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INTRODUCTION

*

In the long form of periodic table elements are classified
based on electronic configuration. The elements which
are classified between’s’ & ‘p’ block are ‘d’ block elements
or Transition elements. In these elementsthe differentiating
electron enters in the ‘d’ orbitals of penultimate shell.
General configuration for ‘d’ block elements is

nst2 (n-1)d1-10, je., in ‘d’ block elements the valence
shell has constant number of electronswhereasthe number
of electron in penultimate shell go on increasing.
Elementswhich have atleast one unpaired electronin their
‘d’ orbital in atomic or any oxidation state are called as
Transition elements. Thus all transition elements are ‘d’
block elements but all ‘d” block elements may not be
transition elements or the elements having incompl etely
filled ‘d’ orbitals are called as transition elements.
Transition elements are classified between’s’ and ‘p’ blocks
from fourth period onwards.

Series of transition elements are four

1% Series - They are classified in fourth period and are
called as “3d’ series of elements. Their atomic numbers are
21(Sc) to 30 (Zn).

2"d Series- They areclassified infifth period and are called
as ‘4d’ series of elements. Their atomic numbers are 39(Y)
to 48(Cd).

3"dseries- They areclassified insixth period and arecalled
as ‘5d’ series of elements. Their atomic numbers are 57(La),
72(Hf) to80(Hg)

4™ Series - They are classified in the seventh period and
are called as ‘6d’ series of elements. This is an incomplete
series. Their atomic numbers are 89(Ac), 104(Ku) to 112

(Uub).

Electronic configuration of first seriesof transition elements.
Atomic  Element Symbol  Electronic
number configuration
21, Scandium 59 [Ar) 4s23d1
2. Titanium Ti [Ar] 452302
2. Vanadium Y, [Ar) 4s23d3
24, Chromium o [Ar) 4s13d°
25. M anganese Mn [Ar] 4823d°
2. Iron Fe [Ar) 4s23d6
27. Cobalt Co [Ar) 4s23d’
28 Nickel Ni [Ar) 4s23d8
2. Copper Cu [Ar) 4513010
0. Zinc Zn [Ar] 4523010

*

Chromium and copper are elements having exceptional
electronic configurations of [Ar] 4s'3d® and [Ar] 4s'3d10
instead of [Ar] 4s23d* and [Ar] 4s23d°

Zn (30) is[Ar] 4s23d10

Cd (48) is[Kr] 5s24d10

Hg (80) is[X €] 6s? 4f14 5310

These three elements do not have any unpaired electrons
in their “d” orbitals in atomic as well as in ionic states.
Therefore they are only classified as ‘d” block elements
and not as transition elements. Copper, Silver and Gold,
the elementsof IB groupi.e., coinage metals, have nst (n-
1)d19 configuration. They are transition elements as in
their higher oxidation state they have an unpaired electron
in their ‘d” orbitals.

GENERAL PROPERTIESOF D-BLOCK ELEMENTS

*

All the elements of ‘3d” series are good reducing agents
except copper.

In general thereactivity of transition elementsisless. Their
reactivity decreases with increase in atomic number. The
atomic radii of transition elements decrease by negligible
amounts due to the shielding of valence shell electrons,
provided by electrons of ‘d” orbitals of penultimate shell.
The ionisation potential of transition elements increase
by negligible amounts due to shielding effect.

MetallicCharacter :

All the d-block elements are metals as the numbers of
electrons in the outer most shell are one or two.

They are hard malleable and ductile. IB group elements
Cu, Ag and Au are most ductile and soft.

These are good conductor of heat and electricity (due to
free &) IB gp. elements are most conductive in nature.
Their order of conductivity is: Ag> Cu>Au>Al.

Atomicsize:

Atomic and ionic radii of d-block elementsissmaller than
s-block elements

Atomic radii depends on effective nuclear charge (Zeff)
and screening effect (SE).

In3dseries

Sc — Cr (Zeff > SE) .. radiusdecreases

Mn — Ni (Zeff = SE) .. radiusremains constant

Cu— Zn (Zeff < SE) .. radiusincreases

In dipositiveions of 3d series Cu*? isthe smallestin size.
The elements of 4d and 5d series belongs to a particular
group have almost same atomic radii. This is due to
Lanthanide contraction. e.g. Zr = Hf, Tc = Re,Nb = Ta,
Ru = Osetc.

v
I 110




(d, f-BLOCK ELEMENTS & COORDINATION COM POUNDS)

SOAL

ODM ADVANCED LEARNING

*

Ind-block elements
Largest atomicradii - La
Smallest atomicradii - Ni
Inlll B group order of atomic radii is
Sc<Y < La(No lanthanide contraction)

Density :

The atomic volume of the transition elements are low
compared with s-block, so their density is comparatively
high (D=M/V)

Except Sc, Y and Ti, all thed-block elementshave density
greater than 5gm cm3

0s(22.57 gm cm3) and Ir (22.61 gm cm3) have highest
density.

In all the groups there is normal increase in density from
3d to 4d series, and from 4d to 5d it increases just double
it is due to lanthanide contraction.

In 3d series : Sc — Cr density increases

Mn, Fe, Co, Ni — almost constant ; Cu— Zndecreases
In 3d series highest density — Cu ; lowest density — Sc
Someimportant orders of density

Fe<Ni<Cu; Fe<Cu<Au; Fe<Hg<Au

M élting and boiling paints:

M.P. and b. p. of d-block > s-block (the reason is stronger
metallic bond and presence of covalent bond formed by
unpaired d-electrons.)

InZn, Cd, and Hg thereisno unpaired el ectron present in
d-orbital, hence due to absence of covaent bond, their
m.p. and b.p. arevery low. (Volatile metalsZn, Cd, Hg)
In3dseries

Sc — Crm.p. b.pincreases

Mn — Znm.p. b.p decreases

Mn and Tc possess comparatively low m.p., it dueto stable
configuration’ (Half filled)

Lowest mp Hg-38°C ; Highest mp. W = 3400°C

TrendsintheM2*/M Sandard ElectrodePotentials

Electrode potentials (E°) : Standard electrode potentials
of somehalf-cellsinvolving 3d-seriesof transition elements
and their ions in agueous solution are given in table.

Sandard eectrodepotentialsfor 3d-elements

Elements| lon | Electrodereaction | E°/ volt
Sc S | s+ 36 —» S -210
Ti Ti?t | Ti%*+ 26 S Ti -1.60
% V¥ v+ 26 5V -1.20
Cr c* o+ 36 »cr | -071
Mn | Mn® | Mn®*+ 26 > Mn | -1.18
Fe Fe”" |Fe* + 26 >Fe | —044
Co Co® | Co* + 26—>Co | —0.28
Ni Ni% | Ni% + 2= Ni -0.24
Cu Cu” |cu®+ 26 >Cu | +034
Zn Zn®* | zZn®* + 26 Zn -0.76

[ -

The unigue behaviour of Cu, having a positive E°,
accounts for its inability to liberate H,, from acids. Only
oxidising acids (nitric and hot concentrated sul phuric) react
with Cu, the acids being reduced. The high energy to
transform Cu(s) to Cu?*(aq) is not balanced by its
hydration enthalpy.

The general trend towards |ess negative E° values across
the seriesis related to the general increase in the sum of
the first and second ionisation enthalpies.

Trendsin theM 3*/M 2* Qandar d Electrode Potentials

Standard electrode potential M3*/M2* : Ti =-0.37,
V=-0.26,Cr=-0.41,Mn=+1.57,Fe=+0.77, Co=+1.97.
The low value for Sc reflects the stability of Sc3* which
has a noble gas configuration.

Thehighest valuefor Znisdueto theremoval of anelectron
from the stable d1° configuration of Zn?*.

The comparatively high valuefor Mn showsthat Mn?*(d®)
isparticularly stable, whereas comparatively low value for
Fe shows the extra stability of Fe3* (d°).

Chemical Reactivity and E° Values:

*

The metals of the first serieswith the exception of copper
arerelatively morereactive.

The E° values for M2*/M indicate a decreasing tendency
to form divalent cations across the series, general trend
towards less negative E° values is related to the increase
in the sum of the first and second ionisation enthal pies.

Characteristic propertiesof transition elementsare

@

(a) Variableoxidation state

(b) Colouredions

(c) Paramagnetic properties

(d) Catalytic properties

(e) Formation of alloys

(f) Formation of interstitial compounds and

(g) Formation of complexes.

Variablevalency or variableoxidation states:

The oxidation states of all transition elements of “3d” series
areasfollows

Sc [Ar] 4s23d? +3

Ti [Ar]4s23d2 (+2) 43 +4

V [Ar]4s23d 2 +3 +4 +5
Cr [Ar]4si3d® (+1) +2 +3 (+4) (+5)

+6

Mn [Ar] 4s23d®  +2 +3 +4 (+5) (+6)
+7

Fe [Ar]4s%3d® +2 +3 (+4)  (+5) (+6)

Co [Ar]4s%3d’ +2 +3 +4

Ni [Ar]4s23d®  +2 +3)  (+9

Cu [Ar]4s'3d0 +1 +2

[Oxidation Statesin bracketsis/are unstable.]

Highest oxidation state of transition elements can be
calculated by = n + 2 (n = no. of unpaired e-) (It is not
applied for Cr and Cu).

The transition metal ions having stable configuration are
stable.
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Metal ions of “3d” series having 3d° configuration Sc*3,
Tit4and VS etc are stable.

Transition metal ions having 3d® configuration are stable
likeMn*2, Fet3

In aqueous medium Cr*3 is stable.

Co*2and Ni*2 are stable.

Transition metal ionwith 3d0 configurationwhichisstable
isCu™L. Inagueous medium Cu*2 ismorestablethan Cu'L.
Most common oxidation state among the transition
elementsis+2.

Highest oxidation state shown by transition elements of
‘4d’ and ‘5d’ series is +8. The elements showing this
oxidation state are Ruthenium (44) and Osmium (76).

The common oxidation state shown by elements of 111B
i.e, Sc,Y, Laand Acis+3 astheir divalent compoundsare
highly unstable.

In lower oxidation state transition elements form ionic
compoundsand in higher oxidation state their compounds
are covalent.

e.g. in chromateion CrO4‘2, the bonds between Cr and O
are covalent.

Usually transition metal ionsin their lower oxidation state
act as reducing agents and in higher oxidation state they
are oxidising agents.

e.g.— Tit2, V2 Fe*2 Co*2 etc are reducing agents
Cr*6, Mn*’, Mn™ Mn*>, Mn*6 etc are oxidising agents.

Colour Property:
Most of the transition metal ions exhibit colour property.
This is due to the presence of unpaired electronsin their
‘d’ orbitals. They require less amount of energy to undergo
excitation of electrons. Hence they absorb visible region
of light exhibiting col our.

Ti*2[Ar]3d?, V*2[Ar]3d3 etc.
These are having unpaired electrons in their ‘d’ orbitals
therefore they are coloured.
Transition metal ions which do not have any unpaired
electrons in their ‘d’ orbitals like 3d°? and 3d10
configurations, do not exhibit any colour property.
e.g., Scr3[Ar]3d0, Cut{Ar]3d19, Ti4[Ar]3d0 etc. are
colourless ions.
A transition metal ion absorbs a part of visible region of
light and emits rest of the six colours, the combination of
which is the colour of emitted light. The colour of metal
ion isthe colour of the emitted light.
In transition metal ion the “d’ orbitals split into lower energy
set t,g orbitals and higher energy set eg orbitals. The
electrons from t,g set get excited to higher energy seti.e.,
eg set. This excitation of electrons is called as ‘d-d’
transition. Asd-d transition requires|essamount of energy
they absorb visible region of light. Due to this ‘d -d’
transition thetransition metal ions exhibit colour property.
Lower energy set = t,g
Higher energy set = eg.

presence of ligand }

(e — NG 5} 4§ ranssition

d-orbitals
(degenerate) | | l |

Oyy dyz Oz
29

KMnO, (dark pink), K,Cr,O, (orange) having d°
configuration are coloured dueto chargetransfer spectrum.
Someof thecoloured metal ionsareasfollows:
Ti*3-  Purple Cr3  Green
Mn*2- Lightpink Fe™- Paegreen
Fet3- yellow Co*2- Blue
Ni*2  green Cu*2- Blue

M agnetic properties

Matter, in general is associated with magnetic properties.
Majority of substances are either paramagnetic or
diamagnetic. A paramagnetic substance is one which is
attracted into a magnetic field. Paramagnetism is mainly
dueto the presence of unpaired electronsin atomsor ions
or molecules. Diamagnetic substance is one which is
dlightly repelled by amagnetic field.

Ti*2[Ar]3d2, Tit3[Ar]3dL. VI Ar]3d3, Crt3[Ar]3d3

As is evident most of the transition metal ions have
unpaired electrons in their ‘d’ orbitals. Hence most of the
transition metal ionsare paramagnetic in nature. Transition
metal ions having 3d® and 3d19 configuration exhibit
diamagnetic nature.

An unpaired electron spins and asit isacharged particle,
magnetic field is created due to its spinning.

Each electron may, in fact, be considered asamicro magnet
having a certain value of magnetic moment. The total
magnetic moment of a substance is the resultant of the
magnetic moments of all the individual electrons. Thus
substances containing unpaired electrons get attracted
towards the magnets exhibiting paramagnetic nature.
The magnetic moment (u) created due to spinning of
unpaired electrons can be calculated by using

p=./n(n+2) :Where ‘n’ is the number of unpaired

electronsin the metal ion.
u = Magnetic moment in Bohr Magnetons (B.M.)
The magnetic moment of diamagnetic substances will be
zero.
Asthe number of unpaired electronsincrease the magnetic
moment created goes on increasing and hence the
paramagnetic nature also increases.
Transition metal ions having d® configuration will have
maximum number of unpaired electronsthereforethey will
be maximum paramagnetic in nature.

CatalyticProperty :

Transition elementsand their compounds exhibit catalytic
properties. Thisis dueto their variable valency aswell as
due to the free valencies on their surface.

rree
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When transition elements and their compounds are in
powdered state. their catal ytic propertiesexhibited will be
to a greater extent. This is due to greater surface area
available in the powdered state.

Transition metalsand their compounds exhibiting catalytic
properties in various processes are

(i) Fe is used in Haber’s process for manufacture of NH.
(ii) V,Og isusedin contact processfor H,SO, manufacture
(iii) Ptis used in Ostwald’s process of nitric acid

(iv) Ni isused in hydrogenation of oils

(v) FeSO, is used in oxidation of Benzene with H,0,

(vi) Cuisused in dehydrogenation of acohols

(vii) TiCl, isused as catalyst in Vinyl polymerisation.

Formation of Alloy :

Transition elementshave maximum tendency toformalloys.
Thereactivity of transition elementsisvery less and their
sizesareamost similar. Dueto thisatransition metal atom
in the Lattice can be easily replaced by other transition
metal atom and hence they have maximum tendency to
formalloys.

Inthe alloysratio of component metalsisfixed.

These are extremely hard and have high M.P.

SomeimportantAlloy :

Bronze - Cu(75-90%) +Sn (10- 25 %)
Brass - Cu(60-80%) +Zn(20- 40 %)
Gunmetal - (Cu+Zn+Sn)(87:3:10)
German Silver -Cu+Zn+Ni(2:1:1)

Bell metal - Cu(80%) + Sn (20%)
Nichrome - (Ni+Cr+Fe)

Alnico - (Al, Ni, Co)

Type Metal - Pb+Sn+Sh

Alloys of stedl

(@ Vanadiumsteel - V(0.2-1%)

(b) Chromiumsteet - Cr (2-4%)

(c) Nickel steel - Ni (3—-5%)

(d) Manganese steel - Mn (10— 18%)
(e) Stainlesssteel - Cr(12-14%) & Ni (2-4%)
(f) Tunguston steel - W (10 -20%)

(9) Invar - Ni (36%)

14 Carat Gold - 54% Au + Ag(14 to 30%) + Cu (12 — 28%)
24 Carat Gold - 100%Au

Solder - Pb+Sn

Magnallium - Mg (10%) +Al (90%)

Duralumin - (Al+Mn+ Cu)

Artificial Gold - Cu(90%) +Al (10%)

Constantan - Cu(60%) + Ni (40%)

Formation of I nter stitial Compounds

*

Transition elements form interstitial compounds with
smaller sized non metal elements like hydrogen, carbon,
boron, nitrogen etc. The smaller sized atoms get entrapped
in between the interstitial spaces of the metal Lattices.
These intergtitial compounds are non stoichiometric in
nature and hence cannot be given any definite formula.
The smaller sized dementsare held ininterstitial spaces of
trangtion dementsby weak Vander Waal sforcesof atractions.

The interstitial compounds have essentially the same
chemical properties as the parent metals but they differ in
physical properties such as density and hardness.

COMPOUNDSOF TRANSI TIONELEMENTS

*

Oxidesand Oxoanionsof M etals

These oxidesaregenerally formed by thereaction of metals
with oxygen at high temperatures.

All the metalsexcept scandium form MO oxideswhich are
ionic.

The highest oxidation number inthe oxides, coincideswith
the group number and is attained in Sc,05 to Mn,O,.
Beyond group 7, no higher oxidesof iron above Fe,O; are
known.

As the oxidation number of a metal increases, ionic
character decreases. In the case of Mn, Mn,O is a
explosive covalent green oil. The oxides of metalsin high
oxidation states are acidic. For example, V,0z, CrO,,
Mn, O, areacidic. Thus, Mn,O-, givesHMnO, and CrO,
givesH,CrO, and H,Cr,0. V,O; is, however, anphoteric
though mainly acidic and it gives VO,*~ aswell asVO,*
salts. In vanadium there is gradual change from the basic
V,03 to less basic V,0, and to amphoteric V,Og. The
well characterised CrO is basic but Cr,05 is amphoteric.
The basic and amphoteric oxidesdissolvein one-oxidising
acidsforming hexaguo ions[MCH,,0)¢]"". A few of these
oxides dissolve in acids and bases to form important
oxometallic salts. Potassium dichromate, chromate and
permanganate are few of the examples.

POTASSIUM DICHROMATE (K ,Cr ,0-):

Potassium dichromate is one of the most important
compound of chromium, and also among dichromates. In
this compound, Cr isin the hexavalent (+6) state.
Preparation:

4FeCr,0, +8Na,CO53 + 70,

(chromiteore)

L00PAROC 5 8Na,CrO, + 2Fe,0,+8C0,
redhotinpresence of air
[Lime (Ca0) added with Na,CO5 which keeps the mass
porous so that air has access to al parts and prevents
fusion]
Then, 2Na,CrO, +H,S0, — Na,S0,{ +Na,Cr,0,+H,0
conc. It'ssolubility
upto 32°C increases
and then decreases
Hence, suitable temp. isto be employed to crystallise
out Na,SO, first.
Then Na,Cr,0 iscrystallised out as Na,Cr,0,-2H,0
(red crystal) on evaporation.

To get K,Cr,0, : NayCr,07 +Kcl —dodle

hot conc. decomposition
K,Cr,0, +2NaCl
NaCl crystallises out first and filtered off. Then K,Cr,0,
crystallised out on cooling.

T
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Properties:

(i) Itisorange coloured solid.

(i) Itishighly solublein water.

(iii) The chromates and dichromates are interconvertible in
aqueous solution depending upon pH of the solution.
Inacidic pH, chromateionsget converted into dichromate
ions and the colour of the solution becomes orange.

2Cr05 +2H* - Cr,03 +H,0
(Yellow) (Orange)
In basic pH, i.e, in presence of OH~, orange coloured
dichromateion gets converted into chromateion (yellow).
Cr,05 +20H™ — 2CrOZ +H,0
Chromate

2- 2-
o

o o o
| AN AN /
Cr Cr 126° Cr
/ \ o >0
| 163 pm\
(0] o (o) fe)

o /
Chromate ion Dichromate ion

The structure of chromate ( Cr02_4) and dichromate (Cr2072_) ions

(iv) Potassium dichromateisapowerful oxidisingagentandis
generally used for this purpose in the presence of acids.
K,Cr,0;+4H,S0, — K,SO, + Cr,(S0O,);3 + 4H,0+ 30
The Cr2072‘ ion takes up electrons and hence acts as an
oxidising agent.

Cry02 + 14H* + 66" — 2Cr3* + 7H,0

Heated

K2CI'O4 + Cr203 + Hzo

KszO4 + Hzo

KHS()4 + CrO3 + Hzo

H,S0O,4 conc.
Hested

+.
K2Cr207 L |2

b
. H ;Fe Fe3+
N HEY S ¢l +KCl + CrClg + H0

SO
25 K5SOy + Cry(SOy)3 + H,0
KClI, H,SO4 (conc.)

Heated o cr0,Cl, + KHSO, + H,0

K280, + Cr(SOy)3+HO + O

* Chromyl chloridetest :
K,Cr,0; +4NaCl +6H,S0,
— 2KHSO, +4NaHSO,, + 2CrO,Cl, + 3H,0
Chromyl chloride (CrO,Cl,) thus formed is red coloured
and hence the evolution of red vapours indicate the
presence of chlorideradical.

Uses: Potassium dichromate finds extensive usein dyeing,
calico-printing and chrome-tanning (leather industry). It
is used as an oxidising agent and in the preparation of
various chromium compounds like Cr,O5, CrO,. Itisaso
used in photography and in volumetric analysis for the
estimation of ferrous salts. A mixture of K,Cr,O, and conc.
H,S0,, usually known as chromic acid mixture, hasstrong
oxidising properties and is used as a cleaning agent for
glass ware etc.

POTASSIUM PERMANGANATE,KMnO,:
Itissalt of an unstable acid Permanganic acid. TheMnis
in +7 state in this compound.
Preparation :
Potassium permanganate is prepared by fusion of MnO,
with an alkal metal hydroxy and an oxidising agent like
KNOj3. This produces the dark green K,MnO, which
disproportionates in a neutral or acidic solution to give
permanganate.
2MnO, +4KOH + O, — 2K,Mn0O, + 2H,0
3MNnO,2~ +4H* — 2MnO,~ + MnO, + 2H,0
Commercial method of preparation :
Commercialy itisprepared by thealkaline oxidativefusion
of MnO, followed by the electrolytic oxidation of
manganate (V1).
Fused with KOH M nOﬁ_

M n02
Oxidised with air or KNO3 Manganate ion

Electrolytic
Oxidationin
alkaline solution

Laboratory method of preparation:

In the laboratory, amanganese (1) is oxidised by
peroxodisul phate to premanganate

2Mn2t + 55,04 +8H,0 — 2MnO,~ + 10SO,~~ + 16H*

M noﬁ‘
Manganate

MnO,

Permanganate ion

Properties:

* Potassium permanganate forms dark purple lustrous
crystals giving deep pink colour in solution.
It is isomorphous with potassium perchlorate.

* Its solubility in water at 20° is only about 7%, whilst it
dissolves more at higher temperatures (25% at 63°).

* It is stored in dark coloured bottles because it gets
decomposed in presence of sun light.

* Oxidising reaction of KMnO,

Inacid solutions:
(@ lodineisliberated from potassiumiodide:
101~ +2MnO,~ + 16H" ——— 2M n2t + 8H,0+5l,
(b) Fe?*ion (green) isconverted to Fe3* (yellow):
5Fe? + MnO,~ + 8H" »>Mn?* +4H,0 + 5Fe*
(c) Oxaateionoroxalicacidisoxidisedat 333K:
5C,0, +2MnO,~ +16H* — 2M n2t+ 8H,0+10CO,
(d) Hydrogen sulphide is oxidised, sulphur being
precipitated:
H,S— 2H* + S~
55~ +2MnO,~ +16H" — 2M n2*t + 8H,0+5S

=
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(e) Sulphurous acid or sulphite is oxidised to a sulphate
or sulphuric acid:
55052 +2MnO,~ + 6H+ — 2Mn?* + 3H,0+ 5502~
(f) Nitriteisoxidised to nitrate:
5NO,™ +2MnO,~ +6H* — 2Mn2* + 5NO,™ +3H,0
In neutral or faintly alkaline solutions:
(@ A notablereactionisthe oxidation of iodideto iodate:
2MnO,~ +H,0+17— 2MnO, + 20H™ + 105~
(b) Thiosulphate is oxidised amost quantitatively to
sulphate:
8MnO,~ + 35,047 +H,0— 8MnO, + 6502~ + 20H"
() Manganous salt is oxidised to MnO,; the presence of
zinc sulphate or zinc oxide catal yses the oxidation:
2MnO,~ + 3Mn?* + 2H,0 — 5MnO, + 4H*

Uses : Potassium permanganate is used as a disinfectant
and as an oxidising agent. It isvaluable volumetric reagent
and is used for the estimation of ferrous salts, oxalic acid,
hydrogen peroxide, etc. AlkaineKMnO, isused in organic
chemistry under the name of Baeyer’s reagent.

NOTE

* Equivalent weight of KMnO, in neutral and in alkaline
medium is same i.e. one third of it’s molecular massii.e.,
158/3=52.6

* Equivalent weight of KMnO4 in acidic mediumisonefifth
of it’s molecular mass i.e., 158/5=31.6

Examplel:

The transition metals are well-known for the formation of
interstitital compounds. Explain.

This is because they have voids in which small atoms C
and H can fit forming interstitial compounds.

Sol.

Example2:

Which element in the first series of transition elements
does not exhibit variable oxidation states and why ?
Scandium does not exhibit variable valency. It shows +3
oxidation state only. This is because after losing 3
electrons, it attains stable noble gas structure.

Sol.

Example3:

Write chemical equationsfor thereactionsinvolved inthe
manufacture of potassium permanganate from pyrolusite
ore.

Relevant equations for the manufacture of KMnQO,4 from
pyrolusite oreare:

Sol.

(i) 2MNnO, +4KOH +0, — 2 5 2K,MnO, +2H,0

(ii) MnO42‘ electrolysis MnOg+ ¢
Purple
Example4:
Of the ions Co?*, Sc3* and Cr3*, which one will give
coloured aqueous solutions and how will each of them
respond to a magnetic field and why ?

[Atomic numbersof Co=27, Sc=21, Cr=24]

Sol. Co?* and Cr3* arecoloured and attracted in magnetic field
whereas Sc3* iscolourless and repelled by magnetic field.
It is because Co?* (3d”) and Cr3* (3d3) have unpaired
electrons and can undergo d-d transitions by absorbing
light from visible region. Sc3* does not have unpaired

electron and cannot undergo d-d transitions.

Example5:
Zn and Hg do not show variable valency like d-block
elements because —
(A) They are soft
(B) Their d-shellsare complete
(C) They haveonly two el ectronsin the outermost subshell
(D) Their d-shellsareincomplete
Sol. (B).Zn and Hg do not show variable valency like d-block
elements because their d-shell are complete their
electronic configuration are:
Zn30 3d10, 4¢?
Hg*® 4010, 552
The variable valency is shown by those elements
which have got incompletely filled d orbital .

Example6:
The d-block elements easily form alloys because —
(A) Their d-block are only partly filled.
(B) They havevery widely differing atomic sizes
(C) They arevery similar intheir atomic sizes
(D) They are highly electronegativein character.
Sol. (C).In the case of the transition metals the atomic radii
have values which are very close, that is they are of
very similar size. Hence the atom of an element in a
crystal lattice can easily be replaced by ametal atom
of another transition elements. Thismakesmetalsform
alloysvery easily.

Example7:
A mixture of K,Cr,0O5 and conc. H,SO, forms —
(A) perchromic acid (B) chromic acid
(C) chromium sulphate (D) chromiumoxide
Sol. (B). When K,Cr,0 isdissolved in concentrated H,SO,,
the reaction is
K,Cr,0,+2H,S0, — 2CrO; + 2KHSO, + H,0
The mixture is called chromic acid because CrO5 is

highly acidic.
TRYITYOURSELF-1
Q.1 Thelowest melting point metalsamong transition metals
belongs to —
(A) Group3 (B) Group 11
(© Group6 (D) Group 12
Q.2  Which of thefollowing oxideisbasic?
(A) CO (B)Cr,04
© CrOg (D)Cr,0,
Q.3 d-block elements have tendency for complex formation
because of —

(A) Small sizeof metd ions
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Q4

Q.5

Q.6

Q.7

Q.8

Q9

Q.10

Q.1

Q.12

Q.13

(B) Highionic charges.

(C) Availability of vacant d-orbitals.

(D) All of these

The ions of d-block elements are mostly paramagnetic —

(A) Becausetheir d-orbitals are compl ete.

(B) Because they have mostly paired electrons.

(©) Because they have mostly unpaired electrons.

(D) Because they form coloured ions.

The order of stability of complexes of ion Cu*2, Nit2,

Mn*2 and Fe*2 decreases in the order —

(A) Cut2>Ni*2> Fet2>Mn*2

(B) Mn*2>Ni*2> Cu*2> Fe*?2

(© Ni*2>Cu*2>Fet2>Mn*2

(D) Fet2>Ni*2> Cu™2>Mn*2

The elements which exhibit both vertical and horizontal

similaritiesare

(A) Inert gaselements (B) Representative elements

(©) Raredements (D)Transition elements

Which of the following statementsis correct ?

(A) Iron belongsto third transition series of the periodic
table.

(B) Iron belongsto f-block of the periodic table.

(© Iron belongs to first transition series.

(D) Iron belongsto group VIII of the periodic table.

A metal ionfromthefirst transition serieshasamagnetic

moment (calcualted) of 2.83 BM. How many unpaired

electrons are expected to be present in theion ?

A) 1 B)2

© 3 (D)4

Variable valency is generally shown by —

(A) s-block elements

(B) p-block elements

(© Transition elements

(D) al elementsinperiodictable

Which of the following is the softest metals —

(A) Sc (B)Zn

© Ti D)V

Which of the following cuprous compounds is not

stable—

(A) CuCl, (B)Cu,(CNS), (C) Cu,Cl, (D)Cu,SO,

On addition of small amount of KMnO, to concentrated

H,S0,, a green oily compound is obtained which is

highly explosive in nature. Identify the compound from

thefollowing.

(A) Mn,O, (B) MnO,

(C) MnSO, (D) Mn, 0,4

When acidified K,Cr,0O; solution is added to Sn?* sdlts

then Sn?* changes to

(A) Sn (B) Sn3* (C) Sn** (D)Sn*
AN ER

1) O (2 (A) 3 (D)

@ © (B (A) 6) (D)

(7 © (8 (B) 9 (©

(10) (B) (1) (B) (12) (A)

(13)(©)

‘ f-BLOCK ELEM ENTSI

They were earlier called as rare earth metals as it was
believed that they exist in earth’s crust to a very less extent
for e.g. : Pm, does not exist in the earth’s crust. But this
terminology is now not applicable as they exist in earth’s
crust to a sufficient extent.

The elementsin which the additional electron entersin
(n—2)f orbitals are called inner transition elements or
f-block elements.

Positionintheperiodictable

The lanthanides resemble yttrium in most of their
properties. So it became necessary to accommodate all the
fifteen elementstogether at one place. This hasbeen done
by placing thefirst element, lanthanum below yttrium and
placing the remaining fourteen elements separately in the
lower part of the periodic table.
Lanthanide series  (Z=58-71)
Actinide series (Z2=90-103)

(Ce-Lu)
(Th-Lw)

Lanthanides(L anthanones) :

Lanthanides are reactive el ements so do not found in free
state in nature. Most important minerals for lighter
Lanthanides are - Monazite, cerites and orthite and for
heavier |anthanides - Gadolinite and X enotime.

Electronicconfiguration :

The general configuration of lanthanides may be given as
4f2-14552506500/1652, |anthamide have outer three shells
incomplete.

Atomic Element Symbol Outer electronicconfiguration

Number Atomic +3ion
5 Cerium Ce 4f2 62 4f1
5 PraseodymiumPr 4f3 652 4f2
60. Neodymium Nd 4f4 652 4f3
6L Promethium Pm 4f5 652 44
62. Samarium  Sn 4f6 62 45
63. Europium Eu 4f7 652 4f6
64.  Gadolinium Gd 4f7 5d 652 4f7
6. Terbium Tb 4f9 62 4f8
66. Dysprosium Dy 410 gs? 4f9
67. Holmium Ho 4f11 62 410
638.  Erbium B 4f12 62 4f11
69. Thulium  Tm 4f13 62 412
70.  Ytterbium Yb 4f14 62 413
7L Lutecium  Lu 4f14 541 6s? 414

Itisto be noted here that filling of 4f orbitalsin the atoms
isnot regular. A 5d el ectron appearsin gadolinium (z = 64)
with an outer electronic configuration of 4f5d16s? (and
not 4f86s2). Thisis because the 4f and 5d electrons are at
about the same potential energy and that the atoms have
atendency to retain stable half filled configuration.

On the other hand, the filling of f orbitals is regular in
tripositive ions.

B
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After losing outer electrons, the f orbitals shrink in size
and became more stable. Pm is the only synthetic
radioactive lanthanide.

Oxidation states:

Lanthanides Oxidation Sates
Cegg +3+4
Prsg +3,(+4)
Ndg, +3
PMe1 +3
Smg, (+2),+3
Eugs +2,+3
Gdg, +3
Thgs +3+4
Dyge +3; (+4)
Hog, +3
Ergg (+2),+3
Tmgg (+2),+3
Yhb,q +2+3
Luyq +3

Oxidation states in brackets are unstable states

The lanthanides contains two s electronsin the outermost
shell, they aretherefore expected to exhibit acharacteristic
oxidation state of +2. But for the lanthanides, the +3
oxidationiscommon.

This corresponds to the use of two outermost electrons
(65?) alongwith oneinner electron. Theinner electron used
isabdelectron (inLa, Gd and Lu), or one of the 4f electron
if no 5d electrons present.

All the lanthanides attains +3 oxidation state and only
cerium, Praseodymium, and terbium exhibit higher oxidation
state (+4).

Oxidation states +2 & +4 occur particularly when they
lead to (i) A noble gas configuration e.g. Ce** (f0)

(i) Ahalf filled ‘f * orbital e.g. Eu2*, Tb**, (f7)

(iii) Acompletely filled “f * orbital e.g. YbZ* (f14)
Therefore, in higher oxidation state, they act as oxidising
whilein lower state as reducing agents.

M agnetic properties

In tripositive lanthanide ions the number of unpaired
electronsregularly increasesfrom lanthanumto Gadolinium
(0to 7) and then continuously decreases upto lutecium (7
to 0). So lanthanum and lutecium ions which are
diamagnetic, all other tripositive lanthanide ions are
Paramagnetic.

Colour - The lanthanide ions have unpaired electronsin
their 4f orbitals. Thustheseions absorbs visible region of
light and undergo f-f transition and hence exhibit colour.
The colour exhibited depends on the number of unpaired
electrons in the 4f orbitals. The ions often with 4f"
configuration have similar colour to those ions having
4f14-n configuration.

Lanthanide ions having 4f9, 4f7 4f14 are colourless.
Lanthanide ions 4f1 and 4d13 are also colourless.

LAN
*

Other Properties

(@ Highly dense metals with high m.pts. (do not show
any regular trend).

(b) lonisation Energies - Lanthanides have fairly low
ionisation energies comparableto akaline earth metals.

(c) Electro positive Character - High duetolow I.P.

(d) Complex formation - Do not have much tendency to

form complexes dueto low charge density because of

their largesize.

Lu*3issmallestin sizecan only form complex.

Reducing Agent - They readily lose electrons so are

good reducing agent.

In +3 oxidation states, nitrates, perchloratesand sul phates

of lanthanides and actinides are water soluble, while their

hydroxides, fluorides and carbonates are water insoluble.

Alloys of lanthanides with Fe are called misch metals.

La(OH)5ismost basicin naturewhile Lu(OH), least basic.

Lanthanides form MC, type carbide with carbon, which

on hydrolysis gives C,H,.

©

THANIDE CONTRACTION

In the lanthanide series with increasing atomic number,
thereisa progressive decrease in the size from lanthanum
to lutecium or from La*3 to Lu*3. This contractionin size
is known as lanthanide contraction.

The genera electronic configuration of these elementsis
4f0-1455216¢0-1652, |n these elements the added electron
entersthe deep seated f-orbital s and therefore experiences
considerable pull by the nucleus.

Such an electron cannot add to the size of the element and
also because the intervening 552p®d? electronic shells, it
isvery little screening effect on the outermost 652 electrons.
Hence with increasing atomic number, the enhanced
nuclear charge leads to contraction in the size of atoms
and ions.

The atomic volumes of europium and ytterbium are
unexpectedly large. The large atomic size of Eu and Yb
suggest weaker bonding in the solid elements. Both these
elements have only two €electrons extra than the stable
configurations (half filled, 7, and completely filled, f14),
hence they utilise two electrons in metallic bonding asin
the case with barium.

EFFECTSOFLANTHANIDECONTRACTION

@)

(ii)

Closeresembalaceof L anthanides: Thegeneral decrease
in the sizes of the lanthanides with an increase in their
nuclear chargesresultinasmall increaseintheir ionisation
energies. Hence their basic and ionic nature gradually
decreasesfrom Lato Lu.

This also explains the variations in properties such as
increased tendency for hydrolysis and formation of
complex saltsand decreased thermal stability, solubility of
their salts.

Similarity of yttriumwith lanthanides: Thepropertiesof
yttriumare so similar to the lanthanidesthat it is considered
more amember of the lanthani de seriesthan acongener of
scandium.

=
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(iii)  Anomalousbehaviour of post-lanthanides: Thefollowing

anomalies may be observed in the behaviour of post-

lanthanide elements.

(@) Atomicsize: Theionicradii of Zrt4isabout 9% more
than Ti*4. Similar trend is not maintained on passing
from the second to third transition series. The ionic
radius of Hf*4, instead of increasing (because of
inclusion of one more electronic shell). decreases (or
is virtually equal to Zr™#) as a consequence of the
lanthanide contraction.

This explains the close similarities between the
members of the second and third transition seriesthan
between the elements of the first and second series.

(b) lonisation potential and electronegativity : Theeffect
of lanthanide contraction is also seen in the increase
in the ionisation potential values and
electronegativities of the elements of the third
transition series, contrary to the general trend.
Because of the lanthanide contraction, the post-
lanthanide elements have stronger positive field and
thus the electrons are held more tightly.

The greater effective nuclear charge of the former make
them more electronegative than the latter.

(c) High density : Because of lanthanide contraction the
atomic sizes of the post lanthanide elements become
very small. consequently, the packing of atomsintheir
metallic crystals become so much compact that their
densities are very high. The densities of the third
transition series elements are almost double to those
of the second series elements.

APPLICATION OFLANTHANIDES

@
®)
©
@

Ceriumismost useful element in the lanthanides
Ceramic application - CeO,, La,04 Nd,O5 and Pr,P; are
used as decolourizing agents for glasses.

CeS(m.p. - 2000°C) isused in the manufacture of aspecial
type of crucibles and refractories.

Lanthanide compounds like cerium molybdate, cerium
tungstate are used as paints and dyes.

In textile and leather industries (Ce salts).

ACTI NIDES(5f-BLOCK ELEMENTS)

The elementsin which the extraelectron enters 5f-orbitals
of (n- 2)thmain shell areknown asactinides. Total no. =14
Th, Paand U first three actinides are natural elementsand
rest 11 are man-made.

Electronicconfiguration :

The general configuration of actinides may be given as
5f1-14 6d0/1 782,

AtomicNo. Elements Symbol Electronic
Configuration
D Thorium Th 6d27s?
a Protactinium Pa 52601752
@ Uranium U 5f36d17s?
R Neptunium Np 5f46d17s?
A Plutonium Pu 56752

% Americium Am 5f 7752

% Curium (o)) 5f/6d17s2
a7 Berkdlium Bk 5f97s?

R Cdifornium o 5f10 7¢2
0 Einstenium Es 5f117s2
100  Fermium Fm 5f12 752
101  Mandelevnium Md 5f137s2
102 Nobelium No 5f14752
103 Lawrencium Lw 5f146d17s2

Oxidation states : In lanthanides-and actinides +3
oxidation is the most common for both of the series of
elements. Thisoxidation state becomesincreasingly more
stable asthe atomic number increasesin the actinide series.

Actinides Oxidation state
Thgg +4
Pag, (+4),+5
U92 (+3)! (+4)! (+5)1 +6
NpPg3 (+3), (+4), +5, (+6), (+7)
Pu94 (+3)1 +41 (+5)l (+6)! (+ 7)
AMgg +2,(+3),(+4),(+5),(+6)
Cmgg +3, (+4)
Bkg; +3,(+4)
Cfgg +3
Esgg +3
FMi00 +3
Md; o, +3
No;(, +3
LWz +3
Example8:

Sal.

Why do actionids, in general, exhibit a greater range of
oxidation states than the lanthanoids ?

The energies of 5f, 6d and 7s are comparable. So all of
these electrons take part in bond formation. Therefore,
actinoids, in general, exhibit a greater range of oxidation
states.

Example9:

Sal.

Q1

Q.2

What is meant by ‘lanthanoid contraction’ ? State one use
each of lanthanoid metals and their oxides.

The decrease in atomic and ionic size with increase in
atomic number in lanthanoids is called lanthanoid
contraction.

Uses: Lanthanoids are used for production of alloy steels
for plates and pipes. Mixed oxides of lanthanoid metals
are used as catalyst in petroleum cracking.

TRYITYOURSEL E-2
Correct electronic configuration of lanthanumis
(A) [Xe] 5dt 652 (B) [X¢€] 4d1 552
(©) [Xe] 4f1 552 (D) [X€] 5f1 62
Lanthanides and Actinides generally differ in —
(A) Oxoionformation
(B) Radioactive nature
(© Tendency towards complex formation
(D) All of these

e
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Q3

Q4

Q.5

Q.6

Q.7

Q.8

Which of thefollowing oxidation state iscommon for all
lanthanoi ds?

(A)+2 (B)+3

©)+4 (D)+5

There are 14 elements in actinoid series. Which of the
following elements does not belong to this series?
(A)U (B)Np

©Tm (D)Fm

Gadolinium belongs to 4f series. It’s atomic number is 64.
Which of the following is the correct electronic
configuration of gadolinium?

(A) [Xe] 4f 7501652 (B) [X €] 4f 6502652

(C) [Xe] 4f 86d?2 (D) [Xe€] 4f 955t

Which of the following actinoids show oxidation states
upto +77?

(A)Am (B)Pu

Qu (D)Np

Which of the following lanthanoids show +2 oxidation
state besides the characteristic oxidation state +3 of
lanthanoi ds?

(A)Ce (B)Eu

©Yb (D)Ho

Although +3 is the characteristic oxidation state for
lanthanoids but cerium also shows +4 oxidation state
because —

(A) it has variable ionisation enthal py

(B) it has atendency to attain noble gas configuration
(C) it hasatendency to attain f O configuration

(D) it resembles Pb#*

ANSWER
@ &) (2 (D) 3 ®)
@ © ) (A) (6) (BD)
(M B9 ® (BO)

[CO-ORDI NATION CHEMI STRY]

COMPLEXFORMATION

*

Transition metal ions have maximum tendency to form
complexes. In the formation of complexes they form
coordinate covalent bonds and act as electron pair
acceptors.

Transition metal ions have smaller size and have high
positive charge i.e., high charge density. Due to this they
have maximum tendency to accept electrons. They have
vacant ‘d’ orbitals available on them hence they can accept
lone pairs of electrons forming coordinate covalent bond.
The greater the charge density on the transition metal ion,
the greater they have tendency to form complexes. Thus
Ti*2 to Ni*2 the stability of complexes formed goes on
increasing.

CompoundslikeNaCl, Al,(SO,); and K,SO, provideonly
two types of ions in aqueous solution i.e., cations and
anions, are called as simple salts.

When two or more simple salt solutions are mixed and
then subjected for crystallisation, the crystals which are
obtained are of addition compounds.

@

®)

The addition compound formed may behave in one of the
following ways

K,S0,, Aly(SO,)5. 24H,0—22— 2K+ + 2A1*3 + 450,72
Common aum
The addition compound which undergoes complete
ionisation to form three types of ions i.e., two types of
cations and one type of anions or vice versa, is called as
double salt. These double salts loose their identity in
agueous solution.
H20

AKCN+Fe(CN), —2=— 4K*"+[Fe(CN)4™
potassium ferrocyanide Ferrocyanideion
Addition compound of this type which undergoes partial
ionisation to form a complex ion in aqueous solution is
called ascomplex compound or coor dination compound.
Complexesretain their identity in aqueous solution

Complexion : Anaggregate of metal ionwith anionscation
or neutral molecules is called as complex ion. The metal
ion which forms complex ion in combination with anions
or neutral moleculesiscalled as central metal ion. Central
metal ion acts as an electron pair acceptor and forms
coordinate covalent bond.

Theanionsor neutral moleculeswhich combinewith central
metal ion to form complex ion are called asligands. They
act as electron pair donars or Lewis bases.

Ligand may be neutral (NH3, H,0, CgHEN) or negatively
charged species (: CN-, CI—, Br~). Sometimes positively
charged species are also found as ligand (NOY).

Ligand is said to be unidentate if it has only one pair of
electronsthat it can donate e.g., CI~, Br-, H,0, etc.
Ligand is said to be bidentate if it has two electron pairs
availablefor donation. e.g.,

H, -
HZC =N 0=C-0,

|/, | o~
H,C-N 0=C-0

H, .

— Oxalateion

Ethylenediamine (en _

Y 08

Ambidentateligand : Someligands can be coordinated to
the metal or metal ion through either of the two atoms of
the ligand, they are called as Ambidentate ligands.
Flexidentate ligand : These are those ligands which
contains more than two donor sites but utilises|ess number
of donating sites than actual number of sites, Ex. EDTA
(Ethylene diaminetetra acetate).

* *
HOOCCH, . CH,COOH
NI - CHy- CHp— N <
EDTA
(* donor atoms)

HOOC - T CH,COOH

Polydentate ligand : The ligands which contains two or
more donor sites.

O
Ex. NHz—CHz—C/<O®, Glycinateion (gly)

Y
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Coordination number :

(i) The number of ligands that combine with the central
metal ion to form the complex ion is called as
coordination number.

(i) Fromevery ligand central metal ion acceptslone pair
of electrons. Thusthe number of lonepair of electrons
accepted by the central metal ionin theformation of a
complex is called as coordination number.

(ii1) Thetotal number of coordinate covalent bondsformed
by central metal ion with Ligands is called as
coordination number.

Coordination sphere - Central metal ion and the ligands
attached to it, this aggregate which is written in sguare
bracket is called as coordination sphere.

Werner’s Theory of complexes - This was postulated by
Alfred Werner in 1893.

The postulates of Werner’s Theory of complexes are

(i) Fe(NHZ4Cly —H22 , [Fe(NHy)g]*3+3CI-

[Fe(NH)<Cly] —129 , [Fe(NH,)sCI]*2+2CI-
Every metal forming a complex exhibits two types of
valencies - Primary valency and Secondary Valency.
In the above complexes chlorines act as primary
valencies and NH; acts as secondary valency.
Primary valency is equal to oxidation state of metal
ion.

(i) Primary valency is ionisable in nature whereas
secondary valency is nonionisable.

(i) The number of secondary valencies of ametal ionin
the complex will remain constant and thisiscalled as
coordination number
e.g. Fe™2, Fe™3, Co*3, Pt™4, Crt3, Ru*?, Os*3 have a
coordination number of six
Pt*2, Nit2, Cu*2, zn*2, Au*3, Hg*? have a
coordination number of four.

Ag*! which is an exceptional ion with coordination
number of two.
Mo*3 has the highest coordination number of eight.

Shapesand isomerismin complexes

The shape of 6-coordinated complexes can be hexagonal

planar or octahedral (more possible). The 6-coordinated

complexes can exhibit geometrical or optical isomerism.

The shape of 4-coordinated complexes can be square

planar (exhibiting geometrical isomerism) or Tetrahedral

(exhibiting optical isomerism).

Experimental evidence to werner’s theory of complexes

can be provided based on —

(i) Precipitation of primary valencieson the addition of a
suitable reagent.

(i) Electrical conductance of complexes- Morethe number
of ions provided greater isthe electrical conductance
of the complex in agueous medium.

e.g. - Theelectrical conductance of agqueous
Fe(NH5)g Cl5 isgreater than that of aqueous solution
of [Fe(NH,)sCl] Cl,,. [Fe(NH,):ClICl,

— [Fe(NH,)sCl]*2 + 2CI~ Total 3ions
Representation of complexes—Werner’s representation
for Fe(NH3)¢Cl5

..l

(Dotted linesindicate primary Valency and continuous
lines indicate secondary valency of metal ion.) If the
complexis

(@ Fe(NH3)sCl; Then in this complex ‘CI” groups act as
primary valencies and one of the “‘CI” acts as secondary
valency also. Thus werner’s representation for this
complex will be

cl
HSN\E NH,
HEEN/_F% .. NH,
5 o

(b) Fe(NH),Cl5 Inthis complex ‘c’ groups act as primary
valencies and two of the ‘c’ group act as secondary
valencies also. Thusthis complex is represented as

cl
HNS NH;

/
HN—>Fee..
H3N <\CI

Cl

M oder n repr esentation of complexes- Central metal ion
along with secondary valencies or ligands are written in
square brackets and primary valencies outside the square
bracket. For example:- [Fe(NH5)¢] Cl5

Coordination sphereor inner sphere- Thisiswrittenin
square bracket. This constitutesthe central metal ion along
with ligands.

Outer sphere or ionisation sphere. Thisis written outside
the square bracket. In agueous sol ution the groups written
outside the sguare bracket dissociate and are provided in
theform of ions.

e.g. - Fe(NH3)4Cl; forms3 molesof AgCl intheform  MODERN THEORY OF COMPLEXESORELECTRONIC
of precipitate on addition of AgNO; solution. This  THEORY OF COMPLEXES-

indicates that the complex ionises as

Fe(NHZ)sCly — 122 Fe(NHZ)s"3+3CI"

Sidgwick and Lowry in 1923 developed this theory, and
modified Werner’s Theory.
According to sidgwick the primary valency isregarded to

=
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be formed by transfer of electron and secondary valency
isformed by the sharing of electron pair provided by the
donor. During formation of primary valency the metal
looses electrons. Thus the number of electrons decrease
during primary valency formation. In the formation of
secondary valency the metal ion gains electrons in pairs
for the formation of coordinate bond. Thus during
secondary valency formation the total number of electrons
associated with the metal ion increase.

Effectiveatomic number : Thetotal number of electrons
associated with the metal ion inits complex may be equal
to or nearly equal to the atomic number of inert gas of the
same period. This total number of electrons is called
‘Effective atomic number’ (E.A.N.) of the metal.

For eg.- EA.N. of cobaltin (Co(NH,)]3* canbecalculated
asfollows: Atomic number of cobalt =27

In this complex, cobalt is in +3 oxidation state, thus the
number of electronsin Co*3ionare =27 -3=24

During secondary valency formation Co*3ion gains6 pairs
of electrons during coordinate covalent bonding.
ThusE.A.N. of cobaltin

[Co(NH)g]*3=24+12=36.

i.e., E.AA.N. =(No. of electroninthe metal ion)

+ (No. of electrons gained from the ligands)
AstheE.A.N. of cobalt is 36 in thiscomplex, according to
sidgwick, thiscomplex will be stable. Though E.A.N. rule
is applicablein many cases, there are several examplesin
which E.A.N. ruleis not obeyed.

For example (Cr(H,0)¢] ** EAN =33

Example10:

Sol.

Calculate the effective atomic number of the metal atoms
in the following complexes/complex ions —

@ [Cr (CO)gl (b) [Fe(CN)gJ*~

() [Co(CN)6]4" (d) [Ni(NH3)6]2+

[Cr=24, Fe=26, Co= 27 and Ni = 28 asatomic numbers]
EAN = Number of electronsin metal atom or ion+ Number
of electrons donated by ligands to metal.

@ [Cro(CO)gl ;EAN=24+12=36

(b) [FE"'(CN)g]*>~ ;EAN=23+12=35

(©) [CO(CN)g]*~; EAN=25+12=37

(d) [Ni"(NH3)g]?*; EAN=26+12=38

NOMENCLATURE OF COORDINATION COM POUNDS-

(i)
(iii)

The present system of nomenclature derived from the
suggestions of Alfred Werner and recommended by the
Inorganic Nomenclature Committee of the I.U.PA.C. is
given. The main rules of naming of complexesare
Like simple sats, the positive part of the coordination
compound isnamedfirst. For e.g. K ,[F&(CN)¢) thenaming
of this complex starts with potassium.
The ligands of the coordination sphere are to be named.
The ligands can be neutral, anionic or cationic.
(@ The neutral ligands are named as the molecule
e.9. CgHgN pyridine, (CgH5)4P Triphenyl phosphine,
H,N-CH,~CH,~NH, ethylene diamine.

(v)
“)

(vi)

(vii)

The neutral ligands which are not named as the
molecule are CO carbonyl, NO nitrosyl, H,O Aqua,
NH amine.

(b) The negative ligands end in - ‘O’.
ClI~ chloro, SO,~2 sulphato  NO,~ Nitro
ONO nitrito,  OH Hydroxo, NH,~ amido
NH-2imido NO; nitrato, ~ CO57 carbonato
CH,COO™ acetato, CN cyno CNO cyanato etc.

(c) Positive ligands naming ends in ‘ium’ NH,-NH3*
Hydrazinium, NO," nitronium, NO™ nitrosonium

If ligands are present more than once, then their repetition
isindicated by prefixeslikedi, tri, tetraetc.

When more than one type of ligand is present in the
complex, then the ligands are named in the al phabetical
order. (prior to this naming of ligands wasfollowed inthe
order - negative, neutral and positive ligands)

After naming of ligandsthe central metal ionisto be named
followed by its oxidation state in Roman numbers in
brackets.

If the complex is neutral or provides a cationic complex
ion, then the central metal ion isto be named asit is.

If the complex provides anionic complex ionthen the name
of central metal ion ends in “ate’

(viii) After the naming of central metal ion anionwhichisinthe

(i)

*)

outer sphere is to be named. The naming of some of the
complexesisdone asfollows:- (as per IUPAC)
(1) K, F(CN))
(anionic complex ispresent so suffix ateisadded with
metal’s name) Potassium hexacyanoferrate (1)
K,[PtClg) Potassium hexachloroplatinate (1V)
[Co(NHy)g) Cl4
(Cationic complex is present so metal is without any
suffix) Hexamine cobalt (111) chloride
[Cr(H,0),Cl ] CI
Tetraaquadi chloro chromium (111) chloride
[Pt(NH,),Cl )
Diaminetetrachloroplatinum (1V)
[Co(NHg)5 Cl5) (Neutral complex - hence no suffix is
used with metal ion)
Triamminetrichloro cobalt (111)
(7) Ka[Co(NO,)]

Potassium hexanitro cobaltate (111)
(8) Nag[F&(CN);NO)

Sodium pentacyano nitrosyl ferrate (11)
©)] [NiCI4]‘2 Tetrachloro nickelate (11) ion
(10) [Ru(NH,)sCI1*2

Pentammine chlororuthenium (I11) ion
When bidentate ligands are coordinated to the metal ion,
their repetitionisindicated by prefixeslikehis, tris, tetrakis
etc. for example: (1) [Fe(en)] Cl

Trisethylenediamineiron (111) chloride

(2) [Ni (Gly),] - Bisglycinato nickel (I1)
If a complex ion has two metal atoms then it is termed
polynuclear. The ligand which connects . the two metal
ionsiscalled as Bridging Ligand or Bridge group.
A prefix of Greek letter v, is repeated before the name of
each different kind of bridging group.

@
C)
@
©
©
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- _ of the two donor atoms. For e.g. - NO,~ ligand. Inthis
OH ligand the coordinating sites are nitrogen (i.e., -NO,
Nitro ligand) or through oxygen (i.e., ONO Nitrito
Fe(H,0),| (SO ligand)

(H20),Re &(H20)4) (SOu)2 [Co(NH2)5 NO,J2* and [Co(NH)<ONO] *2 arelinkage

isomers of one another.

NO,

Octaagua-p, - hydroxo - u- nitro diiron (111) sulphate.

ISOMERISM INCOMPLEXES

Compounds which have the same molecular formula, but
differ in their properties due to the difference in structure
are called as Isomers. The phenomenon of exhibiting
different structures is called as | somerism. |somerism is
commonly considered, to be the characteristic of only
organic compounds, it is also found although less
frequently among inorganic substances.

Sructural isomerism - It arises due to the differencein
the type of chemical linkages and distribution of ligands
within and outside the coordination sphere. The structural
isomersare of following types
(1) lonisation isomers- Thetype of isomerism whichis
due to the exchange of groups or ion between the
coordinating sphere and the ionisation sphere. This
type of isomersyield different typesof ionsin solution,
For eg.
1. Co(NH;) 4 Br,SO, can represent
[Co(NH,)4Br,] SO, (red violet) and [Co(NH5), SO,
Br (red). These complexes give sulphate ion and
bromideion respectively
2. (Pt(NHgy), Cl,] Br, and [Pt(NH),,Br,] Cl,
3. [Co(NH),(NO,),]SO, and [Co(NH),,SO,] (NO3),

(2) Hydrate isomers - The water molecules may be
associated with metal ionsor they may appear inlattice
positions without being closely closely associated
with themetallic cation.

The complexeswhich differ with respect to the number
of water mol ecul es attached to the metal ion asligands
are called’ as Hydrate isomers.

For e.g. - Cr(H,0)Cl5 hasthree structures possible
(i) [Cr(H,O)]Cl5 violet

(i) [Cr(H,0)5Cl] CI, H,O green

(iii) [Cr(H, 0),Cl,]Cl . 2H,0O dark green.

These complexesdiffer from one another with respect
to the number of water molecules acting as ligands.
They also differ in their number of primary valencies
i.e., chloride ions which are provided. Other hydrate
isomersare[ Co(NH,), H,OCI] Cl,

[Co(NH), Cl,] Cl.H,0

(3) Linkage or salt isomers - When a ligand has two
different types of donor atomsbut it isamonodentate
ligand then this type of isomerism is exhibited. The
ligand may get attached to the metal ion through either

@)

(4) Coordinationisomers:
This type of isomerism occurs when both cation and
anion are complex. The isomerism is caused by the
interchange of ligands between the two complex ions
of the same complex.
e.9. [Co(NH3)g] [Cr(CN)g] & [Cr(NH3)gl[Co(CN)gl

(5 Ligandisomers- Ligandswith C3Hg(NH,), havetwo
different structuresi.e., 1, 3-diamino propaneand 1, 2-
diaminopropane(propylene diamine). Those complexes
which have same molecular formula. but differ with
respect to their ligands are called as Ligand isomers.
For e.g. - [Fe(H,0), C3Hg(NH,),Cl, | hastwo different
structures

Fe(H,0), CHy— CH - CH, |Cl,
NH, NH,
Fe(H,0), CH,-CH,—-CH,|Cl,

NH, NH,

Sereoisomers- They have same molecular formula, same
congtitution, they differ only with respect to the spatial
orientation of ligands in space around the metal ion. The
two stereo isomers which are possible are -

(i) Geometrical and (i) opticdl.

Geometrical or cis-Transisomer - The ligands occupy
different positions around the central metal ion. When
two identical ligandsare coordinated to the metal ion from
same sidethenitiscisisomer. (in Latin, cismeanssame). If
the two identical ligands are co ordinated to the metal ion
fromopposite sidethen it is Transisomer (in Latin, Trans
means across). These geometrical isomersdiffer inphysical
aswell aschemical properties.

Geometrical isomerism is most important in compounds
with coordination numbers 4 and 6. 4-coordinated
complexes with tetrahedral geometry do not exhibit - cis-
Transisomerism.

It is exhibited by 4-coordinated complexes with square
planar geometry.

Mayb,, Maybc type of square planar complexes exhibit
geometrical isomerism and givestwo geometrical isomers
each.

Mabcd (Square planar) givesthreeisomers.
e.g.[Pt(NH5),Cl,]

=
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Octahedral complexes: (Coordination number = 6).
MA,B, or MA,B, or MA,BC or MA3B; type: An
example of thetypeMA ,B, or MA,B,,is[CrCI,(NH,) J]*
ionor [CoCl,(NH;),]*ionor [Fe(CN)4(NHy),] .

In cis-form, similar groups (trio of donor atoms) occupy
the corners of one of the octahedral faces and hence is
calledfacial or fac-isomer whileintrans-form, the positions
of trio of donor atoms are around the meridian of the
octahedron. Henceitiscalled meridional or mer-isomer.
Another example of this type is [Co(NH3)3Cl3] or

[Co(NO,)5(NH5),].

(d, f-BLOCK ELEMENTS & COORDINATION COM POUNDS)
a b a a I|\IH3 NHa
ON _-NO,
M M OZN&T ~ NH3 >C 0,
b a b b NO, NH3
Trans—isomer Cis—isomer fac— mer—
v Figure: Thefacial (fac) and meidional (mer)
[Mayb,] isomers of [Co(NH3)3(NO,)3]
(i) Optical isomers
HN c HsN NH; * Optically active complexes are those which are
Pt Pt nonsuperimposable over the mirror image structure. An
optically active complex is one which is asymmetric in
Cl NH, Cl Cl naturei.e., not divisibleinto two identical halves.
Trans Cis *  The complex which rotates plane polarised light to left
[Pt(NHv) cl hand side is laevo rotatory i.e., ‘I’ or *, and if the complex
822 rotates the plane polarised light to right hand side then it
is dextro rotatory ‘d’
a a a ¢ * Thus complexes which have same physical and chemical
M M propertiesbut differ in their action towards plane polarised
light are called as optical isomers.
) ¢ a * The ‘d” and ‘t’ isomers of a compound are called as
cis v Trans Enantiomers or Enantiomorphs. 4-coordinated complexes
[Ma,bc] with tetrahedral geometry exhibit optical activity
* Only those 6-coordinated complexes in which there are
HgN NH;  H3N NO, chelating agents i.e. bidentate ligands, exhibit optical
Pt Pt isomerism. For eg.
cl NO, cl NH, [Fe(NH3)2(en)§ g ,
Cis Trans I c
= v | cl I - |
[Pt(NHs),CINO,] (N i 1 .
Other 6-Coordinated geometrical isomersare i NH, | HN i
General formula  Total No. of geometrical isomers NH; | - NH,
M abcdef 15 [Fe(en),Cl,] ~ .
Mayb,c, 5 e?/_ | a \en
Ma,bcd 4 |
Mayb, cl i cl
Ma,bc 2 enk 1 J
| en
ma3b§’/| b Nil Cis{Fe(en),Cl,
H ;%’M 2scentral atom * Trans_, - [Fe_(gn)2CI ol QO npt sh_ow optical activity due to
ab,c,d, e f=ligands superimposition of their mirror image.

Examplell:

Select correct code about complex [Cr (NO,)(NH3)s]

[znCl]

() TUPAC name of compound is Pentaamminenitrito-N-
chromium (111 tetrachloridozincate (11)

(1) 1t showsgeometrical isomerism

(111) 1t shows linkage isomerism

(IV) It shows co-ordination isomerism.

A1,V B)LI&Iv

O©Im&v O)LILI& IV

Sol. (B).(l) [Cr(NO,)(NHy)d[ZnCl,]

IUPAC name of compound is Pentaamminenitrito-
N-chromium (111) tetrachloridozincate (1)

T
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(111) 1t shows linkage isomerism due to presence of
ambidented ligands.
[Cr (NO,)(NHg)5] [ZnCl ]
[Cr (ONO)(NH,)g] [2nCl,]
(IV) Because both complex ions havedifferent ligands.

BONDING THEORIESIN COMPLEXES
The main bonding theories of coordination compounds
are: |.ValenceBond Theory |I. Crystal field Theory

VALENCEBOND THEORY
This theory was mainly developed by linus Pauling. The
main features of thistheory are

() Every metal ion when it forms a complex compound
undergoes formation of coordinate covalent bond. During
this bond formation the metal ion acts as electron pair
acceptor. For this the metal ion provides vacant orbitals.
The number of vacant orbitals provided is equal to the
coordination number of metal ion.

For eg. -In the formation of [Fe(NHg)¢3* , Fe*3ion
provides six vacant orbitals.
In[Cu(NH,),]%*, Cu*?ion provides four vacant orbitals.

(i)  The metal provides vacant orbitals only after the process
of hybridisation, thus vacant hybrid orbitals are provided
by the metal ion.

(iii) Thevacant hybrid orbitals of metal ion get overlapped by
orbitals of ligands containing lone pair of electrons.- The 1.
number of such overlapping is equal to the coordination
number of metal ion.

(iv) The empty “d” orbitals involved in hybridisation may be
inner (n-1)d or outer “nd” orbitals. These complexes are
called as Inner orbital complexes and outer orbital
compl exes respectively.

(v) Ifinner ‘d” orbitals are involved in hybridisation, it is only
through the pairing of unpaired electrons in the ‘d’ orbitals
of metal ion. Then such type of complexes will be
diamagnetic or |less paramagnetic and will becalled asLow
spin complexes.

* All outer orbital complexes have paramagnetic nature and
they are called as High spin complexes.

APPLICATIONSOFVALENCEBOND THEORY
I.  To6-coordinated complexes
¥ [Co(NH3)g]®* is diamagnetic whereas [CoFg] =3 is

paramagnetic.
* In the two complex ions Co3* ion is present
cor (11 [ ] L [ |
3d 4s 4p

As [Co(NH3)6]3+ is diamagnetic the unpaired electrons
get paired up due to strong ligand and the metal ion
provides vacant ‘3d’ orbitals for hybridisation.
Co*3in[Co(NHg)gl3*

(LT [ x| D fx e

| 3d 4s 4P |

d’sp’ hybridisation
Itisan octahedral complex.
This is a diamagnetic complex. As inner ‘d’ orbitals are
involved in hybridisation, it is an inner orbital complex
anditisalow spin complex.
As[CoF] 3~ isparamagnetic, the unpaired electronsremain
Asitis. Thus Co®* in [CoF4]®~ will be

W TATAT9] G el D] el T T
3d | 4s 4p | 4d
sp d’ hybridisation

Inthis complex F~ isweak ligand there fore no paining of
e occured.
Itisan octahedral complex.
This is a paramagnetic complex. The outer ‘d” orbitals are
involved in hybridisation, hence it is an outer orbital
complex and ahigh spin complex.

4-coor dinated complexes

[NiCl,]>" is paramagnetic whereas [Ni(CN) I~ is
diamagnetic.

Ni*2 ion has configuration of [Ar] 3d®

A ED N SN

3d 4s 4P

The unpaired electrons remain as such, as it is a
paramagnetic complex.
ThusNi2* in [NiCl ]2~ will be

LI TWTATA] [ ] [x fx [x

3d | 4s 4pP |

sp_ hybridisation
Inthiscomplex Cl~ isweak ligand.
[NiCl 4]2‘ has tetrahedral geometry. It is an outer orbital
complex and isahigh spin complex.
[Ni(CN)4] 2~ js diamagnetic in nature. Thus the unpaired
electrons in “3d” orbitals of Ni2* get paired up.
Ni 2*in[Ni (CN) %
CN~isstrong ligand.

Tl ] o] ]
4P|

3d | 4s
dsp” hybridisation

[¢
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Coordination number and shapesof complex :

Coordination Hybridised orbital Geometrical shapeof Examplesof
Number thecomplex complex
180° .
[Ag(NH3),]
2 N ]
P L M L [AG(CN), ]
Linear
3 sp? [Hgl 5]~
4 sp3 [FeCl I~
[Ni(CO),°
[Zn(NHg) ]2
[ZnCl 172, [CuX 4]
whereX =CN
Cl-, Br,17,CNS
4 dsp?
The d- orbital involved is [Ni(CN)A]‘2
d,2_2 orbital of theinner [P(NHy),]*?
shell, i.e. itis (n-1)4,2_ 2
orbital
5 sp3d, Square pyramidal [SbF¢]2
5 dsp3; d-orbital isn dxz_yz orbita [Fe(CO)g], [CuClg]3-
6 d25p3
When d-orbitals are (n—1)d [Cr(NHg)g 3
orbitals(Inner orbital [Ti(H,0)gl ™2
complexes) or sp3d? When [Fe(CN)g|
d-orbital arend orbital (outer [Co(N H3)6]+3
orbital complexes) In both [PtClg]=2,[CoFgl 3
cases d-orbitalsared 2
z
and dxziyz orbitals

L =Ligandsindicated by white circles (sameor different) M = Central metal indicated by black circles.
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CRYSTAL FIELDTHEORY

Energy

Thistheory was proposed by Bethe and Vleck. According
to this theory when aligand approaches the metal ion, the
‘d’ orbitals of the metal ion undergo splitting forming two
setsi.e., higher energy set, e.g. of d,2 2 and d,2 and a
lower energy set, t,g of dxy, d,,, and d,,, If the ligand
approaching is strongly basic then more splitting of ‘d’
orbitalsisbrought about i.e., theenergy difference between
‘t,9” and ‘eg” will be very high. Under these conditions

Average energy of

orbitalsin a spherical

crystal field

d-orbitalsin freeion

the electrons of the ‘d” orbitals of metal ion get paired up
inthet,g set of orbitals. Thisresultsin the formation of a
diamagnetic or less paramagnetic complex. If the ligand
approaching is weakly basic, then under its influence the
‘d” orbitals of metal ion undergo less splitting i.e., the
energy difference between t,g and eg orbitals will be less.
Due to this the electrons of ‘d” orbitals of metal ion get
arranged in t,g and eg orbitals forming a paramagnetic
complexion.

Crystal field
splitting energy (A ;)
dey? dy2
/l\ A
064, o <
g
——— Y A,
-0 \EAO dyy dyz Oxz ‘
S———
29

Figure : Splitting of d-orbitals in octahedrd field

Order of decreasing splitting power is
|
|
I

CO>CN~>NO, >NH3> H,0>O0H >F >ClI=>Br >I-

stronger ligand weaker ligand
Strongly basic ligands are CN™ ; NH5;, NO,~ Ethylene
diamine, CO, NH,,. Theeffect of theseligandsisthey bring
about pairing of unpaired electrons in the ‘d” orbitals of
metal ion during complex formation.

According to crystal field Theory [Ni(CN)A]Z‘ will be
diamagnetic. AsCN isastrongly basic ligand which brings
about pairing of unpaired e ectronsin the 3d8 configuration
of Ni?* ion. Whereas [NiCl ]~ will be paramagnetic, as
CI~ is a weakly basic ligand and under its influence no
pairing of unpaired electrons can take place. Thus the
magnetic nature of complexes can beeasily predicted based
on the crystal field theory.

When a bidentate’ligand like ethylene diamine, or Glycinate
ion or oxalate ion combines with the metal ion in the
formation of.complexes, then the final complex resulted
will beacyclic complex. Thistypeof cyclic complex formed
iscaled aschelate.

The process involving formation of a cyclic complex is
called as chelation and the bidentate ligand is called as
chelating agent.

FACTORSAFFECTINGTHESTABILITY OFCOMPLEXES

@)

(if)

(iii)

The stability of complexes depends on the following
factors

Natureof thecentral metal ion:

Greater the charge density on the metal ion greater the
metal ion will have tendency to form the complex. Thus
the complexes formed by metal ion with high charge
density are more stable than complexes formed by metal
ion with less charge density. For e.g. - Fe*3 ion forms a
more stable complex than Fe*2, Similarly Pt** complex is
more stable than Pt2* complex.

The stability of the complexes of some of the cations
(having same charge but different ionic radii) decrease
with theincreaseinionic radii.

lon  Cu*2>Ni*2>C0%2> Fet2>Mn?*

lonicradii 0.69 0.78 0.82 0.83 0.91

Natureof ligand

A strongly basic ligand forms a more stable complex with
the metal ion that aligand whichisweakly basicin nature.
Thus a cyano complex will be more stable than a chloro
complex.

When abidentate ligand combineswith the metal ion then
acheated complex isformed. Thistype of chelated complex
will bemorestable.

=
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(d, f-BLOCK ELEMENTS & COORDINATION COM POUNDS)
S.No.| complex ions Form. | Metal ion oordination Nf configuration| pybricisation Geometry  |UE Magnet'ic L.ow spi.n
Properties |High spin
oL |[Ni(CN),J™ Ni*2 4 d® dsp? | Sa-planar | O | Diamagnatic | LS
@ [[Ni(CO),) Ni 4 d’s’ sp® | Tetrahedrd | O | Diamagnatic | LS
B |[CuNH,),]" Cu* 4 d® dsp? | Sa-planar | 1| paramagnetic | LS
o4 |[Zn(NH,),1" Zn™ 4 d° sp® | Tetrahedrd | O | Diamagnetic | LS
6 |[coCl]? Co* 4 d’ sp® | Tetrahedral | 3 | paramagnetic | LS
6 |[Nicl]? Ni*? 4 d° sp® | Tetrahedral | 2 | paramagnetic | L.S
07_|[P(NH)]*> Pt A o sp® | Terahedral | 2 | paramagnetic | Ls
® |[FecN)g Fe' 6 d® d’sp® | Octahedral | 1 | paramegnetic [ LS
® |[FecN)g Fe' 6 d° d?sp? | Octahedral | O | Diamagnetic | LS
10 |[Fe(H,0)]™ Fe™ 6 d® spd? | Octahedral | 4 | Paramagnetic | H.S
1 |[Fe(H,0)J% Fe™ 6 d° sp®d? | Octehedral | 5 | Paramagnetic | H.S.
2 |[FeFy [FeCid™ Fe™ 6 d° spd? | Octahedral | 5 | Paramagnetic | H.S
13 |[Co(H,0)J" Co™ 6 d° sp’d? | Octahedral | 4 | paramagnetic | H.S
14 [[CoCN)J™ Co™ 6 d’ d?sp® | Octahedral | 1 | paramegnetic [ LS
15 [[CoF 6]—3 Co™ 6 d° sp®d? | Octahedral 4 | Paramagnetic | H.S
16 |[Cr(H,0)d" Cr'* 6 d* sp3d? | Octahedral | 4 | Paramagnetic [ H.S.
17 [[Cr(NH )™ cr 6 d d%sp3 | Octahedra | 3 | paramagnetic [ LS
18 (@) cre 6 o d?sp® | Octehedra | 3 | Paramagnetic | LS.
9 |[[Ti(H,0)g" Ti* 6 d* d’sp® | Octahedral | 1 | paramegnetic [ LS
2 |[V(H,0)J" Ve 6 o d?sp? | Octahedral | 2 | Paramagnetic | Ls
21 |[zn(NH )™ Zn*? 6 d* spd? | Octahedral | O | Diamagnetic | H.S
2 [[P(NH)J™ pt™ 6 d° d?sp® | Octahedral | O | Diamagnetic | LS
2 [MnCN)g™ Mn*? 6 d® d?sp? | Octahedral | 1 | paramagnetic | LS
PROPERTIESOF COMPLEX IONS OCH,

ORGANOMETALLIC COMPOUNDS

*

Compounds containing one or more metal carbon bonds.
The compounds of metalloids (Ge, Sb) and non metals (B,
Si,PAsetc.)which arelesselectro -vethan carbon are also
categorisedinthistitle. eg: R- Zn- Rdialkyl zinc (Frankland
reagent); R-Mg-X Alkyl Mg halide (Grignards reagent)
Compoundslike O
I

Sodium acetate CH5;-C-ONa
Sodium ethoxide C,H;-0O-Na
Sodium Mercaptide H,C-SNa
are not organometallic compd. as in these compounds
metal is not directly attached with carbon atom.
H;CO

> B-OCH4
H,CO

B(OCHg)zisnot OMC —

while CH;B(OCH,),isOMC — H,;C-B N

OCH4
Cyanides. carbides and carbonates are not considered
OMC because in these compounds metal is not attached
to carbon of alkyl gp. or carbon of carbonyl group.

Classification of Organometallic Compounds

OMC can be classified into three main categories

(a) s -bonded OM C : These compoundsare formed mostly
by non transition and metalloid elements.
eg. R-Mg - X, (grignard’s reagent)
(CH3),Zn (Dimethyl zinc or frankland’s reagent)
(R),Cd, (dialkyl cadmium)
(C,Hg)4Po (Tetraethyl lead)
(CHy)5Al, TiCl, (Ziegler nattacatalyst) etc.
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@

@

©)

O
®
©)

Q.1

Q.2

(b) p - bonded OMC : These are usually formed by
trangtion metals. eg. Ferrocene[Fe(n5 - CsHg),] where
n=No. of carbon atoms combined with metal atom.
Zeise’s salt K[PtCly(n?- C,H ]

Dibenzene chromium [Cr(n® - CgHg),]

s and p - bonded OM C : Transition metals of gp. 6,
7,8,9 and 10 in their zero oxidation state form such
type of OMC. The carbonyl compds. of these metals
have both o, and = bonds. e.g. INi(CO) 4], [F&(CO)],
[Mny(CO)4q], [M(CO)g] whereM isCr, Mo, W.

©

Application ‘of Organometallic Compounds
AshomogeneousCatalyst

SN

p—

=4

RhCI (Wilkinsons catalyst)
for hydrogenation of olefins.

Asheterogenouscatalyst
R Cl cl

v
R / \

Tri alkyl Al «Titanium tetrachlorlde used for-
Polymerisation

Organicsynthesis-OMClikeR-Mg- X, R, - Cd, CH;- Li
etc. are used for preparation of almost al type of organic
compds. .

As petrol additive - TEL(Tetraethyl lead) is used as
antiknock compd. in petrol.

In medicine- Organo arsenic compdsare used as medicine
for syphilis deases.

In agriculture- Seeds are treated with ethyl Hg Chloride
to protect the plants against infection.

I
Zeigler — Natta Catalyst R — AI «—

TRYITYOURSELF-3
Predict which among the following properties given below
belong to double salt and co-ordination compounds.
(@ Theblue coloured solution prepared by Cu*? (aqg) &
NH, (NH 4+ ag) does not show the presence of Cu'*?
(b) Compounds which are stable in the solid state but
break up into its constituents in aqueous solution.
(©) Ag. solution of carnallite.
(d) The compounds in which central metal ion form
dative bonds with species surrounding it.
(e Mohrs salt.
Write the systematic names of thefollowing coordination
entities and compounds.
(i) [CoCly(NHy)I*
(i) K5[Cr(C,0,)4]
(v) [PCI(NHZ):]Cly

(i) [CrCI5(NHy),4]
(iv) K [FE(CN)gl

Q.3

Q4

Q5

Q7

Q8

Q.9

Q.10

Consider the following complexes —

(i) K,PtClg (ii) PtCl ,.2NH,

(iii) PtCl,.3NH5 (iv) PtCl .5NH,

Their electrical conductances in aqg. solutions are —
(A) 256,0,97,404 (B) 404,0, 97,256

(© 256,97,0,404 (D) 404,97,256,0

I dentify the complexeswhich are expected to be coloured
and explain.

(A) Ti(NOy), (B) [CU(NCCH,)/*BF,~
(© [Cr(NHg)gl3 3CI™ (D) K4[VFgl

Write the lUPAC name of the given compound.

OH
(NH3 4C0

Non”

As per IUPAC nomenclature, the name of the complex
[Co(H,0)4(NH5),]Cl3is:

(A) Tetraaquadiaminecobalt(l11) chloride

(B) Tetraaguadiamminecobalt(l11) chloride

(C) Diaminetetraaquacobalt(l11) chloride

(D) Diamminetetraaquacobalt(l11) chloride

NiCl{ P(CoH5),(CgHs)} » exhibits temperature depen-
dent magnetic behavior (paramagnetic/diamagnetic).
The coordination geometries of Ni2* in the paramagnetic
and diamagnetic states are respectively :

(A) tetrahedral and tetrahedral

(B) square planar and square planar

(C) tetrahedral and square planar

(D) sguare planar and tetrahedral

The pair(s) of coordination complexesionsexhibiting the
same kind of isomerism is(are) —

(A) [Cr(NH3)sCI]Cl, and[Cr(NH5),Cl,]Cl

(B) [Co (NH),Cl,] " and [Pt (NH%Z(HZO)CI]J“

(©) [CoBr,Cl,]?~and[PtBr,Cl,]

(D) [PK(N H3)3(N03)] Cland[Pt(N H3)3CI]Br

EDTA%- is ethylenediaminetetraacetate ion. The total
number of N — Co — O bond angles in [Co(EDTA)]}-
complexionis

Colourless species among the following is —

Co(en)z [Cl,

(A) [Ni (H,0)¢]?* (B) [Fe(H,0)g**
© [Ni(CN)J* (D) Both (A) and (C)
ANSWERS

(1) (&) Co-ordination, (b) Doublesalt (c) Double salt
(d) Co-ordination, (€) Double salt
(2) (i) tetraamminedichloridocobalt (111)
(i) trisamminetrichloridochromium (111)
(iii) potassiumtrioxalatochromate (I11)
(iv) potassium hexaacyanoferrate (11)
(v) pentaamminechloridoplatinum (1V) chloride
3 ) (4) (CD)
(5) Tetraaminecobalt (111) di-p-hydroxo bis ethylenedi-
amine cobalt (111) Chloride.
6 O (M (©
© 8 (10 (©)

(8 (BD)

[5
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USEFUL TIPS Example4:

*  Thedoubly degenerate d22 and dXZ_yZ orbitals

(eg orbitals) are of higher energy than triply degenerate
dxy, dyz and d,, (tZg orhitals), that are lower in energy.
* The tetrahedral crystal field splitting is only 4/9 of the

octahedral splitting and there is no known low spin

tetrahedral complex. Sol.

* In brown ring complex, Fef(H,0)sNO]SO,, the oxidation
state of Feis+1. Inthiscomplex, the hybridisation of Feis
d?sp3. Prussian blueis
Fe,[FE(CN)gl5. The hybridisation of Fein
[Fe(CN)l%~ isd?sp3. Fe(CO); hastriangular bipyramidal
shape (dsp? hybridisation).

*  [Fe(H,0)g]%" and [CoF¢] 3~ are high spin complexes.

* The strong field ligands produce low-spin compl exes.

¥ [Fe(CN)gl* and[Co(NH3)g]3* arelow spin complexes.

ADDITIONAL EXAMPLES

Examplel:
Which of the following statements is most likely to be
incorrect —
(1) Ti(NOy),) isacolourlesscompound
(2)[Cu(NCCH%) 4" BF,~ isacolourless compound
(3) [Cr(NH3)] **3Cl~ isacol oured compound
(4) K5[VFg] isacolourless compound
Sol. (4).
(1) 5, Ti*" E.C. =3d%s? colourless
(2) ,oCu* E.C. = 3d1%4s0 colourless
(3) 54Cr3* E.C. = 3d%s” coloured (most likely)
(4) 3V 3+ E.C. = 3d24° coloured (most likely)

Example2:
When SO, is passed in acidified K,Cr,O5 solution -
(2) the solution turns blue

(2) the solution is decolourised <ol

(3) SO, isreduced
(4) chromium sulphateisformed
Sol. (4). When SO, gasispassedin acidified K,Cr,0O solution

Sol.

Transition metals normally have unfilled ‘d” orbitals which

are degenerate. The colour of transition metal ionsis due

to absorption of light in visible region. Which of the

following transition is responsible for providing the

colour?

(1) d-stransition (2) s-dtransition

(3) d-d transition (4) s-strangition

(3). Whenever atransition metal complex is formed, the
approaching ligand removes the degeneracy of the
‘d’ orbitals. ‘d’ orbitals are split up into two sets having
a different amount of energy. Absorption of light
causes the promotion of electrons from lower energy
set of orbitals to a higher energy set within the same
‘d” subshell. This d-d transition is responsible for the
colour of theion.

Example5:

All the following complexes show decreases in their
weightswhen placed in amagnetic balance then the group
of complexes having tetrahedral geometry is

() Ni(CO), (i K[AQGF,]  (iii) NaZn(CN),]
(iv) K,[PtCl,] (iv) [RhCI(PPhy)]

(@) (i), (iii), (v) (2) (i), (i), (iii)

@) (), (i), (iv) (4) None of these

(4). Ni(CO), - sp3 (CO strong field ligand)

+3 . .
[AgF,]~ — dsp? (4d® electron configuration)

[Zn(CN) ;]2 - sp3 (3d'9 electron configuration)
[PtCl,J?~ - dsp? (5d8 electron configuration)
[RhCI(PPhy) ] — dsp? (4d® electron configuration)
All complexes are diamagnetic in nature which show
decreasein their weightsin magnetic field.

Example6:

Amongst TiFz%~, CoFg*", Cu,Cl, and NiCl ;2= (At. No. Ti

=22,Co=27,Cu=29, Ni = 28), thecolourlessspeciesare

(D TiFZ & Cu2C|32 (2) Cu,Cl,& NiCl >

(3) TiFg>~ & CoFg>- (4) CoFg>~ & NiCl 2

(2). Due to the absence of unpaired electron TiFGZ‘ &
Cu,Cl,, colourless species.

] - Example7:
the following reaction takes place FeCr,0, + Na,COs + O,
K,Cr,0;+4H,S0, — K,S0, + Cry(SO )5+ 4H,0+ 30 _ + +
Fusion H H
3805+ 30+ 3H,0— 3H,S0, [X] [Y] [Z]
H20 H202

K, Cr,O4+ 3_SO2 + H2804 —K,80, + Cry(SO,4)53+H,0
Green chromium sulphate isformed.

Example3:
In which of the following transition metal ions d-d
transition is possible —
(1) cu* (2) Zn*2
(3)Ti™3 (4) Sct3
Sol. (3). The d-d transition is possible in Ti*3 because it has
got 3d? configuration, hence one electron can easily
go from one orbital to another in degenerate levels.

Which of thefollowing statement istruefor the compounds

[X),[Y]and[Z] ?

(1) Inall threecompounds, the chromiumisin+ 6 oxidation
state.

(2 [Z] is adeep blue-violet coloured compound which
decomposesrapidly in aqueous solution into Cr3* and
dioxygen.

(3) Saturated solution of [Y] gives bright orange
compound, chromic anhydride. with concentrated
H,SO,

(@ All of these.
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Sol. (4) Fusion VI
. (4. 4FeCr,0, +8Na,COy + 70, P99, Na, Cr O,
+ +VI + +VI
M 5 Na,Cr,0, —1H29%2 , ¢r 0(0,),
H20

(deep blueviolet) —"2° 0, + H,0+Cr3
Na,Cr,07 + H,S0, — 2CrO5 (chromatic anhydride)
+Na,SO, +H,0
Example8:

The pair inwhich both species have same magnetic moment

(spin only value) is —

(A) [Cr(H,0)gl?*, [CoCl >

(B) [Cr (H,0)gl%*, [Fe(H,0)gl?*

© [Mn(H,0)gl%*, [Cr (H,0)gl?*

(D) [CoCl 1<, [Fe (H,0)g]*

Sol. (B). Same mangetic moment = Same number of unpaired

electrons=/n (n+2) , Wheren=no. of unpaired €l ectrons

Co?* =3d’, 3 unpaired electrons
Cr2* = 3d*4, 3 unpaired electrons
Mn2* = 3d®, 5 unpaired electrons
Fe?* = 3d5, 4 unpaired electrons

Example9:

All the following complexes show a decreases in their

weights when placed in amagnetic balance. Then which

of these has square planar geometry ?

(A)Ni (CO), (B) K [AgF,] (C) Nay[Zn (CN),] (D) None

(B). INK [AgF,],Ag(llT) has 4d8 configuration. Thishas
higher CFSE which favours pairing of electronsand
thus complex is diamagnetic and square planar.

Sol.

Example10:

Which of the following statementsis not correct ?

(8 [Ni (H,0)g]?" & [Ni (NH3)g]?* have same value of

CFSE

(b) [Ni (H,0)g2* and [Ni (NHg)g]2* have samevalue of

magnetic moment.

(A) only a (B)onlyb

(C)Bothaandb (D) None of these

(A). (@ Ammoniaisastronger field ligand than water.
So, [Ni (NH3)6]2+ will have higher CFSE than
[Ni (H,0)g]2*.

(b) Bothcomplexes[Ni (H,0)g]%* and [Ni (NHg)%*
have sp3d? hybridisation with two unpaired
electrons. So, they possess same magnetic
moment (spinonly).

Sol.

Passage (Ex.11-Ex.13)

(T) impartsviolet colour __Compd(U)+conc. HaS0g )
Red gas —N®OH+ANO3 _ (y5/) Red ppt.
NH3 soln. (X)
(W) Red ppt. —31HCL , (v} white ppt.
(U) —22H (2) gas (giveswhitefumeswith HCI)

Examplell:
The compound W is —
(1) CrOg4 (2 Ag,Cro,
(3) Hal, (4) AgNO,,
Examplel2:

The compound T and U are —
(1) KMnQO,, HCI

(2) K,Cr,0y, HCl
(4) K,Cro,, KCl

Examplel13:
The compound “V” is—
(1) CrOgq @d,
(3)Bry (4) CrOCl,

(11) (2. (12) (3), (13) (4).
(K5Cr,0) impartsviol et colour

Compd (NH4Cl)+conc. HoSO4

(CrO,Cl,) Red gas

NaOH-+AgNO3
(Ag,Cr0,) Red ppt. — A3 1Ag(NH,),]CI
(Ag,CrO,) Red ppt. —41HC! - (AgCl) white ppt.

(NH,Cl) —  (NH_) gas(giveswhitefumes with HCI)

Examplel4:
For the octahedral complexes of Fe3* in SCN-
(thiocyanato-S) and in CN~ ligand environments, the
difference between the spin-only magnetic momentsin
Bohr magnetons (when approximated to the nearest
integer) is[Atomic number of Fe=26]

Sol. 4. SCN~iswesk field effect (WFE) ligand whereas CN~
isstrong field effect (SFE) ligand.
s6Fe"3in[Fe(SCN)4]*~

3d 4s 4p 4d
=AM (1 (O]l (eIl T 1]
sp3d2 ‘
Spinonly magneticmoment= /5 (5+ 2) = V35 BM
ssFe™3in[Fe(CN)g]3-
3d 4s ap
=ar (LT[ 1
d25p3
Spin only magnetic moment = /1 (1+ 2) = J3BM
Difference= \/35 /3= 4

Examplel5:

In the complex acetylbromidodicarbonylbis(triethyl
phosphine)iron(l1), the number of Fe—C bond(s) is

Sol. 3. [Fe(CH;CO)Br (CO),{ P(C,Hg)3} ]

CH3 - ?ll@) Ligand — One Fe— C bond

o]
CO Ligand — two Fe — C bond

=
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CHAPTER 8 : d, f-BLOCK ELEMENTS & COORDINATION COMPOUNDS

EXERCISE-1 [LEVEL-1]

Choose onecorrect responsefor each question.

PART 1: POSITIONINTHE PERIODIC

Q.1

Q.2

Q.3

Q4

TABLE (d-BLOCK)

Which element belongs to d — block

(A)Na (B)Ca

(C)Cu (D)Ar

Choosethe correct statement related to transition metals

series,

(A) 3d seriesisfrom Scto Zn

(B) 4d seriesisfromY to Cd

(©) 5dseriesisfrom Lato Hgomitting Ceto Lu.

(D) All of these

Which of the following elements does not belong to the

first transition series?

(A)Fe (B)Ag

Qv (D)Cu

Choose the correct statement —

(A) Zinc,cadmium and mercury are not regarded as
transition metals.

(B) Zinc,cadmium and mercury areregarded astransition
metals.

(O Zinc, cadmium and mercury have full d10
configuration in their ground state.

(D) Both(A) and (C)

PART 2: EI ECTRONIC CONFIGURATIONS

Q5

Q.6

Q7

Q.8

Q9

Q.10

OFTHEd-BLOCK ELEMENTS
The element having general electronic configuration
3d*4stis
(A) Noble gas (B) Non-metal
(C) Metdloid (D) Trandition metal
The placement of Zn, Cd and Hg aong with d-block
elements is not proper because
(A) Their d orbitalsare completely filled.
(B) Their d orbitalsare empty.
(C) They do not form complex compounds.
(D) They do not form coloured compounds.
Which of the following electronic configuration is that
of atransition element

(A) 1,52’ 252p6,352p6d10,432p6 (B) 152,232p6,382p6d10,432p1
(C) 12, 25%p®,36%p8d?, 45> (D) 1s?,25°p®,36%p0, 452
The electronic configuration of Tantalum (Ta) is

(A) 6250140 (B) 6s25d24f14

(C) 6s25d34f14 (D) 652504414

The last electron in d-block elements goes to
(A) (n-1)d (B)nd

(C)np (D) (n-1)s

Choose the correct statement related to electronic
configurations of Cr and Cu -

(@ Cr:3d4s! (b) Cr: 3d% 42

(©) Cu:3d104s! (d) Cu: 3d9 482

Q.1

Q.12

Q.13

Q.14

(A) (8 and(c) (B) (b) and (d)

(© (b)and(c) (D) (a) and (d)
Thehighest oxidation state is exhibited by the transition
metalswith configuration:

(A) (n-1) d3 ns? (B) (n-1) d>nst

(C) (n-1) d®ns? (D) (n-1) d8 ns?

Atomic size of these elements is amost same because
pairing of electrons takes place in d orbitals causing
repulsion and effective nuclear charge doesnot increase

appreciably

(A) <, Ti,V (B)Ni, Cu, Zn
(C) Fe,Co, Ni (D) V,Ni, Cu
Which of the following is a ‘d-block element’?
(A)Gd (B)Hs

(O Es (D)Cs

General electronic configuration of transition metalsis
(A) (n - 1)d1-10 ns? (B) nd10 ns?
(C) (n-1)d10 ns? (D) (n - 1)d15 ns?

Q.15 Theatomic number (Z) of anelementis25. Initsground
state, how many electrons are present in the nt shell ?
(A)13 B)2
@15 D)3
PART 3: GENERAL PROPERTIE ETHE
TRANSITIONELEMENT -BL K
Q.16 Which statement is true about the transitional elements
(A) They are highly reactive.

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

(B) They show variable oxidation states.

(C) They havelow melting paint.

(D) They are highly electropositive.

Which forms coloured salts

(A) Metals (B) Non-metals

(© p-block elements (D) Transition elements
Which of the following transition metal has lowest
boiling point (B.P)

(A) Zn (B)

©OTi D)V

Which of the following element has maximum first
ionisation potential

AV (B)Ti

()]e (D) Mn

Transition metals show paramagnetism

(A) Due to characteristic configuration

(B) Highlattice energy

(C) Dueto variable oxidation states

(D) Due to unpaired electrons

Which of the following is expected to form colourless

complex

(A) Ni2* (B) Cu*

(C)Tis* (D) Fe3*

The most stable oxidation state of Mnis

(A) +2 (B) +4 (©)+5 (D) +7
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Q.23 Atomicradii from Crto Cuisalmostidentical becauseof Q.33 Metalicradii of sometransition dementsaregivenbelow.

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

(A) Increasing nuclear chargefrom Cr to Cu.

(B) Repulsion among increased €lectrons.

(©) Increased screening effect to nullify increased
nuclear charge.

(D) All the above

In the series Sc(Z = 21) to Zn(Z = 30), the enthalpy of

atomisation of which element isleast?

(A)Sc (B)yMn

(©)Cu (D) Zn

Identify the species in which the metal atom is in +6

oxidation state.

(A) MnO,~ (B) Cr(CN)g>

(C)NiFg~ (D) CrO,Cl,,

Inwhich of thefollowing pairsof ions, the lower oxidation

state in agueous solution is more stable than the other ?

(A)TI+, TIS* (B) Cu*, Cu?*

(C) Cr2*, Cr3t (D) V2 VO (V4

Which of the following compounds is not coloured

(A) Na,[CuCl ] (B) Na,[CdCl,]

(O) K [Fe(CN)g] (D) KFe(CN)]

Which one of the following transition metal ionshasthe

lowest density ?

(A) Copper (B) Nicke

(C) Scandium (D) Zinc

Colour of transition metal ions are due to absorption of

some wavelength. This resultsin

(A) d-stransition (B) s-stransition

(C) sdtransition (D) d-d transition

Thefirst ionisation energies of the elements of thefirst

transition series (Ti to Cu) :

(A) Increases as the atomic number increases.

(B) Decreases as the atomic number increases.

(©) Do not show any change asthe addition of electrons
takes place in the inner (n — 1) d-orbitals.

(D) Increasesfrom Ti to Mn and then decreases from
Mnto Cu.

In context with the transition elements, which of the

following statementsisincorrect ?

(A) Inaddition to the normal oxidation states, the zero
oxidation state is also shown by these elementsin
complexes.

(B) Inthehighest oxidation states, the transition metals
show basic character and form cationic complexes.

(© In the highest oxidation states of the first five
transition elements (Sc to Mn), all the 4s and 3d
electrons are used for bonding.

(D) Oncethed® configuration isexceeded, the tendency
toinvolveall the 3d electronsin bonding decreases.

The catalytic activity of the transition metals and their

compounds is described to —

(A) their chemical reactivity.

(B) their magnetic behaviour.

(© theirfilled d-orbitals.

(D) their ability to adopt multiple oxidation state and
their complexing ability.

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Which of these elements will have highest density ?

Element Fe Co Ni Cu
Metdlicradii/pm 126 125 125 128
(A)Fe (B)Ni

(©)Co (D)Cu

For Sc(l11), Ti(1V), Pd(I1) and Cu(ll) ions, correct

statements are —

(A) All are paramagnetic.

(B) All arediamagnetic.

(© sc(In), Ti(1V) are paramagneticand Pd (111), Cu (1)
arediamagnetic.

(D) Sc (1), Ti(1V) arediamagneticand Pd (11), Cu (111)
are paramagnetic.

The common oxidation states of Ti are

(A)+2,+3 (B)+3,+4

(C)-3,-4 (D) +2,+3,+4

Fe3* compounds are more stable than Fe?* compounds

because

(A) Fe3* has smaller size than Fe?*

(B) Fe3* has 3d® configuration (half-filled)

(C) Fe3* has higher oxidation state

(D) Fe3* is paramagnetic in nature.

Ti2* is purple while Ti4* is colourless, because

(A) Thereisno crystal field effect in Ti%*.

(B) Ti2* has 3d? configuration.

(©) Ti** has 3d? configuration.

(D) Ti** isavery small cation when compared to Ti2*

and hence, does not absorb any radiation.

Which of the following d-block element has half-filled

penultimate as well as valence subshell ?

(A)Cu (B)Au

(©)Ag (D) Cr

Which of thefollowing isarranged in order of decreasing

thermal stability ?

(A)Zn>Hg>Cd (B) Cd>Hg>Zn

(C) Zn>Cd>Hg (D)Hg>Cd>Zn

Which of the following statement is not true?

(A) Transition elementsform the complex compounds.

(B) Coloured compounds of transition elements are
paramagnetic.

(©) Colourless compounds of transition elements are
diamagnetic.

(D) Colour less compounds of transition elements are
paramagnetic.

Reactivity of transition elements decreases almost

regularly from Sc to Cu because of

(A) Lanthanoid contraction

(B) Regular increase in ionisation enthal py

(C) Regular decrease in ionisation enthal py

(D) Increasein number of oxidation states.

Elementswhich generally exhibit multiple oxidation states

and whose ions are usually coloured are

(A) Metalloids (B) Non-metals

(C) Transition elements (D) Gases

=
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Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

PART 4:
MP

ME IMPORTANT
NDS OF TRANSITION

ELEMENTS
Acidified potassium dichromate reacts with potassium
iodide and oxidisesit to I,. What is the oxidation state
of chromium in the products of the reaction ?
(A)+4 (B)+6
©+3 (D)+2
One of the products formed due to the reaction between
KMnO, and HCl is
(A) Redliquid (B) MnO,
(C) Greenishyellow gas (D)HCIO,
Which of the following compounds is used as the
starting material for the preparation of potassium
dichromate -
(A) K5S0,.Cry(S0,)3.24H,0 (Chromeaum)
(B) PbCrO, (Chromeyellow)
(© FeCry,0, (Chromite)
(D) PbCrO4PbO (Chromered)
On heating potassium permanganate, one of the
following compound is not obtained.

(A)O, (B)MnO

(C)MnO, (D) K,MNO,
Compound that is both paramagnetic & coloured is
(A) K,Cr,04 (B) (NH,),[TiClg]
(©)VOso, (D) Kg[Cu(CN),]

Potassium dichromateis prepared from

(A) Chromate obtained by the fusion of chromite ore
with sodium carbonate in free access of air.

(B) Pyrolusitewhichisfused with potassium hydroxide
in the presence of air.

(©) Iron pyrite by the fusion with potassium carbonate
in presence of moisture.

(D) None of these

What happenswhen potassium iodide reactswith acidic

solution of potassium dichromate ?

(A) itliberatesiodine

(B) Potassium sulphate isformed

(C) Chromium sulphateisformed

(D) All the above products are formed

Which of the following is correct representation of

reaction of acidified permanganate solution with

sulphurous acid ?

(A) 2MNnO,~ +580,2" + 6H*— 5S0,2~ + 2Mn?* + 3H,0

(B) MnO,~ + SOz%~ + 2H,0 — S+ Mn?*+ 4H*

(C) 2MnO, +5S0,27+2H,0— 450,27 +S+ 2M?*+4H*

(D) 3MNO,~ + 28052~ + 2H,0—> 2S+ 3Mn?* + 4H*

On addition of small amount of KMnO, to concentrated

H,S0,, a green oily compound is obtained which is

highly explosive in nature. | dentify the compound from

thefollowing

(A) Mn,O, (B) MnO,

(O MnSO, (D) Mn, 04

Potassium permanganate acts as an oxidant in neutral,

alkaline as well as acidic media. The fina products

obtained fromit in thethree conditions are, respectively

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

(A) MnO,, MnO,, Mn?*  (B) MnO,%~, Mn3*, Mn?*

(C) Mn,, MnO,Z~, Mn** (D) Mn, MnO,4, Mn?*

Which of the following statements is correct about

equivalent weight of KMnO,?

(A) It is one third of its molecular weight in akaline
medium.

(B) It is one fifth of its molecular weight in akaline
medium.

(© Itisequal toitsmolecular weight in acidic medium.

(D) It is one third of its molecular weight in acidic
medium.

The colour of potassium dichromate depends upon pH

of solution. The chromate and dichromate are inter

convertible in aqueous sol ution depending upon pH. In

acidic pH, chromate ions get converted into ions whose

colour is

(A) Blue (B) Orange

(C) Red (D) Colourless

The number of moles of KMnO, that are needed to react

completely with one mole of ferrous oxalate in acidic

solution is

(A)3/5 (B)2/5

(C) 45 D)1

Which of the following statement is true about

dichromate ion structure?

(A) It consists of two tetrahedrasharing one corner with
Cr—-0-_Crbondangle of 126°.

(B) It has one Cr—Cr bond.

(© It has two Cr-Cr bond.

(D) None of these

Which of the following compounds has colour but no

unpaired electrons ?

(A)KMnO, (B) K,MnO,
(C)MnSO, (D) MnCl,
PARTS5: THE LANTHANOID

Lanthanoid contraction is due to increase in

(A) Atomic number

(B) Effective nuclear change

(C) Atomicradius

(D) Valence€electrons

Which of thefollowing oxidation stateiscommon for all
lanthanoids ?

(A)+2 (B)+3

(©+4 (D)+5

Choose the correct statement

(A) The lanthanoids are silvery white soft metals.

(B) La3* and Lu3* ions are colourless.

(C) Zr and Hf haveamost identical radii.

(D) All of these

Lanthanoid contraction is responsible for the fact that
(A) Zr and Y have about the same radius.

(B) Zr and Nb have similar oxidation state.

(C) Zr and Hf have about the same radius.

(D) Zr and Zn have similar oxidation state.
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Q.62

Which of the following lanthanide is commonly used?
(A) Lanthanum (B) Nobelium
(C) Thorium (D) Cerium

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

PART 7:

Q.72

Although zirconium belongs to 4d transition series and
Hafnium to 5d transition series even then they show
similar physical and chemical properties becuase —

(A) Both belong to d-block.

(B) Both have same number of electrons.

(©) Bothhavesimilar atomicradius.

(D) Both belong to the same group of the periodic table.
Which of thefollowing lanthanideionis paramagnetic ?

(A) Ce?t (B) Yb2*
(C)Lu®* (D) Eu?*
Which is the non-lanthanide element ?
(A)La (B)Lu
©)Pr (D)Pm

Across the lanthanide series, the basicity of the

lanthanoid hydroxides:

(A) increases

(B) decreases

(C) first increases and then decreases

(D) does not change

Composition of mischmetal is

(A) 5% of alanthanoid metal, 95% of iron and traces of
S, C, CaandAl.

(B) 95% of anactinoid metal, 5% of ironand tracesof S,
C, CaandAl.

(©) 95% of alanthanoid metal, 5% of iron and traces of
S, C, CaandAl.

(D) 95% of atransition metal, 5% of iron and tracesof S,
C, CaandAl.

PART6: THE ACTINOID
What isthe total number of inner transition elementsin
the periodic table ?
(A)10 B)14
(©30 (D)28
The electronic configuration of actinoids cannot be
assigned with degree of certainty because of
(A) Small energy difference between 5f and 6d levels.
(B) Overlapping of inner orbitals.
(©) Free movement of electrons over al the orbitals.
(D) None of the above.
There are 14 elements in actinoid series. Which of the
following elements does not belong to this series?
(A)U (B)Np
©Tm (D)Fm
Which elements is not an actinide?
(A) Terbium (B) Cdifornium
(C) Uranium (D) Curium

MEAPPLICATION =
[-BLOCK ELEMENTS
The substance used in cancer therapy is
(A)Rn (B)Ni
O Fe (D)Co

-AND

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

Q.80

Q.81

Q.82

In human body if necessary, the plate, screw or wire

used for surgery are made up of

(A)Ni (B)Au

(C)Pt (D)Ta

Hypo is used in photography to

(A) ReduceAgBr grainsto metallic silver.

(B) Convert metallicsilvertosilver salt.

(© Removeundecomposed silver bromide asasoluble
complex.

(D) Removereducedsilver.

PART 8: WERNER’S THEORY OF
RDINATION MPOUND

The primary valence of the metal ioninthe

co-ordination compound K,[Ni(CN),] is —

(A) Four (B) Zero

(©)Two (D)Six

When one mole of each of the following complexesis

treated with excess of AN O, whichwill give maximum

amount of AgCl ?

(A) [Co(NH,)ICly (B) [Co(NH4):Cl]Cl,

(C) [Co(NHy),Cl,]Cl (D) [Co(NHz),Cl,]

Which oneisthemost likely structure of CrCl;.6H,0, if

1/3 of total chlorine of the compound is precipitated by

adding AgNO; to its aqueous solution ?

(A) CrCl3.6H,0 (B) [Cr(H,0)5Cl4].3H,0

(©)[CrCI,H0),]Cl.2H,0 (D) [CrCI(H,0)g]Cl,H,0

Which of the following is not a double salt but is a

complex salt ?

(A) KCI.MgCl,.6H,0

(B) FeSO,.(NH,),S0,.6H,0

(C) K580,.Al5(S0O,)5.24H,0

(D) 4KCN.Fe(CN),

According to the postulates of Werner’s theory for

coordination compounds

(A) Primary valenceisionizable.

(B) Secondary valenceisionizable.

(© Primary and secondary valences are non-ionizable.

(D) Only primary valenceisnon-ionizable.

Primary valence of binary compounds CrCl 5, CoCl, and

PdCl, are -

(A) 2,2and 3respectively. (B) 2, 3and 2 respectively.

(© 3,3and2respectively. (D) 3, 2and 2 respectively.

Copper sulphate dissolves in ammonia due to the

formation of

(A) Cu,O (B) [Cu(NH3) ]SO,

(C) [Cu(NHy),JOH (D) [Cu(H,0),1S0O,

Choose the correct statement related Werner’s theory —

(A) It doesnot explain the magnetic spectral properties.

(B) The secondary valenceis equal to the coordination

number.
(© Theprimary valences are satisfied by negativeions.
(D) All of these
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Q.83

Q.84

Q.85

Q.86

Q.87

Q.88

Q.89

Q.90

Q.01

PART 9: IMPORTANT TERMSOF
PERTAININ RDINATION

COMPOUNDS
Theligand in potassium ferricyanideis
(A)K* (B)CN~
(O Fe (D) (CN)g
Co-ordination number of aluminumis
(A)8 (B)6
©12 (D)4
The oxidation number of Crin [Cr(NH3)g]Cl3 is
(A)8 (B)6
Q4 (D)3
Theligand N(CH,CH,NH,);is
(A) Bidentate (B) Tridentate
(C) Tetradentate (D) Pentadentate
Theoxidation number of Ptin[Pt(C,H,)Cl] " is:

(A)+1 (B) +2

(©)+3 (D)+4

Which of the following statement(s) i/are true about
[EDTA%] 2

I. Itisethylenediaminetetracetate ion.

I1. Itisahexadentate ligand.

I11. 1t can bind through two nitrogen and four
oxygen atoms to a central metal ion.

IV. It gtructureis

CH,COO~
H,C — N< 2
CH,CO0~
CH,COO~
H,C — N< 2
CH,CO0~
The correct set of statements is —
(A) I, 1Tand 111 (B) lland 1V
© L land IV O) 1L, 11, and 1V
Which of thefollowing ligandswill not show chelation?
(A)EDTA (B)DMG

(C) Ethene-1, 2-diamine (D) SCN~

| dentify the statement which is not correct ?

(A) Coordinate compounds are mainly known for
transition metals.

(B) Coordination number and oxidation state of ametal
aresame.

(©) Tetrahedra complexes do not show geometrical
isomerism.

(D) A ligand donates at least one electron pair to the
metal atom to formabond.

Ligandsinacomplex salt are

(A) Anions linked by coordinate bonds to a central
metal atomor ion.

(B) Cationslinked by coordinate bondsto acentral metal
atomorion

(©) Moleculeslinked by coordinate bonds to a central
metal atomor ion.

(D) lons or molecules linked by coordinate bonds to a
central metal atomor ion.

Q.92 In the compound lithium tetrahydridoaluminate, the
ligandis:
(A)AI* (B)H
C©)H- (D) None of these

Q.93 Which of the following has a square planar geometry ?
(A) [PtCl 4]2‘ (B) [CoCl 4]2‘
© [FeCI4]2‘ (D) [NiCI4]2‘

(At. nos.: Fe=26,Co=27,Ni =28, Pt=78)

Q.94 Whichoneisnot aligand ?
(A) PHg (B)NO*
(C)BFg (D)CI-
Q.95 Which of the following species is not expected to be a
ligand ?
(A)NO (B)NH,*
(C) NH,CH,CH,NH, (D)co
Q.96 Theoxidation state of Feishbrown complex
[Fe(H,0)sNO]JSO,is
(A)+1 (B)+2
(©+3 (D) +4
Q.97 Which of thefollowing is not a neutral ligand ?
(A)H,0 (B)NHg
(C)ONO (D)co
Q.98 A group of atoms can function as ligand only when —

(A) Itissmall molecule.

(B) It has an unshared electron pair.
(C) Itisanegatively charged ion.
(D) Itispositively charged ion.

Q.99 Which of the following are ambidentate ligands?

() SCN-  (i)NOg~  (iii)NO,~ (iv) C,0,2
(A)i andiii (B)iandiv

(O) i andiii (D) ii andiv

PART 10: NOMENCLATURE OF

RDINATION MP
Q.100 IUPAC nameof K,[F&(CN)g] is
(A) Potassiumferrocyanide (1)
(B) Potassium hexaferrocyanate (111)
(C) Potassium ferrohexacyanate (I1)
(D) Potassium hexacyanoferrate (111)

Q.101 ThelUPAC nameof K [Cr(CN),04(0),(NH5)] is

(A)Potassium ammine dicyanodioxoperoxochromate (V1)
(B) Potassium ammine cyano peroxo dioxochromium (V1)
(C) Potassiumamminecyano peroxo dioxo chromiun (V1)
(D) Potassium ammine cyano peroxo dioxochromatic (1V)
Q.102 IUPAC name of the coordination compound
[Pt(NH2),CI(NH,CH,)]CI
(A)Diamminechl orido(methylamine) platinum(i1)chloride
(B)Diamminechlorido(methylamine)platinum(l11) chloride
(C) Tetraamminechlorido(methylaming)platinum(ll) chloride
(D) None of these
Q.103 The correct IUPAC name of the following compound is
[Cr(NH5)5(NCS)] [ZnCl ]
(A) Pentaamminei sothiocyanatochromium(111)
tetrachlorozincate(l1)
(B) Pentammineisothiocyanatezincchloride
chromate(I11)

ND
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(©) Pentaammineisothiocyanatochromate(ll) Q.112 The hypothetical complex chlorodiaquatri-
(D) Isothiocyanatopentaamminechromium(ll) zinc amminecobalt(l11) chloride can be represented as

chloride(1V) (A) [CoCI(NH3)5(H,0),]Cl, (B) [Co(NH3)5(H,0)Cl,]

Q.104 Theformulaof the complex potassium trichloroethylene (C) [Co(NH3);5(H,0),Cl] (D) [Co(NHz)5(H,0)5]Cl5
platinate(ll) is Q.113 Correct formulaof
(A) K[PXCl5(C,H )] (B) K,[PtCl5(CoH 4] tetraamminechloronitroplatinum (1V) sulphate can be
(C) K [PLCI5(C,H I (D) K4[Pto,Cly(CoHy) 4l written as

Q.105 A complex cation is formed by Pt (in same oxidation (A) [Pt(NH3) ,(ONO)CI]SO, (B) [Pt(NH,) ,C1,NO,] ,SO,
state) with ligands (in proper number so that coordination (C) [P(NH3),(NO,)CI]SO, (D) [PICI(ONO)NH5(SO,)]
number of Pt becomes six). Which of the following can
beitscorrect [IUPAC name ? PART 11: | MERISM IN
(A) Diammineethylenediamminedithiocyanato RDINATION MPOUND

-S-platinum(l1) ion
(B) Diammineethylenediamminedithiocyanato
-S-platinate(1V) ion

Q.114 Which one of the following octahedral complexes will
not show geometric isomerism (A and B are monodentate

(©) Diammineethylenediamminedithi ocyar_1ato _ l(lgj\? SAS;Sb] (B) [Mayb,]
-S-platinum(lV) ion (C) [Maghy] (D) [Mayb,]

(D) Diamminebis(ethylenediammine)dithio-
cyanate-S-platinum(IV) ion
Q.106 Which of the following rules is not correct regarding
IUPAC nomenclature of complex ions?
(A) Cation is named first and then anion.
(B) In coordination sphere, the ligands are named

Q.115 Coordinationisomerismis caused by the interchange of
ligands between the
(A) Cisand Trans structure
(B) Complex cation and complex anion
(C) Inner sphere and outer sphere
(D) Low oxidation and higher oxidation states

alphabetically. 116 Which of the followi ds exhibits link
(C) Positively charged ligands have suffix ‘ate’. Q isor::t:aris?n € Tollowing compounas exnibits linkage
D) More than one Iigand_ of a particular type are (A) [Co(en),]Cl, (B) [Co(NH)([CHCN)g
07 Thel e et ol e ¢ © [Co@N,NO,CBr (D) [Co(NHy;0l Br
Q107 ThelUPAC nameo Ksl.'f(. 204)3l s Q.117 The number of isomers possible for square planar
(A) Potassiumtrioxalatoiridium(l11) complex K.[PACIBr (SCN)] is
(B) Potassiumtrioxal atoiridate(l11) (A)2 2 2 ©)3
(C) Potassumtrig(oxalato)iridium(l11) ©a (D)6

(D) Potassiumtris(oxalato)iridate(l11)

Q.108 Thel UPAC namefor K[SbCl(CeHo)] i Q.118 Which one of thefollowing is expected to exhibit optical
: 5\~

isomerism [en = ethylenediamine] -

(A) Luteroantimonate (V) -
(B) Potassium pentachlorophenylantimonite(I V) Eé)) girs_r[l Z[)gzgegz? 2 Eg)) ?gﬁ?{g?ﬁ)ﬁa 2
; ; 2~12 3200
© Pota$|_ um phenyl chI_oroant| monate(\/) Q.119 Identify the geometrical isomers of
(D) Potassium benzalantimony(l11) chloride. [P{NH),Cl,]
Q.109 Which of thefollowing does not depict the correct name 272
of the compound ? | Cl>pt<NH3 I Cl>pt<NH3
(A) K,[Zn(OH),]; Potassium tetrahydroxozincate(l1) o NH3 "H3N Cl
(B) [Co(NH,)=CO,]CI
: P%%taar%mi ne carbonatochl orocobaltate(! 1) . c > pt< NHs V. c > Pt< c
(© Nag[Co(NO,)] : Sodium hexanitrocobaltate(lI1) H3N NH3 cl NH3
(D) K4[Cr(CN)g] : Potassium hexacyanochromate(! 1) Choose the correct option —
Q.110 ThelUPAC namefor [Co(NH)g] [Cr(CN)g] is (A) land 1l (B) lland 1l
(A) Hexaamminecobalt(l11)hexacyano-chromium(V1) (©landllil (D) land IV
(B) Hexaamminecobalt(l11)hexacyano-chromate(l11) Q.120 A similarity between optical and geometrical isomerism
(© Hexacyanochromium(l11)hexaammine-cobalt(l11) is that
(D) Hexacyanochromiumcobalthexa-ammine(V1) (A) Each gives equal number of isomersfor agiven
Q.111 Thecorrect IUPAC nameof [Pt(NH5),Cl,] is compound.
(A) Diamminedichloridoplatinum(I1) (B) If inacompound, oneis present then so isthe other.
(B) Diamminedichloridoplatinum(lV) (©) Bothareincluded in stereoisomerism.
(C) Diamminedichloridoplatinum(0) (D) They have no similarity.

(D) Dichloridodiammineplatinum(lV)
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Q.121 The two compounds,
sul phatopentaamminecobalt(111) bromide and
sul phatopentaamminecobalt(l11) chloride represent
which isomerism —
(A) Linkage (B) lonisation
(©) Coordination (D) Noisomerism.
Q.122 Few isomersare given below. Mark the correct statement
regarding them
(i) [Cr(H,0)glCly
(i) [Cr(H,0)sClICl,.H0
(iii) [Cr(H,0),Cl,5]Cl.2H,0
(A) i,ii andiii are hydrateisomers
(B) i,iiandiii are coordinationisomers
(© i,iiandiii areionisationisomers
(D) i andii are stereoisomers.
Q.123 In the given structures identify the cis- and trans-

isomers.
NH; 17 3
en 1
Nc\'le/ NH3 QCr/C'
Nl | Nen ﬁ ci
€)
T
NC~ | CN
e@?"@ ne” e
Cl NH;

© (d)

(A) cisiisomers: (b), (C) ; trans-isomers: (a), (d)
(B) cisiisomers: (a), (d) ; trans-isomers: (b), (¢)
(©) cisiisomers: (@), (b) ; trans-isomers: (c), (d)
(D) cisiisomers: (a), (c) ; trans-isomers: (b), (d)
Q.124 Which of thefollowing pairs representslinkageisomers?
(A) [Cu(NHy),] [PCl 4] & [P(NH,),] [CuCl,]
(B) [Pd(PPhy),(NCS),] and [PA(PPhy)(SCN),]
(© [Co(NH,3)5(NOg)]SO, and (Co(NH3)5(SO,)] NOg
(D) [PtCI,(NHg)41Br, and [PtBr,(NH,) ] Cl,,
Q.125 Which of thefollowing complexeswill havefour isomers?
(A) [Co(en) (NH,),Cl,]Cl
(B) [Co(PPhy),(NH,),Cl,]Cl
() [Co(en)5]Cl5
(D) [Co(en),Cl,]Cl.
Q.126 The name of the linkage isomer of
[Co(NH3)sNO,|Cl, is—
(A) Pentaamminonitrocobalt(ll) chloride
(B) Pentaamminenitrochloridecobaltate(l11)
(©) Pentaamminenitritocobalt(l11) chloride
(D) Pentanitrosoamminechlorocobaltate(lll).
Q.127 Which type of isomerism arises when didentate ligands
(L-L) are present in complexes of formula [MX,(L-L),]?
(A) Optica (B) Geometrical
(C) Linkage (D) Solvate

Q.128 What type of isomerism exists in the following pairs of
complexes?
(i) [Co(NH3)sNOg]SO, and[Co(NH4);SO,] NO;
(i) [Co(en)(H,0),Cl,]Cl and [Co(en)(H,0)Cl5]H,0
(A) (i) lonisation (ii) Hydrate
(B) (i) Linkage(ii) Hydrate
(© (i) lonisation (ii) Linkage
(D) (i) Linkage(ii) Coordination

Q.129 Dueto the presence of ambidentateligands coordination
compounds show isomerism. Palladium complexes of the

type
[PA(CgH5),(SCN),] & [PA(CgH5)(NCS),] are:
(A) Linkage (B) Coordination
(© lonisation (D) Geometrical
Q.130 Consider the following statements about solvate
isomerism

I. Itisalso known as ‘hydrate isomerism’ where water
isinvolved as a solvent.

Il. Itisalsosimilar toionisationisomerism.

1. Aquacomplex [Cr(H,0)g]Cl5 (violet) isan example
of solvate isomerism. Its solvate isomer is
[Cr(H,0)sCl] Cl, H0.

The correct set of statementsis

(A)landll (B) lland 1l

(©landlll D) 1, 11 and 11l

Q.131 [Co(NH4),CI,IJNO, & [Co(NH3),CI(NO,)]Cl exhibit
which type of isomerism ?

(A) Geometrical (B) Opical
(C) Linkage (D) lonisation
Q.132 What kind of isomerism exists between [Cr(H,0)]Cl5
(violet) and
[Cr(H,0)sCl]Cl,.H,O (greyish-green) ?
(A) Linkage (B) Solvate
(C) lonisation (D) Coordination
Q.133 Which of the following will not show geometrical
isomerism?
(A) [Cr(NHg),Cl,]Cl (B) [Co(en),Cl,|Cl
(C) [Co(NH5):NO,|Cl, (D) [Pt(NHy),Cl,]
Q.134 [Pt(NHg),] [CuCl ;] and [Cu(NH,) 4] [PtCI,] areknown
as

(A) lonisation isomers (B) Coordination isomers
(C) Linkageisomers (D) Polymerisationisomers

Q.135 CrCl;.6H,0 exigtsin differentisomeric formswhich show
different colours like violet and green. This is due to
which isomerism

(A) lonisation (B) Coordination
(C) Optica (D) Hydrate
PART 12: B NDING IN
RDINATION MPOUND

Q.136 Theincreasing order of crystal field splitting strength of
the given ligands is
(A)NH3<ClI"<CN~<F <CO<H,0
(B) F<CI"<NH;<CN~<H,0<CO
(C)CIm<F <H,0<NH;<CN~<CO
(D) CO<CN™<NH3<H,O<F <CI-
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Q.137 Which is the strongest field ligand ?
(A) NO,~ (B) CN~-
(C)NH, (D)En

Q.138 Which of the following statements is/are correct?
(i) In octahedral complexes, t,, orbitals possess low
energy as compared to e, orbitals.
(i) In tetrahedral complexes, tyg orbitals possess high
energy as compared to e, orbitals.
(iii) In octahedral complexes, e, orbitals possess low
energy as compared to thg OF itals.
(A)iionly (B)iii only
(©)iandii (D) i andiii
Q.139 An octahedral complex is formed when hybrid orbitals
of the following type are involved
(A) sp*d (B) sp3d?
(C) dsp? (D) sp®
Q.140 Of the following complexes, the one with the largest
value of crystal field splitting energy is
(A) [Fe(H,0)% (B) [RUCN)gJ>
(O) [Fe(H,0)gJ?* (D) [Fe(NHo)]>*
Q.141 The magnitude of CFSE (Crystal Field Splitting Energy,
Ag) can be related to the configuration of d-orbitalsina
coordination entity as
(A) If Ay < P, the configuration ist3Zg el
=weak field ligand and high spin complex
(B) If Ay> P, the configuration ist3Zg el
= strong field ligand and low spin complex
(© If Ay> P, the configuration ist*,, €9
= strong field ligand and high spin complex
(D) If Ay = P, the configuration ist4Zg e
= gtrong field ligand and high spin complex.
Q.142 The CFSE for octahdral [CoCl g+~ is
18,000 cnL. The CFSE for tetrahedral [CoCl ,]2~ will be
(A) 18,000 cmt (B) 16,000cn?
(C)8,000cm? (D) 20,000 cnt
Q.143 Which of thefollowing arethelimitations of VBT?
I. It does not give quantitative interpretation of
magnetic data.
Il. It does not distinguish between weak and strong
ligands.
I1l. 1t does not explain the colour exhibited by
coordination compounds.
IV. It does not give a quantitative interpretation of the
thermodynamic or kinetic stabilities of coordination

compounds.
I dentify the correct option from the choices given
AL T and IV B)I, 1l and IV
© L, andIV O) I, N and IV

Q.144 Hexafluorocobaltate(l11) ion is found to be high spin
complex, the probable hybrid state of cobaltinitis

(A) d? 3 (B) sp°
(C) s°d (D) sp3c?

Q.145 Which order is correct in spectrochemical series of
ligands ?

(A) CI-<F <C,0,<NO, <CN~
(B)CN~<C,0,<CI">NO, <F"

(C) C,0, <F <CI">NO,”<CN~

(D) F-<CI"<NO,”<CN~<C,0,*

Q.146 The correct structure of Fe(CO) is(Z = 26 for Fe)

(A) Octahedral

(B) Tetrahedral

(© Squarepyramidal

(D) Trigona bipyramidal

Q.147 Which of thefollowing is correct ?

(A) Vaence bond theory explains the colour of the
coordination compounds.

(B) [NiCl,]?" isdiamagneticinnature.

(© Ambident ligands can show linkage isomerism

(D) A bidentateligand can havefour coordination sites.

Q.148 Which of thefollowing factsare related to CFT?

I.  The five d-orbitals in an isolated gaseous metal
atom/ion have same energy, i.e., they are degenerate.

II. If aspherically symmetrical field of negative charges
surrounds the metal atom/ion, the degeneracy is
maintai ned.

[Il. When this negative field is due to ligands in a
complex, it becomes asymmetrical and the
degeneracy of the d-orbitalsislifted.

IV. It resultsin splitting of d-orbitals. This pattern of
splitting depends upon the nature of the crystal

fidd.
The correct set of statementsis
AL I and 1V B) 1,1l and 1V
© 1, landlll D)1, Hland IV

Q.149 Mark the incorrect statement
(A) Inner orbital (low spin) complexes involve d?sp3
hybridisation.
(B) Outer orbital (high spin) complexes involve sp3d?
hybridisation.
(O) Tetrahedral complexes generally involve dsp?
hybridisation.
(D) Stereoisomerism involves geometrical and optical
isomerism.
Q.150 Mark the correct statements regarding the geometry of
complexions.
(i) Thegeometry of the complex ion depends upon the
coordination number.
(i) If coordination number is 6, the complex is
octahedral.
(i) If coordination number is 4, the geometry of the
complex may betetrahedral or square planar.
(A) i,ii andiii (B)iandii only
(© iandiii only (D) ii andiii only
Q.151 Inan octahedral crystal field, the tog orbitalsare
(A) Raised inenergy by 0.4 A,
(B) Loweredinenergy by 0.4 A
(C) Raisedinenergy by 0.6 A
(D) Loweredinenergy by 0.6 A
Q.152 Whichwill forman octahedral complex ?
(A) d* (low spin) (B) d® (high spin)
(C) d® (low spin) (D) None of these
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Q.153 Low spintetrahedral complexesare not formed because
(A) For tetrahedral complexes, the CFSE islower than
pairing energy.
(B) For tetrahedral complexes, the CFSE is higher than
pairing energy.
(©) Electrons do not go to € in case of tetrahedral
complexes.
(D) Tetrahedral complexes are formed by weak field
ligands only.
Q.154 Which of the following sets of examples and geometry
of the compounds is not correct ?
(A) Octahedral - [Co(NH3)6]3+, [Fe(CN)6]3‘
(B) Squareplanar-[Ni(CN),]%~, [Cu(NH,),1%*
(© Tetrahedra - [Ni(CO),], [ZnCl 4]2‘
(D) Trigonal bipyramidal - [Fe(NHg)g]?*, [CuCl,]%~

PART 13: BOUNDINGINMETAL

CARBONYLS
Q.155 Homoleptic carbonyls formed by most of the transition
metals, have
(A) simple, well-defined structures
(B) only carbonyl ligands.
(C) Bath(A) and (B)
(D) None of the above
Q.156 In which of the following compounds, the transition
metal isin oxidation state of zero ?
(A) [Fe(H,0)(OH)3] (B) INi(CO),]
() [Fe(H,0)¢]SO, (D) [Co(NHy)g]Cly
Q.157 Among the following metal carbonyls, the C-O bond
order isthe lowest in
(A) [Mn(CO)gl*
(©)[Cr(CO)

(B) [F(CO)g]
(D) [V(CO)]™

Q.158 The M - C =t bond is formed by the
(A) donation of apair of electrons.
(B) sharing of apair of electrons.
(C) receiving apair of electrons.
(D) None of the above

PART 14. ABILITY OF
RDINATION MPOUND
Q.159 Thereciprocal of the formation constant is called
(A) instability constant (B) dissociation constant
(C) Bath (A) and (B) (D) stability constant
Q.160 Mark the incorrect statement regarding the stability of
the complexes.
(A) Higher thecharge density onthecentral ion, greater
isthe stability of the complex.
(B) Higher the oxidation state of metal, higher is the
stability of the complex.
(©) Higher the basicity of the ligand, higher is the
stability of the complex.
(D) Morethe chelation tendency of ligand, lower isthe
stability of the complex.

PART 15: APPL |
RDINATION
Q.161 Mark theincorrect match
(A) Insulin- Zinc (B) Haemoglobin - Iron
(C) VitaminB,, - Cobalt (D) Chlorophyll - Chromium
Q.162 In quantitative analysis of second group in laboratory,
H,S gas is passed in acidic medium for precipitation.
When Cu2* and Cd*2 react with KCN, then for product
true statement is —
(A) K5[Cu(CN),] moresoluble
(B) K,[Cd(CN),] lessstable
(© K,[Cd(CN)5] moresoluble
(D) K,[Cu(CN),] lesssoluble

ATIONSOF
MPOUND

EXERCISE -2 [LEVEL-2]

PART A(dANDfBL K ELEMENT
Choose onecorrect responsefor each question.

Q.1 Light green crystals of ferrous sulphate lose water
molecule and turn brown on exposureto air. Thisis due
to itsoxidation to
(A) Fe,0q (B) Fe,05.H,0
(C) Fe(OH)SO,, (D) Fe,05+FeO

Q.2 Whichismild oxidising agent
(A) Ag,0 (B)KMnO,

(C)K,Cr,0; (D) Cl,

Q.3 Choose the correct statement —

(@ Transition metals and many of their compounds
show paramagnetic behaviour.

(b) The enthalpies of atomisation of the transition
metalsare low.

(A) only (a)

(© Both (a) and (b)

(B) only (b)
(D) None of these

Q.4  Which of thefollowing metals corrodesreadily in moist
ar

(A)Gold

(C) Nickd

Silver nitrate is mainly used
(A) In photography. (B) Inmodel formation.
(© Reducing agent. (D) Dehydrating agent.
Ironisdroppedindil. HNO,, it gives

(A) Ferricnitrate.

(B) Ferricnitrateand NO,.

(C) Ferrous nitrate and ammonium nitrate.

(D) Ferrousnitrate and nitric oxide,

A metal which is *not” affected by conc. H,SO,, HNO4
or akaliesformsacompound X. Thiscompound X can
be used to give a complex which finds its application
(for toning in photography). The metal is

(A)Au (B)Ag

(C)Hg (D) Cu

(B) Silver
(D) Iron
Q5

Q.6

Q.7
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Q.8  Anagueous solution of FeSO,, Al,(SO,), and chrome (D) They disproportionate easily to the Cu(+2) and
alum is heated with excess of Na,O, and filtered. The Cu(+3) states.
materialsobtained are Q.16 Whichof thefollowing transition metal ionsiscolourless
(A) A colourless filtrate and a green residue (A) Vz; (B) Cf'
(B) A yellow filtrate and agreen residue (C) zn (D) Tis*
(C) A yellow filtrate and abrown residue Q.17 Which of the following ions has the highest magnetic

(D) A greenfiltrate and a brown residue

moment?

Q.9 Themelting point of copper is higher than that of zinc (A) Ti%* (B) Mn?*
because (C)sc3* (D) Zn?
(A) Copper has a bee structure. Q.18 Transition elements form binary compounds with
(B) The atomic volume of copper is higher. halogens. Which of thefollowing elementswill form MF5
(O) The “d’ electrons of copper are involved in metallic type compounds ?
bonding. (A)Cr (B)Cu
(D) The ‘s’ aswell as “d’ electrons of copper are involved (ONi (D) All of these
in metallic bonding. Q.19 KMnO, acts as an oxidising agent in alkaline medium.
Q.10 When acidified K ,Cr,O, solutionisadded to Sn2* slts, When akaline KMnO, is treated with KI, iodide ion is
then Sn2* changes to oxidised to
(A) Sn (B) Sn®* (A1, (B)10°
(C) sn** (D) Sn* (105 (D) 10,
Q.11 Inwhich of the following the stability of two oxidation Q-20 Theionic radii of Group-12 metals Zn, Cd and Hg are
states is correctly represented? smaller than those of Group-2 metals because Zn, Cd
(A) Fe?* > Fe3* (B) Tid%*>Ti4+ and Hg have
(C) Mn2* > Mn3* (D) Cu* > Cu?* (A) 10 d-electrons which shield the nuclear charge
Q.12 Consider the following statements poorly.
I. La(OH)4 sl east basic among hydroxides of (B) 10 d-electrons which shield the nuclear charge
lanthanides. strongly.
Il Zr# and Hf 4* possess almost the same ionic radii (© 10d-electronswhich havealarge radiusratio.
l1l. Ce** can act as an oxidising agent. (D) 10 d-electrons which have alarge exhange energy.
Which of the above ig/are true ? Q.21 +4ion of which of these has half-filled 4f subshell?
(A)land Il (B) I and 111 (A)Nd (B)Tb
(C) Il only (D) landll O s (D) Tu
Q.13 Mercury sticksto the surface of the glasswhenit comes  Q-22  All Cu(l1) halidesareknown except theiodide. Thereason
in contact with for itisthat
(A) Hg,0 (B) HNO, (A) lodideisabulky ion.
(C)0, (D) Grease (B) Cu?* oxidizesiodideto iodine.
o o . (C) Cu?*(aq) hasmuch more negative hydration enthal py.
Q.14 E}, s> iShighly positive than that of (D) Cu2* ion hassmaller size.
o o _ Q.23 When KCN is added to CuSO, solution
ECr3+ i e jper bECAUSE: (A) KCN acts as reducing agent
(A) Mn2* (d®) can be easily oxidised to Mn3* (d%) due (B) KCN actsas complexing agent
to low ionisation enthal py. (C) K3[Cu(CN),] isformed
(B) Third ionisation enthalpy of Mnismuch larger due (D)All arecorrect o
to stable half filled d® electronic configuration of Q.24 The correct statement(s) among the following is/are —
Mn2*. (i) All thed- and f-block elements are metals
(©) Mn3* is more stable than Mn2* due to higher (i) All d- and f-block elementsform coloured ions.
oxidation state. (iii) All d- & f-block elementsare paramagnetic.
(D) Second ionisation enthalpy of Mn is higher than (A) (i)only (B) (i)and(ii)
third ionisation enthal py. (©) (i) and (i) (D) (i), (ii) and iii)
Q.15 In the agueous solution, Cu(+1) salts are unstable Q.25 Themelting points of Cu, Ag and Au follow the order
because — (A) Cu>Ag>Au (B) Cu>Au>Ag
(A) Cu(+1) has a3d20 configuration. (OAu>Ag>Cu  (D)Ag>Au>Cu
(B) The changein free energy of the overall reaction is Q.26 Which of the following ionsis paramagnetic?
2600. (A) ScH* (B)Cu*
(© They disproportionate easily to the Cu and Cu (+2) (€ zn™ (D) NI
states.
—
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Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Which one of the following ionic species will impart

colour to an aqueous solution ?

(A) Ti4 (B) Cu*

(C) Zn?* (D) Cr3*

Yellow coloured aqueous solution of sodium chromate

changes to orange when acidified with sulphuric acid

because

(A) H* ions convert chromate ions to dichromate ions.

(B) H*ionsreact with sodium chromateto give sodium
ions which turn solution orange.

(O Cr3* ions are liberated in the solution which turn
the solution orange.

(D) Sodium hydroxide is formed during the reaction
which imparts orange colour to the solution.

The highest magnetic moment is shown by thetransition

metal ion with outer electronic configuration

(A) 302 (B) 3d®

(C) 3d’ (D) 3d°

Which one of the following shows highest magnetic

moment ?

(A) V3 (B) Cr3*

(C) Fe3t (D) Co3*

4K ,Cr,0, 1, 4K, CrO,+30,+X.

In the above reaction X is —

(A)CrOg (B) Cr,0;

(C)Cr,0q (D)CrOg

A scarlet red precipitate is obtained on treating mercuric

chloride solution with

(A)H,S (B)KI

(C)NaOH (D)NH,OH

Transition metals make the most efficient catalysts

because of their ability to —

(A) Adopt multiple oxidation states and to form
complexes.

(B) Formcolouredions.

(©) Show paramagnetism due to unpaired electrons.

(D) formalargenumber of oxides.

Acidified solution of chromic acid on treatment with

hydrogen peroxide yields —

(A) CrO;+H,0+0, (B) CrO5+H,0

© Cr,03+H,0+0, (D) H,Cr,0,+H,0+0,

Arrange the oxides of manganese according toincreasing

acidic strength.

(A) MnO<Mn;0, < Mn,O53 < MNnO, < Mn,0O;,

(B) Mn,0,<MnO, < Mn,O53 < MNn;O, < MnO

(C) MnO,<Mn,0, < Mnz0O, < MN,O5 < MNO

(D) Mn;0,<Mn,05 < Mn,O; < MnO, <MnO

When SO, is passed through acidified K ,Cr,0O solution

(A) The solution turns blue

(B) The solution is decolorised

(C) SO, isreduced

(D) Green Cr,(SO,)5 isformed.

The common oxidation state shown by lanthanides in

their compounds is

(A)+1

(©)+5

(B)+3
(D) +6

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Which of the following dissolves in hot concentrated

NaOH solution ?

(A)Fe (B)Zn

(C)Cu (D)Ag

Which of thefollowing reactions are disproportionation

reactions ?

() Cu*— Cu?*+Cu

(1) 3MnO,~+4H" — 2MnO,~+ MnO, + 2H,0

(1) 2KMnO, — K,MnO,4 + MnO, + O,

(IV) 2MnO,~ + 3Mn?* + 2H,0— 5MnO, + 4 H*

AL (B) I, 11,111

(S1INIINLY D)1, 1v

Which one of the following is reduced by hydrogen

peroxidein acid medium?

(A) Potassium permanganate

(B) Potassiumiodide

(C) Ferrous sulphate

(D) Potassiumferrocyanide

Which of thefollowing has no unpaired electronsbut is

coloured ?

(A) K,Cr,0; (B)K,;MnO,

(C) CusO,.5H,0 (D)MnCl,,

Which of the following statements concerning

lanthanide elementsisfase ?

(A) Lanthanidesare separated from one another by ion-
exchange method.

(B) lonicradii of trivalent lanthanides steadily increase
with increasein the atomic number.

(© All lanthanides are highly dense metals.

(D) More characteristic oxidation state of lanthanides
elementsis+3.

Which of the following pairs of ions have the same

electronic configuration ?

(A) Cu?*, Cr2* (B) Fe3*, Mn2*

(C) Co3*, Nid3* (D) Sc3*, Cr3*

Choose the correct statement —

(@ The transition metals generally form coloured

compounds.

(b) Transition metalsand their many compounds act as
good catalyst.

(A) only (a) (B) only (b)

(© Both(a) and (b) (D) None of these
Number of electrons transferred in each case when
KMnO, actsas an oxidising agent to give MnO,, Mn2*,
Mn(OH); and MnO,~~ are -

(A)3,5,4and1 (B)4,3,1and5
(©)1,3,4and5 (D)5,4,3and 1

The correct order of ionic radii of Ce, La, Pmand Ybin+3
oxidation state is

(A) Lad* < Pm3t < Ce3* < Yb3*

(B) YB3 <Pm3*<Ce3* < Ladt

(C)La* < Ce3r <Pm3* < Yb3*

(D) Yb3* < Ce3* <Pm3* < L&t
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Q.47 Thereason for the stability of Gd3* ioniis Q.6  Oxidationstate of Fein K5[Fe(CN)g]
(A) Half filled 4f subshell. (A)2 B)3
(B) Completely filled 4f subshell. (©o0 (D) None
(C) Possesses the general electronic configuration of Q.7 Inthe complex [SbF5]2‘, sp3d hydridisation is present.
noble gases. Geometry of thecomplexis
(D) Empty 4f subshell. (A) Square pyramidal (B) Square bipyramidal
Q.48 Zn does not show variable valency because of (C) Tetrahedra (D) Square
(A) Complete “d’subshell  (B) Inert pair effect Q.8 [Pt(NHy),ICl,is
(C) 4s? subshell (D) 5 unpaired electrons. (A) Square planar (B) Tetrahedral
Q.49 In which of the following compounds manganese has (C) Pyramidal (D) Pentagonal
oxidation number equal to that of iodinein KiO,? Q.9 Theneutral ligandis
(A) Potassium manganate (A) Chloro (B) Hydroxo
(B) Potassium permanganate (©Ammine (D) Oxaato
(C) Manganous chloride Q.10 A gtrongligand givesacomplex whichisgenerally called
(D) Manganese chloride (A) High spin (B) High energy
Q.50 Which of the following compounds is used as the (C) Low spin (D) Stable
starting material for the preparation of potassium Q.11 A person suffering from lead poisoning should be fed
dichromate ? with—
(A) K5S0,.Cr,(S0,4)5.24H,0 (Chrome alum) (A) Hypo (B) Cis-platin
(B) PoCrO, (Chromiteyellow) (C) [Ca(EDTA)]>~ (D)DMG
(C) FeCr,0, (Chromite) Q.12 Which complex is an outer orbital complex—
(D) PbCrO,.PhO (Chromered) (A) [Ni(NHZ)g?* (B) [Mn(CN)g]*
Q.51 Whichiscolourlessin water ? (C) [Co(NH)g] (D) [FE(CN)g]*
(A) Ti3* (B)V3* Q.13 The value of the “spin only’ magnetic moment for one of
(C) Cud* (D) Sc3* thefollowing configurationsis 2.84BM. The correct one
Q.52 Which of the following is not correctly matched with is
the given example ? (A) d* (in strong ligand field)
(A) An element of first transition series which has (B) d (inweak ligand field)
highest second ionisation enthalpy-Cu. (C) d3 (in weak aswell asin strong fields)
(B) An element of first transition series with highest (D) d® (in strong ligand field)
third ionisation enthal py-Zn. Q.14 Which of the following statement is correct regarding
(© An eement of first transition series with lowest the complex [CuL6]2+, one solution is blue and another
enthalpy of atomisation-Zn. isgreen.
(D) Last element of third transition series-Cd. (A) Bluesolutionwill have higher value of A
(B) Green solutionwill have higher value of A
PART B RDINATION MPOUND (©) Both have same value of A
Q.1  Theco-ordination number of copper in cuprammonium (D) No prediction can be done regarding A
sulphate is Q.15 Thetwo formsdextro and laevo
(A) 2 (B)6 I.  depend upon the direction they rotate the plane of
©)4 (D)-4 polarised light in apolarimeter.
Q.2 Which of the following acts as a bidentate ligand in Il. (-rotatesto the right.
Comp|ex formation I1l. d-rotates to the |eft.
(A) Acetate (B) Oxdlate The correct statement(s) isare
(C) Thiocyanate (D) EDTA (A)Bothlland Il (B) 1,11 andlll
Q.3  Thecoordination number of Cuin complex (C) Only (D) None of these
[Cu(H,0),]*"is Q.16 Which of the following primary and secondary valence
(A)4 (B)3 are not correctly marked against the compound ?
©)2 (D)1 (A) [Cr(NH3)(]Cl5, p=3,5=6
Q.4 Which oneisorganometallic compound (B) K [PCll, p=2,5=4
(A) Lithium methoxide (B)Lithiumdimethyl amide (C) [PtNHy),Cl)], p=2,s=4
(C) Lithium acetate (D) Methyl lithium (D) [Cu(NHy)4SO4, p=4,5=4
Q.5  Inwhich of the following complexes oxidation stateof Q-17 AgCl is soluble in NH,OH solution. The solubility is

metal iszero
(A) [Pt(NH;),Cl,]
(O)[Cr(NH,)5Cl4]

(B) [Cr(CO)gl
(D) [Cr(en),Cly]

due to the formation of
(A)AgOH
(C) [Ag(NH),]*

(B)Ag,0
(D) [AgCI(NH)]
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Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Which complex has square planar structure ?
(A)Ni(CO), (B) [NiCI4]2‘

© [Ni(H20)6]2+ (D) [Cu(NH,) 4]2+

How many moles of AgCl is precipitated, when excess
of AgNO; is added to the one mole of CoCl;.4NH4

(green) mixed withNH; ?

(A) 1 B)2

© 3 (D)4

Which of the following has largest paramagnetism?
(A) [Cr(H,0)¢)3* (B) [Fe(H,0)gl?*

(O) [Cu(H0)gl?* (D) [Zn(H,0)1**
Iron has lowest oxidation state in

(A) Fe(CO)g (B) Fe,0;
(C)K,FeO, (D) FeSO,.6H,0

The overall complex dissociation equilibrium constant
for the complex [Cu(NH3)4]2+ ion will be (B for this
complexis2.1 x 1013)

(A)4.7x 10714 (B) 2.1x 1013
(C)11.9x 1072 (D)2.1x10713
Optical isomers

|. aremirror images.

I1. cannot be superimposed on one another.
I11. are a'so called as enantiomers.

The correct statement(s) isare

(A)Onlylandll (B) Only 1l and 111
(C)Onlylandlll D) I, 1and Il
Which is high spin complex ?

(A) [CoFgl* (B) [Fe(CN)gJ*~
(C) [Fe(CN)g* (D) None of these

Which of thefollowing isomerswill give white precipitate

with BaCl,, solution ?

(A) [Co(NH5):SO,IBr (B) [Co(NH4)sBr1SO,

(C) [Co(NH,),(SO,),]Br (D) [Co(NH),Br(SO,)]

Which of the following is not correctly matched?

(A) Coordination compound containing cationic
complexion: [Fe(H,0),(C50,),],50,

(B) Coordination compound containing anionic complex
ion: [Ag(NH,),]Cl

(© Non-ionic coordination compound
:[Co(NO,)5(NH,)4]

(D) Coordination compound containing cationic and
anioniccomplexion: [Pt(NH5) ] [CuCl ;]

Arrangethefollowing complexesinincreasing order of

conductivity of their solutions.

(i) [Co(NHg),Cl] (ii) [Co(NH,) ,Cl,] Cl

(iii) [CO(NH)]Cl (iv) [Co(NH):CI]Cl,
(A)i <ii <iv <iii (B)ii <i <iii <iv
(©)i <iii <ii <iv (D)iv<i<ii <iii

The formula of sodium nitroprussideis

(A) Na,[Fe(CN)s;NOS](B) Nay[ F&(CN)sNO]

(C) NaFe[Fe(CN)g] (D) Nay[Fe(CN)gNO,]

In any ferric salt, on adding potassium ferro-cyanide a
Prussian blue colour is obtained, whichismainly dueto
theformation of
(A) K[ FE(CN)g]
(C) FeSO,.F&(CN)g

(B) KFe[Fe(CN)g
(D) Fe[Fe(CN)gl;

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Which of the following complexeswill show maximum
paramagnetism ?

(A) 304 (B) 3d®

(C) 3d° (D) 3d’

Which of the following shows maximum number of
isomers?

(A) [Co(NH,),Cl] (B) [Ni(en)(NH,) ] 2+
(ONI(CO)(E)]> (D) [Cr(SCN),(NHo),J*
Given the molecular formula of the hexacoordinate
complex (@) CoCl3.6NH; (b) CoCl3.5NH; () CoCl3. 4NH4
I the number of coordinated NH; moleculesina, band
c respectively are 6, 5 and 4, the primary valency in (a),

(b) and (c) are
(A)3,3,3 (B)0,1,2
©321 (D)6,5,4

NH,.NH, serves as

(A) Monodentate ligand (B) Chelating ligand

(C) Bridging ligand (D) (A) and (C) both

Which ligand is capable for forming low spin aswell as

high spin complexes ?

(A)CO (B)NO,~

(C)CN- (D) NH,4

Indicate the complex ion which shows geometrical

isomerism.

(A) [Cr(H0),Cl,]" (B) [Pt(NH4),Cl]

(© [Co(NH5)gl°* (D) [Co(CN)S(NCI)3‘

Among the following compounds which is both

paramagnetic and coloured ?

(A) KoCr,y,04 (B) [Co(SOy)]

(C) (NH,),[TiClg] (D) Kg[Cu(CN),]

Ammoniaactsasavery good ligand but ammoniumion

does not form complexes because

(A) NHgisagaswhileNH ,*isinliquid form.

(B) NH3 undergoes sp3 hybridisation while NH,*
undergoes sp3d hybridisation.

(©) NH," ion does not have any lone pair of electrons.

(D) NH,* ion has one unpaired electron while NH; has
two unpaired electrons.

CH5— Mg - Br is an organometallic compound due to

(A) Mg - Br bond (B) C - Mg bond

(C)C-Brbond (D) C-H bond.
TN
HsN cl
NNy~ H3N\CO/NH3
HN[ SNHz  HNZ"[ SNH;

NH; cl
| I

Here, I and Il are

(A) geometrical isomers (B) optical isomers

(© linkageisomers (D) None of these

The formula of the complex diamminechloro
(ethylenediamine) nitroplatinum(lV) chlorideis

(A) [Pt(NH3),Cl(en)NO,]Cl,

(B) Pt[Pt(NH;),(en)CI,NO,]

(© [Pt(NHy),(en)NO,]CI,

(D) Pt[(NH5),(en)NO,CI,]
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Q.41 Consider thefollowing reaction ©) 19, e4g (D) t22g e2g
|:e3+(aq) ExcessSCN- . Blood red colour Q.52 When 0.1 mol CoCl5(NH,); is treated with excess of

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

A
Excessof F . Colourless
B
The magnetic moment of complex B is
(A) 8 (B) V15
(©) V24 (D) V35

Change in composition of coordination sphere yields
which type of isomers ?

(A) lonization (B) Optica

(C) Geometrica (D) None of these
Atomic number of Cr and Feare respectively 24 and 26.
Which of the following is paramagnetic with the spin of
the electron

(A) [Cr(CO)ql (B) [Fe(CO)g]

(C) [Fe(CN)el* (D) [Cr(NHg)el®
TheEAN of ironis[Fe(CN)g]3is

(A)34 (B)36

(©)37 (D)35

Thefraction of chlorine precipitated by AQNO; solution
from[Co(NH,)5Cl]Cl,is

(A) 12 (B)2/3

©u3 (D) V4

The coordination number and the oxidation state of the
element Einthe complex [E(en),(C,0,)]NO, (where (en)
is ethylene diamine) are, respectively

(A)6and3 (B)6and 2
(C)4and2 (D)4and3
CuSO, dissolvesin NH due to formation of

(A) Cu(CH), (B) [Cu(NH3) ]SO,
(C) [Cu(NH,),(CH),] (D) CuO

The lUPAC namefor [Pt(py),] [PtCl ] is

(A) Tetrakis(pyridine) platinum(ll)

tetrachloroplatinate(l1)

(B) Tetrapyridinetetrachlorodiplatinum(lV)

(©) Tetrachlorotetrapyridinediplatinum(ll)

(D) Tetrakis(pyridine) platinum(1V)
tetrachloroplatinum(1V)

A substance appears coloured because

(A) It absorbslight at specific wavelengthin the visible

part and reflects rest of the wavelengths.

(B) Ligandsabsorb different wavelengths of light which

gives colour to the complex.

(©) It absorbs white light and shows different colours

at different wavelength.

(D) Itisdiamagneticin nature.

A complex of platinum, ammoniaand chlorine produces

four ions per molecule in the solution. The structure

consistent with the observation is

(A) [Pt(NHy) ICl, (B) [Pt(NH,),]Cl,

(O) [Pt(NH):CIICl4 (D) [Pt(NHy),Cl,]Cl,

If Ag < P, the correct electronic configuration for d4

systemwill be

(A)t4 eog (B)t3, el

29 29-4g

["144

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

AgNO,, 0.2 mol of AgCl are obtained. the conductivity

of solution will correspond to :

(A) 1: 3electrolyte (B) 1: 2 €electrolyte

(C) 1: 1electrolyte (D) 3: 1electrolyte

Which of the following compounds exhibits linkage

isomerism?

(A) [Co(en)]Cl5 (B) [Co(NH)g] [Cr(en)s]

(C) [Co(en),(NO,)CI]Br (D) [Co(NH)sCl]Br,

For the reaction of thetype M + 4L = ML,

(A) larger the stability constant, lower the proportion
of ML, that existsin solution.

(B) larger the stability constant, higher the proportion
of ML, that existsin solution.

(© smaller the stability constant, higher the proportion
of ML, that existsin solution.

(D) None of the above

Which of the following is not asimple salt ?

(A) FeSO, (B) KCI.MgCl,6H,0

(C)Al(COy)5 (D) NH,Br

Which will not give the usual test for iron ?

(A) KoFex(S0O,),.24H,0  (B) (NH/),Fe(SO,),.6H,0

(C) K[FE(CN)¢] (D) Fe)(SO )5

Consider transition metal ions which have d! to d10

electrons. Which of these can form high spin and low

spin complexesin octahedral geometry.

(A) d3, d°, db, d° (B) d* d°, db, d” (C) d?,

d5, d7, d9 (D) d4, d6, d7, le

The crystal field splitting energy for Cr™3 ion in an

octahedral field increasesfor theligands |-, H,O, NH,

CN~ and the order is such that

(A) I"<H,O0<NH;<CN~

(B) CN™<I~<H,O<NHz

(© CN™<NH3<H,O<I~

(D) NH3;<H,O<I7<CN~

The correct IUPAC name of the coordination compound

K;[F&(CN)NQ] is

(A) Potassium pentacyanonitrosylferrate(ll)

(B) Potassium pentacyanonitroferrate(l 1)

(C) Potassium nitritopentacyanoferrate(1V)

(D) Potassium nitritepentacyanoiron(ll).

Ontreatment of 100 mL of 0.1 M solution of the complex

CrCl5.6H,0 with excess of AQNO;, 4.305 g of AgCl was

obtained. Thecomplexis

(A) [Cr(H,0)5Cl5].3H,0

(B) [Cr(H,0),Cl,]Cl.2H,0

(©) [Cr(H,0)5CIIClLH,0

(D) [Cr(H,0)g]Cl5

Which of the following is atridentate ligand ?

(A) EDTA* (B) (COO),*

(C) Dien (D)NO,~

The spin magnetic moment of cobaltin HY[Co(SCN),] is
(A) J3BM (B) JgBM

(©) V15BM (D) J/24BM

I'_
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EXERCISE - 3(NUMERICAL VALUE BASED QUESTIONYS)

NOTE : Theanswer toeach questionisaNUM ERICAL VAL UE.

Q1
Q.2

Q3

Q4

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

EDTA%" is ethylenediaminetetraacetate ion. The total
number of N — Co — O bond angles in [Co(EDTA)]1~
complexionis

A list of specieshaving theformulaXZ,isgiven: XeF,,
SF, SiF,, BF,~, BrF,~, [Cu(NHZ),1%*, [FeCl,1%",
[CoCl 42" and [PtCI4]2‘. Defining shape on the basis of
thelocation of X and Z atoms, thetotal number of species
having a square planar shape is —

The spin only magnetic moment val ue (in Bohr magneton
units) of Cr (CO)gis:

Q5
Q.6

Q.7
Q.8

Q.9
Q.10

The charge on cobalt in [Co(CN) ]~ is-

How many pairs of enantiomers are possible for
following complex compound.

[M (AB) (CD) ef]™ (where AB, CD- Unsymmetrical
bidentate ligand, e,f~Monodentate ligands)
Hexafluoro ferrate (111) ionisan outer orbital complex.
The number of unpaired electrons present in it is —
Thehybridisation of Mnin hexacyano-manganate(I1) is
sp3d2. The number of unpaired electrons in it is —

The EAN of nickel inNi(CO),is-

Hexafluoroferrate (111) lon isan outer orbital complex.
The number of unpaired electrons present in it is.

B
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EXERCISE -4[PREVIOUSYEARSJEE MAIN QUESTIONS]

Q.1 ArrangeCe3*, Lad*, Pm3*, and Yb3 inincreasing order Q.10 The radius of La3* is 1.06 A, which of the following

Q.2

Q.3

Q.4

Q5

Q.6

Q7

QS8

Q.9

of their ionic radius -

(A) YB3t <Pm3* < Cedt<Ladt
(B) Ce3* >Yb3* <Pm3*<La3*
(C) Yb3* >Pm3* <La3*<Ce3*
(D) Pm3* <La3* <Ce3* <Yb3*
In [Cr(C204)3]3‘, theisomerismshownis[AlEEE-2002]
(A) Ligand (B) Optical

(C) Geometrical (D) lonization

Inthe complexes [Fe(H,0) 4|3, [F&(CN)g] 3+,
[Fe(C,0,)51% and [FeClg]3-, more stability is shown

[AIEEE-2002]

by [AIEEE-2002]
(A) [Fe(H,0)gl®* (B) [F(CN)g]*
(O) [Fe(C,0,)4* (D) [FeClg]?

Onemoleof the complex compound Co(NH5)sCl 5, gives
3 molesof ions on dissolution in water. One mole of the
same compl ex reacts with two moles of AgNO; solution
to yield two moles of AgCI(s). The structure of the
complexis [AIEEE-2003]
(A) [Co(NH)4Cl5].2NH;  (B)[Co(NH5),Cl,] Cl.NHg
(C)[Co(NH,),Cl] Cl,.NH; (D) [Co(NH;)sCl] Cl,,

In the coordination compound K 4[Ni(CN),], the

oxidation state of nickel is — [AIEEE-2003]
(A)O B)+1
©+2 (D)-1

The number of 3d-electrons remained in Fe2*

(At. no. of Fe = 26) is — [AIEEE-2003]
(A)4 (B)S
©6 (D)3

Ammoniaformsthe complexion[Cu(NH,) 4]2+ ionwith

copper ions in alkaline solutions but not in acidic

solution. What is the reason for it — [AIEEE-2003]

(A) Inacidic solution hydration protects copper ions.

(B) Inacidic solutionsprotons coordinate with ammonia
molecules forming NH," ions and NH; molecules
arenot available.

(© In alkaline solutions insoluble Cu(OH), is
precipitated which issolublein excessof any alkali.

(D) Copper hydroxide is an amphotericsubstance.

What would happen when a solution of potassium

chromateis treated with an excess of dilute nitric acid -

(A) Cr3* and Cr,0,%~ areformed [AlEEE-2003]

(B) Cr,0,%~and H,0 areformed

(C) Cr,0, isreduced to +3 state of Cr

(D) Cr, 0,2~ isoxidised to +7 state of Cr

The atomic number of vanadium (V), chromium (Cr),

manganese (Mn) and iron (Fe) are 23, 24, 25 and 26

respectively. Which one of these may be expected to

have the highest second ionisation enthalpy -

AV (B)Cr [AIEEE-2003]

(C)Mn (D)Fe

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

given values will be closest to the radius of Lu3*

(Atno. of Lu=71, La= 57) [AIEEE-2003]
(A)1.6A (B) 1L4A
(C) L.0BA (D) 0.85A

Cerium (Z = 58) is an important member of the

lanthanoids. Which of the following statement about

ceriumisincorrect [AIEEE-2004]

(A) Cerium (1V) actsasan oxidising agent.

(B) The+3oxidation state of ceriumismore stablethan
the +4 oxidation state.

(© The +4 oxidation state of cerium is not known in
solutions.

(D) The common oxidation states of cerium are +3 and
+4

Excess of Kl reacts with CuSO, solution and then

Na,S,04 solution isadded to it.Which of the statements

isincorrect for thisreaction - [AIEEE-2004]

(A) Evolved |, isreduced  (B) Cul,isformed

(C) Na,S,04 is oxidised (D) Cusl, isformed

Calomel onreaction with NH,OH gives-[Al EEE-2004]

(A) HgNH,CI (B) NH,~Hg-Hg-Cl

(C)Hg,O (D)HgO

Among the properties (a) reducing (b) oxidising (c)

complexing, the set of properties shown by CN~ ion

towards metal species is — [AIEEE-2004]
(A)c,a (B)b,c
(Cab (D)ab,c

The coordination number of acentral metal atom ina

complex is determined by — [AIEEE-2004]

(A) The number of ligands around a metal ion bonded
by sigma and pi-bonds both.

(B) The number of ligands around a metal ion bonded
by pi-bonds.

(© The number of ligands around a metal ion bonded
by sigma bonds.

(D) The number of only anionic ligands bonded to the
metal ion.

Which one of the following complexes in an outer

orbitals complex — [AIEEE-2004]
(A) [Co(NHZ)gl** (B) IMN(CN)gl*~
(C) [Fe(CN)gl* (D) [Ni(NHy)]#*

(Atomicnos. : Mn=25; Fe=26; Co=27; Ni = 28)

Coordination compounds have great importance in

biological systems. Inthis contect which of the following

statements is incorrect ? [AIEEE-2004]

(A) Cyanocobalaminisvitamin B, and contains cobalt.

(B) Haemoglobin is the red pigment of blood and
contains iron.

(© Chlorophylls are green pigments in plants and
contain calcium.

(D) Carboxypeptidase-A isan enzymeand containszinc.

yre
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Q.18 Thecorrect order of magnetic moments(spinonlyvalues Q.27 Which one of the following has a square planar

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

in B.M. among is) — [AIEEE-2004]
(A) [Fe(CN)gl*~ > [MnCl ]>~ >[CoCl %
(B) [MnCl,]*>[Fe(CN)]*~ >[CoCl ,]*-
(C) [MNnClJ?~>[CoCl,]?~ > [Fe(CN)g]*

(D) [F&(CN)g]*>[CoCl]?~ >[MnCl ]2

(Atomicnos: Mn=25; Fe=26; Co=27; Ni=28)

The value of the 'spin only' magnetic moment for one of

the following configurations is 2.84 BM . The correct

one is — [AIEEE-2005]

(A) d* (in strong ligand field)

(B) d* (inwesk ligand field)

(C) d3 (inweak aswell asin strong field)

(D) d® (in strong ligand field)

The lanthanoid contraction is responsible for the fact

that [AIEEE-2005]

(A) Zr and Y have about the same radius.

(B) Zr and Nb have similar oxidation state.

(C) Zr and Hf have about the same radius.

(D) Zr and Zn have similar oxidation state.

Lanthanoid contractioniscaused dueto -[ Al EEE-2006]

(A) the same effective nuclear charge from Ceto Lu.

(B) the imperfect shielding on outer electrons by 4f
electrons from the nuclear charge.

(©) the appreciable shielding on outer electrons by 4f
electrons from the nuclear charge.

(D) the appreciable shielding on outer electrons by 5d
electrons from the nuclear charge.

The lUPAC namefor the complex [Co(NO,)(NH,)g] Cl,

is [AIEEE-2006]

(A) petaamminenitrito-N-cobalt (11) chloride

(B) pentaammine nitrito-N-cobalt (111) chloride

(C) nitrito-N-pentaamminecobalt (111) chloride

(D) nitrito-N-pentaamminecobat! (1) chloride

Nickel (Z =28) combineswith aninegative monodentate

ligand X~ to formaparamagnetic complex [NiX ] 2= The

number of unpaired electron in the nickel and geometry

of this complex ion are respectively — [AIEEE-2006]

(A) one, square planar (B) two, square planar

(C) one, tetrahedral (D) two, tetrahedral

In F&(CO)g, the Fe-C bond possesses  [AIEEE-2006]

(A) ionic character (B) o-character only

(C) n-character (D) both ¢ and & character

How many EDTA (ethylenediaminetetraacetate ion)

molecules are required to make an octahedral complex

withaCa?*ion? [AIEEE-2006]

(A) One (B) Two

(©) Sx (D) Three

The "spin-only" magnetic moment [in units of Bohr

magneton] of NiZ* in aqueous solution would be

(At. No. Ni=28) - [AIEEE-2006]

(A)O0

(©284

(B)173
(D) 4.90

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

geometry (Co =27, Ni =28, Fe=28, Fe=26, Pt=78)
[AIEEE-2007]
(A)[CoCl 4]2‘ (B) [FeCl 4]2‘
© [NiCI4]2‘ (D) [PtCI4]2‘
I dentify the incorrect statement among the following -
(A) d-block elementsshow irregular and erratic chemical
properties among themselves. [AIEEE-2007]
(B) La and Lu have partidly filled d-orbitals and no
other partially filled orbitals.
(© Thechemistry of variouslanthanoidsisvery similar
(D) 4f and 5f-orbitalsare equally shielded.
The actinoids exhibits more number of oxidation states
in genera than the lanthanoids. Thisis because -
[AIEEE-2007]
(A) The5f-orbitalsare more buried than the 4f-orbitals.
(B) Thereisasimilarly between 4f-and-5f in the their
angular part of the wave function.
(© The actinoids are more reactive than the
lanthanoids.
(D) The5f-orbitalsextend further from the nucleusthan
the4f-orbitals.
The coordination number and the oxidation state of the
element 'E'in the complex [E(en),(C,0,4)] NO, (where
(en) is ethylene diamine) are, respectively -[ Al EEE-2008]
(A)6and +2 (B) 4and +2
(C)4and+3 (D) 6and+3
Inwhich of thefollowing octahedral complexes of
Co (at. no. 27), will the magnitude of A, be the highest

[AIEEE-2008]
(A)[Co(CN)g]* (B) [Co(C,0,)41%
(O) [Co(H0)gl** (D) [Co(NH)g]>*
Which of thefollowing hasan optical isomer ?
[AIEEE-2009]
(A) [CO(en)(NHg),]?* (B) [CO(H,0) ,(em]>*
(C) [CO(en),(NHy),] 3+ (D) [CO(NH,);CIT*
Which of thefollowing pairsrepresentslinkageisomers
[AIEEE-2009]

(A) [Pd (P Phg), (NCS),] and [Pd (P Ph;), (SCN),]

(B) [CO(NH3)sNO4] SO, and [CO(NH3)sSO,] NOy

(C) [PtCl, (NH3) 4] Bryand [PtBr, (NHy),] Cl,

(D) [Cu(NHy),[PtCl 1] and [Pt(NH,) ,] [CuCl ]

In context with the transition elements, which of the

following statementsisincorrect ? [AIEEE-2009]

(A) Inthe highest oxidation states, the transition metal
show basic character and form cationic complexes.

(B) In the highest oxidation states of the first five
transition elements (Sc to Mn), all the 4s and
electrons are used for bonding.

(©) Oncethed® configuration isexceeded, the tendency
toinvolveall the 3d electronsin bonding decreases.

(D) In addition to the normal oxidation states, the zero
oxidation state is also shown by these elementsin
complexes.

=
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Q.35 Knowing that the Chemistry of lanthanoids (Ln) is Q.43 Which of thefollowing complex speciesisnot expected

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

dominated by its +3 oxidation state, which of the

following statementsisincorrect ? [AIEEE-2009]

(A) Theionic sizes of Ln (I11) decreasein general with
increasing atomic number.

(B) Ln(I11) compoundsare generally colourless.

(© Ln(l1l) hydroxidesaremainly basicin character.

(D) Because of the large size of the Ln (I11) ions the
bonding initscompoundsispredominently ionicin
character.

Thecorrect order of E"’Vl 2 vaueswith negative sign

for the four successive elements Cr, Mn, Feand Co is
[AIEEE 2010]

(A)Mn>Cr>Fe>Co (B) Cr>Fe>Mn>Co
(C)Fe>Mn>Cr>Co (D) Cr>Mn>Fe>Co
Which one of the following has an optical isomer ?
(A) [Zn(en)(NH),] 2 (B) [Co(en)313
(©) [Co(H,0) ,(en)]* (D) [Zn(en),]**

(en = ethylenediamine) [AIEEE 2010]

Which of the following facts about the complex

[Cr(NHy)¢]Clyiswrong ? [AIEEE 2011]

(A) The complex involves d?sp3 hybridisation and is
octahedral in shape.

(B) Thecomplexisparamagnetic.

(©) Thecomplex isan outer orbital complex.

(D) The complex gives white precipitate with silver
nitrate solution.

In context of the lanthanoids, which of the following

statement is not correct ? [AIEEE 2011]

(A) There is a gradual decrease in the radii of the
memberswithincreasing atomic number inthe series.

(B) All themember exhibit +3 oxidation state.

(©) Because of similar properties the separation of
lanthanoids is not easy.

(D) Availability of 4f electronsresultsin the formation
of compoundsin +4 state for all the members of the
series.

The magnetic moment (spin only) of [Ni CI4]2‘ is—

(A)1.82BM (B)5.46BM [AIEEE 2011]

(C)2.82BM (D) 141BM

Which among the following will be named as

dibromidobis (ethylenediamine) chromium (111) bromide?

[AIEEE 2012]
(A)[Cr (en)5] Brg (B) [Cr (en),Br,] Br
(O)[Cr (en)Br,]~ (D) [Cr (en)Br,] Br

Iron exhibits +2 and + 3 oxidation states. Which of the

following statements about ironisincorrect{ Al EEE 2012]

(A) Ferrousoxideismorebasicin naturethantheferric
oxide.

(B) Ferrous compounds are relatively more ionic than
the corresponding ferric compounds

(©) Ferrous compounds are less volatile than the
corresponding ferric compounds

(D) Ferrouscompoundsare moreeasily hydrolysed than
the corresponding ferric compounds.

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

to exhibit optical isomerism?
(A) [Co(en)3] (B)[Co(en), Cl,J*
(C) [Co(NH3)5Cl4] (D) [Co(en) (NHy),Cl,]*
Which of thefollowing arrangements does not represent
the correct order of the property stated against it ?
[JEEMAIN 2013]
(A) VZ+ < Cr2* < Mn?* < Fe?* : paramagnetic behaviour
(B) Ni2* < Co?* < Fe?* <Mn2* : jonicsize
(C) Co3*<Fe3*<Cr3*<Sc3*: stability in aqueous solution
(D) Sc<Ti < Cr < Mn: number of oxidation states
Which series of reactions correctly represents chemical
reactions related to iron and its compound?
[JEEMAIN 2014]

[AIEEE 2012]

. Clp Heat Zn

(A) Fe—=2— FeCl3— = FeCl, Fe
e co Co

(B) Fe oot Fes0, S00°C FeO =0°C Fe

(C) Fe—41H2%01 , pegy, HZOSOA Fey(S04); — = Fe
e dil. heat

(D) Fe — FeO .05 FeSO, >Fe

The octahedral complex of a metal ion M3* with four
monodentate ligands L4, L,, L5 and L, absorb
wavelengthsin theregion of red, green, yellow and blue,
respectively.

The increasing order of ligand strength of the four

ligands is — [JEEMAIN 2014]
(A)Lg<L,<L,<L; (B)Ly<L,<L,<Lj
(O Ly<Lz<L,<L4 (D)Li<Lz<L,<L,

Thecolor of KMnO, is due to -

(A) d-dtransition

(B) L > M chargetransfer transition

(C) o - o* transition

(D) M — L charge transfer transition

Match the catalysts to the correct processes :
[JEEMAIN 2015]

[JEE MAIN 2015]

Catalyst Process
aTiCly (i) Wacker process
b. PdCl,, (ii) Ziegler-Natta
polymerization
c. CuCl, (iii) Contact process
d.V,0g (iv) Deacon's process

(A)a(ii), b (i), c(iv),d(iii)  (B)aii),b-(iii), c-(iv), d-()
(©) a(iii), b-(i), c-(ii), d-(iv) (D) a(iii),b-(ii), c-(iv), d-(i)
The number of geometricisomersthat can exist for square
planar [Pt (Cl) (py) (NH3)(NH,0H)] " is(py = pyridine)

(A)3 (B)4 [JEEMAIN 2015]
(©6 (D)2

Which of the compoundsis metallic and ferromagnetic?
(A) CrO, (B) VO, [JEEMAIN 2016]
(C)MnO, (D)TIO,
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Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

The pair having the same magnetic moment is:
[At.No.: Cr=24,Mn=25, Fe=26, Co=27]

(A) [Cr(H,0)g]2" and [Fe(H,0)g>* [JEEMAIN 2016]
B) [M n(H20)6]2+ and [Cr(H20)6]2+

(© [CoCl,J% and [Fe(H,0)¢]%*

(D) [Cr(H,0)gl?* and[CoCl,]?-

Which one of the following complexes shows optical

isomerism? [JEE MAIN 2016]
(A) cis[Co(en),Cl,]Cl (B) trans[Co(en),Cl,]Cl
(C) [Co(NHy),Cl,]Cl (D) [Co(NHz),Cl,]

(en = ethylenediamine)

Ontreatment of 100 mL of 0.1 M solution of CoCl;.6H,0

with excess AgNO3; 1.2 x 1022 jons are precipitated.

Thecomplexis: [JEEMAIN 2017]

(A) [Co(H,0):CIICI,H,0  (B)[Co(H,0),Cl,]Cl.2H,0

(C)[Co(H,0)5Cl5].3H,0 (D) [Co(H,0)4]Cl5

Inthefollowing reactions, ZnO isrespectively acting as

alan: [JEEMAIN 2017]

(@ ZnO+ Na,0O— Na,ZnO,

(b) ZnO+CO, — ZnCO4

(A) acid and base (B) base and acid

(C) base and base (D) acid and acid

Consider the following reaction and statements :

[Co(NH,),Br,]* + Br-— [Co(NH)4Br5] + NH,4

[JEEMAIN2018]

(@ Two isomers are produced if the reactant complex
ionisacis-isomer.

(b) Two isomers are produced if the reactant complex
ionisatrans-isomer.

(¢) Only oneisomer isproduced if the reactant complex
ionisatrans-isomer.

(d) Only oneisomer isproduced if the reactant complex
ionisacis-isomer.

The correct statement are:

(A)candd (B) bandd

(C)aandb (D)aandc

Theoxidationstate of Crin[Cr (H,0)¢]Cl 5,
[Cr (CgHg),l, and K,[Cr(CN), (O), (O,) (NH3)]
respectively are: [JEEMAIN 2018]
(A)+3,0,and +6 (B)+3,0and +4
(C)+3,+4and +6 (D) +3,+2and +4
Two complexes[Cr(H,Og)Cl ] (a) and [Cr(NH5)] Cl5 (b)
are violet and yellow coloured, respectively. The
incorrect statement regarding themiis
[JEEMAIN 2019 (Jan)]
(A) Ay value of (a) islessthan that of (b).
(B) Agvalueof (a) & (b) arecalculated fromthe energies
of violet and yellow light, respectively
(©) Both absorb energies corresponding to their
complementary colours.
(D) Both areparamagnetic with three unpaired electrons.
The highest value of the calculated spin only magnetic
moment (in BM) among all thetransition metal complex

is [JEE MAIN 2019 (Jan)]
(A)5.92 (B)387
(©)6.93 (D) 4.90

Q.59

Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Thefollowingligandis [JEEMAIN 2019 (April)]
K\NEtz
N
O ©
(A) Bidentate (B) Hexadentate
(C) Tetradentate (D) Tridentate

The correct order of the spin-only magnetic moment of

metal ions in the following low spin complexes,

[V(CN)gl*~ [Fe(CN)gl*, [Ru (NHg)gl3*, and

[Cr(NHg)gl%*, is: [JEE MAIN 2019 (April)]

(A) V2> Cr2* > Rus* > Fe?*

(B) V2 > Ru3* > Cr2t > Fe?*

(C) Cr2* > V2t > Rudt > Fe?t

(D) Cr2* > Rud* > Fe?* > 2+

The compound that inhibits the growth of tumorsis
[JEEMAIN 2019 (APRIL)]

(A) cisPd(Cl),(NH5),] (B) cisPt(Cl)5(NHy),]

(C) trans[Pt(Cl),(NHy),] (D) trans-[Pd(Cl),(NH,),]

The statement that isSINCORRECT about the

intergtitial compoundsis: [JEE MAIN 2019 (APRIL)]

(A) They have high melting points.

(B) They are chemically reactive.

(C) They have metallic conductivity.

(D) They arevery hard.

The calculated spin-only magnetic moments (BM) of

the anionic and cationic species of [Fe(H,0)g], and

[F(CN)g], respectively, are:[JEE MAIN 2019 (APRIL)]

(A)4.9and0 (B) 2.84and5.92

(C)0and4.9 (D) 0and 5.92

The degenerate orbitalsof [Cr(H,0)6]3* are:
[JEEMAIN 2019 (APRIL)]

(A) dy,and d , (B) d , and dy,

(©) dy,and d,, ©)d, ,add,

The one that will show optical activity is:
(en=ethane-1,2-diamine) [JEE MAIN 2019 (APRIL)]

f PR —
= ] ¥n M

(A) | S/ B) B | A
A B
A A

A | ~ B } B
M en M

© B i J D) g i B
B A

Consider the hydratesions of Ti2*, V2*, Ti3* and Sc3*.
The correct order of their spin-only magnetic moments
is: [JEE MAIN 2019 (APRIL)]
(A) Sc3t < Tidt < Ti2t < v2*
(B) Tid* < TiZ* < Sc3t <2+
(C) Sc3* < Tidt < V2 < Tj2*
(D) V2 < TiZ* < Tid* < Sc3*
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Q.67 Threecomplexes, [CoCI(NH3)5]2+ ), Q.72 Which of thefollowing complex exhibit facia meridional

Q.68

Q.69

Q.70

Q.71

[Co(NH4)sH,013* (11) and [Co(NH,)g] 3 (111)
absorb light in the visible region. The correct order of
the wavelength of light absorbed by them is:
[JEEMAIN 2019 (APRIL)]
A my>1=>xn B) (1H)>n>(1)
(OIOEIORIUD! D) > @1n> ()
The IUPAC name of the complex
[Pt(NH,),CI(NH,CH,)]Clis: [JEEMAIN 2020 (JAN)]
(A) Diammine (methanamine) chlorido platinum (11)
chloride.
(B) Bisammine (methanamine) chlorido platinum (11)
chloride.
(©) Diamminechlorido (aminomethane) platinum (11)
chloride.
(D) Diamminechlorido (methanamine) platinum (1)
chloride.
For the complex [MA,B] if M issp3 or dsp? hybridised
respectively then total number of optical isomers are
respectively :
Note : A and B are unidentate neutral and unidentate
monoanionic ligands, respectively
[JEE M AIN 2020 (JAN)]
A)1,1 B)2,1
(©0,0 (D)1,2
Among the statements(a)-(d), the incorrect ones are-
[JEE MAIN 2020 (JAN)]
(@ Octahedral Co(lll) complexes with strong field
ligands have very high magnetic moments.
(b) When A, <P, thed-electron configuration of Co(l11)

. .44 2
in an octahedral complex is tegeg

Wavelength of light absorbed by [Co(en) 3]3+ is
lower than that of [CoFg]~.

If the A for an octahedral complex of Co(111) is 18,000
cm L the A, for itstetrahedral complex withthe same
ligand will be 16,000crm 1

(A) (a) and (b) only (B) (c) and (d) only

(C) (b) and (c) only (D) (8 and (d) only
Consider the following reactions :

NaCl +K,Cr,0; + H,S0,(Conc.) — (a) + Side products
(8) + NaOH — (b) + Side product

(b) + H,S0,(dilute) + H,0, — (c) + Side product

The sum of the total number of atoms in one molecule
each of (a), (b) and (c) is [JEEMAIN 2020 (JAN)]

©
@

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

geometrical isomerism.
(A) [Pt(NH,)Cl 5]~ (B) [PICI(NH,),]
(©)[Ni(CO),] (D) [Co(NO,)5(NH,)4]
The correct order of the calculated spin-only magnetic
moments of complexs(a) to (d) is:

[JEE MAIN 2020 (JAN)]

[JEE MAIN 2020 (JAN)]

(@Ni(CO), (b) INi(H,0)gICl,
() Na[Ni(CN),] (d) PdCl(PPhy),
(A) (@=(c)=(d)<(b) (B) (@ ~(c)<(b)~(d)
©©<@d<(()<(@ D) (©=(d)<(b)<(@)

Among (a) — (d) the complexes that can display
geometrical isomerismare:  [JEE MAIN 2020 (JAN)]

(@ [P(NH);CIT* (b) [Pt(NH)Cl ]~

(c) [P(NHZ),CI(NO,)] (d) [Pt(NH,),CIBr2*
(A)(d)and (a) (B) (& and (b)

(C) (b)and (c) (D) (c)and (d)

Complex [MLg] can exhibit trigonal bipyramidal and
square pyramidal geometry. Determine total number of
180°,90° & 120° L-M-L bond angles
[JEE MAIN 2020 (JAN)]
[P(F)(CI)(Br)(1)]?~ hasn number of geometrical isomers.
Then, the spin-only magnetic moment and crystal field
stabilisation energy [CFSE] of [Fe(CN)g] n-6,
respectively, are: [Note : Ignore the pairing energy]
[JEE MAIN 2020 (JAN)]
(A)2.84BMand-1.6A, (B)1.73BMand-2.0A,
(C)0BMand-2.4 A, (D)5.92BM and 0
Complex X of composition Cr(H,0)4Cl , hasaspin only
magnetic moment of 3.83 BM. It reactswithAgNO5 and
shows geometrical isomerism. The [UPAC nomenclature
of X is: [JEE MAIN 2020 (JAN)]
(A) Tetraaquadichlorido chromium (I11) chloride
dihydrate.
(B) Hexaaguachromium(l11) chloride
(© Dichloridotetraaqua chromium (1V) chloride
dihydrate.
(D) Tetraaquadichlorido chromium(l1V) chloride
dihydrate.
Theisomer(s) of [Co(NH,),Cl,] that has’have a
Cl-Co-Cl angle of 90°, is/are :
[JEE MAIN 2020 (JAN)]
(B) cisand trans
(D) cisonly

(A) meridional and trans
(C) transonly

[¢
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EXERCISE -5[PREVIOUSYEARS AIPMT/NEET QUESTIONS]

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q7

QS8

Q.9

Q.10

PARTA(dANDfBLOCK ELEMENTS

The aqueous solution containing which one of the

followingionswill be colourless ?

(Atomicno. Sc=21, Fe=26, Ti =22, Mn=25)

(A) Sc3* (B)Fe2* [AIPMT 2005]

(C)Tis* (D) Mn2*

The main reason for larger number of oxidation states

exhibited by the actinoids than the corresponding

lanthanoids is — [AIPMT 2005 & 2006]

(A) More energy difference between 5f and 6d orbitals
than between 4f and 5d orbitals.

(B) Lesser energy difference between 5f and 6d orbitals
than between 4f and 5d orbitals.

(©) Larger atomicsize of actinoidsthan the lanthanoids.

(D) Greater reactive nature of the actinoids than the
lanthanoids.

Inwhich of thefollowing pairsare both theions coloured

in aqueous solutions — [AIPMT 2006]
(A) Sc3*, Tis* (B) Sc3, Co?*
(C)Ni%*, cut (D) Ni2*, Ti3*

(At.No.Sc=21, Ti=22,Ni=28,Cu=29,Co=27)

Copper sulphate dissolves in excess of KCN to give —
[AIPMT 2006]

(A) [CU(CN) J* (B) [Cu(CN),J>-

(C) Cu(CN),, (D) CuCN

Which one of the following ions is the most stable in

agueous solution ? [AIPMT 2007]
(A) V3 (B) Tis*
(C)Mn3* (D) Cr3*

Identify the incorrect statement among the following —

(A) Lathanoid contraction is the accumulation of
successive shrinkages. [AIPMT 2007]

(B) Asaresult of lanthanoid contraction, the properties
of 4d series of the transition elements have no
similaritieswith the 5d series of elements.

(©) Shielding power of 4f electronsis quite weak.

(D) Thereisadecreaseintheradii of the atomsor ions
as one proceedsfrom Lato Lu.

Which of thefollowingionswill exhibit colour in agueous

solutions ? [AIPMT (PRE) 2010]

(A) Lad* (Z=57) (B) Tid* (2=22)

(LU (z=71) (D) Sc3* (2=21)

Which of thefollowing ions has el ectronic configuration

[Ar] 3d6? [AIPMT (PRE) 2010]
(A) Ni3* (B) Mn3*
(C)Fe3t (D) Co3*

Which of the following pairs has the same size ?
[AIPMT (PRE) 2010]

(A) Fe2*, Ni2* (B) Zr**, Ti%*
(C) Zr* Hf 4+ (D) Zn**, Hf 4+
Which of the following oxidation states is the most
common among the lanthanoids?

[AIPMT (MAINS) 2010]
B)2
(D)3

(A)4
©5

["151

Q.u

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

For the four successive transition elements (Cr, Mn, Fe
and Co), the stability of + 2 oxidation state will be there
inwhichof thefollowingorder? [AIPMT (PRE) 2011]
(At.nos. Cr=24,Mn =25, Fe=26, Co=27)
(A)Cr>Mn>Co>Fe (B)Mn>Fe>Cr>Co
(C) Fe>Mn>Co>Cr (D) Co>Mn>Fe>Cr
Acidified K,Cr,0; solution turns green when Na,SO4
is added to it. This is due to the formation of —
[AIPMT (PRE) 2011]
(A)CrsO, (B) Cry(SO,)5
(C) Cro,2 (D) Cr,(SO5),
Which one of the following does not correctly represent
the correct order of the property indicated against it?
[AIPMT (MAINS) 2012]
(A) Increasing number of oxidation states. Ti<V<Cr<Mn
(B) Increasing magnetic moment: Ti3*< V3*<Cr3*< Mn3*
(© Increasingmelting points: Ti<V <Cr<Mn
(D) Increasing 2" jonization enthalpy : Ti <V <Mn< Cr
Four successive members of the first series of the
transition metals arelisted below. For which one of them

the standard potential (Ef\’/I 2 +/M) value has a positive

[AIPMT (MAINS) 2012

(A)Co(Z2=27) (B)Ni (2=28)

(C)Cu(Z=29) (D) Fe(Z2=26)

The catalytic activity of transition metals and their

compounds is ascribed mainly to

(A) their magnetic behaviour [AIPMT (M AINS) 2012]

(B) their unfilled d-orbitals

(C) their ability to adopt variable oxidation state

(D) their chemical reactivity

Which of thefollowing exhibit only + 3 oxidation state ?
[AIPMT (MAINS) 2012]

(AU (B)Th

(O)Ac (D) Pa

Which of thefollowing does not give oxygen on heating

sign

(A) (NH/),Cr,0, (B)KCIO; [NEET 2013]
(C) Zn(CIOy), (D)K,Cr,0;

Which of the following lanthanoid ionsis diamagnetic?
(Atoms, Ce=58,Sm=62, Yb=70) [NEET 2013]
(A) Yb2* (B) Ce?*

(C) Sm?* (D) Eu?*

Identify the correct order of solubility in aqueous
medium: [NEET 2013]
(A) Na,S>ZnS>CuS (B) CuS>2ZnS>Na,S
(C) ZnS>Na,S> CuS (D) Na,S< CuS>2ZnS

The reaction of agueous KMnO, with H,0, in acidic
conditions gives : [AIPMT 2014]
(A) Mn** and O, (B) Mn?* and O,

(C) Mn?* and O (D) Mn** and MnO,
Magnetic moment 2.83 BM is given by which of the
followingions? [AIPMT 2014]
(At. nos. Ti =22, Cr =24, Mn=25, Ni = 28)

(A) Ti3* (B) Ni2*

(C)Cr3t (D) Mn2*




SOAL

QUESTION BANK STUDY MATERIAL : CHEMISTRY
Q.22 Reason of lanthanoid contractionis ~ [AIPM T 2014] assign the correct code : [NEET 2018]
(A) Negligible screening effect of f orbitals Column| Columnll|
(B) Increasing nuclear charge a Co3t i. /8 BM
(C) Decreasing nuclear charge 3+ ..
(D) Decreasing screening effect b. Cr ” V35 BM
Q.23 Magnetic moment 2.84 BM is given by which of the c. Fe3* iii. /3 BM
followingions? [AIPMT 2015] d. Ni2* iv. /24 BM
At. nos. Ti =22, Cr=24, Mn=25,Ni =28
EA) Ti3* (B) Ni2* ) V. 15 BM
(C) Cr3* (D) Mn2* (A) &iv, bri, i, dii (B) &i, bAii, cHiii, d-iv
Q.24 Which of the following processes does not involve © alv, b-v, C-ii, - L (D) ail, t.)_v’ c, il o
oxidation of iron ? [AIPMT 2015] Q.32 Which one of the following ions exhibits d-d transition
(A) Decolourization of blue CuSO, solution by iron. and par%mf\gnensm aswell? cro 2_[NEET 2018]
(B) Formation of Fe (CO); fromFe. (é) CMg 4 (B) Cry o7 ,
(©) Liberation of H, from steam by iron at high (C) Cro, (D)Mn 4
temperature. Q.33 The manganate and permanganate ions are tetrahedral,
(D) Rusting of iron sheets. dueto: L [NEET 2019]
Q.25 Because of lanthanoid contraction, which of the (A) The n-bopdlng myolves overlap of p-orbitals of
following pairsof elementshave nearly sameatomic radii o>;]ygen with dl;ort:;_tals of manganese.
(Numbersin the parenthesis are atomic numbers). (B) Thereisno n-onding. .
[AIPMT 2015] (© The n-bonding involves overlap of p-orbitals of
(A) Zr (40)andNb(41)  (B) Zr (40) and Hf (72) oxygen with p-orbitals of manganese.
(© Zr(40)andTa(73) (D) Ti (22) and Zr (40) (D) The n—bo_ndlng myolves overlap of d-orbitals of
Q.26 Gadolinium belongs to 4f series. It’s atomic humber is oxygen with d-orbitals of manganese.
64. Which of the following is the correct electronic
configuration of gadolinium? [RE-AIPMT 2015] PART B RDINATION MPOUND
(A) [X€] 4f5dt6s? (B) [X€] 48502652 Q.1  Which one of the following is an inner orbital complex
(C) [X¢€] 4f86d2 (D) [Xe] 4f95st aswell asdiamagnetic in behaviour ? [AIPM T 2005]
Q.27 Assuming completeionization, same moles of which of Atomicno. Zn =2:_3+0, Cr=24,Co=27,Ni = 28)3+
the following compounds will require the least amount (A) [Zn(NH3)6]3+ (B) [Cr(NH3)g] s
of acidified KMnO, for complete oxidation? (C) [Co(NHy)gl (D) [Ni(NHy)g]
[RE-AIPMT 2015] Q-2 Which one of the following is expected to exhibit optical
(A) FeC,0, (B) Fe(NO,), isomerism — (en = ethylenediamine) [AIPMT 2005]
(C)FesO, (D) FeSOy, (A) cis[P(NH3),Cl,] (B) trans-[Pt(NH;),Cl ]
Q.28 Whichoneof thefollowing statementsis corrected when (C) cis[Co(en),Cly] (D) trans-[Co(en),Cl]
SO, iis passed through acidified K ,Cr,0; Q.3  [Cr(H,0)lCl5 (at. no. of Cr = 24) hasamagnetic moment
(A) The solution turnsblue  [NEET 2016 PHASE 1] of 3.83 B.M. The correct distirbution of 3d electronsin
(B) The solution is decolourized the Chromium of the complex is— [AIPMT 2006]
(C) SO, i reduced (A) 3d xyll. (3d><12—y2)i3dyz1
(D) Green Cr,(SO,) isformed (B) 3dxy i3dy2 i3dX22
Q.29 Which one of the following statements related to © 3d Xy~ 39{2 : 3d22 .
lanthanons is incorrect? [NEET 2016 PHASE 2] (D) (3dx“—y<)7, 3dz7, 3dxz
(A) Europium shows +2 oxidation state. Q4 [Co(NH3),(NO,),|Cl exhibits —  [AIPMT 2006]
(B) Thebasicity decreasesastheionic radius decreases (A) linkage isomerism, ionization isomerism and
fromPrtoLu. geometrical isomerism.
(©) All the lanthanons are much more reactive than (B) ionization isomerism, geometrical isomerism and
aluminium. optical isomerism.
(D) Ce(+4) solutionsarewidely used as oxidizing agent (©) linkegeisomerism, geometrical isomerismand optical
involumetric analysis. Isomerism. _ _
Q.30 The reason for greater range of oxidation states in (D) linkageisomerism, ionizationisomerismand optical
actinoids is attributed to — [NEET 2017] ISomerisSm.
(A) actinoid contraction Q.5 Whichof thefollowing will giveapair of enantiomorphs
(B) 5f, 6d and 7slevels having comparable energies [AIPMT 2007]
(C) 4f and 5d levelsbeing closein energies (A) [Cr(NHp)gl[Co(CN)¢]  (B) [Co(en),Cl,|Cl
(D) the radioactive nature of actinoids. (© [P(NH3),] [PIClg] (D) [Co(NH;),Cl,INO,.
Q.31 Match the metal ions given in Column | with the spin (en=NH,CH,CH,NH,)

magnetic moments of the ions given in Column 11 and

=
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Q.6

Q.7

Q8

Q9

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

Q.16

The d-electron configuration of Cr2*, Mn?*, Fe?* and
Ni2* are 3d4, 3d®, 3d® and 3d® respectively. Which one
of thefollowing aqua compl exeswill exhibit the minimum

paramagnetic behaviour — [AIPMT 2007]
(A) [Fe(H,0)g]** (B) [Ni(H,0)¢l%*
(C)[Cr(H,0)g? (D) [Mn(H,0)4]?*

(At.No. Cr=24,Mn=25, Fe=26, Ni =28)

Which of the following complexes exhibits the highest
paramagnetic behaviour ? [AIPMT 2008]
(A) [Ti (NHg)g* (B) [V(gly)o(OH)»(NHy)I*
(© [Fe(en)(bpy) (NHg);12* (D) [Co(0X),(OH),I~
Where gly = glycine, en = enthylenediamine and

pby = bipyridyl moities)

(at.nos. Ti=22,V =23,Fe=26,Co=27)

In which of the following coordination entities the
magnitudes of A, (CFS E in octahedra field) will be

maximum [AIPMT 2008]
(A) [CO(C,0,)41% (B) [Co(H,0)g] 3
(C) [Co(NH,)g] (D) [Co(CN)g] -

(At.no.Co=27)

Out of TiFg?, CoFg®~, Cu,Cl, and NiCl,?"
(Zof Ti=22,Co=27, Cu=29, Ni = 28) the colourless
Species are; [AIPMT 2009]
(A) Cu,Cl, & NiCl 22 (B) TiFg? & Cu20|f

(C) CoFg®-& NiCl > (D) TiFg? & CoFg>
Which of thefollowing does not show optical isomerism?

[AIPMT 2009]
(A) [Co(N H3)33C|3]0 (B) [Co(en)Cl,(NH,),]*
(C) [Co(en),]°* (D) [Co(en),Cl,]*

(en = ethylenediamine)

Which of the following complex ions is expected to

absorb visible light? [AIPMT 2009]

(A) [Ti (en)o(NHo)J*  (B)[Cr(NH)gl®

(©) [Zn(NHp) g% (D)[Sc(H,0)5 (NH)4I3*

(At.no.Zn=30,Sc=21,Ti=22,Cr=24)

Which of thefollowing complex ionsisnot expected to

absorb visible light ? [AIPMT (PRE) 2010]

(A) [Ni(CN),1> (B) [Cr (NHg)g]*

(O) [Fe(H,0)gl?* (D) [Ni (H,0)gl**

Crystal filed stabilization energy for high spin d4

octahedral complexis: [AIPMT (PRE) 2010]

(A)-1.8A, (B)-16A,+P

(C)-1.24, (D)-0.6A,

The existence of two different coloured complexeswith

the composition of [Co(NH,) ,Cl,] " is due to —
[AIPMT (PRE) 2010]

(A) linkageisomerism (B) geometrical isomerism

(C) coordinationisomerism (D) ionization isomerism

Which of the following complexes is not expected to

exhibit isomerism? [AIPMT (MAINS) 2010]

(A) [Ni (NH3)4(H20)2]2+ (B) [Pt(NHg)%CIZ]

(C) [Ni (NH,),Cl,] (D) [Ni (en)]<*

Of the following complex ions, which isdiamagnetic in

nature? [AIPMT (PRE) 2011]
(A) [CoFgl* (B)[NiCl,]>
(C) [Ni (CN) 1% (D) [CuCl 1>

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

The complexes[Co(NHy)g] [Cr(CN)g] and [Cr(NH3)¢]

[Co(CN)g] arethe examplesof whichtype of isomerism?
[AIPMT (PRE) 2011]

(A) Geometrical isomerism (B) Linkageisomerism

(C) lonizationisomerism  (D)Coordinationisomerism

The complex, [Pt(Py)(NH3)BrCl] will have how many

geometrical isomers? [AIPMT (PRE) 2011]

(A)2 B)3

©4 (D)o

The d-electron configurations of Cr2*, Mn?*, Fe?* and

Co?* are d4, d°, d® and d” respectively. Which one of

the following will exhibit minimum paramagnetic

behaviour? [AIPMT (PRE) 2011]
(A) [Cr (H,0)g % (B) [Mn(H,0)¢]%*
(C) [Fe(H,0)g]? (D) [Co (H,0)g]?*

(At.nos. Cr=24,Mn =25, Fe=26, Co=27)
Which of the following carbonylswill have the strongest

C -0 bond ? [AIPMT (MAINS) 2011]
(A)Mn (CO)* (B)Cr(CO)g
(©V (CO)s (D) Fe(CO)s

Which of the following complex compoundswill exhibit
highest paramagnetic behaviour ?
(At.No.: Ti=22,Cr=24,Co=27,Zn=230)

[AIPMT (MAINS) 2011]
(A) [Ti(NH,)]3* (B) [Cr (NH)gl®*
(C) [Co(NH)g] 3 (D) [Zn(NHZ)gl?*
Which one of the following is an outer orbital complex
and exhibits paramagnetic behaviour ?

[AIPMT (PRE) 2012]

(A) [Ni(NHy)g]?* (B) [Zn(NHg)2*
(©) [Cr(NH)gl3* (D) [CO(NH)¢]3*
Red precipitate is obtained when ethanol solution of
dimethylglyoximeisadded to anmonical Ni (11).Which
of the following statements is not true

[AIPMT (MAINS) 2012]
(A) Red complex hasa sguare planar geometry.
(B) Complex hassymmetrical H-bonding
(© Red complex hasatetrahedral geometry.
(D) Dimethylglyoxime functions as bidentate ligand.

OH
Hc-C=N"

dimethylglyoxime =
3C-C=N OH

L ow spin complex of db-cationin an octahedral field will
havethefollowingenergy: [AIPMT (MAINS) 2012]

-12 -12
(A) ?A0+P (B) ?A0+3P

-2 -2
(C) ?A0+2P (D) ?AO-FP

(A= Crystal field splitting energy in an octahedral field,
P = Electron pairing energy)

=
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Q.25 A magnetic moment of 1.73 BM will be shown by one Q.35 Which of the following has longest C — O bond length?

among the following - [NEET 2013]
(A) [CoCI6]4" (B)[Cu (NH3)4]2+

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

(C) [Ni (CN),1* (D)TiCl,

An excess of AgNO; is added to 100 mL of a0.01 M

solution of dichlorotetraaguachromium (111) chloride. The

number of moles of AgClI precipitated would be —

(A)0.01 (B)0.00O1 [NEET 2013]

(©)0.002 (D) 0.003

Among the following complexes the one which shows

zero crystal field stabilization energy (CFSE) is

[AIPMT 2014]

(A) [Mn(H 0)3]3* (B) [Fe(H,0)g]**

(O) [Co(H,0)gl** (D) [Co(H,0)g]>*

Which of the following complexesis used to be as an

anticancer agent? [AIPMT 2014]

(A) mer-[Co(NH3)4Cl] (B) cisPtCI,(NH,),]

(C) cisK,[PtCl,Br,] (D) Na,CoCl,,

Cobalt (111) chlorideforms several octahedral complexes

with ammonia. Which of thefollowing will not givetest

for chlorideionswithsilver nitrateat 25°C[AIPM T 2015]

(A) CoCl5-4NH, (B) CoCl5-5NH,

(C) CoCl5- 6NH, (D) CoCI -3NH ?

Which of these statements about [Co(CN)G] istrue?

(A) [Co(CN)6]3‘ has four unpaired electrons and will

bein alow-spin configuration. [AIPMT 2015]

B) [Co(CN)6]3‘ has four unpaired electrons and will
be in ahigh-spin configuration.

© [Co(CN)6]3‘ has no unpaired electrons and will be
in a high-spin configuration.

D) [Co(CN)6]3‘ has no unpaired electrons and will be
in alow-spin configuration.

The hybridizationinvolved in complex [Ni(CN)4]2‘ is

(At. No. Ni = 28) [RE-AIPMT 2015]
(A) d?sp? (B) d?sp3
(C) dsp? (D) sp°

Thename of complex ion, [Fe(CN)6]3‘ is—

(A) Tricyanoferrate(l11) ion [RE-AIPMT 2015]
(B) Hexacyanidoferrate (111) ion

(C) Hexacyanoiron (111) ion

(D) Hexacyanitoferrate(111) ion

The sum of coordination number and oxidation number
of themetal M inthe complex [M(en),(C,0,)]Cl (where
en is ethylenediamine) is — [RE-AIPMT 2015]
(A7 (B)8

©9 (D)6

Number of possibleisomersfor the complex
[Co(en),Cl,] Cl will be: (en= ethylenediaming)

(A)3 (B)4 [RE-AIPMT 2015]
©2 D)1

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

(Free C— 0O bond length CO is 1.128A)

[NEET 2016 PHASE 1]
(A)Ni(CO), (B) [Co(CO),I~
(C)[Fe(CO) 1> (D) [Mn(CO)¢]*
Jahn-Teller effect not observed in high spin complexes
of [NEET 2016 PHASE 2]
(A) d* (B)d®
(©)d’ (D) d®

The correct order of the stoichiometriesof AgCl formed
when AgNO; in excess is treated with  the complexs :
CoCl3.6NH5;, CoCl3.5NHg, CoCl3.4NH respectively is
[NEET 2017]
(A)3AgCl, 1AgCl, 2AgCl  (B) 3AQCI,2AgCl, 1AgC
(C)2AgCl,3AgCl, 1AgCl  (D)1AgCl,3AgCl, 2AgC
Correct increasing order for the wavelengths of
absorption in the visible region the complexes of Co3*
is [NEET 2017]
(A) [Co(H O)6]3+ [Co(en)3]3+ [Co(NH3)6]3+
(B) [Co(H20)6]3+ [Co(NH3)3€J3+ [Co(en)s] 3+
© [Co(NH3)§J3+ [Co(en)4]°*, [Co(H 0)6]3+

(D) [Co(en),]°* [Co(NH3)6]3+ [Co(H 0)6]3+
Pick out the correct statement with respect to
[M n(CN)6]3‘ [NEET 2017]

(A) Itis sp3d? hybridised and tetrahedral.
(B) It is d?sp3 hybridised and octahedral.
(©) Itisdsp? hybridised and square planar.
(D) It is sp3d? hybridised and octahedral.

Iron carbonyl, F&(CO)gis [NEET 2018]
(A) Trinuclear (B) Mononuclear
(C) Tetranuclear (D) Dinuclear

The type of isomerism shown by the complex
[CoCl,(en),] is [NEET 2018]
(A) lonizationisomerism  (B) Coordinationisomerism
(C) Geometrical isomerism (D) Linkageisomerism
The geometry and magnetic behaviour of the complex
[Ni(CO),] are [NEET 2018]
(A) Square planar geometry and paramagnetic.

(B) Tetrahedral geometry and diamagnetic.

(C) Square planar geometry and diamagnetic.

(D) Tetrahedral geometry and paramagnetic.

What isthe correct electronic configuration of the central
atomin K ,[Fe&(CN)] based on crystal field theory?

(A) 3, € (B) 135 €] [NEET 2019]

© %3 (D) e*3
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(6)

(7

(®)

©)

TRYITYOURSELF-1

D)

(A)

D)

(C). All atomic and molecular species which contains one
or more unpaired electrons are paramagnetic. Most of
the ions of transition elements have unpaired

electrons. Hence, they are all paramagnetic. Someions
of d-block elements with no unpaired electrons are

Sc*3, Ti*4, Zn*2 and Cu*l. These ions are not
paramagnetic and they are also without colour.

(A). The order of stability of the complexes of some of the
ions carrying the same charge but differing in ionic
radii decreases astheionic radii increase.

lon Cu*2, Ni*2, Fe"2, Mn*2
lonicradii 0.69 0.78 0.83 0.91

The complexes of Cu*2 are most stable whileMn*2is
least stable.

(D). It is a characteristic of transition elements. Vertical
relationship is due to similar electronic configuration
inagroup and horizontal relationship dueto shielding
effect being more predominant in last five elementsin
aperiod.

(C). The correct statement is that iron belongs to first
transition series of elements. Itiscalled 3d series. The
member of thisseriesare :

Sc Ti V Cr Mn Fe Co Ni Cu Zn
The electronic configuration of Fe28 is 3d6, 4s2.

(B). A metal ionfromthefirgt transition serieshasamagnetic
moment (calcualted) of 2.83 BM. The number of
unpaired electrons are expected to be present in the
ionare?2.

u=n(n+2) =2(2+2) =22
=2x1.41=2.828BM =2.83BM

(C). One of the most striking features of the transition
elements, is that they exhibit variable valency. The
variable valency occursto some extent in the p-block
element also. In this case the valency changes usually
inunits of two. Some examples are SnCl,, SnCl, PCl;,
PClg etc. But in transition elements the valency
changesin one unit e.g., Cu*, Cu*2, Fe*2, Fe*3, etc.

(10) (B). The soft test metal is Zn, while remaining all other

metal are comparatively harder metals.

(11) (D). The compound Cu,SO, is not stable because Cu is
stabilized only in Cu*? state in its compounds with
804‘2 ions hence Cu,SO, is not stable while CuSO,

is stable.

(12 &)
(13 ©

TRYITYOURSEL F-2
o ®»
@ O
® 6
@ ©
® ®
(6) (BD)
(n (B0
® (B9

TRYITYOURSEL F-
(1) (@ Co-ordination (b) Double salt

(c) Doublesalt
() Doublesalt
(20 () tetraamminedichloridocobalt (111)

(i) triaamminetrichloridochromium (111)

(d) Co-ordination

(i) potassiumtrioxalatochromate(ll1)

(iv) potassium hexaacyanoferrate (11)

(v) pentaamminechloridoplatinum (1V) chloride
(3  (A). Coordination number of Ptis6, hence

I Ky[PtClg] - Threeions
I [P(NH3),Cl,| - Zero ions
M [P(NHyCl ;] Cl — Two ions
V [P(NHyCl]Cl; - Four ions

(4  (C& D).Arecoloured because Cr*3in [Cr(NH,) 3" and
V3* in [VFg]3 have 3d® and 3d? configuration
respectively and thus show d-d transition.

(5)  Tetraamine cobalt (111) di-p-hydroxo bis ethylenediamine
cobalt (111) Chloride.

(6)  (D).[Co(H,0)4(NH5),]Cl5
Diamminetetraaquacobalt(l11) chloride

=
I 157
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(7)  (C).For tetrahedral compound

Ni%* = 308 Ni2* =398

dxy dyz dzx dXZ—yz
111 Chey
dXZ_yZ d,2 1L
Two unpaired el ectron. dz2 ©® s
Hence paramagnetic. 1L 1L
dxz dyz
No unpaired electron.
Hence diamagnetic.
(0]
(8  (BD).[Co(NH,),Cl,]* (anoctahedral complex) and
Total no. of N - Co — O bond angles is 8.
[Pt (NH5),(H,0) CI]* (asquare planar complex) will g

show geometrical isomerism. (10 ©

[Pt (NH3)5(NOZ)]Cl and [P{(NH,),Cl]Br will show
ionization isomerism.

[¢
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EXERCISE-1 22 A

(1) (C). Cu; because last electron enters d-orbital (3d10 oM 1111101 1
4sh.

(@ (D) Threeseriesof thetransition metals, 3d series(Scto As half filled orbitals are more stable than partial
Zn), 4d series (Y to Cd) and 5d series (La to Hg, filled ones. Therefore, + 2 is most stable oxidation
omitting Ceto Lu). state.

(3 (B).Ag belongs to second (4d) transition series (53 (). Increased screening effect to nullify increased nuclear
remaining all areinfirst transition series. charge.

(4 (D). Zinc, cadmium and mercury of group 12 have full (24) (D). Ingeneral, greater the number of unpaired electrons,
d0 configuration in their ground state as well asin greater iss the number of bond and therefore, greater
their common oxidation states and hence, are not is the strength of these bonds, thus higher will be
regarded as transition metals. _ enthalpy of atomization.

5) (D). Transnon metal asitslast elect_ron entersd-orbital. Enthal py of atomization first increasesin aseries (as

©® (A T226|r (:éo%bltaslzsaerezcons’lzpletelyfllled. unpaired electronsincreasesfrom 1 to 6), reachesto

(1) (C). 157, 25°p7, 3s°p°d”, 4 14e43 maxima and then decreases, and it is lowest for Zn,

(8  (O). TantaumTa(73) [Xe] 4f* 50 6s” Cd, Hg (dueto O unpaired electrons).

(9  (A). Lasteectronind-block elements goesto penultimate (25) (D). InCrO.Cl,, 0., of Cr=+6
shelli.e. (n—1)d. MO, O.S. of Mn= +7

(10)  (A). Inthe caseof Cr, configuration is 3d® 4s! instead of Cr(lel) 3- 0.S of Cr=+3
3d44s?; the energy gap between the two sets (3d NiF g2 GOS of Ni =44,
and 4s) of orbitalsissmall enoughto preventelectron o) (a) T1* js more stable than TI3* due to inert pair effect.
entering the 3d orbitals. Similarly in case of Cu, the Cu2* is more stable than Cu*.Cr3* is more stable
configuration is 3d1%s! and not 3d°4s%. than Cr2+V4* in agueous solution is more stable

(11) (C). It show maximum oxidation state equal to + 7 because than V2*.
the energy of (n — 1) d and ns orbitals are nearly 27)  (B).Naj[CuCl,], Cu=+2or Cu2* — 3d°
same and thus seven electrons can participate in Na,[CdCl 4]' Cd = +2 or Cd2* —s 4d10
bonding. - N K [Fe(CN)g], Fe= +20r Fe?* —» 36

(12) (C). Atomicradii of Fe, Coand Ni isalmost same. K4[F&(CN)g], Fe=+3or Fe3* _s 3P

o Fe Co N Since Cd?* has completely filled d-subshell henceit
Atomicradii (pm) 126 125 125 is colourless.
(13)  (B). Hs (Z = 108) belongs to 6d series with electronic o8y (¢). Density of transition metals increases from left to
configuration - [Rn]5f14 6d° 7s2. right in atransition series
1-10 '
14 (A).(-1)d n_sz _ (29) (D). The colour of transition metal ions is due to d-d
(15) (B). Electronic configuration (Z = 25) transitions
6 635 "
- 15°2822p°35°3p%3d%4s? (30) (A).First ionisation energy of the elements of first
‘N’ shell refers to 4th shell which has only two transition series (Ti — Cu) increases as the atomic
electrons. _ o number increases due to increase of nuclear charge.

(16) (B). They show variable oxidation state due to The increase however is not regular.
participation of ns and (n - 1) d electrons. (31) (B). When the transition metals are in their highest

(17) (D). Transitional elementsform coloured saltsdueto the oxidation state, they no longer have tendency to
presence of unpaired electronsin d-orbital. give away electrons, thusthey are not basic but show

(18)  (A). Zndueto no unpaired electron in d-orbital. acidic character and form anionic complexes.

(19) (D). Thefirstionization energies of T_|, Vv, Cr, Mn are 65_6, (32) (D). The catalytic property of transition metalsis due to
650, 652and 717 kJmolerespectively. | E. increasein their tendency to form reaction intermediates with
aperiod fromL — Rhence, manganese has maximum suitable reactants. Theseintermediates givereaction
first ionisation potential. paths of lower activation energy and, therefore,

(20) (D). Paramagnetic character is actually due to presence increase the rate of the reaction.
of UnE’r"i" red electrons. _ These reaction intermediates readily decompose

(21) (B).In _Cu _ (cuprousion) d orbitalsarecompletely filled yielding the products and regenerating the original
soitwill form colourless complex. substance. Thetransition metals form these reaction

intermediates due to the presence of vacant orbitals
or their tendency to form variable oxidation states.
(33) (D). All the four metals have nearly the same metallic
radii and hence nearly the same atomic volume. On
[159
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account of higher atomic mass of copper it has high
density amongst given metals.

2Na,CrO, + 2H* — Na,Cr,0, + 2Na“ + H,0
NayCr,0, + 2K Cl — K 5Cry07 +2NaCl

(34) (D). Sc3" (3d9), Ti4* (3dY) are diamagnetic while Pd2* Prtaesum
(4d8) and Cu?* (3d%) are paramagnetic. dichromate
(35) (D). The common oxidation states of Ti(3d%4s?) are+2, (49) (D). K ,Cr,0,+ 7H,S0, + 6K
+3and +4. — 4K ,S0, + Cr(SO,) 3+ 31, + 7TH,0
(36) (B).3d" configuration is more stable due to singly (50) (A). Sulphurous acid or sulphite is oxidised to sulphate
OCCUpied half filled orbitals. or sul phuric acid.
(37)  (B).Ti(22) > 3d?4s? 5S0,2~+ 2MNnO,~ + 6H* — 2Mn2* + 3H,0 + 550,2-
Ti%* — 3d% 45 (51) (A). 2KMnO, + 2H,S0,—> Mn,O, + 2KHSO, + H,0
(d-d transition possible, so coloured) (conc.) (green oily)
Ti%* — 3d04¢° (52) (A). KMnO, inneutral medium.
(no d-d transition, colourless) 2KMnO, +H,0 — 2KOH +MnO, + 3 (O)
KMnO, in basic medium.
(38) (D). ,Cr — 15%2522p°323p° 4s'3d° 2KMnO, + 2KOH — 2K MnO, + H,0+ (O)
half —filled Potassium permanganate is further reduced to
(39) (C). Melting point of Zn, Cd and Hg follows the order : manganese dioxide in presence of reducing agent.
Zn>Cd> Hg. KoMnOg+H,0 — MnO, + 2KOH +(0)
Higher the melting point, higher will be the thermal Potassium permanganatein acidic medium
stability. Hence order of thermal stability is 2KMnO, + 3H,80, — K580, + 2MnS0, +3H,0+5(0)
Zn>Cd > Hg. (53) (A). 1t is one-third of |t§ molecular weight in alkall_ne
(40) (D). Colourless compounds are those which have no medium becauseit gives 3 nascent oxygeninakaline
unpaired electrons and paramagnetic substance do medium.
have unpaired electrons. Therefore paramagnetic +3e¢
substances possess colour. 2KMnQ, +H,O ——— > 2KOH +2MnO, + 3[CO]
(41) (B). Reactivity of transition elements decreases almost — Equivalent weight = M/3
regularly from Sc to Cu because of regular increase (54) (B).In acidic medium chromate ion converts to
in ionisation enthalpy. dichromate ion as
(42) (C). Transition elements exhibit multiple oxidation state 2CrO,2~+2H*—— Cr,0,2 +H,0
and their ions are usually coloured. Yellow Orange
(43) (C).During the reaction K,Cr,0; is converted to (39 (A). Fe?* +C,0,%” — Fe®* +2C0O, + 3¢
Cr,(SO,); MnO,~ + 56 — Mn?*
K,Cr,0,+ 7H,S0, + 6K| — 4K,S0, 1 mole of KMnO, accepts 5 electrons
+Cry(SO,)5+ TH,0+3l, 1 mole of ferrous oxalate loses 3 electrons
INCry(S0,)4, O.S. of Cris+3. 5e”=1moleof KMnO,
(44) (C).A greenishyellow gasis formed. 3e~ will be equivaent to 3/5 mole of KMnO,,
2KMnO, + 3H,S0,, + 10HCI 2
— K,S0, +2MnSO, + 8H,0 +5Cl,T
Greenish
yellow (56) (A). ©—
(45) (C).FeCry,0O, (Chromite) is used asthe starting material @
for the preparation of potassium dichromate. Dichromateion
(46) (C).2KMnO4 — K,M n046+ MnO, + O, (57) (A).INKMnO,, Mnisin +7 oxidation state.
(47)  (C).K,Cr,0; contains Cr *(3d% which is diamagnetic Mn’*(Z = 25)— [Ar]18 3d0 4<0.
but coloured due to charge transfer spectra It has no unpaired electron but still KMnO,, is dark
(NH,),[TiClg] contains Ti**(3d%, which is pink in colour.
diamagnetic and colourless.
VOSO, contains V4*(3d), which is paramagnetic  (58)  (B). Aswemovedown thelanthanoid series, the shielding
and coloured. effect of electronsisvery little due to poor shielding
K3[CU(CN),] contains Cu*(3d9), which is of f-orbitals and hence the nuclear charge increases
diamagnetic and colourless, at each step increasing the pull of the electrons
(48) (A). 4FeCry04 +8Na,CO,z+ 70, inwards which results in lanthanoid contraction.
Chromite ore (59) (B).+3oxidation stateiscommon for all lanthanoids.
- a0, +2re,0; 800, (0 O e e
jum chromate
(yellow)
=
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(61)
(62)
(63)

(64)

(65)
(66)
(67)
(68)

(69)

(70)

(71)

(72)
(73)
(74)

(79)

(76)

(77)

(78)
(79)

(80)

Theamost identical radii of Zr (160 pm) and Hf (159
pm), a consequence of the lanthanoid contraction,
account for their occurrence together in nature and
for the difficulty faced in their separation.

(C). Dueto Lanthanoid contraction
Zr = Hf = sameradius

(D). Ceismost commonly used lanthanide, nobelium (No)
& Th (thorium) are actinides.

(C). Dueto lanthanoid contraction Zr and Hf have nearly
equal size.

(D). Ce— [Xe] 4f15dl65% Ce*t —[Xe]

Yb— [Xe]4f14 652 Y b2+ —[X €] 4f14
Lu—> [Xe] 4f155d1 6% Lud*— [X e]4f14
Eu— [Xe] 4f7 6% Eu2t—[Xe]4f’

(A). Lanthanum is a d-block element which resembles
lanthanides.

(B). Across lanthanoid series basicity of lanthanoid
hydroxide decreases.

(C). 95% of alanthanoid metal, 5% of iron and traces of
S, C, CaandAl.

(D). Total number of inner transition elementsin periodic
tableis 28, 14 each in lanthanoid and actinoid series.

(A). For the first four actinide elements, Th, Pa, U and
Np, the difference in energy between 5f and 6d-
orbitalsis small. Thus, in these elements (and their
ions) electrons may occupy the 5f or the 6d levelsor
sometimes both. Later in the actinide series the 5f-
orbitals do become appreciably lower in energy.
Thus, from Pu onwards the 5f-shell fillsin aregular
way and the elements become very similar.

(C). Actinoid series has elements from atomic no. 90 to
103. Thulium (Tm) hasatomic no. 69.

(A). Terbiumislanthanide as it belongs to
4f-series having configuration [Xe] 4f9?. However
the remaining members belong to 5f-series
(actinides).

(D). Cobalt isused in cancer therapy.

(D). Tabecauseit is non-corrosive.

(C). Undecomposed AgBr forms a soluble complex with
hypo.

AgBr + 2Na,S,0; — Nag[Ag(S,05),] + NaBr
Itiswashed with water and the image is fixed.

(C). Primary valence are also known as oxidation state.
K, [Ni(CN),]
2+x-4=0=>x=+2

(A). [Co(NH3)g] Cl 5 gives 3molesof AgCl.
[Co(NH,):CI]Cl, gives2molesof AgCl.

[Co(NH,) ,Cl,]Cl gives 1 mole of AgC.
[Co(NH,)5Cl 5] will not giveAgCl.

(C). According to Werner’s theory, only those ions are
precipitated which are attached to the metal atoms
with ionic bonds and are present outside the co-
ordination sphere.

(D). 4KCN.Fe(CN), or K ,[Fe(CN)¢] isacomplex salt.

(A). According to Werner’s theory primary valence is
ionisable.

(D). Primary valence of binary compounds CrCl,, CoCl,  (99)
[ 161

(81)
(82)

(83)

(84)
(85)

(86)
(87)

(88)

(89)

(90)

(91)
(92)

(93)

(94)

(95)

(96)

(97)
(98)

and PdCl, are 3, 2 and 2 respectively.

(B). CuSO, + 4NH3z — [Cu(NH,) ]SO,

(D). Theprimary valencesare normally ionisable and are
satisfied by negative ions.
The secondary valences are non ionisable. These
are satisfied by neutral molecules or negative ions.
The secondary valence is equal to the coordination
number and isfixed for ametal.
Werner’s theory does not explain the magnetic
spectral properties.

(B). K3[Fe(CN)g] becauseinit CN™ donatesalone pair

of electron.

(B). Al has 6 co-ordination number.

(D). x+6x(0)+3x(-) =0
X—=3=0,x=+43,

Oxidation number of Cris=+3

(C). Number of donor atomsin N(CH,CH,NH,) isfour
hence it is a tetradentate ligand.

(B). C,H, isneutral and Cl is uninegative ligand thusin
[PH(C,H)Cl5 7, x+3 (1) =-1= x=+2.

(D). [EDTA*T] is ethylenediamine tetracetate ion and a
hexadentate ligand. It can bind through two nitrogen
and four oxygen atoms to a central metal ion. Its
structure is

oo N < CH,CO0~
CH,CO0~

CH,CO0~
< CH,CO0~

H,C - N

(D). SCN~ is a monodentate ligand hence cannot show
chelation.

(B). Coordination number is the number of ligands that
are directly bound to the central metal atom by
coordination bonds. Oxidation state is the residual
charge on the central metal atom left after removing
all ions.

(D). Ligands are ions or molecules linked by coordinate
bonds to a central atom or ion.

(C). Lithiumtetrahydridoaluminate: Li[AlH/]
Hereligand ishydrideion (H™).

(A). In 4-coordinate complexes Pt, the four ligands are
arranged about the central bivalent platinumionina
sguare planar configuration.

(C). BF5 is an electron deficient compound and act as
Lewisacid henceit cannot donate apair of electrons
and does not act as ligand.

(B). NH," ion has no lone pair of electrons thus, cannot
act asaligand.

(A). Let oxidation state of Feisx.

H,Oisneutral and NO has +1 charge.
Thusin[Fe(H,0);NOJ?*
X+1=+42 . . x=+1

(C). ONOisananionicligand (ONO").

(B). A ligand donatesitslone pair to metal atomion.

(A). SCN~ and NO,~ are ambidentate ligands since they
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(100)
(101)

(102)

(103)
(104)
(105)

(106)
(107)

(108)
(109)

(110)
(111)

(112)
(113)

(114)

(115)
(116)
(117)

(118)

(119)

(120)

(121)

(122)

have more than one donor atoms to attach to the
central metal atom.

(D). Kj[FE(CN)gl -

Potassium hexacyanoferrate (111)

(A). It ispotassium ammine dicyano dioxo peroxo-chro-
mate (V1)

(A). [Pt(NH,),CI(NH,CH,)]Cl :
Diamminechlorido(methylamine)
platinum(1l) chloride

(A). Pentaammi nei sothiocyanatochromium
tetrachlorozincate (I1).

(A). Potassium trichloroethyleneplatinate(l1)
K[PtCl3(C,H )]

(C). Given compound is
[Pt(NH),(en)(SCN),]?* ion.

(C). Positively charged ligands have suffix ‘ilum’.

(B). K4[Ir(C,0,)4] -
potassiumtrioxalatoiridate(l11)

(B). K[SCl5(CeHB)] -

Potassiumpentachl orophenyl antimonate (1V).

(B). [Co(NH,)sCO4]Cl
Pentaamminecarbonatocobalt(l11) chloride.

(B). Hexaamminecobalt(l11) hexacyano-chromate (111).

(A). The correct IUPAC name of [Pt(NH3),Cl,] is
diamminedichloridoplatinum (I1)

(A). Chlorodiaguatriamminecobalt(l11) chloride
[CoCI(NH5)5(H,0),]Cl,.

(C). Tetraamminechloronitroplatinum (IV) sulphate can
bewritten as[Pt(NH3) ,(NO,)CI]SO,.

(A). Octahedral complexes of thetype
[Mayb,],[Mazbs],[Maghs]
exhibit geometrical isomerism.

(A). Co-ordinationisomerismis caused by theinterchange
of ligands between cis and trans structure.

(C). [Co(en), NO,CI]Br

[Co(en), ONOCI]Br

(C). Geometrical isomers (cisand trans) and linkage iso-
mers (-SCN and -NCS).

(C). Optical isomerism: Cis-[Co(en),Cl]
cl NH3 cl NH;

RV D L

Cis-isomer trans-isomer

(C). Both optical and geometrical isomerism areincluded
in stereoi somerism.

(D). Sulphatopentaamminecobalt (111) bromide:
[Co(SO,) (NH,)5]Br
Sulphatopentaamminecobalt(l11) chloride:
[Co(SO,)(NH,)5]C
Two compounds have different molecular formula
hence there is no isomerism between two.

(A). When different number of water moleculesare present
inside and outside the coordination sphere, the

isomers are known as hydrate isomers or solvate
isomers.

dan)

(123)

(124)

(125)

(126)

(127)

(128)
(129)
(130)

(131)

(132)

(133)

(134)

(135)

(136)

(137)
(138)

(139)
(140)

(141)

(C). cisrisomers: (a), (b)
trans-isomers: (c), (d)

(B). Linkage isomerism is exhibited by compounds
containing ambidentate ligands.
In[Pd(PPhg),(NCS),], thelinkage of NCSand Pdis
through N.

In[Pd(PPhg),(SCN),], thelinkage of SCN and Pdis
through S.

(A). [Co(en)(NH4),Cl,]Cl exists in three geometrical
isomeric forms and one of the geometrical isomers
exhibit enantiomers.

(C). Linkage isomer of [Co(NH3)sNO,]Cl, will be
[Co(NH4);ONQ]CL.,.

The name of thelinkage isomer of
[Co(NH3)sNO,]Cl, is
pentaamminenitriotocobalt(l11) chloride.

(B). Geometrical isomerism ariseswhen didentateligands
(L-L) are present in complexes of formula
[MXH(L-L),].

(A). (i) lonisation  (ii) Hydrate

(A). Linkage isomerismisshown by ambidentate ligands.

(D). Solvate isomerism is also called ‘hydrate isomerism’
wherewater isinvolved asasolvent. Itisalso similar
to ionisationisomerism. Aquacomplex [Cr(H,0)¢] Cl3
(violet) isan example of solvateisomerism.

(D). [Co(NH,) ,Cl,]NO, and
[Co(NH3),ClI(NO,)]Cl areionization isomers.

(B). It is an example of solvate isomerism as different
number of water molecules are present inside and
outside the coordination sphere.

(C). Octahedral complex of type [Magh] cannot show
geometrical isomerism.

(B). The ligands are interchanged in both the cationic
and anionic entities of different metal ionspresentin
acomplex to form coordination isomers.

(D). CrCl5.6H,0 showshydrateisomerism.
[Cr(H,0)(]Cl3 - Violet
[Cr(H,0):Cl]Cl,.H,0-Green

(C). In general, theligands can be arranged in aseriesin
theorder of increasing field strength: I~ < Br- < SCN~
<Cl <S«< F <OH <C,0, <H,0<NCS <
EDTA%* <NH;<en<NO, <CN~<CO.

(B). CN~ is strongest field ligand in the given option.

(C). In octahedral complexes, t,, orbitals possess low
energy ascompared to & orbitalswhilein tetrahedral
complexes tog orbitals possess high energy as
compared to € orhitals.

(B). Octahedral complex isformed by sp3d? hybridisation.

(B). The ligands with small value of A are called weak
field ligands whereas those with large value of A,
are called strong field ligands, hence CN~ causes
more splitting than H,O and NH,.

(A). If CFSE (Ap) < P (Energy required for pairing), the
electrons do not pair up and fourth electrons goes
to e, of higher energy. Hence, high spin complex is
formed. Pairing of electrons does not take place in
case of weak field ligands.

rrew
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(142)
(143)

(144)

(145)

(146)
(147)

(148)

(149)
(150)
(151)

(152)

(153)

(154)

(155)

(156)
(157)

(158)

(C). A =4/9A, = (4/9) (18,000 cnit) = 8000cnT

(A). Limitations of VBT —

* It does not give quantitative interpretation of
magnetic data.

* It does not distinguish between weak and strong
ligands.

* It does not explain the colour exhibited by
coordination compounds.

* |t does not give a quantitative interpretation of the
thermodynamic or kinetic stabilities of coordination
compounds.

* It does not make exact predictions regarding the

tetrahedral and square planar structures of

4-coordinate complexes.

Hexafluorocobaltate(111) ion: [CoFg]®

It is an octahedral compound. Since the compound

is high spin complex it must be sp3d? hybridised.

(A). An experimental fact depending upon the ability of
theligand to causecrystal field splitting (i.e., strength
of ligand).

(D). InFe(CO)5, Feis sp3d hybridised and thus trigonal
bipyramidal in shape.

(C). Ambident ligands show linkage isomerism
e.g.-NO,, -ONO.

(A). Crystal Field theory : The five d-orbitals in an
isolated gaseous metal atom/ion have same energy,
i.e., they aredegenerate. If aspherically symmetrical
field of negative charges surrounds the metal atorm/
ion, the degeneracy is maintained. When this
negative field is due to ligands in a complex, it
becomes asymmetrical and the degeneracy of the
d-orbitalsislifted. It resultsin splitting of d-orbitals.
This pattern of splitting depends upon the nature of
the crystal field.

(C). Tetrahedral complexes generally involve sp3
hybridisation.

(A). All the statements are correct with respect to the
geometry of complex ions.

(B). Inan octahedral crystd field, thg orbitalsare lowered
inenergy by 0.4 A,

(C). Ind® (low spin), electrons get paired up to make two
d-orbitalsempty. Hybridisation is d?sp3 (octahedral)
and the complex islow spin.

(A). Crystal field stabilisation energy for tetrahedral
complexesislessthan pairing energy hence they do
not pair up to form low spin compl exes.

(D). [CuCl 4]2‘ : Tetrahedral
[Fe(NH,)g]%* : Octahedral

(C). Homoleptic carbonyls formed by most of the
transition metals, have smple, well-defined structures
and only carbony! ligands.

(B). Inmetal carbonyls, metal isin zero oxidation state.

(D). V~ can have better back bonding with vacant p-
orbital of carbonin carbonyl, thuscarbon and oxygen
interaction (donation of electron) will be the least,
thus bond order will be the lowest.

(A). The M — C = bond isformed by the donation of apair

D).

of electrons.

(159) (C).The reciprocal of the formation constant is called

instability constant or dissociation constant.

(160) (D). Chelating ligands form more stable complexes as

compared to monodentate ligands.

(161) (D). Chlorophyll contains magnesium.
(162) (D). InK4[Cu(CN),] copper isin+1 oxidation state while

@
@

©)

4

©®)
(©)

™

®)
©
(10)
1)

(12)

(13)

inK,5[Cd(CN),] cadmiumin +2 oxidation state. The
more the oxidation state of the central metal atom,
the moreisthe stability of the complex.

EXERCISE-2
PARTA(dANDfBL KELEMENT
(C). F(OH)SO, ; FesO, —122; Fe(OH)SO,

(A). Greater the oxidation number of the metal stronger
oxidising agent, hence Ag,O ismild oxidising agent.

(A).

(i) Transition metalsand many of their compounds show
paramagnetic behaviour- It isdue to the presence of
unpaired electrons due to which they are attracted
by magnetic field and show parmagnetism.

(i) Theenthalpiesof atomisation of thetransition metals
are high - It is due to strong metallic bonding and
additional covalent bonding due to the presence of
unpaired electrons in d-orbitals due to which they
have high lattice energy and consequently high
enthalpy of atomisation.

(D) IrOn; Fe+ H20/H+ —> F6203.XH 20

(A). In photography as it is sensitive towards light.

(C). Iron is oxidised to ferrous nitrate and nitric acid is
changed to ammonium nitrate

4Fe+10HNO3 — 4Fe(NOz), + NH4NOg +3H,0

(A). Except Au all other metals, i.e., Ag, Hg and Cu are
dissolved in conc. H,SO, or conc. HNO5. The
compound X is AuCl5 which forms a complex with
HCl.

AuCl;+HCl — H[AuCI ]
It is used for toning in photography.

(C). We get a yellow filtrate (due to the presence of
CrO,~~ ioninit) and abrown residue of Fe(OH).

(C). In case of copper d-electronsareinvolved in metallic
bonding that’s why melting point of Cu is higher
than that of Zn.

(C). Cr,0/% + 14H* + 352" — 2Cr3* + 35n* + 7TH,0

(C). Mn2* (d°) is more stable than Mn3* (d%) because
Mn?2* has half-filled configuration.

(B). La(OH)4 is most basic. Hence, (1) iswrong. (I1) is
correct dueto lanthanoid contraction. (111) is correct
because Ce** tends to change to stable Cr3*.

(C). Hg, when comes in contact with Oy it forms Hg,O
which dissolves in mercury and mercury loses its
meniscus. Finaly it sticks to the surface of glass.
The phenomenon is known astailing of mercury.
2Hg + O3 — Hg,0 + O,

=
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(14) (B). Thethirdionisation energy of Mnrequired to change be the magnetic moment.
Mn2*(d®) to Mn3*(d%) is much larger due to stable lon V3  cr¥*  Fe3t  Co3t
half-filled d® electronic configuration. Outer 3d? 33  3d®  3d°
(15) (C). Cu" saltsare unstablein agueous solution since they electronic configuration
disproportionate easily to Cu and Cu?* state. No. of 2 3 5 4
(16)  (C). Zn?*— 3d'0 hasno unpaired electronsfor excitation. unpaired d-electrons
(17)  (B).Ti%" — 3d140;Sc3* — 3d0 Thus Fe3* has highest value of magnetic moment.
Mn2* — 3d°4 ; Zn?* — 3d10480 (31) (C). Potassium dichromate, on heating gives oxygen and
In Mn2* number of unpaired electron = 5. chromic oxide (Cr,Oy).
So it has maximum magnetic moment according to 4K.,Cr,0, Heat 4K ,Cr,O,+ 30, + 2Cr,0,
theformula p = yn(n+1) (32) (B). 2KI +HgCl, - Hgl , ( scarlet red) + 2KCl
(18)  (A). CrformsCrF;. Cuand NidonotformCuFgandNiF;.  (33)  (A). The transition metals and their compounds are
(19) (©).2MnO,” +H,0+17— 2MnO, + 20H™ +105~ known for their catalytic activity because of their
(20)  (A). Zn, Cd and Hg have smaller ionic radii than group-2 ability to adopt multiple oxidation statesand to form
elements because former involve 10 d-electrons complexes.
which have poor shielding effect so that electrons  (34) (B).K ,Cr,0;+H,S0, +4H,0,
are more strongly attracted towards nucleus. —K,S0,+2CrOg +5H,0
(21)  (B). Th(Z=65) have[Xe] 4f%5d%s" configuration. Tb*™  (35)  (A). Acidic strength of oxides of transition metals
o gf'évez Dal f:;' Iled ;éﬂllehe' l,i.e 4f7. increases with increase in oxidation number.
o Al o ol . /3 43 14 47
The Cul,, immediately decomposesto liberate ., and +2 +8
insolublécopper(l)iodide. ? MnO’Mn3O4’ Mn203'Mn02' Mn,07
2Cul,— 2Cul +1, Hence acidic strength is of the order of
(23) (D). 2CuSO, + 1I0KEN—2K 5[ CU(CN) 1]+ 2K 5,50, + (CN), MnO < MngO4 < Mn,0O3 <MnO, < Mn,05
(24)  (A). All thed-block elements are metals, they exhibit most Basic Amphoteric Acidic
propertiesof metalslikelustre, malleability, ductility,
high density, high melting and boiling point, 36 O chr207+HZSO4+3iO£ SO, + Cr(S0)5+ H,0
hardness, conduction of heat and electricity, etc. All (37 () The typical oxidation state of the lanthanidesis +3.
thef-block elements are also metal's but they are not The other oxidation state +2 and +4 are also exhibited
good conductors of hgat and ellectr|0|ty. However, by few of lanthanides. (These are shown by those
the colour and magnetic properties of d- and f-block elements which acquire stable configuration by
;Ier?ents depend on the number of unpaired losing 2 and 4 electrons).
ectrons.
: . (38) (B).Zn+2NaOH — Na,ZnO,, +H
(25) (B). Mélting point of Cu, Ag and Au follows the order (39) (A).In (1), Cu* is oxidailzsed aé weII2 as reduced. In (11),
Cu>Au >A_g. - ) MnO," ions are oxidised as well as reduced.
(26) (D). Elements or ions containing unpaired electrons are (40)  (A). H,0, reducesacidified KMnO, solution. Asaresuit,
parqrrlagneu ¢ 8 42- the pink colour of KMnO, is changed.
28.';‘,', B [An] 3d8 4 so, (41)  (A).InK,Cr,0,, theoxidation number of Cr = +6.
N!z . [Ar] 3d"4 The electronic configuration of Cr6* is
NI Stagj . ,4Cr%* — [Ar] 3d0 45
S So it has no unpaired electron, but is orange
|:| coloured. P ’
Because Ni2* have 2 unpaired electrons in 3d (42) (B). The ionic radii of lanthanide elements decreases
subshell thereforeiit is paramagnetic. steadily with increase in atomic number due to
(27) (D).lon T cut  zZn?* Cr3* lanthanoid contraction.
Outer 3d®  3d10  3d10  3¢3 (43) (B).Fe3*(Z=26) —»3d®
electronic configuration Mn2* (Z =25) — 3d®
No.of 0 0 0 3 (44) (C).
unpaired d-electrons (@ The transition metals generally form coloured
N N compounds - It is due to the presence of unpaired
(28)  (A). 2Na,CrO4+ 2H™ — Na,Cry07+2Na" +H,0 electrons, they undergo d-d transitions by absorbing
vellow | orange light from visible region and radiate complementry
solution solution colour.
(29) (B). Configuration 3d° has 5 unpaired electrons which (b) Transition metals and their many compounds act as
shows highest magnetic moment. good catalyst - It is due to variable oxidation states.
(30) (C). Greater the number of unpaired electrons more will They have large surface area and can form

=
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intermediate with reactants which readily changed  (13)  (A). Spin only magnetic moment = Jn(n+2) BM.
@5 (A). IMntr?7 P iogch' M Where, n = no. of unpaired electrons.
Mn’* + 5e — Mn2* Given, \/n(n+2) =2.84
Mn’* + 4e — Mn3* or,n(n+2)=8.0656 orn=2
Mn’* + e —» Mn* In an octahedral complex, for ad?* configurationina
(46) (B). The overall decreasein atomic and ionic radii from strong field ligand, number of unpaired electrons= 2.
La®* toLu®* iscalled lanthanoid contraction. Hence,  (14)  (A). If the solution is blue, then absorbed wavelength of
the correct order is light will be of orangeto transfer electronfromt,, to
Yb3t <Pm3*<Ce’t < Lad* e,
(47)  (A). Gd (Z =64) — [Xe]4f7 5d! 652 If the solution is green, then absorbed wavelength
o Gd®* — [Xe4f’ of light will be of red to transfer electron fromt, to
Gd3* is highly stable due to stable half filled €y ASAgrange < Mred
configuration. .. CFSEfor bluesolution will be maximum.
(48)  (A).Zn does not show variable valency because of  (15) (C). The two forms dextro and laevo depend upon the
completely filled *d” subshell. direction they rotate the plane of polarised lightina
(49) (B). Oxidation number of I inKI1O,=+7 polarimeter. ¢-rotates to the left and d-rotates to the
Oxidation number of Mn in potassium manganate right.
K,MnO, =+6 (16) (D).In [Cu(NH3),1SO, primary valence is 2 and
Oxidation number of Mnin potassium permanganate secondary valenceis 4.
KMnO, = +7 (17)  (C). AgCl +2NH,OH — [Ag(NH,),]Cl + 2H,0
Thus oxidation number of Mnin KMnO, isequal to Soluble complex
oxidation number of 1inKIQ,. (18) (D).[Cu(NHj),1%* is square planar involving dsp?
(50) (C). Potassium dichromate is prepared from chromite, hybridisation.
FeCr,0,. (19) (A). One mole of AgCl is precipitated, when excess of
(51) (D).lon Ti¥* v  Ccudt  sc3 AgNO; is added to the one mole of CoCl;.4NH,
Outer 3d}  3d2  3d®  3d° (green) mixed with NHs.
electronic configuration (20)  (B). Morethe number of unpaired electrons, higher isits
No.of 1 2 2 0 paramagnetism.
unpaired d-electrons Cr3*: 3d3, Fe?* : 3d6, Cu?* : 3d°,
(52) (D). Hgisthe last element of third transition series. Zn2*: 3d10
Fe?* has four unpaired electrons hence it shows
PART B RDINATION COMPOUND highest paramagnetism. o
(1) _ (C). InCuprammonium sulphate (2) (A). Inmetal qarbopyl_s, metal isin zero oxidation state.
(22) (A).Overdl dissociation constant
[Cu(NH3)41S0, IR S
co-ordination no. of Cuis4. T 21108
(2)  (B).Asit makes use of its two atoms to form two co- (23) (D). Optical isomers are mirror images and cannot be
ordinate covalent bonds with the central metal ion. superimposed on one another. These are also called
(3  (A). Theco-ordination no. = no. of ligands attached. as enantiomers.
(4)  (D).CHgLi is the organometallic compound in which (24 (A). F~ being weak field ligand results in high spin
lithium bonded with carbon and organometallic are complex.
those in which metal-carbon bond found. (25)  (B).[CO(NH)¢Br]SO, = [Co(NH.)sBr2* + SO,
(5)  (B). Theoxidation state of metal in metal carbonyl iszero. 5042_ +BaCl,—> BaSO, +2CI
® (B).3x(+D)+x+6x(-1)=0 white ppt.
orx=6-3=+3 (26) (B).[AQ(NH,),]Cl is a coordination compound
Oxidation state of Fe= +3. containing cationic complexion.
(7)  (A). Complex with sp3d hybridisation show square (27) (A). Higher the number of ionsin the solution, higher is
pyramidal geometry. the conductivity.
(8  (A). Since hybridisation is dsp? so it is square planar, No. of ions: [Co(NH,),Cl5] =0
9  (C). Ammine(NH,) isneutral ligand. [Co(NH3),Cl5]Cl =2
(10) (C). A strong field ligand produces low spin complexes. [Co(NHy)sCl]Cl,=3
(11)  (C). A person suffering from lead poisoning should be [Co(NH3)|Cl3=4
fedwith [Ca(EDTA)]% (28)  (B).Sodium nitroprusside: Na,[Fe(CN)5(NO)]
(12) (A). Anouter orbital complexis[Ni (NH3)6]2+
v
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(29) (B).Fe3*+ K [F&(CN)g] — KFe[Fe(CN)g] +3K™ X+2x0+1x(-2)=+1 .. x=3
Prussian blue (47)  (B). CuSO,+4NHz;— [Cu(NH,),1SO,
(30)  (B). 3d® has maximum number of unpaired electrons. (48)  (A).[Pt(py),] [PtCI,] : tetrakis(pyridine)platinum(II)
(31) (D).In the complex linkage, geometrical and optical tetrachloroplatinate (11).
isomerism are possible. (49) (A). A substance absorbs light at specific wavelength in
(32) (A). Co hassix coordination number hence formulae for the visible part of the spectrum and reflects the rest
compoundsA, B and C should be of the wavelengths. Each wavelength represents a
(@ [Co(NH3)6]Cl4 different colour hence corresponding colour is
(b) [CoCI(NH,):]Cl, observed.
(©) [CaCl,(NHy)-]Cl (50) (C).[Pt(NHy)ClICl, = [Pt(NH3)5CI]3++3CI‘
Primary valenceisequal to theoxidationstateof the  (51)  (B). If Ay <P, thefourth electron will go to higher energy
central metal ion. e, orbital, giving the configuration t3, elg.
(33) (D). NH,.NH, isamonodentate ligand. (52) (B).0.2 moles of AgCl are obtained when 0.1mol
(34) (D). NH5canact asbothwesk field and strong field ligand CoCl5(NHy)s istreated with excess of AQNO; which
hence forms both high spin and low spin complex. shows that one molecule of the complex gives two
(35)  (A).[Cr(H,0),Cl,]* showsgeometrical isomerism.. Cl~ ionsin solution. thus, the formulaof the complex
(36) (B).In [Co(SO,)], the oxidation state of Co is +2. is[Co(NH5)sCl]Cl,i.e, 1: 2 electrolyte.
Configuration of Co?* = 3d’, it hasunpaired electrons  (53)  (C). [Co(en),(NO,)CI]Br and [Co(en),(ONO)CI]Br are
in 3d-orbitals so it is paramagnetic. Because of linkageisomers.
incompletely filled d-orbitalsit is col oured. (54) (B).For thereaction of thetype M +4L = ML,
(37) (C).NH,"iondoesnot possessany lonepair of electrons larger the stability constant, higher the proportion
which it can donateto central metal ion henceit does of ML, that existsin solution.
not form complexes. (55) (B). A smple salt is a compound which has been pre-
(38) (B).Organometallic compounds contain metal carbon pared by the combination of two simple ions like
bond. Na" and Cl~ ionsto form NaCl. Similarly KBr, K,,S,
(39) (A).land 1l aregeometrical isomers. MgCl, CaC, etc., simpleionic salts. Another set of
(40)  (A). [P(NH3),Cl(en)NO,]Cl, simple salts can be ZnsP,, V,Og etc., which are
Diamminechloro (Ethylenediamine) nitroplatinum(IV) bonded covalently. Salts like FeSO,, Al,(COg),,
chloride. NH,Br etc., areionic, but formed by the combination
(41) (D). Fe>"+SCN(excess) — Fe(SCN), of asimpleion and a compound ion such as SO,
F (excess) 3 COL™", NH," efc. -
. . K [FeFe] (56) (C).Fe is present in the form of complex ion, i.e.,
F~ being weak ligand does not cause pairing, thus [Fe(CN),] 3~ which is not ionized to give Fe3* and
total no. of unpaired electron=5. Magnetic moment, CN-.
w=+/n(n+2) , Where n=number of unpaired electrons. (57)  (B). Metal ionswith d*, d®, d® and d” configuration can
(42) (A). Changeincomposition of coordination sphereyields form h! gn pin and '°V.V pin _compllexezs Fgr trgnsgt)l on
e metal ions with configuration d*, d<, d°, d°, d° or
ionization isomers. €.g. [CoBr(NHs)s] SO, and d10al| the octahedral complexes of agiven metal ion
[Co(SO,) (NHo)4]Br. o by b etg o
(43) (D). COand CN- arestrong field ligandswhich force the ave gpproximately the same magnetic moment an
electrons to pair up and thus complex is generally there s no high spin versus low spin complexes.
diamagnetic (58) (A). Weak field ligands produce small degree of splitting
. oL . . of ‘d’ orbitals and strong field ligands cause large
NH; is weak field ligand so that electrons remain Solitti o . o
. . . plitting. 1~ is the weakest ligand, CN~ is the
unpai rgd and comple>_< isgeneral Iy3paramagnet|c. strongest.
(44 ©). OX|dat|qn staieof Fein [Fe(CN?,G] =+3 . (59) (A). The IUPAC name of the coordination compound
EAN of iron = electrons on Fe3* + electron from six K .
CN-=23+12=35, FACN)NO]is
(45)  (B). [Co(NH)<CI]Cl, ionizesto [Co(NHz)-CI]2+ and 2CI- Potessium pentacyanonitrosylferrate(il)
These 2CI~ reacts with Ag* to form white ppt. of (60) (D). Mol. of AgCl = 4305 _ 0.03
AgCl. 1435
(46) (A). Inthegiven complex =mol of Cl~ given by the complex.
[E(en),(C,0)]*NO,~ ethylenediamineisabidentate Mol of thecomplex=100x 10-3x 0.1=0.01
ligand and (C,0,%") oxalate ion is aso bidentate [Cr(H,0)g]Cl3— [Cr(H,0)g] 3 +3CI-
ligand. Therefore co-ordination number of the 0.01moal 0.01mol  0.03mol
complexis6i.e, itisan octahedral complex. Oxidation (61)  (C). Dien (Diethylenetriamine) hasthefollowing structure
number of Einthe given complexis HZN —CH,—CH, - NH — CH,—CH, - NH2
=
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(62) (C).INHY[CO(SCN) ], Coexistsas Co?*

,7C0 1 3d” 45%; ,,Co?* : 3d’
.. Magnetic moment = ,/n(n+2)
J3(3+2) =15BM. @

EXERCISE-3

[M(abcd)] complex is square planar, so will have 3
geometrical isomers.
() @Tb)(cTd);(ii)(@Tc)(bTd); i) (@Td)(bTc)

a\M/c | a\M/b | a\M/b
d/ \b d/ \C c/ \d

@ 3

©)
0 (0]
ST —// (6)
2 8. | ©
o \/\O
O
Total no. of N - Co — O bond angles is 8.
F
0ot |
F\Xe/ ] @/SII: é
® 4 F/O\F \|F F | NF
.o F F
Squareplanar  See-Saw Tetrahedral
(sp3c?) (sp3d) (sp%) @
F ..
F/ | \F F i F NH3/ \NH3 (8)
F .e
Tetrahedral (sp3) Squareplanar ~ Square planar
(sp3d?) (dsp?)
S
©)
F C
o >a|  |a T >Na
Cl Cl (20)

Tetrahedral (sp) Tetrahedral (sp°)

2—
Cl\Pt/Cl | o2
a-— N¢ ( Square planar dsp?)

0. The chromium is in zero oxidation state having
configuration [Ar]18 3d® 4sl. The CO is a strong
field ligand so compels for the pairing of electrons.
Thus the complex has d? sp3 hybridisation and is
diamagnetic.

[Cr(CO)]
* 48 e A0
R A
Rearangement ~ d'sp° hybricization

gy = /n(n+2) =0 asthereis no unpaired electrons.

3. The algebraic sum of oxidation no. of al atomsin a
complex ion is equal to charge on that ion,

ie,a+6x(-1)=-3 - a=+3.
10.
e f f
’?\Jﬂ/f N <f‘\ o1 (A\M/;e
BZIND  VBZINC b2 IND LZING
| |_/ | I_/
C D C D
e e f f
LN gte gt e
(:\l/; (:\ e (,\l/; <:\|/;
: M_ i H M_ & : M_ i H M_ i
AL AL [FARNI VahN

C'/ D'/ C'/ D'/

e e
...................... b
’?\M/?> (’?\M/;

NADN TN PanN.

5. Hexafluoroferrate (111) is[FeF4]3~. The O.N. of Feinit
is X+(-6)=—30rx-6=-30rx=+3.

Thus in it Fe is present as Fe3*, which contains 5 un-
paired electrons.

1. The configuration of Mnis[Ar]d®. Thusit isexpected
to have 5 unpaired electrons. But the strong ligand CN~

causes the pairing of electrons as

Thus there is only one unpaired electron | eft.

36. Effectiveatomic no. (EAN) = at. no. of central atom -
oxidation state + 2 x (no. of ligands) =28 -0+ 2 x 4 = 36.
5. Electronic configuration of [FeF¢] 3-is:

3d

BEERE

=
I 167




SOAL

ODM ADVANCED LEARNING

Q.B.- SOLUTIONS

STUDY MATERIAL : CHEMISTRY

@

@

©)
O

®)
©)
™

®)
©)

(10)

(1)
(12)
(13)
(14)
(15

(16)

(17)
(18)

4s 4p 4d

|xx|xx|xx| |xx|xx| | |
'’ |
EXERCISE-4

(A).

(B).

[Cr(Ox)31*
(dextro)

mirror

[Cr(Ox)5]*
(laevo)

Both are optical isomers

©).
(D). Thestructure of complex is[Co(NH3)5Cl] Cl,
On dissolvein H,0O

[Co(NH4):CI1Cl, —¥2% 5 [Co(NH)5CI]*2+2CI-
3 molesof ions
2CI~ + 2AgNO3; —— 2AgCl + 2NO3~

(A).

©).

(B). Ammonia does not form complex in with copper in
acidic solution because protons co-ordinates with
NH3 moleculeforming NH, " ionsand NH; molecule
arenot available.

(B).

(B).

1

(D). Inaperiod : Atomic number (Z) €« ———
Atomic radius
o B, Zixn _57x106

Z; 1 Z; 1

(C). In solution phase, cerium show +4 oxidation state.

(B).

(A). Hg,Cly+ 2NH ,OH—Hg+Hg(NH,)Cl+NH,Cl + 2H,0

(A).

(C). Co-ordination number of complex compound
= No. of ligands around a metal in bonded by sigma
bond.

(D). From the option [Ni(N H3)6]+2 is an outer orbital
complex. In Ni hybridization is sp3d2.

©).

(C). [MnCl ]2 has 5-unpaired electron, [CoCl ]~ has
three unpaired electrons and [Fe(CN)6]4‘ does not
has any unpaired electron. So, the order of magnetic
moment (spin only moment) is
[MnCl,]~2 > [CoCl,]>~> [Fe(CN)g]*

=0.85A

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)
(28)
(29)

(30)

(A). Weknow that, spinonly moment = \/n(n+2) BM.

The value of 2.84 correspond to the presence of 2
unpaired e~. So, d4 systemin strong field will adopt
this arrangement as :

(T IT,

(C). Dueto Lanthanoid contraction
Zr = Hf = sameradius

(B). Lanthanoid contractionis caused dueto theimperfect
shielding on outer electron by 4f from the nuclear
charge.

(B). [Co(NO,)(NHy)sICl,
pentaammine nitrito-N-cobalt (111) chloride

Cl

AN
(D)' c C{ Cll S tetrahedral shape

— having two unpaired €~

(D). InFe(CO)g, the Fe — C bond has o-character aswell
as n-character due to back n-donation.

(A). EDTA an hexadentate ligand, so only one EDTA
moleculeisrequired for forming octahedral complex
entity.

(C).Ni*2=[Ar] 3d8
There istwo unpaired electron presence

spin only moment = \/n(n+2) =/2(2+2) = 2.84

We know that Cl isweak field ligand, so it does not
ableto pair up the oribtial e of Co*2, Fe*2 & Ni*2
and they show tetrahedral shapeit isfound that Pt*2
having mostly square planar complex withfield ligand

as halogen.
cl a 77
Cl Cl
Square planar
(D).
(D).

(D). Actinoids exhibit more number of oxidation statesin
general than Lanthanoids because the 5f orbitals
extend further from the nucleus than the 4f-orbitals.

—e
o Erf NO,
D).
L en/
[E(en),C,0)I NO;

Co-ordinationnumber =x+2x2+2=6
Oxidationnumber=x+2x0-2=+1;x=+3
en — neutral bidentate ligand

C,0,72 — negative bidentate ligand

Iy
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(3D . In [Co(CN)6]3‘, CN~isstrongfield ligand, so Agis  (39) (D). Availability of 4f electrons donot results in the
highest for [Co(CN)6]3‘, (0204)2‘, H,O, NHj are formation of compounds in +4 state for all
weak field ligand. themembers of the seires.

(32) (C). Square planar complexes can not show optical (40) (C). In the paramagnetic and tetrahedral complex
isomerism. So, option (B) and (C) are ruled out. [NiCl 4]2‘ the nickel isin +2 oxidation state and the
Compoundinoption (D) i.e. [Co(H20)4(en)]3+ hasa ion has the electronic configuration 3d8. The
plane of symmetry, so it isalso optically inactive. hybridisation scheme is as shown in figure.

(33) (A). Linkageisomerismisshown by ambidentate ligands. Ni2* [Ar] 3d8
(SCN~and NCS™ are ambidentate groups). 3d 4s ap

(349) (A). In highest oxidation state, the transition metal will
form complexes which will have large degree of |/|L|1L|1L| /] | 1 | D D:[I
covalent character, which shows acidic behaviour. [NiCl]>

(35 (B). :

(36) (A).Mn>Cr>Fe>Co AN }

(37) (B).Only option (B) is having non—-super imposable mirror .
image & hence one optical isomer. sp™ hybridisation

upm. =N (n+2) =2(2+2) =/8 =282BM
en
i (41) (B).[Cr(en),Br,] Br
e Z“ dibromidobis(ethylenediamine)chromium(l11) Bromide.
) NHs™ S (42) (D). Fe3' is easily hydrolysed than Fe?* due to more
NH; positive charge.
|ntoI ggitcgh ie‘sgge\rl-v " 43) (C). _[Co (NH3)3CI3] show fac!al as well as meridional
aplane of symmetry isomerism. But both contain plane of symmetry.
o o (44) (A).V?2* =3unpaired electrons
] Cr2* = 4 unpaired electrons
Mn2* = 5 unpaired electrons
en @ o Fe?* = 4 unpaired electrons
© Hence the order of paramagnetic behaviour should
be: V2t<Cr2*=Fe?t<Mn2*
(®) gﬁ_‘ (@ lonic size decrease fromleft to right in same period
en (3 Asperdatafrom NCERT.
Opica isomer Co3*/Co?* = 1.97; Fe3*IFe?* =0.77;
Ho P Cr3*/Cr2* =-0.41
Sc3* is highly stable (It does not show +2)
H,0 (4 The oxidation states increases as we go from group
\ 3togroup 7 in same period.
Ca:2 en (45) (B).InEq. (1) FeCl; cannot be reduced when heated in
Hzo/ air. In Eqg. (3) Fe,(SO,); cannot convert to Fe on
heating; instead oxide(s) will beformed.
© In Eq. (4) FeSO, cannot be converted to Fe on
H,0 no aptical isomer, heating; instead oxide(s) will beformed.
Horizontal planeis itistetrahedral with a o
plane of symmetry. . plane of symmvjatry Feh—e;> Fes0,

(38) (C).In case of d3 configuration, the number of unpaired . L . .
electronsremains3 whether theligand is strong field Thisreaction is corresponding to the combustion of
or weak field. The hybridisation scheme can be  Fe.0,— 9 sFe0—C e
shown asfollow : [Cr(NH)4)3* Fe "% 4 e00C 700°C _

These reactions correspond to the production of Fe
3d 4s ap by reduction of Fe;0, in blast furnace.
- ’| /| /I R (46) (D). Strong field ligands cause higher magnitude of
S crystal field splitting which is accompanied by the
d%sp? hybridisation absorption of higher energy radiation.
Hence the complex is inner orbital complex as it VIBGYOR | jocrens ng energy.
involves (n — 1) d orbitals for hybridisation, (47) (B). Chargetransfer spectrafromligand (L) to metal (M)
3.93= \n(n+2), so n = 3 (here n is number of isresponsible for color of KMnO,.
unpaired electron(s)).
[ 169
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(48) (A).TiCl5- Ziegler Nattapolymerisation
V,Og - Contact process ; PdCl, - Wacker process NH, \H EI” NH
CuCl, - Deacon's process (55 (D). Case-I: : C|0 /0 sBr-—, :CO<
a b a ¢ a b Br | “NH, Br | NH,
N N, N, NH, NH,
(49) (A). & Pt\c " Pt\b o/ Pt\d (ds) (fac isomer)
NH,
As per question a= Cl, b= py, c=NHzand Br. | ,Br
d = NH,0H are assumed. _ 2nd possibilty Br>C|O<NH
(50)  (A). CrO, ismetallic and ferromagnetic substance. L
(51) (A). [Cr(H0)gl?" =2 (A3 [1[1 [1[1] | (mer isomer)
Four unpaired e”s
Br
KAKEERER o
[Fe(H,0)g* = Fe?*, [Ar] 3¢ LEHLLLLLL HN ] NP N ]
/CO\ + Br —> _ \NH
. NH H,N 5
[Mn(H,0)g2" = Mn2*, [Ar] 365 1 [1 [1[1]1] Case-11: HN E|;r g : Elr
Five unpaired e7s (trans) mer isomer
[CoCI4]2‘2> Co?*, [Ar] 3d’ | 1L| 1L| 1 | 1 | 1 | Two isomers (fac and mer) are produced if reactant
Three unpaired s complexionisacisisomer. Only oneisomer (fac) is
formed if reactant complex ionisatransisomer.
(56) (A).[Cr(H,0)glCl3:x+0-3=0; x=+3
Nm NH Il_ NH [Cr (CGHG)Z] :x+0=0 iy x=0
(52 (A). ( b (s D K4[Cr(CN), (0), (O7) (NHy)]
NH/T ¢ NHZ/I NNH; 2+x-2-4-2+0=0;x=+6
- (57)  (B). Ayorder will becompared by spectro chemical series
s e Optaly et not by energies of violet & yellow light so A, ord
Optically active o plancof symmetry not by g yellow lignt so A oraer
o _ is[Cr(H,0)g]Cl3 <[Cr(NH5)ICly
[Co(NH,),Cl,]Cl canexistinbothcisand transform i
and both are opticaly inactive. (58) (A). p=4/n(n+2) BM.n=Number of unpaired el ectrons,
o- NH n =Maximum number of unpaired electron=5
I | : o- Ex: Mn?* complex.
HaN\C03+/ 3 HN e (59) (C). Donating atoms are both nitrogen & oxygen.
HaN-" T NH. HNT 1 Nar- (60)  (A). According to question all the complexesarelow spin.
NH;
trans cis o No. of
[Co(NH3)5Cl ] existin fac and Mer forms and both Complex | Configuration ;r;‘;?r{,i‘l
areopticaly inactive. [V(CNg)]* 2 0 3
(53) (A). Molesof complex ° 20%
100x0.1 [Cr(NH3)g]** t‘z‘geS 2
Molarity x vol I x 0.
= Yol ylo‘:)%ume(m) =000 0.01mole [Ru(NH3)g]*" 3465 1
6 0
CoCl 4 6H,0+ AgNO, - nAgCl [Fe(CNI™ | thyeg 0
Moles of ions precipitated with excess of AgNO, ] . )
(61) (B).cis—[PtCI,(NH5),] is used in chemotherapy to
22
= 12207 102 moles=0.02 inhibits the growth of tumors.
6.0x10% - (62) (B). Generally interstitial compoundsare chemicaly inert.
Number of Cl~ present in ionization sphere (63) (C). Complex is[Fe(H,0)gl, [FE(CN)g]
Mole of ion precipitated
with exess AQNOs 0.02 Com No. of .
— — — plex . - ] Magnetic
mole of complex 0.01 ion Configuration g’;ﬁtar'gﬁg moment
It means 2Cl~ ions present in ionization sphere Fe(H,0)6]%* tzztgeg 4 4.9BM
Complex is[Co(H,0)sCl]Cl,.H,O . 6 0
(54) (A) ZnO (Acid) + Na,O (Base) > Na,ZnO, Fe(CN)el 128 0 0

ZnO (Base) + CO, (Acid) — ZnCO4
Non-metal oxides are generally acidic while alkali
metal oxidesarebasic.

=
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(64)

(65)

(66)

(67)

(68)
(69)

(C). Degenerate orbitalsof [Cr(H,0)g]3*

dxy dyz dxz
Hence according to the options given,
degenerate orbitals are d,, & dyz.

A
A

©).8

J

]

T

M en
[

B

This structure does not contain plane of symmetry

hence it is optically active, rest of all options has

plane of symmetry and they are optically inactive.
(A). Tit2 = 152 252 2p% 352 3pb 302

Unpaired electrons= 2.

Spin only magnetic moment

(W=.22+2) =/8BM.
Ti*3 = 12 252 2pb 352 3p6 3d!
Unpaired electrons=1

U= J1(1+2) =+3BM.

V*2 = 182 282 2p% 352 3p6 3d3

H=3(3+2) =J15BM.
Sct3 = 15?2 282 2pb 352 3pb
pu=0

(B). A complex having strong field ligand has tendency
to absorb light of highest energy. Among the three
complexes [Co(NH3)6]+3 will absorb radiation of
highest energy and least wavelength.

[Co(N H3)5H20]3+ has field weaker than the above
compound and therefore absorb radiation of lesser
energy and more wavelength.

[CoCI(N H3)5]2+ hasthe weakest field and therefore
will absorb light of least energy and highest
wavelength.

Strength of ligand NH5 > H,0 > Cl.

(D).

©).

(@ If the complex MA,B,, is sp3 hybridised then the
shape of this complex istetrahedral this structureis
opticaly inactive due to the presence of plane of
symmetry.

A

|
M “uy B

AN

Optical isomes=0

(70)

(71)

(b) If the complex MA,B, is dsp? hybridised then the
shape of this complex is square planar.

AN wB Aot
(Cis-isomer) (Trans-isomer)

Both isomers are optically inactive due to the
presence of plane of symmetry.
Optical isomers=0

(D). Co*3 (with strong field ligands)

[/\]j %

Ao> P

v diamagnetic
1 8 ag

29

(b) If Ag<p
|7T_|I| e

Ao<Pp

A4

(AEREN W

29

(c) Splitting power of ethylenediamine (en) is greater
than fluoride (F7) ligand therefore more energy
absorbed by [Co(en),]3* as compared to [CoFg]*~.
So wave length of light absorbed by [Co(en)3]3+ is
lower than that of [CoFg]3-

4
() Ar=gA0,s0if Ay=18,000 et

A = g x 18000 =8000cmL

Statement (a) and (d) areincorrect.
18.00
2

2CrO,Cl, +4NaHS0, + 2KHSO, + 3H,0
(@
CrO,Cl,+4NaOH —> Na,CrO, + 2NaCl + 2H,0
(b)
Na,CrO, + 2H,S0, + 2H,0,

CrOg +2NaHSO, +3H,0
(©)
a=CrO,Cl,
b=Na,CrO,
c=CrO
Total number of atomina+b+c=18.

4
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(72) (D). [Magh,] type complex shows facial and meridional

isomerism.

(73)  (A).Ni(CO), H,=0B.M.
[Ni(H,0)gICl, Hy,=2.8B.M.
Nay[Ni(CN),] Uy, =0B.M.
PdCl,(PPhy), Hy,=0B.M.

(@~ (c)~(d)<(b)
(74) (D). [P(NH)4Cl]* & [Pt(NH,)Clc]~ doesnot

show geometrical isomerism. (78)
NH
9 3\Pt/CI NHg\Pt/CI
C
NHy” \NOZ NOZ/ \NH3
cis trans
» i
NH Cl NH NH;
@ o P
NHg | Br NH3 | NH3
NH; Br
cis trans (1)
(75) 20.00
L
Tt

L/“[" ------ L £ 1200=3, £ 90°=6; £ 180°=1

= Total =10

1
L

£90°=8; £ 180°=2= Total =10
L L )
(76)  (B). [Pb(F)(CI)(Br)(1)]?~ havethreegeometrical isomer so
formulafor [Fe(CN)4]"® is [Fe(CN)]3~ and CFSE for
this complex is Fe3* = 3d°4<°

<—

3

Magnetic Moment = /3 =1.73B.M
CFSE=[(-0.4x5)+ (0.6 x0)]A;=-2.04,

(77)  (A).Cr(H,0)gCl,
If magnetic mement is3.83 BM thenit contain three
unpaired electrons. It meanschromiumin +3 oxidation
state so molecular formulais Cr(H,0)g Cl.

Thisformulahave following isomers. @)

@ [Cr(H,0)g]Cl5: react with AgNO; but does not show
geometrical isomerism.

(b) [Cr(H,0)5Cl]Cl,.H,0 react with AgNO; but does not
show geometrical isomerism.

(© [Cr(H,0),Cl,]Cl.2H,0 react with AGQNO; & show

geometrical isomerism.

(d) [Cr(H,0)5Cl5].3H,0 does not react with AgNO3 &

show geometrical isomerism.
[Cr(H,0),Cl,]Cl.2H,0 react with AQNO5; & show
geometrical isomerismandit'slUPAC nomenclature
is Tetraaquadichlorido chromium (111) Chloride
dihydrate.

(D). [Co(NH3)4Cl,] has2 geometrical isomers

Cl Cl
H3N\(|:/NH3 H3N\|C/C|
H{NZ" | “NH; HN7 | SNH;

cl NH;

trans cis

cis isomer has CI-Co-Cl angle of 90°.

EXERCISE-S

PARTA(JANDfBLOCK ELEMENTS)

(A). Sc3* —— 3d0 4&°
Fe?t —— 3d6 4<°

T [

Tid* —— 3d1 40

Mn2*t —— 3d° 450

AT [

In Sc3* thereas no unpaired electron. So the aqueous
solution of Sc3* will be colourless.

(B). The cause of showing different oxidation is due to
thefact that thereis only asmall difference between
the energies of electron in the ns orbitals and (n— 1)
d orbitals with the result both ns as well (n — 1) d
electrons can be used for compound formation.
L esser energy difference between 5f and 6d orbitals
than between 4f and 5d orbitalsresult inlarger no. of
oxidation state.

(D). Sc3*: 182, 28206, 352pd0, 40 ; no unpaired electron
Cu*: 18%, 2%p%, 35%p6d10, 480 :no unpaired electron
Ni2* : 152, 252p®, 3s2p°d8, 4s0;

unpaired electron present
Tid*: 152, 25%p8, 252p6dt, 40 ;

unpaired electron present
Co?* : 152, 252p8, 3s2p®d7, 40 ;

unpaired electron present
So, from the given option the only correct
combination is Ni2* and Ti3*.

(A). Copper sulphate on treatment with excess of KCN
formscomplex K 5[ Cu(CN) 4] or Cu(CN) 4| 3
CuSO, +2KCN — Cu(CN), +K,SO,
2Cu(CN), — Cu,(CN), +(CN),

Cu,(CN), +3KCN — K4[Cu(CN) 4] + CuCN

=
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©)
©)

™

®

©)

(10)

(1)

(12)

(13)

(D). For chromiumion +3 oxidation stateis most stable.
(B). There is steady decrease in the radii as the atomic
number of the lanthanide elements increases. For
every additional proton added in nucleus the
corresponding electron goes to 4f subshell.
The shape of f-orbitals is very much diffused and
they have poor shielding effect. Theeffective nuclear
charge increases wihcih causes the contraction in
the size of electron charge cloud. Thiscontractionin
size is quite regular and known as Lanthanoid
contraction. Sincethe changeintheionicradii inthe
lanthanide series is very small, thus their chemical
propertiesaresimilar.
(B).Ti3* (2=22)
lonswhich have unpaired electrons exhibit colour in
solution.
Ti3* hasan outer el ectronic configuration of 42 3d?,
i.e., Lunpaired electron.
Thusits solution will be coloured.
SC3+ N dO
In case of La3*, 40 configuration is present and in
Lud*, 4f14 s present. So, thereis no possibility of
f-f transition, hence these ions do not appear
coloured.
(D). Electronic configurations of givenions:
NH3* (28)=[Ar] 3d”  Mn3* (25) =[Ar] 3d*
Fe3* (26)=[Ar] 3d®  Co3* (27)=[Ar] 3d°
(©). In general, the atomic and ionic radii increases on
moving down a group. But the elements of second
series (eg, Zr, Nb, Mo etc.) have the aimost same
radii asthe elementsof third transition series (eg, Hf,
Ta,W etc). Thisis because of lanthanide contraction
ie, imperfect sheilding of one 4f -electron by another.
(D). The common stable oxidation state of all the
lanthanoidsis+ 3. The oxidation state of + 2 and + 4
are also exhibited by some of the elements. These
oxidation states are only stablein those cases where
stable 4f0, 47 or 4f14 configuration are achieved.
(B). This can be understood on the basis of E° valuesfor
MZ2*/M.
EN Cr Mn Fe Co
MZ2*+/M -090 -118 044 -0.28
E° vauefor Mnismore negativethan expected from
general trend dueto extrastability of half-filled Mn2*
ion. Thus, the correct order should be
Mn>Cr>Fe>Co
An examination of E° values for redox couple M3*/
M2* shows that Cr2* is strong reducing agent

(Eyn3s jmnt = 0-41V) and liberates H,, from dilute
acids. 2Cr?* (ag) +2H* (ag) > 2Cr3* (ag) +H, T (9)
The correct order isMn > Fe> Cr > Co.
(B) K,Cr,0, +3Na,SO5 + 4H,S0,
— 3Na,SO,+K,S0, + Cry(SO, )4
(C). Médlting point of Mn and Zn haslow M.P. than their
adjacent element due to stable configuration.

(14)
(15)

(16)
17)

(18)

(19)
(20)

(21)

(22)

(23)

(24)

(25)

(26)
(27)

(28)

(29)

C). E°
() cu?ticu

(C). Has variable oxidation state
e.g. V,0g catalyst in contact process.
(C). Only Ac formAc*3
(A). (NH,),Cr,0, _A, N,+Cr,03+4H,0
do not produces O,,.
(A). Sm?* (Z2=62): [Xe] 4§16
Eu?* (Z=63):[Xe] 4f 7
Yb2* (Z=70): [Xe] 4f 14
Ce?* (Z=58) : [Xe] 4f 1541
Only Yb?* isdiamagnetic.
(A). Correct order of solubility in aqueous medium:
Na,S>2ZnS>CuS
(B). 2KMnQO, + 5H,0, + 3H,S0,
—K,S0, +2MnSO, + 8H,0 + 50,
(B). p=2.83 BM, unpaired electrons= 2

28Ni*2=3d®= [ [1,]1L[1] 1]

(A). Lanthaoid contractionisdueto negligible schielding
effect of f-orbitals.
Order of schielding effect=s>p>d>f

(B). u=2.83 BM, unpaired electrons= 2

28Ni*2=3d®= (L[ 1] 1]

(B). Thereisno changein O.N. of Ironin
Fe+5CO — Fe(CO);
ON.=0 ON.=0
(B). Zr and Hf has nearly same radius due to lanthanide
contraction.
(A). 64Gd = 5[ X €] 65 4f7 5
(C). KMnO, (Mn"*) changes to Mn?* i.e., number of
electronsinvolved per mole of KMnQ, is5.
(8 ForFeSO,; Fe?* — Fet
(No. of electron involved = 1)
S0,%~ — S0,2~ (No. of electrons = 2)
Total number of electrons=1+2=3
(b) ForFeC,0, Fe?* — Fe** (No.of electron=1)
C204 — 2CO2 (No. of electron=2)
Total number of electrons=1+2=3
(©) For F&(NO,),, Fe?* — Fe3* (No. of dectron=1)
2NO, —2NO5™ (No. of electron = 4)
Total number of electrons=1+4=5
(d) ForFesO,  Fe?* - Fe¥*
(No. of electroninvolved = 1)
Total number of electronsinvolved = 1
AsFeSO, requires|east number of electronsthus, it
will requireleast amount of KMnQO,.
(D). K5Cry,0; — Cr,(SO4) 5 green sol ution obtain where
as SO, oxidise into sulphate SO,
(K,Cr,0,+80,+H,S0,— CrZ(SO4)3 +H,0+K,S0,)
©).
(i) Lanthanon'sarelessreactive than aluminium dueto
high IP (Lanthenoid contraction)
(i) Ce**is good oxidising agent and easily converted
into Ce*3,

_ 0
=0.34 volt, other has —ve E¥gp

=
I 173




SOAL

ODI\ ADYANCED LEARNING Q.B.- SOLUTIONS STUDY MATERIAL : CHEMISTRY

(iii) Eu(63)=4f75d06s2 Eut2=4f7

(iv) In lanthenoids series 'Ce' to Lu ionic radius regular D |:|:|:|

decreases and covalent character increase, basic %2> (outer octahedra

character of hydroxide decrease.

complex & diamagnetic

(30) (B). Minimum energy gap between 5f, 6d & 7s subshell.

Thatswhy e exitation will be easier.
(31) (C). Co3 =[Ar] 3d®, Unpaired e (n) =4

Spin magnetic moment = /4 (4+ 2) = /24 BM

Cr3* =[Ar] 3d3, Unpaired e (n) =3

Spin magnetic moment = /3 (3+2) = V15 BM

Fe3* =[Ar] 3d®, Unpaired e (n) =5

Spin magnetic moment = /5(5+2) = V35 BM

Ni2* =[Ar] 3d8, Unpaired e (n) = 2

Spin magnetic moment = /2 (2+2) = J8 BM

(32) (D).Cro,> = Crb*=[Ar]
Unpaired electron (n) = 0; Diamagnetic
Cr,02~ = Crb* =[Ar]
Unpaired electron (n) = 0; Diamagnetic
MnO,2~ = MnS* =[Ar] 3d*
Unpaired electron (n) = 1; Paramagnetic
MnO,~=Mn"" =[Ar]
Unpaired electron (n) = 0; Diamagnetic

(33) (A).Manganate (MnO,%") : 5 /l\/|| n—0

o
= mn-bonds are of dr—p~ type
O
[
Permanganate (MnO,,") : O/M|”=O
o
= n-bonds are of dn—pn type
PART B RDINATION MP

(1)  (C).[Co(NHy)g®* Co3*(27-3=24)

ol 1] 1 CIT

d?%p3 (inner octahedral
complex & diamagnetic

[Cr(NHp)gl* Cr3*(24-3=21)

O] O LT

d%p3 - (inner octahedral
complex & paramagnetic

[Ni(NHZ)gl2*  Ni2* (28-2=26)

] LI

sp%d2— (outer octahedral
complex & paramagnetic

[Zn(NH,)g]?* Zn?* (30-2=28)

ND

+ +
en en
cl [ ™\
Cl
@ (©. cl e )

en en
cis-d-isomer ) cis-(-isomer

Mirror

3 (B).u=4n(n+2) ;383=/n(n+2).

Onsolving, n=3

As per magnetic moment, it has three unpaired
electron.

Cr3* will have configuration as

Cr 1s? 2% 2p6 352 3pf 3d* 482

Cr3* 12 252 2p% 352 3pb 33

T

dxy dyz dzx
So, 3dxy! 3dyz! 3dxz!

(4  (A). The given compound may have linkage isomerism
due to presence of NO,, group which may be in the
form-NO, or-ONO.

It may haveionisation isomerism due to presence of
two ionisable group — NO, & — CI. It may have
geometrical isomerismin the form of cis-transform
asfollows:

[Co(NH,),CI(NO,)INO, &

[Co(NH3)4(NO,),]Cl - lonisation isomers
[Co(NH5)5(NO,),|Cl

& [Co(NH3)5(ONO),Cl-Linkage isomers

NO; NH;
HsN I NHz  HgN I O,N
(6(0] co
HaN I NHs N I ON
NO, NH;
Trans-form Cis-form

Geometrical isomers

(5)  (B). Either a pair of crystals, molecules or compounds
that are mirror images of each other but are not
identical, and that rotate the plane of polarised light
equally, but in opposite directions are called as
enantiomorphs.

+ +
en en
c_ [ ™
Cl
a a L/

en en
cis-d-isomer . cis-(-isomer

Mirror

B
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©)

™

®)
©)

(10)

(B). Lesser isthe number of unpaired electrons smaller
will bethe paramagnetic behaviour.
As Crt*, Mn™ and Ni** contains.

Cr* (3d%

. =4 unpaired €.

Mn** (3d°)

1111111 11| =5 unpaired e,
Fe™* (3d9)

M1 11T 11 | =4 unpaired e
Ni** (38)

|’||/|1L|’|L|'| I']I =2unpaired e

AsNi** has minimum no. of unpaired e~ thusthisis
least paramagnetic.

(C). Oxidation state of Ti inthe complex [Ti(NH3)6]3+
Tid* = 152 252 2pb 352 3p6 34!
Number of unpaired electronin d orbital isone.
0O.Sof V incomplex
[V(gly)o(OH)»(NHo),]
=X+2x0+2%x(-1)+2x0=+1 .. x=+3
V3* = 182 252 2pb 352 3pf 3d?
Number of unpaired electronin d orbital istwo.
Oxidation state of Feinthe given complexis+2
Fe?t = 152 252 2p5 352 3pb 3d°
No. of unpaired electronin d orbital isfour.
Oxidation state of Co inthe given complex
[Co(0X),(OH), | =x+2x (-2) +2x (-1)=-1

=X-4-2=-1 .. x=45
(not possible, common oxidation number of
Co=+2,+3,+4)

Co®* = 12 252 2pb 352 3p6 304

It should be an inner orbital complex (d2sp3
hybridisation) containing only one unpaired el ectron.
So the complex of iron highest paramagnetismwould
be the complex of iron containing four unpaired
electrons.

(D). CN~ is the strongest ligand & thus CFSE is maxi-
mum.

(B). A speciesis coloured when it contains unpaired d-
electrons which are capable of undergoing d-d
transition on adsorption of light of a particular
wavelength.

InTiFg2~, Ti%* : 3d°, colourless

In CoFg3-, Co3* : 3d6, coloured

In Cu,Cl > Cu*: 3d19, colourless

InNiCl,#~: Ni?* : 3d8, coloured.

Thus, TiFg?~ (3d% and Cu,Cl, (3d'%) with empty
and fully filled d-orbitals appear colourless as they
are not capable of undergoing d-d transition.

(A). Optical isomerism is exhibited by only those
complexesinwhich element by symmetry are absent.
Octahedral complexes of the types[M(aa),],

[M (a@)x,, ¥,] and [M (aa), X,] have absence of
elements of symmetry, thusexhibit optical isomerism.

(1)

(12)

(13)

(14)

Here, aarepresentshidentateligand, X or y represents
monodentate ligand and M represents central metal
ion. Hence, [Co(NH3)5Cl ] 0 due to presence of
symmetry elements does not exhibit optical
isomerism.
(B). Ti** - 3d0, Cr3* - 3d
Zr?* — 3d10, s3> 3d0
Transition metal ions containing completely filled d-
orbitals or empty d-orbitals are colourless species.
(A). For the absorption of visible light, presence of un-
paired d-electrons is the necessity.
(A) [Ni (CN),]?~, Ni ispresent asNi?".
Ni2* = [Ar] 3d8 450

[Ni (CN)J?~=
3d 4s
1) (1] [T

dsp3 hybridisation
(Pairing occursbecause CN~isastrong field ligand).
Since, in [Ni(CN)4]2‘ ,nounpaired electronis present
in d-orbitals, it does not absorb visible lights.

(B) In[Cr(NHy)g]3*, Crispresent asCr3*.

Cr3* =[Ar] 3d3 4s? (Three unpaired electrons)
© In[Fe(H,0)g]%", Feispresent as Fe3*.
Fe?* = [Ar] 3d° 450 (Four unpaired electrons)

(D) In[Ni (H,0)g?*, Ni ispresent asNi?*.

Ni2* = [Ar] 3d® 4s° (Two unpaired electrons)

(D). In case of high spin complex, Agissmall. Thus, the
energy required to pair up the fourth electron with
the electrons of lower energy d-orbitals would be
higher than that required to place the electrons in
the higher d orbital. Thus, pairing does not occur.
For high spin d* octahedral complex,

L]

degenerate
d-orbitals

Crystal field stabilisation energy
=(-3x0.4+1x0.6)Ay=(-1.2+0.6) A;=-0.6 A,
(B). Complexes of [MA,B,] type exhibit geometrical
isomerism. The complex [Co(NH;),Cl,]" is a
[MA,B,] type complex and thus, fulfills the
conditions that are necessary to exhibit geometrical
isomerism. It hastwo geometrical isomersof different
colours. The structure of the geometrical isomers:

Cl Cl
HaN cl HaN NH,
Ca Cq
HaN NH3 HaN NH3
NH3 Cl
cis-form trans- form
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(15)

(16)

17)

(18)
(19)

(20)

(21)

For linkage isomerism, presence of ambidetance
ligand isnecessary. For coordination isomerism, both
the cation and anion of the complex must be complex
ions. For ionisation isomerism, an anion different to
the ligands must be present outside the coordination
sphere. All these conditions are not satisfied by this
complex. Hence, it does not exhibit other given
isomerisms.

(C). [Ni (NH3),Cl,] has tetrahedral geometry and thus,
does not exhibit isomerism due to presence of sym-
metry elements.

(C). Ni has dsp? hybridisation where CN~ is a strong

dsp2-hybridisation

ligand LI [0 [1]-

_______________

CNEG) CNG  CNO) CNE)

(D). Thecomplexes[Co(NHz)g] [Cr(CN)g] and [Cr(NH_)¢]
[Co(CN)¢] are the examples of Co-ordination
isomerism. This isomers occurs only in those
complexes in which both cation and anion are
complex. It occurs due to exchange of ligands
between cation and anion.

Py\P[/NH3APy\Pt/Br le\Pt/NH3
CI/ \Br 'CI/ \NH;Br/ \CI

(D). Co?* — 3d” 4&°

(ANANENEN

having minimum no. of unpaired electrons

(A). As + ve charge on the central metal atom increases,
thelessreadily the metal can donate electron density
into then™ orbitals of CO ligand to weakenthe C-O
bond. Hence the C — O bond would be strongest in
Mn(CO)g".

(B).

(A) [Ti (NHg)g]®* : 3d* configuration and thus has one
unpaired electron.

B) [Cr (NH3)6]3+ : The complex isinner orbital complex
but 3d3 configuration has three unpaired electrons.

(© [Co(N Hg)el3+ : Thecobaltionisin +3 oxidation state
with 3d° configuration and thus is diamagnetic
octahedral complex, [Co(NH,)g]3*, and has the
electronic configuration represented as shown bel ow.
Co3* [Ar] 3d°

4s 4p
il PO CET ]

[Co (NH,) 3
SRR AR

(inner orbital or d?sp3 hybrid orbital

low spin complex) Six pairsof electrons
fromsix NH,
molecules.

* [CoClgl*

(D) [Zn(NH,)4]%* : Because of 3d*0 configuration no (n
—1) d orbital is available for d%sp3 hybridisation and
thus forms outer orbital complex. The complex is
diamagnetic.

(A). [Ni(NHg)]%* spd? (outer), octahedral, paramagnetic
[Zn(NH)g]2* spd? (outer), octahedral, diamagnetic
[Cr(NHg)¢l3* d?sp3 (inner), octahedral, paramagnetic
[Co(NH,)]3* d?sp3 (inner), octahedral, diamagnetic

(C). NiCl, + DMG—— [Ni (DMG),]
Square planar
Itis not tetrahedral
(B). CFS.E.=(-0.4x +0.6y) Ay +zP
where x = number of electrons occupying by orbital
y = number of electrons occupying & orbital
z =number of paired of electrons
For low spin d® complex electronic configuration
222 0
29 g
Xx=6,y=0,z=3
CFSE.=(-04%x6+0x0.6) Ay+3P

= _—12A0+3P
5

t5y tg or t

(B). Magnetic moment 1.73 BM
p=+n(n+2) BM., n=no. of unpaired e
173=/n(n+2)BM. ; n=1

— Co*2;d’
Unpairede =3

*  [Cu(NHy),J%* Cut?-d°

NH, Strong field ligand, hybridisation dsp?
One e of 3d jumpsinto 4p subshell.
unpairede =1
*[Ni (CN),]>— Ni*?-d®unpairede=0
CN- - Strong field ligand dsp?
* TiCl, — Ti**dunpaired "= zero.
(B). [Cr(H,0),Cl,]Cl +AgNO,
—[Cr(H,0),Cl,INO; +AgCl |
100
1000
So, moleof AgCl =0.001
(B). [Fe(H,0)gl*®
Fet3=[Ar] 3d®

No. of mole=0.01 x =103

1111

+.6A0

ligand
1
Configuration = t,%e,>

CFSE. = (- 40X 3)+(+ 6Agx2) =-120+ 124,
CFSE=04,

4
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(28) (B). Cis—[PtCl,(NH,),]
H3N Cl
H3N Cl

cis-platin used as anticancer agent.

(29) (D). CoCl3-3NH4 is[Co(NI_-|3)3CI3] so it will not ionize
o . Tiontest.

(30) (D).[Co(CN)g]*> O.N.of Co=+3
Co*3 =450 3d°

AsCN-isstrongfield ligand so all electronswill be
paired up and complex will below spin complex.

©). [Ni(CN)A]Z‘: Oxidation stateof Ni is+2
X—=4=2; X=+2

Ni2* — [Ar]183d84<°

AT ] O]
3d 4s

(31

4p 4d

Due to presence of strong field ligand all unpaired
electrons are paired up.

3d 4s 4p 4d
Wl ECE T T
t 11t

CNTCNTCN™CN™

Hybridisation of [Ni(CN),]?~ is dsp.
(B). [F&(CN)4]*~: Hexacyanidoferrate(111) ion.
(C). [M(en),(C,0,)]Cl ; Oxidation state of M = + 3

Coordination number of M =6

(32)
(33)

Sum of oxidation state + coordination number
=3+6=9
(34) (A).[Co(en),Cl,]Cl ; Possibleisomers

() Geometrical isomers:

cl cl
cl :

cis(en (:30 translen oo len]—» Optically

— Optically , .

active

cl

(i) In trans form plane of symmetry present, so trans
formisoptically inactive but cisisoptically active.

Total number of sterecisomer=2+1=3.

(35 (C). The greater the negative charge on the carbonyl
complex, the more easy it would be for the metal to
permit itsel ectronsto participatein the back bonding,

the higher would be the M — C bond order and

(36)

37)

(38)

(39)

(40)

simultaneously there would be larger reduction in
the C-O bond order. Thus, [Fe(CO),]?~ has the
lowest C—O bond order means the longest bond
length.

(D). Jahn teller effect : Thisisgeometric distortion occur
inunsymmetrical octahedral complexesfor example

high spin complexes of (high spin)
KN KK
1111 [ARAR
Unsymmetrical Unsymmetrical

d’l1]1 d’| 1|1
AENE] AN

Symmetrical

Unsymmetrical
(B). [CO(NHg)g]Cl; —ANOs , 3mol AgCl
[CO(NH,)s ClICl, —AIMNO3 2 mol AgC

[CO(NH,),Cl,JCl A9 |

1
ofurd]

where ¢, = absorbed energy (splitting energy)

1mol AgCl

)\, = absorbed wavelength
Presenceof SFL =&, (T) 2, (1)

H,O < NH; < enligand strength T splitting
energy T so absorbed A .

(B). [MN(CN)g]3~— O.S.of Mnis(+3) ; C.N.=6
3d 4s 4p
Mt 3dt > [T AT J [T T ]

Presence of SFL (Pairing ispossible)

4s
HiEB
[d2sp3, octahedral]

(B). Based on the number of metal atoms present in a
complex, they are classified into mononuclear,
dinuclear, trinuclear and so on.

3d
[w]1]1]:

4p

eg: Fe(CO)5 : mononuclear

Co,(CO)g: dinuclear

Fe;5(CO),,: trinuclear

Hence, option (B) should be the right answer.

=
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(41)  (C).In[CoCl(en),], Coordination number of Cois6 and
this compound has octahedral geometry.

STUDY MATERIAL : CHEMISTRY

For, four ‘CO’-ligands hybridisation would be sp3
and thus the complex would be diamagnetic and of
tetrahedral geometry.

Trans-form g@sfom
(Optically inactive)  (Optically inactive)
(43) (B). K [Fe(CN)g
» Asper givenoption, typeof isomerismisgeometrical

isomerism.

Fe ground state: [Ar] 3d%4s?

Fe?* : 3040
(42) (B).Ni(28):[Ar] 3d84s? e,
COisastrongfield ligand
Configuration would be: mnnnn
Energy T__/
sp>-hybridisation (REIKIE] Spff\eéltctlal 18],
. [
AN - tg el In the presence of
: 9°9 6CN”strong fied
CO CO COCO

5
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