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Werner’s coordination theory of compounds WEWW AP & T ﬁl?x'l?l)

It explains the nature of bonding in complexes. Metals show two different kinds of valencies (Ug FIW

H Y §TH BT UPIA B RS BT & | T &l S-SR UDR P1 HSIhal aRIfell 8)

Primary valency(mﬂﬁ%m) The primary valences are normally ionisable and are satisfied by

negative ions. @WWWW@WW%HWWWWWW
?)

Secondary valency(aﬁmﬁﬁm) : The secondary valences are non ionisable. These are satisfied

by neutral molecules or negative ions. The secondary valence is equal to the coordination number and is

fixed for a metal. (fGI® TASTHATE -3 B! & | T IS TS 374aT FHUNEHD AT
SRITQE et 8 | fediias Yoo Suagadior T & SRI6R gidl 8 auT 39T HH bt a1g &
fore g Ria S 2 1)

He further postulated that octahedral, tetrahedral and square planar geometrical shapes are more

common in coordination compounds of transition metals. (B_'{he[ gg Ut affemron &t % P HhHUT Ieal
& GH-ag Q] § JHMIG: APYSTPR, IqWhad g d 97 THde sufiifaal o o & 1)

Difference between a double salt and a complex (@WWW#W)

Both double salts as well as complexes are formed by the combination of two or more stable
compounds in stoichiometric ratio. However, they differ in the fact that double salts such as
carnallite, KCl. MgCl, .6H, 0, Mohr’s salt, FeSO ,.(NH, ),S0, .6H,0, potash alum,

KAl(S0, ), .12H,0, etc. dissociate into simple ions completely when dissolved in water.
However, complex ions such as [Fe(CN)g ]*~ of K, [Fe(CN)¢ ] do not dissociate into Fe?*
and CN~ ions. (f§ TaUI T T T &1 &l A1 3T 31fidh R D! & THqHIBRUAd g
3Td H TS d 81 ¥ §71a € | genfar 3 e 8 aifes fg aur SR wIense KCl. MgCl, .6H,0
TR AUl FeSO 4. (NH, )2S0, .6H,0 TIeTR, fhedmst KAL(SO, ), . 12H,0 3G ofad guf =u
J IR 37 A fATfTa 81 od 8 URd K, [Fe(CN), J8 RIMA[Fe(CN), 1+~ THd MM,
Fe2* qYT ¢ N~ ¥ faanfora g1 gId 1)




Coordination entity (W’\‘iﬁﬁ? GXIT 9T JH-AY Hd1)

A coordination entity constitutes a central metal atom or ion bonded to a fixed number of ions
or molecules. For example, [CoCl; (NH; )3 ] is a coordination entity in which the cobalt ion is
surrounded by three ammonia molecules and three chloride ions. Other examples are
[Ni(CO)4 ], [PtCl, (NH3); |, [Fe(CN)g 1%, [Co(NHs )g 13+ (Pald UTq URHTY] SUdT ST
3 forsht U (A T o S1aifiia S sraT 310] s Udh Suugadre axil & 4for

A § | SEBRUI [CoCls (NHs )5 | TF IUNEHIISH Il & o didlee o dF
St Sruait quT fiF FARTSS ST W feRT 81 3R IG8RUT § [Ni(CO), |,
[PtCl, (NH; )2 ], [Fe(CN)6 1%, [Co(NH; )6 |3+ 3M1fe

Ligands (f%l"'ig)

The ions or molecules bound to the central atom/ion in the coordination entity are called ligands.
These may be simple ions such as Cl™ , small molecules such as H, 0 or NH5 , larger molecules
suchas H,NCH,CH,NH, or N(CH,CH,NH,)5 or even macromolecules, such as proteins.

IUHEHISH T H Heg TR /310 & Uida SHTa 34dT 3] fois Hedrd g . 3 9
3T 8 Thd ©, S ¢1- BIC U] 8l Yhd § O H,0 TT NH,; §S 310] §1 Tohd & o
H,NCH,CH,NH, T N(CH,CH,NH,), 34dl §g&7] +} g1 Tehd g o Ui |

Classification of ligands (ﬁl"'i?:' &1 gaifenor)

Ligands
\ J
On the basis of On the basis of On the basis
charge number of donor sites of bonding
—> Negative ligands —> Monodentate : Only one > Chelating ligands : A bidentate or polydentate
CN-, F, Cl°, NO;, donor site e.g., H,O, NH; ligand which forms more than one coordinate
NO-. OH". O? bonds in such a way that a ring is formed.
> ’ > Bidentate : Two donor sites }
CH,—NH,
— Positive ligands e.g., (COO"),, CH,—NH, \
NO;, NO+, N2H§+ (Oxalato) | CH,—NH,
CHZ_NHl (Ethylenediamine)
(Ethylenediamine)

—> Neutral ligands
H,0, NH,, €O,
NH,OH, CH,NH,

— Polydentate : More than

— Ambidentate ligands : Monodentate ligand which
contains more than one coordinating atom (or
donor atom).

M<— 0 —N=0, M<—SCN, M<—CN
or or or

two donor sites e.g.,
EDTA (Hexadentate)

M<—N M<€—NCS M<—NC
0



Homoleptic and heteroleptic complexes (8T TCed TUTgeidtes !ﬁﬁl’)

Homoleptic complexes(g/ATe TCedH '\ti'il_,ﬁl') : Complexes in which a metal is bound to only one kind of
ligand are called homoleptic complexes. e.g., [Co(NHs)g] 3*, [Ti(H,0)6] 3*, [Cu(CN),] 3~ (Fpd

M ¢Tq URATY] Sad T YR & S G T ST I8l ©, SEERUI [Co(NHs)q] 3,
[Ti(H,0)6] *, [Cu(CN)4] >~

Heteroleptic complexes(?@ﬁm '\‘I"i,l,ﬁl’) : Complexes in which the central atom is bound to different
type of ligands are called heteroleptic complexes. e.g., [Co(NH;3),4Cl,], K,[Fe(CN)sNO],
[Fe(H,0)sN0]SO, (UTq foFH ¢1q URHTY] T 31 bR & ST Tg! I ST 8l 8 SCeRUl
[Co(NH,),Cl,], K»[Fe(CN)sNO], [Fe(H,0)sNO]SO, BCIAP® IHd Hedald g I)

Isomerism in coordination compounds mﬁﬂ et A HHYTA)

Isomers are two or more compounds that have the same chemical formula but a different arrangement

ofatoms.mﬁﬂﬁzﬁmm mm%%mw&wm%m
TRATST B e i gt 2 1)

[somerism

Y

Structural lisomerism Stereoisomerism
v
Ionisation ’ { Hydrate ] Linkage ’ l Co-ordinate
isomerism isomerism isomerism isomerism
Compounds, which give Isomers, which differ =~ When an ambidentate ligand =~ When both positive and
different ions in solution due  in the number of water attached to metal through negative ions of a salt are
to the exchange of ions in molecules attached to different atoms then the  complex ions and two isomers
coordination sphere and counter the metal atom or ion as compounds are said to be differ in the distribution of
ions are called ionisation ligands. linkage isomers. ligands in two complex ions.
isomers. [Cr(H,0)]CL, [Co(NO,)(NH,);]Cl [Co(NH,)4] [Cr(CN)q4l,
[CoBr(NH,):]SO,, [Cr(H,0):Cl]Cl,H,0 [Co(ONO)(NH,);]Cl [Co(CN)4][Cr(NH,)l

[CoSO,NH,);|Br



|Stereoisomerism|
I
v Y

[ *Geometrical or cis-trans isomerism ] [ Optical isomerism ]
If two identical ligands occupy This isomerism arises due to non-
adjacent positions = cis superimposable mirror images.

If occupy opposite positions = trans
Py OPP P Only in octahedral complexes with 2 or

v L 3 bidentate ligands.
[ In square Planar ] [ In octahedral ] v l v

Shown by ShU“In by cis trans

MA, X, v v ; | ! optically inactive
MABX, MA X, MA, X,

MA, XY d-form [-form

MABXY cis trans

If all three similar groups If three present around
occupy adjacent position then ~ meridian of octahedra then
fac-isomer mer-isomer

(* Geometrical isomerism is not shown by tetrahedral complexes.)

Bonding in coordination compounds (STUgHEAST AIfAHT & 3meer)
Valence bond theory (H3TSTerdT 3TeET FAGHTA)

a. A suitable number of vacant orbitals must be present in the central metal atom or ion for the
formation of coordinate bonds with the ligands. (1%1"'[@;r & Y UG §Y & T3 b ﬁ‘l'q
G YT URHTY] AT S & I Hedb Hiolg oI+ aNgU )

b. Central metal ion can use appropriate number of s, p or d-orbitals for hybridisation depending
upon the total number of ligands. (a"—';a'q Yrd H1I foris We & 3MYR TR &R0 & 1%111
IR WA A s, p T - BT ITIRT HR bal 7 )

c. The outer orbital (high spin) or inner orbital (low spin) complexes are formed depending upon
whether outer d-orbitals or inner d-orbitals are used. (a'lf-rﬂ D& D (3= Udh Ul ) fdrar siidRe
HEH (T TN YHd b T3 37 ATYR TR Gl S B1 IS AT AR d-Téfeh B
ST T STl & &1 =Ta] 1)

d. Low spin complexes are generally diamagnetic and high spin complexes are paramagnetic (ﬁl’g

YUl Y AR WR Ufadad 1 g1 € Sl 3= Uaeh Ul U d Saad i 8 )

e. Paramagnetism o No. of unpaired electrons.



f. Magnetic moment = m B.M. where n = number of unpaired electrons
C.No. | Type of hybridisation Geometry Examples
2 sp Linear [Ag(NH,),]", [Ag(CN),]
3 sp? Trigonal planar [Hgl,]
4 " Tetrahedral Mot ech e
dsp’ Square planar [Ni(CN),]*, [Cu(NH,),]*, [Ni(NH;),J**
) dsp? Trigonal bipyramidal [Fe(CO);], [CuCl;]?
’ spid Square pyramidal [SbE.]?
d’sp? Octahedral (Inner orbital) | [Cr(NH;)4]**, [Fe(CN)4]?
¥ sp*d? Octahedral (Outer orbital) | [FeFg]*", [Fe(H,0),)*", [Ni(NH,)¢]**
Inner orbital complexes Quter orbital complexes
Involves inner d-orbitals i.e., (1 — 1)d-orbitals. | Involves outer d-orbitals i.e., nd-orbitals
Low spin complexes High spin complexes
Have less or no unpaired electrons. Have large number of unpaired electrons. e.g., [MnF¢]*",
e.g., [Co(NH;)e]*, [Co(CN)e]* [CoF,]*

Limitations of Valence Bond Theory (wﬁlﬁﬂ ATHY aﬁ%ﬁmq)

It involves a number of assumptions. (399 WWQ’TW% )

It does not give quantitative interpretation of magnetic data. (WW mﬁﬁé
HIEATED BT 751 &l |)

It does not explain the colour exhibited by coordination compounds. ( WWW
& GRT I T TN BT WHTHRT T el )

It does not give a quantitative interpretation of the thermodynamic or kinetic stabilities of

coordination compounds.( H‘s’aweﬂ?ﬂmtﬁﬁraﬁao‘ SHATAD T @TWW@@%
ft OIS ReAT 781 il |)
It does not make exact predictions regarding the tetrahedral and square planar structures of 4-

coordinate complexes.( Ug 4 WW%WWHWWW@TWW
ST 81 @1 U 1)

It does not distinguish between weak and strong ligands. ( WWHWWW%HW favg
g1 ol )



IUPAC NAMES OF MONODENTATE LIGANDS (T&&eR forais &T IUPAC #TH))

Common Name IUPAC Name Formula
hydrido hydrido H™
fluoro fluoro £
chloro chloro Cl™
bromo bromo Br
iodo iodo I
nitrido nitrido N3~
azido azido N5~
0X0 oxido 0?2
cyano cyano CN™-
thiocyano thiocyanato-S (S-bonded) SCN™
isothiocyano thiocyanato-N (N-bonded) NCS™
hydroxo hydroxo OH™
aqua aqua H,0
carbonyl carbonyl CcO
thiocarbonyl thiocarbonyl CS
nitrosyl nitrosyl NO*t
nitro nitrito-N (N-bonded) NO,
nitrito nitrito-O (O-bonded) ONO™
methyl isocyanide methylisocyanide CH;NC
phosphine phosphane PR;
pyridine pyridine (abbrev. py) CsHsN
ammine ammine NH;4

methylamine methylamine MeNH,



IUPAC NAMES OF MULTIDENTATE LIGANDS (agagnﬁwgaﬂ IUPAC TH)

Chelating
Points Common Name IUPAC Name
bidentate ethylenediamine 1.2-ethanediamine
tridentate diethylenetriamine 1.4, 7-triazaheptane
1.3, 7-triazacyclononane
tetradentate  triethylenetetraamine 1.4,7.10-tetraazadecane
B.B'.B" B. B’ B-tris(2-

triaminotriethylamine aminoethyl)amine

1.4.8.11-
tetramethyl-1.4,8,11-

tetramethylcyclam tetraazacyclotetradecane

tris(2-pyridylmethyl)  tris(2-pyridylmethyl)

aming amine
pentadentate  tetraethylene- 1.4,7,10,13-
pentamine pentaazatridecane

hexadentate 1.2-ethanediyl

(dinitrilo) tetraacetate

ethylenediamine-
tetraacetate

Common Name IUPAC Name Abbreviation

acetylacetonato 2 4-pentanediono acac

2,2'-bipyridine 2.2'-bipyridyl bipy
N,N'-diphenyl-2.4-

nacnac nacnac

pentanediiminato

1,10-phenanthroline,
o-phenanthroline

1,10-

diaminophenanthrene 2T,

oxalato oxalato o0xX
dialkyldithio- dialkyl- -
carbamato carbamodithioato

Abbrev.

cn

dien

tacn

trien

tren

T™C

TPA

EDTA

Formula
NH,CH,CH,NH,
NH,CH,CH,NHCH,CH.NH,

H
N

HN NH

NH,CH,CH,NHCH,CH,NHCH,CH,NH,

NHECHECHIITCHECHENHZ
CH,CH,NH,
NN/
" Co
N N
/NN
TPA TMC

NH,CH,CH,NHCH,CH,NHCH,CH,NHCH,CH,NH,

“DOCCH, CH,CO0™
NCH,CH,N
“OOCCH, CH,CO0™

Formula and Structure

e
o | 1] J |
CH,COCHCOCH, ", c/C“\c/C“\\CH
N N
con oo
¢
H,C _
CHjaNy ~ Y \|/
ph-N N<ph
N N
C] 2H SNZ :OE? j;O:
C,0,7" - 0*(:—{:4'0—
24 . N
o” o
R
™ e
S,CNR, - Je=N{
s R



IUPAC NAMES OF SOME MORE MULTIDENTATE LIGANDS (;,Waﬁﬁga'?gﬁ?i?ﬂ IUPAC #TH)

Common Name IUPAC Name Abbreviation Formula and Structure
5 H
ethylenedithiolate 1,2-ethenedithiolate  dithiolene SIC:]-]EJ‘ 7— j
$ ™H
. Ph Ph
1,2-bis R S~ -~
: : _ P P
(diphenylphosphino) (' df ﬁi“ﬂ‘g:b;ne} Ph,PC,H,PPh, PN/ Ph
ethane phefy’phosp H, H,
2,2"-bis OO PPh,
BINAP (diphenylphopshino) BINAP Ph.P(C,;Hg),PPh,
-1,1'-binapthyl OO PPh,
HC CH,
: _,:_l:_‘\
eI I DMG HONCC(CH,;)C(CH;)NO™ N” “N
dioxime | |
D\ O
H
lylbo hydrotri /N )
pyrazolylborato ydrotris- _ O
-H- H—B—N
(scorpionate) (pyrazo-1-yl)borato Tp [HB(C3H;N )] \j
3
2.2'-Ethylenebis- N N
salen (nitrilomethylidene)- salen “OPh{CHNCH,CH,;NCH)PhO™
diphenoxide o -0

Prefixes used for the number of ligands of monodentate vs chelating ligands

2 di bis

3 tri tris

4 tetra tetrakis
5 penta pentakis
6 hexa hexakis
7 hepta heptakis
8 octa octakis
9 nona nonakis
10  deca decakis




Crystal Field Theory (fh¥ee &1 ﬁi’j—l‘i?l’)

1.

The crystal field theory (CFT) is an electrostatic model which considers the metal-ligand bond to
be ionic arising purely from electrostatic interactions between the metal ion and the ligand.(

foreed &7 Rigid te RR faggd wicd § e SR urg-foris sey omafe g & i
Had Y-S qT ferfe & He RRfIgyd o= el gRISTA A & 1)

Ligands are treated as point charges in case of anions or point dipoles in case of neutral

molecules.@Wﬁﬁﬁ%ﬁ@ﬁ@ﬁ@m%??qﬁﬁ?mmﬁﬁ@ﬁ@w
T Mg 1)

Crystal field splitting in octahedral coordination entities(3TSEHehIT STHGHASTT HIHGI H fohecd

SERCEIC))
L
Lt ol
— —
® ® SO
e L
/ de » d

1.

mE s d,d,d,

d Feh L7 et foreeat CER:
.,— d FeRT I G S ) o o §
CI.\" U (Iyd d.\y d_\-z d_ux d_ EF&TEF:I 1l fENTZ:I
T o A

3 egl

Ligands for which Ao < P are known as weak field ligands and form high spin complexes. (tlﬁ
Ao < PRI AN SoHaCH fodll U eg P& T ST T UGN 1,3 eg’ UT BT |
forie oM Rt Ao < P BT € g & foris Feam § iR 3 3= Uash Ul I%d a-1d § 1)

If Ao < P, the fourth electron enters one of the eg orbitals giving the configuration ¢,

If Ao > P, it becomes more energetically favourable for the fourth electron to occupy a
t,4 orbital with configuration tzg4 eg? . Ligands which produce this effect are known as strong

field ligands and form low spin complexes (3¢ Ao > P ﬁﬁ,%ﬁ%@ﬁmw
BIdT g, 3ol : Tl SolargTet vl Ueh ¢, , 8T H ST [ Telaglioleh [dea¥ ;¢ eg® 9Ted
B1aTT | ToIa7S ST 5 TehR hT THTE 3] el @, Telel &1 Tola1S Shgolle ¢ AT fola=T Trelshol Hepel
g g |




In general, ligands can be arranged in a series in the order of increasing field strength as given below

@HTIG: forEl B 3% Ted! §s &3 Uaadl & HH H Ue 0t o uR eafRid a1 o 9T 8)
I<Br<SCN<Cl<S <F<OH<C,0,”<H,0< NCS < edta’ <
NH. < en< CN < CO

Crystal field splitting in tetrahedral coordination entities (W 3qHgHASd '\‘I'H@ #
frres a1 Raree)

Energy
_ .n':—_|.-1. >
d orhitals Average energy of the  Splitting of & orbitals
free 1on o orbitals in spherical  in tetrahedral crvstal
crystal field field |
4
2= (5) 8

Colour in Coordination Compounds (maﬁma?ra’tﬁlﬁﬁi?r)

The colour of the complex is complementary to that which is absorbed.( WWUTE%’%’@'I%’&HT%@T
3Hh @RI AN T Ph BIATE )

Relationship between the Wavelength of Light absorbed and the Colour observed in some
Coordination Entities

Coordinaton Wavelength of light Colour of light Colour of coordination
entity absorbed (nm) absorbed entity
[CoCIHNH.):* 535 Yellow Violet
[Co(NH.).(H.O)* 500 Blue Green Red [ ]
[Co(NH,).|* 475 Blue I Yellow Orange
3= R Not in visible

[ColCN]s] 310 Ultraviolet region Pale Yellow
[Cu(H.0),1* 600 Red [ ] Blue [ ]

[TiH.O)s]" 498 Blue Green Violet



Limitations of Crystal Field Theory (fSh&ee a%srﬁqmaaﬁr #HAT)

The crystal field model is successful in explaining the formation, structures, colour and magnetic
properties of coordination compounds to a large extent. However, from the assumptions that the
ligands are point charges, it follows that anionic ligands should exert the greatest splitting effect. The
anionic ligands actually are found at the low end of the spectrochemical series. Further, it does not take
into account the covalent character of bonding between the ligand and the central atom.

fohEcel 81T ATSel o GaRT STHGHATSIST ITIThT o SeTol, SeTehl HI AT, {31 AT FeehI A[UIT ohl HTHI §G
oo AOhelcTdeh HHSTAT ST Tehell §, TR §oT IAURON3N & Tk folars foig 3maer g, tar gelia grar g
T3 FuTTreT To19TE @RI d heTehi ol TauTesT a1 gl AIfg T | STafeh O fold18 aredia &
TAFERTARITAeR A0f & forerel R o) 31T €. 58k 31fARFT g etiid folars qur sy et & 7eg

mﬁ?aﬁmﬁ' ggid & T Zel el .
Bonding in Metal Carbonyls (mgm%m)

Synergic bonding

The metal-carbon bond in metal carbonyls possess both o and mt character. The M—C o bond is formed by
the donation of lone pair of electrons on the carbonyl carbon into a vacant orbital of the metal. The M—C
1t bond is formed by the donation of a pair of electrons from a filled d orbital of metal into the vacant
antibonding n* orbital of carbon monoxide. The metal to ligand bonding creates a synergic effect which
strengthens the bond between CO and the metal.

T hTaiTfolell &I -ahTelet 3Tt H o AT n &l h UT UV SATA & | M-C o TSI el ToTell FHE o hlelal
TR 3YTEA SATFEIeT JaTeT ! 1] o Nefel heTeh H 1T hlel H Teh Solehelel JaTel 3l hlele] HIAIFHISS &
ReereT TfA3iTees e eheTeh # eled el @ ool & | €] & ToIITS oAl 31TeTer Ueh T Toh AT MTeTclT AT F391d 3ot

AT E ST CO T &I o HEY T hl HoTGT STl & |
Applications of Coordination Compounds (mmﬂﬁm)

1. Hardness of water is estimated by simple titration with Na, EDTA because Ca?* and Mg?* ions
form stable complexes with EDTA. (STeT T ShdRdT T 3TTehole] Na,EDTA Q?HTQTHWG\ERI
fanaT ST & &R Ca?* @ Mg?* 3T EDTA & | TARN HE o Tl © 1)

2. Some important extraction processes of metals, like those of silver and gold, make use of
complex formation. Gold, for example, combines with cyanide in the presence of oxygen and

water to form the coordination entity [Au(CN),]~ in aqueous solution. (ﬂlﬂ\’fﬁ%@lﬂ'ﬂ@
o fafral & S Riear quT e & o Y d faRa &1 SuaNT 81aT § | SSeRUT SHiRfier




U1 57d T IufUfT T Tice, TIRARS S ¥ il gl Siaid faaa W gggdre Il

[Au(CN),]~ SFITR )

Coordination compounds are used as catalysts for many industrial processes. Examples include

rhodium complex, [(Ph;P);RhCl], a Wilkinson catalyst, is used for the hydrogenation of

aIkenes (3% SMINIS UhH H IUTEHUISH ANfTh] BT IUTNT IARS! & 70 H faar Sirar
8. S8R, ATETH WG [(PhsP); RACITH fAfecha SORS §, SN Sfedb -1 &

BT SIoHIERUT H SUTNT H 31T g )

Articles can be electroplated with silver and gold much more smoothly and evenly from
solutions of the complexes, [Ag(CN),]™ and [Au(CN), ]~than from a solution of simple metal

ions.( TSN TR RieaR 3R Mes &1 faggd AU UTq SaAT & faaa & &1 30e 3%
TPpd I [Ag(CN),]~ TUT [Au(CN), ]~ b a0 A HA IR AU ol YD THhaR d
ECEIEGIEL

The pigment responsible for photosynthesis, chlorophyll, is a coordination compound of
magnesium. Haemoglobin, the red pigment of blood which acts as oxygen carrieris a
coordination compound of iron. Vitamin B;,, cyanocobalamine, the anti— pernicious anaemia

factor, is a coordination compound of cobalt. (WW W@W, Tﬁ‘hﬁﬁﬂt
TR BT IudEdSH AT § | 390 &1 1 qUid gIalsalad, Sl dI SHiaiTor $I agd
€, 3R &1 Uh IUTgTaISH Aiffiep § | fAeT® B, AT ISTauHT Ufauumel SRaddT
PR PIalec B TP SUTgHAISH TIfTD § 1)



