was noted 
that  an unknown compound was found in the spec- 
imen from which the CeNi3 crystals had been obtained. 
This unknown compound has now been identified as 
CegNiT. Unless there are more than  six compounds in 
the cerium-nickel system, the compound for which 
Vogel (1947) suggested the composition CeNi4 is, in 
reality, CegNiT. 

Experimental  

The method of preparation of the cerium-nickel alloy 
has already been given by Cromer & Olsen (1959). 
About twenty fragments from this alloy were ex- 
amined by X-rays. Only one single crystal of Ce2Ni7 
was found, the other fragments being single crystals 
of CeNis, or multiple, unidentified crystals. The unit 
cell of CegNi7 is hexagonal with a=4.98_+0.02 and 
c = 24.52 ± 0.08 A, as determined from precession pho- 
tographs (Mo K a  2=0-7107 A). The classes of reflec- 
tion 001 and hhl were observed to be absent with 1 odd. 
Also, hid reflections where h - k  = 3n were absent with 
1 odd. These extinctions are characteristic of space 
group P63/mmc or the non-centric P-62c. 

For intensity measurements a series of t imed Weis- 
senberg photographs of the hO1 layer was made with 
Mo Kc¢ radiation. The crystal had the approximate 
dimensions 0.070 x 0.025 × 0.010 mm., and the longest 
dimension made an angle of about 15 ° with the rota- 
tion axis. Intensities were estimated by visual com- 
parison with a series of spots of known relative in- 
tensity made by reflections from the same crystal. 
Intensities were recorded to sin 0/2=1.223. Within 
this range, 189 reflections out of a possible 503 were 

* W o r k  p e r f o r m e d  u n d e r  t he  ausp ices  of t he  A t o m i c  E n e r g y  
C o m m i s s i o n .  

observed to be greater than zero. The calculated 
density with four formula units per unit  cell is 8.55 
g . c m . - - 3 .  

Determination of the structure 

Having only one small crystal to work with, and not 
knowing its exact chemical composition or density, 
the authors bad to base their speculation as to the 
identi ty of the compound on volume considerations 
and the hO1 Patterson projection. The cerium and nickel 
atomic volumes were derived from CeNi2 and CeNis, 
and are 22.6 and 12.0 /~3, respectively. The unit-cell 
volume observed for the new compound is 524 _~3. 
The volume calculated for 9 CeNi3 is 527 A s. (This 
unit  cell has essentially the same size as that  of the 
non-primitive hexagonal cell of PuNi3 containing nine 
formula units.) The compound could hardly be a poly- 
morphic form of CeNi3 since it had been found in the 
same alloy in which CeNi3 had been found. No integral 
number of CeNi4 formula units agrees with the ob- 
served cell volume. I t  was therefore necessary to 
consider other compositions. The most likely unit  cell 
content seemed to be 4 Ce2Ni7 having a calculated 
volume of 517 _~3. This unit  cell would also contain 
even numbers of each kind of atom, which is a re- 
quirement of the space groups indicated by the 
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Fig .  1. F o u r i e r  p r o j e c t i o n  of C e ~ i  7 on  a p l ane  n o r m a l  to  t he  
b axis.  T h e  d a s h e d  c o n t o u r  is a t  ~ = 0. T h e  c o n t o u r  i n t e r v a l  
is 20 e.A-~. 
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Table 1. Final parameters of Co,NiT from 
the least-squares refinement 

A t o m  x z ~ x 1016 era. ~ 

:Ni~ 0 0 0.50 _+ 0.21 
N i  2 0 0"1670--+0"0004 0"64--+0"16 
~--Ni 3 ~ 0.8334 _+ 0-0004 0.60 -+ 0" 14 
:Ni 4 0-8351 -+ 0-0018 ¼ 0.41 _+ 0.08 
~i~ 0"8338 _+ 0.0014 0.0854 -+ 0.0002 0-67 -+ 0"07 
Co I ~} 0.0302 _+ 0.0002 0.62 _+ 0.07 
Co2 k 0.1747 -+ 0.0002 0.61 _+ 0.06 

sys temat ic  extinctions.  The CeNi3 s t ructure  had  been 
~oaad to consist of a l ternat ing single layers of CeNi~ 
~nd double layers of CeNi2. I f  another  layer  of CeNi~ 
were to be inserted in the  CeNi3 s tructure,  so t h a t  
double layers of CeNi5 a l te rna ted  with double layers of 
CeNi2, the  composition Ce~Niv would be a t ta ined.  
These two ext ra  layers in the unit  cell would add about  
8 .~ to the c axis of CeNia making  c for the postula ted 
Ce~Ni~ about  24.5 A, in agreement  with the observed 
value. A s t ructure  of this na ture  was found to be both 

qual i ta t ively and quant i ta t ive ly  in agreement  with the  
hO1 Pa t t e r son  projection. 

This trial  s t ructure  had  a toms in the  following 
positions of space group P63/mmc: 

2~Tiz in a :  0 , 0 , 0 ;  0 , 0 , ½  

4:Nie in e" 0 ,0 ,  z, etc., z ~ 

4 Ni3 in f :  ~ e ~ ,  ~ ,  Z ,  ore, Z ~ ~6 

6Ni4 in h" x, 2x, ¼, e t c . , x ~  

12 Ni~ in /c" x, 2x, z, etc., x ~ ~, z ~ 

4Ce~ in f :  1 ~, ~-, z, etc., z ~ 0.03 

4 C o ~  i n  f :  ~_ 2 s, ~-, z, etc., z ~ 

The trial s t ructure  was refined by  the  least-squares 
method.  Seven position p~rameters ,  seven isotropic 
t empera ture  factors and the scale factor  were simul- 
taneously refined. The complete 15 × 15 ma t r ix  was 
solved for pa ramete r  shifts and inverted for s t andard  
deviat ion calculations. Cerium form factors were t aken  

Table 2. Calculated and observed structure factors for Ce.~Ni 7 

The column headings are h, l, Fo and Fc. The minus sigz~ for an Fo should be interpreted ~s 'less than'. 

0 2 0 1~ 
0 4 0 2~ 
0 6 86 86 
0 8 188-162 
0 10 70 -7~ 
0 12 521 562 

14 335-34~ 
16 158-158 

o 18 154-157 
o 20 185-200 
0 22 -28  11 
0 24 352 326 
0 26 124-133 
o 28 71 77 

30 -34  11 
32 52 34 

o 34 150 143 
0 36 255 217 
0 38 59 -54  
o 40 53 43 
o 42 55 - 6 7  
0 44 -45 -15  
0 46 -46  16 
0 48 -46 43 
o 50 74 -78 
0 52 -45 -16 
o 54 45 -66 
o 5 6 - 4 3  19 
0 58 -41  21 
0 60 55 52 
1 0 30 -32 
1 1 27 -35 
1 2 14 -14  
1 3 25 -26  
1 4 20 -17  
1 5 16 -11 
1 6 108-108 
I 7 322-323 
I 8 104 91 

9 1 1 9 - 1 1 6  
10 55 53 

1 11 20~-168 
1 12 1 2 0  115 
1 13 8 5 - 9 1  

14 135 141 
15 71 74 

1 16 60 62 
I 17 25 27 
I 18 32 3~ 
1 19 4 6 - 6 2  
1 20 107 121 
1 21 127 137 

22 - 2 8  1 6  
23 - 2 9  11 

1 24 62 66 
1 25 87 97  
1 2 6 - 3 1  36 
I 27  145 160 
I 28 48 -49  
1 2 9  -34 15 
1 30 36 -27  
1 31 -36  -20  

If Fo = O, the reflection was obscured by the beam trap 

3 2 - 3 6  5~ 
33 66 

1 34 62 -53  
1 35 98 -93 
1 36 50 26 
1 37 -41 -0  

39 -42  
1 40 -43 -2~ 

41 89 -88 
42 -44 221 

1 43 -44 -45 
1 44 -45  30 
1 45 -45  - 3  
1 4 6 - 4 6  5 

47 81 -70 
48 47 60 

1 49 - 4 6  39 
1 5 0 - 4 6  17 
1 51 -46 25 

157 +5 1; 
53 -45 

1 54-44 27 
1 55 - 4 3  28 
1 5 6 - 4 2  lO 
1 5 7 - 4 1  26 
1 5 8 - 4 0  -2 
1 5 9 - 3 9  -11 
1 60 - 3 7  24 
2 0 265-265 
2 1 324 303 
2 2 20 -6  
2 3 147 154 
2 4 - 1 9  - 9  
2 5 290 256 
2 6 147 131 
2 7 -20 7 
2 8 62 63 
2 9 -21 -14  
2 10 32 34! 

11 57 -51 
12 80 -89  

2 13 3~? ~19 
2 14 143 146 
2 15 26 24 
2 16 68 70 
2 17 122 122 
2 18 159 181 
2 19 144-144 
2 20 78 87 
2 21 165-193 
2 22 - 3 0  - 0  
2 23 110-118 
2 24 46 - 5 7  
2 25 70 76 
2 26 59 59 
2 27 89-103 
2 28 36 -32 
2 29 57 63 
2 30 64 65 
2 31 120-117 
2 32 - 3 8  -17  
2_ 33 7 4  - 8 4  

2 34 57 -62 
2 35 -40  32 
2 3 6 - 4 1  -46 
2 37 112 111 
2 38 -42  2~ 
2 39 - 43  1~ 

40 -43  -1~ 
41 123 12~ 

2 42 91 7~ 
2 43  -45  -4S 

45  -46 - 
2 46 -46 -? 
2 47 -46  381 

48 - 4 6  15 
2 49 -46 38 
2 50-46 37 
2 51 -45 -18  
2 52 -45  11 
2 53 -44 36 
2 54 70 59 

55 92 -88 
? 5 6 - 4 1  - 9  
2 5 7 - 4 0  -27 
2 58 - 39  - 6  

59 -38  - 
0 333 32~ 
1 -23  

; 2 2 4  1+' 
3 3 - 2 4  -2  
3 4 25 26 
3 65 - 2 4  
3 421 40~ 
3 7 - 2 5  -5  
3 8 142-127 

-25  -702 ~ 1 ; 6 6  
3 11 -26  - 4  
3 12 73 71 
3 13 - 2 7  4 
3 14 703-215 
3 15 -28  -2  
3 1~ 79 '-89 
~ 1 , - 2 9  ; 

18 12o  13 
3 19-31 -~ 
3 ~0 199-19o 

21 -32  
3 22 34 -1  
3 23 -33 -3  
3 24 49 5~ 

25 - 3 5  3 
26 63 -64 

; 2, 3 6  ;~ 
?8 84 

3 29 - 3 8  
3 30 157 172 
3 31 -39  - 3  
3 32 - 4 0  -17  
3 3 3  -40  1 
3 34 94 99 
3 35 -42  - 2  
3 36 53 58 

37 -43  
38 -43  - 

3 39 -44  - I I  

41 -45  
3 42 -45 43 
3 43 -46  - 2  
3 44  - 4 6  - 54  
3 45  - 4 6  1 
3 46 -46  - 1  
3 47 - 46  -1 
3 48  - 4 6  - 4 1  
3 49  -45  2 
3 50 -45  -30  
3 51 - 4 4  -1  
3 52 - 4 4  - 2  
3 53 -43  1 
3 5 4 - 4 2  4 
3 55 -41 - 1  
3 56 -40 - 1 7  
3 57 -38  1 
4 0 173-166 
4 1 192-189 
4 2 -28  - 3  
4 3 83 - 9 2  
4 4 - 2 9  -8 
4 5 171-158 
4 6 73 77 
4 7 - 2 9  - 1 3  
4 8 43 41 
4 9 - 3 0  4 
4 10 31 25 
4 11 31 33 
4 12 50 - 5 9  
4 13 227-222 
4 14 92 105 i 

15 - 3 6  - 1 2  
4 16 47 5O 
4 17 80 -86 
4 18 69 130 
4 19 111 102 
4 20 62 67 

~1 1~o 14~ 
~ 22-36 ~ 

23 79 9 
4 2 4  47 -43 
4 25 61 -58 

26 39 47 
27 63 84 

4 28 - 3 9  -27 
4 29 58 i 5 0  
4 30 ~'2 51 
4 31 99 93 

32 -42  -14  
33 75 66 

4 34 44 -49  
4 35 -44  -25  
4 36 45 -38 
4 37 79 -92 
4 38 -45  21 
4 39 -45  -11 
4 40  -46 -14  
4 41 94-104 

~? - 4 6  64 
43 - 4 6  43 

4 44 --46 5 
4 4 5  - -46  7 
+ 46 -46 -~ 

47  -45  - 3  
4 4~ - 4 5  12 
4 49 - 4 4  -33 
4 50 - 4 4  32 
4 51 -43  15 
4 52 -42  9 
4 53 -41 - 3  2 
4 54 -40  51 
4 55 - 3 8  77 
5 0 - 3 3  -28 
5 1 34 18 
5 2 -33 -3 
; ,+-33 16, 

--33 --I0 
5 5 -33 1 
5 6 35 -44  
5 7 144  157 

8 35 40 
9 43 51 

5 1 0 - 3 5  27 
5 11 80 81 
5 12 36 46 
5 13 58 50 
5 14 74 78 
5 15 37 - 3 6  
5 16 38 3?  
5 1 7 - 3 7  - 1 9  
5 18 -38  24 
5 19 39 39 
5 20 68 69 
5 21 98 -86 

22 -39 11 
5 23 -4O -7 

24 41 34 
5 25  42 - 60  
5 26 42 25 
5 27 91 - 9 9  
5 28 =~Z -~3 

29 -43 -12 
30 -43 - 1 4  

5 31 -44 15 
5 32 - 4 4  4 
5 33 - 4 5  - 3 7  

34 - 45  -33 
5 35 -45  64 
5 36  - 4 6  15 
5 37 - 4 6  -3 
5 3a  - 4 6  2 

40 -46  - 
5 41 47 59 i 
5 42 - 4 6  18 
5 43 -46  33 
5 44 -45  20 
5 45 - 4 5  1 
5 46 - 4 4  5 
5 4 7  -6.4 51 
5 48 -45  41. 

5 4~ -42  -30  
5 50 -41 13 
5 51 - 4 0 - 1 7  
5 52 - 3 9  3 
5 53 -38  10 
6 o 348 341 
6 1 -38 -0 

- 3 8  0 
6 4 - 3 8  17 

39 30 

6 7 -38  
8 56 -50  

6 9 - 3 9  - 0  
6 10 40  --32 
6 11 - 3 9  

12 203 19 o 
6 13 - 4 0  0 
6 l a  1 4 8 - 1 4 4  
6 15 -41 o 
6 16 59 -60  
6 17 --41 -o 

18 79 -67 
6 19 -42  o 

2O 101 -91 
6 21 -42  - o  
6 22 -43 1 
6 23 143 

24 148 1;°! 
6 25 - 4 4  0 
6 26 55 - 6 9  
6 2 7  - 4 5  O I 
6 ZR 46 45 
6 29 -45  -o 
6 ~0 -45  4 
6 .~1 -z+6 o + ~2-46 _% 

33 -46  
6 34 74 76 
6 35 -46  0 
6 36 141 1~7 
6 37 -46 '0 
6 38 -46 -34 

39 - 4 5  70 
6 40 --45 2 
6 41 -45  0 
6 4~ -44  -41 
6 43 -44 o 
6 44 - 4 3  - 5  
6 45 -*2 -0 
6 46 -41  8 

47 -40 0 
6 48 -39 3? 
6 49 -38 0 
7 0 -42  -11 
7 1 --42 --17 
7 ~ - 42  - 7  

- 42  - 

44 --37 
7 7 112 - 94  

7 8 -43 31 

~ ,o  + -4, -++ 
- 43  13 

7 11 -43  -49  
7 12 - 44  37 
7 13 45 -36 
7 I4--44 46 
7 1 ~ - 4 4  24 
7 1 6 - 4 4  26 

17 -44  
7 18 - 4 5  9 
7 1 9 - 4 5  -23 

20 - 4 5  51 
7 21 -45 56 
7 22 -45  4 
7 23 -46 6 
7 24 -46 30 

25 -46 39 
26 -46  13 

7 27 47 68 
;?8 -46  -18 
2o -46  6 

7 30 -46 - 1 5  
7 31 -46  - 8 
7 3?  - 46  8 
7 33 -45  25 
7 34 -45  -25  
7 35 -45 -44 
7 36 - 44  17 
7 37 - 4 4  1 
7 38 -43  -2 
7 39 -43 3 

40  -42  - 1 1  
1 -41  -43  

7 4 ?  - 4 1  9 
7 /*3 - 4 0  -22  
7 t,4 ..~9 18 
7 45 -38  - 1  
8 0 66 -6  6 

-45  
8 3 47 31 
8 4 - 4 6  -5 
8 5 66 64 
8 6 -46  30 
8 7 47 6 
8 8 - 4 6  16 
8 9 - 4 6  4 
8 lO - 46  13 
8 11 -46  - I 5  
8 12 -46  -25  
8 13 137 95 
8 1 4 - 4 6  48 
8 15 - 4 6  1 
8 16 - 4 6  2 o 
8 17-46 40 
8 18 -46 58 
8 19 - 4 6  -48 
8 20 - 46  28 
8 21 47 -61 
8 22 -46  3 

23 -46  ...44 
8 24 -46  -21 

25 -45  3¢ 
26 -45  2 I. 

8 77  - 4 5  - 4 1  
8 ?8 - 4 5  - I ~  
8 ?q - 4 4  2F 
8 3 0 - 4 4  2~ 
8 31 - 4 3  -5C 

33 -42  -2  
8 3~, - 4 2  - 2 ]  
p , 5 - + 1  

36 -40 -2  
8 37-40 4~ 
8 3R -39 23 

99 8C 

- 4 6  ~ 
9 3 -46 -2 
9 ~ -46 
9 5 -~6  L 
9 6 93 10 
9 "7 -45  -~ 
9 8 -45  -3~ 
9 9 -45 , * 
9 l o - 4 5  - l ~  
9 ! 1 -45  -t 
9 12 -45  ]¢ 
9 13 -~5  
9 14 79 -53 
9 15 -45 -7 
9 16 -&4 -26 

17 -44 41 
i 

9 18 -44 42! 
9 19 - 4 4  - 4  ~ 

21 --43 
9 22 -43 --3 
9 23 -42 -3 
9 24 -42  I7l 
9 25 -42 
9 26 -41 - 1 8  
? 27 -41 - ;  
9 28 - 4 0  2~ 
9 29 - 3 9  "~ 

30 39 62 
9 3 ! - 38  -~ 

10 0 52 -4c 
10 '1 43 -48 
lO 2 -42 
I0 3 -42 -I"7 
lO 4 - 4 1  - '  
lO 5 - 4 1  -4' 
10 - 4 1  20 
lO 76 -41 
lO 9 -~1 -4 
lO 9 -41 - 4  
l o  1 o - 4 1  l o  
lO 11 -40 12 
10 12 -46  -16  
10 13 41 -59 
lO 14-40 30 
lO 15 - 3 9  1 
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from the Internationale Tabellen zur Bestimmung von 
Kristallstrulcturen (1935) and, for nickel, the  form 
factor of Viervoll & ~gr im (1949) was used. All obser- 
vat ions were weighted equal ly  and  non-observed re- 
flections were omitted.  The f inal  results are given in 
Table 1. The calculated and observed structure factors, 
for which R= 9.87 %, are listed in Table 2. A Fourier  
projection of the structure is shown in Fig. 1. 

Discuss ion  of the s tructures  of Ce2Ni 7 
and related types 

In  the following discussion we will use the symbols  
M and X where M will represent  the element  which 
is present in lesser amount  and which is of larger 
atomic size. The M2X7 structure of which Ce2Ni7 is an 
example,  and the two kinds of MXa structure typif ied 
by  CeNia and PuNia (Cromer & Olsen, 1959), are 
combinat ions of MX~ structures of the MgCue type  
and  MX5 structures of the CaCu5 type. All of them 
m a y  be derived from ordered subst i tut ions of M 
atoms in the twofold X position of the MX5 structure 
followed by  appropriate  shifts of the layers and small 
movements  of adjacent  M atoms in the z direction. 

Fig. 2(a) shows several uni t  cells of the MX5 struc- 
ture in project ion on a plane normal  to the b axis. 
Fig. 2(b) shows a projection after an M atom has been 
subst i tu ted for an X atom at  the ~, e ~-, ~ 0 position in 
every th i rd  layer  of uni t  cells in the c direction. This 
operation has tr ipled the uni t  cell and there are now 
layers of atoms separated by  c/6. The layers at 
~=~,~, ~, ~ and  ~, in a l t ernate  u n i t  cells,  are n o w  
shifted by x = - ½ and y = ½, as indicated by  the arrows 
in Fig. 2(b). This operation doubles the uni t  cell and 
we now have a hexagonal  cell with the s y m m e t r y  of 
space group P6a/mmc with  the  same a as MX~ but  
with c six t imes tha t  of the original MX~ uni t  cell. 
The adjacent  M atoms are too close to each other and 
they  are now shifted in the z direction to their  f inal  
positions as shown in the MeX~ structure of Fig.2(c). 

The hexagonal  CeNia structure is derived as above 
except tha t  the original subst i tut ion of an M atom in 
the X position is made  in a l ternate  uni t  cells. The 
rhombohedra l  PuNia structure is derived in the same 
manner  as the hexagonal  CeNia but  a different se- 
quence of layer  shifts follows the substi tut ion.  Fig. 2(d) 
shows how the layers are shifted to produce the final 
rhombohedra l  cell shown in Fig. 2(e). 

A subst i tut ion of an  M atom in every fourth layer  
would give the composition M~Xza and a hexagonal  
cell with c ~ 32 A. A subst i tu t ion in every f if th layer  
would give the composition MX4 and a hexagonal  
cell with c ~ 40 A_. Layer  shifts to produce rhombo- 
hedral  cells with these compositions are also possible. 
M~X~a and MX4 structures of this na ture  have not  
been observed as yet, bu t  it is possible tha t  they  exist. 

The extreme case of subst i tu t ing an M atom in 
every uni t  cell is shown in Fig. 3(a). The types of 
shifts indicated by the three sets of arrows lead to the 
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O o  g°%o8 
Fig. 2. The larger circles represent  the  M a toms  and  the  

smal ler  ones the  X a toms.  An arrow point ing  upward  in- 
dicates a layer  sh i f t  of x---- -- t and  y---- ~. An arrow point ing 
downward  indicates a layer  shif t  of x----~ and  y = - - t . .  
A horizontal  line indicates t h a t  no layer  shif t  occurs. 
(a) The M X  5 s t ruc ture  in project ion on a plane normal  to 
the  b axis wi th  M a t  0, 0, 0, 2X a t  ~, ], 0 and  ~, ~, 0 and  
3X a t  ½, 0, ½; 0, ½, ½ and  ½, ½, ½. (b) An M a tom subs t i tu ted  
a t  the  J, ~, 0 posit ion in every  th i rd  un i t  cell wi th  layer  
shifts indicated t h a t  lead to the  hexagonal  M 2 X  ~ uni t  cell. 
(c) Final  M~X~ s t ruc ture  wi th  the  origin shif ted f rom an 
~£r a tom to an  X a tom.  (d) An  M a tom subs t i t u t ed  a t  
9, ] ,  0 in every  other  un i t  cell, wi th  layer  shifts indicated 
t h a t  lead to a rhombohedra l  M X  3 un i t  cell. (e) F ina l  
rhombohedra l  M X  3 uni t  cell wi th  the  origin shi f ted  f rom 
an M a tom to an X a tom.  

three kinds of Laves or Fr iauf  phases shown in Fig. 
3(b), (c), (d). 

The actual  Ce2Ni7 structure is a slight distortion of 
the ' ideal '  M2X~ of Fig. 2(c), because Ni2, Ni3 and Ce2 
are not  quite coplanar. The most  probable  space group 
is P6s/mmc. If  the Nia and/or  the 1Ni5 atoms are not  
in position where y =  2x, the s y m m e t r y  is reduced to 
P-62c. With in  the accuracy of our data,  the space group 
is the former and these nickel atoms are in the ideal 
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Fig. 3. (a) M X  s s t ruc ture  wi th  M subs t i t u t ed  a t  ], ½, 0 in 
eve ry  un i t  cell. The layer  shifts leading to the  three  different  
Laves  or F r i au f  phases  are indicated.  (b) The MgCu2-type 
Laves  or F r i au f  phase.  The non-pr imi t ive  hexagonal  cell is 
outl ined.  This s t ruc ture  is more  commonly  descr ibed as 
face-centered  cubic. (c) The MgNi2-type Laves  or Fr iauf  
phase.  (d) The MgZne- type  Laves  or Fr iauf  phase.  

p o s i t i o n s  of  P63/mmc w i t h  x=-~-. T h e  i n t e r a t o m i c  d i s -  

t a n c e s  a r e  s h o w n  i n  T a b l e  3. A l l  a r e  i n  g o o d  a g r e e m e n t  

w i t h  t h o s e  f o u n d  i n  CeNi2 ,  C e N i s  a n d  CeNis .  A d r a w i n g  

of  t h e  s t r u c t u r e  is  s h o w n  i n  F i g .  4. 

We are indebted  to Mr V. O. Struebing for prepara- 
t ion of the cer ium-nickel  alloy. 

Note added in proof:--PuNi s is isomorphous with 
NbBe a whose structure was recently reported by Sands, 
Zalkin & Krikorian (1959). 

O Nickel 

O Cerium 

Fig. 4. Drawing  of the  C%Ni~ s t ructure .  

T a b l e  3. Interatomic distances in C e 2 N b  

The s t anda rd  dev ia t ion  of all d is tances  is a b o u t  0.01 /~, 
p r imar i ly  because  of error in the  la t t ice  cons tan t s  

Num-  Dis- Num-  Dis- 
ber  t ance  ber  t ance  

Ce 1 to Ce 1 3 3-234/~ Ni  a to Ni 2 3 2-875 A 
C% 1 3-542 Ni  4 3 2-500 
Ni 1 3 2.969 Ni 5 3 2-458 
Ni 5 6 2.833 C% 3 2.882 
INi 5 3 3.178 

C% to 

Ni 1 to 

Ni 2 to 

Ce 1 1 3.542 Ni  4 to Ni~ 
C% 1 3.693 Ni 3 
Ni 2 3 2.881 Ni 4 
Ni a 3 2.882 C% 
~i4 6 3.100 
Ni 5 6 3.317 

Ce 1 6 2.969 Ni 5 to Ni 1 
Ni 5 6 2.539 Ni 2 

Ni a 
Ni  a 3 2-875 Ni  5 
Ni  4 3 2.491 Ce 1 
Ni 5 3 2.466 Ce 1 
C% 3 2.881 C% 

2 2-491 
2 2.500 
4 2-490 
4 3.100 

2.539 
2.466 
2-458 
2.490 
2.833 
3.178 
3.317 
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The Crystal Structure of ISbC18 and IA1C16 
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(Received 7 May 1959) 

ISbC1 s crystallizes in the space group P41, with four units ISbC1 s per cell. The coordinates of the 
Sb and I atoms were found from the [010] Patterson synthesis. Approximate coordinates of the 
chlorine atoms were obtained by the heavy-atom technique. The coordinates were refined by suc- 
cessive Fourier-syntheses of the [010] projection. The structure consists of IC1 + and SbCl~- ions, 
which are linked to chains by weak covalent bonds. 

IA1C16 crystallizes in the space group /)21 with two units IA1C16 per cell. The positions of the 
I atoms were found from Patterson syntheses of the main projections. The positions of the C1 atoms 
were again determined by the heavy-atom method. This structure consists of chains in which IC1 + 
and A1CI~- ions alternate. 

Introduction 

Some interhalogen compounds reaet with meta l  chlo- 
rides to give ionic addi t ion compounds. In  the more 
famil iar  type  of these compounds the interhalogen 
molecule is used in the format ion of a negat ive ion, 
e.g. ICI~, IBrCI-, ICI~-, BrF~,  etc. Emel6us and his 
coworkers have shown tha t  also complex positive ions 
(BrF +, IF~) can be derived from some of the inter- 
halogens. Electrochemical  experiments  indicate for 
instance the existence of BrF  + ions in BrSbFs (Woo]/ 
& Emel6us, 1949). 

We found tha t  IC13 reacts quite readi ly  with SbC15 
and  A1Cla to give the compounds ISbCls and  IA1C16 
respectively (Vonk, 1959). In  view of the analogy 
between the formulae of BrSbFs and ISbCls it seemed 
obvious to assume tha t  ISbCls is bui l t  up of IC1 + and 
SbC16- ions. Some electrochemical experiments,  in 
which POC18 and l iquid S02 were used as solvents, 
were under taken  to verify this assumption.  These 
experiments  however failed because ISbCls decom- 
poses in both solvents. I t  was therefore decided to 
determine the structures of both ISbCls and IA1C16 by  
X-ray  diffraction. 

ISbCls 

This compound is obtained as red needle-like crystals 
when a hot  solution of IC13 in SbC15 is allowed to cool 
to room temperature .  I t  is also formed when Ch gas 
is passed through a solution of IC1 in SbC15. 

ISbCls is rap id ly  a t tacked  by  moist  air, while on 

AC 12 

heat ing it  decomposes at about  60 °C. into SbC15, IC1 
and C12. During the X-ray  exposures the crystals were 
kept  in thin-wal led pyrex  tubes. 

The photographs showed tetragonal  symmet ry .  
Uni t  cell: 

a = b = 6 . 9 8 ± O . 0 3 ,  c=24.2-+0.1 J~. 

Reflections 001 absent  for 14:4n. Space group P41. 
Densi ty,  calculated from the unit-cell  volume, assum- 
ing 4 ISbCls units  per cell: 3.00 g.cm. -3. Observed 
densi ty  3.0(_+0.2) g.cm. -3. Crystal  hab i t :  Rap id ly  
grown crystals are needle-like along [001] and  show 
the forms {100}, {001} and {101}. Slowly grown crys- 
tals m a y  also show the  forms {102}, {103} and  {104}. 

Intensities 

The intensit ies of 68 reflections hkO and 161 reflec- 
tions hOl were obtained from integrated and non- 
in tegrated Weissenberg photographs t aken  with Zr- 
filtered Mo-radiation. 

The dimensions of the  crystal  used for the deter- 
ruination of the  intensit ies hO1 were: 0.06 (rotation 
axis) × 0.06 × 0.16 mm.  Because of the re la t ively  large 
dimensions of the  cross section perpendicular  to the  
rotat ion axis and the  re la t ively  large l inear absorpt ion 
coefficient # = 7 0  cm. -1, a correction for absorpt ion 
was applied. For the reflections hk0 the absorpt ion 
correction was neglected, since these reflections were 
obtained from a crystal  with a cross section of 
0.04 × 0-04 ram. 2 perpendicular  to the  rotat ion axis. 
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