CHEMISTRY FOR JEE MAIN & ADVANCED

HINTS & SOLUTIONS

EXERCISE -1

Single Choice

1. (A) [Fe(en),]’" - d’sp’ with one unpaired electron. 'en' is a strong field chelating ligand and thus compels for the
pairing of electrons to have d’sp? hybridisation. It is paramagnetic with one unpaired electron (valence shell
electron configuration, 3d°)

(B) [FeCl,]* - sp* with four unpaired electrons. It is paramagnetic with four unpaired electrons (valence shell
electron configuration, 3d).

(C) [Fe(CN),J* - d’sp’ with one unpaired electron. 'CN'is a strong field ligand and, therefore, it compels for pairing
of electrons to have d?sp? hybridisation. It is paramagnetic with one unpaired electron (valence shell electron
configuration, 3d°)

(D) [Fe(CO),(NO"),] - sp’ and diamagnetic. Iron is in —II oxidation state. So,
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S2: NO, is strong field ligand and thus it is inner orbital complex and paramagnetic with one unpaired

electron present in higher 4d-orbital
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S3:  5d° configuration; thus diamagnetic and dsp* hybridisation (5d* has higher CFSE so that A > p)

7. (I) Tt is tetrahedral (sp®) because there is no (n—1)d orbital vacant for dsp? hybridisation.
(I1) Ag with +3 oxidation state and 4d® configuration has square planar geometry.
(IIM) Tt is tetrahedral (sp®) because there is no (n—1)d orbital vacant for dsp* hybridisation.
(IV) Pt with +2 oxidation state and 5d® configuration has square planar geometry.
(V) Rh with +1 oxidation state and 4d® configuration has square planar geometry.

When we place these complexes in a magnetic balance, then there is decrease in their weights. This indicates that
the complexes are diamagnetic.
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CO is strong field ligand; so complex is diamagnetic and tetrahedral.
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dsp’ hybridisatio;{ .......

DMGH is a chelating ligand; so complex is diamagnetic and square planar.

5d 6s 6p
an P+ -5d 5 [PeBrPEL),] | LIV ALEAL] 10| (10 1L
dsp’ hybridisation

5d?® configuration has greater CFSE, so complex is diamagnetic and square planar.
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No empty d-orbital is available for dsp? hybridisation and SCN- is weak field ligand, so complex is tetrahedral
and diamagnetic.

B BW 6 5P
™ Aue-sd Al (0L AR (L] (L] LE
dsp? hybridisatio.rlw' .......

5d® configuration has greater CFSE, so complex is diamagnetic and square planar.

(1) cis - [Co(NH,), CL]" has plane of symmetry as well as centre of symmetry ; so optically inactive.
(2) trans - [Co(en),CL ]" has plane of symmetry as well as centre of symmetry ; so optically inactive.
(3) cis - [Co(en),Cl,]" lacks plane of symmetry as well as centre of symmetry ; so optically active.
(4) [Co(en),]*" lacks axis of internal rotation ; so optically active.
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As trans isomer has symmetry elements it does not show optical isomerism.
(A), (C) and (D) are correct statements.
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(A) Because of 3d'? configuration no (n — 1)d orbital is available for d>sp> hybridisation and thus forms outer
orbital complex. The complex is diamagnetic.

(B) Because of 3d® configuration no (n— 1)d orbital is available for d>sp® hybridisation and thus forms outer orbital
complex. The complex is paramagnetic with two unpaired electrons.

(C) The complex is inner orbital complex but 3d3 configuration has three unpaired electrons with weak as well as
with strong field ligand.

(D) In the diamagnetic octahedral complex, [Co(NH,)**, the cobalt ion is in +3 oxidation state and has the electronic
configuration represented as shown below.

4s 4p
conpamsa W ITITATH] []

oty (W T A

(inner orbital or d’sp* hybrid orbital
low spin complex) Six pairs of electrons from six NH3 molecules.
A) [Co(en),CL]" show geometrical isomerism and its only cis-form show optical isomerism.

\
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B) [CO(NH3)5C1]2+ exists only in one form.
Cl Cl
H.N
3 \(|:02+/NH3 HaN\(|; 2+/CI
O
C
© HsN/| TNNH, H3N/| TSNH,
Cl NH,
trans cis

It does not shows optical isomerism because of the presence of plane of symmetry and centre of symmetry.
(D) [Cr(OX),]* shows optical isomerism but does not show geometrical isomerism because of the same type of
ligands.

2
AT
[
v

As + ve charge on the central metal atom increases, the less readily the metal can donate electron density into the
7* orbitals of CO ligand to weaken the C — O bond.
Hence order of C — O bond strength is : [Mn(CO),]">[Cr(CO)]>[V(CO),] > [Ti(CO) J*.

(A) If[Os(C1)sN]?-, complex is anion, so name of the element should be osmate (V).

(C)If[Os(C1)sN;]°, complex is neutral, so name of the element should be osmium (V).
Therefore, (B) option is correct according to the [IUPAC rule.

a1 4
[Fe(I1)N3(02)(SCN),]* ; so correct name is azidosuperoxidotetrathiocyanato-S-ferrate(IT) according to TUPAC rules.

The charge of the cation is balanced by the charge of the anion.
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Diethylenetriamine is a tridentate neutral molecules with three donor nitrogen atoms. Polydentate ligand which uses
its two or more donor atoms to bind a single metal ion producing a ring is called as chelating ligand.

[Fe(CN),NO* > ;x+5(-1)+1==20r x=+2

[Fe(CN),NOS]* ;x+5 (1) +(-1) =—4orx=+2

According to Werner's theory statements (2) and (3) are correct.

(1) Ligands are connected to the metal ion by coordinate covalent bond (dative bond).

(2) Secondary valencies i.e. coordination number give rise to stereochemistry of the complexes because of their

directional properties.
(3) Secondary valencies correspond to coordination number i.e. number of 6-bonds between metal ion and ligands.

1) [Co(NH,)(]Cl, +3Ag" —> 3AgCH +[Co(NH,),]**
Co’" —— Primary valencies i.e. ionisable valency = 3.

(11)] [Pt(NH,),CI]Cl, +3Ag" —> 3AgCl{ + [Pt(NH,)CI]**
Pt** —— Primary valencies = 4.

Let x be the oxidation state of nickel then,

(A)Ni(CO), ;x+4(0)=00rx=0; (B) [NiF]>;x+6(-1)=—2o0r x=+4.
(C) [Ni(NH,)]*"; x+4 (0)=+2 orx=+2 (D) [Ni(CN)J* ;x+6(-1)=—4orx=+2
5 -2 5 \ . 5 -1 5
Ke[(CN ) Co (111)— O = O — Co (I11) (CN )] —21425 . K [(CN )5 Co— O~ O — Co( CN )]
0.2 oxidized O.: b szﬂg . 7,10_77,
) S 0,7 ond order of O, = Y | 1; bond order of O, = > - 1.5

Bond strength o bond order ; so,
Bond energy of 0,2~ < Bond energy of O,

(I) Coordination compounds made up of cationic and anionic coordination entities show coordination isomerism
due to the interchange of ligands between the cation and anion entities.

(I) Hydrate isomers differ by whether or not a water molecule is directly bonded to the metal ion or merely present
as free water molecules in the crystal lattice.

(IIT) Tonisation isomerism occurs when the counter ion in a coordination compound is itself a potential ligand and
can displace a ligand which can then become the counter ion.

(IV) [NiCl,(PPh,),] has tetrahedral geometry on account of the bulkier nature of triphenyl phosphine. In tetrahedral

geometry all positions are adjacent to each other and therefore, does not show geometrical isomerism.

The complex is [Co(NH,);Cl]Cl, and there are two moles of Cl which can react with Ag* to form white precipitate of
AgCl.
(100%0.1)

1000 x2=0.02 mole of AgCl

[Ni (H,0), ]SO, + Pyridine + NaNO, — [Ni(Py),J(NO,),
Stronger ligand, pyridine displaces weaker ligand, H,O in aqueous solution.
[Ni(py),J(NO,), is formed as dark blue crystals on crystallisation.

Order of crystal field splitting en > H,0 > Br~ so, more stronger ligand will absorb lower wavelength light and reflect
back higher wavelength light.
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44.

(A) I'and III both are identical structures (i.e. trans-isomers).
(B) ITand IV are identical structures (i.e. cis - isomers).
(C)Tand IT are cis - and trans - isomers (i.e. they are geometrical isomers).

6
XH1E2)+HIED =435x= 5 =+3

Oxidation state of iron in [FeZ(C(O))Z(Na)Q] =x+2(0)+2=0;x=-2
So EAN=28+8=36

Oxidation state of cobalt in Co,(CO);=2x+8 (-0)=orx=0

So EAN=27+1+8=36.

Oxidation state of cobalt in Co,(CO);=2x+8 (-0)=orx=0

So EAN=27+1+8=36.

As it will be the atomic number of Kr and according to EAN rule, the complex having EAN equal to noble gas is more
stable.

(A) [Co(NH;),SO, ]Br === [Co(NH,);SO,]* (aq)+ Br-(aq)
[Co(NH,);Br]SO, == [Co(NH,);Br]* (aq) +SO,2 (aq)

Both complexes have same number of ions in solutions but have different number of electrical charges. Hence they
can be distinguished by conductance measurement.

(B) Br-(aq)+Ag" (aq) ——> AgBrl (pale yellow) ; SO,* (aq.) +Ag" — Ag,SO, { (white)
(C) Ba* (aq) + SO,2 (aq) ——> BaSO,{ (white) ; Ba2* (aq) + 2 Br (aq) —> BaBr, (aq).

1.435
mole of complex =50 x 0.2=0.01 and mole of AgCl= ——— =0.01

143.5
nAgt=nCl"
1 mole complex =1 mole AgCl

(A) CoCly 6NH; ===[Co(NH,),]>"+3CI" (no. of ions = 4 & total electrical charges = 6)
(B) CoCl;.5NH,=— [Co(NH3)5 Cl]2*+2CI" (no. of ions = 3 & total electrical charges = 4)
(C) CoCl;.4NH; == [Co(NH,),CL,]*+ CI" (no. ofions =2 & total electrical charges =2)
(D) CoCLy.3NH, =— [CO(NH3)3 CL;] (neutral solution). It will not conduct electricity.

(A) Dimethylglyoximato is a bidentate ligand so it can attach to central metal ion through two donor atoms, N and
O forming aring.

(B) Ethylenediamine is a bidentate ligand so it can attach to central metal ion through two donor atoms,
N and N forming a ring.

(C) All ligands act as monodentate ligand and thus do not form ring structure.

(D) Glycinato is a bidentate ligand so it can attach to central metal ion through two donor atoms, N and O forming a
ring.

(A) Sc3™ —[Ar]!8 3d° 450 ; there is no unpaired electron in d-orbitals so no d-d transition takes place and the
complex is colourless.
Ti*" — [Ar]'® 3d' 45 ; It has one unpaired electron; so d-d transition of electron from t,, level to empty level
takes place and thus the complex is coloured.

(B) Pd has 4d8 configuration which has higher CFSE and thus the complex is square planar and diamagnetic. In some
ligands, like ambidentate ligands, there are two possible coordination sites. In such cases, linkage isomerism exist.
€.g.,NO, group can be bonded to metal ions through nitrogen (—-NO,) or through oxygen (-ONO).
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Central metal ion has one unpaired electron and thus d-d transition of electron is possible. This attributes to the
colour of the solution. As different types of ligands are attached to central metal ion, the complex is called heteroleptic
complex.

Bulkier groups favour tetrahedral geometry i.e. sp® hybridisation.

L

so there are two unpaired electrons.
A
'

(A) Cr3*, 3d3; sp3d? hybridisation with three unpaired electrons (weak field as well as strong field ligand).
Fe*, 3d7; sp3d? hybridisation with three unpaired electron (one 4s electron jumps to 3d orbital for the pairing)

Thus Ni2t —

(B) Mn?2*, 3d®; d?sp? hybridisation with one unpaired electron after pairing (CN- is strong field ligand).
Fe3*, 3d3 ; d?sp3 hybridisation with one unpaired electron after pairing (CN- is strong field ligand).

(C) Ni, 3d8 4s%; sp? hybridisation and all electrons are paired because CO is strong field ligand (4s-electrons jumps
to 3d-orbitals for the pairing)

Zn?", 3d10; sp? hybridisation and all electrons are paired.

4< CFSE =3 x—0.4=—1.2 A, hybridisation is d’sp> (NH} is strong field ligand)

S, : Fe3*, 3d° - one unpaired electron after pairing (CN~ is stronger field ligand)

n=J1(1+2) ~1.73BM

S, :Cr¥

-5 + I -5
S, : [Fe(CN)NOJ* and [Fe(CN);NOS " .
In reactant and product, the iron is in same oxidation state i.e. +2.

f
R —

[Fe(SCN)(H,0),]>* —=— [FeF,]", F~ being weak ligand Fe**—
colourless E

electrons and so p= ,/5(5+2) B.M.~5.92.

. Therefore, five unpaired

(I) Auin +3 oxidation state with 5d® configuration has higher CFSE. So complex has dsp? hybridisation and is
diamagnetic.

(Il) Cuisin+1 oxidation state with 3d!° configuration and no (n —1)d orbital is available for dsp? hybridisaiton, so
ns and np orbitals undergo sp? hybridisation and complex is diamagnetic.

(I Co is in +3 oxidation state and 3d® configuration has higher CFSE. So complex is diamagnetic and has d2sp?
hybridisation.

(IV) Fe is in +1 oxidation state and the complex is paramagnetic with three unpaired electrons.

3d 4s 4p 4d

rearorNor (LT T1T1] W (Ll [

3 2

sp’d

—_—
<
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111 111
[(NH3)s Co — O — O — Co(NH3)5]4*
Brown

v 111
[(NH;)5 Co — O — O — Co(NH;3)5]>*
Green

[S,0,]°
oxidise

The iron is in +1 oxidation state with 3d” electron configuration and NO is NO™.
3d 4s 4p 4d

reaoxNo (LTI T1T 1] L) [0l u]un] {01

So, p=n(n+2) or p=433B+2) =39

The colour is due to charge transfer not because of d-d transition of electron.

(A) Py is strong field ligand and the complex is square planar and paramagnetic.

(B) Copper (I) has electron configuration [Ar]'® 3d!0, With CN- (strong field ligand) there is no empty d-orbital for
dsp? hybridisation and so the complex is tetrahedral not square planar.

(C) Ironisin -2 oxidation state and CO is strong field ligand so after rearrangement of electrons, pairing of electrons
occurs. So,

3d 4s 4p
recco,> [T Ll [1:1:1

sp’- hybrid orbitals

Order of the strength of ligands magnitude wise in spectrochemical series :
H,0 <NH, <NO,"

Hence the wave length of the light observed will be in the order
[Ni (H,0) J2* < [Ni (NH), J2* < [Ni (NO,) J¥-

H.....

O/ ..... o

I I
CH,—C=N N=C—CH

’ | \ i2+/ | °

CH.—C =N N =C—CH,

I |

O 0

DMG is a bidentate ligand.

Statements 1, 3 and 4 are correct but 2 is incorrect.
3d° configuration of Co3* has greater CFSE and this favours the d?sp? hybridisation. NO,~ is ambidentate ligand
and CI" and NO,~ can exchange as counter ion ; so complex can show ionisation as well as linkage isomerism. The
complex also exists in cis and trans isomeric forms.

All are low spin complexes but (3) has one unpaired electron so it is diamagnetic .

3d 4s 4p
v [an3es ] T ]

neNGE [ T8 T[] (0] [AT0 ]

Rearrangement d’sp® hybridization

[Fe(en),(H,0),]*" +en — [Fe(en),]*" +2H,0
Complex is [Fe(en);]*". 'en' is a strong field ligand and thus it is inner orbital complex (d? sp®) and diamagnetic.
It is M(AA), type which has only one form.
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66.

67.

All statements are correct and factual.

+

(0] [AaCI4]* - highly charged species with 5d® has greater CFSE and thus A, > P and so dsp? hybridisation.

(2) [Pt(C1),]*>" - 5d8 has greater CFSE and thus A, > P and so dsp? hybridisation.

(3) [Mn(Br),]* - sp* hybridisation as Br~ is weak field ligand.

(4) [Cu(NH;),]*" - dsp? hybridisation, one d-electron jumped to 4p-orbital leaving behind one empty
d-orbital for dsp? hybridisation.

(C) [Cr(NH,)(]Cl; is coloured as it has three unpaired electrons while [Cu(NCCH,),] [BF,] is colourless as Cu(l) i.e.
3d!0 electron configuration has all electrons paired, so there is no d-d transition of electron.

H,0 is weak field ligand but Co®* with 3d° configuration has greater CFSE and thus [Co(H,0)¢]*" is inner orbital
complex and is diamagnetic.

(A) Pt(+II)and Au (+1II) with 5d® configuration have greater CFSE and thus favours square planar geometry (i.e.
dsp? hybridisation) with weak as well as strong field ligands.

(B) In tetrahedral complex , the th orbitals are nearer to the direction of the ligands. Hence they have higher
energies than that of e.g. orbitals (for detail refer text).

=

; CFSE (weak filed ligands) =—0.6 X2+ 0.4 x3=0 A,
—=

—

(©) 3¢,

3d5, ; CFSE (weak filed ligands) =—0.4x3+0.6 x2=0A,.

Similarly for d° and d'° configurations the CFSE is zero in both octahedral and tetrahedral complexes with weak
field ligands.

(A) Ti(NO,),, [Ar]'® 3d°4s?; there is no unpaired electron and, therefore, there is no d-d transition of electron. So
compound is colourless.

(B) [Cr(NH,),)ICl;, [Ar]'83d3 ; there is three unpaired electrons and, therefore, there is d-d transition of electron. So
compound is coloured.

(C) K5[VF(], [Ar]'8 3d! ; there is one unpaired electron and, therefore, there is d-d transition of electron. So
compound is coloured.

(D) [Cu(NCCH,),][BF,] [Ar]'®3d!? ; there is no unpaired electron and, therefore, there is no d-d transition of
electron. So compound is colourless.

It has octahedral geometry with d?sp? hybridisation and is paramagnetic with one unpaired electron.
CFSE is greater because of strong field ligand, CN~. So the [Fe(CN)]*~ complex ion should be very stable.

EDTA forms soluble complex with Ca?* and Mg?* (present in hard water) and thus they can be estimated by titrating
against EDTA using eriochrome black-T as indicator.

All statements are correct.

(T) High CFSE in low spin d° configuration. It is reported square planar.

(II) A, increases with increase in charge on central metal ion.

(II1) 4d3 configuration has higher CFSE ; so dsp? hybridisation and diamagnetic with red—violet colour.

(IV) SCN-is weak filed ligand ; so complex with 3d” configuration is tetrahedral with three unpaired electrons.
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68. (A) trans-[Co(NH,),Cl,]* has plane of symmetry as well as centre of symmetry. Hence it does not show optical
isomerism.

(B) [Cr(H,0)4]*" has plane of symmetry as well as centre of symmetry. Hence it does not show optical isomerism.
(©) (C)cis-[Co(NH,),(en),]** lacks one of the symmetry elements.

3+ I/ 3+
|
I
o N | o o
- 7 0\/
v/,
en : en
dextro mirror laevo

(D) trans-[Co(NH,),(en),]** has plane of symmetry as well as centre of symmetry. Hence it does not show optical
isomerism.

69. Complex with five coordination number has trigonal bipyramidal geometry or square pyramidal geometry. As it has
zero dipole moment, its geometry will be trigonal bipyramidal.

70. [F”e(HZO)B]Q* n

4  and n=4.91

[F”e(CN)G]“’ n

0 and u=0

71. (A) Both are identical structures and each have plane of symmetry ; so they are not optical isomers.
(B) Both are identical structures and each have plane of symmetry ; so they are not optical isomers.
(C) Both are identical structures and each have plane of symmetry ; so they are not optical isomers.
(D) Both are mirror images of each other which are non-superimposable (they lack plane of symmetry)

72.  Zn?*+4NH, === [Zn(NH,),]*".
Zn(NH,), T Zn(NH,), T
- {an\]]nzﬁi]“ - gnzi)f] = K{ANH,J*
=3x10°x10*=3 x 1013,
[Zn®'] 1
= [Zn(NH,), = 3Ix10° =33x1074,
73. In Fe(CO)s, Fe in zero oxidation state and CO is stronger field ligand. So,

rccoy (1T [ TOERT L0 LI L0

five dsp3 hybrid orbitals

Hence it is diamagnetic and low spin complex.

74. (C) [Cu(CN),J*~, [Ar]'#3d!%; As there is no empty d-orbital for dsp? hybridization. So it has sp3 hybridization and
is tetrahedral, and diamagnetic.

75. It can be predicted, by knowing the number of unpaired electrons or paired electrons that how many empty d-
orbitals will be available for hybridisation or not available for hybridisation.
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77.

78.

79.

80.

81.

(A) The crystal field-splitting for Cr3* ion in octahedral field increases with increasing strength of ligands. This order

given in (A) is according to spectrochemical series.

—

n=4 (weak field ligand)

< n=1 (strong field ligand)

n=0 (strong field ligand)

=

—
(IV) [Fe(H,0)*, 3d5 =— 4< n=>5 (WeaRdicld ligand)

(A) There are two geometrical isomers, cis and trans.
(B) There are two geometrical isomers, facial and meridional.
(C) 'en' is a symmetrical ligand, and M(AA), has only one form.

(I) [Fe(H,0),]? , 3dS

(I1) [Fe(CN)J>-, 3d°

(I11) [Fe(CN)J*, 3d°

(D) There are two geometrical isomers because glycine is an unsymmetrical ligand.

ST,

TS0

[CoCl,(en),]CL, One mole complex contains, one mole of ionisable C1-.
One mole of complex = one mole of CI™.

100%0.024

One mole of AgCl=0One mole of complex = 000 0.0024.

The oxidation state of nickel is in complex =x + 4 (0) =+2 or x =+2.
Ethylenediamine is a strong field chelating ligand and so,

3d o _ s___ %
S A A
dsp’

\/
/\/

So, geometry is

N/en\
/N\|/N
en M
\v | Ny

N\en/

(D) Chelate complex has higher stability than the similar complexes having monodentate ligands and an higher

stability means higher overall formation constant.
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82.

83.

84.

86.

87.

88.

NO, is an ambidentate ligand and can link to central metal ion either through N or O. Hence it show linkage
isomerism.

There is exchange of NO,~ and SO, occurs between coordination sphere and ionization sphere. Hence it shows
ionisation isomerism.

Ma,b has only one form, therefore, it does not show geometrical isomerism.

Ma.b has mirror plane , therefore, it does not show optical isomerism.

(A) With symmetrical bidentate ligands. [(Cr(ox);]* ~ does no show geometrical isomerism but it can show only
optical isomerism.

M S?Q AN

\,//<i) % /i}\\‘fx

dextro

Cl :/
trans en 4 en
dextro mirror laevo
+ vy
o P | 7Ry
3
o e > |Co/ o ok EZ ey
N — '\ .¢ /1N
o NH, NH, NHs : NH. NH,
trans .I
dextro mirror laevo

Geometrical isomerism arises in heteroleptic complexes due to different possible geometric arrangements of the
ligands.
When two (C,H;),P groups are on same side it is cis - and when those are on opposite side it is trans-

(A) I and IT are geometrical isomers (i.e. cis - and trans isomers)

(B) T and III are identical structures (both are trans-isomers having plane of symmetry)
(C) I and IV are mirror images of each other and are non-superimposable.

(D) IT and III are geometrical isomers (i.e. cis - and trans isomers)

(A) 1 is trans form which has centre of symmetry as well as plane of symmetry ; so optically inactive.
(B) Il is cis form which lacks centre of symmetry as well as plane of symmetry ; so optically active.
(C) (IT) and (IIT) lack symmetry elements ; so both are optically active.

(D) IV is trans form which has centre of symmetry as well as plane of symmetry ; so optically inactive.

Polymerisation isomers of the compounds are a special case of coordination isomerism, in which the various
isomers differ in formula weight from one another. As all have two chromium ions (+3), six ammonia molecules and
six NO,~ ions, they will have same molecular masses.

(C) There are four possible coordination isomers as given below :
(D[Cu''(NH,),] [Pt Cl,] (IN[PtT(NH,),] [Cu"Cl,]
(IID[Cu't (NH,), CI] [Pt (NH;)CL,] (VI) [Pt (NH,), Cl] [Cu! (NH;)CL,]
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89.

90.

91.

92.

94.

95.

96.

(A) The tetrahedral compounds can not show geometrical isomerism as we all know that all four positions are
equivalent in tetrahedral geometry.

(B) In a square planar complex of formula [Ma,b,] [a and b are unidentate], the two ligands ‘a’ may be arranged
adjacent to each other in a cis isomer, or opposite to each other in a trans isomer.

(C) Ma,b and Mab, have only one form.

N N N

gly Pt gly gly Pt gly

™\ o/ \ v

cis— trans—

[Co(en),]** ion due to absence of one of the symmetry elements it has two d- and ®-optically active forms.

~/7 1 D

3+
en Co ! Co /\en
- \\ % /
I
I
)
en ! en
dextro mirror laevo
It is Ma,b,c type. So it has three isomer which are as follow :
(aa)(ab)(bc) (optically inactive)
(aa)(bb)(ac) (optically inactive)
(ab)(ab)(ac) (optically inactive)

(B) Chelate ligands i.e. oxalato being too small to span the trans-positions and thus prefer to occupy the cis-
position. So (I) is cis and (I1) is trans. Platinum is in +2 oxidation state with 5d® valence shell electron configuration.
This configuration has higher CFSE and thus favours square planar geometry.

(A) No anionic ligand is present in coordination sphere for the exchange with C1~ ions present in ionisation sphere.

(B) No anionic ligand is present in coordination sphere for the exchange with C1~ ions present in ionisation sphere.

(C) No anionic ligand is present in coordination sphere for the exchange with Cl~ions present in ionisation sphere.

(D) Br and SO, can exchange their positions between coordination sphere and ionisation sphere. Hence it shows
ionization isomerism.

(A) Primary and secondary valencies.
(B) [RhCI(PPh,),], Wilkinson catalyst used as homogeneous catalyst for hydrogenation.

T
© M<T; CO which is called as synergic interaction.

In Zeise’s salt structure, the ethylene occupies the fourth coordination site of the square planar complex with the C
— C axis perpendicular to the platinum ligand plane.

CH,

\ —
K+ CI\ l%w’z/\CH2
CI/ \CI

Compounds in which metal is directly attached to carbon are called as organometallic compounds.
(3) carbon is attached to N, so it is not organometallic compound.
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97.

98.

99.

100.

101.

102.

103.

104.

105.

(A) [Cr(en),]*" exists in d- and ®-forms due to the absence of one of the symmetry element(s). So it will give racemic
mixture when d- and ®-forms are mixed in 1 : 1 molar ratio.

(B) [Ni(DMG),] have square planar geometry and thus have mirror plane so optically inactive.

(©) cis-[Cu(Gly),] have square planar geometry and thus have mirror plane so optically inactive.

(A) No ionisation isomerism because the counter anion is absent.
(B) No hydrate isomerism because the counter anion is absent.

(©) Ma,b,c, - 5 (aa)(bb)(cc) (optically inactive)
(aa)(bc)(bc) (optically inactive)
(bb)(ac)(ac) (optically inactive)
(cc)(ab)(ab) (optically inactive)
(ab)(ac)(bc) (optically active)

Chiral molecules have a degree of asymmetry that makes their mirror images non-superimposable. So (A) will exhibit
chirality.

CH,
\ —_—
CI\ 2 /\CH2

In K* / t \ the bond between the ethylene molecule and the metal ion may be considered as
Cl Cl

adative o bond to an available orbital on the metal. So there are nine ¢ bonds.

C=& 2 o
(A) NN (B) Fe It has aromatic ring.
| |
O o ::
N\ H = O -1

[Ni(CO),] = sp?; [Ni(CN),]*> = dsp? ; [Fe(CN)]* = d?sp® ; [MnF]* = sp>d2.

(A) [Cr(NH,)(]** [Cr(NO,)]*~ and [Cr(NH,),(NO,),]" [Cr(NH,),(NO,),]~ have same number of ions, so cryoscopic
method can not be used.

(B) Molar conductance depends on the number of ions as well as on the charge on the complexes. [Cr(NH;),]>*
[Cr(NO,)J*and [Cr(NH,),(NO,),]* [Cr(NH,),(NO,),]~ have same number of ions but different electrical charges.

(C) Both complexes have same number of unpaired electrons, so measuring magnetic moments methods can not be
used.

(D) They have similar colour because of the similar conditions.

Order of C — O bond strength :
[Mn(CO),]">[Cr(CO)] > [V(CO)] > [Ti(CO)4]* and [Ni(CO),] > [Co(CO),] > [Fe(CO),]*.

(A) True statement.

(B) As + ve charge on the central metal atom increases, the less readily the metal can donate electron density into
the * orbitals of CO ligand to weaken the C — O bond.

(C) Inthe carbonylate anions, the metal has a greater electron density to be dispersed, with the result that M — Cx
bonding is enhanced and the C — O bond is diminished in strength.

[CrF 1+ n=4 (3d%
[MnF,]+ n=5 (3d)
[Cr(CN)J*+ n=2 (3d%
[Mn(CN)]* n=1 (3d)
n = number of unpaired electrons and that can be calculated by CFT.
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106.

(P)3x(~0.4)+2x0.6=0.

(Q)3%(~0.4)+1x0.6=—0.6A,
(R)4 % (~0.4)+2 % 0.6=—0.4A,,
(S)3%(—0.4)+0x0.6=—12A,.

EXERCISE -2

Part # I : Multiple Choice

(A) [Ag(NH,),]"

Ag(l) > 4d"5s" H,N > Ag” » NH,
Linear
4d 5s 5p

WAL ALY ] (1R

sp hybridisation

(B)NiCl,>, VO,> and MnO, " have tetrahedral geometries.

3d 4s 4p

U /1% A KT K E T B K

sp’ hybridisation

(C) [Cu(NH,),I**, [Pt(NH,),]*" and [Ni(CN),]* have square planar geometries.

3d 4s 4p
(CoNH) WA b _1_L___ _’I_L____il:_ j_L_ 1
dsp’ hybridisation
5d 6s 6p
PE", [Xel4f*sd® ] []
[PUNH,),F* 11101 |1 [ 1[0
dsp2 hybrid orbitals
Similarly the hybridisation scheme for [Ni(CN),]> (CN" is a strong field ligand) is as shown in figure.
3d 4s 4p
N [Ar3d" ] [
[Ni(CN),J* 1111 10|10 b 1]
dsp2 hybrid orbitals

(D) [Fe(CO), ] is diamagnetic and has dsp? hybridisation. So it has trigonal bipyramidal geometry.
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10.

11.

12.

(A) [Fe(CN)J* d¢

iUt

(B) [Ni(CO),] d''— CO is strong field ligand.

4< CN-is strong field ligand.

(C) [Ni(CN) 4]2* ; Ni** has 3d® configuration and CN~ is strong field ligand. So, complex is square planar and

4< F-Dbeing weak field ligand does not allow pairing.

B) [Cr(H,0),CI]ICL, +2AgNO; ——> 2AgCl+[Cr(H,0),Cl] (NO,),
number of mole of complex =200 x 0.01 =2
required milli mole of AgNO, =4
millimole=MxV_ = 4=0.1xV_=40ml

diamagnetic.

il

(D)[COF >~ df

(A) [CoCl,(OH,),(NH,), IBrand [CoCIBr(OH,),(NH,), ]Cl are ionisation isomers.
(B) Does not have ambidentate ligand; so does not show linkage isomerism.

(C) Itis Ma b,c, type.

Mab.c,— 5 (aa)(bb)(cc) (optically inactive)
(aa)(bc)(bc) (optically inactive)
(bb)(ac)(ac) (optically inactive)
(cc)(ab)(ab) (optically inactive)
(ab)(ac)(bc) (optically active)

(A) is not correct, as metal can exhibit more than one coordination number, e.g., Cu?" has 4 and 6 coordination
number.

(B) The coordination number of the central atom/ion is determined by the number of sigma bonds between the
ligands and the central atom/ions i.e. the number of ligand donor atoms to which the metal is directly attached (C)
It is incorrect statement (D) Tetrahedral complexes i.e. coordination number 4 are favoured by steric requirements,
either simple electrostatic repulsion of charge ligands or vander wall's repulsions of large one.

(A) All are diamagnetic and inner orbital complexes because all ligands are strong field ligands.
(B)Fe3 n=5;u= /5(5+2) ~5.92 with H,0, so [FeCl,]"is diamagnetic.
(C)Fe¥*n=5;p=/5(5+2) ~5.92with H,0

Fe¥*n=1;p= 3 =1.73 with CN-
(D) Mn?* (3d°) and Fe3* (3d°) have same number of unpaired electrons i.e. 5 with weak field ligands, F~

All statements are correct with respect to CFT.

[Pt(NH,)(H,0)(Cl),] is square planar (dsp? hybridisation) and diamagnetic on account of the higher CFSE of 5d®
configuration. It does not show optical isomerism due to the presence of mirror plane but exists as cis and trans
forms.
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14.

15.

16.

17.

18.

K,[Fe(CN), ] ; Coordination number (i.e. secondary valencies) of Fe3" is 6 which are satisfied by negatively charged
ligands, CN~ and primary valencies (i.e. oxidation state) of iron is 3 which are also satisfied by negatively charged
ligands, CN™.

K,[Fe(CN),] ; Coordination number (i.e. secondary valencies) of Fe?* is 6 which are satisfied by negatively charged
ligands, CN~ and primary valencies (i.e. oxidation state) of iron is 2 which are also satisfied by negatively charged
ligands, CN™.

[Cu(NH;),]SO, ; Coordination number (i.e. secondary valencies) of Cu?* is 4 which are satisfied by neutral ligands,
NH,. The primary valencies of Cu" are not satisfied by neutral ligands, NH,.

(A) The 3d3 electron configuration always have three unpaired electrons with weak field as well as strong field
ligands.

e,(dx* v, dz%)

(B) 3d3

=

t,,(dxy, dyz, dzx)

(C) H,0 being neutral molecule satisfies only secondary valencies.

(D) It shows hydrate isomerism and not ionisation isomerism because anionic ligand is not present in coordination
sphere.

S, : Square planar complexes with symmetrical ligands like (en) do not show geometrical isomerism and they have
plane of symmetry, so optically inactive.

S, and S, are correct statements.

A, depends on  (A) strength of ligands ; CN~ > NH;~
(B) oxidation state of metal ; Co3* > Co?*

A, also increases down the group due to increasing effective nuclear charge.

Tetrahedral complexes are favoured by steric requirements, either simple electrostatic repulsion of charge ligands or
vander wall's repulsions of large one.

Tetrahedral complexes are thus generally favoured by large ligands like C1-, Br~, I and PPh, and metal ions of three
types ;
(1) those with a noble gas configuration such as Be?" (ns®) ;

(2) those with pseudo noble gas configuration (n—1)d'% ns’np?, such as Zn?*, Cu* and Ga3*, and

(3) those transition metal ions which do not strongly favour other structure by virtue of the CFSE, such as Co2*, d’.

(A) sp? and paramagnetic. (B) sp® and diamagnetic. (C) dsp? and diamagnetic. (D) sp> and diamagnetic.
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19.

20.

21.

22.

23.

24.

3—
ot
D W

oX .
dextro mirror laevo

ASSSSEENSSSSY
fe)
(
w
+

[Fe(H,0)4]*" and [Fe(CN)]* do not show optical isomerism because of the presence of plane of symmetry as well
as centre of symmetry.

(B) [Fe(C,0,);]* has three, five membered chelating rings and thus is more stable due to chelation.
(C) [Fe(H,0),)** ; EAN=26-2+12=36

[Fe(CN)¢]* ; EAN=26-2+12=36

[Fe(C,0,),] s EAN=26-3+12=35

A
(mhz%ial

Exchange of C1~ and Br~ leads to ionisation isomerism. It show cis-trans isomerism and its cis-isomer shows optical
isomerism due to the absence of one of the symmetry element(s).

(A) cis-[Co(NH,),Cl,] does not show optical isomerism due to the presence of symmetry element.

(C) For same reason [Ni(NH,),Cl,] and [Pt(en)ClL,].

[Co(NH;); (NO,)]CL, and [Co(NH,),CI]CI (NO,) are ionisation isomers.

[Co(NH,); (NO,)]CL, and [Co(NH,); (ONO)]Cl, are linkage isomers.

Cobalt in +3 oxidation state has 3d® configuration which has higher CFSE. So the complex is inner orbital (i.e. d2sp?
hybridisation) and diamagnetic.

(A) Exists as cis and trans form but neither of the forms can have enantiomeric forms on account of
presence of the plane of symmetry as well as centre of symmetry.

(B) Only one form possible

(C) Tetrahedral in which all positions are adjacent to each other.

(D) Exists as cis and trans form but neither of the forms can have enantiomeric forms on account of
presence of the plane of symmetry.

(A) [Co(EDTA)] - shows optical isomerism.

(B) NO, being bidentate ligands can attach to central metal ion through N or O.

(C) Itis Mabcdef type and thus have fifteen different geometrical isomers.

(D) Ionisation isomerism involves exchange of different ions between coordination sphere and ionisation sphere.
In complex, [Cr(H,0),Cl,]CL,.2H,0, same anionic ligands, i.e., Cl™ are present in coordination sphere and
ionisation sphere; so no exchange of ions takes place.

Complex must be having the composition Co(Cl),(en),(NO,) i.e. [CoCl, (en),] NO, or [CoCl(en),NO,]CI
(I) Linkage ; NO, can link through N as well as through O

(I) Tonisation : [Co(en),CL,]NO, and [Co(en),CI (NO,)]CI

(I1) It may exist as cis and trans isomers.

(IV) Its cis form lacks plane of symmetry as well as centre of symmetry and thus optically active.
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26. Diaminopropane can exist as 1,2,- diaminopropane (pn) and 1,3- diaminopropane (tn.) So exhibits ligand isomerism.

+ + I/ e
cl Cl cl \ ? Cl Cl \
p n/\Co/\p I Co V Co\_/pn
cl v
. pn 4 pn
rans- .
dextro mirror laevo
Note : pncanbereplaced by tn.
27. All statements are correct.
Part # II : Assertion & Reason
1. Statement-1 : Every element tends to satisfy both its primary and secondary valencies. In order to meet this

requirement a negative ion may often show a dual behaviour, i.e. it may satisfy both primary and secondary
valencies since in every case the fulfillment of coordination number of the central metal ion appears essential. This
dual behaviour is represented by both thick and dotted lines.

Cl
HN_ [ _NH

Co
m%% \‘m
H,

|
N

Statement-2 :

NH
Complex [Co(NH,),Cl;] may show two isomeric forms called | ’ NH,
fac— and mer-. Facial isomers have three identical ligands >Col_ /Co\
on one triangular face where as meridional isomers have ON" | NH, ON” | NG,
three identical ligands in a plane bisecting the molecule. NO, NH,
fac— mer—

It does not show optical isomerism because of the presence of plane of symmetry.

3d 4s 4p
3. Ni*, [Ar]3d* WAL 1|1 D

N { T KT T KT {10 (spin paired complex)

dsp2 hybrid orbitals

As all ligands are same, it is homoleptic complex.

T )

5. In Ho N—H>C — CHy —NHo two ammine nitrogen atoms act as donor atoms. So, it acts as a bidentate ligand.

Hence, there are six 6-bonds between metal and ligands, thereby given coordination number six.
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Statement-1 : The chelate complexes are more stable than similar complexes containing unidentate ligands.

NH, NH,

Statement-2 : Ni*>* with coordination number six forms octahedral complexes.
EXERCISE - 3

Part # I : Matrix Match Type

(A) Nihas zero oxidation state and CO is stronger field ligands ; so pairing of electrons takes place so as to have
sp? hybridisation and diamagnetic.

(B) Ag has + 3 oxidation state and 4d8 configuration ; so dsp? hybridisation and diamagnetic.
(C) Zn has + 2 oxidation state and d!° configuration ; so all electrons are paired and hybridisation is sp3.
(D) Rhhas + 1 oxidation state and 4d® configuration ; so dsp? and diamagnetic.

Note : In all complexes, the ligands are unidentate.

(A) [NiCl,(PPh,),] has two unpaired electrons i.e. €22 t2.1:! electron configuration.
2 3)2 ¢ g g
(B) [V(CO).] has one unpaired electron i.e. t2:21e%0 electron configuration.
5 2g Vg g
(C) [Cr(CN)/]* has two unpaired electrons i.e. t:!-! €0 electron configuration.
6 2g g
(D) [Ni(CO),] all electrons are paired i.e. €22 t222 electron configuration.
4 ¢ g gu

(A) [AuF,]";Auis in+3 oxidation state with 5d® configuration ; so complex is diamagnetic with dsp? hybridisation.

(B) [Cu(CN),]*~; Cuisin+1 oxidation state with 3d'? configuration ; so complex is diamagnetic with sp* hybridi-
sation.

(C) [Co (NH;)4]**; Co’" has d° configuration which has higher CFSE ; so hybridisation is d?sp* and complex is
diamagnetic.

(D) [Fe(H,0)sNOJ*"; Feisin+1 oxidation state having 3d’ configuration ; so hybridisation of complex is sp*d* and
paramagnetic with three unpaired electrons.

3d 4s 4p 4d
Feaopnops WA ] [T ] [Ing T 1]
sp’d’hybridisation

(A) Ni?"ions in both complexes have same primary valencies, i.e, + 2 Same number of ions i.e.3 and so have same
conductance. Both have same EAN i.e. 34. Cl ions in both complexes are in coordination sphere so no
precipitate is obtained with AgNO;.

it v
(B) [Co(NHj;)4 ]CL; and [ Pt(NH,), Cl ]JCl; have different primary valencies but same number of ions. So same

electrical conductance. Do not have same effective atomic number as in both complexes metals have different
atomic number. As there are three Cl~ ions out side the coordination sphere both will gives 3 moles of the
precipitate of AgCl (white).

(©) [Pt(NH,),Cl,]and (NH,),[PtCl,]. Ptis in+2 oxidation state so same primary valencies and same effective atomic
number (84) and does not have same electrical conductance (former is neutral complex where as later one has
3 ions in aqueous solutions). No precipitate with AgNO, as ClI™ ions in both complexes are in coordination
sphere.

(D) Both have Fe in +2 oxidation state so same primary valencies but have different number of ions, so different
electrical conductance (former has 3 ions where as later one has 5 ions in aqueous solutions).Both complexes
have same effective atomic number (i.e. 36).

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035

+91-9350679141



COORDINATION COMPOUND

(A) CO is strong field ligand and thus compels for pairing of electrons. Hence hybridisation is sp? and complex is
diamagnetic. Ligand is two electron donor.

(B) When NO molecule co-ordinates with metal atom to form metallic nitrosyls, the single electron present in *
antibonding molecular orbital is transferred to metal atom M so that NO molecules is converted in to
NO™. Since NO™ is isoelectronic with CO molecule, this ion coordinates with M~ ion as a two electron donor in
metal nitrosyls in the same way as CO coordinate to M atom in metal carbonyls. Note that NO molecule is a three
electron donor. Now the empty m*antibonding molecular orbital can overlap with the filled d-orbital of metal to
form M~ — NO™ n bond.

(C) [Ni(PF;),] has bonding like that of [Ni(CO),]
(D) Complex, [PtCly(C,H,)]~ has 5d® electron configuration. It is diamagnetic and square planar. There is  back
donation between metal ion and ethylene.

(A), (B) 3d° configuration, d2sp? hybridisation and complex is diamagnetic.

This arrangement has a very large CFSE. Most of the ligands are strong enough to cause spin pairing. Such
complexes are diamagnetic. The one exception is [CoF]3~ which is a high spin complex and is paramagnetic.
(C) Diamagnetic with d’sp?® hybridisation as NO,~ is strong field ligand.

(D) The complex has d2sp? hybridisation and is diamagnetic.

(A) [MnCl]* ; d3 configuration has t;; T electron configuration with weak and strong ligand ; CI~ weak field
ligand but Mn*" is highly charged which favours high CFSE; so A > P and therefore, hybridisation is d?sp.

(B) [Fe(CN)(I* ; tg,gz, ! ; CN~ is strong field ligand and thus compels for pairing of electrons and thus the
hybridisation is d2sp3.

(C) [CoF(* tg'gt ! egl’ 1. F- weak field ligand and, therefore does not compel for the pairing of electrons and thus

the hybridisation is sp>d=2.

(D) [Fe(H,0)4]*" ; tg'gt ! egl’ I'; H,0 weak field ligand and thus does not compels for the pairing of electrons and
thus the hybridisation is sp3d2.

(A) [Ni(CN),]* ; Ni(II) = 3d® and all electrons are paired because CN~ is a strong field anionic ligand.
EAN=26+8=34.
[Co(C,0,),]* ; Co(IlI) = 3d° and all electrons are paired because C,0,> is chelating anionic ligand.
EAN=24+12=36.

(B) [Mn(CN),]*~; Mn(I1I) = 3d* and it contains two unpaired electrons because CN~ is strong field anionic ligand.
EAN=22+12=34.
[Cr(NH,)¢]*" ; Cr(I11I) = 3d* and it contains three unpaired electrons because NH; is strong field neutral ligand.
EAN=21+12=33.

(C) [Cu(CN),J*~; Cu(l) = 3d'? and all electrons are paired. CN~ is strong field anionic ligand but there is no empty
d-orbital available for dsp? hybridisation, therefore, the hybridisation must be sp3.
EAN=28+8=36.

[Fe(CO),] >~ Fe(—II) = 3d!* and all electrons are paired because CO is strong field neutral ligand but there is no
empty d-orbital available for dsp? hybridisation after rearrangement of 3d-and 4s-electrons. Therefore, the
hybridisation must be sp3. EAN =26 +2 + 8 =36.

(D) [PtC1,]*~; Pt(II) = 5d® and all electrons are paired because of higher CFSE of 5d® configuration; the hybridisation

must be dsp?. Cl-is weak field anionic ligand. EAN =76+ 8 = 84.

[FeF,]*> ; Fe(Il) = 3d° and there are four unpaired electrons because F~ is a weak field anionic ligand.
EAN=24+8=32.
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Part # II : Comprehension

Comprehension#1 :
2. With F- ligand, metal ion has electron configuration, tg’gl’ le g“.

So, w= ,/4(4+2) ~4.9 BM ; where n =number of unpaired electrons.

4. Complex contains one CI™ as counter ion.
One mole of complex = one mole of CI-
As two mole of CI” gives one mole of PbCL..
One mole of CI” will give 2mole of PbClL,.

5. Only two geometrical isomers are possible of [CoBrCl(en),]".
N Br C—‘+ N Br N —| r
I
LN N ™M
Co\ en /Co\ en
| N AR
N—en Cl

Comprehension #2 :

cis - trans -

It shows geometrical isomerism but not optical isomerism due to the presence of at least one plane of symmetry.
[Co(NH,),Br,]NO, and [Co(NH,),BrNO,|Br are ionisation isomers and later complex reacts with AgNO,
solution to give pale yellow precipitate. [Co(NH,),BrNO,]Br and [Co(NH,) , BrONO] Br are linkage isomers.

Comprehension #3 :

3. X =[Co(SCN),]*", cobalt is in + 2 oxidation state and SCN is weak field ligand. So ,
3d 85 a0
s [IOTATAITA] [b] [WJ0J]  cemancaran
sp’hybridisation

Y =[Ni(dmg),] : Nickelis in +2 oxidation state and dmg is chelating ligand. So,

54 6s s
Nidmg: [T (0] [ILTL | squarepranar)
e

[Ni(dmg),] shows intra molecular H-bonding as shown below.
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2.

(@)
©
(e
(6]

@
(b)
©
@
©

®

(@
(h)

Reactions involved :

Co* (aq) +4SCN (aq) —— [Co(SCN),]* (aq.) blue colour complex.

Ni?* (aq)+2

CH,— C=N—OH

CHQ—(|3=N—OH

CH3*C:N\ 2‘/N:CfCH3
&+

NH,0H i | red precipitate
HC-C=N-"" \III—CCH3
[oJ ¢ g— o
EXERCISE - 4

Subjective Type

(] (In2

[NiBr, ] sp?, tetrahedral
[MnBr, > sp?, tetrahedral
[Fe(H,0) ] sp*d®, octahedral
[Co(SCN),I* sp?, tetrahedral

n1
b) [Fe(CN) > d?sp?, octahedral
d [AuCLT dsp?, square planar
® [Pt(NH,),I** dsp?, square planar

In the complex Cr is in + 3 oxidation state and NH, is strong field ligand. Thus it will compel for the pairing of

electrons. So,

4s
3d

[CrNH)J* 11

TR (1

d?sp? hybridization

Hence, in this complex Cr (I1I) shows dsp? hybridizations so structure of this complex is octahedral.

NH, —|3+
HN | NH,
\ ! /
HSN/ | \NH3
NH,

IUPAC name is hexaammine chromium(IIT) nitrate.

[CoBr(en),(ONO)["!
[Co(NH,) J[Co(ONO),]
[Co(NH,),(CO,)ICI
[Pt(NH,),CL][PtCl,]
[Co(en),](SO,),

[(NH,) Co-NH,-Co(NH,),(H,0)]Cl.

[Cr(CO),(PPh,)]
[(CO),Mn-Mn(CO),]

Bromidobis(ethylenediamine)nitrito—O—cobalt(I1T)
Hexaamminecobalt(111) hexanitrito—O—cobaltate(I1I)
Pentaamminecarbonatocobalt(I1T) chloride
Tetraamminedichloridoplatinum(I'V) tetrachloridoplatinate(IT)
Tris(ethylenediamine)cobalt(III) sulphate or

Tris(ethane -1, 2-diamine)cobalt(I1T) sulphate.

Pentaamminecobalt(I1T)—p—amidotetraammineaquacobalt(I1T) chloride
Pentacarbonyltriphenylphosphinechromium(0)
Decacarbonyldimanganese(0)
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8.

(i) K[PtCL(C,H,)] Potassium trichlorido( M 2—ethylene)platinate(I1)
() Cr(n-CH,)), Bis( M *~benzene)chromium(0)
(k) [Co(NH,),(OH,),][BF,], Tetraamminediaquacobalt(I11) tetrafluoridoborate(I1T)
(1) K[(NH,),Co—CN—Co(CN),]
Potassium pentaamminecobaltate(I1)—p—cyanidopentacyanidocobaltate(I1I)
OR
Potassium pentaamminecobaltate(I11)—p—cyanidopentacyanidocobaltate(IT)
(m) Na,[Cu,S,0,),] Sodium pentakis(thiosulphato)hexacuperate(I)
(n) Ba[Zr(OH),(ONO),(0x)] Barium dihydroxidodinitrito-O—oxalatozirconate(I'V)
(0) [Co(NH,)][Co(C,0,).] Hexaamminecobalt(I11) trioxalatocobaltate(LLI)
(a) Tetraamminezinc(II) Nitrate, [Zn(NH,),](NO,),
(b) Tetracarbonylnickel(0), [Ni(CO),]
(c) Potassium amminetrichloridoplatinate(11), K[Pt(NH,)CL]
(d) Dicyanidoaurate(I) ion, [Au(CN),I-
(e) Sodium hexafluoridoaluminate(III), Na,[AlF,]
(f) Diamminesilver(I) ion, [Ag(NH,),I"
ii<i<iv<iil.

AgNO, +2PtCL,.2NH, — [Pt(NH,),](NO,), + Ag [PtCl,].
It reveals that the compound may be[Pt(NH,),]** [PtC1,]*.

In both cationic as well as anionic complexes the hybridisaiton of Pt(II) ion is dsp®(5d® configuration has greater
CFSE).

TUPAC Name : tetraammineplatinum(IT) tetrachloridoplatinate(II).

(A) Fisweak field ligand. Cr*", 3d3

E/:eg

d-orbitals
in presence
of ligand field ~ 4= 1y

i:}

d-orbitals
in absence
of ligand field

So number of unpaired electrons = 3
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(B) H,0is weak field ligand. V**, 3d*

d-orbitals
in presence
of ligand field

T

d-orbitals
in absence
of ligand field

So number of unpaired electrons = 2
(C) CN-is strong field ligand. Fe**, 3d°

d-orbitals
in presence
of ligand field

T4

d-orbitals
in absence
of ligand field

So number of unpaired electron = 1.
(D) en is strong field ligand. Cu?*, 3d°

"

d-orbitals
in presence
of ligand field

|

d-orbitals
in absence
of ligand field

So number of unpaired electron = 1.

bari centre

bari centre

bari centre
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(F) F-isweak field ligand. Fe*, 3d°

— %
d-orbitals
in presence
of ligand field
=t t,
—— d-orbitals
—— in absence
of ligand field

So number of unpaired electrons = 5.

bari centre

In the complex [Fe(CN) ]’ the iron is in +3 oxidation state having d° configuration, so even after pairing due to

strong field cyanide ligands one electron will remain unpaired and hence it is weakly paramagnetic. While in the
complex [Fe(CN),]* iron is in +2 oxidation state and having d° configuration , so after pairing due to strong field

cyanide ligand no unpaired electron remains, so is diamagnetic.
10. (A) There are three constitutional isomers

() [Ru(NH,),(NO,)[C

(I) & (IT) are ionisation isomers

(I) & (I1I) are linkage isomers

H3NK ---------- :SCN NCS{“"““““/‘sNH3

B @O | P am i P i
H,N /CIS\ SCN H, 4....-..‘¥ SCN

trans

SCN X2 -NH, H3N;\--- ---------- SCN

av) L P vy i PE
H, L N NCS H3NK ----------- ‘NCS

trans
11. Diastereoisomers are stereoisomers which are not enatiomers.

NH, NH,
CISZ |~ >~ NH, CI-1~>~Cl

w O N
ol |- N ¢y

cl |- Ny
cl NH,

cis trans

(I1) [Ru(NH,) CI](NO,) or [Ru(NH,) CIJONO (I11) [Ru(NH,), ONOICI

Hﬂﬁqmmyﬂms

am i Pd2+\§
HN“ N NCS

Both cis and trans isomers do not show optical activity because of the presence of plane and centre of symmetries.

(B) It will not exhibit geometrical isomerism as it exists only in one form as given below.

NH,

HSNR-I - —7NH,

24
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12.

14.

16.

(C) In tetrahedral geometry all positions are adjacent to each other so it will not exhibit geometrical isomerism.

(D) In square planar geometry there is plane of symmetry. So it does not show optical isomerism.

i Clx B
P N
e

trans

(E) It will not exhibit geometrical isomerism as it exists only in one form as given below.

/\\|//&m

\//|\\am
SCN

(F) Cr(NH,),(H,0),CL]" is of Ma b ¢, type which has following isomeric forms.
(aa)(bb)(cc)
(aa)(bc)(bc)
(bb)(ac)(ac)
(cc)(ab)(ab)
(ab)(ac)(bc)

I
s ~— /C ~a
(&) I NH, 17| I

(I) Increases (IT) Decreases

Octahedral complexes require d’sp* hybridisation for being inner d—orbital complexes, which will not be available in
d?® configuration of Ni*", hence all complexes are outer d—orbital complexes.

As 3d configuration has higher CFSE as compared to 3d so it gets oxidised in presence of complexing reagent to
easily have d’sp* hybridisation.

In [Ni(CO),], Niis in 0 oxidation state so it has 3d*4s* configuration which after pairing due to strong field CO ligands
will become 3d'", and hence no d orbitals are empty, it can only undergo sp* hybridisation leading to tetrahedral
geometry. While in other given complexes Ni is in 2+ oxidation state and after pairing one vacant 3d-orbital is
available for dsp? hybridisation because of stronger ligand CN". Similarly 5d® configuration due to higher CFSE in
Pt(II) favours pairing and thus one empty d-orbital is available.

In[NiCl,J* nickel is in+2 oxidation state and Cl" is weak field ligand. So,

3d 4s 4p
mien [T {1 ] KKK

sp’-hybridisation

pn= \/n(n +2) = \/2(2 +2) =2.82B.M. ; n = No. of unpaired electrons.
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Hence with coordination number four, the structure is

Cl -

/ \\ cl Tetrahedral

3d 4s 4p

e (I (] (R |

dsp’-hybridisation

As all electrons are paired so diamagnetic.

Hence with coordination number four, the structure is

2—

Ni Square planar

18, (I)H 0 CLCr

1276773
A should be [Cr(H,0),]Cl, because it is not reacting with H,SO, if there would have some moles of water outer the
coordination sphere then it will be reacting with H SO,

(B) weight of H ,O,C1.Cr=266.5

6.73 )
266.5 x 100~ 17.96 ~ 18 (H,0 weight)
It means one mole of H,O in B complex outer the coordination sphere

B=[Cr[H,0].ClJCL.H,0

(C)266.5 % 35
100

It means C = [Cr(H,0),CL,]C1.2H,O

(11)] A=[Cr(H,0)]Cl,; B=[Cr(H,0).,CI|CL,.H,0 ; C=[Cr(H,0],CL]CL.2H,0

{Im EAN=33

av) C -1 mole AgCl ppt; B —2 mole AgCl ppt; A— 3 mole AgCl ppt

~ 36 (2H,0 weight)

19. ()] octahedral (IT) 3 isomers (hydrate isomers) (I u=3.87PM
av) coloured (V)EAN=33 (VD [Cr(H,0),]CL,
(v A) [Cr(H,0),]CI, Hexaaquachromium(I1I) chloride
B) [Cr(H,0).CIICL.H,0 Pentaaquachloridochromium(I11) chloride monohydrate

© [Cr(H,0),CL]CIL2H,0 Tetraaquadichloridochromium(I1T) chloride dihydrate (2 — G.I.)
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20. In [Co(NH,),]*", the oxidation state of cobalt is +3 and coordination number is 6. So
3d 4s 4p

Co™ ion AN AN ANEN

NH, is stronger field ligand. So it compels for the pairing of electrons. Then

(oY 170 172 1% 0 0 0 2 A

d?sp? - hybridisation

Thus with 6 coordination number, the complex [Co(NH,),] is octahedral as given below.

T NW, 3
NH3 .................. NH3
Co
A
NH, NH,
L NH, _

In [Ni(CN),]*, the oxidation state of nickel is +2 and coordination number is 4. So

3d 4s 4p
N NN NN

CN- is stronger field ligand. So it compels for the pairing of electrons. Then

[Ni(CN), P WPV 0| (1
dsp2 - hybridisation
Thus with 4 coordination number four, the complex is square planar as given below

2—

In[Ni(CO),], the oxidation state of nickel is zero and the coordination number is four. So
4p

3d 4s
Ni(0) WLV ] )

CO is strong field ligand. So it compels for the pairing of electrons; so nickel under goes rearrangement. Then

[Ni(CO),] WLV AL e 1L AL E

sp3 - hybridisation
Thus with 4 coordination number, the complex is tetrahedral as given below.

O
If
C,
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21.

22.

23.

24.

26.

27.

28.

29.

[Co(H,0)],(SO,), ; Cobalt is in +3 oxidation state with 3d® configuration which has higher CFSE, so hybridisation
is d%sp? and as all d-electrons are paired, therefore, diamagnetic. Excess of F~ ions form

[CoF]*~. As F~ is a weak ligand, so hybridisation is spd® and thus it has 4 unpaired electrons.

(A) dxy?, dyz?, dzx?
(B) dXYl > dyzl > dle 5 (dX2 - yZ)l’ (de)l
(C)dxy!, dyz!, dzx!

Blue light is absorbed and colour of the entity is yellow orange.
A, (=13,900 cm ) <P (=23,500 cmr ), the high spin configuration would be more stable.

(A) [Pt(NH,),Cl,] - 5d® configuration has greater CFSE ; so hybridisation is dsp? and geometry square planar.
) [Pt(NH,),Cl] [P(NH,)CL]

dsp? dsp?
an [Pt(NH,),] [PtCL]
dsp?  dsp?
(B) L7=4\n(n+2) or n=1

So there is one unpaired electron. The ligand 2, 2' bipyridyl is bidentate neutral ligand. The oxidation state
of'iron in the complex is +3. So,

sd  __.....4s . a
w0 [RITHRIE (7] [TLTEE
d’sp’ hybridisation

Hence the complex is inner orbital complex as it involves (n — 1)d orbitals in hybridisation.

Although the lanthanide ions have a high charge (+3) yet the size of their ions is very large (yielding small charge
to size ratio). As a consequence, they have poor tendency to form complexes. They form complexes mainly with
chelating agents such as 3-diketones, EDTA etc.

(I) There are only four ligands instead of six, so the ligand field is only two thirds size; hence the ligand field
splitting is also two thirds the size.

(I) The direction of the orbitals does not coincide with the direction of the ligands. This reduces the crystal field
splitting by roughly a further two thirds.
Hence A, =2/3 x2/3=4/9 A,

No isomers with [CoCl,Br,]-or [CoCl,Br(OH,)] but two optical isomers for [CoCIBrI(OH,)] possible.

CQS+

/

H,0

Br

S
oW

/

Hydrate isomers : [Cr (H,0)5(NO,) ] NO,.H,0 and [Cr(H,0)] (NO,),
Linkage isomer : [Cr (H,0)(ONO) ] NO,.H,0.
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30.

31.

~

' > 4
(A)&/\ e : ~

N Y \I I/

[Cr(edta)]” enantiomers [Ru(en),]”" enantiomers

cl _|+

N/

[Pt(dien)]’

diethylenetriamine dien NH,CH,CH,NHCH,CH,NH, tridentate

Neither [Cr(edta)]- nor  [Ru(en),]*" has a mirror plane or a centre of inversion; so both are chiral (they also have
no higher S, axis); [Pt (dien)CI]* has a plane of symmetry and hence is achiral.

(B) Carbonylhydridobis(trimethylphosphine)irridium(I).

Ir is in +1 oxidation state; 5d® configuration has higher CFSE and thus the complex is square planar.

i° W e BV
[IrtH(CO)(PMey),] [V | 0 | 1) | ’Il'li Wl (] (v ]eg |
dsp’ hybridisation

Geometry = Square planar

Magnetic moment = O (all electrons are paired).

Complex is Co(en),CL,NO, and will show ionisation isomerism, linkage isomerism, geometrical isomerism and optical
isomerism.

Linkage : Point of attachment is through either O or N
Ionisation : [CoCly(en),] NO,

[CoCl(en),NO,]CI
Geometrical : (A) [CoCly(en),]NO, cis and trans

(B) [CoCl(en),NO,]CI cis and trans
(©) [CoCl(en),ONO]CI cis and trans
Optical : (A) Cis form will show optical isomerism

(B) Cis-trans both will show optical isomerisms

(C) Cis-trans both will show optical isomerisms
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32. As complex [Pt(NH;),(OH,),]?" does not react with ethylenediamine to give a chelated complex, it should be its
trans isomer having the structure as given below. A reasonable explanation for this is that 'en' molecule cannot reach
across the square plane to bridge two trans positions.

2+
o \ / NH
Pt e .
/ \ Hybridisation = dsp? (5d® configuration).
N OH,

IUPAC Name : trans-diamminediaquaplatinum(II).

33. cis, trans and optical isomers are possible.

+ +
+ Cl \ NH, \
/// ( ,, N— Co—=Cl N— Co—rqj
“Co——NH, “Co—oqJ | \ | \
NH, NH,
\ NH, Cl
d & ¢ forms d & 7 forms
EXERCISE - 5
Part#1: AIEEE/JEE-MAIN
1. 4K*[Ni(CN),]* ; let the oxidation state of nickel is x, then x + 4 (-1) = —4
So,x=0

2. Coordination number of a central metal atom in a complex is the number of 6-bonds between metal M and ligand L.
3. [Ni(NH,),J*" has sp*d” hybridisation having octahedral geometry as with d* configuration no two empty d-orbitals

are available for d’sp® hybridisation. As sp*d? hybridisation involves nd orbital (i.e. outer orbitals), so the complex
is called as outer orbital complex.

4. Chlorophyll a green pigment in plants contains Mg.

5. (1) [Co(en),CL]" shows geometrical as well as optical isomerism. (Only cis-form but not trans form as it has one of

Cl CI_‘ Cl cCl _‘
—~l N

N
en 0 en ~ / NS

en en
dextro mirror

the symmetry elements).

laevo
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10.

11.

12.

(2) It exists only in one.
(3) Exist in cis and trans forms only (no optical isomerism because of the presence of the plane of symmetry).
(4) Exist in cis and trans forms only (no optical isomerism because of the presence of the plane of symmetry).

(I) Co*, 3d’ Cl-is weak field ligand.

(IT) Mn?*, 3d° Cl-is weak field ligand.

(IIT) Fe*, 3d° CN-is strong field ligand so compels for pairing of electrons.

J—

[Cr(NH,),CL]"; let the oxidation state of Cr is x, then x +4 (-0) + 2 (-1) = +1
So,x=3

3K*+[Fe(IIT)(CN), > now follow IUPAC nomenclature.

(3) Due to the absence of symmetry elements it shows optical isomerism.

_

Cr \_/ox
oX . OX
dextro mirror laevo
3dt —
a__
e
—l

CN-is strong field ligand ; so it compels for pairing of electrons to have two d-orbital empty.

n=Jn(n+2)=2(2+2) =2.84BM

=
Il
(=)

[Co(CN), I ; 3P
e

J—

CN  is strong field ligand ; so it compels for pairing of electrons.

If X" is weak filed then (say CI') [Ni(Cl),]* is tetrahedral (sp*) with two unpaired electrons. If X is strong field ligand
then (say CN"), [Ni(CN),]* is square planar (dsp®) with no unpaired electrons. Also given [NiX,]* is paramagnetic.
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13.

14.

16.

17.

18.

19.

20.

So,
3d 4s 4p

N tad I T [

NiX,J* w0 ] [

sp3 hybrid orbitals

[Co(I1)(NO,) (NH,),J** +2CI" and now follow IUPAC rules.

Metal-carbon bond in metal carbonyls has ¢ as well as & characters.

EDTA has four carboxylate oxygens and two ammine nitrogens as donor atoms. So it is a hexadentate ligand.

3d®

H,O is weak field ligand ; so it does not compel for pairing of electrons. So,

n=n(n+2)=2(2+2) =2.84 BM

In 4-coordinate complex of platinum (Pt"), the four ligands are arranged about the central platinum ion(II) in a square
planar geometry (dsp?) because of higher CFSE of 5d® configuration.

Let oxidation state of E is x so x + (-2) + 0 =+1 or x=+3
Coordination number is number of o-bonds between metal ion and ligands. 'en' and 'ox' are bidentate ligands Thus ;
coordination number of E=4+2=6.

CFSE depends on the relative magnitude of crystal field splitting, A_ and pairing energy and in turns A depends
upon the field produced by ligand and charge on the metal ion. The order of increasing crystal field strength is
C,0,> <H,O<NH,<CN.

Thus the (4) option is correct.

cis-form of [Co (en), (NH,),]*" has optical isomers.

3+ %
NFLNH % - NH \
g W% ° 7 | /‘\
en Co 0/ Co
en 4 en
mirror
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21.

22.

24.

26.

27.

28.

SCN' ion can coordinate through the sulphur or nitrogen atom. Such possibilities give rise to linkage isomerism in
coordination compounds.

M «- SCN thiocyanato or thiocyanato-S

M «-NCS isothiocyanato or thiocyanato-N

2.675
Mole of CoCl, . 6NH, = m =0.01

AgNO, (aq) + Cl (aq) —> AgCl{ (white)

Mole of AgCl= —25 _ 0,03
OlOAE T 1435

0.01 mole of CoCl, . 6NH, gives 0.03 mole of AgCl
1 mole of CoCl, . 6NH, ionises to give 3 moles of CI.

Hence the formula of compound is [Co(NH,),] Cl,. 3+ f +3
en‘l —l 7 |_ |"en
~ c N\ f ~1
" . . en v, en Co
Complex [Co(en),]*" lacks plane of symmetry and thus is optically ( _J - \
active having following to enantiomeric forms. 2 Len
d-form mirror -form

In case of d* configuration, the number of unpaired electrons remains 3 whether the ligand is strong field or weak
field. The hybridisation scheme can be shown as follow :

3d 4s 4p

ek =1 1111 HLIL A

d’sp’ hybridisation

N
<

Hence the complex is inner orbital complex as it involves (n — 1) d orbitals for hybridisation,

3.93 = J/n(n+2) ;son=23 (here n is number of unpaired electron(s)).

In the paramagnetic and tetrahedral complex [NiCl,]*, the nickel is in +2 oxidation state and the ion has the
electronic configuration 3d®. The hybridisation scheme is as shown in figure.

3d 4s 4p
Nesame T [

L [T ] 0] [OT0T0
sp3 hybrid orbitals
oy =AM +2) =2(2+2) = /8 =2.82BM

[Cr(en),Br,|Br

dibromidobis(ethylenediamine)chromium(I1T) Bromide.

[Co(NH,),CL,] show facial as well as meridional isomerism. But both contain plane of symmetry.

So, the answer is (3).

AV C'\C\@}

0
Ll Na o \»
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29. Cr=3d’4s'
Cr*?=3d*4s°
Fe*?=3d*4s°
Hence both have same number of unpaired electron.

Molarity x volume (ml)

Moles of complex =
30. p 1000
_ 10001 61 mole
1000
Molos of i it fANO_szlo22 0.0
oles of 1ons precipitated with excess of AgNU, 6.02x102

Mole of ion precipitated with excess AgNO,  0.02

Number of CI” present in ionization sphere = mole of complex “001

It means 2CI ions present in ionization sphere
. complex is [Co(H,0).CI|CL.H,O
31. (i) [Cr(H,0),]Cl, : Hexaaquachromium (III) chloride
X+T6x0+(-1)x3=0=>x=+3
(i) [Cr(CH,),] : bis(n’~benzene) chromium (0)
y+2x0=0 =y=0
(iii) K, [Cr(CN), (0),(0,) (NH,)] :
Potassium amminedicyanidodioxidoperoxidochromate (VI)
2x1+z+2x()+2x%x(2)+(-2)+t0=0 = z=+6
The oxidation states of Cr in [Cr(H,0),]Cl, , [Cr(C H,),] and K,[Cr(CN),(0),(O,) (NH,)] respectively are +3, 0 and +6.

NH,
Bre_ 13 AN,
/Co Br
: ~
Br~" 1 "SNH, FLN~ 13 NH,
NH, Co
Cis HN" 1 ™SNH,
_NH, l +Br Br
32.
trans
l l -NH, +Br
Br NH, NH,
Breg | _NH, Bro_ | _nm| B | NH
Co" Co” /.CO ~ R
Br”  “SNH, B~ | B | BT B
NH, NH, NH,
facial meridionial only meridionial
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Part # 11 : IIT-JEE ADVANCED

In [NiCl,]*, the Niis in +2 oxidation state.

3d 4s 4p

ve R TOITI C EL T

CI" is a weak field ligand. So,

3d 4s 4p
rl ___________

o (LTI

sp’-hybridisation
Hence the shape is tetrahedral and complex is paramagnetic with two unpaired electrons.
ol R
i
Ni

/ | \CI
Cl

[PACL,]*, [Ni(CN),]* and [Pd(CN),]* are square planar.
In the complex Hg [Co(SCN),]* cobalt is in +2 oxidation state. So

Cl

3d 4s 4p
cor iy ) LT
SCN-is weak field ligand so,
3d R - -
coseny TETLTT 00 T 100
sp’ hybridisation

As it contains three unpaired electrons, so p= ,/3(3+2) = 415 .

(A) Br and CI can be exchanged between coordination and ionization spheres, thus show ionisation isomerism.
Show geometrical isomerism (as it is Ma,b, type) but not optical isomerism due to the presence of one of the
symmetry of elements.

Each complex has one cis- and one trans- isomers.

NH, 7 Br 1 NH, 7 Br 1

NHS\ ........ /Br NHS\ ........ / NH3 NH3\ ........ /Br NHS\ ........ / NH3
Co” i Co” i Co” i Co~ |
IS e S 7N VIS
NH, weeferens Br NH, wooersfesseeen NH, NH, wserferene cl NH, woorrfesseeen NH,
NH, Br NH, Cl
Cis- trans- cis- trans-

On account of synergic interaction between metal and CO bond order of CO reduces to approximately two and half
from three in carbonmonoxide. Thus bond length increases to 1.158 A.
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Synergic bonding

7. (I) NiCl, +4KCN (excess) —— K [Ni(CN),] +2KCl
Potassium tetracyanonickelate(II)
A)
(IT) NiCl, + 2KCl (excess) —— K [Ni(Cl),]
Potassium tetrachloronickelate(IT)

(B)

8. Refer above solutions.
9. (C) In cyano complex, K [Ni(CN),], complex ion is [Ni(CN),]* and Ni is present as Ni** or Ni (1) and CN is strong
field ligand. Thus it compels for pairing of electrons. So,
3d 4s 4p

e [T [ mien, - [ [ ] [ il W1

dsp’-hybridisation

It does not contain unpaired electron. So it is diamagnetic in character and has square planar geometry.
In chloro complex, K,[Ni(Cl),], complex ion is [Ni(CI),]* and Ni is present as Ni** or Ni (I1) and CI" is weak field ligand.
So,

3d 4s o
v [T [ SN MIMMEE MM

sp’ -hybridisation

It contains two unpaired electrons. So it is paramagnetic in character and has tetrahedral geometry.

10. As formal negative charge increases on the complex the tendency of © back bonding between metal ion and CO
increases and thus the bond order of CO decreases. Hence the CO bond order is lowest in [V(CO),] .
11. A) [Co(NH,),(H,0)CL], it shows geometrical isomerism
NH, OH,
N H3 ....... ‘ ....... OH2 N H3 ....... | ....... NH3
AN - AN 7
Co ! Co
PN PN
NH, orenferene OH, NH, oeeedforeee NH,
NH, OH,
cis-isomer tran-isomer

Co is in +2 oxidation state with [Ar]'® 3d” 4s° electron configuration ; so complex is paramagnetic .

So,
3d B, S o
e e anG oo . T T I I i 0 O KA R T A Y
sp’d’

(B) [Pt(NH,),CL,], it show geometrical isomers.
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12.
13.

14.

15.

C| \ ........ /NH3 C| \ ........ /NH3
: Co i i Co
P N P NG
(o] IRI— NH, N[ 5 FR— Cl
cis-isomer tran-isomer

Pt is in +2 oxidation state and because of 5d® configuration, it has higher CFSE.

So A, > P and thus,
5d 6s 6p
KA AR EA gy N EA I
dsp’
As all electrons are paired so it is diamagnetic.
© [Co(H,0),CI]Cl, it does not show geometrical isomerism.
Co is in +2 oxidation state and because H,O is weak field ligand. So,
3d 4s 4p 4d
I'_________________'i
camorcier [T [0 TG00 [0 1 1]
sp’d’
As it contains 3 unpaired electrons so it is paramagnetic.
D) [Ni(H,0),]CL, it does not show geometrical isomerism.
Ni is in + 2 oxidation state and because H,O is weak field ligand. So,
3d 4s 4[:3 4d
mioyge, L[] 111] DI (01 A1
sp’d’

As it contains two unpaired electrons ; so it is paramagnetic.
The IUPAC name of [Ni(NH,),]** [NiCl,]*" is Tetraamminenickel(II) tetrachloronickelate (IT).
Ni (28) — 1s?,2s%2p°, 3s?3p®3d?, 4s?
In[Ni(CO),], Niis in zero oxidation state and CO being strong field ligand compels for paring of electrons.

v A 2 2
So,  [NICO) WPV VLIV ] IV TR
........... i

In[Ni (CN),]*, Niis in +2 oxidation state and CN" being strong field ligand compels for paring of electrons.

8d . 4s 4
So,  [NICN MMM AR R
dsp’ hybridisation

Both Cis— and trans forms of complex [M(NH,),Cl,] are optically inactive because of the presence of plane of
symmetry and centre of symmetry in them.

Both geometrical isomers of the complex [M(NH,),Cl, ] have alternate axis of symmetry.

+1 +1
In[Fe (H,0),NO ]SO,, Fe isin +1 oxidation state and water is weak field ligand. So,
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16.

17.

18.

19.

3d 4s 4p 4d
Fea,o)NoP [V LA 1 44k (AL 1ALV AL
sp’d’ hybridisation

As it contains three unpaired electrons, the complex is paramagnetic.

/N Cl

(A) [Pt(en)CL]: en Pt exists only in one form.

\

N Cl
2+
N N |
(B) [Pt(en),]Cl / \ exists only in one form
en Pt en
\N N/
(‘'en'is symmetrical ligand).
2+ 2+
’\|/ /\| Y ,
C) [Pt(en),Cl en
(©) [Pt(en),CL,]CI \/| ~__ 7

“Q

cis— trans—

(D) [Pt(NH,),CL] : Ptis in +2 oxidation state having 5d* configuration. Hence the hybridisation of complex is dsp*
and geometry is square planar.

NH, NH,

Cl Cl

Ptz» Ptz»

NH{ i Cl Cl NH
cis— trans—

The chromium is in zero oxidation state having configuration [Ar]'8 3d> 4s!. The CO is a strong field ligand so
compels for the pairing of electrons. Thus the complex has d2 sp3 hybridisation and is diamagnetic.

3d 4s 4p
[CrCO)] (N[0 [0] (1110 [ 1kE
Rearrangement d’sp® hybridization

Koy = A/N(n+2) = 0 as there is no unpaired electrons.

HOOC — CH, CH, — COOH

Structure of EDTA is : o N—CH,—CH, —N
HOOC — CH, CH, — COOH

The ionisation isomer for the given compound will be obtained by exchanging ligand with counter ion as :
[Co(H,0),CL](NO,).
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20.

21.

22.

23.

Ni :3d® 4s?
Ni*", 3d®
since Cl is a weak field ligand, so it will not cause a paring of electron.

] [

3d° 4s  4p
N=2

p=N(N+2)=,/2(2+2) BM.= /g BM.=2.82B.M.
[M(abed)] complex is square planar, so will have 3 geometrical isomers.
M @Tb)(cTd); ) (@Tc)(bTd); ) (aTd)(bTc)

Ny a\M/b a\M/b
" N\p | " Ne | 7| \d

Ni*(aq) +4CI(aq) —> [NiCl,]*(aq)

[NiCl,] 2= 3d¥ electron configuration with nickel in + 2 oxidation state. CI”being weak field ligand does not compel
for pairing of electrons. So,

3d 4s 4p Cl -2
INCL [T [ [ |
* hybridisati Ni
sp” hybridisation
ot e

Hence, complex has tetrahedral geometry.
Ni*" (aq) +4CN" (aq)—> [Ni(CN),]* (aq)
[Ni(CN),] 2= 3d® electron configuration with nickel in + 2 oxidation state. CN~ being strong field ligand compels for
pairing of electrons. So,

Cl

2—

h 4p NC CN

- 3d N

INICNJ  [UAae] [ [ Ni

dsp’ hybridisation / \
NC CN

Hence, complex has square planar geometry.

Ni*" (aq) + 6H,0 (®)— [Ni(H,0),]*" (aq)

[Ni(HZO)(]]ZJr ;3d8 configuration with nickel in + 2 oxidation state. As with 3d® configuration, two d-orbitals are not
available for d’sp> hybridisation. So, hybridisation of Ni (II) is sp>d” and Ni (1) with six co-ordination number will
have octahedral geometry.

HZO +2
o) l OH,
\Ni/

Vel ¢
H,0 T o)

H,0

H,

H,

Note : With water as ligand Ni (IT) forms octahedral complex.

K~[Fe(CN),J* : 3d’ electron configuration after pairing of electrons for d*sp® hybridisation it contains one unpaired
electrons.

L—[Co(NH,) " : 3d®electron configuration, d*sp*, diamagnetic.

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035

+91-9350679141



CHEMISTRY FOR JEE MAIN & ADVANCED

M-[Co(ox),]* : 3d°electron configuration, d’*sp®, diamagnetic.
N-[Ni(H,0),]*" : 3d*electron configuration, sp*d*, with two unpaired electrons paramagnetic.
O-[Pt(CN),]* : 5d"* electron configuration, dsp®, diamagnetic.
P—{Zn(H,0)]*" : 3d"° electron configuration, sp*d’, diamagnetic.
24, mmoles of [Cr(H,0).CI]Cl,=0.01 x 30=0.3.

= mmole of CI' =0.3x2=0.6 = mmole of Ag” =mmoles of CI”
= 0.1xV=0.6 = V=6mL.
25. [Co(H,0), (NH,), ICl, = diamminetetraaquacobalt (III) chloride
26. [NiCl, {PEt Ph}] contains Ni** with electronic configuration
niv=pan s [T OTTTT] [
3d 4s 4p

In high spin state, it is paramagnetic, sp* hybridised, tetrahedral.
In low spin state, it is diamagnetic, dsp?, square planar.
27. P=[FeF > ox.no.of Fe=+3, configuration : - 3d° 4s°
As F is weak ligand, pairing does not take place.
so it has 5 unpaired electron
Q=[V(H,0) " ox.no. of V=+2, configuration 3d> 4s°
It has 3 unpaired electrons.
R=[Fe(H,0),]*", ox.no.ofFe=+2,configuration 3d°, 4s°
As H,0 is weak ligand, pairing does not take place, so it has 4 unpaired electron
= order of spin only magnetic moment = Q<R<P
so, answer is (B).
28. (A) [Cr(NH,),CI]CL, and [Cr(NH,),Cl,)Cl, both compounds will not show either structural or stereoisomerism.
(B) [Co(NH,),CL]"and [Pt(NH,),(H,0)CI]", Ma,b, type (octahedral), Ma bc type (square planar) and both will
show geometrical isomerism.
(C) [CoBr,CLJ* and [PtBr,Cl]*, Ma,b, type (tetrahedral), Ma,b, (square planar).
(D) [Pt(NH,),(NO,)]Cl and [Pt(NH,),CI]|Br both will show ionisation isomerism.

/\C=O
ho—" ’ D
2 \\l/ _/C_O
Coe®

29. o‘_\cj
H,C 1\_ ~C—=0
S~ N @)

\/o:o

30. (A) CuCL, +S?— CuS L +2CI
Black ppt.
CuCL,+S0 ;> — Noppt
(B) BaCL,+S?*—BaS+2Cl"
No ppt.
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w
w

BaCL,+SO > — BaSO, v +2CI
white ppt.
(C) Pb(OAc),+S? —PbS | +2CH, - COO-
(Black ppt)
Pb(OAc),+SO > —PbSO, I+ 2CH,COO~
(White ppt)

PbS can be selective ppt out first as Ksp is much less than Ksp of PbSO,.
K, of PbS =3 x 102
K of PbSO, =25 x 108

(D) Na[Fe(CN).NO]+ S? — [Fe(CN),NOS]

Purple colour

Na,[Fe(CN),NO]+ SO > — Noppt

Cl Cl Nif '\ICH
NH; NH, NH 0°
2 NH; Oo
CH/ \ / N H o 2/ \ / N H o H/ \
| Coi3 Cot3 Coi3
CH / \ CH, (p, / \ CH, CH /
\09 e O/ 2 4o VS NG 2!
2
Cl Cl Cl
CH.
CH o,/ ~_
o g e
l R | NH
NH NH. 2
AT W
Cot3 | Cot3
CH / \ CH /
\09 E)r‘l \ ‘ ep
|

Cobalt salts are pink in anhydrous & blue in hydrated form.

(x) (2)
cocLe0 -8, copmo)ct,
Pink Blue

NH,CI | NH,0H

0)
[Co(NH,),]Cl,
)
= Fe(CO), : Total number of valence electrons is 18
: low spin complex
=Ni(CO,) : Total number of valence electrons is 18
: low spin complex

= Metal - carbonyl bond strengthens when the oxidation state of metal is lowered.
= The carbonyl C-O bond is stronger in case of increased oxidation state of metal.
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34. (A) [Co(en)(NH,),(H,O)]** has 2 geometrical isomers

T& T&
N, /NH3 N /NH3
en C en ~Co
Vl O\OH2 \/I \NH3
NH, H,0

(B) Compound [Co(CN),(NH,),(H,0)]" will have three geometrical isomers.

H,0 HQ HQ
HN H.N

O S O SN

HN ‘

HNZ L ' NH, H

(©) [Co(en)(NH,),(H,O)J*" is diamagnetic
(D) [Co(en)(NH,),(H,0)]** absorbs light at longer wavelength as compared to [Co(en)(NH,),]*" as H,O is weaker
ligand than NH..

35. 1. FeF* 3d° & weak field ligand
.. Hybridization is sp*d®

2. [Ti(H,0),CL] 3d" & weak field ligand
.. Hybridization is d?sp?

3. [Cr(NH,)J*", 3d’ & strong field ligand
.. Hybridization is d’sp?

4. [FeCl,J* 3d° & weak field ligand
.. Hybridization is sp?

5. Ni(CO),,3d"
.. Hybridization is sp?

6. [Ni(CN),J*,3d?
.. dsp? hybridization
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S MOCKTEST ooy

(P) > Fe*,n=5;(Q)®Co3+,n=4

(Q) > V3+,n=2;(S)®Ti3+,n=1

n = no. of unpaired electrons

(A) ,,Ti*" E.C =3d° 4s° colourless (B) ,,Cu” E.C.=3d""4s° colourless
(€),,Cr"E.C.=3d’ 4s° coloured (most likely) (D) ,,V¥*E.C. = 3d*4s° coloured (most likely)
(A), (B) and (C) dsp? hybridisation while (D) is sp?, Cl is weak field ligand, so

3d 4s 4p

[Nich]zfi /“« /“z 1[/ /] /] /“/ /]l/ /H/ 11/ (tetrahedral)

wre TR FL] fe T el

d’sp’ hybridisation
All electrons alre paired, so diamagnetic.

o3¢ [TV (1] [ [T ]

d’sp’ hybridisation

All electrons are paired, so diamagnetic.

coonty 30 [ [ AL (0] [0 [0 T ]

d’sp’ hybridisation
All electrons are paired, so diamagnetic.

i o 4d
Fisaweak igand (Cor 30t (W[ 1L TIE] TV VTV ] VTR
sp’d” hybridisation

It contains four unpaired electrons, so it is paramagnetic.

+3
Ni(CO), —sp’ (CO strong field ligand) ; [AgF,] —dsp” (4d® electron configuration) ;
[Zn(CN),]* —sp’ (3d"’ electron configuration ; [PtCl,]* —dsp? (5d°* electron configuration) ;

[RhCI(PPh,),] —dsp? (4d® electron configuration)
all complexes are diamagnetic in nature which show decrease in their weights in magnetic field.
Complex is [Fe(en),]*"; as ‘en’ is a strong field ligand pairing of electrons will take place.

3d 4s 4p

Fecen), > AL L AL EEIALT (V] [ A0 AR

d’sp’ hybridisation
Hence, hybridisation is d’sp® and complex is diamagnetic. As it has 3 bidentate symmetrical ‘en’ ligands so it will not
show geometrical isomerism.
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10.

11

12.

14.

Oxalato being bidentate ligand cannot attach to nickel in trans-position. Thus the cis-form of compound will react
with oxalic acid as given in the following reaction.

H3N\ . / 00C H3N\‘ . A/ooc
/N1\+ — /Nl\
H.N 00C HN 00C

NH, is stronger ligand. So,

3d 4s 4p

iy, [V WAL [0 [T

..........................................................

dsp” hybridisation

Hence the complex will have square planar geometry and will show geometrical isomerism, cis and trans. cis # p=0,
polar and trans p = 0, non-polar.
It shows geometrical, ionisation and linkage isomers.

NO,-NO, cis-trans.

NO,-ONO cis-trans.

ONO-ONO cis-trans.

NO,-NO, cis-trans.

ONO-NO, cis-trans.

Total number of isomers = 10.

4— _
:I CN' strong ligands, therefore ,> p
Y and hence pairing of electrons take place.
Fe | In other iron is in +3 oxidation state with
3d° —1— 1 | 3d’ configuration
H—

41_ by

(A) A, ocstrength of ligand. ébirsstronger field than H,O. So A of [Co(CN) J*>[Co(H,0)]*".

(B) A oc oxidation state of central metal ion. So A of [Co(H,0),]**<[Co(H,0), J**

Note : A oc principal quantum number of central metal atom/ion i.e. n.

[Rh' CI(PPh,).]+H, —— [Rh"™ CIH, (PPh,),]

[Rh™ CIH, (PPh,),] gives electronic configuration of tzgz,z,z , egO % inner orbital complex and thus to have two d-orbital
empty, electros will pair up and give d’sp? hybridisation. Rh! with C. N =4 has dsp? hybridisation (4d series element)
CN- is strong field ligand so complex for pairing of electrons. So,

3d 4s 4p

[Fe(Ch ©N), 01+ 1L | L L L (AL | 11| (AL |41 [

d’sp” hybridisation
(A) No unpaired electrons in Fe** but O,", has unpaired electron
(B) (0,) is O, i.e. superoxide ion which has B.O (1.5) less than O, molecule (2.0) and thus this statement is correct.
(C) Total negative charge of negative ligands in coordination sphere is —6. So oxidation state of Fe is (II) and thus
its [UPAC name is correct.
(D) It has a plane of symmetry, thus does not show optical isomerism.
Option (A) is correct according to [IUPAC nomenclature.
Niis in + 1 oxidation state and CN~ is strong field ligand. So,
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16.

17.

20.

21.

22.

3d 4s 4p

(ereenyeyin oS W 12 1% B 2 0 R

d’sp’ hybridisation
One electron is unpaired in 3d subshell, so magnetic moment = /1(1+2) = \/5 BM.

It can exist in two geometrical isomers as given below.

+
NO CN
H o i i ol
NC f"|'">CN NCZL.NO
NH, CN
trans- cis-

S, and S, are correct statements. S, V.B.T. does not give any interpretation about the relative thermodynamic
stabilities of various complexes. This is one of the limitation of V.B.T.

S1 : Has plane of symmetry, therefore, does not show optical isomerism.

S2and S, are correct statements.

S1 :[CoF ] is paramagnetic with 5 unapired electrons but [Co(ox),]* is diamagnetic as all electrons are paired.
S2 : Itexists as [Co(NH,),CL]

S3 : It is correct statement.

S4 : [Fe (+1) (H,0), NO"]SO >

Cr** having 3d°® configuration always have 3 unpaired electrons with strong field as well as weak field ligands.

ernmy) B = ([ [ A4AL[AL ] (L] (1) (1) 11,

d’sp” hybridisation

It is homogeneous catalyst for hydrogenation of alkenes.

cis - trans -

It shows geometrical isomerism but not optical isomerism due to the presence of at least one plane of symmetry.
[Co(NH,),Br,]NO, and [Co(NH,),BrNO,|Br are ionisation isomers and later complex reacts with AgNO, solution to
give pale yellow precipitate [Co(NH,),BrNO, |Br and [Co(NH,) , BrONO] Br are linkage isomers.

24
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N
w

24.
25.

26.

27.
28.
29.
30.

2+
NH, - CH,

CH,— NHZ\\E:'//
/ T \NHZ— CH,

CH,— NH,

Trans-form is optically inactive as it is achiral.

(X)=[Co(SCN),J** ;(Y) =[Co(dmg),].
X=[Co(SCN),]* , cobaltis in+ 2 oxidation state and SCN" is weak field ligand. So,

3d 4s 4p

coseNE: MLV T 1 AL L 1) 1L§ (tetrahedral)

sp’ hybridisation

X =[Co(SCN),]*", cobalt is in + 2 oxidation state and SCN is weak field ligand. So ,

3d — s
coseNE:  [1LTLT1T1 T §1L TEM (tetrahedral)
........ sp’hybridisation

Y =[Ni(dmg),] : Nickelis in +2 oxidation state and dmg is chelating ligand. So,

- 6s 6p
[Ni(dmg),] : WL AVIALEEY (L] 1L [AL D (square planar)
dsp® hybridisa.t-i-;n

[Ni(dmg),] shows intra moelcular H-bonding as shown below.

Reactions involved :
Co** (aq) +4SCN (aq) —— [Co(SCN),]* (aq.) blue colour complex.

o o H—?
) CH;;—C=N—OH CH3*C:N\ /N:C*CH3
Ni** (aq) +2 | _NH,OH | 2 | red precipitate
CH,—C=N—OH HﬂfC:T/] \ﬁzccm
O —H —emeeee o

All form square planar complexes.

4d?, configuration as Rh is in +1 oxidation state. 4d® because of greater CFSE favours square planar geometry.
(A) Will no show geometrical isomers because ‘en’ is a symmetrical ligand and hence all forms will be identical.
Donatio of electrons from a filled d-orbital of metal into the vacant antibonding ©t* bonding orbital of CO decreases
the bond order three to two and half or slightly more thus increasing the bond length between C — O.

Bondorderoc—————

Bondlength
Ni (CO), sp’ diamagnetic ; Fe(CO), dsp’ diamagnetic
V (CO), d’sp’ paramagnetic ; Cr(CO)° d’sp?® diamagnetic
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3d 4s 4p
32 V=23 11114 m
3 S 4
veoy [ERTTERIIT[0] [0 [0 ]0]

d,sp” hybridisation

w
w

(A) CO stronger field ligand comples for pairing of electrons and so sp? hybridisation and diamagnetic. Ligand is
two electron donor.

(B) When NO molecule co-ordinates with metal atom to form metallic nitrosyls, the single electron present in t*
antibonding molecular orbital is transferred to metal atom M so that NO molecules is converted in to NO*. Since
NO* is isoelectronic with CO molecule, this ion coordinates with M~ ion as a two electron donor in metal
nitrolysis in the same way as CO coordinate to M atom in metal carbonyls. Note that NO molecule is a three
electron donor. Now the empty ©* antibonding molecular orbital can overlap with the filled d-orbital of metal to
form M~ — NO" n bond.

(©) [Ni(PF)),] has bonding like that of [Ni (CO),]

34. (A) d®— configuration, CO** —— d’sp?, diamagnetic en multidentate ligand — chelation possible.

(B) d®— configuration, Co** and diamagnetic ——> d*sp’.

Stabilisation through chelation — ox multidentate ligand.
(C) d’ - configuaration, Co** and paramagnetic with three unparied electrons — sp*d” (H,O weak field ligand).
(D) d’ — configuration, Co*" and paramagnetic, one electron jumps to 5s — orbital, d’sp’.

I 11T
35. (A) [Co(en), (NH3)C1]2+ SO, and [Co(en),(NH;)SO 4]+ CI ionisation isomerism.

NH, _V+

2+ |
] —I P2+ ~6
4 N NH, T r;m K
en Co™ en Co™
H 3+
N\ / Co
) Cl i cl
]
Cl Es— '/0@
trans— :

Note : trans-form has a centre of symmetry and several planes of symmetry, but the cis-form has neither.

(B) Has total 10-isomeric forms including linkage (NO, - ambidentate ligand), ionisation (exchange of NO," and
NO,), geometrical isomers (cis- and trans-).
Compound is optically inactive as cis- as well as trans-forms possess at least one plane of symmetry.

(©) Exchange of NO, and CI" givess rise to ionisation isomerism.
Linkage through either O —and N — gives rise to linkage isomerism.
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- + +|— -
Ie(\ ) NO_| é | 6)/7\
N ’ f O,N N
B
0} / (o)
*N NO, 4 O,N N*
\,O 4 bl
|_/7~ N** / **N,\} J
cis — mirror plane
- + + -
Sl T
N ’ 7 O.N N
/
Co™ |/ Co’ /
/ /
**N NO, O,N N**
\,O S
|_/7\ N* *N/Q J
cis — mirror plane
+ +
NO, —l NO, —|
N N N’
o N\ N N
pn Co™ en pn Co™ en
NO, NO,
trans— trans—

Thus exists in two trans — and two cis-isomers and each of cis-isomers show optical isomerism.

1 2 3
(|3H2 - (|3H — CH, (1, 2-diaminopropane(pn))
H,N NH,

@A’ (@] @*— O
1 !
N N \(Q N N \(Q
3+ 3+
(D) / Co < / Co <
< o o
BN %o
cis — trans —

Both cis— and trans — isomers have each a pair of optical isomers because the absence of any one of symmetry
elements.
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36.

38.

Net stabilization energy of Fe?* with CN~

ligands t3,;% €)% =—2.4 A, +2P=(~2.4x 25000 +2 x 15000) cm' =—30000 cm*

Net stabilisation energy of Fe*" ions with H,O ligands t%g’l egl =-0.4A,=4000 cm™
So required difference =26000 cm—1=26 x 10°m!

=6x103*x3x108x26 x 105 6 x 10% x 10~ kJ/mole

=2808 x 10" kJ/mole

=281 kJ/mole=280.8 kJ/mole

36.875 0.625
_ —0.625 - 202
Co ’ 0.625
53125 oo 3125 _
17 : 0.625
0=29_0.625 . 0625 _,
16 : 0.625

Hence the complex is Co,(NH,), O, and the cations are
A :[(NH,),Co—-0O—-0-Co(NH,),]*
B :[(NH,),Co—0O—-0—Co(NH,),]*
-1
C :[(NH,), Co—O—0-Co(NH,),]*

Complex Cr(NH,), CIBr has two isomers. Since co-ordination number of Cr is six and thus two forms may be

[Cr(NH,), CL]Br _AgNO, _[Cr(NH,),CL]" +NO, + AgBr
(B) yellow ppt, soluble partially in
conc. NH, i.e. [Ag(NH,),] Br
[Cr(NH,),Br.C1] CI _A2NO. | [Cr(NH,),CIBr]"+NO," +AgCl
(A) white ppt soluble

indilNH, i.e., [Ag(NH,),CI]
NH, is strong field ligand so,

ieustengiciounr:ie S KU ENER NN

d’sp’ hybridisation

Hybridisation of Cr in (A) and (B) is d? sp* having 3 unpaired electrons (3d*)
For d* configuration, the magnetic moment is always 3.87 with weak field or strong field ligand.

Magnetic moment= /[n(n+2)] B.M.= /[3(3+2)] =3.87 B.M.
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