
Siagoix's 
Tieons n Co-ovdinat'on combexes 

Co-ordinate bond and ette ctie atomio no 

Siclgis (1427) xtended the Leois cencapt of 
and intdneed a nnw concept of co-ovdinate 

folar ( datine bond. 
According, to ttis sidgustek's con catt tte igand dnat t 
elctronþair to the cental metnl ion and ths borm a 

Cor ordimate bemd., ML stich mclical that the ligand 
L (donan) has donated an clectmn pais to te metnl ion, M 

(accepto), This Concpt s baed on the fact that all te 
at leant Lone baiz cÁ electns. Thus 

Co-valent bond 
bond wtich is also somemes called 

donated b 

3t shown s 

NHy 

Eviaenty. te formahien bonds between the ain ligamds 
Mg msteees) and the eental metl ion ct 

N atom of each molecnle donati, 

oll telve 

One 

y3t 

ligands to cot in . The donat'on of an 
NHa mouele hoas been representid by 

On the banis f is Co-ordinate bond, 

the penodic ble. 
mumber rlo. 

The EANS the 

cetliy ien is given b 

wsre 

9geted that atteu the ligands ave donated centain 

no. of ctns to the centa netl ion thteugh bonding 
en the cntal atom, imelnding 

the total mo. of electons 
n the bonding is calect 

thore gained from igans 
otfeetwe atomic nwmber (EAns) f the ental metl io 

this total mo. o4 electens (ie EAN) 
and im mamd. is eqnal to the atomic 

tte centl metl icn 
Awondn hich follos the centl wetnl atom 

This is Called ettectwe atomie. 

EA (2-x )+ 

() 

ental metnd atom /ion 

Siagoic 

2- atomie no. o the cntal metl ato 
oxidaton stte of the e 

igand, Contain 
nthe banis of Sidgoicx's concept, the stnetwe of the Complug 



(2) 

Calendation ot EANS to seme 

Metnl caroonyls: 

Carbongl 
Ni(4 

felco)s 

fez Ciodg 
Co, (colg 

(in sa) 
Cor (co)g 
(n sid) 

tonpound1 

atomi 

28 

26 

24 

26 

27 

27 

25 

mo. of euctrrns donated loy ene gend 

26 

ay 
Co 

tarminale bidgng co 

3x2 

3x2 

52 

AX2 

Ponald Pdonand 

donatd ky donatd h 
M-M bond 

26+ 2(F) 3126v) 

3x1 

Pdenatecl 

fe (ao),(co), 269 (e) 2x2(2 2x2 (3c0) 
IX2 (2co) 

3X2 

2 X 2 

5x2 

SX2 

2X1 

emtl haetdatom 

2848 =36 

26t lo 36 

24 +(2 =3¬ 

24 +2 +lo 

26+6-+3+|=36 

29 4 6t2+}= 36 

25 4 1ot) =36 

28+8t2 = 36 

EAN o the el atom 

28t ty 36 

28 6236 

28+-2té 36 
28 +4t =36 

-36 

24t2t \o = 36 

14+ 2 + (o = 36 

2i+6+2 = 36 



Some methl tomy: 

aton/ e) 

26 

27 

49 

29 

Cntal 
tblatbm 

3eniiy do not 

Exceptons of E AN nl: 

(t2) 

28 

(t 3) 

25 

() 

t4 

Co-ordinh'on no. 

24 

28 

as te atomiG no. ot the xt mint 

(t4) 

V 

8 

(+) 

Ateie 
mitl 

atomi 

27 

(æ) Some mettl atoms knch as 

eqnal to 4 
follos ts ule. 

29 

26 

lcbon donatal 
ly the ignd 

Gx2 

Thengh 

so)Comlixes ot N(u), CoC0), Ag Ci) te. shich have moe than 
n the mate of the igand, 

Gx2 

dujending follostu E A mle. 

Some xampls, shre E AN mmle do t fo llo, are 
giren belos 

+3 

mebl abm 

3 

t2 

+2 

(+2) 

(46-4) +I2 = S4(*«) 

(26-2) +12 

O:S +4 the lonated 
Canbal 

(27-3)+ 12 

(+2 ) 

(+3) 

(49-) + 2 

(78 -4) +12 

fe C) wtich Ras coordinatin 
amd eamal to 6 in Fe (C~), aver 

3x4 

6x2 

-36 ky) 

-36 (ky) 

6x 2 

= S4 ( e) 

E AN ot hetl atom. 

(26-3) +12 =35 

(24-3) 12 = 33 

(28-2) +12 

(2s-2) +12 

= 36 (k) 

(29-2) +12 

(27-2)+ I2 
(8-2) +8 

29-2) +8 
(26-3) +3 

38 

35 

-38 

- 37 

(3) 

= 35 

-3| 



Ni(C1 

Atomi no 
(9) 

46 

47 

29 

24 

25 

26 

AFlication of AN mi: 

(+2) 

(+2) 

EAS 

(+2) 

(+1) 

(+) 
(t) 

(t) 

(+2) 

(+1) 

ae 

Paonated hyEAN C metl 

Limitatiow t Sidquwick s Conept 
() The donation ot þan by by 

Ligond,ny 

4X 2 

Co 3+ 

4x2 

fromigand 

Ix2 (a) 
5X2(Ca) 
1x 2 
5x2 

1X2 

(18-2) + 

4<-) + 

(42-)+4 

(29-1) + 

(14-) + 12 

+3 

(25-) + 12 

(26-1) +12 

wlk the helt of EAS rmle,the magetic 
þrpnty te, cemtx ions cn be þredicted. 3t Ras bee 
obsewed that the comliz ion we cntlmetal atem soe EAN 

= 34 

Te lmlix iony shse cntl mtal atom does 
not ohey q2ntly pwamagnetie . Te no. 

nbaired þreoent in the complix ion is eqnal to the 
E AN ot the cntl mnetal atom ad dittrene betwen the 

atomic no. the meyt the ushich folle the centl 
metal atom the beodio tenlale. wlk the helf o thene 
taied dctons te vale 

-52 

Cs -ovdinate bond s 

=32 

° magnetic momint () 
and t hos found to be amot 

n benmental vane (orp) 

-35 

-3 (chae 

= 35 

= 37 

each ot te ligand to the 
Centl metnl atem /o to fom ’M o-ordinte bond in 

Cembluxes acewmdalig ve chorq on the centl uehl ien 

diamagntie and it is ex þanentlly vaified. 

Can be callated 
to 4he 

sfichh y most nlikely. 



is that electm boir waed ey H,0, nd 
mamy She nntal lignd fuY donah¡n ppoy iy 2satn 

þoas. This 2s elachon pais han lbonding chanctishies and 
't thac eetns m orde to mace 

mre 

tormation 

e eycited to ig snrsny lvels, the 'u rquud than what is ac tually available in the bond 
amswer to this cojecion may lie n the The 

Meorqanisation of n evels in the bonding atm to 
forn ybid oritn 

(liy Finally, ttese ase compliys sthich are fredomminnt 
(nic n chaacter and hence the nce the ferces actng bet 
the cntd atem and the igns may be regarded 
essentiay elctsthi . 

Pauling mggted that the acumulation o umdne 
on the ental metnl te Cam be fravetet 

t it i asmed that tte metul- igand bond has omne 

ionie character (ecto- eubait, þincl) and in adiition 
to - bond the centl otom ase fovms TI- bond wit 

Ekchenetality rinie! 
Pouling's leetountality vineihle stty that 

Commpia becis the charge tend to get distribtrd 
atom comblax has a 

mnne o that no 

hesnltat charge qeali tham abont t1. 

A compliz wtuld ae mast stable shen the 

e etal aehieves 
þaus heh that 

4 

istibnien of cecton chae 

of ionie chacte : 

(5) 

8 x (Xa-X) 

eondition of 

Te 
estinated fom the . (oio 

te combte abeu may 
charactey t the bonds n the boasts od te diBsence 

of elctowgatiity batoeen linked atons 
|·4 

16 (a-Xa) + 35 (XA-) 

bonde 

Fluon compiyes of etí bevide 

the igand n bonding in comblx es) 

ntilly eo het ctical charge. 



The 

frinuple 

Heme, 

toS2 e 

þantty 

the 

2+ 

0- atom 

/ t toic ehcract of Beobnd 48 

Coyaabondinga 

*namples llustate the a pli cation f the 

bonch ae 

the t Orygen atms actaly donat a totl �xS1=9-08 

valene 

Since 

to the Be 

charge for enck 

Thus the netehange 

the 

ruceves 

nentalsed b the H atoms joned to them The 0-H 

bondis 24%. ionic ( frm al ctonegity aitfene 

2:1= ' 4). No, theoH bond were \007. lonic 

wonld H atom 

het chge 
The mit charge 

Thua 

Diffence 

donat 

A0 

apfoximathy 52% covalnt. Hence 

erch 

0=3S 

Be 

to hångens, maning atehl of 

b mtsed to 
Be-o ime. Acthay, this is 

ettet 

--024 

full electo to an 

cy 29Y. tonio, the 
eny o2ge 

each hyogen is to. 29 e. 

8 H 8 x 4 o29 = t 2:32 

=3S 

To tal +100 

2ac 

adyjacint 

oS8e.The 

The very lens net charge earing elctnubali 
axplain the aistame ot [Be (Hso), 



foy 

Back bendng & 

thune lgmds 

from 

The 

Thus m 
metl to 

þ- or bitoal of earben 

|- bond 
metls 

Ni-C 

re 

bond ordi o 

Totl: 

Tot 

18H. 

meress 

Toful 

-|:12 

-036 

sie the doar atom Ras a Lo electo negafuty Thngh 
þor eleton domars, yet ty fovm 

+348 

+2-00 

012 

comfty wlti metls, teciay in the Lower oyidation 
the, electen dm sity ot the metnl 

stetis Sn the canes 
soYmnce 

is redneed by backb0nding 
Aonation of d elecms of th met ims t the eigand 

43 48 

+ 28 

(xplam 'nn 
itmee 

many eigands lie 

nistemcy 

covr bomgl, the elietm dmity ahits brom 
atm. This regnes the 

for the aleptance of d alictons 
Ao that t is mo ot avai lable foy the 

formatin wth the oxAn atoms . Hence the 

inscving 

and 

the 

C-0 bond 



Ths watod-Ve charge in cyan 

(r simlar combliye) ill be dis tibt to tae i 

Ligendi 

the 

tve 

aceum nati n 

The cnt may actually becoes meutal enen ighty 
satisis ontiny's alectrennlihy princi pee . 

By Comnteay tt 

N=eMc= N te. 

(r) 

) Advamce Smogani chmistn 
- Satyt, Thi,Bam Madan 

i) Salucted trfics in norganic Chemitb, 
Mah Tuli Madam 

in) Genel 2nerganie Chemisty Pant -

iv) Theoehenl oimeiles of gnic chemme-Gs. Mamhw 

R. Skar 

Bonic cheinty- J. Hugty 



to lcin the bonding n tranition metal comblimes, ee 
differet thions ae 
) Valenee Bond Thiory (vsT 

i) Ligamd Fuld Theoy (LfT), 

Theoiey in Co-ovainahon Comblixes. 

VALENCE 

The Theory and atended by Pauling and slaty 
fic deas wilt He electnie stmche of centnl 

metul io in ts qroumd sate, kimd of bomding , geowtry (iie 

Ao's 

a) The ntal metl atom en maxes avallble a no. 
atomie osloitals eqnal to ts 

e-xanotion mo. Thee Vacent rbitals yiae togathen to 
orbitals which are the 

uhich 

has 

BoND THEORY 

(d) The 

bgbri diing. togat 
(b The igamds Rave 

Lone po of eleet. 

cey Vacent tmybrd obitrs of tt metal atom(i outaf 
to ith the filud -oitl of the igand form LM bond 

co-ordinat covalnt bond and hos the 

charaetaisfies. f both .the. oveong, obitals. Hoeve, the bond 

m 

bending 

at leat 

electns of tie metal atom t0n ae them 

aanged m the metal erloi tols wtich do not harhieipate n 

aletons fanes piace accordng 

Octaheal Conlxes: 

mnnd ybidis atiom, 

(vOT) 

Apying the aove assmtons, the v&T baod yplain 
oc tahedyal 

the formation of me 
and teahel 

Ane 

bonding ooected 'alony the 

|n bth th cas tte 

the axis 

to Hmd's le. 

Y 

d- ovbits that hasiipat 
d and d 
to get btty mixing witt 

shae) and magnehie nt t the comps.The theory 

becauie o te mode of it formaten. 



(2) 

(n-)4 s a' ybndis ation (Imne obital Countu) 

as covalent cemmpluy es 

atom /1on 
wndrgos 

have 
() have, 

knowm 

þaiecd nt to vacate hwo f-) d orbital wtic 

gloais athion wtt me ms and wee nb obituls to a 

oeentiet by the ligand 
bends. 

to accomodate 

quantem 

( hee ioo)at 

As the d-obitals weed in the hybidisato 
s oobjbl (ns)/bibts 

The conmpliyes tat formed by te hybidisatio 
Inmer-'ovbital cnplixes. 

fivst þail uj f vacate 
dsf ybi disaton 

Pating 

wtih ae. 

Bt thene (ons 

umbaied 

ML bonds 

3d 

e 
te 

Orignay ealled smeh combliy 
Co-Valemt primanily 

fom 

moment. 

X- denote ,the elechon loming tom th lignd and ty 

4:ued the ybnd obitl i fote spi. 

Lnpaed deay 

complix (as tne is no 
x. The þrspoed diamagnetie matue ef tthe 

wnpanid ) þeimen taly vaified , nbpk, the 
Pypoed ybitisation. 

3d 

two wnpai electons 
tu d enois stich fnlh enilrgae 
sho 

the 

duigthe complx formation 
the tl atmib. So ala tte 

kn thus the comflits 
lo in cemlyes. 

þaramagetio covr þening to one 
fee im (at) hasthe wnpand . 

toing Ras 
wnfaied elect,a 

ggete d that, 
bitals 

m order to Rave 
ene ele cn 



t Then 

by 

has een houn 

the 

ovbits 

free ion 

found 

ben 

et n þmoted to thetiglr vacent Ss obitd . 
the tonf coRt be comes 

tue Jingle hence hould be 

fact thaf mee 

tuey 

Te. 

that 

(sa) 

easily 

Euehonic tontig 

thirefre 

Ho 

bybidi satio» (Out 

meaement 

a) Panling's snggetion 

3d 

stich mpþots the frnpoed hybidisation . 

shonn that lCoFe76 has 
þarcamagnetie chancter corvapendng to the fysene of fow 
wnbained alectroms im Bd- ovbitad. Thus d's hyidisation 

þyedict the Sbs erved magmetic 

an d 

have 

ne tul igamd e eignd bonds 
Covalent 

346 

Ligand L 

obitas andthe 6heu 

ttie 

4$ 4 ss 

- ovbitd Complex) 

plain ib formation tuo nations have 

te Comolx lens nch as 

4þ 

Ss 

m 

momet 

(3) 

e: þrimaiyinic and not 
d elects the comnpxe on ae 

alloced to 

Panling originally mgated 

nst nqicd to pa but 



(4) 

he 

lectrens oane contained in abe, atid otitl, locafca pria 
igend. Accerding to Rim stn lectenegntive a' 

ane inwelved Hue elictestotic bondiny tany blace tick 

X 

abandonc, hen t beccme kioNn that 
þonamagnetie topiixes ch n fe (an),,behave Dike 

Apical covalnt comþends (wiglk yotatity amd high s atility 

obitals 

tombluxes . 

To accot te aramaget'o 
matue o te tomlexes Cne Cofo? 6. Huggin asmed that 
d- orbitals inoved in the ybridisation to fon si hgrid 
obitels but ane 4d obitals, Ths explan the 

Tese Comlxes hawe 

(on. 

thy 

Thee Lomlees arekwn 

the metl 

mebl amd 

ton.1 

Colled 

magnete moment eorsesþondiyt 
of n cued elect ay that of fee metal atom 

dai, 

Vaamt ms and tue n obitl of metul atom 1om wndergae 
aomodate 4as 

fov tebned ge omchy. 

tuturobital 

high api sþin fee comgiaes 

Hece the no. 
Yemn same 

the magnetie moment (si ty) 
as that f fee 



The Contfig 

oybital 

and 

ele chrn þai ot tt ctosite sin. 

and Fr 

shonld 

Thestaetwe sos the þragenee of $ wnbunid ale ctm. 

ex þiments alao found that this io 

Cevvasþomdiny to fuve wntoed elchn. 

Bqnane Planas Complxes on)dg. hybidishion] 

and y hond be teen 

and y- anes 

t 

hybidiSatoy Jheme 

amd 

Cos be 

dt gbidisatis 

ds hyb. N" 

shon belo 

Ni(cw), 

4 

[a(amts)'* . 

4 

the 

. The fov mation t sqnare plnar complexes by VBT 

Can be eyplained by Considrimg the cemplux es nchas 

patamagetie 

mdahybniiation. 

Lcbs ae 

(5 

Sme inthe comblex, eN ef met ion 

xþlainod by eithee s ybridisata 

4 



(6) 

U he (omplx is te tnhedal 

Cie diamagnette). 

We 

Thues magetie 
badosen the tuO qeometu. 

me 
below 

tehednl 

Covyasends te 
plamar 

ixþenment 

in 

eistomee 

than it shos tthe maghe 

2 npaed . On the 6thuka 

+hen t has no 

Hrseve, yical 

(341 ) 

moment easwenent 

the tetnkednl and nanare lamas gomty g 
This con be shon 

tetadal 

magretc 

shous thaf it has no 

By lhe. same 

mweme 

omety. 

Aqain Sq: þlanar stmctye 

line 

distingniel. 

nney- orbitd octahedal complux. 

have mdicated the nn 

+f goidisaton has n, 2t ang mpposs (ie ytation 
m the Case f C6 io 

achal Ahs ihted ochhednl qcoehs 

t above 'cheme 

t is mow s2ted by Hgain thot t tay 
plamar ahabe orespondimg spA yabridisation 

bgbidhsatio) is oh belao 



e 
ha 

me 
The mo. 

The 

mo.oy 

m 

þaid 

electrn 

me tal atom 
aluctms and 

qeometny o fhe complix ion 

md the tybe of hybndisation wmkgore bt the cental 
Tu elation btwen the noof npad 

the conmpley jny ase 
nd qeone bies o the Complex 

Sqnar 

Tefhedt 

o Univd elctms in a 

Centnd hittl atm 

Cablys 

1 

3 

4 
2 

3 2 

() 

-d9 

ven belej 

plenas 
Cemees 



(&) 

Limitatkong td vsT: 
Octaban (heth 

nqne þlamar Complexes ions hav. 

Tht me no. 4 np red elctms and hnce Com n 
Sth 6n te bais of te n 

be dshinguiched frm each 

b) Similarly , Owtutitl and tebahedal tomplys of al 
the ions vn d' tich have the same no. of unpauiud 

i) veT hils to plai the finen dctads of magnche magetie ohtw mcluding the magitude of te orbifde centibuti 
to tie maqnete miments. a-9 althangh both tetnhdal (s$ 
hubidisathion ) and ntn obitel octuhedrnt (sfoa) Comslies o 

have the naed to wtich (a) xpected valu 

But the tetakudnl eomplxes qurally Rae n 3-8 GM. 

Comylix have 

) vBT 

mney outer orit),te tahedal and 

tomylixes 

) VBT Cam nt 

differnt ahates 
metal comfuxes 

shy Co (t) 

vae n th ymge 47-52 SM4 

) V6T ds no qive amy detaled intormation abt the 

antlainn the temerate dendnt þoramagnhim the 
comhlxes, 

sle 

aceount the relatwe stabilihes foY 
and difesent co-ordination nos. n 

it can nt sab'shchily ex þlain 

Ni) rehy forms tefahdnl comnpluxes fes foms bt 
stile c,3t octahed Comlxes 

vi) vsT Camnót ex þlain 

vi) The thoy con t 

dinecinti, mstanty 

Cut 
Astoted octhedml complexes n thn al te 

igands au identical. 

account for the yelative mty £ 

m acidic aq. sottion ie 
[fe(phen) dissociaty at a os nt, t does nfaan 

-elictns can mot be dstimgished bom each tew 

the octahedn 



The mnechanm 

vi) vsT fito tistings the gometng by emy mgnh moments 

eontoiny 

Prles 

ix) vST nglct te ayited atata f tte complexes. Hen ot Hence, 
no thnmodynamie fohutg Can le þredi ted. 

tthe 

The 

show that au octahednl Compluxes of Nmnt be 
entu orbitlC comoxes. 

magmee 

tnped 

monet 

Using vnst fo TAn (iit,),1" and Lagen)] ions, pedict 

bond theory 

to metal ion see as tte igands 
yncred. 

fon 

shat is the differemee beteen mner obital ocahedal 
tombluxy amd 6ithobital octahedl comple. 

On the basis of VsT 
the 

(9 

ion n tthe bais of valence 

cmines te folocig qneatons 
to-ordinated complix eipoundy ins. 

oxidahoh atai, of the cntrl metl 
y sthat is the 

atom ion. 

i) tsft, tyfpe of hygbidisaion is vnvotwed 
ii). sfaf is H qeemehy and magnehe behaviauy 

jon Combowndy? 

iv) Calenlate the i y valne? 

þredit Hae no. 



(b) 

On the basis of veT, blon the ) 

in thin magtie t 
) A aghare plaman Combly ot divalent metal ha 

( Find ond the 

he 

bygidisaton. 

anan Comlxen of Ni2 end c.t ions. 

i) shette te 

/iv) Calelate, 

| 2+: 

() Magetie 

(6) wtik 

) fat is the magnetie behaview t the 

biely 

moent 

arhected fo Ta 2 e ahe 

Complix es have : 
bcthedal, tebhedl 

answe the fuloing qnsio 

value 

mms obrtal octahedal 

qhare þlana ? 
Cntu oitne 

Calcilate maqnetie momen an eaeh ca. 



) The turo d- ovbitab waed in d's haybidisahon dat and d-y oitals. 

ion is a Lopin Complix sthile FecH0)3 

tn in a hish abn complex - aþlan by vST. 

e) [lo (aMs)1" 
d) felco), is diamagneie bi bgramjdal 

ng yramidal (a'sf). 

By 

bi byramidal and nt diamagncho 
dsp) 

arse 

Aanily oxidisable 

chemity 

i) Advamed Inorganie Chemis 
Satyapmat, Tuli, eom AMada 

Tuli ,Mada 

G:S. Man 
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