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PRINCIPLE

Aufbau

1

an electron
occupies
eRpI RGNS
order from
lowest enerqy
to highest

Pauli

2

in a single atom,
no two electrons
will have an
identical set or
the same quantum
numbers
= opposite spin

Every orbital in a sublevel
is singly occupied before
any orbital is doubly
occupied.
All of the electrons in
singly occupied orbitals
have the same spin (to
maximize total spin).
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Es

Elements of First
Transition Series

d - block elements




Molybdenum
95.95

74
W
Tungsten
183.84

106

>8
Seaborgium

[266]




21 22
Sc Ti
Scandium Titanium Vanadium Chromium Manganese
44,956 47.867 50.942 51.996 54,938
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21 22
Sc Ti
Scandium Titanium Vanadium Chromium Manganese
44,956 47.867 50.942 51.996 54,938




‘21 HZZ ‘ 23 H24 J{ZS ‘
SC T Vv Cr.| Mn
Scandium Titanium Vanadium Chromium Manganese
‘26 H27 H28 ‘29 H30 ‘]
Fe | Co Ni Cu  Zn
Iron Cobalt Nickel Copper Zinc
I 55.845 I I 58.933 I I 58.693 I I 63.546 I I 65.38 I |

The elements lying between s-block and p-block elements of the periodic table and their properties represent a change

from the electropositive s-block element to electronegative p-block elements. Such elements are often called
"Transition Elements".



Syllabus

Introduction, definition, electronic
configuration, reversal of energies of 3d and
4s orbitals,

Physical properties such as atomic properties
(atomic radii, Ionic radii, and ionization
potential), metallic conductivity, reducing
properties, tendency of formation of alloys,
catalytic properties and magnetic properties.
Calculation of spin only magnetic momentum of
inner orbital and outer orbital complexes
[NiC1,]-2, [Ni(CN),]-2, [FeFg]-4, [Fe(CN)g]-*



Electronic configuration

(n-1)dt-10 ngl-2 or (0,1,2)




Noble gas
H Electron configuration Electron in box diagram

3

Scandium 21 152 2s" 2p” 35 3p® 4s% 3d"  [Ar] 4¢° 3’

|
|
-
Titanium 22 1s%2¢% 2p° 35° 3p° 47 3d° [ 4% 3¢° ]
\

Vanadium 23 1s% 257 2p° 357 3pf 457 3d°  [Ar] 45? 3d?

T The transition elements are
Pt those elements which have

incompletely (Partly)

|
| A 4
Chromium 24 1s*2s? 2p° 3¢ 3pf 45 3¢ [Ar] 48’ 3¢ ‘l I l filled d-sub-shells in their
? o - - , ‘ V= N Ve T ground state or in any one of
Manganess 20 [15"25" 2pk 35" bt st 30 [Ar] 4e 308 v | their oxidation states"
) | N # 4
Iron 26 182267 2p° 3% 3p° 45 3d°  [Ar] 4s? 3d° "‘J T 1 ‘ I
y ‘ 4 4 1 g s
el b i |4 H l 1 (n-1)d1-10 ngh2or 01.2)
- " F 3 & 4
Nickel 28 15?257 2p° 357 3p° 47 3d°  [Ar] 457 3d? ! T l l T l
X | 7V [ I T
Copper 29 1s%2¢% 2p° 3s¢ 3p° 4s' 3d™  [Ar] 45 3d™ ‘l | 1 l | 1 I 1 l
.
Zinc 30 1s®2s? 2p° 3s% 3p° 457 3d""  [Ar] 457 3" 1 ‘ T l l T l 1 l l




Element Name

Atomic

Common

Electron Configuration

and Symbol | Number Oxidation States
Scandium (Sc) | 21 +3 Sc: [Ar] 4s23d! 5¢ (Ar] -}SL L;}:_
3
Titanium (Ti) | 22 +4 Ti: [Ar] 4523 e L1 \J_/:d\_/ _
3
Vanadium (V) 23 12,43, +4.5 V: [Ar] 452343 Vi [Ar] —1—': —']—\J__/__’];’d_:/_
Chr(‘é“r‘)i“m 24 +2,43,46  § Cr: [Ar] 45135 g ‘L\L,_é\L/L
Ma('ﬁi')‘e“ 25 §+2,43,+4,+6,+7 | Mn: [Aas3as | M 1 J_\‘L,?‘%i_/j_
Iron (Fe) 26 323 Fe: [Ar] 4s23dS Fe: [Ar] —/]4-|: JIL\_L/__;_\_’]_/_'L
Cobalt (Co) 27 +2, 43 Co: [Ar] 4s23d” Co: [Ar] -LL A \JJ_:’E\J__/ il
:
Nickel (Ni) | 28 42 Ni: [Ar] 4s23d° Nisfar) IL b \1_%_;},5\1_/ ;i
Copper (Cu) 29 1,499 Cu: [Ar] 4s!3d1° Cu: [Ar] J‘g L\J-L/—-;L}/JL
Zinc (Zn) 30 i +2 Zn: [Ar1] 4523310 Zn: [Ar] —:];J: jLiL,{J:\ibJL
3




REVERSAL OF
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Electronic energies orbitals
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d-Block

i 2
H He
3 |4 s |6 |7 [& [9 |10
i E |[¢ [N [0 |F |Ne
13 [14 |15 |16 [17 |13
Al [Si |F O[S [C1 | Ar
2z |23 |24 |25 |26 |&7 |28 [29 |30 |31 [32 [33 |34 [35 |36
Ti | Y [ [ Mn [Fe [Co [Mi [Cu |dn |Ga |Ge |As [Se |Br [Er
5 block d block p block
45 orfpital filling 2 orfeitals Filling e arfeitals filling



Expected
Electronic

' Configuration

AL

Elements | Symbol | No.
Scandium Sc 21
Titaninm Ti 22
| Vanadium : v X
Chromium | Cr 24
Manganese Mn 23
[ron Fe 26
Cobalt Co 27
Nickel Mi 28
Copper Cu 29
| Zinc £n 30

[Ar] 3d' 4s°
[Ar] 3d° 452
[Ar] 3d* 4s°
[Ar] 3d* 452
[Ar] 3d° ds°
[Ar] 3d" 4s°
[Ar] 3d7 4s*
[Ar] 3d" 4s?
[Ar] 3d* 4s?

[Al‘] j'd-1 ] 451

Observed

Electronic

Configuration

[Ar] 3d' 4s°
[Ar] 3d* 4s°
| Ar] 3d° 4s°
[Ar] 3d° 45!
| Ar] 3d* 457
[Ar] 3d° 45°
| Ar] 3d7 457
[Ar] 3d® 4s°
[Ar] 3d"" 44!
[Ar] 3d'" 442




Electronic Structure of Fe & Fe(IlI)

e 2R P e Dntitsc SN smBate gP s
[BeSisr sl caiD P niiE s Sas 5N 6D

The 4s electrons are lost first followed
by one of the 38d electrons.

1.We say that the 4s orbitals have a lower enerqgy than the 3d, and so the 4s
orbitals are filled first.

2.We know that the 4s electrons are lost first during ionization. The
electrons lost first will come from the highest energy level, furthest from
the influence of the nucleus. So the 4s orbital must have a higher enerqy
than the 3d orbitals.

Outer 4s Electrons are shielded by inner 3&d electrons



#§#

The elements up to argon: There is no problem with these. The
general pattern that we drew in the diagram above works well.

Potassium and calcium: The pattern is still working here. The 4s

orbital has a lower energy than the 3d, and so fills next.
That entirely fits with the chemistry of potassium and
calcium.

The d-block elements: For reasons which are too complicated to go
into at this level, once you get to scandium, the enerqy of

the 8d orbitals becomes slightly less than that of the 4s, and
that remains true across the rest of the transition series

So, when transition metal atoms form ions,
they loss electrons from ..
ds-orbital before the 3&8d-orbitals.



why is not the electronic configuration of scandium [Ar] 3d3 rather than [Ar] 3d*
48%?

Making Sc3*

Imagine you are building a scandium atom from boxes of protons, neutrons and electrons. You have
built the nucleus from 21 protons and 24 neutrons, and are now adding electrons around the
outside. So far you have added 18 electrons to fill all the levels up as far as 3p. Essentially
you have made the ion Sc3*.

Making Sc2*

Now you are going to add the next electron to make Sc2+. Where will the electron go? The 3&d
orbitals at scandium have a lower energy than the 4s, and so the next electron will go into a 3d
orbital. The structure is [Ar] 3d!.

Making Sc*

You might expect the next electron to go into a lower energy 3d orbital as well, to give [Ar]
3d2. But it doesn’'t. The enerdetically most stable structure for Sc+ is therefore [Ar] 3dl4sl.

Making Sc:
Putting the final electron in, to make a neutral scandium atom, needs the same sort of

discussion. In this case, the lowest energy solution is the one where the last electron also
goes into the 4s level, to give the familiar [Ar] 3d!4s® structure.



Electronic Configuration anamalous

Chromium Copper

1s? 252 2pb 352 3pb 3d* 4s2 A halPMilled or full 152 252 2pb 352 3pb 3d°? 452
d -.sub shell offers
152 252 206 352 3p6 35 4s? NS Tl bl e g 152 252 2p6 352 3p6 310 45l

i1l s - sub shell.

Because that is the structure in which the
balance of repulsions and the size of the
enerqy gap between the 3d and 4s orbitals
happens to produce the lowest energy for the
system.



Properties of Transition elements

Strength

High Tensile
Strength

Hard and Ductile
MP / BP

Strong property

Good Conductor
Of Electricity

Alloys

Forms alloy with
other metal



Physical Properties

m Atomic Properties

Metallic Properties
Reducing Properties
®m Catalytic Properties
®m Magnetic Properties




Atomic Properties

The properties related to the atomic structure are
known as atomic properties.

Atomic Radii
®m Tonic Radii
® Ionization Potential or Ionization enerqy

Be



cture are

Sc to Mn

decrease is due to the
gradual increase in nuclear

charge with consequent

contraction in size.

o Screening

the electrons added to &d-
orbital screen the 4s-orbital
electrons, the attraction
between the nucleus and the 4s
electrons decreases due to

Atomic Radii screening effect.




Atomic Properties

Because of screening
effect, the actual
nuclear charge is
decreased by the

quantity o, the
Screening constant

Slater rule
Zeff = Z 0]

F - 1522522P5 Number of intervening
electrons
Zeff= 9 - 2 - 7+

Size of the atom



Slater rule

o =0.35( einnth shell) + 0.85(e in n-1 shell)+ 1.0(e in next inner shell)

K (Z = 19) = 152 282 2p° 352 3p04s!’

o =0.35(0)+0.85(8)+1.0(10)
=16.80

Zeff: /-0

Z eff™ 19 - 16.80

: = el
Z for 4sl electronis 2.20



Let us now calculate o for 3d* electron in
K(19)

o = 0.35(remaining electrons from (n-1)d orbitals) +
1.0 (electron presentin (n-1)s & (n-1)p and inner shell)

6 =0.35 X 0+ 1 x18 =18.0
Z .+=19-18=1.0

Thus [Ar] 3d°4s! electronic
configuration would be more stable and hence the 4s orbitalis filled earlier than
the 3d orbital



Removal of electron from 4s orbital
Mn (Z= 25)
[Ar]3d>® 4s2

o for4s' =0.35(no. of e remaining in 4s)
152 252 2pf 352 3p® 3d° 452

+0.85 (no. of e in n-1shell)
+ 1.0 (no of e in inner shells)

o for4s! =0.35(1) + 0.85 (13)+ 1.0 (10) = 21.40

Z eff— 25 —21.40
=3.60

0.35(e remaining in n-1d shell) + 1.0 (no of in inner shells)

0.35x4+ 1.0x18
=19.40

c for3d! =

Z eff— 25 —-19.40
=5.60



Ionic Radii of cations of 3d

Elements 21 Sc 22 Ti 23 V. 24Cr 23Mn 26Fe_ 27 Co 28 Ni 20 Cu 30 Zn

Ionic Radii +2=81 +2=91 +2=88 +2=84 +2=80 +2=76 +2=76 +2=72 +1=91 +2=74
(pm)  +3=88.5 +3=76 +3=74 13=69 +3=66 +3=64 +3=63 +2=61
t4=74. t4=72 4768 +7-60
5 +5=68 +5=063
+6=58

ionic radii for various oxidation states are also different
ionic radii of the same element in different oxidation state
decreases with increase in oxidation number e.g. Cr



Atomic Properties

Ionization Potential or Ionization energy

increase with increasing atomic number

Increasing Effective Nuclear Charge in Periodic Table

Li F

Li - 15?25t F - 1s225%2p°

Zyg=3-2=1+ 24=9-2=7+

e

Both atoms have the same number of shielding core
electrons (2), but fluorine has a greater nuclear charge
(9+ vs 2+4), and therefore a greater effective nuclear
charge (7+ vs 1+).

Increased nuclearscharge pull the electron
cloud toward to nucleus more enerqy 1is
needed to remove electron

The ionic potential of the d-block element
of a first transition series is
intermediate between S and P blocks
elements. It means that these have

been less electropositive than the S-block
elements



Atomic Properties

IONIZATION POTENTIAL

[631] (50

650| |653]

W[@@@@

Ionization
Potential
or
Ionization
enerqgy

Very close to each other
Because of Screening
effect produced by
addition of e- in d orbital




Metallic Conductivity

good conductors of electricity
and heat

presence of free mobile electrons
(vacant orbitals) in metallic
bonding

Conductivity of oxides

L0 VO SECriR fete s posIess
conductivity like metal

m Ti02, V203 etc.. are semi
conductor

m V205, Cr203, Fe203 etc.. are
insulator




Temperature (C)
4000 -

3500 -

3000 -

2500 -

2000

1500 -

1000 -

s00

MP and BP vs Group Number

Group Number

10

11

12 13




Reducing
Properties



Reducing Property

-ve std potential Easy oxidation

d-block elements
Std Hydrogen
electrode (Zero)

Reducing property No reductant
Depend on High heat of
formation of vaporization
aquatic ions High ionization

energies
Low heat of
hydration

Cun+ 2H(4nq) -———-—-)Cllf;q) 4 H2

M > M2, Q2e)

Cu——>Cu

Reductant

Not good reducing
agents as group
S esals

Exemption

Cu
Positive
electrode
potential and
negative E°
(oxidation)

24 -
(aq) et EﬂqJ



Cr
Tendency of
formation of

alloys



Tendency of formation of alloys

1. Homogeneous mixture of one or more metals
2. Atomic volume of 15% or more can form alloy.
3. Transition metals are almost of same size,
replacement of atoms give alloy.
4. Hard, High MP, corrosion resistant
5. Cr-Ni,Cr-Ni-Fe, Cr-V-Fe, Mn-Fe etc
6. Transition - Non Transition alloy
A tBIaSS LOQUEZANY)
b. Bronze (Cu-Ti)
c. Pure Gold with Cu/Cd
7. Steel with Fe along with Cr, Mn, W etc
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100

Fm

A number of transition elements and their
compounds are used as a catalyst
in various. chemical reaction.
Lower Activation enerqgy intermediate are
produced




CATALYICACTIVITY

Transition metals and their compounds are well knomn for their catalytic
activities.

Nickel is used as catalyst for the hydrogenatien of unsaturated compounds

Iron-Molybdenum is used as a catalyst in"™sthe synthesis of ammonia by Haber’s
process.

Platinum is used in the contact process’ for the combination of S0, with 0, to
generate SOz

Vanadium petaoxide is used for the oxidation of SO0, with 0, to prepare SO0z

Manganese dioxide is used t6 catdlyze the decomposition of H.0,.

The catalytic activity of the transition elements is due to the availability of
d-orbitals. The d-orbitals which are exposed to the surface, participate in the
formation of activated complex which serves as a reactive intermediate in the
overall reactions. These reactive intermediates provide lowm energy reaction
pathmays and accelerates the rate of the reaction



Some Examples

1. Ziegler-Natta (TiCl4) catalyst for manufacturing of Polythene

2. Fenten’s reagent (FeS04 + H202) for oxidation of alcohol to
aldehydes.

3. MnO2 for oxygen preparation in Laboratory.

4. CuCl2 in the manufacturing of chloride.

5. Pt-Black in preparation of HCHO

6. REACTANTS + CATALYST - Unstable intermediate compound
—>Decomposition gives products + Catalyst

The transition metals and their compound provide a large surface are on
which the reactants may be absorbed and there for come closer for the
reaction. This can be explained by adsorption theory.
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Magnetic Properties

Most of the compounds of
transition metals are
External Magnetic Field paramagnetic in nature.

Measurement of number of unpaired electrons

Diamag eliCc d
materials are reper:eci _ S
by a strong mag |



Origin of Paramagnetism

Spin motion or
spinning of the
electron on its
axis produces
spin magnetic
moment

Total moment
produced by an
electron
Unpaired e-
increases the
magnetic moment

OEbitalmotEonion
the movement of the
electron round the
nucleus produces
orbital magnetic
moment




Paramagnetic Substance

The resultant or total moment in

them is sufficiently high to
overcome the magnetic moment
induced by an approaching
magnetic field.

Hence, such substances instead of
experiencing repulsion,

are attracted in a-magnetic field
and are called paramagnetic
substances




Bohr Magneton

= Ihe calculated

= Magnetic Moment increase magnetic moments
with increase of the unpaired corresponding to 1
electrons in 3d-series 2 3. 4 and 5
= Magnetic Moment p and unpaired electrons
number of unpaired n will be
electrons are related m T DA
= /8=283BM
5 s V15=3.87BM
o pt—~Jn(n'F2) B.M. = /24 =490BM
s V35=592BM



Ferromagnetic substances

Highly Magnetic properties
Iron Oxide, Iron Metal
1000 times more magnetic

than metal
Conflguration | Unpaired Magnetic moment
L
Sc* 0 0
3+

3d" ]

Ti 3d' 1 1573 1.76

1 b i 3d’ 2 2.84 276
v 24 3 3.87 3.86

L 3d’ = 4.90 4.80
Mn* 3d 5 5.92 5.96
Fe* 3d° = 4.90 5.3 - 5.5
Co™ 3d’ 3 3.87 4.4 - b.2
Ni*" 3d 2 2.84 29-3 4
Cu* 3d" 1 1.73 1.8 - 22
Zn* 3d" 0 0




v Spin Only
¥ Magnetic Moment




Spin only Magnetic Moment

Inner orbital Complexes Outer Orbital complexes
Strong Field or low spin B Weak Field or high spin
ligand ligand

® Hybridization (dsp2, d2sp3) Hybridization (sp3, sp3d2)
B Square Planner ,Octahedral B Tetrahedral , octahedral
B Ligand CN- He=lEilgeanc=CdigusEs

28

LY} Ni




Spin Only Magnetic Moment of Complexes

l R

Inner Orbital Complexes Outer Orbital Complexes
[Ni(CN),] -2 [FeFg] -4

[Fe(CN)g] 4 [NiC1,] -2



Inner Orbital Complexes

3d 4s 4!:-
Ni-atom HIN H’I 1 I 1 H
Ni (I MINIEE
-7 dsp? - Hybridisation
NiCN)g > LN Hi!_x_:f _____ xx| | " ’f_f‘_"‘_j
t t i)
CN- CN™ CN'CN
\ 2- 2%
B CN et}
7B N prosdd

JL’:I‘..--.‘S: 28

Square planar geometry Ni .




Inner Orbital Complexes

3d 4s 4p
Fe ([Ar]3d®4s*) [11]1][1]7]1 A

3d 4s 4p
Fe** (JAr|3d® [l 111]1]4

Fe?' ion in 3d 4s
[Fe(CN) |- o172 2 %2 1 2 T
; IBS 30 il

CNCN €N~ CNCNCN

. o

Octahedral
Diamagnetic




[NiCL]?, O.5. of Ni=+2

o Outer Orbital
3d 4s dp
ARIRNINE Complexes
Cl™ being weak ligand
3d 4ds dp
fr] 4 JILEE di |4 Para magnetic
Sps

No. of unpaired electrons =2
Magnetic moment p=2.82 BM.




Outer Orbital Complexes

[FeF|3

Paramagnetic
Octahedral
u=4.90 BM

F~ s weak field ligand so i forms high spin paramagnetic complex.

[FeF )+

Fc** ion

Fe3* ionin
prescnec
of 6F ions

(FcF, ]

d'sp’

3d

4y

4p

4d

14

y

Six spid® hybrid

orbitals are formed

T

1 Bl

XX

XX

XX

XX

XX

XX

i L s 4p
aw e e]--f--f f--f feeq--f--

Octahedral. diamagnetic complex

sp'd’
|nh1n1hlt]r4~r4r4~

Octahedral, paramagnetic complex




USES of 3d-elements

Aircraft Industries,cat
cosmetics

paper paint plastic

cture, alloy with Al

Element

Scandium

Titanium

\VVanadium

Chromium




USES of 3d-elements

Element

KMnO4 oxidizing agent, disinfectant Manganese
Steel manufacturing, anic drug, catalyst Iron
Cobalt
food processes and pharmaceutical plants Nickel




USES of 3d-elements

Element
Electrical conductor, coins, pipes, mixed oxides as
superconductors, CuS04+Cu(0OH)2 in agriculture against Copper
fungal attack
Coating, alloy (brass), battery, ZnO in paints
rubbber cosmetic etc, ZnS in Luminous dials, X-ray TV ZENGE

screen fluroscent lights
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