Coordination Compounds

5.1 Werner's Theory of

Coordination Compounds

MCQ

S

Assertion : [Co{NH,)cSO,ICI gives a white precipitate

with silver nitrate solution.

Reason : The complex dissociates to give CI~ and

SO2" ions.

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

Assertion (A).

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

Assertion (A).
(c) Assertion (A)is true, but Reason (R) is false.
(d) Assertion (A)is false, but Reason (R) is true.

The structural formula of the compound is
(a) [Cr(H,0)CIICI,H,0 (b) [Cr{H,0),Cl,]-3H,0

(1mark)
&%

of the complex.

double salt?

of the complex.

5.2 Definition of Some Important Terms

Pertaining to
Coordination Compounds

MCQ

6.

7.

8.

L

The oxidation number of Co in [Co(en),] ,(SO,), is
@) +2 (b) +3 (c) +4 (d) +6

(2021C) (Ap) :
Which of the following ligands form a ‘chelate’ :

complex with metal ion ?

(a) H,O (b) CN- () C,07 (d) CI
(2021C)

The coordination number of Cr in [CrClz(ox)zl"‘ is

(@ 6 (b) 5 (c) 4 (d) 3

(2021C) :
The coordination number of ‘Co’ in the complex

[Colen),]** is

(2023)

One mole of CrCl;6H,0 compound reacts with 12

excess AgNO, solution to yield two moles of AgCl,,,.

L 10.

(1mark)

(©) [CrH,0),CLICI2H,0 (d) [Cr(H,0),Cly] (2020) ©

When a coordination compound CrCly6H,0 is & 13.
mixed with AgNO,, 2 moles of AgCl are precipitated :
per mole of the compound. Write structural formula :
(A1 2019, 1/2, Delhi 2016) :
What is the difference between a complex and__a
(A12019)(R) : 5.3 Nomenclature of Coordination
When a coordination compound CoCl;6NH, is :
mixed with AgNO,, 3 moles of AgCl are precipitated :
per mole of the compound. Write structural formula
(1/2,A1 2016) :

14,
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@ 3 (b) & () 4 (d) 5

(2020) (R )

Assertion (A) : [Pt{en),Cl,]** complex is less stable
than [Pt(NH,),Cl,]** complex.

Reason (R) : [Pt(en)2C|2]2' complex shows chelate

effect.

(a) Both Assertion (A) and Reason (R) are correct

statements, and Reason (R) is the correct

explanation of the Assertion (A).

Both Assertion (A) and Reason (R) are correct

statements, but Reason (R) is not the correct

explanation of the Assertion (A).

Assertion (A) is correct, but Reason (R) is

incorrect statement.

(d) Assertion (A) is incorrect, but Reason (R) is
correct statement. (2020)

The oxidation state of Ni in [Ni(CO),] is
(a) O (b) 2
c) 3 (d) 4

{b)

(c)

(2020)(An)

Amongst [Fe(C,0,),1* and [Fe(NH,) ], which is
more stable and why? (2019C)

Write the coordination number and oxidation state
of platinum in the complex [Pt(en),Cl,]. (2018)

Which of the following is more stable complex and
why?

[Co(NH,),]** and [Colen),]** (Delhi 2014)

Compounds
MCQ
: 15. The formula of the coordination compound
; tetraamminechloridonitrito-N-cobalt(l11) chloride is :

(a) [Co(NH,),CIHONO)ICI,

(b) [Co(NH,),CI(NO,)ICI
: (€) [Co(NH3),CIINO,)ICI
(d) [Co(NH3)4(NO,)ICl4 (2021C)
I (1 mark
| 146. Write the formula of the following coordination

compound :

Iron(11l) hexacyanidoferrate(ll) (1/3, 2018)
| 17. Write the IUPAC name of the following complex :
[CriNH,)4Cl,). (1/3, Delhi 2017)
i 18. Write the IUPAC name of the following complex:
[Co(NH4)5(CO)ICI. (1/3, Delhi 2017)
{19, When a coordination compound CrCly-6H,0 is

mixed with AgNO4, 2 moles of AgCl are precipitated
per mole of the compound. Write IUPAC name of the
complex. (1/2, Delhi 2016) [A;_;]
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(2 marks)

20. Give the formulae of the following compounds :
(a) Potassium tetrahydroxidozincate(ll)

(b) Hexaammineplatinum(lV) chloride (2020) prj
21. Using IUPAC norms write the formulae for the !

. 54

following :
(i) Pentaamminenitrito-O=cobalt(ll) chloride
(ii) Potassium tetracyanidonickelate(ll)

(NCERT, Delhi 2019)
22, Using IUPAC norms write the formulae for the

following :

(a) Sodium dicyanidoaurate(l)

(b) Tetraamminechloridonitrito-N-platinum({IV)
sulphate

following :
(a) Trislethane-1,2 diamine)chromium(lll) chloride
(b) Potassium tetrahydroxozincate(ll)

following :
(a) Potassium trioxalatoaluminate(lll)
(b) Dichloridobis{iethane-1,2-diamine)cobalt(ll1)

(A12017)(Ap)

25. (i) Write down the IUPAC name of the following 34. Assertion (A)

complex:
[Cr(NH,),Cl,(en)]Cl (en = ethylenediamine)
(ii) Write the formula for the following complex :

Pentaamminenitrito-O-cobalt (I1). (Delhi 2015)
26. Using IUPAC norms write the formulae for the :

following coordination compounds :
(i) Hexaamminecobalt(ll) chloride
(ii) Potassium tetrachloridonickelate(ll)

complex : [Cr(en),]Cl,.

(if) Write the formula for the following complex

Potassium trioxalatochromate(lll).

(Foreign 2015) |
(3 marks)
28, (i) Write the IUPAC name of the following complex :
[Co(NH,),(H,0)CIICL,

ligand and a Bidentate ligand ?

(ii) Out of [Fe(NH,),]* and [Fe(C,0,),J% which |

complex is more stable and why?

29. Write the IUPAC name of the following :
(i) [ColNH,)ICI, i) [NiCI,.F“
(i) K;[FelCN),]

following complexes :
(i) [Co(NH4)sCIICI,
(i) [NICI,J*

(ii) KylFe(CN)]

each of the following complex entities ;

Get More Learning Materials Here: i m

(A12017) |
23. Using IUPAC norms write the formulae for the

(A12017) ; _
24, Using IUPAC norms write the formulae for the 33. The pair [Co(NH)C1,]Br, and [Co(NH) Br,]Cl, will

(A1 2015)
27. (i) Write down the IUPAC name of the following !

(Term I, 2021-22) (1] |

(A1 2015) iy |
30. Write down the IUPAC name for each of the |

coo\ I
(i) [Co(l )] (ii) [Cr(CO)]
COO0/;

(iii) [PLCl(C,H )1

(At.nos.Cr =25,Co=27,Pt=78) (Al 2014C) (Tr)
Isomerism in Coordination
Compounds

Structural Isomerism

MCQ

32. The compounds [Co(SO,)(NH,)s]Br and

[Co(Br)(NH,)(]SO, represent
(a) optical isomerism

(b) linkage isomerism

(c) ionisation isomerism

{d) coordination isomerism. {2023}

show

(a) linkage isomerism
(b) hydrate isomerism
(c) ionization isomerism
(d) coordinate isomerism

(2020) (1}

Linkage isomerism arises in
coordination compounds because of ambidentate
ligand.

Reason (R) : Ambidentate ligand like NO, has two

different donor atoms i.e., N and O.

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

(b) Both Assertion (A) and Reason (R) are correct
statements, but Reason (R) is not the correct
explanation of the Assertion (A),

() Assertion (A) is correct, but Reason (R) is

incorrect statement.
(d) Assertion (A) is incorrect, but Reason (R) is
i correct statement. {2020)
(1 mark)

(ii} What is the difference between an Ambidentate 35.. What type of isomerism is shown by the complex

[ColNH,) NO,CI,? (2020)
36, What type of isomerism is exhibited by the complex
[ColNH4)5CI50,? (1/3,2018)
OR
What type of Isomerism is exhibited by the following
complex : [Co(NH,)s50,]CI {(Foreign 2014)
37. What type of isomerism is shown by the complex
[ColNH,) JICFICN],I?
(1/3, Delhi 2017, Foreign 2014)

38, What type of isomerism is shown by the complex
(Delhi 2014C) (U] |
31. Write the IUPAC name and draw the structure of |

[ColNH,)(SCN)**? {1/3,A1 2017)

39. What type of isomerism is exhibited by the complex
[Cﬂ{NHE}ENI‘JI]’ *t (Foreign 2014)
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(2 marks)

40. (a) Which of the following species cannot act as a

ligand? Give reason.
OH"~, NHg, CH;NH,, H,0

(b) The complex [Co(NH,)s(NO,)ICL, is red in colour.
Give IUPAC name of its linkage isomer.

Stereoisomerism

(1 mark)

[Colen),ICI;?
OR

What type of isomerism is exhibited by the complex | 55. Predict the number of unpaired electrons in the

[Colen),]**? (en = ethane-1,2-diamine) (1/3, Al 2014)

43. Draw one of the geometrical isomers of the complex 56. Write the hybridisation and magnetic character of

[Pt{en),C1,]** which is optically active.

44. Draw one of the geometrical isomers of the complex
[Pt(en),C1,]** which is optically inactive.
45. Draw the geometrical

[PHNH,),CL,). (1/3, Delhi 2015)

this complex? (A12015) |
47. Draw the geometrical isomers of complex
[Pt{en),C1, 12" (1/3, Foreign 2015)(Ci) |
IETY (2 marks) |

48. Write IUPAC name of the complex [Pt{en),Cl,]. :

Draw structures of geometrical isomers for this !
(2019)
49. Write IUPAC name of the complex [Cr(NH,),Cl,]". |

Draw structures of geometrical isomers for this !
(Delhi 2019) ;
i 61 Outof [CoF,J* and [Colen),]*, which one complex is

complex.

complesx.

(3 marks)

50. Indicate the types of isomerism exhibited by the

following complexes :

(il [ColNH,) EI:NGEII]E*
(i) [Colen)4]Cl, (en = ethylene diamine)
(iii) [Pt{NHJ),CL]

51. Write the IUPAC name of the complex |
[CriNH,4),Cl,)". What type of isomerism does it |
exhibit? (Delhi 2014) |

52, Draw the structures of aptical isomers of each of the

fallowing complex ions :
[Cr{CED_ﬁ}F'. [FlCIz![enle*. [Cr{NH,),Cl (en)]*

(Delhi 2014C) |

Get More Learning Materials Here: & m

i 53. The magnetic moment of [NiClJ* is
(2023) |

I (1 mard

41. What type of isomerism is shown by the complex 54. Write the IUPAC name and hybridisation of the

[Colen),Cl,]*? Name the structure of an isomer of
this complex which is optically active. (1/2, 2020) (Kﬂ

42. What type of isomerism is shown by the complex
(NCERT Intext, 1/3, Delhi 2017)

(1/3, Delhi 2016) |

63 For the

: 5.5 Bonding in Coordination

Compounds

Valence Bond Theory

(a) 1.82BM.
(c) 4.42 BM.
[Atomic number : Ni = 28]

(b) 2.82B.M.
(d) 5.46BM.
{2023)

complex, [CoF ;*~.

(Given : Atomic number of Co = 27)
OR

Write the hybridisation and number of unpaired

electrons in the complex [C0F6]3“. (Atomic no. of

Co=27) (1/3, 2018)

(1/2, 2020)

square planar [PH(CN) 2" ion. (2019C) (A

[Co(C,0,),1*.

(At. no. of Co = 27) (1/3, Delhi 2017)

| 57. Why is [NiCIJ® paramagnetic but [Ni(CO),] is
(A12016) :
isomers of complex
- X (2 marks)
46. Write down the IUPAC name of the complex i 58. (i) Write the IUPAC name of [Mn(H,0),1SO,.
(Pt{en),Cl,]**. What type of isomerism is shown by :

diamagnetic? (At.no.: Cr = 24, Co = 27, Ni = 28)
(NCERT Intext, 1/3, Al 2014)

(i) Why is [Fe(CN),]*" diamagnetic while [FeF ]*- is
paramagnetic ? [At. No. Fe= 26] (2021C)
59. Write IUPAC name and hybridization of the
following complexes :
(i) [NI(CO),]
(ii} [CnFﬁ]E‘
(Atomic number Ni = 28, Co=27) {2020) ['ﬁj]
&0, {a) Write the IUPAC name and hybridisation of the
complex [FE{CHL&]E‘.
(Given : Atomic number of Fe = 26)
(b} What is the difference between an ambidentate
ligand and a chelating ligand ? {2020) [,ﬂ._ﬂ

(i) paramagnetic (ii) more stable
{iii) inner orbital complex and
{iv) high spin complex

{Atomic no. of Co = 27) (201%)

62. Out of [CoFJ* and [ColC,0,).%, which one
(Delhi 2015C) (U] |

complex is

(i) diamagnetic

(i) more stable

{iii) outer orbital complex and

{iv} low spin complex ?

{Atomic no. of Co = 27) (Delhi 2019)
complex [Fe(H,0),]*, write the
hybridization, magnetic character and spin of the
complex. (At. number Fe = 24) (2/3.A1 2018)
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64.

65.

66.

67.

Write the hybridization and shape of the following :

complexes:
(i) [CoFg*
(ii) [NI(CN),J*

(Atomic number : Co = 27, Ni = 28) (A1 2015) ©
Write the state of hybridization, shape and IUPAC :
name of the complex [C0F6]3‘. (Atomic no. of :
Co=27) {Foreign 2014) :
Write the state of hybridization, shape and IUPAC :
name of the complex [Ni(CN),,]z'. (Atomic no. of @ |
Ni = 28) (Foreign 2014) :

Write the state of hybridization, shape and IUPAC

name of the complex [Co(NH3)6]3". (Atomic no. of

Co=27) (Foreign 2014) :

(3 marks)

68.

69.

70.

71

72.

(a) On the basis of crystal field theory, write the
electronic configuration for d* with a strong :

field ligand for which A > P.

(b) A solution of [Ni(H,0),]?" is green but a solution

of [Ni(CO),] is colourless. Explain.

[Atomic number : Ni = 28] (2023)
(a) Write the hybridisation, shape and magnetic

character of [CoF J*.
[Atomic number of Co = 27]

(b) Write the formula of pentaamminechlorido-
cobalt(lll) chloride. (Term Il, 2021-22) (Ev)
(i) Calculate the spin only magnetic moment of the !

complex [FeF ,]*. (Atomic number of Fe = 26)
(i) Write the IUPAC name of the given complex :
[Co(NH,)CIIC1,

(ili) Why is the complex [Co{en),]** more stable than
[CoF 32 (Term Il, 2021-22) (Ev) :
(a) Using wvalence bond theory, predict the

hybridization and magnetic character of the | /® Why a solution of [Ni(H,0),J*" is green while a

complex : [Ni(CO),] (Atomic number : Ni = 28)
(b) Write IUPAC name of [Pt{NH.),CI(NO,)].
() Why [Colen),]** is a more stable complex than

Write the hybridisation and magnetic character of

the following complexes:
(i) [Fe(H,0)J*
(ii) [NI(CN),J*

[Atomic number : Fe = 26, Ni = 28] (A1 2019)

(5 marks)

The following questions are case-based questions. Read the

case carefully and answer the questions that follow.

73.

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.

(i) If PtCl,.2NH, does not react with AgNO,, what
will be its formula?

(ii) What is the secondary valency of [Co(en)3]3*?

(iii) (1) Write the formula of
Iron{lIl)hexacyanidoferrate(ll)
(2) Write the IUPAC name of [Co(NH,);CIICl,.

OR

(iii) Write the hybridization and magnetic behaviour

of [Ni(CN),,]2'. {2023)

Crystal Field Theory

MCQ

i 74. Assertion (A) : Low spin tetrahedral complexes are

i rarely observed.

Reason (R) : Crystal field splitting energy is less than

pairing energy for tetrahedral complexes.

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

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

(c) Assertion (A) is correct, but Reason (R) is wrong

statement.
(d) Assertion (A) is wrong, but Reason (R) is correct
statement. (2023,2020)(R)

i 75. The crystal field splitting energy for octahedral (A )
and tetrahedral (A) complexes is related as

@ ac=2a, (b) A,=§Ao
© A=5a, ) =24,  (2020)
- IEM (1 mark)

solution of [Ni(CN),}*~ is colourless?
(At.no.of Ni=28)  (NCERT, 1/3, Delhi 2017) (Ev)

XM 2 marks)

[Co(NH,) J** ? (Term I, 2021-22) (Ey)

: 77. (a) Whyis [NiCI4]2‘ paramagnetic while [Ni(CN),]z'
is diamagnetic?
(Atomic number of Ni = 28)
(b) Why are low spin tetrahedral complexes rarely
observed? (2/3, Al 2017) (An)
: 78. (i) On the basis of crystal field theory, write the
i electronic configuration of d* ion if A, < P.
(i) Write the hybridization and magnetic behaviour

of the complex [Ni(CO),J.
‘ (At. no. of Ni = 28) (2/3, Delhi 2015) (An)
(3marks)

79. (i) On the basis of crystal field theory, write the
electronic configuration for d* ion if A, < P.

(ii) Using valence bond theory, predict the

hybridization and magnetic character of

[NI(CN),J%~ (Atomic number of Ni = 28)
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(iii) Write the formula of the following complex

using IUPAC norms : Dichloridobis (ethane-1,2- :
(Term Il 2021-22)

Write the electronic configuration of d* on the

diamine) cobalt (l11)

80. (i)
basis of crystal field splitting theory, if A < P.

support the statement.
[Atomic number : Ni = 28]

solution from the following complex :
[PtCI,(NH,),ICI,
81 (a)
K4ICr(C,0,)5]
(b) On the basis of crystal field theory, write the
electronic configuration of d° ion if A, < P.
(c) What are ambidentate ligands?

82. (i)
complex : K,[PdCl,]

(i) Using crystal field theory, write the electronic

configuration of d® ion, if A, > P.
(ili) What are homoleptic complexes ?

complexes with unidentate ligands?

(i) What is "spectrochemical series"? What is the |
difference between a weak field ligand and a !
(Term Il, 2021-22) :

strong field ligand ?

(i) [NI(CN)J> with square-planar structure is © 85. Define the following:

diamagnetic and [NiCl,J*~ with tetrahedral :
geometry is paramagnetic. Give reason to

(Term II, 2021-22) |
Write the IUPAC name of the following '

(Term Il, 2021-22) |
83. (i) Why chelate complexes are more stable than

84. (a) Give the IUPAC name and electronic configuration
of central metal atom in terms of tog and e, of

K4 Mn(CN),].
(b) What is meant by ‘Chelate effect’ ? Give an

example. (2020) @

(a) Ambidentate ligands
(b) Spectrochemical series

(c) Heteroleptic complexes (2019C)

5.6 Bondingin Metal Carbonyls
(ili) Write the number of ions produced in the :

M (1mark
(Term 11, 2021-22) (Ap) 86. Out of NH; and CO, which ligand forms a more

Write the IUPAC name of the following complex :

stable complex with a transition metal and why?
(1/3, Al 2015) (11|

5.7 Importance and Applications of

Coordination Compounds
MCQ

7. Assertion (A) : EDTA is used to determine hardness
of water.

Reason (R) : EDTA is a bidentate ligand.

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

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

(¢) Assertion (A) is true, but Reason (R) is false.

(d) Assertion (A) is false, but Reason (R) is true.

(2023)

5.1 Werner's Theory of
Coordination Compounds

MCQ

molecule of Fe50 . (NH,),50,.6H.0 in water is
(a) 3 (b) 4
(c) 5 (d) &

5.2 Definition of Some Important Terms

Pertaining to
Coordination Compounds

2. Ambidentate ligands like NO; and SCN" are
(a) unidentate
(b) didentate

(c) polydentate
{d) has variable denticity.

Get More Learning Materials Here: & m

|

1. The number of jons formed on dissolving one 3. The formula of the coordination compound

(2022-23)

(2020-21)(R) |

5.3 Nomenclature of Coordination
Compounds

tetraammineaquachloridocobalt{lll) chloride is
(a) [ColNH,),H,O)CIICI,
(b) [ColNH,),H,O)CIICI,
(c) [ColNH,),(H,0)CIICI,

(d) [ColNH,),(H,0)CICI (2020-21)

5.4 Isomerism in Coordination

Compounds

XM 2 mari)

4. The formula Co(NH,);CO,Cl could represent a

carbonate or a chloride. Write the structures and
names of possible isomers, (2022-23)
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5.5 Bonding in Coordination Compounds

MCQ
5. The CFSE of [CoCLJ?

[CoCl,]” will be
{a) 18000 cm™! (b) 8000 cm™
(c) 2000cm™? {d) 16000 cm™t

(2 marks)

6. (i} WUsing Crystal

Field Theory,

behaviour : [Fe(H,0),}**

(i) Write the IUPAC name of the coordination

complex : [CaCl,(en),INO,

OR
(i)} Predict the geometry of [Ni{CN) 4]1'.

{ii) Calculate the spin only magnetic moment of
(2020-21) §

Detailed gleR8aje /M

t 7. € 'E.‘rf‘ is a chelating ligand, it forms a chelate
¢ complex with metal ion.

8. [(a): The coordination number of Cr in [CrCl,fox),]*
: is 6 as Cl is monodentate ligand and oxalate is bidentate
¢ ligand.

= I - D T 2 PO |
Only CI ion gets ionise, SO will not ionise since itis | " ). eynana 1, 2.diamine (en) is a bidentate ligand.

[CulNH,) J2* ien

B\ Previous Years' CBSE Board Questions

1 (€):[Co(NH,)SO,ICI —2&%01, agci|
{white ppt}

present inside coordination sphere.

2. la):For one mole of the compound, two moles of
AgCl are precipitated which indicates two ionisable :

ghonce: 100k IR the: caropie Tienc; 1is sl © 10. [d): Formation of chelate rings increases the stability

: of the complex.
3. For one mole of the compound, two moles of AgCl
are precipitated which indicates two ionisable chloride | or The oxidation state of Ni in Ni(CO), is calculated as
ions in the complex. Hence, its structural formula is : fq)1ows :
 x+4(0)=0,x=0

i 12, [Fe(C,0,),* is more stable than [Fe(NH,),** due to
: chelate effect, as it forms rings.

i 13. Coordination number and oxidation state of Pt in

: the complex [Pt(en),Cl,] are 6 and +2 because en is a
: bidentate and neutral ligand.

i 14. [Colen).]?
. due to chelate effect as it forms rings.
- 15 (o) [CO(NH:,)‘CI(NOZ)]C'

4. Double salts dissociate into ions completely when - Tetraamminechloridonitrito-N-cobalt(l11) chloride

dissolved in water. On the other hand, in complexes, the =, Fe, [Fe(CN)J,

17. IUPAC name of the complex [Cr(NH,),Cly] is
triamminetrichloridochromium(l11).

i 18 Pentaamminecarbonatocobalt(lll) chloride

¢ 19. IUPAC name of the complex

: For one mole of the compound, two moles of AgCl are

. precipitated which indicates two ionisable chloride
i jons in the complex. Hence, its structural formula is

formula is [CrCI(H,0),]Cl,-H,0

[CrCI(H,0)ICl, H,0

Commonly Made Mistake Q

= Student must know the difference between primary
and secondary valency.

= Primary valency - Normally ionisable and are satisfied
by negative ions.

= Secondary valency - Non-ionisable and are satisfied by
neutral molecules or negative ions.

complex ion does not dissociate.
5. Structural formula : [Co(NH,)ICl,

6. (b):[Colen);],(SO,)4

Let oxidation number of Co be x.
2(+x+ 3(0)) = +6
2x = +6
Xx=+3

- js 18000 cm™%, the CFSE for |

write theg
electronic configuration of iron ion in the :
following complex ion. Also predict its magnetic :

e @)

. BIEXIM (3 marks)

i 7. Using Valence bond theory, explain the following in

relation to the paramagnetic complex [Mn(C N}b]a‘

(a) typeof hybridisation

(b) magnetic moment value

{c) type of complex = inner, outer orbital complex
(2022-23)

(2022-23) 8. Answer the following questions :

{a) [Ni{HED}ﬁ]ﬁ;ﬂ is in colour whereas

[Ni!HzE‘.l}ﬂ{ezr'ln'}]f‘;mI is blue in colour, give reason in

green

support of your answer.

(b} Write the formula and hybridisation of the
following compound :
trisiethane-1,2-diamine)cobalt(111) sulphate Iil

OR

In a coordination entity, the electronic configuration

of the central metal ion is 2 ¢

{a) Is the coordination compound a high spin or low
spin complex?

(b) Draw the crystal field splitting diagram for the
above complex. {Term i, 2021-22)

Key Points
= The secondary valency is equal to the coordination number.

11. (a):As CO is a neutral ligand, its oxidation state is

* is more stable complex than [Co{NH.,),]**
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[CrCI(H,0).JCl,H,0 t 23 (a) [Crlen),]Cl,

[CrCi{H,0)5]Cl;-H,O s = _ Trislethane-1,2-diamine)chromium(ill) chloride
Pentaaguachloridochromium(lll) chloride. © (b) K,[Znl{OH),]

20. (a) K, [Zn{OH),] Potassium tetrahydroxidozincate(ll)
Potassium tetrahydroxidozincate(ll) P24, (a) KL[ANC,0,),]

(b) [H{NHE'}E']C':‘ ; Potassium trioxalatoaluminate(lll}
Hexaammineplatinum(IV) chloride ' (b) [CoClyfen),]*

Key Points () . Dichloridobis{ethane-1,2-diamine)cobalt(1ll) ion
= If the complex provides anionic complex jon thenthe : 25, (i) Diamminedichlorido(ethane-1,2-diamine)
name of the metal ends with the suffix ate. i chromium(lll) chloride.
P i) [ColNH.).(ONO)*
21 (i) [Co(NH,);(ONO)]CI, (i) K,[NI(CN),] (i) [‘ of CaliﬂH (:IZ]I
22. (3) NalAu(CN),] 36 ). [CoiNHIC]

Sodium dicyanidoaurate(l) (i) Ky[NiCl,]
(b) [Pt{NH,),(CHNO,)ISO, i 270 i) Trislethylenediammine)chromiumilll) chloride

Tetraamminechloridonitrito-M=-platinum{lV) sulphate {ii) K4{Criox),]

28,

i) Ao ambidedtat, ligosd—Fas 2 ligdi ikt wShach,
oL 0 m\};m_mm A funlnat  ulad alem
Eqt  Nop  Wditey SN (deocganali)

g

—n{_ . =o=n=0 T T m— . wEm—

MRWM&JMLM alens
;'3:

sreodats And ethars LT diaming
@Loq) 2 ?00'——1 Had-=THy - O, N
(00" ' .

fan) ammania 4 o dhvg ; e
aut 8 Fe(age]™  and [r't((-to")a]i5 ;U"‘“m*)af A
e Alokl  Jbeowmst  oxolake s T e buden

and u\w.bw a M‘% o R
the aunidendated  comjtua o Chusnliie
f(Fe@on) [ > (Fe o] in okt

[Topper's Answer, 2022]

29. (i) Hexaamminecobalt{l!l) chloride i 30, (i) Pentaamminechloridocobalt(lll) chloride
(i) Tetrachloridonickelate(ll) ion (i) Potassium hexacyanidoferrate(lll)
(iii) Potassium hexacyanidoferrate(lll) (ili) Tetrachloridonickelate(ll) ion

Get More Learning Materials Here : & m @& www.studentbro.in



31. (i) Trioxalatocobaltate(lll)

il

ox: Co :

(ii) Hexacarbonylchromium(0)
CcO co
N (!: v
AN
oc” | “co
coO
(iii) Trichloridoetheneplatinate(ll) ion

H H |'
\ & __“\\\ ‘\\\\c|
|| — Pt—clI
C
HY "4 él

32, lc): Compounds, which give different ions in solution
due to the exchange of ions in coordination sphere and :

counter ions are called ionisation isomers.

Therefore, [Co(Br){(NH,):]SO, and [Co{SO)(NH,).]Br are
i 44. Trans-isomer is optically inactive due to the presence
33. (c): The pair [Co(NH,),Cl,]Br, and [Co(NH,),Br,]Cl, :

ionisation isomers.

will show ionisation isomerism.
34. (a)

35. Linkage isomerism is shown by the given complex
as NO, is an ambidentate ligand. The resultant linkage :
isomers are [Co(NH,)(NO,)ICl, and [Co(NH,)(ONO)ICI,.

lonisation isomerism is also shown by the given complex :
Y g ol 45. Geometrical isomers

as [Co(NH,)¢(NO,)ICl, and [Co(NH,)CIINO,CI
36, lonisation isomerism : [Co{NH3)sCl]SO, and
[Co(NH3)sSO4ICI

37. Coordination isomerism

38. The complex [Co(NH,)4(SCN)P** shows linkage%

isomerism as SCN- is an ambidentate ligand.

39. Linkage isomerism : [Co(NH,)sNO,J** and
[CO(ONO)(NH:,)SF'

Concept Applied @

2 Linkage isomerism arises in a coordination compound
containing ambidentate ligand.

40. (a) An atom, molecule or ion which is linked to
central metal atom or ion through coordinate bond by :
donating lone pair of electrons present on its donor atom :

is known as ligand.

Here, NH, cannot act as a ligand since there is no lone

pair of electrons on its donor atom,
(b) Linkage isomer of
[Co(NH,)s(ONO)ICI,

IUPAC name : Pentaamminenitrito-O-cobalt(l11) chloride.
Dichloridobis(ethane-1,2-diamine) :

41, [CoCly(en),]*
cobalt(ll) ion
This complex exhibit both optical and geometrical
isomerism and cis isomer is optically active.

Get More Learning Materials Here: 1 m

[Co(NH,)4(NO,)ICI, s

47. This complex shows geometrical
: isomerism. Geometrical isomers are cis-trans isomers.

a I

en Clj‘ . en |
o ST N

N TN Co 7
& () o

trans-form ; P
cis-form exists in
two enantiomeric forms
{dand])
42. The complex, [Co(en),]Cl,; shows optical isomerism.
: en g n 13"
1 A e
o_ en en "Cao
s Lol
en en
dextro Mirror laevo
43. Cis-isomer of the complex [Pt(en)2CI2]2' is optically
active.
oy
G Cl
en/’\Pt/.i

of plane of symmetry.
Cl —Iz'

Cl

C'-\/NH;,
PP
cn/----x-'NH3

cis-Diamminedichlorido
platinum(ll)

Cl\/NH3
. &
NN

trans-Diamminedichlorido
platinum(ll)

- 46. IUPAC name - Dichloridobis(ethane-1,2-diamine)
. platinum(lV) ion. This complex shows geometrical and
optical isomerism,

a * c{:u il ik
-------- rgo==1====5Cl
9"/15\ Pt/;\en e{;\Pt '
(of €
trans cis
Cis-isomer is optically active.
Cl 2+ Cl 2+

B
-~
o
=1

() )
| en
Mirror laevo

and optical
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gk : A .Cl
TSR 1597
Cl en
trans cls

48. [Pt(en),Cl,]
Dichloridodiethylenediamine platinum(ll)
Geometrical isomers of [Pt(en),Cl,] are

2

_'

SN

ko

en ""t\7

Cl
cis-form trans-form

49. Tetraamminedichloridochromium(llt) ion
Geometrical isomers of [Cr{NH,),Cl,]";

S | cl —*
HsN\i/Cl H3NQI-7NH3

H3N’ H N/|\‘ NH,
NH, Cl
cs-Tetraamminedichlorido trans-Tetraamminedichlorido
chromium(lll) ion chromium(1H) ion
50. (i) Linkage isomerism : [Co(NH,);NO,}** and
[Co(NHa)S(ONO)lz"
(i) Optical isomerism : [Colen),]Cl,
en'l 13 I‘en 5 g
KCo/gn er{\Co
en en
dextro Mirror laevo
(iii) Geometrical isomerism : [Pt(NH,),Cl,]
& PP NH Clisuasiass -NH,
::\Pt/: . .':\pt/':
Cl%--x‘NHg HaN%“NCI
cis-Diamminedichlorido trans-Diamminedichlorido
platinum (1) platinum (I1)

51. Tetraamminedichloridochromium(lll) ion
[Cr(NH3)‘Cl2]’ shows geometrical isomerism.

gl i cl -
SNY{'VC' H3N:‘{'7NH3
\ =
3N ..... } NH, HSNA'|‘\"‘NH3
NH; Cl
cis-Tetraamminedichlorido trans-Tetraamminedichlorido
chromium(iil) ion chromium(lll) ion

Get More Learning Materials Here: 1

. . o B o
52 [Cr(C,0)1% : (\{,) l/\

B Key Points @

Co in [CoF J3:

i No.of unpaired electrons = 4

sorre €3

- —1 >

L\ é r\jx

(o)
[Criox),)* Mirror  [Cr{ox),)*"
dext la
> 2+ i 2+
_l : i

[PtCl,{en), 12’ i/ \{ :\

ol

Mirror
[Cr(NH3)2Cl2(en)]
H,N /,,'I* <} - +
AN 7 ( ] REY .‘ 3
HSN/l\CI /l\NH3
cl error
dextro laevo

2 Optical isomers are mirror images that cannot be
superimposed on one another.

53. (b):In [NiCl,J%, Ni is in +2 oxidation state and has
: 3d®outer electronic configuration .

3d 45

- Orbital of Ni*ion [BIRI0[111] (] [ 1]
¢ Since, CI™ is a weak field ligand.

3d
- sp*hybridised {11 [1L[1] 1] 1] O] CLL
orbital of Ni** sp? hybridisation
3d

- INew [IRIRTITT] [
3 2 S —
high spin complex Four pairs of

i electrons from 4CI-

It is sp® hybridised high spin paramagnetic complex.
- u=yn(n+2)
- =J22+2)=\2x4=\/8=2.82BM.

| 54. The IUPAC name of [CoF J*" is
. hexafluoridocobaltate(lll).
: Oxidation state of Co ion in [CoF ,J** is +3.

3d 45 4p 4d
oI T T 117

3d
REan @lxdxxlxdlxﬂxxl [T
N
sp°d® hybridisation
six pairs of electrons
fromsix F~ ion
(Weak ligands)
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[key Points (1))

= Weak field ligands give, outer orbital or high spin or
spin free complex.

55. [PtICN) 4]2' has square planar structure.
Pt : [Xe]4f'® 54° 65!

Pt [Xe] 4.‘“ 548 650
[PHCN) I [0 0 =] [x] [xIx1]
5d dsp?

Mo, of unpaired electrons = Q.

unpaired electrons.
57. [NICI,J* contains Ni** ion with 3d® configuration.

piZ* 4P
i Inlulnl*rlf![:ll

Ground state

CI” is a weak field ligand thus no pairing will occur. Hence,

outer 45 and 4p-urbitals are used in h'-,rbridisatlnrn.

dg
[NtEIJI‘ I||I. ]1L| t | t E;; Hx!xx%x'

with 4CI™ ligands

sp? hybridisation,
(tetrahedral)

4 glectron pairs donated
by ACI" ligands
iweak field ligand)
It has bwo unpaired electrons hence, it is paramagnetic.
[NI{CO),] contains Ni(0) - 3d®4s? configuration.

4p

3d 4s
MHO) (et
Gmmmm_l [Tt ] (0] |

COis a strong field ligand hence, 4s-electrons will shift to i COisa strung field ligand hence, 4s-electrons will shift to

i 3d-orbital making 4s-orbital vacant.

i 3d g dp
L INi(cOo)] : [T [
é e

3dd-orbital making 4s-orbital vacant.

3d ds 4p

[NI(CO] : [T TITIH] [xo] e
L r——
sp® hybridisation

(tetrahedral)
Tour electrons
donated by four
CO ligands
{strong field ligand)

The complex has all paired electrons hence, it is (i) The IUPAC name of [CoF daa in

i hexafluoridocobaltate(lll).
: Oxidation state of Co ion in [ﬂuF6]3' is 43,

diamagnetic.

Key Points @

= Strong field ligands give, inner orbital or low spin or
spin paired complex, Weak field ligands give, outer
orbital or high =pin or spin free complex.

58. ()  [Mn{H,0),]50,
Hexaaguamanganese(ll) sulphate
(i} [Fe{CN) " ion:

3d

Fe’ion:| 11T 11|t

Ap

45
t] |

ligand).

Get More Learning Materials Here : i

59. (i)
[NI{CO),] contains Niiﬂ}

L 60. (a) [FelCN)J*
Fe? jon hybridised (under the influence of strong field |
i Feis present as Fe” in [Fe(CN) J*

e @)

d 45 4p
[T ]
Six empty d¥sp? hybrid arbitals

[Fe(CN),J* i ion furmatmn

KNK I|1 |xx|xxl[xx||>cx|xx|xx|
Six palrs of electrons from six

N lons {d%sp)

Since, the complex ion does not contain any unpaired
i electron, so
56. The complex [Co(C,0,),1* has d’sp3-hybridisation
and it is diamagnetic in nature due to the absence of :

it is diamagnetic.
[FeF J*

3d dg 4p
Feg*inn:["l"l‘l"lﬂ‘fl'T'|D| I | ”

4d

Fe? ion hybridised (under the influence of weak field
ligand).

ROO0R AEERERAN

Sixempty sp7d” hybrid orbitals

[FeFJ* ion formation :

ad 4s 4d
(AT LA (A fodeoded Podeo] T ]

Sin electrons pairs from six F~ ions (sp™d?)

As the complex ion contains five unpaired electrons, it is
highly paramagnetic in nature.

= 5(5+2)=+35=59 BM.
IUPAC name; Tetracarbonylnickel(0)

3d%452 configuration.
ds 445

!il.lHlHlT[TlEi

Nul:ﬂ}
Ground sta

s hybridisation
{tetrahedral)
four electrons
donated by four
CO ligands
(strong feld ligand)

3d g Ap 4d
e AT I R | [T 1171
i Co™ in[CoF > : 3d
MLt IIIEJMHF‘HK"!“I L1
R,
sp”d? hybridisation
six pairs of electrons
fromsix F~ lon

(Wieak field ligands)

IUPAC name : Hexacyanidoferrate (111) ion
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Fe?* : [Ar] 3d° 4s°
As CN™ is a strong field ligand, hence, electrons in
3d get paired up.

3d 4s 4p
I“IHIT! IO |
Fep?
Hybridisation is d%sp®.

(b) Ambidentate ligands :

called ambidentate ligands.
For example NO,; it can donate through -N or -O both,

Chelating ligands : Bidentate or polydentate ligands

which contain two or more donor atoms and these are o) [CO(C204)3]3' is diamagnetic as all electrons are paired.

i (i) [ColC,0,),1* is more stable as C,03" is a chelating
is formed with metal ion. for example ethylenediamine :
¢ (iii) [CoFJ* is outer orbital complex as it undergoes
i sp®d? hybridization using the outer 4d-orbital.

i (iv) [ColC,0,),1* is low spin complex due to absence of
i any unpaired electron.

: 63. [Fe(H,0),)*" :

i Fe atom (Z = 26)

%Groundstate:lu]‘t[tl‘rlfl@[ I4p] ]

positioned in such a way that a five or six membered ring

and EDTA".
CH,—NH H,c—ki¢ SHCO0
2R |2 TUNCH,C00"
CH,—NH .. ,CH,CO0O"
RS M
B CH2C00
61. Oxidation state of Coion in [CoF J* is +3.
5 3d 45 4p 4d
Co* s T I T IO T I 1]
(In ground state)
3d 4s 4p 4d
[CoF >« AT (3 ot B T 1
spad2 hybridisation
six pairs of electrons
from six F~ ion
(Weak field ligands)
» 3d 45 4p 4d
(Colen)sl™ : ARG fd foderpd (T T 117
R s s i
six electron pairs
donated by three en
(d2sp? hybridization)

(i) (C0F6]3° is paramagnetic in nature.

(i) Chelating ligands form more stable cyclic/ring -
complexes than unidentate or non-chelating ligands. -
Since, [Colen),]** contains en which is a bidentate :

chelating ligand, it is more stable than [CoF6]3‘.

3 ; 1 Gl
(i) [Colen)s]™ is an inner orbital complex as its . Structure - Outer orbital octahedral complex

hybridisation is d?sp® hybridisation.
(iv) [CoF6]3‘ is a high spin complex.

Concept Applied @

2 Strong field ligand forms low spin, inner orbital
complexes and weak field ligands from high spin outer
orbital complex.

62. Formation of [CoFJ* and [ColC,0,),)* can be

represented as :

Get More Learning Materials Here: 1 m

3d
- [CoF > : [RITTTTTIT]
i 4

3.
These are the unidentate : [Co(C,0,),)* :

ligands containing more than one coordinating atoms are !

3d 4s 4p
| [Fe(H0),P* : [TTTTTTTTT] [od fofoded ool

5 4n 4d

S R

RO By
six electron pairs

donated by F~ions

(sp®d? hybridization)

3d 4s 4p 4d
illm P*I**l:ﬂl il I

six electron pairs
donated by en
(d?sp? hybridization)

ligand and forms chelate rings.

3d 45

3d 4 4p
gFe:"ion:I‘llflTlfl’lDl |

4d

1]

==
sp°d? hybridisation
six pairs of electrons
from six H;O ligands

(weak field ligand)

The complex ion has outer orbital octahedral geometry
(high spin) and is paramagnetic due to the presence of
¢ five unpaired electrons.

L 64, ()

Oxidation state of Co ion in [CoF )* is +3.

3d 45 ap 4d
co T ICT ICT T

3d 4s 4p 4d
(CoF % : [RTATHIETT) (3 e el T 1]
Woar e = ol
sp3d? hybridisation

six pairs of electrons
from six ¥~ ion
(Weak field ligands)

ek
= -~
e

Nature = Paramagnetic
Cii) In [Ni(CN)J" : Ni is present as Ni(ll) with 3d®
configuration,

348 4s

N [T O] |

4p
1]

¢ (In ground state)
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(L\1Cot N et T T T T e I
o ——

dsp? hybridisation
four electrons pairs
donated by four
CN ™ lons
(Strong field ligand)

The complex ion has square planar geometry and is

diamagnetic in nature.
65, Oxidation state of Co ion in [CnFﬁ]E‘ is+3.

4p 4d

HE RN

4 4p d4d

3d
[CoF P « [RTTATTTT] B fdodid fofed 1171
A T LT

spd” hybridisation

six pairs of electrons
from six F~ion

(Weak field ligands)

Structure - Outer orbital octahedral complex

Foolr
Lt
1OF

3d 4y
Co® : T[Tt
{In ground state)

P,
F..r"

Mature = Paramagnetic
IUPAC Name : Hexafluoridocobaltate(ll1) ion

Key Points (1
= F isaweak field ligands.

configuration.
3d 4s

2% 4p
NIz [ ]u]t] 1] |:]| [T
[NICN) 12« [T 1k Pex] [ pofo] ]
| ——

dsp? hybridisation
four electrons pairs
donated by four
CN™ions
{Strong field ligand)

The complex ion has square planar geometry and is

diamagnetic in nature.
IUPAC name : Tetracyanidonickelate(ll) ion

67. Oxidation of cobalt in [Co(NH,) J** is +3.

3 3d 4s )
co* : MILGE 10T

Ground State
[Co(NH,),]* ion : MONERIEIZEE
~—~——
d%p® hybridisation
six pairs of electrons
from six NM5 ligand
fed (Strong field ligand)
Hybridisation = d“sp NH, -I:h
Structure - Octahedral HaN \(!o / NH;
(low spin) LN
Nature - Diamagnetic HN ISJH NH,

IUPAC name : Hexaamminecobalt{lll) ion

Get More Learning Materials Here : i

i Ground state
CO is a strong feld ligand hence, 4s-electrons will shift to
i 3d-orbital making 4s-orbital vacant.

INICO),J:  [HTRA] [ fodhoden]

(In ground state)

e @)

i 68. (a) On the basis of CFT, if strong field ligand is
. present for d* orbit with A, > P, the energy gap between
i t,, and €, will be more and thus the electron will pair up
| giving t‘i'.ge:cnnﬁguratiun.

d* [degenerate o

Ay
darbitals) \i\
T T,

(k) [Ni{H?D‘.IﬁF* is a high spin complex (A small).

In [Ni{H,0),)**, d-d transitions are taking place on
; absorbing low energy radiation (red component of
! spectrum) from visible region showing green as the

¢ complementary colour.

¢ [Ni(CO),] contains Nif0) - 3d®4s? configuration.
E o 3d 4s i

¢ Ni(0): I ] O

ey
.ip" hybridisation
{tetrahedral)
four electrons
denied by four
0 ligands
[steimg Higand )

The complex has all paired electrons hence, it is
. tolourless.

66. In [Ni{CN),]*- : Ni is present as Ni(ll) with 3d®

69. (a) Oxidation state of Coion in [CoF J3 is +3.

. 3d 4 4 ad
Co s AT TICT T T 1]

4s 4p

: 3d 4d
- (CoF I : [RIATATTT) pd bofofed fofod T 1]

N ——
spPd? hybridisation
six pairs of electrons
from six F~ ion
{Weak field ligands)

Structure - Outer orbital octahedral complex
3.
F r F]
L
N
E

© Nature - Paramagnetic

L (b) [ColNH,)CIICI

: Pentaamminechloridocobalt(l1l) chloride
i 70, (i)
. Oxidation state of Fe = +3

Cpe®iadS [T[T[T[T]T

[FeF J*

3d-orbitals

iy = (MN+2)BM. = [5(5+2)BM =591 BM.,

(i) Pentaamminechloridocobalt(lll) chloride

- (i) Chelating ligands form more stable cyclic/ring
© complexes than unidentate or non-chelating ligands.
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Since, [Cn[en}a]:*“ contains en which is a bidentate
: diamagnetic in nature.
71 (a) [Ni(CO),] contains Ni(0) - 3d%4s configuration. :
i (i) en is a bidentate ligand. Hence in [Colen),]*", its
secondary valency is é.

: (i) (1) Fe IFe(CM) ], is Iron (11l) hexacyanidoferrate(ll).

i (2) IUPAC name of [En{NHE}ECI]C!?_ is pentaammine
: chloridocobalt(l11) chloride.

chelating ligand, it is more stable than [CﬂFﬁlﬂ‘.

3d 4s 4p
Ni(o) « [WuInl+ 1] o] 1]
Ground state
COis a strong field ligand hence, ds-electrons will shift to

3d-orbital making 4s-orbital vacant.
45

3d 4p
[NI(CO), ] : [T T0 0] [

e
sp® hybridisation
(tetrahedral)
four electrons
donated by four
COligands
{strong field ligand)

(b} Diamminechleridonitrito-M-platinumf(ll)

(e) [Colen),]** is a complex having bidentate ligand
(en) that form a five - membered ring around Co metal |
that results in chelation. While no such ring is formed in
[Co(NH,),[** complex. So, [Colen),]** is more stable due

to chelation.
NH, NH
MH 3
[NHz‘xl L HN~ | ~NH,
NH, l MH, Haﬂf | HNH3
NH\:/) NH,
(en = ethylenediamine)

Key Points @

2 Chelating ligands form more stable complexes.

72. (i) [Fe(H0)*:
Fe atom (Z = 26)
3d 45

ap
Ground state : ([T [T T[T W ([ ]

3d 4s 4p
Feion : (WA 171 (1 111

TSemES A

sp?d? hybridisation

six pairs of electrons

from six H,0 ligands

(weak field ligand)
The complex ion has outer orbital octahedral geometry
(high spin) and is paramagnetic due to the presence of
four unpaired electrons.

configuration.

3d 4s 4p
|

N [T (O C]
INCN)G) « [T A B (o]
| —

dsp? hybridisation
four electrons pairs
donated by four
CN~ ions
(Strong field ligand)

e @)

The complex ion has sguare planar geometry and is

73. (i) Its formuta will be [PHNH,),CL].

OR

- Gii) In [NI[CN),J, Ni is present as Ni(ll) with 3.
: configuration.

34 4s dp
N IR O] T T

{Im ground state)

: CN-isa strong field ligand. Hence pairing of electrons in

The complex has all paired electrons hence, it is diamagnetic. ! 3d-orbital takes place.

e [T O 11
In excited state 3d 4 4p
N2 [0 T T B o foded
with 4CH- ST
dsp® hybridisation
figands 4 glectron pairs donated
by 4CM™ fons.

It has all paired electrons, hence it is diamagnetic.

7a. (a):If A, = P (ie, A, small, weak field ligand) —
i electrons spread out among all d-orbitals before pairing
: up— forms high spin complex.

i For tetrahedral crystal field, the order of splitting is
i reversed and is related to A as

4
A, :;ﬂ'n

: Consequently the orbital splitting energies are not
. sufficiently large for forcing pairing and therefore, low
¢ spin configurations are rarely observed in tetrahedral
. coordination entities.
£ 75. (¢)

S e, ad © 76, [Ni(H,0)4* is a high spin complex (A, small) while
[Fe(H,0) > : (AT A1) (9 Bkl B T 1] A
i In [Ni(H,0))*" complex, d-d transitions are taking place
: on absorbing low energy radiation (red component of
. spectrum) from visible region showing green as the
: complementary colour.
© In [NI(CN),J*" complex, d-d transitions do not take place
. because there is no unpaired electron present hence,
: complex is colourless.

X / s 35 . - i 77. (a) Due to the presence of weak field ligand, i.e.
(i) In [N(CN)J* : Ni is present as Ni(ll) with 3d° . CI" in the complex [NiCl,]*" two unpaired electrons are
: present in 3d-orbitals of Ni-atom hence, this complex is
¢ paramagnetic in nature. On the other hand, due to the
. presence of strong field ligand i.e., CN” in the complex
[Ni(CN)4]2'. no unpaired electron is present in 3d-orbitals
. of Ni-atom (as strong field ligand causes pairing of
. electrons), hence, it is diamagnetic in nature.

¢ (b) In tetrahedral coordination entity formation, the
. d-orbital splitting is smaller. Consequently, the orbital
¢ splitting energies are not sufficiently large to force

[Ni(CN),,}Z‘ is a low spin square planar complex.
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pairing and therefore, low spin configurations are rarely :

observed.

. (i)  For d*ion, if A, < P, the fourth electron enters

ane of the e, orbitals giving the configuration tzi g Ford” ionwith A, < P.etectrnnicmnﬁguratinrnwillbetg‘tsg.

Ligands for which A, < P are known as weak field ligands :

Concept Applied @

and form high spin complexes.

(i) [NilCO),] cantams Ni(0) - 3::1*3&'152 configuration.

N::ﬂ:l |1|.|u|1L|T|11 IEH

Ground sta

COisa ﬁtrnng field ligand hence, 4s-electrons will shift to

3d-orbital making 4s-orbital vacant.

3d 45 4p
[NK(CO),] : [t ]n]e podxoxx
— e —

sp” hybridisation
(tetrahedral)
four electrons
donated by four
COligands
{strong field ligand)

diamagnetic.
79. (i) Whena -CP@. -

(i) In [NI{CN),J*" : Ni is present as Ni(ll) with 3d®

configuration.

3d ds 4p
NiZ* [ w1 1] L] ]

{In ground state)

[NHCN) = = [ I ] [ o]
e e
dsp® hybridisation
four electrons pairs
donated by four

CN ions

(Strong feld ligand)

diamagnetic in nature.
(iii) [Colen),CL,)
Dichloridobis(ethane-1,2-diamine)cobalt(l11) ion

one of the e orbitals giving the configuration t

and form high spin complexes.

(i) Due to the presence of weak field ligand, ie., CI°
in the complex [NiCl,J*" two unpaired electrons are

present in 3d-orbitals of Ni-atom hence, this complex is :

paramagnetic in nature, On the other hand, due to the : g\epr:::encee%f strong ligand, A, < P
presence of strong field ligand i.e., CN™ in the complex : 233

; 2. : P R : i (b) A Itgand which forms two or more bonds with
LT.(S::‘;:L m na:n;i:zg e:;‘;;“:?g:nzre::::e': ::):.i?ir:glta; i central atom or ion and results in the formation of stable

: cyclic complex is called chelating ligand and the effect is
i called chelating effect. For example, oxalate, ethylene
: diamine, dimethyl glyoxime, etc.

: 85. (a) Ambidentate ligand :
81 (a) Ky[Cr(C,0,),4]: Potassium trioxalatochromate(lll) : different atoms through which it can act as a ligand
(b) According to crystal field theory, five d-orbitals, split :

into two different energy levels termed as tog and e, as

electrons), hence, it is diamagnetic in nature.
(iii) [PtCl,(NH,),ICI, — [PtCIthHs),,]fa'q, +2Cl,
Hence, the total number of ions produced is three.

shown below :

Get More Learning Materials Here : i

—E,

Degenerated-orbitals

= Weak field ligands causes less splitting, for these
A, < P, hence before pairing electron goes to higher
e, level, causing formation of high spin complexes.

: {¢) Ambidentate ligand : A unidentate ligand which can
i coordinate to central metal atom through two different
i atoms is called ambidentate ligand. For example, NO,™
i ijon can coordinate either through nitrogen or through
oxygen to the central metal atom/ion.

82, (i) K, [PdCl,]: Potassium tetrachloridopalladate(ll)
¢ (i) If A> P, it becomes energetically favourable for the
fourth and fifth electron to occupy in t:*; orbital with the

. resultant configuration t3_ €2 Such an effect is produced
by strong field ligand and such a complex formed is
The complex has all paired electrons hence, it is :
i (iii) Homoleptic complexes : Complexes in which a metal
i is bond to only one kind of ligand are called homoleptic
. complexes.

| eg. [ColNH,) %, [CulCN), I [Ti(H,0),]*

{ B3. () The complexes formed by chelating ligand
i are more stable than that formed by unidentate ligand
i because of multiple points of attachment of the ligand
i with the central atom/ion and formation of stable cyclic
i closed ring structures,

i (i) A spectrochemical series is an experimentally
determined series based on the absorption of light
{ by complexes with different ligands. It contains an
i arrangement of ligands in increasing order of their field
i strength. The series can be listed as :

g . i F=Br ¢5CN“-=£I<52‘¢F‘<GH‘<CD?‘¢HD<
The complex ion has sguare planar geometry and is | NCS- < edta™ < NH, < en < CN" < CO
¢ Astrong field hgand produces a stronger field and causes
i greater splitting of the d-orbitals. In this case, pairing
: of electrons occurs. For example : CO, CN", etc. On the
B0. (i) Ford*ion, if A, < P, the fourth electron enters
i causes lesser splitting of d-orbitals. In such case, pairing

Ligands for whlch A, < P are known as weak field Ilgands o slectrans ades not decur. Foreample, €8, Brief i ete.

© 84, (a) K[Mn(CN),]
: Potassium Hexacyanomanganate(ll)
¢ InK [Mn(CN)J, Mn is present in +2 oxidation state,

referred to as low spin complex.

other hand, a weak field ligand produces a weak field and

Mn?* : d° configuration

Ligands having two

For example,
CN- CN°: “C=N or (=N
Cyanido-C Cyanido-N
m @& www.studentbro.in



(b) A spectrochemical series is an experimentally @ .-
determined series based on the absorption of light
It contains an :
arrangement of ligands in increasing order of their field :

i Magnetic moment, lg=+/n{n+2)
S <F-<OM <COF <HO< | ¢ "

by complexes with different ligands.

strength. The series can be listed as .
I"< Br < SCN- < CI" <
NCS™ < edta® < NH;<en< CN™ < CO

(c)] Heteroleptic complexes : Complexes in which the :

central atom is bound to different type of ligands are | Mn:[Ar] 3d°4s*

called heteroleptic complexes.
e.g. [Co(NH,),Cl,], K,[Fe(CN)NO], [Fe(H,0);NO]SO,

B4, In CO, both lone pair of electrons and vacant n*
orbitals are present. Hence, it acts as electron pair

M=CO bond is stronger.
M&==2co

MNH; is electron pair donor only. Accumulation of negative {a) Type of hybridisation - d2sp (1)

charge on the metal ion takes place, hence M—NH, bond is : {b) Magnetic moment value =

weaker,
M «—NH,

87. lc):Hardness of water is estimated by titration with |

EDTA. EDTA is a hexadentate ligand.

- -
CBSE Sample Questions S

1. lc): 1 mole of Mohr's salt gives

total number of ions is 5. (1) :
2. la): Ambidentate ligands such as NO;, SCN™ are |
unidentate ligands. (1) :

3. la): Tetraammineaquachloridocobalt(lll) chloride :

4. [ColNH;),CO,4ICl and [ColNH,)CIICO,
Pentaamminecarbonatocobalt{lll) chloride

Pentaamminechloridocobalt{|) carbonate (2) |
. d-orbital of Co™.

5. (b):Using equation, A, = :;aﬁa

A, = (4/9) % 18000 cm™* =
6. (i} Electronic configuration : r"zlei

unpaired electrons.

OR

i the compound changes
i (b) Formula of the compound is

i [Co(H,NCH,CH,NH,),1,(50,),. (1)
[ColNH,4)(H,0)CIICL, (1) | The hybridisation of the compound is d’sp”.

i Cobalt in this complex has an oxidation number of +3.
i The electronic configuration of Co™ : 3d®* 4s” and en is a

8000 cm™! (1) |
(1/2) |
This complex is paramagnetic due to the presence of four |

(1/2) |

{“} chhtundobts{ethanae-lE-daamme:lmbaltr,ill:l nitrate “.] which indicates ‘in < Phence, it is a hlgh spin II:GI'I'I:DFE'I. l:l}

The complex ion has a square planar geometry. (1)
(i) CulZ=29):[Ar] 3d™4s!

Cu?* : 3d°
Mumber of unpaired electron = 1

=/1{1+2)=173BM. (1)

7. [MnlCN) >

Mn* ; [Ar] 34*

gMn{gmund state): ....'- . [:l:D
éMnmﬂstate ..... D D:l:l

o donor as well as n acceptor by back bonding. Hence, |

- Mnin[Mn(CN)J* : [T [T o] [

disp:'h',lhr'rdisaﬁnn
electrons donated by ligand CN™

Jnin+2)=J{2(2+2)) =283 BM.

{n = no. of unpaired electrons) (1)
i {c) Typeof complex - inner orbital complex. 1)
: B (a) The colour of coordination compounds depends

= upon the type of ligands and d-d transition taking place.
' 1 Hy0 is weak field ligand, which causes small splitting,
leading to the d-d transition corresponding green colour,
1 Fe?* 2502 and 2NH! i dizsolving i ter. The | however due to the presence of ethane-1.2-diamine (en)
i A2 4 I AN FESRNIng M- 1 | which is a strong field ligand, the splitting is increased.

i Due to the change in t? -e splitting the colouration of

m green to blue, (1)

strong feld ligand that will cause pairing of electrons in

3d 45 4p
LA
Hybridisation-d”sp? (1)
OR

{a) As the fourth electron enters one of the e, orbitals
giving the configuration t:;l el i.e, no pairing of electrons

L (b)
(i) In [NiCN)F- : Ni is present as Ni(ll) with 3&® | e,
fi tion. o
configuration » » " T | E:: da.p
2%, i ! '
NiZ*: 4} "“r' 'l“" TT iAverage energy of .
™ I i B | dorbitaksin | T[T]T]t
et P 70 7 L e O R K |yl 4, 4,4,
i : CEyt e Splitting of
dsp® hybridisation { d-orbitals in
four electron pairs donated by [ T | T] 1 I 1 I I octahedral
four CH- fons (strong feld ligand) Free metal ion crystal field (2)
Get More Learning Materials Here : m @& www.studentbro.in



