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Topic-1: Important Terms, Coordination Number,
Nomenclature and Isomerism of Coordination Compounds
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Among the following options, select the option in which
each complex in Set-I shows geometrical isomerism and
the two complexes in Set-II are ionization isomers of each
other. [en = H,NCH,CH,NH,] [Adv. 2024]
(a) Set-I: [Ni(CO),] and [PdCl,(PPh,),]

Set-II: [Co(NH,).Cl]SO, and [Co(NH,){(SO,)]CI
Set-I: [Co(en)(NH,),CL,] and [PdCL,(PPh,),]

Set-T1: [Co(NH,)J[Cr(CN),] and [Ct(NH,) J[Co(CN), ]
Set-I: [Co(NH,),(NO,),] and [Co(en),CL)]

Set-II: [Co(NH,)C1]SO, and [Co(NH,),(SO,)]C1
Set-: [Cr(NH,),CI]Cl, and [Co(en)(NH,),CL]

Set-II: [Cr(H,0),]Cl, and [Cr(H,0).CI|CL, . H,O

As per TUPAC nomenclature, the name of the complex
[Co(H,0)4(NHy),]Cly s : [2012]
(a) Tetraaquadiaminecobalt (III) chloride

(b) Tetraaquadiamminecobalt (I1I) chloride

(c) Diaminetetraaquacoblat (II) chloride

(d) Diamminetetraaquacobalt (IIT) chloride

The correct structure of ethylenediaminetetraacetic acid

(EDTA) s [2010]
HOOC — H,C CH,- COOH

(a) >N _CH=CH- < 2
HOOC - H,C CH,- COOH
HOOC COOH

(b) IN-CH, - CH,-N{
HOOC COOH
HOOC-H,C : CH,-COOH

(©) 2N -CH,~CH,-N{ 7
HOOC-H,C CH,~-COOH

/COOH
(d) HOOC-H,C

> CH ?H \<CH —COOH

HOOC

Tl
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The ionisation isomer of [Cr(H,0),CI(NO,)|Clis [2010]
(a) [Cr(H,0),(O,N)]CL,

(b) [Cr(H,0),CLINO,)

(¢) [Cr(H,0),CI(ONO)ICI

@ [Cr(H,0),CLNO)JH,0

The TUPAC name of [Ni (NH;),] [NiCl,] is

(a) Tetrachloronickel (II) - tetraamminenickel (1)
(b) Tetraamminenickel (II) - tetrachloronickel (II)
(¢) Tetraamminenickel (IT) - tetrachloronickelate (1I)

(d) Tetrachloronickel (II) - tetrachloronickelate (0) Ans. (C)
Which kind of isomerism is exhibited by octahedral
Co(NH,),Br,CI1? [2005S]
(a) Geometrical and Ionization

(b) Geometrical and Optical

(¢) Optical and Ionization

(d) Geometrical only

The complex ion which has no *d’ electron in the central

[2008]

metal atom is [20018]
(a) [MnO,] (b) [CO(W3)6]3'*
© [Fe(CN)P- @ [Cr(H,0)J*

Which of the following is an organometallic compound?
[1997 - 1 Mark]

(b) Lithium acetate

(d) Methyl lithium

(a) Lithium methoxide
(¢) Lithium dimethylamide

2 Integer Value Ans 4 o
Among V(CO),, Cr(CO),, Cu(CO),, Mn(CO),, Fe(CO),,
[CTU(CO)3]3 ", [Cr(CO),]*, and Ir(CO),, the total number of
species isoclectronic With Ni(CO), is
[Given, atomic number: V=23, Cr=24, Mn=25, Fe =26,

Co=27,Ni=28,Cu=29,Ir=77] [Adv. 2024]
The total number of possible isomers for [Pt(NH,),CL ]Br.
18 [Adv. "0"1]

Total numbcr of cis N—Mn — Cl bond angles (that is Mn
— N and Mn — Cl bonds in cis positions) present in 2
molecule of cis -[Mn(en),CL,] complexis

(en=NH,CH,CHNH,) [Adv. 2019]
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12, The number of geometric isomers possible for the complex
[CoL,CL} (L=H,NCH,CH,0) s [Ady. 2016]
13. Among the complex ions,

[Co(NH,~CH,~CH,-NH,),C1,]*, [CrCl,(C,0,),1*",
[F e(H20)4(0H)2]", [Fe(NH;),(CN),T, [CO(NHQ_CHZ_
CH,-NH,),(NH;)CIJ?* and [Co(NH;),(H,0)CI]?*, the
number of complex ion(s) that show(s) cis-trans isomerism
is [Adv. 2015]
14. In the complex acetylbromidodicarbonylbis
(triethylphosphine) iron (I1), the number of Fe—-C bond(s)
is [Adyv. 2015]
15. EDTA% is ethylenediaminetetraacetate ion. The total
number of N—Co—O bond angles in [Co(EDTA)]!~
complex ion is [Adv. 2013]
16. The volume (in mL) of 0.1 M AgNO yrequired for complete
precipitation of chloride ions present in 30 mL of 0.01 M
solution of [Cr(H,0);CI]Cl,, as silver chloride is close to
[2011]

17.  Total number of geometrical isomers for the complex
[RhCI(CO) (PPh,) (NH;)]is [2010]

18.  The number of water molecule(s) directly bonded to the
[2009 - 4 Marks]

metal centre in CuS0,.5H,Qis

19.  The IUPAC name of [Co(NH;),] CY s
. [1994 - 1 Mark]

20.  The complex(es), which can exhibit the type of isomerism
shown by [Pt(NH,),Br, ], is(are) [en = H,NCH,CH,NH,]
[Adyv. 2023]
@ [Pen)(SCN),] (b) [Zn(NH,),CL,]
() [PH(NH,),CL] (@) [Cr(en),(H,0)SO,)]"
21. The pair(s) of coordination complexes/ions exhibiting the
same kind of isomerism is(are) [Ady. 2013]

(a) [Cr(NH,);CIICL, and [Cr(NH),CL,]CI
(b) [Co(NHs),Cl,]" and [PtNH,),(H,O)CI]*

B L i T EPIE

(c) [CoBr,Cl,]*~ and [PtBr,Cl,]*

(d) [Pt(NHy);(NO,)ICl and [PU(NH;);Cl]Br
22. Thecompound(s) that exhibit(s) geometrical isomerism is
(are) [2009]

@ [PHen)CL]
(c) [Pt(en),CL,]Cl,

Each question contains STATEMENT-1 (Assertion) and

STATEMENT-2 (Reason). Each question has 4 choices (a), (b), (c)

and (d) out of which ONLY ONE is correct. Mark YOur answer as

(@) If both Statement -1 and Statement -2 are correct, and
Statement -2 is the correct explanation of the Statement -2.

(b) If both Statement -1 and Statement -2 are correct,
but Statement -2 is not the correct explanation of the
Statement -1.

(c) IfStatement-1 is correct but Statement -2 is incorrect.

(d) IfStatement -1 is incorrect but Statement -2 is correct.

23. Statement-1 : The geometrical isomers of the complex

[M(NH,),Cl,] are optically inactive.

Statement-2 : Both geometrical isomers of the complex

[M(NH,),Cl,] possess axis of symmetry. [2008 -2 Marks]|

=) Soh A R

24. 4, B,and Care three complexes of chromium (IIT) with the
empirical formula H 12951, Cr. All the three complexes have
water and chloride ion as ligands. Complex A4 does not
react with concentrated H, SO, whereas complexes B and
Close 6.75% and 13.5% of their original mass, respectively,
on treatment with concentrated H,SO,. Identify 4, B and
0. [1999 - 6 Marks]
Write the formulae of the following complexes :

(1)  Pentaamminechlorocobalt(TIT) [1997 -1 Mark]
(i7) Lithium tetrahydroaluminate(Il). [1997 - 1 Mark]
Write down the [UPAC names of the following compounds:
(1) [Cr(NH,),CO,ICI [1996 - 1 Mark]

(i) K;3[Cr(CN)4] [1995 - 1 Mark]
(if) [Co(NH;)sONOICI, [1995 - 1 Mark]

(b) [Pt(en),]Cl,
(d) [Pt(NH;),Cl,]

25,

26.

Topic-2: Bonding, Stability and Application of Coordination Compounds

precipitate that dissolves upon the addition of HCI1 of
appropriate concentration. The dissolution of the precipitate

is due to the formation of
(@) PbCl, (b) PbCI,
(¢) [PbCL]? (d) [PbCI]>
2. Thecalculated spin only magnetic moments of [Cr(NH,),]**
and [CuF ]* in BM, respectively, are (Atomic numbers of
Crand Cu are 24 and 29, respectively) [Adv. 2021]
(a) 3.87and2.84 {(b) 490and1.73

[Adv. 2022]

(c) 3.87and1.73 (d) 4.90and2.84

3. The geometries of the ammonia complexes of Ni2*, Pt2*
and Zn?* respectively, are [Adyv. 2016]
(8) octahedral, square planar and tetrahedral
(b) square planar, octahedral and tetrahedral
(¢) tetrahedral, square planar and octahedral
(d) octahedral, tetrahedral and square planar

4. Consider the following complex ions, P, Q and R.
P=[FeFJ*, 0 =[V(H,0),]* and R = [Fe(H,0) ]**
The correct order of the complex ions, according to their
spin-only magnetic moment values (in B.M.) is [Adv. 2013]




6.

10.

11.

12,

13.

14.

15.

@ R<Q<P (b) Q<R<P

(€ R<P<Q (d Q@<P<R

NiCl, {P(C,H,),(C H,)}, exhibits temperature dependent
magnetic behaviour (paramagnetic/diamagnetic). The
coordination geometries of Ni*" in the paramagnetic and
diamagnetic states are respectively [2012]
(a) tetrahedral and tetrahedral

(b) square planar and square planar

(c) tetrahedral and square planar

(d) square planar and tetrahedral

Among the following complexes (K—P)

K,[Fe(CN)] (K), [CoONH,),JCl, (L), Nay[Co(oxalate),] (V).
the [Ni(H,0)Cl, (N), K,[Pt(CN),] (O) and
[Zn(H,0)J(NO;), (P) the diamagnetic complexes are [2011]
@ KLMN ® K,M,0,P

(¢) LM, O,P (d) L,M,N,O
Geometrical shapes of the complexes formed by the reaction
of Ni*"with CI-, CN~and H,O, respectively.are ~ [2011]
(a) octahedral, tetrahedral and square planar

(b) tetrahedral, square planar and octahedral

(c) square planar, tetrahedral and octahedral

(d) octahedral, square planar and octahedral

The complex showing a spin-only magnetic moment of
282B.M.is: [2010]
@ [Ni(CO)] () INiCLF-

() [Ni(PPhy),] @ NICN)F

The spin only magnetic moment value (in Bohr magneton
units) of Cr(CO), is [2009]
(@ 0 (b) 2.84 (c) 490 (d) 592

Both [Ni (CO),] and [Ni (CN),]* are diamagnetic. The
hybridisations of nickel in these complexes, respectively,

are [2008]
@@ spi, sp? ®) sp, dsp?
(©) dsp? sp’ (@ dsp?, sp?

Among the following metal carbonyls, the C—O bond or-
der is lowest in [2007]
(a) [Mn(CO)J" (b) [Fe(CO)]
(© [C(CO) (@ [V(CO)S

Ag" +NH; = [Ag(NH;)]"; k =6.8x107

[Ag(NH3)]" +NH; T= [Ag(NH;),]"; k; =1.6x107
then the formation constant of [Ag(NH,),]"is [2006 - 3M, 1]
(a) 68x10° (b) 1.08x1073

(c) 1.08x10° (d 68x10°

The spin magnetic moment of cobalt in the compound

Hg[Co(SCN),] is [20048]
@ 3 () 48 © V15 @ 22
The species having tetrahedral shape is [2004S]

(@ [PdCL]* (®) [NI(CN),J-

© [PdCN), > (@ [NiCLF

The geometry of Ni(CO), and Ni(PPh,),Cl, are

(a) both square planar [1999 - 2 Marks]
(b) tetrahedral and square planar, respectively

(c) both tetrahedral

(d) square planar and tetrahedral, respectively

16.

17.

849

Amongst [Ni(CO),J, [Ni(CN),[*and [NiC1; ] [1991-1Mark]

(@) [Ni(CO),] and [NiCli‘} are diamagnetic and
[Ni(CN),]* is paramagnetic
[NiCli_] and [Ni(CN),]* are diamagnetic and

[Ni(CO),] is paramagnetic
(¢) [Ni(CO),] and [Ni(CN),]* are diamagnetic and

(®)

[NiClﬁ_] is paramagnetic

[Ni(CO),] is diamagnetic and [NiCl"] and
[Ni(CN),]* are paramagnetic
Amongst the following, the lowest degree of

paramagnetism per mole of the compound at 298 K will be
shown by [1988 - 1 Mark]

(@) MnSO,4H,0 (b) CuSO,5H,0
(©). FeSO,6H,0 (d) NiSO,6H,0

(d)

18.

19.

20.

21.

[ -:@:

22,

Among [Co(CNh]“‘ [Co(CO),(NO)], XeF,, [PCI M i
[PdCl4]2‘ [IC1,]". [Cu(CN),]* and P, the total number of
species with tetrahedral geometry is

[Adv. 2024]
Among the following complexes, the total number of
diamagnetic species is [Adv. 2024]
[MnQNH,) ", [MnCl,J¥ [FeF [ [CoF J* [Fe(NF)
and [Co(en), T
[Given, atonnc number: Mn=25, Fe=26,Co=27,
en=H,NCH,CH,NH,]
Among the species given below, the total number of
diamagnetic species is
Hatom, NO, monomer, O, (superomdc), dimeric sulphur
in vapour phase, Mn,0,, (NH4)2[FeCl 4 (NH,),[NICL],
K, MnO,, K,CrO, [Adv.2018]
For the octahedral complexes of Fe** in SCN~ (thiocyanato-S)
and in CN~ ligand environments, the difference between
the spin-only magnetic moments in Bohr magnetons (when
approximated to the nearest integer) is
[Atomic number of Fe =26]

4

The type of magnetism exhibited by [Mn(H,0),]*" ion is
[1994 - 1 Mark]

[Ady. 2015]

&) o i SR S SRR

23.

Both potassium ferrocyanide and potassium ferricyanide
are diamagnetic. [1989 - 1 Mark]

MOt O Mor i O ot A

24,

The pair(s) of complexes wherein both exhibit tetrahedral
geometry is(are)

(Note: py = pyridine

Given: Atomic numbers of Fe, Co, Niand Cuare 26,27, 28
and 29, respectively) [Adv. 2021]
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25,

26,

27.

28.

29,

30.

(@) [FeCl,] and [Fe(CO),J*

(b) [CoCO),T and [CoCl,]*>

(¢) [Ni(CO),]and [Ni(CN),J*~

(@ [Cu(py),]" and [Cu(CN),J*-

Choose the correct statement(s) among the following:

(@) [FeCl,]” has tetrahedral geometry. [Adv. 2020]

(b) [Co(en)(NH,),Cl,]" has 2 geometrical isomers.

(¢) [FeCl,] has higher spin-only magnetic moment than
[Co(en)(NH,),CL]".

(d) The cobalt ion in [Co(en)(NH,),Cl,]* has sp’d?
hybridization.

The correct option(s) regarding the complex

[Co(en)(NH,),(H,0)]*" (en = H,NCH,CH,NH,) is (are)

(@) Ithastwo geometrical isomers [Adv. 2018]

(b) It will have three geometrical isomers if bidentate
‘en’ is replaced by two cyanide ligands

(c) Itisparamagnetic

(d) It absorbs light at longer wavelength as compared
to [Co(en)(NH;),]*

The correct statement(s) regarding the binary transition

metal carbonyl compounds is (are) (Atomic numbers:

Fe=26, Ni=28) [Adv. 2018]

(a) Total number of valence shell electrons at metal
centre in Fe(CO), or Ni(CO), is 16

(b) Theseare predominantly low spin in nature

(c) Metal—carbon bond strengthens when the oxidation

state of the metal is lowered

The carbonyl C-O bond weakens when the oxidation

state of the metal is.increased

Addition of excess aqueous ammonia to a pink coloured

aqueous solution of MC1,.6H,0(X) and NH,CI gives an

octahedral complex Y in the presence of air. In aqueous

solution, complex ¥'behaves as 1:3 electrolyte. The reaction

of X with excess HCI at room temperature results in the

formation of a blue coloured complex Z. The calculated

spin only magnetic moment of Xand Zis3.87 B.M., whereas

itis zero for complex ¥. Among the following options, which

statement(s) is (are) correct? [Ady. 2017]

(a) Addition of silver nitrate to ¥ gives only two
equivalents of silver chloride

(b)  The hybridization of the central metal ion in Yis &sp’

(c) Zisatetrahedral complex

(d) When Xand Zare in equilibrium at 0°C, the colour of

the solution is pink

If the bond length of CO bond in carbon monox;de is

1.128A, then what is the value of CO bond length in

Fe(CO),? [2006 - 5SM, —1]

(a 1 13A (b) 11288 (c) LI3A (d) 1.118A

In nitroprusside ion the iron and NO exist as Fe!l and NO*

rather than Fe'™™ and NO. These forms can be differentiated

by [1998 - 2 Marks]

(a) estimating the concentration of iron

(b) measuring the concentration of CN-

(c) measuring the solid state magnetic moment

(d) thermally decomposing the compound.

(d)

31.

Among the following ions which one has the highest
[1993 - 1 Mark]

() [Fe(H,0),*
(d) [-’IH(I“IQOJ'(,F+

paramagnetism?
@ [Cr(H,0)"
(C) [CU(HZO)(,P*

32. Match the electronlc conﬁguratlons in List-I with

appropriate metal complex ions in List-IT and choose the

correct option. [Adv. 2023]
[Atomic number: Fe=26, Mn =25, Co=27]
List-1 List-I1
®) e (1) [Fe(H,0)*
Q e @) [Mn(H0)J*
® €t (3) [Co(NH,)J*
®)  tage @ [FeCl]
()] [C0C14]2‘

(@ P->1;0—-4:R—-2;S-3
b)) P>1;:0>2;R—4:S>5
() P>3:0-2:R—>5:8—>1
(d P>3:Q52:R>4.8S>1

33.  List-Icontains metal species and List-II contains their prop-

erties. [Adv. 2022
List-1 List-IT
(D [Cr(CN)J*- (P) t, orbitals contain 4
elbctrons
(IT) [RuCl, - (Q) u(spin-only)=4.9 BM
(1) [Cr(H,0) J* (R) lowspin complex ion
(TV) [Fe(H,0)]* (S) metal ion in 4+ oxidation state

(T) d* species
[Given: Atomic number of Cr= 24, Ru=44, Fe=26]
Match each metal species in LIST-I with their properties
in LIST-1I, and choose the correct option
@ IR TIPS —>QT;IV->PQ
(b) I>R SN >PT; Il —>PQ:IV->Q,T
(¢) I5PRI—-SRS;M—->RT;IVoPET
dI-QT IS T M—->PT;IV>Q,R

34. Match each set of hybrid orbitals from List-I with

complex(es) given in List-IT [Adv. 2018]
List-1 List-IT
(A) dsp? (p) [FeF*
®) s’ (@ [TiH0),CL)
©) spd? @ [Cr(NH,)J*
D) &sp? (s) [FeClJ*
) [Ni(CO),]
(W) NN,

The correct option is

(@) A-t:B-s,w;C-q,1;D-p
(b) A-t.w:B-s;C-g; D-p,q
(¢c) A-w;B-s,1;C-p;:D-q,r
(d) A-s,w;B-t,w;C-p,q:D-r
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35. Match each coordination compound in List-I with an
appropriate pair of characteristics from List- II and select
the correct answer using the code given below the lists.
{en=H,NCH,CH,NH,; atomic numbers : Ti=22; Cr=24,

Co=27; Pt=78} [Adv. 2014]
List-1 List-TI
(A) [Cr(NH,),CL]CI (p) Paramagnetic and
exhibits ionisation
isomerism
(B) [Ti(H,0),ClINO,), (q) Diamagnetic and exhibits

CIs-frans isomerism
Paramagnetic and
exhibits cis-trans

© [Ptlen)(NH,)CINO; (1)

isomerism
(D) [C0(1\1H3)4{N03)E]NO3 (s) Diamagnetic and
exhibits ionisation
isomerism
Code:
A B C D

@) (s) @ @ ®)
®) @ ® (@
© (@ ® © (s)
d @ ) (s) (q
36. Match the complexes in Column-I with their properties

listed in Column-II. [2007]
Column-I Column-II

(A) [Co(NH,),(H,0),]Cl, (p) geometrical isomers

(B) [Pt(NH,),CL,] (q) paramagnetic

©) [Co(H,0).LIICI (r) diamagnetic

(s) metalion with +2
oxidation state

D) [Ni(H0)]Cl,
o E
IJ:B) S8 !
The coordination number of Ni** is 4.
NiCl; + KCN(excess) —> 4 (cyano complex)

NiCl, + Conc. HCl(excess) —— B (chloro complex)

37. ThelUPAC name of 4 and B are [2006 - 5M, -2]
(a) Potassium tetracyanonickelate (II), potassium
tetrachloronickelate (IT)
(b) Tetracyanopotassiumnickelate (1I),
tetrachloropotassiumnickelate (II)
(c) Tetracyanonickel (II), tetrachloronickel (IT)
(d) Potassium tetracyanonickel (II), potassium
tetrachloronickel (IT)
38. Predictthe magnetic nature of 4 and B
(a) Both are diamagnetic
(b) A is diamagnetic and B is paramagnetic with one
unpaired electron
(c) A is diamagnetic and B is paramagnetic with two
unpaired electrons
(d) Both are paramagnetic
39. Thehybridization of 4 and B are [2006 - 5M, -2]
(@) dsp’, sp’ (b) sp’ sp’
(¢) dsp?, dsp? d) sp’d, dsp®

[2006 - 5M, -2]
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Each question contains STATEMENT-1 (Assertion) and
STATEMENT-2 (Reason). Each question has 4 choices (a), (b), (c)
and (d) out of which ONLY ONE is correct. Mark your answer as
(@) If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of'the Statement -2
(b) If both Statement -1 and Statement -2 are correct,
but Statement -2 is not the correct explanation of the
Statement -1.
(c) If Statement -1 is correct but Statement -2 is incorrect.
(d) IfStatement -1 is incorrect but Statement -2 is correct.
40. Statement-1 : [Fe(H,0) NO]SO, is paramagnetic.
Statement-2 : The Fe in [Fe(H,0).NOJSO, has three

unpaired electrons. [2008]
210 SubjectiveProblems [
3+ SCN- F
4. Fe'—mm— (A) —> (B)
Blood red colourless
colouration

What are (A) and (B)? Give [UPAC name of (A). Find the
spin only magnetic moment of (B). [2005 - 4 Marks]
42. Nickel chloride, when treated with dimethylgyloxime in
presence of ammonium hydroxide, a bright red precipitate
is obtained. Answer the following. [2004 - 4 Marks]
(a) Draw the structure of the complex showing H-bonds
(b) Give oxidation state of nickel and its hybridisation
(c) Predict the magnetic behaviour of the complex
43. Write the TUPAC nomenclature of the given complex along
with its hybridisation and structure.
K,[Cr(NO)(NH;}(CN), ], u=1.73 BM [2003-4Marks]
44.  Deduce the structure of [NiCl, >~ and [Ni(CN),J** considering
the hybridization of the metal ion. Calculate the magnetic
moment (spin only) of the species. [2002 - 5 Marks]
45, A metal complex having composition Cr(NH,),CL,Br has
been isolated in two forms (4) and (B). The form (4) reacts
with AgNO, to give a white precipitate readily soluble in
dilute aqueous ammonia, whereas (B) gives a pale yellow
precipitate soluble in concentrated ammonia. Write the
formula of (4) and (B) and state the hybridization of
chromium in each. Calculate their magnetic moments (spin—
only value). [2001 - 5 Marks]

46. Draw the structures of [Co(NH;)|*" , [Ni(CN), |~ and

[Ni(CO) 4] . Write the hybridisation of atomic orbitals of

the transition metal in each case. [2000 - 4 Marks]

47. A compound of vanadium has a magnetic moment of 1.73
BM. Work out the electronic configuration of the vanadium

_ion in the compound. [1997 - 2 Marks]

48. Identify the complexes which are expected to be coloured.

Explain [1994 - 2 Marks]
@M [TiNOy),J (i) [Cu(NCCH,),]"BF,
(i) [CrNH)JF3CE  (iv) K, [VFy]
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Topic-1 : Important Terms Coordination Number, Nomenclature and Isomerism of Coordination

Compounds

LO 2@ 3@ 40 50 66 7.6 &@ 906 100
11. (6) 12, (5) 13. (6) 4. 3) 15 8 16. 6) 17. (3) 18. @
19, (Hexaminecobalt (I chloride) ~ 20. (c,d) 21 (b,d) 22. (c,d) 23. (b) '

Topic-2 ; Bonding, Stability and Application of Coordination Compounds

1. (¢ 2. (a 3 @ 4. (b) 5. (9 6. (o 7. (b) 8. (b) 9. (@ 10. (b)
L @ 12 ®. 186 W@ 150 6K 1.0 186 194 220 0
21. @ 22. (Paramagnetism) 23, (False)24, (a,b,d) 25, (a,¢) 26, (abd) 27. (b,c)28. (bed)
29, (a,0) 30. (¢ 31. (b) 32. d 33 (a 3. (© 35 (b

36. (A):(p), (9)and (s); (B): (p), (r) and (s); (C): (q) and (s); (D):(q)and(s) 37. () 38. (0 39. (a) 4o. (@)




Hints & Solutions

Topic-1: Important Terms, Coordination
Number, Nomenclature and Isomerism
of Coordination Compounds

=)

1. (c) Complexes of type [Ma;b,]"™ form facial and meridi-
onal 1somers.

Set-1: 7.
'NH;
\" NO,
NO, NH,
(Facial) (Meridional)

Complexes of type [MX,(L - L),]* give cis and frans = 8.
1SOmers.
Cl

0.

en en

en

(cis)

(trans)

Set-11: [Co(NH,),CI]SO, and [Co(NH,).SO,]Cl are
ionisation isomers.

2. (@ [Co(H,0),(NH;),|Cl;
= Diamminetetraaquacobalt (III) chloride.

3. (¢) Thecorrect structure of EDTA is

HOOC-H, : : CH,~COOH
g 2 CH, - CH, - N ?
HOOC-H,C G L CH,~-COOH
4. () Ionisation isomer of [Cr(H,0),CI(NO,]Cl is 4.
[Cr(H,0),CL,INO,.
5. (¢) The correct IUPAC name of the given compound is

tetraamminenickel (I) - tetrachloronickelate (II) thus (c) is
the correct answer.

6. (a) Co(NH,),Br,Cl will show both geometrical and
ionization isomerism.
[Co(NH,),Br,]Cl and [Co(NH,),BrCI]Br are ionization
isomers and geometrical isomers are

NH;
H;N Br

H.N Br

CLS trans

11.

Br NH,

cis frans
(@) In[MnO,]", Mnisin +7 oxidation state.
Electronic configuration of Mn (Z =25) : [Ar] 3d°4s*
Electronic configuration of Mn’" : [Ar] 3d%4s"
Central atom in other ions have definite number of d
electrons.
No. of electrons

> 3+ 3 3+
[Co(NH;)6]™  [Fe(CN)g]™ [Cr(H,0)]
in Co> " =Six in Fe>* =Five inCr’" =three
(d Organometallic compounds are those compounds in
which metal atom is directly bonded with C-atom. H,C—Li.
(3) Species having the equal number of valence shell elec-
tron are considered as isoelectonic species.

Valence electron in Ni (CO),= 18

Species Total valence electrons
in species
V(CO), 2 17
Cr(CO). - 16
Cu(CO), 4 17
Mn(CO), E 17
Fe(CO), = 18
[Co(CO),* - 18
[CH(CO), - - 18
Ir(CO), - 15

Note: Total valence electrons = Valence electron of metal
+ Electron donated by ligand.

(6) Possible isomers are

@ [Pt(NH,),CL]Br,=GL=2

() [Pt(NH,),Br,]ClL,=GL=2

(D) [Pt(NH,), BrCl] Br.Cl = GL=2

I, II, ITI are ionisation isomers of given complex and each

exhibits two geometrical isomers. Therefore total possible

isomers will be 6.

©® nc—cy,
N

(1)NH,

H,N(z) '

Mn

ol Tt
H,N3

(4)NH,

Clia)

Clib)

H,C—CH,

Structure of eis-[Mn(en),Cl, ]
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Number of cis N—Mn — Cl bonds, i.e. Mn—N and Mn —Cl

bonds are in adjacent positions.

1- Cl(a)-Mn—-N(1) 2—- Cl(a)-Mn—-N(2)

3- Cl(@—Mn-N(@4) 4— Cl(b)-Mn-N#4)

5~ Cl(b)-Mn-N(3) 6— Cl(b)-Mn—-N(1)

Hence, the answer is 6.

Note : All adjacent positions (at 90°) are cis to each other.
12. (8 [CoL,Cl,]- (L=H,NCH,CH,0")

L is unsymmetrical didentate ligand.

So, the comp]ete is equivalent to [M{(AB),a,] Possible G..I. are

<>'/> <\'

Ok

(\l/ ”'\|
i x_,l

B
13. (6) All the complexes given show cis-trans isomerism

[Co(NH,— CH,— CH,—NH,),CLJ*, [CrCL(C,0),}*
Cl Cl
e’;\(':o/\én en KC? 0’;\(|3r f\g >
VI V[ N Vi S RV | \
Cl Cl Cl
[Fe(H,0),(CH),J* [Fe(NH,),(CN),I

CN NH,
HsN\lF CN NG\ | /CN

OH OH
H,0| OH, Hzﬂ\lF ~OH
1S /| 5
H,N NC CN
N Ly ON

e -]
07 r NoH, H,0”| NoH,
©  OH OH

: NH,
[Co(NH,-CH,~CH,-NH,,(NH,)Clf" (Co(NH,),(H,0)CIF*
f“ NH, NH;
e“,\Co J H0\ | /NHA HsN\| /NH3
|\NH’; \/CO cl” \ ,/ \
| | SNH; 5N NNH,
NH, al

EtjP Co
y Sl
14. (3) CH;-C —>Fe <+—3Br

o

Et,P

15 BT M =

0 —C=
e

~+CH, C|H2

/m‘\ CH,

CH
(1 >
\ = =

N
(j--l-CH2 CH,
(0] 0-C=0

%!

Total no. of N— Co—

(I o

Co

\ A w"

am o

N\ 7

O bonds are 8.

B173

16. (6) mmoles of [Cr (H,0)sCI]Cl,=0.01 x30=0.3
mmoles of CI- =03 x2=0.6
[1 mole of complex gives 2 Cl™ ions]
m moles of Ag" =m moles of CI~
0.1x F=0.6
F=6mL
17. 3

Cl PPh

X%

1"Ph3 al CcO

N
i ZaN | VAN ZaN

The number of geometncal isomers is 3.
18. (4) The number of water molecules directly bonded to
the metal centre in CuSO,.5H,0is 4.

20\l /OH
H o/ \OH

19. Hexammine cobalt (IIT) chloride

+2
20. (e, d) [Pt(NH;), Br, |

3l

PPh,

0,2 H,0

Hybridisation : dsp? , geometry :

geometrical isomerism

(A) [Pt(en)(SCN),]
possible

(B) [Zn(NH,),Cl,] : tetrahedral, geometrical not possible

(©) [Pt(NI-Q}ECl4] octahedral, geometnca] possible

\‘/ \'[\/
7 e o

Cl NH,

cis trans

(D) [Cr(en)z(HZO)SOd* : Octahedral, geometrical
isomerism possible.

/\Im
\/|\/ SO/

1
\CH
S0,

frans S

21. (b,d) The pair of complex ions [Co(NH )4(312]"' and
[Pt(NH;) 2(H20)Cl] show geometrical isomerism.
The pair of complexes [Pt(NH;);(NO;)]Cl and
[Pt(NH;),Cl]Br show ionisation isomerism. The other pairs

square planar, show

: square planar, geometrical not

NH; Cl

7 en

H,0.
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22

23.

24,

given do not have same type of isomerism.

The complex [CoBr,Cl, 1>~ will show sp* hybridisation. The
tetrahedral shape will not show any kind of isomerism.
() The complex [PtBr,Cl,]*~ will show dsp?
hybridisation. The square planar shape will show
geometrical isomerism,

Henc, (c) is not an answer.

Note : Br and Cl are weak field ligand but in this case they
will cause pairing of electrons. Most of the platinum
complexes with four ligand are square planar in shape.

Cl

(b) The geometrical isomers of [M(NH,),Cl,] can be
represented as follows:-
Cl

R \.i
H3NI/I\NH HjN/I\Nm

3
ttrans form) cis - form

These isomers are optically inactive and they posses plane
of symmetry in both and axis of symmetry in trans.
For a molecule to be optically active it should not possess
axis of symmetry, centre of symmetry, or plane of symmetry.
Therefore, statement I is correct and statement I1 is partially
correct but not the correct explanation of statement I.
The complex 4 does not react with concentrated H,S0,
implying that all water molecules are coordinated with Cr>*
ion. Hence, its structure would be [Cr(H,0),]Cl,.
The compound B loses 6.75% of its original mass when
treated with concentrated H,SO,. This loss is due to the
removal of water molecules which is/are not directly
coordinated to Cr** ion.
The mass of water molecules removed per mole of the
complex
6 75
100
=1798¢
This corresponds to one mole of water. Hence, the
structure of the compound B will be [Cr(H,0),C1](H,0)Cl,
The compound C loses 13.5% of its mass when treated
with concentrated H,SO, which is twice of the mass lost

H,N HN

6.75
x molar mass of the complex = 100 % 266.5g

g _Chemistry

by the compound B. Hence, the structure of the compound -
Cwill be [Cr(H,0),CL]J(H,0), CL
25. (i) [CoCI(NH,).P** Formula of pentaamminechlorocobalt (I11)
(i) LiAIH, Formula of lithium tetrahydroaluminate (I1T)
26. (i) Pentaamminecarbonatochromium (IT) chloride.
(if) Potassium hexacyanochromate (I11)
(iff) Pentaamminenitrito-o-cobalt (IIT) chloride

==

1. (o)

Topic-2: Bonding. Stability and
Application of Coordination Compounds

Pb(NO;); +2NaCl—— PbCl, + + 2NaNO,
[PbCl, >~

tetrachloroplumbate(IT)ion

PbCl, +2Cl (excess)——

2. (@) [Cr(NH,) "
Cr* = [Ar] 38
In presence of NH, ligand,

%

1 1 1 t2g

Number of unpaired electrons =3
n(n+2) BM.

3(3+2) BM. =3.87B.M.
[CuFJ*
Cu** = [Ar] 3d®
In presence of F~ Ligand

2t

:1L 1 ¥

Number of unpaired electrons = 2
n(n+2) BM.

2(2+2) BM. =2.84B.M.
3. (@ Ni* with NH, shows CN = 6 forming [Ni(NH,)]**
(sp*d® hybridisation, Octahedral)
Pt** with NH, shows CN =4 forming [Pt(NH.,),]**
(d’sp hybridisation, square planner)
Zn** with NH, shows CN =4 forming [Zn(NH,),]**
(sp’ hybridisation, tetrahedral)
4.  (b) The electronic configuration of central metal ion in
complex ions P, O and R are

=fEer g rredt -l ¥ N 11 [ 1]
i B

I11111[1]

0= [V, 0)P"; V?*

R = [Fe(H,0)]**; Fe
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Higher the no. of unpaired electron(s), higher will be
magnetic moment,

Thus, the correct order of spin only magnetic moment is
O<R<P

(¢) In both states (paramagnetic and diamagnetic) of
the given complex, Ni exists as Ni2* whose electronic
configuration is [Ar] 3d%4s0,

3d 4s 4p
N fnfni] [ [T 1]
SPS

In the above paramagnetic state, the geometry of the
complex is sp° giving tetrahedral geometry.

The diamagnetic state is achieved by pairing of electrons
in 3d orbital.

3d 4s 4p
Iu[efel ] [ [T 11

dsp

Thus, the geometry of the complex will be dsp? giving

square planar geometry.

(©
Complex | No. of electrons | No. of unpaired
in outerd electron (s)
orbital
[Fe(CN)J*> 3d° 1 (CN causes
(K) pairing of electrons)
[Co(NH3)e]" 348 O(NH; causes
(L) pairing of electrons)
[Co(oxal. )™ 346 O(oxalate causes
M) pairing of electrons)
5 2+
ml(?é?}ﬁl 3d 8 2
[PH(CN)J* 5d°® O(CN ™ causes
(0) pairing of electrons)
[Zn(H0)6 3d"° ¥
(P)

Thus L, M, O and P are diamagnetic.

® Ni*? +4C1" —5[NiCl, >

sp3
[NiCl,]?~. = 3d® configuration with nickel in + 2 oxidation
state, CI” being weak field ligand does not compel for
pairing of electrons.

So,
3d

N [T i [E

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

sp3 hybridisation
Hence, complex has tetrahedral geometry

e B
Ni
o g
Cl

Ni*2 +4CN™ —[Ni(CN), >
[Ni(CN),]*~ = 34® configuration with nickel in + 2
oxidation state, CN~ being strong field ligand compels for

pairing of electrons.

O
Cl

4s /
Sgfirogm :
NICN, T2 [ ] HEN

dspz hybridisation
Hence, complex has square planar geometry.
2—

Ni™? + 6H,0 —[Ni(H,0), **
[Ni(H,0)4] = 34" configuration with nickel in +2 oxidation
state. As with 34® configuration two d-orbitals are not
available for @®sp® hybridisation. So, hybridisation of
Ni (1) is sp*d? and Ni (II) with six co-ordination will have
octahedral geometry,

H,0 -

2

H,0 l OH,

Nt
=
o

‘l‘ OH,
H,0
Note : With water as ligand, Ni (II) forms octahedral
complexes.
(®) [NiCLJ*, 08.0f Ni=+2
Ni(28) =38 45
Ni 2+

H,

3d 45 4p

(AN RNBNEE

CT being weak ligand it cannot pair up the two
electrons present in 3d orbital

[NiCl > 4 :
AR AR
\.—\S,s__..z

No. of unpaired electrons =2
Magnetic moment, p=2.82 BM.
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9. (@) Chromium in Cr(CO), is in zero oxidation stateand  15. (c) Inmetal carbonyl the metal is in zero oxidation state,
has [Ar]'® 3d°4s’ as the electronic configuration. However, In Ni(CO),, O.N. of Ni=0
CO is a strong ligand, hence pairing up of electrons takes For Ni(Z=28)
place leading to following configuration in Cr(CO),. 3d 4s 4p
. - i W[ ][
I“]‘L|"N,[T‘L,|xxlxx’LxxHxx‘xxIxx[ 1 -
: ~ In presence of CO two 4s electrons pair up, thus
d%sp® Hybridisation
Since, the complex has no unpaired electron, its magnetic 1 O
moment is zero.
10. (b) Incarbonyls, O.S. of metal is zero. sp” hybridization
In [Ni(CO),], the oxidation state of nickel is zero. Its In Ni(PPh,),Cl,, O.N. of Ni=+2
configuration in Ni(CO), is For Ni2*
4s 4p
INi(CO),J; B W[N] 1]1
L y
2 rp hybrldlsatmn sp” hybridization
(I::n[fl‘xl I(C;)&]l is o' oxidation bmielof Nids 2+ and e PPh; and CI™ can’t pair up d-electrons, leading to sp?
s 3d hybridization and tetrahedral geometry.
16. ()
NICN)T [T ] IEI T
l—'v— Atom/Ton Configuration u:::l:: 4| Magnetic
dsp® hybridisation Sl clectrons | Pature
Thus, the hybridisations of nickel in these compounds are 2 3d ds 4p
sp* and dsp” respectively, ol {“j) IR LT ]| 2 roromasncne
11. (@ An anionic carbonyl complex can delocalise more BRc [T¢|T.L|*¢| t I t | I ! | : | : | : r 2 | Paramagnetic
electron density to antibonding pi-orbital of CO and hence, il
lowers the bond order. NN [+ [ulﬂ,lnl : | El | t 2] ]| o | piamagnetic
12. () Therequired reaction is Rearrangement
Ag” +2NH; &= [Ag(NH;),]"; K =? rr:ré’g)d [N [RIN]A]E] [w] l = 2 | Paramagnetic
1 ) . i
From the given equations, we have [T RT] E| [:] ko Bl amermin
[A NH Ag(NH-) 5 L Rearrangement e
ky = g(NHy)T" [Ag iz] 17. () Mn*" in MnSO,. 4H,0 has & configuration (five
([Ag” ][NHﬂ [AB(NH3 )I"[NH;] unpaired electrons); Cu?* in CuS0,.5H,0 has &°
.. The value of K is given by configuration (one unpaired electron); Fe:z+ in FeSO 6H,0
K=k *xk,=6.8 % 103x1.6x103=1.08x 10", has d‘sconﬁgumtmn{four unpaired electron); and N12+m
_ _ NiSO,.6H,0 has &* configuration (two unpaired electron).
13. (© p=yn(n+2)BM (u=spin magnetic moment) Thus, CuSO -SH,0 has lowest degree of paramagnetism.
Here Co is present as Co®” ion which has 3 unpaired 18, (5) [Co(CN) 1* = Co® 347452 = 34°
! ; z A Due to SFL, CN- pairing and transference of electron
electrons. Sothe spin magnetic moment will be /3(3+2), takes place and hybridisation is sp>.
ie. V"E BM. o 1
14. (d) The configuration of NiZ*is34®. For the elements of |
the first transition series, CI- behaves as a weak field/high Co
i : e : 2Rl
spin ligand. Hence, Ni in [NiC l4j3‘ issp’ hybridised leading Geometry = Tetrahedral NC | CN
to tetrahedral shape. CN
2- [Co(CO);NO]
<|?-1 Co’ = 3d"4s% = 3d° dueto SFL, COand NO
Ni = sp° hybridisation
cr’] i NO
Cl I
sp’, Tetrahedral Geometry=Tetrahedral cO~" (rio ~co

co
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XeF, = 4bp+2Ip= spd? 20. (1)
o e * H-atom=Is' Paramagnetic
Square planar F/}_(ge ~F ®
PCl," = 4pb+0lp * NO,= ,;/N\ odd electron species Paramagnetic
. 0o o
Cl * 0, (superoxide) = One unpaired electron
El’ in*M.O. Paramagnetic
sp® = tetrahedral c1”- | e * S, (in vapour phase) = same as O,, two
Cl unpaired ¢7s are present in 7 M.O. Paramagnetic
[PdC1, ]2~ = Pd?*, CI-behaves as SFL e s .
PdZ* = 44® = dsp* = square planar 3 L) - e i S
G * (NH,),[FeCl,]=Fe?* =3d%45" Paramagnetic
O A * (NH,),[NiCl,]=Ni=3d®4s?
Pd Ni?f = 345 45° Paramagnetic
/ﬂ :
-t Ta o
ICl,;~ =4bp+2Ip * KMn0,=2K"| Mn ‘Mn®* = [Ar] 3d'
spd? 7 / | =
O |O 9}
crl
Cl\@/ Paramagnetic
square planar
& a”@>a 0
= +1 10 =2K* &t =
[CulCN), P = Cu™! =34 * K,Cr0,=2K ///C|r\ |, C¢=[Ar 3
= sp 0 50
CN 3- Diamagnetic
) 21. (4) Fe(26) — [Ar],g 3d%s?
Tetrahedral A0 Fe** —» [Ar]  3d%4s"
CN gN CN SCN- is weak field ligand hence pairing will not occur.

P

P/ \P
Tetrahedral
Sl

19. (1) [Mn(NH,)J* = d* system : «|, NH,

strong field, ligand. Paramagnetic

[MnCL .} = d’ system : , CI- a weak

field ligand. Paramagnetic

[FeF > = d° system : nn F- a weak

field ligand. Paramagnetic

[CoF J*~ = df system : nn F- a weak

field ligand. Paramagnetic

[Fe(NH,),]’" = d’ system : xx . NH, a

strong field ligand. Paramagnetic

[Co(en),]*" = d® system : ,enastrong

field ligand. Diamagnetic
Only 1 complex is diamagnetic.

22,

23.

24.

Rt

Unpaired electrons =5

Magnetic moment= ,/5(5+2) B.M.

= 35 BM.=592B.M.
CN- is strong field ligand hence pairing will take place.

o — ..

Unpaired electrons = 1

Magnetic moment= ,/1(1+2)BM. = -J?:B.MF 1.732
Difference=5.92—1.732=4.188
Hence, answer 15 (4).
Paramagnetism;
[Mn(H,0),]** shows paramagnetism because of presence
of 5 unpaired electrons in the outer most orbital (3d°) of Mn?".
False : Octahedral complexes of Fe(II) like [Fe(CN),]* are
low spin (a2sp* hybridization) with one unpaired electron
and have magnetic moment of about 1.9 BM. On the other
hand, complexes of Fe(TI) like [Fe(CN), > arelow spin complex
(d%sp®) with no unpaired electron and thus diamagnetic.
(@b,d)
(a) [FeCl,"

Fe = [Ar]34° 4s?

Fe'3 = [Ar] 3d° 459
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CI~ is weak field ligand, So pairing does not take place.
In [FeCl,]
3d 4s 4p
‘] 'l 'l '] ‘] X% x x| x x| xx
sp?
Tetrahedral
[Fe(CO),J*
Fe = [Ar]340 452
Fe 2 = [Ar] 34® 452
* In[Fe(CO), 1>
3d 4s 4p
WL WP [rex] [rox]xx]xx
sp?
Tetrahedral
(b) [Co(CO),I
Co=> [Ar]3d 452
Co! = [Ar] 348 452
In [CO(CO)4]"
3d 4s 4p

WL x| [xx]xx]xx

Tc-rrahed.ral
[CoCl >
Co= [Ar]3d" 4s*
Co™? = [Ar] 3d7 45°
In [CoCl >
3d 4s 4p
1[- 1[- 1 1 T X X XX | x x| xx
sp3
Tetrahedral
() INi(CO)]
Ni = [Ar]34® 452
Ni® = [Ar] 3d8 45
In[Ni(CO),]
3d 4s ap
LT LI ] e = o] oo
Tetrahedral
[Ni(CN), |-
Ni = [Ar]3d® 45
Ni*2 = [Ar] 348 450
In[Ni(CN),J*-

Chemistry

4s 4p

W LWL | x| |

e i
——

e B

dsp3
Square planar
(@) [Cu(py),l
Cu=>[Ar]3410 45!
Cut = [Ar] 3410 450
In [Cu(py),]*

3d 4s 4p

LI AU [ o] xx|xx

sp?
Tetrahedral
[Cu(CN),I>-
Cu=>[Ar]3410 45!
Cu™= [Ar] 340 450
CN~ is so pairing occurs.
In[Cu(CN),I*-
3d 4s 4p
TIPS [xx] [xx]=x]xx
sJ:;I3
Tetrahedral
25. (a,0) :
(a) [FeCLI
Fe* : [Ar]3d"

sp hybridised
tetrahedral geometry

(b) [Co(en)(NH,),Cl,]" has three geometrical isomers.

Fl\lﬂs THa Tl
{\Co/ /\\Co /NH3 /\CG/NHB
e \’/l Na T
NHs cl
transw.r.t. NHy cis w.rt. NHy trans w.r.t. NH;
©  [FeCL}
11111
t

Fe'": [Ar]3d"
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26.

H,0 e,
H3N\| /NH3 H3N\

B179

Number of unpaired electrons (n) =35

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

=5.92B.M.
[Co(en)(NH,).CL]"
es
Co>*: [Ar]3d>
Wi
t2g

Number of unpaired electrons (n) = 0

Spin only magnetic moment = 4/n (n E 2]B.M,

=0
(d) [Co{en}(NHﬁzClz]‘
Cg
Co’": [Ar]3d
11
by

d?sp’ hybridisation, octahedral geometry
(a,b,d)
() [Co(en)(NH,),(H,0)]’" has 2 geometrical isomers.

3+ it

NH,

— NH, NH,
g b 2
OH. H.N NH,
NH; =~ ° H,0
fac—

mer—

(b) Compound [Co(CN),(NH,),(H,0)]" will have three

geometrical isomers.

(|) CN g H NHZ? CN
& 3 ‘\(Ij A

Co 3
H3N/| \'CN H3N/|O\CN NC/ O\NH3
CN NH; NH,
mer—, ¢is— fac—, cis— fac—, trans—

[Note: fac—and mer— w.r.t. NH;, cis— and trans—w.r.t. ~CN]
(¢) [Co(en)(NH,),(H,0)]*" is diamagnetic

27.

28.

29.

Due to the presence of strong field ligand 'en' d®
system (Co™) forms low spin (L.s) complex in Oh split-
ting of d-orbitals.
(d) [Co(en)(NH;),*" has larger gap between e, and t,
than [Co(en)(NH, ),(H.0)I*"
So, [Co(en)(NH,),(H,0)]*"absorbs light at longer
wavelength as compared to [Co(en)(NH,),]*".
(b,c)
(@ [(Fe(COy)] & [Ni(CO),] complexes have 18-¢lectrons
in their valence shell.
For transition elements of 3d-series, the valence shells are
3d- and 4s.
(b) Due to strong ligand field, carbonyl complexes ars
predominantly low spin complexes.
(c) Aselectron density increases on metals (with lower-
ing oxidation state on metals), the extent of synergic
bonding increases. Hence, M-C bond strength increases.
(d) While positive charge on metals increases and the
extent of synergic bond decreases and hence, C-O bond
becomes stronger.

(b,c,d)
where, n = No. of unpaired electrons
Given for XYand Z, n1=3.87 B.M.

e \n(n+2) =3.87
n+2n-15=0 ..n=3
For complex Y (1 : 3 electrolyte) given p=0

Magnetic moment, p= \/n(n+2) BM.

Leyn(n+2) =0=n=0

CoCl,.6H,0 or [Co(H,0),)] Cl, (X) is pink coloured
compound and octahedral in structure.

On adding excess of HCl at room temperature,
[Co(H,0)]Cl, (X) changes into tetrahedral, [CoCl,]*~(2)
and on adding excess of NH, and NH,Cl in the presence

of air forms [Co (NH,)] Cl (V).
NH; (excess)
[Co(H,0)1Cl, —g, o [Co(NH;)s1Cly
() Pink )
(1=3.87BM) (=0)

(a,¢) The metal to ligand bonding creates a synergic
effect which strengthens the bond between CO and the
metal (Fe),

As the bond strength Fe<-C=0

between Fe — C increases, the bond order between C — O
decreases and the effective bonding can be represented
asFe=C=0.

This will increase the C— O bond length. Thus, the answers
canbe 1.13 A or 1.15A.
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30. (¢) The magnetic moment (u] of a species is related to
its number of unpaired electrons () in form of following
expressions.

u=.n(n+2) BM
The number of unpaired electrons in the given pairs are as
follows:

Fe?* =152, 25?25, 3523 p%34%

3d
or ‘Ti[T'T[TIﬂ Thus, here n =4,

Fe't =152, 25225, 3523 p034°

3d
oo [t][t][t][1]1] Thus, heren =5

+ + T et
NOo N=0: n=0;NOor EN=0! n=1

XX
The given combinations differ in the number of unpaired
electrons. Hence, these can be differentiated by the
measurement on the solid state magnetic moment of
nitroprusside ion.

31. (b) Highest parmagnetic character will be shown by the
ion having maximum number of unpaired electrons in their
d-subshells.

,5Cr®" has 3 unpaired electrons ;

,¢Fe*" has 4 unpaired electrons

,9Cu?" has 1 unpaired electrons ;

30Zn%" has no unpaired electrons

So(a), (b) & (c) show paramagnetism. Out of which (b) has
the highest paramagnetism,

42
II
2. @ 1 {FE(H20)6:|
WFL

®®

e
E

configuration 3d°—@
t,

33,

g Chemistry |
®®

g
configuration 3d’

33 fag
te e, (Q)
+3
1
3. ]iCo(NHﬂG:l
SFL
Q0.
configuration 3d"
by,
ey (P)
il i
4. Fe Cly
WEFL
b
configuration 34"
2.3 e
et, (R)
I -2
5- COC14
WEL
b
configuration 3d"
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(@)
@M [Cr(CN)g]* = Cr2* (@*) = low spin Oh complex as
CN- is strong field ligand.

Electronic configuration = rggeg 3 Ag>P;

Uso, =+2(2+2) =2.82 BM

(P),(R), (T)
(D) [RuClgP~ = Ru** (%) = Low spin Oh complex as
Ru is of large size.

Electronic configuration = :g*g e_g 140> P
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Ug o, =+2(2+2) =2.82BM

(P),(R), (8),(T)
(I [Cr(H,0)4]** = Cr** (¢*) = high spin Oh complex
as H,0 is weak field ligand.

A ;
?zgeg, A‘}{P.

i o, = A(4+2) =4.89 BM

Electronic configuration =

(Q),(T)
(IV) [Fe(H,0)¢]*" = Fe?* (¢°) = high spin Oh complex
Electronic configuration = #3 . g g s Ag<P;
s 0, =A(@+2) =489 BM
(P.(Q
34. (o)
(p) [FeF ]*, Fe?" =34 and F~ is weak field ligand

. Hybridization is sp*d® (high spin complex)

(@ [Ti(H,0),CL], Ti** = 34" (No effect of ligand field
strength)

.. Hybridization is d’sp

@) [Cr(NH,)J*, Cr** = 3d® (No effect of ligand field

strength)
. Hybridization is d®sp?
(s) [FeCl,J*,3d® and CI" is weak field ligand
. Hybridization is sp?
(t) [Ni(CO),],Ni= 34'% and CO is strong field ligand
. Hybridization is sp’
(w) [Ni(CN),J*, Ni?* =34 and CN is strong field ligand
:.  Hybridization is dsp?
35. O
Complex Magnetic character Isomerism
A, [Cr(NH,;),CL,1CI crtisd, cis-trans
hence paramagnetic
B, [Ti(H,0)5C1](NO; ), Tiot isd! . ionization
hence paramagnetic.
C, [Pt(en)(NH3 )CIINO5 P27 is ds, ionization
complex is square planar,
all electrons are paired,
hence diamagnetic
D, [Co(NH3)4(NO3);INO3 |co* js ¢°, cis-trans
all electrons are paired
due to strong ligands,
hence diamagnetic

36.

37.

38.

(A):(p).(q)and(s)

In [Co(NH,),(H,0),]*", Co is in + 2 state having 3d’
configuration, which makes it paramagentic due to odd
electrons. Moreover, it is an octahedral complex showing
cis-trans isomerism w.r.t., H,O.

OH, et NH; 2+
./C N /C ey
H,NT | SNH; H,N7 | DOH,
OH; OH,
trans (cis)

C02+ = 30’? (Paramagnetic)

(B): (p), (r) and (s)

In [Pt (NH,)CL], Ptis in+ 2 state with configuration 54*.
Since NH, isa strong field ligand, it will pair all the electrons
making the complex diamagnetic. Moreover, itis a square
planar complex showing cis-trans isomerism.

N c HiN Cl
Nz 3\;/
H,NS >l G NN,
(cis) (trans)

Pt2* = 5d34.so(diamagnetic)

(©):(g)and(s)

In [Co(H,0).CIIC], Cois in + 2 state with 34" configuration
making it paramagnetic.

(D):(q) and s)

In [Ni(H,0),]Cl,, Ni is in + 2 state with 3® configuration.
It is attached with weak field ligands, therefore it is
paramagnetic.

@ NiZt 2N LKL INI(CN), )

exXcess

potassium tetracyano nickelete (II)

Ni2t —BE e iNie]

(excess)

potassium tetrachloro nichelate (IT)
(¢) For [Ni(CN),J*;Ni= [Ar]3d®4s?; Ni?" = [Ar]3d®

= 3d 4 4p
R EEEEE

However, CN™ is a strong field ligand so it forces the 34
electrons to pair up and hence the effective configuration
in this case will be:

Ni*" in presence of CN~
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39,
40.

41.

3d 4s 4p

(:a‘s’;::1

Thus, [Ni (CN),]*" exhibits dsp? hybridization and square
planar shape. Since here, number ofunpaired electrons is
zero, the complex will be diamagnetic.

In case of [NiCl,]*, CI" is a weak field ligand, so the
effective configuration of Ni** in this complex will be as
follows :

Ni?* in presence of C1-

35

4s 4d
[
sps

So here, Ni*" is sp? hybridised and thus, tetrahedral in

shape. Since, the complex has two unpaired electrons, it

willt be paramagnetic.

(a) Discussed above.

(2) In[Fe(H,0),NO]SO,, Let the oxidation state of Fe be

x. Then for [Fe(H,0); NOT*,
xtl=+2orx=+2-1=+1

Hence, in this complex the oxidation state of Fe is + 1

Electronic configuration of Fe™ can be represented as

Fe™ = 15°2522p%35*3p%3d". This unexpected configuration

is due to presence of NO™, Due to which 1 electron from

45! gets shifted to 3d- orbitals,

The 3d” electrons in five 3¢— orbitals ean be shown as

3d
d: - [ ]

In it, we find 3 unpaired electrons,

Because of the presence ofunpaired electrons the complex
1s paramagnetic 7.e. statement | is true.

As is clear from above there are three unpaired electrons
in this complex i.e. statement 2 is true.

Since, paramagnetic behaviour is due to presence of
unpaired electrons in it so statement 2 is correct explanation
of statement 1.

Fe3 + SCN~ ——[Fe(SCN)(H,0)s**
(excess) (blood red)
(A)

[Fe(SCN)(H,0)s]2* +6F ——» [FeRs " +SCN™
(B)

TUPAC name of (A) is pentaaquathiocyanatoferrate (III) ion
TUPAC name of (B) is hexafluoroferrate (IIT)

42,

43.

In [FeF]*~ coordination no. of Fe=6
In [FeF,]*~ oxidation state of Fe=+3
-, It has 5 unpaired electrons, n =5, Fe® is 3d°

Magnetic moment (1) = \/n(n+2) (B.M.)
J5(5+2) =35 =5.92BM.

0-~H-0
@ =8 i
H,C-C =1|~17' \N=C-CH,
¥

O-H-0
Bis(dimethylglyoximato) nickel (II)

(b) Charge on Ni in the complex is +2 and it is dsp?
hybridised
(¢) Since number of unpaired electrons in Ni®" is zero,
the complex is diamagnetic.
The spin magnetic moment, m of the complex is 1.73 BM.
p=qnn+2)=173=>n=1
It means that nucleus of the complex, chromium ion has
one unpaired electron. So the ligand NO is unit positively
charged. :
Cr (z= 24) = 3d°4s?, after pairing up of electrons, there
shall be one unpaired electron lefi.
Thus, chromimum can be in Cr™ state.
IUPAC name :
Potassium amminetetracyanonitrosochromate (I).
(a) Electronic configuration of Cr' :

b/

N

(b) Electronic configuration of Cr™ under the influence
of strong field ligand CN-

3d 4s 4
o WIRAT 1] [] E[f'l:l

d*sp’

So, Hybridization : ¢°sp*; Shape : Octahedral
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44,

43,
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CI"is a weak ligand which is unable to pair the electrons of
Ni*. Therefore, here hybridisation is sp® and shape will be
tetrahedral.

Electronic configuration of Ni™2 (No. of electrons = 26) in
presence of Cl™ ion, a weak ligand.

AR [ [TT]

.s'pg hybridisation

Magnetic moment of [NiCl,J*- = y2(2+2) = 2.82 BM
On the other hand, CN~ is a stong ligand which pairs up
the electrons of Ni**. Therefore, here hybridisation is dsp?
and shape will be square planar.
Electronic configuration of NiZ* in presence of CN~ion, a
strong ligand. :

HEEE

1] |

2
dsp Hybridisation

Magnetic moment of[Ni(CN)d]z‘ =./0(0+2) =0.0BM

\Ni/CN_
P

Square planar dsp® hybridisation

Compound (4) on treatment with AgNO, gives white
precipitate of AgCl, which is readily soluble in dil.aq.
NH,.Therefore it has at least one ClI~ ion in the ionization
sphere. Furthermore, chromium has coordination number
equal to 6. So, its formula is [Cr(NH,) BrCl]CL
Compound (B) on treatment with AgNO, gives pale yellow
precipitate of AgBr soluble in conc. NH,. Therefore it has
Br- in the ionization sphere. So, its formula is
[Cr(NH,),CL,]|Br.

T3] X ETE
45 4p

3d

Cr*(Z=24) [ 1

7
|

46.

State of hybridization of chromium in both (4) and (B) is @sp’.
Spin magnetic moment of (4) or (B),

B = Jn(n+2) = 33+2) =15 =3.87BM

[Co(NH,) I**
3d 45 4p
ce [P [] [T 1]
= AR 1] O T !
dz.sp!
L NH3 -3
NH NH,

Octahedral complex, d%sp? hybridisation
[Ni (CN),I* Lo
45 4p

3d
N BESET

Ni** (after rearrangement)

AT ] [ D:!:I

pairing due l
to CN dj‘P:

NI(CO),]
3d 4s 4

N - i (1]

S

(Pairing due |_3_._]

to CO) sp

‘Ni (after rearrangement)

CO

/7‘\

CO co
cO

Tetrahedral (sp® hybridisation)
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47.

48.

Magnetic moment (K )= /n(n+2) BM

where #n — number of unpaired electrons
i =1.73 BM for vanadium ion

1.73BM= [n(n+2) So,(L73}*=n(n+2)
30=n*+2n orn*+2n-3=0

?+3n-n-3=0 : a(n+3)—-1(n+3)=0
(n—1)(n+3)=0 Correctvalueofn=1

Thus, no. of unpaired electrons in vanadium ion = 1

53V =15%, 257 2p°, 357 3p° 3, 45

It will have one unpaired electron ifit will lose two electrons
from 4s and two from 34.

.. Vanadium (IV) has one unpaired electron.

V4 =152, 252 2p5, 3523p0 34!

gg_Chemistry|

For the explanation of colouration of complexes. first ofall
find out the number of unpaired electrons present in outer
available d-orbitals

@ [Ti(NO,),]; 5, Ti* : [Ar] 3d°4s°

(i) [Cu(NC CH,),]" BF} ;,,Cu’: [Ar]3d'"4s

@) [Cr(NH,)]"3Cl;,,Cr* : [Ar] 3d 450

(iv) K, [VFg: V™ :[Ar]3d245°

Due to the presence of unpaired electrons in d-orbitals,
two complexes i.e., [Cr(NH;)J*" 3Cl- and K, [VF ] are
coloured. Others having all paired electrons are
colourless.
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