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Q.13 How many moles of CO; can be produced from burning one mole of octane (mass of octane [ 114" EE_H__

Ans. 2GH; + 250;——» 16C0; + 18H;0

TS £ STATES AND PHASES
1 mole of octane gives CO; = 8 moles I
T 3 OF MATTER

' SELF~ASSESSMENT [N AL

Student Learning Outcomes

N

Total Mary. Y After studying this chapter, students will be able to:
Q.1 Encircle the correct option, (1xe, e Describe the physical properties of gases (including compressibility, expandability, and pressure
- f) exerted by gases). (Understanding)
() Which one of the following has maximum mass? « Origin of pressure in terms of collisions between molecules and the walls of container, Understand
A.0.5 mol of N; B. 0.5 mol of NH, C. 0.5 mole of He D. 0.5 mol of €O that Ideal gas have zero partial volume, State and use the ideal gas equation PV = nRT in Calculations
(1) Which of the following represents Avogadro's number? including determination of Mr. (Understanding)
A.6.022x 10" mol”  B.6.022x10¥ mol®  C.3.011x 10* mol™ D. 1.008 x 10* mg|~ . o Describe simple properties of liquids e.g., diffusion, compression, expansion, motion of molecules,
(i) 1 2 moles of H, react with 1 mole of Oy, what is the limiting reagent? spaces between them, intermolecular forces and kinetic energy based on kinetic molecular theory.
A H, B.0, C.H,0 D. None (Unde;standlns}“ = i 3
1 » Describe types of intermolecular forces. (Understanding
(iv) :t:;":f:::;r::::frnﬂt:?:s{::ptlr:';lar mass = 28,0 g mol') has a mass of 14.0 g. How many Ritroge, « Explain the strength and applications of dipole-dipole forces, hydrogen bonding and London forces.
A.3.01x10"atoms B, 6.02x10%atoms  C.1.20x10*atoms  D.2.40 x 10* atom (osarstandiog)
. v : ’ s e Describe physical properties of liquids such as evaporation, vapour pressure, boiling point, viscosity
(v) Ifagashasadensity of 1.43 g/L at STP, what Is Its molar mass? and surface tension. (Understanding)
A.14.3 g/mol B.22.4 g/mol C.32.0g/mal D. 28.6 g/mol o Apply the concept of hydrogen bonding to explain the properties of water (specifically high surface
(vl) The number of molecules In 2 moles of CO, Is: tension, high specific heat, low vapour pressure, high heat of vapourization, and high boiling point).
A.3.01x 10" B.1.20 x 10** C.6.02x10% D.2.00x 10® (Application)
= — » Define molar heat of fusion and molar heat of vapourization. (Knowledge)
Q2 Write short answers of the following questlons. nia_i.lﬂ » Describe how heat of fusion and heat of vapourization affect the particles that make up matter.

(I) Calculate the number of molecules in 0.5 mol of 0;.

(i) Do you think that 1 mole of H; and 1 mole of NH; at 0°C and 1 atm will have Avogadro’s number of particles
(iil) Calculate the molar mass of CO; from its density (1.96 g/L) at STP.

(iv) Define stoichiometry. Give the basic assumptions of stoichiometric calculations.

(v) Differentiate theoretical and actual yields. How is the percentage yield of a reaction calculated?

(vi) Calculate the theoretical yield of water when 4 g of H, reacts with excess 0,.

(vil) The reaction produced 9 g of product when the theoretical yield was 10 g. Calculate percentage yield.
(viil) How is stoichiometry impartant in medicine dosage?

(Understanding)

* Outline the importance of heat of fusion in the study of glaciers and ice sheets (particularly while
studying polar ice caps). (Understanding)

s Describe liquid crystals and give thelr uses in daily life. (Understanding)

« Differentiate liquid crystals from pure liquids and crystalline solids. (Understanding)

o Describe simple properties of solids e.g., compression, expansion, motion of molecules inter-particle
space, intermolecular forces and kinetic energy based on kinetic molecular theory. (Understanding)

o Differentiate between amorphous and crystalline solids. (Knowledge)

Q.3 Extensive Questions. (2x4=4 » Describe properties of crystalline solids like geometrical shape, melting point, habit of a crystal,
(3) When iron(lll) oxide (Fe;0;) reacts with carbon monoxide (CO) in 3 blast furnace, iron metal (fe) | cleavage, and crystal growth. (Understanding)
is produced according to the following equation: \_ J

Fe30sp) + 3CO—> 2Feyy) + 3COyy
(b) 1f1.00 kg of iron(Il) oxide is reacted with excess carbon monoxide, and 650 g of iron is obtained, what
is the percentage yield of iron? (A, of O = 16.0, Fe = 55.8)

—etfoo—
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>  Matter exists In four states:

(i) solid (ii) liquid

o Gaseous State is the simplest form of matter.

*  Most of matter around us is In the solid state. Liquids are less common than solids, gases and plag
The reason is that the liquid state of any substance can exist only within a relatively narrow fange :
temperature and pressure. 9

Let us study at the general properties of gases, liquids, and solids. Kinetic molecular theory of Bases

help us to understand their propertles. }

(1li) gas (iv) plasma

PROPERTIES OF GASES
I.  Gases do not have a definite shape and volume. The volume W
of an ideal gas is the volume of the contalner. @ Rack Your Mind!
Il.  Ideal gases have zero particle volume. 1. Gases can be compressed more easlly yp,,

solids or liquids because:

A) Gases have stronger Intermolecular forcey
B) Gas molecules are close together

) Mostof the volume of a gas Is empty

D) Gas molecules have fixed positions

lll. The molecules of gases are widely separated from one
another and most of the volume of the gas Is empty space
(nearly 99.9%). That is why gases can be compressed easily.
When sudden expansion of gases occurs cooling takes place.

It Is called Joule Thomson effect. S A
Iv.  Pressure of a gas is due to the collisions of gas molecules with the walls of the coptalner.
v. = There are no intermolecular forces in Ideal gases.
IDEAL GAS EQUATION
It is a matter of common observation that when external
conditions of temperature and pressure are changed, the volume w!

of a given quantity of a gas is affected. The gas laws describe the | 2 which equatlon represents the Ideal s
relationships between volume of a given amount of gas and the law?
prevailing conditions of temperature and pressure. AV 1P
While describing Boyle's and Charles' laws, some of the variables Qven
are held constant during the changes produced in the gases.

According to Boyle's law

B)VT
D) PV = nRT

Vcc% (when'n'and'T'are held constant) ______ (1)

According to Charles’ law

Ve T (when'n'and'P"are held constant) (2)
According to Avogadro's law volume of the given gas at constant temperature and pressure is directly
proportional to the number of moles.

Ven(whenPandTareheldconstant) ___ (3)
If we think for a moment that none of the variables are to be kept constant, then all the above three
relationships can be joined together as:

nT
VCC?

nT
V=constaan

The constant suggested is * R ' which Is called Ideal gas constant. Its value Is 0.0821 atm dm>K™! mol™.
Hence,

nT
V= R-F
PV =nRT (4)

The equation (4) is called the ideal gas equation.
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» Calculation of Relative Molecular Mass (Mr,) of a Gas

Equation (4) can be employed to calculate the relative molecular mass of a gas whose P, T, V and mass in
grams are known. This Is achleved by rearranging equation (4).

putting n = m/M In equation (4)

Where m = mass in g and M = molar mass of the gas:

PV=——=—
= ()
Now rearranging equation (5)
mRT
M=—
PV (6)
At molecular level, the molar mass becomes relative molecular mass of a compound, therefore, we

can write

mRT
M == @

Sample Problem 5.1

The volume of 134 g of a gas at=73°C under 10 atm pressure Is 5dm®. Determine the relative molecular

mass of the gas.
Solution: P=10atm, V=5dm?, =-73°C+273K=200K
m=134g, R=0.0821 dm?® atm mol k™

Molecular mass ofgas=M=1?
The molecular mass of the gas can be calculated by using the formula:
_mRT
TPV
s (134 g)(0.0821 atmdm® mol™ K*)(200 K)

(10 atm)(sdm?)

M=44 g mol™

[ ——— — N — e S  — — — — — — — —— —————

] QUICK CHECK 5.1 :

! a) Explain why gases can be compressed easily? 1
| Ans. Gases can easily be compressed because the molecules in a gas are very widely separated. Moreover, |
! there are weak intermolecular forces present in it. ;

| This large space between molecules allows them to be pushed together when pressure is applied and

! thus reduces the volume of gas significantly. i
! b) Whatis Joule-Thomson effect '
| Ans. Joule-Thomson Effect: |
1 When sudden expansion of gases occurs cooling takes place, it is called Joule Thomson effect. 1
! ¢) The volume of 84g a gas Is 8dm® at ~90°C under 7 atm pressure. Calculate the relative molecular !
I mass of the gas. |
1 Ans. T=-90°C+273K=183K '

3 1~1

! = RT _ (84g)(0.0821atmdm mt:l' K)183K) _ 126204 ) o) !
L M vidn S Ll TN, N, s

PROPERTIES OF LIQUIDS

I.  Liquids also diffuse like gases, however the rate of diffusion In liquids is much lower than that in gases.
il.  There are little spaces among liquid molecules becatse of relatively stronger intermolecular forces.
.  Liqulds are 10° times less compressible than gases, but about 10 times more compressible than solids.
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iv. The molacules of a liquid are in constant random motion, but their speed o[ll.mo;ernelnt i lowe, _’_9_'129 L4 12%)
gases. Diffusion among the miscible liquids is an evidence for the free motion ot liquid molecules, Simi, ol Br, 159 333 Ar 39.95 87.3
liquids can flow because of the frea movement of their molecules ”'- 1 2538 458 Kr 838 120
1am
Xe 1313 165

surface Area (shape of molecule)

A molecule with larger surface area has more number of contacts for a nearby molecule. Thus the forces
among the molecules of a compound having larger surface area are stronger.

saturated Hydrocarbons: Consider saturated hydrocarbons. These have chains of carbon atoms linked

L i

Al A i \Water
.‘G.;rs} tG;Sl with hydrogen atoms.
\-_am \_Jlal ® ® comparison of Ethane and Hexane:
(a)\Velume of gas is (b) Volume of a Iquid - Compare the length of the chains in C,H, and C.H,,. They have the boiling points -88.6°C and 68.7°C,
Pacuced to hallwhen | chinges by sbaut 0 0SSR respectively. It Is evident that the molecules with larger chain length experiences stronger attractive

pressure is doubled when pressure is doubled
Figure: Effect of pressure on the volumes of gases and liquids. .
v.  Uguids expands when their temperature is increased. However, this expansion is negligible compay, %

forces. The reason is that longer molecules have more places along the length where they can be attracted
to other molecules. Boiling points of some hydrocarbons are given in Table.

that in gases. Table: Bolling points and physical states of some hydrocarbons
. —
vi. According to kinetic molecular theory, molecules of a liquid are in constant motion, therefore they POsse, - B.Pt. °C (1 atm) Physlcal state Hincs B.Pt. °C (1 atm) Physical state
a certain amount of kinetic energy at any temperature. The kinetic energies of the molecules may increag, atSs.T.p. ats.T.P
or decrease by the rise or fall in temperature respectively. For example, a liquid is converted into a so)ig by mane (CH,) —164 Gas Pentane (C.H,,) 36.1 Liquid
decreasing its kinetic energy (on cooling) and converted into vapour by increasing kinetic energy (on heatiny) | —
INTERMOLECULAR FORCES Ethane (CHg) -88.6 Gas Hexane (CgH,,) 68.7 Liquid
— propane (C;H,) -42.1 Gas Decane (C,H,,) 1741 Liquid
Q. What are London dispersion forces? Give examples, and discuss the factors affecting these forces, gutane (CHyo) -0.5 Gas Isodecane (CoH,,) 327 Solid

~ Three Isomers of pentane have the same relative molecular mass (M), however, they differ in their surface
areas. Straight chain pentane has largest surface area and so Is its boiling point among the three isomers of
pentane. 2-Methylbutane (lsopentane} has smaller surface area than n-pentane but larger than 2, 2-
Dimethylpropane (Neopentane). Therefore, the forces among 2-Methylbutane molecules are intermediate
and the least strong forces occur in 2,2-Dimethylpropane. The isomers of pentane alone with their boiling

The intermolecular forces among the molecules of a liquid are reasonably stronger. Three types of sy,
forces are mentioned here.

i. Instantaneous dipole-induced dipole forces (id-id) (London dispersion forces)
il. Permanent dipole- permanent dipole forces
iil. Hydrogen bonding

—

L @ Rack Your Mind!

S Instantaneous Dipole-Induced Dipole forces (id-id) points are given in Figure.
The momentary force of attraction between an instantaneous | 3. Why does lodine have a highe . ~ CH, - CH
dipole and an induced dipole is called instantaneous dipole-induced boiling polnt than fluorine? Hyo <FH D d \
dipole force. /c /c\c “'c. g CH,
These are only forces that exist among the molecules of non-polar compounds. The strength of thess e . ﬁz sy 'H,C > H;C Hy/
forces depend upon the following factors “ W o =ty

I Molecular Mass and Size: pentane 2'Mﬂthylbulaﬂe 2.2—Dimalhylpr0pana
When the molecular mass (M,) of a compound is greater, the id-Id forces are stronger and vice versa. Thisis ("‘:’P:gl.agﬁ) (iso-;ae?éana) (nao;psenéane)

because in a larger atom or molecule the dispersion of electronic cloud and polarization is relatively easier.
Examples:
This factor operates in the halogen and noble gas families. — 1
Physical States of Halogens:
The physical state changes in the halogen family from top to bottom due to the increase in size and
polarizability. The first two members in the halogen family (F, and CZ, ) are gases, but bromine is a liquid
and iodine a solid (b.p. = 458K). The boiling points of noble gases in group 18 also increase from helium
(He) to xenon (Xe) as in Table.

Table: Molar masses and boiling points of group 17 and 18 of periodic table.

Figure: The three Isomers of pentane have different structures, surface areas and Intermolecular forces

Permanent Dipole-Permanent Dipole Forces (pd-pd)

The force of attraction between the positive end of a polar
molecule and the negative end of a nearby polar molecule Is called @ Rack Your Mind!
permanent dipole forces In HCL artd chloroform dipole-permanent | , o = o manent

L P t Dipole-Per Dipale
dipole force. Forces (pd-pd) are present among:
Example 1:

A) Molecules of lodine
HCL Molecules: Whenever the HCL molecules are close to each

B) Atoms of Neon In gaseous state

C) Chloroform molecules

17 (VII-A) | Molecular Mass | Boiling points (K) | 18 Vill | Molecular mass | Boiling polnts (K)
3 38 85 He 2.003 .22 other (as In liquid state), they tend to line up (as In Figure). D) CCL
cl 71 239 Ne 20.18 s
2 . 27.1 Chloroform Molecules: pd-pd forces are present among the molecules of chloroform (CHCY,).
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The molecule of chioroform has a positive center at the H atom and the negative center on the end With ¢ “

9449

o I\ ALY &
"H—Ct—"H—Ct—-—H—Cl
& &

Ct

Ae B Se Be
Cl—/ —H s Ct—-} —H
el Rl
Figure: Permanent dipole-permanent dipole forces In | HCLand ¢ chloroform

— - — - - — - s
I — - e — — — - — -

i_:[ QUICK CHECK 5.2 S
To Improve the quality of gasoline (petrol), stralght chain hydrocarbons In the gasoline fractip
petroleum are converted to branched chaln ones? What could be the possible reason?

. The conversion of straight-chain hydrocarbons to branched-chain hydrocarbons in gasoline is done lul
improve its quality, particularly to improve its octane number.

Straight-chain alkanes (like n-heptane) have low octane numbers and tend to knock. |
Branched alkanes (like iso-octane) have high octane numbers, meaning they burn more efficiently (smogy,, I'
and are less prone to knocking in Internal combustion engines than straight-chaln hydrocarbons.

Which forces are present among the molecules of the following substances? CCZ,, SIF,

I

. CCL, (Carbon Tetrachloride): ;
=  Polarity: Non-polar (symmetrical shape cancels dipoles) '
» Forces present: London dispersion forces (only) |
SiF, (Silicon Tetrafluoride): i
» Polarity: Non-polar (symmetric, dipoles cancel) {
Although the Si-F bonds are polar, the molecule as a whole is non-polar despite having polar bonds |
because the dipole moments cancel out due to its symmetry. i
* Forces present: London dispersion forces (only) |
Differentiate Id-Id and pd-pd forces with examples. i
]

|
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pd-pd Forces (Dipole=Dipole) |
Present in polar molecules
Electrostatic attraction between
permanent dipoles
Stronger than id-id forces

Id-Id Forces (London Disperslon)
Present in non-polar molecules
Temporary fluctuations in electron clouds

Feature
Molecular Polarity
Cause

Strength Weak (but can be significant In large

molecules)

Found In all molecules, even polar ones
Increases with molecular slze and surface
area

CCL,, CHy, Ia

Found only in polar molecules
Mostly influenced by dipole strength

Universality

Effect of Molecular
Size
Examples

- — — e — e e e e e e e e — e —

HCL, CH,CL, SO,

(Exercise LOI

Hydrogen bonding Is present in H;0, NH;, HF, (CH,),CO and CHCL; molecules. Sketch structures and
discuss briefly.

Hydrogen Bonding
* Hydrogen bond is a special type of dipole-dipole force.

e It is the strongest force among intermolecular forces, but is weaker than all the major types of bond,
l.e. ionic, metallic, and covalent bonds.

o
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« Formation of Hydrogen Bond: A hydrogen bond is formed when the following conditions are fulfilied
I.  The hydrogen atom Is connected Lo a highly electronegative atom, such as F, O, or N
il. The electronegative atom must have a lone pair of electrons on it
The covalent bond between a highly electronegative atom and hydrogen is highly polarized It
means the hydrogen atom carries a sullicient +charge and the electronegative atom & charge
The presence of lone pair on the electronegative allows the partial positively charged hydrogen
atom to make a bond with F, O, or N called a hydrogen bond. This bond 15 represented by a dotted
line (...) and its strength is one tenth of an ordinary covalent bond. The number of hydrogen bonds
a molecule can form on average depends on
¢ The number hydrogen atoms bonded 1o the electronegative atom
« The number of lone pairs present on F, 0, or N
, Examples:
(1] Water
A water molecule contains two hydrogen atoms and two lone pairs on oxygen atom

= Water can form two hydrogen bonds per molecule on average

= This is why water molecules are extensively hydrogen bonded with one another

» This unique feature of water is responsible for its charactenistic properties, e g, high boiling point of
water (100 °C). The water molecules in liquid form are arranged three dimensionally (as shown in Fig )

= This bonding acts as a bridge between two electronegative
oxygen atoms.

(i) Ammonia

= Ammonia can form only one hydrogen bond per molecule
although it has three hydrogen atoms. ¥ O

= Reason: This is due to the availability of only one lone pair & H 8 .
on the N atom as shown in Figure. The hydrogen bonding in H< (3“\\ ""Q" H
liquid ammonia is much weaker than water. This Is why its I I,

boiling point is much lower (-33°C). H H
Figure: Hydrogen bonging i water

m Why HF i a weaker acid than
HCL, Hir and HI?

A

O ‘
HY H H H

s, »
/, S
g
7,

lii) HF

. = HF is even more distinct than water and ammonia
= [t has three lone palrs on the F atom which allows it to form three H-bonds
= However, it has only one H atom and due to this reason, it is restricted to form only one bond again

In HF, hydrogen bond is strong enough compared to NH,, which owes to its high electronegativity

Thus, its B.Pt. (19.9°C) is much higher than ammonia (-33.5°C).
The molecules of HF join with one other in a zig-zag manner in liquid state due to the presence of
the hydrogen bonds.
» Lowest Acidic strength of HF among hydrogen halldes:
The exceptional low acidic strength of HF molecule as compared to HC{,HBr and HI is attributed to this
strong hydrogen bonding, because the partlal positively charged hydrogen Is entrapped between two

highly electronegative atoms (Figure).
- ===Hydrogen bond Ly

= Covalenl bond N\ .
wo, ot ¥
%, o F
8
‘/Na ’IH/ M2 what Is hydrogen bonding?
H |‘\ v Discuss the structure and low
H 2, density of ice.

2,

Q.

b'/N -

H ’![, 8

Flgure: Hydrogen bonding In NH; and HF
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My
o\

cl—C—H-—0=¢"

(iv) Acetone and Chloroform:
«  Chloroform has three chlorine atoms are responsible for H-
bonding with other molecules.
* These atoms deprive the carbon atom of its electrons and
the partial positively charged hydrogen can form a strong |
hydrogen bond with oxygen atom of acetone {pmpanonel‘

y

L
Hydrogen bonding bar, Oy
chloroform and a::lnn.

}

Discuss the structural changes when water turns Into Ice. Justify the empty spaces In% i

compared to H;0 at 4°C and lower density of ice.

.

jil.

Influence of Hydrogen Bonding on the Properties of Water

Structure and Low Density of Ice

* The molecules of water have tetrahedral structure.

* Two lone pairs of electrons on oxygen atom occupy two corners
of the tetrahedron.

*  When the temperature of water is decreased and ice is formed,
the molecules become more regular and this regularity extends
throughout the whole structure.

e Empty spaces are created in the extensively hydrogen bonded structure as shown in the fuﬂo.._.‘
diagram (Figure). This Is why, when water freezes, It (ice) occuples 9% more space and its derge
decreases. For this reason, ice floats on water. Due to this so called anomalous behaviour of ice, 1,
fish and other living creatures survive under the frozen lakes and oceans. The ice blanket covers
water surface due to its low density and the water beneath is insulated from the environment.

——d

@ Rack Your Ming
e our Mind!

5. Discuss anomalous be
haﬂﬂn Pl
water saves aquatic life.

—_—

(F1]
Figure: Extensive hydrogen bonding In Ice and spaces
among molecules

This part of a glacier Is floating on the surface duet
low density of Ice

High Heat Capacity
Water has a high specific heat capacity. This Is due to its unique molecular structure which allows

hydrogen bonds.

Anomalous Heat of Vaporization and Bolling Point

The general trend of enthalpy change of vaporization of group 16 hydrides is a regular increase from HS ¥y
H,Po (Figure). This is because the molecules of these compounds are bound by weak London dispersion fors

— ]
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...--""5;__ Enthalpes of vaperzaton of 16 hydndes 110 4 Bodng Ponts of groud 16 mydndes
=0
85

= HO
E 0 HP2 )
- 4
E_* 5 s HPo
- )
g s 10
Il o
=z HTe -15 HTe
_f'. H.Se
£ 20 HS 40
E H Se
w £5 HS

10 -80

Al No. of Element AL no of Element
Figure: A graphical expression of variation in enthalpy of vaporization and B.Ps of group 16 hydrides
Wwith the increasing atomic size down the group, from S to Po, the van der Waals forces also become
stronger. If water had followed this trend, the heat of vaporization of water would be the lowest among
the group members.

s/Q. Water has highest boiling point and highest enthalpy change of vaporation. Explain

Ans. Water has the highest enthalpy change of vaporization (41 kI mol™) in the group. This is because water is

iv.

f——— i —— — —— —

1a)

exceptionally hydrogen bonded, which makes it difficult to break forces among water molecules and

vaporize it. The boiling point of water is also remarkably higher than the rest of group 16 hydrides. Simply,

the energy required to break the water molecules apart is very high due to extensive hydrogen bonding in
it. It needs high temperatures to provide so much energy as to boil water into its vapour.

Surface Tension and Viscosity

The surface tension and viscosity of water are also very high. Surface tension is a downward pull of water

molecules at the surface, making the water surface stretched and strained. This downward pull is due to

the attraction of inner molecules through hydrogen bonds.

s Viscosity Is the resistance by a liquid to its flow. Water has higher viscosity than many of liquids
including lower hydrocarbons and alcohols (e.g., hexane and ethanol. The high viscosity of water is also
due strong hydrogen bonds among the molecules. Alcohols can make hydrogen bonds, but the
strength and extent of hydrogen bonding Is far less than that in water. Hydrocarbons lack the ability to
make the hydrogen bond.

e Order of Viscosity in Water, Hydrocarbons and Alochols:

{ M4} QUICK CHECK 5.3
Can the CHF, molecule make a hydrogen bond? Explain why or why not?

! Ans. No, CHF; (trifluoromethane) cannot form hydrogen bonds with itself.

|
L]
I
1
|
1
I
]
I
1
I
1]
I
1 -

]
|
]
|
Explanation: i
e Hydrogen bonding typically occurs when a hydrogen atom is covalently bonded to a highly ,
electronegative atom (like F, O, or N) and this hydrogen has a partial positive charge that can |
interact with a lone pair on another electronegative atom. !

¢ InCHF;: !
= The hydrogen is bonded to carbon, not to fluorine. I

=  While fluorine is very electronegative, the H atom is not directly bonded to it, so the necessary ,
strong dipole (H-F) does not exist. I

s Therefore, CHFy does not meet the criteria for hydrogen bonding, although it does have dipole=!
dipole interactions and London dispersion forces. |

s In short, CHF; cannot hydrogen bond because the hydrogen is not bonded directly to fluorine, i

oxygen, or ﬂ!tio_g:.n_. T
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I'5) " “Show a hydrogen bond between two molecules of ethanol (CHyCH:OH). N
! Ans.
| Hydrogen bond
I
| M H H
| l e [\] I I
H=C—=C—0Q—H seses ?_? —(]:"_'H
U
H H H H H
€)  Describe which forces are present In the following and amange them In Increasing order of bolling pojp,
l. CH,CH,CH, Il. CH,CH,0H lll, CH,CH,CL
Ans. The intermolecular forces present in each compound and then arrange them in Increasing order
boiling point: ' of
I.  CH,CH,CH, {Pfopﬂl"lc]

* Forces present: Only London dispersion forces (induced dipole-induced dipole)
* Polarity: Nonpolar

= Boiling polnt: Lowest among the three due to weak intermolecular forces.
li. CH,CH,;0H (Ethanol)

= Forces present:

* Hydrogen bonding (due to —=OH group)

* Dipole=dipole forces

* London dispersion forces

= Polarity: Polar

* Bolling point: Highest due to strong hydrogen bonding.

lii. CH,CH;CI (Chloroethane)

= Forces present:

= Dipole—dipole forces (due to C-CL bond)

= London dispersion forces

Polarity: Polar

* Bolling point: Intermediate

* Arrangement on the basis of increasing order of boiling point.

CH;CH;CHy < CHyCH;Cl < CHyCH,0H

d)  The bolling point difference in each of the following pairs Is given

I. CH,CH, (~89°C) and CH,OH (65°C), difference =154°C
il. CHyCH,CH,CH, (0°C) and CH,CH,CH,0H(97°C), difference = 97°C

Explain why the difference decreases as the size of the molecules Increases.
Ans.

is primarily due to hydrogen bonding in methanol, while ethane only has weak London dispersion forces,
A. Intermolecular Forces in Ethane (CHy—CH,):

= Only London dispersion forces (van der Waals) are present.

= Weak, temporary dipoles due to electron motion. ,

=  Low molecular weight (30 g/mol) and very weak attractions result In lower boiling point = -89 *C.
B. Intermolecular Forces in Methanol (CH,OH):

*= Hydrogen bonding (strong dipole-dipole interaction) is present in methanol molecules.

=  Hydrogen bonding drastically increases the energy needed to separate molecules. .

() Letuscompare the boiling paints of two substances, butane (CH;CH;CH;CH;) and 1-Propanol (CHyCH;CH;OH).
e n-Butane (CHyCH;CH,CH;) has a boiling point of 0°C.

T —— - — — — - — - — - — - — — — —— — — - — — ——— —— ——— ———— —
L]

« 1-Propanol (CH;CH;CH;OH) has a boiling point of 97°C. .
The difference in their boiling points is: P
T — o o S e DL DU, s e s e e
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ﬂffwence is due to the different types of intermolecular forces. 1-Propanol, which has hydrogen |

ponding due to its -OH group, has a much higher boiling point than n-butane, which only has van der

\Waals forces between molecules.

explaln why the difference decreases as the size of the molecules Increases.

As the size of molecules increases, the boiling point differences between polar (hydrogen-bonding) and

nonpolar molecules tend to decrease. Here's why

Reasons:

|. Increasing London Dispersion Forces: Larger nonpolar molecules exhibit stronger London dispersion
forces, which narrows the boiling point gap with polar molecules

il. Hydrogen Bonding Remalns Strong: Polar molecules continue to exhibit strong hydrogen bonding, but
the relative impact on boiling point decreases as London dispersion forces become more significant

Effect:

convergence of Bolling Polints: As molecular size increases, boiling points of polar and nonpolar

molecules converge, reducing the difference.

This trend is observed when comparing smaller molecules (like methanol and ethane) to larger ones

(like longer-chain alcohols and alkanes).

e) Molecules of ethanoic acid (acetlc acid) exist in the form of dimers In pure form but not in aqueous
solution. How hydrogen bond can explain this?

Ans. Hydrogen Bonding In Acetic Acld:
Dimer Formation: In pure acetic acid, molecules form dimers through hydrogen bonding between the
carbonyl oxygen and hydroxyl hydrogen. This stabilizes the dimer structure.

In Aqueous Solution: .

I. Competition with Water: Water molecules form hydrogen bonds with acetic acid molecules,
disrupting the dimer structure,

li. Solvent Effect: The polar aqueous environment favours solvation of individual acetic acid molecules |
over dimer formation. '

Conclusion: I

Hydrogen bonding with water molecules In aqueous solution competes with and disrupts the y
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SURFACE TENSION OF LIQUIDS

(i)  The large boiling point difference (154 °C) between ethane (CHy-CHy, -89 *C) and methanol (CH;~OH, 65 ')

= Surface tension is a property of liquids that describes the force acting
along the surface of a liquid, causing it to behave like an elastic sheet. This
force arises due to the intermolecular forces between the molecules at the
surface.

e Molecules at the surface experience a net force inward due to Intermolecular
forces, leading to a "skin" on the surface. Liquids tend to minimize their
surface area due to surface tension, which explains why droplets form
spheres.

o Surface tension influences various phenomena, such as:
= caplllary action
= wetting of surfaces
= formation of droplets and bubbles

(A: Did You Know?

Q. Which of the following best explains why a
small Insect can walk on the surface of
water?

(A) Water has high density
{b) Water has strong cohesive forces due to

9 Factors Affecting Surface Tension

1) Temperature: Surface tension typically decreases with surface temslon
increasing temperature. {€) The Insect repels water molecules
1 (D) Water has high viscosity

Surface tension € ———
Temperature
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i) Intermolecular forces: Stronger intermolecular forces lead to higher surface tension.
Surface tension < Intermolecular forces
._.‘_-w— - i -
o Rack Your Mind!
6. Which Jropcnv allows Insects 1o walk o
| water?
4 A) Viscosity ) Surface tenslon
C) Capillarity D) Adhesion
Mosqultos can float on surface on water due to high surface tenslon
Table: Surface tension of some liqulds at 20°C In Nm™
Sr. No. Liquid y(10°Nm™) | sr. No. Liquid (107 Nm™)
1 | Water H,0 7275 4 | Acetone (CH,),CO 23.70
2 Ethyl alcohol CH,CH,0H 22.75 5 Benzene CjH; 28.85
3 Methyl alcohol CH,0H 2261 6 | Carbon tetrachloride CCC, 26.95

'y' are values multiple of 107 =1/1000. It means 'y’ value of the water (H,0) at 20°C=72.75x10" .
or 72.75 dynes cm™.

VISCOSITY OF LIQUIDS

» Definition: "The resistance to the flow of a liquid is termed as viscosity".
*  Units: In international system (S1), unit of viscosity is in kgm™ s™.
* In CGS system, the unit of viscosity Is poise (P).

Explanation
Example:
Take water in a beaker. It Is stirred with a glass rod, and left undisturbed for some time. Its swirling motjg,
subsides after a while. :
Itis observed that the liquid layer adjacent to the vzalls of the beaker comes to rest first and layer near ip,
centre stops last. It can be Inferred that stationary layer of walls of beaker slows down the motion of layg
touching it immediately. This slowed layer In touch with container also slows the next inner layer, byt 1
less extent. This means that a slow moving layer of a liquid tends to slow down the fast moving layy
adjacent to it. This is a frictional force operating between adjacent layers.
® Factors Affecting Viscosity

The factors affecting viscosity are as follows:

i. Temperature: An increase of temperature increases the average kinetic energy of molecules, Thi

allows the molecules to overcome the attractive forces. This lowers the viscosity.

il. Intermolecular Forces: The stronger the intermolecular forces, the greater the viscosity of liquids

because liquid molecules annot move around each other freely, so the resistance _}Q_flq_wjgggses.

QUICK CHECK 5.4 1

Arrange the following liquids Is Increasing order of surface tension, give reason: Acetone (CH,COCH,), !
ethanol (C,H;0H), methoxy methane (dimethyl ether, CH,0CH, ) |
1

Ethanol (C;HsOH): !

= Hydrogen bonding: Ethanol has a hydroxyl (~OH) group, which can form hydrogen bonds with |
other ethanol molecules. This results in a relatively high surface tension because hydrogen |

bonds are strong forces that resist the disruption of the surface. !

= Surface tenslon: High compared to acetone and methoxy methane, |

>

_,
|

z
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!:.- = 'ﬁ;’iﬁgﬁ methane (dimethyl ether, CHyOCH,):
| « Dipole-dipole Interactions: Methoxy methane has an cther group (-0-), which has some
; polarity, but it cannot form hydrogen bonds like ethanol. This results in weaker intermolecular
! forces compared to ethanol.
| « Surface tenslon: Lower than ethanol, but higher than acetone, due to dipole-dipole Interactions
' 3, Acctone (CH,COCH,): |
| « Dlpole-dipole Interactions: Acetone has a carbonyl group (C=0), which is polar, but it does not I
i have hydrogen bonding capability because it lacks =OH or =NH groups. Therefore, it only |
[}
|
[}
|
]
|
[}
|

experiences dipole-dipole Interactions and weaker van der Waals forces compared to ethanol |
and methoxy methane,
= Surface tenslon: Lowest of the three duc to weaker Intermolecular forces
= Increasing order of surface tension:
Acetone < Methoxy methane < Ethanol
why do you think tetracholromethane (carbon tetrachloride, CC¢,) has higher viscosity than
1 chiroform (CHCZ,) but less than ethanol (C,H;OH)?
| Ans. ccls has higher viscosity than CHCL; because it is a larger, more symmetrical molecule with stronger
: London disperslon forces, increasing resistance to flow.
However, ethanol (C;Hs;OH) has even stronger hydrogen bonding, which greatly increases
intermolecular attraction, making Its viscosity higher than CCL.
Viscosity trend: CHCL; < CCl, < C3HsOH
Increasing strength of intermolecular forces le. London dispersion forces < dipole-dipole forces <
hydrogen bonding.
The viscosity of honey Is higher than water, explain why,

— i — — — — - — -

c)

|
]
|
]
|
]
|
]
! Ans. Honey has higher viscosity than water because it contalns large amounts of sugars (like macromolecules
| of glucose and fructose), which form extensive hydrogen bonds with water and each other. This creates
' a dense, structured network that resists flow, unlike water’s smaller, more mobile molecules of water.
| Higher viscosity slows down molecular motion as compared to water.
B pa
i d) Which of the following Is more viscous: glycerine (CH,0HCH,0HCH,0H) or hexane (C,H;) ? Why?
1 Ans. Glycerine (CH;OHCH;OHCH;OH) Is more viscous than hexane (CeHia) because:

| » Glycerine has three —=OH (hydroxyl) groups, enabling extensive hydrogen bonding, which strongly E
! resists flow.

! o Hexane Is a nonpolar hydrocarbon with only weak van der Waals forces, offering minimal resistance 4
| to flow.

EVAPORATION

» Definition:
"Evaporation Is the spontaneous conversion of a liquid Into vapour at any temperature”.
¢ When high energy molecules leave the liquid and low energy

molecules are left behind, the temperature of the liquid falls, @ Rack Your Mind!
e The heat moves from the surrounding to the liquid and then the | 5 \waier In earthenware pots stay
temperature of the surrounding also falls. This phenomenon cool due to:
helps to understand that evaporation causes cooling. A} bolling £} coatindation
C) evaporation D) Insulation
A person after bath feels a sense of cooling due to evaporation of

water from his body when exposed to air. The molecules of H,0 take away the energy of body. Earthenware
vessels keep water cooler under the same phenomenon. Earthenware vessels are porous.



Chapter 5 ) States and Phases of M“h,

152
The water molecules having sufficient KE to overcome Inter
molecular forces come out of these pores and evaporate. This @ Rack Your Mind|
Y —
process of evaporation keeps on taking place and energy required B Carthenware vessels keep 4.
for this process comes from the liquid. Thus, the average K.E of cool. Explain with reason. e

remaining water molecules decreases which results in decrease in
temperature of the liquid. Hens, earthenware vessels keep water cool.

Q. Evaporation causes cooling. Explaln, T

Ans. The molecules of a liquid are not motionless. The energy of molecules is not equally distributed. E;;p-;;;"\
causes cooling, because when high energy molecules leave the liquid and low energy molecules are |
behind, the temperature of liquid falls and heat moves from the surrounding to the liquid and thep the
temperature of the surrounding also falls. That is why, evaporation causes a cooling effect.

VAPOUR PRESSURE

The molecules of a liquid which leave the open surface are mixed up with air above the liquid. If the vesse|, %
open these molecules go on leaving the surface of liquid. But if we close the system the molecules of liquig sta
gathening above the surface. These molecules collide with the walls of the contalner, and also with the Surfag,
of the liquid as well. There are chances that these molecules are recaptured by the surface of liquid. This Proceg
is called condensation. The two processes, |.e., evaporation and condensation continue till a stage reaches Vihey
the rate of evaporation becomes equal to the rate of condensation Fig.
>  Definition:

“The pressure exerted by the liquld vapour In equllibrium with Its liquld at a given temperature Is Calleg

vapour pressure”.

Liquid =====Vapour

The magnitude of vapour pressure does not depend upon the amount of liquid In the container or i,
volume of container.

S Surface Area of a liguid:

* Reason: The larger surface area presents a larger target for returning the molecules, so the rate ¢
condensation also increases.

Vacuum Vapour Vapour

isaERREE TS T HHH

(b) (c)
Flgure: Attainment of equilibrium when the evaporation of liquid Is carried out In an
evacuated closed 1. (a) Initial state, with evacuated space above the liquid, (b)
Intermediate state, and (c) equilibrium state, when the rate of evaporation Is equal to "
i e OBt Of cONdensstion.
S R S P e T ————
.I I.I QUICK CHECK 5.5 |
[ 3)  Which of the liquids in each of the following palrs has a higher vapour pressure? i
' i) Alcohol, glycerine 11) Petrol, kerosene, Ill) Mercury, water? '
| Ans. |
1

I' (1) Alcohol, Glycerine: Alcohol has a higher vapour pressure than glycerine. Glycerine, with three -OH
- — _ _ Eroups, forms strong hydrogen bonds, making it less volatile and giving italower er vapour pressure.
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IAns

. Glycerine is more viscous than kerosene

. Acetone feels colder than water because it evaporates more quickly, absorbing more heat from your skin

U o e e

e |||] Pelrol Kerosene: Petrol has a htghor vapour pressure than kerosene. Petrol consists of ;rruller, l

more volatile hydrocarbons with weaker intermolecular forces, allowing more molecules to escape ! I
into the vapour phase. Kerosene has larger, heavier molecules with stronger intermolecular forces, i
resulting In loweer vapour pressure

() Mercury, Water: Water has a higher vapour pressure than mercury. Water has weaker
intermolecular forces (hydrogen bonding) compared to mercury, which has strong metallic bonding. |
As a result, water molecules escape into the vapour phase more casily, leading to a higher vapour !
pressure

Which one In each of the followlng palrs Is more viscous: Glycerine or kerosene?

Glycerine has 3-OH groups, allowing strong hydrogen bonding between molecules, which greatly
increases resistance to flow. Kerosene, a mixture of hydrocarbons, has weak van der Waals forces and
lacks hydrogen bonding, so it flows more casily.

In short, Viscosity of glycerine Is greater than Kerosene due to stronger intermolecular (hydrogen)
bonding present in glycerine.

Separate portions of acetone and water at the same temperature are poured on your hands. The
acetone feels colder. Account for this in terms of attractive forces.

Reason: Acetone has weaker Intermolecular forces (dipole-dipole) compared to water's strong
hydrogen bonds. Weaker forces mean acetone molecules escape into the air more easily, causing faster
evaporalion and greater cooling (evaporative cooling).

Why evaporation gets faster at higher temperatures?

Evaporation gets faster at higher temperatures because more malecules gain enough kinetic energy to
overcome intermolecular forces and escape into the vapour phase.

In short, Higher the temperature, higher kinetic energy, faster evaporation.

Why do we feel cool near the bank of a river?

We feel cool near the bank of a river because the water evaporates, and evaporation is a cooling .
process. Also, water has a high specific heat capacity, so it absorbs heat from the surroundings, keeping |
the area caoler

e e e —

BOILING POINT

s« When a liquid is heated, its vapour pressure goes on Normal baiing points
increasing. A stage reaches when the vapour pressure of bc g 18.1C
the liquid becomes equal to the atmospheric or external £00 /
pressure. Joo

« At this temperature the liquid starts boiling. The reason % €00 E::_r-:'l Etyt aleotlol
for this is that the bubbles of vapour which are formed g ( I
in the Interior of the liquid have greater Internal & 400 /
pressure than atmospheric pressure on the surface of E / /
liquid. This makes the bubbles to come out of the liquid | - [ / tyterls
and burst at the surface. A constant stream of bubbles / oly
comes out at the boiling point of the liquid. ﬁ/

e Temperature and B,Pt: When a liquid Is heated, the $ B W T
eMperalure e——

kinetlc energy of its molecules increases. This causes the Flgure: Vapour pressures (torr) of four comman
increase of the temperature. At the boiling point, the liquids shown as a function of temperature.

kinetic energy of the molecules becomes maximum. Any
further heating at this stage will not increase the temperature. This further heating Is utilized to break
the intermolecular forces and convert the liquid into its vapour. The boiling points of some commonly
avallable liquids at 1 atmospheric pressure are shown in the Table.
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e Graphlcal Evidence: The Figure shows the vanation of vapour pressure of water, ethyl "I‘Olin
ethylene glycol and diethyl ether with temperature. The graphs show that the liquids reach upto ey,
bolling points when thelr vapour pressures are equal to 760 torr at sea level
) ra ing B oints of Liquids

The boiling point of a liquid is affected by the factors given below
1) Strength of Intermolecular Forces o B,pt
Stronger the Intermolecular forces, lower will be the vapour pressure and higher will be the bolling Poin.
Higher boiling point of H,0 Indicates stronger Intermolecular forces than that of ethanol and methanol, Table
Table: Dolling points of some common liqulds at 760 torr (1 atm)

Liqulds Formula | DpeC Liqulds Formula | B.P°C
Acetic acid CH,COOH | 118.50 | Carbon tetrachloride | CCf, | 76.50
Acetone CH,COCH, | 56.00 | Ethanol C,H,0H | 78.30
Benzene CH, 80.15 | Naphthalene Cioth | 218.00
Carbon disulphide cs, 4630 | Water H,0 100.00

2) External Pressure o B.Pt
When vapour pressure of a liquid becomes equal to the

external pressure then the liquid boils. It means that TompersuieVapour Prassurs Gragh__ "
when external pressure is changed, its boiling point will Exteral pressure {torr) 1 Bolling polnt 'c) |
also change. When the external pressure is high the Up “"'l - :gi —
liquid requires greater amount of heat to equalize Its ,;T;:m‘;;::e:‘ﬁ,ﬂ,] 98'C
vapour pressure to external pressure. In this way boiling 323 torr (at ount Everest) 69°C
point Is raised. Similarly, at a lower external pressure a 23 7 torr 25°C
liquid absorbs less amount of heat and it bolls at a lower Dolling polnts of waler at varlous external pressure
temperature
e.g., Application of B.Pt. Vacuum Distillation etc.

»  Pressure Cooker:

* We can Increase the external pressure artificially on the surface of boiling water by using a pressure
cooker. Pressure cooker is a closed container.
The vapour of water formed is not allowed to escape.

* In this way, it exerts they develop more pressure on the water surface In the cooker and the bolling
temperature increases.

s Asmore| h_!_.-al is aEq_rbel:l In water, so fog.d is F_og_lse.d 31"5".!!.':'."25' _lrﬁe_ag.d_p.rssgug._ -

— — - — i — i — - — - — —

1
QUICK CHECK 5.6 |
I
I

a)  Why food cooking Is difficult In the areas with high altitudes?

Ans. At high altitudes, atmospheric pressure is lower, so water boils at a lower temperature, producing less |
heat for cooking. This makes food take longer to cook |

b) The food cooks faster In the pressure cooker, explain. 1

Ans. Food cooks faster in a pressure cooker because it traps steam, increasing the pressure inside. This raises |
the boiling point of water (above 100 *C), allowing food to cook at a higher temperature. The higher !
heat speeds up chemical reactions, reducing cooking time. I

* Normally, water boils at 100°C (212°F) at 1 atm (sea level pressure). i

s Ina pressure cooker, pressure rses to ~1.5-2 atm, raising the boiling point 1o 110-120"C (220-250°F).
Factor Open Pot (1 atm) | Pressure Cooker (~2 atm) !

Boiling Point 100°C (212°F) 120°C (242°F) 1 |

Cooking Speed Slow 3~10 = faster i

Energy Use More (longer time) Less (shorter time) s

___ I short, Higher the pressure, Righer boting port fastercoping. _______________|

W
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I-'i = "Uw-.y the bolling polnt of water (100°C) Is higher than that of ethanol (78°C), although bath have !
l 4 nydrogen bonds? |
|1\m. The bolling point of water (100°C) Is higher than that of ethanol (78°C) because water forms stronger |
! and more extensive hydrogen bonds due 1o its molecular structure, whereas ethanol’s hydrogenl
| ponding Is partially hindered by its nonpolar ethyl group '
i Praperty Water (H:0) Ethanol (CHiCH,0H) I
' H=bond donors 2 (two H atoms) 1 (only =OH H) {
| H-bond acceptors | 2 (two lone pairs on Q) 1 (one lone palr on 0) '
! fllect on bolling Stronger, more extensive network, higher | Weaker, limited network, easier | |
! point energy needed to break bonds to vaporize '
| in short, While both substances have hydrogen bonds, water’s smaller size, higher polarity, and ability !
1 to form twice as many H-bonds per molecule make its intermolecular forces significantly stronger, I
| teading to a higher bolling point than ethanol it
e e i - — i — — — - — — — . — —— — — — - —
ENERGETIC OF PHASE CHANGES
Whenever, matter undergoes a physical change, It Is always accompanied by an energy change. This change in
energy Is the quantitative measurement of the difference in the strength of intermolecular forces.
» Molar Heat of Fusion (AHy)
The amount of heat absorbed by one mole of a solid to melt it into the liquid at its melting point at 1
atmospheric pressure is called molar heat of fuslon.
Example:
H,0(,) —>H,0,, AH, =4.6 ki mol !
= Molar Heat of Vaporization (AH
The amount of heat absorbed by one mole of a liquid to convert it into one mole of vapour at its boiling
polint at 1 atmospheric pressure is called molar heat of vapourization
The molar heals of vaportization depends upon the strength of intermolecular forces. When one mole
H,0 is converted to vapour at 100°C, then heat absorbed is 40.6 ki mol ™
H,0(, —H,0, 4H, =40.6 kJ mol ™’
1H, and HCL only need 21.7 and 15.6 kimol ™ respectively to become vapour at their boiling points. This
difference is due to the stronger intermolecular forces in water.
o Effoct of Molar Heat of Vapourization and Fusion on Matter Particles
The molar heat of fusion and vapourization affect the particles that make up matter by providing them
with enough energy. Due to this, the particles move away from one another and change the state of the
substances from solids to liquids and liquids to gases respectively. Particles gain more freedom to move
and rotate in the liquid and gas phase.
SOLIDS
Solids are those substances which are rigid, hard, have definite shape and definite volume. The atoms, ions
and molecules that make up a solid are closely packed. They are held together by strong cohesive forces.
The constituent atoms, ions or molecules of solids cannot move at random
9 General Properties of Solids
) Compression of Sollds

The atoms, molecules or ions of a solid substance are closely packed. The particles of solids cannot move
dloser to each other unlike gases. It is true for metallic solids that their atoms are sphercally symmetrical
So, when such particles are arranged, they can give birth to hexagonal and cubic close-packed structures.
Here outer boundaries of constituent particles touch each other but due to their spherical shapes, they
cannot occupy more than 74% space. It means the compression of solids 15 not possible.
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i) Expansion of Solids
The expansion is the property in which spaces between constituent particles are Increased. In cage o,
solids the forces of attractions are so strong that increase of temperature hardly affects their relaty
positions. The particles in a solid have vibrational motions about their mean positions. Increase in
temperature of solids hardly increases their volume. No doubt, there are parameters like coefficien of
linear and cubic expansions of various solids, but these are negligible as compared to liquids and gases,

ill) Motion of Particles In Solids
The constituent particles of a solid do not undergo translatory motion, and neither rotational ones, The,
only vibrate about their mean positions. These vibrations become more intense at higher temperature,

iv) Inter-particle Space In Sollds
The interpaticle spaces in solids are far less than liquids. This is due to the stronger forces among thejy
particles. Due to closely packed atoms, molecules, and lons, solids are mostly hard, have high melting
points and high stability.

v) Inter-particle Forces in Sollds
In solids, the particles (atoms, ions, molecules) are held together by ionic, covalent, metallic or van gg,
Waals forces. These forces are strong enough to fix the particles at their places thus allowing these
particles to just vibrate about their mean positions.

vi) Kinetic Energy Based on KMT
Kinetic energy is due to the motion of constituent parilcles of a solid. Solid particles have only vibratory
motion and they do not have translational or rotational motion. Therefore, the only kinetic energy thy
solids possess is vibrational kinetic energy,

* TYPES OF SOLIDS

There are two types of solids on the basis of the way their particles are arranged;
. Crystalline solids Il.  amorphous solids

9 Crystalline Solids

»  Crystal Lattice

The regular arrangement of lons, atoms, or molecules In three dimensional space Is called the crystal lattice,
The solids which have definite regular and three dimensional geometric shapes are called crystalline solids,
For example, diamond, sodium chloride, ice, etc.

Describe the following properties of crystalline sollds.

1) Geometrical shape  [I) Melting point 1) Cleavage plane iv) Habit of a crystal

Y

Properties of Crystalline Sollds
I. Geometrical Shape

= Al the crystalline solids have a definite, distinctive
geometrical shape due to definite and orderly arrangement
of atoms, ions or molecules in three-dimensional space.

* For a given crystal, the interfacial angles, at which the
surfaces intersect, are always the same no matter in which
shape they are grown.

® The faces and angles remain characteristic even when the material is ground to a fine powder.

Ili. Melting Points

= Crystalline solids have sharp melting points.

= They can be identified from their definite melting points.
e.g., Melting point of NaCL = 801°C

@ Rack Your Mind!

9, why.t!w lonlc erystalline solids have
high melting polnts?

@ Rack Your Mind!
10. cln'nge of the crystals s itself

iil. Cleavage Planes
® Whenever the crystalline solids are broken they do so along

definite planes.

anlsotroplc behaviour,
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» These planes are called the cleavage planes and they are inclined to one another at a particular
angle for a given crystalline solid.

= The value of this angle varies from one solid to another solid.
jv. Growing of a Crystal

= When we have a saturated or super saturated solution of a

crystalline material in a suitable solvent, it can give us same

types of crystals by arranging atoms, ions or molecules.
= This happens through the process called growth of crystals.
= This can be done by slow evaporation of the solvent or by Seeding process from saturated solution.
example: The solubility of sodium thiosulphate Na,S,0, in water at 100°C is 231g/100 cm’. At
room temperature, solubility is 50 g /100 cm’. If we have saturated solution of Na,s,0, at 100°C, on
cooling slowly no growth of crystal happens. It means that super saturated solution is not in
equilibrium with solid substance. Now, if small crystal of Na,5,0, Is added to super saturated solution,
the crystallization happens rapidly.
v. Habitof a Crystal

= The shape of a crystal in which it usually grows is called habit of a crystal.

= If the conditions for growing a crystal are malntained, then the shape of the crystal always remains

the same.
= Ifthe conditions are changed the shape of the crystal may change.
= For example, a cubic crystal of NaCL becomes needle like when 10% urea is present in its solution

as an impurity.
Amorphous Solids: (Prefix ‘A’ = without, morph: Shape = Shapeless)

Seeding Process:
Sceding involves Introducing a small
“seed crystal” Into a supersaturated
solution or melt to initiate and guide
the growth of larger, well-formed

=

Definition:

"Amorphous substances are those whose constituent atoms, lons or molecules do not possess a regular

orderly arrangement".

Amorphous solids, contrary to the crystalline solids, do not possess regular three dimensional geometrical shapes.

Examples of Amorphous Solids: Glass, wood, amorphous sulphur (plastic sulphur), charcoal, coal, coke, etc.

% Properties of Amorphous Solids:

I. The amorphous solids can have small regions where orderly arrangement of particles is found, but
they do not have long range of regularity. The regions where orderly arrangement of particles is
present are known as crystallites.

il. Amorphous solids like glass melts over a wide temperature range.

lil. They can be molded and blown to form different shapes. .

Iv. Amorphous solids do not have definite value of heat of fusion.

Table: Comparlson of crystalline and amorphous sollds.

Property Crystalline sollds Amorphous solids

1,. Geometry of Crystalline solids show characteristic | Amorphous solids generally appear in lump
solld geometrical shapes. orin a fine powder form.

2. Meltingof solld | Crystalline solids melt sharply at their | Amorphous solids do not have sharp meiting

melting points. points and they melt over a range of
temperature.

3. Directional Crystalline solids are anisotropic in | Amorphous solids are isotropic. Their
character of the | nature. It means that thelr properties | properties do not depend upon the
properties depend .upon the direction along | direction of measurement.

which the measurements are made.

4, Order of | Crystalline solids have long-range | In amorphous solids, long-range order is
particfes Insolld | order. absent.

5. Bxamples: NaCL, Diamond etc. Glass, Glue etc.
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! QUICK CHECK 5.7 |
la) Whysollds have very low compressiblility and expansion? :
! Ans, Solids have very low compressibility (resistance to volume reduction under pressure) and low thermys
! expansion due to their rigid, closely packed atomic/molecular structure. The main reasons are: |
| l. Low Compressibility: i
1 * Strong Intermolecular Forces: Particles (atoms/ions/molecules) in solids are held tightly !
| strong bonds (e.g., covalent, ionic, or metallic) or van der Waals forces (in molecular solids),

; =  Minimal Empty Space: Particles are densely packed, leaving almost no gaps to compress further,
: = Electron Repulsion: When forced closer, electrons in adjacent atoms repel strongly, reslstinll
ion. 1
I compress
- il. Low Thermal Expanslon: |
| = Vibrational Motion Only: When heated, particles vibrate more but cannot move freely f“““h;
' liquids/gases). This limits expansion. |
I')  whatis meant by habit of a crystal? |
I Ans. See (Properties of Crystalline solids) Above Point v. Habit of a crystal, X
1€)  Why solids do not undergo translatory motion? !
| Ans. Solids do not undergo translatory motion (free movement of molecules from one position to another)|
i because of their rigid, fixed molecular structure and strong Intermolecular forces. '
Reasons: |
i i. Strong Intermolecular Forces: 1
' * Solids have strong bonds (ionic, covalent, metallic) or dense van der Waals forces that hou!
| particles in fixed positions. |
i = Example: In a salt crystal (NaCL), ions are locked In place by electrostatic forces. '
Fixed Lattice Structure: |
i = Particles in solids are arranged in a rigid, ordered lattice (crystalline) or a tightly packed'
: |
|
L}
l
L}
]

disordered structure (amorphous). y
=  Unlike liquids/gases, they cannot flow because thelr molecules lack freedom to move past one another, |

iii. Only Vibrational Motion: '

= When heated, particles vibrate (oscillate) around fixed positions but do not show translatory motion, |

e Example: Atoms in a diamond vibrate but stay locked in a covalentnetwork. _ __ _ __ e
LIQUID CRYSTALS

—_—

’ (Exercise LOj|

Q. How liquid crystals resemble liquids and solids? Give thelr uses In daily life.
9 Introduction

The distinction between liquids and solids is clear-cut and the phase transition between them is always
sharply defined. However, at certain temperature, many substances exist in a phase that is neither fully liqud
nor fully solid. The molecules in these substances can move around, as in viscous liquids, but have
restricted range of motion, as In solids. These substances are called liquid crystals.

Crystalline solid —> Cloudy liquid (liquid crystal)— Clear liquid

In most liquid crystals, the molecules have a rigid, rod-like shape

with a length four to eight times greater than their d!arnete_r. @ Rack Your Mind!

When packed together, the molecules tend to orient with their V —

long axes roughly parallel, like logs in a stack of firewood. | * :‘;T: °';h‘7:;"°w'"‘ e

Individual molecules can migrate through the fluid. They can spin A) SoH:r:uhmnces

around their long axis, but they can't rotate end over end. 8) Amorphous solids

“The turbid liquid phase of a solid that exists In between the C) Substances with properties

melting and clearing temperature is called liquid crystal.” between liquids and sollds
Crystal Liquid Crystal === Liquid D) Completely gaseous substances
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'3 General Properties of Liquid Crystals
1 Discovery of Liquid Crystals
r Uquld . e First of all, in 1888, Frederick Relnizer, an
The general properties of “qmd cryslals are as follows: Austrian botanist discovered the liquid crystals
I. They have parallel ordered arrangement. o He was studying an organic compound
iI. They are elongated, rod-like and linear. Cholesteryl benzoate
{li. They flow like liquids. e This compound turns milky liquid at 145°C

and becomes a clear liquid at 179°C.

=  When the substance Is cooled, the reverse
process occurs.

e This turbid liquid phase was called liquid crystal

lv. They show viscosity like liquids.
v. They show optical properties like crystals.
vi. They are somewhat rigid.
vil. They are always anisotropic.
uses of Liquld Crystals In Daily Life
The main application area of liquid crystals Is In electro-optic devices. These are electrically controlled
devices that modulate light in a desired way. Liquid crystals have many uses in daily life.
i) In Diagnostics
» Special liquid crystal devices can be used to diagnose the tumors and infections in the human body.
» This is because often physical problems, such as tumors, have a different temperature than the
surrounding tissue. .
= When cholesteric liquid crystals are applied to the breast, a tumor Is located because of being
warmer than the other parts. This technique is successfully applied to diagnose breast cancer in
the early stage.
li) Characteristic Higher Temperature Determination
» Liquid crystal temperature sensors can also be used to find faulty connections on a circuit board by
detecting the characteristic higher temperature.
= Astemperature sensors, they are be used in thermometers.
i) Liquld Crystal Displays (LCDs)
= The most common application of liquid crystal technology is liquid crystal displays (LCDs.).
= Examples of liquid crystal screens are oscillograph and TV, laptops, cell phone displays. Liquid
crystals are used In TV displays, computer screens, calculators and watches, etc.
= Note: As new properties and types of liquid crystals are investigated and researched, these
__materials are sure to gain increasing importance In industrial and scientific applications.

Y

I I] QUICK CHECK 5.8

|
L}
ia) Name the properties of liquid crystals in which they resemble solids. |
1 Ans. Liquid crystals (LCs) share several key properties with solids, despite their fluid-like behaviour. Here are 1
| the solid-like characteristics they exhibit: |
! |, Long-Range Orlentational Order .
! * Like solids, LCs have molecules aligned In a preferred direction (e.g., nematic phase) or In layers !
| (smectic phase). |
f » Solld-like Example: Crystals have fixed atomic positions; LCs maintain directional order while
| allowing some mobility, |
1 Ii. Optical Anisotropy '
! =  LCs splitlight into two polarized rays, just as crystalline solids do, due to their ordered structure. I
I = Application: LCD screens exploit this property to control pixels. i
. lil. Elastic Response to Deformation '
| = LCs resist distortions (e.g., bending, twisting) and recover their alignment when disturbed, |
1 similar to elastic solids. 1
I'b) Mentlon the properties of liquld crystals In which they resemble liquids. |
! Ans. Liquid crystals (LCs) exhibit several liquid-like properties while maintaining some degree of molecular i

]

|

L}

I

- order. Here are the key ways they resemble liquids:
| I
1

Fluld-like Flow and Viscosity
* LCscan flow and take the shape of their contalner, just like ordinary liquids (e.g., Isotropic liquids),
Example: Nematic LCs pour like olls but r.r_ata_ln_dire:tlonal order.
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= 7i.” No Fixed Posltional Order (Short-Range Mobility)
! b .No Unlike solids, LC molgcules do iol occupy fixed lattice positions—they can slide pagy Onel
| another while maintaining alignment
! «  Exception: Smectic LCs have layered order but still allow in-plane flow
| ill. Surface Wetting Behavior
LCs spread and wet surfaces like liquids, forming droplets or films
Used in coatings and responsive sensors.
Iv. Diffusion and Mixing
= LC molecules exhibit Brownian motion (random movement) and can diffuse, though slower yp,, |
in isotropic liquids due to partial order. -
Which property of liquid crystals make it possible to use them In temperature sensing devices? |
s. The temperature-dependent optical properties of liquid crystals (especially cholesterlc/chiral nemgy. !
phases) enable their use in temperature sensors. !
o Their pitch (molecular twist length) changes with temperature, altering reflected/transmitted "shtl
wavelengths (visible as color shifts). b
*  Example: Thermochromic strips (e.g, forehead thermometers) use this to display temperature via colo; |

* The reversible, precise response to thermal energy makes LCs Ideal for non-contact, visua) !

c)

.~_____§___ﬁ___

Explanation’

Gases have large distances between molecules, making them more compressip),
compared to solids and liquids, which have molecules that are closely packed.

The equation, known as the Ideal gas law, relates the pressure (P), volumem
temperature (T) of 3 gas, with n being the number of mles and R the gas constany, |
combines Boyle’s Charles's and Avogadros’ laws.

lodine has a larger molecular mass and more electrons, which increases polarizability 3pg]
strengthens id-id forces, due to that reason its boiling point increases.

& o

Ct

5.Q
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el ‘Tl
Anomalous Behaviour of Water Saves Aquatic Life:
The lower density of ice allows it to float and form an Insulating layer on water,
maintaining liquid water below and protecting aquatic organisms during winter.

s5.Q

Surface tension decreases with increase in temperature because molecular motion
weakens cohesive forces.

Water seeps through the earthwnware and evaporates from the surface, taking heat awyy
from the remaining water, thus cooling it down.

Earthenware vessels are porous. Water rises through these pores by capillary action and
evaporates at the surface of the vessel. Remaining over water has low energy molecules so
its temperature drops. Further, these earthenware vessels are insulators and do not allow
the heat to move in them and hence, water remains cool in earthenware vessels.

5.Q

The oppositely charged ions le. cations and anions in ionic crystals, are closely held
together by strong attractive forces | e. electrostatic force of attraction or lonic bond. Thal
is why a very high energy or heat is required to separate cations and anions from each
other and convert them into liquid. So, ionic crystalline solids have high-melting points.
e.g., melting point of NaCL = 801°C

9. s5.Q

al
l

Va

VL.

w'i

Vil

X

“ x.

In crystals, the particles are arranged in a regular repeating three dimenslonal pattern. This
arrangement of particles is different in different planes. It is due to the reason thal
cleavage of crystals occur differently in different directions. Hence, cleavage of crystals s
itself anisotropic behaviour. Difference in physical properties with direction.

10. s.Q
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- D> Enercise - LKL
MULTIPLE CHOICE QUESTIONS (MCQ’L] -

Four cholces are glven for each questlon, Select the correct cholce,

London dispersion forces arc the only forces present among:

a) molecules of water In liquid state b) atoms of hellum In gaseous state at high temperature
¢) molecules of solid lodIne d) molecules of hydrogen chloride gas

When the vapour pressure of a liquld equals the vxternal prossuro, what phenomenon occurs?

a) Sublimation b) Condensation ¢) Bolling d) Freering

When water freczes at 0°C, Its density decreases duo to:

a) cublc structure of ice b) empty spaces present in the structure of lce

¢) decrease In volume d) decrease Inviscosily

Which of followling Is the correct sequence of decreasing Ally values of substances mentloned?

a) H,0>NH, >F, b) F, »NH, >H,0 ¢) NH, »1,0 -, d) 1,0 -1, =NIl,
surface tension of a liquld Is due to:

a) Inward pull of surface molecules b) upward pull from the surlace

¢) collision of molecules ) repulsive forces

Which change of state Involves overcomling only London disperslon forcos?

a) Melting of Ice (H,0,) -»H,0,)) b) Bolling of ethanol (CH,CH, O, ~» CHyCH,0M )

d) Dissolving sodium chiorlde In water

¢) sublimation of ledine (i, )

In which of the followlng substances are London disperslon forces the only signlficant Intermolocular
forces present?

a) Ammonia (NH,) b) Water (H,0) ¢) Methane (CH,)
Which of the following Is a characteristic property of crystalline sollds?
a) They have a range of melting polnts, b) They are Isotroplc,
¢) They have a definite and sharp melting point.  d) They lack a regular arrangement of particles
Which of the following liquids would you expect to have the highest viscosity at a glven temperaturo?
a) Water (H,0) b) Ethanol (CH,CH,0H)

¢) Dlethyl ether (CH,CH,OCH,CH,) d) Glycerol (CH, (OH)CH(OHCH, (OH))

Which type of Intermolecular force Is present In all types of molecule regardless of thelr polarity?
a) Dipole-dipole forces b) Hydrogen bonds ¢) London dispersion forces d) lon-dipole forces
Liquid crystals exhibit properties:
a) Only like solids.

¢) Between solidsand liquids.

d) Hydrogen lluoride (HF)

b) Only like liquids
d) Unlike sollds or liquids

Answer Key with Explanations! ==

sr.No. | Option | Answer | Explanation

* Hellum atoms are monoatomic and non-polar. They only
) b atoms of hellum In gaseous exhibit temporary London dispersion forces. Water and
state at high temperature HCL have hydrogen bonding or dipole=dipole forces,

lodine has London forces, but also In a solld lattice,
» Bolling starts when the vapour pressure Inside the liquld
I c Bolling equals the atmospheric pressure, allowing vapor bubbles

to form Inslde the liquid.
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« Ice forms a hexagonal open structure with m
. b empty spaces present in the hydrogen bonding, making it less dense than liquig
structure of ice watét
AH, depends on intermolecular forces: o ‘
e H,;0 has strongest H-bonding — highest AHv
. NH; has weaker H-bonding —> moderate AHv
- . H=T ¢ F, has only London forces —> lowest AHv
» Thus, the decreasing order (which matches option a) js:
H;0 > NH; > Fa
inward due to cohesi
inward pull of surface | * Surface molecules are pulled | ¢ Cohesive
V. a forces, causing the liquid to minimize surface area — th
molecules : is
is surface tension.
"  lodine is non-polar; its molecules are held together °"'hf-
Sublimation of iodine ’ . )
VI < by weak London dispersion forces, which are overcome
b = lagg) s
during sublimation.
* CH, is non-polar, and hence only exhibits Longg,
Vi c Methane (CHa) dispersion forces. The others have dipole or hydroge,
bonding.
Vil c They have adefiniteand |« Crystalline solids have an orderly arrangement, ﬂusing-'
sharp melting point them to melt sharply at a specific temperature
- —_—
IX d Glycerol e Glycerol has three =OH groups, forming many hydrogen
(CHa{OH)CH{OH)CH,(0H)) bonds, increasing resistance to flow (viscosity).
i in all atoms and
X. * London dispersion forces are present in a _ n
2 \onion ditpersion Tavees molecules due to temporary electron fluctuations.
. o Liquid crystals have properties intermediate between
i iqui ike liqui have so
Xl. s solids and liquids. They flow like liquids but me
¢ REteshoids apd o molecular order like solids, making them unique ang
useful in display technologies (e.g., LCD screens).

- SHORT ANSWER QUESTIONS -

Q.2 Attempt the following short-answer questions:

a.  Explain, at a molecular level, why evaporation leads to a cooling effect.
Ans. Evaporation causes a cooling effect because of the loss of high-energy molecules from a liquid's surface.
1. Molecules in a Liquid Have Varying Energies
® Inany liquid, molecules are in constant motlon and have different kinetic energles.
= Some have high energy, others less — this distribution Is random.
2. Only the Fastest Molecules Escape
* The highest energy molecules (with enough kinetic energy to overcome intermolecular forces)
escape from the liquid surface and become gas (vapour).
* This process Is evaporation.
3. Loss of High-Energy Molecules Lowers Average Energy
* When these high-energy molecules leave, the average kinetic energy of the remaining molecules
decreases.
= Since temperature is a measure of average kinetic energy, the temperature of the liquid drops.

p—
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b.

explain why liqulds with stronger Intermolecular forces tend to have lower rates of evaporation at a
given temperature compared to liquids with weaker Intermolecular forces.

""M,. Liquids with stronger intermolecular forces (like hydrogen bonds or dipole-dipole forces) require more

C.

energy for molecules to escape the surface and become vapour,
At a given temperature, fewer molecules have enough energy to avercome these forces, so the rate of
evaporation is lower compared to liquids with weaker Intermolecular forces, where molecules escape more easily.

One feels sense of cooling under the fan after bath. Explain.

"ans. Evaporation is a cooling process and speed of air increases the rate of evaporation. After bath, a thin layer

d.

of water Is formed on body. When one sits under the fan, the water gets energy from body and
evaporates. Increase in the rate of evaporation is facilitated by speed of air. As a result, ane feels sense of
cooling due to decrease in body temperature.

How a dynamic equilibrium is established during evaporation of a liquid in a closed vessel at constant

temperature.

Ans. When a liquid is placed in a closed contalner at constant temperature:

« Evaporation starts: Molecules at the surface escape Into the vapour phase.
« Condensation also begins: Vapour molecules collide with the liquid surface and re-enter the liquid.

L

The boiling point of water is different at Lahore and Murree hills.

Ans. The bolling point of a liquid can be decreased by decreasing the external pressure.

Boiling Point of Water at Lahore:

At Lahore, the atmospheric pressure is 750.1 torr and boiling point of water is 99.1 °C (approx.) at this pressure
Boiling Point of Water at Murree Hills:

At Murree Hills the pressure is 700 torr and boiling point of water is 98°C at this pressure.

Discuss two significant consequences of the lower density of ice compared to liquid water in natural
environments.?

. Two key consequences of ice being less dense than liquid water:

 Ice Floats on Water: This insulates lakes and ponds in winter, allowing aguatic life to survive beneath
the frozen surface.

« Prevention of Complete Freezing: Since ice forms at the surface and floats, it prevents water bodies
from freezing solid from the bottom up, preserving ecosystems.

g. Why boiling point (B.P) of a liquld Increases when the external pressure rises?

Ans. The boiling point of a liquid increases with external pressure because:
Boiling occurs when the vapour pressure of the liquid equals the external pressure.
When the external pressure rises, the liquid must reach a higher temperature to produce enough vapour
pressure to match it, thus raising the boiling point.

h  Mention four Items In which liquid crystals are used.

Ans. Four common items that use liquid crystals:

*  Digital watches and clocks

¢ Llaptop and TV screens (LCDs)

* Thermometers (liquid crystal thermometers)
* Moblle phone displays
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L How do you differentlate between crystalline sollds and amorphous solids?
Ans. Differences between Crystalline and Amorphous Solids oy i
Property Crystalline solids Amorphous solids B —
Definition | Those solids in which atoms, lons or | Amorphous substances are those Whose |
molecules are arranged in a definite three- | constituent atoms, ions or molecules do
dimensional pattern are called crystalline | not possess a regular orderly arrangemen,
solids. This recurring regular geometrical
pattern of  structure extends three
dimensionally.
Shape They have  definite  characteristic | They have irregular  shape  (Worg]
geometrical shape. Amorphous means shapeless).
Melting They melt at a sharp and characteristic | They gradually soften over a range o
point temperature. temperature.
Cleavage | When cut with a sharp edged too, they into | When cut with a sharp edged tool, they cy]
plane two pieces and the newly generated | into two pieces withirregular surfaces,
surfaces are plain and smooth
Heat of They have a definite and charactenstic heat | They do not have definite heat of fusion,
fusion of fusion.
Anisotropy | These are anisotropic in nature These are Isotropic in nature.
Nature They are true solids They are pseudo solids or suPEf?o_;l;?
liquids or highly viscous liquids.
Examples | NaCl, Sugar, Ice, Diamond etc. Rubber, Plastic, Glue, Glass, Paperetc. ||
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m. The bolling polnts and molar masses of hydrides of some first-row elements are tabulated below:
Substance | Bolling Polnt (K) | Molar Mass (g mol™)
CH, 112 16
NH, 240 17
H,0 373 18

suggest reasons for the difference In thelr bolling points In terms of the type of molecules Involved and
the nature of the forces present between them.

-ﬁni- e CHa: Methane is a symmetrical and non-polar molecule. It has London dispersion forces. Which are

very weak so it has low bonding point

NH;: Ammonia is a polar molecule. It has hydrogen bonding between its molecules, These _
intermolecular forces are stronger than London forces. Due to these forces, ammonia has high boiling
point and heat of vapourization than methane

H20: Water is a polar molecule. In water molecule strong hydrogen bonding i1s present. Water forms
two H-bonds per molecule as a result the affect of hydrogen bonding in water Is more than in
ammonia. Due to this, boiling point and heat of vapourization of water is very high as compared to

methane and ammonia.

DESCRIPTIVE QUESTIONS

= e

J.  Propanone (CH,COCH, ), propanol (CH,CH,CH,0H) and butane (CH,CH,CH,CH,) have very similar relativs
molecular masses. List them in the expected order of increasing boiling points. Explaln your answer.

Ans. Bolling Point:

“The temperature at which the vapour pressure of a liquid becomes equal to external pressure Is calleg
boiling point of that liquid.”
Order of boiling points is:
Butane < Propanone < Propanol
0°C 56°C 97°C

I. Butane is non-polar and it has London dispersion forces.
li. Propanone has dipole-dipole forces.
lii. Propanol has hydrogen bonding.

The strongest intermolecular forces are hydrogen bonding and weakest are London forces, so order of

boiling points is same as given above.

k. Discuss how hydrogen bonding is responsible for the relatively high surface tension of water.

Ans. Hydrogen bonding is responsible for the relatively high surface tension of water due to the strong
intermolecular attractions between water molecules. Each water molecule can form up to four hydrogen
bonds with neighboring water molecules. At the surface, water molecules have fewer neighbouring
molecules, so they form stronger bonds with the ones beside and below them. This creates an inward
cohesive force, pulling surface molecules more tightly together. As a result, water's surface resists external
force, leading to high surface tension.

In Short, Hydrogen bonding causes strong cohesive forces among water molecules, especially at the
surface, resulting in high surface tension.

. What type of Intermolecular forces will dominate in the following liquids?

(i) NH; (il) Ar (i) CH,COCH, (iv) CH;OH
Ans, (i) NH; (Ammonlia): Hydrogen bonding is present in ammonia molecules.

(ii) Ar(Argon): London dispersion forces are present in argon (which is a noble gas).
(i) CH,COCH, (Acetone): Hydrogen bonding is present in acetone molecules.
(iv) CH;0H (Methanol): Hydrogen bonding is present in methanol molecules.

‘a3 Whatare London dispersion forces? Give examples, and discuss the factors affecting these forces.

Ans. See Page No. (142)

a4

Hydrogen bonding Is present In H,0, NH, HF, (CH,); CO and CHCL; molecules. Sketch structures and
discuss briefly.

Ans. See Page No. (144)

Q.5 Discuss the structural changes when water turns into Ice. Justify the empty spaces In Its crystals as

compared to H,0 at 4°C and lower density of Ice.

Ans. See Page No. (146)

Q.6 How liquid crystals resemble liquids and solids? Glve their uses in dally life.

Ans. See Page No. (158)

Q.7 Describe the following properties of crystalline solids.

1) Geometrical shape

11) Melting point ili) Clcavage plan iv) Habit of a crystal

Ans, See Page No. (156)

-



166 Chapter 5 )) States and Phases of

Mat,
(o )

Q.8 A sample of an unknown gas has a mass of 0.560 g. It occuples a volume of 2.B7 x f.h

NUMERICAL PROBLEMS

m!
temperature of 300 Kand a pressure of 1,01 x 10* Pa. Calculate the molar mass of the gas. (Gas cgm:l i
R = 8.31JK* mol™) "
Ans. Glven data: ——

Mass (m) = 0.560g
Volume (V) = 287x10m’
Temperature (T) = 300K
Pressure (P) = 1.01x10°Pa
Gas constant (R) = 8.31J K™ mol"

To find:
Molar Mass of Unknown Gas = 7
Solution:
Step 1: Use the Ideal gas law to find moles (n)
PV = nRT
n= PV/RT
o (1.01x10°P2)(2.87x10™' m’)
(831K morl™*)(300K)

ns= ﬂ: 0.0116 mol

2493
Step 2: Calculate molar mass (M)

M = mass/moles=0.560g/0.0116 mol
M = 483 gmol™?

Q.9 In alaboratory experiment, 150 cm?® of a volatile liquid was completely vaporized at 98°C and a pressyy,

of 1.01 x 10° Pa. The mass of the vapour was found to be 0.495 g. Determine the molecular mass of the
liquid (R = 8.314 JK* mol!),

Ans. Given data:

—

Volume (V) = 150 em’=1.50x 10~ m’
Temperature (T) = 98°C=371K
Pressure (P) = 1.01x10°Pa
Mass (m) = 0495g
Gas constant (R) = 8.314) K" mol”

To find:

Molar Mass of Unknown Gas = ?
Solution:
Step 1: Use the Ideal gas law to find moles (n)

PV = nRT
o = (L01x105 Pa)(L50x10™m’)
(8314)K mol?)(371 K)
15.15
30836
n = 0.00491 mol
Step 2: Calculate molar mass (M)
M = mass/moles
M = 0.495 g /0.00491 mol
M = 100.8g mol™?
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ADDITIONAL SLOs BASED MCQs

1, Thetemperature at which two or more than two types of crystals exist in equilibrium Is called.

A Melting Point B. Transition temperature
C. Euteclic temperature D. Bolling point

2. The solids In which atoms, lons or molecules have random non-repetitive three dimensional
arrangements are termed as:
A. Crystals B. Glasses C. Alloys 0. frmalgams

3, The nature of bond in dlamond Is:
A. lonic B. Covalent C. Molecular D Meraliic

4, Crystallattice Is an arrangement of particles in:

A. One dimension B. Two dimensions
Lattice energy s also called:
A. Crystal energy B. lonizatlon energy C. Energy of affinity
6. When gaseous lons are allowed to form a crystal, energy.
A.Is evolved B. Is absorbed
C.is sometimes absorbed and sometimes released D. has no effect
7. NaF and MgO have both atomic ratlo 1:1 In thelr crystals such property is:
A. Polymorphism B. Isomorphism C. Isotropy D. Allotropy

8. Electric current can pass through graphite In one direction but not through other direction of crystal such
a property Is called:

A. Allotropy

C. Three dimensions D. Four dirmensians

"

D. Bond Erergy

B. Anisotropy C. lIsomorphism D. Polymorphizm

9, Iron acts as an electrical conductor due to:

A. Electron cloud B. Free prolons C. Free neutrons D. Free wons

10. A crystal of the purple compound, Potassium Permanganate, placed at the bottom of a beaker of water
and the beaker left until there Is no further change. What will be observed?
A. A uniformly purple solution.
B. A colourless liquid vith the purple erystal unchanged.
C. A purple layer below a colourless layer.
D. A colourless layer belows a purple layer.

11. Which of the following method is most suitable for obtalning a pure, dry sample of NaCl from a mixture
of Nacl and sand?
A. Shake the mixture with water. Filter and dry the substances on the filter paper.
B, Shake the mixture with water. Filter and evaporate the filtrate.
C. Shake the mixture with water and distill off the sand.
D. Heat the mixture gently and collect the substances which bail off.

12. What n:"gethod could be used to obtaln copper from mixture of powdered copper and sodium chloride?
A. HeatIng the mixture B. Fractional distillation of the murture
C. Passing an electric current through the mixture  D. Adding e«cess water to the marture and filtenng
13, A bottle of copper oxide has been contaminated with some sodium chloride. How can the MaCl be
removed from the copper oxide?
Place the mixture in a separating funnel B. Heat the mixture and 2l'ow rt to cool
Add water to the mixture and filter D. Add aquecus AgNO; to the miature
14. Lead and zinc can be separated by distillation because they have different.

A. Boiling point B. Densities C. Mass numbars D. Reactiiities
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15. An insoluble solld was dropped into a measuring cylinder containing 50 cm® of water. What w)y, be
effect on volume of water?

Q. No I Option

1.

A 15cm’

§ 17 em’ C s0em’ D 65cm’
Explanation

At transition temperature, one crystalline form of a substance changes to another.
and below this temperature, only one form exists. The transition temperature of allou-o“
forms of an element is always less than its melting point. G

An amorphous solid is 3 substance in which atoms, molecules or ions assume a random 33
non-repetitive three dimensional arrangements e g. Glass. >

Diamond 15 an allotrope of carbon. In diamond carbon atoms are covalently bondeg with ]
each other.

An array of points representing the arrangement of particles (atoms, ions or mohcu!g;; ﬁ;
three dimenslonal spaces is called crystal lattice.

The energy released when one mole of an ionic crystal is formed from the gaseous ;[;p-;;;:
lons is called lattice energy. e g

Na ) +CI—> NaClyy  AHua = -787 kimor™

The energy released when one mole of the ionic crystal is formed from the gaseous ions 5

called lattice energy. e g Na":l + CI}— NaCl ) AHue = =787 imol ™

The phenomenon in which two differant substances exist in the same crystalline form g|
called isomorphism. e g
NaF and MgO are isomorphs and having cubic shape.

It is because crystal has different arrangements In differant directions e.g. graphite exist jy
the form of layers, so it is conductor in one direction, parallel to layers but insulator acrog
the layers.

9.

Iron is a metal. The electrical conductivity of metals is due to the presence of free or mobis
electrons. These electrons form electron cloud in the metal lattice.

10.

Diffusion is a spontaneous movement of gas or liquid molecules from a region of a hig_h;;-
concentration to a region of lower concentration, until they are equally dispersed.
e Adeep purple layer below a pale purple layer is formed after about 15 minutes.
= A uniform purple solution is formed after about 30 minutes.

A mixture of NaCl and sand is mixed with water. NaCl is soluble while sand is insoluble in
water. Filter the mixture. The filtrate is NaCl solution. It is evaporated. Water evaporates
leaving behind solid NaCl.

Nacl is soluble in water while copper is insoluble.

When excess water is added in the mixture, NaCl dissolves in water while copper oxide
remains insoluble. The solution is filtered. The copper oxide i1s obtained as residue on filter
paper.

Distillation is the techmique to separate liquids from a mixture on the basis of bolling points.
Zinc distilled first as it has low boiling point than lead.

Addition of Insoluble solid increase the volume of water.
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ADDITIONAL SHORT ANSWER QUESTIONS

Write any four properties of gases.

“ans. Properties of Gases:

(1) Indefinite Volume: Gases have an indefinite volume and occupy all the available space. The volume of
a gas is the volume of the container.

(i) Indefinite Shape: They don’t have a definite shape and take the shape of the container just like liquids.

(iif) Low Densitles: Due to low densities of gases, as compared to those of liquids and solids but gases
bubble through liquids and tend to rise up.

(iv) Diffusion and Effusion: Gases can diffuse and effuse. This property is negligible in solids but operates
(works) In liquids as well.

2 Write any four properties of liquids.
“ns. Properties of Liquids:

Ans.

(i) Volume: Liquids have a fixed volume. The intermolecular forces in liquids are strong enough to
maintain a fixed volume.

(it) shape: Liquids do not have a fixed shape. They always take the shape of the container in which they
are placed. The intermolecular forces are present in liquids but they are not so strong that a liquid can
have a fixed shape.

(iii) Evaporation: Due to constant movement and collisions between the liquid molecules, the high energy
molecules leave the surface of liquid and the liquid is changed Into its vapours. This process is called
evaporation. Liquids evaporate at all temperatures.

(iv) Diffusion: A liquid can diffuse into another liquid with which it is miscible. However, the rate of diffusion in
liquids is slower than in gases. This is due to less empty spaces between the liquid molecules.

Q.3 Glve two statements of Boyle's law.

Ans.

Boyle's Law:
Statement: “The volume of a given mass of a gas at constant temperature Is Inversely proportional to
the pressure applied to the gas.”

1
Mathematically:V < P (at constant temperature and number of moles)

k
V= ;Here ‘K’ is proportionality constant

PV = k(when T’ and ‘n’ are constant)
The value of k Is different for the different amounts of the same gas.
Another Statement: “The product of pressure and volume of a fixed amount of a gas at constant
temperature is a constant quantity.”
So, PiVi = kand PVi=k
Hence, PiVi= PV,
PyVi are the initial values of pressure and volume while P;V; are the final values of pressure and volume.

Q4

State Charles’s Law and write its mathematical form.

Ans.

Charles’s Law: “The volume of the given mass of a gas Is directly proportional to the absolute
temperature at constant pressure.”
Mathematically:
V e« T (at constant pressure and number of moles)
or V= kT

v
or I= k
If temperature is changed from Ty to Ty, and volume changes from V; to Vy, then
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%" = kand :—:= k
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Another Statement:
“The ratio of volume to temperature remalns constant for same amount of gas at same pressure,”
—

Q.5 WhatIs Avogadro's law (of gases)? Glve an example.
Ans. Avogadro’s Law: B
“Equal volumes of all the Ideal gases at the same temperature and pressure contains equal NUMbey o
molecules.”
AL STP, one mole of all gases have volume 22 414 dm® and Na = 6.022 x 10 molecules.
Examples:
ALSTP,
H:=2g =1 mole = 22.414 dm’ = 6.02 x 10" molecules
0:=32g =1 mole = 22 414 dm’ = 6.02 x 10" molecules

Q.6 Derive molecular mass of a gas by gencral gas equation.
Ans. We can determine the molecular mass as follows:

Derivation:
PV = nRT _ (general gas equation)
Where . mass of gas _m
molecularmass M
- PV = ZRT
M
M = ——RT
VxP

So by knowing m, V, P, T for a gas, one can determine its molecular mass.

Q.7 Show hydrogen bonding In alcohol and water.
Ans. Lower alcohols like Ethyl alcohol (CaHsOH) has the tendency to form hydrogen bonds so they are soluble jy
water because both can form Hydrogen bonds with each other.

P
cH H—oO
\H

Q.8 What do you mean by lquid crystal? Write down any two uses of it.

Ans. Liquid Crystal:
“The turbid liquid phase of a solid that exists in between the melting and clearing temperature Is called
liquid crystal.”

Liquid Crystal Liquid

Crystal

Example: Cholesteryl benzoate.

e Itis discovered by Frederick Reinitzer in 1888.

Uses of Liquid Crystals:

I. Like solid crystals, liquid crystals can diffract light. When one of the wavelengths of white light Is
reflected from a liquid crystal, it appears coloured. As the temperature changes, the distances between
the layers of the molecules of liquid crystals change. Therefore, the reflected light changes accordingly.
Thus liquid crystals can be used as temperature sensors.

il. Liquid crystals are used to find the point of potential failure in electrical circuits, Room thermometers
also contain liquid crystals with a suitable temperature range. As the temperature changes, figures show

up in different colours
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chc occuples more volume than liquld water?

Ans. lce Floats Over the Surface of Water:
When temperature of water is decreased and ice 15 formed then the molecules become mare regular and this
regularity extends throughout the whale structure Empty spaces are created in the structure That 15 why,
when ice freezes it occupies 9% more space and its density decreases. The result 15 that ice floats on water

Q.10 gvaporation takes place at all temperatures, Justify,
J\“ ns. Evaporation:
“The spontancous change of a liquid Into its vapours at all temperatures is called evaporation.”
gvaporation Takes Place at All Temperatures:
» Rate of evaporation is directly proportional to temperature. At high temperature, the kinetic energy of
the molecules increases, so evaporation also increases
« At low temperature, the kinetic energy of molecules is less, so rate of evaporation slows down Thus
evaporalion continues at all temperatures whether low or high

Q.11 Why are the vapour pressure of sollds far less than those of liqulds?

Ans. The magnitude of vapour pressure s Inversely proportional to the strength of intermolecular attractive
forces. These forces are stronger in solids as compared to the liquids. Hence, vapour pressure of solids 13
far less than liquids.

Q.12 Define Bolling point and molar heat of vapourization,

“Ans. Bolling Point: “The temperature at which the vapour pressure of a liquid becomes equal to the
atmospheric/external pressure is called boiling point”
Molar Heat of Vaporization: “The amount of heat absorbed when one mole of a liquid is changed into vapours
datits bolling point, is called heat of vaporization * The pressure during the change is kept one atmosphere
example: Molar heat of vaporization of H;0 = 40.7 kJ/mol

.13 What are lonlc solids? Give two examples.

Ans. lonlc Solids:
"The crystalline solids in which the particles forming the crystal are positively and negatively charged ions
which are held together by strong electrostatic forces of attraction (ionic bend) are called ionic solids *
Examples: The crystals of NaCL, KBr etc.

Q.14 Differentliate between Intermolecular and Intramolecular forces.
 ————————————————— —

———
Ans. Intramolecular Forces Intermolecular Forces

Those forces which are present between
two molecules are called Intermolecular
forces,

State of a substance (solid, liquid and gas) is
determined by intermolecular forces.

The physical properties of a substance are
related to its intermolecular forces

o Those forces which are present within the |
molecules between atoms are called
intramolecular forces,

o Nature of substance s
Intramolecular forces.

s Chemical properties of a substance are related | »
to its intramolecular forces,

determined by |e

» These are comparatively strong forces. * These are relatively weak forces.
Examples: Examples:

I. Covalent bond i. Dipole-dipole forces

Il. lonic bond Il. Dipole-induced dipole forces

lil. London dispersion forces
Iv. Hydrogen bonding

0009

lil. Coordinate covalent bond




