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ORGANOMETALLIC CHEMISTRY

There are certain com

ounds which contain a direct
EBN@EM& bond between a metal L ontain a direc

atom and one or more carbon
atoms. These are called

organometallic compounds. It
, Definition, nomenclature| may be noted that all the compounds containing carbon

nd classification of and a metal atom are not organometallic. We use this
a St U

term for compounds which contain at least one M—C
organometallic compounds. bond. For example, an alkoxide such as (C3HFOJ4Ti is
» Preparation, properties,| not considered to be an organometallic compound

: .ou because the organic group is bonded to Ti atom by
bonding and applications of oxygen and there is no Ti—C bond. On the other hand,
alkyls and aryls of Li, Al, Hg, | .. compound C;H Ti(OC,H,), is an organometallic
Snand Ti.

compound because it contains a Ti—C bond (CH—Ti)

, in the compound.
> A brief account of metal-

ace . Ti(OC,H,),
ethylenic complexes and
hon'nogeneous hydroge- Ti—(OC,H,),
nation. Not organometallic Organometallic
(No Ti—C bond) (Ti—C bond)
> Mononuclear carbonyls and Organometallic chemistry is a rapidly growing
nature of bondling '_n metal field of chemistry. Itisan important branch of chemistry
Carbonyls. SERN  which bridges the fields of organic and inorganic
Lot _

! chemistry together. Progress in this field has resultfed in
beformation of new reagents and catalysts which are ﬁndix}g im_portant uses in syn‘the.tic chetm.stry‘.
ihe discovery of Grignard reagents (organomagnesium halides) in 1900 ga\Te versauledlr}termed;irte:;
Tora Variety of organic preparations. The synthesis of ferrocene (C5I-.15)2Fe 1r;1 195.1 alnb its dintruc a
Femination has giveﬁ significant contribution to our understanding of chemical bonding.

PEINITION OF ORGANOMETALLIC COMPOUNDS

Organometaltic compounds are those compounds which contain one Ot:- mtr:elrlne;a]l (cgrbon
"5 The common examples of organometallic compounds arelPl?(Czléﬁjg E‘g I—Iy)]e(aZe;se 551;115;))2
‘rgerr Ocene), (C,Hy), Zn (diethyl zinc), Sr.‘.(.(_:.szh (tetraethyl tin), g s M 4
. ;mja); (l;Jesmocene), etc. | cyanides (M-CN) and metal carbides (¢g. CaC, Al 4_C3! etc.) c?ntain
{ noted that meta EYT— metallic compounds because their properties are
= U“dS,butthey are not considered i) b "

OS¢y, —— ounds usually considered in inorganic chemistry. In
o Y related 1o those of many other compo — :
T

st ormed by the ligand CO, known as metal carbonyls are considered to be
rga“Um lL l?umplexes fO;'me d erties resemble with these compounds.
~“¢tallics because their prop

o

? (&

—— )
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—SOERN APPROACH TO INORGANIC CHEMISTRY B0 q NoMETN-Llc CHEMISTRY
O 6>

@-_ Ol“rou.\g[)s

-~ N ~ 1C C ! oS 4

e 0““‘“[?‘“11":‘:—\!( mav be Jasafied into the following types on the basis of Nag, H H 5

The organcmetalls COMPYUREE - - otal and carbon. T 1 !
of mtla'l\ar;d the nature of bonding betwoen ““::Lm‘ o t l / H\ I_H

i - ’ (d,ﬂmrnsi:i\f me . o C c
o (vmp-’\iﬂ :\’1: ° compounds are formed by the most "lmfmf’““t;'_';: metals of gro, Pl e 2:
ndg‘:. lv:—:*:-:‘ I\l\;\;\\umh the hydfocarbon 1s present as T{:\Zﬂl w un p ll;: S Negative g, A \&, e Bo/ b m\ CH,
A.Int & i ] abhon S

” alkal or alkaline earth metal. The formahion of IThese compoyng, / \ /B\ CH:/M M/

stabilized 1o, the ““3““"“91-\_1'3:“"5
¢ unsaturated ring of carbon atom
is stabilised due to its delocaligy

and the positiy el rh.\rgt\‘]
generally fay ourad when the
d : . ceveral carbopatoms an

ocahised over sevendl carbon. e
i = hich the negative charge

hvdroparbon aman may be
. an aromatic ©

common example 1 KRGl inw vl fing. Some other exam bles are : Na* H H <
+ e carhan arems of the \'.‘"'I“F‘mmd"‘“'\ g } - ¥ %
e B s eNe | p——— el
NaCH, Ml [ Toe 20 how behaviour of typical ionic comy unds and are i Wy :

sallic compounds show behaviour & ypicatt poui & (%) Dimeric AlLMe,,

These anganame? : :
n hydnos arban pon-polar solvents. They occur in erystalline form w hen pure and their struchure

depend upon the manner of paching in the crvstal. For example, In }?u(‘(;,li o). cach Mp?
3 g n e £ I jo
present mudway hetween two ;\HJHL‘l CH,wons.

) These compounds ant unstable in air and are readily hydm]ysrd n water to liberate g

rmation of hydrovide. The reactivity of these compounds depends

Fvdracarbon with the forT epend
the stability of the aruon. The compounds containing unstable anions are generally highl
and unstable and are thenetore. duticult to1solate.

_Etn\alcn\ or;morntullic compounds 8
These compounds have organic part bonded to the metal atom by a normal tw o clectron .
covalent hond. These compounds ane v en common and are generally formed by Zn, Cd, ¥
ve metals of group IIL l_\_'__u-..:l VL In maost of these compoundds, the
predomunantly cov alent and their properties resemble thase of typical organic comyp

T These are maoiubie 1 water but are soluble in orgame solvents. The polanty of metal

Fig. 1. Structure of (1) polymeric (BeMe,),
- i and (b) A Me,.
|nthese compounds, the alkyl bridges are i €
-,\u; P suidistant from both the mﬁ.mi::’mi inwhich the carbon atom of the bridging alkyl
4+ Transition metal 9rsanomehllic compounds
These nrg,.\r\ox:neulhc oompounds include transition metals bonded to unsaturated or|
copounds in whzd.\nll:_lr.msxllm_mcul forms borids 16 more than one ¢irbon atoms of the same
i compound. interaction occurs b the r-orbitals of the ofganic liga i 3
5t J or pr orbitals of the metal atom, of the sganiciaance i B
For example, the common examples of ligands forming such type of organometallic compounds
w0 akene (2-electron 1_101'\01'!) (i7) butadiene (4 electron donors) (iif) ¢yclo pentadiene (S electron
- Leon and () benzene ring (6 electron donars). The comman examples of such type of organometallic
i | o ounis are dibenzene chromium, (CJH,), Cr, ferrocene (CgHy),Fe, Zeise salt [PICL(C;HI™, ete.
f2 eumple, structures of dibenzene um (C,H,), Cr and ferrocene (C;Hy), Fe are shown in
. 2 Their structures are known as sandwich structures in which metal atom lies in between two

oy

TepTese

honds m these compounds depends upon the difference in electronegativity between s
and bt alko on the arbitals which are available, the steanc requirements and po

of edectron couds
The common examphes are PRC.H,),. (CH): Zn (CHYC. (CHy),Hg, SiCHye Alg),
(1), SoCL (CHYSACY,

3 Flectron defident organometallic compounds

These 1re the compounds which cannot be explained on the basis of formation of U
s carbon and metal atom. These include the alkyls 06
hich have bndging alkyl groups, For example. &
1 ben llium (BeMe,), or diethy] masm‘ﬂ};ﬂ!l -
n (02 they have very high charge to mass
L Therefore, the charge separation in these S8

P elacmons o centre bonds we
Seroctares of (1) (GH), Crand NG, Fe.
(The ability of mu:'g;:hb to form md\gwgu‘!l,v_dm!llph\ﬂ s d_\“_‘_““‘"! mumetry
pertes of the deorbitals present in the valence shell of the transition metaly
CASSIFICATION OF LIGANDS :
W which is capable of donatt
‘_e.‘_ng!u_mlnn[“‘mialw e ¢

ng & pairof clectrons fo
compounds with ondy

& .
. atom is called a ligand. =
~ i : " ALor aryl grours: Howevsn
o s will have tendency to assoaate strangly and lead to the S YN, i?“dul:gnd‘m”;n‘ fnsmsn.pm;mwrt it )
'\ﬁ _‘A = le. malkyl alumunium exists as dimenc N W hich the R l‘: tlti\:—-“ ﬂem:f c]“l]:ynf i ¢
8 present o drudge The struchumes of palymens dimethyl berviium lB"'\hI)n and du T dn‘_,n_b el i, P

Ssing several of its atoms
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GonsTRy
A_me‘: By
OO Cemilarly in ferrocene, the five

g distance- SEURT, e ligand which iy
> _&53;19":\?“*"5_ ‘sﬁ._,,—.-‘;_-:'_q_'-]r.-*._"' ) g are e
i senirg s S TR ing the symbal (ota).
.Elupb ) u@gfnw"mdma“’mm‘ohu.
1o Qassifed a0 2 ges from 1-8. &
¢ 72 !-,--,—':;'_T?‘ENE‘::"TE‘* -

hending to the metal 3805 =2
. Ld::a-"-‘m““’“dedh'.m'- ik the

mﬁs:l'k‘:ﬁ":ﬁ“-

nds =3

s w

; is bornded directly to
atom of the ligand is 1 y u""ﬂu
e C:J:ij!sands (ce electron donors), 0. For example. ~Qy
i called monohap be further sub-divided as :

‘:__n';...;:x:_.,-.sz_'? Z:A \_CE 3 These lfé"’p-'\is may

i " =y i vl (- C.H
copasachestyassge M- =N nde alkyl (- CHY). 2yt (= Gy, apge,
() Hydrocarbon UGN " 41, alkymyl (- € = CR) groups. These ligands may oy,
(_(3=c;£:1. ﬁt:; o 2 lsand representative metals.
compoends with D ""‘5:_: _cH -C=XR
_CH -R=CK, S5 -
e Efe.' alkeryl | ydopemiadienyl allynl fo N
A e sopentadiene, CaH combines with alkali metals to form (-GS HIM comporzy
eample, FOOP 53
25 shown below : HE ;H H if -
Criopentadions (One czrhon bondad cyclopentadienyl compound).

Acyl ligands. These include acyl group which involves direct banding of the acyl grom
(- COR) to 2 metz] atom as shown below :

=0
" el
R R
Acyl group Orgznometallic

compound
These compounds are formed by transition metals only.

(i) Carbene ligands. These involve the direct metal carbon bond of the carbon atom of carbene
(alkylidene) to a metal atom.

R R
_—
«—:C —~ Mée—:C <l
R W
Carbene ligand Orpmmﬁ{}ﬁf
where R -0OR,- o
transition |:z~lerff:;_a]sy_be OR,-NR, Phenyl or alkyl groups. Such compoundsare WM
2 Two carbon bonded ligands

These are the in whi
Thse s caled ihapt ) 0 €Cro0N foms of the ligands are borued to the metal o
which both the carbon gands (or fuo electron donors). These include alkenes oF alkynes ™

atoms at each <
carbanbonds, The bonding in ﬂ't;ﬁg::soi: 5\1; multiple bond are involved in forming the metak

carban atom or 3 icated either by two dotted lines to the participati™é

=71 ow. Thesemay bedistinguished from i
=7 ene carbon atom only (monohapto),

single solid |
the metal atom, gl line from the centre of the Participating carbon atoms of wligand to

N\
W4

- C

These types of ;
complexes are known for hansitic.n}nﬂar . i g
' nn

—TALUIC CHEMISTRY |
rbon bonded ligands, .

=]

s i i atoms of the ligands ftrmf! Tatom.
L trihapto ligands ( ; igands are bonded tol a
ecalled ptoliga 7). These include ally} P (C.H.) known as =-allvl ligands as

Uiyl complexes mwhich the allyl group is bonded

oM
o
7 [nree €3

H
| H M
c 2 | m CH/
S e S
il i H n & M &
! H.C
}L‘—";

#Allyl complex (3¢~ donor) -~ o-Allyl complex (le~ doner)

1. Four carbon bonded ligands
These ligands have four carbon atoms which may be bonded 1o the metal atom. Therefore, these
- cilled tetrahapto (4 electron donors) or n? ligands. These include acyclic ligands such as

. thutadiene and cydlic ligands such as cyclobutadiene.

H:c//HC

[

——cH // \\ —p—tH
\\ or or /:,-"" e
CH, L

| M % M

M )

f

1, 3-Butadiene ligand (4e” donor)

HC =—CH
:"l‘-_\':
| :F I or E
HC CH
M

M

~
£
&

Cyclobutadiene ligand (4&~ donor)

| }L‘ May be noted that cyclobutadiene always behaves as four carbon bonded ligand but
Ri;) utadiene may behave as monoalkene ligand or two independent monoalkene ligands as shown

. - 3 2—-

w =
Pl

o

HEC =—==CH

CH T CH, CH——CH
"Fe(CO), PiCl,
Mono alkene complex m];:g m':::js
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e is are bonded
" the ligand tot
S Five carbon bonded t?:‘nisﬂﬂ e carbou stoms :‘f _,mpl[i arc acychic dienyls a:; N
These ligands are =000 (n) ligands. The comme H Cyelg

atom. These are cal'ed p:-nt
dienvks (¢ . elopentadien,

HC
P g
Tt ISy
' or
CH;
M

)

HC
M M
Cyclopentadieny]
Acvelx dremi higand {S¢- donor)

(Se” donor)
Penzadienyl . N
The five carbon bonded cychopentadienyl isalso called r<yclopentadienylligand to distinguish itfregy
e ) 3 * ! L
one carbun bonded cyclopentadieny] (o - cyclopentadieny) as shown below
b M

M .
s<yckopentadienyl o<yclopentadienyl ligand
5 electron donar (pentahapto) 1 donor (monchapto)

The sxyclopentadienyl higands form a_sﬁ:‘:l class of complexes called metallocenes, in which
the metal atom 1s sand wiched between two Mﬂigmds.]:oiexample. ferrocene.
(l_r—f‘{i,,\: ke ‘1:1 which irm!mdmdﬂ‘ Egtwem" two x-C.H, ligands (Fig. 2). Other examplesare
nickelocene, Ni(CH,)., tocene, CquH,l, chramocene, Cr (C.H.)..
& Six carbon bonded ligands e, T GH),
The molecules in whick six carbon atoms of the ligand are bonded to the metal atom. The comman

eumple:sbm:mjhecunmmmmpkdmorgmlallic com| ic dibe :
This s also . ! h pound is dibenzene chromium.
!C.H.\;Cr. B 3 sandwichcompound in which Cratom is present in between two benzene rings

M
Benzene as heaaha pto ligand

METALLIC CHEMISTRY )
= =]

H

C!fdo"wpurrsqm : i
, geven carbon bonded ligands acting as six electron donor

lecules in which seven carp,
These are molec " On atoms act as electron donors by participating all the
¥ carbon atoms in bond formation. The common example is c)-clohepta::eyn:l (-C,’;-{,) asgshown
e
|

<
\C< __>c/

—0C

Cycloheptatrienyl
(7e~ donor)
3.Eight carbon bonded ligands
These are molecules in which eight carbon atoms are involved in bond formation. These are also
dled octahapto ligands. The common example is cyclo-octatetraene (CgHy). The common example

dthe complex is U(CgHg),.

-y
M 0

Cyclo-octatetraene (CHy Dicyclooctatetraeneuranium
)L‘Iolmmﬂ\u can also act as fou »n donor of six electron donor as shown below :

It may be noted that Do NG
X cyclah : nzene chronum (C H),Cr
ligands (1) when only gy oy e (CoHy) and cyclooctatetracene ((.‘,,H_:I can act as B¢

eample. € Y SIX Of thej rbon / g .
shown ahead : tatriene (Cngl actin, ‘ra:-‘si ‘Iﬂlﬂms in tll\l‘ ring are involved in bonding :
i 8  electron dorfor through its three double bond
r’-
. - X I
piain .. . T e

MO
) FoCOY, Cychatatetraene
Cyclooctatetraene acting as 6 dooor

acting as 4e donor
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110
hsarnds may tond thiongh o
1 el 3 ’
ey s i penks
\
carbon atons e

l o

Tt e noted that v
s R e
ahapto) and t

yxill \
le, the Bg
" Aampi
difterent QR ough five
¥

carbuon atom (g

etk
1 oy —
’ \ "
/
- i\ "
/.
0 W
Tigy! = CHY 't = Gl
.
SunUp

10 INORGANIC CHUNIS TRY o

ent number ot Carbay
oo LU ean torm bang e
tahapto) m the same Comply

L oy,

Wy

)
Ml\“\s A

Classification of ligands according to the number of electrons donoted to metal atom

=
7

0
t

m——
- YCHUMISTAY
"Ir\“l"‘ !
o ne heptahapto x =
&7 gl il n
I{‘n\\“s k ‘}
cycloheptatrienyl
< cloctron octahepto B
‘I.llh‘l'-“ o
cyelo octatetraenyl
/___7
PRACTICE 1o Giveone example each of 3 electron donor and 4 elextron doner ligand.
FT‘—‘;—‘ @ Ans, -allvl (3electron donor), 1, Abwtadiene
ol TS
et I ferrocene, each eyclo-pentadienyl ring behaves a8 ..., electrons donor,

Complete the statement.

® Ans. Five

Show the structure of a complex in which cyelo-heptatriene acts as six electron
donor,

Type Hapticity Symbol Examples
1-electron monohapto ' —CH, —CH,R .
donors alkyl
—C H,
aryl
2-clectron dihapto n? CH, =CH,, HC = CH{
donors Alkenes,alkypes
3-electron trihapto ! CH == CH=CH,
donors " neallyl I
alls ;
d-clectron tetrahapto n
donors i)
7\ ®
dienes,  cyclobutad ienyl
S-clectron pentahapto {]
n =
donars m / \l .
\ ' i
(" ;
acylic dienyl cytlr:r}’f-‘"f-‘di“'“
b-electron h
exah
donors SRR " Q
arenes
.

FFFECTIVE ATOMIC NUMBER

Sidgwick 1 1927 extended the Lewis theory of electron pair bond formation to explain the
Aoding n coordination compounds. He suggested the term coordinate bond in which the metal
fomon aceepts electron pairs from Ii,:.m_.nls (donors), He suggested (hat petal ion accepts clectron
s from the liands wntil it achicoes the next noble gas configuration. This is called effective atomie
wmber rule. The total nuniber liii'f- |'_r_(_; ossessed by the central metal jon and the electrons gamed by il
“onligands is called the effective atomic number (EAN). Thus, according toeffective alomic number

tle, the ettective atomic number ina complex should be equal to 36 (electrons in Kr), 54 {electrons

e} and 86 (electrons in radon).
To illustrate this, consider the complex ion, hexaammine cabalt (111) ion, [Cn(NH,)‘I'“. The

omic number of Ca is 27 and therefore, the number of electrons in Co™ jon is 24. Each of the six

mmonia molecules donates a pair of electrons'so that total of 12electrons are donated by six NH,

"'“k‘mlcs_ Thus,

No. of electrons in Co™ -3,
Electrong from six NH, molecules 2 X 6 = 12
= 24+12=36

Total numbser of electrons in the compound (EAN) '
Us, the effective atomic number is same as the atomic number of krypton (36). Similarly, EAN

Mo .
le js obeyed for the following coordination campounds :
(') Hexacyanoferrate (11) ion, (Fe(CN),I"

Atomic number of Fe = 26

> . = 2
No. of electrons in Fe?* ) .
EIEdrOns from 6 CN~ ions N _31;—(5/\ N rule is obeyed)
EAN of [Fe (CN), " ¢
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(1) Chloropentaammine platinum ion, [PNH;);CII [ rule B8 O etalic compoyng, g — 25 ]
Atomic number of Pt =78 Tetracarbonyl nickel (0), Ni(cp) el carbony,,
i F gy = 74 0, omic number of Nj = 28 )
No. of electrons in Pt - 12 o NI(CO
Electron from 5NH, and one CI° T Be(EAN rules Ni(0) in Ni(CO), _
EAN of [PH(NH,) cip* N = ( rule is Obeyed) Four CO groups give two dech-nm each (4 =28
(iif) Tetracyanocuprate (1) ion, [Cu(CN),] EAN x2) . = 8-
Atomic number of Cu =29 us, the complex [Ni(CO)‘] obeys EAN nle of IN‘(CO)‘] =36 LL e
No. of electrons in Cu* =28 i Hexacarbonylchromium (0), Cr(CO) % o Ay
Electrons from 4 CN~ =_8 Atomic number of Cr = 24 ¢ Sh, K
EAN of [Cu (CN),J* = 36 (EAN rule is obeyeq) Cr(0)
Some other examples of complexes obeying the EAN rule are given in Table 1: gix CO groups (6 x 2) =24
Table 1. Complexes obeying effective atomic number rule. =12
o S thus, EAN rule is obeyed. - EAN =35
Complex Central At No. No.of electrons Electrons EAN (i Pentacarbonyliron (0), Fe(CQ)
metal ion in metal ion ga;?;:-.fdr:m Atomic number of Fe = 26 s
- Fe(0)
[Fe(CN)J&  Fe?* 2 24 12 36 (Kr) Five CO groups (5 x 2) x fg
[Fe(CO),] Fe 2% 26 10 36 (Kr) —
[Cr(CO),) Cr 24 24 12 36 (Kx) Thus, EAN rule is obeyed. Xhi7 e
IN(CO),] Ni 28 23 8 3 (K (o) Pentacarbonylmanganate (-1) ion, [Mn(CO),}
THLY, 1+ 4+ ) Atomic number of Mn = 25
[PENH,) Pt 78 74 12 86 (Rn
[Picl, - prt o e =En 3
s 78 74 12 86 (Rn) Five CO groups (5 x 2) =10 3¢
[PANH) " P+ 45 2 12 o — 5.7
(Xe) EAN = LRE
However, there areman : . Thus, [Mn(CO),]~ obeys EAN rule.
the EAN rule is not obeyed‘)ifhex;:ep;tns.t\lwfn'i?a': l"“;e- Many stable complexes are knowninwhich | (7) Hexacarbonyl molybdenum (0), Mo(CO),
) gi e 2. Atomic number of Mo =42
Table 2. Complexes not obeying effective atomic number rule. ‘ Mo(0) =
Complex M, Six CO groups (6 x 2) =12
P i:i:l At No. of electrons  No. of electrons EAN EAN L 54
No. in metal ions from ligands Th
< ; us, Mo(CO), obeys EAN rule.
INI(CN), - N2 28 o _ lthasbeen observed that about 9% of the metal carbonyls obey EAN rule. Some examples are
[NiNH 2+ N 28 28 : - #enin Table 3. — ;
[MNH), 2 pe+ 2526 12 38 Table 3. Metal carbonyls obeying EAN rule. e
[FP{CN; ;} \ 78 78-2 = 76 8 i Electronsin  Electrons donated
9 i % 26-3=23 | Complex Metal lon Metal lon foown lgends . -
[CriNH) P e 5 : 12 35 P = I %
IAINHL).*  Age #-3=2 12 EX Cr(CO) Cr = 10 "
it ] 7 47-1=4¢ Fe(CO)s Fe 8 20
[FdCl,)? pg2 & g 4 50 Ni(CO) Ni 28 i %
= 4
- : 6-2 = 44 8 52 Mo(CO), Mo " 10 5
1f we look at Table 2 it is clear thay the ; - ) Ru(Co), Ru % 10 8
whichdonot obey EAN rule. This e trhe a.re many well known stable coordination compau™ 3 OS(CO)G Os N 2 86
compounds. However ; €importance of s dinati® W, reria o f
B e lowever, it has been observed that this ry) application of E{\N rule to coor it (CO), w o cmﬂm?mtm = table
ganometallic compounds and particularly - T'¢ can be extended successfully tobonc! & Eay rule can explain the stability of metal carboy t obey vl beckies tofa} mugsber.
© meta] ; ‘L_“E?‘ cannot obey B LS SO
al carboftyls, ﬂii_mf; MBtAIs with odd number of e ;CIT;%;,E;N added. For example, carbonyl vanadium
é "[CU) iswﬂl be odd no matter how many ok obey ruleas:
5 v | S¢sastable complex though it does™ ‘
i e comple s
l. ;l .\ . Jier T L U ety » . L ;- ‘;,‘Jﬁv ¥
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I 234 }—
Atomic No. of V =
V(0)
6 CO groups (6 x 2)

i

1
EAN = 35

does not obey EAN rule.
th odd number of electrons such as Mn(25), CO(Z;') b=

¥]

Therefore, the complex V(CO),
Similarly, other metal atoms wi
cannot satisfy EAN rule in their neuttal monocar
satisfy EAN rule, there are some options for the me
(i) Theymay formca rbonylate anion such as 1M(_ .
agenl or they may form cationic species, [M(CO),]" by losing an electron. For examp
[V(CO)J-, IMn(CO)]", [Co(CO),J- obey EAN rule. For example,
[V(CO) )
Atomic number of V = 23
V(-1)
Six CO groups (6 x 2)

tal ions. These are :
CO),I"by gaining an electron fro,

L}
— k2
IM S

w.n

L]
o

EAN
Thus, V(CO),~ obeys EAN rule.

bonyl complexes (these are not_known) In
} Al -Inop,

WODERN APPROACH TO INORGANIC CHEM,
STRy o
2 4

U(2y,
der,

m al’?du 5
le, the .78
!hean,m

(i) They may form single covalent bond with an atom or group having a single unpaired electry,

eg- hydrogen (H") or chlorine (C1*) [H M(CO),] or [M(CO),Cl]. For example,

Mn(CO),CI
Mn(0) =25
5CO groups (5 x2) =10
=TI =1
EAN = 36
EAN for Mn(CO).Cl = 36 electrons.
Similarly, H CO(CO),
Co(0) =27
_4 CO groups (4 x2) = 8
< H =_1
EAN = 36

Some examples of cationic and anionic metal carbonyls obeying EAN rule are summed up below.

Table 4. Anionic and cationic metal carbonyls obeying EAN rule.

L Complex Metal ion Electrons in Electrons donated EAN
metal ion by ligands
V(CO,r v 24 12 36
Mn (CO) Mn- 2 10 36
Mn (COJ; Mn® 24 12 36
Fe(CO)Z Fe- 28 8 3%
Co(COJ; Co- 28 8 36
(ifi) If no other species is available with which th ini number ¢
electrons can interact, it can dimerize resulting pairing of 51‘2&32'?’1'%153"57 Eﬁg& e formater|

of metal ~ metal bond. While counting the EAN, th i Y
: . the elect

!om;xpg metal — metal bond is :m.mlegd on both the ;:l(alrsc.m e
or example, manganese forms a stable dinuclear carbonyl, Mn,(CO),, having metal -

bond, (CO); Mn — Mn(CO).. i
!\,{ni(CO)m (CO)s. Let us calculate EAN for this complex.
2Mhn (2 x 25) =50
10 CO groups (10 x 2) =20
One Mn—Mn bond = 2
EAN for Mn,(CO) ey
e 10 = 72/;",}:6 (2

EAN per Mn atom = 36 e(Kr)

med

METALUG CHEMISTRY
f ;‘;n\ilarly' cobalt forms Coz(co) .

Co,(COs ko also“’”“”""eﬂsshowbelm} =,
2C0 (2 % 27) :
4 CO groups =34
One Co—Co bond .
EAN for Co(CO), =2,
EAN per Co atom = 36 e (Kr) o
ide dinuclear carbonyls, the 4
4'“53:“' letranuclear or poﬂnudea?nmiimmmm of electrons can also form
[ ctures of new compounds. For example, consider the meulc“ﬂa.r:m?n I:waemm (o
fe,(CO). In this case, the atomic number of Fe - 2 i
2 Fe atoms (2 x 26) =52
9 CO groups (9 x 2) =18
EAN=70  or EAN per Fe atom = 35
is means that for the metal carbon i
mg?‘;ts would require one Fe — Fe bondyil: ;ﬂ:(:gc)),):oobey Sy
Similarly, in Fe,(CO),,,
3 Fe (3 x26) =78
12 CO groups (12 x2) =24
102 o EAN per atom = 34

Therefore, the EAN requirement of 36 e~ on each metal atom would require that each Fe should
two Fe — Fe bonds in Fe,(CO),,- The experimental structural studies have shown that in
(CO),, each Fe atom form on Fe — Fe bond while in Fej(CO),,, each Fe atom forms two Fe - Fe

ds. The structures of these complexes are discussed later.
A

EAN rule for other org tallic comp ,
EAN rule can alsobe applied toother urgmnn:ltl?cﬂkcmnpomdswitnveal.r:adzsm?piﬂ::
komeligands commeonly encountered inorganometallic compounds p ore than :
?ﬁdﬂfermt number of electrons donated t? a metal atom by some typical ligands found in
ganometallic compounds are listed in Table 5. ) ]
Table. 5. Number of electrons donated by different ligands.
= Number of clectronsdonated
AT - e ——
H,d, Cf1, gallyl (CAL,CH=CH) — _ S
H,alky) (:-go.aCl!;,{Cé?*i; ), aryl (eg- Fng. T 5
CH,CH,?), -allyl (CH,-CH = CHy)", alkene 3
(Reallyl) —  — —— !
, cyclobutadiene, alkynes 3
dienyl (C;Hs) -
8
Cycloheptatrien -
yl (GHy) '
Cyelooctatetraene (C_Hj) —i=ands can behave 5 d-‘“l;':‘; ';‘m ;:d 2-electron donors.
B rored Tt o T 00 0L, e

plexes. For example; afiveeles

dienyl radical (CsHY)

ves as
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2ODERN APPROACH TO INORGANIC CHEMISTRy B wgtALLIG CHEMISTRY
E_ imi 2 bonded allyl (C;Hs) group behay, Q)1 penzene acting as 6 ¢ donors
“ron donor. Similaly, 37 Casy, f)
(CyH,) behaves as asix electron ~H.-CH = CH,) acts as one electron donor. hreg | ¢ CC e,
electron donor whereas ‘H,"'ﬂ (s :r-_AN for some complexes. Y Cr =24 Cr(CO); (CH)
Let us illustrate the calculation ol : : 2(cth) -1 e 2"‘
(@) Alkyl groups as 1 electron donors AT | TR
CH, Re(CO), _ -5 L aX —_ 3{@0 =6
1 75 ¥
ne =10 N - }:-’AN =36 -
5(CO) = ¥ fhus, it has been observed that most o the Y =36
CH, . = E exceptions cal:!o)m which EAN rule i mm:’;’:‘::;rpmk sobey EAN rule. There are
EA = e Coln = CHy), i ¥
(k) Olefins and alkynes actingas2 ¢ donors ¢ , Co =27 cﬂc.",) (o),
IMMCOF' Cl“ll‘ ~ ‘E-— e 2n - CSHS) =10 Cr fzi'
Mn* s \ EAN =37 CH, =6
5(CO) =10 (- 4CO) = 8
M, = 2 L —
EAN = Felr - C;H)(CO) il
y T ¢ eln — o
() Diene and alkynes acting as 4 e donors _]\r‘ ;= 5s F: P Coln CSZI,NCH,L‘
Fe(CO), (CH) Co,(CO), (RC=CR) wt aCH. = 5 0 =27
= = 575 n-C l'-{s =5
' Fe =26 2Co =54 3CO) = 6 s
p 3CO) = 6 6(CO) =12 =8 2CHy) = 2
) =4 IE:COH_%E Z g EAN =37 EAN =3
EAN =3 EAN =72 Mo(CO), (r - CHY) Nitx- CHy),
= Mo =42 Ni =28
EAN per Co =36 i
(d) =-allyls acting as 3e donors "n-CH; =5 2(x-CH) =10
MEN- RNl ” C"g‘ ¥ CiHs)(CO); 3CO) = 6 EAN =38
= 0 =27
r-CH, =3 [ 7-CH. = 3 . —
woy=8 3{%0; =6 W& EAN =53
Seg - Yo vt Vot In which of the following organometallic compound EAN rule is not obeyed ?
EAN =3 = L2 PRACTICE i
(¢) m-cyclo pentadienes as Se d = R 0 CrCHy (€O), i) Ni(=CHy),
P 0K Probl, (iii) Fe (r- CjH,) (COY (ir) Fe (CO) (C,HY
Colx - C,H,) (CO) ~Jtoblems ii) Fe
e 2 FE(KC,H !.)z ® Ans. (i), (i) )
Coy w2 Fe =26 5. Inwhich of the following complexes EAN rule is obeyed t
e=GHy =5 2Ae-CH,) = () Ma(CO);GH)IF () Mo(CO),
' sty =10 - iz) HCo(CO)
2(CO) = 4 — (iif) [Cu (NHyJ* (iv) 3
— FaN 28 Biies ® Ans. (0, (0, ¥)
Al MPOUNDS
S v MENCLATURE OF ORGANOMHALuchO ming the coordination complexes. These are
x - GHy) ColCH) e - have already studied the TUTAC rules for naming . i v adtnde
C0'= 27 (t-CHy Mo(CO), n - C,H, VE?’in Appendix. All the main rules are applied loolfﬂalll‘:;‘l“;::r;ﬁ:‘:;‘w S of
Mo =42 Wifieg ke f ligands. The simple 2 o ; e
(n-CHy = e to complex nature of lig of organic group. For example,
¢ Hj) = : ® -Gy s are named bypwmms the name of the met al after the name
e n-CH, = 3 Li " Methyl lithium
2(CO) = 4 Diethyl zinc s £
] EAN =34 B Ethy) magnesium "“’;‘:ﬂ;e
: AN, = Phenyl magnesium ¢ "
-_2'?}'.’3‘ 5 fn G S o =5

g
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Jdand C,H, iSnameq M
o followed in naming < named ascarbony 1 isn aseq

]he&-m-ralrul( -‘;:‘;.](ﬂmndnnnn) CO :::Y:mnm for calculahng the oxidati H’N
suchasCO, ethylene, onsidered 2 v

'ON state of

erally ¢ . 1ons. Some examples are
st vt 2 1lgﬂnd‘;"“hi("“m“ or may nof behave as an p
) 1on, although they mé

1
Potassium trichloro ethy lenc) platinate (IT)
olas QrekAcs
(ethylene 15 a neatral hgand) =
Potassium carbony Ipentacy anoferrate (

central metal

K[PHCL(C,H,)]

N),COl
o Potassium tetramethylborate (1 ;
- (Methyl radical i taken as anion -
Potassium pentachloro (phenyl) antimonate (

KIsbCl(CHI (Phenyl radical 1s taken as anion)

~elopentadienyl) ron (1)
‘J‘I'lC‘IL): Bis (cyclopentadieny )]

B 4 becase the ligand 1 complex and contains the prefix penta in its name. The common ind
1= 15 WS (i } i

popular name of this compound 1« ferrocene.

Nomenclature of carbonyls

T npounds containing CO as ligands are called metal carbonyls. In case, the metal hag 2ery
¢ Con 5

oxidahion state, it may not be mentioned.
For example,

Nico), Tetracarbonyl nickel
Mn,(CO),, Decacarbonyl dimanganese
Fe,(CO), Nonacarbonyldiiron
Cn-_.:(_‘(');a Octacarbonyldicobalt
Co,(CQy),, Dodecacarbonyltetracobalt
[V(CO),) Hexacarbonylvanadate (-1)
[CalCO),) Tetracarbonylcobaltate -1y

[Mn(CO), (CH)) I‘rn:umrbunylf(‘thylane} manganese (1)
Oxidation state is mentioned because it is not zero.
(1) Ilthvhg.}ndsml.1~1|r|dgvsbl'
their names. The prefips repeate
l€O) Co (CO), ColCO))
I((,OB)l Fe(CO), h~|CO)}|
[(CO), OsicO) (L(C()).]
(i17) When the metal carbon
orunsymmetricql The symmes
eltc). In case of unsymme
aligand on the other central me
](CO)‘ Co- CD(COJil
(symmvrrical}
[(CO); Mn - Mn(CO)5|
(symmctriml)
[(CO), Co - Re(CO),)
(unsymmelricalj

d be

Di-p-carbonyl bis (tricarbonylcobalt)
'ln-p-carbun)-l bis {lricarbuny]irun}
H-carbony! bis (tvlracarbonylosmium)

yls contain metal-metal bonds, the:

e classified ass i
a S€ may be classified as y,"”m
trical met

arbonyls, one centra) metal at
tal atom. For example,

Bis (Ielraurbonyicobali)

sated
om and its ligands are trealt

Bis ( pemacarbunylmanganew)

Pentacarbon

X -rhenium

yl uelracarbonylcoballio)

ODERN APPROACH T0 INORGANIC CHEMISTRy B
ini <
ple compounds containing OTganometajjc) ~
gamp

—Ta(C
_CIHI'ES Tg( 0)6

ical)
d-{unsymmetrica
Y m\‘l’t\u)z’ f_e(co_)‘l Telfacarbon
l'nsa and n bonded ligands
wm! dislinguish between one carbon
T:’m g and mare used. For example, cyel
att it behaves as one carbon bondeq |,
itis referred as ©-C H, (e o. R(C,lls):Fe; Si
¥ ding upon whether it behaves as one electr
W[ﬂ the case of unsaturated molecules or group
Greek letter haptein meaning 1o fasten) i

bonded |

e gand. H
Lnd

ylest [UPAC convention, the T notation is reco

Hexacarbmyl (ethy! mercurio) lantalum

OPentadiene (CH,) 15

milarly, alkyl group is referred as g-allyl or -
on donor or three electron donor.

used. For exam
cafied by monohapto (or '), two carbon bond

jgind as trihapto (or 1), a four carbon bonded I;

{2 ]

¥l [bis (h-iph-ny]phmph‘mmumll fron

"and and multiple carbon bonded ligands, the

referred as o -CH, (eg LICH,)
owever, when it behaves as fiver carbon bonded
allyl

S, the prefix n (may be read as eta or hapto, derived
ple. a one carbon bonded ligand is
ed ligand as dihapto (or 1), three carbon bonded
gand as tetrahapto (or n') and so on. According to

tweentwometalatoms, the Greek letter mu () is wrillen bCfDI“
lore the name of each kind of bridging ligand. For exampk:

s (bis:|
Icarbonyls are named by the use of multiple prefixes (s

mmended,
For example,

K[PCl, (C,H,)) . Potassium trichloro (nZ-ethylene) platinate (1)

Fe(CyHy), Bis (n’~cyclopentadienyl) iron .-

Cr(C,Hy), ) Bis (n°-benzene) chromium y

Co(CO), (n-C,H,) (nallyl) tricarbonyl cobalt

(C;Hy) Cr(CO), (nf-benzene) tricarbony! chromium

Re H (x-C.H,), Bis (n’-cyclopentadienyl) hydrido rhenium |

Fe,(CO), (C;H,), Bis (n’-cyclopentadienyl)
tetracarbonyldi iron

(Me,Si) W(CO), (r-C,H,) Tricarbonyl (n~cyclopentadienyl) )
trimethylsilyl tungsten

Fe(CO),(o-C.Hy) (r-C;Hy)  Dicarbonyl (n'qclope_nudienyl) ~
(n*<cyclopentadienyl) iron . A

Fe(CO)(C,H,) (n*-butadiene) tncarbonyl iron =

¢l) tri liron

Mn(CO),(—CH,—CH=CH,) (n*-allyl) tricarbony

(e-C,H :; (m--C [2—1 ) Mo(CO;J (q‘-ally_l)tricarbonyl(n’-cyclopenudmyl)moly?dncum.

(U-CSHS) Ti(,,s_c!H ); is(nl-;')«clupemadxeny ) bis (n*-cyclopentadienyl) titanium
5052 51152 : A

§'NDING IN ORGANOMETALLIC COMPOUNDS

c compounds depend u
bonding in organometa

pon the nature and stability of the metal-
llic compounds may be classified as

¢ properties of organometalli
’n bonds present in them. The
1 Tonic bonding-~

© O-Covalent bonding.

" Mult iple covalent bonding.
L loni¢ bonding
m“vpeot bondingis generally o
ke lodlum,polassmm, rubid

¢ soundsof the most clcdmrwlti\m
Mtilllyk:l:xn';r}upu itive metals like m.lgrlt'mur;
resent as a carbon gnym
Lol s {hese compounds, the hy-dmﬂm :‘Em ion by electrostatic forces
Compounds. In “ml,‘h‘d by the pasitively ¢ FBe e ring of different number of
whichis stml;‘}‘,h" L ative charge i3 dt,hx.,[];ed‘t
some cases, the Neg:

bserved inorganom
jum, cesium, etc. Sligh

.f"
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