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(1965) have made a similar observation for y-sulpha- 
nilamide in which they have found an S-N bond of 
1.67 A. Sabine & C o ( 1 9 6 7 )  have found the S-N bond 
in 54NaH4 to be 1.65/~ and a trigonal nitrogen configu- 
ration. 

In potassium sulphamate the S-N bond is not sig- 
nificantly longer but the configuration is sp 3. The sulpha- 
mate ion configuration is the same as that of the sulpha- 
mic acid molecule except for the absence of one of the 
hydrogen atoms from the nitrogen atom. 

Hydrogen bonding 
The intermolecular O . . .  H distance of 2.15/k is sig- 

nificantly less than the van der Waals contact distance 
of 2.8 A and constitutes a weak hydrogen bond joining 
the suphamate molecules in infinite chains parallel to 
the c axis. The N - H  bonds are staggered from the 
S-O bonds with respect to rotation about the S-N 
bond with a dihedral angle of 60.8 ° between the SNO(1) 
and SNH planes. 

The potassium ion environment 
The potassium ions are located between the chains 

of sulphamate molecules. Each potassium ion is sur- 
rounded by six oxygen atoms, two at each of the dis- 
tances 2.729 (O(1)], 2.729 [0(2)] and 2.961 /~ [0(2)]. 
The average S-O distance of 1.455 • is close to the 
value 1.439 A for sulphamic acid found by Sass. 

Thermal vibrations 
A detailed analysis of the thermal vibration param- 

eters was not made; however, inspection of Table 4 
shows that the maximum vibration is along a, which is 
normal to the direction of hydrogen bonding. 

This work was carried out during and immediately 
after an International Atomic Energy Agency Study 
Group Meeting on Research Reactor Utilization held 
at Sydney, in March 1966. Financial assistance was 
provided by the International Atomic Energy Agency, 
and the Australian Department of External Affairs 
through the Colombo Plan. 

We wish to thank the Applied Mathematics and 
Reactor Operations Sections of the A.A.E.C. for their 
cooperation and Mrs Suzanne Hogg for material assis- 
tance in data reduction. 
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The Crystal and Molecular Structure of a Dimethyl Sulfoxide Complex of Iron(li D Chloride 
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A three-dimensional X-ray structure determination of the dimethyl sulfoxide (DMSO) compound of 
empirical formula FeCI3(DMSO)2 has shown it to be composed of trans-[FeC12(DMSO)4] ÷ and FeClg" 
ions. It crystallizes in the space group I41/a of the tetragonal system with unit-cell dimensions a = 11.60 
+ 0.01, c= 20-33 + 0.01/~. There are four of the true (ionic) formula units in each cell, with all iron 
atoms occupying positions of 2[ symmetry. The DMSO molecules are coordinated through their oxygen 
atoms. The S-O distance (1.541 + 0.006/~) is slightly but significantly greater than that in DMSO itself. 

Introduction 
The pronounced ability of dimethyl sulfoxide (here- 
after abbreviated DMSO) to function as a donor or 
Lewis base toward a wide variety of acceptors or Lewis 
acids was clearly demonstrated by the isolation-of a 

large number of complexes'several years ago (Cotton & 
Francis, 1960). Subsequent studies showed that other 
sulfoxides possess similar bonding capacities (Francis 
& Cotton, 1961; Francis, 1964) but not to the same 
degree as DMSO. 
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On the basis of infrared spectra (Cotton, Francis & 
Horrocks, 1960) it was postulated that in the majority 
of DMSO complexes, the DMSO is attached to the 
acceptor or Lewis acid through the oxygen atom. In 
one such compound, viz. BF3.DMSO, this has been 
substantiated by an X-ray study (McGandy, 1961). It 
was also postulated, in the same infrared study, that 
in DMSO complexes of Pd(II) and Pt(II) attachment 
is through the sulfur atom, and this too has been sub- 
stantiated in one case, viz. PdC12(DMSO)2 (Bennett, 
Cotton & Weaver, 1966; Bennett, Cotton, Weaver, 
Williams & Watson, 1967). 

One of the more interesting compounds believed to 
contain O-bonded DMSO is FeC13(DMSO)2, a yellow 
solid which can be sublimed in vacuum at about 190°C. 
The volatility of the substance together with the pres- 
ence of five instead of four or six ligands per metal 
ion raised questions as to its structure. The structure 
of the crystalline solid has been determined in detail 
by the investigation described here. 

Experimental 

The compound was prepared by treatment of anhy- 
drous ferric chloride with DMSO as previously de- 
scribed (Cotton & Francis, 1960). Crystals suitable for 
X-ray investigation were obtained by slow evaporation 
of an ethanol solution of the compound. 

Collection and reduction of data 

Crystals were examined by Weissenberg and precession 
methods and found to belong to the tetragonal system 
with Laue symmetry 4/m. From the extinction condi- 
tions observed, namely for hkl, h + k + l ¢  2n; for hkO, 
h(k)~2n; for 00/, l¢4n, the space group 14t/a is thus 
uniquely determined. The unit-cell dimensions found 
from Buerger precession photographs are a =  11.60 + 
0.01, c=20.33+0.01 A. (2 Cu K0c= 1.5418 A). A den- 
sity of 1.56 +0.05 g.cm -3 measured by flotation in a 
carbon tetrachloride and bromobenzene mixture is to 
be compared with a calculated density of 1.55 g.cm -3 
for eight FeC13(DMSO)z formula units in a unit cell. 

Intensity data were collected at room temperature 
on a manually operated General Electric XRD-5 dif- 
fractometer using Zr filtered Mo Ke radiation. A single 
yellow crystal in the approximate shape of an octa- 
hedron was mounted with [110] parallel to the ~o axis. 
An examination of the mosaic spread of the crystal 
showed that a scan of 2.66 ° in 20 would be most 
satisfactory. The data set was collected using a modified 
version of Furnas's moving-crystal moving-counter 
method (Cotton & Elder, 1964) at a scan rate of 4 ° 
per minute. All independent reflections (635) accessible 
within the range 0Mo<20"1 ° were collected and cor- 
rected for the usual Lorentz-polarization factors. The 
crystal on which intensities were measured had dimen- 
sions of 0.1 x 0.1 x 0.15 mm and a maximum ¢tR of 0.3; 
therefore no absorption corrections were made. 

Solution and refinement of structure * 

A three-dimensional Patterson map readily showed 
that the eight iron atoms are located at two sets of 74 
special positions. The two independent chlorine atoms 
and the sulfur atom were also located from the Pat- 
terson function by image seeking about the Fe-Fe vec- 
tors. A Fourier synthesis phased on the above five 
atoms revealed the location of the remaining two car- 
bon atoms and the oxygen atom. The structure was 
found to consist of trans-FeClz(OSMe2) + and tetra- 
hedral FeC1; groups. 

The coordinates and isotropic temperature factors 
were varied for all atoms (except hydrogen) for two 
cycles of least-squares refinement at which point the 
residual RE (defined as • [[Fobsl--lFealel[/SlFobsl) 
stood at 0.225. Three additional cycles of refinement 
in which all parameters were varied including the single 
scale factor led to a residual of 0.135. It was noted 
at this point that the iron atom in the octahedral unit 
had an isotropic B of 2.5 whereas that of the iron atom 
in the tetrahedral unit was 5.2. Likewise, the octahedral 
chlorine atom had a B of 3.6 versus a B of 10.0 for the 
tetrahedral chlorine atom. Also, the Fe-Cltet vectors 
on the Patterson map were more diffuse and roughly 
one-half the value of the Fe-Cloet vectors. This evidence 
suggested a rather large thermal motion of the FeC1; 
unit. The anisotropy of this thermal motion about the 
tetrahedral iron and chlorine atoms was readily con- 
firmed from a difference Fourier map. 

Four cycles of full-matrix least-squares refinement 
using anisotropic temperature factors, defined as 

exp[ -  (flash 2 + P2zk 2 + fl33/2 + 2fl~zhk + 2fl~3hl+ 2Pz3kl)], 

for all atoms (except hydrogen) were now carried out. 
The residual, RE, was thus reduced to 0.067. Through- 
out these and all previous cycles of refinement unit 
weights were used. A systematic analysis of the varia- 
tion of (Fobs-Feale) 2 with Fobs indicated only slight 
curvature. Nevertheless, an empirical weighting scheme 
based on the slight deviations from the horizontal in 
this plot was tested. It led to entirely insignificant 

* The following programs for the IBM 7094 computer were 
used and are gratefully acknowledged: 

1. W.G.SIy, D.P.Shoemaker and J.H.Van den Hende. 
Two- and Three-Dimensional Crystallographic Fourier Sum- 
mation - ERFR-2 (1962). 

2. D.P.Shoemaker. M.I.T. X-ray Goniometer Package - 
MIXG-2 (1962). 

3. C.T. Prewitt. A Full Matrix Crystallographic Least 
Squares Program- SFLSQ3 (1962). 

4. J. S. Wood. Molecular Geometry with Estimated Standard 
Deviations. - MGEOM (1964). 

5. D.P.Shoemaker. Crystallographic Bond Distance, Bond 
Angle and Dihedral Angle Computer Program - DISTAN 
(1963). 

6. D. P. Shoemaker and R.C. Srivastava. Anisotropic Tem- 
perature Factor Interpreting Program - VIBELL (1963). 

7. R.C.Elder. General Data Reduction and Presentation 
Programs - RAWRE, PDATA and PUBTAB (1964). 
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changes in the parameters and their standard devia- 
tions. The final cycle of  refinement showed a maximum 
shift of  one-half  the standard deviation with an average 
shift of  one-fifth of  the standard deviation. A final 
difference Fourier map* showed no electron density 
higher than one-third e. ~,-3. Scattering factors used 
were those for the neutral atoms tabulated by Ibers 
(1962). 

The final positional coordinates and anisotropic 
thermal parameters are listed in Table 1. The observed 
and calculated structure factors are given in Table 2. 

* It has been suggested by Dr R. E. Marsh that we mention 
the fact that an electron density section in the plane where 
hydrogen atoms are expected shows three peaks containing 
about one-third electron at acceptable positions for the hydro- 
gen atoms. For our purposes, the inclusion of these peaks, 
which are of borderline significance, in refinement did not seem 
warranted. 

Description of structure 

Molecular dimensions 
Important bond lengths and angles are listed in 

Table 3. Each of  the structural units, trans-[FeClz- 
(DMSO)4] + and FeCl 4 ,  is shown in projection down 
the a axis in Fig. 1. 

The FeCl~- ion is very nearly tetrahedral as evidenced 
by the two independent angles o f  108.2 and 112.2 ° . 
The Fe-C1 distance of  2.162 ~ is in good agreement 
with that of  2.19 A found in [(C6Hs)4As][FeC14] (Zaslow 
& Rundle,  1957). In the [(C6H~)4As][FeC14] structure 
the iron atom also lies on a 4 position and the two 
independent angles were 107 and 114.5 ° respectively. 

The cationic unit, trans-[FeC12(DMSO)4] +, is a tetra- 
gonally distorted octahedron with F e - O  distances o f  
2 .01 /~  and Fe-C1 distances of  2 .37/~ .  The F e - O  dis- 
tance can be compared with those in F e ( O H 2 ) ( E D T A ) -  

Table 1. Positional* and thermal parameters~f with their estimated standard deviations (~r) 
X y Z #11(¢7) fl22(¢7) #33( ¢7 ) #12( ¢7 ) #13(¢7) #23( ¢7 ) 

Feoet 0"0 0"25 0"625 51 (2) 51 13 (1) 0"0 0"0 0"0 
Fetet 0"0 0"25 0"125 111 (3) 111 24 (1) 0"0 0"0 0"0 
Cloet 0"0 0-25 0"5086 (2) 89 (4) 81 (4) 13 (1) - 1 9  (3) 0"0 0"0 
Cltet 0"1432 (5) 0"3085 (4) 0"0647 (3) 300 (8) 126 (5) 74 (2) - -14  (5) 95 (4) 7 (3) 
S 0"0737 (2) -0.0015 (2) 0.5851 (1) 61 (3) 61 (3) 17 (1) 3 (1) 0"0 (1) - 6  (1) 
O 0.0976 (5) 0.1073 (5) 0-6264 (3) 72 (6) 67 (6) 16 (2) 6 (5) - 5  (3) - -8  (3) 
C(1) 0.1038 (11) -0.1180 (9) 0.6413 (5) 159 (15) 66 (10) 21 (4) 0.0 (10) - 5  (6) 11 (5) 
C(2) 0.1981 (9) - 0 . 0 1 2 9  (10) 0 .5330 (6) 78 (11) 112 (11) 32 (4) - 3  (9) - 3 0  (5) 12 (5) 

* Origin at i. 
"~ fl~; x 104. 
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6 1 3 5 1  -389 8 1 8 1  -16~ 1 8 7O2 
8 i I ~ 1 6  1 3 a i  8 7 8 1  -766 3 8 560 

Table 2. Calculated and observed structure factors 
All values on a scale 25 × absolute 
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1 7 2``91 2".0", ò 951 873 6 l~', - "  
3 7 2 3 8 6  9 8 5 8  8 6 8 2 3  - 7 9 7  1 7 1 1 7 3  1 1 5 b  
5 7 1318 1315 l 3 77 877 851 ~ 2 5',', -507  
0 8 1082 1 1 7 0  1 3 2  - 1 0 0  5 2 1 3 0  9 0 7  

". 8 872 ~'77 88 901 -9`.3 2 882 7 
1 9 1 ~ . 8  -1273 2 136 156 ~ 11'. '~ : 7 ~ o  
3 9 i i 1 7 - I i 0 6  # ' ' ' L  = 1 8 ' ' ' ' ' '  8 137 IK'~ 

0 1 9 9  327 i 272 2 ~ 9  8 1 1  

2 I . . . . . . .  I . . . . . . . .  o ~ . . . . . . . .  ". 2581 -2801 6 252 1~.6 5 ~,C,5 36 ' .  
6 I 1299 1308 8 1 9 9 3  I072 2 5 3 9 2  ~.5 
8 1 372 -227 1 2 157 -198  ~* 5 135 - l l l  
l Z 9 6 8  -98~ 8 2 I`.70 1".',0 1 6 1072 1127 
3 2 76`. -722 5 ~ 128 28 0 ~ 6 1'-. ,?.2! 
5 2 508 - ' .88 7 2 1580 1 5 5 2  7 3 6 6  3 3 ~  
7 2 801 781 C ~ 1870 -1888 " * * * L  • 1 6 ' ' ' ' . *  
O 8 7",7 718 2 3 163 7 3  o o 2102 20`.8 

} ".28 ~.56 ~. 3 121 2 3 0  t 1 772 -775 
3 87Z -960 6 3 228 57 " 1 661 -55.~ 

6 603 -565 ! ", 978 -IOE1 5 1 66S -68", 
1 Z S ' . t - 1 7 7 1  ~ ~ 11.'7 -1160 c ;, 1988 - .~oz;  

1182 ~¢85 2 2 2598 -26C2 
8~,8 -836  ~' ".77 -~1", ~, 2 1 9 7 9 - 2 0 1 6  

• 1 1 1  2 l b 3 7  1713 7 1 9  7 8 5  

I~ -1275 6 1300 1829 8~5 ~16 

6 5 551 - ' . 6 ~  1 3 0  - 5 7  6 ~ 9  6 8 5  
6 1 2 7 0  -;277 5 6 527 570 ". 2 1 1 2  2 2 6 5  

3 6 708 -689 o 7 ~15 `.17 1 5 353 -383  
5 6 1096 107b 2 7 133 159 8 8 0 5  -2Z, b 

7 76; --6V~ ~. 7 ~.77 ".23 o & 712$ -2510 
7 126 95 1 8 965 -8".0 2 6 1196-129~ 
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Table 3. lntramolecular distances and angles 
with their estimated standard deviations 

Bond distances e.s.d. 
Feoet-O 2"006/~ 0"006 A 
Feoet-Cloet 2"366 0"003 
Fetet-Cltet 2" 162 0"005 
S-O 1"541 0"006 
S-C(1) 1'804 0"011 
S-C(2) 1 "795 0"022 
Angles 
CI-Feoet-O 90"8 o 0"2 o 
Cltet-Fetet-Cltet(Y-k, k - x ,  k - z )  108-1 0"3 
Cltet-Fetet-Cltet(-  x, ½ - y, z) 112"2 0"3 
C(1)-S-C(2) 99.4 0-5 
C(1)-S-O 103"5 0"5 
C(2)-S-O 103"7 0"4 
Feoet-O-S 124"5 0"4 

(EDTA=ethylenediaminetetraacetate)  which range 
from 1.97 to 2.11 A. (Lind, Hamor, Hamor & Hoard, 
1964). The four oxygen atoms are coplanar within the 
limits of experimental error and the coordination 
sphere of the cation has D4/~ symmetry. The S-C bond 
lengths are the same as those in free DMSO (Viswa- 
mitra & Kannan, 1966; Thomas, Shoemaker & Eriks, 
1966) and PdC12(DMSO)2. However, the S-O bond 
length is 1.54 A as compared with a shorter value in 
free DMSO. This difference will be discussed later. 

In addition there are two tetrahedral anionic units, 
one above and one below along the c axis. These two 
are next nearest neighbors and lie at a distance of c/2 
or 10-16 A. Likewise each tetrahedral iron atom unit 
is surrounded by eight nearest neighbors and their dis- 
position is entirely similar as can be seen in Fig. 2(b). 

( ) 

Molecular packing 
Intermolecular distances up to 8-0 A were calculated. 

All contacts less than 4.1 t (  are included in Table 4 
as well as the shortest interionic Fe-Fe  and C1-C1 dis- 
tance. The intermolecular structure is ionic and is com- 
posed of trans-[FeC12(DMSO)4] + octahedral cations 
and tetrahedral [FeC14]- anions arranged in a NaT1- 
type array (Wells, 1962). Each octahedral cationic unit 
is surrounded by a cubic array of eight nearest neigh- 
bors so that the Fe atoms are 7.71 A apart. This set 
of eight neighbors consists of four octahedral cationic 
units and four tetrahedral anionic units forming two 
interpenetrating tetrahedra. This is illustrated schemat- 
icaUy in Fig. 2(a). 

Table 4. Intermolecular distances 
Atom of 
reference Atom in neighboring 
molecule molecule Distance 

S Cloct(.~, y, 1-z)  3.56 A 
S (g, 37, 1-z)  3.86 
C(2) (£, 37, 1-z)  3.97 

Cloct C(1) (g, 37, 1 -  z) 3.62 
C(2) (£, 37, 1 -  z) 3.68 

Cltet C(1) (x,-½ ½+y, z-½) 3"99 
C(1) (L+y, L-x ,  z - t )  4.00 
C(1) ( - L - y ,  L+x, z - l )  4.02 
C(2) (x-½, ½+y, z-½) 3.94 
C(2) (½--x, ½--y, ½--z) 3-60 

0 C(2) (L+y, L-x ,  L+z) 3.63 
C1 C(1) (g, - ½ - y ,  z) 3.89 
C1 C(2) (L+y, k - x ,  k+z) 3.82 
Cloet Citer (½-x, ½-y, ½-z) 6"81 
Feoct Fetet(½, k, ~) 7-71 

Feoet(½, k, ~) 7"71 
Fetet Fetet(½, k, ~) 7"71 

Fig. 1. The molecular structure of trans-[FeC12(DMSO)4] 
[FeC14], projected down the crystallographic a axis. 

0CTAHEDRAL IRON UNIT, TRANS- [Fe Cl2(DMSO)4] + 

TETRAH EDRAL IRON UNIT, [Fe C'4]- 

0 © 
I I 

C 

I 
@ o 
(a) (b) 

Fig. 2. NaTl-type packing of the iron atoms in 
tr ans-[FeC1E(D MSO )4][FeCl4]. 
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The Cloct to Cltet distance of 6.81 A along the c axis 
is attributable to the fact that the tetrahedral and octa- 
hedral units are prevented from stacking closer together 
along the c axis by interactions between adjacent octa- 
hedral units (interactions numbered 1, 4, 5 and 13 in 
Table 4), and by Cltet-C contacts. The arrangement 
of the molecules projected down the a axis is shown 
in Fig. 3. 

Anisotropic motion 
Root mean square amplitudes of the atomic vibra- 

tional ellipsoid axes are given in Table 5. The direction 
cosines of the principal axes with respect to the orthog- 

Q 

Fig.3. Crystal packing in trans-[FeCl2(DMSO)a][FeCl4] pro- 
jected down the a axis. 

onal crystal axis system are also given. In the trans- 
[FeC12(DMSO)4] ÷ unit the iron atom traces an oblate 
vibrational ellipsoid with the minor axis in the c direc- 
tion. The one independent oxygen atom vibrates so 
that its major axis is in the square plane formed by 
the four oxygen atoms and perpendicular to the Fe-O 
bond. Likewise the sulfur atom has its major axis 
roughly in the same plane and perpendicular to the 
S-O bond. The chlorine atom in this group has its 
minor axis along the Fe-C1 bond, i.e. along the e di- 
rection and its major axis in the ab plane. 

The anisotropic motion of the [FeC14]- anion is 
particularly interesting. The high thermal parameters 
for this ion are in agreement with the long Cloet-Cltet 
contact distance of 6.81 A which is indicative of the 
anion lying in a rather large 'hole' in the lattice. The 
major axis for the chlorine atom lies roughly in the 
ac plane at 45 o from a. When all four chlorine atoms 
are considered this thermal motion resembles the E- 
type fundamental bending mode for the FeCI4 anion. 
The median axis for the C1 atom corresponds to a 
librational motion around the c axis. This librational 
motion was also evident on the difference Fourier map. 
The tetrahedral iron atom traces an oblate vibrational 
ellipsoid with the minor axis in the c direction. 

Discuss ion  

The effect of coordination of DMSO through its oxy- 
gen atom may be observed by comparing the structural 
parameters for the DMSO in [FeClz(DMSO)4] + with 
those of DMSO. For this comparison we shall employ 
the results of Thomas, Shoemaker & Eriks, since they 
pertain to a temperature close to that of the present 
study and appear to have been subjected to more 
thorough refinement. 

On the view that the electronic structure of the S-O 
bond may be represented as a suitably weighted hybrid 
of the canonical forms (I), (II) and (III), it is to be 
expected that coordination via oxygen should decrease 
the bond order by enhancing the contribution of (I). 

Feoet 

Cloet 

0 

S 

C(1) 

C(2) 

Fetet 

Cltet 

Table 5. Principal axes of  the atomic vibration ellipsoids 
Directions cosines are relative to the orthogonal crystal axes. 

(/~max 2) ~r 

0.186 
0.0, 1.0, 0.0 

0.266 
0.776, -0.631, 0.0 

0.238 
0.668, 0"623, -0"408 

0.216 
0.334, 0.803, -0.492 

0.330 
-0.994, 0.026, 0.105 

0.321 
-0-543, 0.431, -0.721 

0.275 
0-0 1.0, 0-0 

0.543 
0.780, -0.010, 0.625 

(amed2) "~ 
0.186 

1.0, 0.0, 0.0 
0.212 

0.631, 0.776, 0.0 
0.209 

0.731, -0.649, 0.206 
0.202 

0.933, -0.210, 0.291 
0.239 

0.089, 0.733, 0.674 
0.268 

0.378, 0.892, 0.247 
0.275 

1-0, 0.0, 0.0 
0.303 

-0.255, 0.908, 0.334 

(/~minZ) ~ 
0.163 

0.0, 0.0, 1.0 
0.163 

0.0, 0.0, 1.0 
0.164 

0.137, 0.437, 0.889 
0.177 

-0.129, 0.558, 0.820 
0.174 

0.059, -0.681, 0.730 
0.151 

0.750, - 0.137, - 0.647 
0.226 

0.0, 0.0, 1.0 
0.239 

0.571, -0-419, 0.706 
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Thus the bond length should increase. 

\ +  - \ \ -  + 
S--O S=O S - O  

/ / / 
(I) (II) (III) 

This is found to be the case, though the effect is 
quite small. Thus, the S-O bond length uncorrected 
for thermal motion reported by Thomas, Shoemaker & 
Eriks is 1-513 (5)A, while in trans-[FeC12(DMSO)4] + 
we find 1.541 (6). In BF3(DMSO) McGandy reported 
a distance of 1.52 (1)/~, which differs insignificantly 
from that in DMSO itself and thus left unresolved the 
question of whether there is any increase in length upon 
coordination via oxygen. Our results show that there 
is indeed a small effect of this nature. 
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A determination of the crystal structure of the intermetallic compound Cu4Cd3 has been carried out 
with the use of packing maps [Samson, Acta Cryst. (1964), 17, 491]. The structure has been refined by 
three-dimensional, least-squares techniques employing intensity data of 2537 reflections. The crystals 
are cubic, space group F~3m (T2), with a0=25"871_+0.002 It. There are 1124 atoms in the unit cell, 
distributed among 29 crystallographically different positions. The unit cube contains 568 icosahedra, 
288 pentagonal prisms, 144 polyhedra of ligancy 15 (u-phase polyhedra), and 124 Friauf polyhedra. 
Evidence has been found for a small degree of substitutional disorder. 

The structure comprises two different substructures that interpenetrate, and each one is of consider- 
able complexity. Each substructure represents a diamond-like arrangement, in one case of Friauf 
polyhedra, in the other case of icosahedra. 

Introduction 

The existence of the intermetallic compound Cu4Cd 3 
was established by Jenkins & Hanson (1924); the com- 
pound does not form on solidification of the melt but 
appears only after prolonged annealing at 450 to 500 °C 
through a reaction of a metastable eutectic mixture of 

* Contribution 3459 from the Gates and Crellin Laborato- 
ries of Chemistry. The work reported in this paper was sup- 
ported by Grant GP-4237 from the National Science Founda- 
tion. 

the two phases, Cu2Cd and CusCds, that always seem 
to be precipitated first. 

Laves & M/311er (1938) concluded from observation 
of powder patterns that Cu4Cd 3 is isomorphous with 
fl-Mg2Al3, which later was found by Perlitz (1944, 
1946) to be cubic, space group Fd3m (07), with ap- 
proximately 1166 atoms per unit cube of edge a0-- 
28-22 ill. A compound with structure apparently sim- 
ilar to those of CugCd3 and fl-MgEA13 is NaCd2, 
which has a cubic unit cell of edge a =  30.56 A, space 
group Fd3m. 


