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Fig, 3. Environnement de I'atome de thorium. 

exemple en position ~2~ entour6 de trois t&ra6dres ~ ,  
M o O  4 au niveau ]. Les atomes de thorium sont reli6s 
par un pont O - M o - O ,  r6p&6 par l'axe ternaire et la 
p6riode c du cristal. Ces colonnes [Th(MoO4)3]oo se 
placent parall~lement les unes aux autres suivant un 
assemblage hexagonal; on passe d'une colonne ft. l'autre 
par une translation ]]½ (Fig. 1). 

Entre ces colonnes se constitue un canal, centr6 par 
l'axe s6naire 63 dans lequel se logent les atomes de Cd 
(en 000 et 00~). Les oxyg~nes des t&rabdres MoO4 qui 
entourent le cadmium forment un octa~dre autour de 
celui-ci; ils se superposent les uns au-dessus des autres 
en mettant en commun une face. 

La structure confirme la morphologie du cristah des 
chaines periodiques de liaison peuvent &re suivies: 

- d'une part, parall61ement h raxe c, suivant les 
colonnes [Th(MoO4) a]oo d6finies ci-dessus; 

- d'autre part, parall~lement /l (110) suivant deux 
autres cha3nes qui partent du cadmium h l'origine (000 
et 00½) passant par un t6tra6dre MOO4, le thorium/12 ~x 
et un t&ra~dre MOO4, le tout se r~p&ant par l'axe 
binaire h~lico'idal pour aboutir aux atomes de Cd en 
010 et 01½; ces deux chaines d~finissent une face du 
type F suivant Hartman (1973) de notation (110). 

Les mesures diffractom&riques ont &6 effectu6es au 
Laboratoire de Chimie Structurale des mat&iaux de 
l'Universit6 de Paris VI. 
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Abstract. CesIra, P4/ncc, Z = 4, a = 11.267 (4), c = c = 7.626 (6) A; final R = 0.09 for 246 independent 
6.367 (3) A. This structure is of the PusRh a type. intensities. The structure is intermediate between 
CesIr 4, Pnma, Z = 4, a = 7.436 (5), b = 14.776 (7), SmsGe 4 and GdsSi 4 and is isotypic with PusRh 4. 
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Introduction. Structural data  on RsIr 3 compounds (R 
-~ La, Pr, Nd, Sm, Gd) have been published (Paccard,  
Le Roy & Moreau,  1979). At that time, CesIr 3 was also 
prepared, but the structure was not recognized from an 
examination of the powder diagram due to a large 
difference in the c/a ratio compared to PrsIr 3. We also 
include the lattice parameters of  CesIr 3 and those of 
PusRh 3 (Beznosikova, Chebotarev, Luk'yanov,  Cher- 
nyi & Smirnova, 1974) for comparison, as it appears 
(Cromer,  1979) that all these structures are isotypic. 

The crystal structure of CesRh 4 has been estab- 
lished by Raman  (1976). The author used film tech- 
niques for intensity measurements and due to poor 
experimental conditions 'the refined structure could be 
treated only as a first approximation'.  CesIr4 was 
recognized as being isotypic with CesRh4, but the 
relationship to the similar structures GdsSi 4 (Iglesias & 
Steinfink, 1972) and SmsGe 4 (Smith, Johnson & Tharp,  
1967) has not been deduced precisely. We report the 
results of our single-crystal X-ray investigation on 
Ceslr 4 and discuss the relationship between the struc- 
ture and other M s X  4 structures. 

The alloys were made from commercially available 
elements of high purity: Ce 99.9%, Ir 99.99%. Samples 
were prepared by conventional arc-melting techniques. 
Small crystals of CesIr 4 suitable for X-ray analysis 
were isolated by mechanical fragmentation from the 
crushed melt. Weissenberg photographs showed the 
crystal to have space group Pnma (systematic ab- 

Table 1. Comparison o f  the atomic parameters o f  
M 5 X 4 structures 

Space group Pnma. Similar axial ratios. E.s.d.'s are given in 
parentheses. 

Equipoint SmsGe4 a GdsSi4 b PusRh4 c CesIr4 d 
M(I) 4(c) x 0.2880 (8) 0.3560 (1) 0.3225 (1) 0.320 (2) 

z 0.9976 (8) 0.0113 (1) 0.01077 (9) 0.018 (1) 
M(2) 8(d) x 0.3795 (5) 0.3164 (1) 0.3424 (1) 0.341 (1) 

y 0.6157 (3) 0.6223 (0) 0.62196 (4) 0.6228 (4) 
z 0.1612(5) 0.1795 (1) 0-16361 (6) 0.1680(9) 

M(3) 8(d) x 0.9747 (5) 0.0289 (I) 0.0015 (1) 0.009 (1) 
y 0.3996 (3) 0.4028 (0) 0.40796 (4) 0.4089 (4) 
z 0.1781(5) 0.1827(1) 0.17796(6) 0.1783(9) 

X(I) d(c) x 0.176 (2) 0.241 (1) 0.1898 (3) 0.198 (1) 
z 0.367 (2) 0-375 (1) 0.3529 (2) 0.369 (1) 

X(2) 4(c) x 0.413 (2) 0.479 (1) 0.4602 (3) 0.456 (1) 
z 0.612 (2) 0.599 (1) 0.6114 (2) 0-620 (1) 

X(3) 8(d) x 0.221 (I) 0.1435 (6) 0.1845 (2) 0.1796 (9) 
y 0.5449 (6) 0.5395 (3) 0.5391 (1) 0.5392 (3) 
z 0.469 (I) 0.4716 (7) 0.4609 (1) 0.4583 (6) 

sences, Okl: k + l = 2n; hk0: h = 2n). Intensities were 
measured with Zr-filtered Mo Ka (2 = 0.71069 /k) 
radiation on a computer-controlled three-circle goni- 
ometer in the 8/28 scan mode. Intensities of  476 
independent reflexions, to a limit of sin 0/2 = 0 .50 A -l ,  
were measured and corrected for background,  Lorentz 
and polarization factors. 

Powdered samples of CesIr 4 and CesIr 3 were 
obtained after annealing at 1 173 K for 7 d. X-ray 
photographs from powdered samples were obtained on 
a Guinier camera with Cu Kit radiation (2 - 1.5418/~) 
and were calibrated with Si powder. Lattice param- 
eters (see Abstract) were refined by least squares to fit 
values for 20 independent reflections. 

All computer programs used were those of  the 
X R A Y  system (1972). With the assumption of the 
centrosymmetric space group Pnma and PusRh4-type 
structure, positional and isotropic thermal parameters 
of CesIr 4 were refined by full-matrix least squares. Scat- 
tering factors were taken from Cromer & Mann (1968) 
and anomalous-dispersion corrections from 
International Tables for  X-ray Crystallography (19 74). 
R (=~lAFI /~ lFo l )  was 0. I1 for 246 observed 
independent reflexions* with I Fol > 3e f.  The final 
positional and thermal parameters  of CesIr 4 are listed 
in Table 1, together with the corresponding positional 
parameters for SmsGe4, GdsSi4 and PusRh4. 

Discussion. The R5Ir a structure can be considered as a 
shift variation of the WsSi 3 structure type. All Ir atoms 
are at the centres of  square antiprisms of  R atoms. 
Some of these antiprisms form regular infinite columns 
with square faces perpendicular to c and other anti- 
prisms are slightly inclined between two columns and 
have one face common with an antiprism in each of 
these two columns (Paccard,  Le Roy & Moreau,  1979). 

* A list of structure factors has been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
34908 (3 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

Table 2. Lattice parameters o f  R s M  3 compounds with 
PusRh 3 structure type 

LasIra 
Thermal parameters for Ceslr4 {the Debye-Waller factor is defined as Ce5ir3 
exp [-27t 2 x 10 -2 U x (2 sin 0/,!.)21 } Prsir3 

U (/~2) U (A 2) Ndslr3 
SmsIr3 

Ce(1) 3.6 (9) It(l) 5.0 (8) Gdsir3 
Ce(2) 3.4 (6) Ir(2) 4.7 (8) 
Ce(3) 3.7 (6) Ir(3) 3.6 (5) PusRh3 

References: (a) Smith, Johnson & Tharp (1967). (b) Iglesias & Steinfink 
(1972). (e) Cromer (1977). (d) This work. 

Space group P4/ncc. 

a (1~,) c (A) c/a (V/n) v3 References 

11.459 (6) 6.629 (5) 0.578 3.007 (a) 
11.267 (4) 6.367 (3) 0.565 2.934 (b) 
11.276 (6) 6.499 (5) 0-576 2.955 (a) 
11.157 (6) 6.432 (5) 0.576 2.925 (a) 
11.035 (8) 6.372 (6) 0.577 2.894 (a) 
10.977 (4) 6.348 (3) 0.578 2.880 (a) 
10.941 6.020 0.550 2.824 (c) 

References: (a) Paccard, Le Roy & Moreau (1979). (b) This work. 
(c) Beznosikova et al. (1974). 
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Table 3. Interatomic distances in CesIr 4 (A) 

All e.s.d.'s are 0.01 A. The Ce atoms forming the trigonal prisms 
surrounding Ir atoms are marked with *. The Ce atoms forming the 
cube around Ce(1) are marked with t. 

Ce(1)-Ir(1) 2.82 Ir(l)-Ir(2) 2.72 
-Ir(2) 2.90 -Ce( l )  2.82 
- I r ( l )  2.94 -Ce( l )  2.94 
-2Ir(3) 3.15 -2Ce(2)* 2.97 
-Ir(2) 3.20 -2Ce(3)* 3.10 
-2Ce(2)t 3-45 -2Ce(3)* 3.31 
-2Ce(2)t 3-47 
-2Ce(3)t 3.51 
-2Ce(3)t 3.58 

Ce(2)-Ir(3) 2 . 8 0  Ir(2)-lr(1) 2.72 
-Ir(3) 2.88 -2Ce(2)* 2.90 
-Ir(2) 2.90 -Ce(1) 2.90 
-Ir(2) 2.92 -2Ce(2)* 2.92 
-Ir(3) 2.97 -Ce(1) 3.20 
-Ir(1) 2.97 -2Ce(3)* 3.29 
-Ce(1) 3.45 
-Ce(3) 3.59 

Ce(3)-Ir(3) 2 . 9 6  Ir(3)-Ce(2)* 2.80 
-Ir(l) 3.10 -Ce(2)* 2.88 
-Ir(3) 3.14 -Ce(3)* 2.96 
-Ir(3) 3.20 -Ce(2)* 2.97 
-Ir(3) 3.28 -Ir(3) 2.98 
-Ir(2) 3.29 -Ce(3)* 3.14 
-Ir(1) 3.31 -Ce(1) 3.15 
-Ce(1) 3.51 -Ce(3)* 3.20 
-Ce(1) 3.58 -Ce(3) 3.28 
-Ce(2) 3.59 

A comparison of unit-cell parameters in Table 2 shows 
that the c/a ratios for CesIr a and PusRh 3 are the 
smallest. Since in the former the c direction is perpen- 
dicular to the square faces of the Ce antiprisms, it 
seems that this structure allows the antiprisms to be 
squeezed together along this direction. 

Examination of the parameters in Table 1 shows that 
CesIr 4 is isotypic with PusRh 4 (Cromer, 1977) which is 
intermediate between the GdsSi 4 and SmsGe 4 types. 

The whole structure can be described by a stacking 
of Ce-centred cubes of Ce atoms and Ir-centred 
trigonal prisms of Ce atoms as indicated in the list of 
interatomic distances in Table 3. 

The parameters of CesRh 4 (Raman, 1976) are 
similar to those of PusRh 4 and thus all RsRh 4 
compounds (R = La, Ce, Pr, Sm, Gd) should be 
considered to be of the PusRh 4 type (Raman, 1976; 
Parth6 & Moreau, 1977). RsPt 4 compounds (R = Tb, 
Dy, Ho, Er, Y) are also isotypic with PusRh 4 (Le Roy, 
Moreau, Paccard & Parth~, 1978) and it has been 
shown that this structure can be described as a regular 
stacking of U3Si2-1ike layers of cubes and trigonal 
prisms and FeB-like layers of trigonal prisms only. 
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Abstract. AsI 3, rhombohedral, R3, has the following 
parameters in the hexagonal setting: a n = 7.193 (2), 
c n = 21.372 (7) A, V = 958 A 3, Z = 2. For 451 selected 
hk + I reflections the final R = 0.033. In the hexagonal 
close packing of iodine, the As atoms with their lone 
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pair E are located in ~ of the octahedra every two layers 
• .. A - ( A s E ) - B - A - ( A s E ) - B - A - ( A s E ) - B - A . . . .  
The structure can be described as being built up of 
discrete AsI 3 molecules [As-I  = 2.591 (1) /k and 
/ IAsI  = 99.67 (5)°]. 
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