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Topic: Coordination Chemistry



Coordination Compounds

Definition: Coordinationcompoundsare composedof a metal atom or ion and one or more
ligands(atoms,ions, or molecules)that donate electronsto the metal. Thisdefinition includes
compoundswith metalccarbonbonds,or organometalliccompounds

C Coordination compoun@omes from the coordinate covalent bond, which refers to donat
of a pair of electrons from one atom to another.

C The donors are usually called thgandsand the acceptors are thmetals.

C Complexes/complex ions are shown ussggiare brackets

C Coordination compounds are examplesagfdcbase adducts

C They are frequently callecomplexesor, if chargedcomplex ions

C Homolepticcomplexes [Co(NB]3*, andheteroleptic complexes: [Co(NHCL]*

Examples /\ )
(i) KSQ-AL(SQ),24H0 \|/C\) o/( CI)" \T

(ii) [Pt(NH),CH] I/O HC\T//\ /\T/ "

2 >&_o / | AN

(i) K[Fe(CNJ 3

| |
o] .0
}/ \H‘“

(iv) [Ag(NH),]CI Copper(ll) acetate dihydrate Nickel bisgimethylglyoximaté
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Coordination compounds have been used as pigments and
For e.g.:

(i) Prussian blue oKF¢Fe(CNJ)

(if) Aureolin(K;[Co(NQ)]-6H,0, yellow)
Alfred Werner (18661919) (iii) Royal blue color of [Cu(NK{H,0),]%*

In 1893 warner proposeda theory to explainthe structuresand formation of coordination
complexegfirst inorganicchemistryto be awardedNobelprizein 1913in inorganicchemistry)

Werner postulated that metal exhibits two types of valencies:

(i) Primary valenciescorrespond to the valency of the central atom (now known as oxida
state/number)
E.g: 1. [Co(NE)(]CL exists as [Co(Npi]** and 3CH
2. [Co(NH),CL]CI exists as [Co(NKCL]* and Ci
(i) Secondary valenciegorresponds to the number of ligands coordinated to the metal

(called the coordination number)

E.g: [Co(NH):]CL the secondary valency corresponds to six; Ndé&inds.
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]

(a) CoCl; -6NH; | [Co(NH3)4]Cl3 Yellow | Luteo | +3 1 |3 |a
_ ' complex: | :

(b) CoCly -5NH; |[Co(NH3)sCIICl,  |Purple |Purpureo |+2 |1 2 |3
| | | . | complex | o |
(C) CoClj -4NH;3 | Trans- - |Gréen |Praseo |+1 1 1 2

[Co(NH3 )4Cl5 ]Cl complex | = |
(d) CoCls -4NH; | cis-[CO(NH3)4Cl,]Cl | Violet .| Violeo |+1 |1 1 |2
. - { complex .
(€) CoCly -3NH; |[Co(NH3)3Cl5] Blue |— — — = =
_green

Werner postulated that metal exhibits two types of valencies:
(i) Primary valenciescorrespond to the valency of the central atom (now known as oxida
state/number)
E.g: 1. [Co(NE)(]CL exists as [Co(N}g]** and 3CH
2. [Co(NH),CL]CI exists as [Co(NKCL]* and Ci
(i) Secondary valenciegorresponds to the number of ligands coordinated to the metal
(called the coordination number)
E.g: [Co(NH):]CL the secondary valency corresponds to six Ngands.
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Werner also attempted to predict the shapes of the complexes
Table: Number of isomers predicted and actually found

Complex Observed Predicted
Octahedral Planar hexagon Trigonal prism
[MX,] 1 1 1 1
MXY] 1 1 1 1
Planar hexagon [MX,Y,] 2 2 3 3
[MX.Y,] 2 2 3 3
X
&X Only one form
MX, X X
X
------------ Y X
Only one form
bx = bﬁf as all six corners
MX.Y \
5 X X X o are equivalent
X X
Y Y Isomers in
&Y &X Two isomers cis Octahedral
and trans
MY x X X X Complexes
X Y

Y Y
Octahedron X X Two isomers and
Y X facial (fac) and
, : MX;Ys
Possible geometric shapes " 7 X 7 meridional (mar)
X Y

for sixcoordination
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1. Electrical Conductance Measuremeiithe decreasing order of molar conductance

[Co(NH3 )]Cl3 > [Co (NH3 )5 CI]Cl, > [Co(NH3 )4Cl, ICI>[Co(NH3 )3 Cl3]

2. Cryoscopidvieasurement Theno. of particlesin agueoussolution was obtained from the
depressionof freezing point data. Depressionin freezing point is a colligative property that
dependon then no. of particlesin solution

CoCJ.6NH, 4
CoCJ.5NH, 3
CoCJ.4NH, 2
CoCJ.3NH, 1

3. PrecipitationReactions

'--_[%Q(NH3)6]C13 .——_)[CQ(NH;)Q]H"'CF {[Go (NH3) 5 ClEl; == [Co@NH5)EEl* T +2¢17
3T 3017 ———3AgCI(s) L 2AgT 420 —— 2AgCl(s)

[Co(NH3 )4 Cly JCl——> [Co(NH3)4 Cly ]* +CI”
Ag" +ClI"—— AgCI(s) ”




Modern Techniques and Theories

Modern Experimental Techniques:
(i) UV-Vis spectroscopyinformation about energies of orbitals, shapes of complexes
(i) X-ray crystallographyinformation about structure of complex with bond length and ang|

(i) Magnetic measurementsnformation about shapes of complexes

Theories of Coordination Complexes

C Lewistheory with eight electronsaround metal atom is obsolete as even expandingthe
valenceshellto 10 or 12 electronsdoesnot work.

C Somecomplexeshow extreme stability with a total of 18 electrons Therefore,18-electron
rule (EAN)simplyaccountsfor the bondingin many coordinationcompounds Thisapproach
isappliedto organometalliccompounds

C Paulingusedhisvalencebond approachto explaindifferencesin magneticbehavioramong
coordinationcompoundsby useof either metalion 3d or 4d orbitals.

C Giriffith and Orgeldevelopedligand field theory (LFT)derivedfrom the crystalfield theory
(CFT)of Bethe and Van Vleck on the behavior of metal ions in crystalsand from the

molecularorbital treatment of VanVleck



CLASSIFICATION OF LIGANDS

1. Based upon charges:
(i) Neutral ligandsH,0, NO, CO, Nigtc.
(i) Positive ligandsNO', etc.

(i) Negative ligandsCF, NQS, CN, OH, etc.
2. Based upon denticity of the ligandThe number of donations accepted by a central atom

from a particular ligand is known as the denticity of the ligand)
() Monodentate: H,O,CN, CONCO' etc.
(i) Bidentate

I 1 2_: 1 acac: acetylacetonate
en: ethylenediamine ox": oxalate y
o -
/T AN | i |
HoN NH - I !
"N P2 N 4 NN
© ° HsC CH CH,

The word denticity is derived from dentis, the Latin word for tooth



CLASSIFICATION OF LIGANDS

(i) Tridentate:

(i) dien: diethylenetriamine

H CH,

HoN ~a 4~ NHy

(iv) Tetradentate:

(1) trien: triethylenetetraamine

CH, CH,
/ N/ N\
CH,  NH CH,

| \ |
HoN ~a - N{{
N

HoN /
*N\cH,

(il) imda®": iminodiacetate

_~ NH —
CH, * CH,
/ AN
0O=¢C C=0
N |
o_, -— O

(ii) NTA"": nitrilotriacetate

O 4\ CHQ (7 /CH2 \
N \\\\\\\ //////N C=0
/ /

> | —— (0O

//\/




CLASSIFICATION OF LIGANDS

(v) Pentadentate:
EDTA": ethylenediamine triacetate

CH, — CH, Q\\‘C:Hﬂ'ufij/
\{{\\“\\ Hyw fj;ﬁ// 7 \N\\}‘& // C—0

0= | CHQ/ N ¥ N |

O~ / = O~
SN

(iv) Hexadentate:

EDTA": ethylenediamine tetracetate

CH v CHo'nr

w CHy® RN ° 2 \N\\\““‘ >y
O =

| CHQ/ \ 4 N CH, |

O / - < \ O

C
/4 \ C
O/ \O‘ _/ \\O

O

— 0




CLASSIFICATION OF LIGANDS

Note:
1. Flexidentate ligandsA ligand which shows variable denticity. For e.g.:
(i) ~ _
()\\ /O ~ O\\ /O—>
S and S
o// \(_) el o// \o

Bidentate ion Monodentate ion
(i) [Co(NH,),CO;]Br  and [Co(NH,).CO.|Br
CO? is bidentate CO? is monodentate

2. ChelationA ligand that can form a ring structure with the central atom is called a chelati
ligand.E.qg.: All polydentate ligands.

3. Ambidentate ligandA ligand that may have more than one kind of donor sites but at a tir
only one kind of donor site is utilized for donation is called as ambidentate liance.g.:

C= — O~ -
<—cmN *N;O “//0 s\\ y N /S\ //O
C=EN— N=O— 4_.N\'C): (lj (lj
- or
o C C
-—S—C=N ()

s
7/

T_+

dithiooxalate

o
S
ol

S m—C = N =



CLASSIFICATION OF LIGANDS

3.

Bonding interaction between the ligand and the central atom

a. Classical or simple donor ligan@hese ligands only donate the lone pair of electrons to t

b.

centralatom. For example, &, OH, PP, NHb, NH, N° % etc.

Non-classicabr ™ - acidor ™ - acceptorligand: Theseligandsnot only donate the lone pair
of electronsto the centralatom but alsoacceptthe electroncloudfrom the centralatom in

their low-lying vacantorbitals. Thiskind of back donation is knownasWa & y S NJH &r ¢
W3 e yoANARDYENONO, PR, PR(R=H,Et,Ph,....),CH, CH,, CQ, etc.

V4
—_—
M €«-«<——— C=0. <> M=(C=O0
vacant 3d orbital
4 accepts the back
donation
= —_—
Cl Cl P =
T =
N / 7 aH M —<«—— P Ry
/Pt< G
Cl \ (l)
Coe—m g

eof | [ TTITE



IUPAC Nomenclature

Table: IUPAC name of common monodentate ligands

Common Name IUPAC Name Formula
hydrido hydrido H™
fluoro fluoro F
chloro chloro Cl
bromo bromo Br
10do 10do I
nitrido nitrido N>~
azido azido N5~
0XO0 oxido 0%~
cyano cyano CN™
thiocyano thiocyanato-S (S-bonded) SCN ™
isothiocyano thiocyanato-N (N-bonded) NCS™
hydroxo hydroxo OH
amido azanido NH,

Ccontd.



IUPAC Nomenclature

Table: IUPAC name of multidentate ligands with abbreviation

Common Name IUPAC Name Abbreviation Formula and Structure
O 0

acetylacetonato 2,4-pentanediono acac CH;COCHCOCH;~ /(lj‘\‘:u-—/" (|:\
H3C (}3{ CH3

N N

2,2"-bipyridine 2,2'-bipyridyl bipy CoHgN, ©_©

N N
1,10-phenanthroline, 1,10- O Q
o-phenanthroline diaminophenanthrene phen, o-phen  C,oHyN <:©:>
N
Pyridine py <O>

Oxalato OX H
e

o© 0



IUPAC Nomenclature

Ligands with common names Ligands with special names
N2 dinitrogen gg3 afnminel
: carbony
02 dloxygen CS thiocarbonyl
CsHsN pyridine H,0 aqua
bpy b1pyr1dyl . NO nitrosyl
CH;3;NH, methylamine
(CH3),NH  dimethylamine
NH; — NH,  hydrazine
NH,0H hydrdiylanline aluminjum . aluminate
. . di | ndat
For ambidenate ligands S.can' um o S_Can A
: = ‘ titanium , titanate
vanadium vanadate
~NO3, nitrito — N or nitro chromium chromate
~ONO", nitrito — O or nitrito Zieoniim - | Hirconate
SCN- . th oS or th , palladium | palladate
- icyanato — S o N
-’ Cyanato ! _ 1eyandio rhodium | rhodate
—NCS ™, thicyanato — N or isothiocyanato thenium thenate




IUPAC Nomenclature

Rules
1. Thecationcomesfirst, followed by the anion

Examplesdiamminesilver(Ithloride,[Ag(NH),]CI

potassiumhexacyanoferrate(l11};[Fe(CN)

2. Theinner coordinationsphereis enclosedin squarebrackets Althoughthe metal is provided
first within the brackets the ligandswithin the coordinationsphereare written beforethe metal
in the formulaname

Examplestetraamminecoppe(ll) sulfate, [Cu(NH,1SQ

hexaamminecoba(tll) chloride, [Co(NHL]CL

3. The number of ligands of each kind is indicated by prefixes (in margin). In simple cases
prefixes in the second column are used. If the ligand name already includes these prefixe:s
complicated, it is set off in parentheses, and prefixes in the third column (endmg)iare

used.



IUPAC Nomenclature

Rules Tableof Prefixes
Examples 2 di bis
) 3 tri tris

(i) [CO(NHCHCHNH),CLI* )

tetra tetrakis

dichlorobigethylenediamine)cobalt(l1l) 5 penta pentakis

(ii) [Fe@ipy)3]2+ 6 hexa hexakis

) ) . . 7 hepts heptakis

tris(2,2'-bipyridine)iron(Il) P CPEER

8 octa octakis

9 nona nonakis

10 deca decakis

4. Ligandsare generallywritten in alphabeticalorder

-accordingto the ligandname,not the prefix.
Examples(i) [Co(NH),CL]*
tetraamminedichlorocobalt(ll)
(tetraammineis alphabetizedoy a anddichloroby ¢, not by the prefixeg

(if) [Pt(NF)BrCI(CENH,)]

amminebromochloromethylamineplatinum(ll)



IUPAC Nomenclature

Rules

5. Anionicligandsare given an o suffix Neutral ligandsretain their usualname Coordinated
water is calledaquaand coordinatedammoniais calledammine
6. Two systemsexistfor designatingchargeor oxidation number.
a. The Stocksystemputs the calculatedoxidation number of the metal asa Romannumeralin
parenthesesafter the metal name(mostcommon)
b. The EwingBassettsystemputs the chargeon the coordinationspherein parenthesesafter
the nameof the metal.

(Ineither case,if the chargeis negative,the suffix -ate is addedto the name)
Examples(i) [Pt(NH),]*

tetraammineplatinum(llpr tetraammineplatinumg+)

(ii) [PtC}]*

tetrachloroplatinate(ll)or tetrachloroplatinateq)

(iii) [PtC}]=

hexachloroplatinate(I\Vor hexachloroplatinatefg)



IUPAC Nomenclature

Rules

7. Prefixesdesignateadjacent(cis-) and opposite(trans-) geometriclocations

Examples(i) [PtCL(N Cl NH H.N Cl
cis- andtrans-diamminedichloroplatinum(ll) PN PN
. . Cl NH, Cl NH,
(i) [CoCJ(NH;),] |
CLS trans
cis- andtrans-tetraamminedichlorocobalt(lll)  (cisplatin)
8. Bridging ligands between two metal ions have the prefix, p NH, . NH, _|4+
ExamEINe&; Co(OH)(NHCo(NH),J* H*N‘“(': N2c|: MM
o) 0 * ) "Co: Co )
* * HN" | o7 | N,

H-amido-p-hydroxobigtetramminecobal)(4+) NH H \q
3 3

9. When the complex is negatively charged, the names for these metals are derived from t
sources of their symbols: Examples(i) [Fed]

iron (Fe) | ferrate lead (Pb) | plumbate | tetrachloroferrate(lll) or tetrachloroferrate)
silver (Ag) | argentate | tin(Sn) | stannate | (ii) [AU(CN)]

gold (Au) | aurate Pt platinate | dicyanoauratél) ordicyanoaurat€lc)



IUPAC Nomenclature

Examples

(i) Na[Fe(CNINO]
sodiumpentacyanonitrosylferratél!)
(ii) [CUCKO=C(NK),},]
dichlorobigurea)copper(ll)

(i) [Ni(CO)]

tetracarbonylnickgD)

(iv) [Fe(GHs).]
bis(cyclopentadienyl)iron(ll)

(v) [Co(NH),(H,0),ICk
tetraaminediaquacoba(til) chloride
(vi) [Coen)s]Cl,
tris(ethylenediamine)cobalt(lIQhloride
(vii) [Co(NH)sONO]SQ

pentaaminenitritcOcobal(lll) sulfate

(viii) [Co(NH):SQ]CI

pentaaminesulfatocobaftll) chloride

(ix) Fg[Fe(CN)]

iron hexacyanoferrate(ll)

(x) [(CH),N][VOCI]
tetramethylammoniunterachlorooxovanadat@V)
(Xi) K[Cr(CNYO)(O,) (NH)]
potassiumaminedicyanodioxoperoxochromai®'l)
(Xii) [Pt(NH,),][PtCL]

tetraamineplatinungll) tetrachloroplatinat€ll)

(Pt exhibitsoxidationstatesof +2 (CN. =4) and +4
(CN. =6)

(Xiii) K;[Fe(CN)NO].2H,0

potassiumpentacyanonitrosylferratél) dihydrate



IUPAC Nomenclature

Examples (A) N (D)
{(H3N)5 Cr — O —Cr(NH3)s5] o
i- 0x0 bis [pentaammine chromium (III) ] - 10
OR pentaammine chromium (III) - 1 - oxopentaammine chromium (IIT) H0 ’K '“/;Cl
OR u - oxodecaammine dicobalt (I1T) ion [ooel ]
H,0<Z --|—x'0|
® /Cl\ o | OH, |
[(H3N)2 Pt\ a _/Pt(NH3_ )2]Cl fac-triaquatrichlorochromium(lil)
. ' o Cl
di - u chloro bis [diammine platinum (II)] Chloride | 10
OR diammine platinum (II) - di- p - chloro diammine platinum (II) chlonde HQQI/K ---/. OH,
1 _Cr ,’
!
HZO‘A - _x Cl
(C) o o
& . Cl
(E;NCo > ColNH3)4]* L -
* 0y mer-triaquatrichlorochromium(lll)

i - amido - p - superoxo bis [ tetraamminecobalt (II1)]
OR i - amido - p- superoxooctaamminedicobalt (III).
OR tetraammine cobalt (IIT) - p1 - amido - p1 - superoxotetraammine cobalt (III)



Isomerism

Definition: Two or more molecules with identical formulas. The phenomenon of existence ¢

iIsomers is called isomerism.

Isomerism
| T | - }
Structural isomerism Sterioisomerism
— [onization isomerism — Geometrical isomerism
— Hydrate isomerism — Optical isomerism

- - Linkage isomerism
— Coordination isomerism
— Coordination position isomerism

C Isomersare different compoundgherefore differ in reactivityand physicalbproperties
C Structuralisomersarisesdue to different bond connectivitybetweenthe metalandligands
C Stereoisomersarisesdue to same bond connectivity between the metal and ligands but

different orientationsin space



Structural Isomerism

1. lonization Isomerism Compoundswith the sameformula, but which givedifferent ionsupon

dissociationgxhibitionizationisomerization Forexample

[Co(NH4),(H,0)Cl]Br,  and [Co(NH5),Br,]Cl - H,0
[CO(NH3)SSO4]NO3 and [CO(NH3)5NO3]SO4
[Co(NH,),(NO.)CI]CI  and (Co(NH;),CL,]NO,

Physicaproperty: Thecomplex [Co(NH)-Br|SQ isred-violetwhile [Co(NH):SQ|Br isred. Both

areionizationisomers

_ . 2+ e : '
Chemicabroperty: [Co(NH3 ) 5 Br]SO, 2, [Co(NH;3)sBrJ** + BaSO,
S SRS White ppt

[Co(NH3 ) s Br]SO4 ﬁ-—) No precipitate

[Co(NHs )5 (S04 Bt 225 [Co(NH3 )5 (SO4)I* +  AgBr

Cream coloured -
Ba 2+ : i precipitate

No Precipitate




Structural Isomerism

2. Hydrate Isomerism Hydrateisomerismrequireswater to playtwo roles,as(i) aligandandas
(if) solvatewithin the crystalstructure. (Solventisomerismis a broaderdefinition. Fore.g:

(a) CrCl.6H,Ois a classieexample

[Cr(HO)]CL (violet); (blue-green) [CrCl(H,0),]Cl2H,O (darkgreen)
(b) [Co(NH),(H,0)CI]Gl and [Co(NH),CLICLH,0

(c) [CO(NH)s(H,0)I(NQ); and [Co(NH)s(NO)I(NGy),-H,0

3. Linkage(Ambidentate)somerism It ariseswhen an ambidentateligand coordinatesto metal
cationthrough either of the two different donoratoms

(i)[Co (NH3 )5 (SCN)ICI, and [Co (NH3 )5 (NCS)]CI,
(ii) Co(en)5 (NO2),]" and [Co (en); (ONO), 1*

Solvents of low
dielectric constant

NCS Pd SCN N _ SCN Pd NCS

Solvents of high
dielectric constant




Structural Isomerism

4. Coordination Isomerism The coordinationisomersrequires at least two metals Both the
metals may be same or different. The ligandmetal ratio remainsthe same, but the ligands

attachedto a specificmetalion changesForexample

[Co(en);][Cr(CN)g] and [Cr(en);][Co(CN)g]
Pt(Il) Pu(1IV) Pt(IV) Pt(1I)

5. Coordination Position Isomerism It occursin bridging complexes An exchangeof non

bridgingligandsbetweentwo metalionsgivesriseto coordinationpositionisomerism Fore.g.:

| OH
(Il Y, NH, \ (I1D) PR

OLEN. G p Co0H;)2CT"  @IHNCol ) ColNH3)oCly

NH OH
and [C1(H3N)3 Co < “R Co(NH;3)3 CII**  and [Cl(H;3N); Co TN Co(NH3 )3 CIJ**



Geometrical Isomerism

4-Coordinate complexes
A. TetrahedralccomplexesThesecomplexesdonot exhibitgeometricalisomerism
B. Squareplanarcomplexes

Typel: [Ma,b,]™* -type complexes Thesetype of complexesshow cisand trans isomerism For

e.g: [(NH),PICL], [(py)PtCl], ete. .

H,N

1
{
I

. HSN‘/ \CI

K °
Pt/
<!

cis-isomner

L

H3NI§—7 Cl -
Pt_
!

1
!
i AN NH,

trans-isomer

J

Typell: [Ma,bc]™* -type complexes Thesetype of complexesshow cisand trans isomerism For

e.g. [PtNR),pyCl],[Pt(NR),(NG,)CL], etc.

1+ B 1+

cis-isomer

trans-isomer




Geometrical Isomerism

Typelll: [M(AB)]™ -type complexes Thesetype of complexeshowcisandtransisomerism For

e.g. [Pt@ly),], [Cu@ly),], etc.

4-Coordinate complexes

- -0
CH2_ H2N ------- 7 NH2 CH2
I/I\Pt/’l or |V
: !
| .
oo—o'/—---x’o— co
) " Cisisomer
cO S ,NH,— CH,|° -
‘ /\Pt/" | 0
l l ' H
I} ;
CH2—H2N‘4——¥/O— Co

trans-isomer

K """ I

OR-=—===-= N
gly 1\ /

10

gly

gly




Geometrical Isomerism

A. Octahedralcomplexes

6-Coordinate complexes

Typel: [Ma,b,|™* -type complexes Thesetype of complexeshowcisandtransisomerism

Fore.g: i THS . i . .
[Co(NH),CH", SN RN Pt
[Co(NH(NOY, ete™"SVIOCt | 27\, N |
NH, | | 1 Cl
cisisomer . _ trans-isomer
Typell: [Ma,bc]™* -type complexes Thesetype of complexeshowcisandtransisomerism
Fore.g: NH;§ | Cl |
[Co(NH)(HO)CH, HaN { ohy| | HN { |
AN AN
[Cofpy),(NO,)CL], etc. i _Co |/ ¢ _Co_ [
H NI~ - - ]-A'ICI HSN‘Z —l—x NH,
I NH, ] i OH, ]
~ cisdsomer trans-isomer



Geometrical Isomerism

6-Coordinate complexes

Type IlI: [Magbs]™* -type complexes Thesetype of complexesshow facial and meridional
- Cl Cl
| 10

isomerism

Fore.q: r H3NI,’<J“‘/“;C‘ |
[Co(NH),CH*, NN NZahN
[Co(NH)(NO)J), et | |

10

faciakisomer meridionakisomer

Type IV: [M(AB)]™ -type complexes Thesetype of complexesshow facial and meridional
CON—G _ ] N—J _
0 | 0
Fore.g: [Co@ly)4, F o__ '\O | N \O
[Cr@ly)s], etc. gly(ﬁ éCo ; gly( C Co ;
N N O N
- o/ - .

gly O—gly
fac-isomer mer-isomer

iIsomerism

-

Note: facial isomer has threedM ¢L connection at F0angle; meridional isomer has two 9@nd one 180
L¢M cL connections



Geometrical Isomerism

6-Coordinate complexes
TypeV: [M(AA)a,|"™* -type complexes Thesetype of complexeshowsisandtransisomerism
Fore.g: [Cogn),CL]*, [Rh(ox)CL]* etc.

e T : cl L
N Cl N——N |
05 en ﬁo )en
N cl N N
- en~N " | | i Cl .

cis-isomer trans-isomer



Geometrical Isomerism

6-Coordinate complexes

gy | o gly/o oy
- _ 1+ +
9 -, 7””3 - N: 7 7 NHz
Co Co
0O By N\- 'PY
" gy~—N ) " gy~—O ]
_ NHa 71+ - | , NH3 -
N N o N 0
.- 0 0~ O N

] py - | Py o
Experimental methods of distinguishings andtrans- isomers

I.  Dipole moment measurements

ii. IR-Spectroscopy



Optical Isomerism

C Opticalisomers(enantiomers)are pair of moleculesor ionswith non superimposablamirror

images

C Opticalisomersare called chiral Theymay be d (or + or n), I(or ¢ or ) and a racemate

(quimolarmixture of d andl isomers)

C Moleculeshavinginversioncenter,or a planeof symmetryare achiral

C Moleculeswhosemirror imagesuperimpose®n 180-degreerotation are achiral

1\
o
[N
!/ \
! \
! \

!
/
~
~
~

CaHs

\
/ S \\, )
HaC £ \ ¥ 00CC4H;
e
7/

]

2+

Optical isomerism in tetrahedral complexes
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Optical Isomerism

Optical isomerism in octahedral complexes

Typell: [M(AA)]™ -type complexes Thesetype of complexesare chiral It is to be noted that

octahedralcomplexwith three chelateringsare alwayschiral Fore.g.: [Cogn),]**, [Cr(oxB]3*
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Optical Isomerism

Optical isomerism in octahedral complexes

Typelll: [M(AA)a,]™* -type complexes Thesetype of complexesare chiral It isto be noted that

octahedralcomplexwith three chelateringsare alwayschiral Fore.g.:[Cogn),CL]*
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