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Introduction
Materials science, also commonly known as materials science and engineering, is an
interdisciplinary field which deals with the discovery and design of new materials. This
relatively new scientific field involves studying materials through the materials paradigm
(synthesis, structure, properties and performance). It incorporates elements of physics and
chemistry, and is at the forefront of nano science and nanotechnology research. In recent years,
materials science has become more widely known as a specific field of science and engineering.
Importance of Materials
A material is defined as a substance (most often a solid, but other condensed phases can be
included) that is intended to be used for certain applications. There are a myriad of materials
around us—they can be found in anything from buildings to spacecrafts. Materials can generally
be divided into two classes: crystalline and non-crystalline. The traditional examples of materials
are metals, ceramics and polymers. New and advanced materials that are being developed
include semiconductors, nanomaterials, biomaterials etc.
The material of choice of a given era is often a defining point. Phrases such as Stone Age,
Bronze Age, Iron Age, and Steel Age are great examples. Originally deriving from the
manufacture of ceramics and its putative derivative metallurgy, materials science is one of the
oldest forms of engineering and applied science. Modern materials science evolved directly from
metallurgy, which itself evolved from mining and (likely) ceramics and the use of fire. A major
breakthrough in the understanding of materials occurred in the late 19th century, when the
American scientist Josiah Willard Gibbs demonstrated that the thermodynamic properties related
to atomic structure in various phases are related to the physical properties of a material.
Important elements of modern materials science are a product of the space race: the
understanding and engineering of the metallic alloys, and silica and carbon materials, used in the
construction of space vehicles enabling the exploration of space. Materials science has driven,
and been driven by, the development of revolutionary technologies such as plastics,
semiconductors, and biomaterials.
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Before the 1960s (and in some cases decades after), many materials science departments were
named metallurgy departments, reflecting the 19th and early 20th century emphasis on metals.
The field has since broadened to include every class of materials, including ceramics, polymers,
semiconductors, magnetic materials, medical implant materials, biological materials and
nanomaterials (materiomics).
Historical Perspective
Materials are so important in the development of civilization that we associate ages with them. In
the origin of human life on earth, the Stone Age, people used only natural materials like stone,
clay, skins, and wood. When people found copper and how to make it harder by alloying, the
Bronze Age started about 3000 BC. The use of iron and steel, stronger materials that gave
advantage in wars started at about 1200 BC. The next big step was the discovery of a cheap
process to make steel around 1850, which enabled the railroads and the building of the modern
infrastructure of the industrial world.

Why Study Materials Science and Engineering?
• To

be able to select a material for a given use based on considerations of cost and performance.

• To

understand the limits of materials and the change of their properties with use.

• To

be able to create a new material that will have some desirable properties.

All engineering disciplines need to know about materials. Even the most immaterial like
software or system engineering depend on the development of new materials, which in turn alter
the economics, like software-hardware trade-offs. Increasing applications of system engineering
are in materials manufacturing (industrial engineering) and complex environmental systems.

Classification of Materials
Like many other things, materials are classified in groups, so that our brain can handle the
complexity. One could classify them according to structure, or properties, or use. The one that
we will use is according to the way the atoms are bound together:

5
5

Smartzworld.com

jntuworldupdates.org

Smartworld.asia

Specworld.in

Metals: The valence electrons are detached from atoms, and spread in an 'electron sea' that
"glues" the ions together. Metals are usually strong, conduct electricity and heat well and are
opaque to light (shiny if polished). Examples: aluminum, steel, brass, gold.
Semiconductors: The bonding is covalent (electrons are shared between atoms). Their electrical
properties depend extremely strongly on minute proportions of contaminants. They are opaque to
visible light but transparent to the infrared. Examples: Si, Ge, GaAs.
Ceramics: Atoms behave mostly like either positive or negative ions, and are bound by
Coulomb forces between them. They are usually combinations of metals or semiconductors with
oxygen, nitrogen or carbon (oxides, nitrides, and carbides).Examples: glass, porcelain, many
minerals.
Polymers: are bound by covalent forces and also by weak van der Waals forces, and usually
based on H, C and other non-metallic elements. They decompose at moderate temperatures (100
– 400 C), and are lightweight. Other properties vary greatly. Examples: plastics (nylon, teflon,
polyester) and rubber. Other categories are not based on bonding. A particular microstructure
identifies
Composites: Composites made of different materials in intimate contact (example: fiberglass,
concrete, wood) to achieve specific properties. Biomaterials can be any type of material that is
biocompatible and used, for instance, to replace human body parts.
Advanced Materials
Materials used in "High-Tec" applications, usually designed for maximum performance, and
normally expensive. Examples are titanium alloys for supersonic airplanes, magnetic alloys for
computer disks, special ceramics for the heat shield of the space shuttle, etc.
Modern Material's Needs
•

Engine efficiency increases at high temperatures: requires high temperature withstanding

materials
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Use of nuclear energy requires solving problem with residues, or advances in nuclear waste

processing.
• Hypersonic flight
• Optical
• Civil

requires materials that are light, strong and resist high temperatures.

communications require optical fibers that absorb light negligibly.

construction – materials for unbreakable windows.

• Structures:

materials that are strong like metals and resist corrosion like plastics.

Atomic models
Thomson atomic model

A schematic presentation of the plum pudding model of the atom; in Thomson's mathematical
model the "corpuscles" (or modern electrons) were arranged non-randomly, in rotating rings
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The current model of the sub-atomic structure involves a dense nucleus surrounded by a
probabilistic "cloud" of electrons
The plum pudding model was a model of the atom that incorporated the recently discovered
electron, and was proposed by J. J. Thomson in 1904. Thomson had discovered the electron in
1897. The plum pudding model was abandoned after discovery of the atomic nucleus. The plum
pudding model of the atom is also known as the "Blueberry Muffin" model.
In this model, the atom is composed of electrons (which Thomson still called "corpuscles",
though G. J. Stoney had proposed that atoms of electricity be called electrons in 1894)
surrounded by a soup of positive charge to balance the electrons' negative charges, like
negatively charged "raisins" surrounded by positively charged "pudding". The electrons (as we
know them today) were thought to be positioned throughout the atom, but with many structures
possible for positioning multiple electrons, particularly rotating rings of electrons (see below).
Instead of a soup, the atom was also sometimes said to have had a "cloud" of positive charge.
With this model, Thomson abandoned his earlier "nebular atom" hypothesis in which the atom
was composed of immaterial vortices. Now, at least part of the atom was to be composed of
Thomson's particulate negative "corpuscles", although the rest of the positively charged part of
the atom remained somewhat nebulous and ill-defined.
The 1904 Thomson model was disproved by the 1909 gold foil experiment of Hans Geiger and
Ernest Marsden. This was interpreted by Ernest Rutherford in 1911 to imply a very small nucleus
of the atom containing a very high positive charge (in the case of gold, enough to balance about
100 electrons), thus leading to the Rutherford model of the atom. Although gold has an atomic
number of 79, immediately after Rutherford's paper appeared in 1911 Antonius Van den Broek
made the intuitive suggestion that atomic number is nuclear charge. The matter required
experiment to decide. Henry Moseley's work showed experimentally in 1913 (see Moseley's law)
that the effective nuclear charge was very close to the atomic number (Moseley found only one
unit difference), and Moseley referenced only the papers of Van den Broek and Rutherford. This
work culminated in the solar-system-like (but quantum-limited) Bohr model of the atom in the
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same year, in which a nucleus containing an atomic number of positive charge is surrounded by
an equal number of electrons in orbital shells. Bohr had also inspired Moseley's work.
Thomson's model was compared (though not by Thomson) to a British dessert called plum
pudding, hence the name. Thomson's paper was published in the March 1904 edition of the
Philosophical Magazine, the leading British science journal of the day. In Thomson's view: the
atoms of the elements consist of a number of negatively electrified corpuscles enclosed in a
sphere of uniform positive electrification.
In this model, the electrons were free to rotate within the blob or cloud of positive substance.
These orbits were stabilized in the model by the fact that when an electron moved farther from
the center of the positive cloud, it felt a larger net positive inward force, because there was more
material of opposite charge, inside its orbit (see Gauss's law). In Thomson's model, electrons
were free to rotate in rings which were further stabilized by interactions between the electrons,
and spectra were to be accounted for by energy differences of different ring orbits. Thomson
attempted to make his model account for some of the major spectral lines known for some
elements, but was not notably successful at this. Still, Thomson's model (along with a similar
Saturnian ring model for atomic electrons, also put forward in 1904 by Nagaoka after James
Clerk Maxwell's model of Saturn's rings), were earlier harbingers of the later and more
successful solar-system-like Bohr model of the atom.

Rutherford model
Rutherford overturned Thomson's model in 1911 with his well-known gold foil experiment in
which he demonstrated that the atom has a tiny, heavy nucleus. Rutherford designed an
experiment to use the alpha particles emitted by a radioactive element as probes to the unseen
world of atomic structure.
Rutherford presented his own physical model for subatomic structure, as an interpretation for the
unexpected experimental results. In it, the atom is made up of a central charge (this is the modern
atomic nucleus, though Rutherford did not use the term "nucleus" in his paper) surrounded by a
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cloud of (presumably) orbiting electrons. In this May 1911 paper, Rutherford only commits
himself to a small central region of very high positive or negative charge in the atom.
For concreteness, consider the passage of a high speed α particle through an atom having a
positive central charge N e, and surrounded by a compensating charge of N electrons.
From purely energetic considerations of how far particles of known speed would be able to
penetrate toward a central charge of 100 e, Rutherford was able to calculate that the radius of his
gold central charge would need to be less (how much less could not be told) than 3.4 x 10−14
metres. This was in a gold atom known to be 10−10 meters or so in radius—a very surprising
finding, as it implied a strong central charge less than 1/3000th of the diameter of the atom.
The Rutherford model served to concentrate a great deal of the atom's charge and mass to a very
small core, but didn't attribute any structure to the remaining electrons and remaining atomic
mass. It did mention the atomic model of Hantaro Nagaoka, in which the electrons are arranged
in one or more rings, with the specific metaphorical structure of the stable rings of Saturn. The
plum pudding model of J.J. Thomson also had rings of orbiting electrons. Jean Baptiste Perrin
claimed in his Nobel Lecture that he was the first one to suggest the model in his paper dated
1901.
The Rutherford paper suggested that the central charge of an atom might be "proportional" to its
atomic mass in hydrogen mass units u (roughly 1/2 of it, in Rutherford's model). For gold, this
mass number is 197 (not then known to great accuracy) and was therefore modeled by
Rutherford to be possibly 196 u. However, Rutherford did not attempt to make the direct
connection of central charge to atomic number, since gold's "atomic number" (at that time
merely its place number in the periodic table) was 79, and Rutherford had modeled the charge to
be about + 100 units (he had actually suggested 98 units of positive charge, to make half of 196).
Thus, Rutherford did not formally suggest the two numbers (periodic table place, 79, and nuclear
charge, 98 or 100) might be exactly the same.
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Bohr model
In the early 20th century, experiments by Ernest Rutherford established that atoms consisted of a
diffuse cloud of negatively charged electrons surrounding a small, dense, positively charged
nucleus. Given this experimental data, Rutherford naturally considered a planetary-model atom,
the Rutherford model of 1911 – electrons orbiting a solar nucleus – however, said planetarymodel atom has a technical difficulty. The laws of classical mechanics (i.e. the Larmor formula),
predict that the electron will release electromagnetic radiation while orbiting a nucleus. Because
the electron would lose energy, it would rapidly spiral inwards, collapsing into the nucleus on a
timescale of around 16 picoseconds. This atom model is disastrous, because it predicts that all
atoms are unstable.
Also, as the electron spirals inward, the emission would rapidly increase in frequency as the orbit
got smaller and faster. This would produce a continuous smear, in frequency, of electromagnetic
radiation. However, late 19th century experiments with electric discharges have shown that
atoms will only emit light (that is, electromagnetic radiation) at certain discrete frequencies.
To overcome this difficulty, Niels Bohr proposed, in 1913, what is now called the Bohr model of
the atom. He suggested that electrons could only have certain classical motions:
1.

Electrons in atoms orbit the nucleus.

2.

The electrons can only orbit stably, without radiating, in certain orbits (called by Bohr the
"stationary orbits") at a certain discrete set of distances from the nucleus. These orbits are
associated with definite energies and are also called energy shells or energy levels. In these
orbits, the electron's acceleration does not result in radiation and energy loss as required by
classical electromagnetics.

3.

Electrons can only gain and lose energy by jumping from one allowed orbit to another,
absorbing or emitting electromagnetic radiation with a frequency ν determined by the
energy difference of the levels according to the Planck relation:

where h is Planck's constant. The frequency of the radiation emitted at an orbit of period T is as
it would be in classical mechanics; it is the reciprocal of the classical orbit period:
The significance of the Bohr model is that the laws of classical mechanics apply to the motion of
the electron about the nucleus only when restricted by a quantum rule. Although rule 3 is not
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completely well defined for small orbits, because the emission process involves two orbits with
two different periods, Bohr could determine the energy spacing between levels using rule 3 and
come to an exactly correct quantum rule: the angular momentum L is restricted to be an integer
multiple of a fixed unit:

where n = 1, 2, 3, ... is called the principal quantum number, and ħ = h/2π. The lowest value of n
is 1; this gives a smallest possible orbital radius of 0.0529 nm known as the Bohr radius. Once an
electron is in this lowest orbit, it can get no closer to the proton. Starting from the angular
momentum quantum rule, Bohr was able to calculate the energies of the allowed orbits of the
hydrogen atom and other hydrogen-like atoms and ions. Other points are:
1. Like Einstein's theory of the Photoelectric effect, Bohr's formula assumes that during a
quantum jump a discrete amount of energy is radiated. However, unlike Einstein, Bohr stuck
to the classical Maxwell theory of the electromagnetic field. Quantization of the
electromagnetic field was explained by the discreteness of the atomic energy levels; Bohr did
not believe in the existence of photons.
2. According to the Maxwell theory the frequency ν of classical radiation is equal to the rotation
frequency νrot of the electron in its orbit, with harmonics at integer multiples of this
frequency. This result is obtained from the Bohr model for jumps between energy levels En
and En−k when k is much smaller than n. These jumps reproduce the frequency of the k-th
harmonic of orbit n. For sufficiently large values of n (so-called Rydberg states), the two
orbits involved in the emission process have nearly the same rotation frequency, so that the
classical orbital frequency is not ambiguous. But for small n (or large k), the radiation
frequency has no unambiguous classical interpretation. This marks the birth of the
correspondence principle, requiring quantum theory to agree with the classical theory only in
the limit of large quantum numbers.
3. The Bohr-Kramers-Slater theory (BKS theory) is a failed attempt to extend the Bohr model
which violates the conservation of energy and momentum in quantum jumps, with the
conservation laws only holding on average. Bohr's condition, that the angular momentum is
12
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an integer multiple of ħ was later reinterpreted in 1924 by de Broglie as a standing wave
condition: the electron is described by a wave and a whole number of wavelengths must fit
along the circumference of the electron's orbit:

Substituting de Broglie's wavelength of h/p reproduces Bohr's rule. In 1913, however, Bohr
justified his rule by appealing to the correspondence principle, without providing any sort of
wave interpretation. In 1913, the wave behavior of matter particles such as the electron (i.e.,
matter waves) was not suspected.

Modern concept of atomic model (De- Broglie’s atomic model)
In 1925 a new kind of mechanics was proposed, quantum mechanics, in which Bohr's model of
electrons traveling in quantized orbits was extended into a more accurate model of electron
motion. The new theory was proposed by Werner Heisenberg. Another form of the same theory,
wave mechanics, was discovered by the Austrian physicist Erwin Schrödinger independently,
and by different reasoning. Schrödinger employed de Broglie's matter waves, but sought wave
solutions of a three-dimensional wave equation describing electrons that were constrained to
move about the nucleus of a hydrogen-like atom, by being trapped by the potential of the
positive nuclear charge.
The shapes of atomic orbitals can be understood qualitatively by considering the analogous case
of standing waves on a circular drum. To see the analogy, the mean vibrational displacement of
each bit of drum membrane from the equilibrium point over many cycles (a measure of average
drum membrane velocity and momentum at that point) must be considered relative to that point's
distance from the center of the drum head. If this displacement is taken as being analogous to the
probability of finding an electron at a given distance from the nucleus, then it will be seen that
the many modes of the vibrating disk form patterns that trace the various shapes of atomic
orbitals. The basic reason for this correspondence lies in the fact that the distribution of kinetic
energy and momentum in a matter-wave is predictive of where the particle associated with the
wave will be. That is, the probability of finding an electron at a given place is also a function of
13
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the electron's average momentum at that point, since high electron momentum at a given position
tends to "localize" the electron in that position, via the properties of electron wave-packets (see
the Heisenberg uncertainty principle for details of the mechanism).
This relationship means that certain key features can be observed in both drum membrane modes
and atomic orbitals. For example, in all of the modes analogous to s orbitals (the top row in the
animated illustration below), it can be seen that the very center of the drum membrane vibrates
most strongly, corresponding to the antinode in all s orbitals in an atom. This antinode means the
electron is most likely to be at the physical position of the nucleus (which it passes straight
through without scattering or striking it), since it is moving (on average) most rapidly at that
point, giving it maximal momentum.
A mental "planetary orbit" picture closest to the behavior of electrons in s orbitals, all of which
have no angular momentum, might perhaps be that of a Keplerian orbit with the orbital
eccentricity of 1 but a finite major axis, not physically possible (because particles were to
collide), but can be imagined as a limit of orbits with equal major axes but increasing
eccentricity.
Below, a number of drum membrane vibration modes are shown. The analogous wave functions
of the hydrogen atom are indicated. A correspondence can be considered where the wave
functions of a vibrating drum head are for a two-coordinate system ψ(r, θ) and the wave
functions for a vibrating sphere are three-coordinate ψ(r, θ, φ).
Atomic bonding in solids
Primary Inter-atomic Bonds
Ionic Bonding
This is the bond when one of the atoms is negative (has an extra electron) and another is positive
(has lost an electron). Then there is a strong, direct Coulomb attraction. An example is NaCl. In
the molecule, there are more electrons around Cl, forming Cl- and less around Na, forming Na+.
Ionic bonds are the strongest bonds. In real solids, ionic bonding is usually combined with
covalent bonding.
Covalent Bonding
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In covalent bonding, electrons are shared between the molecules, to saturate the valency. The
simplest example is the H2 molecule, where the electrons spend more time in between the nuclei
than outside, thus producing bonding.
Metallic Bonding
In metals, the atoms are ionized, loosing some electrons from the valence band. Those electrons
form an electron sea, which binds the charged nuclei in place, in a similar way that the electrons
in between the H atoms in the H2 molecule bind the protons.
Secondary Bonding (Van der Waals)
Fluctuating Induced Dipole Bonds
Since the electrons may be on one side of the atom or the other, a dipole is formed: the + nucleus
at the center, and the electron outside. Since the electron moves, the dipole fluctuates. This
fluctuation in atom A produces a fluctuating electric field that is felt by the electrons of an
adjacent atom, B. Atom B then polarizes so that its outer electrons are on the side of the atom
closest to the + side (or opposite to the – side) of the dipole in A. This bond is called van der
Waals bonding.
Polar Molecule-Induced Dipole Bonds
A polar molecule like H2O (Hs are partially +, O is partially), will induce a dipole in a nearby
atom, leading to bonding.
Permanent Dipole Bonds
This is the case of the hydrogen bond in ice. The H end of the molecule is positively charged and
can bond to the negative side of another dipolar molecule, like the O side of the H2O dipole

Crystallography
Crystal Structures:
Atoms self-organize in crystals, most of the time. The crystalline lattice is a periodic array of the
atoms. When the solid is not crystalline, it is called amorphous. Examples of crystalline solids
15
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are metals, diamond and other precious stones, ice, graphite. Examples of amorphous solids are
glass, amorphous carbon (a-C), amorphous Si, most plastics To discuss crystalline structures it is
useful to consider atoms as being hard spheres, with well-defined radii. In this scheme, the
shortest distance between two like atoms is one diameter.
Crystal Lattice is used to represent a three-dimensional periodic array of points coinciding with
atom positions.
Unit cell is smallest repeatable entity that can be used to completely represent a crystal structure.
It is the building block of crystal structure.

Bravais lattices
When the crystal systems are combined with the various possible lattice centerings, we arrive at
the Bravais lattices. They describe the geometric arrangement of the lattice points, and thereby
the translational symmetry of the crystal. In three dimensions, there are 14 unique Bravais
lattices that are distinct from one another in the translational symmetry they contain. All
crystalline materials recognized until now (not including quasicrystals) fit in one of these
arrangements. The fourteen three-dimensional lattices, classified by crystal system, are shown
above. The Bravais lattices are sometimes referred to as space lattices.
The crystal structure consists of the same group of atoms, the basis, positioned around each and
every lattice point. This group of atoms therefore repeats indefinitely in three dimensions
according to the arrangement of one of the 14 Bravais lattices. The characteristic rotation and
mirror symmetries of the group of atoms, or unit cell, is described by its crystallographic point
group.
Metallic Crystal Structures
Important properties of the unit cells are
Ø The type of atoms and their radii R.
Ø Cell dimensions (side a in cubic cells, side of base a and height c in HCP) in terms of R.
Ø n, number of atoms per unit cell. For an atom that is shared with m adjacent unit cells, we
only count a fraction of the atom, 1/m.
16
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Ø CN, the coordination number, which is the number of closest neighbors to which an atom is
bonded.
Ø APF, the atomic packing factor, which is the fraction of the volume of the cell actually
occupied by the hard spheres. APF = Sum of atomic volumes/Volume of cell.
Crystalline and Non-crystalline materials:
Single Crystals
Crystals can be single crystals where the whole solid is one crystal. Then it has a regular
geometric structure with flat faces.

Polycrystalline Materials
A solid can be composed of many crystalline grains, not aligned with each other. It is called
polycrystalline. The grains can be more or less aligned with respect to each other. Where they
meet is called a grain boundary.
Non-Crystalline Solids
In amorphous solids, there is no long-range order. But amorphous does not mean random, since
the distance between atoms cannot be smaller than the size of the hard spheres. Also, in many
cases there is some form of short-range order. For instance, the tetragonal order of crystalline
SiO2 (quartz) is still apparent in amorphous SiO2 (silica glass.)
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Miller Indices: A system of notation is required to identify particular direction(s) or plane(s) to
characterize the arrangement of atoms in a unit cell
Rules for Miller Indices (Planes)
Ø Determine the intercepts of the face along the crystallographic axes, in terms of unit cell
dimensions.
Ø Take the reciprocals
Ø Clear fractions
Ø Reduce to lowest terms
Ø For example, if the x-, y-, and z- intercepts are 2, 1, and 3, the Miller indices are calculated
as:
Ø Take reciprocals: 1/2, 1/1, 1/3
Ø Clear fractions (multiply by 6): 3, 6, 2
Ø Reduce to lowest terms (already there)
Thus, the Miller indices are 3,6,2. If a plane is parallel to an axis, its intercept is at infinity and its
Miller index is zero. A generic Miller index is denoted by (hkl). A family of planes is represented
by {hkl} If a plane has negative intercept, the negative number is denoted by a bar above the
number. Never alter negative numbers. For example, do not divide -1, -1, -1 by -1 to get 1,1,1.
This implies symmetry that the crystal may not have!
Miller Indices - Direction
·

A vector of convenient length is placed parallel to therequired direction

·

The length of the vector projection on each of three axes aremeasured in terms of unit cell
dimensions

·

These three numbers are made to smallest integer values, known as indices, by
multiplying or dividing by a commonfactor

·

The three indices are enclosed in square brackets, [uvw].

·

A family of directions is represented by <uvw>
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Some General Principles
Ø

If a Miller index is zero, the plane is parallel to that axis.

Ø

The smaller a Miller index, the more nearly parallel the plane is to the axis.

Ø

The larger a Miller index, the more nearly perpendicular a plane is to that axis.

Ø

Multiplying or dividing a Miller index by a constant has no effect on the orientation of the
plane

Ø

Miller indices are almost always small.

Why Miller Indices?
Ø Using reciprocals spares us the complication of infinite intercepts.
Ø Formulas involving Miller indices are very similar to related formulas from analytical
geometry.
Ø

Specifying dimensions in unit cell terms means that the same label can be applied to any face
with a similar stacking pattern, regardless of the crystal class of the crystal. Face 111 always
steps the same way regardless of crystal system.
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Imperfections in Solids
Point Defects
Vacancies and Self-Interstitials
A vacancy is a lattice position that is vacant because the atom is missing. It is createdwhen the
solid is formed. There are other ways of making a vacancy, but they also occur naturally as a
result of thermal vibrations.
An interstitial is an atom that occupies a place outside the normal lattice position. It maybe the
same type of atom as the others (self interstitial) or an impurity atom. In the case of vacancies
and interstitials, there is a change in the coordination of atoms around the defect. This means that
the forces are not balanced in the same way as for other atoms in the solid, which results in
lattice distortion around the defect A hightemperature is needed to have a high thermal
concentration of vacancies.
Frenkel-defect is a vacancy-interstitial pair of cations
Schottky-defect is a pair of nearby cation and anion vacancies
20
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Theoretical yield point
Theoretical yield is the maximum quantity of a product that could be formed in a chemical
reaction if all the limiting reactant reacted to form products (distinguished from actual yield).

Dislocations—Linear Defects
Dislocations are abrupt changes in the regular ordering of atoms, along a line (dislocation line) in
the solid. They occur in high density and are very important in mechanical properties of material.
They are characterized by the Burgers vector, found by doing a loop around the dislocation line
and noticing the extra inter atomic spacing needed to close the loop. The Burgers vector in
metals points in a close packed direction.
Line Defects
·

Line defects or Dislocations are abrupt change in atomic order along a line.

·

They occur if an incomplete plane inserted between perfect planes of atoms or when
vacancies are aligned in a line.

·

A dislocation is the defect responsible for the phenomenon of slip, by which most metals
deform plastically.

·

Dislocations occur in high densities (108-1010 m-2 ), and are intimately connected to
almost all mechanical properties which are in fact structure-sensitive.
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Dislocation form during plastic deformation, solidification or due to thermal stresses
arising from rapid cooling.

Line Defects – Burger’s Vector
·

A dislocation in characterized by Burger’s vector, b.

·

It is unique to a dislocation, and usually has the direction of close packed lattice
direction. It is also the slip direction of a dislocation.

·

It represents the magnitude and direction of distortion associated with that particular
dislocation.

·

Two limiting cases of dislocations, edge and screw, are characterized by Burger’s vector
perpendicular to the dislocation line (t) and Burger’s vector parallel to the dislocation line
respectively. Ordinary dislocation is of mixed character of edge and screw type.

Edge dislocations occur when an extra plane is inserted. The dislocation line is at the end of the
plane. In an edge dislocation, the Burgers vector is perpendicular to the dislocation line.
Line Defects – Edge Dislocation
·

It is also called as Taylor-Orowan dislocation.

·

It will have regions of compressive and tensile stresses on either side of the plane
containing dislocation.

Screw dislocations result when displacing planes relative to each other through shear. In this
case, the Burgers vector is parallel to the dislocation line.
Line Defects – Screw Dislocation
·

It is also called as Burger’s dislocation.

·

It will have regions of shear stress around the dislocation line

·

For positive screw dislocation, dislocation line direction is parallel to Burger’s vector,
and vice versa.

22
22

Smartzworld.com

jntuworldupdates.org

Smartworld.asia

Specworld.in

Interfacial Defects:
The environment of an atom at a surface differs from that of an atom in the bulk, in that the
number of neighbors (coordination) decreases. This introduces unbalanced forces which result in
relaxation (the lattice spacing is decreased) or reconstruction (the crystal structure changes). The
density of atoms in the region including the grain boundary is smaller than the bulk value, since
void space occurs in the interface. Surfaces and interfaces are very reactive and it is usual that
impurities segregate there. Since energy is required to form a surface, grains tend to grow in size
at the expense of smaller grains to minimize energy. This occurs by diffusion, which is
accelerated at high temperatures.
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Interfacial Defects
·

An interfacial defect is a 2-D imperfection in crystalline solids, and have different
crystallographic orientations on either side of it.

·

Region of distortion is about few atomic distances.

·

They usually arise from clustering of line defects into a plane.

·

These imperfections are not thermodynamically stable, but meta-stable in nature.

·

E.g.: External surface, Grain boundaries, Stacking faults, Twin boundaries, Phase
boundaries.

Bulk or Volume Defects :
Other defects exist in all solid materials that are much larger than those heretofore discussed. A
typical volume defect is porosity, often introduced in the solid during processing. A common
example is snow, which is highly porous ice.

Bulk or Volume Defects
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Volume defects are three-dimensional in nature.These defects are introduced, usually, during
processing and fabrication operations like casting, forming etc.E.g.: Pores, Cracks, Foreign
particles These defects act like stress raisers, thus deleterious to mechanical properties of parent
solids. In some instances, foreign particles are added to strengthen the solid – dispersion
hardening. Particles added are hindrances to movement of dislocations which have to cut through
or bypass the particles thus increasing the strength.

X-RAY DIFFRACTION: DETERMINATION OF CRYSTAL STRUCTURES
Diffraction occurs when a wave encounters a series of regularly spaced obstacles that (1) are
capable of scattering the wave, and (2) have spacings that are comparable in magnitude to the
wavelength. Furthermore, diffraction is a consequence of specific phase relationships established
between two or more waves that have been scattered by the obstacles.
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The magnitude of the distance between two adjacent and parallel planes of atoms (i.e., the
interplanar spacing ) is a function of the Miller indices (h, k, and l) as well as the lattice
parameter(s). For example, for crystal structures that have cubic symmetry
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