CHAI’TER # 5
STATE OF MATTER I

LIQUIDS

Q1. Define lfquid, gas, solid and cohesive forces.

Ans: Liquid:
A simple definition of a liquid is that “it is a material that assumes the shape
of a container without filling it completely”

Gas:
A gas on the other hand takes the shape of the vessel and has the
characteristics to fill it completely.

Solid:
A solid neither takes the shape of the vessel nor fills the container
completely

Note: The definition of a liquid is satisfactory on the whole with the exception of
glasses, polymers (e g PVC etc), they appear in the solid but at higher
temperatures they behave like liquid even before they melt.

Cohesive forces:

The cohesive force is the force of attraction between molecules of
substance. it is stronger in liquid than those in a gas even at high pressure

Q2. How many types of liquid? Explain their properties and also give
their examples.

Ans: Liquids may be of three types. The types of liquids, their physical properties

with exampies are shown below

k_S_r | Types of liquids | Properties 1  Examples
| 0_1_u '__I_omc chund | High Boiling Point | Molten Salt e g. /}I_C_:b_
.02 | Molecular Liquid_ 4 Low Boiling Point 1H.0.C; HsOH

. 03 | M@!hc LIQUId Moderate to High BP_LMolten metal_s_ g_g__}-_ig

Q3. Give the Postulates of Kinetic Molecular Theory of Liquids.

Ans: Kinetic Molecular Theory of Liquids:
The kinetic molecular theory also applies to liguids. Postulates of kinetic
moiecular theory of liquids are given below

(1) A liquid 1s made up of molecules which touch one another

(ii)  The molecules within the liquid are in constant motion but the movement of
molecuies s restricted due to their close packing together

(iii)  Attractive forces among liquid molecules are greater than those among gas
molecules. However these attractive forces are not sufficient to hold
molecules in fixed position. The liquid molecules can slide each other

(iv) The average Kinetic Energy of liquid molecules is direct! y Froportional to the
Absoclute Temperature.



(v) At constant temperature, the average K E of the molecules is equal to the

K E of the vapours of liquids.

Q4. Describe the Diffusion of liquids on the basis of kinetic molecular
theory.
Ans: Diffusion of liquids:

The diffusion in liquids takes place because the molecules move from one
place to another due to K E. The restricted movement of the molecule reduces the
rate of diffusion
Example:

A drop of ink when added to water diffuses slowly due to relatively small
empty spaces between the molecules. The diffusion between closely packed
molecules of liquids is slow due to less collision between them.

Q5. Describe the Compression or effect of pressure on liquids on the
basis of Kinetic molecular theory.
Ans: Compression of liquid (effect of pressure):

A liguid cannot be compressed significantly by increasing the pressure
because the molecules are already in close contact with one another
Example: '

An increase of pressure from one to two atmospheres reduces the volume of
water to 0 0045 percent which is negligible. However the same pressure reduces
the volume of a gas up to 50 percent
Q6. Describe the Expansion of liquid on the basis of Kinetic Molecular

Theory. _ '

Ans: Expansion of liquid (effect of temperature):

The liquids expand on heating because the intermoiecular forces between
them decrease. Moreover the increase of temperature increases the effective
collisions between the molecules. If the temperature is decreased, contraction of
molecules takes place. This property is useful for making thermometers,

Example:

Mercury thermometer is a good example to explain expansion of liquid. in it
if the temperature rises, the mercury expands in the capillary tube. As the volume of
capillary is much less than the volume of the bulb containing mercury, a small
expansion gives a large movement of mercury thread.

Q7. Describe the motion of molecules of liquid on the basis of Kinetic

Molecular Theory. '

Ans: Motion of molecules of liquid:

The molecules move with lesser speed due to larger forces of attraction
among them, As a result they have lesser kinetic energy. However the Kinetic
Energy increases with the increase of Temperature.

Q8. Describe the Spaces between molecules of liquid on the basis of

Kinetic Molecular Theory.

Ans: Spaces between molecules of liquid: _ |
The molecules forming the liquid states are fairly close to each other. There is

very little space between them. As a result'the numbers of collisions among the
molecules are moderate. Therefore, the average Kinetic Energy is also moderate.



Qo.

Ans:

Describe the Intermolecular forces of liquid on the basis of Kinetic

Molecular Theory.
Intermolecular forces of liquid:

The attractive forces existing between the individual particles of a substance

are calied intermolecular forces
Dependence of physical properties of liquids:

The physical properties of liquids such as boiling point, vapour pressure,

surface tension. viscosity and heat of vaporization depend upon the strength of

intermolecular attractive forces.
Q10. Describe the Kinetic Energy of liquld based on Kinetic Molecular

Ans:

Theory.
Kinetic Energy based on Kinetic Molecular Theory: '
According to the Kinetic Molecular Thecry, the molecules due to strong inter-

molecular attractions have minimum movements and minimum collisions.
Example:

other

Let us consider the example of water, as the molecules are closer to each
and have strong forces of attractions due to hydrogen bonding 8o have low

kinetic energy.

Q11.
Ans:

Define the Intermolecular forces.

Intermolecular Forces:
The forces of attractions among the molecules of a substance are called

inter-molecular forces.

Example:
Watar exists as a liquid due to inter-molecular attractions called Hydrogen bonds

Q1ia.
* Ans:

Define Van Der-Waal's forces.

vVan Der-Waal's forces:
The forces of attraction existing between the molecules of a non-poiar

substance are also known as Van Der-Waal's forces.

Q13.
Ans:

I

iii.

V.
Q14.
Ans:

List the different types of Intermolecular forces.

Types of intermolecular forces:

The intermolecular forces are of five types.

Dipole-Dipole forces ik lon-Dipole forces
Dipole-induced dipole forces Iv, London Dispersior forces
Hydrogen bonding

Briefly explain Dipole - Dipole Forces.

Dipole - Dipole Forces:
The attractive forces between the positive ends of one molecule with the

regative end of other molecule are called dipole - dipole forces. This means dipole
dipole interactions are electrostatic interactions between permanent dipoles in

moiecules

Examples:

Examples of polar molecules include hydrogen chloride (HCl) chloroform

(CHCI;), Acetone (CH,);CO etc.
Note: Stronger these dipole-dipole forces, greater would be the value of

thermodynamic parameters like melting point, boiling point, heat of
vaporization, heat of subliminal etc.



Q15. Briefly explain London Dispersion Forces.
Ans: London Dispersion Forces:
The forces of attractions between non-polar r?woleCu!es which become polar
for an instant are called London dispersion forces
Explanation:

Substances like hydrogen, helium, neon, argon, chlorine, fluorine, methane
8tc are non-polar in nature. These gases can be liquefied and solidified under
appropriate conditions. Some forces must be holding these molecules in contact
with one another in the liquid and solid states

In He gas, on the average, the electron charge density is evenly distributed in

a spherical region about the nucleus. However, at any given instant, the actual

location of two electrons relative to the nucleus can produce an instantaneous

dipoie. This temporary dipole, in turn, can influence the distribution of electrons in

neighbouring helium atoms, producing induced dipoles in those atoms
) - T . ’

»

(@) Un-polarized Molecule  (b) Instantancous dipole (¢) Induced dipole
London dispersion forees Instuntancous dipole
London Dispersion force:

The forces of attraction between an instantaneous dipoie and an induced
dipole are known as a dispersion force It is also called as London dispersion force,
named for Frnitz London who offered a theoretical explanation for these forces in
1928
Q16. Explain the factors affecting the London Dispersion Forces.

Ans: Applications of London Dispersion Forces:

Factors affecting the London dispersion force are

i. Atomic or molecular size

il. Polarizability

iil, Number of atoms in @ molecules
(I) Atomic or Molecular Size:

The strength of London dispersion forces depends upon the size of the
electronic cloud of the atom or molecule. With the increase in size of atom or
molecuie, the dispersion becomes easy and these forces become prominent.
inert gases are all monotonic gases. They do not make covalent bonds with other
atoms because their valence shells are complete. Their boiling point increase down
. the group from He to Rn. This is because of increase in molecular size

L Table Boiling points of noble gasses

" Noble Gas ~ He | Ne Ar | Kr
| Bolling Points (°C) | -268.6 | -2459 |
(ii) Polarizabllity: .

The polarizability of an atom or molecule is a measure of the ease with
which electron charge density is distorted. Large atoms have more electrons and
larger elactron cloud than smail atoms.

—

Xe . Rn |
10711 -61.8 |

- -
-185.7 | -152.3 |

Lk




in large atoms, the outer electrons are more loosely bound, they can shift

towards another atom more readily than the more tightly bounded electrons in small
atoms. This means polarizability increases with increased atomic and molecular

size
Examples:

For example among halogens, the first member, F, is a gas at room
temperature. The second member, Cl; is also a gas but it is more easily liquefied
than F,. Bromine is a liquid and iodine is solid at room temperature. Because large

molecules are easily polarisable, the intermoiecular forces between them are strong

enough to form liquids or solids.

(iii) Number of atoms in a molecule:
Elongated molecules make contact with neighbouring molecules over a

greater surface than do smali molecules Greater the number of atoms in a
molecule, greater is the polarizability of the molecule.
Table: Boiling points and physical states of some hydrocarbons.
. Molecular formula | B .P(°C at1atm) _ Physical State at STP |

 CH . 1815 | __Gas |
_CHg 886 . Gas |
. CHy . 421 Gas |
. CHy 05 TL_________-_________GQS o
_CHe 361 i Liquid ,-'

] CeHie 687 | tigud |
CyHpp . 741 Liquid |

Examples:

CzHs and C¢H:, have the boiling points as -88.6°C and 67 7°C respectively.
This shows that the molecule with a large chain iength experiences stronger
attractive forces.

Q17. Explain hydrogen bonding? Why the boiling point and heat of

vaporization of water are higher than those of H,S?

Ans: Hydrogen Bonding:

A hydrogen bond is the attraction between the lone pair of an
electronegative atom and a hydrogen atom that is bonded to either N, O or F. This
limits hydrogen bonding mainly to the participation of nitrogen, oxygen and fluorine
atoms.

Strength of bonds: _
Hydrogen bonds are weaker than covalent bonds but stronger than dipole-

dipole interactions, which are stronger than London dispersion forces.
Reason:
The boiling point and heat of vaporization of water are higher than those of
H.S because H,O molecules attract each other through H-bonding whereas H,S
molecules attract each other by dipole-dipole interactions.
Q18. Graphlically explain Hydrogen Bonding in terms of thermodynamic
properties. .
Ans: Thermodynamic properties:
| The boiling points of hydrides of group IVA. VA VIA and VIIA plotted against
period number of the periodic table is shawn in figure
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Explanation:
The boiling point of hydrides:

Note that hydrides of group IVA have lower boiling bomts The rgason.is that
these hydrides are non-polar and have only London d|sperslpn forces among
their molecules Hydrides of group VA, VIA and VII-A have polar molec.u1es *

NH, H;O and HF show maximum boiling pcints In their respectzve series.
This s due to hydrogen bonding in their molecules.

Q19. Why the boiling point of H;0 is greater than that of e :
Ans: The boiling point of H;O seems to be more affected than that of HF- AsFis
more electronegative than O One should expect H-bonding to be stronger in HF
than H,O But boiling point of H;O is higher than that of HF.

Reason:

The reason is that fluorine can make only one hydrogen bond with hydrogen
of the neighbouring molecule. On the other hand oxygen atom: can form two
hydrogen bonds with the neighbouring moiecules.

NH; can also form only one hydrogen bond per molecule‘as ® has only cne
lone pair.

Q20. Why the compounds that have hydrogen bonds are soluble in each
other?
Ans: Solubility of Hydrogen Bonded Molecules:

The compounds that have hydrogen bonds are soluble in each other
Reason:

Ethy! alcohol can dissolve in water because both can form hydrogen bonds
with each other. Similarly carboxylic acids are also soluble in water, if thelr
molecular sizes are small. This is all because of hydrogen bonding.

Q21. Write different uses of hydrogen bonding?
Ans: (i) Cleansing Action:

Soaps and detergents perform the cleaning action. Their molecules contain
both polar and non-polar ends. Their polar parts are water soluble due to hydrogen
bonding and non-polar part dissolve oil or grease Attraction between water and
polar end of soap molecule carries the oil or grease droplet into the water



(ii) Hydrogen Bonding in Paints and Dyes: |

Paints and dyes have adhesive action due to hydrogen bonding. Similarly
hydrogen bonding aiso makes giue and honey stickle substances.

(iii) . Clothing: |

We use cotton, silk or synthetic fibres for clothing. Hydrogen bonding is of
great importance in thread making materials. This hydrogen bonding is responsibie
in their rigidity and tensilq strength.

(iv) * ‘Food Materials:
~ .- Food materials like carbohydrates consist of glucose, fructose, sucrose,
_.€ach of them contains ~OH groups which is responsible for H-bonding in them.
(v). Hydrogen Bonding in Biological Molecules:

The structure of proteins, substances essential to life, is determined partly by
hydrogen bonding ¥he action of enzymes, the protein molecules that catalyze the
reactions that sustalnlife. depends in part on the forming and breaking of hydrogen
bonds. The hereditary information passed from one generation to the next is carried
in nucteic'acid mokecules joined by hydrogen bonds into an elegant structure.

Q22. What arethe physical properties of liquid explain them with the
" help af examplfe.
Ans: Physicat Properties of Liquids:

ina hquhd the motecules are very close to each other due to the presence of
intermolecular forces. As a result their independent motion is greatly hindered and
the flow of iquid and-the rate of diffusion are much less than in the case of gases.

The existence of powerful forces of cohesion (forces between similar types of

molecules e g H.0) is responsible for the main properties of liquids.

The properties of liquid molecules are as under:

i Additive properties:
Such properties depend upon the number and kind of atoms present in the
rgplecule e g molecular weight )
H. Constitutive properties:
Such properties depend upon the arrangement of atoms in the molecules and
not their number e g. optical activity.
-Jii.. Colligative properties:
- Such properties depend on the number of ions and molecules present but do
not depend upon the structure of molecules. e g. Osmotic pressure, molar
. volume.etc.
Q23. Define boiling point and also explain it in terms of vapour pressure.
Ans: Vapour pressure and boiling point:

Wherr a liquid is heated. its V.P increases due to the decrease of
itermolecular forces with rise in temperature. As a result more and more vapours
escape in the air A stage reaches at which the liquid begins to boil.

So the temperature at which the vapour pressure of the liquid equals to
:tm%spheric pressure or some external pressure is called boiling point of that
iquid. ‘
Example:

s

-

Boiling Point of water at 760mm = 100 °C
Boiling Point of water at 23.7mm = 25 °C



Q24. Explain the factors affecting the boiling point of a Liquid.
Ans: Effect of Pressure on boiling point of a Liquid:
There are two practical applications regarding the effect of pressure
i Effect of Increase of Pressure:
Food can be cooked easily in pressure cookers, which is a closed container,
The vapours are not allowed to escape cut and. therefore, develop more
pressure. This increases the B P of water
Example:
Pressure cookers help us In cooking the food quickly even at high attitude e.g.
B.P of water at 2026mm Hg is 130°C
ii.  Effect of decrease of pressure:
The liquids which decompose at their B P can be obtained in the pure form
under reduced pressure by Vacuum distilation
Example:
Glycerine has a B P of 260°C at 760mm but it decomposes at its B P Now In
order to get it in the pure form. the V.P is decreased to 50mm by Vacuum
pump.
The B.P decreases to 120°C without decomposition In this way the liquids
can be purified
Q25. Define evaporation and the factor affecting the rate of evaporation.
Ans: Evaporation:
Evaporation 1s the process in which liquid molecules escape from the
surface and enter the gas phase
Explanation:
it can be explainea in terms of the energy possessed by the molecules on
the hquids surface Surface molecules whose kinetic energies are higher than
average kinetic energies, overcome the intermolecular forces that bind them to the
hquid and enter the gas phase After their escape, the average kinetic energy of the
remaining molecules decreases. Therefore temperature of the liquid decreases,
thus evaporation 1s a Cooling process.
Factor affecting the rate of evaporation:
The factors which can affect the rate of evaporation are as foliow:
i Surface Area:
The rate of evaporation increases with increasing surface area This is
because large surface area ailows more molecules to evaporate.
ii. Intermolecular Forces:
The escaping tendency of molecules depends upon attractive forces between
the molecules The liquids with strong intermolecular forces have less
evaporation.
Exampie:
Thus water has less evaporation rate than petrol.
Reason:
This is because water has stronger intermolecular forces (H-bonding) than
petrol which has weak dispersion forces between the molecules



Volatile:

A liguid which can rapidly change into vapours is called volatile e g. petrol is

more volatile than water
iii. Temperature:

Evaporation takes place at all temperature. Rate of evaporation however is

affected by the change in temperature. Increase in temperature increases

the number of molecules having kinetic energy sufficient to overcome
intermolecular forces and escape more readily from the surface of the liquid.

Thus the rate of evaporation increases with increasing temperature This is

why cloths dry more readily in summer.

Q26. Explain vapour pressure and the factors affecting the rate of
vapour pressure.
Ans: Vapour Pressure (V.P):

"The pressure exerted by vapours in equilibrium with its liquid state is called
the liquid’'s vapour pressure at the given temperature”
Condensation:

In closed containers, the vapours cannot escape. Therefore, as the vapour
concentration increases. some of the vapour motecules lose energy and return to
the liquid state. This process is called condensation.

Explanation:

Evaporation involves molecules leaving the liquid and condensation occurs
when a vapour changes back to a liquid While the liquid 1s placed in a closed
container, it begins to evaporate at a constant rate, very little condensation takes
place But as the concentration of the vapour increases above the liquid. the rate of
condensation increases

After some time the rate of condensation equals the rate of evaporation. At
this stage, the number of molecules entering the gas phase equals the number
returning to the liquid phase. the system is said to be in a dynamic equilibrium.
Intensive property:

Vapour pressure i1s independent of the amount of liquid, so this is called an
intensive property of the iquid
Factors affecting Vapour Pressure:

Vapour pressure is measured in the same units used for gas pressure Two
factors affect hiquid’'s vapour pressure '

« Intermolecular forces
« Temperature
Intermolecular forces:

The vapour pressure of a liquid depends upon the strength of intermolecular
forces Liquids having stronger intermolecular forces possess low vapour
pressure and vice versa.

Example:

Water having hydrogen bonding possesses low vapour pressure. On the other

hand ether, petro! etc have high vapour pressure due to weak dispersion forces.
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Temperature:

As the temperature increases, the vapour pressure increases. This is
because increase in temperature increases the average kinetic energies of the
molecules which in turmn decreases the intermolecular forces.

Examples:

Vapour pressure of water at 0 °C is 4.6 mm of Hg but at 100 °C it is 760mm of
Hg. The relationship of vapour pressure and temperature is shown by the graph.

Notice that the vapour pressure of diethyl ether (185mm Hg) at 0° C is much
greater than that of ethanol (12mm Hg) or water (4.6mm Hg). Ether is non-polar in
nature.

Therefore, its high vapour pressure is due to its weak intermolecular forces
(dispersion forces). Thus at the surface ether molecules require less energy to
break free and change into vapour.

Similarly, external intermolecular forces (H-bonding) are not as strong as
those of water. Consequently vapour pressure of ethanol is greater than that of
water at all temperatures.

It is observed that each of the three vapour pressure curves cross the line
corresponding to one atmosphere at different temperatures. Therefore they boil at
different temperatures.

Ether boils at 35°C, ethanol at 78 °C and water at 100°C.

Q27. Define Viscosity? What is its SI unit and the relationship between
its different units?
Ans: Viscosity:

A liquid's resistance to flow is called its viscosity. The larger the
viscosity, the more slowly the liquid flows. Viscosity measures, how easily
molecules slide by one another.



Explanation: | | | f
To understand viscosity, consider a fiquid flowing in a tube Is made up of a

series of concentric circular fayers. The resistance to ﬂow is due to ihe mte_rnal
friction between the layers of the molecuies. The layers adjacent to the walls hav?
the iowest velocity Each layer exerts a drag on one another and thus causes

resistance to flow
Units: )

SI units of viscosity are kilogram per meter per secohd (Kgm

Non-St unit of viscosity iS poise.

1poise = 0.1Kgm's'orgm's”

Q28. Describe the factors on which viscosity depends.
Ans: Factors Affecting Viscosity:

Viscosity depends on the following factors:

« Molecular shape and size

« Intermolecular forces

» Temperature
Molecular shape and size:

Mclecular size and shape strongly influence viscosity

Liquids such as water, acetone. benzene and methanol, whose moiecules are
small and compact, have low viscosity.

Whereas liquids having large and irregular shaped molecules like honey,
glycerine tends to get tangled up with each other This innibits ihe flow of molecules
and leads to high viscosity.

Intermolecular forces:

Stronger the intermolecular force among the molecules higher is the viscosity
Liquids whose malecules form hydrogerbonds are more viscous than other without
hydrogen bonding
Example: .

“Water i1s more viscous than methanol mainly due to extensive hydrogen
bonding.
Temperature:

Molecules move faster as temperature increases.

This 1s because an increase in temperature decreases the imtermolccular
forces. This dependence is quite noticeable for highly viscous liquids such as honey
and syrup It s easter to pour these liquids when hot than when cold
Q29. Define surface tension. Give its SI units.

Ans: Surface Tension:
“The force in dynes acting at right angle on a unit length of surface of a
liquid is called surface tension”.

surface tension is the property of the surface of the liquids to act as if there is
a membrane stretched across it
Explanation:

All molecules beiow the surface of the liquid are surrounded in atl directions by
other molecules Thus the force exhibited by such molecules is balanced in all
directions whereas 3 molecule al a hquid surface has molecules beside it and
bereath it bul no one above it This results in an unbaianced force puliing the
surface molecuies inward.

's’y or Nm?.



The molecules at the suiface therefore feol a net attraction inwards, which
creates suface tension For a2 molecule to come to the surface it must overcome
the attraction directed downward This means work be done to pull it to the surfa}e
Tuereiore, increase 0 surface arcas of a lquid reauires an input energy

Surface tension can also be defined as the amount of energy required to
expand the surface of a liquid by a unit area.
Small drops of a liquid tend to be spherical:
» Moiecules at the surface of a liquid are less stable than those inside it, so a@
hquid 1s stabie wihen the fawest molecules are at its surface This occurs when the
iquid has mimimum surface area. Spheres have less area per unit volume than any
other Therefare smali drops of a liquid tend to be spherical
Units:

Sl u;'\it of surface tension 1s joule per square meter, Jm* or Ncwton per meter,
N

Q30. What aie the different factors affecting surface tension?

Ans: Factours Affecting Surface Tension:

“urface tension of a hquid depends upon the following factors.

(i) Iatermolecular forces:
Surface tension of a liguid depends directly on the strength of inlermolecuiar
forces
Strongar the intermotecular forces among the molecules of liquid,
greater is the surface tension and vice versa.

Examples:
The surface tension of water is higher than many liquids such as alcohcls,
ethers benzene etc this 1s due to strong hydrogen bonding between waler

: moleculcs

(i) Tcmperature:
Surface tension of a liquid decreases with the increasc of temperature.
This is because increased kinetic energy of the molecules decreases strength
of inte.mo’ecuiar forces

(iii) Nature:
It is different for different liquids due to the prescnce of different types of
intermolecular forces.

Q31. Why water behave anomalously at 3.98°C ? How aquatic life survive

under freezing water?
Ans: Anomalous Behaviour of Water:

® In ice hydrogen bonds hold water molecules in a ng:d but open hexagonal
structure.

i A3 1ce melts. some of the hydrogen bonds are overcome. and water
mclecules move into the holes that werc prescnt inice structure.

1. As a result the H,O molecules are closer together in liquid water than in
ice.

iv. When 1ce melts there is about 9% decrease in volume ard 2
corresponding increase in density . .

V. So water 1s most unusual in this regard, because the liquid state is less

dense than the solid for mog! substances .



If we continue to heat water just above the melting point, more hydrogen

bonds are overcome

vii.  The molecules become still more closely packed and the density of liqud
increases to a maximum density at 3.98°C. Above 3.98°C the density of
water decreases with temperature, as we expect for a liquid.

viii. These density phenomena explain why a freshwater lake freezes irom the
top down in winter.,

Survival of aquatic life:

Whehn temperaiure falls below 4°C, the more dense water sinks to the
bottor of the iake.

The colder surface water freezes first. Since ice is less dense than water, the
water that freezes remain at the top to cover the lake with a layer of ice. This layer
of ice insulates the water underneath. |

Thus under this thick bianket of ice, fish and plants survive for months.

Q32. How hydrogen bonding help us to explain the different properties
of water?

Ans: i High surface tension:
A s'retched membrane s formed on the .,urface of water. The force on the

surface acting downwards is due to strong hydrogen bond in water. Therefore a high
surface tension is observed. This has been proved by the foliowing dat_eﬁ__ )

vi.

. _Solvent | Surfacetension (y) (Nm')
. Waler | 7.275 e
Methanol j 2.26 ]
Ethanol Jl - 7 28 e
Benzene 'l__._“_ ) 888 o o
1 Hexane - 84 _______ S B ’
L CCl, 1 B 2 7.Q_h___.____.______,

ii. ngh specific heat:
Specific heat is the quantity of heat required to raise the temperature of 1g of

the substance by 1°C (cr by 1K).

Examples:
Specific heat of water is 4 180J/g/°C It is much higher than those of metals. It

takes aimost ten times as much heat to raise the temperaturc of 1g of water
1°C as to raise the temperature of 1g of iron by 1°C
Converseiy, much heat is given off by water even a small drop n
temperafure The vast amounts of water on the surface of Earth thus act as a
giant "eat reservor to moderate daily temperature variations.
That is why the climate near large bodies of water such as lakes,
pourdsg, cceans etc, is mor2 moderate than interior of the land.

iii. High heat of Vaporization:
Water has a high heat of vaporization due to extensive hydrogen bonding. A
‘arge amount of heat is required to cvaporate a sma'l cmount of watzr This is
of enormous importance to us becausc large amounts of tody ~cat can be
dissipated by the evaporation of small amcunts of water (perspiration) from
the skinv This effect also accounts for the climate-modifying propcrty of lakes
and oreans.



iv. High boiling points:
Water has a high B.P. due to strong H-bonding.
It is practically ocbserved that the B P. of water is 100°C at cne atmosgpheric
pressure (760mm) at sea level, however, the organic sclvents like berizene
(B.F5C°C). ether 145°C) etc have lower B P. cdue to poor interacticns between
the molecules

Q33. Define enthalpy change and also express its unit.
Ans: Enthalpy change:

Physical and chemicai changes are accompanicd by energy change in the
form of heat A physical change in energy is the quantitative measurement of the
strerngth of :ntermotecular forces

Energy change at constant pressure is known as enthalpy change
denoted by \H.

When a substance undergoes a phase change (chang\e of state), its
temperature remains constant, even though heat i1s being added
Unit:
It 13 expressed in kg mole’
Q34. Explain molar heat of fusion, molar heat of vaporization and molar
heat of sublimation with the help of examples.
Ans: Molar Heat of Fusion, Molar Heat of Vaporization and Molar Heat of
Sublimation:
Motar heat of fusion ( AH,):

Mcolar teat of fusion (AH,) 1s the amount of heat required to convert one
mole of a sohd into its hquid state at its melting point is called molar heat of fusion
(.\ Hf)

Example:
Moiar heat of fusion for ice 1s +6.02 KJ mole™ .
H-0 8 ———— H,0p . AH; = + 802 KJ mole™

Molar heat or vaportzatnon (AH,):
The amcunt of heat required to convert one mole cf a Inqmd into its-vapours at
(5 boiing point 15 cailed molar heat of vaporization.

Example:
HiO@ === - H O i AH, =+ 40.7 KJ mole™

Molar heat of Sublimation ( AH;) : ) |
The amount of heat absorbed when one mole of a solid subiimes to give
vapour at a particular temperature at one atmespheric pressure is called molar
heat of sublimation.

Examplie:
L., — - AH. = + 41 80 KJ mole’
Q35. Why heat of vaporization is greater than heat of fusion? Give its
particular examples. ’

Ans: Heat of vaporization is greater than heat of fusion:
As a result of melting of a solid. a small change in intermolecular distance and
potential energy takes place in atoms. molecules or 1ons.



On the other hand on evaporation of a liquid atoms. molecuies or ons
undergo large changes in their intermolecular distance and potential energy
Therefore, heat of vaporisation is much greater than that heat of fusion
Particular examples:

i AHv (heat of vaporization) for H.O (40 6 KJ mole ' at 373 15K, for NH;
(23.35 KJ mole’ at 239K) and CO; (2523 KJ mole ‘at 194 5K) are high
due to their polar nature and strong intermolecular forces AH, (Heat of
fusion) will be as under:

H,O = 6.02 KJ mole” at 273.15K
NH; = 6.652 KJ mole’ at 195 4K
CO; = 8.33KJmole" at 217.0K

ii. I, avolatile solid has the highest value of Heat of sublimation i e 41.80 KJ

mole’ at 458 4K. The values for other halogens are

iou

AH, Br, = 294  KJmole'at 3324K
Gk 5 2021 KJmole'at 239 1K
F, = 316 kJmole at 850K

This shows that AH, (heat of vapourization)of I, is the highest because of
strong intermolecular forces than the other halogens.
Q36. How can yeu explain dynamic equilibrium between two physical
states.

Ans: Dynamic Equilibrium between two Physical States:
Dynamic equilibrium 1s a situation when two opposite changes occur i.e. from

solid to liquid when a change of state occurs (solid to liquid or liquid to gas) and vice
versa The system moves towards the condition of dynamic equilibrium
Exampte: .

At 0 °C. ice exists in dynamic equilibrium with liquid water.

lce g Water

Q37. Define liquid crystails and give its daily life uses.
Ans: Liquid Crystals and Their use in Daily Life:

Definition:
(i) The substance which can flow like a liquid and also have some of the

properties of liquids within a certain temperature range are-called liquid
crystals.
(ii) The intermediate phase lying between the solid phase and the normal
liquid phase is called liquid crystal.
Uses in daily life:

I. Liquid crystals are used as temperature sensors. This is because the liquid
crystals change their colour with change in temperature.

ii. They are used to monitor temperature changes where conventional methods
are not feasible, e.g. they are used in thermometer for measuring skin
temperature of infants. _ .

iil. Some of the modern room thermometers contain liquid crystals with a
suitable temperature range. As temperature changes. the liquid crystal show
up the figure in gifferent colours

iv. They are used to find the point of potential fatiure in micro-electronic circurts




V.

Vi.

Vii.

Q38.
Ans:

iii.

?\

They are used to locate the veins, arteries and tumours, e g. when a layer of
hquid crystal is painted on the surface of the breast, a tumour shows up as a
hct area which i1s coloured blue. Thus this technique helps in early diagnosis
of breast tumours
Liquid crystals are used in the display of numbers and letters of electrical
devices such as digital watches calculators and computers etc.
Liquid crystals are used in LCD screens of oscillographs and TV
How will you differentiate between liquid crystals and pure liquid?
Differentiate Liquid Crystals from Pure Liquids:
A lquid crystal is a state of matter which is in between pure liquid
(transparent) and crystalline solid.
l.e. crystalline solid = liquid crystais = pure liquid
A liquid crystal resembies the crystalline sofid in certain respects, e.g optical
properties. However pure liquids remain as such
A crystaliine solid may be isotropic (A substance showing same properties in
all directions) and an anisotropic (A substance showing different properties
in different direction) but iquid crystals are always isotropic. Pure liquids
remain as such
Liguid crystal 1s intermed:ate in between pure hquid and crystalline phase

EXERCISE |

MULTIPLE CHOICE QUESTIONS

Choose the correct answer (MCQs).

Van Der Waal’s forces are effective.

(a) At tong distance

(b) Both at long as well as short distance

{c) Only at short distance

(d) Independent of distance

Which one of the following forces are also catled London forces.
(a) lon-dipole forces (b) Dipole-induced dipole forces

(c) Dipole-dipole forces (d) Dispersion forces

ii. Which ,pf the following two halogens are gases at room

temperature
(a) Fluorine and lodine (b) Chlorinesgand Bromine

(c) Fluorine and Chlorine (d) lodine and Bromine

iv. The intermolecular forces are of .-

(a) Two types (b) Three types
(c) Four types (d) Five types
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vi.

vil.

viii.

iX.

x1.

xil.

xiii.

Xiv.

Xv.

Thermostat is an instrument which
(a) Increases the temperature  (b) Decreases the temperature

(c) Maintains the temperature  (d) Fluctuate the temper.ature‘
The scientist who discussed the phenomenon of viscosity are

(a) Pcisentilie (b) Newtcn
(¢) Fritz (d) Vander Wall

The distillation under reduced pressure is called

(a) Fracticnal aistillation (b) Vacuum distillation

(c) Steam distillation (d) Pressure distillation

The unit of surface tension is

{a) Newton per metre (b) Newton per metre square
(c) 760mm of Hg (d) Newton square per metre
The flow of the liquid where the velocity of layers is not too
large is calied

(a) Streamiine “2w (b) Newtonian (cr Laminar flow)
(¢) Turbulent flow (d) None of these

The intermediate phase lying between the solid phase and the
normal liquid phase is called

{(a) Crystalline schd (b) liquid crystals

(c) Mesogens (d) Cryctal lattice

In which of the following are the particles the most disordered?
(a) Water at 100 °C (b) Steam at 1C0 °C

(c) Impure watar at 102 °C . (d) Water at 10 °C

Which of these statement best supports the idea that matter is
made up of particles?

(8) Liquids always “!i the space available to them

(b) Liquids are eas.s compressible

(c) 1cm’ of water produces nearly 1700 cm® of staam

(d) If a bottie of parfume i1s opened. the smell spread quickly

Which of these processes involve a weakening of the attraction
between particles?

{a) Condensation (b) Freezing

(c) Crystallization (d) Evaporation

A liquid is thought to be pure ethanoic acid (acetic acid), which
of the following is the best way to test its purity?

(a) Measure its B P (b) React it with ethanol

(c) Burnit completeiy in oxygen

(d) Dehydrate it with concentrated H,SO,

A flask contains the liquid chloroform and water. They are
separated using a separating funnel, which conclusion can be
from this observation alone.

(@) Chioroform and water have different relative molecular masses

(b) Chloroform and water have different, boiling points

(c) Chioroform has a higher density than water

(d) Chlorcform and water do not mix



xvi. Which of the following is the best method of obtaining water

from ink?
(a) Distiliation (b) Filtration
(c) Freezing (d) Chromatography

xvii. To help diagnose illness, doctors often need to know which
amino acids are present in blood or urine. Which method is
- common by used to separate and identify amino acids?

(a) Chromatography (b) Distillation
(c) Re-crystallization (d) Filtration
(e) Sublimation
e ~_ _Answers
Lc ii. d Liii C iv. d ___j-v. C_ vi. a 4‘
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 xiii.d | xiv. a va d xvi d xvii. a __mewuj
2:  Write brlef answer to the follownng
i Give the general properties of liquids as to
(a) Diffysion (b) Compression

Ans. (a) Diffusion of liquids:

The diffusion in liquids takes place because the molecules move from one
ptace to another due to K.E. The restricted movement of the molecule reduces the
rate of diffusion
Example:

A drop of ink when added to water diffuses slowly due to relatively small
empty spaces between the molecules The diffusion between closely packed
molecules of iquids weslow due to less collision between them.

(b) Compression of liquid (effect of pressure):

A liquid cannot be compressed significantly by increasing the pressure
because the molecules are already in close contact with one another
Example:

An increase of pressure from one to two atmospheres reduces the volume of
water t0,0.0045 percent which is negligible. However the same pressure reduces
the volume of a gas up to 50 percent. '

ii. What are intermolecular forces?
Ans. Intermolecular forces:

The forces of attractions among the molecules of a substance are called

inter-molecular forces.

Example:
Water exists as a liquid due to inter-molecular attractions called Hydrogen

bonds. The forces of attraction existing between the molecules of a non-polar
‘substance -are also known as Van Der-Waal's forces.
ili. What are the types of intermolecular forces, give examples?
Ans. Intermolecular Forces (Van Der-Waal's forces):
The forces of attractions among the molecules of a substance are called inter-
molecular forces.

Types:
The intermolecular forces are of five types’



« Dipole-Dipole forces:

Examples:
Hydrogen chloride (HCi) chloroform (CHCI;), Acetone (CH3),CO etc.

« Ion-Dipole forces:

Examples:
Forces between ions and water molecules.
A O ] . H
O H H O ‘I)'.\ o 0 ] /(i +
= \a /\ - 3 "
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e Dipole-induced dipole forces:
Examples:
Forces between HCI (polar) and He (non-polar)
« London Dispersion forces:
Examples:
Substances like hydrogen. helium, neon, argon. chiorine, fluorine, methane
etc.

 Hydrogen bonding:
Examples: NH; H,O and HF |
iv.. What is hydrogen bonding, give particular examples?

Ans. Hydrogen Bonding
A hydrogen bond is the attraction between the lone pair of an

electronegative atom and a hydrogen atom that is bonded to either N,

.OQorF.

This limits hydrogen bonding mainly to the participation of nitrogen, oxygen
and fluorine atoms. Hydrogen bonds are weaker than covalent bonds but stronger
than dipote-dipole interactions, which are stronger than London dispersion forces.
Examples: H,0. HF and NH; have hydrogen bonding.

V. What are the applications of H-bonding?

Ans. Applications of Hydrogen Bonding:

(i) Thermodynamic properties:
The boiling points of hydrides of group IVA, VA, VIA and VIIA plotted against

period number of the periodic table is shown in figure.

The boiling point of hydrides:

i Note that hydrides of group IVA have lower boiling points

ib The reason s that these hydrides are non-polar and have only London
dispersion forces among their molecules.

iii. Hydrides of group VA, VIA and VII-A have polar molecules.

v, NH,;, H,0 and HF show maximum boiling points in their respective series
This 1s due to hydrogen bonding in their molecules.



V. One should expect H-bonding to be stronger in HF than H,O But boiling
point of H,0 1s huigher than that of HF. The reason is that fluorine can make
only one hydragen bond with hydrogen of the neighbouring molecule.

vi. On the other hand oxygen atom can form two hydrogen bonds with the
neighbonring molecules

vit, NH; can also form oniy one hydrogen oond per molecule as it has only one
lone pair
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A graph between period number and the boiling points of hydrides.

(ii)  Solubility of Hydrogen Bonded Molecules:

The compounds that have hydrogen bonds are soluble in each other Ethyl
alcohol can dissolve in water because both can form hydrogen bonds with each
other Similarly carboxylic acids are aiso soluble in water. !f their molecular sizes are
small
(iti) Cleansing Action:

Soaps and detergents perform the cleaning aclion. Their moiecules contain
both polar and non-polar ends. Their polar parts are water splubie due to hydrogen
bonding and non-polar part dissolve oil or grease Attraction betweern water and
poiar end of soap molecule carries the ol or grease drpplet into the water
(iv) Hydrogen Bonding in Paints and Dyes:

.Paints -and dyes have adhesive action due to hydrogen bonding. Simitarly
hydrogen bonding also makes giue and honey stickle substances
(v) Clothing:

We use cotton, silk or synthetic fibres for clothing. Hydrogen bending is of
great importance in thread making materials This hydrogen bonding is responsible
in their nigidity and tensile strength.

(vi) Food Materials:

Food materials like carbohydrates consist of glucose, fructose. sucres:-
each of them contains —OH groups which 1s responsible for H-bonding in them -
(vii) Hydrogen Bonding in Biological Molecules:

The structure of proteins, substances essential to iife 1s determined panly by
hydrogen bonding The action of enzymes, the protein molecules that catalyze the



reactions that sustain life, depends in part on the forming and breaking of hydrogen
bonds The hereditary information passed from one genreration to the next is carned
in nucleic acid molecules joined by hydrogen bonds into an elegant structure.

vi. What are the different types of physical properties of liquids?

Ans. Physical Properties of Liquids:

Following are the physical properties of liguids
i Additive properties:

Such properties depend upon the number and kind of atoms present in the

molecute.

Example:

Molecular weight.
ti. Constitutive properties:

Such properties depend upon the arrangement of atoms in the molecules and

not their number.

Example:

Optical activity.
ii. Colligative properties:

Such properties depend on the number of i1ons and molecules present but do

not depend upen the structure of molecules.

Example: Osmotic pressure, molar volume etc.

vii. Define vapour pressure. What are the factors affecting the V.P?
Ans. Vapour Pressure (V.P):

“The pressure exerted by vapours tn equilibrium with its liquid state is calied
“the liquid’s vapour pressure at the given temperature”

Factors affecting Vapour Pressure:

Vapour pressure 1s measured in the same units used for gas pressure Two
factors affect liquid's vapour pressure

e Intermolecular forces

e Temperature
viii. Whatis (a) Viscosity. (b) Surface tension.
Ans. (a) Viscosity:

A liquid’'s resistance to flow is called its viscosity. The larger the
viscosity, the more slowly the liquid flows Viscosity measures, how easily
molecules slide by one another.

Examples:

Liquids such as water, acetone, benzene and methancl, whose molecules are
small and compact, have low viscosity.

Whereas liquids having large and irregular shaped molecules like honey,
glycerine tends to get tangled up withreach other. This inhibits the flow of molecules
and leads to high viscosity.

(b) Surface tension:

“The force in dynes acting at right angle on a unit length of surface of a
liquid is called surface tension”.

Surface tension can aiso be defined as the amount of energy required to
expand the surface of a liquid by a unit area.



ix. Define molar heat of fusion and molar heat of vaporization.
Ans. Molar Heat of Fusion, Molar Heat of Vaporization and Molar Heat of
Sublimation:
Molar heat of fusion ( AH,) is the amount of heat required to convert one mole
of a solid into its iquid state at its meilting point 1s called molar heat of fusion (AH,)
e.g. Molar heat of fusion for ice is +6 02 KJ mole '
HOisy, ————% H,0, AH; = +6.02 KJ mole™
Molar heat of vaporization (AH,):
The amount of heat required to convert one mole of a liquid into its vapours at
its boiling point is called molar heat of vaporization.

eg. HOy —u H.O o AH, =+ 40.7 KJ mole™
X. How will you differentiate liquid crystals from pure liquids?
Ans. Differentiate Liquid Crystals from Pure Liquids and Crystalline
Solids:

A liquid crystal is a state of matter which is in between pure liquid (transparent)
and crystalline solid
l.e crystalline solid = liquid crystals = pure liquid
A liquid crystal resembles the crystalline solid in certain respects, e g. optical
properties. However pure liquids remain as such
A crystaliine sohd may be isotropic (A substance showing same properties in
all directions) and an anisotropic (A substance showing different properties in
different direction) but liquid crystals are always isotropic. Pure liquids remain as
such -
Ligquid crystal 1s intermediate in between pure liquid and crystalline phase
xi. Why distillation under reduced pressure is often used in the
purification of chemicals?
Ans. Distillation is a process in which liquid are separated from each other on the
basis of their boiling ponts. In this process liquids are heated under reduced
pressure condition. This process is known as vacuum distitlation.
Exptanation: . |
~ The liquids which decompose at their B P can be obtained in the pure form
% under reduced pressure by Vacuum distillation
'Example: _ .
Glycerine has a B P of 280°C at 760mm but it decomposes at its B.P Now in
order to get it in the pure form, the V.P is decreased to 50mm by Vacuum

pump. N | .
The B P decreases to 120°C without decomposition In this way the liquids

can be purified
xii. You wish to have a “five minute” boiled egg for breakfast. For

each of the following location or situations, would you cook your

egg less than or more than five minutes to produce your “five

minute” boiled egg. Explain your answers of the following. .

(a) You are at the top of Whittler Mountain in British
Columbia.

(b) You have breakfast just before you start work 2000 meter
underground in a gold mine in Timmons, Ontario.



(c)  You have breakfast on a very clear and bright sunny day at
sea level. 4
Ans. As we know that boiling point is directly proportional to external pressure
Boiling point o External pressure

a. At the top of the Whittler Mountain in British Columbia the external pressure

is less than the normal pressure. Due to which the botling point of the water

decreases and water boils below 100 °C and that is why cooking of egg will require
more than five minutes.

b. In underground gold mine the exiernal pressure is greater than the norm_al

pressure. Due to which the boiling point of the water increases and water boils

above 100 °C. So the cooking of egg will require less than five minutes.

C. At sea level external pressure is equal to the normal pressure. Therefore

cooking of food requires 5 minutes because at normal conditions the water boils at

100 °C.

xiii. Explain:

(a) What happens to the particles of a solid at its melting point?

(b) What happens during evaporation in a liquid?

(¢) Why a given gas occupies all the available space?

(d) The latent heat of fusion?

Ans.

(a) When a solid is heated the particies gain erergy and start to vibrate faster
and faster Initially the structure becomes weakened due to the expansion
the solid. Further heating provides more energy and the solid begin to meit.
At melting point the solid particles acquire more kinetic energy, vibrate more.
violently and the high frequency of vibration overcomes the intermolecular
forces in the solid due to which their siructure collapse.

(b) Evaporation is the process in which hquid molecules escape from the
surface and enter the gas phase.

Explanation: '

Surface molecules whose kinetic energies are higher than average
kinetic energies, overcome the intermojecular forces that bind them to the
liquid and enter the gas phase. After their escape, the average kinetic
energy of the remaining molecules decreases. Therefore temperature of the
liquid decreases, thus evaporation is a cooling process.

(c) Gas molecules have large empty spaces between them due to weak
intermolecular forces and they posses high kinetic energy.

That is why the gases occupies all the available space.

(d) Latent heat of fusion:

The amount of heat require to convert a unit mass of a solid at its melting
point into a liquid without an increase in temperature is called latent of heat
of fusion

Example:

For example, the iatent heat of fusion for water (ice) is about 334 kJ/mol



xiv. Explain:
(a) How liquids mix?
(b)  Why temperature of a boiling liquid does not raise at its boiling

point?

Ans. (a) Liquids mixes in one another because of the process of
diffusion.

Expianation:

The diffusion In iquids takes place because tne molecules move from one

oiace to another due to K E The restricted movement of the molecule reduces the
rate cf diffusion

Example:
A drop of ink when added to water diffuses slowly due to relatively smail
emply spaces between the molecules The diffusion between closely packed
molecuies of iquids i1s slow due to less collision between them
(b)  Ther increasc in tamperature increase the kinetic energy of the liquid
moiecuies due to which the intermolecular forces decreases Heat supplied at
boiling point 1s used in breaking intermoiecular forces and to convert the liquid into
s vapours That i5 why the temperature of a bailing liquid does not raise at its
boiling point
3. (a) Define aliquid and give a particular example.
(b) Give the simple properties of liquids w¢th special reference to the
following:
B Diffusion
O Compression
= Expansion
. Inter molccular forces
. Kinetic encrgy
(c) Explain on the basis of Kinetic Molecular Theory. Why the B.P of a
liquid remains constant aithough heat is continuously supplied to
the liquid?
Ans. (a) Defme a liquid and give a particular cxample.
Liquid:
A simpte definition of a liquid 153 that “it i a material that assumes the shape of a
containar without filing 1t completely”
Examples:
Liquids may be of three types. The types of liquids, their physical properties with
cxamples are shownbelow o
| Sr.#. | Typesof ! Properties Examples |
! _] _ liquids N

{
[

| 01 | Icnic L'quid_ | High Bailing Point | Moften Salt _g_AfC{_3
[ 02 T Molccuiar Liguid | Low Bailing Point | H,0. C,HsOH
" 02 | Metzlic Liquid | Mcderale to High BP | Molten metals e g Hg |

(b) Give the simplic propertk:s of liquids with special reference to the
following:

B Diffusion

= Compression



. Expansion

® Inter molecular forces

. Kinetic energy
ke Diffusion:
The diffusion in hiquids takes place because the molecules move from one place to
another due to KE The restricted movement of the molecule reduces the rate of
diffusion e g. a drop of ink when added to water diffuses siowly due to relatively
small empty spaces between the molecules The diffusion beiween ciosely packed
moiecules of liquids 1s slow due to less collision bctween them
i, Compression {effect of pressure):
A liquid cannot te compressed significantiy by increasing the pressure because the
molecuies are already in close contact with ong another e g. an increase of pressure
from one to two atmospheres reduces the valume of water to 0 0045 percent which
1s negligible However the same pressure reduces the volume of a gas up to 50

perceni.

i, Expansion (effect of temperature):
The hguids expand on healing benause the intermolecular forces between tnem

decrease. Moreovcr the increase of tempcrature increases the effective collisions
bctween the molecules If the temperature is decreased, contraction of molecules
takes placc. This property is uceiul for making thermometers, e.g' mercury
thermometer In it if the temperature rices, the mercury expands in the cagiliary
tube As the volume of capiilary '8 much less than the volume of the buli containing
mercury a smail expansion g'ves a large movement of mercury thread.

v. Motion of motecules:

The molecules move with lesser speed due to larger forces of attraction among

them As a result they have tesser kinetic energy. However the Kinetic Energy

increases with the increase of Temperature.

V. Spaces between them:

The moiecules forming the liquid states are fairly close to each other. There 15 very

ittle cpace bewween them. As a iesull the numbers of colisions among the

rolccuics arc moderate Therefore. the average Kinetic Energy is alzo moderate

vi. Intermolccular forces:

The attractive forces existing between the individual particles of a substance are

called intermolecuiar forces The pinysical properties of iiquids such as boiling poimnt,

vapour pressure. surface tension, viscosity and heat of vaporization dbpcnd upon
the strength of intermolecular attractive forces.

vii.  Kinetic Energy based on Kinetic Molecular Theory:

According to the Kinetic Molecular Theory. the molecules due to strang inter-

molecu:ar attractions have minimum movements and minimum coilisions. Let us

consider the example of water. as the molecules are closer to each other and have
strong forces of attractions due to hydrogen bonding so have low kinetic srergy.

(c) -~ Crptain on the basis of Kinetic %olecuiar Theory. Why the B.P of a
tiquid remains constant although heat is continuously supplied to
the liquid?

When a hquid is heated its temperature increases until its boiting peint is achieved.

Thc increase in temperature increase the kinetic erergy of the licuid mo'ccules duc

to which the intermolecular forces decreases Heat supplicd at boiling point is used



in breaking intermolecular forces and to convert the liquid into its vapours That is
why the temperature of a boilling liquid does not raise at its boiling point
4. (a) What are the main types of Intermolecular Forces?
(b) Expiain the applications of dipole-dipole forces, Hydrogen
bonding and London forces.
Ans. (a) Intermolecular Forces (Van Der-Waal's forces):

The forces of attractions among-the molecules of a substance are called inter-
molecular forces.

Types:

The intermolecular forces are of five types:
» Dipole-Dipole forces

. lon-Dipole forces

* Dipole-induced dipole forces

. London Dispersion forces

. Hydrogen bonding

(b) Applications of dipole-dipole forces:

Stronger these dipole-dipole forces, greater ‘would be the value of

thermodynamic parameters like melting point, boiling point, heat of vaporization,
heat of subliminal etc.

Applications of hydrogen bonding:
(i) Thermodynamic properties

The boiling points of hydndes of group IVA, VA, VIA and VIIA plotted against
period number of the penodic tabie 1s shown in figure
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A graph between period number and the bailing points of bydrides.

Explanation: '

The beiling point of hydrides: | | .
Note that hydrides of group {VA have lower boiling points The reason is tha

these hydrides are non-polar and have only London dispersion forces among ther



molecules. Hydrides of group VA, VIA and VHi-A have polar molecules. NHy, H,0O
and HF show maximum boiling points in their respactive series. This is due to
hydrogen bonding in their molecules.

The boiling point of H-O seems to be more affected than that of HF As F is
more electronegative than O One should expect H-bonding to be stronger in HF
than H.O But boiling point of H,0 is higher than that of HF The reason is that
fluorine can make only one hydrogen bond with hydrogen of the neighbouring
molecuie On the other hand oxygen atom can form two hydrcgen bonds with the
neighbouring moiecules NH- can a.so forin only one hy. >gen bond per molecuie

as it has oniy one lone gair

Solubility of Hydrogen Bonded Molecules:
The compounds that have hydrogen bonds are soluble in each other. Ethyi

alcohoi can dissoive ' water because both can form hydrogen bonds with each
cther Simifarly carboxyiic acids are also solubie in water. if their molecular sizes are
sinalt This is ail because of hydarogen bonding

(i) Cleansing Action:

Suaps anc detergents perform tne cieaning action Their moiecules contain
both pclar and non-polar ends Their polar parts are water soluble due to hydrogen
bonding cnd non-polar part dissolve oil or grease Attraction between water and
polar en2 f soap molecule carries the ol or grease droplet into the water.

(i) Hydrogen Bonding in Paints and Dyes:

Paints and dyes hzve adhecsive action due to hydrocgen bonding Similarly
hydrogen bunding aiss maxcs glue and honey stickle substances.
(iii)) Clothing:

We use cotion_ sik or synihetic tibres for clothing. Hydrogen bonding is of
great imporntance in thread mak:ng matenals This hydrogen bonding is responsible
in their ngidity and tenstle strength

(iv) Food Materials:
Food matenals hke carbohydrates consist of glucose. fructose, sucrose,

cach of them contains —OH groups whicn 15 responsible for H-bonc ng in them
(v) Hydrogen Bonding in Biological Molecules:

The structure of proteins substances essential to life, 1s determined partly by
hydrogen bonding. The action of enzymes the protein molecules that catalyze the
reactions that sustain hfe, depends in part on the forming and breaking of hydrogen
bonds -The hereditary informaticn passed from one generation to the next is carred
N nucleic acid molecules joined by hydrogen bonds into an elegant structure.
Applications of London Dispersion Forces:

Factors affect:ng the London dispersion force are

i. Alomc. ot SR

M. ‘Ot ey ~

ill. Numter 1 2ioms in @ molecules
(i) Atomic or Molecular Size:

'he strength of London dispersion forces depends upon the size of the
ciectricnic cloud of the atom or molecule With the increase in size of atom or
moiecuie, the dispersion becomes easy and ‘hese forces become prominent



Inert gases are all monotonic gases They do not make covalent bonds with
oiher aloris tecause (their valence shelis are complete Their boiling point increase
down the ¢icuo tom He 10 Rn. This is tecause of increase in molecular size.

__Tabie Boiling points of noble gasses

__MNobleGas | He | Ne [ Ar | Kr | Xe  Rn |

i Bouhng POI(ltS | C 7Mf_~ o NTN—-_N—“—T U

| oc 2685, -2459 | -1857 | 1523 | 1071 | -618
L\‘) I J__“—*_“i B _1 --....m__l

(u) Polanzabtllty

The polarizability of an atom or molecule is a measure of the ease with
which electron charge density is distorted Large atoms have more electrons
and larger eleciron cloud than small atoms d

In large atoms the outer eiectrons are more loosely bound they can shift
towards anotncr ateni more readily than the more tightly bounded electrons i small
atoms Tnis mcans poianzabiity increases with increased atomic ana molecular
size
Examples:

For exampie among halogens. the first member, F, 1s a gas at room
temperanwre The second member, Cl; is also a gas but it is more easily liquefied
than F;. Bremine is a liquid and rodine 1s solid at room temperature. Because large
moiecuies are easily pelarisable. the intermolecular forces between them are strong
enough to foir hguids or sohcs.

(iil) Number of atoms in a molecule:

Eiongated molecules make contact with neighbouring molecules over a
grzater suiface than do small molecules: Greater the number of atoms in a
molecule, greater is the polarizability of the molecule

Table: Boiling points 2 and physical states of some hydrocarbons.

{ Moiecular foimula , B.P (°C at 1 atm) | Physical State at S’I'P'j

o CH, . -iel5 I_ __Gas |
. CMe ¢ 886 - Gas ]
o CyHy o421 Gas
o CHyp 05 __t . Gas |
__CsHyp i 3%y bqud |
_ CMy 887 . bqud ]
L CyHpz 1741 1 Liqud |

Examples
" C.H, and CH., have the boiling points as -88.6°C and 67. 7°C respectively.

This shows that the molecule with a large chain length experiences stronger
attractive forces.

5. (a) Define and explain evaporation.
(b) What are the factors affecting evaporation?
(c) Different hquids have different rates of evaporation. Explain
with reference to ether and alcohol?
Ans, (a) Evaporation:
Evaporation i3 the process in which liguid molecules escape from the
surface and enter the gas phase



Explanation: |
It can ba explained in terms of the energy possessec by (¢ moiecules on

the iiquid's surface. Surface molecules whose kinetic 2ncrgies are higher than
average kinelic energies. overcome the interrialecular forces that bind tnem to the
liquid and enter the gas phase. After their escape, the average kinetic energy of the
remaining molecuies decreases Therefore tempelature of the liquid decreases,
thus evaporation is a cooling process

(b) Factors affecting evaporation:

i Surface Area: o
The rate cf evaporation increases with increasing surface area. This is

because large surface area aliows more mciecules tc evagorate

ii. = Intermolecular Forces: )
The escaping tendency of molecuies depcinds upen aitractive forces
Letween the molecules. The liquids with strong intermoiecular forces have less
evaporaiion Thus water has !ess avaporaion rate than petrol. This is because
watei hias stronger intermolecular crces (H-bonding) than petrol which has weak
aispe-son fnrzes petween tine meoiecuies. A liquid wh.ch 230 rapdly cnainge nto
vapouis i1s cailed volatile e.g. petrol is more volalile than water.
iil. Temperature:

Evaporation takes piace at all temperature. Rate of e aporation however is
affected by the change in temperature. incrgase ir temperature incrzases the
number of molecules having kinetic energy sufficient tc overcoime inlermolecular
-forces and escape more readily from the surface of the liquid. Thus the rate of
evaporation increases with increasing temperature. This is why cloths dry more
readily in summer.

(c) The rate of the evaporation depends upon the strergth of intermolecular

forces.
Stronger the intermolecular forces slower will be the rate of evapcration and

vice versa. .

Example:
Ether and alcohol have Londcr dispersion forces which are weak

intermolecular forces that are why they have high rate cf evaporation.
6. (a) Define and explain vapour pressure. How equilibrivm is
established between evaporation ard condensation?
{(t) What are the factors affecting V.P of a liquid?
(c) Kinetically how will you explain the effect of temperature on
vapour pressure?
Ans. (a) Vapour Pressure (V.P):

Vapour Pressure (V.P):
“The pressure exertcc by vapours in equilibrium with 1its liquid state s zalied

‘he horid’'s vapour pressure at ta2 given temperature”
Crondensation:

In closed containers. the vapours cannot escape. Therefore, as the vapour
concentration increases, some of the vapour molecules lose energy and return to
ti:e hiquid state This process is called condensation.



Explanation:

Evaporation involves molecules leaving the liquid and condensation occurs
when»a vapour _changes back to a liquid. While the liquid is placed in a closed
container, it begins to evaporate at a constant rate very hittle condensation takes

place. But as the concentration of the vapo.r increases atove the liquid. tne rate of
condensation increases.

After som tme the rate of condensation equals the rate of evaporation. At

this stage the rumber of molecules entering the gas pnase equals the number
returning to the -¢..J phase the system .s +a:¢ to be 'n a dynamic equilibrium.
Intensive property:
Vapour pressure 1s independent of the amount of liguid, so this is called an
intensive property cf the liqud. '
Factors affecting Vapour Pressure:
Vapour press.rc :s measured in tme same units used for gas pressure. Two
factors affect liquid s vapour pressure’
* Intermolecular forces
* Temperature
Intermolecular forces:

Tae vapour pressure of a hquic Jepends «=on .ne strength of intermolecular

fcrces  Liquids having stronger intermclecula. forces possess low vapour
pressure and vice versa ’

Exampie:

Water having hydrogen condns ~2os2-ScS 10w vapour pressure On the other
hand ether peliol etC have: 7 3 v Ll al W wuSwie Sut 10 weah dispersion forces

I

34.0-C / 78.3°C l} 100°C

h‘(ﬂ) ,‘ i

e e e S
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ethylene
e a }3 _9'\\-1
" 2u 1 . " 1AL
fethpeictun o o
Temperature: _ _ o
As the temperature incrcases, the vapour pressure increases. This is
because 'rarecse n temperature increascs the .average kineuc energies of the
molecules which 'n turn degreases the intermaoies: ar forces



Examples:
Vapour prss. e of water at ( 'C s 4 b =~ 2* Hg but at 10C "C it1s 760mm of

Hg The relationship of vapcur pressure an¢ t. pe-ature Is shown by the graph.

Notice that the vapour pressure of dmm: gther (185mm Hg) at 0° C is much
greater than that of ethanol (12mm Hg: cr water (4 6mm Hg). Ethér is non-polar in
nature
Therefore, its high vapour gressurc s due to its weak intermolecular forces
(dispersion forces). Thus at the surface ether molecules require less energy to
break free and change into vapour.

Similarly, external intermolecular forces (H-bonding) are not as strong as
those of water. Consequently vapour pressure of ethanol is greater than that of
water at all temperatures.

It is observed that each of the three vapou: pressure curves cross the line
corresponding to one atmosphere at different temperatures. Therefore they boil at
different temperatures

Ether boils at 35°C, ethanol at 78 °C and water at 100°C.

7 (a) Define and explain boiling point of a liquid?

(b) How will you explain the effect of pressure on the B.P of a

liquid?

(c) Practically how will you explain the

(i) Effect of increase of pressure on boiling point.

(ii)  Effect of decrease of pressure on boiling point.
Ans. The temperature at which the vapour pressure of the liquid equals to
atmospheric pressure or some external pressure :s called poiling point of that liquid.
Explanation:

When a.liquid 1s heated. its VP increases due to the decrease of
intermolecuiar forces with rise in temperature. As a result more and more vapours
escape In the air. A stage reaches at which the liquid begins to boil. So the
temperature at which the vapour pressure of the liquid equals to atmospheric
pressure or some external pressure is called boiling point of that liquid.

Example: Boiling Point of water at 760mm = 100 °C
Boiling Point of water at 23 Tmm = 25°C
(b) Effect of Pressure on boiling point of a Liquid:

There are two practica! azg'cations regarding the effect of pressure.
i Effect of Increase of Pressure:

Food can be cookeds ¢as)ly . pressure cookers, which is a closed container
The vapours are not allowed (o 2<cape out and, therefore, develop more pressure
This increases the B.P of water. Pressure cookers help us in cooking the food
quickly even at high attitude e g B P of water at 2026mm Hg is 130°C
ii. Effect of decrease of pressure:

The liquids which decompcse at their B.P can be obtained in the pura form
under reduced pressure by Vacuun distillation e. g. Glycerine has a B P of 290°C at
780mm but it decomposes at its B P Now in order to get it in the pure form the V.P
IS decreasgd to 50mm by Vacuum pump The B P decreases to 120°C without
decomposition. In this way the liquids can be purified.



(c) i Effect of Increase of Pressure:

Food can be cooked easily in pressure cookers, which is a closed container.
The vapours are not allowed to escape out and, therefore, develop more pressure.
Thi; increases the B P of water Pressure cookers help us in cooking the food
quickly even at high attitude e.g. B.P of water at 2026mm Hg is 130°C
ii. Effect of decrease of pressure:

The liquids which decompase at their B P can be obtained in the pure form
under reduced pressure by Vacuum distillation e.g. Glycerine has a B.P of 280°C at
760mm but it decomposes at its B.P. Now in order to get it in the pure form, the V. P
is decreased to 50mm by Vacuum pump. The B.P decreases to 120°C without
deccmposition. In this way the liquids can be purified.

8. (a) Define and explain the term viscosity of a liquid? How the
resistance to the layers causes viscosity?
(b) What are the factors affecting the viscosity of a liquid?
Ans. (a) Viscosity:
A iiquid’s resistance to flow is called its viscosity. The larger tne viscosity, the

more slowly the liquid flows. Viscosity measures, how easily molecules slide by c:e
another.

Explanation:

it 1s common observation that water can be poured very quickly from 2ne
container to another_as compared to honey and glycerine. To understand viscosity,
consider a hquid flowing in a tuoe is made up of a series of concentric circular
layers. The resistance to flow is due to the internz! friction batween the layers of the
molecules The layers adjacent to the walls have the lowest velocity. Each layer
exerts a drag on one another and thus causes resistance to flow.
(b) Factors Affecting Viscosity:

Viscosity depends on the following factors:

e Molecular shape and size
@ Intermolecular forces

. Temperature

Molecular size:

Molecular size and shape strongly influence viscosity. Liquids such as water,
acetone, benzene and methanol. whose molecules are small and compact have low
viscosity. Whereas liquids having large and irregular shaped mclecules like honey,
g'ycerine tends to get tangled up with each other. This inhibits the flow of molecules
and leads to high viscosity.

Intermolecular force: _ |

Stronger the intermolecular force among the molecules higher is the
viscosity. Liquids whose molecules form hydrogen bonds are more viscous than
other without hydrogen bonding. For example water is more viscous than methanol
mainly due to extensive hydrogen bonding.

Temperature:

Molecules move faster as temperature increases. This is because; an
increase in tempersture decreases the intermolecular forces. This dependence is
quite noticeable for highly viscous liquids such as honey and syrup. it is easier to
pour these liquids when hot than when cold.



(a) What are the S.I unit of viscosity and surface tension?
(b) Use the concept of hydrogen bonding to explain the following
properties of water?
(i) High surface tension
(i1)  High heat of vaporization
(iii) High B.P

Ans. (a) Units of viscosity:

Sl units of viscosity are kilogram per meter per second (Kgm's') or Nm*Z

Non-SI unit of v:scosxty IS po:se ‘
1 poise= 01Kgm's'orgm's

Units surface tension: P
SI unit of surface tension is joule per square meter, Jm?or Newton per meter, Nm™.

(b)

10.
(b)
(c)
(d)

(i) High surface tension

(ii)  High heat of vaporization

(iit) High B.P

High surface tension:
A stretched membrane is formed on the surface cf water. The force on the
surface acting downwards is due to strong hydrogen bond in water. Therefore
a high surface tension is cbserved. This has bezn proved by the foliowing

data. o
__Solvent | Surface tensnon(ﬂ(l}lm_ )

i Water D N - )
. Methanol T 228 |
| _Ethanol 2.28 5
— < e ‘ e — -t — T T2 B S S | 0 D i o et
____ Berzene | 2888
- Hexane | 184 el
' CClq 421w

Hugh heat of Vaponzatlon
Water has a high heat of vaporization due to extensive hydrogen bonding. A

large amount of heat is reguired o evaporate a smali amount of water. This is
of enormous importance to us becaus< large amcunts of body heat can be
dissipated by the evaporation of small amounts of water (perspiration) from
the skin. This effect also accounts for the climate-modifying property of lakes
and cceans.

High boiling points:

Water has a high B P due to strong H-bending.

it is practically cbserved that the B.P. of water is 100°C at one atmospheric
pressure (76Cmm) at sea !evel, however, the organic sclvents like tenzene

(B.P50°C). ether (45°C) etc have lower B.P due to pocr intaractions between

the molecules.

(a) Define and explzin the phenomena of surface tension?
What are the factors affecting surface tension?
Define dynamic equilibrium between two physical states?
Define?
€)) Molar Heat of fusion .
(it)  Molar Heat of vapourization.



Ans. (a) Surface Tensio.::

The force in dynes acting at right angle on a unit length of surface of a liquid 1s
ca'led surface tension

Explanation:

Surface tension is the property cf the surface of the liguids tc act as If there
iIs @ membrane stretched across it. Ve can understand that the level of hquids
exhibit surface tensions All molecules ba2low ‘he surface of the hquid are
surrounded In all directions by other molecules. Thus the force exhibited by such
molecules is balanced in all directions whereas a molecule at a liquid surface has
molecules beside it and beneath it but no one above it. This results in an
unbalanced force pulling the surface molecules inward.

The molecules at the surface therefore, feel a net attraction inwards, which
creates surface tension For a molecule to come to the surface, it must overcome
the attraction directed downward. This means work be done to pull it to the surfacse.
Therefore, increase in surface areas of a liquid requires an input energy

Surface tension can also be defined as the amount of energy required tc
expand the surface of a liquid by a unit area.

Drops of a liquid tend to be spherical:

Molecules at the surface .of a liquid are less stable than those inside it, so a
liquid is stable when the fewest molecules are at its surface. This occurs when the
liquid has minimum surface area Spheres have less area per unit volume than any
other. Therefore small drops of a liquid tend to be spherical.

(b) Factors Affecting Surface Tension:

Surface tension of a liquid depends upon the following factors.
i Intermolecular forces:

Surface tension of a liquid depends directly on the strength of intermolecular
forces. Stronger the intermolecular forces among the molecules of liquid, greater is
the surface tension and vice versa. For example the surface tension of water is
higher than many liquids such as alcohols, ethers benzene etc. this is due to strong
hydrogen bonding between water molecules.

i, Temperature:

Surface tension of a liquid decreases with the increase of temperature. This
is ‘because increased kinetic energy of the molecules decreases strength of
intermolecular forces.

il Nature:

it is different for different liquids due to the presence of dlfferent types of
intermolecular forces.

(c) Dynamic Equllibrium between two Physical States:

Dynamic equilibrium is a situation when two opposite changes occur i.e.
from solid to liquid when a change of state occurs (solid to liquid or liquid to gas)
and vice versa. The system moves towards the condition of dynamic equilibrium.
e.g.  At0°C, ice exists in dynamic equilibrium with liquid water.

lee iy === Water

(d) Molar Heat of Fusion, Molar Heat of Vaporization and Molar Heat of
Sublimation:

(i) Molar heat of fusion ( AH,):



Molar heal ¢* “:=ian “hi. '3 the amount ¢ heat requirec to convert one
3¢ re at ts meling point 1s calied nolar heat of fusion !

mole of a sohc ntc its in3 !
AH) e g Molar heat of fus<r forice 15 +5 02 KJ mole ‘
H.-O - HO \H. = +6 02 KJ mole

(ii) Molar Heat of vapourization.
Ans. Molar heat of vaporization ( \H,)
The amount of hea: regurred to convert one mcle of a liquid into its vapours
at its boiling potnt is called molar heat of vaporization
eg HO0, —— H;0, AH,=+407 KJmole'
12. (a) How will you relate energy changes with changes in
intermolecular forces?
(b) How will you explain dynamic equilibrium between two
physical states?

Ans. (a) Energy Changes and Intermolecular Forces:
As a result of melting of a solid. a small change In intermolecular distance

and potential energy takes piace in atoms. molecules or ions On the other hand on
evaporation of a liquid atoms molecules or ions undergo large changes in their
intermolecular distance and potential energy Therefore. heat of vaporisation is
much greater than that heat of fusien

Particular examples:

i AHv (heat of vapcurization) for H,O (406 KJ mole”’ at 373.15K. for NH;
(23.35 KJ mole™ at 239K) and CO- (2523 KJ mole "at 194 5K) are high due to their
polar nature and strong intermolecular forces AH. (Heat of fusion) will be as under:

H,O = 6.02 KJmole at 273 15K
NH, = 6.652 KJmole at 195.4K
CO, = 833 KJmole at217.0K
i, | .. a volatile solid has the highest value of Heat of sublimation i.e 41.80 KJ
mole ' at 458 4K. The vaiues for other halogens are
AH,, Br; = 294 KJmole' at 332.4K

. Cl, = 20.21 KJmoleTat 239.1K

F, = 3.16 kJmole’ at 85.0K

This shows that AH, (heat of vapourization)of |, is the highest because of
strong intermolecular forces than the other halogens.

(b) Dynamic Equilibrium between two Physical States:

Dynamic equilibrium 1s a situation when two opposite changes occur i.e.
from solid to liquid when a change of state occurs (solid to liquid or liquid to gas)
and vice versa. The system moves towards the condition of dynamic equilibrium.
e.g. At0°C, ice exists in dynamic equilibrium with liquid water.

[ gy =t Walter lig,

13. (a) Defi~» aliquid crystal?
(b) What are the uses of liquid crystals in daily life?
(c) How will you differentiate liquid crystals from pure liquids and
crystalline solids?



Ans. (a) Liquid Crystal:

The substance which can flow likke a liquid and also have some of the
properties of liquids within a certain temperature range are called liquid crystals.

OR
The intermediate phase lying between the soid phase and the normal liquid
phase is called liquid crystal.

(b) Uses in daily life:

i. L;qund crystals are used as temperature sensors This is because the

- kquid crystals change their colour with change in temperature

i. They are used to monitor temperature changes where conventional
methods are not feasible, eg they are used in thermometer for
measuring skin temperature of infants.

iii. Some of the modern room thermometers contain liquid crystals with a
suitable temperature range. As temperature changes, the liquid crystal
show up the figure in different colours.

iv. They are used to find the point of potential failure in micre-electronic
circuits.

V. They are used to locate the veins, arteries and tumours. e.g. when a layer
of liquid crystal is painted on the surface of the breast, a tumour shows up
as a hot area which is coloured blue Thus this technigue helps in early
diagnosis of breast tumours

vi. Liquid crystals are used in the display of numbers and ietters of electrical
devices such as digital watches, calculators and computers etc.

vii. Liquid crystals are used in LCD screens of oscillographs and TV.

(c) How to Differentiate Liquid Crystals from Pure Liquids and
Crystalline Solids:

A liquid crystal is a state of matter which is in between pure liquid
(transparent) and crystalline sohd
i.e. crystalline solid = hquid crystals = pure liquid

A liquid crystal resembles the crystalline solid in certain respects, e.g. optical
properties. However pure liquids remain as such.

A crystalline solid may be isotropic (A substance showing same properties in
all directions) and an anisotropic (A substance showing different properties in
different direction) but liquid crystals are always isotropic. Pure liquids remain as
such.

Liquid crystal is intermediate in between pure liquid and crystalline phase.
14. Define the following?

a. Evaporation b. Vapour pressure c. Boiling Point
d. Viscosity e. Surface tension

Ans. a. Evaporation:

Evaporation is the process in which liquid molecules escape from the
surface and enter the gas phase.

Explanation:
it can be explained in terms of the energy possessed by the molecules on

the liquid's surface. Surface molecules whose kinetic energies are higher than

averags kinetic energies, overcome the intermolecular forces that bind tnem to the



hrid and enter the gas phase After their escape, the average kinetic energy of the
remaining molecules decreases Therefore temperature of the liquid decreases,
thus evaporation is a cooling process.

b. Vapour pressure: _ IO
The pressure exerted by the vapours of a liquid in equilibrium with its iiquid

state, at a given temperature is called vapour pressure of a liquid
C. Boiling Point:

The temperature at which the vapour pressure of the liquid equals to
almospheric pressure or some external pressure is called boiling point of that liquid.
d. Viscosity:

A liquid’s resistance to flow is called its viscosity. The larger the viscosity, the
more slowly the liquid flows. Viscosity measures, how easily molecules slide by one
another
Vapour Pressure (V.P):

“The pressure exerted by vapours in equilibrium with its liquid state is called
the liquid's vapour pressure at the given temperature’

Condensation:

In closed containers. the vapours cannot escape. Therefore, as the vapour
concentration increases, some of the vapour molecules lose energy and return to
the hquid state. This process is called condensation.

Explanation:

Evaporation involves molecules leaving the liquid and condensation occurs
when a vapour changes back to a liquid. While the liquid is placed in a.closed
container, it begins to evaporate at a constant rate, very little condensation takes
place. But as the concentration of the vapour increases above the liquid, the rate of
condensation increases.

After some time the rate of condensation equals the rate of evaporation. At
this stage, the number of molecules entering the gas phase equals the number
returning to the liquid phase. the system is said to be in a dynamic equilibrium
Intensive property:

Vapour pressure is independent of the amount of liquid, so this is called an
intensive property of the liquid.

Factors affecting Vapour Pressure:
Vapour pressure is m2asured in the same units used for gas pressure. Two
factors affect liquid’'s vapour pressure:
* Intermolecular forces
e Temperature
Intermolecuiar forces:

The vapow pressure of a liquid depends upon the strength of intermolecular
forces.- Liquids having stronger Intermolecular forces possess low vapour
pressure and vice versa.

Example:

Water having hydrogen bonding possesses low.vapour pressure. On the other

hand ether, petrol etc have high vapour pressure ‘iue 10 weak dispersion forces.
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Temperature:

As the temperature increases, the vapour pressure increases. This is
because increase in temperature increases the average kinetic energres of the
molecules which in turn decreases the intermolecular forces.

Examples:

Vapour pressure of water at 0 °C is 4.6 mm of Hg but at 100 °C it is 760mm of
Hg. The relationship of vapour pressure and temperature is shown by the graph.

Notice that the vapour pressure of diethyl ether (185mm Hg) at 0° C is much
greater than that of ethanol (12mm Hg) or water (4.6mm Hg). Ether is non-polar in
nature.

Therefore, its high vapour pressure is due to its weak intermolecular forces
(dispersion forces). Thus at the surface ether molecules require less energy to
break free and change into vapour. ’

Similarly, external intermolecular forces (H-bonding) are not as strong as
those of water. Consequently vapour pressure of ethanol is greater than that of
water at ail temperatures.

It 1s observed that each of the three vapour pressure curves cross the line
corresponding to one atmosphere at different temperatures. Therefore they boil at
different temperatures.

Ether boils at 35°C, ethanol at 78 °C and water at 100°C.

e. Surface tension: |

“The force in dynes acting at right angle on a unit length of surface of a liquid
is called surface tension”.

Surface tension can also be defined as the amount of energy required to
expand the surface of a liquid by a unit area.



15. (a) Define and explain the intermolecular forces existing between the

liquid molecules?
(b) Explain the applications of dipole-dipole forces hydrogen
bonding and London forces?
Ans. (a) Intermolecular Forces:

The forces of attractions among the molecules of a Substance are cailed
inter-molecular forces.
Example:

Water exists as a liquid due to inter-molecular attractions called Hydrogen
bonds
Dipole — Dipole Forces:

The attractive forces between the positive ends of one molecule with the
rnegative end of other molecule are called dipole — dipole forces This means dipole
— dipole interactions are electrostatic nteractions between permanent dipoles In
molecules
Examples:

Examples of polar molecules inciude hydrogen chloride (HCI) chloroform
(CHCIl,), Acetone .CH;),CO etc
Note: Stronger these dipole-dipole forces. greater would be the value of

thermodynamic parameters like melting point, boiling point, heat of

vaporization, heat of subliminal etc
London Dispersion Forces:

The forces of attractions between non-polar molecules which become polar
for an instant are called London dispersion forces
Explanation: .

Substances like hydrogen, helium. neon, argon, chlorine, fluorine, methane
etc are non-polar in nature These gases can be liquefied and solidified under
appropriate conditions Some forces must be holding these molecules in contact
with orie another in the hquid and solid states.

In He gas, on the average. the electron charge density is evenly distribuied in
a spherical region about the nucleus. However, at any given instant, the actual
location of two electrons relative to the nucleus can produce an instantaneous
dipole This temporary dipole. in turn, can infiuence the distribution of eiectrons in
neighbouring helium atoms. producing induced dipoles in those atoms

A

ta) Un-polarized Moiccale (b)) Instantancous dipule () tsduced dipole
London dispersion forees Insantancous dipole
London Dispersion force: '
The forces of attraction between an instantancous dipole and an induced
dipole are known as a dispersion force. It is also called as London dispersion force,
?S;ngcd for Fritz London who offered a theoretical explanation for these forces in



Hydrogen bonding:
A hydrcgen bond i3 the attraction between the lone pair of an

electronegative atom and a hydrogen atom that is bonded to either N, O or F This

imits h; ' ' ipati |
i ydrogen bonding mainly to the participation of nitrogen, oxygen and fluc e

Strength of bonds:
Hydrogen tonds are weaker than covalent bonds but stronger than dipole-

dipole intera(_:ttons which are stronger than London dispersion forces.
(b) Applications of dipole-dipole forces:

Stronger these dipole-dipole forces, greater would be the value of

thermodynamic parameters like melting point, boiling point, heat of vaporization.
heat of sublim:nal etc

A.pplications of hydrogen bonding:
(i) Thermodynamic properties:

| The boiling pnints of hydrides of group IVA, VA, VIA and VIIA plotted against
period number of the perioaic table is shown in figure.
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A graph between period number and the boiling points of hydrides.
Explanation:
The boiling point of hydrides:

Note that hydrides. of group IVA have lower boiling points. The reason is that
these hydrides are non-polar and have only London dispersion forces among their
molecules Hydndes of group VA. VIA and VI-A have polar molecules. NH,, H,0
and HF. show maximum boiling points in therr respective series. This is due to
hydrogen bonding in their molecules.

Solubility of Hydrogen Bonded Molecules:

YThe compounds that have hydrogen bonds are soluble in each other. Ethyl
alcohot can dissolve in water because both can form hydrogen bonds with each
‘other. Similarly carboxylic acids are also soluble in water, if their molecular ‘sizes are

small This is all because of hydrogen bonding.



(i) Cieansing Action: | |
Soaps and deiergents perform the cleaning action. Their molecules contain

both polar and non-polar ends. Their polar parts are water soluble due to hydrcgen

bonding and non-polar part cissolve Qil or grease. Attraction between watcr and

polar end ¢f soap molecuie carries the oil or grease droplet into the water

(ii) Hydrogen Bonding in Paints and Dyes: o
Paints and dyes have adhesive action due to hydrogen bonding. Similarly

hydrogen bonding also makes glue and honey stickle substances.

(iii) Clothing: |
We use cotton, silk or synthetic fibres for clothing. Hydrogen‘bondmg is of

great importance in thread making materials This hydrogen bonding Is responsible

in their ngidity and tensile strength.

(iv) Food Materials: |
Food materials like carbohydrates consist of glucose, frucfose sucrose,

each of them contains ~OH groups which is responsibie for H-bonding in them
(v) Hydrogen Bonding in Biological Molecules:

The structure of proteins. substances cssentiai to iife, is determined partiy by
hydiogen bonding. The action of enzymes, the protein molecules that cataiyze tne
reactions that sustain life, depends in part on the forming and breaking of hydrcgen
bonds. The hereditary information passed from one gcneration te the next is carried
in nucleic acid molecules joined by hydrogen bonds into an elegant structure.

Applications of London Dispersion Forces:

P Atomic or molecular size
ii. Polanzability
ii. Number of atoms in a molecules

(i) Atomic or Molecular Size: o
The strength of London dispersion forces depends upon the size of the

electronic cloud. of the atom or molecule. With the increase in size of atom or
molecule, the dispersion becomes easy and these forces become prominent.

Inert gases are all monotenic gases. They do not make covaient bonds with
other atcms because their vaience shells are complete. Their boiling point increase
decwn the group from He to Rn. This is because of increase. in molecular size.

(it) Polarizability: .

The polarizability of an atom or molecule is a measure of the ease with
which eiectron charge density is distorted. Large atoms have more electrons
and larger electron cloud than small atoms.

In large atcms, the outer electrons are more loosely bound, they can shift
towards another atom more readily than the more tightly bounded electrons in small
atoms. This means polarizabilily increases with increased atofnic and molecular
size
Examples: _

For example among halogens. the first member, F, is a gas at room
temperature. The second member, Cl, is also a gas but it is more easily liquefied
than F;. Bromine i1s a liquid and 1odine is solid at room temperature. Because large
molecules are easily polarisable. the intermolecular forces between them are strong
erough to form liquids or solids.



(iii) Number of atoms in a molecule:

Elcngated molecules make contact with neighbouring molecules over a
greater surtace than do smail molecules Greater the number of atoms in a
mofiecule, greater is the polarizability of the molecule
Examples:

C.H¢ and C:H,. have the boiling pcints as -88 6°C and 67 7°C respectively
This shows that the molecule with a large chain length experiences strongef
attractive forces
16. What are the energetics of phase changes?

Ans. Energetic Of Phase Changes:
i Physical and chemical changes are accompanied by energy change in the
form of heat

i. A physical change in energy is the quantitative measurement of the strength
of intermolecuiar forces. i

i, Energy change at constant pressure i1s known as enthalpy change dencted
by \H

iv. It1s expressed in kg mole

V. When a substance undergoes a phase charge (change of state), its

temperature remains constant even though heat s be:ng add 2d
17. (a) Describe the Kinetic Molecular Interpretation of liquids?
(b) Relate energy changes with changes in intermolecular forces?
Ans: (a) Kinetic Molecular Interpretation of liquids:

The kinetic molecular heGr, #SS upetey 'u hige v Postalates of Kinclc
molecuiar theory of hquids are Given Deiuw

i A liquid 1s made up of mclecules whicn touch onc anctner

i, The molecules within the liquid are’ in constant moton but the movement of
molecules is restricted due to their close packiria together

ii. Attractive forces among liquid molecules are greuter than :0s€ among gas

molecuies However these attractive forces aie not suthicient to hold
molecutes in fixed positton The hquid molecules can shde each other

iv. The average Kinetic Energy of iquid molecules 1s directly proportional to the
Absolute Temperature
V. At constant temperature. the average K E of the molecules is equal to the

K E of the vapours of hquids
(b) Energy Changes and Intermolecular Forces:
As a result of melting of a solid, a small change in intermolecular distance
_and potential energy takes place in atoms, molecules or 1ons. On the other hand on
evaporation of hquid atoms, molecuies or 1ons undergo large changes in their
intermolecular distance and potential eneirgy Therefore, heat of vaporisation is
much greater than that heat of fusion
Particular examples:
i AHv (heat of vapcurization) for H,O (406 KJ mole™ at 373.15K, for NH,
(23 35 KJ mole ' at 239K) and CO; (25 23 KJ mole ‘at 194.5K) are high due to their
polar nature and strong intermolecular forces .\ H, (Heat of fusion) will be as under
H,C = 602KJmole ' at273.15K
NH. = 6632 KJmole at 195 4K



CO, = 833 KJmole' at217 OK

i. l,, a volatile solid has the highest value of Heat of sublimation 1e. 41.80 KJ
mole' at 458 4K. The values for other halogens are
\H, Br, = 294 KJmole' at 3324K

31 = 2021 KJmole'at 239 1K

F, = 316 kJmole'at 850K

This shows that AH, (heat of vapourization)of I is the highest because of
strong intermolecular forces than the other halogens
18. (a) Define and explain the Boiling Point of a liquid? .

(b) How will you explain the two practical applications regarding
the effect of pressure on the Boiling Point of a liquid?
Ans. (a) Boiling Point:

The temperature at which the vapour pressure of the hquid equais to
atmospheric pressure or some external pressure is called boiling point of that liquid.
Explanation:

When a liquid is heated, its V.P. increases due to the decrease of
intermolecular forces with rise in temperature. As a result more and more vapours
escape in the air. A stage reaches at which the liquid begins to boil. So the
temperature at which the vapour pressure of the liquid equals to atmospheric
pressure or some external pressure is called boiling point of that liquid.

Example:
Boiling Point of water at 760mm = 100 °C
Boiling Point of water at 23.7mm = 25°C
(b) There are two practical applications regarding the effect of
pressure.
i Effect of Increase of Pressure:

Food can be cooked easily in pressure cookers, which is a closed container.
The vapours are not allowed to escape out and, therefore, develop more pressure.
This increases the B.P of water.

Example:

Pressure cookers help us in cooking the food quickly even at high attitude
e.g. B.P of water at 2026mm Hg is 130°C
ii. Effect of decrease of pressure:

The liquids which decompose at their B.P can be obtained in the pure form
under reduced pressure by Vacuum distillation
Example:

Glycernine has a B.P of 290°C at 760mm but it decomposes at ts B.P. Now in
order to get it in the pure form, the V.P is decreased to 50mm by Vacuum pump.
The B P decreases to 120°C without decomposition. In this way the liquids can be
purified.

19. How will you explain the anomalous behaviour of water when its
density shows maximum at 4°C?

Ans. Anomalous Behaviour of Water:

Anomalous Behaviour of Water:

i In ice hydrogen bonds hold water molecules in a rigid but open hexagonal
structure.



As ice melts, some of the hydrogen bonds are overcome, and water
molecules move into the holes that were present in ice structure.

:\s a result, the H,O molecules are closer together in liquid water than in
ce.

iv. When ice'melts, there is about 9% decrease in volume and a
corresponding increase in density.

So, water is most unusual in this regard, because the liquid state is less
dense than the solid for most substances.

If we continue to heat water just above the meiting point, more hydrogen
bonds are overcome.

The molecules become still more closely packed and the density of liquid
-increases to a maximum-density at 3.98°C. Above 3.98°C the density of
water decreases with temperature, as we expect for a liquid.

These density phenomena explain why a freshwater lake freezes from the
top down in winter.

Survival of aquatic life:

When temperature falls below 4°C, the more dense water sinks to the
bottom of the lake. A

The colder surface water freezes first. Since ice is less dense than water, the
water that freezes remain at the top to cover the lake with a layeér of ice. This layer
of ice insulates the water underneath.

Thus under this thick blanket of ice, fish and plants survive for months.
20. Relate energy changes with changes in intermolecular forces?
Ans. Energy Changes and Intermolecular Forces:
As a result of melting of a solid, a small change in intermolecular distance and
potential energy takes place in atoms, molecules or ions. On the other hand on
evaporation of a liquid atoms, molecules or ions undergo large changes in their
intermolecular distance and potential energy. Therefore, heat of vaporisation is
much greater than that heat of fusion.
Particular examples:
i AHv (heat of vapourization) for H,O (406 KJ mole” at 373.15K, for NH,
. (23.35 KJ mole " at 239K) and CO; (25.23 KJ mole'at 194.5K) are high due to their
polar nature and stronq intermolecular forces AH (Heat of fusion) will be as under:

vi.

vil.

viill.

H,O = 6.02 KJ mole’ at 273.15K
NH, = 6.652 KJmole' at 185.4K
CO, = 8.33 KJmole" at 217.0K
il. I,, a volatile solid has the highest value of Heat of sublimation i.e. 41.80 KJ
mole at 458.4K. The values for other halogens are
AH, Br; = 29.4 KJmole' at 332.4K .
; Cl, = 2021 KJmole'at 239.1K
it F, = 316 kJmole'at 850K

This shows that AH, (heat of vapourization) of I; is the haghest because of
strong intermolecular forces than the other halogens.



