9. Coordination Compounds

+» Intext Questions

9.1. Write the formulas for the following coordination compounds:
(i) Tetraamminediaquacobalt(l1l) chloride

(if)Potassium tetracyanidonickelate(ll)

(ii)) Tris(ethanp-1,2-diamine) chromium(l11) chloride
(iv)Amminebromidochloridonitrito-N- platinatc(l1)
(v)Dichloridobis(ethane-I ,2-diamine) platinum (IV) nitrate
(vi)lron(l11)hexacyanidoferrate(ll)

ANs: (|) [CO(N H3)4(H20)2]CI3.

(i) K,[Ni(CN).]

(ii)[Cr(en)s]Cl;

(iv)[Pt (NHs) Br CI (NO,)]

(V)[PtC|2(en)2](N03)2

(vi)Fe,JFe(CN)s]s

9.2. Write IUPAC names of following co-ordination compounds :
(3.) [CO(NHs)a]C|3

(b) [CO(NH:)CI]CI.

(C) Ks[Fe(CN)d]

(d) [Ks[FG(CzOza)s]

(e) Kz[PdCIA]

(f) [Pt(NH:).CINH.CH:]CI. (C. B. S. E. Delhi2013)

Ans:

(@) hexaamminecobalt (111) chloride

(b) pentaamminechloridocobalt (111) chloride

(c) potassium hexacyanoferrate (111)

(d) potassium trioxalatoferrate (I11)

(e) potassium tetrachloridoplatinum (11)

(f) diamminechlorido (methylamine) platinum(ll) chloride.

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

()K[Cr(H:0):(C:0.).] @gg%{my
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(I I) [CO(en)3]C|3
(i) [CO(NH:)s(NO:)(NO).], .

Ans: (i)(a) geometrical isomerism (cis and tram)
_ H,O ' -
H,0 |
K'| ox Cr /
Cis
_ H,O .
K| ox Cr /\m:
B H,0 -
frans

(b) optical isomerism of cis-form, i.e.,
|

H,O E H,0
H,0 1 H,0 |
| / | /\
1
OX Cr I: - Cr., ox
\_ =
[
\
T~ ox */J : ox

Mirror images
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@) [Co(en);]Cly
Optical isomerism : .
3+ 1 +

/,m..—'.

Co en

- ’/...

A

Mirror images

(iii) [Co(NH;)sNO,)(NO;),
— lonisation isomerism : .
[Co (NH,)5 (NO,)] (NO;), and
[Co (NH;)5 (NQ3)] (NO,) (NO,)
- Linkage isomerism :
[(Co (NH,)5 (NO,)] (NO,), and
[Co (NH,), (ONO)] (NO;),

(iv) [Pt(NH;)(,0)CL)

Geomeirical isomerism :

H,N Cl HN Cl

1,0 cis ¢ trans HO

9.4. Give evidence that [Co(NH:)sCIl]S0.and [Co(NHs)sS0,]Cl are ionisation
iIsomers.

Ans: When dissolved in water, they give different ions in solution which can be
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tested by adding AgNO; solution and BaCl solution, i.e.,
[Co (NH,), Cl] SO, (ag) + BaCl, (ag) —>
BaSO,(s) .
ppt

[Co (NH,); Cl] SO, (ag) + AgNO; (ag) -
N Mo reaction

[Co (NH,); SO,] Cl(ag) + BaCl,(ag) -
. : No reaction
[Co (NH;), SO,] Cl (ag) + AgNO, (ag)
AgCl (5)d
ppt
Hence. the two are ionisation isomers.

9.5. Explain on the basis of valence bond theory that [Ni(CN).]* ion with
square planar structure is diamagnetic and [NiCl.]> ion with tetrahedral
geometry is paramagnetic. (Rajasthan Board 2012)
Ans: Outer electronic configuration of nickel (Z = 28) in ground state is 3d#4s2.
Nickel in this complex is in + 2 oxidation state. It achieves + 2 oxidation state by
the loss of the two 4s-electrons. The resulting Niz- ion has outer electronic
configuration of 3de. Since CN- ion is a strong field, under its attacking influence,
two unpaired electrons in the 3d orbitals pair up.

3d 4s 4p

o™ [WIMINITIT] [

Ni (1) HANLIRLT I §
i
Hybridisation Tl N AL n

dspz-hybridisation

[Ni(CN)4J%~ ion Tl Al Al u A A TA A

A 4 0 4 Y Y

Four pairs of electrons from
four CN™ ions (ligands)

Outer electronic configuration of nickel (Z = 28) in ground state is 3d#4sz Nickel in
this complex is in + 2 oxidation state. Nickel achieves + 2 oxidation state by the

loss of two 4s-electrons. The resulting Niz- ion has outer electronic configuration of
3de. Since CP ion is a weak field ligand, it is not in a position to cause electron
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pairing.
3d 4s 4p

il ETRE TR E TR KR 1
NNMEE

— .s'p3 -hybridisation

Hybridisation Tl Tl Tl, T T
A S T8 TR T e A T

Four pairs of electrons
from four CI” ions (ligands)

9.6. [NiCL]* is paramagnetic while [Ni(CO).] is diamagnetic though both are
tetrahedral Why?
Ans: _
[n [NiCI,]>~, Ni is in +2 oxidation state
Ni(28): 34%s?
Ni*: 3a8 45"
3d 45

(ANANANIN

CI”is weak field ligand. It does not pair up e~ 's.
Hence, it is paramagnetic

In[Ni (C‘D}aj, Niisin00Q.S.

Ni (28): 34" 452 o

3d 45

WIMIYTTTT) [

CO is strong field ligand, as it pairs the 4s e”ls
with 3d e7'5 to give 3d'? 45, So, no unpaired e
and hence, the complex is diamagnetic.

9.7. [Fe(H.O)s]J*is strongly paramagnetic whereas [Fe(CN)s]*is weakly
paramagnetic. Explain.
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Ans:
[Fe (H,0),]*
Fe(26): 3d4%4s°
Here, Fe is in +3 state. Thus,
Fed* :34° 45"
3d -

(ARERRERE

H,0 being a weak field ligand does not pair up

the e”'s and hence the complex is strongly
paramagnetic,

[Fe (CN)g>-

Fe (26) : 3d% 452
Here, Fe is in +3 state, So

Fe*: 3d%45°

3d 45

T O
CN~ being a strong field ligand pairs ui:- thee s
so that we have

3d 45

AEAER

Due to only one unpaired e", the complex is
‘weakly paramagnetic

9.8. Explain[CO(NH:)s]** is an inner orbital complex whereas [Ni(NH:)s]?* is an
outer orbital complex.
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Ans:
[Co (NH,)cJ**
Co(27):3d" 452
Here, Co is in +3 state, so

Co**: 3d%4s2
3d - 45
(NN

In presence of NH,, two d e's pair up leaving
two d-orbitals empty. Hence, hybridisation is
d’sp’ i.e., inner orbital complex.

[Ni (NH,)P
Here, Ni is in +2 state. Thus,
Ni2t: 348 450
3d 45
(AEI KT KK

In presence of NH,, de~'s do not pair up. The
hybridisation is sp>c i.e., outer orbital complex.-

9.9. Predict the number of unpaired electrons in the square planar
[Pt(CN).]* ion.

Ans:
[Pt (CN),]1?>~: The outer shell electronic
configuration of Pt is 54%6s!.
In +2 state of Pt, it is 5d%, i.e.,

5d 6s 6p
pPi2* 1’ T .al 1 3

For square planar geometry, hybridisation is dsp?.
Hence, the two d e~'s pair up to make one
d-orbital empty. So, there is no unpaired e.

9.10. The hexaaqua manganese (I1) ion contains five unpaired electrons while
the hexacyano ion contains only one unpaired electron. Explain using crystal

field theory.
Ans: Mn(ll) ion has 3d: configuration. In the presence of H.O molecules acting as

weak field ligands, the distribution of these five electrons is 32,2 i. €., all the

electrons remain unpaired to form adaggh-$pig complex. However, in the presence
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of CN- acting as strong field ligands, the distribution of these electrons

is 152g€0g i.e., two t,, orbitals contain paired electrons while the third t,, orbital
contains one unpaired electron. The complex formed is a low spin complex.
9.11. Calculate the overall complex dissociation equilibrium constant for the
Cu(NHz:).* ion, given that p. for this complexis 2.1 x 10%.

Ans: Overall stability constant (B,) = 2.1 x 10,

Thus, the overall dissociation constant is

l;__l—— 14
= Be 21x100 4TI

NCERT EXERCISES

9.1. Explain the bonding in coordination compounds in terms of Werner’s
postulates.

Ans: The main postulates of Werner’s theory of coordination compounds are as
follows:

(a)Metals possess two types of valencies called

(i) primary valency which are ionisable; (ii) secondary valency which are non-
ionisable

(b)Primary valency is satisfied by the negative ions and it is that which a metal
exhibits in the formation of its simple salts.

(c)Secondary valencies are satisfied by neutral ligand or negative ligand and are
those which metal exercises in the formation of its complex ions. Every cation has
a fixed number of secondary valencies which are directed in space about central
metal ion in certain fixed directions, e.g,, In CoCl;-6NH,, valencies between Co
and Cl are primary valencies and valencies between Co and NH; are secondary. In
COCI:-6NH; , six ammonia molecules linked to Co by secondary valencies are
directed to six corners of a regular octahedron and thus account for structure of
COCI:-6NH; as follows:

I+
NH,
TR 'HH
) \1 3
HN"-'-'-—L'
T NH, m?‘

In modern theory, it is now referred as coordination number of central metal atom
or ion.
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9.2. FeSO. solution mixed with (NH.).SO. solution in 1 : 1 molar ratio gives the
test of Fe> ion but CuSO. solution mixed with aqueous ammonia in 1 : 4 molar
ratio does not give the test of Cu> ion. Explain why?

Ans: When FeSO, and (NH,).SO, solutions are mixed in 1 : 1 molar ratio, a double
salt known as Mohr’s salt is formed. It has the formula FeSO..(NH,).SO,.6H,0. In
aqueous solution, the salt dissociates as :

FeSOy.(NH,);S04.6H,0(aq) RN Fe’*(ag) + 2NHj (ag) + 2503 (ag) + 6H0
The solution gives the tests for all the ions including Fe2+ ions. On the other hand,
when CuSO, and NH; are mixed in the molar ratio of 1 : 4 in solution, a complex
[Cu(NHS,).]SO. is formed. Since the Cu? ions are a part of the complex entity
(enclosed in square bracket), it will not give their characteristic tests as are given
by Fez ions.

9.3. Explain with two examples each of the following: coordination entity,
ligand, coordination number, coordination polyhedron, homoleptic and
heteroleptic.

Ans: Coordination entity: It constitutes of a central atom/ion bonded to fixed
number of ions or molecules by coordinate bonds e.g. [COCI;(NH):], [Ni (CO).]
etc.

Ligand : The ions/molecules bound to central atom/ion in coordination entity are
called ligands. Ligands in above examples are CL, NH,;, CO Coordination number :
This is the number of bond formed by central atom/ion with ligands. Coordination
polyhedron : Spatial arrangement of ligands defining the shape of complex. In
above cases Co and Ni polyhedron are octahedral and tetrahedral in [CoCl; (NH:);]
and [Ni(CO).] respectively.

Homoleptic : Metal is bound to only one kind of ligands eg Ni in[Ni(CO).]
Heteroletric Metal is bound to more than one kind of ligandseg Coin [CoCl;(NH):]

9.4. What is meant by unidentate didentate and ambidentate ligands? Give
two examples for each.

Ans: A molecule or an ion which has only one donor atom to form one coordinate
bond with the central metal atom is called unidentate ligand, e.g,, Cl- and NH..

A molecule or ion which contains two donor atoms and hence forms two
coordinate bonds with the central metal atom is called adidentate

ligand, “8+ CH,NH, and COO-
H,NH, C00-

L,
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A molecule or an ion which contains two donor atoms but only one of them forms
a coordinate bond at a time with the central metal atom is called

ambidentate ligand, e.g, :CN-or NC7 and NO;

or ONO?

9.5. Specify the oxidation numbers of the metals in the following coordination
entities:

(i) [Co(H:O)(CN)(en).]* (ii) [CoBr2(en).]* (iii) [PtCL]* (iv) K:[Fe(CN):] (v)
[CI’(N H3)3C|3]

Ans: _ ;
() [Co(H,0) (CN) (en),}** Xx+0+(-1)+0=+2
x=+3
(i) [CoBry(en,)]* x+2(=1)+0=+1
x=+3
(ifi) [P1C1,]*- x—4=-2"
. ‘ x=+2
(v) K;[Fe(CN),] 3+x+6(-1)=0
L x=+3.
{V]' [CI{N H3}3C13] x+0+3 {‘—1) =
: x=+73

9.6. Using IUPAC norms, write the formulae for the following : (C.B.S.E.
Foreign 2015)

(a) tetrahydroxozincate(ll)

(b) hexaammineplatinum (TV)

(c) potassiumtetrachloridopalladate(ll)

(d) tetrabromidocuprate (11)

(e) hexaaminecobalt(l11) sulphate

(f) potassiumtetracyanonicklate (1)

(g) potassiumtrioxalatochromate(l11)

(h) pentaamminenitrito-O-cobalt(I11)

(i) diamminedichloridoplatinum(l1)

(J) pentaamminenitrito-N-cobalt (I111). (C.B.S.E. Delhi 2012)

Ans: (a) [Zn(OH).]*
(b) [Pt(NH:)s]*

(c) K [PdCI,]

(d) [Cu(Br).]

(€) [CO(NH:):]. (SO.)s
() K;[Ni(CN).]
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(9) Ks [Cr(OX)]

(h) [CO(NH.):ONOJ>*
(i) [Pt(NH.).Cl,]

(j) [CO(NH.)sNO,].

9.7. Using IUPAC norms write the systematic names of the following:
(i) [Co(NH:):]Cls,

(i)[Pt(NH:).Cl (NH.CH:)] ClI

(iii) [Ti(H20)s]3+

(iv) [Co(NH3).CI(N02)]CI

(V)|Mn(H:0)s]*

(Vi)[NiCL]*

(Vii)[Ni(NH:)s]Cl.

(viii)[Co(en)s]*

(ix) [Ni(CO)4]

Ans: (i) Hexaammine cobalt (I11) chloride.

(if) Diammine chlorido (methylamine) platinum (I1) chloride.
(iii) Hexaaquatitanium (111) ion.

(iv) Tetraammine chlorido nitrito-N-cobalt (1V) chloride.
(v)Hexaaquamanganese (1) ion.

(vi)Tetrachloridonickelate (1) ion.

(vii)Hexaammine nickel (I1) chloride.

(viii)Tris (ethane -1,2-diamine) cobalt (I11) ion.

(ix) Tetra carbonyl nickel (0).

9.8. List various types of isomerism possible for coordination compounds,
giving an example of each.
Ans: Coordination compounds exhibit stereo isomerism and structural isomerism.
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Two types of stereoisomerism and their examples are as follows.
()  Geometrical iSomerism
Clw _~NH; C\_ . ~NH,
A7 SNH,  HN e

(i) Optical isomerism.

— —+3 , 3

. "L""‘I:I'I : en—" |

N
S

| _-¢en \__ﬂ'n—_

Mirror

Four types of structural isomerism are as follows:

() Linkage isomerism [Co(NH,){NO,] Cl,and [Co (NH,); ONO]Cl,

(i) Coordination isomerism [Co (NH,)] [Cr(CN)] and [Cr (NH,)] [Co (CN)]
(ii)) Tonisation isomerism [Co (NH,), SO,] Brand [Co (NH,); Br] SO,

(iv) Solvate or hydrate isomerism [Cr (H,0),] Cl, and [Cr (H,0); Cl] CI. H,0

9.9. How many geometrical isomers are possible in . the following
coordination entities?

(I) [CI’(CzoA)e,]3 (ll) [COCla(NHs)s]

Ans: (i) [Cr(C.0.):]*> => No geometrical isomers

are possible in this coordination entity.

(if) [Co(NH.); Cls] => Two geometrical isomers are possible (fac and mer) in this
coordination entity.

9.10. Draw the structures of optical isomers of
(i) [Cr(C.0u)s)*

(i) [PtCl.(en).]*

(ii)[Cr(NHs).Cl.(en)]*

D,
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Ans:
() [Cr(C,0,),]" =[Cr(ox),]*

oy 173 1 [7ox -3
FAL
; !
S| e
(dextro) | (laevo)

(if) (cis-isomer only) Cis - [PtCl,(en),]**

B 12+ 0 D ¢ S| 2+
_______ Cl [ . CI. _l_l
f\d’< | I,
[} i ‘ 1

| (iii) (cis-isomer only ) Cis - [Cr{NH,JECIl{en]]*

— ~—fN—+ | 1t
NH;....-.l.?z : f ] NH-._
. !Hﬂ- i : ,
E Cr E l §
: i 1 -
NI l{'""T"" Cl I Cl T N Hy

9.11. Draw all the isomers (geometrical and optical) of
(D[CoCl.(en).]*

(i)[Co(NH:) CI (en).]*

(iif) [Co(NH:)Cl.(en)]*
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AnNs:

(i) [CoCl,(en),]" has 2 geometrical isomers.

+

NH,

- Trans-isomer

Trans-isomer

(7)) [Co(NH,)C I{en)zlz'

2

2+

Cis-isomer Trans-isomer

9.12. Write all the geometrical isomers of [Pt(NH:)(Br)(CI) (Py)] and how
many of these will exhibit optical isomerism?
Ans: Three isomers of[Pt(NH:)(Br)(Cl)(Py)] are possible.

L & [ ¢ P

ng'!jq'--kpt/’ E N!‘ls“\ o /BT NF}\‘ /..-'Cl
P ; ; PP
P}r ---------- :.::\ Br P}I. f«-”--:’-:-’-: rrrrr '.:::‘:" C] ‘Br.::::‘:- e --‘:‘:::‘. P;,,

These are obtained by keeping the position of one of the ligand, say NH3 fixed and
rotating the positions of others. This type of isomers do not show any optical
iIsomerism. Optical isomerism only rarely occurs in square planar or tetrahedral
complexes and that too when they contain unsymmetrical chelating ligand.

9.13. Aqueous copper sulphate solution (blue in colour) gives: (i) a green
precipitate with aqueous potassium fluoride and (ii)a bright green solution
with agueous potassium chloride. Explain these experimental results.

Ans: Aqueous CuSO0, solution exists as [Cu(H.0),]S0. which has blue colour due to
[Cu(H:0).]> ions.

(i) When KF is added, the weak H.0 ligands are replaced by F- ligands forming
[CUF,]> ions which is a green precipitate.

CUET
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[Cu(H,0),]*" +4F- — = [CuF,]*>  +4H,0

Tetrafluoridocuprate {11)
{Green ppt.)

(ilWhen KCl is added, CI- ligands replace the weak H.0 ligands forming
[CuCl.]> ion which has bright green colour.

[Cu(H,0),)* +4CF——  [CuCl, =+ 4H,0

Tetrachloridecuprate (1)
(Bright green solution )

9.14. What is the coordination entity formed when excess of agqueons KCN is
added to an aqueous solution of copper sulphate? Why is it that no precipitate
of copper sulphide is obtained when H.S (g) is passed through this solution?
Ans: First cupric cyanide is formed which decomposes to give cuprous cyanide
and cyanogen gas. Cuprous cyanide dissolves in excess of potassium cyanide to
form the complex, K;[Cu(CN).],

CuS0, + 2KCN—> Cu(CN), + K380, ] x 2
2Cu(CN), — Cu,(CN), + (CN),
Cu,(CN), + 6KCN —— 2K, [Cu(CN), ] _
2CuSO, + 10KCN —=> 2K, [Cu(CN), ]+ 2K,S0, + (CN),

Thus, coordination entity formed in the above reaction is [Cu(CN).]>. As CN-is a
strong ligand, the complex ion is highly stable and does not dissociate/ionize to
give Cuz ions. Hence, no precipitate,with H.S is formed.

9.15. Discuss the nature of bonding in the following coordination entities on
the basis of valence bond theory:

(i) [Fe(CN)]*

(ii) [FeFe]*

(ii1) [Co(C:0s)s]*

(iv) [CoFe]*
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Ans:
(i) [Fe(CN),]* is dsp® hybridised, octahedral in shape and diamagnetic in nature.

Fe (7 = 26) ground state {1h]1 111111
. 3d ds ip

R i O

d’sp’ hybrid orbitals [ [ ] D

d'sp’

Pairing of electrons takes place because of strong CN' ligand

Ny AL [ CIIE

six pair of electrons from CN”

(i) [FeF )" is sp*d® hybridised, octahedral in shape and paramagnetic in nature,

- 3d 45 dp 4d
Fe (Z = 26) ground state [11]1 11111 I
re’” ] O | |
wrdhybridobitals 111141111 [ |
spd”
As F~ ions are weak ligands, no pairing of electrons occurs
[FeF " ] ] ] [edx
L L J
six pair of electrons
fromF
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(i) [Co(C,0,),)* is d’sp® hybridised, octahedral in shape and diamagnetic in nature.
: f‘ofi.{fl?jgmundslate it 111l I:I:I:]
4s - ip

id

Co™ ] O O
d’sp’hybridorbiials  [LTATR] 1T ] [ [T
L i

d’sp?
Paring of electrons occurs due to strong CEQ,Z_ ligands

[Co(C,00, [T RI=]x]

Six pair of clectrons from C,0,%"

() [CoF - is sp’d® hybridised, octahedral in shape and paramagnetic in nature.
Co(Z=27) ground state : [ {4 [1]1]1] [:D:I
4y 4p

. 3d
Co™ | OO O CCIOCI T T T
N 3d ds 4p 4d
[Coly | | AT H G LT 1]
' spig? |

AsF ions are weak ligands, pairing of electrons does not take place.

9.16. Draw figure to show the splitting of d-orbitals in an octahedral crystal

field.
Ans:
R . dxl- }z,d':z
{eg. orbitals)
@ State 11
2 [ 11T K-=---=-=-=
Average energy
of d-orbitals in
State | herical crys i
| . ;:rﬂ erical crystal (1,,0rbitals)
J _ d. d_d
, - — Xy Vyr Mz
d-orbitals in

free 1on
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9.17. What is spectrochemical series? Explain the difference between a weak
field ligand and a strong field ligand.

Ans: The crystal field splitting, A,, depends upon the field produced by the ligand
and charge on the metal ion. Some ligands are able to produce strong fields in
which, the splitting will be large whereas others produce weak fields and
consequently result in small splitting of d-orbitals. In general, ligands can be
arranged in a series in the order of increasing field strength as given below :
F<Br <SCN-<Cl'<§<F <OH <G00, <

H,O <NCS <edta* <NH;<en <CN-<CO

9.18. What is crystal field splitting energy? How does the magnitude of

Ao decide the actual configuration of d-orbitals in a coordination entity?

Ans: When the ligands approach a transition metal ion, the d-orbitals split into two
sets, one with lower energy and the other with higher energy. The difference of
energy between the two sets of orbitals is called crystal field splitting energy

(A, for octahedral field). If A, < P (pairing energy), the fourth electron enters

one of the e°g, orbitals giving the configuration t3,e, thus forming high spin
complexes. Such ligands for which A, < P are called weak field ligands. If A, > P,
the fourth electron pairs up in one of the t,, orbitals giving the configuration

t4,e1, thereby forming low spin complexes. Such ligands for which A> P are called
strong field ligands.

9.19. [Cr(NH:)s]* is paramagnetic while [Ni(CN).]> is diamagnetic. Explain
why?
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Ans:
The presence of three unpaired electrons in [{’:31-{1%11»13}6]3'+ explains its paramagnetic character.

ce=win [N 0 C]

ground state 3d ds 4p

o OO OO0 OO

As NH, is a weak ligand does not lead to pairing of clectrons
(S TR S il ol il 3 Y I

d%sp® hybridisation

[Ni(CN),]*- is diamagnetic, since there is no unpaired electrons.

Ni (Z = 28) in ground state [ ] 1]1] T 1]
4p

id

- EEEAT O CTO
mieny, [ <] BN

dsp® hybridisation

Pairing of electrons occurs due to strong CN ligand

9.20. A solution of [Ni(H:0)s]* is green but a solution of [Ni(CN).]*is colourless.
Explain.

Ans: In [Ni(H,0)s]>, Ni is in + 2 oxidation state and having 3de electronic
configuration, in which there are two unpaired electrons which do not pair in the
presence of the weak H.0 ligand. Hence, it is coloured. The d-d transition absorbs
red light and the complementary light emitted is green.

In [Ni(CN).]> Ni is also in + 2 oxidation state and having 3ds electronic
configuration. But in presence of strong ligand CN- the two unpaired electrons in
the 3d orbitals pair up. Thus, there is no unpaired electron present. Hence, it is
colourless.

9.21. [Fe(CN)e]* and [Fe(H.O)s]* are of different colours in dilute solutions.
Why?

Ans: In both the complexes, Fe is in + 2 oxidation state with d6 configuration. This
means that it has four unpaired electrons.Both CN- ion and H,O molecules which
act as ligands occupy different relative positions in the spectrochemical series.
They differ in crystal field splitting energy (A,). Quite obviously, they absorb

Call Now For Live Training 93100-87900




radiations corresponding to different wavelengths/frequencies from the visible
region of light. (VIBGYOR) and the transmitted colours are also different. This
means that the complexes have different colours in solutions.

9.22. Discuss the nature of bonding in metal carbonyls.

Ans: In metal carbonyl, the metal carbon bond (M — C) possess both the 6 and 7 -
bond character. The bond are formed by overlap of atomic orbital of metal with
that of C-atom of carbon monoxide in following sequence:

(a)o -bond is first formed between metal and carbon when a vacant d-orbital of
metal atom overlaps with an orbital containing lone pair of electrons on C-atom of
carbon monoxide (: C = O:)

(b)In addition to o -bond in metal carbonyl, the electrons from filled d-orbitals of a
transition metal atom/ ion are back donated into anti bonding m-orbitals of carbon
monoxide. This stabilises the metal ligand bonding. The above two concepts are
shown in following figure:

o-overlap: Donation of lone pair of electrons on carbon into a vacant orbital on the metals.
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. u;cégrlap Donation of electrons from a filled metal d-orbital into a vacant antibonding n-orbital
of CO.

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

(l)Ks[CO(CzO4)3| (||) ClS-[CF(G“)zCIz]CI (|||) (NH4)2[COF4] (lV) [M n(Hzo)e]SO4
Ans: (i) Ki[Co(C.0.);] =>[CO(C.0.)]*. x + 3 (-2) = -3 . Oxidation state, x=+3
Coordination number is also 6 as C,0.> is didentate. Co+3 is a case in which all
electrons are paired

(ii) cis — [Cr(en)2CL,]+ CI-

X+0—2=+1

Oxidation state, X =+3

Coordination number is 6 as ‘en’ is didentate. Cr3* is a cfi case, paramagnetic.

(iii) (NH.,).JCOF,] = (NH.).»[COF,]>

X—4 =2,

Oxidation state, x = + 2
Coordination number=4.
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Co? is a d° case, paramagnetic
(iv)[Mn(H.0)s]*S0.>

x+0f+2

.». Oxidation state, x- + 2
Coordination number is 6.
Mn+ is a ds case, paramagnetic

9.24. 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:

(l) K[Cf(HzO)z(CzO4)z|'3H20
(i) [Co(NH:):CIICl;
(iii) CrCl:(Py)s

(iv)Cs[FeCls] (V)Ki{Mn(CN)s|

Ans: (i) K[Cr(H,0).(C,0.).]*H.0 IUPAC name is potassiumdiaquadioxalatochromate
(111) hydrate.

Coordination number = 6

Oxidation state of Cr: x + 0+ 2 (-2) = -1

Sox=+3

Shape is octahedral Electronic configuration of Crs+ = 3d3=t3,°, .

Magnetic moment,

u=n(n+2————— V=3x5———=15—BM

(i) [Co(NH)sCIICLIUPAC name is pentaamminechloridocobalt (111) chloride
Coordination number of Co = 6 Shape is octahedral.

Oxidation state of Co, x+0-1=+2 .. x=+3

Electronic configuration of Co® = 3de = t&,e°, n=0, n=0.

(iii) CrCls(Py)s. IUPAC name is
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trichloridotripyridine chromium (111).
Coordination number of Cr=6
Oxidation state of Cr, x—-3+0=0

x=3
Electronic configuration of Cr** =3 =1, €
Unpaired electrons (n) =3
u=3-87BM.

(iv) Cs[FeCl,] o
IUPAC name is
cesium tetrachloridoferrate (11I)
Coordination number of Fe is 4
Shape is tetrahedral

Oxidation number of Fe, x—-4=-1
—=x=+3 .

Electronic configuration of Fe3* = €
n=>5 '

u=5(+2) =35 =5-92 BM.
() K,Mn(CN)]

IUPAC name is

potassium hexacyanomanganate (1I)

Coordination number of Mn =6

Shape is octahedral

Oxidatian state of Mnisx—-6=-4

x=+2

Electronic configuration of

Mn?* =345 =18, Eg

n=1

u=J1(1+2) =3 =173 BM.
9.25. What is meant by stability of a coordination compound in solution? State
the factors which govern stability of complexes.
Ans: Formation of a complex in solution is an equilibrium reaction. It may be
represented as
M+4L=MLa4
The equilibrium constant of this reaction is the measure of stability of the complex.
Hence the equilibrium constant is also called as stability constant or Instability
constant may be defined as equilibrium constant for reverse reaction. The
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formation of above complex may also be written in successive steps:
M+L == ML
ML +L == ML,
ML, +L == ML,
ML, +L == ML,
Stability constant is written as
B=KiK,K:K..
Greater the stability constant, stronger is the metal-ligand bond.
The stability of complex will depend on
(a)nature of metal
(b)Oxidation state of metal
(c)Nature of ligand e g. chelating ligand form stabler complexes
(d)Greater the basic strength of the ligand, more will be the stability.
9.26. What is meant by the chelate effect? Give an example.
Ans: When a didentate or a polydentate ligand contains donor atoms positioned in
such a way that when they coordinate with the central metal ion, a five or a six
membered ring is formed, the effect is called chelate effect. For example,

Cl\ /HNJ— CH,
Pt
CI/ \E;—CHI

FaFaRkalks

or [PtCly(en)]

9.27. Discuss briefly giving an example in each case the role of coordination
compounds in :

(a) biological systems,

(b) analytical chemistry,

(c) medicinal chemistry, and

(d) extraction/metallurgy of metals.

Ans:

(i) Coordination compounds are of great importance in biological systems. The
pigment responsible for photosynthesis, chlorophyll, is a coordination compound
of magnesium. Haemoglobin, the red pigment 1 of blood which acts as oxygen
carrier is a coordination compound of iron. Vitamin B,,, cyanocobalamine, the anti-
pernicious anaemia factor, is a coordination compound of cobalt. Among the other
compounds of biological importance with coordinated metal ions are the enzymes
like, carboxypeptidase A and carbonic anhydrase (catalysts of biological systems).
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(i1) There is growing Interest in the use of chelate therapy in medicinal chemistry.

An example is the treatment of problems caused by the presence of metals in toxic
proportions in plant/animal systems. Thus, excess of copper and iron are removed

by the chelating ligands D-penicillamine and desferrioxime B via the formation of
coordination compounds.

EDTA is used in the treatment of lead poisoning. Some coordination compounds of
platinum effectively inhibit the growth of tumours. Examples are: ds-platin and
related compounds.

(iif) Coordination compounds find use in many qualitative and quantitative
chemical analysis. The familiar colour reactions given by metal ions with a number
of ligands (especially chelating ligands), as a result of formation of coordination
entities, form the basis for their detection and estimation by classical and
instrumental methods of analysis. Examples of such reagents include EDTA, DMG
(dimethylglyoxime), a-nitroso- 3-naphthol, cupron, etc.

(iv) Some important extraction processes of metals, like those of silver and gold,
make use of complex formation. Gold, for example, combines with cyanide in the
presence of oxygen and water to form the coordination entity [Au(CN)2]- in
aqueous solution. Gold can be separated in metallic form from this solution by the
addition of zinc.

9.28. How many ions are produced from the complex Co(NHs)sCl. in solution?
()6

(ii) 4

(iii)3

(iv)2

Ans: Coordination number of cobalt = 6

Hence, the complex is [Co (NH:)s] Cl.. It ionizes in the solution as follows :

[Co(NH,),ICl, 20 ., [Co (NH,),J>* +2CF
Thus, three ions are produced. Hence, the correct option is (iii)

9.29. Amongst the following ions? Which one has the highest magnetic
moment value:
() [Cr(HO)s]*
(i) [Fe(H0)s] (iii) [Zn(H0)s]*
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Ans: The oxidation states are: Cr (111), Fe (1) and Zn (11).
Electronic configuration of Crs+ = 3ds3, unpaired electron = 3
Electronic configuration of Fez = 3ds, unpaired electron = 4
Electronic configuration ofZnz = 3dw, unpaired electrons = 0
u=n(n+2) \
where V is number of unpaiared electrons Hence, (ii) has highest value of
magnetic moment.
9.30. The oxidation number of cobalt in K[Co(CO).] is
(i)+1
(i)+3
(iii)-1
(iv)-3
Ans:

K[Co(CO),]=K*[Co(CO),I

Tox+0 =—] |

x =—1

Hence, (iii) is the correct option.

9.31. Amongst the following, the most stable complex is:

() [Fe(H:0)s] (i1) [Fe(NH:)s]**

(ii1) [Fe(C.0x)s)* (iv) [FeCls]*

Ans: In each of the given complex, Fe is in + 3 oxidation state. As C,0.2is
didentate chelating ligand, it forms chelate rings and hence (iii) out of complexes
given above is the most stable complex.

9.32. What will be the correct order for the wavelengths of absorption in the
visible region for the following:[Ni(NO:)s]*, [Ni(NH:)s]?, [Ni(H.0):]*?

Ans: As metal ion is fixed, the increasing field strengths, i.e., the CFSE values of
the ligands from the spectro-chemical series are in the order: H.0<NH:< NO;;
Thus, the energies absorbed for excitation will be in the order:

[Ni(H0)¢P** < [Ni(NH,)]* < [Ni(NO,),]*
he
As E= 3 the wavelengths absorbed will be in

the opposite order.
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