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1. INTRODUCTION

| 1.2 Electronicconfiguration |

() Ind-block elementswithincrease in atomic number, the d-
1.1 Definition orbitals of penultimate shell i.e. (n-1) d are gradually filled
“Theel s inwhich the last differentiating elect " by electrons. The general electronic configuration of d-
. teet:imegs|nt\)/_vta|ﬂc i atsh ifferen ;?-mite ec Lor:len_ers block element s,
into the d-orbitals o e penultimate shell i.e.
. P © (n-11) d+10, ned2.
(n-1) d where n is the last shell are called d-block elements™. 2 D i the d-orbitals of which timate shall
o . ending upon the d-orbitals of which penultimate
A transition element may also be defined as the element @) . P g up . b .
. . . oo . i.ee.n=4,5,6,7arefilled, four rows (called series) osten
which partialy filled d-orbital in their ground state or most .
.. elements each obtained. They correspond to 3d, 4d, 5d and
stable oxidation state.
Cu(Z = 29) = 1s? 232 2p° 35* 3p° 3d° 45! 6d subshells.
P P (3  Energy of ‘(n-1)d’ subshell is slightly greater than ‘ns’
Cu?* = 152252 2p° 3<? 3p° 3d° o . .
o subshell, hence orbital is filled first then (n — 1) d orbitals.
_ (Cupric fon) _ (@ The general eectronic configuration of d-block/d-series
The proper.t| es of these elements are intermediate between elements be shown as follows :
the properties of s-block and p-block elements. o 1. First (3d) Transition Series (Sc—Zn)
These elements represent a change or transition in
properties from more el ectropositive e ements (s-block) to AtNo. | 21 22 23 24 25 26 27 28 29 30
.. Element Sc_Ti \ Cr Mn Fe Co Ni Cu Zn
less electropositive elements (p-block). Therefore these  |ec.  [3qus'adas’ 3d'as ads 30°4s 3ds 3d 45 3d'45 30" 45 3d 45"
elements are called transition elements. - ]
Position inthe periodictable 2. Second (4d) Transition Series(Y-Cd)
The position of d-block element hasbeen shownin periodic AtNo. [ 39 40 41 42 43 44 45 46 47 48
table asfollows: Element Y Zr Nb Mo Tc* Ru Rh Pd Ag Cd
" ’ . E.C. 4d'5s°4d’5s” 4d*5s" 4d°5s' 4d°5s' 4d'5s'4d°5s'4d *55°4d )55 '4d °5s”
— A HIA IVA VA VIA VIIA 12 3. Third (5d) Transition Series (La—Hg)
2 13 14 15 16 17
< e AtNo. | 57 72 73 74 75 76 77 78 79 80
[DIVB VB VIB VIR oy’ L IB B Element La Hf Ta W Re Os Ir Pt Au Hg
3 4 5 6 7 8 ¢ 10 11 12 E.C. 5d'6s°5d°6s”5d°6s°5d‘6s” 5d°6s” 5d°6s°5d 65°5d°6s'5d ' %65 '5d %6’
A e R E A E I .
o Y Fh P S P T T BT 4.  Fourth (6d) Transition Series
sHlocH v |zr | Nb|Mo|Tc |Ru/Rh|Pd |ag |cd
57172(73|74 |75 |76)| 7778 | 79 | 80 At. No. 89 104 105 106 107 108 109 110 111 112
La |Hf|Ta|W |Re (Os|Ir |Pt |Au [Hg
59 |104hos [106i10708 05116 (111 11z Element| Ac Ku Ha Sg Bh Hs Mt Uun Uuu Uub
Ac[R¢ [pn| sg|Bh [H1s Mt [oun|vuu]oun (Unh) (Uns) (Uno) (Une)
: E.C. 6d'7s°6d°7s”6d°7s°6d*7s” 6d°7s°6d°7s°6d ' 75°6d°7s°6d 7s'6d 7S’
fblock
s Exceptional configuration of Cr and Cu. The exceptions
o observed in the first series are in case of electronic
(1) d-block elements lie in between ‘s” and “‘p’ block elements, configurations of chromium (Z = 24) and copper (Z = 29). It

2

i.e. these elements are located in the middle of the periodic
table.

d-block elements are present in,

4" period (,,Scto , Zn, 10 elements) — 1% Transition series.
5" period (.Y to ,Cd, 10 elements) — 2™ Transition series.
6" period (L a, ,Hf to  Hg, 10 elements) — 3 Transition
series.

7" period (Ac, , Rf to, Uub, 10 elements) — 4" Trangtion
series.

may be noted that unlike other elements, chromium and
copper have asingle electron in the 4s-orbital. Thisis due
tothegain of additona stability by the atom by either having
half-filled configuration (i.e., containing 5 electronsin the
d-sublevel) or completely filled configuration, (i.e.,
containing 10 electronsin the d-sublevel). The 3d-level in
case of chromium getsexcatly half-filled with configuration
3d° 4s! and that in case of copper, it gets completely filled
with configuration 3d™ 4s'. This can be explained on the
basis of exchange energy



(if)

Thus, the electronic configuration of chromium (Z = 24)
and copper (Z =29) are 1s? 2? 2p® 3¢* 3p° 3d° 4s! and 1522
2p° 3s° 3p° 3d° 4s! respectively.

1.3Properties

AtomicRaddii

Theatomic radii of thetransition metal sliein-between those
of s- and p-block elements.

Generally the atomic radii of d-block elementsin a series
decreaswith increase in atomic number but the decreasein
atomic sizeissmall after midway.

Explanation

(i)

The atomic radius decreases with the increase in atomic
number as the nuclear charge increases whereas the
shielding effect of d-electronissmall. After midway, asthe
electronsenter thelast but one (penultimate) shell, the added
d-electron shields (screens) the outermost electron. Hence,
with the increase in the d-electrons, screening effect
increases. This counterbalances the increased nuclear
charge due to increase in atomic number. As aresult, the
atomic radii remain practically same after chromium. For
example in Fe, the two opposing tendencies al most
counterbalance and thereis no change in the sizefromMn
toFe.

At the end of the period, there is a dight increase in the
atomicradii.

Explanation

(iv)

0]

(i)

(i)

Near the end of series, the increased electron-electron
repulsions between added electrons in the same orbitals
are greater than the attractive forces due to the increased
nuclear charge. Thisresultsin the expansion of the electron
cloud and thus the atomic radius increases.

Theatomic radii increase down the group. This meansthat
the atomic radii of second series are larger than those of
first transition series. But the atomic radii of the second
and third transition series are almost the same.

The atomic radii of the elements of the second and third
transition metals are nearly same due to lanthanide
contraction (or also called lanthanoid contraction)
discussed later.

1.4lonicradii

The trend followed by the ionic radii is the same as that
followed by atomic radii.

lonic radii of transition metals are different in different
oxidation states.

Theionicradii of thetransition metalsare smaller than those
of the representati ve el ements bel onging to the same period.

| 1.5 M etallic char acter

Except for mercury which is a liquid, all the transition
elements have typical metallic structure. They exhibit all
the characteristics of metals. ductile, have high melting and
boiling points, high thermal and electrical conductivity and
high tensile strength.

Transition elements have relaively low ionization energies
and have one or two electronsin their outermost energy level
(nstor ng?). Asaresult, metallic bondsareformed. Hence, they
behave asmetals. Greater the number of unpaired d el ectrons,
stronger is the bonding due to the overlapping of unpaired
€lectrons between different metal atoms.

1.6 MdtingPoint

Transition metals have high melting points which is due to
their strong metallic bond. The metallic bond. The metalic
bonding depends upon the number of unpaired e. The
melting point first increases (Sc-Cr), reachesamaximumvalue
(Cr) and then decreases (Fe-Zn)

* Tungsten (W) has the highest melting point.

* Mercury (Hg) has the lowest melting point.

* Mn has the lowest melting point in 3d series typicl
transition elements.

1.7 lonisation ener giesor lonisation enthalpies

Thefirg ionisation enthal piesof d-block elementsliebetween
s-block and p-block elements. They arehigher thanthoseof s-
block elements and are lesser than those of p-block elements.
The ionisation enthalpy gradually increases with increase in
atomic number along a given trangtion series though some
irregularities are observed

Explanation

0

(i)

The increasing ionization enthalpies are due to increased
nuclear charge with increasein atomic number which reduces
the sze of the atom making the remova of outer electron
difficult.

Inagiven series, the differencein the ionisation enthalpies
between any two successive d-block elementsisvery much
less than the difference in case of successive s-block or p-
block elements.

Explanation

(i)

(iv)

The addition of d electrons in last but one [(n — 1) or
penultimate] shell with increase in atomic number provides
a screening effect and thus shields the outer s electrons
from inward nuclear pull. Thus, the effects of increased
nuclear charge and addition of d electrons tend to oppose
each other.

Thefirgt ionization enthal py of Zn, Cd and Hg are, however,
very high because of the fully filled (n-1) d° ns?
configuration.

Although second and third ionization enthalpies aso, in
general, increase along a period, but the magnitude of
increase for the successive elements is much higher.
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The high values of 3rd ionization enthalpiesfor Cu, Ni and
Zn explain why they show amaximum oxidation state of +2.

Thefirst ionisation enthal pies of 5d elements are higher as
compared to those of 3d and 4d elements. Thisis because
theweak shielding of nucleusby 4f electronsin 5d el ements
results in greater effective nuclear charge acting on the
outer valence electrons.

1.8. Oxidation state

“The net numerical charge assigned to an atom of an element
in its combined state is known as its Oxidation state or
Oxidation number”.

With the exception of few elements, most of the d-block
elements show morethan one oxidation statei.e. they show
variable oxidation states. The elements show variable
oxidation state because of following reasons:

‘(n-1) d” and ‘ns’ orbitals in the atoms of d-block elements
have almost same energies and therefore electron can be
removed from ‘(n-1)d’ orbitals as easily as ‘s’ orbitals
electrons.

After removing ‘s’ electrons, the remainder is called Kernel
of the metal cations. In d-block elements, the kernel is
unstable and therefore it loses one or more electrons from
(n—1)d electrons. This results in formation of cations with
different oxidation states.

All transition elements show variabl e oxidation state except
last element in each series.

Minimum oxidation state = Total number of electronsin 4s
lost. Maximum oxidation state= (Total number of electrons
in 4s + number of unpaired electronsin 3d lost).

@

O]

©

U]

®

©

In‘3d’ seriesall element contain 2 electronsin ‘4s and hence
they all give a common minimum oxidation state of +2.
(Except ‘Cr’ and ‘Cu’ where minimum oxidation stateis+1.]
The maximum oxidation state is given by Mni.e. Mn* in
which two electronsare removed from 4sand five unpaired
electronsareremoved from 3d orbitals.

The highest oxidation state is shown by Ruthenium (Ru)
and Osmium(Os) i.e. +8.

Acrossthe period oxidation stateincreasesand it ismaximum
at the centre and than decreases even if atomic number
increases. The el ement which shows highest oxidation state
occur inthe middle or near the middle of the seriesand than
decreases.

Transition metals also show zero oxidation states in metal
carbonyl complex. (Nickel tetracarbonyl).

Example: Ni in Ni (CO), haszero oxidation state.

The bonding in the compounds of lower oxidation state
(+2, +3) ismostly ionic and the bonding in the compounds
of higher oxidation state is mostly covalent.

The relative stabilities of some oxidation states can be
explained on the basis of rule extra stability, according to
which d°, d® and d*° are stable configurations.

For example, the stability order of someionsisasfollows:
Ti* (3d°, 49°) > Ti®(3dt, 4Y)

Mn? (38, 48°) > Mn®* (3d*, 4%

Fe*, (3d°, 4°) > Fe** (3d°, 4%

Cu*? ismore stable than Cu** even when Cu*t is 3d'° while
Cu*?is 3d due to high heat of hydration.

Variable oxidation states shown by 3d-seriesof d-block el ements.

Oxidation Sates

ELECTRONIC Sc Ti \/ 0] Mn Fe Co Ni Cu Zn
CONFIGURATION dlSZ dZSZ d3SZ d4SZ dSSZ dGSZ d752 d852 d952 leSZ
d°st 101
%) 1 +
L
|<T: +2 +2 +2 +2 +2 +2 +2 +2 +2 +2
G +3 +3 +3 +3 +3 +3 +3 +3 +3
P
9 +4 +4 +4 +4 +4 +4 +4
<
) +5 +5 +5 +5 +5
(>§ +6 +6 +6
+7




0]

(i)

(i)

1.9 Sandard electrode potentials (E°) and chemical
reactivity

Thermodynamic stability of the compounds of transition
elements can be evaluated in terms of the magnitude of
ionisation enthalpies of the metals — smaller the ionisation
enthalpy of the metal, stabler is its compound.

In solution, the stability of the compounds depends upon
electrode potentials rather than ionization enthalpies.
Electrode potential values depend upon factors such as
enthalpy of sublimation (or atomisation) of the metal, the
ionisation enthalpy and the hydration enthalpy, i.e.,

M (s)—2" M (g), (A, H isenthalpy of sublimation/
atomisation)

M (s)—2"5M*(g)+e, (A H isionisation enthalpy)

Ahde

M*(g)+ag—>—M"(aq), (A, H is enthalpy of
hydration)

The total energy, A, H, for the process involving
sublimation, ionisation and hydration simultaneoudly, i.e.,

for the process, M (s)——M™(ag)+e, will bethe sum
of the three types of enthalpies, i.e.,

AtH=Ag,H+AH+A, H.

Thus, A, H, isthe total enthalpy change when solid meal,
M is brought in the agueous medium in the form of
monovalent ion, M* (ag).

M(s) —T M’ (aq)

I
A H l III

M(g) —mi> M (g)

A H

TrendsintheM#/M Sandard Electrode Potentials

Thereisno regular trend in the E° (M?*/M) values. Thisis
becausetheir ionization enthalpies (I, + 1E,) and sublimation
enthalpies do not show any regular trend.

The genera trend towards less negative E° values along
the series is due to the general increase in the sum of first
and second ionization enthalpies.

Copper shows a unique behaviour in the series asiit is the
only metal having positive valuefor E°. This explains why
is does not liberate H, gas from acids. It reacts only with
the oxidizing acids (HNO, and H,SO,) which are reduced.
Thereason for positive E° value for copper isthat the sum
of enthal pies of sublimation and ionization is not balanced
by hydration enthalpy.

(iv)

Thevaluesof E°for Mn, Ni and Zn are more negative than
expected from the general trend. This is due to greater
stability of half-filled d-subshell (¢°) inMn?*, and completely
filled d-subshell (d*°) in Zn?*. The exceptional behaviour of
Ni towards E° valuefromtheregular trend isdueto itshigh
negative enthalpy of hydration.

TrendsintheM3/M 2" Sandard Electrode Potentials

0

(i)

(i)

(iv)

Y

0

(i)

(i)

(iv)

A very low value for E° (Sc*/Sc?) reflects the stability of
Sc3* ion which has a noble gas configuration.

Thehighest valuefor Znison account of very high stability
of Zr?* ion with d'° configuration. It is difficult to remove
an electron from it to change it into +3 state.

The comparatively high value of E° (Mn*/Mn?*) shows
that Mn?* is very stable which is on account of stable d®
configuration of Mn?,

The comparatively low value of E° (Fe*/Fe?*) ison account
of extragtability of Fe** (), i.e., low third i onization enthal py
of Fe.

The comparatively low value for V is on account of the
stability of V2 ion due to its half-filled tgg configuration
(discussed in unit 9).

Chemical Reactivity and E° Values. Thetransition metals
vary very widely in their chemical reactivity. Some of them
are highly electropositive and dissolve in mineral acids
whereas a few of them are ‘noble’, i.e., they do not react with
simpleacids. Someresultsof chemical reactivity of transition
metalsasrelated to their E° values are given below :

The metals of thefirst transition series (except copper) are
relatively more reactive than the othr series. Thus, they are
oxidized by H* ions though the actual rateis dow, e.g., Ti
and V are passive to dilute non-oxidizing acids at room
temperature.

As dready explained, less negative E° values for M#/M
along the series indicate a decreasing tendency to form
divaent cations.

More negative E° values than expected for Mn, Ni and Zn
show greater stability for Mn?, Ni?* and Zn?*.

E° values for the redox couple M*/M?" indicate that Mn®*
and Co** ions ar the strongest oxidizing agents in agueous
solution whereas Ti?*, V2" and Cr?* are strongest reducing
agents and can liberate hydrogen from adilute acid, e.g., 2

Cr** (ag) + 2H* (ag) ——> 2Cr* (ag) + H, (9)

1.10Catalytic Property |

Most transition elements and their compounds have good
catalytic properties because

(a) They possess variable oxidation state.



(b) They provide alarge surface areafor the reactant to be

absorbed.
Catalysts Uses

TiCl,+Al (CHy), Ziegler-Natta catalyst, used in
polymerisation of ethylene

V.0, Contact process SO, — SO,

Fe Haber Bosch process

PdCl, Wacker’s process for CH,CHO
manufacturing

Pd Hydrogenation of akene, alkyne
etc

Pt/PtO Adam’s catalyst for selective
reduction

Pt Catalytic convertor, for
cleaning
car exhaust fumes

Pt/Rh Ostwald’s process :
NH,— NO

Cu Oxidation of alcohols

[ 1.11 M agnetic Behaviour |

When a substance is placed in a magnetic field of strength
H, the intensity of the magnetic field in the substance may
be greater than or less than H. If the field in the substance
is greater than H, the substance is a paramagnetic material
and attractsline of force. If thefield in the substanceisless
than H, the substance isdiamagnetic. Diamagnetic materials
tend to repel lines of force. The magnetic moment of a
substance depends on the strength of magnetic field
generated dueto electronic spin, thereisachangein electric
flux whichleadsto induction of magneticfield. Theelectron
is also under orbital angular momentum or orbital spin. It
leads to generation of magnetic moment.

Infirgt transition e ements seriesthe orbital angular magnetic
moment isinsignificant the orbital contributionisquenched
by the electric fields of the surrounding atoms so magnetic
moment is equal to the spin magnetic moment only.

Heif = n(n+2)BM

n — no. of unpaired electron.

Maximum transition elements and compounds are
paramagnetic due to presence of unpaired electrons.

2. COMPLEX FORMATION

0
(i)

(i)

0

(i)

(i)
(iv)

Transition metal ions form a large number of complex
compounds. Complex compounds are those which have
ametal ion linked to anumber of negativeions (anions) or
neutral molecules having lone pairs of electrons. These
ions or molecules are called ligands. They donate lone
pairsof eectronsto the central transition metal ionforming
coordinate bonds

A few examplesaregiven below :

[Fe(CN).J*, [Fe(CN)J*, [CUu(NH,) ], [Zn(NH,) ],
[Ni(CN),J> and [Ptcl J>

Such complex compounds are not formed by s- and p -
block elements.

Explanation. The transition elements form complexes
because of the following reasons :

Comparatively smaller sizeof their metal ions.
Their high ionic charges.
(Because of (i) and (ii), they have large charge/sizeratio)

Availability of vacant d-orbitals so that these orbitals can
accept lone pairs of electrons donated by the ligands.

2.1 Intergtitital Compounds |

The transition metals form a large number of interstitial
compounds in which small atoms such as hydrogen,
carbon, boron and nitrogen occupy the empty spaces
(interstitia sites) intheir lattices (Fig.).

They are represented by formulaelike TiC, TiH,, Mn /N,
Fe,H, Fe,C etc. However, actually they are non-
stoichiometric materias, e.g., TiH, ,, VH_ etc. and the
bonds present in them are neither typically ionic nor
covalent. Some of their important characteristics are as

follows:

They are very hard and rigid, e.g., steel which is an
interstitial compound of Feand Cisquite hard. Similarly,
some borides are as hard as diamond.

They have high melting pointswhich are higher than those
of the pure metals.

They show conductivity like that of the pure metal.

They acquire chemical inertness.

2.2Alloy formation |

Alloys are homogeneous solid solutions of two or more
metals obtained by melting the components and then
cooling the melt. Theseareformed by metalswhose atomic
radii differ by not more than 15% so that the atoms of one
metal can easily take up the positionsin the crystal lattice
of theother (Fig.)

Now, as transition metals have similar atomic radii and



other characteristics, hencethey form alloysvery readily.
Alloys are generally harder, have higher melting points
and moreresistant to corrosion than theindividiual metals.

Themost commonly used aretheferrousalloysthe metals
chromium, vanadium, molybdenum, tungsten and
manganese are used in the formation of aloy steels and
stainless steels. Somealloys of transition metal swith non-
transition metals are also very common. e.g., brass
(Cu+ Zn) and bronze (Cu + Sn)

TRAPPED ATOMS

Formation of interstitial compounds.

ATOMS OF METAL M

—— ATOMS OF
| -METAL M’

Formation of alloys.

3. COMPOUNDS OF TRANSITION ELEMENTS

(if)

(i)

(iv)

(v)

The metals of the first transition series form oxides with
oxygen at high temperature.

Theoxidesareformed intheoxidation, states+1to +7 (as
givenin Table8.10, page 8/14).

The highest oxidation state in the oxides of any transition
metal isequal to itsgroup number, e.g., 7inMn,O.. Beyond
group 7, no higher oxides of iron abov Fe,O are known.
Some metalsin higher oxidation state stabilize by forming

oxocations, eg.,V¥Vas VO, ,VVasVO* and Ti"V as TiO*.

All the metals except scandium form the oxides with the
formula MO which areionic in nature. As the oxidation
number of the metal increases, ionic character decreases,
e.g., Mn,O, isacovalent green oil. Even CrO, and V,O,
have low melting points.

+8/3 +3 +4 +7

+2
MnO  Mn,O, Mn,0, MnO, Mn,0O,

In general, the oxidesin the lower oxidation states of the
metals are basic and in their higher oxidation states, they
are acidic whereasin theintermediate oxidation state, the

oxidesare amphoteric.

For example, the behaviour of the oxides of manganese
may be represented as follows:

+2 +8/3 +3 +4 +7
MnO  Mn,O, Mn,0, MnO, Mn,O,
Basic Amphoteric  Amphoteric  Amphoteric Acidic

Thus, Mn,O, dissolvesin water to give the acid HMnO,.

3.2KMnO, Potassium per manganate |

Itisprepared fromthe ore called chromite or ferrochrome
or chrome iron, FeO.Cr,O,. The various steps involved
areasfollows:

Preparation of sodium chromate. The ore is finely
powdered, mixed with sodium carbonate and quick lime
and then roasted, i.e., heated to rednessin areverberatory
furnace with free exposure to air when sodium chromate
(yellow incolour) isformed and carbon dioxideisevolved.
Quick lime keeps the mass porous and thus facilitates
oxidation.

4Fe0.Cr,0, + 8Na,CO,+ 70,—> 8Na,CrO, + 2Fe,0, + 8CO,

(i)

Chromite ore Sod. chromate  Ferric oxide

After thereaction, the roasted massisextracted with water
when sodium chromateis completely dissolved whileferric
oxide is left behind. Ferric oxide is separated out by
filtration.

Conversion of sodium chromate into sodium dichromate.
Thefiltrate containing sodium chromate sol utionistreated
with concentrated sul phuric acid when sodium chromate
is converted into sodium dichromate.
2Na,CrO,+H,SO,—— Na,Cr,0,+ Na,SO, + H,0
Sod.chromate (Conc.) Sod. dichromate
Sodium sulphate being less soluble crystallizes out as
decahydrate, Na,SO,. 10H,0 and is removed. The clear
solution is then evaporated in iron pans to a specific
gravity of 1.7 when a further crop of sodium sulphateis
formed. It is removed and the solution is cooled when
orange crystals of sodium dichromate, Na,Cr,O,. 2H,0
separate on standing.

(i) Conversion sodium dichromate into potassium
dichromate. Hot concentrated solution of sodium
dichromateistreated with cal cul ated amount of potassium
chloride when potassium dichromate, being much less
soluble than sodium salt, crystallizes out on cooling as
orange crystals.

Na,Cr,0, +2KCl —— K,Cr,0O,

Sodium dichromate

+2NaCl

Potassium dichromate



3.3Properties

Colour and M éting point. It formsorange crystalswhich
melt at 669 K.

Solubility. It ismoderately solublein cold water but freely
soluble in hot water.

Action of heat. When heated to a white heat, it
decomposes with the evolution of oxygen.

4K ,Cr,0, —> 4K ,CrO, + 2Cr,0, + 30,

Action of alkalies. When an akali isadded to an orange
red solution of dichromate, a yellow solution results due
to the formation of chromate.

K ,Cr,0, + KOH—— 2K ,Cr0,+ H,0

Pot. dichromate Pot.chromate

or  Cr,05 +20H ——2CrO; +H,0

On acidifying, the colour again changes to orange red
dueto the reformation of dichromate.

2 K,Cro, +H,S0, ——K,Cr,0, + K,S0, + H,0

or 2CrOy +2H"——Cr,07 +H,0

This interconversion is explained by the fact that in

dichromate solution, the Cr,0%" ions are invariably in

equilibriumwith CrO; ionsatpH =4, i.e,

pH=4

2
Cr,0; +H,0
Orange red
(dichromate)

2CrO; +2H"

Yellow
(chromate)

Onaddinganalkali (i.e., increasing the pH of the solution),
the H* ions are used up and according to the law of
chemical equilibrium, thereaction proceedsintheforward
direction producing yellow chromate solution. On the
other hand, when an when an acid isadded (i.e., pH of the
solution is decreased), the concentration of H* ions is
increased and the reaction proceeds in the backward
direction producing an orange red dichromate solution.

Action of concentrated sulphuricacid

() Incold, red crystals of chromic anhydride (chromium
trioxide) areformed.

K,Cr,0, + 2H,S0, —— 2CrO, + 2KHSO, + H,0
(b) On heating the mixture, oxygenisevolved.
2K ,Cr,0, +8H,S0, — 2K ,SO, + 2Cr, (SO, ),

+8H,0+30,

0

(i)

(i)

(iv)

Y

Oxidising properties. It isapowerful oxidising agent. In
the presence of dilute sulphuric acid, one molecule of
potassium dichromate furnishes 3 atoms of available
oxygen as indicated by the equation :

K,Cr,0, +4H,S0, —K,SO, +Cr, (SO, ), +

3

4H,0+30

or  Cr,05 +14H" + 66 ——2Cr* + 7H,0

Mol. wt. :&: 49
6 6

Eg. wt. of K,Cr,0, =

Itliberates|, fromKI

K,Cr,0, +7H,S0, + 6KI — 4K ,SO, + Cr, (SO, ),

+3l,+7H,0

It oxidises ferrous saltsto ferric salts
K,Cr,0, +7H,S0, + 6FeSO, — K ,SO, +Cr, (SO,),

+3Fe, (8.04)3 +2H,0
It oxidises H,S to sulphur
K,Cr,0, +4H,S0, + 3H,S——K,SO, +Cr, (SO, )5

+7H,0+3S

It oxidises sulphites to sulphates and thiosulphates to
sulphates and sulphur

K ,Cr,0, +4H,S0, +3Na,S0, —— K S0, +Cr, (S0, ),
+4H,0+3Na,SO,

It oxidises nitritesto nitrates

K,Cr,0, +4 H,S0, +3NaNO, — K ,SO, +Cr, (SO,),
+3NaNO,+4H,0

It oxidises halogen acids to halogen

K,Cr,0, +14 HCl —— 2KCl + 2CrCl, + 7H,0+3Cl,

It oxidises SO, to sulphuric acid

K,Cr,0, +H,S0, + 330, — K SO, +Cr, (S0, ), + 3H,0

It oxidises stannous salts to stannic salts

Cr,07 +14 H* +3Sn” ——2 Cr* +3Sn* +3Sn*™ +7 H,0

It oxidises ethyl alcohal to acetaldehyde and acetic acid.

K,Cr,0, +4H,50, ——>K,S0, +Cr, (SO, ), + 4H,0+30

CH,CH,OH+ 0——CH,CHO+H,0

Ethyl acohol



CH,CHO+ O——> CH,COOH

Acetaldehyde Acetic acid

Test for a drunken driver. The above reaction helps to
test whether a driver has consumed alcohol or not. he is
asked to breatheinto the acidified K Cr,O, solution taken
inatest tube. If the orange colour of the solution changes
into green colour (dueto Cr,(SO,), formed in thereaction),
the driver is drunk, otherwise not.

7. Chromyl chloridetest (Reactionwithachlorideand conc.
sulphuric acid). When heated with concentrated
hydrochloric acid or with a chloride and strong sulphuric
acid, reddish brown vapours of chromyl chloride are
obtained.

K ,Cr,0, +4KCl + 6H,S0, ——> 2Cr0,Cl, + 6KHSO, + 3H,0

Chromyl chloride
(Red vapour)

8. Reaction with hydrogen peroxide. Acidified K,Cr,0O,
solution reacts with H,O, to give a deep blue solution
dueto the formation of peroxo compound, CrO (O,),.

Cr,0> +2H" +4 H,0,——2 CrO,+5H,0

The blue colour fades away gradually due to the
decomposition of CrQ, into Cr** ions and oxygen.

O\ 8]
The structure of CrOSisl Cf/| inwhichCrisin+6
oI ™6

oxidation state.

0] Involumetric analysis, it isused asaprimary standard for
the estimation of Fe?* (ferrous ions) and |- (iodides) in
redox titrations.

Note
Na,Cr,O, isnot used in volumetric analysis because it is
deliquescent.

(i) In industry, it is used
(@ Inchrometanning in leather industry.

(b) Inthe preparation of chrome aum K,SO,.Cr,(SO,)..
24H,0 and other industrially important compounds
such asCr,0,, CrO,, CrO,Cl,, K,CrO,, CrCl etc.

(©) Incalico printing and dyeing.

(d) In photography and in hardening gelatine film.

(iii) In organic chemistry, it is used as an oxidising agent.

Sructuresof chromateand dichromateions.
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| 34 Potassum Permanganate(KMnO,) |

Preparation

Onalargescale, itisprepared fromthe mineral, pyrolusite,
MnQ,. The preparation involvesthe following two stesp:

0] Conversion of MnQ, into potassiummanganate. Thefinely
powdered pyrolusite mineral is fused with potassium
hydroxide or potassium carbonate in the presence of air
or oxidising agent such as potassium nitrate or potassium
chlorate when green coloured potassium manganate is
formed.

2MnO, + 4KOH + O, —— 2K,MnO, +2H,0

Potassium manganate
2MnO, + 2K ,CO, + O, ——> 2K,MnO, +2 CO,
MnNO, +2KOH+KNO, —— K MnO,+KNO,+H,0

3VIN0, +6KOH+K A0, ——> 3K MnO,+KA+2H,0

Potassium manganate thus formed undergoes
disproportionation in the neutral or acidic solution as

foIIows if allowed to stand for sometime:
VIl

v
3Mn02‘ +4H" ——>2 MnO, + MnO, +2H,0

M anganatel on Permanganate ion
(i) Oxidation of potassium manganate to potassium
permanganate.

(a) Chemical oxidation. The fused massis extracted with
water and the solution after filtration is converted into
potassium permanganate by bubbling carbon dioxide,
chlorine or ozonised oxygen through the green solution.

3K,MnO, +2C0O, —— 2KMnO, + MnO, { +2K,CO,
2K,MnO, +Cl, —2KMnO, + 2KCl
2K ,MnO, +H,0+ 0, ——2KMnO, + 2KOH + O,

The carbon dioxide processis uneconomical asonethird
of the original manganate is reconverted to manganese



dioxide. However, this process has the advantage that
the potassium carbonate formed as a by-product can be
used for the oxidative fusion of manganese dioxide. In
the chlorine process, potassium chloride obtained as a
by-product is lost.

PROPERTIES

1.

@

0]

Colour. Potassium permanganate exists as deep purple
black prisms with a greenish lustre which become dull in
air dueto superficial reduction.

Solubility. It is moderately soluble in water at room
temperature and it is more soluble in hot water.

Action of heat. When heated to 513 K, it readily
decomposes giving oxygen.
2KMnO, — K ,MnO,+Mn0O, + O,

Pot. manganate

At red heat, potassium manganate formed decomposes
into potassium manganite (K,MnQO,) and oxygen.

2K,MnO, —— 2K ,Mn0O; + O,
Action of heat in current of hydrogen. Whenheatedina

current of H,, solid KMnO, gives KOH, MnO and water
vapours.

2KMnO, +5H, —2 5 2KOH + 2MNnO+4H,0

Oxidising property. Potassium permanganateis powerful
oxidising agent. The actual course of reaction depends
on the use of the permanganate in (a) neutral (b) alkaline
or (c) acidic solution.

In neutral solution. Potassium permanganate acts as a
moderate oxidising agent in neutral aqueous solution
because of the reaction :

2KMnO, + H,0—— 2KOH + 2MnO, + 30
or MnO, +2H,0+3€ ——>MnO, +40H"

Thus, MnO, ion gains 3 electrons. Also, according to

the above equation, in neutral medium, from two moles of
permanganate, three oxygen atoms are available. In fact,
during the course of reaction, the akali generated renders
the medium alkaline even when we start with neutral
solutions. Hence, Eq. wt. of KMnO, in neutral or weakly
akalinemedium

_Mol.wt. 158 _,
3 3

Someoxidizing properties of KMnO, inthe neutral medium.
These are given below :

It oxidises hot manganous sul phate to manganese dioxide.

2KMnO, +3MnS0, + 2H,0——K,S0, + 2H,S0, +5Mn0,

Presence of ZnSO, or ZnO catalyses the oxidation.

(i)

(i)

®)

It oxidises sodium thiosul phate to sodium sulphate.
8KMnO, +3Na,S,0, + H,0— 3K ,SO, +8Mn0, +
3Na,S0, + 2KOH
It oxidises hydrogen sulphide to sulphur.

2KMnO, +4H,S—— 2MnS+S+K,SO, +4H,0

In alkalinesolution. Instrongly alkalinesolution, MnO3
(manganate) ion is produced.

2KMnO, + 2KOH—— 2K ,MnO, +H,0+0O or
MnOj +& ——>MnO?

Mol. wt. :£]-8:158

Eq. wt. of KMnO, =

Potassium manganate is also further reduced to MnO,

when a reducing agent is present.

K,MnO, +H,0——MnO, + 2KOH + O

or MnO? +2H,0+2 & ——>MnO, +40H"
So the completereactioniis:

2KMnO, + H,0——2MnO, + 2KOH + 30
or  MnO, +2H,0+3e ——MnO, +40H"

which is the same as that for neutra medium. Hence,
equivalent weight of KMnO, inweakly alkaline mediumis
sameasthat in the neutral medium, viz., 52.67

Some oxidizing propertiesof KMnO, in thealkaline medium.

0

(i)

These are given below :
It oxidises potassium iodide to potassium iodate.

2KMnO, +H,0+ KI——2MnO, + 2KOH + KIO,

Pot. iodate

or I"+60H" ——10; +3H,0+6 €

Inthiscase, iodineisnot liberated unlike the case of acidic
medium.

Similar reaction takes placewith KBr.

It oxidises olefinic compounds to glycols, i.e., when an
olefinic compound is shaken with alkaline KMnO,, pink
colour of KMnO, is discharged.

CH,OH

Alkaline |

CH,
| +10 « oy —2t= 4
CH, CH,0H

KMnOyg
Ethylene Ethylene glycol

Alkaline KMnO, used for this test is known as Baeyer’s
reagent. It is used for oxidation of a number of organic
compounds.



©

In acidic medium. Potassium permanganate in the  (viii)
presence of dil. sulphuric acid, i.e., inacidic medium, acts
as a strong oxidising agent because of the reaction
2KMnO, +3H,S0, — K ,SO, + 2MnS0, +3H,0+50
_ + — 2+ (iX)
or MnO, +8H" +5€6 ——Mn"" +4H,0.
Sincein the abovereaction, MnO, iongains5 electrons
of five atoms of oxygen are available from two molecules
of KMnO,. Hence. Uses.
Mol. wt. _ 158 0

Eq. wt. of KMnO, = = =31.6

Some oxidizing propertiesof KM nO, in the acidic medium.

0]

(if)

(i)

(iv)

v)

(Vi)

(vii)

These are given below :
ItoxidisesH,Sto S.

2KMnO, +3H,S0, +5H,5——K,SO, + 2MnSO,, + 2H,0+ 50

It oxidises sulphur dioxide to sulphuric acid.

2KMnO, +5 SO, + 2H,0——K,SO, + 2MnS0, + 2H,S0,
It oxidises nitrites (NO;) to nitrates (NO;), arsenites

(AsO ) to arsentates (AsO; ) and sulphites and

thiosulphates to sulphates.

2KMnO, +3H,S0, +5KNO, ——K,SO, + 2MnSO, + (i)
3H,0+5KNO,

It oxidises oxalates or oxalic acid to CO,

2KMnO, +3H,S0, +5C,H,0, —K,SO, + 2MnSO, + (ii)

8H,0+10 CO,

It oxidisesferrous sulphateto ferric sulphate (i.e., ferrous
saltto ferric salt).

2KMnO, +8H,S0, +10FeSO, ——K,S0, +2Mns0, + (V)
5Fe, (SO, ), +8H,0

It oxidisesH,0, to H,O and O, Thisis because acidified
KMnO, isastronger oxidising agent than H,O,.

2KMnO, +3H,S0, +5H,0, —K,SO, + 2MnSO,, +
8H,0+50,
It oxidises potassium iodide to iodine

2KMnO, +3H,S0O, +10KI — K ,SO, + 2MnSO, +

8H,0+5l,

ItoxidisesHX (where X =Cl, Br,I)to X,
2KMnO, +3H,S0, +10 HX —— K ,SO, + 2MnSO, +

8H,0+5X,
It oxidises ethyl alcohol to acetaldehyde
2KMnO, +3H,S0, + 5CH,CH,O0H —— K ,SO, + 2MnS0O, +

5CH,CHO +8H.,0.

It is often used in volumetric analysis for the estimation
of ferrous salts, oxal ates, iodides and hydrogen peroxide.
However, itisnot aprimary standard becauseit isdifficult
to obtainitinthe pure state and free fromtraces of MnO,.
Itis, therefore, always first standardised with a standard
solution of oxalic acid.

Remember that volumetrictitrationsinolving KMnO, are
carried out only in presence of dilute H,SO, but not in the
presene of HCl or HNO,,. Thisisbecause oxygen produced
from KMnO, + dill. H,SO, is used only for oxidizing the
reducing agent. Moreover, H,SO, does not give any
oxygen of its own to oxidiize the reducign agent. In case
HCl is used, the oxygen produced fromKMnO, + HCl is
partly used up to oxidize Hcl to chlorineand in case HNO,
isused, ititself actsasoxidizing agent and partly oxidizes
the reducing agent.

It isused as a strong oxidising agent in the laboratory as
well asinindustry. Itisafavourite and effective oxidising
agent used in organic synthesis Alkaline potassium
permanganate is used for testing unsaturation in organic
chemistry and is known as Baeyer’s reagent.

Potassium permanganate is also widely used as a
disinfectant and germicide. A very dilute solution of
permanganate is used for washing wounds and gargling
for mouth sore. It is also used for purifying water of
stinking wells.

Because of its strong oxidizing power, it is also used for
bleaching of wool, cottong, silk and other textile fibres
and also for decolourisation of ails.



THE LANTHANIDE SERIES

1. INTRODUCTION

These elements are classified by the filling up of the
antipenultimate 4f energy levels.

2. PHYSICAL PROPERTIES

Electronic Configuration and oxidation states

Element Electronic Electronic Oxidation States
Configuration Configuration of M3*
Lanthanum La [Xe] 5d 65 [Xg +3
Cerium Ce [Xe] 4f* 5d' 65 [Xe] 4ft +3  (+4)
Praseodymium Pr [Xe] 4f 3 65 [Xg 4f2 +3  (+4)
Neodymium Nd [Xe] 4f 4 6s° [Xe] 4f3 (+2) +3
Promethium Pn [Xe] 4f° 65 [Xg 4f4 (+2) +3
Samarium 9n [Xe] 4f 6 65 [Xg 4f° (+2) +3
Europium Eu [Xe] 4f 7 6s° [Xe] 4f (+2) +3
Gadolinium d [Xe] 4f 7 5d 65 [Xg 4f7 +3
Terbium Tb [Xe] 4f° 6s° [Xe] 4f +3  (+4)
Dysprosium Dy [Xe] 4f 10 652 [Xg 4f° +3  (+4)
Holmium Ho [Xel4f1t 652 [Xe] 4f1° +3
Erbium =1 [Xe] 4f 2 652 [Xg 4ft +3
Thulium Tm [Xe] 4f 3 652 [Xg 4f?? (+2) +3
Y tterbium Yb [Xel4f¥  65° [Xe] 4f13 (+2) +3
L utetium Lu [Xe] 414 5d' 65 [Xg 4f 1 +3
| 2.10xidation gate | Oxidation numbers (+11) and (+1V) do occur, particularly
when they lead to :

Thesum of thefirst threeionization energiesfor each element _ . "
are low. Thus the oxidation state (+111) is ionic and Ln®* 1. anoble gas configuration eg. Ce™ (f )
dominates the chemistry of these elements. The Ln®" and 2. ahalf filledf shell, e.g. Eu** and Th*" (")

Ln™ ions that do occur are always less stable than Ln®*. 3. acompletely filledf level, e.g. YI2* (f4).



NOTE

The 4f electrons in the antipenultimate shell are very
effectively shielded from their chemical environment
outside the atom by the 5sand 5p el ectrons. Consequently
the 4f electrons do not take part in bonding. They are
neither removed to produce ions nor do they take any
significant part in crystal field stabilization or complexes.
Crystal field stabilization is very important with the d-

block elements. The octahedral splitting of f orbitalsA is
. 1. Whether the f orbitals arefilled or
empty has little effect on the normal chemical properties.

However, it does affect their spectra and their magnetic
properties.

[ 2.2Atomicradius |

Inlanthanide series, with increasing atomic number, thereis
aprogressive decreasein the atomic aswell asionicradii of
trivalentionsfrom La® to Lu®*. Thisregular decreaseinthe
atomic and ionic radii with increasing atomic number is
known as lanthanide contraction.

Aswe move aong the lanthanide series, the nuclear charge
increases by one unit at each successive element. The new
electronisadded into the samesubshell (viz., 4f). Asaresult,
the attraction on the electrons by the nucleus increases and
thistends to decrease the size. Further, as the new electron
is added into the f-subshell, there isimperfect shielding of
one electron by another in this subshell due to the shapes
of these f-orbitals. This imperfect shielding is unable to
counterbalance the effect of the increased nuclear charge.
Hence, the net result is a contraction in the size though the
decrease is very small. It is interesting to note that in
lanthanides, the decreasein the atomic radiusfor 14 elements
[Ce (58) to Lu (71)] isonly 11pm (from 183 to 172 pm).
Similarly, decrease inionic radii from Ce** to Lu®* isonly
17 pm (103to 86 pm)

The contraction issimilar to that observed in any transition
series. The cause is aso similar, just as in the transition
serieswhere the contraction is due to imperfect shielding of
oned e ectron by another. But the shielding of one 4f electron
by another is less than one d electron by another with
increase in nuclear charge along the series.

Atomicand lonicradii (pm) of lanthanum and lanthanoids.

Element La [Ce | P Nd | Pn | Sn | Bu | Gd | Tb | Dy (Ho | & Tm | Yb | Lu
AtomicRadii (Ln) | 187 | 183 | 182 | 181 | 181 | 180 | 19 w78 | 177 |176 | 175 | 174 | 173 | 172
lonicRadii (Ln®*) | 106 | 103 | 101 | 9 | B B (B |HA | R [9 || PO |8 |8& | &

[ 2.3M agneticbehaviour |

Paramagnetism isshown by the positiveions of lanthanides
except La®* (lanthanumion, f% and Lu®* (lutetiumion, f4).
This property of the lanthanides is due to presence of
unpaired electronsin the incompl ete 4f subshell.

lanthanides differ from transition elements in the fact that
their magnetic moments do not obey “spin only’ formula,

Viz., pugr =4/n(N+2) B.M. where n is the number of

unpaired electrons. This because in case of transition
elements, theorbital contributionisquenched by theelectric
field of theenvironment but in case of lanthanides, 4f orbitals
lieto deep to be quenched. Hence, their magnetic moment is

NOTE

calculated by considering spin aswell asorbital contribution,
i.e

et =4S(S+D) +L (L+1) BM.

where S is spin quantum number and L is orbital quantum
number.

Separ ation of theL anthanide Elements

Sincethe changeinionic radiusisvery small, the chemical
properties are similar. This makes the separation of the
element in pure state difficult. Separation is done by lon
Exchange methods which is based on theionic size.




The Lanthanidesare silvery white metals. However, most of
thetrivalent metal ions are coloured, both in the solid state
and in aqueous solution. This is due to the partly filled-f-
orbitalswhich permit f-f transition.

Lanthanidesions with x f electrons have a similar colour
to those with (14-x) f electrons e.g., La®>" and Lu** are

colourless, Sm** and Dy®* are yellow and Eu®* and Tb**
arepink.

[ 2.5Hydroxides |

The hydroxides Ln(OH), are precipitated as gelationous
preci pitates by the addition of NH ,OH to agueous solutions.
These hydroxides are ionic and basic. They are less basic
than Ca(OH), but more basic than Al(OH), which is
amphoteric. The metals, oxides and hydroxidesall dissolve
indiluteacids, forming salts. Ln(OH), are sufficiently basic
to absorb CO, fromtheair and form carbonates. The basicity
decreasesastheionic radius decreasesfrom Ceto Lu. Thus
Ce(OH),, isthe most basic, and Lu(OH,), which isthe least
basic, isintermediate between Scandiumand Yttriuminbasic
strength. The decrease in basic propertiesis illustrated by
the hydroxides of the later elements dissolving in hot
concentrated NaOH, forming complexes.

Yb(OH), +3NaOH — 3Na" +[Y b(OH) ]*
LU(OH), + 3NaOH — 3Na’ +[Lu(OH) ]*

ACTINIDES SERIES

Theeementsand their Oxidation States

Atomic| Element Symbol [ Outer Oxidation
electronic states*
structure

5] Actinium Ac 6d17< +3

Q Thorium Th 6d? 75 +3,+4

al Protactinium| Pa |[5f26d' 7 +3,+4,+5

@ Uranium U 5f 3 6dt 78° +3,+4,+5,+6

*B Neptunium Np |5f%6d'7s% [+3,+4,+5+6,+7
] Plutonium Pu |5f® 75?2 |+3,+4,+5,+6,+7
% Americium Am |5f7 78 |+2,+3,+4,+5,+6
% Curium Cm |5f76d' 78 [+3,+4

o7 Berkdium Bk |5f° 78 [+3,+4

B Cdifornium Cf |5f10 782 |+2,+3

e¢] Einsteinium Es |5f1 75 |+2,43

100 Fermium Fm |5f12 78 |+2,+3

101 Mendelevium | Md [5f 1 78 [+2,+3

102 Nobelium No [5f 78 [+2,+3

103 Lavrencium | Lr [ 5f“%6d!7s% [+3

104 Rutherfordium| Rf | 4f14 6d? 75>

1. OXIDATION STATE

Unlike Lanthanides, Actinides show a large number of
oxidation states. This is because of very small energy gap
between 5f, 6d and 7s subshells. Hence, al their electrons
can take part in bond formation. The dominant oxidation
state of theseelement is+3 (similar to Lanthanides). Besides
+3 state, Actinidesal so exhibit an oxidation state of +4. Some
Actinides show till higher oxidation states. The maximum
oxidation state first increases upto the middle of the series
and then decreases, e.g., it increasesfrom + 4 fromThto +5,
+6, and +7 for Pa, U and Np but decreasesin the succeeding
elements.

The Actinides resemble Lanthanides in having more
compounds in +3 state than in the +4 state. However, the
compounds in the +3 and +4 state tend to undergo
hydrolysis.

Further, it may benoted that in caseof Actinides, thedistribution of
oxidation dates is so uneven that it is of no use to discuss their
chemigtry in termsof their oxidation stetes.

2. ATOMIC RADIUS

The Actinides show Actinide contraction (very much like
Lanthanide contraction) due to poor shielding effect of the
5f-electrons. As a result, the radii of the atoms or ions of
these metals decrease regularly across the series. The
contraction is greater from element to element in this series
due to poorer shielding by 5f electrons. This is because 5f
orbitals extend in space beyond 6s and 6p orbitals whereas
4f orbitals are buried deep inside the atom.




3. MAGNETIC BEHAVIOUR

Like Lanthanides, the Actinides elements are strongly
paramagnetic. The variation in magnetic susceptibility of
Actinideswith theincreasing number of unpaired electrons
issimilar to that of Lanthanides but the values are higher
for the Actinides than the Lanthanides.

4. COLOUR

These metals are silvery white. However, Actinide cations
are generally coloured. The colour of the cation depends
upon the number of 5f-electrons. The cations containing
no 5f-electron or having seven 5f-electrons (i.e., exactly
half-filled f-subshell) are col ourless. The cations containing
2 to 6 electronsin the 5f-subshell are coloured both in the
crystalline state aswell asin aqueous solution. The colour
arises due to f—f transition e.g. Ac®* (5f %) = colourless, U%*
(5f %) = Red, Np** (5f %) = Blue, Pu* (5f ) = Voilet, Am>*
(5f %) = Pink, Cm®* (5f /) = Colourless, Th** (5f %) = Colourless

as so on.
COMPARISON OFLANTHANIDESAND
ACTINIDES
Similarities:

As both Lanthanides and actinides involve filling of f-
orbitals, they show similaritiesin many respectsasfollows:

(i) Bothshow mainly an oxidation state of +3.
(i)
(i)
(iv)

Both are electropositive and very reactive.
Both exhibit magnetic and spectral properties.

Actinides exhibit Actinide contraction like Lanthanide
contraction shown by Lanthanides.

Differences:

The show differences in some of their characteristics as

follows:

Lanthanides

Actinides

0]

(i)

(i)

)

v)

(Vi)

(vii)

Besides + 3 oxidation state

they show + 2 and +4 oxi-
dation states only in few

cases.

Most of their ions are
colourless

They have less tendency
towards complex formation

Lanthanides compounds are
less basic.

Do not form oxocation

Except promethium, they
are non-radioactive

Their magnetic properties
can beexplained easily.

(i) Besides+3 oxidation state,

they show higher oxidation
satesof +4, +5, +6, + 7 a so.

(i) Most of their ions are
coloured

(iii)y They have greater tendency
towards complex formation.

(iv) Actinides compounds are
morebasic

(v) Fromoxocationse.g.
U03",PuO;" and UO*

(vi) They are radioactive.

(vii) Their magnetic properties
cannot be explained easily,
asthey are more complex.




IMPORTANT COMPOUNDS OF TRANSITION ELEMENTS

1. ZINC SULPHATE (ZnSO,. 7H,0 - WHITE VITRIOL)

. PREPARATION:
ZnCo, +H,S0, — ZnSO, + H,0 + CO,
. REACTIONS:

@  ZnSO,+2H,0—— Zn(OH),+ H,SO,

white ppt

lNaOH

Na,ZnO, + Na,SO, + H,0

(sodium zincate)

o 3 bt
(b) ZnSO,7H,0 2 T0°Cy 750, 6H,0 2=+ 7nSO,
A A
T = 760°C l
Zn0O + SO,

(©  ZnSO,+NH,OH > Zn(OH), +(NH,), SO,

l NH,OH

[Zn(NH,) ]SO,
(d) Lithopone (ZnS + BaSO,) used asawhite pigment.

2. ZINC OXIDE, ZNO (CHINESE WHITE OR

PHILOSPHER’S WOOL)

It found in nature as zincite or red zinc ore.
l. PREPARATION:

@ 2Zn+0, 5 2Zn0

() znco, _A , ZnO+CO,

(© 2Zn(NO,), _A | 2ZnO+4NO,+O,

REACTIONS:

(@ ZnO+2HCl —— ZnCl,+H,0
(dil/conc.)

(b) ZnO+HNO, — Zn(NO,),+H,0
(dil/conc.)

(© ZnO+2NaOH —— Na,Zn0,+H,0

(d) ZnO+2KOH — 4 K,ZnO,+H,0

(¢ ZnO+CoO —— CoznO,

(Rinmann'sgreen)

USES:

(i) Asawhitepaint (It does not get tranished evenin
presence of H_S because Zns is also white)

(i) For preparing Rinmann’s green (Green Paint)
(iii) Ascatalyst for preparation of methyl alcohol
(iv) For making soft rubber

(v) For making cosmetic powders, creamsand in
medicine

3. ZINC CHLORIDE ZnCl..2H,0

Anhydride of zinc chloride cannot be obtained by
heating its agueous salt.

PREPARATION:

(@ ZnO +2HCl —— ZnCl,+H,0

(b) Zn+HgCl, —— ZnCl, + Hg

PROPERTIES:

@ ZnCl,+H,S— ZnS+ 2HCI

(b) ZnCl,+2NaOH — Zn(OH), + 2NaCl
Zn(OH), + 2NaOH — Na,Zn0O, + 2H,0

(© ZnCl,+2NH,OH — Zn(OH), + 2NH,Cl

l NH,OH

[Zn(NH,),] Cl, +4H,0



4. FERROUS SULPHATE (FeSO,. 7H,0 - GREEN
VITRIOL)

.
@

(b)

@

(b)

©

()

©
()

@

PREPARATION:
FeS+H,S0,—> FeSO, +H,ST
Fe+H,SO, ——> FeSO, +H, T
dil.
2FeS, +H,0+70,—> 2FeS0O, + 2H,S0,
(Commercid preparation)
REACTIONS:

2FeSO, —2—Fe,0;+S0, + S0,

(light green)  (brown)

Fe”? +[Fe (CN),]* —> Fe,[Fe (CN),],

Turnbull'sblue
(used as pigment in ink and paint)

Or Fe,[Fe(CN)gly

(Prussian blue)

NO; detection

FeSO,+ NOj + Conc. H,SO, — [Fe(H,0);NOP**".

Brown ring

FeSO, + 2KCN — Fe(CN), +K,S0,

brown

lexcess KCN

K [FE(CN){
2HgCl,+2Fe” > Hg,Cl, +2Fe> +201°
white

FeSO, + H,O, — Fenton’s reagent for oxidation of
alcohols to aldehydes

FeSO,. (NH,), SO,. 6H,0 — Mohr’s salt

5. FERRIC OXIDE, Fe,O,

PREPARATION:

(@ 2FeSO, A Fe,0,+ S0, +3S0,

REACTIONS

(@ Fe,0,+2NaOH FuSiOﬂ. H,O + 2NaFeO,
(sodium ferrite)

(b) FeO,+6HCl —y 2FeCl_+3H.0
273 3 2

USES:

(i) Asared pigment

(i) Asabrasive polishing powder
(iiiy As catalyst

6. FERRIC CHLORIDE, FeCl,

It is known in anhydrous and hydrated form. It isared
deliquiscent solid.

PREPARATION:
(8 12FeCl, (anhydrous) +30, 2, Fe,0,+8FeCl,

(anhydrous)
REACTIONS:

A
(@ 2FeCl, prr—— 2FeCl,+Cl,

(b) FeCl,+3NH,OH — Fe(OH),+3NH,Cl
(Reddish brown)

© 4FeCl,+3K Fe(CN),— Fe, [Fe(CN),], +12Kd

Prussian Blue

(d) 2FeCl, + 6NH,CNS — Fe[Fe(CNS), |+ 6NH,Cl

Deep red colour

Deep red colouration is produced due to formation
of complex.

(e) Till 750°Cit exists asitsdimer Fe,Cl.
Cl, ,Cl, U
Fe Fe
c” Sc Mol
Structure of
Fe, 1,
USES:

(i) Itsacoholic solution is medicine, name (Tincture
ferri perchloride)

(i) For detection of acetates and phenols

(iii) For making prussion blue & as an oxidising agent

7. COPPER SULPHATE

@
(b)

(CusO,. 5H,0 - BLUE VITRIOL)

PREPARATION:
CuO+H,S0, — CuS0, +H,0

Cu(OH),.CuCO, + 2H,S0, — 2CuS0, + 3H,0 + CO,
Malachite Green



Copper scrape

@

(b)

©

()

©
()

@

Cu+ H,S0, + %0, (air) — CuSO, + H,0
(Commerical preparation)
REACTIONS:
Effect of heat
CuS0,.5H,0—%< , cuso, H,0—2*<,
pale blue.

CuSO, —2*—CuO + SO,
white

[CusO, +KI — Cul, +K,SO,]x 2
(Unstable
dirty white)

2Cul, = Cu,l, +1,
white ppt.

2CUSO, + 4KI — Cu,l, + 2K,S0, +1,
Test of Cu®

CuSO,, + NH,OH — Cu(OH), + (NH,),S0,

l NH,OH

[Cu(NH,),]SO,

Schwitzer’s reagent

(Deep blue solution)

CuSO, + KCN — Cu(CN), + K ,SO,

2Cu(CN), — Cu,(CN), + (CN), T

cyanogen gas
Cu,(CN), + KCN — K,[Cu(CN),]

CuSO0, +K,[Fe(CN),] - Cu,[Fe(CN),] +K,SO,

Chocolate brown ppt.

CusO,+H,S— cus +H,S0,
(black ppt.)

In Fehling’s test & Benedict’s test

Aldehyde+ Cu?" — Cu,0 + acid
(red ppt.)

.  USES:
(@) Bordeaux Mix — CuSO, + CaO
(tokill fungi)

8. CUPRIC OXIDE, CuO

Itiscalled black oxide of copper and isfound in nature
as tenorite.

l. PREPARATION:

(@ By heating Cu,O in air or by heating copper for a
long timein air (the temperature should not exceed
above 1100°C)

2Cu,0 + O, —— 4CuO (black)
2Cu+0, — 2Cu0

A
(b) 2Cu(NO,), — 2CuO+4NO, +O,

() On a commercia scale, it is obtained by heating
malachite which isfound in nature.

CuCO, . Cu(OH), —— 2CuO+CO,+H,0
. REACTIONS:

(@ When heated to 1100-1200°C, it is converted into
cuprous oxide with evolution of oxygen.

4CUO — 2Cu,0+0,
(Black) (Red)

Uses: Used to impart blue and green colour to glazes and glass.

9. CUPRIC CHLORIDE, CuCl,.2H,0

. PREPARATION:
(@ CuO+2HCI — 4 CuCl,+H,0
CU(OH), CUCO, +4HC —— 20uCl, +3H,0+C0,

(b) CucCl,.2H,0 CuCl, +2H,0

—
HCI gas
Il. REACTIONS:
(@ Theanhydroussalt on heating forms Cu,Cl, and CI,,
2CuCl, —— Cu/Cl, +Cl,

A
3CuCl,.2H,0 ——— CuO+Cu,Cl, +2HCI
727 Strong 272

+Cl,+5H,0

Dilute solution of CuCl ) isblue but concentrated solution
isgreen. Itsdilute solution on adding HCI becomesyellow.

[Cu(H,0),1** — Blue
Onadding HCl — [CuCl,]* — green



10. AgNO, (LUNAR CAUSTIC)

.
@

@
(b)

(©

()

©

()

Preparation :

3Ag+4HNO,—2 > 3AgNO, +NO+2H,0

Colourlesscrystal

REACTION:

2AgNO, —2 5 2Ag+2NO, + O,

red hot

2AgNO, —2ZE 5 2AgNO, + O,

AgNO, —*F 5 AgCN —X 5K  [Ag(CN),]
white ppts. soluble
Potassium

Dicyanidoargentate(I)

2AgNO; + Na,S,0; —> Ag,S,05+ 2NaNO,
(limited) white ppt.

White ppt. of Ag,S,05 which gracdually changes

Ag,S,05+H,0— Ag,S+ H,SO,
black

AgNO, + Na,S,0, — Ag,S,0, + 2NaNQ,

[excess)

Na;[Ag(S,05),]

Sodium argentothic sulphate.
It is used in photography.

s Ag,S
' Black
| O, P
2=
AgNCy = w:ifisp(;‘;s .
% whi?g (F:)lptq

Ag,CrOy
(Red ppts.)

() . *+2NHOH— Ag,0 +2NH,NO;+H,0
(brown ppt.)

NHOH
(excess)
2[Ag(NH,),] NO, + 3H,0

() Ammonical AQNO,; — Tollen’s reagent used to test
aldehydes

0] It converts glucose to gluconic acid.
Ag,0+ C,H,,0,—> 2Ag+C,H,,0,

()] It oxidisesformaldehydeto formic acid
Ag,0+HCHO —— 2Ag+HCOOH

Very dilute solution of AQNO; isused asdental antiseptic.
&) Ag,0+H,0,—2Ag+H,0+0,

11. SILVER BROMIDE, (AgBr)

I PREPARATION:

Itisprepared by thereaction of silver nitratewithasoluble
bromide.

AgNO, + NaBr—— AgBr + NaNQ,

1. PROPERTIES

@ It is a pale yellow solid. It is insoluble in water and
concentrated acids. It ispartially solublein strong solution
of ammonium hydroxide due to complex formation.

AgBr+2NH,OH —— Ag(NH,),Br+2H,0
(b) On heating, it meltsto ared liquid.

(© Itismost sensitive to light. It undergoes photoreduction.

2AgBr—H9 27+ Br,

(d) It dissolves in potassium cyanide.

AgBr+2KCN——>KAg(CN),+KBr

Potassium argento-
cyanide (Soluble)

(e It dissolves in sodium thiosulphate.

AgBr + 2Na,S,0,— Na,[Ag(S,0,),] + NaBr

Sodium argento-
thiosulphate (Soluble)

® AgQBr is reduced to silver, when treated with zinc and
diluteH,S0,.

Zn+H,S0,——ZnS0, + 2H

2AgBr+2H——2Ag+ 2HBr



All above reactions are also observed in the case of
AgCl. However, itiswhiteand fairly solublein ammonium
hydroxide. It is sensitive to light.

I, USES:

It isused for making photographic filmsand plates because
it is sensitiveto light.

12. MERCURY CHLORIDES

| 12.1MercurousChloride(Hg, Cl, - Calomel) |

I, PREPARATION:
2HgCl, +SnCl, — Hg,Cl, +SnCl,

Il REACTIONS:

Hg,Cl, +SnCl, — 2Hg+SnCl,
€) black /

grey
(b) Hg,Cl, 2, HgCl,+Hg (grey deposit)

(©  Hg,Cl,+2NH;— Hg+Hg(NH,)Cl + NH,Cl
%,—/
black

12.2MercuricChloride(Hg Cl, - Corrosivesublimate) |

I PREPARATION:

It is highly corrosive, poisonous and hence is called as
corrosive sublimate.

(8  Hg+2Cl(aqua regia) — HgCl,

SnCl, +2HgCl, — Hg,Cl, { +SnCl,
white ppts.

(b)

Hg,Cl, + SnCl, — 2Hg + SnCl,

@

(b)

©

()

()

REACTION:

KI+HgCl, — KCl + Hgl,
red ppts.

Hal, + KI — K,Hgl,

colourless

Basic solution of K,Hgl, (K,Hgl, + KOH) is called as
Nessler’s Reagent.

Test for ammoniumion

K ,Hgl, + NH;Cl — NH,HgOHgl + KCl
Brown ppt.

+

lodide of Millon’s Base
HgCl, + 2NH; — Hg(NH,)Cl +NH,Cl
—_—
white
HgCl,, + Cu— CuCl, + Hg(grey deposit)

HgCl,, is sparingly solublein cold H,O but readily in hot
water.



SOLVED EXAMPLES

Silver atom hasa completely filled d orbitals (4d%) in
itsground state. How can you say that it isatransition
element ?

Silver (Z = 47) can exhibit +2 oxidation statewherein it will
have incompletely filled d-orbitals (4d), henceatransition
metal.

IntheseriesSc(Z =21)toZn (Z = 30), theenthalpy of
atomisation of zincisthelowesti.e., 26, kJ mol. Why ?

Sol.  Inthe formation of metallic bonds no e ectrons from 3d-
orbitals are involved in case of zinc, while in all other
metals of the 3d series, electrons from the d-orbitals are
alwaysinvolved in the formation of metallic bonds.

Which of the3d seriesof thetransition metalsexhibits

thelargest number of oxidation statesand why ?

Sol. Manganese (Z = 25), asit atoms has the maximum number
of unpaired electrons.

Example- 4

TheE° (M2#/M) valuefor copper ispositive (+0.34 V).

What ispossibility thereason for this?

Sol.  Copper has high A H° and low A H

How would you account for theirregular variation of
ionisation enthalpies(first and second) in thefirst series
of thetransition elements?

Sol. Irregular variation of ionisation enthalpies in mainly
attributed to varying degree of stability of different 3d-
configurations (e.g., d°, d°, d'° are exceptionally stable).

Example- 6

Why isthehighest oxidation state of ametal exhibited

initsoxideor fluorideonly ?

Sol. Because of small size and high electronegativity oxygen
or fluorine can oxide the metal to its highest oxidation
state.

Which isa stronger reducing agent Cr? or Fe?* and
why ?

Sol. Cr? is strong reducing agent than Fe*.

Reason : d* — d® occursin case of Cr?* to Cr*,

But d® — d° occursin case of Fe** to Fe*. Inamedium (like
water) d® ismore stable as compared to d°.

Example- 8

Calculate the “spin only” magnetic moment of M (aqf* ion
(z=27).

Sol.  Atomic number (27) =[Ar]3d" 48

n=1
p=.n(n+2)
=+/1x3=1.73 BM.

Example-9

Explain why Cu*ionisnot stablein aqueoussolutions?

Sol.  Cu* in agueous solution undergoes disproportionation
ie,

2Cu* (ag)——> Cu?* (aq)+Cu(s)

The E°, value for thisisfavourable.

Example- 10

Actinoid contractionisgreater from element toelement
than lanthanoid contraction. Why ?

Sol. Theb5f electronsare more effectively shielded from nuclear
charge. In other words, the 5f electronsthemsel ves provide
poor shielding from element to element in the series.

Onwhat ground can you say that scandium (Z =21) isa
transition element but zinc (Z = 30) isnot ?

Sol.  Onthe basis of incompletely filled 3d orbitals in case of
scandium atom isits ground state (3dY), itisregarded asa
transition element. On the other hand, zinc atom has
completely filled d orbitals (3d™) in its ground state as
well asinits oxidised state, hence it isnot regarded as a
transition elements.

‘ Why Cr and Cu show exceptional configuration ?

Sol. By deviating fromnormal configuration, Cr and Cu acquires
half-filled and fully filled configurations which givesthem
extrastability. Hencethey show exceptional configuration.

Cr — [Ar] 3d°4st and Cu — [Ar] 3d° 4s



Why areZn, Cd and Hg softer and volatilemetals?

Sol.

Due to their completely filled d-orbitals, they have weak
metallic bonding and |east compact packing therefore they
all arevolatilein nature.

Example- 14

Explain briefly how +2 state becomes more an more
gablein thefirg half of thefirst row transition elements
with increasing atomic number ?

Sol.

In transition elements, there are greater horizontal
similaritiesin the propertiesin constrast to the main group
€lements because of similar ns? common configuration of
the outermost shell.

An examination of common oxidation states reveals that
excepts scandium, the most common oxidation state of
first row transition elements is +2 which arises from the
loss of two 4s electrons. This means that after scandium,
d-orbitals become more stable than the s-orbital.

Further, +2 state becomes more an more stable in the first
half of first row transition e ementswith increasing atomic
number because 3d orbitals acquire only one electron in
each of five 3d orbitals (i.e. remainshalf filled) and el ectronic
repulsion istheleast and nuclear charge increases. In 2nd
half of first row transition elements, electrons startspairing
up in 3d orbitals.

(Ti?" to Mn?* dectronic configuration changesfrom 3c? to 3d°
but in 2nd hdlf i.e. Fe to Zr?* it changesfrom df to d°).

Towhat extent do the electronic configur ationsdecide
the stability of oxidation statesin thefirst seriesof the
transition elements ? Illustrate your answer with

fewer orbitals available in which to share electrons with
others) for higher elementsat upper end of first transition
series (i.e., Cuand Zn). Thus electronic configuration, to
large extent, the existence and stability of oxidation states.

The other factors which determine stability of oxidation
state are:

(i) Enthalpy of atomisation (ii) lonisation energy
(iii) Enthalpy of solvation (iv) E.N. of other element.

Example- 16

What may bethegtableoxidation stateof thetrangtion
element with thefollowing d electron configurationsin
theground stateof their atoms: 3d?, 3d®, 3d®and 3d*?

Sal.

The stable oxidation state of transition element with the d
electron configuration in ground state of atoms are as
follows:

S. No. d-electron Symbol of Stable oxidation
configuration element states

1. 3d° V(453d°) +2,+3,+5

2. 3d* Cr(4s'3d") +2, +3, +6

3. 3d° Mn(4s3d’) | +2, +7

4, 3d° Ni (45°3d") +2,+4

It should be noted that lower stable oxidation state
generally leads to ionic bond and higher oxidation state
corresponds to covalent bond.

Name the oxometal anions of the first series of the
transition metals in which the metal exhibits the
oxidation stateequatl toitsgroup number.

example.

Sal.

One of the main characteristic of atransition element is
that it can show large variety of oxidation states in its
compounds. It is due to its characteristic electronic
configuration i.e., (n — 1) d and ns electrons take part in
bond formation either by loosing or by sharing of electrons
with other combining atoms.

The stability of oxidation state depends mainly on
electronic configuration and also on the nature of other
combining atom.

The elements which show largest number of oxidation
states occur in or near the middle of series (i.e., 45°3d® to
4s23d” configuration). For example, Mn exhibits all
oxidation states from +2 to +7 as it has 4s?3d°
configuration. The lesser number of oxidation states at
extreme ends arise from either too few electronsto loose
or share (e.g. Sc and Ti) or too many d electrons (hence

Sal.

Name of oxometal

Name of metal with

Group no. to which

anion oxidation state metal belong
1.Cro* Crin +6 state of 6th group of
(chromate ion) oxidation periodic table
2.MnO, Mnin +7 state 7th group

(permanganate ion)

Example- 18

What is lanthanoid contraction ? What are the
conseguencesof lanthanoid contraction ?

Sal.

A group of fourteen elements following lanthanum i.e.
from_Ceto,, Luplacedin6th period of longformof periodic
talbeisknown aslanthanoids (or lanthanide series). These
fourteen elements are represented by common general
symbol ‘Ln’. In these elements, the last electron entersthe
4f-subshells (pre pen ultimate shell). It may be noted that
atoms of these elements have electronic configuration with
65> common but with variableoccupancy of 4f level. However,



the electronic configuration of al the tripositive ions (the
most stable oxidation state of all lanthanoids) are of theform
4f "(n = 1 to 14) with increasing atomic number). These
elements constitute one of the two series of inner transition
elementsor f-block.

Lanthanoid contraction : In the lanthanoide serieswith
theincreasein atomic number, atomic radii and ionic radii
decrease from one elementsto the other, but this decrease
isvery small. theregular small decreasein atomic radii and
ionic radii of lanthanides with increasing atomic number
along the seriesis called lanthanoid contraction.

Cause of lanthanoid contraction: When onemovesfrom
Ce to  Lu along the lanthanide series nuclear charge
goesonincreasing by one unit every time. Simultaneously
an electron is also added which enters to the inner f
subshell. The shielding effect of f-orbitals in very poor
dueto their diffused shape. It resultsin the stronger force
of nuclear attraction of the 4f electrons and the outer
electrons causing decrease in size.

Consequencesof lanthanoid contraction:

(i)  Similarly inthe propertiesof elementsof second and third
transition series e.g. Sr and Hf; Nb and Ta; Mo and W.
Thisresemblanceis dueto the similarity in size dueto the
presence of lanthanoids in between.

(i)  Similarity amonglanthanoids: Dueto thevery small change
in sizes, all the lanthanoids resemble one another in
chemical properties.

(i) Decrease in basicity : With the decrease in ionic radii,
covalent character of their hydroxides goes onincreasing
from Ce(OH), to Lu(OH), and so base strength goes on
decreasing.

Example- 19

What ar ethecharacteristicsof thetransition elements
and why arethey called transition elements? Which of
the d-block elements may not be regarded as the
transition elements?

Sol. Theimportant characteristics of transition metals are:

(i)  All transition elements are metallic in nature, e.g., all are
metals.

(i)  Thesemetalsexhibit variable oxidation states.

(i) Transition metal atoms or ions generally form the
complexes with neutral, negative and positive ligands.

(iv) Compounds of transition metals are usually coloured.

(v)  The compounds of these metal s are usually paramagnetic
in nature.

(vi) Transition metals and their compounds act as good
catalysts, i.e., they show catalytic activities.

(vii) These metalsform various alloys with other metals of the
series.

(viii) Thesemetalsforminterstitial compoundswith C, N, B and
H.

The presence of partialy filled d-orbitalsin the el ectronic
configuration of atomic and ionic species of these elements
isresponsiblefor the characteristic properties of transition
elements. They are called transition elements because of
their position in the periodic table. These elementsliein
the middle of periodic table between s and p-block (i.e.,
between group 2 and group 13). A transitio el ement may
be defined as a element whose atom or at least one of its
simple ions contain partially filled d-orbitals, e.g., iron,
copper, chromium, nickel etc.

The general characteristic electronic configuration may
be written as (n — 1) d*-'°ns'-2,

Theelementsof group 12i.e., Zinc, Cadmium, and Mercury
are generally not regarded as transition elements as their
atomsand all ionsformed have completely filled d-orbitals
i.e., these do not have partially filled d-orbitalsin atomic

state or common oxidation state (Zn#, Cd?, Hg*)
Zn(30) = [Ar] 4s23d™* Zn? = [Ar] 3d® 48
Cd (48) =[Kr] 5s24d* Cd? =[Kr] 4d° 58

Hg (80) =[X¢€] 6s25d%° Hg? = [Xe] 5d* 6°

Example- 20

In what way is the electronic configuration of the
transition elements different from that of the non-
transition elements?

Sol.  Trangtion elements haveincompl ete penultimate d-orbitals
while penultimate orbital s of representative elements (s -
and p - block elements) are completely filled up. The
general valence shell configuration of s-block (group 1
and 2) elementsis nst-2 and for p-block elements (group
13 to 18) is ns® np'%. The valence shell configuration of
transition elements can be written as (n — 1) d*° ns'-2.

‘ Explain givingreasons:

Sal.

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

(i) Theenthalpies of atomisation of the transition metals are
high.

(iii)  Thetransition metalsgenerally form coloured compounds.

(iv) Transition metals and their many compounds act as good
catalyst.



What are interstitial compounds ? Why are such
compoundswell known for transition metals?

Sal.

(if)

(i)

Interstitial compounds are those which are formed when
small atoms like H, C, N, B etc. are trapped inside the
crystal lattices of metals. They are generally non-
stoichiometric and neither typically ionic nor covalent.

Most of transition metalsforminterstitial compoundswith
small non-metal atoms such as hydrogen, boron, carbon
and nitrogen. These small atoms enter into the void sites
between the packed atoms of crystallinetransition metals.
For Example, steel and cast iron become hard by forming
interstitial compound with carbon.

The exsitence of vacant (n — 1) d orbitals in transition
elementsand their ability to make bondswith trapped small
atomsinthemain cause of interstitial compound formation.
Other examples are : VH ., TiH, ,. Some main
characteristics of these compounds are :

They have high melting and boiling points, higher than
those of pure metals.

They are very hard. Some borides of transition elements
approach diamond in hardness.

They are chemically inert but retain metallic conductivity.

How isthevariability in oxidation statesof transition
metalsdiffer ent fromthat of thenon-transition metals?
[Hlustratewith examples

Sal.

The variability in oxidation states is a fundamental
characteristic of transition elements and it arises due to
incomplete filling of d-orbitals in such a way that their
oxidation states differ from each other by unity. For
example, vanadium, V show the oxidation statesof +2, +3,
+4 and +5. Similarly, Cr shows oxidation states of +2, +3,
+4, +5 and +6; Mn shows all oxidation states from +2 to
+7.

This is contrasted with variability of oxidation states of
non-transition element where oxidation states generally
differ by units of two. For example, S shows oxidation
states of -2, +2, +4, +6 while P shows +3 and +5 oxidation
states. Halogenes like Cl, Br and | show oxidation states
of -1, +1, +3, +5 and +7 states. In non-transition elements
variability of oxidation states is caused due to unpairing
of electronsin nsor np orbitals and their promotion to np
or nd vacant orbitals.

Example- 24

Describethepr eparation of potassium dichromatefrom
iron chromiteone. What isthe effect of increasing pH
on asolution of potassum dichromate ?

(if)

(iii)

Thefollowing stepsareinvolved in preparation of K,Cr,O,
fromiron chromite (FeCr,0,) ore:

Preparation of sodium chromate : The chromite ore
(FeO.Cr,0,) is finely powdered and mixed with sodium
carbonate and quick lime and then heated to rednessin a
reverberatory furnace with free supply of air.
4Fe0.Cr,0, + O, — 2Fe,0, + 4Cr,0,
[4Na,CO, + 2Cr,0, + 30, — 4Na,CrO, + 4CO,] x 2

4Fe0.Cr,0, + 8Na,CO, + 70, 8Na,CrO, + 2Fe,0, + 8CO,

The mass is then extracted with water, when sodium
chromate is completely dissolved while Fe,0, is left
behind.

Conversion of sodium chromateinto sodium dichromate
(NaCr,0,) : Thesodium chromate extracted with water in
previous step is acidified.

3Na,CrO, +H,S0, — Na,Cr,0,+Na, SO, +H,0

On cooling Na,SO, separates out as Na,SO,. 10H,0 and
Na,Cr,O, isremainsin solution.

Conversion of Na,Cr,O, into K,Cr,O, : The solution
containing Na,Cr,O istreated with KCl
NaCr,0,+KCl - K Cr,O, + 2NaCl

Sodium chloride (NaCl) being less soluble separates out
on cooling. On crystallising the remaining solution, orange
coloured crystals of K,Cr,O, separate out.

Effect of Changeof pH : When pH of solution of K Cr,O,
is increased slowly the medium changes from acidic to
basic. The chromates and dichromates areinterconvertible
in agueous solution depending upon pH of solution.

alkali

CrZO?z' +H,0

dichromate ion at low pH
(orange in acidic medium)

2Cr0, +2H"

acidl

chromate ion at high pH
(vellow in alkaline medium)

At low pH (acidic medium), K, Cr, O’ solution is oranged
coloured while at higher pH (alkaline medium) it changes
to yellow due to formation of chromate ions.

Describetheoxidising action of potassum dichromate
and writetheionic equationsfor itsreaction with :

(@) iodide(b)iron (I1) solutionand (c) H,S.

Sal.

Potassium dichromate, K. Cr,O, isastrong oxidising agent
and is used as a primary standard in volumetric analysis
involving oxidation of iodides, ferrous ion and S* ions



@

(b)

©

etc. In acidic solution, its oxidising action can be
represented as follows :

Cr,0.7 + 14H" + 6 — 2Cr* + 7H,0; (E* = 1.33V)
It oxidises potassium iodide to iodine.

Cr,0.7 + 14H" 61~ — 2Cr*+ 7TH,0+3I,
It oxidisesiron(ll) salttoiron (111) salt

Cr,0* + 14H" + 6Fe* — 2Cr* + 6Fe* + 7TH,O
ItoxidisesH,Sto S

Cr,0.~ +8H* +3H,5— 2Cr* + 7TH,0+ 35

Example- 26

Describethe preparation of potassium per manganate.
How doestheacidified permanganate solution r eacts
with (a) iron(l1) ions(b) SO, and (c) oxalicacid ? Write
theionic equationsfor thereactions.

Sal.

@)

(if)

Preparation of KMnO, from pyrolusite ore (MnO,)
involves the following steps :

Fusion of orewith alkali in presence of air : Pyrolusite
ore is fused with alkali in the presence of air when
potassium manganate is obtained as green mass.

2MnQO, +4KOH + O, — 2K MnO, + 2H,0
(green mass)

The green mass is dissolved in water to obtain aqueous
solution of potassium manganate. Theinsolubleimpurities
of sand and other metal oxides are removed by filtration.

Oxidation of manganateinto permanganate: Theagueous
solution of K,MnO, isoxidised electrolyticaly or by using
ozone or Cl, to obtain potassium permanganate. The
process is carried out till green colour disappear and
solution acquires distinct pink colour.

MnO,” ——MnO, +€
(at anode)
green coloure

(oxidation at anode)
pink

H,O + e — 1/2H, + (OH)~ (reduction at cathodes)

(at cathode)

or 2K ,Mn0,+Cl, — 2KMnO,+ 2KCl

(greencolour) (pink colour)

Potassium permanganate is crystallised out from the
solution.

Oxidising Properties: It actsasapowerful oxidising agent
indifferent mediadifferentily. In acidic medium, it oxidises
iron(I1) saltstoiron(l11) sdts, SO, to H,SO, and oxalic acid
to CO, and H,O.

(@ Itoxidisesiron(ll) salttoiron(lll) salts.
2MnQO,> + 16"+ 10Fe*" — 2Mn?* + 8H,0 + 10Fe*

Example- 27

(b) It oxidised sulphur dioxide to sulphuric acid.
2MnO,” + 580, + 2H,0 — 580, + 2Mn?* 4H*

(©) Itoxidisesoxdicacidto CO,andH,0
2MnO, + 16H" +5C,0,> — 2Mn* + 8H,0+ 10CO,

For M?/M and M*/M? systemsthe E° valuesfor some
metalsareasfollows:

Cr?/Cr -09V Cr¥/Cr*-04V
Mr#*Mn -12V Mn¥Mn*+15V
Fe*lFe -04V Fe*/Fe*+0.8V

Usethisdatato comment upon

(@ Thestability of Fe* in acid solution ascompar ed
tothat of Cr* or Mn*and

(b) Incasewithwhichiron can beoxidised ascompared
to the similar process for either chromium or
manganese metal.

Sal.

@

(b)

We know that higher the reduction potential of a specie,
thereislarger tendency for tisreduction to take place. Let
usrepresent the reduction potential i.e., E° values of three
M3/M?* systems on number line.

Cr*/Cr# FIFe* Mn®*/Mn?*

-04V 0.8V 15V

» increasing reduction potential

From values of reduction potentials, it is clear that the
stability of Fe* in acid solution is more than that Cr3* but
less than that of Mn®*.

MnZ/Mn Cr#/Cr Fe*/Fe

-12V 0.9V -04V 0V

The lower the reduction potential of a species, its
oxidation will take place morereadily.

.. Mnisoxidised most readily to Mn?* and Feis oxidised
least readily among given metals Mn, Cr and Fe.

Example- 28

Writetheelectronic configurationsof theelementswith
theatomicnumbers61, 91, 101 and 109.

Sal.

Atomic number (61) = [X ] 4f°6s’.
Atomic number (91) =[rn] 5f26d* 75’
Atomic number (101) = [Rn] 5f# 7s!
Atomic number (109) = [Rn] 5f* 6d" 7<2.



Example- 29

How would you account for thefollowing:

(@ Of thed* speciesCr?*isstrongly reducing while
manganese(l11) isstrongly oxidising.

(b) Cobalt(ll)isstablein aqueoussolution but inthe
presence of complexing reagents it is easily
oxidized.

(©) Thed!configurationisvery unstableinions?

Sal.

(@ Of d* species, Cr** has 3 d* configuration and tends to
loose one electron to acquire d® configuration asitishighly
stable and best metallic specie available for complex
formation. Cr® can accommodate six lone pair of electrons
from ligands due to sp°d?® hybridisation e.g. [Cr(NH,) ]*
Mn® although have d* configuration but tends to become
Mn?* stable specie by acquiring one electron to attain d®
configuration. It becomes exactly half filled on one hand
and more energy is released in gain of electron due to
higher nuclear charge.

(b) Co? is stable in aqueous solution because it get
surrounded and weakly bonded to water molecules. In
presence of strong ligandsand air it getsoxidised tc Co(l11)
as strong ligands get co-ordinated more strongly with
Co(l11). The electronic configuration of Co(I1) and Co(l11)
are:

Co(I1) = [Ar] , 4°3d" and Co(l11) = [Ar] , 45°3d°

In Co(l11) specie, 6 lonepairsof electronsfromligandsare
accommodated by sp®d? hybridisation which is not
possiblein Co(ll).

() Somespecieswith d* configuration are reducing and tends
to loose one electron to acquire d* stable configuration.
Some other species with dt configuration like Cr(V) and
Mn(V1) undergo disproportionation.

Example- 30

What ismeant by dispr oportionation ? Givetwo examples

of disproportionation reaction in aqueoussolution.

Sol. Sometimetransition metal speciesin same oxidation state
undergo achemical changein such away that some species
get oxidised and some other get reduced. For example, Cr(V)
and Mn(VI) species undergo disproportionation reaction
inacidic mediumasfollows:

3CrO,* +8H" — 2CrO,* + Cr* +4H,0

(Crin+ 50.s.) (Crin+os)

3MnO,* +4H" — 2MnO,” + MnO,+2H,0

Mnin+6o0.s. Mnin Mnin
+70.5s +40.58.

Here, we can say that Cr in +5 oxidation state undergo
disproportionation intoits +6 and +3 states. Similarly, Mn
in +6 oxidation state undergo disproportionation into +7
and +7 oxidation states.

Example- 31

Givereasonsfor thefollowing:

(@ Transition metals have high enthalpies of
atomisation.

(b) AmongthelanthenoidsCe(l11) iseadly oxidised to
Ce(IV).

(c) Fe*/Fe?* redox couplehasless positive electrode
potential than M n*/M n?* couple.

(d) Copper (1) hasd™ configuration whilecopper (I1) hs
d® configuration, still copper (1) ismorestablein
agqueoussolution than copper (1).

() The second and third transition series elements
havealmost similar atomicradii.

Sol.

(@ Themetalic bondsin transition elements are very strong
due to participation of (n — 1) d electrons along with
valence s-electronsin the bond formation. Therefore, the
cleavage of these bonds is extremely difficult and
consequently, enthalpies of atomization are high.

b C¥ ——CH+e
(4t 50° ss°) (ar°50° ss°)

Spontaneous oxidation due to more stability of Ce* ion
as compared to Ce* ion due to more stable configu-ration
of Ce*ion.

© Mn*+3 ——>Mn+*

(more spontaneous due to higher stability of Fe**)

Fe* +& —>Fe*
(less spontaneous due to higher stability of Fe*)

Dueto stability of half filled d-orbitals, Mn?* ismore stable
than Mn® and thus its reduction is more spontaneous.
Similarly Fe* is more stable than Fe?* and thus its
reduction is less spontaneous.

(d) Copper (I1) has lower reduction electrode potential than
copper (1), hence. Copper(l) is oxidised to copper (I1) in
the presence of strong ligands and air.

(€) It isdue to lanthanoid contraction. It arises due to poor
shielding effect of d and f electrons.



Indicatethestepsin the preparation of :
(@) K,Cr O, fromchromiteore

(b) KMnO, from pyrolusiteore.

Example- 34

TheChemistry of theactinoid e ementsisnot so smooth
asthat of thelanthanoids. Jugtify thisstatement by giving
someexamplesfromtheoxidation stateof thesedements,

Sal.

(@  The preparation of potassium dichromate from chromite
involves the following main steps :

()  The chromate ore is finely ground and heated strongly
with molten alkali in the presence of air.

2FeCr,0,+8Na0OH + 7/ 20, — 4Na,Cr,0, — Fe,0, +4H,0

Chromite Sodium chromate

(i)  The solution of sodium chromate isfiltered and acidified
with dilute sulphuric acid so that sodium dichromate is
obtained.

2Fe,Cr,0,+H,S0, —> Na,Cr,0, + Na,S0, + H,0

Sodium Chromate Sodium dichromate

(i) A calculated quantity of potassium chlorideis added to a
hot concentrated solution of sodium dichromate.
Potassium dichromate is less soluble therefore it
crystallizesout first.

Na,Cr,0,+ 2KCl — K ,Cr,0,+ 2NaCl
di?:?:rj(l)lrlg’:ne t’;’ioctha%n:;e

(b) () Pyrolusite oreisfused with akali in the presence of
air when potassium manganate is formed.

2MnO, +4KOH + O, — 2K ,MnO, + 2H,0

Potassium manganate

(if) Potassium manganateis oxidised by using either CO,,
ozone or chlorine to potassium permanganate.
2K ,MnO, +Cl, - 2KMnO,+ 2KCl

Potassium
permanganate

(ili) Potassium permanganae is crystallized from the
solution.

Sol.

0

(i)

(i)

(iv)

Among the actinoids, thereisagreater range of oxidation
states as compared to lanthanoids. Thisisin part due to
the fact that 5f, 6d and 7s levels are of very much
comparable energies and the frequent electronic transition
among these threelevelsispossible. This6d-5f transition
and larger number of oxidation states among actinoids
maketheir Chemistry more complicated particularly among
the 3rd to 7th elements. following examples of oxidation
states of actinoids. Justify the complex nature of their
Chemistry.

Uranium exhibits oxidation states of +3, +4, +5, +6inits
compounds. However, the dominant oxidation state in
actinoidesis +3.

Nobelium, No is stable in +2 state because of completely
filled f** orbitalsin this state.

Berkdlium, BK in+4 oxidation stateis more stable dueto f”
(exactly half filled) configuration.

Higher oxidation states are exhibited in oxoionsare UO,*,
PuO,?, NpO* etc.

Use Hund’s rule to derive the electronic configuration
of Ce*ion, and calculateitsmagnetic moment on the
basis of ‘spin only’ formula.

What arealloys? Mention an important alloy which
containssomeof thelanthanoid metals. M ention itsuses.

Sol. Analloy isamixture of ametal with other metals or non-
metals.

Animportant all oy which contains some of thelanthanoid
ismischmetall. Mischmetall consists of alanthanoid metal
(~95%) and iron (~5%) and tracesof S, C, Caand Al.

Uses: (i) Mischmetall isused in Mg based alloy to produce
bullets, shell and lighter flint.

Some individual Ln oxides are used as phosphorus in
television screens and similar fluorescing surfaces.

Sol.

The electronic configuratio of Ceand Ce* ionis:
Ce(Z =58) = [X¢€] 4f'5d'68°
Ce* = [Xe] 4f*
Theno. of unpaired electron=1

*Spin only’ formula for magnetic moment of a specie,

p=4n(n+2) B.M.

.. Magnetic moment of Ce**
n=1(1+2)BM.

=+/3BM.=1732 BM.



Example- 36

Namethemember sof thelanthanoid serieswhich exhibit
+4 oxidation gatesand thosewhich exhibit +2 oxidation
state. Try to correlatethistype of behaviour with the
electr onic configur ations of these elements.

Sol.

Example- 37

Cerium (Ce) and Terbium (Tb) show +4 oxidation state.
Their electronic configurations are given below :

Ce=[Xn] 4f1 50! 65
Th =[Xn] 4f° 65

Itisclear fromthe configuration of Cethat Ce* isfavoured
by itsnoble gasconfigurationi.e., [Xn] 4f°5d° 58, but can
be easily converted into Ce* ([Xn]) 4f! 5d° 65°). Due to
thisreason Ce* isan oxidising agent. Th* ionis stabilized
dueto half filled f-subshell i.e., [Xn] 4f". It also actsas an
oxidant.

Europium (63) and ytterbium (70) show +2 oxidation state,
this acts as reducing agents because they can be
converted into common oxidation state +3. The electronic
configuration of Euand Y areasfollows:

Eu=[Xn] 4" 6
Y = [Xn] 4 6

Formation of Eu? ion leaves 4f” configuration and Y 2" ion
leaves 4f14 configuration. These configurations can stable
dueto half filled and full filled f-subshell. Samarium, Sm
(62) 4f° 65> al so showsboth +2 and +3 oxidation stateslike
europium.

Explain thefollowing facts
(@ transition metalsact ascatalysts.

(b) chromium group dementshavethehighest melting
pointsintheir respectiveseries.

(c) trandtion metalsform coloured complexes.

Sol.

@

0]

(if)

(b)

©

The catalytic activity of transition metalsis attributed to
the following reasons :

Because of their variable oxidation statestransition metals
form unstableintermediate compounds and provide anew
path with lower activation energy for the reaction.

In some cases, the transition metal provides a suitable
large surface area with free valencies on which reactants
are adsorbed.

Because they have strong metallic bonds due to greater
number of unpaired d electrons.

thisis due to d-d transition.

Example- 38

Discusstherelative stability in aqueoussolutionsof +2
oxidation sateamongthedements. Cr,Mn, Feand Co.
How would you justify thissituation ?

(At.Nos.Cr =24, Mn=25,Fe=26,Co=27)

Sol.

On the basis of electrochemical series the standard
electrode potential shows the following order

E° <E° ., <FE°

o
cretycr <Ep

MnZ* /Mn Fe** | Fe Co? /Co

Therefore Co? getseasily reduced to metallic cobalt while
it is difficult to reduce Mn?*. Hence Mn?" will be most
stable and the increasing stability order will be

Co* < Fe?* < Cr* <Mn*

Example- 39

Which metal in the first series of transition metals
exhibits+1 oxidation satemost frequently and why ?

Sal.

Example- 40

Copper metal (Cu, at, no. 29) shows+ 1 oxidation statei.e.,
it existsas Cu* inlarge number of copper compoundse.g.,
cuprous oxide (Cu,0), coprous sulphide 9Cu,S); cuprous
chloride (Cu,Cl,) etc. The electronic configuration of Cu*
is[Ar] 3d©°4<’.

Thisconfigurationisvery stableasall five 3d orbitalsare
fully filled.

Assign areason for each of thefollowing :

() Thethirdionization energy of Mn(Z =25) ishigher
than that of either Cr (Z =24) or Fe(Z = 26).

(i) Simplecopper (1) saltsarenot stablein aqueous
solutions.

Sol.

0

(i)

Thisis because Mn?* is more stable as it has exactly half
filled configuration 3d° 4<°.

Cu?* (aqg) is much more stable than Cu* (ag). This is
because, although second ionization enthalpy of copper
islarge but for Cu?* (ag) is much more negative than that
of Cu* (aq) and therefore, it more compensate for the
second ionisation enthal py of copper. Therefore, Cu* ion
agueous solution undergoes disproportionation.

2Cu* (ag)——>Cu® (ag)+Cu(s)



Example- 41

Describethetrendsin thefollowing propertiesof the
first seriesof thetransition elements:

(i) Oxidation states
(if) Atomic sizes

(i) M agnetic behaviour of dipositivegaseousions(M?#").

Sal.

0]

+3

(i)

(i)

Asthereisvery little energy difference between 4sand 3d
orbitals, electrons from both energy levels can be used
for chemical bond formation. Thereforeall elements except
Sc and Zn, of the first transition series show a number of
oxidation states as shown in table.
Ti v Cr Mn Fe Co Ni Cu  2Zn
+2 +2 +2 +2 +2 +2 +2 +1
+3 +3 +3 +3 +3 +3 +3 +2 +2
4 4 4 4 4 14 44
+5 +5 +5
+6 +6 +6
+7

Atomic radii of the first transition series decreases from
Sc to Cr, then reamins almost constant till Ni and then
increases from Cu to Zn.

The reason of this variation in atomic radii has been
attributed to theincreasein nuclear chargein the beginning
of the series. But as the electrons continue to befilled in
d-orbitals, they screen the outer 4s electrons from the
influence of nuclear charge. When the increased nuclear
charge. When the increased nuclear charge and the
increased screening effect balance each other inthe middle
of transition series, the atomic radii becomes amost
constant (Mn to Fe). Towards the end of the series, the
repulsive interaction between electrons in d orbitals
become very dominant. As aresult there is an expansion
of the electron cloud; consequently, the atomic size
increases.

; .2, all other divalent gaseous ions of the first
series of thetransition elements contain unpaired el ectrons
in their 3d subshell and are therefore paramagnetic in
nature.

The magnetic moment (u) of the elements of the first
transition series can be calculated with the unpaired
electrons (n) by the spin-only formula

nyn(n+2)BM.
lon Configuration| Unpaired Magnetic moment (p)
electrons calculated
Mn* | 3d4s 5 J5(5+2)=592BM.
cu | 3d48 1 J1(1+2)=173BM.
zn* 3d°48’ 0 0(0+3)=0

Example- 42

Completethefollowing chemical reaction equations:
(i) MnO, (ag)+C,0% (ag)+H" (ag)—>

(i) Cr,0% (ag)+Fe* (ag)+H" (ag)——>

Sol.

Example- 43

(i) MnO, +8H" +56° ——>Mn*" +4H,0] x 2
C,0f ——2C0O,+27]x5

2MnO;, +5C,07 +16H" ——>2Mn?" +10CO, +8H,0

(ii) Cr,02 +14H" + 66— 2Cr* +7H,0
27 2

Fe™ — > Fe* +e]x6

Cr,07 +6Fe’ +14H" —»2Cr* +6Fe* + 7H,0

How would you account for thefollowing:

() Many of the transition elements and their
compoundscan act asgood catalysts.

(i) The metallic radii of the third (5d) series of
transition elementsarevirtually thesameasthose
of thecorresponding member sof thesecond series.

(iii) Thereisagreater rangeof oxidation satesamong
theactinoidsthan among thelanthanoids.

Sol.

0

(i)

(i)

The catalytic activity of transition metalsis attributed to
the following reasons:

(8 Because of their variable oxidation states transition
metals form unstable intermediate compounds and
provide anew path with lower activation energy for
the reaction.

(b) Insomecases, thetransition metal providesasuitable
large surface area with free vacancies on which
reactants are adsorbed.

Thisduetofilling of 4f orbitalswhich have poor shielding
effect or due to lanthanoid contraction.

Thisisdueto comparable energiesof 5f, 6d and 7sorbital
in actinoids.

Example- 44

Intransition series, with anincreasein atomic number,
theatomicradiusdoesnot changevery much. Why isit
S0 ?

Sol.

Withtheincreasein atomic number along atransition series
the nuclear charge increases which tends to decrease the



size of the atom. But the addition of electrons in the d
subshell increases the screening effect which
counterbalances the increased nuclear charge. Hence,
along atransition seriesthe atomic radius does not change
very much.

Example- 45

Decidegiving reasonswhich oneof thefollowing pairs
exhibitstheproperty indicated:

(i) Sc* or Cr** exhibitsparamagnetism.

(i) V or M n exhibitsmorenumber of oxidation states.

(AtomicNumbers: Sc=21; Cr =24; V =23; Mn =25)

Sal.
() % and Cr®* are given
below.

Sc* :[Ar]3d°4s’ Cr :[Ar]3d®4s’

Because of the presence of three unpaired electrons in
the 3d subshell Cr®* is paramagnetic. Sc** is diamagnetic
as it does not have any unpaired electrons.

(i)  The electronic configurations of V and Mn are given
below:
%V ([Ar]3d’4s? sMn:[Ar]3d°4s’

Mn exhibits more number of oxidation states than V
because of the greater number of electronsin its valence
shell.

Example- 46

Account for thefollowing:

(i) Cerium (atomicnumber =58) formstetrapositive
ion, Ce* in aqueoussolution.

(il) The second and third membersin each group of
transition element havesimilar atomicradii.

Sal.

()  Theéelectronic configuration of Ce (Z =58) is,Ce=[X€]
4f1 5d* 6s?

Cerium can lose four electrons (4f! 5d! 6s%) in agqueous
solution to acquire stable configuration of rare gas xenon.
Moreover dueto small size and high charge, Ce* ion has
high hydration energy.

(i)  Thesecond and third membersin each group of transition
elements have very similar atomic radii due to lanthanoid
contraction. It arises due to poor shielding effect of Af
electrons.

Example- 47

Amongtheionic species Sc, Ce** and Eu?* which one
isa good oxidising agent? Give a suitable reason for
your answer. (Atomic numbers; Sc = 21; Ce = 58;
Eu=63).

Sol. The electronic configurations of given species are:

218C —>18 SC3+

[Ar]ad'4s’  [Ar]3d°4s’

55 Ce—>s Ce™
[Xe] 4F1 3k 62 [X¢]

EU——e EU*

[Xe]4f"68  [Xe] 4

Ce™ is a good oxidising agent because it can readily
change to the most stable +3 oxidation state by gaining
one electron.

Ce* +e ——>Ce*

Because of their stable configuration Sc** and Eu?* cannot
gain electrons.

Example- 48

Writecompletechemical equationsfor :

(i) Oxidationof Fe* by Cr,0.* in acid medium.

(if) Oxidation of S,0,> by MnQ, in neutral aqueous
solution.

Sol. (i) 6F€* +Cr,0* + 14 H" ——> BFe* + 2Cr** + TH,0

(i) 2MnO, +3S,0,> + H,0— 2MnO, + 350> +
3S+20H-,

Example- 49

What arethedifferent oxidation statesexhibited by the
lanthanoids?

Sol.  The most common oxidation states shown by lanthanoids
is+3. In some exceptional casesit may be+2or +4 (+2in
Euand Yb; +4inCe).



Example- 50
What is meant by ‘lanthanoid contraction’ ?

Sol. Theregular decrease (contraction) intheatomic andionic
radii with increasing atomic number from lanthanum to
lutetium along the lanthanoid series is called lanthanoid
contraction.

Example- 51

How would you account for thefollowing:

(i) Cr?isreducingin naturewhilewith thesamed-
orbital configuration 9d* Mn* is an oxidising
agent.

(i) In atransition series of metals, the metal which
exhibits the greatest number of oxidation states
occursinthemiddleof theseries.

Sol.

(i) E°vaue of Cr*/Cr* is negative (-0.04V) while that of
Mn*/Mn# is positive (1.5 V). This means Cr? can lose
electronsto form Cr® and thusisreducing in nature while
Mn?* can gain electronsto form Mn?" and isthus oxidising
in nature.

(i)  Inatransition seriesof maximum number of oxidation states
are shown by that element which has maximum number of
unpaired electrons. Thisis so in the element present in the
middle of the series. That iswhy the metal in the middle of
the seriesexhibits maximum number of oxidation states. For
example, manganese, present in the middle of the first
transition series exhibits maximum oxidation statesi.e., +2,
+3,+4,+5,+6, +7.

Example- 52

Completethefollowing chemical equations:
(i) MnO;, (aq) +S,05" (a) +H,0(¢) -

(i) Cr,05 (ag)+Fe* (ag)+H" (ag) >
Or
Satereasonsfor thefollowing :
(i) Cu(l)ionisnot stablein an aqueoussolution.

(i) UnlikeCr®, Mn?, Fe* and the subsequent other
M2 ionsof the 3d seriesof d ements, the4d and the
5d series metals generally do not form stable

cationic species.

Sol.
()  8MnO, (aq)+3S,05 (aq)+H,0(()—>6 SO

(ag) + 8MnO, + 20H" (aq)

(i) Cr,07 (ag)+6Fe* (ag)+14H" (ag)——2 Cr*

(aq) + 6 Fe** (ag) + 7TH,0 (1)
O

()  Cu? (ag) ismuch more stable than Cu* (ag. Thisisdueto
more negative A, H more than compensates for AH,. As
a result Cu(l) is unstable in aqueous solution and
undergoes disproportionation as below :

2Cu* ——Cu* +Cu

(i)  Thevalence shell electronic configuration of Cr¥, Mn,
Fe¥* isd?, d® respectively. Dueto symmetrical distribution
of electrons (Either t3; or t; €)) they form stable

cationic complexes. Theatomic radii of 4d and 5d transition
metal at elementsare morethan those of 3d series. Hence.
they generally do not form stable cationic complexes.

Example- 53

Explain givingreasons:

() Transition metalsand their compoundsgenerally
exhibit aparamagnetic behaviour.

(i) The Chemistry (XII) (XI1) of actinoidsis not so
smooth asthat of lanthanoids.

Sol.

(i) Paramagnetismisa property due to presence of unpaired
electrons. In case of transition metals, as they contain
unpaired electrons in (n — 1) d orbitals, most of the
transition metal ions and their compounds are
paramagnetic.

(i)  The genera electronic configuration of lanthanoids is
[Xe]* 4f** 5d*! 6 and that of actinoids is [Rn]® 5f-14
6d% 7<2. Unlike 4f orhitds, 5f orbitalsarenot deeply burried
and participatein bonding to agreater extent. In actinoids
due to poor shielding effect of 5f orbitals, the effective
nuclear charge experienced by valence shell electronsis
more than those in lanthanoids. As aresult the Chemistry
(X11) (X11) of actinoids is not so smooth as that of
lanthanoids.

Example- 54

Assign reasonsfor thefollowing :
(i) Copper (I)ionisnot known in agqueoussolution.

(i) Actinoidsexhibit greater rangeof oxidation states
than lanthanoids.

Sol.

() Cu (1) ion is not known in aqueous solution because
Cu?*(aq) is much more stable than Cu*(aqg). Thisisdueto



(i)

Example- 55

more negative AL H for Cu?* (ag) than Cu*(aq) athough
AH,for Cu**islarge. Thus, A, H morethan compensates
for high value of AH,. As aresult Cu (I) is unstable in
aqueous solution and undergoes disproportionation as
below :

2Cut ——Cu?* +Cu

Actinoids exhibit greater range of oxidation states than
lanthanoids. this is because of very small energy gap
between 5f, 6d and 7s subshells. Hence, all their electrons
can take part in bond formation.

Assign reasonsfor each of thefollowing:

(i) Transition metals generally form coloured
compounds.

(i) Manganeseexhibitsthehighest oxidation state of

+7 amongthe 3d seriesof transition elements.

Sal.

0]

(if)

Example- 56

Transition metalsgenerally form col oured compounds. The
colour of compounds of transition metalsmay be attributed
to the presence of incomplete (n — 1) d subshell. In the
compounds of transition metals the d—orbitals split into

two sets-t,, (dxz_yzadzz) of lower energy and e,

(dxy, d,, dXZ) of high energy. Theelectron can jump from

lower energy t, orbitalsto higher energy e_ orbitals (d—d
transition) by absorption of light of some particular
wavelength fromvisiblelight. Theremainder light isemitted
as coloured light and the compound appears coloured.

In atransition seriesthe el ement with maximum oxidation
state occursin or near the middle of the transition series
and maximum oxidation state exhibited isequal to sum of
(n — 1) d and ns electrons. In Mn (3d°® 4<?) the sum of
(n - 1) d and (ns) electron is 7 and therefore it exhibits
maximum o.s. of + 7. Thelesser no. of oxidation stateson
extreme ends are either dueto too few electronsto lose or
share or too many d-electrons so that fewer orbitals are
available to share electrons with others.

Explain:

@) C(;tOf' isastrongoxidizing agent whileMnO > is
not.

(if) Zr and H, haveidentical sizes.

(i) Thelowest oxidation state of manganeseisbasic
whilethehighest isacidic.

(iv) Mn (I1) showsmaximum par amagnetic char acter
amongst the divalent ions of thefirst transition
series.

Sol.

CuF, and CCl,, compounds will be coloured because they
incompl etely filled d-orbitalsand unpaired electrons, they

(i)

(i)

(iv)
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can undergo d-d transition by absorbing colour from
visible region and radiating complementary col our.

Zr and H, haveidentical sizesbecause passing of electrons
takes place in d-orbitals causing repulsion and effective
nuclear charge does not increase apprecialby.

Manganese (Z = 25) exhibits the largest number of
oxidation states because its atoms has the maximum
number of npaired electrons. The lowest oxidation state
of manganese is basic while the highest is acidic.

Mn(l1) shows maximm paramagnetic character amongst
the divalent ions of the first transition series because it
has the largest number of unpaired electrons.

Explain thefollowingfacts:
(@ Trangtion metalsactsascatalyst.

(b) Chromium group elementshave highest meeting
pointsin their respectively series.

(¢) Transition metalsform coloured complexes.

Sal.

@

(i)

(i)

(b)

©

Transition metals acts as catalyst due to the following
reasons :

Their partially empty d-orbitals provide surface area for
reactant molecules.

They combine with reactant moleculesto form transition
states and lowers their activation energy.

They show multiple oxidation states and by giving
electronsto reactantsthey form complexesand lower their
energies.

The melting point of chromium groups elements have the
highest melting points in their respective serves due to
presence of strong intermetallic bonds (formed by valence
electrons and covalent bonds formed due to d-d
overlapping of impaired d-elelctrons.)

Their colour dueto the presence of incompl ete d-subshell.
The electrons can be excited from one energy lavel to
another with in the d-subshell. The energy required to
cause such d—d promotions or transition falls within the
visiblerangefor al transition elements. When whitelight
fallson anion or compound, some of itswave lengths are
absorbed due to d—d transition and others are reflected.
Therefore, coloure of the transition metal ionisthat of the
reflected light.
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Givereasons:

(i) Amongtranstion metals, thehighest oxidation sate
isexhibited in oxoaninsof ametal.

(i) Ce* isused as an oxidising agent in volumetric
analysis.

(i) Transition metals form a number of inter stitial
compounds.

(iv) Zn?* saltsarewhitewhile Cu?* saltsareblue.

Sol.

0]

(if)

(i)

(iv)
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Highest oxidation state is shown in flourides and oxides
because F, and O, are strong oxidising agents.

Ce* =[Xd], 4f°, 5, 65

Ce™ has the tendency to accept one electron to get the +3
oxidtion state, hence Ce* is a good oxidising agent.

In these compounds small size atoms like hydrogen,
carbon, nitrogen, boron, etc. occupy the empty space of
metal lattice (interstices). The small entrapped atominthe
interstices form the bonds with metals due to which
mobility and ductility of the metals decrease, when as
tensile strength increases. Example: steel istheinterstitial
compound of iron and carbon.

In Cu?* salts (3d°) d-d transition is possible. Therefore
Cu? sdlts are coloured.

In Zn2+ salts (3d™) no. d-d transition is possible due to
completely filled d-orbitals. Hence Zn* salts are white.

Writethemain differencesin lanthanidesand actinides.
Sal.
Lanthanides Actinides

1. Lanthanides shows+3 1. Actinides show higher
oxidation state only oxidation states such as
except in few cases +4, +5, +6, +7 d0in
whereitis+2 or +4. addition to +3.
Oxidation states exhi-
bited by lanthanidesis
never more than +4.

2. Paramagnetic properties | 2.  Paramagnetic proper-
of lanthanides can be tiesaredifficult to
easily explained. interpret.

3. Lanthanidesdo not form| 3. They have agreater
form complexes. tendency to complex

formation. Even p -
complexes are formed
by actinides.

4. Lanthanidesdo not form| 4. Thesein higher oxidation
axo ions. states form axo ions.

5. Except promethium, 5. SuchasUo,”, NbO',
these are ion-radioactive PuO,” etc.
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What happens when ?

(i) Ferricchlorideisadded to potassium ferrocyanide.
(i) lronreactswith cold dilute nitric acid.

(iii) Potassium ferricyanideisadded to ferrous sulphate.

(iv) Excess of potassium iodide is added to mercuric
chloride.

(v) Greenvitriol isstrongly heated.

(vi) Silver chloride is treated with aqueous sodium
cyanide and the product thus formed is allowed to
react with zincin akaline medium.

(vii) Zinc oxideistreated with excessof sodium hydroxide
solution.

(viii) Ammonium thiocyanate is added to ferric chloride
solution.

Sol.

(i) Prussianblueisformed.

4FeCl, + 3K ,Fe(CN) — Fe,[Fe(CN)]3+12KCl

Prussian blue
(Ferri ferrocyanide)

(i) Ammonium nitrateisformed.
[Fe+2HNO, — F&(NO,), + 2H] x 4
HNO, +8H — NH, +3H,0
NH, + HNO, — NH,NO,
4Fe+10HNO, — 4F&(NO,), + NH,NO, + 3H,0

(iii) Ferrous ion is first oxidised to ferric ion while
ferricyanideionisreduced to ferrocyanideion. Then,
ferric ions react with ferrocyanide ions to form
potassium ferric ferrocyanide (Turnbull’s blue).

Fe?* + K, [Fe(CN) > — KFe [Fe(CN),]

(Turnbull's Blue)

(iv) First scarlet precipitateisformed which then dissolves
in excess of potassiumiodide forming acomplex.

HgCl, + 2K1 — Hgl,, + 2KCl
Hgl,+ 2K — K, Hgl,
Potassiumtetraiodomercurate(l1)

(colourless)
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Explainthefollowing:

v)

When heated strongly, a mixture of gases consisting
of SO, and SO, isevolved and ared residue, Fe,0, is
formed.

[FeSO,.7H,0 — FeSO, + 7HZO] x2

2FeSO, — Fe203 + SO2 + SO3
SO,+H,0—»H,SO,

2FeSO,.7H,0 — Fe,0,+ S0, +H,SO, + 13H,0

Green vitriol Red

(vi) AgCl dissolvesin KCN forming acomplex, potassium

argentocyanide. The addition of zinc precipitates
Slver.

AgCl +2KCN — KAg(CN), +KCl
2KAQ(CN), +Zn— K Zn(CN), + 2Ag

Potassium zincocyanide

(vii) ZnO dissolvesin NaOH forming sodium zincate.

ZnO + 2NaOH —> Na,Zn0, + H,0

(viii) Deep red colouration dueto theformation of acomplex

or

0]

(if)

(i)

(iv)

(v)

(Vi)

(vii) Copper sulphate dissolves in NH,OH solution

(viii) Copper hydroxide is soluble in ammonium

is developed.
FeCl,+NH,CNS— Fe(CNS)Cl,+NH,Cl
FeCl,+ 3NH,CNS— Fe(CNS), + 3NH,Cl

Acidified K,Cr,O, solution turns green when
sodium sulphite is added to it.

Zinc becomesdull in moist air.

A little acid is always added in the preparation
of agueous ferrous sulphate solution.

The addition of NaOH solution to a solution of zinc
chloride produces awhite precipitate which
dissolves on further addition of NaOH.

The addition of NH,OH to ZnSO, solution
produces white precipitate but no
precipitateisformedif it containsNH,Cl.

Zinc and not copper isused for therecovery of silver
fromcomplex[Ag(CN),]".

but FeSO A does not.

hydroxide but not in sodium hydroxide.

Sol.

0]

Na,SO, isareducing agent. It reducesacidified K ,CrO,
to chromic sulphate which isgreenin colour.

K,Cr,0, +4H,80, - K,S0, + Cr,(SO,), + 4H,0 +3[O]
[Na,SO,+[0] - Na,S0,] x 3

K,Cr,0,+3Na,S0, +4H,S0, - K SO, + Cr,(SO,),

(i)

(i)

(iv)

V)

(Vi)

Green
+3Na,SO, +4H,0
When zinc is exposed to moist air, the surface is
affected with the formation of a film of basic zinc
carbonate on it. Due to this zinc becomes dull.

[2Zn+2H,0+0O,— 2Zn(OH),] x 2
Zn(OH), + CO, — ZnCO, +H,0
ZnCO, + 3Zn(OH), — ZnCO,.3Zn (OH),

4Zn +3H,0+CO, +20,— ZnCO,.3Zn(0OH),

Basic zinccarbonate
Ferrous sulphateis a salt of aweak base and a strong
acid. Thus, its hydrolysis occurs when it is dissolved
inwater and sol ution becomesturbid dueto formation
of ferrous hydroxide.

FeSO,+2H,0 — Fe(OH),+H,SO,
Addition of a small amount of acid shifts the
equilibrium towards|eft and thus preventshydrolysis.
On addition of NaOH, awhite precipitate of Zn (OH),
isformed which dissolvesin excessof NaOH forming
sodium zincate.

ZnCl,, +2NaOH — Zn(OH), + 2NaCl
Zn (OH), +2NaOH — Na,Zn0O, + 2H,0

Soluble
NH,OH is a weak hydroxide. It ionises slightly
furnishing OH~ ions. However, the OH™ ions are
sufficient to cause the precipitation of Zn(OH), asits
solubility product is exceeded.

ZnS0O, + 2NH,OH — Zn(OH), + (NH,),SO,

white ppt.
In presence of NH,Cl, the ionisation of NH,OH is
further suppressed and sufficient OH™ ions are not
available to cause precipitation as the solubility
product is not exceeded.
Zinc is cheaper as well as stronger reducing agent in
comparison to copper.

Zn+2[Ag(CN),]" — 2Ag+[Zn(CN),1*

(vii) Copper sulphate dissolvesin the ammonium hydroxide

dueto formation of acopper complex. Ferrous sulphate
reactswith NH,OH to forminsoluble Fe(OH).,. It does
not form any complex with NH,OH.
CuSO, +4NH,OH — [Cu(NH,) ]SO, +4H,0

Deep blue solution
FeSO, + 2NH,OH — Fe(OH), + (NH,),SO,

Insoluble

(viii) Cu(OH), dissolvesin NH,OH by forming acomplex.

Cu(OH), +4NH,OH — [Cu(NH,) ] (OH), +4H,0
Cu(OH), isinsolublein NaOH as no such complex is
formed.
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A metal chloride (x) showsthefollowing reactions:

(@ WhenH_,Sispassed inan acidified solution of (x) a
black precipitate is obtained.

(b) The black precipitate is not soluble in ammonium
sulphide.

(¢) The solution of stannous chloride is added to an
agueous solution of (x), a white precipitate is
obtained which turns grey on addition of more
stannous chloride.

(d) When aqueous solution of K| isadded to an aqueous
solution of (x), ared precipitate is obtained which
dissolves on addition of excess of K.

Identify (x) and write down the equations for the
reactions.

Sol.
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The acidified solution of (x) gives a black sulphide with
H_Sindicatesthat the chlorideisof abasic cation of second
group. The sulphide in insoluble in ammonium sulphide,
hence, the cation belongsto |1 A group of mixtureanalysis.
It giveswhite precipitate with SnCl, which turnsto grey
in excess of SnCl, suggests that (x) is HYCl,,. It is further
confirmed by the reaction with K.
Reactions:
HgCl, +H,S— HgS+2HCI
Black
2HgCl, + SnCl, — Hg,Cl, + SnCl,
white
Hg,Cl,+SnCl, — 2Hg+SnCl,
Grey
HgCl, + 2KI — Hgl,, + 2KCl
Red ppt.
Hgl, + 2KI — K Hgl,
Soluble

A certain inorganic compound (A) on heating loses its
water of crystallisation. On further heating, a blackish
brown powder (B) and two oxides of sulphur (C and D)
are obtained. The powder (B) onbailing with hydrochloric
acid gives ayellow solution (E). When H,Sispassed in
(E), awhiteturbidity (F) and apple green solution (G) are
obtained. The solution (E) on treatment with thiocyanate
ions givesablood red coloured compound (H). Identify
the compounds from (A) to (H).

Sol.

The compound (A) on strong heating gives two oxides of
sulphur, it may be asulphate. The solution (E) on treatment
with thiocyanate ions gives blood red coloured compound
(H) indicatesthat the solution (E) consists Fe** ions. Thus,
the compound (A) isferrous sulphate, FeSO,.7H.0.

Reactions:

FeSO,.7H.O 4%3?0 FeSO, "= , Fe,0, +SO,+ SO,

" (®) © ®
Blackish
brown powder

Fe,0,+6HCI—— 2FeCl, +3H,0

(B) (E)
Yellow solution

2FeCl, +H,S—— 2FeCl, +2HCI+ S
(G)

greer/: Qgﬁi on tu\ptl)?cijti?y
FeCl,+3CNS —— Fe(CNS),+3Cl~
® Blood red

coloured solution
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(i) A black mineral (A) ontreatment with dilute sodium
cyanide solution in presence of air gives a clear
solution of (B) and (C).

(i) The solution (B) on reaction with zinc gives
precipitate of ametal (D).

(iii) (D) is dissolved in dilute HNO, and the resulting
solution givesawhite precipitate (E) with dilute HCI.

(iv) (E) on fusion with sodium carbonate gives (D).

(v) (E) dissolvesinammoniasolution giving acolourless
solution of (F). Identify (A) to (F) and give chemical
equations for reactions at steps (i) to (v).

Sol.

On the basis of the given data, the black mineral (A) is
silver glance, Ag,S. It isconfirmed by the following :
() Itdissolvesin sodium cyanide solution in presence of
ar.
Ag,S+4NaCN +20,— ZNaAg(CN),] + Na,SO,
Sodium Sodium

argento cyanide sulphate
(8)

(€)

(i) 2 NaAg(CN),] +Zn — Na,Zn(CN), + 2Ag
() ()

(iiy 3A+4HNO, —3AGNO, + NO+2H,0

AgNO, + HCI - AgCl + HNO,
(E)

(v) 2AGCH+ Na,CO; - 2Ag+ 2NaCl + CO, +%oz

” AgCl + 2NH,OH — Ag(NH,),Cl + 2H,0
V (E)

(GI.
Colourless solution
(A) = Silver glance, Ag,S
(B) = Sodium argentocyanide, NaAg(CN),
(C) = Sodium sulphate, Na,SO,
(D) =Silver metal, Ag
(E) = Silver chloride, AgCl
(F) = Diamminsilver (1) chloride, Ag (NH,),Cl




EXERCISE - 1 : BASIC OBJECTIVE QUESTIONS

D & F Block

1.

10.

Transition elements have
(@ completely filledd levels
(b) completely filled slevelsand d levels

(c) incompletely filled s levels and completely filled d
levels

(d) incompletely filled d levels

The general electronic configuration of the transition
elementsis

(@) (n-1)d*°(n+ 1)s?

(b) (n-1)d* 0 (n+ 1)si2

(c) (n—1)d*1% npb ns?

(d) (n - 1)d*1 ng>2

Which of thefollowing transition elements has completely
filled d orbitals (the d'® configuration)

(& Co (b) Cr

(c)Hg (d)Ni

In which of the following transition elements are the d
orbitalsnot completely filled ?

(@ 2Zn (b) Hg
(c)Cd (d)Ag
Theelectronic configurations of thefirst four membersof

the actinide series cannot be written accurately in aregular
manner because of

(a) small differencein energy between 5f and 6d orbitals
(b) large differencein energy between 5f and 6d orbitals
(c) small differencein energy between 5f and 6s orbitals
(d) violation of the Pauli exclusion principle

The electronic configuration of silver is

(a) [Ar]3d¥° 4st (b) [Ar]4d© 4s!

(c) [Kr]4d05st (d) [Kr]4d® 58>
Theelectronic configuration of palladiumis

(a) [Ar]3d®4s? (b) [kr]4d®5s?

(c) [kr]5d®6s (d) [Ar]4d'%5s”
The electronic configuration of platinumis

(a) [Ar] 4f¥5d%s! (b) [Ar] 4f145d'%s?
(c) [Ar] 4f¥46d107s? (d) [Ar] 4f¥6d°7s!

Transition elements

(8) exhibit inert-pair effect

(b) show nonmetallic character

(c) do not form complex compounds
(d) exhibit variable oxidation states

The oxidation states shown by transition elements is
related to their

(a) electropositive characters

12.

13.

14.

15.

16.

17.

18.

(b) electronic configurations
(c) atomic weights (d) atomic sizes
The electronic configuration of chromium is actually

[Ar]3d°4s! instead of normally expected [Ar]3d*4s?. This
is because

(a) an exactly half-filled d level gives additional stability,
according to the Hund rule of maximum multiplicity

(b) the 4s orbital has higher energy than the 3d orbitals
(c) the 4s orbitals has lower energy than the 3d orbitals

(d) the 3d and 4s orbitals have equal energies and hence
electron migration occursreadily

| dentify the species having an atom in +6 oxidation state.

(8 MnO; (b) Cr(CN)2

(c) NiF?~ (d)Crocl,

Which of the following is not true about the transition
elements ?

(a) They show variable oxidation states

(b) Their ions have astrong tendency to form complexes

(c) Their compounds usually do not absorb ultraviolet
and visible lights

(d) Their ionsand complex ionsusually possess magnetic
moments.

What of the following is an incorrect statement?

(@ Thelowest oxideof atransition metal isacidic whereas
the highest one is usually basic.

(b) A transition metal usually exhibits higher oxidation
statesin its fluorides than it itsiodides.

(c) Transition metal halides become more covalent with
the increasing oxidation state of the transition metal
and are more susceptible to hydrolysis.

(d) Thehighest oxide of atransition metal isacidic whereas
the lowest one is usualy basic.

Which of the following transition metals does not show
variable oxidation states ?

(a) Mercury (b) Zinc

(c) Gold (d) Silver

Which of the following ionsis colourlessin solution ?
(a) V3+ (b) Cr3+

(c) Co?* (d) Sc3*

Which of the following ions has the maxi mum number of
unpaired d electrons ?

(a) Fe** (b) v3*
(©Ti** (d) Mg**

Which of the following ions possesses the maximum
number of unpaired electrons ?

(@ Ni* (b) Fe?*



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

(o) Cu? (d) Zr?*

Which of the following does not possess unpaired
electrons ?

(a) Co* (b) Cu?*
(0 Ti** (d) Hg™*

Which one of thefollowingionic specieswill impart colour
to an agueous solution ?

(@ Ti* (b) Cu*

(c) Zn?* (d) Ccr3

Which of the following elements shows the maximum
number of different oxidation states in its compounds ?
(8 Eu (b)La

(©Gd (d)Am

Which of the following electronic configurations
represents Fe** ?

(a) [Ar]3d%4s? (b) [Ar]3d°4s!

(c) [Ar]3d°48> (d) [Ar]3d°4<°

Thelast electron of ad-block element occupiesthe orbital
(@) (n-1)d (b) nd

() np (d) (n-1)s

Which of the following ions is expected to the coloured
in solution ?

(a cu* (b) Cu?*

(0 Ti* (d) Sc®

Which of the following compounds is expected to be
coloured ?

(8Ag,SO, (b) CuF,

(c) MgF, (d) CucCl

The covalent radii of transition metals decrease from | eft
toright in a period because

(a) the densities of the metals decrease with increasing
atomic number due to poor shielding of electrons

(b) the screening of nuclear charge by d electronsis poor
and hence the nuclear charge attracts al the electrons
strongly, causing a decrease in size

(c) theionization energies also decrease correspondingly

(d) the metallic character decreases asthe atomic number
increases

The highest possible oxidation state shown by osmium
in its compounds is

(@ +4 (b) +8
(©+6 (d) +10

Which of the following oxides of chromiumisamphoteric
in nature ?

@cro (b) CrO,

(©)Cr,0, (d) CrOg

Permanent magnetic are generally made fromthe alloy of
(a) Co (b) Zn

(oAl (d)Pb

30.

31

32.

33.

35.

36.

CrO, dissolvesin agueous NaOH to give
(@ Cro;” (b) Cr(CH),

(¢) Cr,02" (d) Cr(OH),

Lanthanide elements have

() similar lattice energies but widely different solvation
and ionization energies

(b) similar lattice and solvation energies but widely
different ionization energies

(c) similar lattice and ionization energies but widely
different hydration energies

(d) similar lattice energies, solvation energies and
ionization energies

Among the transition metal s, the melting pointsof Zn, Cd

and Hg are relatively low because

(a) their d shellsare not completely filled

(b) their d electrons do not participatein metallic bonding

(c) their densities are higher

(d) of all the above

The noble character of platinum and gold is favoured by

(@ high enthalpies of sublimation, high ionization
energies and low enthal pies of solvation

(b) high enthal pies of sublimation, low ionization energies
and low enthalpies of solvation

(c) low enthal piesof sublimation, high ionization energies
and low enthalpies of solvation

(d) high enthalpies of sublimation, high ionization
energies and high enthalpies of solvation

The transition elements are
(a) more reactive than group 1 elements
(b) more reactive than group 2 elements

(c) lessreactive than group 1 elements but more reactive
than group 2 elements

(d) lessreactive than group 1 and 2 elements
Transition metals

(8@ form only ionic compounds

(b) form exclusively covalent compounds

(c) may form either ionic or covalent compounds
depending on the condition

(d) exclusively form coordination compounds but no
simple compounds

Which of the following statements isincorrect ?

(8 The compoundsformed by the 3d transition metalsin
lower valence states are ionic but those in higher
valence states are covalent.

(b) The 4d and 5d transition metals form less ionic
compounds than do the 3d transition metals.

(c) The compounds formed by the 3d transition metals
are less ionic than the corresponding compounds
formed by the 4d and 5d transition metals.

(d) The ionization energies of 3d, 4d and 5d transition
metals are greater than those of group 1 and 2 metals.



37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Which of the following compounds is colourless?
(8 K,MnO, (b) Hgl,

(c) ZnSO, (d) FesO,

The compound ZnSO, is white because

(@) charge is transferred from the metal to the oxygen
atoms

(b) electron transfer to d level does not occur asthe level
isalready filled to capacity in zinc

(¢) Zn?* has d'° configuration and d-d transition occurs
easily

(d) Zn?* ions absorb light of the visible range

Which of the following compoundsis green in colour ?

(@ KMnO, (b) (NH,),Cr,0,

(c)MnO, (d) K,MnO,

Cr,O? reactswith OH™ as

Cr,02" +2(0H") - 2CrO; +H,0
The changein oxidation number of Cris
(@) +6 (b)+3

(c) zero (d)+4

CrOZ reactswithH" as

2CrO; +2H" - Cr,0} +H,0
The changein oxidation number of Cris
(@+5 (b)+7
(c)+6 (d) zero
Which of the following ionsis paramagnetic ?
(@ zZn? (b) N*
(c) Mn** (d) Cu?
Which of the following ionsis diamagnetic ?

(@) Ni%* (b) Ti*

(ocr¥ (d) Co**

The value of magnetic moment (u spin only) for Cu?* in
CusSO,.5H,0is

(85.92BM (b)4.92BM

(c)2.83BM (d)1.73BM

For a given ion, the magnetic moment is 2.83 BM. The
total spin (s) of all the unpaired electronsis

@2 (b)1

(©)3/2 (d) 12

The transition metal s sometimes form nonstoichiometric
compounds. These compounds have

(a) definite structures and definite proportions

(b) indefinite structures and definite proportions

(c) definite structures and indefinite proportions

(d) indefinite structures and indefinite proportions
Which of the following statementsis correct ?

(@) The second-row elements have smaller radii than the
corresponding third-row ones.

48.

49,

50.

51.

52.

53.

55.

(b) Because of lanthanide contraction, the radii of the
third-row elements are almost the same asthose of the
first-row elements.

(c) Because of lanthanide contraction, the radii of the
third-row elements are almost the same asthose of the
second-row elements.

(d) Because of lanthanide contraction, the separation of
second-row el ements from one another iseasier.

Sodium chromate is prepared by

(8 fusing chromite (FeCr,O,) withsodiumchlorideinair

(b) fL_Jsi ng chromite (FeCr,O,) with sodium hydroxidein
ar

(© fusi ng (NH,),Cr,O, with sodium hydrogen sulphate
in nitrogen

(d) fusing sodium dichromate with carbon

When hydrogen peroxide is added to an acidic solution
of adichromate, the most probable product is

(@K,Cro, (b) CrO,
(©)Cr,0, (d) CrO(0,),
Which of thefollowing statementsisincorrect for CrO, ?

(a Itisabright orange solid.
(b) Itiscommonly called chromic acid.

(o) It is prepared by adding concentrated H,SO, to a
saturated solution of sodium dichromate.
(d) The colour arises due to d—d transition.

Chromyl chloride, CrO,Cl,,, isprepared by heatingamixture
of

(8 NaCl, K Cr,O, and NaOH

(b) NaCl, K ,Cr,O, and concentrated H,SO,
(c) NaCl, K ,Cr,0,and MnO,

(d) CrO, and NaCl

Deep red-yel I_ow vapour of CrOZCIz_is passed into an
aqueous solution of NaOH. The solution turns

() yellow dueto the formation of Na,Cr,O,

(b) yellow dueto the formation of Na,CrO,

(c) green dueto the formation of CrCl,

(d) red dueto the formation of Na,CrO,

Acidified K ,Cr,O, ontreatment with K1 produces

(@ KIO, M1,

(©KIO, d 1

Na,CrO, ontreatment with lead acetate givesaprecipitate.

Thisprecipitateisdried and the solid isused asa pigment
for road signs and markings. The solid is known as

(a) whitelead (b) chrome green

(c) chromeyellow (d) red lead

Which of the following oxides of manganese is
amphoteric ?
(& MnO

() Mn0O,

(b) Mn,O,
(d) Mno,



56.

57.

58.

59.

60.

61.

62.

63.

Which of the following oxides of manganeseis stable as
well as strongly acidic ?

(aMnO, (b) Mn,O,
() MnO, (d) Mn,O,
KMnO, is manufactured on alarge scale by

(8 fusing MnO, with KOH and then oxidizing the fused
mixturewith KNO,

(b) fusing MnO, with Na,CO, in the presence of O,

(c) fusing MnO,, with KOH and KNO, to form K_,MnO,
which is then electrolytically oxidized in an akaline
solution

(d) fusing MnO, with KNO, and then acidifying the fused
mixture

MnO, isprepared by tresting asolution containing M n?*

ions with a very strong oxidizing agent such as

(8 PO, (b) C,02

©]1, (d) Fe**

Which of the following is an incorrect statement ?

(8) Inaredox reactionin acidic medium, KMnO, produces
Mn?* ions.

(b) Inaredox reactionin strongly alkaline medium, KMnO,
produces MnO;~ ions.

(c) Inaredox reactioninneutral medium, KMnO, produces
MnO.,,

(d) In a redox reaction in alkaline medium, KMnO,
produces Mn,O..

KMnO4inanacidicmediumoxidiz&

(8 CrO; toCO, (b)N_H,toN,

(c) S,0% to SO; (d) all of these
KMnO, inan acidic mediumwill not oxidize
(8 NO, (b) SO

(0 HN, (dH,0,

Which one of the following oxides of chromium is
amphoteric in nature ?

@Cro (b) Cr,0,
(© Cro, (d) Cro,

The electronic configuration of-block elements is
represented by

(@) (n-2)f"1 (n-1)d*Ins?

(b) (n = 2)f (n = 1)d*5ned-2

() (n=2)f** (n - 1)d* s
(d) (0= 2)f (n = 1)d2 (n - 1)s2

65.

66.

67.

68.

69.

70.

Lanthanides are characterized by thefilling of the
(a) penultimate 4f energy level

(b) antepenultimate 4f energy level

(c) penultimate 3f energy level

(d) antepenultimate 3f energy level

The electronic configuration of ceriumis

(a) [Xe]4f'5d%6s? (b) [Xe]4f?5d%s!

(©) [Xe]4fl5d%6s (d) [X €] 4f?5d%s>
Which of the following statements is correct for the
lanthanoids ?

(@) The 4f electrons do not take part in bonding.

(b) The 4f electrons can neither be removed to produce
ions nor be made to take part in crystal field
stabilization of complexes.

(c) The 4f electronsin the antepenultimate shell are very
effectively shielded by the 5s and 5p €electrons.

(d) All of these

The most common and stable oxidation state of a
lanthanide is

@+ (b)+1V
(©+vi (d)+l11
The atomic and ionci radii (M3 ions) of lanthanide

elements decrease with increasing atomic number. This
effectiscalled

(a) lanthanide contraction

(b) lanthanide expansion

(c) actinide contraction

(d) none of these

Lanthanide contraction occurs because

(a) the 4f electrons, which are gradually added, creat a
strong shielding effect

(b) the 4f orbitals are greater in size than the 3d and 3f
orbitals

(c) the 5f orbitals strongly penetrate into the 4f orbitals

(d) the poor shielding effect of 4f electrons is coupled

with increased attraction between the nucleus and the
added electrons

The hardness, melting point and boiling point of elements
increase from Ceto Lu because

(a) the attraction between the atoms increases asthe size
increases

(b) the attraction between the atoms decreases asthe size
increases

(c) the attraction between the atoms increases asthe size
decreases

(d) the attraction between the atoms remains the same as
the size increases



EXERCISE - 2 : PREVIOUS YEAR JEE MAINS QUESTION

Arrange Ce*3, La™, Pm*3 and Yb*3inincreasing order
of their ionic radii. (2002)
(a) Yb+3 < Pm+3 < Ce+3 < La+3
(b) Ce™3<Ybr3<Pm*3<La*3
(C) Yb+3 < Pm+3 < La+3 < Ce+3
(d) an+3 < La+3 < Ce+3 < Yb+3
When KMnO, acts as an oxidising agent and ultimately

forms[MnO,] =M nO, Mn,0O5, M n*2 then the number
of electronstransferred in each case repectively is(2002)

(84,3,1,5 (b) 1,5,3,7

(01,345 (d)3,57,1

Theradiusof La®* (Atomic number of La=57)is1.06 A.

Which one of the following given values will be closest

to the radius of LuS™ (Atomic number of Lu=71) ?
(2003)

(@ 1.40A (b) L.O6 A

(c)0.85A (d) L.60A

Ammonia forms the complex ion [Cu(NH3) 4] 2% with

copper ions in alkaline solutions but not in acidic
solutions. What is the reason for it ? (2003)

(a) In acidic solutions protons coordinate with ammonia
moleculesforming NH4+ ionsand NH, moleculesare
not available

(b) Inakaline solutionsinsol uble Cu(OH), isprecipitated
whichissoluble in excess of any alkali

(c) Copper hydroxide is an amphoteric substance

(d) In acidic solutions hydration protects copper ions

A red solid is insoluble in water. However it becomes
solubleif someKI isadded to water. Heating thered solid
in atest tube resultsin liberation of some violet coloured
fumes and droplets of a metal appear on the cooler parts

of the test tube. Thered solid is (2003)
(@ Hdgl, (b) HgO
(c) PbgO, (d) (NH,),Cr,0;

What would happen when a solution of potassium
chromate istreated with an excess of dilute nitric acid ?

(2003)
@ Cr2072_ and H,0O areformed
(b) CrO 42‘ isreduced to +3 state of Cr
(@) Cr042_ isoxidized to +7 state of Cr
(d) cr3tand Cr2072‘ areformed

Heating mixture of Cu,0 and Cu,Swill give (2005)
(@ Cu,SO4 (b) CuO+ Cus

(c) Cu+3SOq (d) Cu+ S0,

10.

12.

13.

Calome! (Hg,Cl,) onreactionwith anmonium hydroxide

gives (2005)
(@ HgO (b) Hg,O
() NH,-Hg-Hg-Cl (d) HgNH, Cl

Thelanthanide contraction isresponsible for thefact that
(2005)

(a) Zr and Zn have the same oxidation state

(b) Zr and Hf have about the same radius

(c) Zr and Nb have similar oxidation state

(d) Zr and Y have about the same radius

Which of the following factors may be regarded as the
main cause of lanthanide contraction ? (2005)

(a) Greater shielding of 5d electrons by 4f electrons
(b) Poorer shielding of 5d electrons by 4f electrons

(c) Effective shielding of one of 4f electronsby another in
the subshell

(d) Poor shielding of one of 4f electron by another in the
subshell

How many EDTA (ethylenediaminetetraacetic acid)
molecules are required to make an octahedral complex

withaCa?*ion ? (2006)
(a) One (b) Two
() Six (d) Three

The stability of dihalides of Si, Ge, Sn and Pb increases
steadily in the sequence (2007)

(8) PbX, << SnX, << GeX, << SX,
(b) GeX, << SIX, << SnX, << PbX,,
(0) SiX, << GeX, << PbX, << SnX,,
(d) SIX, << GeX, << SnX, << PbX,,
Identify the incorrect statement among the following :

(a) 4f and 5f orbitalsare equally shielded.

(b) d-Block elements show irregular and erratic chemical
properties among themselves.

(c) Laand Lu have partially filled d—orbitals and no other
partially filled orbitals.

(d) The chemistry of variouslanthanoidsisvery similar.



14.

15.

16.

17.

18.

19.

The actinoids exhibit more number of oxidation statesin
genera than the lanthanoids. Thisis because  (2007)

(8 The 5f orbitals extend further from the nucleus than
the 4f orbitals

(b) The 5f orbitals are more buried than the 4f orbitals

(c) Thereisasimilarity between 4f and 5f orbitalsin their
angular part of the wave function

(d) The actinoids are more reactive than the lanthanoids.

Larger number of oxidation states are exhibited by the
actinoids than those by the lanthanoids, the main reason
being (2007)

(a) 4f orbitals more diffused than the 5f orbitals

(b) lesser energy difference between 5f and 6d than
between 4f and 5d orbitals

(c) moreenergy difference between 5f and 6d than between
4f and 5d orbitals

(d) more reactive nature of the actinoids than the
lanthanoids

Amount of oxalic acid present in a solution can be
determined by its titration with KMnO, solution in the

presence of H,SO,. The titration gives unsatisfactory
result when carried out in the presence of HCI, because
HC (2008)

(a) gets oxidised by KMnO, to chlorine
(b) furnishesH™ ionsin addition to those from oxalic acd

(¢) reduces permanganate to M n2*
(d) Oxidises oxalic acid to carbon dioxide and water

Knowing that the chemistry of lanthanoids (Ln) is
dominated by its +3 oxidation state, which of the
following statementsisincorrect ? (2009)

(@ The ionic size of Ln (I11) decrease in general with
increasing atomic number

(b) Ln (111) compounds are generally colourless.

() Ln (1) hydroxide are mainly basicin character.

(d) Becauseof thelargesizeof theLn (111) ionsthe bonding
in its compounds is predominantly ionic in character.

The correct order of E:ﬂ*/m values with negative sign

for the four successive elements Cr, Mn, Feand Co is

(2010)
(@ Mn>Cr>Fe>Co (b) Cr>Fe>Mn>Co
(c)Fe>Mn>Cr>Co (d) Cr>Mn>Fe>Co
The outer electron configuration of Gd (At. No. 64) is
(2011)
(a) 43 50° 62 (b) 48 d¥ 6s?
(c) 4f% 50* 65 (d) 4f" 50! 657

20.

21.

22.

23.

24,

25.

In context of the lanthanoids, which of the following
statements is not correct ? (2011)

(8 Thereisagradual decreaseintheradii of the members
with increasing atomic number in the series.

(b) All themember exhibit +3 oxidation state.

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

(d) Availahility of 4f electronsresultsin theformation of
compounds in +4 state for al the members of the
series.

Iron exhibits +2 and +3 oxidation states. Which of the
following statements about iron isincorrect ?  (2012)

(@) Ferrousoxide is more basic in nature than the ferric
oxide.

(b) Ferrouscompoundsarerelatively moreionicthanthe
corresponding ferric compounds.

(c) Ferrous compounds are less volatile than the
corresponding ferric compounds.

(d) Ferrous compounds are more easily hydrolysed than
the corresponding ferric compounds.

Which of the following arrangements does not represent
the correct order of the property stated against it ?

(2013)

(8 V¥ <Cr* <Mn*" < Fe** : paramagnetic behaviour
(b) Ni** < Co* < Fe** < Mn* : ionicsize

(©) Co* < Ee* < Cr¥* <S¢ - dahilityinagueoussolution
(d) Sc<Ti< Cr<Mn: number of oxidation states

The color of KMnO, isdueto: (2015)
(8 L — M chargetransfer transition

(b) 6 — ¢ * transition

(c) M — L chargetransfer transition

(d) d —d transition

Which of the following compounds is metallic and

ferromagnetic ? (2016)
(@cCro, (b) VO,
(9 MnO, (d) TiO,
In the following reactions, ZnO is respectively acting as
alan (2017)

(i) ZnO+Na,0 — 5 Na,ZnO,
(a) base and acid (b) base and base

(c) acid and acid (d) acid and base



JEE MAINS ONLINE QUESTION

Which of the following is not formed when H,S reacts
with acidicK ,Cr,O, solution?  Online 2014 SET (1)
(@Crso, (b) Cr(SO,),

(9 K,S0, (d)s

Consider thefollowing equilibrium

AgCl{+2NH, == [Ag(NH,).]* +CI-

White precipitate of AgCl appears on adding which of
the following? Online 2014 SET (2)

(b) aqueous NaCl
(d) NH,

Copper becomes green when exposed to moist air for a
long period. Thisis dueto: Online 2014 SET (3)

(a) theformation of alayer of cupric oxide onthe surface
of copper.

(a) aqueous HNO,
(c) aqueous NH ,Cl

(b) the formation of basic copper sulphate layer on the
surface of the metal

(c) the formation of alayer of cupric hydroxide on the
surface of copper.

(d) the formation of alayer of basic carbonate of copper
on the surface of copper.

Which one of the following exhibits the largest number
of oxidation states? Online 2014 SET (3)

(3) Mn (25) (b) Ti (22)
() Cr (24) @V (23)

Which of these statements is not true ? B is always
covalent in its compunds Online 2014 SET (4)

(a) In agueous solution the T1* ion is much more stable
thant T1 (111)

(b) LiAIH, is a versatile reducing agent in organic
synthesis.

(c) NO* isnot isoelectronicwith O,

(d) None of these

Which of the following statementsisfalse ?
Online2015 SET (1)

(@ Na,Cr,O, islesssolublethan K ,Cr,O,
(b) Na,Cr,O, isprimary standard in volumetry

(c) CrO? istetrahedral in shape

(d) CrO? hasaCr-O-Cr bond

10.

12.

A pink coloured salt turns blue on heating. The presence
of which cationismost likely?  Online2015 SET (1)

(a) Co? (b) Cu?*
(c) Zn* (d) Fe?*

Which one of the following speciesis stable in agueous

solution Online 2016 SET (1)
(a) Cr?* (b) Cu*
(©) MnO3~ (d) MnOZ~

Sodium extract is heated with concentrated H NO3 before
testing for halogens because:  Online2016 SET (2)

(a) Silver halidesaretotally insolublein nitric acid.

(b) Ag,S andAgCN are solublein acidic medium.

(c) 2 and N, if present, are decomposed by conc.
HNO, and hence do not interfere in the test.

(d) Ag reacts faster with halidesin acidic medium

Which of the following ions does not liberate hydrogen
gas on reaction with dilute acids ?

Online 2017 SET (2)

© cr? (d) Mn2*

In Wilkinson’s catalyst, the hybridization of central metal
ion and its shape are respectively :

Online2018 SET (3)
(a) sp°d, trigonal bipyramidal
(b) sp?, tetrahedral
(c) dsp?, square planar
(d) dsp®, octahedral

When XO, is fused with an alkali metal hydroxide in

presence of an oxidizing agent such as KNO,; a dark
green product isformed which disproportionatesin acidic
solution to afford a dark purple solution. X is:

Online2018 SET (3)

@Ti
(©Cr

bV
(d) Mn



EXERCISE - 3 : ADVANCED OBIJECTIVE QUESTIONS

1. All questionsmarked “S” are single choi ce questions
2. All questionsmarked “M” are multiple choice questions
3. All questionsmarked “C”” are comprehension based questions
4, All questionsmarked “A” are assertion—reason type questions
(A) If both assertion and reason are correct and reason is the correct explanation of assertion.
(B) If both assertion and reason are true but reason is not the correct explanation of assertion.
(C) If assertion istrue but reason is false.
(D) If reason istrue but assertion isfalse.
D & F Block 8.(S) Whensteamis passed over red hot iron, the substances
formed are:
1.(S) Chemically philosopher of wool is: (8)Fe,0,+H, (b) Fe,0, +H,
(& zZnO (b) BaO
(c) FeO+H, (d)FeO+H,+0,
(€ o (e Ho,C, 9.(S \Verdigrisis:
2.(§ Boiling CuCl, with Cuinconc. HCl gives: (a) Basic copper acetate
(&) CuCl (b) CuCl, (b) Basic lead acetate
(9 H[CuCL] (d) Cu,Cl (c)Basiclead
3.(S8 Thermal decomposition of zinc nitrate give: (d) None
(& Zn (b) ZnO 10.(S) Which of the following is the correct formula for a
(©)Zn(NO), (@NO compound of scandium and oxygen ?
4.(S) Malachite and azurite are used respectively are: @ Sc,0 (b)ScO
(a) Blue and green pigment (© 5,0, (d) Sc,04
(b) Red and green pigment 11.(S) Mercury on heating with aqua-regia gives:
(c) Green and blue pigment (@ Hg(NO,), (b) HoCl,
(d) Green and red pigment (© Hg(N02)2 (d) HgZCI )
5.(S) Mercury istransported in the containers made of : 12.(S) Chloroplatinicacidis:
(& Ag (b) Pb (a) monobasic (b) dibasic
(9 Al (d) Fe (c) tribasic (d) tetrabasic
6.(S) Cdomel isthenameof: 13.(S) Feismade passiveby :
(8) HgCl, (b) Hg,Cl, (a) dil. H,S0, (b) dil. HCI
(c)HgCl,+Hg (d) Hg,Cl,+Hg (c) conc. HNO, (d) conc. H,SO,
7.(S)  ZnO shows yellow colour on Heating due to : 14.(S) Na,CO,+Fe,0,—A+CO, what isAinthereaction ?

(a) d-d transition (b) C-T spectra
(c) Higher polarisation caused by Zn?* ion

(d) F-centres

(@) NaFeO, (b) Na,FeO,

(c)Fe,0, (d) Na,FeO,



15.(9)

16.(9)

17.(9)

18.(S)

19.(S)

20.(S)

21.(9)

22.(9)

23.(9)

24.(S)

Ferrous sulphate on heating gives :

(a) SO, and SO, (b) SO, only

(c) SO, only (d) H,Sonly

Iron is protected by coating it with athin layer of :
(@ Cu (b) Zn

(0 Pb (d) Mg

Theformulaof azuriteis:

(@) CuCO,.Cu(OH),  (b) 2CuCO,.Cu(OH),

(c) CuCO, .2Cu(CH), (d) CuSO, .Cu(CH),
Oxide of metal cation whichisnot amphoteric?
(@ AP (b) Cr3*
(c) Fe*

Philosopher’s wool when heated with BaO at 1100°C
gives the compound :

(8) BaCdo,

(d) Zn?*

(b) Ba+ZnO,
(c) BaO,+Zn (d) BaZnO,

Gold dissolvesinaaqua-regiaforming :
(8) Auricchloride (b) Aurous chloride
(c) Chloroauric acid (d) Aurous nitrate

The solubility of silver bromidein hypo solution is due
to the formation of :

(aAg,S0, (b) Ag,S,0,

(© [AY(S,0,)1 (d) [Ag(S,0,),1*

Sodium thiosulphate is used to remove the unexposed
AgBr from photographic filmsby forming acomplex. In
thiscomplex of silver, the coordination number of silver
is:

@2 (b) 4

(©)6 (d8

Thefalse statement about iron (I11) hydroxideisthat :
(a) itisaweaker base than Fe(OH),

(b) with concentrated KOH, it forms a complex
K, [Fe(OH) ]

(c) it gradually loses water and transformsinto Fe,O,

(d) it exhibits amphoteri properties with acid ones
predominating

AgNO, —*— (W) + (X) + O,

(X) + H,0——HNO, + HNO,

25.(9)

26.(S)

27.(9)

28.(9)

29.(S)

30.(9)

(W)+ HNO, —— Y +NO + H,0

(Y)+ Na,S,0,(excess)—>(Z) + NaNO,
Identify (W) to (Z).

@W=Ag X=N,O Y=AgNO, Z=Na[AgS,0,).]
OW=Ag0 X=NO Y=AgNO, Z=NalAgS0,]
(©QW=Ag X=NO, Y=AgNO, Z=NaJAgS0),]

Y=AgNO, Z=NdAgS0,)]

The oxidation state of copper changes when aqueous
copper (11) ionsreact with :

() W=Ag,0 X=N,

(1) NaOH (aq) (I1) Fe(s)

() KI (a)

@ft, 1,1 (b) 11 only
(1,1 (d) I only

A blood red colour is obtained when ferric chloride
solution reacts with :

(@ KCN (b) KSCN
(O K,[Fe(CN) ] (o) K [FE(CN) ]

The compound in which nickel hasthe lowest oxidation
stateis:

(@ Ni(CO),
(© NiO

(b) (CH,COO)Ni
(d) NiCl(PPh,),
Spiegeleisenisan aloy of :

(& Cu+Zn+Ni (b) Ni +Cr
(c)Mn+Fe+C (d) Fe+Cr+Ni

HgCl, is a covalent compound, sparingly soluble in
water, the solubility increases by the addition of chloride
ionsdueto :

(a) commonion effect

(b) formation of complex [HgCl ]~
(c) weakening of Hg — Cl bonds
(d) strong ion — dipole forces

Silver nitrate solution is kept in brown bottles in
laboratory because :

(@) it reacts with ordinary white bottles
(b) brown bottles cut the passage of light through
(c) brown bottles do not react with it

(d) ordinary bottles catalyse its decomposition



31.(9)

32.(9)

33.(9)

34.(9)

35.(9)

36.(9)

Copper is very slowly oxidised on the surface in moist
air, giving agreen coating of verdigris. Verdigrisis:

(@ Cu,0 (b) CuCO,
(c) Cu(CH,COQ), . Cu(OH),
(d) CusO,

Fe(OH), isprecipitated from Fe(11) solutionsasawhile
solid but turns dark green and then brown due to the
formation of :

(a) Fe(OH), and Fe(OH),
(b) only Fe(OH),
() Fe,0;.(H0), (d) Fe,0,.2H,0

Give the correct order of initials T or F for following
statements. Use T if statement istrueand Fif itisfalse.

()  Sulphide ions reacts with Na, [Fe(CN)(NO)] to
form a purple coloured compound Na, [Fe(CN),

(NOS)]. Inthereaction, the oxidation state of iron
changes .

(I Pt(1V) compounds arerelatively more stable than
NI(1V) compounds

(1) The welding of magnesium can be done in the
atmosphereisHelium

(IV) LiAIH, on hydrolysiswill giveH,
@FFTT (b FTTT
(o) TFTF (dTFTT

Sodium thiosulphate, Na,S,0,
photography to :

. 5HZO is used in

(@ Reducethesilver bromideto metallic silver
(b) Convert the metallic silver to silver salt

() remove undercomposed AgBr as soluble silver
thiosul phate complex

(d) removereduced silver

When AgNO, comes in contact with skin, it leaves a
black stain. Thisis because of :

(@) HNO, prorduced by hydrolysis of AGNO,
(b) AgOH produced by hydrolysis of AGNO,
(c) Itsreduction of silver

(d) Itsoxidationto silver oxide

Mark the correct statements :

(a) Hgformsan amalgamwithiron

(b) Hg vapour is non-poisonous

(c) Hg ismonovalent in mercurous compound

(d) Oxysalts of mercury arethermally unstable

37.(9)

38.(9)

39.(9)

40. (S)

41.(M)

42.(M)

43.(M)

Mercury isthe only metal whichisliquid at 0°C. Thisis
duetoits:

(a) Very high ionisation energy and weak metallic bond
(b) Low ionisation potential

(c) Highatomic weight

(d) High vapour pressure

A white precipitate of AgCI dissolvesin excess of :

(I)NH, (aq) (1) Na,S,0,
(1) NaCN

(3 111 only ()1, 11,11
(oL (d) I only

Which of the following statements regarding copper
saltsis not true ?

(8 Copper (1) disproportionates to copper and copper
(11) ion in aqueous solution

(b) Copper (I) can be stablished by the formation of
insoluble complex compounds such as CuCl, and

Cu(CN),
(c) Copper (I1) oxideisred powder

(d) The water of crystallization of copper sulphate is
five

Zinc (11) ion on reaction with NaOH first give a white
precipitate which dissolves in excess of NaOH due to
theformation of :

(&) ZznO (b) Zn(OH),
(9[Zn(OH) ]~ () [2(H,0) J*
Mercury isaliquid at 0°C because of :

(a) very high ionisation energy

(b) weak metallic bonds

(c) high heat hydration

(d) high heat of sublimation

An element of 3d-transition series shown two oxidation
states x and y, differ by two units then:

(a) compoundsin oxidation statex areionicif x>y
(b) compoundsin oxidation state x areionicif x <y
(c) compoundsin oxidation statey are covalent if x <y
(d) compoundsin oxidation state'y are covalent if y < x
The metal oxide which decomposes on heating is/are:
(@d2zno (b) ALO,

(9)Ag,0 (d) HgO



44.(M)

45.(M)

46.(M)

47.(M)

48.(M)

49.(M)

Which of the following acids attack(s) on copper and
silver ?

dilute HNO, b) diluteHCI
3

(c) conc. H,SO, (d) aguaregia
| dentify the correct statements:

(a) Iron belongsto first transition series of the periodic
table

(b) The purest form of commerical ironiswrought iron
(c) Anhydrousferroussulphateiscalled asyellow vitriol
(d) Iron is the most abundant transition metal

Which statements about mercury are correct?

(a) Hgisaliquid metal

(b) Hg formstwo series of salts

(c) Hgforms no amalgamwithiron and platinum

(d) Anhydrous Hg does not show variable valency

Toanacidified dichromate solution, apinch of Na,0, is
added and shaken. What is observed?

(a) Bluecolour

(b) Orange colour changing to green

(c) Copious evolution of oxygen

(d) Bluish-green precipitate

Pick out the correct statement(s) :

(@ MnO, dissolves in conc. HCI, but does not form
Mn*" ions

(b) Decomposition of acidic KMnO, is not catalysed
by sunlight

() MnO? is strongly oxidising and stable only in
very strong alkali. In dilute alkali, water or acidic
solutions it disproportionates

(d) KMnO, does not act as oxidising agent in alkaline
medium

Choose correct statement(s) regarding the following
reaction.

Cr,0% (aq) + 350} (aq) + 8H ——

2Cr’"(aq) + 3S0; (aq) + 4H,0
(8 Cr,0F isoxidising agent
(b) SO isreducing agent

(c) The oxidation number of per ‘S” atom in 3SO? is
increase by two

(d) The oxidation number of per ‘Cr” atomin Cr, 02" is
decreased by three

50. (A)

51. (A)

52.(A)

53.(A)

54.(A)

55. (A)

56. (A)

Assertion : Melting point of Mnismorethan that of Fe.

Reason : Mn has higher number of unpaired e than Fe
in atomic state.

@A
©cC

(b)B
(D

Assertion : Cu' has less stable than Cu?* but Fe®* is
more stable than Fe?*.

Reason : Half filled and compl etely filled subshellsare
morestable.

@A (b)B
©cC (d)D

« ZngivesH, gaswithdil. HCI and also with
dil.H_SO,.

Reason : NOj ionisreducedin preferenceto hydronium
ion.

@A
©cC

(b)B
(D

Assertion : KMnO, hasdifferent equivalent weightsin
acid, neutral or alkaline medium.

Reason : In different medium, change in oxidation
number shown by manganese is altogether different.

@A (b)B
(©cC (d)D
Assertion : Cu?* is more stable than Cu'.

Reason : Electrode potential is more important in
determining stable oxidation state than electornic
configuration.

@A
(oC

(b)B

(dD

Assertion : KMnO, ispurplein colour to chargetransfer.
Reason : There is no electron present in d-orbitals of
manganese in MnQ, .
@A

©cC

() B
(d)D

Assertion : CrO, reacts with HCI to form chromyl
chloride gas.

Reason : Chromyl chloride (CrO,Cl,) has tetrahedral
shape.

@A
©cC

(b)B
(d)D



57.(A) Assertion: Hgistheonly metal whichisliquid at 0°C.
Reason : It hasvery high I.P. and weak metallic bond.
@A (bB
©cC (d)D

58.(A) Assertion: CuSO, . 5H,0 and FeSO, . 7H,O are blue
and green colour compounds respectively.

Reason : Both compounds have their specific colour
due to phenomenon of polarisation of anion.

@A (b)B
(©C (D

59.(A) Assertion : Zn(OH), is dissolved in both NH,OH and
NaOH solution.

Reason : Both NaOH and NH,OH being basic can
dissolve amphoteric Zn(OH),.

@A (b)B
(©cC (D

60.(A) Assertion : AgNO, reactswith KCN to form white ppt.

of AgCN. Thiswhite ppt. disappearswhen excessKCN
is added.

Reason : AQCN decomposesto form silver-carbideand
evolve N, gas.

@A (b B
@©cC (dD
Comprehendion

A white substance ‘X’ when heated in a test tube,
produces a colourless, odourless gas leaving aresidue,
yellow when hot and while when cold. The residue was
dissolved in dil. HCI, made alkaline with NH,CI and
NH,OH and H,S gas was passed through it. A white.
ppt “Y’ was formed. It was dissolved in dil. HCI to give
‘2’ which on treatment with K,[Fe(CN)g] gave bluish

white precipitate.
61.(C) X’is
(& ZnO (b) ZnSO, . TH,0
(c) CuCl,, (d) ZnCO4
62.(C) “Y’and ‘Z’ are respectively
(@) Zn0, ZnSO, (b) ZnS, ZnCl,,
(¢) ZnCl, Zn(CH), (d) ZnO, ZnS
63.(C) Bluishwhiteprecipitateformedis

(8 Zn,[Fe(CN)g] (b) K,[ZNn(CN) ]

() Zng[Fe(CN)gl,, (d) None of these

Comprehension

A certainmetal (X) isboiledindilute HNO5 to give asalt
(Y) and an oxide of nitrogen (Z). An agueous solution
of (Y) with brine solution gives awhite precipitate (P).
When (Y) was treated with Na,S,05 solution a white
precipitate (Q) was obtained which on standing turns
to ablack compound (R).

64.(C) Salt(Y) andtheoxideof nitrogen (Z) is

(3 AgNO3 +NO, (D) AgNO5+NO

() AgNO5+ N, () AgNO3 +NH4
65.(C) Theprecipitate (Q) formedis

@AgyS (b) Ag,S,04

(9)Ag,0 (d) Ag,SO4
66.(C) Thecompound (R) formedis

(8Ag,0 (b)Ag

(9 Ag,S (d) Ag,SO,

67. (S) Wilkinson’s catalyst consists of
(@ (C,H),Aland TiCl,,

(b) RhCl, and Ph,P
() HCo(CO),
(d) trans-[(RN(CO)(H)(PPhy), |
68. (S) Which of the following mixture is known as Fenton’s
reagent ?
(8) FeSO, +K [F&(CN)]  (b) FeSO, +PdCl,
(c) FeSO, +H,0, (d) TiCl,+(CHP
69. (S) Which of the following is known as Adams catalyst ?
(a) P/PO (b) vV,0/TiCl,
() Cuv (d) P/Rh
70. (S) Which of the following ores is known as pyrolusite ?
(@) Fe,0, (b) SN0,
(c) MnO, (d) PbS

71.(S) Diluteand slightly alkalineKMnO, iscalled
(a) Fenton’s reagent (b) Lucas reagent

(c) Baeyer’s reagent (d) Tollens reagent



EXERCISE - 4 : PREVIOUS YEAR JEE ADVANCED QUESTION

Objective Questions (Only one correct option)

1.

When same amount of zinc is treated separately with
excess of sulphuric acid and excess of sodium hydroxide,

the ratio of volume of hydrogen evolved is (1979)
@1:1 (b)1:2

(©2:1 (d)9:4

Which of the following is the weakest base (1980)
(8) NaOH (b) Ca(CH),

() KOH (d) Zn(OH),

One of the constituent of German silver is (1980)
(@Ag (b) Cu

(c)Mg (dAl

Which of the following dissolves in hot conc. NaOH

solution (1980)

(@Fe (b) Zn

(c)Cu (d)Ag

How many unpaired electrons are present in Ni2* ?
(1981)

@0 (b)2

©4 (d)8

Sodium thiosulphate is used in photography because of

its (1981)

(a) reducing behaviour

(b) oxidising behaviour

(c) complex forming behaviour

(d) reaction with light

Iron is rendered passive by treatment with concentrated
(1982)

(@H,S0, (b) HPO,

(oHCd (d) HNO,

In the metallurgy of iron, when limestone is added to the

blast furnace, the calciumion endsup in (1982)
(a) slag (b) gangue
(c) metdlic calcium (d) calcium carbonate

Zinc—copper couple that can be used as a redcuing agent
isobtained by : (1984)

(a) mixing zinc dust and copper gauze

(b) zinc coated with copper

(c) copper coated with zinc

(d) zinc and copper wires welded together

10.

12.

13.

14.

15.

16.

17.

Amongst the following, the lowest degree of
paramagnetism per moleof the compound at 298 K will be
shown by (1988)

(8 MnSO,.4H,0 (b) CusO,.5H,0

(c) FesO,.6H,0 (d)NisO,.6H,0

The reaction which proceed in the forward directionis
(1991)

(8) Fe,05+ 6HCI — 2FeCl5 +3H,0

(b) NH; +H,0 +NaCl — NH,Cl + NaOH

(¢) SnCl, +Hg,Cl, — SnCl,, + 2HgCl,,

(d) 2Cul + 1, + 4H* — 207" + 4K

Which oneis solder ?

(3 Cu& Pb (b) Zn& Cu

(c)Pb& Sn (d)Fe& Zn

Which pair gives Cl,, at room temperature ? (1995)

(@ HCI (conc) + KMnO,  (b) NaCl +H,S0O,(conc)

() NaCl + MnO, (d) NaCl + HNO4(conc)

An agueous solution of FeSO,, Al, (SO,); and chrome
alum is heated with excess of Na,O, and filtered. The
materialsobtained are:

(1995)

(a) acolourlessfiltrate and agreen residue

(b) ayellow filtrate and agreen residue

(c) ayellow filtrate and abrown residue

(d) agreenfiltrate and abrown residue

Among the following, the compound that is both

paramagnetic and coloured is (1997)
(@K, Cr,0; (b) (NH,)(TiCly)
(¢) CosO, (d) K5[CU(CN) |

Ammonium dichromate is used in some fireworks. The

green coloured powder blown inthe air is (1997)
(@ CrOq (b) Cr,0Oq
(©Cr (d) CrO(0,)

The number of moles of KMnO, that will be needed to
react with one mole of sulphiteionin acidic solutionis

(1997)

2 3
@ 5 (b) 5

4
© 5 (d)1



18.

19.

20.

21.

22.

23.

24.

25.

Which of the following isan organometallic compound ?
(1997)

(a) Lithium methoxide (b) Lithium acetate

(c) Lithiumdimethylamide (d) Methyl lithium

Which of the following compounds is expected to be

coloured ? (1997)
(8Ag,S0, (b) CuF,
() MgF, (d)CuCl
In the dichromate anion, (1999)

(a) 4 Cr— O bonds are equivalent

(b) 6 Cr — O bonds are equivalent

(c) all Cr — O bonds are equivalent

(d) all Cr — O bonds are nonequivalent

On heating ammonium dichromate, the gas evolved is
(1999)

(a) oxygen (b) ammonia

(c) nitrousoxide (d) nitrogen

Amongst thefollowing, identify the specieswith an atom

in +6 oxidation state (2000)
(d MnO;, (b) Cr(CN)?
(c) NiFZ (d) Cro,Cl,

In the process of extraction of gold.
Roasted gold ore+ CN™ + H,0 —2 [X] + OH~

[X]+Zn—— [Y] +Au

| dentify the complexes[X] and[Y]
(8 X =[AU(CN),]~, Y =[Zn(CN),]*-
(b) X =[AU(CN),I3", Y =[Zn(CN)4*
(€) X =[AU(CN),]~, Y =[Zn(CN) ]+
(d) X =[Au(CN),]~, Y =[Zn(CN) ]*

When MnO, isfused with KOH, acoloured compound is
formed, the product and its colour is (2003)

(2003)

(@ K,MnO,, purplegreen (b) KMnO,, purple
(¢) Mn,Og, brown (d) MnyO,, black

(NH,),Cr,0O5 on heating gives agas which is also given
by (2004)

(a) heating NH,NO, (b) heating NH,NO4

(©) MggN, +H,0 (d) Na(comp.) + H,0,

26.

27.

28.

29.

30.

31

32.

33.

The pair of compounds having metals in their highest
oxidation state is (2004)

(8 MnO,, FeCl, (b) [MnO4]~, CrO,Cl,
(©) [Fe(CN)g1 >, [Co(CN)4] (d) [NiCl,J%~,[CoCl ]~

When I is oxidised by MnO, in akaline medium, I~

converts into (2004)
(@ 103 ()1,
(© 10, (dy10™

Which of the following pair is expected to exhibit same
colour in solution ? (2005)

(@ VOCl,; FeCl, (b) CuCl,; VOCI,,

() MnCl, ; FeCl, (d) FeCl,; CuCl,

Which of the following will not be oxidised by O ?
(2005)

@KI
(© KMnO,

(b) FesO,
(d) K,MnO,

Native silver metal formsawater soluble complex with a

dilute aqueous solution of NaCN in the presence of
(2008)

(a) nitrogen (b) oxygen

(c) carbon dioxide (d) argon

Among the following, the coloured compound is (2008)

(@ cud (b) K4[Cu(CN),I

(c) CuF, (d) [Cu(CH,CN),IBF,

The colour of light abosrbed by an aqueous solution of
CuSO, is (2011)
(a) orange-red (b) blue-green

(c) yellow (d) violet

Which of the following combination will produce H,
gas ? (2018)

(a) Femetal and conc. HNO3

(b) Cumetal and conc. HNO3

(c) Aumetal and NaCN (ag) in the presence of air
(d) Zn metal and NaOH (aq)



Objective Questions (One or more than one

correct option)

34.

35.

36.

37.

38.

39.

Potassium manganate (K,MnO,) isformed when(1988)
() chlorine is passed into agueous KMnO, solution
(b) manganese dioxideisfused with KOH inair

(c) formaldehyde reacts with potassium permanganate in
presence of strong alkali

(d) potassium permanganate reacts with conc. H,SO,

The aqueous solutions of the following salts will be

coloured in the case of (1990)

(@ Zn(NO,), (b) LINO,

() Co(NOy), (d)CrCl,4

Which of the following alloys contains(s) Cu and Zn ?
(1993)

(a) Bronze (b) Brass

(c) Gun metal (d) Type metal

Which of the following statement (s) iS/are correct when
amixture of NaCl and K,Cr,0; is gently warmed with
conc. H,S0, ? (1998)

(a) adeep red vapoursisformed

(b) vapours when passed into NaOH solution gives a
yellow solution of Na,CrO,

(c) chlorine gasis evolved

(d) chromyl chlorideisformed

Which of the following statement (s) is/are correct ?
(1998)

(a) The electronic configuration of Cr is[Ar] 3d°4st

(Atomic number of Cr = 24)

(b) The magnetic quantum number may have a negative
value

(c) In silver atom, 23 electrons have a spin of one type
and 24 of the opposite type (Atomic number of
Ag=47)

(d) The oxidation state of nitrogenin HN5 is — 3

The correct statement(s) about Cr2* and Mn3* is (are)
[Atomic numbersof Cr =24 and Mn = 25] (2015)
(a) Cr?* isareducing agent

(b) Mn3* isan oxidizing agent

(©) Both Cr2* and Mn3* exhibit d* electronic configuration

(d) When Cr?* isused asareduci ng agent, the chromium
ion attains d° electronic configuration

40.

Fe3* is reduced to Fe?* by using (2015)
(a) H,0, inpresence of NaOH

(b) Na,O, inwater

(¢) H,0, in presence of H,SO,

(d) Na,O, in presence of H,SO,

Assertion and Reason

(A)

®)

©
(D)
(B)
41.

42.

43.

If both ASSERTION and REASON aretrue and reason
is the correct explanation of the assertion.

If both ASSERTION and REASON aretrue but reasonis
not the correct explanation of the assertion.

If ASSERTION istrue but REASON isfalse.
If both ASSERTION and REASON arefalse.
If ASSERTION isfalse but REASON istrue.

Assertion : Toasolution of potassium chromateif astrong
acidisadded, it changesits colour fromyellow to orange.

Reason : The colour change is due to the change in
oxidation state of potassium chromate. (1988)
@A (b)B @©cC

(dD ©E

Assertion : Zn?* is diamagnetic.

Reason : The €electrons are lost from 4s orbital to form

Zn?*, (1998)
@A (b)B ©cC
(dD (eE

Fill in the Blanks
Mn2* can beoxidizedto MnOj by ........... (SnO,, PoO,,
BaO,) (1981)
The salts .............. and ............... are isostructural.

45,

46.

47.

(FeSO,- 7H,0, CuSO,-5H,0, MnSO,- 4H,0,
ZnS0, - TH,0) (1990)
Fehling’s solution A consists of an aqueous solution of

copper sulphate while Fehling’s solution B consists of an
akainesolutionof ............ (1990)

The outermost electronic configuration of Cris............
(1994)

The compound YBa,Cuz;0, which show super

conductivity has copper in oxidation state ..........

assuming that the rare earth element Yttrium in its usual
+3 oxidation state. (1994)



True/False

48.  Copper metal reduces Fe?* inan acid medium. (1982)

49.  Dipositive zinc exhibit paramagnetism dueto loss of two

electronsfrom 3d orbitals of neutral atom. (2987)

Subjective Questions

50.  Complete and balance the following reactions  (1983)

(i) Zn+ NO; - Zn?* + NH;

(i) Cr,07 +C,H,0—>C,H,0, +Cr*

51.  State the conditions under which the following

preparations are carried out. Give necessary equations
which need not be balanced.
“Potassium permanganate from manganese dioxide”
(1983)
52.  Show with balanced equations for the reactions when

(i) Potassium permanganate interacts with manganese
dioxidein presence of potassium hydroxide.

(i) Potassium ferricyanide is heated with concentrated
sulphuric acid. (2985)

53.  Givereason in one or two sentences.
“Most transition metal compounds are coloured.” (1986)

54.  Complete and balance the following reactions

(i) Mn?* + PbO, > MnO; +H,0

(i) Agt +AsH, —> H.AsO, + H* (1987)
3 3 3

55.

56.

57.

58.

59.

60.

61.

62.

Write the balanced chemical equations for the following
reations

(i) A mixture of potassium dichromate and sodium
chlorideis heated with concentrated H,SO,,.

(i) Potassium permanganate is added to a hot solution

of manganous sulphate. (1990)
Complete and balance the following reaction
(NH/)»,S,0g+H,0+MnSO, — ......... F o F o

(1993)
Complete and balance the following reactions
(i) [MNOJ% + H* > ... +[MnO,]~ +H,0
(i) SO, (ag) + Cr,0% + 2H" —> ...+ .t (1994)

Write balanced equations for the following

(i) Oxidation of hydrogen peroxide with potassium
permanganatein acidic medium.

(i) Reaction of zinc with dilutenitric acid. (1997)

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

vanadium ion of the compound. (1997)
Givereason: CrO;isan acid anhydride. (1999)
(B) Moist air MCI4 Zn (A)
white fumes (M=Transition (purple colour)

with pungent smell element colourless)

Identify the metal M and hence MCl,. Explain the
differencein coloursof MCl, and A. (2005)

In neutral or faintly alkaline solution, 8 moles of
permanganate anion quantitatively oxidize thiosulphate
anions to produce X moles of a sulphur containing

product. The magnitude of X is (2016)
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7
46.30°4st  47. X=+7 48.Fdse 49.False  62.(0006)

44. FeSO,.TH,0 and ZnSO,. 7TH,0

45. Rochelle salt



