
d and f- Block Elements
-

d- block elements : Those elements in which the
last e- enters Cn- 1) d orbital or penultimate

"

d- orbital .

General d-C. of d- block elements : ns"{n-1yd
'- '°

n = 4,5, 6,7
• 4 transition series

m£&. Ist transition series : Sc (21) to Zn (30)

4s
"
3d
"'°

2nd transition series : y(39) to Cd (as)
5s
'-2411-10

3rd transition series : La (57]
, Hf (7-2) to Hg (80)

4ᵗʰ transition series : Rf (1047 to -



d-block elements are called transition elements.
↓

There is transitise in properties of elements
from s-block 1 p-block via d-blockelements

#Not all d-block elements are considered as transition
elements.

Criteria for transition elements:

d-block Element must have incomplete dabital either in its

ground state or in any of its oxidation state.

In, Hg &Cd =) d-block elements but are not

considered as transition elements.

E.c: 0 2n (30):- 45"3d10 :In4t: 3 d'0



Cuca9) : 4s'3d
"

: Cu is a d-block

cut : 3d" filled d- orbital .
element as well as

transition element
beat : zda → incomplete d- orbital.

a. Write outer electronic configuration of the following :
feat Fe→ 453rd 6

;
feat :- 3d

6

63-1 Er :- 45315 ; Cr
"
:→ 3d?

Ciii, Nit
-1 Ni : 45348 ; Ni2+ : 3d

8

1- Q in CBSE
is must ⇒ General Properties of d-blockelement :

• Atomic size • I. E • M.P &B. P • Hard & soft
• Enthalpy of atomization • Oxidation stale
• Catalyst • Form complex . Coloured complex
• Magnetic property •Alloy formation • Interstitial compounds.



Items : Sc Ti V Cr Mn Fe Co Ni Ge Zn?⃝ Atomic size :
_

-

s > dy p - blog elements . % THE ☒FEE

within transition series :
• Atomic size decreases : 1ˢᵗ atomic size Ives due to Te in

effective nuclear charge
• Atomic size remains almost same : In the middle of IS

because effective nuclear charge & e-_ e- repulsion becomes
equal & they cancel oat each others effect .

• Atomic size increases
. : At the end of the series .

no . of e- which are paired increases which increases

the e-- e- repulsion and due to which at size Tes
.



mot
show irregularity intransition

(I) Ionisation Enthalpy: I.E a l
series.

atomic size

· At.sizeties -> I.E Pes

· At size remain same = I.E is also comparable
· At Size Aes->I.E tres

(1) M.P&B.P and enthalpy of atomisation (Wat(
M(s) >M(g) atomsfun= the

Wat Higher = High M.P or B.P ↑
in case of metals depends

on metallic bond or
Metallic bond depends on inter atomic interaction.

no. of unpaired et

strengineMetallic band a
no of unpaired e-



Se Ti X Cr An Fe Co NiC In

3bd"3d"hs'3d=3d*3d'Ed*3d*asd'ed'O
aA 432 O

no of unpaired at Nes. mueemums

strength of metallic
noof unpaired a ties to zero

bond Yes. strength of metallic band tes
Nat increases Natl tres.

* In, Hg, cd have lowest M.P/B.P/ Nate in their

respective transition series
·

Hard and softness:Generally, d-block elements are
hard except In, Hg and cd.

↓,

No unpaired et
↓,

metallic bond or interatomic interaction is weak.



Oxidation Number
· d-block elements except the first & last element of
transition series show variable oxidation state.

Mr -> + 2 to +7

Feet, Fest, Cut, Cnt

Energydifference blu ns &
both us a (-1) d orbital E an-yd orbital is

of transition element can very
less.

participate in bond formation
Sc Ti Y Cr Mn fe C Ni Cu In

3d's"besad"s"Bdas' 36595tEd's"edins 3d825t3d's' 3d"ash
->

+3 +2 +2 +2 +2 +2 +2 +2 +1
+2

+3+y Ia +3 to +3 +2
&ommon

+4

state.

+4 + 5 +5 Ith Ia +9 ToaOxidation +6



soa In does not show variable 0.S?

So after losing 30-->3d0 (fully filled arbital)
In after losing 23d'(fully - filled abitual

Ex.

-Iundergoingwepresiding agent:
stable electronic configuration

Mn (3d54sY) => Mn+(3d3) +1e- -> Mn* (3d5) Huffilled
stableE.c

2x: Acidic character & Oxidation State
*

naO7 I ins acidic nature

(a) basic in nature.

21: Red" potential related Os/0.s related Rs.

Ered (M+(M) *-metalto unders ned"



EYED = I- E + ↳AH + ↳ teyd.tl
↑ ↑

+ve +ve -

the
E:D = the ( it II.E + dahl > 14yd H)

Eked = -ve ( if 'E. + oaHH 41 OHyd.tl)
hi"(as) stale is not stable or Ailey] undergoes
disproportionation process

Gilboa ) > Cuts] + Cutty)

Hydration enthalpy is large .
It compensates the I.E

regal. to advise 1- e- from Cu " to becomes at ?

E± : Fe
"
& Must→ oxidising in nature

↳ reducing in nature .



Must(3d") +1e- -> Mn2+(3d5),talf-filled
arbitel

·stable D.C

Fee+ (3d6) - Feot (3d5) + le-

0. Mutt is more stable towards oxidation to +3 stale
whereas felt can be easily oxidised to to state.

Explain

8. Oxoanion E F -Canial
MnOgj Coxoanion)

* give one example of oxanion of a-blocyelement in
which OS of transition metal is same as

that

of its group
no.

Ex: MnOMntE group
no = 7



Cr2012Crlts) group
20 = 6.

# Mu shows highest O.sof+7 with othoxygen
as highest oxidation state with fluorine. Why?

8 F
11 a

MnOg Mn Mnfa I
I - oV Mu
0 !A F

I I
- F

F

pi-da multiple pa-da multiple bond notbond is possible. possible int as it has
* and pd elements -> PA-prmultiple. Only + onpaired etbird



They are used as catalyst
accumulation of gas particle
over the surface of solid

N

They
↓
have variable oxidation state &

·They have larger surface area. Adsorption of
gaseous reactant

takes place effectively.
Sx: Habers process (synthesis of NH3) -> Fe-Mo
E Hydrogenation of unsaturated Hydrocarbon -> Ni,orPd or PE
2 Oxidation of SO2 to 300 -> U05 [manufacture of HSon]
&x: decomposition of 40sol -> MnOc

They form complex compounds (or coordination compounds)
↓

With central metal atom or ion, erich species form
coordinate bond.-> Coordination compounds



Reason: 1. Availability of a-arbitals to accept lope from

ligands
2. high nuclear change & small size.

Racetouredcompounds,andx2-yz
a

I /
eg
ho

>

1
-

eq
=1-.--

d-arbitals I
- --

tzg
--

tay(degenerate dyy dyz den This excited et

* They form coloured compounds loses energy & comes ball

due to old electronic
to the ground state

transition. by emitting radiation of
#which type of a-block

element visible region
compounds donot show color -do



* Colour of the compound is complementary to absorbed
colour.

E: If violet colour is generated by coordination compound
then which color is absorbed during o-dtransition?

R

O B

Y G

9.(Ti(H20),)3+ is violet in colour. Which region of
visible spectrum is absorbed during did e-
transition.



& Why [Ti (t0),jbt becomes colourless on heating?
↓,

On heating, removal of water takes place. In absence

of water, splitting of dabitals in tag eg
does not take place. So no did electronic takes

place.

Why are InSUp, Sc(III) salts, TiOz while in colour?

InSO, Inht: 3d10asO I &ad' > Nodd electronicScbt: GSOEdO transition
4+
Ti: 4s"EdN ..while in colour.

I MaO (or KNnOn) - purple.
MutE: [Ar4503d" -> No did electronic transition.

=>Charge transfer



Compounds of d-block elements & their magnetic properties
(a) Diamagnetic -All the e-are paired.
b) Paramagnetic E Atleast one unpaired et
mag
netic moment, m =Jn(n+2) B.M
a spin only)

n=noof unpaired et
Formation of interstitial Compounds: -> Can be non-stoichiometric
B

<x crystall latice
TiH1.1 i

voids or
-

I

I

↑ -

120 (2:1)
ErH,.9

interstitial
sites -

i CO.(1:2)FeOs(2:3)
Hatoms, or Car N or B

Metallic sounds that consist of crystallatice of atomscome
in which smaller atoms occupy interstitial sites.



Alloy formation: somogeneous mixture of meted with
metal or metal & non-metal

#d-block elements readily form alongs
EX: steel allow

Similar atomic radii & other properties.
*

FetCr,Ut
-> be metal crystal latticeMo+W+

Mr. C Cr atom.
E

Oxides of d-block elements:
MO, MrOs, MOz, MeOz, MzO5, MOz, MgOy



S.NO General Formula of examples
-

metal oxide

I MO Any bd series metals except Sc
M = Ti,V, Cr, Mn, Fe, C, Ni, G, In

2. MgOz
M =Sc,Ti, V, Cr, Mn, Fe

3. MOG M = Ti, Cr, Mr

4. Mz04 m =V * Acidic charader:-

5. MyOj M =V stigher is 0.5 of
6. MOZ M = Cy metal, higher is
7. MyO7 M =Mn.

the acidic character

Va03<Ug0x<V0g

MngOz acidic



Imp.Compoundsof ablockelementedthemate
I. Potassium Permanganali (KMnOa)

MnO, Ma
I
0 Cd 0

-

Preparation:
From potassium manganate
MnOz +KOH tOz s KeMnOn +HO

KaMnOx +1->KMnOn +KC MnOs"permangande
Mno*manganate



II Potassium dichromate KeCra07
2-

(r=0.2- 0 O CrOy Chromate

11 11 2-dichromate
0
=Cr-0-c=0

CraOy

- b 6-
Reparation:- From iron chromite are

FeCrOy +Oz + NacCOu -> NazCrOy + Fe,0g+ CO2
Chromate

NacCrOp +HT -> NazCO7 + HO
<dichromate

NazGaO7 +KCl -> KeCOy +NaCl

<pot.dichromate



Balancing of
Redox reactions

my
addof e-

+ 6

CrOp >
Cr (red) (acidie)

+>F

MnOy > Mu (red") (acidic medium)

Oxid" r
lossof e- >AnO,(red") Calkaline medium)
-

1
-> F2

No->NO,
MrS -> S

sn"-> Su4t I--> 105 C basic medium) oneutral

Fee->febt sco--> SU," (basic medium) or neutral.
C202- -> C
52
-

+ S

so-> SO,



↑

indicals that un is in acidic
- medium.

Q. MnOx+FeRT + H+ ->
=

complete & balance it.

MnOr+Ee-> M+Febt (acidic medium
stalf-cell oxns:- atoms -

N

-It Oxygen- HO(1) MnOj +8H+ 5eT Mr +4HO
Hydrogen-H+->

- +8 =0 +2 +0 =0 charge -> e-

=

(I) Fe2+ 3 Fe3+ f 1
- 3x5

⑫ *

MnOr+8x +5 feet > Mn2+aHO +5Fe3+



xwhenever 40
① Complete and balance thetimingequ:-, is given

MnO+ FeRt+HO T ↳ basic medium
-

MnOi+frRt
OR

7
in basic medium

A:- MnOx+ FeRt - MuOz +Febt alanw

0 -> HOW
Half-cell rxn: H =>H+ r

-

LI) MnOn +CH
+
+Ye- 7 MnOz+aHzO chargefe

-1 + 4 =+3O E +8=0

CI) fea+ I Feb+ + le- ]x3

⑰ *
MnOx +4H+ 1 Ff2+ I MnOz +2H20 +3feb+-3

4OH- 4OH
-



MnO+GHO +3Fe's MnOz +2HgO +3Feb+ +GOH-
=>MnOj+2H0 +3Fe* ->MnOz + 3Fe"+4Or

① Complete and balance the following equ: a marks.

(i)CraOg +Sn" + HT -> acidic medium.
-

CrOg + S"c3 + Sn+
aterme

2-
+ MH+6e

-

> 2 CuP++7H,0#CraOF

--
E.Forthe-2+14 =+ 12 + 6 +0 =6

..

(I) Sn2+ " Sn"+ + 2e->x3
*

3Sn' -> 2Cr3++ FH2O +3Sn'T



Same A. for 1- mark :

C.2072-1-3Sn" -11411-1→ 263+-1 3.sn"
+
+ 7110

=
=

Complete & balance the following eqn :
1- m⇐ʰ

4) 2mn05 + 552-+16 Ht → 2mn
"

+ 55 + 8110

Lii) Cryo72
-

+ 3.Has + 8h -1 → 263++35 + 7110

Liii 2mn05 + 550
,
+ 2110 → Try yourself -

Next page



→ s

→ S
,P
- S, P

→_
→ s
,pin -Dd

→ sp k
-1)I

→ spin-yd,→
-2)£



Lanthanoid Contraction :(v. V.V -V. imp .

In lanthanoid series, with increase in atomic

no . there is progressive decrease in atomic
radii from Last to Lust .

Reason :- Due to addition of new e- in f- subshell
& poor shielding of one e- by another
in f- orbitals , nuclear charge increases &
hence size decreases

.

Consequences :
① Atomic size of 4d & 5.d transition metals
are same . Zr & Hf have similar size .



④ Basic strength of oxides & hydroxides d-
Lanthanoids decreases with increase in at. no

f- block Elements ⇒ inner
transition

elements .

hanthanoids En ) Actinoid
(58-71) ( at- no 90 - 103)

(n -2) f
'- '{n-1)do-1h52t

, -.

He] 4ft
-"
g-do-16,2

antepenultimate shell
orpnepenult.TT . 58

" "6d°-175

General characteristics of lanthanoids-



1. Atomic size ⇒ decreases due to lanthanoid Contraction .

2. Oxidation state ⇒ Most common 0-s = -13

But +2
, +4 are also possible.

3. Coloured ions → due to f-f electronic transition .
4. Magnetic properties → Most of +3 0.5 = paramagnetic
Lanthanoid Contraction : The atomic and ionic radii of
lanthanoids Shao gradual decrease with increase
in atomic no

.
It is known as lanthanoid contraction

.



3d9 d-d electronic3d "↳° no djrmdsitian Extra Q / A ↑ transition
.

↑
1. 2512 salt are while while hi

"
salts are coloured

.Why?
2. Transition metals & their compounds exhibit a

paramagnetic behaviour . w_hy ?
T.tn __ incompletely filled

d. orbitals .
I

3. Zn
,
Cd
, Hey are soft metals . Why ? some impaired

↓

completely filled d- orbitals .
So they dont have ←

e-
.

unpaired e- ⇒
Metallic band is weaker. paramagnets

4. Transition metals & their compounds show
lotulylic-pwpe.ly . why?⇒¥aaa & variable

oxidation

5. Assign a reason for each of the following :
state

_

① T-M are hard
,
have high tq.pt/z.p--sT-M

have incompletely
- - I filled d.orbitals> they

have

unpairede-
so metallic band is strangerI. E of 1ˢᵗ Transition series are found to vary

irregularly .



6
. Which metal in the first transition series (3d) exhibit
+ I 0 - state most frequently & why ?

⇒ Cu 3d '°4s'

Tu" 3d
" (more stable )

7. Which of the following cations arekᵈcg .

Sol" & why ?
Sc3+

,

1/3-1
,

Ti
4-1

,

Mnt 2

Es: Sc3+→ 3daL V3
-'
→ 3d

"

,
Mn"→ 345

Tih+→3d° -dÉñnic transition
↑
no d-dlñmsition

.



g. What is Misch metal ? Give it one use .

Misch metal is an alloy of lanthanum metal and

iron and traces of S, Ca , C. or Al .

It is used in making bullets and lighter flint .

Actinoid Thorium@0) to Lawrencium
( 103)

• trans - uranic elements → Man-made elements
,
with at .no

higher than 92
,
which are prepared by nuclear

exactions involving transformation of naturally
occurring elements .

• Atomic size decreases in series due to actinoid contraction

•
oxidation state → +3 (most common]

,
+4
,
+5
, + 6

.

•

'

form coloured complexes Natural
Thorium (Th) , Pro actinium 1Pa ) and Uranium (4) ⇒ elements

.



Q
. Differentiate between lanthanoids and Actinoid

Lanthanides Actinoids
• Last differentiating e- occupies last differentiating e- occupies 5f
4f orbital . orbital .

they are the elements of first inner Elements of 2ⁿᵈ inner transition series
transition series .

Most of tanthanoids are non -radio - All are radioactive
- active

. Except (Promethium)
• do not form oxo cation form oxo - cations 40¥, NO

#

. Contraction in atomic radii is contraction in atomic radii is

relatively less relatively greater in actinoid
Lanthanoids show +2

,
+3
,
-14 Ox. state Aytinoids show +3,-14, -15, -16,-17

0.5
Less tendency to form complexes Actinoid have greater tendency to

•

form complex .- Hydroxides are less basic innature • More basic in nature
.



Why do the transition elements exhibit higher enthalpies of atomisation?
Because of large number of unpaired electrons in their atoms they have stronger interatomic interaction and 
hence stronger bonding between atoms resulting in higher enthalpies of atomisation.

1.

2. Name a transition element which does not exhibit
variable oxidation state

.

Scandium (Sc)

3
. The E°(M" /m) value for copper is positive (-1-0-34) .

What is the possible for this ?
he has a high atomisalim energy (watt) and low
hydration enthalpy Coinyd HD .

4 .

How would
you

account for the increasing oxidising
power in the series V05'S GEEL Maki ?
This is due to increasing stability of lower species
to which they are reduced



a. Calculate the magnetic moment of a divalent im in aqueoussolution if its atomic no . is 25
.

a. Name a member of the lanthanoid series which is

well known to exhibit +4 0s
. Cerium (2--58)



a. Retinoid contraction is greater from element to element
than lanthanoid contraction . Why ?
due to poor shielding by 5f e- in actinoid than that

by 4f e- in the lanthanide

compounds of d-Block Elements

Potassium Permanganate (KMnon) :

Preparation : -
2mn02 + 4K OH + Oz→ 2KzMn0q +2110

or

2mn02 + 2 kz.CO, + Oz > 2 Kzmn 04 + Coz

211mn04 + Clz > KMNO
,
+ 2 KU

In lab : 2mn
"
+ 520g
"
+ 8110 > 2mn04

-

+ 105092-+1611-1
peroxodisulphale



Chemical property :
Redox Man : acidified KMUO, Neutral or alkaline

His > s KMn0g
Soa > sq

" Br
-

→ Broj
NOI > NO] I

-

→ Ioj

feat > fest 52032
-

→ 5042
-

a-→ a
,

Mn"→ Mnoz
HCOOH > coat 110
Hzczoy→ coz -1 H2o

Mud}→ Mull
,

52032
-

> Sq 062
-

Mnlhi→ Mint



Potassium Dichromate (kzcrz07) :

Preparation :
Fell . frao

,
t Naz% → Nazor 0,4 + Fez 03-1 CO2

(dnoaemik ) + Oz

Nastro} + Hzsoq→ Nazcraoz + Nazsog ☆ H2O

Nazcvzop + KCI→ kzfre.org + NaCl

Practice Qs :-
1- Give reason : Zirconium (2--40) & Hafnium (2--72)
have almost similar atomic Qadri .

Ans: Due to lanthanoid contraction .



2. Is the variability of oxidation number of lñansitim
elements different from that of non- transition
elements ? Illustrate with examples .

Ansi . Yes
,

In transition elements
,
oxidation stale differ

by unity whereas in non - transition elements

the oxidation stale differ by 2.
3 . Why is the E-

°

value for Mn
" / Mm" couple

much more positive than that for Cr3+182-1
car fest / Fest ? Explain _ (Try yourself]

4 . Give reason : d- block elements exhibit more oxidation
states than f- block elements .

Ans : d- block elements exhibit more oxidation stales



because of comparable energy gap
between

Cn- 1) d & ns subshell
.

whereas f- block elements
have large energy gap b/w C-2) f 44- 1) d
subshell

.

5. E-
°

of Cee is + 0.34 V while that of Zn is -07871.

Explain .

Ant : value for copper is positive because the

high energy to transform heels) to be" (ag) .
is not balanced by its hydration enthalpy .
whereas value for zine is negative
due to greater stability of 22-1 .



A.6
. Following are the transition metal ions of 3d
series : Ti

↳+
,
V2 -1
,
Karp-1

,
cry 3-1

.

Answer the following :
-

i) which ion is most stable in an aqueous Soth
& why ?

ii) which im is a strong oxidising agent & why ?
iii) which im is colourless & why ?

Ans. i) Cr 3-1 is most stable in an aqueous Solh
due to stable tg configuration .

ii] Mist is a strong oxidising agent because
of its high tendency to get reduced to more
stable Mn2+C3d5 configuration)



07. Which is a stronger reducing agent era
+
or

feat & why ? (Try yourself)
98 Of the d" species , or

"
is strongly reducing

white manganese (⇒
is strongly oxidising. .

Explain .

Anis : or" is strongly reducing in nature. . It has adh configuration . while acting as reducing
agent , it gets oxidised to more stable ate

tzgeg .

In the case of Mist , d4 , it

act as oxidising agent & gets reduced to
Mn2+ ( 3d 5)

.



99 . Name the following : A member of the lanthanoid
series which is well known to exhibit +4
oxidation stale .

An Cerium [ Ce]

910 . Name an important alloy which contains some of
the lanthanoid metals

.
Mention its two uses

.

And : this ch metals is well known alloy which consist
of lauthanoid metals (about 95%7 , iron (about 5%)
and traces of S , C , Ca , At ete .

Uses : Used in Mg based alloy to produce bullets
shells & lighter flint.

911. Write one similarity and one difference between
the chemistry of lanthanoid & actinoid elements

.



Ags : Similarity : The elements of both the series one
electropositive in nature

. They arereactive metals 4 act as strong reducing
agents .

Difference : lanthanoids except promethium
are non - radioactive elements , while

all the actinoid are radioactive elements.
912. Chemistry of adinoids is complicated as

compared to lauthanoids . Give two reasons .

Airs i ) Most of the actinoid are radioactive
& the study of their chemistry in the
laboratory is difficult .

Retinoids show greater no. of oxidation stale
due to the comparable energies of % , Gdf 7s .

orbitals .



913 . Assign reason for the following :
from element to element actinoid contraction
is greater than lanthanoid contraction

.

An The actinoid contraction is more than lanthanoid

contraction because of poor shielding by 5-f- e-.

914 .
With reference to structural variability and
chemical reactivity , write the differences between
lanthanide & actinoid

.

And Edirne : All the lanlhanoids are silvery while .
soft metals .

The retinoids display a variety of structures -
Fatso silvery in appearance.



Chemical reactivity : Earlier members of
lanthanoid series are quite reactive similar
to Ca but with increasing atomic no. they
behave more like aluminium

.

The actinoid are highly reactive in finely
divided state

.

9,15 . Compare the chemistry of the actinoid with that

of lanthanoids with reference to
i ] electronic configuration
ii ] Oxidation states
in ) chemical reactivity .

- ×_ .


