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« Differences between coordination compound and dou nd

Coordination compound le salt

A coordination compound contains a | When two salts in stoichiometric ratio are
central metal atom or ion surroundedby | crystallised to er from their saturated
several oppositely charged ions or | solution,/they &te called double salts.
neutral molecules. These ions or
molecules re-bonded to the metal
atom or ion by a coordinate bond.

Example: Ka[Fe(CN)s]

: FeS04.(NH4)2S04.6H,0

salt)
They do not dissociate into simpleions dissociate into simple ions when
when dissolved in water. Issolved in water.

« Coordination entity: A coordina%ity constitutes a central metal atom or ion
bonded to a fixed number of iongpo lecules. Example: In Ka[Fe(CN)s], [Fe(CN)e]*

represents a coordination entity.

o Central atom or ion:Ina co ion entity, the atom/ion to which a fixed number of
ions/groups are bound in a defigité"geometrical arrangement is called the central atom or
ion. Example: In Ka[Fe(CN)g], the central metal ion.

« Ligands: A moleculepio “ oup which is bonded to the metal atom or ion in a

[}

complex or coordination pound by a coordinate bond is called a ligand. It may
be neutral, positively @tively charged. Examples: H20, CN-, NO* etc.
0

« Donor atom: An the ligand attached directly to the metal is called the donor
atom. Example:In complex Ka[Fe(CN)g], carbon is a donor atom.
« Coordination er: The coordination number (CN) of a metal ion in a complex can

be defined asthe number of ligand donor atoms to which the metal is directly bonded.
Example: In the complex Ks[Fe(CN)¢], the coordination number of Fe is 6.

o Coordination sphere: The central atom/ion and the ligands attached to it are
enclosed in square bracket and is collectively termed the coordination sphere.
Example: In the complex Ka[Fe(CN)s],[Fe(CN)s]* is the coordination sphere.

o Counter ions: The ions present outside the coordination sphere are called counter ions.
Example: Inthe complex Ka[Fe(CN)s], K" is the counter ion.
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Coordination polyhedron: The spatial arrangement of the ligand atoms which are
directly attached to the central atom/ion defines a coordination polyhedron about the
central atom. The most common coordination polyhedra are octahedral, square planar and
tetrahedral. Examples: [PtCls]?" is square planar, Ni(CO)4 is tetrahedral and [Cu(NHs)s]** is
octahedral.

Charge on the complex ion: The charge on the compléXyion’is equal to the
algebraic sum of thecharges on all the ligands coordinated to entral metal ion.

Denticity: The number of ligating (linking) atoms present in d is called denticity.

Unidentate ligands: The ligands whose only donor aiom r bonded to a metal
atom are calledunidentate ligands. Examples: H,0, NHs, CO, €N~

Didentate ligands: The ligands which contain twg donor atoms or ions through which

they are bonded to the metal ion. Example: Eth ine (H2NCH2CH;NH,) has two
COO~

nitrogen atoms, and oxalate ion | | S oxygen atoms which can bind with

the metal atom. CO0

Polydentate ligand: When several do atoms are present in a single ligand, the
ligand is called a polydentate ligand. Ex :Tn N(CH2CH2NH)s, the ligand is said to be

polydentate. Ethylenediaminetetr t ion (EDTA%*) is an important hexadentate
ligand. It can bind through twonitrog our oxygen atoms to a central metal ion.
ex hich there is a close ring of atoms caused by

Chelate: An inorganic metal co
attachment of a ligand to a meég at two points. An example is the complex ion

formed between ethylene diam cupric ion [Cu(NH2CH2NH2)2].

Ambidentate ligands: Li which can ligate (link) through two different atoms
present in it are called am ate ligands. Examples: NO ~and SCN™. NO ~ can link

through N as well as N~ can link through S as well as N.

Werner’s coordinati ory: Werner was able to explain the nature of bonding
in complexes. The postulates of Werner’s theory are

o Metal shows twao ki f valencies—primary valence and secondary valence.

ence Secondary valence

—e
This  valence normally This valence is non-ionisable.
ionisable.

It is equal to the positive chargeon | The secondary valency equals to the number of
ligand atoms coordinated to the metal. It is also
the central metal atom. called the coordination number of the metal.

These valencies are satisfied by It is commonly satisfied by neutral and
. : negatively charged, sometimes by positively
negatively charged ions. charged ligands.
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Example: In CrCls, the primary
valency is three. It is equal to the

oxidation state of the centralmetal
jon.

o The ions/groups bound by secondary linkages to the metal ha
arrangements corresponding to different coordination num

o The most common geometrical shapes in coordination
square planarand tetrahedral.

o Oxidation number of the central atom: The oxida@mber 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 whichare shared with the central ato

haracteristic spatial

ounds are octahedral,

« Homoleptic complexes: Those complexe
bonded to only onekind of donor atom. Example

« Heteroleptic complexes: Those complexe
to more thanone kind of donor atom. Examp

e [Isomers: Two or more compounds which have
arrangementof atoms are called isomer
o Types of isomerism

o Structural isomerism

» Linkage isomerism
= Solvate isomerism or hydrate isomerism
= [onisation isomerism

= Coordination isomeris
o Stereoisomerism b
= Geometrical isomeri
= Optical isomeri%
o Structural isomerismy This type of isomerism arises due to the difference in structures
of coordination compeunds. Structural isomerism, or constitutional isomerism, is a form

of isomerism inwh ecules with the same molecular formula have atoms bonded
together in diff

o lonisationviso sm: This form of isomerism arises when the counter ion in a
complex salt i If a potential ligand and can displace a ligand which can then
become the counter ion.

Examples: [Co(NHs)sBr] SO4 and [Co(NHs)s SO4] Br

o Solvate isomerism: It is isomerism in which the solvent is involved as the ligand. If
the solvent iswater, then it is called hydrate isomerism. Example: [Cr(H,0)e]Cls and
[Crc|2(H20)4] Ci2.2H0

vhich metal or ion is coordinately bonded
I |2(NH3)4]+, [CO(NHg)st']Z+

the same chemical formula but different

o Linkage isomerism: Linkage isomerism arises in a coordination compound containing
an ambidentate ligand. In the isomerism, a ligand can form linkage with metal through
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different atoms.
Examples: [Co(NH3)sONO]Cl; and [Co(NH3)sNO]Cl>
o Coordination isomerism: This type of isomerism arises from the interchange of

ligands between cationic and anionic entities of different ions present in a
complex. Examples: [Co(NH3)e][Cr(C204)3] and [Cr(NHs)s][Co(

Stereoisomerism: This type of isomerism arises because of d t spatial arrangement.

o Geometrical isomerism: It arises in heteroleptic exes due to different
possible geometricalarrangements of ligands.

o Optical isomerism: Optical isomers are those@wers which are non-

superimposable mirrorimages.
o

Valence bond theory:

According to this theory, the metal atom or ion e tnfluence of ligands can use its
(n = 1)d, ns, np or ns, np or nd orbitals for hyb ation to yield a set of equivalent
orbitals of definite geometry such as octah trahedral and square planar. These

hybridised orbitals are allowed to overla th d orbitals which can donate electron
pairs for bonding.
. e Distribution of hybrid
Coordinationnumber Typ ridisation orbitals in space
4 Tetrahedral
4 sp? Square planar
5 . sp3d Trigonal bipyramidal
@ (nd orbitals are
ved; outer orbital
5 plex or high-spin or Octahedral

spin-free complex)

d?sp® [(n - 1)d orbitals
are involved; inner

()]

orbital complex or low- Octahedral
spin or spin-paired
& complex]

Magnetic properties of coordination compounds: A coordination compound is
paramagnetic in nature if it has unpaired electrons and diamagnetic if all the electrons in
the coordination compoundare paired.

Magnetic moment u = \/n(n + 2) where n is the number of unpaired electrons.

Crystal Field Theory: It assumes the ligands to be point charges and there is an
electrostatic force of attraction between ligands and the metal atom or ion. It is a
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theoretical assumption.
« Crystal field splitting in octahedral coordination complexes

Energy
A
,
7/
Metal 7
d orbitals +

ds_s dz d, d,d,, Average energy litt%ag of d orbitals
of the d orbitals in octahedral

Free metal ion  spherical cry ield rystal field

. d,d.d,
N S
|

Bayeenred *
v a I% Al
Metal ,’j t d; d:_,

d orbita]s'/

[ITT1T]

d:_p2d:d, d, Average energy  Splitting of d orbitals
hthe d orbitals in in tetrahedral
Free metal io rical crystal field crystal field
« Crystal field splitting in tetra ral coordination complexes
e For the same metal, the sa ands and metal-ligand distances, the difference in energy

between egand tyg level is
D 4
Ay =-A
t 9 0

o Metal carbonyls: @arbonyls are homoleptic complexes in which carbon monoxide
(CO) acts asthe'li mple: Ni(CO)a

The metal—carb in metal carbonyls possesses both o and m characters. The metal—
carbon bond in metal carbonyls possess both s and p characters. The M—C o bond is formed
by the donation of a lone pair of electrons from the carbonyl carbon into a vacant orbital of
the metal. The M—C m bond is formed by the donation of a pair of electrons from a filled d
orbital of metal into the vacant anti-bonding m* orbital of carbon monoxide. The metal to
ligand bonding creates a synergic effect which strengthensthe bond between CO and the
metal.
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Important Questions

Multiple Choice questions-

1. IUPAC name of [Pt(NH3)s Br (NO3) Cl] Cl isw
(a) triamminechlorodibromidoplatinum (IV) chloride
(b) triamminechloridobromidonitrochloride- platinum (IV) chlorid

(c) triamminebromidochloridonitroplatinum (IV) chloride
(d) triamminenitrochlorobromoplatinum (IV) chloride

2. Trunbull’s blue is Q
(a) Ferricyanide °
(b) Ferrous ferricyanide

(c) Ferrous cyanide %

(d) Fes[Fe(CN)ela

3. Primary and secondary valency of Pt in [Pt(en) a
oo Y
(b) 4,6 N
(c)6,4

(d) 2,6 %
4. The complex ions [Co(NH3)s(NO2)]* @VH;)S (ONO)]?* are called

(a) lonization isomers

(b) Linkage isomers

(c) Co-ordination isomers
(d) Geometrical isomers

5. Which of the following has lanar structure?
(a) [NiCla)*

(b) [Ni(CO)4]
(c) [Ni(CN)a]> @
(d) None of these

6. Which of the fo?% S magnesium?
(a) Chlorophll

(b) Haemocyanin
(c) Carbonic anhydrate
(d) Vitamin B2

7. Mohr’s salt is
(a) Fe2(S04) 3 . (NH4)2S04. 6H,0
(b) FeSO4 . (NH4)2 . SO4 . 6H20
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(c) MgS0s4 . 7H20
(d) FeSO4 . 7H.0

8. Which of the following shall form an octahedral complex?

(a) d* (low spin)

(b) d® (high spin)

(c) d® (low spin)

(d) All of these Q
9. EDTA is used for the estimation of c ;

(a) Na* and K* ions
(b) CI" and Br~ions

(c) Cu?** and Cs* ions @
(d) Ca** and Mg* ions
ter Wi

10. The solution of the complex [Cu(NH3)4] SO4 in waj
(a) give the tests of Cu?* ion

(b) give the tests of NH3 0
(c) give the tests of SO4% ions N

(d) not give the tests of any of the above %
Very Short Questions- b

1. What is the shape ofl-Fe (€0),] ?

2. What do you understand by st
coordination compounds?
3.How is EDTA used in estim ardness of water?
4. Explain the role of complexe etallurgy with an example.

5. How is excess of cop on removed from body?
6. Define - isomerism.

: : : - K[ Fe (H,0),(en),CL |
7.Indicate the types of i isms shown by the complex L#e O, ), 4

8. Give an exampl ination isomerism?
9. What are compl ounds?
10. Give some ex of coordination compounds.

a complex and instability constant of

Short Questions-

1.Explain the synergic bonding in metal carbonyls.

2. Give some examples showing importance of complexes in biological system?
3.Give examples of complexes in

a) Chemical analysis
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b) Industries

4 Distinguish between homoleptic and heteroleptic ligands.

5.What are the different shapes or coordination polyhedral in the complexes?

6.What is the difference between a double salt and a complex? Explain with an example.

7. Predict the number of unpaired electrons in the square planar . ion.

. - [Pt(NH,)(Br)(Cl)(py)]
8. Write all the geometrical isomers of LIRSS )],

exhibit optical isomers?

nd any of these will

9. What is spectrochemical series? Explain the difference en a weak field ligand and a
strong field ligand.

10.A solution of - 1(H,0),] is green but a solution of - Sl is colourless.

Explain.

Long Questions-

1. What are ligands? Explain different types of | .

2. Write the formulas for the following coordifiation compounds:
(i) Tetraamminediaquacobalt (III) chloride\

(ii) Potassium tetracyanonickelate (1 %

(iii) Tris(ethane-1,2-diamine) chrow& chloride

(iv) Amminebromidochloridonitr@latinate (ID

(v) Dichloridobis (ethane-1,2- e)platinum(IV) nitrate

(vi) Iron (III) hexacyano a;}I)

3. Write the IUPAC nam he following coordination compounds:

(i) [Co(NH:)61CL iy f TS0, ), 1 ]Cl,
... K.[Fe(CN).T K¥Fe(C.0,).
(i) - - [Fel™2a)s ]
K,[PdCl,] . ., [Pt(NH,), CI(NH,CH,)|Cl
v) 2[PdCL] (vi) &= 24} |

4. Indicate the types of isomerism exhibited by the following complexes and draw
the structures for these isomers:

. K[Cr(H,0),(C,0,), ]

(i) LR
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(ii) [ Co(en |3—|C'l_:
(i) [Con NH;), (NO,) (NG, |::|
(iv) [ Pt(NH,)(H,0)Cl, |

: . MNi(eN). T, :
5. Explain on the basis of valence bond theory that - <2 iemywith square
planar structure is diamagnetic and the [NiCL] ion with tetrdhedral geometry is
paramagnetic.

ic]”, oo [Ni(CO) L .

6. [NiCL] is paramagnetic while LR diamagnetictthough both are
tetrahedral. Why?
7  Fe(H,0), | is strongly paramagnetic whereas [FeCNN is weakly paramagnetic.
Explain.

- [co(zmy), T .. . INi(NH,), T
8. Explain -0 )51 s an inner orbital complexwhereas L)L s an outer

orbital complex.

Assertion and Reason Questions-

1. In these questions, a statement of assertiomfollowed by a statement of reason is given.
Choose the correct answer out of the fgllowing choices.

a) Assertion and reason both argseorregt statements and reason is correct explanation
for assertion.

b) Assertion and reason both/afecorrect statements but reason is not correct
explanation for assertion.

c) Assertion is correct,statement but reason is wrong statement.

d) Assertion is wrong statement but reason is correct statement.

Assertion: Zeise's salt is a\itii-bonded organometallic compound.
Reason: The oxidatiomtmumber of platinum in Zeise's salt is +2.

2. In these questions, a'statement of assertion followed by a statement of reason is given.
Choose the correct answer out of the following choices.

a) Assertion and reason both are correct statements and reason is correct explanation
for assertion.

b) Assertion and reason both are correct statements but reason is not correct
explanation for assertion.

c) Assertion is correct statement but reason is wrong statement.
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d) Assertion is wrong statement but reason is correct statement.

Assertion: The second and third transition series elements have lesser tendency to fonn
low spin complex as compared to the first transition series.

Reason: The CFSE (Ag) is more for 5d and 4d.

Case Study Questions-
1. Read the passage given below and answer the following quéestions:

Metal carbonyl is an example of coordination compoundsgin which carbon monoxide (CO)
acts as ligand. These are also called homoleptic carbonyls. These compounds contain
both O and Tt character. Some carbonyls have metaltmetal bonds. The reactivity of metal
carbonyls is due to (i) the metal centre and (ii) the CO ligafds. CO is capable of accepting
an appreciable amount of electron density from the métal atom into their

empty T or Tt-orbital. These types of ligands arewalled Tt-accepter or M-acid ligands.

These interactions increases the Qg value.

The following questions are multiple cheige questions. Choose the most appropriate
answer:

(i) What is the oxidation state of mietal in [Mn(CO)10]?

a) +1
b) -1
c) +2
d o

(ii) Among the following¥metal carbonyls, the C-O bond order is lowest in:

a) [Mn(CQ)e]",
b) [Fe(CO)s]
c) [Cr(CO)gl
d) [V(CO)e)

(iii)Which of the following can be reduced easily?

a. V(CO)s
b. Mo(CO)s
c. [Co(CO)4]
d. Fe(CO)s
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(iv)The oxidation state of cobalt in K[Co(CO)4] is:

+1
+3
-1
0

o0 oo

(v) Structure of decacarbonyl manganese is:

Trigonal bipyramidial
Octahedral
Tetrahedral

Square pyramidal

o0 T o

2. Read the passage given below and answer the follgWing qugstions:
Coordination compounds are formulated and namied according to the IUPAC system.
Few rules for naming coordination compounds/are:

I.  Inionic complex, the cation is named(first®and then the anion.
[I. Inthe coordination entity, the ligands,areshamed first and then the central metal ion.
[ll.  When more than one type of ligands are"present, they are named in alphabetical order of
preference without any consideration of charge.

The following questions are multiple ¢heite questions. Choose the most appropriate answer:
(i) The IUPAC name of the cdmpleéx [Pt(NH3)sBr(NO2)CI]Cl is:

a) Triamminechlerobromonitroplatinum (IV) chloride.
b) Triamminebromonitrochloroplatinum (1V) chloride.
¢) Triamminebr@dmidachloridonitroplatinum (1V) chloride.
d) Triamminenitroehlorobromoplatinum (IV) chloride.

(ii) The IUPAC name'of.[Ni(CO)4] is:

a) Tetracarbonylnickel (I1).
b) Tetracarbonylnickel (0).
c) Tetracarbonylnickelate (II).
d) Tetracarbonylnickelate (0).

(iii) As per IUPAC nomenclature, the name of the complex [Co(H20)4(NH3)2]Cls is:

a) Tetraaquadiamminecobalt (1) chloride.
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MCQ Answers-

1

2;

9

b) Tetraagquadiamminecobalt (lll) chloride.
c) Diamminetetraaquacobalt (Il) chloride.
d) Diamminetetraaquacobalt (lIl) chloride.

COORDINATION COMPOUNDS

(iv) Which of the following represents correct formula of dichlorid
diamine)cobalt (I11) ion?

a) [CoCly(en)]*
b) [CoClx(en);]?*
c) [CoCly(en)]*

d) [CoCly(en).]*

(v) Correct formula of pentaamminenitro-O-cobalt (111

a) [Co(NO2)(NH3)s]SO4
b) [Co(ONO)(NH3)5]S04
c) [Co(NO2)(NH3)4](SO4)2
d) [Co(ONO)(NH3)4](SOa4)2

. Answer:

. Answer:

Answer:

Answer:

Answer:

Answer:

Answer:

Answer:

Answer:

c
b
d

d

10.Answer: c

S
)
N

Very Short Answers-

Ans 1.
[Fe (CO), |

S
3

>

lpf%te is:

hane -1, 2-
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Geometry = Trigonal bipyramidal /span>

Ans 2. The stability of a complex in solution is the degree of asseciation between
the two species involved in the state of equilibrium. The instability) constant is
reciprocal of the formation constant. It is also called dissociation constant.

— EDTA

Ans 3. Hard water is titrated with & complex far esfimation of its hardness.

During the process, the €4 “and Mg” jons form compleéxswith EDTA replacing Ve,
The method is based on the difference in the stabilitypconstant of calcium and

magnesium complexes.

Ans 4. Some extraction processes make use of complex formation e.g. during
metallurgy of Gold, it combines with cyanide #mthe presence of oxygen and water to

|—.‘1£¢ CN -l— . . - ;
form the complex - T I aqueouswsolution by addition of zinc.

Ans 5. Excess of copper and iron are pemievéd by chelating Ligands D -
penicillamine and deferoxamine B threugh the formation of coordination
compounds.

Ans 6. [somerism is the pheftomenon of existence of two or more compounds with
same chemical formula butadifferent arrangement of atoms.

Ans 7. Both geometrical afid optical isomerisms will be present.

Ans 8. Example ofiegordination isomerism is

[Cr (NH.). | [Co (€N, ] |Co (NH.). | [Cr (€N, |
. */ed L *~and - */ed L 5

Ans 9. Complex compounds or coordination compounds are those compounds in
which the metal atoms are bound to a number of anions or neutral molecules.



COORDINATION COMPOUNDS

Ans 10. Examples of coordination compounds are chlorophyll, haemoglobin, and

vitamin B

Short Answers-

Ans 1. The metal - carbon bond in metal carbonyls has both s & racter. The M -
C 9 bond is formed by donation of lone pair of electrons of car | carbon into a vacant

orbital of metal. The M - C 7 bond is formed by the donation of'apair of electrons from a
filled d- orbital of metal to the vacant 7 orbital of carbon mo @ The metal to ligand
bonding creates a synergic effect that strengthens the bonb

Syvnergic bonding >

Ans 2. Examples of complexes in biologicaM-
1. Chlorophyll is a complex of Mg.

2. Haemoglobin is a complex of iron.
3. Cyanocobalamin, VitBH, is a comple @ halt.

of Ligands like EDTA, DMG etc.

Ans 3. (a) Chemical analysis - Q%%e and Quantitative analysis methods involve use

(b) Industries - Hydrogenatiogkenes is done by using a sodium complex called
Wilkinson catalyst. In b@hite photography, silver complexes are used.

Ans 4. Homoleptic com@ are those in which only one type of ligand or donor group is
[ Pt( NEL)

presente.g. - only NH: 55 ligand. Whereas heteroleptic complexes are those

in which differenm fligands are present eg. LN has two type of ligands-
NHsz and Cl-.
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Ans 5. The various coordination polyhedra are -

L L E "
| L s L I

Lu,, ol 8 U L 4, | w L
M bt M L—M

v | ™ g ! = i ™ M

™, % o5 i | - S
L L L

Octahedral Tetrahedral Square planar Trigonal Square

bipyramidal pyramidal

O

Ans 6. Double salts dissociate completely into simple ionsi\wheh dissolved in water e.g.,

Mohr salt, FeSO,(NH, ), SO*, 65,0 will dissolve in water,and give ferrous, ammonium and

sulphate ions. On the other hand, the complex ions do naet completely dissociate into all

K,[Fe(CN) [Fe(cv), ]

constituent ions e.g. will dissociate t otassium ions and - ions

only.

ans 7 [REO )

In this complex, Pt is in the +2 state. It forms a are planar structure. This means that it

undergoes dSP:hybri dization. Now, t.ﬂbo c configuration of Pd(+2) is 5d°
R

&l
CN" being a strong field ligand ca ! pairing of unpaired electrons. Hence, there are no
[R(CN).]*

Ans 8. Q
[Pt(NH,)(Br)(Cl)(py)]

unpaired electrons in

S
(

ey
¥ : s
v v 5
; [ &
; Pt ; £
F. d i »
.-' & ;
. o ¥
s 4 ;
. R —— Py fmr e

Br

From the above isomers, none will exhibit optical isomers. Tetrahedral complexes rarely
show optical isomerization. They do so only in the presence of unsymmetrical chelating
agents.

Ans 9. A spectrochemical series is the arrangement of common ligands in the increasing
order of their crystal-field splitting energy (CFSE) values. The ligands present on the R.H.S
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of the series are strong field ligands while that on the L.H.S are weak field ligands. Also,
strong field ligands cause higher splitting in the d orbitals than weak field ligands.

[-<Br <$" <SCN <" «N,; <F~ <OH < C,0;"
~H,0«<NCS ~H «CN™ <« NH; <en ~SO:_:'<.\'OE<phen <CO

Ans 10, In LN (H:0)] , 52045 2 weak field ligand. Therefore

in Ni*"_ In this complex, the d electrons from the lower ene

e are unpaired electrons
evel can be excited to the

higher energy level i.e., the possibility of d - d transition is present. Hence, L Ni(H;0), | is
coloured. ®
[Ni(CN), | : N :
Int- <., the electrons are all paired as “* a strong field ligand. Therefore, d-
INi(eN), T

. Hence, ourless.

Long Answers- @

A
ns 1. The ions or molecules bound t %om or ion in the coordination entity are

ligands e.g LFel) ] has six OV lig

Types: - CD

(1) On the basis of charges o@ ligands can be negative, positive (e.g. H_:O‘, NHS etc.)
or neutral (e.g. CO, NH o

d transition is not possible in -

(2) On the basis of their@r atoms ligands can be monodentate or unidentate (one
donor atom) e.g- 0 3, £ etc, or didentate ligands (two donor atoms) H,NCH,CH N,
W o, R — pw e (several donor atoms) e.g [EDTA] is a hexadentate ligand.

(3) Ligands which can ligate through two different atoms are called ambidentate ligands

eg. N0 and SCN” jons. Whereas when a di-or polydentate ligand uses its two or more
donor atoms to bind a single metal ion, it is called chelate ligand.

Ans 2.
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lCO|H O),(NH,), |C1

() -
(i)
(iii) -

(vi )|Pt|\’H|BrCl|\O 1l &
| PtCl, (en] I\O )
i O

K,[Ni(CN),]

ICr(en) |Cl

) Fe,.lFe'C'.\L I.
(vi) Let® s s

Ans 3. (i) Hexaamminecobalt(III) chloride

(ii) Pentaamminechloridocobalt(III) chloride

(iii) Potassium hexacyanoferrate(III)

(iv) Potassium trioxalatoferrate(III)

(v) Potassium tetrachloridopalladate(II)

(vi) Dlammlnechlorldo(methylamme)plat lorlde

K[ Cr(H,0),(C,0,
Ans 4. Both geometrical (cis-, trans-) % L& (H:0), ( ): |cam exist. Also, optical
isomers for cis isomer exist.

OH, 01—11 &
Q\ ' /"

Geometrical
ISOMErs 4 | \(! / | \‘(J
(M, 3 ()
Trans
Trans-isomer is opticall & On the other hand, cis isomer is optically active.
OH 25
Bl o2
/ | \(
O

[CcO Cl,
(ii) Two optical isomers for - LCO(en); 1 exist.
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CH,

HyN gﬁ: N N
cH,—HN_ | nn? N | ~
2 L NHz S | JCo
CH: —H.M | -‘NH:\ N ,,-"N
H\]\'\ CH

CH,~

/| * 78 |> i
N : LN
Gii )|co(\1{;(\om\0| °
A pair of optical isomers:
o | NH L | No
5 28 ] . L 3
) >{i‘¢1/ : : ::Eo/
HyNT | N booENT | N

It can also show linkage isomerism. %

[CO(NH,), (NO, ) |(N [CO(NH,),(

0;), and-

It can also show ionization isometis

|Co(\'H ), (NO, )u\o ), [co {(NO,) |(\o )(NO,)
: Pt(NH,)(H,0)Cl,
(iv) Geometrlcal (czs— isomers of| (NH,)(H.0) °-|can exist.
cl NH
on(
d “uo
Cis

Ans 5. Ni is in the +2-oxidation state i.e., in dsconfiguration.

¥ configuration O 0 11T

3d 48 i A
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There are 4 CN"ions. Thus, it can either have a tetrahedral geometry or square planar

geometry. Since €N jon is a strong field ligand, it causes the pairing of unpaired
3d electrons.

EEEEL O (0 CCL &
3d 45 4p 4
-

It now undergoes dSp'hybridization. Since all electrons are pt is diamagnetic.

In case of [NicL ] , CN7ion is a weak field ligand. Thereforg, it does not lead to the pairing
of unpaired 3d electrons. Therefore, it undergoes Sp:hybridization.

L
[T O 110 CTTTT] 2
3d 4_2__.:?;_- 4
\I}"k

Since there are 2 unpaired electrons in this cas;@paramagnetic in nature.

—.\-- 7 \
Ans 6. Though both and ! . )‘%etrahedral, their magnetic characters are

different. This is due to a difference in l@ ure of ligands. CN"is a weak field ligand and it

[Nict,]™

. , Nic1,])” :
does not cause the pairing of unpalre ectrons. Hence, [NiCL,] is paramagnetic.

s HIHIHTETY] (] (1] O I%’

) . -i;, g
Ni(CO). .. . o 4 - : 3d%4s°
In ”‘-CO'*, Niis in the zero- n state i.e., it has a configuration of 34 4,

[HIHTATTT ] 117

3d 45 4p

But CO is a strong,fieldsligand. Therefore, it causes the pairing of unpaired 3d electrons.

Also, it causes th%| ons to shift to the 3d orbital, thereby giving rise to sp”
e : o [Ni(CO), 1.

hybridization. Since npaired electrons are present in this case, LMUER) is

diamagnetic.

Ans 7. In both '-Fe' =0 s | an '—Fe S )s | , Fe exists in the +3-oxidation state i.e., in d’

configuration.
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o
Since CN"is a strong field ligand, it causes the pairing of unpaired electrons. Therefore,
there is only one unpaired electron left in the d-orbital.

[T T ]
Therefore,
u=./n(n+2)

=3
=1.732 BM
On the other hand, H:0 i5 a weak field ligand. Therefore, i t cause the pairing of

electrons. This means that the number of unpaired ele tron%is bi.
Therefore,
M= Jn(n -2)
= f5G+2)
=~/35
=6 BM 0

|Fe(H.,0). | [Fe(CN), |

Thus, it is evident that - 1 is stroanagnetic, while - - is weakly
paramagnetic.

S5

[Co(NH,), T (Ml (NH,), T

Oxidation state of cobalt = +1®U Oxidation state of Ni = +2
It 3 d°

Electronic configuration of ¢ Electronic configuration of nickel = ¢

el L] CLLT CETTT
3d 4 4p ad
If NH:

causes the pairing, then only one

AT O 13 [&D 3d orbital is empty. Thus, it cannot

3 4y 4o 2_.3

- undergo d’sp hybridization. Therefore, it
) b(.elpg L5 ! BRIl Gl EE undergoes ** 9" hybridization.

the pairing. Ther obalt can

undergo 9P hybridization.

T EJEEREEEEEE
3 45 dpr Sl
b HnmIn ] O (T O 11
Hence, it is an inner orbital complex. 5 A 4 4

q":l’:
Hence, it forms an outer orbital complex.
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Assertion and Reason Answers-

1. (b) Assertion and reason both are correct statements but reason is not correct
explanation for assertion.

Explanation:

In these complexes, the metal and ligand fonn a bond that invol e Tn-electrons of
the ligand and so it is a mn-bonded organometallic compound.

2. (d) Assertion is wrong statement but reason is correct stat

Explanation:

4d and 5d elements have greater tendency to form
pairing of electrons) in comparison to 3d because th

eg (CFSE, Ag) increases in 4d and 5d. 0
Case Study Answers- N

1. Answer : %
(i) (d)oO b
Explanation: &

Oxidation state of Mn in [I\@ is zero.
(ii) (d) [V(CO)s]

Explanation: Q

In [V(CO)s], the anic@rbonyl complex can delocalise more electron density to

antibonding %dn-pn back bonding) of CO and thus lowers the bond
order. N

(iii) (a) V(CO)s
Explanation:

V(CO)e can be easily reduced to [V(CO)s]". V(CO)s has a total of 17 bonding electrons,
hence it is very reactive and unstable. [V(CO)e]” on the other hand has complete set
of 18 bonding electrons as an electron is added into the bonding orbital when
V(CO)s gets reduced to [V(CO)e]". All others have 18 bonding electrons.
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(iv) (c)-1

Explanation:

K[Co(CO)a]
+1+(x)+4(0)=0o0rx=-1
(v) (d) Square pyramidal. Q

Explanation:

Mn3(CO)10 is made up of two square pyramidal Mn(€0O)s umits joined by Mn-Mn
bond.

2. Answer: b
(i) (c) TriamminebromidochIoridonitroplatin@chloride.

Explanation:

Ligands are named in alphabetica?d%pective of their charge.

(ii) (b) Tetracarbonylnickel (0).

(iv) (d) [CoCly(en).]

(iii) (d) Diamminetetraaquacob?|Mloride.

(v) (b) [Co(ONO)(NH3)s5]SO4

Explanation: Q

Ligand NOE is amb@te ligand as it can donate electrons through either nitrogen

(NO2) or oxy%



