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two similar ligands at opposite positions (180° apart) is called trans-isomer. Thus a
square planar complex having two similar ligands at 1-2, 2-3, 3-4 and 1-4 positions
is called cis-isomer while that having two similar ligands at 1-3 and 2-4 positions
is called trans-isomer. cis- and trans-isomers are also named by numbering system.
Thus in [Pd?**CL,BrI]* if two Cl-ions are placed cis to each other or at 1-2 positions,
it is named as cis-dichloro bromoiodo palladium (11) ion or 1, 2-dichloro bormoiodo
palladium (1) ion. On the other hand, if two Cl- ions'are placed trans to each other
or at 1-3 positions, it is named as (rans-dichlorobromoindo palladium (I1) ion or
1, 3-dichlrobromoiodopalladium (I1) ion (See Fig. 15.2.)
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Fig. 15.2. Nomenclature of geometrical (cis- and trans) isomers of a square

. planar complex.

Here we shall consider geometrical isomerism in square planar nmav_mmg of
[Ma ], [Ma,bl, [Mab,], [Ma,b,l, [Ma,bcl, ([Mabcd] and _.?:.Pmr_ typein <<.r_nr Misthe g
central metal atom: a, b, ¢ and d are monodentate ligands and (AB) is an unsym«  §
metrical bidentate ligand, since it has two different donor atoms namely A and B.

1. Square planar complexes of [Ma, ], :Smuc_ and H.zwv.‘._ type. Square
planar complexes of this type do not show geometrical isomenism, since all the pos- w

sible spatial arrangement of four ligands round the central metal atom is the sama
Important examples of squar

e

2.Square planar complexes of (Ma,b,] type. :
planar complexes of this type are [Pt(NH,),Cl,]° [Pt (py),CL)°, (PA(NH ),(NO,),J ete. F
These complexes exist in cis- and trans-isomers. These isomers of _,_u.mazmurﬂc.
are shown in Fig. 15.3. In (a) since both NH, molecules and both Cl” ions areculs §
each other. it is called cis-isomer. On the other hand, in (b) since both NH, molecula

and both Cl- ions are trans with respect to each other, it is called trans-isomer.

(b} trans-isomer

(a) cis-isomer

Fig. 15.3. cis- and trans-isomers of {Pt** (NH,),CL)°,
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in three isomeric forms shown below in Fig. 15.4. These isomeric forms can be
obtained by selecting one ligand, say NH,, and then placing the remaining three

ligands, one by one, trans to NH,.

R

B ...

Fig.15.4. Three isomeric forms of [Pt2(NH,)pyX(CIXBr)]

:ua.iZO%S&XZI;XZENOE:. and [Pt?/(C,H XNH,XCI)Br)| are other examples
ol square planar complexes which exist in three isomeric forms.
o The existence of three isomeric forms in case of the complexes mentioned above
indicates that these complexes have square planar geometry.
. 4. Square v.E:.:. ao:_v._nxo.n of [Ma,bc] type. Square planar complexes of
this type also .m:oi cis-trans isomerism, For example, [Pd?*Cl Brl]*- ion exists in
ris- and trans-isomers as shown below in Fig. 15.5. ! K
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Fig. 16.5. cis- and trans-isomers of :ua?Orm_.:f ion.
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n important example of octahedral complex of Mab
theoretically in five eometrical isomers that have been s
Ris only three isomers that have been actually isolated. It may be noted from the
Lgure that (D) form 18 a cis-lorm since in this form two identical ligands are occupy-
Ing adjacent positiona. Form (1I) is trans-form because in it the two identical ligands
Are placed at opposite positions.
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Theoretically 15 geometneal 1somers are possible for this complex compound. In
fact only three geometrical isomers have been isolated.

7. Octahedral complexes of M(AA), type. Octahedral complexes of this
type do ot show geometrical isomerism. ((}.ru L

8. Octahedral complexes of [M(AA),n,] type. Here (AA) represents a-
symmetrical bidentate ligand in which A and A are two identical coordinat-
ing (donor) atomas. (Colen),CL)", (Colen),(NH,),]*, [Colen),(NO,),I*, [Cr(en),CLJ",
ICnC,0,),(H,0),), [Ir*(C,0,),CL]* etc. are the examples &. octahedral .noBv_mu
1ons of [M(AA),a,) type. Each of these complex ions exists in cis- and trans-isomers..
As an example cis-and trans-isomers of (Co*(en),Cl,)* ion are shown in Fig. wm.:;.
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Symmetrical / unsymmetrical nature of cis-and trans-isomers.
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! ,structures of mirror images of cis- and trans- forms of _Oolmpro.r_.. ion are wM<.
& “at (@) and (b) of Fig. 15.15. respectively. Since the structure of cis-isomer and i
T:; mirror image are non-superimposable on each other, cis-isomer is unsymmetn
P?_. On the other hand, since the structure of trans-form and its mirror image are supers
n

; imposable on each other, trans-isomer is symmetrical. Thus cis-isomer is opticall AR
active but trans-isomer is obuhnahgkf__.laamnlhpxm_iv I |

8. Octahedral complexes of [M(AA),ab] type. (Co*(en) (NH,ClI* s aniy
important example of octahedral complex of [M(AA),ab] type. This complex ion mu.w.ﬁ
ists in cis- and trans-isomers. In cis-isomer the two monodentate ligands viz. s
and C1- occupy the adjacent (i.e., cis) positions while in truns-isomer these :mmca-amm
oceupy opposite (i.e., trans) positions (See Fig. 15.16). [Ru*(C,0,),(py) (NO,)|* m._mo.w

€XIBtS 1n cis- and trans- iromers. b4
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As in case of ~Oor?5~0£. ion, the cis-isomer of _Oo?ﬁmuvvoﬁvd.ac_? is also
unsymmetrical while its trans-isomer is symmetrical. Thus cis-form is optically
octive while trans-isomer is optically inactive,

10. Octahedral complexes of :Egvn.v._ type. In this complex AA rep-
resents a bidentate ligand in which two A atoms are donor atoms. a and b are

monodentate ligands. Octahedral complexes of M(AA)a bl type exist in three
feometrical isomers,

i) One cis-

Similarly the two b groups are also cis to cach ather Thie ienman ie .. -

o CHATE - 4
trans-isomers

P, 1518, G- ad
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isomer. In this isomer the two a groups are cis to each other.
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metrical and has no mirror plane passing through the metal (M) or centre
efinversion Being unsymmetnical, this isomer is optically active,

i) Two trans-isomers. In one trans-isomer the two a groups are trans to each

other and the two & groups are cis to each other, In the other trans-isomer
the two a groups arve cis to each other and the two b groups are trans to each
other. Both these isomers have mirror plane passing through the metal (M),

AA anda,a /8,8 and hence these give only superimposable mirror image.
* Both these isomers are sym

: metrical and hence are optically active, i.e.
archital ———————— C% 40C Nence are optically active, Le.,

Examples: (Co*(en) (NH,),CL)* and [Co* (C,0,)) (NH,), (NO,),]- are important

T

exammples of octahedral complex of M(AA)aD,)

Geometrical isomers of(Co"(en)(NH,) Cl,]* ion. Thision i
‘ . ion is an octahedral
ion of !M(A.-\)u:brj type. This ion has three geon':et'ricnl isomers. o

S 1\ (¢} gue.l cia?i.omer. ln_ t!ju's isomer two N.H, ligands are cis to each other.
Similarly the two Cl- ligands are also cis to each other. [See Fig. 15.17.).

f\\ W This isomer is uns?'mmcFrical and has no mirror plane passing through the
P xnej'.aj or ceatre of inversion, Being unsymmetrical this isomer is optically
o active.

(&1} Two trans-isomers. In one trans-isomer two NH, ligands are trans to each
other and two CI-ligands are cis to each other (See Fig. 15.17). In the other

frans-isomer two NH, ligands are cis to each other and two Cl-ligands are
{rans to each other (See Fig. 15.17). Both these isomers have mi

_ rror plane
passing he metal, en w a ¢ these give
only superimposable mirror image. Both these isomers

: are § trical and -
are, therefore, optically active, i.e., archiral. |
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| comple
11. Octahedra P d in which.

trum-bcgm =

. cis-isomer :
F‘lg 18.18. cis- and trans-isomers of [Cr*(gly),)

Since both the formas (i.e. cis- and trans-forms) are optically active, each of these N/
forms has d-and /-formas (optical isomers)

To Distinguish Between cis- and trans-isomers RA / Vt\
The following methods may be used to distinguish between cis- and trars-
isomers. —
1. Dipole moment measurements. Jensen has shown that the Pt (Il) com- A
plexes of [Pt>*A_X ) type, where A = subatituted phosphine, arsine or stilbine such \
as (C Hy)P, (C,H,), As or (C,H,),Sb and X = a halogen, have their dipole moments
(p) either equal to zero or between 8 and 12 Debye units. In the compounds with l
p = 0, the individual moments have cancelled onegﬂmdﬂm- 7{
isomers. The compounds with p = 8 - 12 Debye units are cig-isomers.
. 2. X-ray crystal analysis. X-ray crystal analysis and dipole moment meas- A=
urements of several Pt(I1) complexes have confirmed the square planarity of the
bonds around the central metal atom. This square planar arrangement has also
been established for 4-coordinated Pt (11), Ag(I), Cu(II) and Au(I11) complexes.
Tetrahedral configurations have been assigned to Cu (1), Ag(I), Au (1), B(IID), A}(1ID),
Zn(1D), Cd(1I), Hg(IT) and Co(11) in their coordinated compounds. Some metals such
as Ni(Il) appear to show either configuration for 4-coordination.
3. Infra-red spectroscopic technique. In a trans octahedral complex such
as [Co>*(NH,) CL]* or in trans square planar complex like [Pt*(NH,),CL}’ the
Cl-metal-Cl symmetrical stretching vibration produces no change in the dipole
mement of the molecule (Fig. 15.19. (b) and (d)], and thus no band corresponding
to this vibration is observed in the infra-red spectrum. However, in the cis-form of
cach compound, the symmetrical stretching vibration [Fig. 15.19(a) and (c)) a8 well
the unsymmetrical stretching vibration produce appreciable changes in-the-dipole
moment; hence the infra-red spectrum of the cis-isomer will contain a large number
of bands due to Cl-retal-Cl stretching.

A
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— 4. . A cis-i i tincti
“ m ; ._. Molar cnﬁuoaou coefficient. A . S8AmER has A Emmi@mmhﬁx:\m\au 7. Kurnakov's reaction. Kurnakov utilised the phenomenon of trans-effect
coeflicient (absorption) than the corresponding trans-isomer and sometimes the two - e i A
: ) - : ; . in distinguishing the pairs of cis- and trans- isomers of square planar complexes of
isomers may differ significantly in their absorption spectra. B i . ; N
m ) , , . (PtAX,) type by treating them with thiourea.
5. To resolve cis-lsomer The technique which consists of attempting to re L
solve the cis-isomer into the two possible optically active isomers is also commonly % Ovﬁna (or d-l or BE.HQ-.LBBROV Isomerism
used to distinguish it from the truns-isomers. /\
8. Grinberg's method. It is a chemical method and assumes that when a Before discussing the optical isomerism shown by various types of complexes
chelating ligand having two donor atoms separated by two to four other atoms we will define some important terms related to this isomerism.
reacts with cis- and trans-isomers separately, its two donor atoms coordinate to . L . .
the central metal ion of the cis-form at two cis-positions and thus form five or six- 1. Optical Activity and Optically Active Complexes
membered ring, while in the trans-form they coordinate to 5.«. Q::Q_ metal ion at 'hen the solutions of certain complex compounds are placed in the path of
trans positions and thus the ligand acts as a Em:&m:nw:... :w.».:u. ie., the ligand a plane-polarised light (the waves of the plane-polarised light vibrate only in 0ne
cannot form a ring complex with truns form. Typical chelating ligands used ,m:. .&m direction; vibrations in other directions are cut off), they rotats its plane through
purpuse are oxalic acid, (COOH),, m:.nE.iFZthlCOOE and ethylenediamine a certain angle which may be either to the left or to the right. This property ofa
(NH, —CH,—CH,—NH,). The application of this method can be w%.o_m_:mu by con- complex of rotating the plane of polarised light is called its optical activity and the
! sidering the reaction of oxalic acid and glycine with cis- and trans-isomers omu.ac.bz,.. complex possessing this property is said to be optically active.
planar complex of PHID), [Pt**(NH,),CLJ° (Fig. 15.20.). Quite obvigusly the cts- 150~
mer gives a chelated complex while oémﬁm&ﬁ%, 9. Different Forms of Optically Active Complexes
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(VB) theory, which explains the bondiug in terms of overlapy ing atomic orbit
third theory, is called Molecolar O-bital (MO) theory, wl

v ' # :
atomic orbitals of the original unbunded aton: become replaced by a new set of

moleculai energy levels, called molecular orbitals. and the occupancy of these
orbitals determines properties of the resulting molecule,
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211 Valence Shell Electron Pair Repulsion (VSEPR) Theory
Lewis strue
qf covalent mole

the actua] geom

tures provide a very useful method for rcprcscnt?ng the structures
cules. Lewis structures, however, do not give any ml.'m'nmtl(m Qb?ué
etry (shape) of the molecule. Sidgwick and Powe}l in }940 poxr;iers
ot that the shapes of the molecules can be praedicted on the basis of electron El)uins
Present in the valence shell of the central atom. The VSEPR theory' exp e
Dterved geometry of molecules and polyatomic ions by an ‘?lec“?;}t]m;ia?:idea
;lsed pﬁm‘"ﬂ}’ on the Lewis structure, without reference to orbitals. The m

"the VSE theory is that:

' in
" clectron pairs (both lone pairs and shared pairs) 'ur:::ilsli to

m; C0tral atom yet be arranged in space as far apart as p |
Rimjgq the electrostatic repulsion between them. than two other
Yomg Ceniyq) atom is any atom that ic bonded to “wo or morfa : ;,hat the bond
Dgley The firgy and the mogt important rule of the VSEPR theory is between the
' Qbm‘.t “ Sentral atom are those that minimize the total repulsw&e shapes of

Pairg in the valénce shell of the atom. While working out
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: pe cted to occupy more space with a greater , of he:

5 i
{he lone Pair of electrod

ex :
he are ) a § ectr
central ator, they air electrons which are under the 1nﬂueﬂce 0

der of repulsion is: of ty,

huclei 4 "r o pair-bond pair > bond pair-bond pair
: i s b :
Jone pair-lore padecrease sharply lli'«ih increasing mterpau; angle. They ,,
9. Repulsive chceS . eaker L1007, anc'i very weak at 180°. |
strong at 90 mI;C +onding plectron pair decreases vzith the ‘ncreasing Valy,
: o ofa
3 -The influence

; o e
of electronegativity of an atom forming a molecul

' . ole electron-pair for the purpose of VSEpy
4. Multiple bonds behave as a Sin6 |
 theory. airs of a double bond (or three electron pairs of a y,
. The two electron pS ace than the one electron pair of a single bond.
bond)‘(‘ccupy 'mor:e 21 bond pairs giving rise to some distortions in t
6 ;l;l:)ic:i;;r gs;;se Tfm dictortion may also result due to different atomsin

molecule.
Applications of VSEPR Theory

Let us now apply the valence shell electron pair repulsion 1‘:heory t.o Preim
the shapes of molecules. The first step in the VSEPR me‘thoc% for ‘determining t'he
geometry of the molecule is to write down its Lewis structure 1n order to deterr_mf;
the number of electron pairs around the ‘central atom. The second step lsta‘
determine the total number of electron pairs (lone and bonding) around the' cen q:m
atom. The third step is to determine the number and location of lone pairs.

molecules can be classified according to the number of electron pairs ayound
central atom. ’

- Gillespie proposed the followin , . of inorganic molect®
Rulel.If the central ator g rules to explain the shapes of g 4

a '
mo . - i electrot P
p's) and not by fa molecule is s1.rrounded only by bonding e (1 ui:
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