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gnetic properties: - The transition metals and thelr compounds possess
magnetic properties. The origin of the magnetic properties of chemical substances is
due to the motion of electrons. The electron is treated as a hard negatively charged
sphere. There are two types of electron motions. It is spinning on its own axis called
spin motion and travelling in a closed orbit about a nucleus, called orbital motion.
Each type of motion has a magnetic moment associated with it. The spin motion
gives rise to the spin moment and orbital motion gives rise to the orbital moment of
the electron. The combination of these two moments gives rise to a magnetic field.
Each electron is considered as a micromagnet having a certain value of magnetic
moment. The total magnetic moment of a substance is the resultant of the magnetic

moments of all the individual electrons.
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/P&magnetic mom ctron is thus partly due to.i In“motion

and partly due to its orbital motion. The total or effective magnetic moment (U )
of a substance containing an unpaired electron is due t0 My, and Mgy, In
transition metal ions, the unpaired electrons are generally present in the outer d-
orbitals. As the d-orbitals are more diffused (spread), they get disturbed. The orbital
motion of such unpaired electrons is very much disturbed by the electrons of the
surrounding ligands which quench the p ..., In the transition metal compounds.
Therefore, in such cases, the L, becomes much more significant than the pyq;

Hence, p,.i,y May be neglected. The p may be given by the expression,

Hetr. ~ Hopin ~ '.,I.-';ﬂ(ﬂ T E-:l

Where, n is the number of unpaired electrons. The magnetic moment is expressed in

Bohr magneton (BM), which is given by the equation,



BM = eh/4rt m
ere, h = Planck’s constant, e = electronic charge, ¢ = velocity of light and
m = mass of electron.

The effective magnetic moment of a substance thus depends mainly on the

number of unpaired electrons present in it.

—

e.g. For one electron, p;,= Vrn+2)=41{1+2) = V3

=1.732 BM

—
r—

For two electrons, pg,;,= 2(2+2)) = /3

=2.83 BM
For three electrons, i, =+ 3(3 +2) = y/15 =387BM
The actual magnetic moments may be slightly different from these values. This depends upon
the quenching of p_.;.., Of the electrons in the ions. This in turn depends upon the arrangement
(geometry) of the ligands around the metal ions in their complexes.

The value of magnetic moment is used to find the number of unpaired electrons in the

atom or ion. 7



Typesof M tic-substances: re four types of magnetic ials

Diamagnetic b) Paramagnetic c) Ferromagnetic and d) Anti-ferromagnetic.
a) Diamagnetic substances: - It is defined as a substance which is repelled by a
magnetic field. The diamagnetism is due to the presence of the paired electrons in the
substance. The diamagnetic behavior is due to the fact that small magnetic moments
are induced into a substance when a magnetic field is brought close to the substance.
But, these induced magnetic moments are in opposite direction to the external
magnetic field. Thus, the field in the substance is less than the external magnetic
field. This causes repulsion of the substance by the magnetic field. e.g. Glass, Cu, Ag,
Au.

b) Paramagnetic substances: - It is defined as a substance which is attracted into a
magnetic field. Thus, the field in the substance is greater than external field. The
paramagnetism is due to the presence of one or more unpaired electrons in atoms,

ions or molecules. e.g.Cr, Mn, Pt, CuSO,, etc.




Magnetic substances /

Diamagnetic Paramagnetic Ferromagnetic Anti-ferromagnetic
substances substances substances substances
Paired electrons Unpaired electrons || Substance which magnetic moments
Repelled by mag. Attracted by mag. Is strongly attracted || of adjacent atoms
field field by a magnet and can || pair and point in
Induced Mag. Field in substance > || be magnetized. opposite directions.
Moment is in opposite || External field. Mag. Moments Fe*3, Mn*2 and Gd*?
to external mag. Field. || e.g.Cr, Mn, Pt, Alligned Parallel to || Absent in solution
e.g. Glass, Cu, Ag, Au. CuSQO,, external field
Fe, Co, Ni and their
alloys
2T« T T T4 1T 4
N T T T4 1T 4
Paramagnetism  Ferromagnetism Antiferromagnetism

Fig. Arrangements of spins of electrons in different magnetic materials



Wﬁsubstances: - idered as a special
| case of paramagnetism. It is defined as a substance which is strongly attracted by a
magnet and can be magnetized.

In these substances, the magnetic moments due to unpaired electron spin are
aligned parallel to the external magnetic field. These are strongly paramagnetic
substances. e.g. Fe, Co, Ni and their alloys.

d) Anti-ferromagnetic substances: - It is a substance in which the magnetic
moments of adjacent atoms pair and point in opposite directions. This gives
magnetic moment less than would be expected for any array of independent ions. It
occurs in many simple salts of Fe*3, Mn*2 and Gd*3.

Anti-ferromagnetism depends on orientation of spins and hence it disappears in

solution.

10
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/

place on the surface of the catalyst itself.

Step 1) Formation of unstable intermediate compound.

m properties: - A catalyst Is a substance which alters the rate of a
chemical reaction without itself being permanently changed by the reaction. Most of
the transition elements and their compounds have good catalytic properties. The
transition elements because of their variable valency can very readily form unstable
Intermediate compounds. These elements can also provide a large surface area for the

reactants to be adsorbed and thus come close to one another for the reaction to take

According to the theory of catalysis, a catalyst forms an unstable intermediate

compound which readily decomposes to give product and regenerate the catalyst.

14



,,/l i
— A + B + Transition metal Catalyst — A—B—Catalyst
H_}
Reactant unstable intermediate compound

Step 2) Formation of product and regeneration of catalyst
A—B—~Catalyst — C + Catalyst
Product

There are many examples of transition metals and their compounds acting as
catalysts. Pt, Fe, V,Oc, Ni, Pd etc. Pt is a general catalyst. It is particularly used in
the Contact process involving combination of SO, and O, to form SO,. For same
reaction, V,0O. is also good catalyst. Iron is used In Haber’s process for
combination of N, and H, to produce NH,. Ni is good catalyst in the hydrogenation
process.

2S0, + O, — 2SO0,

N, + 3H, — 2NH,

15
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C,H,(g) H,(g) C,Hgl(e)

/ ) H H

H 1
::c=c:: + H—H nickel catalyst 5 ey
H H 150°C UL
Ethene Hydrogen Ethane
unsaturated saturated

FIG. 9.7, Catalytic hydrogenation of & double bond.
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metals to form complexes is due to two factors:

lone pairs of electrons from other molecules.

m form complexes: - The transition metals have the peculiar

tendency to form coordination complexes. The tendency of cations of transition

1) The size of these ions is very small. This gives high positive charge density to the
lons. This also helps the acceptance of lone pairs of electrons from other molecules.

2) They have vacant orbitals of suitable energy. The vacant orbitals can easily accept

N,—> 152, 252, 2Px1, 2Py!, 2Pz!

H

" + If
H—N—H +[H —= H=N-H

H Coordinate bond in ammonium ion H

ermply hybrict otbitals
ah the aluminium




14) Metallic properties: - The metallic or non-metallic character of the eleme
glectronic configuration. The d-block elements have ns®*°r2"(n-1)d*-1° configuration.
The differentiating (last incoming) electron enters in (n-1) d-orbitals of penultimate shell.
The number of electrons in the outermost shell are very small i.e. 1 or 2. These outermost
few electrons can be easily removed to form positive ions. Thus, all the transition elements
are metals.

1) They are good conductors of heat and electricity.

I1) They are malleable (sheets) and ductile (wire).

11i) They form alloys with many other metals.

Iv) They are hard and brittle and hence are different from non-transition elements. The Hg is
exception.

v) They have high density and low atomic volume.

vi) They form coloured and paramagnetic compounds.

vii) Both covalent and metallic bonding exists amongst the atoms of transition elements.

The covalent bonding is due to the overlapping of empty d-orbitals of metal ions. While, the

metallic bonding is due to S-electrons.
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Problems: 1) Find the spin magnetic moment L;, of Fe*# in FeSO, ? (At. no. of Fe
IS 26).
Ans:- Fe(26) = 4523d°

Fe — Fe*2 +2e

Fet2 = 24 electrons = 4S° 3d°

[ N N N )
I.e. n=4 (no.of unpaired electrons only)

Mggin =Jn(n+2) =/4(4+2) =24 =489 BM

23




Pro —2) Find the effective magnetic : I+ 102)27? (At.

no. of Ti is 22).
Ans:- Ti (22) = 4523d. In (TiO2)2, the oxidation state of Ti is +2.
Ti — Ti*2 +2¢

Ti*2 = 20 electrons = 4S9 3d?

T 1

I.e. n=2 (no.of unpaired electrons only)

uspin = /n(n +2) =v22+2) =8 =2.83 BM

24




Problems: 3) Find the effective magnetic moment peft. of Cr in Cr,O; ? ( Given:
At. no. of Cris 24).

Ans:- Cr (24) = 4523d*. In Cr,0,, the oxidation state of Cr is +3.

Cr — Crt +3e

Cr3 = 21 electrons = 4S9 3d3

I.e. n= 3 (no.of unpaired electrons only)

uspin = yn(n+2) =3(3+2) =V15 =3.87 BM
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roblems: 4) Find the effective magnetic moment peft. of Mn in MnO4- ? (Given:
At. no. of Mn is 25)

Ans:- Mn (25) = 4523d>. In MnO4-, the oxidation state of Mn is +7.
Mn — Mn*7 +7¢

Mn*’ = 18 electrons = 4S° 3d°

I.e. n= 0 ( There are no unpaired electrons)

ueff. = Vn(n+2) = V0(0+2) =0 = 0.0 BM

26




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

