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lonization energy and electron affinity

Atomic radius

1 18
—
H H
3 a2 13 14 15 16 17 He,iu? A
I EE s-block II -block
=l Li |Be P
@) Lithium | Beryllium
é " - d-block II f-block
O
= Nam | i R T TR T
= 20 21 22 23 2 25 26 27 28 29 30 <l e 1 | &2 <
K |CalSc| Ti| V|Cr|Mn|Fe|Co[Ni|Cu|znfGa|Gef As|Sef Br | Kr
Potassium gifeslciim Scandium} Titanium i Vanadiumj§l ChromiumgVlanganes: Iron Cobalt Ninckel Copper Zinc CaliumagGermaniun  Arsenic. LRI EIOMING it
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Srf Y| Zr|Nb|Mo| Tc | Ru|Rh{Pd|Ag|Cdj In | Sn| Sb| Te| | | Xe
Rubidium { Strontium Yttrium | Zirconiumfl Niobium Molybdenur§Technetiuml§ Ruthenium§ Rhodium § Palladium Silvel Cadmium, Indium Tin Antimony | Tellurium lodine Xenon
éS 56 T 72 ;3 774 75 76 77 i 78 779 80 81 82 83 - 84 85 86
Cs|Ba Hf| Ta]| W|Re|Os| Ir [ Pt |Au Hg| TI |Pbf BifPof At|Rn
Cesium Barium anthanided! Hafnium | Tantalum § Tungsten | Rhenium Osmium Iridium Platinum Gold Merec Thallium Lead Bismuth | Polonium | Astatine Radon
87 88 89-103 104 iOS 106 1707 108 109 1710 7111 112 113 114 115 116 il 18
V|.Fr(Ral™> RffDb] Sg|Bh|Hs| Mt| Ds)Rg[CnjUut| Fl {Uupf Lv [UuslU
eaborgiun oentgen

Francium § Radium B Actinides | Rutherfordl Dubnium Bohrium Hassium § Meitnerium§ Darmstadt Coperniciut 8§ Ununtriumf§ Flerovium § Ununpent | Livermor § Ununsept§ Ununoct

Pm|S Tb

Cerium [NeodymiungPromethiunjl Samariumj Europium § Gadoliniunf Terbium Holmium

92 93 94 95 96 99

Th|Pa| U |Np|PulAm|Cm Es

Actinium | Thorium § Protactin § Uranium §Neptunium § Plutonium § Americium i iforni Einsteiniunj
-ium

Alkali Metal Alkaline Earth Basic Metal Semi-metal Non-metal

Halogen Noble Gas Lanthanide Actinide Transition Metal

lonization energy and electron affinity



Modern Techniques and Theories

 Transition elements are placed in between the s-block and p-block elements in the periodic

table.

O Their properties are transitional between the highly reactive metallic elements of the s-block,
which typically form ionic compounds, and the elements of the p-block, which are largely

covalent.

[ The IUPAC definition of a transition element is that it is an element that has an incomplete d

subshell in either the neutral atom or its ions.

O Group 12 (Zn, Cd, Hg) has a d'° configuration and since the d shell is complete, compounds

of these elements are not regarded as transition elements.
O All the transition elements are metals.

O They are therefore good conductors of electricity and heat, have a metallic lustre and are

hard, strong and ductile.

O They also form alloys with other metals.
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Transition Elements
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Transition Elements

Electronic configuration

Atomic Element Ground state
number electronic configuration
21 Sc Ar]ds®3d"
22 Ti Ar]ds®3d>
23 Voo Arlds3d
24 Cro [Arlds' 34
25 Mn Ar]4s*3d’
26 Fe Ar]ds®3d°
27 Co Ar]ds®3d’

il Al e

3d?  3d? 3d3 3d* 3d> 3d® 3d” 3d® 3d° 3d¥



Transition Elements

Variable Oxidation States

Sc Ti Vv Cr Mn Fe Co N1 Cu /n
0 0 0 0 0 0 0 [0]
1 1 1 1 1 1 1 1]
2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4 4]
S 5 5
6 6 6
7
v Elements having high oxidation states (greater than +3): More prevalent in left side of the d-

block.

Elements having intermediate oxidation states: Oxidation state +3 is common to the left of
the 3d series and +2 is common for metals from the middle to the right of the block.

Once the d° configuration is exceeded, i.e., in the last five elements, the tendency for all the
d electrons to participate in bonding decreases.

Examples of high oxidation state 3d compounds: KMnO, and K,Cr,0O,



Transition Elements

Color

v" The colors of d-block metal compounds are a characteristic
feature of species with ground state electronic configurations
other than d° and d°.

v' If absorption occurs in the visible region of the spectrum, the
transmitted light is colored with the color complementary to
the color of the light absorbed.

v" Color of transition metal ions are due to d—d transitions.

Red

Violet  Orange

Blue Yellow

QGreen

The colour wheel

Sc* — colourless
Ti* — colourless
Ti** — purple

V* = blue

V** — green

V* = violet

Cr** — blue

Cr’* — green
Mn** — violet
Mn** — light pink
Fe’* — light green
Fe’" — yellow
Co” — pink

Ni** — green

Cu** — blue

Zn** — colourless



Transition Elements

Scandium chloride

Chromium chloride

Cobalt chloride

L

Titanium chloride

Manganese chloride

Nickel chloride

Color

Vanadium chloride

Copper chloride

Sc* — colourless
Ti* — colourless
Ti** — purple

V* — blue

V¥ — green

V* — violet

Cr** — blue

Cr’* — green
Mn*" — violet
Mn** — light pink
Fe’" — light green
Fe™ — yellow
Co™ — pink

Ni** — green
Cu® — blue

Zn** — colourless



Transition Elements

Magnetic Properties

L When a substance is placed in an external magnetic field of strength H, the intensity of the
magnetic field in the substance may be greater than or less than H.

QO If the field in the substance is greater than H, the substance is paramagnetic. Paramagnetic
materials tend to attract magnetic lines of force. Paramagnetism arises as a result of
unpaired electron spins in the atom.

O If the field in the substance is less than H, the substance is diamagnetic. Diamagnetic
materials tend to repel magnetic lines of force. All substances show diamagnetism.

L Some transition elements such as Fe, Co and Ni are ferromagnetic in which the moments on
individual atoms become aligned at all point in the same direction.

L Many transition elements are paramagnetic, because they contain partially filled electron
shells.

L Measurement of magnetic moments can distinguish between high-spin and low-spin

transition metal octahedral complexes.



Transition Elements

Magnetic Properties

.

Neodymium Ferrite

lron(lll) oxide (Fe,O,, rust)
blended with small proportions of
one or more
additional metallic elements, such
as Sr, Ba, Mn, Ni, and Zn

Nd-Fe-B magnetic material
known as “Magnet King”

Source: Wikipedia



Transition Elements

Catalytic Properties
TiCl, Used as the Ziegler—Natta catalyst in the production of polythene.
V,0q Converts SO, to SO, in the Contact process for making stO_,J
MnO, Used as a catalyst to decompose KCIO, to give O,.
Fe Promoted iron is used in the Haber—-Bosch process for making NH..
FeSO, Used as Fenton’s reagent for oxidizing alcohols to aldehydes.
and H,O,
PdCl, Wacker process for converting C,H, + H,O + PdCl, to CH,CHO + 2HCI + Pd.
Pd Used for hydrogenation (e.g. phenol to cyclohexanone).
PtO,- H,O Adams catalyst, used for reductions.
Pt Formerly used for SO, — SO, in the Contact process for making H,SO,.
Pt/Rh Formerly used in the Ostwald process for making HNO, to oxidize NH, to NO.
Cu Direct process for manufacture of (CH,),SiCl, used to make silicones.
Cu(l, Deacon process of making Cl, from HCIL.
Ni Raney nickel, numerous reduction processes (e.g. manufacture of hexamethylenediamine,
production of H, from NH,, reducing anthraquinone to anthraquinol in the production of
H,0,).
Reppe synthesis (polymerization of alkynes, e.g. to give benzene or cyclooctatetraene).
@ Hg, Raney Ni Q Oxidation Ow Al + Ni . - Al-Ni
OH

Al-Ni + NaOH > Ni

Benzene Cyclohexane Adipic acid -NaAlO,




Transition Elements

Catalytic Properties: Examples

1. Ostwald process of manufacturing HNO,

lati /rhodi atalyst
4NH3(Q) +50. platinum/rhodium catalys N 4NO(2) +6H20(2)

2(g) 5 atm 850°C

2. Haber process of NH; synthesis
N2 + 3 H2 —> 2 NH3

Catalyst: The catalyst is made by fusing Fe;0, with KOH and a refractory material such as MgQ,
Si0, or Al,O;.

3. Contact process of manufacture H,SO,

250, + O,, =250,

Catalyst: vanadium pentoxide (V,0.)

4. Monsanto acetic acid synthesis

Rh catalyst
CH,OH +CO ————> CH,COOH




Transition Elements

Ability to form complexes

O The transition elements have an unparalleled tendency to form coordination compounds
with Lewis bases, i.e. with groups which are able to donate an electron pair. These groups
are called ligands.

O This ability to form complexes is in marked contrast to the s- and p-block elements which
form only a few complexes.

O The reason transition elements are so good at forming complexes is that they have small,
highly charged ions and have vacant low energy orbitals to accept lone pairs of electrons
donated by other groups or ligands.

O Complexes where the metal is in the (+111) oxidation state are generally more stable than

those where the metal is in the (+1) state.



Definition of Stability

Compounds are regarded as stable if they exist at room temperature, are not oxidized by
the air, are not hydrolysed by water vapour and do not disproportionate or decompose at

normal temperatures.



