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3) Molar volume and Densities: - The molar volumes of transition elements are

much lower than those of the S-block elements. This is because, in a transition

series, as the atomic number increases, the extra electrons are added in inner d-

orbitals and extra protons are added in the nucleus. The extra nuclear charge attracts

all the electrons more strongly, which decreases the atomic volume.

Density is defined as mass per unit volume (g/cm3). The density increases with

decrease in atomic volume. The densities of transition elements are quite high. Most

of these elements have densities greater than 5 g/cm3. The exceptions are Sc, Ti and

Y with density 3.01, 4.51 and 4.47 g/cm3 respectively.
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4) Melting points and boiling points: - The melting point and boiling points of

the transition elements are generally very high (Above 9000c). This is because of

the close packed structure in these elements. The melting points of d-block

elements are much higher than those of S-block elements. But the melting points of

Zn (4200c), Cd (3210c) and Hg (–390c) are much lower than other d-block

elements. These are notable exceptions. These elements are moderately volatile.

This is due to the following reasons:

i) These elements are non-transition elements.

ii) They have completely filled sets of d-orbitals.

iii) The covalent bonding cannot take place amongst the atoms of these elements.

Due to vacant d-orbitals in other d-block elements, the covalent bonding takes

place. The melting and boiling points of other d-block elements are high due to

covalent bonding.
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5) Ionisation energies: - The energy required to remove an electron from the last

orbit of an atom is called as ionization energy. The energy is usually expressed in

KJ/mole. When this energy is expressed in electron volt, then it is known as

ionization potential. The I.P. values of d-block elements are intermediate between

those of S-block and P-block elements.

The ionization energy increases slowly on moving along the transition series

from left to right. This is due to slow decrease in atomic size and increase in

nuclear charge from left to right. The I. P. value of Zn is much higher due to the

special stability of completely filled 3d subshell. Similarly, the I. P. values of Cr

and Cu are much higher than those of their neighbours. This is due to the special

stability of half filled (d5) subshell for Cr and fully filled (d10) subshell for Cu ions.
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6) Reactivity: - Many of d-block elements are sufficiently reactive. They react

with mineral acids (HCl, HNO3, H2SO4) and liberate hydrogen (H2) gas.

Fe + 2HCl → FeCl2 +H2(g)

Few of these elements possess noble character. The Pt and gold are noble metals.

In general, the d-block elements are less reactive. The reactivity of the elements

goes on decreasing across a series.

The factors which reduce the reactivity of d-block elements are:

a) They have comparatively small atoms.

b) They have very high ionization energies.

c) They have high melting points.

d) They have high heats of sublimation due to covalent bonding. They require

large amount of energy to change them from solid to vapour state.

e) They have low heats of hydration of their ions.
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1) Find the oxidation state of Mn in KMnO4

K = +1, Mn = x, O = -2

(+1)+x +(-2) × 4 = 0

1 +x -8 =0

x-7 = 0

x = +7

Therefore, oxidation state of Mn is +7.

2) Find oxidation state of Carbon in CO3
-2

C = x, O = -2

x +(-2) × 3 =-2

x -6 = -2

x = -2+6

x = +4.

3)Find oxidation state of N in NH4+

N = x, H = +1

x + (+1) ×4 = +1

x +4 = +1

x = 1-4

x = -3
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7) Oxidation states: - “The oxidation state of an element is the charge (positive or

negative) which the element posses in the compound”. The transition elements show

variable oxidation states. This is because, the energy difference between the (n-1) d and nS-

orbitals is very small and electrons from both energy levels can be used for bonding. i.e. The

oxidation states of transition elements are related to electronic configurations.

Elements Electronic confgn. Oxidation states

Scandium 3d1 4S2 +2, +3

Titanium 3d2 4S2 +2, +3, +4

Vanadium 3d3 4S2 +2, +3, +4, +5

Chromium 3d5 4S1 +1, +2, +3, +4, +5, +6

Manganese 3d5 4S2 +2, +3, +4, +5, +6, +7

Iron 3d6 4S2 +2, +3, +4, +5, +6

Cobalt 3d7 4S2 +2, +3, +4

Nickel 3d8 4S2 +2, +3, +4

Copper 3d10 4S1 +1, +2

Zinc 3d10 4S2 +2
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Scandium shows +2 oxid.n state by using its two 4S electrons. It shows +3 oxid.n

state also by using its two 4S electrons and one d-electron. Thus, Sc shows +2 and

+3 oxid.n states. Similarly, Cr has only one S-electron and five d-electrons. It can

show +1state by using only one S-electron in chemical bonding. In addition, it can

show +2, +3, +4, +5 and +6 states when it uses one, two, three, four or all the five

of its d-orbitals as well. Hence, up to Mn, the minimum oxidation state is given by

the number of electrons in outer S-subshell and the maximum oxidation state is

given by the ‘sum’ of the outer S and d-electrons. Up to Mn, the 3d subshell is no

more than half filled.

In the next elements, Fe (3d6 4S2), Co (3d7 4S2), Ni (3d8 4S2), Cu (3d10 4S1) and Zn

(3d10 4S2) the number of 3d electrons are more than five. The minimum oxidation

state is still equal to the number of the outer S-electrons. However, the maximum

oxidation state is not related at all with the electronic configuration.
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8) Reducing properties: - Except Copper, all the first transition series elements

have higher values of standard oxidation potential than that of standard hydrogen

electrode (SHE). Hence, these metals except Copper can lose electrons and get

easily oxidized to their ions in aqueous solutions.

M → M+2(aq.) +2e-

Therefore, they are good reducing agents. Because, a reducing agent always losses

electrons and undergoes oxidation. But, they are less powerful reducing agents than

alkali or alkaline earth metals. This is because,

i) Their atomic sizes are small.

ii) They have high ionization energies.

iii) They have low heats of hydration of their ions.

iv) They have high heats of vapourisation.
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Copper has a negative oxidation potential. This means that, copper is not able to

displace H+ ions from acid solutions. The reaction,

Cu + 2H+ (aq.) → Cu+2(aq.) + H2 (g)

does not take place. The tendency of Cu to change into Cu+2 ion, Cu → Cu+2(aq.)

+2e- is extremely small. Hence, Copper is a poor reducing agent.
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9) Standard electrode potentials: - Standard electrode potential is defined as the

potential developed at the single electrode at 298K due to half cell reaction, when

an electrode is dipped in its salt solution having unit activity.

The standard electrode potential of H2 electrode is taken as zero. Except Copper, the

standard oxidation potential of first transition series elements are much higher than

that of SHE. Therefore, it is expected that, these metals, except Cu, evolve H2 gas

when reacted with acid solution.

M + 2H+ (aq.) → M+2(aq.) + H2 (g)

However, these metals react very slowly with acids. Some of these metals get

protected from the attack of acids due to the formation of thin impervious layer of

an inert oxide. e.g. Cr is so unreactive that it can be used as a protective non-

oxidizing metal, because it gets coated with a non-reactive oxide Cr2O3.
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10) Colour: - Compounds of transition metals are usually coloured. The colour is

due to the presence of partly filled d-subshell and preferential absorption of energy

of some visible light. The energies of d-orbitals of metal ions in their compounds are

split into two sets of energy levels, due to crystal field effects. The colour of

transition metal ions arises due to the excitation of electrons from the d-orbitals of

lower energy (t2g) to the d-orbitals of higher energy (eg).

Figure 1: d-d transition in Ti+3 ion
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The energy difference between these two levels is small. The light energy for such

d-d electron transition is absorbed from visible region. The visible region consists

of energy of seven colors (VIBGYOR). The colour of the substance is from the

property of the substance to absorb light of certain wavelength of visible light.

For every type of absorbed energy from visible region there is a complementary

colour that is transmitted or reflected. The colour of the substance is nothing but

the colour of the transmitted light.

e.g. Cu+2(aq.) ion absorbs radiations corresponding to red light and then it transmits

radiations of wavelength of blue colour. Thus, Cu+2(aq.) ion will appears blue.

a)Transition metal ions which have completely filled d-orbitals are colourless.

Because, there are no vacant d-orbitals available for d-d transition. e.g. Zn+2

(3d10), Cd+2(4d10), Hg+2 (5d10) ions are colourless.
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c) The ions of S and P-block elements are colorless because excitation of electrons

from lower S or P orbitals to higher S or P or d orbitals requires very high amount

of energy from uv region. There is no absorption of light from the visible region.

Hence, ions of S and P-block elements are colourless.

Zn (30) → 1S2, 2S2, 2P6, 3S2, 3P6, 4S2, 3d10

Cd(48) → 1S2, 2S2, 2P6, 3S2, 3P6, 4S2, 3d10, 4p6, 5s2, 4d10

Hg (80)→ 1S2, 2S2, 2P6, 3S2, 3P6, 4S2, 3d10, 4p6, 5s2, 4d10, 5p6, 4f14 ,6s2, 5d10

Sc (21) → 1S2, 2S2, 2P6, 3S2, 3P6, 4S2, 3d1 Sc+3 →4S03d0

Ti (22 ) → 1S2, 2S2, 2P6, 3S2, 3P6, 4S2, 3d2 Ti+4 →4S03d0

b) Transition metal ions which have completely empty d-orbitals are also colourless. e.g.

Sc+3 and Ti+4 ions are colourless.
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