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Coordination
Compounds

( Fastracl« Revision )

» Coordination Compounds
» A coordination compound contains a central metal
atom or ion surrounded by number of oppositely
charged ions or neutral molecules. These lons or
molecules are re-bonded to the metal atom or ion by
a coordinate bond.
Example: K, [Fe(CN)].
» Theydo notdissociate into simple ions when dissolved
In water.
» Double Salt
>  When two salts in stoichiometric ratio are crystallised
together from their saturated solutlon, they are
called double salts.
Example: FeSO,.(NH,),SO,. 6H,0(Mohr’s salt)
> They dlissoclate Into simple lons when dissolved In
walter.
Terms Related to Coordination Compounds
» Coordination Entity
» Acoordination entlty constitutes a central metal atom
or lon bonded to a Fixed number of lons or molecules.
Example: In K [Fe(CN)], [Fe(CN)J* represents
coordination entity.
» Central Atom or lon
> In a coordination entity, the atom/fion to which a
fixed number of lons/groups are bound In a definlte
geometrical arrangement around it, Is called the
central atom or lon.
Example: In K,[Fe(CN)], Fe” Is the central metal lon.
> Ligands
> A molecule, ion or group that is bonded to the metal
atom or lon In a complex or coordination compound
by a coordinate bond s called ligand.
> |t may be neutral, positively or negatively charged.
Examples: H,0, CN-, NO", etc.
» Donor Atom
» Anatom of the ligand attached directly to the matal Is
called the donor atom.
Examples: In the complex K,[Fe(CN),], CN I3 a donor
atom.
» Coordination Number
> The coordination number (CN) of a metal ion in a
complex can be defined as the number of ligand
donor atoms to which the metal Is directly bonded.
Example:inthe complex K [Fe(CN)/, the coordination
number of Fe Is 6.

» Coordination Sphere

> The central atom/ion and the ligands attached to it
are enclosed in square brackets and are collectively
termed as the coordination sphere,
Examples: In the complex K,[Fe(CN) ], [Fe(CN) ]+ is
the coordination sphere.

» Counter lons
» Thelons present outslde the coordination sphere are

called counter lons.
Examples: In the complex K [Fe(CN)J, K* is the
counter lon.

» Coordination Polyhedron
» The spatial arrangement of the ligand atoms which

are directly attached to the central atom/lon defines
a coordination polyhedron about the central atom.
Examples: [PtCl,]?- Is square planar, NI(CO), Is
tetrahedral while [Cu(NH3)6]3" is octahedral.

» Charge on the Complex lon: The charge on the complex
lon Is equal to the algebraic sum of the charges on all the
ligands coordinated to the central metal lon.

» Denticity: The number of ligating (linkIng) atoms present
in ligand is called dentlcity.

Types of Ligands

» On the Basis of Number of Donor Sites
1. Unidentate Ligands

® The ligands whose only one donor atom Is bonded to
metal atom are called unidentate ligands.
* Examples: H,0, NH;, CO, CN~
2. Didentate Ligands
> The ligands which contain two donor atoms or lons
through which they are bonded to the metal lon.
Examples: Ethylenedlamine (H,NCH,CH,NH,) has

co0~
two nitrogen atoms, oxalate lon CIO

) has two

oxygen atams which can bind with the metal atoms.

3. Polydentate Ligand

> When several donor atoms are present In a single
ligand, the ligand is called polydentate ligand.
Examples: In N(CH,CH,NH,),, the ligand Is sald to be
polydentate and ethylenedlaminetetraacetate lon
(EDTA*) Is an important hexadentate ligand. It can
bind through two nitrogen and four oxygen atoms to
a central metal lon.
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> On the Basis of Linkage
1. Chelate
> An Inorganic metal complex in which there Is a close
ring of atoms caused by attachment of a ligand to a
metal atom at two points.
> An example Is the complex lon formed between
ethylenediamine and cupric lon, (Cu(NH,CH,NH,),]%“.
2. Ambidentate Ligand
> Ligands which can ligate (link) through two different
atoms presentin it are called ambldentate ligands.
Examples: NO?~ and SCN-. Here, NO2- can lUnk
through N as well as O while SCN- can link through S
aswell as N atom.
Isomerism in Coordination Compounds
» Structural Isomerism:

(i) lonisation Isomerism: When the complexes with
same composlition give different lons In solution. e.g.
[Co(NH,), Br]SO, and [Co(NH,)SO,]8r.

(ii) Solvate/Hydrate Isomerism: When complex differ
in the number of water (solvent) molecules present
as ligand, e.g. [Cr(H,0).]Cl,, [Cr(H,0).Cl]Cl,.H,O and
(Cr(H?_O)dClz]Cl- 2H,0.

(iii) Linkage Isomerism: When complexes differ only in
the point of attachment of the ambidentate ligand
with central metal atom. e.g. [Co(NH,); (ONO))** and
[Co(NH,)*(NO,))?".

(iv) Coordination Isomerism: When the interchange
of ligands take place between catlonic and anlonic
entities of different metal lons present in a complex.
e.g. [Co(en),] [Cr(CN) ] and [Cr(en),] [Co(CN),].

» Stereoisomerism

(i) Geometrical Isomerism: When similar groups are
present In adjacent posltion, It Is c/s. When they are
present in opposite positlon it Is trans. It occurs in
square planar compound of type [MA,B,], [MA,BC],
[M(AB]z] and octahedral complexes of type [MA,B,],
[M(AA),B,] or [M(AA),BC] shows fac and mer
geometrical isomers.

(il) Optical lIsomerism: This is shown by complexes
whose mirror Images are non-super Imposable. Such
complexes are called optical Isomers. It Is shown by
octahedral complexes and exists in two forms-laevo
and dextro.

» Uses of Coordination Compounds

> Coordination compounds provide critical Insights into
the functioning and structure of vital components of
blologlcal system.

» Coordination compounds also Ffind extensive
applications in metallurglcal processes, analytical and
medicinal chemistry.

Werner's Coordination Theory
The postulates of Werner's theory are:

> Metal shows two different kinds of valencles: primary

valency and secondary valency.

» The ions/groups bound by secondary linkages to
the metal have characteristic spatial arrangements
corresponding to different coordination numbers.

» Themostcommon geometrical shapesIn coordination
compounds are octahedral, square planar and
tetrahedral.

Primary Valency
» Thisvalency is normally ionisable.
> Itis equal to positive charge on central metal atom.
» These valencles are satlsfled by negatively charged

lans.
Example: In CrCl,, the primary valency s three. It Is
equal to oxidatlon state of central metal lon.

Secondary Valency
» Thisvalency is non-ionisable.

» The secondary valency equals the number of Ugand
atoms coordinated to the metal It is also called
coardinatlon number of the metal.

> It Is commonly satlsFied by neutral and negatively
charged, sometimes by positively charged ligands.

> Oxidatlon Number of Central Atom: The oxldation
number of the central atom in a complex Is defined as the
charge It would carry if all the ligands are removed along
with the electron pairs that are shared with the central
atom.

» Homoleptic Complexes: Those complexes In which metal
or lon Is coordinate bonded to only one kind of donor
atoms.

Example: [CoCl,(NH,) J*, [Co(NH,);Br]**

Valence Bond Theory
» According to this theory, the metal atom or lon under

the influence of ligands can use its (n - 1), ns, np or
ns, np, nd orbltals for hybridisation to yleld a set of
equivalent orbltals of definite geometry such ag
octahedral, tetrahedral and square planar.

» These hybridlsed orbltals are allowed to overlap with
ligand orbitals that can donate electron palrs for

bonding.
Coordination| Type of Hybridisation Shape of
Number |  Hybrid
4 sp? Tetrahedral
4 dsp? Square planar
5 spid Trigonal
blpyramidal
6 sp?d® (nd orbltals are|Octahedral
Involved--outer orbital
complex ar high spln or
spin free complex)
6 d?spi(n - 1) d-orbltals| Octahedral
are involved—inner
orbital or low spin or
spln palred complex)
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» Magnetic Properties of Coordination Compounds

> A coordlnation compound k& paramagnetic In nature

if it has unpaired electrons and diamagnetic if all the

electrons In the coordinatlon compound are palred.

> Magnetic moment [ = n(n+2), where nis number

of unpaired electrons.

> Crystal Fleld Theory

> Itassumesthe ligands to be point charges and there is

alectrostatlic force of attraction between ligands and

metal atom or lon.

> Itis atheoretical assumption.

» Crystal Field Splitting in Octahedral Coardination

» Crystal Field Splitting in Tetrahedral Coordination

Complexes:
Enargy
4
dodgd
rzg
IZ/SI-\-
Barpcontre
DRl SR o
Iml
Metal
d-arbitals dada_ o
€g

do_pdoadydgdy, Average energy
of the d-orbitals In

spherical crystal field

Splitting of d-orbitals
in totrohadral
crystal fiold

Free metal ion

> For the same metal, the same ligands and metal-

ligand distances, the difference In energy between e,

and ¢, levells A, @ --%Ao

Complexes:
Engrgy > e,orbitals have higher energy In octahedral and lower
dpeda 0 energy in tetrahedral complexes. t,, orbitals have
EI]"J higher energy in tetrahedral and lower energy in
4 octahedral complexes.

13,5,54 » Bonding in Metal Carbonyls
MO Y e B > Metal carbonyls are homoleptic complexes in which
Iz/saul carbon monoxlde (CO) acts as the ligand. Example:

Metal Ni(CO),.
d-orbitals D:':l 29 » Themetal-carbonbondinmetal carbonyls possessboth
Uy O g sand p character.
da-pdad, dyd, Average enargy Splitting of d-orbitals » The metal to ligand bonding creates a synergic effect
Free metal lon of the d-orblialg In in actahedral which strengthens the bond between CO and the
spherlcal crystal fleld crystal field metal.

& Practice Exercise
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‘ Multiple choice Questions \

Q L Heteroleptic complex Is:

a. (Fe(CN) )4~ b. (Co(NH;)450,)*

c (Hel)% d. (Co(NH,)g)**

Q2. The coordination number of Co in [Co(en),Cl,]CLis:
a. 3 b. 4 €5 d 6

Q3. What is the secondary valency of cobalt in
[Co(en,)CL,}*? (CBSE 2023)
a. 6 b. 4 c 2 d B8

Q4. In which of the following does the central atom
(CBSE2023)

exhibit an oxidation state of --37?
a. K,[NIi(CN),] b. K,[Fe(CN)¢)
¢ (Fe(C,0,)5)°- d. (Cu(NH,) J*

Q5. The oxidation number of Cr in [Cr(H,0),CL]" ion

is:
a. 3 b. 1 c. 6 d 5
Q6. The oxidation state of Fe In [Fe(CO),] Is:
(CBSE2023)
a. +2 b. 0 c +3 d +5

Q7. When 1 mol CrCly* 6H,0 is treated with excess of
AgNO;, 3 mol of AgCl are obtained. The formula of
the complex is: (NCERT EXEMPLAR)

a. (CrCl (H,0);) 3H,0 b. (CrCL, (H,0),) CL 2H,0
¢. (CrCL(H,0)g) CLy H,0 d. (Cr (H,0) ) CLy
Q 8. Which of the following ligands is an ambidentate

ligand? (CBSE 2023)
a. Co b. NO, c. NHy d. H,0
Q9. Which of the following is a polydentate ligand?

(CBSE 2023)

a. NH,

b. H,N—CH,—CH,—NH,

c. EDTA®

d. C,04~

Q10. Achelating agent has two or more than two donor
atoms to bind to a single metal ion. Which of the
following Is not a chelating agent?(NCERTEXEMPLAR)

4. Thiosulphato b. Oxalato
¢. Glyclnato d. Ethane-1.2 dlamine
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Q1L The stabilisation of coordination compounds due

to chelation is called the chelate effect. Which of

the following is the most stable complex species?
(NCERT EXEMPLAR)

b. [Fe(CN)*-

d. (Fe(H,0)g)>"

a. (Fe(CO).)
c. (Fe(C,0,).)*

Q12. Indicate the complex lon which shows geometrical
isomerism: (NCERT EXEMPLAR)
a. (Cr(H,0), CLJ* b. [Pt(NH,),CY
¢ (Co(NH5)¢J?* d. [Co(CN)s(NC))3-
Q13. The compounds (Co(SO,)(NH,).]Br and
[Co(S0,) (NH;)] Cl represent:
(NCERT EXEMPLAR, CBSE 2023)
a. linkage isomerism
b. lonlsation lsomerlsm
¢. coordination isomerism
d. nolsomerism
Q14. Which of the following coordination compounds
exhibits linkage isomerism? (CBSE 2023)
a. (Co(NH,);5CLy)
b. [Co(NH,)4(CO,))CL
¢. (Co(NH,);NQ,)(NO,),
d. (Co(en)y)Cly
Q15. The compounds [Cr(H,0).Cl,, [Cr(H,0).ClJCL,-H,0
and [Cr(H,0),CL,]CL-2H,0 exhibit: (CBSE2023)
a. linkage isomerism
b. geometrical Isomerism
¢. lonlsation lsomerism
d. hydrate isomerism
Q 16. The number of stereoisomers of [Pt(NH;), CL,] Is:
a. 1 b. 2
c 4 d. 3
Q17. Match the column | with column Il and marl the
appropriate choice:
Column | (Complex) Column Il (Isomerism)
(A) (Co(NH,)Cr(CN)¢) | () Geometrical Isomerism
(8) (Cofen),(NO),Cl)Br | (i) Optical isomerism
(C) (Pt(en),CL,) (i) Coordination tsomerism
(D) [Cr(CN)z( )]2* (v) Linkage lsomerism
a. (A) = (iv). (B) = (ii). (C) — (iii). (D) —» (i)
b. (A) = (ii). (B) = (i), (C)— (). (D) - (iv)
¢ (A) = (ili). (8) = (iv). (C) — (i), ( )
d. (A) = (1). (B) = (ill). (C) - (iv). (D) — (II)
Q18. The number of unpaired electron of Fe in the
complex compound [Fe(HIO)G]z" is!
a 2 b. 3
c. 4 d. None of these
Q19. The formula of the complex iron (ll)

hexacyanidoferrate (ll) is:
a. Fey(Fe(CN)); b. Fe,(Fe(CN)¢);
c. Fe(Fe(CN),) d. Fey(Fe(CN)g,

(CBSE 2023)

Q 20.

Q2L

Q22

Qes.

Q 24.

Q25.

The formula of the complex dichloridobis

(ethane-1, 2-diamine) platinum (IV) nitrate is:
(CBSE 2023)

a. [PtCly(en),(NO;),)  b. [PtCly(en),) (NO,),

C. [PtClz(en)z NO,)JNO, d. (Pt(en),(NOy),JCL,

The colourless complex ion among the following

is:

a. (Cu(NH,)J)* b. [Zn(NH,)J*

c. [Fe(H,0))* d. (Fe(CN)¢)3-

Give reason for the statement, [Ni(CN),]?" is

diamagnetic while [NICl4]2" is paramagnetic in

nature:

a. In [NICl )%, no unpalred electrans are present

while In (NI(CN),)? two unpaired electrons are
present

b. In [NI(CN)J?~ no unpaired electrons are present
while In (NICl )% two unpalred electrons are
present

¢. [NIClJ% shows dsp? hybridisation hence It Is
paramagnetic.

d. [NI(CN),)?- shows sp? hybridisation hence it Is
diamagnetic.

The CFSE of [CoCl,]*~ is 18000 cm~* the CFSE for

[CoCl,] will be: (CBSE5QP 2022-23)
a. 18000 cmr! b. 8000 cm~!
c. 2000 cm™! d. 16000 cm~!

The crystal field splitting energy in tetrahedral

crystal field (A) Is equal to: (CBSE 2023)
3 gl D28 C o8y 2

The magnitude of CFSE (crystal field splitting

energy, A ) can be related to the configuration of

d-orbital in a coordination entity as:

a. if A, < P. the configuration is E
haaﬂd and high spin complex

b. If A, > P, the configuratlon Is ria b
llgand and low spln complex

208 u = yweak field

w strong fleld

c. If A, > P. the configuration Is t;‘geg = strong feld
ligand and high spin camplex

d. if Ay« P, the configuration is €
hgand and high spin complex

20° u « strong field

‘, Assertion & Reason Type Questions AV

Diractions (Q, Nos. 26-35):; Lach of the following questions
consists of two statements, one (s Assertion (A) and the other (s
Reason (R). Give answer:

a. Both Assertion (A) and Reason (R) are true and
El:)ason (R) Is the correct explanation of Assertion

b. Both Assertion (A) and Reason (R) are true but
Reason (R) Is not the correct explanation of
Assertion (A).

c. Assertion (A) Is true but Reason (R) Is false.

d. Assertlon (A) Is false but Reason (R) Is true.

L
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Q 26.
Q7.

Q 28.
Q29.

Q 30.

1.

G- TiP

Complexes in which a metal is bound to more than one
kind of donor groups are known as heteroleptic.

Assertion (A): Toxic metal ions are removed by the
chelating ligands.

Reason (R): Chelate complexes tend to be more
stable. (NCERT EXEMPLAR)
Assertion (A): [Cr(H,0)]CL, and [Fe(H,0),]Cl, are
reducing in nature.

Reasan (R): Unpaired electrons are present In thelr
d-orbitals. (NCERT EXEMPLAR)
Assertion (A): Complexes of MX, and MX.L type
(X and L are unidentate) do not show geametrical
isomerism.

Reason (R): Geometrical isomerism is shown by
complexes with coordination number 6.

Assertion (A): Linkage Isomerism arises in
coordination compounds containing ambidentate
ligand.

Reasan (R): Ambldentate ligand has two different
donor atoms. (NCERT EXEMPLAR)
Assertion (A): EDTA Is used to determine hardness
of water.

Reason (R): EDTA is a bidentate ligand. (CBSE2023)

Q3L

Q32.

Q33.

Q 34.

Q 35.

Assertion (A): [Fe(CN)ff‘ ion shows magnetic
moment carrespanding to two unpaired electrons.

Reason (R): Because is has d? sp’ type hybridisation.

(NCERT EXEMPLAR)

Assertion (A):  [Cu(NH),)** is coloured while
[Cu(CN),]?* ion is colourless.

Reasan (R): [Cu( NH3J4J3 has dsp? hybridisation.
Assertion (A): [Ni(CN) 4]2' has square planar and
[NICL,)2~ has tetrahedral shape.
Reason (R): {NI(CN)4]2' Is diamagnetic while
[NICldz is paramagnetic.
Assertion (A): Low spin tetrahedral complexes are
rarely observed.
Reason (R): Crystal field splitting energy is less than
pairing energy far tetrahedral complexes.

(CBSE 2023)
Assertion (A): In tetrahedral complexes, low spin
canfigurations are rarely abserved.

ik

Reason (R): A,

Answers
\ 4

(b) (Co(NH,)S0J"

2. (d)6

&

Lo

~

In the given complex, Co is bound with two
bidentate Ugand (en) and two unidentate Ugand
(Cy)

o Coordlnation number =2x2+2x1=4+2=6

(8) The en (ethylene diamine) ligand is a bidentate
ligand which means that it can form two
coordinate covalent bonds with the cobalt lon.
Two en forms two coordinate covalent bands
each with cobalt and two bonds are made with CL
Hence, the secondary valency of cobalt is 6.

. (o) (Fe(C,0,)5)*

. (a)3
Let oxidation number of Cr be x.

Oxidatlon number of H,0 = 0, oxldatlon number of
El (i} ]

X+(4x0)+(2x-1)e+]
= X=Z2wa] =

(b) Let the oxidation number of Fe In Fe(CO), be x.
Carbonyl is a neutral ligand having no charge. So.
the oxidatlon number of Fe would be

x-0x5=0
ar, x=0

X w -;.3

Hence. the oxidation number of Iron In this complex
Is 0.

(d) (Cr (H,0)¢) Cy

8.

9

—a

1

12.

Isomers are two or more compounds that have the same
chemlical formula but a different arrangement of atoms.

10.

(b) NO, is an ambidentate ligand because it can attach
to the central metal atom through atoms of two
different elements.

(c) EDTA%-

(a) Thiosulphato

(c) Fe(C,0,)5)%"

;0:" (oxalate) is bidentate Ugand and forms
C,02 (oxalate) s bid Ugand and f
chelate complexes which are more stable than
similar complexes contalning unidentate ligands.

(a) (Cr(H,0), CL)*

(Cr(H,0),CL,) is a (ML, X,]) type complex compound
which shows geometrical lsomerism.

. {d) no Isomerism

TiP-

14,

15,

16.

18.
19,

20.

The given compounds represents no isomerism
as they have different formula,

(c) The NO, group can link using oxygen atom as
— ONO, hence it can show linkage Isomerism.

(d) In the given compounds. the number of water
molecules present in the coordination sphere and
in the ionisatlon sphere Is different. Hence. they
exhlblt hydrate [somerism.

(b) 2

- () (A) = (iil).(8) — (iv). (C) — (il). (O) - ()
(c) 4

(b) Fe,[Fe(CN).],

(b) (PtCly(en),) (NOy),

L
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21. (b) (Zn(NH5) )%

Complex lon Colour
u(NHy) )% Deep/Royal blue
[Zn(NH,),)%* Colourless
(Fe(H,0)¢)** Brown rust
(Fe(CN).)> Red

22. (b)In [NI(CN),)*~. no unpaired electrons are present
while in (NiCl )% two unpaired electrans are
present.

In [Ni(CN) J*~there is no unpaired electrons because
CN™ is a strong field ligand thus it pair up the

electrons.
ULlWLHUI D EED
(NI(CN).) |1LI%I1L|1LI><* .

dsp2
(N Iululuhlﬂ l

s.pj

23. (b) 8000 cm!
((CoCl)* and (CoCl)- have octahedral and
tetrahedral geometries respectively.
For ((CoClg)?~. the CFSE A4 = 18000 cm™,
The relatlonship between the crystal fleld
stabllUsation energles for octahedral and
tetrahedral field is
A= 4/90

Substituting value In the above expression, we
have
[COCU 4/9 x 18000 c™! = B0OO0 cm™!

= (4/9) x 18000 cm~'= B00A cm™!

24. (3) T4

! = strong fleld

25. (b) if &g > P. the configuration Is 3 e g

Ugand and low gpin complex
If CFSE (Ap)< P (Energy required for palring). the
electrons do not pair up and fourth electron goes
to e, of higher energy. Hence. high spin complex
Is farmed. Pairing of electrons does not take place
In case of weak field Ugands.

26. (a) Both Assertion (A) and Reason (R) are true and
Reason (R) is the correct explanation of the
Agsertion (A).

27. (b) Both are reducng In nature as the unpalred
electrons get paired up by reduction thus galning
electrons. Hence, reason Is not the correct
explanation of assertion.

2B. (b) Both Assertion (A) and Reason (R) are true but
Reason (R) is not the carrect explanation of
Assertion (A).

29. (3) Both Assertlon (A) and Reason (R) are true and
Reason (R) is the correct explanation of the
Asgertion (A).

30. (c) EDTA is a hexadentate ligand and is used to
remove hardness of water. Hence, assertion is
true but reason is false.

31 (d) (Fe(CN)g)*> ion shows magnetic moment
carresponding to one unpaired electron. Hence,
assertion (A) is false but [Fe(CN)¢J*~ has d?sp?
hybridisation, Is true.

32 (b) Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

33. (b) Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

34. (a) Crystal field stabilisation energy for tetrahedral
complexes is less than pairing energy. As
A, < pairing energy. so electron occuples a higher
energy orbital because less energy Is required
than occupying a lower energy arbltal and pairing
with another electran. Hence. electron does not
pair up to form low spin complexes.

35. (a) Both Assertlon (A) and Reason (R) are true and
Reason (R) Is the correct explanation of the
Assertion (A).

‘P Case Study Based Questions §

Case Study 1

Co-ordination compounds show  structural

1somerism and it is different from the nature of

the isomerism which we generally come across in
organic compounds. The structural isomers may
be classified as ionisation, hydrate. co-ordination
and linkage isomers depending upon their nature.
The clectrical conductivity of these isomers
depends upon the number of ions which they
furnish upon dissociation in aqueous solution.
The isomers belonging to a particular type can
also be distinguished from each other with the
help of certain tests. In addition to the structural
isomerism, the co-ordination compounds are also
involved in geometrical and optical isomerism.
Whereas optical isomerism is normally shown
by octahedral complexes, both octahedral and
square planer complexes can exhibit geometrical
isomerism.

Read the given passage carefully and give the
answer of the following questions:

QL An aqueous solution of CoCl, on addition of
excess of concentrated HCl turns blue due to
the formation of:

a. (Co(H,0),C1,) b. (Co(H,0),Cl)?
¢ (CoCl,)* d. (Co( 20 2le)

Q2. Which one is the most likely structure of
CrCl,6-H,0 if 1/3 of the total chlorine in the
compounds is precipitated by adding AgNO,
solution?

a. CrCl;6H,0 b. (Cr(H,0);)Cl5)(H,0);
¢ (Cr(H,0),C1,)CL-2H,0 d. (Cr(H,0),CYCL,H,0

L
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Q3. One mole of the complex compound W .
Co(NH)4CL, gives 3 mole of ions on dissolution Ko LLlL LR

1. ‘D’ causes maximum crystal field splitting. Energy is
directly propartional to the wave number. Maximum

in water. One mole of the same complex reacts
with two moles of AgNO, to yield two moles of

AgCl(s). The structure of the complex Is:
a. (Co(NH,);Cl5) 2NH;  b. (Co(NH,),CLJCLNH;
c. (Co(NH,),ClCL,NH; d. (Co(NH,):ClCL,
Q4. Which of the following will not show
geometrical isomerism?
a. (Cr(NH,),CL )l b. (CoCl,(en),Cl
c. (Co(NH,)gNO,JCL,  d. (PE(NH,),CL,).
{Answers | .

LANsSwWers |

energy of light is required for an electron to jump
from t,, to e, in case of [CrDg)*.

OR
‘A" will be a weak fleld ligand. The splitting caused is
least In this case as the energy required for electron
to jump from fzg to & is minimum.

. (CrBg)?* wiill be violet in colour because wavelength

of Ught absorbed Is 1/17830 = 560nm for the complex
while 1/13640 = 733nm far (CrA.)>" complex.

. (c) (CoCl,)*-

. (0) [Cr(H,0),CL)C12H,0
. (d) (Co(NH,);CU)CL,

. (€) (Co(NH,)5NO,)CL,
Case Study 2

. (i) (CrClg*>. Hexachloridochromate (lll) ion
(if) (Cr(NH))?°. Hexaamminechromium (Ill) ion
A=Cl.B=H,0.C=NH; D=CN"
Case Study 3
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Metal complexes show different colours due
to d-d transitions. The complex absorbs light of
specific wavelength to promote the electron from
,, to e, level. The colour of the complex is due to
the transmitted light, which is complementary of
the colour absorbed.

The wave number of light absorbed by different
complexes of Cr ion are given below:

Wave number of Energy of light
Complex light absorbed absarbed
(cm-) (kJ/mol)
(Crag)>- 13640 163
(CrB, )3 17830 213
(CrCg) 21680 259
(CrDe)>- 26280 314

Read the given passage carefully and give the
answer of the following questions:

(CBSE SQP 2023-24)

QL Out of the ligands ‘A', '8, 'C and 'D', which

ligand causes maximum crystal field splitting?

Why?

OR
Which of the two, ‘A’, or 'D' will be a weak field
ligand? Why?

Q2. Which of the complexes will be violet in
colour? [CrA(]* or [CrBﬁ]z”' and why? (Given:
If 560-570 nm of light Is absorbed, the colour
of the complex observed Is violet.)

Q3. If the ligands attached to Cr*' ion in the
complexes given in the table above are water,
cyanide ion, chloride lon and ammonia (not in
this order)

Identify the ligand, write the formula and
IUPAC name of the following:

(i) [CrA,J* (i) [CrC)*

In coordination compounds, metals show two
types of linkages, primary and secondary.
Primary valencies are ionisable and are satisfied
by negatively charged ions. Secondary valencies
are non-ionisable and are satisfied by neutral
or negative ions having lone pair of electrons.
Primary valencies are non-directional while
secondary valencies decide the shape of the
complexes.

Read the given passage carefully and give the
answer of the following questions:  (c8SE2023)
Q1. IfPtCL,. 2NH, does not react with AgNO,, what
will be its formula?
Q 2. What is the secondary valency of [Co(en]5]5" ?
Q3. (i)Write the formula of Iron (lll)
Hexacyanidoferrate (l1).
(1) Write the IUPAC name of [Co(NH,)Cl] CL,.

OR

Write the hybridisation and magnetic
behaviour of [Ni(CN),]*.
[Atomic number: Ni = 28]

g ———
| Answers |

. If PtCl,2NH, does not react with AgNO,, then the

formula of the compound would be (Pt (NH,),CL,).

. Thesecondary valency of (Co(en)ga+ Is 6 as there are

4 NH, molecules and 2Cl- ions linked to the cobalt
atom.
(I) The formula Is Fe, (Fe(CN).].
(ii) The IUPAC name of (Co(NH,)Cl) Cl, Is pentaammine
chlorido cobalt (Ill) chloride.

OR

In the presence of strong fleld CN™ lons. all the
electrans are palred up. The empty 3d. 3s and two 4p
orbitals undergo dsp? hybridisation to make bonds
with CN~ ligands In square planar geometry. Hence.
(Ni(CN),)?- Is dlamagnetic.
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Case Study 4

Coordination compounds are widely present
in the minerals, plant and animal worlds and
are known to play many important functions
in the area of analytical chemistry, metallurgy,
biological systems and medicine. Alfred Werner's
theory postulated the use of two types of linkages
(primary and secondary), by a metal atom/
ion in a coordination compound. He predicted
the geometrical shapes of a large number of
coordination entities using the property of
isomerism. The Valence Bond Theory (VBT)
explains the formation, magnetic behaviour and
geometrical shapes of coordination compounds.
It, however, fails to describe the optical properties
of these compounds. The Crystal Field Theory
(CFT) explains the effect of different crystal fields
(provided by the ligands taken as point charges)
on the degeneracy of d-orbital energics of the
central metal atom/ion.
Read the given passage carefully and give the
answer of the following questions:  (CBSE2023)
QL When a coordination compound NiCl,.6H,0 is
mixed with AgNO, solution, 2 moles of AgCl
are precipitated per mole of the compound.
Write the structural formula of the complex
and secondary valency for Nickel ion.
Q 2. Write the IUPAC name of the lonisatlon isomer
of [Co(NH,),(S0,)] CL
Q3. Using valence bond theory, predict the
geometry and magnetic nature of:
(i) [Ni(€O),)
(i) [Fe(CN))*
[Atomic number: Ni = 28, Fe = 26]
OR
Glve reasons:
(i) Low spin tetrahedral complexes are not formed.
(i) [Co(NHS)GP" isaninnerorbital complexwhereas
[Ni(NH;)]?" is an outer orbital complex.
[Atomic number: Co = 27, Ni = 28]

[A |
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| ANSWErS | e

1. The structural farmula of the complex s

(NI(H,0)¢JCL, and the secondary valency for nickel lan
is 6in it

2. The IUPAC name of the lonisatlon isomer of

(Co(NH,)4(S0,))CL is pentaammine sulphato cobalt
(1) chloride.

3. (i) In [NI(CO),). oxidation state of NI is zero.

5oNi e [Ar) 3¢® 452
46 ap

3d
(a) Ntatom [T [ NN 1] 1]

(b) NI atom after the rearrangement In presence of
strong CO Ugands.

|
s

TR

Co causes pairing of 4 electrons Into 3d-orbitals.
45

3d 4p
(@i (v (co) (NIRRT (] (TR

€0 CO CO
|
sp? hybridisation
It s dlamagnetic as all the electrons present In [t
are palred.
(ii) We have ,¢Fe = (Ar)3d®4s?
Fed” lon = (Ar)3d3

(a) Fe3* ian
P 4d

3d 4s 4
O O T T T T

(b) Fe3* ion under influence of weak F~ ligand
4p

3d bs 4d
(PTTIALTIH] (0] [BI10] (8181 T T ]
r11t 11
sp3d? hybridisation
It Is strongly paramagnetic In nature.
(c) Fe2* lon In (Fe(CN) )3~

3d 45 ap A
(AT [ (1010 (A1 1 1]
T 111t 11
Thus. (Fe(CN)J*" is strongly paramagnetic in nature

with sp?c? hybridisation.
OR

(i) For tetrahedral complexes, the crystal field
stabilisatlon energy Is lower than palring energy,
so they are rarely farmed in low spin state.

() As Inner d-electrons are Involved In the complex
(Co(NH,)¢)*. It Is an Inner orbital complex.
But outer (4d) electrons are involved In the
hybridisation of the complex [NI(NH,)¢)3* so, It Is
an outer arbital complex.

' VEI’V Short Answer Type Questions N

QL

Ans.

Q2.

Ans.

Calculate the effective atomic number of iron in
[Fe(CN}6]3'. [Atomic number of Fe = 26]

Effectlve atomic number of Iron In (Fe(CN) )~ can be
calculated as:

Effective atomlic number of Iron
» gtomic number of Fe—oxidation number of Fe
+ 2 x coordination number (or no. of ligands)
©26=(+3)+2x6w26~-3+12=35.
When excess of AgNO; is added to the molar
solution of [CrCI(H,0),]CL,, how many moles of AgCL
get precipitated?

Since the compound (complex) contalns two CI~ lons
out of the coordination sphere. So these react with
AgNO, solution to give 2 moles of AgCL

L

L L o s s o



Ans.

Ans.

Ans.

Ans.

Q7.

Ans.

Qe.

Ans.

Q9.

Sol.
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Qs.

Q4.

Q5.

Q6.

Arrange the following complexes in the increasing
order of conductivity of their solution:
[Co(NH,),CL,], [Co(NH,),CL,]CL,
[Co (NH,)ICL;,  [Co(NH,) CLJCL, (NCERT EXEMPLAR)
All the glven complexes are octahedral complexes.
The conductivity of solutions of complexes depend
upon the number of lons glven by the complex In the
solution. Thus, the correct order of conductivity Is:

(Ca(NH,), CL,) < (Co (NH.), Cl] CL,

< (Co (NH,), CL,) Cl< (Co (NH,),] Cly

A coordination compound CrCL;.4H,0 precipitates
silver chloride when treated with silver nitrate. The
molar conductance of its solution corresponds to
a total of two ions. Write structural formula of the
compound and name it. (NCERT EXEMPLAR)
Since. the molar conductivity of the solution of the
complex corresponds with two ions, this means that
It contalns a complex lon and a counter lon. Formatlon
of silver chloride with AgNO, shows that the counter
lan Is chlorlde lon.
Thus, the structure of the complex is as follows:
Cr(H.0),CL)C":  tetraaquadichloridochromate(lll)

(Cr(H,0),CL)
chloride.

Explain the structural isomerism of coordination

compounds with suitable example.

The Isomerlsm which arises due to different

structural arrangement Iin the coordination

compounds having same molecular formula is called

structural lsomerism. e.g. far the molecular farmula

(Pt(NH,), Cl,Br, the two possible structural Isomers

are [Pt(NH3)s Cl2) Bry and [Pt(NHa)s Bry) Cl.

Write the IUPAC name of lonisation isomer of [(NH,)

PtNO,]CL

lonisation Isomer of ((NH,);PtNO,JCL Is (Pt(NH.),Cl)

NO,. Its IUPAC name Is trlamminechloridoplatinum

(Il) nitrate.

Write the IUPAC name of lonisation isomer of

[Pt(NO,)(H,0)(NH;),]Br.

lonisation isomer of (Pt(NO,) (H,0) (NH,),) Br is

(Pt(H,0)(NH,),BrJNO,. Its IUPAC name is diammine-

aquabromidoplatinum (Il) nitrate.

The most stable complex amang the following is:
(i) [Fe(H,0))** (il) [Fe(NH,),]*"

(ill) [Fe(C,0,),)* (Iv) [FeCl)*-

In the given complexes, Fe Is in +3 oxidation state.

Since Czoﬁ_ ls a bidentate chelate Ugand. It forms

chelate ring. So, complex glven In aption (lif) Is most
stable.

Calculate the overall complex dissoclation
equilibrium constant for the Cu(NH3}i+ lon, given
that B, for this complex is 2.1 x 1013, (NCERT INTEXY)
Overall dissoclation canstant Is the Inverse of overall
stabllity constant.

Thus, overall dissoclation canstant = -1— = ;13
Ba 21x10

=47 x10"W,

Q10.

Ans.

Q1L

Ans.

Ql2.

SolL

Ql3.

Ans.

Ql4.

Ans.

QIs.

Ans.

Q l16.

Ans.

Q17

Ans.

Qls.

Ans.
Q19.

Ans.

Q 20.
Ans.

Q2L
Ans.

Qa2

Ans.

Q23

Ans.

Q24.
Ans.

What type of Isomerism is shown by complex
[Co(NH;),C1]SO,? (CBSE2019)
lonisation isomerism.

Arrange the following in increasing order of crystal
field splitting energy: (CBSE2019)

[Cr(CN)ﬁ]L. [Cr(NHs)é]s*, [CrCl‘S]3‘
(CrCl)*~ < [Cr(NH,)¢)?° < (Cr(CN)J*
Write the coordination number and oxidation state
of Platinum in the complex [Pt(en),CL,]. (C85E2019)
Coardination number of platinum In the complex
(Pt(en),CL,] Is 6 as 'en’is a bidentate ligand.
Let the oxidatlon state of Pt ls x.

x+0+2(-1)=0

ar X=+2

Hence. oxidation state of Platinum is + 2.
How many lons are formed by the complex
[Co(NH,)]CL, in aqueous solution?
Four lons: [Co(NH,))CL; (ag) — (Co(NH,)¢)**(og)
+ 3C-(ag).

Write the formula and IUPAC name of prussian blue.

Fe,(Fe(CN))5: Iron(lll) hexacyanoferrate(ll).

Write the IUPAC name of [Cr(NH;),CL,]".
Tetraamminedichlaridachromium(ill) lan.

Write the IUPAC name of [Pt(NH,),CL,]CL,.
Diamminedichloridoplatinum(IV) chloride.

What Is the CN of central metal lon In [Fe(CIO,,)S]‘“?
The CN of Fe3* is six.

Give the IUPAC name of [Co(NH,),]CL,.

Hexaamminecobalt(lll) chloride.

[Ni(CO),] possesses tetrahedral geometry while
[Pt(NH,),Cl, has square planer geometry. Why ?

NI atom In (NI(CO),) Is sp? hybridised while the
hybridisation of Pt atom In (Pt(NH,),CL,) Is dsp?.
Write the IUPACname of the complex Na [CrF,(OH), ].
Sodium tetrafluoridodihydroxochromate(lll).

Write the IUPAC name of the complex [Cr(H,0),CL]CL,.
Pentaaquachlorlodochromium (i) chloride.

Glve a ligand which Is bidentate and give an example
of the complex formed by this ligand.

N HZ—CH2—4C$A.ﬁ H, or(en) : (Co(en),CL,JNO,
(bidentata Ugnnd) (complex)

Which isomerism is

(Cr(HZO)sNCS]z"' /s

The given complex shows linkage isomerism. The

isomer has the structure: (Cr(H,0),SCN)%".

Give the IUPAC name of [Pt(NH,),Cl(CH,NH,)]CL

Dlamminechlorido  (methaneamine)  platinum(ll)
chloride.

shown by the complex

L
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Q25. Write the formulas of the compounds
(1) hexaammineplatinum(IV) chloride (ii) dichloride
tetraamminecobalt(lll) ion.

Ans. (i) (Pt(NH,)e)CL, (ii) [Co(NH),CL,)°
Q26. Write IUPAC name of K, [Fe(CN)NO].
Ans. Potassium pentacyanonitrosylferrate(ll).

Q 27. Give the names of the two complexes which are
used in medicines.

Ans. EDTA: Used for the treatment of lead polsoning,

Cis-platin: Used as anti-tumor agent in cancer therapy.
Q 28. Write IUPAC name of [Pt(NH,),CL,].

Ans. Diamminedichlaridoplatinum(ll).

Q29. Draw structures of geometrical isomers of
[Fe(NH,),(CN),].
Ans.

NH3 %
Nc\i/NHa
FO YR and :
NCHCensene I— -‘k'cN NCHCe e I - NN

CN NH3
cls trans
Q 30. Write the IUPAC name and hybridisation of
K,[CoCl,(en)].

Ans. IUPAC name: Potassium tetrachlorido (ethane-l,
2-diamine) cobaltate (II).
State of hybridisation: It Is an octahedral complex
Since Cl- ion is a weak field ligand. it cannot cause
electron pairing. As a result, outer d-orbitals are
involved in hybridisation. It Is, therefore, sp’d? in
nature.

Q 31. Write the name of [Co(NH,),(H,0),]CL,.

Ans. Tetraamminediaguacobalt(lll) chloride.

Q 32. Write the IUPAC name of Fe,[Fe(CN),].

Ans. Iron(lll) hexacyanoferrate(ll).

Q33. Write the IUPAC name of the

[Pt(NH,), [NiCl,].

Ans. Tetraammineplatinum(ll) tetrachloridanickelate(ll).

Q 34. Give IUPAC name of [Cr(H,0),CL]CL

Ans. Tetraquadichloridochromium(lll) chloride.

Q35. (i) Give the electronic configuration of the
d-orbitals of Ti in [Ti(H,0),]*" ion in the
octahedral crystal field.

(if) Why Is this complex coloured? Explain on the
basis of distribution of electrons in d-orbitals.

Ans. (1) In the octahedral complex. Ti is In + 3 oxidatian
state and has tz:;,eg configuration of TE*lon.

complex

(i) The unpaired 3d-electron Is present In the t,
level in the ground state. The next higher energy
level avallable Is €y Thus. there Is d-d transition

0 €@ 1.0 0,1 3 |8 re
from t;, to e, (r2geg sy fzgeg)' This Is responsible

for the colour of the complex.

Q 36.
Ans.
Q37

Ans.

Q 38.

Ans.

Q39.

Ans.

Q 40.

Ans.

Q4L

Ans.

Q42.

Ans.

Q43.

Ans.

Write IUPAC name of K,[PdCL,].
Potassiumtetrachloridopalladate(ll).

Write the IUPAC name of complex; [Fe(en),CL]Cl
and mentian the oxldation of iron.

IUPAC name: Dichlorido (ethane-1, 2-diamine) iron(lll)
chloride. Oxidation state of Fe: +3.

Why are n-complexes known for transition metals
only?

Since. transition metal atoms have either
half-filled or vacant d-orbltals, they can accept
ligands with electron density resulting in pn-dr
bonding. Therefore. n-complexes are possible.

CO is a stronger ligand than NH; for many metals.
Explain.

CO Is a stronger fleld Ugand than NH; because of lack
of bonding leading to synergic effect. As a result, the
bond between the Ugand CO and metal (M) becomes
stronger as compared to bond between NH, and
metal which Is simply a co-ordinate bond.

Name the following compounds according to IUPAC
system:

(i) [Co(NH,),(H,0)Ct]CL, (ii) [CrCL,(en),]CL

(I) Tetraammineaquachloridocobalt(lll) chloride.

(i) Dichloridobls (ethane-1, 2-diammine) chromium(lll)
chloride.

Write the name, the state of hybridisation, the
shape and the magnetic behaviour of the following
complexes:

[Co(CLy} [Ni(CN),J*-, [Cr(H,0),(C,0,),]-

(CaCl,}: Tetrachlorldocobaltate(lll) lon. sp? hybridised.
tetrahedral in shape. paramagnetic in nature.
[NI(CN),)%: Tetracyanonickelate(ll) lon,  dsp?
hybridised. square planar In shape. dlamagnetic in

nature.
(Cr(H,0),(C,0,),): Diaquadioxalatochromate(lll) lon,
d?sp? hybridised. octahedral in shape, paramagnetic

in nature.

(i) Give the electronic configuration of the d-orbitals
of Ti in [Ti(HIO)ﬁl-"" lon and explain why this
complex is coloured? [At. No.of Ti = 22]

(1) Write IUPAC name of [Cr(NH;) (H,0),]CL,

(I) Oxidatlon state of Tl: x + 6(0) = + 3
Configuration of Ti%* lon w (Ar] 3d ' 450,

Complex Is coloured due to the presence of an
unpalred electron leading to d-d transitian.

(ii) Triamminetriaquachromium(lll) chloride.

Give the names of the following complexes
according to IUPAC system.

(1) [CoCl,(en),]CL (11) K;[Fe(CN),]
(1) Dichloridobls(ethane)-1.  2-dlammine  cabalt(lll)
chlorlde.

(Il) Potasslumhexacyanoferrate(lll).

L
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Q 44.
Ans.
Q 45.

Ans.
Q 46.

Ans.

Q 47.

Ans.

Q 48.

Ans.
Q 49.

Ans.
Q S0.

Ans.
Q51

Ans.
Q 52.

Ans.
Q 58.

Ans.

Q 54.

Ans.

Q S5.

Ans.

What is the denticity of co-ordination compound
used in the treatment of lead polsoning ?
The co-ordination compound is EDTA and Its denticity
Is slx. S
Write the IUPAC name of K,[Cr(C,0,);].
Potassiumtrioxalatochromate(lll).
(i) Write the I|UPAC name of the complex
[Co(Br,) (en,)]".
(i) What type of isomerism is shown by the
complex [Co(NH,);SO,]Br?
(i) IUPAC name: Dibromidabis (ethane-l. 2-diamine)
cobalt(lll) lon.
(i) The complex exhlbits lonisation isomerism.
Write IUPAC name of the complex [Cr(NH,),CL,]".
What type of isomerism does it exhibit?
The IUPAC name of the complex:
Tetraamminedichloridochromium(lll) ion. It exhibits
cis-trons isomerism (geometrical isomerism).
Which of the following is a more stable complex
and why?
[Co(en),]** and [Co(NH;) ]>".
The complex [Co(en),)?” Is more stable because en is
a bidentate chelating lgand.
What type of Isomerism is exhibited by complex
[Co(en);]*'?
The complex exhlibits optical Isomerism.
Write the formula of pentamminesulphatocobalt
(111) chloride.
Formula of the complex: (Co(NH,);S0,JCL
Write the IUPAC names of [Ag(NH,),]Cl and
K[AG(CN),].
Dlamminesllver  (I) chloride and  potassium
dicyanoargentate.
Write the IUPAC name of the complex [Ag(NH;),]
[Ag(CN),].
Dlammine sllver(l) Dicyanoargentate.
(i) Write the IUPAC name of the following complex:
[Cr(en),]CL,.
() Write the formula for the following complex:
Potassium trioxalatochromate.
(1) Tris (ethane-1. 2-dlammine) chromium(lll) chloride.
(if) K5(Cr(C,0y),)-
(i) Write the IUPAC name of the complex:

[Cr(NH),CL, (en)]CL
(i) Write the formula of the complex:
Pentaamminentitritocobalt(ll1). (CBSE 2015)

() Diaamminedichlorido  (ethane  1.2-diamine)
chramium(lll) chlorlide.

(i) (Co(NH;)5(ONO)}2"

Write the formula of the lonisation isomer of

[Cr(H,0),Br,]CL.

The formula of lonlsation Isomer Is: (Cr(H,0),BrCl)Br.

-§) Short Answer Tupe-1 Questions N

Q1. What is meant by the chelate effect? (NCERT EXERCISE)
Ans. If the donor atoms of a bidentate or polydentate
ligand are arranged In such a way that they form five
or six membered ring when coordinates with central
metal ion. then the complex becomes more stable
and the effect [s called chelate effect,
Hz
cl N—CH
eg \Pt/ | ’ or  (PtCly(en)y)
" SN—CH,
Hz
Q2. (i) What is a chelate complex? Give one example.

(ii)) What are heteroleptic complexes? Give one
example. (CBSE 2023)

Ans. (i) A chelate complex Is a complex formed when a

metal ion Is bonded to two or more molecules of a
chelating agent. e.g., Complex lon formed between
ethylene diammine and cupric ion -(Cu(NH,CH,
NH,),)2*.

(if) Complexes in which a metal is bound to mare than
one kind of donor groups are called heteroleptic
complexes. e.g. (Co(NH,),CL)* ks a heteroleptic
complex.

Q3. Define the following:

(i) Complex ion.

(ii) Coordination number.

Ans. (i) Complex ion: The electrically charged species
formed by the union of a central metal atom or
ion with one or more ligands is called a complex
lon eg. (Ag(CN),)~ is a complex lon. In this
camplex, the central Ag'* lon Is attached to two
CN- Ugands.

(ii) Coordination number: The number of coardination
bonds formed by the central metal atom or
lon with the Ugands in a complex. Is called the
coordination number of the metal
If the complex contalns only manodentate
ligands, then the coordinatlan number of metal
Is the number of maonodentate ligands.

If the complex contalns polydentate Ugands. the
coordination number of metal is the denticity of
lgand or the number of the lgands.

e.g. In the complex (PtCl,(en),). the coordination
number af Pte 1x2+2x2=2+4 6.

Q4. Write the IUPAC name and geometrical isomer of
[Pt (NH,),CL,].

Ans. [UPAC name of (Pt(NH,),CL,) Is
diamminedichloridoplatinum (II). It shows follcwmg
two geometrical lsomers:

HBNFK--YU HBNY --------- 7 u
N/ -"\Ju ca/ =-$NH3

cls-form trans-form
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Q5.

Ans.

Qé.

Ans.

Q7.

Ang.

Q8.

Ans.

Write all the geometrical isomers of [Pt(NH;)(Br)
(Cl)(Py)] and how many of these will exhibit optical
isomers? (NCERT EXERCISE)

Following three geametrical [somers are possible for
the given compaounds:

Isomers of this type do not exhibit optical Isomerism.
Optical isomerism is rare in square planar or
tetrahedral complexes. In these complexes, it Is
possible anly when they have asymmetric chelating
lgand.

Draw all the possible isomers of the following:

(i) [Pt(NH;), CL,)*

(i) [PdClzBrI]z'

(i) (Pt(NH;), CL,)** has following two geometrical
ISsomers:

! Pt ' E Pt
HgNi“‘K':'I"'kE NH3 HBN%'I"“X‘I NH3
NH3 ct

cis trans

(i) For the complex [PdCL,Brl)*- following two
geometrical Isomers are possible:

Br pryg ct - Brx;t‘/} Cl "
|%_..‘.‘N Cl [l%w:& |
cis trans

The formula Co(NH,),CO,Cl could represent a
carbonate or a chlaride. Write the structures and
names of possible isomers. (CBSE SQP 2022-23)
The possible Isomers are [C.:)(NH:!!,CO3 Cl Le.,
pentaaminecarbonatocaobalt(lll) chloride  and
(Co(NH,)cCl)CO,) ie. Pentaaminechloridocobalt (iii)
carbonate.

A solution of [Ni(H,0)]?" is green but a solution of
[Ni(CN),]%- is colourless. Explain.  (NCERT EXERCISE)
NI In (Ni(H,0))?* has 3d® configuration and Is In
+2 oxldatlon state. In thls complex, it contalns two
unpaired electrons which remain unpaired due to
the presence of weak field ligand. H,0. Due to the
presence of unpaired electrong, these show d-d
transition. d-d transition absaorbs red Ught and emits
its complementary green colour.

In case of [NI(CN),)Z also. NI has 3d? configuration
and +2 oxldatlon state but due to the presence of
strong field Ugand CN-, the twa unpalred electrans
present in Jd-orbitals, palr up. Thus, In this complex
NI does not have any unpalred electron. So. no d-d
transition is possible, thus, it Is colourless,

Qo.

Ans.

Q0.

Ans.

QlL

Ans.

Qle.

Ans.

Q13.

Ans.

[Fe(CN)]* and [Fe(H,0),]?* are of different colours
in dilute solutions. Why? (NCERT EXERCISE)

In both the complexes. Fe Is In +2 oxidation state
with 3d°® configuration ie. it contains four unpaired
electrons. In the presence of weak field Ugand H,0,
these remain unpaired. whereas in the presence of
strong feld ligand CN-, these palr up and the complex
has no unpaired electron. Due to the difference in
number of unpalred electrons, these two complexes
give different colours in dilute solutions.

Give the formulae of the following compounds:

(i) Potassium tetrahydroxidozincate(ll)

(ii) Hexaammineplatinum(IV) chloride. (cBSE2020)

(i) K5 [Zn(OH) J.

(i1) (Pt(NH,)JCL,.

Write IUPAC names of the following:

(1) [Co(en)(H,0) (CN))*

(ii) [Ni(NH,)]CL, (CBSE2023)

(i) Aquacyano bis- (ethylene diammine) cobalt (IIl) ion

(il) Hexaammine nickel (ll) chloride.

Write IUPAC names of the following coordination

entities:

(i) [Co(NH;),CL(NO,)ICL

(ii) [PtCL,(en),)?" (CBSE 2023)

(i) Tetra ammine chlorido nitrito —=N— cobalt (lll)
chloride.

(1) Dichlorldobfs (ethane-1. 2-dlammine) platinum (V)
ion.

Using IUPAC names, write the formula for the
following:

(i) Sodium dicyanidoaurate(l).
(il) Tetraamminechloridonitrito-N-platinum (V)
sulphate. (CBSE2017)
(I) Sodlum dicyanidoaurate(l)
Let the formula of the glven compound Is
Na[Au(CN),)*
In this formula,
Charge of anlon @ +1
Charge on complex lon willbe, X2 1=2 o =1
S0. anlon neutralises the charge on cation.
The formula of the given compound = Na[Au(CN),)
() Tetraamminechloridonitrito-N-platinum(lV)
sulphate
Let the formula of the given compound Is
(Pt(NH;),(C)(ONO))* SO,
In this formula,
Charge of anlon = -2
Charge on complex lon will be, xe=1-1+4w+2
So. anlon neutralises the charge on catlon.

The formula of the glven compound =
(Pt(NH,),CL(ONO)]SO,.

L
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Q4.

Ans.

Qls.

Ans.

Q16.

Ans.

Q17

Ans.
Q1lse.

Ans.

Q19.

Ans.

(i) Write the IUPAC name of the isomer of the
following complex:
[Pt(NH;),CL]
(ii) Write the formula for the following:

Tetraammineaquachloridocobalt(lll) nitrate.
(CBSE2017)
(i) The IUPAC name of [Pt(NH,),Cl,) is cis/trans-
diamminedichloridoplatinum(li).
() The formula of Tetraammineaquachloridocobalt
() nitrate is (Co(NH5)4(H,0)C)(NO5),.
(I) Write the IUPAC name of the Isomer of the
following complex:
[Co(NH,)<CL]SO,
(if) Write the formula for the following:
Diamminechloridonitrito-N-platinum(ll)
(CBSE2017)
(I) Pentaamminesulphatocobalt(lll) chlaride.
(i) (Pt(NH5),CL(NO,)).
Give the formula of the following compounds:
(I) Potassium trioxalatoaluminate(lll)
(i) Tetraammineaquachloridocobalt(ll) chloride.
(CBSE 2020)
() K5(AL(C,0,);) (i) (Co(NH,),(H,0)Cl)CL,
Give the formula of the following compounds:
(i) Pentamminecarbonatocaobalt(lll) chloride
(ii) Potassium tetracyanidonickelate(ll) (cose2020)
() (Co(NH,)4(CO,))CL (1) K,(NI(CN]),).
Using IUPAC names, write the formulae for the
following:
(i) Tris (ethane-1,
chloride.
(if) Potassium tetrahydroxozincate(ll). (CBSE 2017)
(i) Tris(ethane-1. 2-diammine) chromium(lll) chloride
Let the formula of the glven compound Is
(Cr(en) ) CL™.
In this formula,
Charge on anlon « — 1
Charge on complex fon willbe. x=3 + 0 =3
So. the farmula of the given compound
= [Cr(en)a](:l;.1
() Patasslum tetrahydroxozincate(ll)
Let the formula of the glven compound is

2-diammine) chromium(lll)

K(Zn(OH),)~

In this formula, X @ 2 -4 w _2“

So, the formula of the glven compound
Is KZ[Zn(OH)]].

Using IUPAC names, write the formulae for the

following:

(i) Potassium trioxalatoaluminate(lll).

() Dichloridobis (ethane-1, 2-diammine) cobalt
(). (CBSE2017)

(I) Potassium trioxalatoaluminate(lll)

Ka[Al(CZOﬁ)R]
(i) Dichloridobls (ethane-1. 2-dlammine) cobalt(lll)

(CoCly(en),)*

Q 20.

Ans.

Q2L

Ans.

Determine the structure and magnetic behaviour of
[CoCl,]*" using valence bond theory.

1Co: (Ar) 452 3d"

Co2- (Ar) 450 3
Cl- Is a weak field Ugand. so palring of electron does
not occur.

R
cocu [ATETA

4g 4p

f T[T T

—

——
sp-hybridisation

Due to sp” -hybridisation, its structure Is tetrahedral
and presence of three unpalred electrons make It
paramagnetic.

Determine the structure and magnetic behaviour of
[Fe(CN),]*~ lon on the basis of valence bond theory.

J6Fe= (Ar) 462 3¢5
Fe2 = 450 3d"°

CN- is a strong field ligand. so palring of electrons
take place.

3d 45 ap
ez =[N[T[TIT]T] []
(Ground state) 39 —4:3 4p
Fe2"= [ NININ
(Exclted state) .
re(cns) =[N TRI NI [N] (NI

Q22.

Ans.

(Ground state)

" d’sprhybridisation

Due to dzspa—hybrldiSatien. its structure is octahedral
and because of the absence of unpalred electrong. It is

Explain the structure and magnetic behaviour of
[Cr(CO),] using valence bond theory.
[Atomic number of Cr = 24]
54Cr = (Ar) 4s'3d 3
3d s 4p

=TT T] [T

CO Is a strong fleld Ugand. so palr up the unpalred
electrons,

3 4p
cr= [(NININ
(Exclted state)
(o) = [P | NN NN NNIN

d?sp3-hybridisation

Thus. It Is d*sp’-hybridised and hence It has octahedral
geametry. Because of the abgence of unpalred
electrons, it Is dlamagnetic.

L
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Q23. [NiCL]?*- is paramagnetic while [Ni(CO),] is

diamagnetic though both are tetrahedral. Why?

(NCERT INTEXT)

Ans. In the complex [NiCl )% Ni isin + 2 oxidation state

and has the configuration 3d8450. The Cl~ion being a

weak ligand cannot pair up the two unpaired electrons

present In 3d-orbitals. This means that 3d-arbitals

are not Involved in hybridisation. The complex Is

sp-hybridised (tetrahedral) and is paramagnetic in
nature.

In the other complex (Ni(CO),). the oxidation state of

NI Is zero and electronic configuration ks 3d%4s. In

the presence of the lUgand CO, the 4s-electrons shift

to the two half filled 3d-orbitals and make all the

electrons paired. The valence 45 and 3p-orbitals are

invalved in hybridisation. The complex |s tetrahedral

but dlamagnetic.
Q 24. Predict the number of unpalred electrons in the
square planar [Pt(CN),]%"lon. (NCERT INTEXT)

Ans. The element Pt(Z =78) is present in group 10 with
electronic configuration 5d96s!. The divalent cation
Pt2® has 509 configuration.

e N[NNI TT

For square planar complex. Pt(ll) is In dsp?
hybridisation state. To achleve this, the two unpaired
electrons present in Sd-orbitals get paired. The
complex has therefare, no unpalred electrons.

Q 25. What s the co-ordination entity formed when excess
of aqueous KCN is added to an aqueous solution
of copper sulphate? Why is that no precipitate of
copper sulphide is obtained when H,5(g) is passed
through the solution? (NCERT EXERCISE)

Ans. Onmixing the aqueous solutions of KCNand CuSO,, the
complex formed Is potassium tetracyanocuprate(l).
Since CN- lons are strong ligands, the complex Is
quite stable. It is evident from the stability constant
value (K = 2.0 x 10%7). It Is not cleaved by H,S gas
when passed through the aqueous solution and no
precipitate of Cu$ Is formed.

CuS0,(0g) + 4KCN(ag) — K5(Cu(CN) ) + K,50,(0q)
(Soluble)

Q 26. Aqueous copper sulphate solution (blue in colour)
gives (a) green precipitate with aqueous potassium
fluoride and (b) a bright green solution with
aqueous potassium chloride solutions. Explain
these experimental results. (NCERT EXERCISE)

Ans. Aqueous solutian of copper sulphate which Is blue In
colour exists as [Cu(H,0),)50, and glves (Cu(H,0),)?"
In solutlan, It Is a lablle camplex entity In which the
ligands H,0 get easlly replaced by F~ lons of KF and
by Cl™ lons of KCL

(Cu(H,0))2° + 4F~ ey (CUF )& + 4H,0
Toolluarlodocuprote (I
(Blue) (Graen ppt.)
(Cu(H,0) )% + 4CL wems [CUCL )2 + 4H,0
Terachlordocupraig (i)
(Bright green soluton)

6s 6p

Q 27. Give the oxidation state, d-orbital occupation and
coordination number of the central metal ion in the
following complexes:

() K;5[Co(C,0,)s]
(1) (NH,),[CoF,]
(ill) efs-[CrCl,(en),]CL
(iv) [Mn(H,0)]SO,. (NCERT EXERCISE)

Ans. () 0S=+3.CN=6. d-orbital occupation s 3d° t5, €9,

(ii) 05 =+2 CN w4, 3d” ugq eé).

(i) 05 =+ 3. CN=6.303(5,).

(v) 05 =+2 CN=63d503, &2

Q 268. Explain on the basis of valence bond theory that
[Ni(CN)4]2‘ ion with square planar structure is
diamagnetic and the [NiCl,]>~ lon with tetrahedral
geometry is paramagnetic. (NCERT INTEXT)

Ans. Magnetic behaviour of [Ni(CN,))%~ Atomlic number
of Ni Is 28. Electronic configuration of NI, NIZ* and
(Ni(CN), )% are as follows:

3d 4s 4p
NN AN T T
N INININATA I T ]

NI In (NIEN) )™ [N R] [0 [T
CNT CNTCNTCN™

dsp’~hybridisation

Four electron pairs from

four CN lons (ligands)
Here. CN- belng a strong Aeld Ugand, causes palring
of unpalred electrons of NI**. Now, it contains only
palred electrons. so the complex (Ni(CN),)?" is
dlamagnetic.
Magnetic behaviour of [NiCl,}>~ It contalns a wealk
field ligand Cl= which Is not capable to cause pairing
of unpalred electrons.

3d 4s 4p

MNINININT AT IN T T
a2 INININT AT I

Niin(Nick)) TN INTNT A T[] [N
—— LT &L
-l B TR TR

spa-hvbridlgatlon
(Four electron palrs from

four CU” lons)

Because of the presence of unpalred electrons in the

d- subshell of (NICLy)%", it Is a paramagnetic complex

L
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'\@QI Short Answer Type-il Questions N

QL (i) Why chelate complexes are more stable than
complexes with unidentate ligands?
(1) What is “spectrochemical series"? What is the
difference between a weak field ligand and a
strong field ligand?

Ans. (1) Chelating Ugands can form a ring with central
metal and have the ability to regulate electron
within ring, This results in more force of attraction
between central metal lon and chelating ligand,
therefore. they are mare stable.

() A spectraochemical serles Is the arrangement of
common ligands in the increasing order of thelr
crystal-fleld splitting energy (CFSE) values.

Difference:
Weak field ligands have less values of crystal field

splitting energy (A,< P) and form high spin complexes
whereas strong field ligands have high value of CF5E

(A,> P) and form low spin complexes.

Q 2. Specify the oxidation numbers of the metals in the
following coordination entities:  (NCERT EXERCISE) (if)

(i) [Co(H,0)(CN)(en),)?*
(i) [CoBr,(en),]"
(i) [Pecl,)>
(iv) [K;[Fe(CN),]
(v) [Cr(NH,),CL,].
Ans. (I) (Co(H,0)(CN)(en),)?>*
X+04(=N+0=+2 (i)
or X f_?_)
(i) (CoBr,(en),)*

X+2(=1)+0w+1

or Xe+3
(iif) (PrCl)*-
- ==2
or X+ 2
(lv) K;(Fe(CN)g) or (Fe(CN)()3- (iv)
X+6(=1) w3
or Xw+ 3

(v) (CrlNH;),CL)

(i) It Is the magnitude of difference in energy
between two sets of d-orbltals. Le., t;, and e,
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Q4. Write down the IUPAC name for each of the
following complexes and indicate the oxidation
state, electronic configuration and coordination
number. Also give stereochemistry and magnetic
moment of the complex:

(i) K[Cr(H,0),(C,0,),]3H,0
(ii) [CrCly(py)s]
(i) K,[Mn(CN),]
(iv) [Co(NH;);CL]CL,
(v) Cs[FeCl,]
Ans. (i) IUPACname:Potasslumdiaquadioxalatochromate

(NCERT EXERCISE)

(1) hydrate.
0S. of Cre=+3; 3d° (l‘zg g,) CN=6

Shape = octahedral three unpaired electrons.

Magnetic moment (p) =..I (n+2)
= \B3x5 =415 M

= 3.87 BM
IUPAC name: Trichloridotripyridinechromium(lll)

05.of Cr »+3:3d% () €D). CN=6

Shape « octahedral; three unpalred electrons.

Magnetic moment (p) l.‘,fn O+
w ,/3 XxHw 3.87 BM

IUPAC name: Potasslumhexacyanomanganate(ll)
0. of Mn =+ 2: 305 (55 €g) CN =6,

Shape = octahedral; one unpalred electron.

Magnetic mament (p) = Jﬂ (n+2)
:\jl x3 =+/3BM

=173 BM

IUPAC Pentaamminechloridocobalt(ll)

chloride

0. of Cow + 3: 3% (65,

name:

0
eg). CNw b

Shape « tetrahedral zero unpaired electron.
x+0+3(=1)=0 Magnetic moment () = 0
or X w43 (v) IUPAC name: Caesium Letrachlcrldoferrate(ﬂl)
Q3. (i) Using !UPAC names, write the formulas for the 05, 5F Fbod 23R (eg tgg) —_—
following: - -
(a) Pentaamminenitrito-N-cobalt(lll) Shape « tetrahedral: five unpalred electrons.
(b) Tetrahydroxidozincate(ll) Magnetic moment (1) « nin+2)
(i)) What is crystal field splitting energy?
(COSE 2022 Tarm-2) w y(5x7) = |35 BM
Ans. (i) (a) (Co(NO,)(NH,)g)%* = 5.92 BM
(b) (zn(OH),)2 Q 5. Draw the structures of optical Isomers of:

(i) [PtCly(en),]?*
(i) [Cr(NH,),CL,(en))*

(COSE2015)

L
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We know that chelate complexes are more stable
than similar complexes containing unldentate
Ugands. Thus. [Fe(C,0,);]*" Is more stable.

Q9. (I) Write the formula for the following coordination

Ans. (i) (cis-isomer only) cis- (PtCly(en),)*
cl e Cl 2z

EQ.;"/' :" / it ‘;' i compound:
"""""" e-n ('e'n'é:'L"" Bis(ethane-1, 2-diamine) dihydroxidochromium
e (1) chloride.
(i) (cls-tsomer only) cls-(Cr(NH,),(en))* (i) Does ionization isomer for the following
Mirror compound exist? Justify your answer.
5 Hg[Co(SCN),]
?\j """" sNH3 (iii) Is the central metal atom in coordination
/ £ complexes a Lewis acid or a Lewis base? Explain.
/I_\ (CBSE SQP 2023-24)
----------- NH
i 3 Ans. () (Cr(en),(QH),)CLor [Cr(H,NCH,CH,NH,),(OH),)Ct

(1) No, lonlzation Isomers are posslble by exchange
&‘Ugand with counter lon only and not by
exchange of central metal lon.

() The central atom Is electron palr acceptor so it ls

Q6. (1) Writethe IUPAC name of the following complex:
[Pt(NH,)ICL,
(ii) On the basis of crystal field theory, write the

electronic configuration of d* ion, if (Ay< P). a Lewis acid.
(iii) What are heteroleptic complexes? Q10. (i) Write the formula of the following coordination
(CBSE 2022 Tarm-2) compound:

Ans. (I) Hexaammineplatinum(IV) chloride.
(i) When A < P, fourth electran enters one of the €

Iron(lll) hexacyanoferrate(ll).
() What type of isomerism is exhlbited by the

Q7.

orbitals giving the electronic configuration tj, e}

(iif) Complexes in which a metal is bound to more

than one kind of donor groups are known as
heteroleptic complexes.

(1) Write the IUPAC name of the following complex:

K,[PdCL,].

complex [Co(NH,).Cl]SO,?

(1) Write the hybridisation and number of unpaired
electrons in the complex [CoF J3-.
(Atomic No. of Co = 27)

Ans. (I} The formula of the coordination compound

(CBSE2018)

iron(lll) hexacyanoferrate(ll) Is FGQ(FE{CN)E >
(1) [Co(NH,)sClJS0, exhibit lonisation Isomerisn. Its
lonlsatlon Isomer Is (Co(NH,),50,]CL

(ii) Using crystal field theory, write the electronic
configuration of d* ian, if Ag> P.

(ili) What are Homoleptic complexes? e
(CBSE 2022 Term-2) (Ill) In (CoF¢)*~. oxidation state of cobalt Is + 3.
Ans. (i) Potassium tetrachloridopalladate(ll) o 31 ig
(i) Electronic configuration « t3 e Co"lon: J'T T T T T
(iil) Complexes in which a metalls bound to only one o -
kind of donor groups are known as homoleptic
complexes. 5
8. (i) Write the IUPACname of the following complex:
Q8. (i) oL, G gcomp spd-hybridised arbital of Cod*: [T 11 11 1T [ 1
314\ 2 . s =

(ii) What is the difference between an Ambidentate
ligand and a Bldentate ligand?

(iii) Out of [Fe(NH,),]** and [Fe(C,0,),]*", which
complex Is more stable and why?

spAd™hybridised

(CBSE 2022 Term-2) (CoF.)3"(Outer orbital i
Ans. (I) Tetraammineaquachlorocobalt(lll) chlorlde. Ol'ahlgh gpin complex): ‘LT T T T T

(i) Aligand which has twa different donor atoms but a8 ap
only one of them forms a coordinate band at a x X xx | xx | xx XX | XX
time with central metal/lon Is called ambldentate L ” ]
lgand. On the other hand, ligand which can bind sbx pairs of o~ from &F lona
through two donor atoms Is sald to be bidentate Six palrs of electrons one from each F- lon accupy the
Ugand. slx hybrid orbitals.

(iii) (Fe(C,0,),)%"Is a chelate complex and (Fe(NH,) )?* Thus. the complex has octahedral geometry (sp?c?).
is a complex contalning unidentate ligand.

ad

L

.



_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Q1L (i) Draw the geometrical isomers of [Co(en)?_c{q]z".
Which geometrical isomer of [Co(en),CL)** Is
not optically active and why?

(ii) Write the hybridisation and magnetic behaviour
of [COFG]-"—.
[Given: Atomlc number of Co = 27] (c8SE2023)

Ans. (I) The geometrical Isomers of [Co(en),CL,)?* are:

Cl 2* Cl 2
HoN ‘ NH5| [N | al
[ \EO/ i| [ \CG/
H N NH; HN \/NHZ
cl . NH>~
trar:&-[Co(en)ztil;j2 cfs-[Co(en)zctgz

Among the two. cis isomer of (Co(en),Cl,)2" Is
optically active while the trans Isomer Is optically
not active as the mirrar Image of the complex is

superimposable.

(ii) In (CoFg)>. oxidation state of cobalt is + 3.

3d 45
coon [WT T[]0
ap ad
3d
spd&hybridised orbltal of Co2*: J,TT T T T
06 4p 4d
L ]
spPd-hybridised
(CoF.)3*(0 bital e
oF .)?*(Outer orblta
orﬁhlgh spin complex): ‘LT T T T T
4s ap ad
XX KX | XX | XX XX | XX

alx poirg of U'Vfrﬁm 6F long
Six palrs of electrons one fram each F~ lon occupy the
slx hybrid orbitals.
Thus, the complex has octahedral geametry (sp3d?).
Number of unpalired electraons I3 4.

Ql2. (i) Whattype of isomerism is shown by the complex
[Co(NH,)(SCN))?* ?

(ii) Why s [NiCl,)?- paramagnetic while [Ni(CN),]*
is diamagnetic? (Atomic number of Ni = 28)

(iii) Why are low spin tetrahedral complexes rarely
observed ? (CBSE2017)

Ans. (I) Complex [Co(NH,)g(SCN))e* lon exhibit linkage
isomerism due to presence of SCN which Is an

ambldentate lipand and can be Unked with metal
elther through N or S.

(Cr(NH,)4(SCN))2* and (Co(NH,)5(NCS))?*

(i) The complex in which one or more unpaired
electrons are present is paramagnetic while.
those which does not contain any unpalred

electran s dlamagnetic
4p

3d 45
Niaton = (z=28) [N NN [N ] [ ]

Oxidation state of Ni Is + 2 In both the complexes
Le. [NICl,)?~ and [NI(CN) ).

4s 4p

iz (RTRINTE (1] (]

In case of [NIClJ%. Cl-is a weak field ligand so
palring of electrons In 3d-orbltal does not accur,
hence compound IS paramagnetlc with two
unpaired electrons. In (Ni(CN),)*~, CN is a strong
field ligand. hence pairing occurs and (Ni(CN),)%-
s dlamagnetic.

() For tetrahedral complexes. the crystal field
stabilisation energy is lower than palring energy,
so they are rarely farmed In low spin state.

Q13. (i) What type of isomerism Is shown by the complex
[Co(NH,)J[Cr(CN)]?

(ii) Why a solution of [Ni(H,0),]?* is green while a

solution of [Ni{CN)4]2- is colourless? (At. no. of

Ni = 28)
(i) Write the IUPAC name of the followlng complex:
[Co(NH,)((CO,)JCL (CBSE2017)

Ans. (i) Thetype of isomerism exhibited by the compound
(Co(NH,)J[Cr(CN),) is caordination isomerism.
Here. both the posltive and negative lons are
complex ions. Isomerism may be caused by the
interchange of ligands between the anion and
catlon. The two Isamers are (Co(NH,).)(Cr(CN),)
and [Cr(NH,))(Co(CN).).

(if) Niin [Ni(H,0)¢)** has 3d® configuration and is in

+2 oxidation state. In this complex. it contains
two unpaired electrons which remain unpaired
due to the presence of weak field ligand. H,0. Due
to the presence of unpalred electrons, these show
d-d transition. d-d transition absorbs red lUght and
emits its complementary green colour.
In case of (NI(CN),]?- also, Ni has 3d® configuration
and +2 oxidatlon state but due to the presence
of strong fleld lgand CN-, the two unpalred
electrons present in 3Jd-orbitals, pair up. Thus,
In this complex NI does not have any unpalred
electron. 50, no d-d transition Is possible. thus, It
Is colourless.

(i) The IUPAC name Is pentammine carbonato cobalt
() chloride.

Q 14. Answer any three of the following questions:

() Explain the type of hybridisation in [Fe(CN)]*
on the basis of valence bond theory.

(Given: Atomic number of Fe == 26)

(ii) Draw the geometrical isomers of [PtClz(en)z]z*

ion.

L
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Ans.

(it

(Iv

—

Q15.

(iii) [NiCl,‘]J- is paramagnetic while [Ni(CO),] is
diamagnetic though both are tetrahedral. Why?
(iv) Name the type of isomerism when ambidentate
ligands are attached to central metal ion. Give
one example of ambidentate ligand.(CBSE 2023)
(I) We have ,Fe = (Ar)3d5452
Fe3* lon = (Ar)3d5
(a) Fe®* ion
4d

T L] EEEN

(b) Fed* ion under Influence of weak F~ ligand
45 4p 4d

mml*rlﬂllululul H;I l [T
W@j&

spid? hybridisation
It is strongly paramagnetic in nature.
(c) Fe3~ lon In (Fe(CN)¢)*-

3d 4s 4p
ITMIHTITIIlmmluﬁ,l I | ]
w@

Thus, [Fe(CN)¢)* Is strongly paramagnetic In nature
with sp?d? hybridisation.

(cfs—Isomer onlv) Le. cis- [PtCl,(en),)*’
20 cl P
/,\1 ~~~~~~~~ cl CIY ........ ,
K L T/"\
L\j en~
Mirrar

In the complex [NICL )%~ Ni Is In + 2 oxidation state
and has the configuration 3¢84s% The CL- lon belng
a weak ligand cannot pair up the two unpaired
electrons present In 3d-orbitals. This means that 3d
orbitals are not Involved In hybrldisation. The complex
is sp>-hybridised (tetrahedral) and Is paramagnetic in
nature.
In the other complex [NI(CO),). the oxidation state of
NI is zero and electronlc configuration is 3d%442. In
the presence of the ligand CO, the 4s-electrons shift
to the two half filled 3d-orbitals and make all the
electrons palred. The valence 4s and 3p-orbltals are
Involved In hybridisation. The complex Is tetrahedral
but dlamapnetic.
When ambldentate Ugands are attached to central
metal lon, linkage Isomerism is shown. e.g. NO2- can
link through N as well as O.
Using Valence bond theory, explain the following in
relation to the paramagnetic complex [Mn(CN)G]“:
(i) type of hybridisation
(ii) magnetic moment value
(iii) type of complex~inner, outer orbital complex.
(CBSE SQP 2022-23)

Ans. Given paramagnetic complex is (Mn(CN)¢)>.
The electranic configuration of Mn = [Ar)3d°4s?
For Mn3*, the configuration is (Ar)3d*%.
Distribution of electrons:
Mn (ground state)

Tt [t

Mn in +3 state

AL ] [

Mn In [Mn(CN)JJ*
Ti T T XX | XX XX XX|IXX|XX
d?sp3 hybridisation
xx are electrons donated by ligand CN™,
(i) Type of hybridisation = g2sp?
(i) Magnetic moment value
wn(n+2) =\[2(2+2) = 287 BM
(where n = No. of unpaired electrons)

(iii) Type of complex inner orbital complex.

Q16. (i) Using valence bond theory, predict the
hybridisation and magnetic character of the
complex: [Ni(CO),] (Atomic number: Ni = 28)

(i) Write IUPAC name of [Pt(NH,),CI(NO,)].
(ill) Why [Co(en)l]“ is a more stable complex than
[Co(NH,),J*"? (CBSE 2022 Tarm-2)
Ans. (i) In (NI(CO),). oxidation state of Niis zero.
HaNI = (Ar) 308 452
(a)

wtstom [RUTRUTRTTTT]

(b) NI atom after the rearrangement In presence
of strong CO Ugands.

45

ITlINTTLTTHNI [xx]

CO causes palring of 4 electrons Inta 3d-arbitals.

()
4¢ .w

Niin (NI ( coml’rllTilTllNlTHﬂ

[0 [D [
sphhvbrldlsaﬂnn

4P

It Is dlamagnetic as all the electrons present In it
are paired.

(i) Diamminechloridanitrito-N-platinum(ll).

(i) (Co(en)y)® Is more stable than (Co(NH,)¢)?"
becauseltls achelate complex due to the presence
of bidentate ligand l.e. ethane-1, 2- dlammine (en).

Q17. Write the hybridisation and magnetic character of
the following complexes:
() [NICLI3- (i [Co(NHE)(,]}P (iii) [FeF,)3"
[Atomic number : NI = 28, Co = 27, Fe = 26]
(COSE 2022 Tarm 2)

L
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Ans. (i) In [NiCl )", oxidation state of Niis +2
5oNi = (Ar) 308 452

Niz1 = (AF] Hdﬁ
4p

i on[RTNINTATH [T T 1

(c) Fe* ion in [FeF)?-
ud

HREARRNEERE N
R

F FEFF FF
It is strongly paramagnetic in nature. and has sp>d?

(b) Ni?* lan under Influence of weak Cl” ligand

mmﬁimm L] =

No pairing of d-electrons occurs

(c) N2* lon (NI CL )%

TR I 2 Y

i il
e
sp’ hvbr‘idlsation

—_——

It is paramagnetic in nature since it has two

unpalred electrons.
(ii) 5;Co = [Ar] 3d’ 452
Co?* lon = (Ar) 3 dé

3d 45
@coon [N [NINTT ][ ]]
(b) Co3* lon under Influence of strong NH, Ugands.

AR ] L]

NH, causes pairing of 4 unpaired
electrons and free up two 3d orbitals.

4p

ap

(c) Co?* lon In (Co(NH,),)>*

ITHNINITTHNI NN
rtr 111

NH3NH3 NH3  NH3NH3NH3,
d%sp?hybridisation
It ls dlamagnetic In nature (no unpalred e)
(i) ,gFe = (Ar) 3d® 452 Fe3*lon = (Ar) 3d5

(a) Fe? lon
ad

A LT LT L

(b) Fe3* lon under Influence of weak F~ Ugand
3d 4d
OO R R [l T ]
ol il
F_F FF F F
sp’d2hybridisation
It Is strongly paramagnetic In nature.

hybridisation.

Q18. (i) Whattype of Isomerism Is shown by the complex
[Co(en),]CL;?
(ii) Write the hybridisation and magnetic character
of [Co(C,0,);1>~ (At. no. of Co = 27)
(iii) Write IUPAC name of the following complex:
[Cr(NH,)CL,]. (CBSE2017)
Ans. (i) Complex [Co(en),)Cl, exhibits optical isomerism
and exists in two forms dextro and loevo that can
be represented as:

(i1) In (Co(C,0,)5)?. caobalt Is In +3 oxidation state.
Co =(Ar)3d74¢2

Co¥* = 3d"
3d® bg 3p

cox =308 [N TTF[T11] [ ]

As C,0, is a strong field ligand. palring of electrons
will occur.

(Co(C504)3)> = J,T \LT l’r x| 2ok | soc | xx | xox

d*sp>-hybridisation

Magnetic character-dlamagnetic (all electrons are

Ealred ).

(iii) IUPAC name of the complex [Cr(NH,),CL):
triamminetrichlorochromium.

Q19. Explain [Co(NH,),]** is an inner orbital complex
while [Ni(NH,),]*" is an outer orbital complex.
(NCERT INTEXT)

Ans. In the complex (Co(NH,)¢]3'. the oxidation state of
cobalt s +3 and has 3d°® configuration. In the presence

of NH; molecules (ligands). two 3d electrons pair up

and two 3d orbltals remain empty. Since six ligands

are to be accommodated, the hybridisation of the

metal lon is d?sp. ;
Co (1) |TJ,|T|T|T|T| ] D:l:]

Hybridisation |N-IN'|N/I I l:| D:D

(cotupd [T IJ:?H R

d fap ¥ b d: wlivin
Six electron polrs from
olx NHy molecules (Ligands)
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As inner d-electrons are involved, the complex
Is inner orbital complex and Is dlamagnetic In
nature.

In the complex [NI(NH,),)?". the oxidation state of
Ni is +2 and has 3d® configuration. Since six NH,
molecules (ligands) are to be accommodated, the
hybridisation of metal lon is spd?. This shows that
4d orblitals are Involved in the hybridisation.

w0 [T

(] CLO T
wybrigisavon [{T[JT{I1] 1] 1]

[ﬁl ----- Im INIII ]

tvoesz [T [1]

Aletlvtlet]odet] [
The complex Is paramagnetic as well as outer orbltal
complex since outer (4d) electrons are Involved In
the hybridisation.
Q 20. In a coordination entity, the electronic configuration
of the central metal ion is t3 el
(i) Is the coordination compound a high spin or
low spin complex?
(ii) Draw the crystal field splitting diagram for the
above complex. (CBSE 5QP 2022 Tarm-2)

Ans. () 3, e) configuration indicates that Ay <P.

We know that Ugands for which A, < Pform high
spin complexes.
(i) Crystal field splitting dlagram:

ad

| ||

HaHnN

Avagie erawegy of
d-orbitoly In

w. Y
. aphuorical aryatol field \d? by

d d"'.l

ny Ty

Energy

Frea metsl lan
Splrting of
¢~ orbitals in

octahedrol crysal Meig

Q 21. Answer the following questions:

(i) [Ni(HIO)()]er (aq) is green in colour whereas
[Ni(H,0),(en)]*" (aq) is blue in colour, give
reason in support of your answer.

(ii) Write the formula and hybridisation of the
following compound:
tris(ethane-1,2-diammine) cobalt(lll) sulphate

(CBSE 5QP 2022 Term-2)
Ans. () The colour of coordination compound depends
upon the type of lgand and d-d transition taking

place.

H,0 Is weak fleld Ulgand, which causes
small splitting, leading to the d-d transition
correspanding to green colour, however due to

Q22.

Sol.

Q23

Ans.

the presence of (en) which is strong field Ugand.
the splitting is Increased. Due to the change in
t,,— €, 5plitting, the colouration of the compound
changes from green to blue.

() Formula of the
[C0(H2NCHZCHQNH2)%(5[}(})}1
The hybridisation of the compound is: sp’.

(i) Calculate the spin only magnetic maoment
of the complex [FeF6]5'. (Atomic number of
Fe = 26)

coampound Is

(i) [Ni(CN),)?- with square-planar structure is

diamagnetic and [NiCL,]*~ with tetrahedral
geometry is paramagnetic. Give reason to
support the statement.

[Atomic number: Ni == 28]

(iii) Write the number of ions produced in the

solution from the following complex:

[PtCL,(NH,),ICL, (CBSE2022 Term-2)
() No.of unpaired electrons in (FeFJ*le.n=5

Spin only magnetic moment. p=  /n(n+2)

=\/5(5+2) =35 =592BM

() Oxidation state of Ni in [Ni(CN),J* and
(NICI,)%is +2.
Electronic configuration of NiZ* = [Ar) 3@ 450

N2tons [ININI ][] I:Iil:l

The presence of CN- ligand (which Is a strong
lgand) in (Ni(CN),J¢ causes pairing of all
electrons and thus it is diamagnetic in nature
but Cl™ is a weak ligand which is unable to pair
up the unpaired electrons and thus [NiCiq]z‘ is
paramagnetic In nature.

(iii) Three ions are produced in the solution from the
given complex.

Explain with example the Importance of

coordination compounds in blological systems.

Importance of coordination compounds In blological

systems: Many compounds taking part In blological

systems are coordination compounds. Description of
some such compounds are as follows:

() Haemoglobin: Haem Is a part of haemoglobln and
present as red pigment of blood. It Is @ porphyrin
complex of lon, which forms coordinate bonds
with four N atoms and water molecules. Water
molecule can be reverslbly replaced by oxygen,
resulting In the formation of oxyhaemogloblin.
Haemoglobin +0, —= Oxyhaemoglobin +H,0
The above equilibrium can be displaced by
the pressure of oxygen. In human lungs. the
blood becomes saturated wlith oxygen and
forms oxyhaemoplobin. As the blood flows In
the wessels of tissues. the pressure reduces
due to which banded oxygen becomes free, Thus,
it supplies oxygen to the cells of organisms.

L

L L o s s o



_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

(i) Chlorophyll: It is the green colour pigment
present in the green plants. It is a complex of
Mge*. It helps in photosynthesls process occurring
in plants,

(iii) Vitamin B, (Cyanocobalamine): It is a complex of
Co?® and used to cure anaemia.

Q 24. Explain the importance of complex compounds in
qualitative analysis by giving example.

Ans. Importance of complex compounds in qualitative
analysls: In the qualitative analysls of basic radicals,
farmation of different complex compaounds play a
key rale. This Is because basic radicals are Identified
by the colour of these complex compounds. Some
such examples are as follows:

() Cu? radical Is identified by reacting it with
ammania. After the reaction. solution of blue
coloured tetramminecopper(ll) ion {complex lon)
is formed.

Cu?* + 4NH; —- (Cu(NH,) )2
Blue colour

() In 1l group. Fe3* lons are Identified by adding
solution of potassium ferracyanide into the
solution of Fe?* salt. After the reaction, blue
colour complex ferriferrocyanide Is formed.
4FeCly + 3K, (Fe(CN) —— Fey[Fe(CN)g); + 12KCL

Blue colour

() In fourth group. on adding dimethylglyoxime to

the solution of Ni** salt, pink or red precipitate of
nickel dimethylglyoximate (complex compound)

is formed.
CH3—C==N0OH
2 | + NICly + 2NH40H ———
(H3—C==NOH
QH ===~ 0
| ¢

NI + +
CHa——EEN/ \N=C——CH3 2NH4CL + 2H0
)
Plinl or red colour
(Iv) Infourth group. on adding potasslum ferrocyanide
to the acldified solution of Zn2® ion. blue colour
precipitate of zinc hexacyanoferrate complex
compound Is formed.
ZnCl, + K, [Fe(CN)g) —= Zn, (Fe(CN),) + 4KCl
Blug ppt.

“’ Long Answer Type Questions \)

QL (i) Explain the bonding in coordination
compounds in terms of Werner's postulates.
[CO(NH;),CLICL,.

(i) Write the IUPAC name of the fallowing complex:
[Co(NH,),CL(NO,)]CL.
(iii) Write the formula for the following:

Dichloridobis (ethane-1, 2-dlamine) cobalt (l11)
chloride. (CBSE 2017, NCERT EXENCISE)

Ans. (i) Werner's theory of coordination compounds:
In order to explain the structure of compounds,
Werner proposed the theory in 1893. The main
postulates of this theory are as follows:
(a) Metals exhibit two types aof valencies:

1. Primary or ionic valency: It is the valency
or oxidation state of metal in simple salts
which is satisfied by only negative ions. It
is lonisable and naon-directional. which is
represented by dotted lne (.......).

2. Secondary or non-ionic or extra valency: It
is the coordination number of metal In the
complex compound, which Is malnly satisfied
by neutral molecules or negative lons and
sometimes by positive lons. It Is non-lonisable
and Is represented by continuous line () .
It is directional and shows the geometry of
complex.

(b) Each complex compound contains one or
more central metal atom from which neutral
molecule or negative ions are coordinately
bonded. The total number of coordinate
covalent bonds formed by the neutral
molecules or negatively charged ligands with
the metal atom or lon Is called the coordination
number of the metal. The sphere in which
central metal atom and Ugands are placed Is
called coordinatlon sphere. It Is represented
by square brackets.

(c) Each metal satlsfles Its primary and secandary
valencies. Primary valencies are satisfied by
negative lons and secondary valencles are
satisfled by negative ion as well as neutral
molecules. Semetimes a negative on satisfles
both the primary and the secondary valencles.
Thus. some anions (negative lons) can show
dual nature, so they are non-lonisable In the
solutlon.

(d) When a complex is dissolved in water. the
anions attached by primary valencies, get
lonised whereas that attached by secandary
valencles remaln non-ionisable.

(e) Primary valencles are non-directional whereas
secandary valencles are directional. Geometry
of coordination compounds Is determined by
the arrangement of secondary valencles.

(F) Ugands satisfying secondary valencles. can
be arranged In space differently. thus they
have different configuration. Hence. these
compounds exhibit stereo Isomerism and get
hydrolysed to glve three lons In the following
manner:

(Co(NH 3)cCUCL, e [Co(NH 9)6C)% + 2C1

[110n 2 long)
Total 3 lons

(ii) Tetraamminechlorldonitrito-N-cobalt(lll) chloride.
(1) (CoCly(en),)cl

L
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QL

Q2.

Q3.

Q4.

Match the column | with column Il and mark the
appropriate choice:

Column | Column Il
(A)  [Ag(NH,),)* i) d’sp3 octahedral
(B) [Ni(CN)J* (i) dsp? square planar
(©) (Nni(co),) () sp. Unear
(D) (Fe(CN)¢)*- (iv) sp? tetrahedral
a. (A) (). (8)— (). (C)— (iii). (O)— (iv)
b. (A) — (ill). (B) — (i). (C)— (iv). (D) - ())
¢ (A) - (Iv). (8) — (ill). (C) > (il). (0)—()
d. (A) = (i). (B) > (i). (C)— (iii). (D) — (iv)

Which of the following statement Is correct about
[CO(H,0),]*" complex?

a. Electronic configuration = 3d” - 5, |
no. of unpalred electrong = 3.j1 = 3.87 B.M.

b. Electronic configuration = 3d° — t; e?.

no. of unpalred electrans = 2, p= 287 BM

¢. Electronlc configuration = 3d’ - r;g e;,

no. of the unpaired electron « 1, p = 2.87 BM.

d. Electronic configuration = 3d” - l'gﬂ. E; ‘

no. of unpaired electrons = 3, p = 3.87 BM.
The colour of the coordination compounds
depend on the crystal field splitting. What will
be the correct order of absorption of wavelength
of light in the visible reglon, for the complexes
[Co(NH3)6]3’ [Co(CN) 17, [Co(H,0) 1**?
(Co(CN))* > [Co(NH5)(J** > [Co(H,0

@

o)
b. (Co(NH,)¢)3" > (Co(H,0)J3* > (Co(CN))*
¢ (Co(H,0))3* > (Co(NH)e)?* > (Co(CN)g)*
d. (Co(NH,)g?* > (Co(CNY))3- > [Co(H,0),)3"

Two isomers of a compound Co(NH,;),Cl;(MA,B,
type) are shown In the figure.

NH; NH3
H;Nw\wut-?Cl HxN:tQE:fc;yNHs
H,N/ 4 -\-\Cl HgN%-ii-NCl

(i) (i)

The Isomers can be classified as:

. (1) fac-isomer. (i) mer-lsomer

) optical-lsomer, (li) trans-lsomer
) merisomer, (ll) fac-lsomer

) trans-Isomer. (1) cfs-lsomer.

an O w

o
-
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Assertion and Reason Type Questions

Diroctions (Q. Nos. 5-6): Each of the following questions
consists of two statements, one s Assertion (A) and the other (s
Reason (R). Give answer:

Qs.

Q6.

a. Both Assertlon (A) and Reason (R) are true and
Reason (R) is the correct explanation of Assertion
(A).

b. Bath Assertion (A) and Reason (R) are true, but
Reason (R) Is not the correct explanation of
Assertion (A).

¢. Assertion (A) Is true. but Reason (R) Is false.
d. Assertlon (A) Is false, but Reason (R) s true.
Assertion (A): [Cr(NH,),)** is paramagnetic.
Reason: [Cr(NH;),]** shows d?sp? hybridisation.

Assertion (A): N(CH,CH,NH,); and EDTA are
examples of polydentate ligands.

Reason (R): Ligands when can ligate through two
different atoms is called polydentate ligand.

Case Study Based Question

Q7.

Valence bond theory describe the bonding in
complexes in terms of coordinate covalent bonds
resulting from overlap of field ligand orbitals with
vacant metal hybrid orbitals. This theory explains

magnetic behaviour and geometrical shape of

coordination compounds.

Magnetic moment of a complex compound can be
determined experimentally and theoretically by
using spin only formula.

n(n+2) BM

(where, 11 = no. of unpaired electrons)
Read the given passage carefully and give the
answer of the following questions:
() Write the state of hybridisation, shape and the
magnetic behaviour of the [Cr(H,0),(C,0,),]".
(ii) Why s-orbitals does not show preference to
any direction?

Magnetic moment

() Why is [CoF,®" is paramagnetic but
[Co(NH,)]*° Is dlamagnetic in nature?
OR

Describe the type of hybridisation, shape and
magnetic properties of [Co(NH,),CL,] CL
[Given: Atomic number of Co = 27]

Very Short Answer Type Questions

Q8.

Q9.

Explain the following:
[Fe(CN)]*~ and [Fe(H,0),)*"
colours in dilute solutions.

are of different

What is the difference between a complex and a
double salt?

L
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Short Answer Type-I Questions

Q10. Give the name, the stereochemistry and magnetic
behaviour of the following complexes.
(i) [Co(NH,).Cl]Cl,
(i) K,[Ni(CN),]
Q1L (1) Write down the IUPAC name of the following
complex: [Cr(en);]CL,
(ii) Write the formula for the following complex:
Potassiumtrioxalato chromate (l11)
Q12. Indicate the types of isomerisms exhibited by the
complex [Co(NH,).(NO,)](NO,),. [At. No. of Co=27]

Short Answer Type-II Questions

Q13. (i) Writethe lUPACname of the following complex:
K5[Cr(C,0,):]
(ii) On the basls of crystal field theory, write the
electronic configuration of & ion if A < P.

(iii) What are ambidentate ligands?

Q14. (i) Using valence bond theory, predict the
hybridisation and magnetic character of
following:

[CDFG]S' (Atomic number of Co = 27)

(ii) Write IUPAC name of the following complex:
[CoBr,(en),]

(iii) How many ions are produced from the complex
[Co(NH;)(ICL, in solution?

Q15. Write the IUPAC name and draw the structure of
each of the following complex entities:

C00
(i) |Cof |
coo a

(i) [Cr(CO),]
(iii) [Pt Cl; (C,HY]
(Atomic no. of Cr = 25,Co = 27, Pt = 78)

Long Answer Type Questions

Q16. (i) For the complex ion [Fe(en), CL,]", write the

hybridisation type and magnetic behaviour.

Draw one of the geometrical isomer of the
complex ion which is optically active.

(Atomic No. : Fe = 26)

(ii) State reason for the following:

The molecular shape of Ni(CO), is not the same
as that of [Ni(CN)qu“.
Q17. (i) Usingvalencebondtheory,explainthe geometry

and magnetic behaviour of [Cr(NH,)]*".

(ii) Write the IUPAC name of lonisation isomer of
[Ni{NH,), NO,] CL

(i) Write the electronic configuration of df on the
baslis of crystal field theory when:

(@) Ag<P and (b) A,>P.
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