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Chapter-3

Liquid State
T 3TV

Q.1. What are liguid crystals? How are they Classified
Defferentiate between smetic and nematic liquid crystals.
What are cholesteric liquid crystals.
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“olution : Some substance do not melt directly to a liquid phase. Increasing
ihe temperature they convereted into an intermediate stage, further increase
lvimperatue they, converted intermediate stage to liquid. The intermediate
tnpe is called liquid crystal. It show anisotopy. Anistropy is a property in
«Ineh liguid show different properties in different diretion. True solution do
not show anisotropy because their all properties same in all direction. This is
whho known as mesomorphic state. Actualy liquid crystals do not show

poperties like crystal but name liquid crystal is still continue.

I'-azoxyanisole ics) example liquid crystal.
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I’-ozoxyanisole.

I'ransition stage is as follow

solid — liquid crystal - liquid

It means lquid crystal is stable at 84 — 15°C
Lypes

(1) Liquid crystal are three type.

(1) Smetic (ii) Nematic (iii) Cholestric

(1) Simetic Liquid Crystal .

I'hey are arrange layer by layer. They do not flow as normal liquids.
I'hey have limited mobility. The velocity of different layer is different. It is
upposite to true liquid. In another word. We can say that this motion is not
Mewlonian motion. The concept of visocrity is not apply on liquid crystal.
Wihen it spread over glass surface it form a series of strata. Their orientation
ninl ncrangement is equispaced planes but there is no periodicity.
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Flow of nematic liquid crystal just as normal liquid. Their flow is
Netonion & concept of viscosity is applicable to their flow. In nematic
crystal orientation without periodicitity. In plane polarized light substance in
nematic phase appear to have thread like structure.
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3. Cholestric Liquid Crystals 2037

v Cholesteric liquids have a layer structure hke nematic liquid crystal but
orientation vary layer to layer. Cholesteric liquid crystals have some
properties like nematic & some propertics like smetic crystal.

Example—Polyeptide in organic solvent
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().No.3. How are intermolecular forces classified? Describe the
structure of liquid. . ;
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“olution : Intermolecular force in liquid.—Heat of vaporization is a
wivasure of the energy required to separate the molecules of the liquid is
known as intermolecular force. There are three types of intermolecular force
veopnized in liquid crystal. : |
(1) Vander Waal’s force.—Vander Waal’s force of attraction act on
mvicenle. Their force arise trom the correlation electric motion in
neiphbouring molecule so that the positive nuclie is one molecule exert on
nilvwetive force of the other molecule.

(2) Dipole-Dipole Interaction.——The HCI molecule has electron dot

stincture indicated below.
I1: Cl :
Although HC1 form a shared pair bond the electronegativity of
hydiogen -and chlorine are 2.0 and 3.0 respectively. This lead to unequal
hnring of electron and niolecule becomes dipolar. Because of the unequal
distnibution of electron in HCI molecule each negative charge chlorine atom
vl to be surrounded by the other HCl molecule with positive end. To
vapurize such a liquid, we have to work against not only the Vander Waal’s
b also there dipole-dipole force. Dipole-dipole interaction certainly
“wvcount of in part of intermolecular force.

(3) Hydrogen bonding.—When a hydrogen atom flanked by the
vlectronegative atoms then a bond formed between hydrogen atom and
vledtroneagive atom this bond is called hydrogen bond.

Water have great tendency to associate to form large molecule:

~-0---H----0----H---0O---H--
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IA H H
I lydrogen bond
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Hydrogen bond is weaker bond.” Intermolecular hydrogen bond is
responsible for increase in boiling point. Intramelecnlar s dregren bond
decrease the BP of the molecule.

Structure of Liquid

When gas is gradually coated, it change into the liquid state by
condensation. On further cooling the liquid freez into the solid state. On the
heating the a solid the reverse change are observed. It means in the liquid
present both properties solid and gas.

The cohesion indicate that the solid properties flow and diffuse indicate

gas properties. O O o O O C
O OO O O C

. O OO o O C
Solid Liquid Gas |

In the solid molecules are compactly arranged. No inter moleculat
space in the solid. In case of liquid the molecules arrange for a little
distance. Very short interval present arrangement of molecule which is
smaller than gas but greater than solid. In the gas molecule arranged verj
large and solid. The intermolecular force between gas molecule is weaker
than liquid and solid. |
Vacancy theory of liguid

Normally liquid is less dence than the corresponding solid. It means the
liquid Gontains more intermolecular space. This space is not uniformaly

distribted but is molstly in the form of molecule sized holes, and that liqui({
is a random mixture of molecule and holes.

Molecule surrounding a hole can jump into it, hence are assumed to b&
gas like, whereas molecule not in contact with hole are solid like. Therefore
property of liquid is mixed of property of solid and gas.
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Q. 4. Explain type of molecular forces that are exhibited in liquid|

state of CH;CH>OH and CsH.
3T TERT W STERIGE A W W N CH,CH,OH
CeH, o wa uraeat | ugi¥ia grft & [2005]

Solution: ’ _ - ) . g .
Vander Waal’s force of attraction, dipole-dipole interaction, hydroger

bond present in CH; CH,OH molecule.
| CH,CH, CH;CH,

[ |
CH;CHy— O —H— QO —H-—0O—H--

Hydrogen bond ‘
There is no hydrogen bond in benzene molecule because, here no

attachiment of electronegative atom and hydrogen. We know that Vander

Waal’s force out on surface between two m9lecule. - ‘
Boiling point of CH;CH2OH will be high and boiling point of benzene

wll oe low he boiling point of the CH;CH,OH
Hydrogen bonding increase the botling point o e 3 2 :
SRS SEHdT ae, GHT-TRHS AHIT F@, BEEe s CH,CH,0H]
¥ O Sy S | |
CH-CH5 CHs‘ICH:J.
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CH;CH;— QO —H—O0O0—H—0—H--
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Q.5. What are radial distribution function? How does it is used
~ for elucidation of structure of liquid. .
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Solution: |

The radial distribution function specifies the no. of atom or molecule to
be found at any distance, r from on arbitrarily chosen molecule. In fig. the

structure of a liquid is represented by ploting the no. of density, p (r) the
number of molecules per unit volume at distance r of the molecules for any

distance r.
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I, perfect crystal radial distribution functioin is a periodic array of
t.a pivkes, representing the certainty that molecules lie at difinit locations.

his ropularity continue ‘out of crystal edges, so we can say that crystal has
imnpe order. When crystal meRt long-range order is lost and wherever
w look ot long distance from given molecule, there is equal probability of
Jding o sccond molecule. Close to the first molecule, though, the nearest
Mrhhnum might still adopt approximately their original reiative position
sl even if they displaced by newcomers, the new particle might adopt their
ywated positions. It is still possible to defect a sphere of nearest neighbours
# & Jdistance r, and perhaps beyond them a sphere of a next. nearest
selghibours at r;. The existance of this short-range order means that the
selinl distribution function can be expected to oscillate at short distance,
wih n peak at r;, a smaller peak at r, and perhaps some more structure
b yond this.
In case of liquid potassium., a potassiuni atom has a neighbour situated
#t a distance of about 4.53A° whereas the nearest neighbour distance in case -
ol liquid mercury is about 3A° In case of liquid water, the nearest
welghbours are about e.g. A° apart.
(). 6. Describe the prgciples of workinﬁ of a liquid crystal all.

T o™ Q9T & & i &1 Wit [2009]

malntion :Liquid crystals applicable due to its anisotropic optical properties.
Hevnuse by weak magnetic field, elecrtrical field change its configuration.

liquid crystal widly used in liquid crystal display (LCD) which is
find in watch, calculater, laptop computer screen.

I'here are following main applications of liquid crystal.

(1) Seven segment cell.—This is use in digital clock, calculator etc. for
sxhiibit different digits. We take seven nematic crystal for this. Each liquid
viyatal act as an electrede which is known as liquid crystal electrode (LCE).
It iv nrranged as follow—

Put a thin film between transparent electrode. It put on a glass in
specificd manner. Provide very low voltage to each electrode. Only there
LI plow which is provided energy and make a special digit (0 to 9)

I'or example—For zero we have give energy to a, b, c, d, e, f. This, for
wie we have to give energy b and ¢, for 2 give energy a, b, g, e and d.

There cells consume very low energy. '

(2) Thermography.—When change the temperature of cholestric liquid
ihen change the colour of reflected light. This change happen red to violet
golour. The colour change is reversible. Mean liquid crystal cool then
vhunge of colour just opposite to order of change of colour when heat. This
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specic property is known as thermogrpahy. This technique is applicable for ||
tumours, cancer etc.
a
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Q. 7. Write caloric equation of state for a liquid.

Tt 53 & Torg Senftes wftervor e

Seolution: Coloric equation for a liquid is given below.

forell wa o forg Saifls gftswr fa= 8—

Er = Kinetic energy + potential energy

Er= gRT- 4

Where a = Vander Waal constant
V = Volume of liquid

IS8T a = gSErd Raus
v = Qd <hf 3Tdd4




