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" Moetal Clusters. A metal clustermay be defined as a group of (wo or more metal atoms that are
directly linked to one another through metal-metal bonds. Metal clusters can be broadly divided into two
categorics :

“~1. Carbonyl clusters in which the metal atoms are in Jow oxidation states (-1, 0, +1). The
carbonyl groups in these clusters tend to stabilise the low oxidation states. Carbonyl clusters are formed
mainly by the last few members of each of the First, Second and Third transition S€ries, vZ., Fe, Co, Ni,
Ru. Rh, Pd, Os. Ir, Pt. ‘

3, Halide type of clusters in which the metal atoms are in relatively higher oxidation states ('+_2,
+3). These clusters are formed by the first few members of each of the Second and Third transition
series, viz., Nb, Ta, Mo, W. Re. Many clusters of this type contain multiple, r.¢.. double and triple,
netal-metal bonds. :

W

1. CARBONYL CLUSTERS
(e carbonyl clusters which we shall discuss here include neutral carbonyls,

0
carbonyl anions and hydrido carbonylsd{The relationship between the three types of ?C
carbonyls is based on the fact that one CO group can be replaced either by two H atoms

or by one H atom and one negative charge or by two negative charges)he carbonyl / Q\
clusters can be further subdivided into two categories, viz., () Low Nuclearity Carbonyl OC—Mnr—=CO
Clisters (LNCC) and (b) High Nuclearity Carbonyl Clusters (HNCC)) Tt \ /

a. Low Nuclearity Carbonyl Clusters (LNCC). (Thcse clusters coantain

' ! 1CO
comparatively small number of metal atoms) viZ., 2, 3 or 4, in their structures.D

L/ Accordingly we come across dinuctear, trinuclear and tetranuclear carbonyl clustery O(;\ /

A number of dinuclear carbouyl clusters are known. Common examples are
Mi,(CO)yp. Fes(COJg and Co,(COJ. o
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ll"i an((,:o)lo. f‘:ach metal atom has @n octahedral enviconment and the two oCl— _L'__ CC
Mn(CO)s units are joined solely by Mu—Mn bond, as shown (Structure 1). The .
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‘The nujority of My (:It|§l(‘f\ If'.f'-‘""“"v"‘ B f? o )¢ !’/< 0
(rinuc!c:n'l ~c:\rlmn,\‘ls Juve \ | 'u 1\11:;‘l ;[l::« \ |/ | v
peometry. ll‘u‘ carbonyl clusie :\ \ ; - /,{p O ( /| .
formula My(COYp. where M= Ru, Ox, e, 0/ 0 / (
have sufficient number ot electrons 1o enable C ; \\ Mco ,/ O I
el hey the inert gas rle, OCs_ 1/ \/ : c
cach metal atom to obey the mert g \ N e OC M M e C°0)
that is, to have 36 electrons around cach ()('/| JIN\ /| L %
atom. This situation is also expressed by =~ ¢ ECC oc (( :)
caving that each metal atom has an 0 000 ) :
18-clectron closed shell contiguration, N My(COY s (M= R 05
[2+(CO)yy has structure [V which contains FealtOn2 (V)
rwo bridging CO groups whereas Ruy(CO)ya (V) 5
and 0s53(C0O),1 have structure V containing all carbonyl groups as termirnial ((&())’u
CO groups. . . ; \
. - ) \
The CO group in Ruz(CO),, and Os3(CO),, can be replaced by CH;CN. . \\
The mixed carbonyls, thus obtained, are quite reactive. LT
= 8 . ' OC )5:_—:::;:'::():;('(_‘.") i
Generally, in polynuclear carbonyl clusters, the metal atoms are bonded (0C);¢ - '
through metal—metal single bonds. In the hydrido carbonyl cluster. HT
g =2 - . ) 3
H,0s+(CO)q, however, the metal atoms are bonded with each other through H0s5(CO
V3 10 : & 2
2 double bond, as shown in structure V0. vn

Many homonuclear and heteronuclear tetranuclear carbounyl clusters containing four metai atoms
are also known. Most of them display tetrahedral cluster structures. The struciures of My (COY, - where
M =Cy. Rh, Ir, are shown below (Structures VIL, VII). In these carbonyls alse. each metad atom has an

[$-clectron closed shell configuration,
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IRUNgE Ut monvnuclear Lalt){)ll)‘h’ discussed in the sl l'hiii)f\'t .

b. Hip dearity Car : .
. High it‘lmlmm_s Carbonyl Clusters (IHNCCQ), “These clusters contain five or more thin fne
ctal atoms directly bonded 10 one nnnlhcﬁ.@\ larpe

isolated. Examples are Rh(CO) g, Rug{CO) 41, and [(Ni;(COY,

number of such ¢
‘ -
J

‘;D“I“"?’(Ing“;‘?‘?"‘P$l"ﬂ‘fd carbon atom are also known, Many
% > ANty T o T e ¥ W X ey
prepared either by pyrolysis or by, refluxine metal carhanels for lane periods i seivents siehvas CH03

wbonyt clusiers have recentiy beeg
‘,’(\‘f‘\_-lmzy mixed carbonyi chusters.
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dder the carbuny] Fey(COY,o. The total electron counc in this case iy 48 and the sheluia

Sannnbion g dine are 1/2(48—36)=6, i.c., 34-3. The Fey cluster in Fey(CO)p

fectron patrs available for framework bonding are 172( : i : e e o
Llh‘l\‘  arachno structure derived from (3-+2)-vertex polyhydron (f.e., trigonal bipyramic < .
s lds dn are ; : S . o b e e ) .
el ire removed leaving an effectively wriangular geometry for the Tey cluster i this carbony

A\l veriees ¢ ( : \ i ’

vt

Similarly, the structure of Cog(CQ)yy s rightly predicted by Wu(.lf: g m!t;s (0O
« have heen derived from a (44 1)-vertex pnlyll_vq“m (f.e., trigonal lnpylmnn( ) , Ni
whose one axial vertex is removed to give an effectively “_3“'3““""“' B.C““'C“X })/\[ \
for the Coy cluster in this carbonyl. 1tis worth remembering that a trinuclear // \\
LNCC enerally has a toral clectron count of 48 and a tetranuclear LNCC N (A S NiCO

eenerally has a total electron count of 60.

It will not be out of place to mention that although Wade's rules can  geAc-NiCO Co
predict the structures of a majority of polyhedral carbonyl clusters yet there
are A few exceptions to these rules as well.

or example, the structure of [Ni5(CO),2]3' IS predicteq (by Wa_dt:'s ru.les) Ni(CO)3
to be arachno whereas actually it is found to be closo trigonal bipyramidal [Nis(CO)aJ2-
{Structure X1V), ' (XI1V)

We have so far discussed carbonyl clusters of mostly Fe, Ru and Os. A
rew of the carbonyl clusters of Co, Rh and Ir will also be discussed briefly. Of the latter, Rh forms the
fargest number of carbonyl tlusters followed by Co. The number of Ir
carbonyt clusters s fimited. \ R _

Rhodium carbonyl clusters consisting of 5 to 22 Rh atoms often
adopt structures that have an interstitial Rh atom within a polyhedron
of Rh atoms as in [Rhy3(CO)y3Hy) ™ in which the arrangement of Rh
atoms 1 G fragment of hexagonal closed packed array as shown
XV)

olfucie I

wiialse forms mixed metal clusters, especially with Pt. An
example 18 turnished by [PtRhg(CO) o). '

Cu - torms high auclearity carbonyl clusters with metal atoms
ranging between 5-16, '

Apart from the above, high nuclearity carbonyl clusters of some [Rhy3(COY,y 1,3
oter melals are also known. Examples are carbonyl clusters of Nj (XV) :

Pd and P
Mk casbonyd clusters can be synthesised by teacting Ni(CO), wilh an alkali metal iy THF
s L .

Alkah metal
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of the eclipsed form of [Re,Clg]? are shown in Fig. 3. The dyg orbitals of the fv6 Be stoms of e

staggered form are also shown
e i e
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7 bonding molecuiar orbital of eclipsed form

“The Cl atoms along Y-axis direction are not shown
( £

-

The & boiding molecular orbital formed from
overiapping of dy, orbitals in the eclipsed form.

$
b can be camty visugdised dhat the

averap Betweed the o d,. or the

r,. bonding molecular orbitz! of ectipsed form.

"(The Cl atoms along X-axis are not shos)

1 The orientation ot o, wrhizals o
Re atoms of the staggenad foan.

- » - s 4F . 3, . . . .
i2. 3 Mokcular orbitals of the eclipsed form of [ReaClg]™™ and orientation of d,, orhitals of the sggeral e
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two dy, orbitals on Re atoms of the
staggered form are not properly placed Rug Ry
for a & averlap, 4
<Fhe gualitatively drawn molecular Re atbmly Be s mulecuta
¥ . . 1 ey h i i a da atsinie
orbital cnergy level diagram for orbital orbital : i

Fig. 4. Moleeyl writal -
Fige 4. Molecular orbital enerey bavel @i oo« i
: P B p . ;e,‘ ! ‘4‘| F-‘?U}Z? fevel ‘!‘a}f;li%}!l for Ra- R\‘, ,«l

LA A S 10 T

-Re bonding in the echipsed form



P e oy il w s= 2% [ " e
‘ Coe T : e

e

+ TRE ot o 1 2
- c tk : :. i bl 'm$m fg: ‘.,\
. g Mﬁ wm e i 2
R 20 aprrd s S S E O SR RS T R B} g
PR o W00, &k ae _ ik

R
gy -
c ETRL CLUPSTERS . g
conhigus . 25
., .- e iy 3 17 SuA 3 ke e TR Y
- x derene LR of Ba m:ou' i 3 pe0 Do & lsoamiand ONPPORISE WS :
T hy (2 v A | prwe O, T =l ) e AT & Sagt S
oty elsetrons of (he 1w Re pioms »0aid oCougy ©F : y e ODSCTVIRNIER S
BF ‘ﬁ :3“ s q:y’-j nie bood bernent, g:v,g_- torn RE 2E00 L/,. : .
15E5T ghart Re—Re dismamce anG P g % =
e = o ~

ezt 3bovE, 1L e 3, ] i
of et form ocly fo ] Ve -><\‘~3 g~ om0 Y

fhe ERIFWTCE )
There are 3 mumiber of ohe? diamaciear COMmpPOUDLS o9
e bzve o M —bE dotances P/ ¥, i

s ecipeed form o
m’at;: existence of multiple bonds betwe=z 2 7 L
mets] stoms. Examples 22 the cardoryiase m—;dw:m x— e , 5
of the general formulze RedBCOO) X, 1nd ) /| /4 .
MoyRCOO),. The metal fons Bl weglem bve /L S o B
" comfigaration. Their steleal strcrares are shown O, T o W e
in Fig. 5. (The tines briween the 10t £0 oot 10w ' ¢

the exact bomd oroes).
In both the above compoends the Cyfis LATIrgns

o
2 55y

A oy » v
- . " PSR e % s 0 0. N5 T - ¢
¢ Thy phyistd SMURETER B RE S LRy :

oy
M B TR,

from four o1ygen aoms conrdomansd 15 ok cate i :
The two Dpaul X BemRLA® LG

stom occupy 4,319 bybrd sebiniy of exh metal e ,
7 Sabrnd cpBempn oaadnel oW S

donste (w prirs of eiectrne 0 G fwo vauase sosfondat & Ao |
Thuss, the (‘Eﬂ{jﬁgfmq m"ﬁ:; ey ?M?Wﬁ;‘;; # ot ot of M @ Mg R, o 2
3 2 ». R B Lt P ondlgs spme + 8

results in 3 Guadruple wnenal-eetad bromd un Bl O cocnpenndt Sondimg e eorinmeny o S ERES K
bonds commased 10 Bt tetal-toetad datimees e the Dl et

The presence of guadregde beemdt (spooally ¢ aed t Byl v Uy afwwe mEmbamed ol i
complezes c@ig,c g Mo Lreoary G feevmataon of Soe e Baen

¥

Cricwdeniatst thew D the - f o of & meiieguiyr ottt Semdangt 4 l
hybrig orbitsl (non bonZingd safd 3% selroslyr cohay! dmnbemding] of e £,
dinuciear metal clogert Snvupsed phowe a7 sery 2howr »oore anciiy "
the 2 and & overleps betwres the o oedaal of st o8 Shewr conmpenmis i

A Sy &

s e o1 awgelup Betweesy 2 L
J T e R semsimisions BE 2 TEG

10 very wrak bonds compured o beeds formed .
otbitals in the pompomands of Liphder oy i
f

(.ﬂﬁ‘nc carbosyluies hevr 3o 20 sipand shtave Bie M Sarfonylisns -
e 2 2 3L o B
I oy ‘:‘\::?j:pfurr :-.l -7:?._?..*: ' E

of Re and Mo disoeest sdwere Hlowessr ste Ty 2
carborylate i Ionger e i e cogywr et Thig & seobabis B o By Eaer el

3 . ; ) )

‘hﬁ-t 'm tiectron i;"_'@?!lﬁ ﬁf e Mf LRGP (‘:‘f 20 e 8 = Dpr, wh oF wite
& SN T e e )
v ir !!.«f":fv‘s;ﬁ g ¢ gl Uned g %y sied Thas BB

s 8 pymiem, pet mtuslly prind o .
sirtiCture of C(&:{Rﬁ){iia ML o 3 shiows oo T08 o A : o
i 3 L v ¥ =3 o o I ] ) . % .
g‘pu“n nﬂ' “ﬁw ‘igﬂ;{lm'}fﬁm ot .;;}“‘ 2P fetysey tigins
P 559 gt v
Th’: C&ft“t}!a!‘? 1‘4,,!:{’{—%?;“; :h.[; .":; Bidt T uyesipd sl wea Rerd " )
aheertain ' T VRIS TRER SRR o ;
Arofher MRS B0 00 Bl s
S=hto W) Hals s 48
T hey anymss o & o )
”f' Fy‘"ﬁ R ORI Dot @ o v
F% 1% GHEE Prage o soia sl = '
Vi B h’-ﬁ:’; :;ﬂ‘ Ei;&ﬂt‘;&ﬁ &;\;gz,‘t«ﬁ ;;,’:_:1;7:&‘: . )
PiRA 3 [ ety
t"‘i’s}lﬁ" P L= : e
; wr AN 3, %3 ¥ G
el -
VL

- R WPy cae b e %
R o G ox Wi 3R $L L 7id h«; \5\;?. o . — ‘
AR 8 whid Bwdde bow fe st : P e, The s

s
J e WA o " N
G Ui S STy g da, 2 8
=, §4p..,,.. S TR0 o
S

e 3

i
3 A ey
= e SPERT PO e

§ E




-

X |

G - METAL CLUSTESS
ihe prinuglenr halide type clusters have the general formula ReyXy NI SE
3w (N=CL Br, D). The structure of Re;Clg is as shawn (Structure X VI, N\ s
* The fines do not show the exact bond order, /,,«‘/R.f N
Since the Re-Re distance in this trinuclear cluster is shorter than the 2l \‘\ ‘\‘
distanee in Re metal, the bond order between the Re atoms appears (o be : / / A\, \ ¢l
more than ane. Of-the two terminal chlorines on each Re atom, one is s g \\ /
above and the other is below the triangular plane containing the three Re /RQ:"’:‘"'“*“"“‘;"{\
) atoms. In the sohid state, the trinuclear ciuster retains the basic triangular ~ Cl e e
.o stwcture but turther bridging through chloro ligands occurs resulting in ReyCly
17 ahe formaiion ot a polvmeric structure. Re;3Clg reacts with a number of (XY

higands (L) to give ReyCloLy. The solid Re; Cly dissolves in HCI to give
[Re; Ul Both ReyClols and [ReyClya) have triangular structures.

Phe_tctranuclear halide type metal clusters are also known. We have already mentioned the
dunerisation of dinuclear metal clusters containing metal-metal double bonds. Far instance, the
dinuciear alkoxide of W,(OR)4 dimerises

o give a tetranuciear metal cluster C'\ /C’\ PRs
W_tOR))» whase structure has already been /Mn-——--,Mu\
discussed sbove. The W=W bovnd‘ in K3P R..(p/ \C’/ \ C1 )
W.(OK),: can be satuerated 1o give 2KjMo,Clg > B | + 8KC
Wi GRYy Similarly, the dinuclear metal ' Ch | _‘/CF\\, -PR;
claster (Mo Clg)?- containing Mo-Mo bond ,.*.tfs-————M-:.\
polymenses w aive « tefranuclear metal RJP-" \"\(-!// Qi
clusier AlogCld PR (Structure XIX. MogUIg(RP 3oy

The imes i the above structure of - _ {N)

tic puivmer do non show the exact bond order. Experimental cvidence shows that there are aliernats
~igic and 1ripie bonds in the Moy ring in the above structure.

Mo, Woand Ta form hexanuclear metal clusiers of the type
Mg and MeXy. In MgXG type of clusters, each of the eight faces
1 A octahedron is capped by 2 p3-X atom. A typical example is

e anctal cluster [MogClg]™* in which each Mo atom has ¢
cuniicuration. Thé structure of {{\1105(“.131“ is as shown (Structure

Gerr i 12 Mo-Mo honds i the Mog octabizdron-and ther
cre o b e Mosalence electrons o form these {2 Mo—Mo bonds in

- I'I\-‘It)(,(ilgli‘ . Therefore,
T . A -
e o cach Mo-—Mo  bond
/ L A
AT P 7 uithises one election paiv
: ! A H ard 15 thus & nonnal 2foade
Y / bond. Anotier heaauge) e
; d N ,/’ ) o fav iy i
= s ';J‘. ,%2 e .‘-\Hmia}f . strusiuce o
<0 e A1) ;.‘Ju“v‘y;z;ﬁ" T e T {-.\Jp‘: atf N Dt iean ) %
F, ji e : . g . ‘ b v VLT e ve i
"_,“}4 & ‘l L ET Hi‘ ”i“‘ I I.'d:,!“,. 0t -‘-,:“ "“'h!.gft.\l"'ﬂ? " ‘-'.i>p\;.1" § j . X
R | B S ypial erinple of gy tvie 1 ger e i or
: H L% I # €7 s 'Y 3 grel .y 5 o ._ - o i b <
',» | ;44; ' ! WHOSC structire 1% ay showi (Strcige X1).
U R O o S ¢ Thisee.sire
e P () ’ here are |6 vilence electrons o 6%8- 125X with
e A oo N ? v teade dstents o = » B
('_} : N:;’h ‘?“ttulgl@mf)n \\II.N( It i used Up o forms 12 Nb—Nb b st
[NBalHy )0 ¢ ; g lt;klmt.dmn. Fhus, there are only 8 valoice electron paies
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