
Journal of Qrganomrtallic Chemistry 522 (1996) 167- 175 

Review 

Organometallic and carbonyl compounds of cadmium: 
analysis of crystallographic and structural data 
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Abstract 

This review draws together the structural information presently avuiloblc for almost 40 organocudmium and cilrbonyl derivatives. The 
cadmium oxidation state varies from 0 to + 2. There is only one example of Cd(l), which is in ih distorted tetrahedral environment. The 
oxidation state of +2 is most abunda with Cd(H) found in digonik trigonal planihr. tetrnhedral and five-coordinate (mostly 
trigonal-pyrc~midl\l) environments. ‘The nucleority runges from one to seven, and one example each of nine and 13 mctnl etoms. 
Corrdrlions XC ClritW~l between bond lengths and bond angles, and comparisons made with rhe corresponding zinc and mercury 
milogues. 

Kq~urrrds: Cadmium: Carbonyl; Group I 2: Crystal structure; Organometnllic; Review 

1. Intruduction 

The chemistry of cadmium compounds has been an 
uctive L\IPi\ ol’ rescnrch for iI consitlerublc time. Crystd 1 
lu~r:rphir slructunrl tlrtermin:k9ns IlilVS been awrierl 
oul for over 6tM) cwrclinntirnl compluxes of c~ulmium 
[ 1 II rind over !I0 complcx~s of cedmium with OIIC: 01 

mm different meld stains [2j. There has also been 
much interest in the orgnnon~etallie derivatives of ad- 
miuni, und this review classifies and illld)%W the struc- 
tural data for almost 40 such derivtttives, published up 
to the end of July 1994. The data is presented in the 
order of increasing degree polymerisation, increasing 
coordination number sround the cadmium atom, in- 
creasing complexity of the coordination sphere, and 
increasing iltomic number of the principal coordinating 
ligmd. 

2. Monomeric cadmium derivatives 

The crystallographic and structural data fol 
monomeric organocadmium compounds are given in 
Table I. They itre mostly all either yellow or colourless. 

’ Corresponding author. 
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There are four extunplcs in which cadmium(I1) is two 
coordinate. :llld htl IXX~JS are to ;I CiilkN~ i~lom from 
ill1 orgrinic 1 igtind. The Cd-C bond dislaflues rung0 from 
21 I ,(X3) t0 217,2(3) pill (mean ViilllC Of 214.7 pII) Ibr 
the first three compounds. ‘I’hcsc are line:ir (c’-Cd-C = 
1 HO”) [3,4] or tlt%r linear (c’-CJ=C 5 l43.0( I Y’) [S]. 
‘l’hr: Iburth dcrivativc [,O] IlilS longer Cd-C distances ill 

23 I .W 1) ml 2.34,3( 13) pm, with il very unusual bent 
imglc of 76.1(A)” for the diganril C-Cd-C tw~11qgm211L 

However, there are also another two cd9on atams ol 
the respective ligands located at distances of 291.1 and 
206.0 pm, which together with the 2.2.4.4”tetr~~lrcnyl- 
I Pi-2AS-, 4hs-benzodiphosphepinitl (CJj I-I zsP, 1 ligands 
are responsible for this discrepancy. 

In another eight derivatives [7- 131 ei\ch cadmium(ii) 
i\tsm is in :I tetrnhedral urrangcmcnt with differing 
degrees of distortion. In the first, 21 pseudo-tetrnheklrsl 
coordination about the Cd(H) atom is created by three 
nitrogen atoms of HB(3-‘l3u-5-Mepz), and by the car- 
bon atom of a methyl (Me) group, giving a CdN,C 
chromophore. In the remaining seven derivatives, a 
CdN,C, chromophore is built up from two unidentate 
pyridine molecules and two unidentate cyclopentadicnyl 
(cp) ligands [8], or by two chelating ligands which 
utilize both N and C donor sites [9,12], or by one 
N-chelating ligand plus two unidentate C donor li@nds 
[ IO,1 1,131. The mean Cd-L bond distance increases in 
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the order: 216.4 pm hnidentute-C) < 23 1.1 pm (tri- 
&mare-N) < 233.5 pm (unidentate-NJ < 256.4 pm (bi- 
dentate-N). For the hetero donor ligands (C plus NJ the 
mean Cd-L distances are 221.2 pm (C) and 254.4 pm 
(NJ. 

There are two different bidentate N-donor ligands, 
NN,N’,N’-tetramethylethylenediamine (Me,en) and 
2,2’-bipyridyl(2,2’-bpy). which have different bite angle 
dimensions. The effect of both steric and electronic 
factors can be observed in the variation of the N-Cd-N 
bond angles. For the five-membered metallocyles, the 
mean N-Cd-N bond angle is 71.4” for Me,en and 
64.5” for 2,2’-bpy. The former is a typical saturated 

a-donor, while the latter is unsaturated and also a 
n-donor. There is an interdependence between the N- 
Cd-N bond angles and the Cd-N bond distances. When 
the bond elongates the intrametallocyclic ring opens, 
and vice versa. The Cd-N and N-Cd-N values for the 
two ligands are: 260.6 pm and 71.4” (Me,en), vs. 252.2 
pm and 64.5” (2,2’-bpy). 

3. Bi- and oligomeric cadmium derivatives 

The crystallographic and structural date for the 
oligomeric organocadmium derivatives are given in 

Table 1 
Crystrllqeaphic and sfrucmral data for monomeric organocadmium compounds a 

Compound b Crystal class c u (pm) Chrome- Cd-L L-Cd-L (de& Reference 
kolour) Space group h (pm) P (deg) phore (pm) 

% c (pm) 

Ctivsi), 915.1(l) CdC, Cd 217.2(3,0) C.C d 180 131 
103.57(l) _ 

CdCz 
1 I4.22(43 

1773.oI4) 
1054.&w 
1689.6t I 3) 
935.2(5) 

2387.9(U) 
1203.lI I 1 
779*2(l) 

1371.1(l) 
I4#0.~13) 
1269,3(3~ 
X464(3) 
2%74,9(Z) 

215.9G.O) CC 

CdC, 
10x.94( I) 

C 

c 21l.(K3.1) C‘C 

CdC, 
1400.12(4~ 

e 

CdN ,c: 

CdN,C: 
IU6.07~2I 

N 
c hlc 

N 
c 

T&e chemicul identity OF the eowdinated atorn or lipund is spsifkd in these columns. 
’ Fiw-membwxl metaiIwyTlic ring. 
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Fit!. I. Structure of [Cd((Me,Si),(~‘q’ )la [ 141, 

Table 2. Four of the stmctures are of dimers (14- 161. 
The structure of the yellow compound (Cd- 
(Me,Clli),N),(g’-cp’ )It (141 kp’ = gentnmethyleyclo- 
pcmtadienyl), shown in Pig. 1, contains the near-planar 
asymmetric Cd, Ne ring in which the Cd( 1 )-N( 1) and 
CdO=N(Z) ~erqe distunce is 7.5 pm smaller then the 
Cd( 1 I==N( 2) and CdG)=N( 1) svcr:t~e distance, 1%~ C, 
axis rpendieular to the Cd,N, plarne is not crystub 
gruphisally imposed, Each Cd(H) atom is also conrdi- 

I cp’ liyund with :I mean Cd=C bond 
36) pm, creatin u distorted trigonal 
about such Cd(tl) atom. fn the other 

three dimers it pair of chlorine [ 151 or bromine 1.15,16] 
mm sewe as bridges. In two of these, each Cdl10 
atom is in a distorted trigonal planar environment 

C1 [IS] or Br [r6]). In the other both 
CdW atoms w tetrahedrully coordinated CdBr,OC 
(161. The mean Cd==Ltbrid& bond distance in the 
three-coordinate derivatives incnuses with the covalent 
radius of the donor atom in the sequence: 2294 pm (N, 
75 pm) Q 253.2 pm (61, 99 pm) < 263.6 pm (Br, I 14 
pm). The Cd-Wbridge) bond distance in the four-roor- 
dinute derivative is 266.3 pm, about 2.7 pm longer than 
that of the thtvc-coordinate derivative. The mean Cd-C 
bnd distance of the three-coordinate derivatives (220.3 
pm) is somewhut longer than that found in two-cu#Jrdi- 
nato derivatives 4219.5 pm), and both are lonpgr than 
that of the four-coordinnte derivative (217 pm), 

VE structure of [Cdf /A,-QEI#C,i$)], [la] (C,I$ = 
pnt&IuorophenylI is shown in I;@. 2, where it can be 
seen that the cluster is of a cubane type with the 

Fig, 2. Structure of [Cd( c~~-ONXC,F~& [ 171. 

cadmium and oxygen atoms occupying the eight cor- 
ners. 

The final structure [ 181 is an example where a cad- 
mium is bonded to two Me groups (Cd-C = 209(2) pm) 
and two oxygen atoms (Cd-O(l) = 288(2) pm and Cd- 
(34) = 27321 pm) which are from different 1,4-di- 
oxane (dox) molecules. This gives rise to an unusual 
one-dimensional polymeric structure, as shown in Fig 
4 I . 

‘UK data for the hsteromct:rllic structures are given in 
‘T:bhlc 3. There is one ex:rmplc contuininy two rr~t:d 
atoms, Ma:Jllzn[Et, NCScI Jz [ I9]_ in which cnr‘h of 
the dis~tet~oc~rb~rn~te groups eheltrtcs one mctol atom 
and bridges to the other. Each metnl ittom is four-coor- 
dinate with u tetrahedral urrnngement distorted towards 
a trigonal pyramid khromophore CdSe,C). The M- 
%e(terminalI bond distunce of 257.5(4) pm is ubout 13. 
pm shorter than the ~-~e(brid~e) distlmce. with an 
M-Se-M bridge angle of 87. I”. 

Five derivatives [20-231 contain one cadmium with 
two other tllt%ill atoms. In four of these, with u genernl 
formulu of [LCd{Mn~CO~,),]. the cadmium atom is 

Fig. 3. Structure of [Cd(Me~&lox~z 1, [ 181. 
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coordinated by a tridentate ligand [20,22] or a bidentate 
ligand [21] together with two pentacarbonylmanganese 
groups in a distorted trigonal-bipyramidal or tetrahedral 
arrangement nzqectively. The Cd-Mn bond distances 
range from 270.6(2) pm to 2SO.OW pm (mean value 
274.5 pm) in the five-coordinate cadmium derivatives 
120.221. In the two four-coordinate derivatives [21] the 
Cd-Mn bond distances are 26734) pm and 268.7(4) 
pm (mean 268.2 pm). It is noted that the mean Mn- 
Cfcarbonyl) bond distance of 179.2 pm in the former set 
is about 1.3 pm longer than the value of 177.9 pm of the 
latter set, despite the otherwise identical chromophore 
of the manganese atom (MnC,). 

The structure of {Cd[{(MeO),Si](CO),Fe( EL- 
Ph,Ppy)],] [23] (Ph = phenyl, py = pyridine) possesses 
a crysdlographically imposed C, axis, as shown in Fig. 
4, which passes through the Cd atom and relates the 
atoms Fe and N to Fe* and N * respectively. The 
geometry about the Cd atom is that of a flattened 
tetrahedron, with a Cd-Fe distance of 269.7(5) pm and 
a Cd-N distance of 249.3(3) pm. 

There are eight clusters [23-291 with four metal 
atoms. A triclinic structure [23] contains a central four- 
membered ring of alternating Cd and Br atoms, with 
two FeC,PSi moieties bonded to each cadmium via the 
iron atom (Cd-Fe = 254.(X3) pm), which completes a 
trigonal planar arrangement about the cadmium atoms. 

The structure of monoclinic [CdFe(CO),], [24] con- 
sists of a nearly planar, centrosymmetric, eight-mem- 
beaded ring of alternating Cd ctnd cis-Fe(CB), units. The 
geamctry deviates from D,,,, square symmetry, one pail 
of opposite Fe-Cd-Fe anplcs hnve the value I70.25(5) 
and the other pttir 1 KOJWV. The Cd-Fe bond distance 
is 2X%4(3) pn. 

Two &rivntivos hirve the jyicral hmuh [(03),- 

,)Si){ Ph, PCH ,C(O)Ph]CdCl], I where R is Me 
or ethyl (Et) 1251. There is a centre of‘ inversion in the 
molecule, which implies n phar 6d( y-Cl),Cd system 

Fig. 4. Structure of Cd[((MeO),SiKCO),Fe( p-PhzPpy)lz 1231. 

Cl121 
cc41 

St 
Si 

Cl 

Fig. 5. Structure of [Li(thf)]&d[(Me,Si)J~Me$iO)Br, (281. 

and two identical Cd-Fe units with Cd-Fe bond dis- 
tances of 26o( 1) pm (R = Me) and 258.5(4) pm (R = Et). 

Another derivative with an imposed crystallographic 
C,symmetry [26] consists of two Fe-Cd dinuclear units 
with Cd atoms joined by double, almost symmetrical, 
chloride bridges (Cd-CI = 254.6(3) and 257.ti4) pm). 
The two CdCl, triangles of the Cd( /.&I&Cd system 
make a dihedral angle of 165.3( 1) ‘. The iron and 
cadmium centres are linked by a PhI:PCil,PPh,bridge 
and a Cd-Fe bond (262.412) pd. 

A light yellow CSIII~~UX [27] tmnsisrs of’ iodids- 

bridged Et.,Sb2Cd,l, units which have Cdl, bonded 
moieties bonded to each antimony dam. The Cd- Sb 
and Sb-Sb distances are 2H2.2(2) and 2713.6212) pm 

respectively. The structure of a hfterotc3tranucleur 
derivative 1281 is shown in Fig. 5. The neutral cluster 
has a structure based on II CdLi ,Br,O cube. Another 
tetmnuclear structure, [CdCl ,(~s-~G~N)I~PC~CO),]~ 
[29], contains a central Cd( h-C1),Cd unit which is 
connected from both sides by CrC,P, moieties via two 
N-donor atoms of the as-4C2N ligand. A trigond-bi- 
pyramidal coordination about each Cd(H) atom is com- 
pleted by a terminal chlorine atom (CdC1 3 N, ). 

A red cluster containing five metal atoms (CdFe,) 
[25] has a C2 axis in the molecule which passes through 
the Cd atom. The coordination about the Cd(H) centre 
has the geometry of a flattened tetrahedron (CdO, Fe1 ) 
with a Cd-Fe bond distance of 261.2( 1) pm. 

A hexanuclear structure [(2,2’-bpy)CdFe(CO),], DOI 
consists of near-planar six-membered rings of &etIIat- 
ing cis-Fe(CO), and (bpy)Cd units. The ring is dis- 
torted from the ideal D,,, to approximate C, symmetry 
by compression along a C, axis in the plane of the ring. 
AH Cd-Fe distances are equal at 264-o(7) pm, and 
the Cd-Fe-Cd angles vary from 138.81( 15)” to 
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Table 3 
~ryslirllographic and structural data for heterometallic organocadmium compounds ’ 

compolInd b Crystal u (pm) a (deg) Chromo- Cd-L 
(colour) class c h (pm) p (deg) phore (pm) 

spsce c (pm) y (deg) 
group 
z 

L-Cd-L (deg) Reference 

MelCdZnu(Et,NCSe ) 22 m 682.43) MSe,C @Se p 27 1.2t4.30) CrSe,gSe ’ 92.9(4) iI91 

kolourless) 
PZ,/n 1401.3(4) 93.70 - Se 
2 1103.1(3) C Me 

257.5(4) 
202. I( IO) 

pSe,Se 
pSe.C 
Se.C 

m 1016.1(10) CdO,Mn, 0 
P2,/n 2301.0(20) 91.80(2) 
4 97 1 *S(9) Mn 

254.1(7) 
265.a7.47) 
27l.Of2.4) 

0.0 

MnCS OC 178.8(11.33) 

Mn.Mn 
O.Mn 
CC 

&pylCd~Mn(CO),l~) 

brange) 

m 1442.q 15) CdNzMnz N 
/‘2,/n 1580.5(16% 94.62(2) Mn 
4 1042.3( IO) 

MnC, oc 

235.4f9.5) 
2668.3I3.3) 

N-N 
Mn.Mn 
N.Mn 
CC I X%.2( 16.42) 

((pkenlCd[MnKO)& 

brange) 

1457.4tl5) 
:2,/n 1625.8(16) 96.87(2) 

CdN,Mn, N 
Mn 

4 1045.x IO) 
MnC, OC 

236.2( l4,20) 
268. I I[ 4,Q) 

N.N 
Mn,Mn 
N,Mn 
CC 177.Sf22.46) 

b=py)ed[Mn(CO)& 

(red) 

m YIW IS) CdN\Mnz N 
PZ,/c lKH9.5(26) I 11.38(Y) Mn 
4 I696AM 17) 

245.8f 14.53) 
278.0(5.20) 

NN 

MnC, OC 

!;r/,t 
206HAH) CdN,Fe, N 
1004.X3) Yl.H7(2) Fe 

4 209W6) 
Ri’,lw QC 

I’ 
St 

179.Sf22.41) 
249.3f3) 
269.70(5) 

175,HI5,IO) 
2% I .Hf I I 
22Wl) 

Mn.Mn 
N,Mn 
CC 
N.N 
Fe Fe 
N,Fe 
C,a’ 

260~4%~ 
26kL‘m 
254.u(3) 
I74(3,4) 
223.7(5) 
23Q.W 

C,P 
csi 
PSI 
l%r,Rr 
l%r,Fe 

c.c 

m 
f’f,Jn 
2 

256.3(2.4) 

CP 
C,Si 
P,Si 
Fe.Fe 

FeC,PSi OC 
P 

l7Rl.O) 
32X7( 1) 
kfK?f%~ 
25~~1.12) 
ZS4.2~4,3!%) 
258.~f4) 
l74Q2) 
222.1(4) 
230.4W 

0.Q) 
c’w 
Q.Fe 
Cl Fe 
P.&d 

80.3f4.5.2) 
123.2c3.8.7) 
134.9(3) 
87.1 ’ 
63.5(3,4) DOI 

126.(x3) 
135.9(:1) 
103.8(2.12.3) 
92.Yf6.7.2) 

l67.0(6.7.8) 
6Y.2f41 f WI 

I27.7f2) 
I I 1.3f3.1.5) 
93.4f7.8.2) 

164.4f7.7.2) 
69.5fS) f 1211 

l31.4(2) 
109.8(4,2.6) 
93.5(9,9.3) 

164. I fY7.0) 
66.5(5,3) ’ I221 

I32.9(5) 
132,4(2) 
104.1~4,11.4~ 
Y3AY,I 3.6) 
HO.7( I) 1231 

l43.45(3) 
lOl.HIl,l2.7~ 
IfH.Yf2,7) 
I JQ.Yf2) 
Y4.Yf I ,4.3) 
n4.Ml,l*Y~ 

I7K!l(S) 
Y0.Y I231 

1~7.~~~~~ 
13Y.Y 
102.4(8,4.3~ 
151(l) 
94.3@,W.O~ 
K4.4kQ.5~ 

I72.5f2) 
I x%.2( I ,O) I241 
I W.WSb 
YH.2f4.2.2) 

IS4.7(4,2) 
I !%7.5(2) 125) 
ww14~ 
76.6,95. If II 

121.4. l46.6fI) 
94,9Hf6) 

CI.CI K7.7( I ) I251 
C&Fe 74.2,93.5(2) 
Cl.Fe 122.1, 148.8(I) 
P,Cd 94.0(2) FeC,PSi 66 

P 



148.40(15P, and the Fe-Cd-Fe angles vary from 
94.78( 14)’ to 102.04( 16)“. 

The structur& of the heptanuclear [Fe,Cd(CO),,l’- 
anion [31] reveals two Fe, units coordinated to ;1 central 

cadmium atom, which is thus surrounded by four iron 
atoms in ;I rather unsymmetrical coordination with a 
mean Cd-Fe bond distance of 274.3(2) pm. The mean 
Fe-Fe bond distance (266X$3) pm) is about 7.7 pm 

Table 3 (continued) 

Compound b 
(colour) 

Crystal u (pm) 
class c h (pm) 
space c (pm) 

(Y (deg) Chromo- 
j3 (deg) phore 
y (deg) 

Cd-L 
(pm) 

L-Cd-L (deg) Kcfcrence 

group 
% 

[((MeO),SiKCO,,Fe - 
( CL-dppm)Cd( c~-Cl& 

[(Li(rhf)),Cd- 
I(Me@,C] - 
(Mc,SiO)Br,l 

(ppn),[Fe,Cd(CO~,, I 

(((GePh,),Cd- 
Ni(cp)],Cd] 

or 
Phi 
4 

2349.8(9) 
1685.6(8) 
1822.00%) 

CdCI,PFe 

FeC,PSi 

lr 

pi 
2 
or 
Pnm 
4 

817.%2) 77X0(2) Cdl,Sb 
891.3(2) 85.13(2) 

1622.0(2) 79.23(2) SbCLSb 

2387.5W 
1226.1(G) 
I Jc49.(KS) 

CdBr,C 

LION Br, 

tr I209.4(4) SO.Srt( II Cd61 .,Nj 
137 1423.X3) 95.77( I) 
I IOH9.5(2) 83Aku II 

CrC ,, I’, 

IWI .(M4) CdO, I:(* 2 
I lYG.(A5) 
?W~.H~7) 

FsC ,PSl 

11 
1’48 
2 

tr 
pi 
I 

WY ,(, 

2904.rH IO) CdN, Fe 2 

1324.W 
FeC 

1205.4(5) 9O.oQ(2) CdF:, 
1443.%4) 91.56(3) 
2662.3(7) 97.54(3) FeC, 

m 
P2 ,/!I 
2 

I332.4(7) CdNi 2 
1X83(1) 90.5S(S) CdQNi 
l4SGtll) 

NiC ,&ir 

lr 
P’i 
2 

CJ~C ,Cd 
CAC,Ni 

126 I .!icH I ) IOO.O4( I ) (etlO,Co 
I269.0(2) 90.33( I ) 
2548.7(2) I 17.60( 1) CdO, 

CdC, 

PC1 255X(4.1 2) 
P 279.6(4) 
Fe 262.42) 

OC 175.9(16.16) 
P 225.1(4) 
Si 228.ti5) 
I 275.1(2,16) 
Sb 282.2(2,1) 
Cl.1 2 17.4(24.5) 
Sb 278.423 
kjBr 271.8(1,1) 
C 219.cMlO~ 

CL10 185(2,4) 
p>I3r 256.2(14,6) 

266(2) 
0 I97t3.2) 
CL%, 25lA2) 

Cl,,, 24l.‘H2) 
N w 233.0(G) 
Kl ,,,’ 233*0(G) 

% 
242.9U) 
not given 

P 233.6(%,3) 
0 254.1(5,0) 
Fe 2Gl.?(i1)) 

GC lY6.1MY,iS) 
I) 225.3(2) 
Si 22H.o(%) 

not given 
N 233.3( I H,46) 
Fe 264.0(5.10) 

oc 173f3.7) 
Fe 274.3t2.10) 

NC ml giwn 
oc not given 

266.0(3.20) ’ 
Ni 247.5(2,0) 
Gr 258.7(2) 
Ni 245.9(f) 
C,,, 207(2) 
Cie 230.8(3) 
C ’ I’ll 19Gt2,5) 
C, 
C:, 

195(2,1) 
257.3( 17) 
298.a I ,3) k 

0 not given 
0 no1 given 

Cl,Cl 
CI,P 
CI.Fe 
P.Fe 

CC 
C,P 
C,Si 
I.1 
I.Sb 
CC 

Br,Br 
Br.C 

Br.Br 
0.0 

N,N 
Fe,Fe 
N,Fl! 
CC 
Fe,Fe 

Cd.Fc 
Fe,Fe 

Ni,Ni 
Ge,Ni 

Ge,Cd 

C,Cd 
C,Ni 
1101 given 

86.4(l) LX1 
102.2( I .2.0) 
132.3( I .2) 
95.5( I) 
92.6(l) 8 

102.1(3.3) 
96Wj.7. I ) 
83A5.2.5) 

I22.M 1.2.0) WI 
I I7.2( I .9.0) 
193.1(9,X) 

92.7( 1.8) LW 
l22.5( I .2.0) 
82.U3.2.1) ’ 
97.9(8,3. I ) 

I29.5(8.5) 
63.50.6) h 

126.1(l) 1291 
88.0, 126.3(2) 

lO7.2(2) 
i59.~l) 
17Y.Gt2) ’ 
hc).l(l) ’ 

I I I .X(3) 1251 
IG0.OX(4) 
96.7, I IS. I(4) 

68.9lY,G) ’ I301 
142.3(l,G.l) 
105.5(5,6*9) 
92.8-14l.H(15) 
57.9(1.1) [dll 

Gl.l(1,3) 
GO.o( I ,7) 

IX0 I321 
I70 3lW 

86.46(H) 

112X(5,2.9) 
I 15.7(5,3.9) 

[33] 
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Fig. 6. View of the hetrromctallic chain of [(GrPh,~),CdNi(cp)lzC(t 
[321. 

shorter than the Cd-Fe distance. The molecule 
(~(GePh,),CdNi(cp)),Cd] (321 is shown in Fig. 6. It 
contains the longest chain of metal atoms (nine) found 
in cadmium chemistry. The major bond distances and 
bond angles for the cluster are also given in the figure. 

Tne structure of a cluster with I3 metal atoms 
<Cd,Co,,> is shown in Pip. 7, in which parts of the 
metal cluster play the role of liyands [33]. The structure 
has a trinngulsr Cd) core capped with Co((cO), moi- 
eties and edge-bridged with three cluster carboxylate 
lignds, 

5. sutnmltry 

:mocndmium and carbonyl derivatives 
his review. The cadmium oxidation 

state varies from zero through =t= I to 9 2, There is only 
one example of Cd(l), and this is found in :I distorted 
tetrahedrn1 environment [IO], ‘I’hs oxidation st:ite of + 2 
is mtxt ubundant. GNUI is found in digonal, trigonol 
planar, tetrahedral and five-coordinate (mostly trigonal- 
bipyramidal) environments, The number of metal atoms 
commonly ranges from one to seven, with one, three 
and four the most prevalent. There is one example each 
with nine and 13 metal atoms. 

The mean Cd-L bond distcuvxs vary with degree of 
coordinution. Rx the three-coordinate derivatives the 
values follow the order 220.3 pm (CL) Q 275.1 pm (I); 

Cadmium @Cobalt 

Fig. 7. Structure of [ ~8-Co(COl,]Cd’,[ p(IC0),+31~( p3-CCO, I}, . 
bhfl, (331. 

and 229.4 pm (NL) < 253.2 pm (Cl) < 264.1 pm (Br) 
for the bridging ligands. For the tetrahedral examples 
the sequence is: 214.6 pm (CL3 < 231 .O pm (tridentate 
NLJ < 233.5 pm (NLJ < 238.0 pm (OL) S 247.8 pm 
(bidentntc NL) < 259.5 pm (hidentate SeL). The mean 
Cd-y,L bond distances atu 224.3 pm (OkI) and 271.8 
pm (Br). The latter value is somewhat longer than the 
corresponding Cd-yBr distance of 

In the series of heterometallic earbonyl and 
organometullic compound of cadmium the mean Cd-M 
bond distance r&rtes la the atomic radius at’ the bet- 
eromctul atom M. for example: 246.7 pm (Ni, 124 
pm) Q 257.3 pm (Co, I pm) < 262.3 pm We, I26 
pm) < 269.1 pm &In, pm). A similar effect is 



noted for the non-transition metal atoms: 258.7 pm (Ge, 
137) < 282.2 pm (Sb, 159). There is only one example 
1331 in which the Cd(Ib-Cd(I) distance (298.0 pm) is 
less than 300 pm which is taken as a limit for metal- 
metal bonding. 

This review, together with its precursors for zinc 
[34-361 and mercury [37-391, represents the first 
overview of structural data for a non-transition metal 
subgroup. Despite increasing availability of retrieval 
systems for scientific data, it is usually time consuming 
and expensive to gather together related series of com- 
pounds for comparison. This review attempts to draw 
together the structural information presently available 
for organocadmium compounds, and to present the data 
in a systematic manner. 
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