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(i) Magnetic properties of materials-Para-, dia- and ferro -magnetic substances with
examples

1. Paramagnetic Materials:

« Definition: Paramagnetic materials are , _

, . 122K R R |
characterized by the presence of unpaired 7SS  BOHOD®
eIectro.ns, which results in awea!< | S000e | PEDREG >
attraction to an external magnetic field. 2828 ke

. Behavior: SEGRR DHBODH
« Inthe absence of an external — - aPry——

magnetic field, the magnetic
moments of individual atoms or ions
are randomly oriented.
« When exposed to a magnetic field, these moments tend to align parallel to the
field, but the alignment is weak.
o Examples:
e Aluminum (Al): While aluminum is paramagnetic, the effect is weak due to the
small number of unpaired electrons.
« Platinum (Pt): Paramagnetic behavior is exhibited due to the presence of
unpaired electrons.
o Properties:
o Magnetic susceptibility'is positive but small.
« The material acquires a temporary magnetic moment in the direction of the
applied field.

| PARAMAGNETIC MATERIALS |

2. Diamagnetic Materials:

o Definition: Diamagnetic materials have all ,
their electrons paired, leading to a weak SOOOS POODHE .
_ ' 22=NN PODD® |
repulsion when exposed to an external 20008 )| OOODE
maghnetic field. DA P PSR D |
. Behavior: P (=== POOOD
« Diamagnetic materials develop a — roagnetic ield applied, +Tc
magnetic moment in the opposite [FERROMAGNETIC MATERIALS |

direction of the applied field.
» This negative magnetic moment is weak and typically overwhelmed by other
stronger magnetic effects.

o Examples:
« Bismuth (Bi): Strongly diamagnetic due to the pairing of all electrons.

http://educationsource.in
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2|Page
o Copper (Cu): Exhibits weak diamagnetic behavior.

« Properties:
» Magnetic susceptibility is negative.
» The repulsive force is weak, and these materials are often considered non-
magnetic.

3. Ferromagnetic Materials:
« Definition: Ferromagnetic materials are characterized by the presence of magnetic
domains in which groups of atoms align their magnetic moments in the same direction.

« Behavior: PELER DO DG
 Inthe absence of an external magnetic P08 " DOOO® |

field, these materials exhibit 20008 )| OOORE

spontaneous magnetization. PO BBy

« When subjected to a magnetic field, 1 | === PR

the magnetic moments align more normal magnetic field applied, +Tc

uniformly, resulting in a strong overall [FERROMAGNETIC MATERIALS |
magnetization.
o Examples:
« lIron (Fe): A classic example with strong ferromagnetic properties.
« Cobalt (Co): Exhibits a high Curie temperature, making it suitable for high-
temperature applications.
o Properties:
» High magnetic susceptibility.
« Retain a significant magnetic moment even after the external field is removed.
o Easily magnetized and demagnetized.

4. Ferrimagnetic Materials:
» Definition: Ferrimagnetic materials have opposing magnetic moments in different
sublattices, resulting in a net magnetization.

« Behavior:
« Consists of two sublattices with magnetic moments pointing in opposite
directions.
o The unequal magnitudes of these moments lead to a net magnetization.

« Examples:
« Magnetite (Fes04): Contains both Fe?* and Fe®" ions, resulting in ferrimagnetic
behavior.
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o Yttrium Iron Garnet (YsFes012): Exhibits ferrimagnetism at certain temperatures.

« Properties:
o Display characteristics of both ferromagnetic and antiferromagnetic materials.
o Net magnetic moment arises due to the imbalance of magnetic moments in
different sublattices.

(i) Magnetization of Materials:
« Definition:
o Magnetization is the process of inducing a magnetic moment in a material,
aligning its magnetic domains.

e Process:
» Application of an external magnetic field aligns the magnetic moments within the
material.
o This alignment leads to the creation or enhancement of magnetic domains.

« Factors Affecting Magnetization:
o Material Composition: Different materials have varying responses to
magnetization.
o Applied Magnetic Field: The strength and direction of the external magnetic field
influence magnetization.

(iii) Effect of Temperature on Magnetic Properties:
o Curie Temperature:
« Definition: The Curie temperature (T.) is the temperature at which certain
materials undergo a phase transition, changing their magnetic properties.

« Paramagnetic and Ferromagnetic Materials:
« Paramagnetic: Magnetic susceptibility decreases with increasing temperature.
» Ferromagnetic: Above the Curie temperature, ferromagnetic materials become
paramagnetic, losing their spontaneous magnetization.

« Antiferromagnetic Materials:

o Above the Néel temperature, antiferromagnetic materials may lose their
antiferromagnetic order and become paramagnetic.
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« Applications:

o Understanding temperature effects is crucial for designing materials for specific
applications, such as magnetic storage and sensors.
» High-temperature stability is essential for maintaining magnetic properties in
diverse environments.

Property Paramagnetic Materials Diamagnetic Ferromagnetic
Materials Materials
Definition | Weakly attracted by an | Repelled by an Exhibit strong
external field external field magnetization and
retention
Behavior \Neak alignment of Opposite alignment to | Spontaneous
magnetic moments the field magnetization, strong
alignment
Examples Aluminum (Al), Bismuth (Bi), Copper | Iron (Fe), Cobalt (Co),
Platinum (Pt), (Cu), Graphite (C) Nickel (Ni)
Chromium (Cr)
Magnetic Positive but small Negative High
Susceptibility
Magnetic Moment Parallel to the applied Opposite to the Parallel to the applied
Orientation field (weakly) applied field field
Retained Magnetic Temporary Weak, repulsive force | Retains a significant
Moment moment
Magnetization Develops a temporary Develops a weak, Spontaneous
Process | moment in the field opposite moment magnetization in
uniform field
Temperature Susceptibility decreases | Generally unaffected | Loss of spontaneous
Effects with temperature magnetization above

Curie Temperature
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Magnetism and Matter
Formulas
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