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CHAPTER

TRANSITION ELEMENTS
(D & F - BLOCK )

I've always believed there are moments in our lives which can be defined
as a transition between the before and after, between the cause and

the effect.

"BENJAMIN X. WRETLIND"

INTRODUCTION

he d-block of the periodic table contains the elements of the groups 3-12 in which
the d orbitals are progressively filled in each of the four long periods. The elements
constituting the f-block are those in which the 4 fand 5 forbitals are progressively
filled in the latter two long periods; these elements are formal members of group 3
from which they have been taken out to form a separate f-block of the periodic table.
The names transition metals and inner transition metals are often used to refer to the
elements of d-and f-blocks respectively.

There are mainly three series of the transition metals, 3d series (Sc to Zn), 4d series
(Y to Cd) and 5d series (La to Hg, omitting Ce to Lu). The fourth 6d series which
begins with Ac is still incomplete. The two series of the inner transition metals, (4f
and 5f) are known as lanthanoids and actinoids respectively.

The presence of partially filled d or f orbitals in their atoms sets the study of the
transition elements and their compounds apart from that of the main group elements.
However, the usual theory of valence as applicable to the main group elements can
also be applied successfully to the transition elements.
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TRANSITION ELEMENTS (D & F BLOCK)

@) The element lying between s- and p-block element of the periodic table are collectively known as transition
or transitional elements. (T.E'.S.)

(W] Their properties are transitional between the highly electropositive s- block element to least electropositive
p- block element.

(©) In d- block elements, the last differentiating electron is accommodated to the penultimate shell.

()] The general electronic configuration of transition element is (n-1)d1-10 ns0, 1 or 2

(e) These elements either in their atomic state or in any of their common oxidation state have partly filled
(n-1)d orbitals of (n-1)th main shell.

® The transition elements have an incompletely filled d-level. Since Zn, Cd, Hg elements have d!0 configuration

and are not considered as transition elements but they are d-block elements.

Electronic Configuration

Ist Transition Series

Symbol Sc Ti \% Cr Mn Fe Co Ni Cu Zn
Atomic No. 21 2 23 24 25 26 27 28 29 30
3d electrons 1 2 3 5 5 6 7 8 10 10
4s electrons 2 2 2 1 2 2 2 2 1 2

Irregular electronic configuration Cr, Cu

IInd Transition Series

Symbol Y 7r Nb Mo Tc Ru Rh Pd Ag Cd
Atomic No. 39 40 41 42 43 44 45 46 47 48
4d electrons 1 2 5 7 8 10 10 10
5s electrons 2 2 1 1 2 1 1 0 1 2

Irregular electronic configuration Nb, Mo, Ru, Rh, Pd, Ag

IIIrd Transition Series

Symbol La Hf Ta W Re Os Ir Pt Au Hg
Atomic No. 57 72 73 74 75 76 77 78 79 80

5d electrons 1 2 3 4 5 6 7 9 10 10

6s electrons 2 2 2 2 2 2 2 1 1 2

@\
@@W ETOOS KEY POINTS

Irregular electronic configuration W, Pt, Au

The irregularities in the observed configuration of Cr (3d> 4s! instead of 3d4 4s2 ), Cu (3d10 4s!), Mo (4d>
5s1), Pd ([Kr] 4d10 5s0), Au ( [Xe] 4f14 5d10 6s1), Ag ([Kr] 4d10 5sl) are explained on the basis of the concept
that half-filled and completely filled d-orbitals are relatively more stable than other d-orbitals.

J
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d-block

1. The f-blocks elements differ from those of d-blocks elements in that they have unstable electroconfiguration in the

outer shells in comparison to that of d-blocks element.
d-block elements electronic configuration
(n—1)d""° ns'?

Most common oxidation state +2

2. The colour in d-block elements is due to d-excitation while in f-block element, it is due to f-f'transitions.
3. They show variable oxidation state due to less energy difference between ns and (n-1) d sub shell.
4. Most of the d-block compounds act as catalyst due to their variable oxidation state or complex formation tendency

or adsorption on their surface. Example :
contact proecess = V,0,

Ostwald process = Pt/Rh

Haber process = Fe, O, + ALO, +K,0O
Zeigter Natta =TiCl, + (C,H,), Al
Phenton reagent = FeSO, + H,O,
Hydrogenation of Alkene = Ni/Pd

Decomposition of KCIO, = MnO,

Wilkinsion catalyst = RhCl + PPh,

5. Action of heat on copper sulphate
CuS0, SHO— =P8, cy50,. 31,0255 cus0, H0- 222K 5 Cuso,
Bluish green White
6. Chemical volcano. When crystals of red coloured ammonium dichromate are heated, a violent action takes place

accompained by flashes of light and nitrogen is liberated leaving behind a dark green residue of chromium sesquioxide
(Cr,0)
(NH,),Cr,0, — N, +4H 0 +Cr,0,

Ammonium dichromate Chromium sesquioxide
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Ex. 1

Ans.
Sol.

Ex.2

Sol.

Ex.3

SOLVED EXAMPLE

Amongst [TiF,]*, [CoF ]*, Cu,Cl, and [NiCL]*
[Atomic number ; Ti=22, Co=27, Cu=29, Ni =28]
the colourless species are :
(A) [TiFJ* and [Cu,CL]
(C) [TiF,]* and [CoF J*
A

In [TiF ]* the titanium is in +4 oxidation state having
the electronic configuration [Ar]'®3d° 4s°. Similarly
in Cu,Cl, the copper is in +1 oxidation state having
the electronic configuration [Ar]'™® 3d'°4s°. Asthey
do not have anyunpaired electrons for d-d transition,
they are therefore colourless.

In [NiCl,J* the nickel is in +2 oxidation state and
electronic configuration is [Ar]'® 3d® 4s°. As it has
two unpaired electrons, so the complex is coloured.

(B) Cu,Cl and [NiCI,]*
(D) [CoF, J*and [NiCL P

In [CoF J*, the cobalt is in +3 oxidation state having
electron configuration [Ar] 3d® 4s°. As it has four
unpaired electrons, so the complex is coloured.

On the basis of trends in the properties of the 3d-
series elements, suggests possible M?** aqua ions
for use as reducing agents, and write a balanced
chemical equation for the reaction of one of these
ions with O, in acidic solution.

Because oxidation state +2 is most stable for the
later elements of 3d-series elements, strong reducing
agents include ions of the metals on the left of the
series: such ions include V** (aq) and Cr** (aq) The
Fe** (aq) ion is only weakly reducing. The Co**
(aq), Ni** (aq), and Cu** (aq) ions arenot oxidized in
water.

Fe* Fe* Fe

The chemical equation for the oxidation is then

4Fe* (aq) +O,(g) +4H" (aq) — 4Fe™ (aq) +
2H.0 (4).

+0.77 -0.44

Match the reactions given in column-I with the
characteristic(s) of the reaction products given in
column-II.

Column-I Column-II

(A)TiCl, Zn (p) One of the products
is bright orange
coloured but
diamagnetic.

(B)FeCl, 573K (q) One of the products
is green coloured and
paramagnetic.

Ans.
Sol.

Ex.4

Ans.

Sol.

Ex.5

etoosindia.com

750K

(C)KMnO, (r) One of the products
is violet and
paramagnetic.

(D)K,Cr,0,+H,SO, (s) One of the products

(cold & conc.) exists as dimer.
[A-r];[B—s;[C—q];[D-p].

(A) TiCl, TiCl,, violet (one unpaired
electron so d-d transition is
possible).

(B)2FeCl, 573K \ ‘/Cl\ /CI

e
’ \CI/ \CI
gas dimer.

(C)2KMnO, — %€ . K MnO, green (one

unpaired electron so d-
d transition is possible) + MnO,
+0,.

(D) K.Cr,0,+2H,SO, —— 2CrO, bright orange
(diamagnetic) + 2KHSO, + H,0.

Among the following statements choose the true or
false statement(s).

(A) KCr,0
potassium and Cr,O..

. on heating with charcoal gives metallic

(B) On heating in current of H, the crystalline
KMnO, is converted into KOH and Mn O,.

(C) Hydrated ferric chloride on treatment with 2, 2—
dimethoxypropane gives anhydrous ferric
chloride.

(A) False (B) False

(C) True

(A) K,Cr,O, +2C (charcoal) Cr,0,+K CO,

+CoT.

(B) 2KMnO, + 5H, 2KOH +2MnO +4H,0.
OCHj,
|

(C) FeCl,. 6H,0+ 6CH, — ? —CHz —> FeCl,
OCHj,

(anhydrous) + 12CH,OH + 6CH,COCH, .

A compound (A) is used in paints instead of salts of
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Exercise # 1 [

1.

10.

150

v/ A

The number of unpaired electrons Cr* in  will be

A3 B)4
©5 D6
The highest oxidation state of Cr will be
A)2 (B)3
©4 (D)6

Which statement is true about the transitional
elements

(A) They are highly reactive

(B) They show variable oxidation states
(C) They have low M.P.

(D) They are highly electropositive

The transitional metal which form green compound
in +3 oxidation state and yellow orange compound
in +6 oxidation state is

(A)Fe (B)Ni

(®]e, (D)CO
Highest (+7) oxidation state is shown by
(A)Co (B)Cr

((®)% (D) Mn

Transitional elements are

(A) Allmetals

(B) Fewmetals and few non-metals
(C) Allsolids

(D) All highly reactive

Which of the following has highest ionic radii
(A)Cr? (B) Mn™*
(C) Fe* (D) Co®

In a reaction the ferrous iron is oxidised to ferric
ion. The equivalent weight of the ion in the above
reaction is equal to

(A) Halfofthe atomic weight

(B) 1/5 of the atomic weight

(C) The atomic weight

(D) Twice the atomic weight

Which of the following element has maximum
density

(A) Hg (B) Au
(©)0s (D) Pb
Which is heaviest among the following
(A) Iron (B) Copper
(C) Gold (D) Silver

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

etoosindia.com

Transitional elements exhibit variable valencies
because they release electrons from the following
orbits

(A) ns orbit (B) ns and np orbits
(C) (n-1)dand ns orbits (D) (n - 1)d orbit

The tendency towards complex formation is
maximum in

(A) s - block elements
(C) d - block elements

(B) p - block elements
(D) f- block elements

Which forms coloured salts
(A) Metals

(B) Non-metals

(C) p - block elements

(D) Transitional elements

Which element belongs to d - block

(A)Na (B)Ca
(O)Cu (D)Ar
Variable valency is shown by

(A)Na (B)Cu
(©)Mg (D) Al

The element with a atomic number 26 is
(A) A non-metal (B) Krypton
(C)Iron (D) Manganese

One of the following metals forms a volatile carbonyl
compound and this property is taken advantage of
for its extraction. This metal is

(A) Iron (B) Nickel

(C) Cobalt (D) Tungston

The coinage metals are

(A) TIron, Cobalt, Nickel

(B) Copper and Zinc

(C) Copper, Silver and Gold

(D) Gold and Platinum

Which of the following structure is that of a coinage
metal

(A)2,8,1
(0)2,8,8

(B)2,8,18, 1
(0)2,18,8,3

An elements in+3 oxidation state has the electronic
configuration (Ar)3d’ . Its atomic number is

(A)24 (B)23

(022 (D)21
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Exercise # 2 /

1.

/- A

The atomic volumes of the transition elements are

low compared with elements in neighboring group 1

and 2 because

(A) the nuclear charge is poorly screened and so
attracts all the electrons more strongly.

(B) theextra electrons added occupy inner orbitals.

(©) (A)and (B) both.

(D) none.

The transition elements have a general electronic
configuration :

(A) ns? np®nd""?

(B) (n—1)d' -0 ns~2np°-*

(C©)(n—-1)d' "ns'2

(D) none.

The wrong statement regarding transition metals

among the following is :

(A) 4selectrons penetrate towards the nucleus more
than 3d electrons

(B) atomicradii of transition metals increase rapidly
with increase in atomic number because of poor
shielding of nuclear attraction by (n — 1)d
electrons

(C) second and third transition series elements
have nearly the same size

(D) their densities are higher and densities of the
5d series elements are higher than those of 4d
series elements.

Which of the following statements is correct ?

(A) The lesser number of oxidation states in 3d-
series in the beginning of the series is due to
the presence of too few electrons to loose or
share

(B) The lesser number of oxidation states in 3d-
series towards the end of the series is due to
the presence of too many electrons and thus
fewer empty orbitals to share electrons with
the ligands

(©) (A)and (B) both

(D) None is correct

First IE of 5d series elements are higher than those
of 3d and 4d series elements. This is due to :

(A) bigger size of atoms of 5d-series elements than
3d-series elements.

(B) greater effective nuclear charge is experienced
by valence electrons because of the weak
shielding of the nucleus by 4 f-electrons in 5d
series.

(©) (A)and (B) both.

(D) None of these.

10.

11.

12.

13.

Maximum oxidation sate is shown by :
(A)Os (B) Mn
©)Cr (D)Co

Ionisation energies of Ni and Pt in kJ mol™ are given
below.

(IE), + (E), (IE), + (IE),
Ni 249 8.80
Pt 2.60 6.70

So, (select the correct statement)
(A) nickel (II) compounds tend to be
thermodynamically more stable than platinum

(ID

(B) platinum (IV) compounds tend to be more stable
than nickel (IV)

(©) (A) & (B) both

(D) none is correct

Which of the following statement is false ?

(A) Ofthe d* species, manganese (III) is strongly
reducing while Cr** is strongly oxidising.

(B) Cobalt(Il) is stable in aqueous solution but in
the presence of complexing reagents it is easily
oxidised.

(C) The d' configuration is very unstable in ions.

(D) None of these

Magnetic moment of Cr*? (Z =24), Mn*?(Z = 25) and
Fe*(Z=26) are x,y,z. They are in order :
(A)x<y<z (B)x>y>z
(CO)z<x=y (D)x=z<y

The magnetic moment of , Mn in ionic state is
J15 B.M, then Mnisin:

(A) +2 state
(C) +4 state

(B) +3 state
(D) +5 state

Which of the following group of ions is
paramagnetic in nature :
(A)Cu',Zn*, Sc™

70", 8c” (B)Mn”", Fe’" Ni*
(C)Cr’’,Mn”, Sc

() v, Ni*, Ti*

Which of the following has the maximum number of
unpaired d-electron?

(A) Zn* (B) Fe*

(C)Ni* (D) Cu*

The highest magnetic moment is shown by the
transition metal ion with the outermost electronic
configuration is :
(A)3d

(C)3d

(B) 3
(D) 3d°
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7 7

1.

160

Match the reactions listed in Column (I) with the characteristic(s) of the products/type of reactions listed in

Column (II).

Column -1 Column - 11

(A)MnO,* +CO,—> (p) Two pungent smelling gases are liberated.
(B)CrO> +H' — (q) Show disproportionation reaction.

(C)FeSO, A, (r) Dimeric bridged tetrahedral metal ion.

(D) CuCL 2H,0 —2— (s) One of the products has central metal in its highest stable

oxidation state.

Match the salts/mixtures listed in Column (I) with their respective name listed in Column (IT).

Column -1 Column - II
(A) ZnS + BaSO, mixture (p) Lunar caustic
(B)FeSO, (NH,),SO,. 6H,O (q) Schwitzer's regent.
(C) AgNO, (r) Lithopone
(D) [Cu(NH,),]SO, (s) Mohr's salt
Match the pairs of complexes/compounds listed in Column (I) with the characteristic(s) of the reaction products
listed in Column (II).
Column -1 Column - 11
(A) Cu(I) and Zn (IT) complexes (p) Pair of compounds having similar colour and some
magnetic moment but equal.
(B) KMnO, and K Cr,O, (q) Pair of compounds which are diamagnetic but coloured.
(C) Cu,0and Hgl, (r) Pair of compounds having metals in the highest stable
oxidation states.
(D) VOCI, and CuClI, (s) Pair of compounds which show diamagnetism and are
colourless.
Column-I (Metals) Column-II (Ores)
(A)Zn (p) Cyanide process
(B)Cu (q) hydrometallurgical process
(O)Ag (r) roasting
(D) Pt (s) brass.
Column-I (Alloys) Column-II (Constituents)
(A) TiCl, (p) Adams catalyst in reduction
(B) PdCl, (q) In preparation of (CH,), SiCl,
(C)Pt/PtO (r) Used as the Natta catalyst in polythene production
(D)Cu (s) Wake process for converting C,H, to CH,CHO
Match the reactions in Column I with the types of products / the use of products in Column 1.
Column -1 Column - 11
(A) HO—@-OH +AgBr(s) —» (p) Turnbull’s blue pigment
(B) BaCl, +K Cr,0,+ H SO, — (q) Schwitzer’s reagent
(C) FeSO, + K, [Fe(CN) ] —» (r) Rinmann’s green pigment
(D) Cu(OH), +NH,OH +(NH,),SO, — (s) Chromyl chloride test
(E)ZnO +Co(NO,), 4 (t) Photography
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TRANSITION ELEMENTS (D AND F BLOCK)

Exercise # 4 /

1.

/

7

Which one of the following forms a colourless
solution in aqueous medium ?
(At.No. Sc=21, Ti =22, V=23, Cr=24)

[CBSE AIPMT 2000]
(A) V* (B)Cr*
(©)Ti* (D) Sc**
Which of the folloiwng statements is not correct ?
[CBSE AIPMT 2001]
(A) La (OH), is less basic than Li (OH)* ion

decreases

(B) In lanthanide series, ionic radius of Ln** ion
decreases

(C) La is actually an element of transition series
rather lanthanide

(D) Atomic radium of Zr and Hf are same because
of lanthanide contraction

In the following transition metals, the maximum
number of oxidation states are exhibited by

[CBSE AIPMT 2002]
(A) chromium (Z=24)
(B) manganese (Z=25)
(C)iron (Z=26)
(D) titanium (Z=22)

General electronic configuration of lanthanides are
[CBSE AIPMT 2002]

(A) (n-2) ' (n-1) s*p®d*'ns?

(B) (n-2) f**(n-1) d *'ns?

(C) (n-2) £**(n-1)d""ns?

(D) (n-2)d*! (n-1)f*"*ns?

In the silver plating of coper, K[Ag(CN),] is used
instead of AgNo,. The reason is

[CBSE AIPMT 2002]
(A) athin layer of Ag is formed on Cu
(B) more voltage is required
(C) Ag"ions are completely removed from solution

(D) less availability of Ag* ions, as Cu cannot
displace Ag from [Ag from [Ag(CN),] ion

CuSO, when reacts with KCN forms CuCN which is
insoluble in water. Ifis soluble in water. It is soluble
in excess of KCN due to the formation of the complex

[CBSE AIPMT 2002]
(A)K,[Cu(CN),] (B)K,[Cu(CN),]
(O)Cu(CN), (D) Cu[KCu(CN),]

7.

10.

11.

12.

The basic character of the transition metal
monoxides follows the order

(At.no. Ti=22, V=23, Cr= 24, Fe=26)
[CBSE AIPMT 2003]
(A) TiIO>FeO>VO>CrO
(B) TiO>VO>CrO>FeO
(C) VO>CrO>TiO>FeO
(D) CrO>VO>FeO>TiO

The correct order of ionic redil of Y**, La**, Eu** and
Lu*"is [CBSE AIPMT 2003]
At.No.Y=39,La=57, Eu=63,Lu=71

( A) Lud* < Eut <La¥*< Y3

(B) La¥* < Bu¥* <Lu3*< Y

(C) Y**<La* <Eu*'<Lu*

(D) Y3* <LU* <Eu* < Lu*

Which one of the following characteristics of the
transition metals is associated with their catalytic
activity? [CBSE AIPMT 2003]
(A) Colour of hydrated ions

(B) Variable oxidation states

(C) High enthalpy of atomisation

(D) Paramagnetic behaviour

Lanthanides are [CBSE AIPMT 2004]

(A) 14 elements in the sixth period (At. no. =90 to
103) that are filling 4f sub-level

(B) 14 elements inthe seventh period (At. no. =90
to 103) that are filling 5f sub-level

(C) 14 elements in the sixth period (At. no. =58 to
71) that are filling 4f sub-level

(D) 14 elements in the seventh period (At. no. =58
to41) that are filling 4f sub-level

Among the following series of transition metal ions,
the one in which all metal ions have 3d* electronic
configurations is [CBSE AIPMT 2004]
(At.NoTi=22, V=23,Cr=24, Mn=25

(A) T, V&,Cr¥*Mn** (B) Ti*, V¥, Cr®, Mn7*
(C) Ti*, V**,Cr** Mn* (D) T,V ,Cr* Mn**

Four successive members of the first row transition
elements are listed below with their atomic numbers.
which one of them is expected to have the highest
third ionisation enthalpy? [CBSE AIPMT 2005]
(A) Vanadium (Z=23) (B) Chromium (Z=24)

(C)Iron (Z=26) (D) Managanese (Z=25)
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EED

10.

11.

12.

13.

14.

<
Qs
STRAIGHT OBJECTIVE TYPE

Zn and Hg belong to the same group, they differ in many of their properties. The property that is shared by both is
(A) They form oxide readily (B) They react with steam readily
(C) They react with hot concentrated sulphuric acid (D) They react with hot sodium hydroxide

Which of the following ionic species will impart colour to an aqueous solution

(A) Ti* (B) Cu* (C) Zn* (D) Cr*

The number of electrons in the outermost shell of the 3d-transition elements generally remains

(A) (n—1)d" (B) nd" (C)ns? (D) (n—1)s?

The 3d-elements show variable oxidation states. What is the maximum oxidation state shown by the element Mn
(A)+4 B)+5 O)+6 D)+7

Which of the following ions gives coloured solution

(A)Cu* (B) Zn* (O)Ag' (D) Fe*

Which metal represents more than one oxidation state
(A)Al (B)Na (C)Mg (D)Fe

A reduction in atomic size with increase in atomic number is a characteristic of elements of
(A) High atomic masses  (B) d-block (C) f-block (D) Radioactive series

Colourless solutions of the following four salts are placed separately in four different test tubes and a strip of
copper is dipped in each one of these. Which solution will turn Blue
(A)KNO, (B) AgNO, (C)Zn(NO,), (D)ZnSO,

Zinc when reacted with excess of NaOH gives
(A) Zinc hydroxide (B) Zinc oxide (C) Di sodium zincate (D) Sodium zincate

Pair of metals which dissolves in NaOH solution

(A)AL Cu (B) Zn, Hg (C)Zn, Cu (D) Zn, Al
Lucas reagent is

(A) Anhydrous ZnCl, + conc.HCl (B) Hydrous ZnCl, +dil. HC1

(C) Conc. HNO, +anhydrous ZnCl, (D) Conc. HNO, +anhydrous MgCl,

What is the effect of shaking dil. H,SO, with small quantity of anhydrous CuSO,
(A) The white solid dissolves to form a colourless solution

(B) The white solid dissolves to form a green solution

(C) The white solid turns blue but does not dissolve

(D) The white solid dissolves to form a blue solution

Which metal is electro-deposited on iron surface to prevent rusting
(A)Cu (B)Zn (C)Mg (D)Pb

To prevent corrosion, iron pipes carrying drinking water are covered with zinc. The process involved is
(A) Photoelectrolysis (B) Electroplating (C) Galvanization (D) Cathodic protection
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