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'INTRODUCTION

1.1 Historical perspective

Materials play an important role in our life. This is because
every segment of our everyday lives — such as transportation,
housing. clothing, medicine, communication, recreation and food
production — is influenced by materials in one way or other.
Materials are probably more deep rooted in our culture. Historically,
the development and advancement of societies have been intimately
connected to the means ability to produce materials to fill their
needs. This is why early civilizations have been named by the level
of their materials development (Stone age, Bronze age, Iron age
elc. ).

In the very early ages humans have had only a very himited
number of materials such as stone, wood, clay, skins etc. As time
passes they discovered techniques for producing materials that had
properties superior to the earlier ones. Pottery and various metals
are examples of this, Later they discovered that the properties of
mﬂlt?rial could be altered by adding other substances and also by
h'-'-al"{& Al this point onwards material utilization was totally a
selection procedure that involved choosing the best material for
the application by studying its characteristics. After that scientists
tame 1o understand the relationship between structural materials

and their properties. This acquired knowledge over the past 100

years led scientists to discover tens of thousands of different
mlk.whlphhachwcialimdchuacwdnicsﬂmmﬂnm
4P modern society. These includes metals, plastics, glasses,
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The accessibility of suitable materials made significant
advancement in the development of many technologies which make
human society more comfortable. For example, automobiles would
not have been possible without the availability of inexpensive steel.
Another example is that electronic devices rely much upon

materials known as semiconductors.

1.2 What is materials science

Materials science is the study of prope
and how those properties are determine

composition and structure.

rties of solid materials
d by a materials

Or

Materials science involves investigating the relationships
that exist between the structures and properties of materials.

This branch grew out of an amalgam of solid state physics,
metallurgy and chemistry, since the rich variety of properties of
materials cannot be understood within the context of any single
discipline. With a basic understanding of the origins of properties,
materials can be selected or designed for an enormous variety of
applications, ranging from structural steels to microchips. Materials
science is therefore important to engineering activities such as
electronics, aerospace, telecommunications, information
processing, nuclear power and energy conversion. These disciplines
come l{nder materials engineering. Materials engineering deals with
designing or engineering the structure of a materials to produce a
predetermined set of properties on the basics of structure-pro
correlations. The role of i ientists i B
e eo n?atenals scientists 1S to develop new
o S 70 Goreo ot AR st

p techniques for processing materials.

In the above discussion two te A8
. rms “‘structure” an 1e$
deserve some explanation. g

Structure of a material refers to the arrangement of its internal
components. Subatomic structure involves electrons within the



', ni Cd Blmal, magumﬁ and detenom F{lm m
m 1,5 a characteristic type of stimulus capable of producing

. Mechanical properties relate deformation to an applied
m which include elasticmodulus and strength. When the

stimulus is electricfield deformation occurs which gives properties

such as electrical conductivity and dielectric strength. The thermal
Wﬂm of materials can be represented in terms of heat capacity
and thermal conductivity. Here the stimulus is heat. Magnetic
properties demonstrate the response of a materials to the application
of magnetic field. For optical properties, the stimulate is
electromagnetic radiation; refractive index and reflectivity are
representative optical properties. The deteriorative characteristics
relate to the chemical reactivity of materials. It may be remembered
that the structure of materials will depend upon how itis processed
'“Mnals performance will be a function of its properties. The
rrelationship between processing, structure, properties and
performance is depicted in the schematic illustration. (Figure 1.1)

......
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: 1.3 Why do we study materials science

- Human society using tens of thousands of devices for their

For making such devices different types of materials are requ
For example the main materials used for constructing a train is
suitable to construct a plane or an integrated chip. So first and fore
most requirement is selecting the right material from the man
thousands that are available. There are several criteria on which
the final selection is based. First of all, the in-service conditions of
the device must be characterised. This will specify the properties
required by the material. We select a material which obeys
maximum number of properties or ideal combination of properties.
Sometimes it may be necessary to compromise. For example
strength and ductility. Normally, a material having high strength
will have only limited ductility. In such cases a reasonable
compromise between the two.

The second selection consideration is due to deterioration of
material properties that may occur during service operation. For
example significant reductions in mechanical strength may result
from exposure to elevated temperatures or corrosive environments.

Finally the consideration is that of economics: what will be the
finished product cost. A material found suitable obeying almost
all properties required may be expensive. Again some compromise
has to be made.

To meet all these requirements materials must be studied in
depth. This will be done by materials scientists and engineers.
1.4 Classification of materials

The many materials studied and applied in materials scien
are usually divided into three categories. They are

(1) metals (2) ceramics and (3) polymers,

This classification is based primarily on chemical make up
atomic structure. Most materials fall into one group or anothe,



ﬁ ' These materials are relatively stiff and strong hence are duc-
~ tile and are resistant to fracture.
Ductile means capable of large amuunts of deformation with-
~ out fracture.
2. Metals are good conductors of electricity and heat and are not

transparent to visible light. This property is due to large num-
ber of non-localised electrons in these materials, that is these

electrons are not bound to particular atoms.
3. When polished metal surface exhibits lustrous appearance.
4. Some of the metals (Fe, CO, and Ni) have desirable magnetic

~ properties.

2, Ceramics
A ceramic is an inorganic non-metallic solid made up of
 either metll or non-metal compounds that have been shaped
‘and hardened by heating to high temperatures. i.c., ceramics
' s between metallic and non-metallic elements, Most
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of them are okides, nitrides and carbides. Some common
materials are aluminium oxide (Al,0,) aluminium silicon dioxig
(SiO2 = silca) Silicon carbide (SiC), Silicon nitride (Si,N))
clay materials and cement.

Properties

1. Ceramic materials are relatively stiff and strong comparable
to those of metals.

1 (Z:cranlic are typically very hard, but extremely brittle and
highly susceptible to fracture.

3. These materials are insulators. i.e., they do not conduct heat

or electricity. In other words they have low thermal and elec-
trical conductivities.

4. These are more resistant to high temperatures and harsh envi-
ronments than metals and polymers.

5. Cermics may be transparent, translucent or opaque.

6. Some of the oxide ceramics (Fe,0,) exhibit magnetic
behaviour.

3. Polymers

Polymer, any of a class of natural or synthetic substances
composed of very large molecules called molecules that are
multiples of simpler chemical units called monomers. The
familiar plastic and rubber materials are examples. Most of them
are organic compounds that are chemically based on carbon,
hydrogen and other non-metallic elements (O, N and Si). Carbon
atoms are the back bone of the large molecular structure of
polymers. Some of the common and familiar polymers are
polyethylene (PE), nylon, polyvinyl chloride (PVC), Polycarbona
(PC), Polystyrene (PS) and silicone rubber.

Properties
1. Polymers are not as stiff nor as strong as other materials.

2. They are extremely ductile and pliable (plastic). This
that polymers can be easily formed into complex shapes.




npos ites are materials made up of twopi:r‘ _
jals (metals, ceramics and polymers). Th >
cting composites is to achieve a combination of prope! 5
is not displayed by a single material. By doing sn welﬁ-:-”-f
incorporate the best characteristics of each of basic
a*elarge number of synthetic (manmade) composites are EVM
in the market produced by different combinations metals, ceramics
‘and polymers.

* One of the most common and familiar compomtes is fibre glm,
ﬁi Whlch small glass fibres are embed within a polymeric material
(nm'mally an epoxy or polyester). The glass fibres are relatively
‘strong, stiff and also brittle, where as the polymer is ductile, weak
and flexible. Thus the resulting fibre glass is relatively stiff, strong,
flexible and ductile. In addition it has a low density.

Another important composites is the carbon fibre reinforced
polymer (CFRP). In this carbon fibres are embedded within a
r. This composites is stiffer and stronger than the glass fibre-
-ed materials. Hence they are more expensive. The CFRP
sites are used in some aircrafts and aerospace applications,
as lugh—tech sporting equipment like bicycles, golf m
ots and snow-boards. In this book we disems
mposites. Two naturally mcuuing

J g



e .fﬁ‘u ExnmPlesare‘fl:gtroniceqm
corders .oompmmﬁbreophcsystems space ¢
niﬁﬂary rocketry. These advanced matenals :,;._
ly traditional materials whose properties have been enhance

ewly developed high performance materials. All are m: aking
from our three basic materials and normally are expensive
anced materials include semiconductors, biomaterials, smar
materials and nano engineered materials. Smart materials a
nano engineered materials are termed as “materials of the
Mm'e”.
Semiconductors

Semiconductors have electrical properties that are intermediate
between the conductors (metals and alloys) and insulators (ceramics
and polymers). Further the electrical characteristics of these
materials are extremely sensitive to the presence of minute
concentrations of imparity atoms, for which the concentrations may
be controlled over very small spatial regions. Semiconductors
paved the way to advent integrated circuits that revolutionized
electronic and computer industry over past several decades.

Biomaterials

A biomaterial is a substance that has been engineered to interac
with biological systems for medical purpose. As a science
biomaterials is about fifty years old. Examples of biomaterial:
include metals, ceramics and polymers. These biomaterials can be
found in contact lenses, pacemakers, heart valves, orthopaedi

~ devices and much more. Biomaterials that are employed
components implanted into the human body for replacemen!
,dlaeﬂsedordmnaged body parts. Thesc matenals must not prod




such as stﬁss, moister, eleetric or mamﬁtc m M
mture, pH or chemical compounds.

“Smart material system consists of a sensor and an actuator. Tﬁe
function of the sensor is to detect an input signal. The actuator
performs a responsive and adaptive function. The actuator may be
called upon to change shape, position, natural frequency or
mechanical characteristics in response to changes in temperature,
electric fields and magnetic fields. :

* Materials used as sensors include optical fibres, piezoelectric
materials and micro electromechanical devices (MEMS).

Four types of materials are used for actuators. They are _

1. Shape memory alloys: these are metals that after having been
deformed, revert back to their original shapes when tempera-
ture is changed.

2. Piezo electric ceramics: These materials expand and contract
in response to an electric field conversely they also generate
and electric field when their dimensions are altered.

3. Magnetostriction materials. These materials also expand and
contrast in response to magnetic fields.

4. Electro rheological and magneto rheological fluids. These are
fluids that experience dramatic changes in viscosity upon the
application of electric and magnetic fields respectively.

_ Onc type of smart system is used in helicopters to reduce
.CcCOCkplt noise that is created by the I'Otatlng rotor
Piezoelectric sensors inserted into the blades monitor blade
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feed into a computer controlled adaptive devices which generates|
noise cancelling antinoise. ‘

I1. Nano engineered materials

To understand the structure of the material scien
adopt two approaches. One is called “top down” approach and
other is called “bottom up” approach. In the former approach w
they do is studying large and complex structures and then to
investigate the fundamental building blocks of structures. But after
the advent of scanning tunnelling microscope (STM), the
observation of atoms and molecules are possible. By using this
possibility scientists started forming new structures of materials
by carefully arranging atoms and molecules to get required
properties. We call this as “bottom-up” approach. The study of the
properties of these materials is termed “nano technology”. Nano
denotes the dimensions of these structural entities are of the order
of nanometres (10-°m). The size less than 100 nm are considered
as nano materials. Carbon nanotube is an example for nano material.
In the future undoubtedly we can say that nano engineered materials

play a crucial role.

tists usually

UNIVERSITY MODEL QUESTIONS

Section A
(Answer in two or three sentences)

Short answer questions
1.  What is materials science?

2. What are the different branches of sci i
ches of science involved in !
. m
science? ' s

3. What is the aim of study of materials science?
4. How does the study of materials science important?
5. Define the terms a) structure and b) properties of materials
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6. What are the properties of polymers?

Distinguish between metals, ceramics and polymers.
8. Write a brief note on advanced materials.
9.  Give brief account of biomaterials.
10. Discuss briefly the components of smart materials.
11. Which are the four types of materials that are used for actuators? |

12. Give a brief account of nanoengineered materials.
13. Explain the “bottom up” and bottom up approaches scientists usually
adopt to understand the structure of the materials.

Section C
(Answer in about two pages)

Long answer type questions (Essays)
1. Classify materials and discuss their properties.
2. Discuss in detail about the materials of the future.

3. Give an account of nano engineered materials.












. Mater alhaugg lér-ge bonding energies will have high m %-:a:_

- ing points. 8

“Solid substances are formed for large bonding energies,

~ whereas for low bonding energies gaseous states are formed.

bl i the bonding energies are intermediate the liquid states are
formed.

The modulus of elasticity of a material depends on the shar ;

==

~ of the force versus interatomic separation distance graph.
stiff materials the slopes at r = r, will be steep. For fle ible
materials the slopes at r = r, are shallower. - '
The coefficient of linear expansions (how much the material

- will expand on heating or contract on cooling) of materi
- are related to the shape of U, verses r, curve. A narrow and

 deep troughs which occur for high bonding energies, norm:

- correlates with at low coefficient of thermal expansion ¢

T y small dimensional alterations for changes in

»




Bonns iN Materiats 23

There are three different types of primary bonds found in solids.
They are (1) ionic bonding (ii) covalent bonding and (iii) metallic
bonding.

Secondary bonds are from the subtle attraction forces
between positive and negative charges. There is no transfer or
sharing of electrons involved in secondary bonds. They are usually
formed when an uneven charge distribution occurs, creating what
is known as a dipole. The total charge is zero, but there is slightly
more positive or negative on one end of the atom than on the other.
There are three types of secondary bonding arising from different
interactions. They are (i) dipole interactions (ii) hydrogen bonding
interactions and (ii1) molecule - molecule interactions.

Ioning bonding

lonic bonding is found in compounds composed of both metallic
and non-metallic elements. Atoms of a metallic element can easily
give up their valence electrons to the non-metallic atoms. In the
process of sharing all atoms acquire stable or inert gas
configurations, in
addition each one Coulombic bonding force
becomes ions.
Sodium chloride is
an example of ionic
material. A sodium
atom gives out its
one valence electron
to chlorine atom. As
a result sodium
acquires a positive
charge and chlorine
acquires a negative
charge. In sodium
chloride, sodium and

Figure 2.2: Schematic representation of ionic
bonding in sodium chloride
(NaCl)




Xi ﬁsﬁpn_principle,, |
1ey begin to repel

| 'Eutinn of the Sh
ximately by

lled repulsive exponent. 1

| ‘u;:-aidjacent atoms .
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Bonding energies whlch

expression eqnnl to m
tionr =T, otd
Put this valuer=r; ine

1500kJ/mol or 3 and sewm* e

Other examples of ionic

and KO. P

Properties of ionic solids

I

(C,H,), carbon tetrachloride (¢ 1), b

All ionic solids have high mcltmg .
This is because more energy is need

bile, there being a necessity to over
static force of attraction created due
explains why ionic materials have high
points. »
Pure and dry ionic materials are insulz
non-availability of free electrons. Ho_ ,
conduct cicctncrty because of the mﬁ'
In a solution the ionic bond is weakened
ecules. Thus the ions becomeﬁ'eetom
become conductors of elccmc:ty aﬁthw
electrolytes. ' '

lonic solids are easily soluble in polar sol
is because the molecules of the poln S
with the ions so as to reduce the attr:
Also the polar solvents possess hig
example, water has a high dlm
will reduce the electrostatic force nf

ions to 8_1- of the original value.

lonic materials are insoluble i m

l-u..|.

constants are very low.
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4. High hardness and low conductivity are typical properties
these sohds.

5. When subjected to stresses, ionic crystals tend to break alon
certain planes of atoms rather than to deform in a ductile fash-
ion as metals do. '

6. The magnitude of the ionic bonding is equal in all dll‘CCllﬁns
around an ion, hence it is termed non-directional.

Covalent bonding

The covalent bond is formed by sharing of pairs of valence
electrons between like atoms rather than by electron transfer,

A simple example of covalent bonding is found in the chlorine
molecule. Here the outer shell of each chlorine atom possesses
seven electrons. Each chlorine atom would like to receive and elec-
tron and thus form a stable octet. This can be done by sharing of
two electrons between pairs of chlorine atoms, there by producing
stable diatomic molecules. In other words, each atom contributes
one electron for the sharing process. See figure 2.3.

@ @ Two isolated atoms

(b) Overlap

(c) (. .) The molecular orbital

Figure 2.3: Molecular orbital from orbitals




acquire ahelmm elecm config
when the carbon atom s ith it
now has four nddmonalslmed _.
for a total of eight valence electrons,
ture of neon. The covalent bond is d
specific atoms and may exist only in t
atom and another that paruc:mﬂ he electr

Shared electron
from hydrogen

Fig;ll‘e 2.4: Schematic represent: 'li.
bonding in a molecule ¢

Many non metallic element Im‘.llte:t‘.'uleﬂI E
as molecules containing dissimilar atoms
and HF are covalently bonded. Further more,
is found in solids such as diamond (ca 1)
nium and other solid compounds such as g & i
indium antimonite (InSb) and silicon carbide

The number of covalent bondstllal‘ S PO
atom is determined by the number of va

valence electrons, anatomcanmm ond

e
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N’ =7 forchlorine and 8 — 7 =]

other atoms. For example,
bond to only one other atom as ip

means that one Cl atom can
similarly for carbon, N = 4 and each carbon atom has 8 — 4 ¢
electrons to share. : . '
Properties of covalent |
I Covalent crystals tend to be hard and brittle and incapabje o
appreciable bending. These facts are understandable in te

of the underlying atomic forces. Since the bonds have y,

defined directions in space, attemp
resisted by the crystal.

2. The melting point and boiling point are usually low as co
pared to those of jonic crystals. This is because the coval
bond is not so strong as the ionic bond and also because
atoms are less powerfully attracted towards each other
forces that attract them towards each other being Vander W.
forces, dipoles etc. which are quite weaker.

3. Most of the covalent substances do not conduct electrici
because of the non-availability of free electrons or charg
jons to carry current. however, certain substances like H
which exhibit polarity in aqueous solutions behave like iouj
substances and allow the passage of electricity.

4 Covalent substances are insoluble in polar solvents like wa
ter. However they are soluble in non polar solvents like ben
zene, carbon disulphide etc. This is because of the covalen
nature of the solvent. However, the giant molecules arenj
soluble in any solvent because of the large size of the m
ecules. |

5. A very interesting property of covalent crystals is the appar
ent lack of sensitivity of their physical properties to their bond
ing type. For example, carbon in the diamond structure is the

hardest substance and has a very high melting point ﬂ{

ts to alter them are strg



bond length and bond ene: 'y
trons shared is mom;,the '

decreased and bond energy is in

6. Covent compounds are mostly g
It is possible to have interatomic b
and partially covalent. In fact there ¢

exhibit pure ionic of covalent mﬁng
gree of either bond type depends on the
neganvmcs i.e., the greater the clecéOn: 1

smaller difference in elecu'onegauwty_ he.
covalency. i 3
The percentage ionic character of a bond:‘ ‘
and B (A being the most electronegative) may
by the expression.
~ Percentage ionic character = [1— e'”'”“*“m
and X, are the electronegativities for the elem
spectively.
Note Al
Electron negativity is the ability for an atom of ¢
~ cal element to attract shared electrons in a cova
~ oms electronegativity is affected by both its
~ the distance at which valence electrons res
- nucleus. The higher the value of electror Jativit
that elements attracts the shared electrons.




30 MATERIALS SCIENCE
Metallic bonding

Metallic bonding is found in metals and their alloys. In some ‘__
respect, the metallic bond is similar to the covalent bond. A rela- ¥
tively simple model has been proposed that very nearly approxu-:" 3
mates the bonding scheme. Metallic materials that have one, two
or at most three valence electrons. With this model, these valence
electrons are not bound to any particular atom in the solid and are

more or less free to drift throughout entire metal. They may be
thought of as belonging

to the metal as a whole
or forming a “sea of
electrons” or an electron
cloud. The remaining
non valence electrons
and atomic nuclei form
what are called ion
cores, which possess a
net positive charge
equal in magnitude to
the total valence elec-
tron charge per atom. A

[on cores

Sea of valence élec

Figure 2.5: Schematic illustration Of
metallic bowng



Properties of metallic bo
(i) The bonding may be weak or stre
from 68kJ/mol (MW ym) for |

(8.8¢V/atom) for tungsten. —
(11) megwﬂ'le i 'L -.;1;’ CEMer
in space lattice, metah

(ii) The melting tempuma u‘a 9°C 1o 34
and tungsten respectively. :
(iv) Since a large number of free elect '
erystals have high emml 2
(v) Metallic crystals have hi_ghe,t ”r
of large number of free electrons.
(vi) Metals are opaque to light
by free electrons, Coppa
some examples of metallic crystals, o
2.3 Secondary bonding m"‘f I Waa
Sccondary bondsareweakm
(0.1¢V/atom). Secondary be . i
oms or molecules, bmmm
three primary bonding types is p
gencrally involve the valence e
denced for the inert m m
and in addition between i
covalently bonded.
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B0 =0

N a
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Figure 2.6 Schematic illustration of Vander Waals
bonding between two dipoles

Dipole interactions occur in three ways:
(i) Interactions between induced dipoles. |
(ii) Interactions between induced dipoles and polar mol-

ecules. |
(1i1) Interactions between some molecules that have hydro-
gen as one of the constituents. It is a special type of sec-
ondary bonding called hydrogen bonding. We discuss

these one by one.
2.4 Fluctuating induced dipole bonds

A dipole may be created or induced in an atom or molecule that
is normally electrically symmetric; that is, the overall special dis-
tribution of the electrons in symmetric with respect to the posis
tively charged nucleus as shown in figure 2.7(a). All atoms are
experiencing constant vibrational motion that can cause instanta
neous and short lived distortions of this electrical symmetry fo
some of the atoms or molecules and the creation of small electri
dipoles as shown figure 2.7(b). One of the dipoles can in turn pro-
duce a displacement of the electron distribution of an adjacent
molecule or atoms which induces the second one also to become a
dipole that is then weakly attracted or bonded to the first; this i§
one type of Vander Waals bonding. These attractive forces may
exist between large numbers of atoms or molecules, which force
are temporary and fluctuate with time. |

The liquitation and in some cases the solidification of the inert
gases and other electrically neutral and symmetrical molecules such
as H, and CI, are realised because of this type of bonding. Melting
and boiling temperatures are extreme low in materials for which




.'"j'l|]l )

' [ —

Polar molecule - Induced dipole bonds
Permanent dipole moments exist in som;{ molec

of its unsymmetrical ar- ,
rangement of positively
and negatively regions.
Such molecules are
termed polar molecules.
Figure 2.8 is a schematic
representation of a hydro-
gen chloride. It possesses
a permanent dipole due to
the separation of net posi-
tive and negative charges
of hydrogen and chlorine
atoms forming HCI.
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Polar molecules can also induce dipoles in adjacent non pg
molecules and a bond will form as a result of attractive f
between the two molecules. Further more the magnitude of
bond will be greater than for fluctuating induced dipoles. '

Permanent dipole bonds

Vander Waals forces will also exist between adjacent polg
molecules. The associated bonding energies are significan
greater than for bonds involving induced dipoles. Hydrogen
is the strongest secondary bonding type which is a special case
polar molecular bonding. It occurs between molecules in whi
hydrogen is covalently bonded to fluorine (as in HF), oxygen (
in H,O) and nitrogen (as in NH,). For each one, the single hy
gen electron is shared with the other atom. Thus, the hydrogen e
of the bond is essentially a positively charged bare proton that |
unscreened by any electrons. This highly positively charged en
of the molecule is capable of a strong attractive force with th
negative end of an adjacent molecule as demonstrated in figu
2.9 for HF. In essence, this single proton forms a bridge betweg
two negatively charged atoms. The magnitude of hydrogen bon
is generally greater than that of other types of secondary bon
and may be high as 51 kJ/mol (0.52 eV/molecule).

Melting and boiling temperatures for hydrogen fluoride
water are abnormally high in light of their low molecular weig l
due to hydrogen bonding.

Figure 2.9: Schematic representation of hydrogen
bonding in hydrogen fluoride (HF)




Molecules

Many of the common nmomm
ammsmatmboundtogambym aler
molecules such as F,, O, H,, etc. cc
HNO,, C,H,CH, etc. ‘have su-ongmvam
liquid and solid states, bonds between r
ondary bonds. Consequently, molecular mr
low melting and boiling temperatures. Mun
small molecules composed of a few atomsarﬁ
ambient temperatures and pressures. On Ile'g, '
- the modern polymers, being molecular materials composed of
tremely large molecules, exist as solids: some of =+': :
are strongly dependent on the presence of Vande:
drogen secondary bonds. -

Anomalous volume expansion of water P

Most of the liquids freeze to solids, the solid substances exg
ence an increase in density, correspondingly thﬁmm '
volume. One exception is water. Water upon freezing sk
anomalous behaviour of expansion. This expmmon%
mately 9%. This behaviour may be explained on & is of
drogen bonding.

Explanation

Each H,O molecule has two hydrogen atoms M can bond |
oxygen atoms further more its oxygen atom can bond t
drogen atoms of other H O molecules. Thus, for solid
water molecule pa:ﬂcnpatcs in four hydrogen bonds as
the three dimensional schematic of figure 2.10. Here ! hydroge
bonds are bonds are denoted by dashed hm&nﬂm )
ecule has 4 nearest neighbour molecules. This ruc
tively open. i.e., the molecules are not closely p:
as a result density is comparatively low. UW
ture is partially destroyed, such that water i
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closely packed tugcther at room temperature the average number
of nearest neighbour water has increased from 4 to 4.5. This leads
to an increase in density or decrease in volume.

B

(a) (b) |
Figure 2.10: The arrangement of water (H ,0) molecules in :
(a) solid ice and (b) liquid water E

Anomalous expansion of water on freezing explains scveml
natural occurring such as

(i) Why ice bergs float; because of density decrease.
(i1) Whymmldcnunmesltmneoessarymaddanuﬁaem -
m:wmobﬂescoohngsyﬂem.ltmduemmeexm q’
ing may occur.
‘Why freeze thaw cycles break up the pavement streets ar
| @mmwfm
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UNIVERSITY MODEL QUESTIONS

Section A
(Answer in two or three sentences)

Short answer questions
| How do we study the physical properties of materials?
7 What are the two types of interatomic forces?

3 Draw the graphical variation of interatomic forces with interatomic
separation.

4 Give a schematic representation of the variation of net potential
energy with interatomic distance.

5. What is meant by bonding energy?

6. Define (a) primary bonds and (b) secondary bonds.

7. Which are the three different types of primary bonding?

8.  Which are the three different types of secondary bonding?

9. Write down an expression for the net potential energy between two

adjacent atoms.

10. Give a schematic representation of ionic bonding in sodium chlo-
ride crystal.

11. What is covalent bonding?

12. Give a schematic representation of covalent bonding in a molecule
of methane.

13.
14,

Most of the covalent substances do not conduct electricity. Why?

What is the relation between ionic bonding and the electronegativi-

ties of the elements forming the compound?

I5. What happens to the degree of covalency when the difference in

electronegativity increases?

16,

Define the term “electronegativity”.

- What is metallic bonding?

- Give a schematic illustration of metallic bonding.

- What is the origin of Vander Waals bonding?

- Give the three types of dipole interactions in secondary bonding.
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Anisotropy
RUBIEEE W.hich exhibit same dhysical T
directions _are said l‘l&chs in all
nerties are independent of other words the physical
B I . Crystallographic directi
which physical properties are measured. Glass, N C;x e
are isotropic. However the physical propertios of singlc metaﬁ =
some substances depend on the TSN G d" gle crystals of
nm are taken, This irection in which

directionalit ies i
. s cctionality of properties is called
futisotropy. For example the elasticmodulus, the electrical

conductivity and the refractive index may have different values in
different directions of crystals. Single crystalline diamond quartz
wood, composite materials are examples of anisotropic materials.

The directionality of properties is associated with the symmetry
of the crystal structure. The degree of anisotropy increases with
deareasing structural symmetry.

It may be noted that a crystal can be isotropic or anisotropic for
a certain property and the same crystal can be isotropic for one
property but anisotropic for another property. Cubic crystals are
good examples. Any cubic crystal is necessarily isotropic for
electrical conductivity but not for young’s modulus.

In the case of polycrystalline materials the crystallographic
orientations of the individual grains are totally random. Eventhough
each grain may be anisotropic, a substance composed of the grain
aggregate behaves isotropically. Also the magnitude .Of a measured
property represents some average of tt'le directhnal values.
Sometimes the grains in po]ycry.stallme materials lh'a\_zeof1
preferential crystallographic orientation then the material 1s sai

to have a texture.

Noncrystalline solids (Am104phow) oo
These are solids characterised by the random arrani_u,l:l;zt:] p(go
ms or molecules, The periodicity; if at all present, €Xte

distance of 4 few atomic diameters only.
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solids exhibit short range order. glass, Plasﬁcs, Tubbers, ¢,
fin wax ete. are non crystalline solids (amorphoyg,

The ceramic compound silicon dioxide may exist In cryg |
and non crystalline states. See figure 3.2. Whether 5 Crystal, eli
amorphous solid forms depends on the ease with which rag d(:
atomic structure in the liquid can transform to an Ordered g
during solidification. For example rapidly cooling liquid thrUI]g
the freezing temperatures favours the formation of a nop Crystalj
solid, since only little time is allowed for the ordering Process

® Silicon atom
O Oxygen atom

(a) (b)
Figure 3.2: Two dimensional schemes of the structure of (a) Cl'iswlm
silicon dioxide and (b) noncrystalline silicon dioxide
Metallic crystal structures

The atomic bounding in this group of materials is mctﬂllicsg
thus non directional in nature, this leads to relatively large 00"

5 |
of nearest neighbours ang dense atomic packings for most me!
crystal structures, ;

Most of the commop metals exhibit simple crystal Sml‘i—]ﬁ
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: P.F IT\ =(0.52 or 52%.
1.C. 6 ‘ |
Since only half the space of unit cel] j5 fille "
2 ; * - 5 g~ “ a
can sav that sc structure is loosely packed Structype o
Only one element polonium at a certajp tem

peratu[
e
this structure. Xh

-------

o | Lemnn
‘I‘..

"3,

AU

g

Simple cubic Stlnctufe N N
Figure 3.4

Packing factor of body centred cubic structure

In this structure of unit cell there are 8 atoms at the cornes
another atom at the body centre. The atoms at the cornersd;
touch each other but the corner atom touches the body centred
the body diagonal. Hence the coordination number is 8.

A Fop
g
/4r a
/ ' AX
o 3 )I
f—a ;

Figure 35, Body centred cubic structure

The number of atomg in the unit cell =8 Xl’f 1=2

d s
Volume of the Atoms in the ypit cell v=2x="™
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Packing factor of hexagonal close packed structures (he )
The very name hexagonal indi- s (hcp
cates that hep structure has the
shape of hexagon. The unit cell of
this contains one atom at each dop.
ner, one atom each at the centre of
_ the hexagonal faces and three more
atoms within the body of the cell.
The atoms touch each other along
the edge of the hexagon. Thus

= 2r.

The top layer of the hexagon
contains seven atoms. Each corner
atom is shared by 6 surrounding “— a—>
hexagonal cells and the centre (=2n)
atom is shared by 2 surrounding Figure3.7: Hexogonal close
cells. The three atoms within the packed structure
body of the cell are fully contrib-
uting to the cell.

Thus the total number of atoms in the unit cell

=6xl+6xl+lx—l—+1+l+3=6
6% =0 2 2 -

*. Volume of atoms in the unit cell, v=6x 3 nr’

3\[3—2

. Volume of the unit cell (hexagon), V==~a°¢

Where ¢ be the height of the unit cell and a be its edge).
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Polymorphism and allotropy
Polymorphism

Polymorphism is a common phenomenon of crystalline Maf
rials.
It describes the ability of a substance to exist as two or mop,

crystalline phases that have different arrangements of the my)

ecules in the solid state but are otherwise identical in terms ol
chemical content.

Some common examples of polymorphs are calcite and aragy.
nite. The composition of these two minerals is CaCO,, but calcit
is thombohedral while aragonite is orthorhombic. Diamond ang |
graphite, both of which are pure carbon are also polymorphs. Dz |
mond, however is cubic, while graphite is hexagonal. |

Iron is also polymorphic. This
cess of iron to combine with other
matically extend its range as an en

is one of the secrets to the syc-
elements to form alloys to dra- |
gineering materia]. |

|

Allotropy |

The property of some metals and al
ent crystalline structure at different t
sures is called allotropy. ‘

Allotropy is a very important
tropic changes are the basis for
ing materials.

For example, below 912°C, iron has bec crystal s
called o-iron. But above 912°C iron is called y-
crystal structure.

There are two crystalline forms of sulphur in solid
rhombic sulphur and monoclinic sulphur. These two
called allotropes of sulphur. Rhombic sulphur s stable
peranlfe lower than 96°C.

loys that exhibit differ-
€mperatures ang pres-

property of materials; thege 41j0-
heat treatment of Ina[]y €en gineer..

tructure and is
Iron with fec

States like
fOl'ms are
at a tem-
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eRenis

plane, thin dintortion rept
an edpe dislociion

Serew dilocntion |

Nepew loeation i the defect of i crystal that results from ,
displacement of the atoms in one part of n crystal relative g,
the rest of the crystnl, forming @ gpiral ramp around thy

distocntion line,
A wrew dislocation 18
depicted in figore 4.5,
The gure shows whal
appens when one part of |
he crystal is displaced
relative 1o the rest of the
crystal and the
i

displacement ferminates ¢
within the crystal. Figure 4.5: Screw dislocation

The row ol atoms
marking the termination of the displacement is the m&

dislocation, EF indicates the dislocation line.

Burger's vector o

The Burger's vector is a vector which indicates howmuch
and in what direction the lattice above the slip plane halﬂ
with respect to the lattice below the slip plane.

shown in figure 4.6(b). # y

w dislocation, the Burger's vector lies parallel t
along the axis of a line of atoms in the same pla

4, y vector E is the Burger's vector. '!
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the periodicity of the crystal is disrupted. External ﬁflrfncc leads g,
breaking of bonds. In other words it breaks the lattice pcrlow_l :
so the surface itself is a defect in the crystal. 5]
In the figure 4.7, we can External ._f
see that every inside atom of thecrystal 1
forming four bonds with
nearest atoms but each atom
at the surface has not all four /1
bonds but the bonds break
and we know that bfenkinﬁ:;f 11
bonds requires energy, so thal
extra energy is provided to the ol e

crystal and the energy resi
energy of the surface atoms 1s called surface energy of the

This is called external surface defect

Grain boundary (defect)

Grain boundaries
surface defect which Grain boundary
separate crystals or Granl i
grains of different orient- 5
ation in a poly crystalline . |
during crystalization or 3 -4
grain boundaries are the il
region of orientations s s
mismatch. The shape of
_tlla grain is usually ;f.i'
influence by the presence N
of surrounding grains. As

§

;%i

Z
habloc






















































































































Stress

Strain

Figure 6.6: Stress-strain behaviour
Modulus of elasticity for seve ral ceramic materials are also givep

in table 6.2.

UNIVERSITY MODEL QUESTIONS

Section A
(Answer questions in two or three sentences)

Short answer questions
1. What is meant by firing process?

2. Why new ceramics are termed as stone age material with space age
qualities?

Classify ceramics.

=~ W

What is porcelain?

What is bone china?

What are the uses of porcelain?
What are the uses of earthenware?
What is stoneware?

What are the uses of stoneware?
10. What is glass ceramics?

il

Wh.ll are
! i.||‘~" oy ]
4 ‘u'\lml are |
l] .I.lt.h”\' im
1 i

Wwh

0o u

al are I

[‘I‘b'r exafl
i

, what
} whal arc |
et
I
g, Write €=
3”. ['1;|}-.\I|}f C

Ml are
11, Wh‘“

i

are |

¢ dov

e dot
1 1) “‘lllll.t

-

v, Whal are
o, What are
75, Write do
;{1. Classify
97, What art
28, What art
19, What an
30. What ar
| 3. What 1s
32. What ar
33. What a

M. Give sa

3. Give ar
3. What a
3. What a
8. What i
%, What ;
0. What ;




ChapTeR 7 |
hnn' MERS AND ITS PROPERTIES

Introduction : :
In chapter 1, we classified materials into metals, ceramics and

polymers. Here we discuss the maleri'al carpun. Carbon has varigy
polymorphic forms such as graphite, d;amond..graphene ands
fullerenes. This group of materials does not fall within any of the
above class. Graphite is sometimes classified as ceramics. The
diamond, one of the polymorphs of carbon exhibits the structures
of zinc blends which is a crystal. Here we confine our attention tg)
the structure and characteristics of different polymorphs of carbon

Diamond

Diamond is one of the
polymorphic forms of carbon at
room temperature and
atmospheric pressure. Its crystal
Structure is similar to that of
zinc sulphide in which carbop
atoms occupy all positions
(both Zn and S). The unit cell
of diamond is shown in figure
7.1. In this structure each
carbon atom bonds to four other
carbon atoms and these bonds
are totg]ly covalent. This js called the diamond cubic crysia
:mmmbfft}?ﬁ%m‘ stlicon and graytin show the same crystal

 Physical Properties of diamong

Figure 7.1: A unit cell for the
diamond cubic crystal structure

L - . It is the hardest known Materia]

—
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. Herene hox o
advancing i many areas, Any resei h work on lu' ; * “!' '
i . " 'l (8] ! oy
HIIE A seope and |h||l.'|l|l.|lf (i the T b ol panoted ; ““ by
find use n catalytic chemintry, bomolecular recognition, ns

el use | '
molecular sieves, nanoreactors and also ax (nhibitors (o the activiggs

of M1V vitus, ele,

Carbon nanotubes
Carbon nanotube (8 another moled ular form ol carbon, lig
structure consists of a single sheet of graphite rolled into a tube
hoth ends of which are cupped with € fullerene hemispheres
This structure 1s schematically
represented in figure 7.4, Since
the tube diameters are of the
Quder of nanometre (e, 1K)
nm or less), this carbon tube 18
called  nanotubes, Each
nanotube is a single molecule
composed ol millions of
atoms; the length of (he
molecule is 1000 times greaten
than its diameter,
Nanotubes have some  FBUre 7.4: The structure of
unigue and technologically carbon nanotube
prnrniaing properties, '
Properties

I. They are extremely strong stiff

2. The tengile strengths of
5010 200 GPa, which i

and I't‘l.‘ltl\'t'll\-' ductile

single walled nanotubes ranges from

¢ Ereater than that of carbon fbres
[his is the strongess known

4. The elastic
*a) relatively,

material,
modulus values are of (he order of terapascal (103

5. Nanotubes have low densities
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Hydrocarbon compounds with the same composition may

— ena termed as
have different atomic arrangements, 2 PI%EEE‘H o They B
fsomers. For example there are two 150mers '01' 'ver; sk
normal butane and isobutane. Their structures are gi .

HHHH
ks, TR [
Normal butane H—?-—C;ﬁ‘—c-—i-
| I
HHHH
Pll
H-C-H
%
[sobutane H- (|Z‘ (|:— (I:— H
H H H

Some of the physical properties of hydrocarbons will depend
upon the isomeric state. For example, the boiling temperatures for
normal butane and isobutane are —0.5 and —12.3°C respectively.

Polymer molecules

The term polymer means many parts. Poly means many and
mer is a Greek word meaning part. The term monomer refers to}
the small molecule from which a polymer is synthesised. !

Polymer molecules are gigantic molecules in comparison to
the hydrocarbons. Itis because of large size of polymer molecules
they are often referred to as macromolecules, within each molecule.
the atoms are bound together by covalent bonds.

For carbon chain polymers, the back bone of each chain is
string of carbon atoms. Many times each carbon atom singly bonds}
to two adjacent carbon atoms on either side e

_ , represented
schematically as follows (Two dimension):
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AL Ry
R- :(i-""' |
HH HH

Repeating we get polyethylene molecule.
The polyethylene structure can also be represented as

—1

I
C
l

1
€
H H

or +CH, —-CH, 3,
where n indicates the number of times the monomer repeats.

In a three dimensional model representation carbon atoms form
zigzag pattern shown in figure 7.6.

OcC oH

Figure 7.6: Zigzag back bone structure of polyethylene

It may also be noted that the angle between the singly bonded

carbon atom s not actually 180° as we have shown -—'JE&‘—C‘ but

rather close to 1090
Other examples

l. Tet
etrafluoroethylene € = CF, is a monomer. This can

polymerise to give Polytetraflug

teflon (trade n
( ame), Its Structure 1S répresented as follows:
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F F F F
=" |
B G=G| — €¢-¢
FF F F
Monomer Polymer

Vinyl chloride CH, = CHCI is a monomer. It is a variant of
ethylene C_H, in which one of the hydrogen atom is replaced
by chlorine amm.

| 2 ]

When vinyl chloride is polymerised, we get polyvinyl chlo-
ride. It is represented as follows.

g - | H Cl
|| ; 1 i)
- e A
H Cl] H CI
Monomer Polymer

Homopolymers
When all the repeatmg units along a chain in a polymer are
of the same type, is called homopolymer.

— e

Copolymers
When the chains of a polymer are composed of two or dif-

ferent repeat units are termed as copolymers.

Examples are polyethylene vinyl acetate (PEVA), nitrile rub-
ber and acrylonitrile butadiene styrene (ABS).
% The number of active bonds present in a monomer is termed as

functionality. When an active bond that may react to form two

e
Covalent bends wnh other monomers is termed as “bifunctional
when a monomer has lh_ree bonds to react wuh other monomers 18

termed astrifunctional.
‘-'—'—-——

A list of?;f:éat units of some common polymeric material are

. give in table 7.2 below.







Mulecula

weight. Adding all we
Example
Cl. It contains one atom of N
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Penrmins AND T P

calculation

compound 18 €
nt present 1
the elemen
ight of the compoO

r weight
ht of a alculated as follows:

The molecular Welg
atoms of each eleme

Count the number of
that number by

und and then multiply
get the molecular We

n the com-
i's atomic
und.

Molecular weight of Na a, whose
gomic weight 18 23 and on eight 1s

35.

g atom of Cl, whose atomic W

| x23 + 1 % 35 = 38.
OH. It contains four
Atwt 12) and 3 OXy-

eight of NaCl =
acid CH 3C O
arbon atoms (

Molecular W
Molecular weight of acelic
hydrogen (AtwW! 1)

gen atoms (Atwt 16)
- 4x1+2x12+2x16.

= 4+14+32=60. ~
discuss how 1o calculate the molecular weight of
¢ found that polymers have very

hain {ength. W
n that polymers with large chains have large
=

atoms fwo C

Molecular wel

Here we will
- polymers from s ¢
long chains. It is se€
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molecular weights. During the process of Im])fﬂ:{.:ﬂﬁﬂlflﬂ H‘" L:“" l;
will not grow to the same length. This mc*,"j'h,l o pn-ym{:r L i
are distributed i.e. molecular weights are distributed S0 we have
find the average molecular weight. This can I_.’c sl
One is called number average molecular weight, the other one §

called weight average molecular weight,

Number average molecular weight

To find the number average molecular weight divide the chaing
into a series of size ranges. Let n, be the number of chains in thé

molecular weight range M| and M.
So the molecular weight of that chain,

2 MM g

2

a—

M =

1

where M, is the average of the molecular range M| and

similarly
Molecular weight of the second chain containing n, number i

the molecular range M, and M} is
M, =n,(M} +M})=n,M,
and so on.

Therefore the total molecular weight of all the chains

M=M, +M, +-...M

The number average molecular weight of the polymer,

= i
MN:—P—;—

whcreNislhclotainumhemfchahls.ic N=n +n,+n,+
g = il 2 3
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n . B s
— is the first fractional number of chains denoted by x, similarly

others.
Thus
i.c. M, =xM, +x,M, +-r
or My, :Z"‘"ﬁn sant)
=l

This 1s the expression for number average molecular weight.
Weight average molecular weight

We found that the number average molecular weight 1s defined
on the basis of the number fraction of chains within each size range.

The weight average molecular weight is defined on the basis of
weight fraction of molecules within various size ranges.

Weight average molecular weight, M

mu :Z\""-m: ..... (2)
=1

where w is the weight fraction of molecules within the same size
interval and M_ is the mean molecular weight within a size range.
Degree of polymerisation

The degree of polymerisation (DP) isaterm u‘-ﬂd tOeXplocs l:h‘c.
average chain size of a polymer. ESME'EEME%
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A7 rage molecular weigh(

‘i‘I'Eight m. r Monomey )

e
defined as the ratio of the number av
Iﬂﬁ,‘} and the repeat unit molecular

S
m

1.e. DP =

Repeat unit molecular weight is m
Consider a polyvinylchloride polymer:

H ({]
£¢-§4“
H Cl
In this repeating unit (monomer) is

1 g
._(I'.‘._ (lj_
H Cl

It contains two carbon atoms three hydrogen atoms and one
chlorine atom.

The molecular weight of repeating monomer

m=2xAtwtof C+ 3 Atwt of H + | x Atwt of CI
Example 1

The number average
500,000 g/mol. Compute
Solution

Polysterene : (C,H,)_
Molecular weight of repeat unit,
m=8xA[wtnfC+8xA[w[an

=8x12.01+8x1.0078

molecular weight of a polysterene is
the degree polymerisation.
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A =906.08 +8.0624
. =104.1424 g / mol

Using

pp=My _ 500,000 00
m 104.1424
Example 2
Compute repeat unit molecular weights for the following
(a) polytetrafluoroethylene (b) polymethyl methacrylate (¢) nylon
6,6 and (d) polyethylene teraphthalate. (C ,H,O,)
Solution
a) The repeat unit of polytetrafluoroethylene is
C,F,
Molecular weight of C,F,
=2 x Atwtof C + 4 x Atwtof F
=2x12.01+4x18.9936
o =100 g/ mol
b) The repeat unit of polymethyl methacrylate is
C.OH,
Molecular weight of C.O,H,
— 5 x Atwt of C + 2 x Atwt of O + 8 x Atwt of H
F _ 5x%12.01+2x15.999+8x1.0078
— 60.05+31.998 + 8.0624

=100 g;’mo]

¢) The repeat unit of nylon 6,6 is
Cl,H N,O, (see table 7.2)

2002
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eight,

qar wi
b) The weight average molecular

n=l -]
P;"-:im.r = =ZIW'M'

w, =001,

W,

w, =0.18,
w, =0.12,

w, =0.07,

Putting these values in eq (2), we get

M,, =0.01x15x10* +0.04 x 2510 + 0.11x35x 10" +

n.23x45>:1{}3+U.24x55x10-‘+{1.i3xf15 x 107 4

0.12x75x10° +0.07x85x10°

My =10°(0.15+1+3.85410.35 + 135 , 15.6+9 +5.95)

M., =59.1x10" g/ mol

¢) Degree of polymerisation

Dp=Mx
1T
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_5.000+10,000 _ 5 5
X, =005 M, == 5

_10,000+15.000 _ 5 5
— S T TR (&
x, =0.16, M, 2

o 15,000+ 20,000 =17,500

i )

-

i < 20.000+25,000 _,, 50

4 )

=

§1, = 25,000 ; 30,000

=27.500

y 30,000 + 35,000

6 )

e

= 32,500

, M

= 35,000+
K, =002, M, =35:000+40,000 .

-

—

M, = 0.05x7,500+0.16 x 12, 500 + .22 x 17,500

+0.27%22,500 + 0.20 x 27. 500 + 0.08 x32.500
+0.02x37,500

v =375+ 2000 +3850 + 6075 + 5500 + 2600 + 750

M, =21,150 g /mol

b) The degree of polymerisation_ DP=ML where m is thé

m

molecular wej ' '
ght of the fepeating unit i.e. vinylchloridg

C,HCI.
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Molecular weight of C_H Cl
=2 x Atwt of C + 3 x Atwt of H + 1 x Atwt of Cl
=2%12.0143x1.01+1x35.45

=24.02+3.03 +35.45 = 62.5 g/ mol

21,150
2] : -=338.4
62.50

?‘-_‘1“- =W ,M, +W3M_. F "'*';ml + u_,_[';!,.
+w M, +w M +w.M,
M, =0.02x7,500+0.10 x 12,500 +0.18x17,500

L 0.29%22.500 +0.26x27,500 +0.13x 32,500

+ 0.02x37,500

M, =150+1250+3150+6525+7150+4225+750
M,, = 23,200 g/mol.

Molecular shape

So far we considered polymer molecules as lines, neglecting
the zigzag arrangements of the backbone atoms (see figure 7.6).
The single chain bonds are capable of rotating and bending in three
dimensions. We found that the angle between the singly bonded
carbon atom is 109°, not 180°. In actual 3D, situation is different.
Consider the chain atoms in figure 7.7(a). In this, a third carbon
atom may lie at any point on the cone of revolution and still sub-
tend an angle of about 109° with the bond between the other two
atoms, When successive such atoms are positioned we get astraight
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chain as shown in figure 7.7(0). On
the other hand, chain bending an.d
twisting are possible when thcnl'e is
a rotation of the chain atoms into
other positions as shown in figure
1.7(c).

Figure 7.7(a), (b) and (¢). Shuut'-
ing how polymer chain shape 15
influenced by the positioning of
backbone carbon atoms. The above
discussion shows that a single
chain molecule composed of many
chain atoms might assume a shape
of the form given in figure 7.8.
This chain having large number of
bends, twists and kinks. The end
to end distance of the polymer
chain ‘r’ is also indicated.

/

N

e

Figure 7.7(a)
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These long chains are flexible and
of spaghetti, as represented schematica

joined end to end in single chains.

d may be thought of as a mag
Ily in figure 7.9(a).

¥ eo000000009°°

Figure 7.9(a): Linear polymers

In the figure 7.9(a), each circle represents a repeat unit. In i
ear polymers there may be extensive vander Waals and hydroge
bonding between the chains. Polyethylene, polyvinyl chloridg
polysterene, polymethyl methacrylate, nylon and the fluorocas
bons are linear chain polymers. See also table 7.2.

2. Branched polymers

Branched polymers are those in which side branch chain
are connected to the main linear chains. :

This is depicted schematically in figure 7.9(b) given below.:







Figure 7.9(d): Network polymers

It may be noted that a polymer actually a highly cross linked

e

may also be considered as a network polymer. These material§
have distinctive mechanical and thermal properties. The epoxie§
polyurethanes and phenol formaldehyde are network polymers.

Polymers are not usually of one distinctive structure type. FoF
example a predominantly linear polymer might have limited
branching and cross linking.

Molecular configurations

Configuration refers to arrangements of units along the axis of
the chain.

Polymers having more than one side atom or group of atoms
b_ounded to the main chain, the regularity and symmetry of the
side group arrangement can significantly influence the propertie
of the polymers. To understand this consider the repeat unit

H H

=
—?—C—
i@
E:here CEIl TEPresents an atom or side group other than hydroge
-£., Cl, CH, etc.) There are two possible arrangements of R.




3
I""”'" Arte e Pecwewtie %1

one arrangement the R

H.Il.ii,‘ REIoups of
4 ."l
to alternate carbon gy | o

vessive repeats are bound
Ums as tollows

'|1 H H H
| | I

C=C-0-1

o o B

H(R) H(R)

This arrangement is termed as head to tail configuration

> SeCO I o~
In the second arrangement R groups are bound to adjacent car

hon atoms as shown below:

||1 }li H H
|
C-lgeiag
| il | |

H (R)(R) H
This arrangement is termed as head to tl configuration. In this
configuration often a polar repulsion occurs between the two adja-
cent R groups. In most polymers, the head to tail configuration
predominates.

Isomerism in polymers
When different atomic configurations are for the same com-
position of polymers, they are said to be isomers of the poly-
mer. |
Isomers are further classified into several subclasses. Two ot

them are stereoisomerism and geometrical 1Somerism,

* Sterepisomerism

Stereoisomerism also calle

of isomerism in which molecules

mula and sequence 0
“-_-_-__'-—' -— . ..

mensional orientation

d as spatial isomerism is a form
have the same molecular for-
¢ bonded atom but differ in the three di-
s of their atoms in space.
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g : i L ] * u 4
¢ structure (linear, hrunchc{ll. crogs linked and 1
W Are puwihlc in addition 10 S€VE ral 1Som

otactic, Hyncliuluuliu. atactic, cigs
ristics taxonomy chart is g

molecula
work structure
configurations such as is
trans, The molecular characte
in figure 7.11.

= Thermoplastic and thermosetting polymers
Thermoplastics

Thermoplastics are polymers th
heating before being processed the
| Once cooled, they show no changes n chemical propert
meaning they can be remelted and re-used several times.

Polyester, polypropylene, polystrene, teflon, acrylic, pol
chloride etc. are thermoplastic polymers or called thermoplast

at can be softened th

n left to cool and hardé

On a molecular level, as the temperature is raised seco
binding forces are diminished due to increased motion so that}
relative movement of adjacent chains is facilitated when a s
applied. Irreversible degradation results when molten thermap!
tic polymer is raised to too high of a temperature. '

_% Properties of thermoplastics
They are relatively soft
Most linear polymers are thermoplastics.
They can be reshaped or remolded numerous times.
They can be recycled or reused.

Thermoplastics hav :
stics have low melting points : -
strength, g points and low tex

+ Uses
l, qre « 1
i Thermoplastic materials are used in making sports equipi
- They are also used in making toys. | |
3. They are used in automobile parts,
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The influence of lemperature on the stress-strain behaviour

The stress-strain behaviour of polymers are strongly influenced
by variation in temperature. The stress-strain behaviour of a par-
gicular polymer is shown at different temperatures in figure 7.15.
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Figure 7.15: Stress-strain graph at different temperatures

From the graph the following things may be observed.

[stress]
. When temperatures increases its elastic modulus | ¢ )

[stress) 2

decreases, since the slope of the graph | ¢ Eﬁl‘ﬂﬂ&es

3. The tensile strength (TS of m;el ::: “also
temperature i<’ increases, L stren T

the end pomt

sl peidaieds
corresponding 0
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The tluu.ulll of the polymer is largest at low temperature,
Ductility is the ability of a material to get stretched into wire

by pulling. Ductility indicates that how casily a material gets: |
deformed under tensile stress. With rise in temperature the

ﬂuciiiity Increases.
Polymer shows a plastic deformation at temperatures at ‘S{P

.and 60°C,
Distinclinn between polymers and metals with regard to their

mechanical properties
1. The modulus of elasticity of polymers are in the range 7 MPa
: to 4 GPa, where as that of metals the range is between 48 to

410 GPa.
The tensile strength of polymers are about 100 MPa, whereas
for metals it may go up to 4100 MPa.
The elongation produced in polymers are more than 1000%.
whereas in metals it is only about 100%.

Viscoelastic deformation of polymers
Viscoelasticity is the property of materials that exhibit both
viscous and elastic be aviours when undergmng d__furmatlon '
( under stress), 2 2y
The elastic deformation is mstamaneoua and the viscous drag
takes time. After t fter the load .
removal, the elastlc defor- 4
mation is lmmedlate]y re-
versible and recovcraEle
whereas the viscous drag
is not reversible, 5
For elastic deforma-
tion the load-time graph
and the corresponding :
Strain-time graph is given e
Figure 7.16(a)
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45.
46.
47.
48.
49,
50.

. What is meant by syndiobatic ¢

PoLymers AND T8 PROPERTIES
Classify stereoisomers.
What is meant by isotactic configuration?

onfiguration?

. What 1s meant by atactic configuration?
. What is meant by geometric:

il isomerism?
What are thermoplastics?
Give three examples of thermoplastic polymers.
What are thermosetting polymers?
Why thermosets are hard?
What is meant by viscoelasticity?
Define viscoelastic relaxation modulus.
Define viscoelastic creep modulus.
Draw the strain-time graph of viscous deformation.
Draw the strain-time graph of viscoelastic deformation.
Section B
(Answer questions in a paragraph of about
half a page to one page)

Paragraph / Problem type

1.

‘..ﬂ_.:-.:....l

o = =

Briefly explain diamond as one of the polymorphic forms of carbon.
What are the properties of diamond?

What are the uses of diamond?

How diamond thin film is fabricated?

Give a brief account of the structure of graphite.

What are the properties of graphite?

What is fullerene?

Give any two uses of carbon nanotubes.

Give examples of natural polymers.

. Explain the carbon chain polymers.
1.
. How do we calculate the molecular weight of a compound?

Explain briefly the formation of polyethylene.
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