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Chapter-5 Physical States of Matter

Q.1

Ans:

Q.2

Ans:

Q.1

Ans:

INTRODUCTION

Define matter. (K.B)
MATTER

Definition:

“Anything that has mass and occupies space is called matter .

Examples:

Air, water, table, book etc.

What are physical states of matter? (K.B)
PHYSICAL STATES OF MATTER

Matter exist in three physical state i.e. gas, liquid and solid. The simplest fo ris

gaseous state. Liquid are less common and most of the matter exist as sol@se states

are classified by means of two properties.
e Shape o
e Volume

5.1 GASEOUS STATE (TYPICAL PROPERTIES)
Write down the general properties of gaseous state. @ >/

(SWL 20186,
GASES
“The state of matter that has indefinite shape aw ite volume is called gas .

016, 17, DGK 2017)(U.B+K.B)

Examples:

e Hydrogen (H,)
 Oxygen (O2)

e Carbon dioxide (COy)

Gases have similar physical tie§®A few typical properties are as follows:

“The spontaneous mjxi ofmolecules by random motion and collisions to form a
homogeneous mixgurgi diffusion”.
Examples:

e Spreading oféfragfance of flower

e Spreadi ragrance of perfume
Dependenc
Rate o n depends upon the molecular mass of the gases. Lighter gases diffuse

heavier ones. e.g. H; diffuses four times faster than O, gas.
EFFUSION

U scaping of gas molecules through a tiny hole into a space with lesser pressure ”.
mple:
hen a tyre gets punctured, air effuses out.

Dependence:
Effusion depends upon molecular masses of the gases. Lighter gases effuse faster than

heavier gases.
PRE RE
Gas molecules are always in continuous state of motion. Hence when molecules strike
with the walls of the container or any other surface, they exert pressure.
"The force (F) exerted per unit surface area (A) is called pressure .
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Formula:

P=

>

S Unit of Pressure:
The SI unit of force is Newton and that of area is m*. Hence pressure has SI unit of Nm™.
It is also called Pascal (Pa).
One Pascal (Pa) = 1 Nm™
Pressure Measuring Devices:

e Barometer is used to measure atmospheric pressure \
e Manometer is used to measure pressure in the laboratory.
TANDARD ATMOSPHERIC PRE RE @
It is the pressure exerted by the atmosphere at the sea level.
Definition:
“It is defined as the pressure exerted by a mercury column of nheight at sea level.
It is sufficient pressure to support a column of mercury 760 ight at sea level .
Different Units of Pressure:
1 atm =760 mm of Hg = 760 torr Hg = one torr)
101325 Nm = 101325 Pa {

Gases are highly compressible due to empt between their molecules. When the
gases are compressed, the molecules ¢ r to one another and occupy less volume
as compared to the volume in uncom

“The ease of flow of molecyles4 mobility ”.
e Gas molecules are alwa s of continuous motion.

e They can move f e to another because gas molecules possess very high
kinetic energ

e They move thro pty spaces that are available for the molecules to move freely.
Significance:

The mobili aﬁiom motion results in mixing™ up of gas molecules to produce a
homoge ture.

DENSITY OF GASES
er unit volume of a substance is called density ”.
asurement:
s density is expressed in grams per dm?® whereas, liquid and solid densities are
expressed in grams per cm® i.e. liquids and solids are 1000 times denser than gases.
Effect of Temperature:
Gases have low density than liquids and solids. It is due to light mass and more
volume occupied by the gas molecules.
The density of gases increases by cooling because their volume decreases.
Example:
At normal atmospheric pressure, the density of oxygen gas is 1.4gdm™ at 20°C and
1.5gdm™ at 0°C.
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Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q4

Ans:

Q5

Ans:

Q.6

Ans:

5.1 GASEOUS STATE (TYPICAL PROPERTIES)

SHORT QUESTIONS
Define diffusion. Give example. (K.B+A.B)
OR
What is meant by diffusion of gases? (K.B)
Answer given on pg # 159
What is effusion? (MTN 2016, BWP 2016, 17, FSD 2017, GRW 2017 G-II, RWP 2017 G.II)(K.B)
Answer given on pg # 159 \

Define pressure. Write its Sl units. (K.B)
Answer given on pg # 159
What is standard atmospheric pressure? (SGD 2016, 17, RWP 2017, 016)(K.B)
Answer given on pg # 160
Write a short note on the density of gases. WP 2017)(K.B)
Answer given on pg # 160

What are pressure measuring devices?

PRE RE MEASURING DEVICE ¢
The pressure measuring devices are as follows:

e Barometer is used to measure atmospheric pressure [/
e Manometer is used to measure pressure in the LajpoRgfory’

5.1 GASEOUS STATE (TYPICAL PROPERTIES)
MULTIPLE CHOICE QUESTIONS

(K.B)

The liquid state has intermolecular fgrecgs: (K.B)
(A) Strong (B) Weak &)\ Very weak (D) None of these

2. Solids are and denser th id&nd gases. (K.B)
(A)Rigid  (B) Soft (C) Hard (D) Both Aand C

3. Simplest state of matter is: Q (LHR 2014)( K.B)
(A) Solid state (B) L (C) Gaseous state (D) Plasma state

4, How many times Liqu er than gases? (K.B)
(A) 100 times E% times (C) 10,000 times (D) 100,000 times

5. Gases are the lightest atter and their dens1t1es are expressed in terms of:(K.B)
(A) mg cm® ®)gem (C)gdm® (D) Kg dm™®

6. Density of a gasﬁnc ases when its: (U.B)
(A) Temperagpee_is imcreased (B) Pressure is increased
(C) VolumewsKept constant (D) None of these

7. C pressure is equal to how many pascals? (FSD 2017 G-1)(K.B)

(B) 10325 (C) 106075 (D) 10523

8. GMMME is equal to: (K.B)
a (B) 2660 torr (C) 626 torr (D) 1atm

9 €¥as with maximum rate of diffusion is: (LHR 2017 G-11)(U.B)
(AY Helium (B) Fluorine (C) Chlorine (D) Hydrogen

10. ate of diffusion of gases depends upon: (U.B)
(A) Chemical formula(B) Number of electrons(C) Molecular mass (D) Pressure

11. How many times hydrogen diffuses faster than O,? (K.B)
(A) Two times (B) Three times (C) Four times (D) One time

12. Barometer is used to measure: (K.B)
(A) Melting point (B) Boiling point
(C) Atmospheric pressure (D) Pressure in laboratory

13. Which instrument is used to measure atmospheric pressure?(GRW 2016 G-1, SGD 2017 G-I)(K.B)
(A) Barometer (B) Manometer (C) Thermometer (D) None of these
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5.1 TEST YOURSELF

i Why the rate of diffusion of gases is rapid than that of liquids? (U.B)
Ans: RATE OF DIFFUSION
The rate of diffusion of gases is rapid than that of liquids because, gas molecules have
insignificant attractive forces, low molecular masses, more kinetic energy and more
empty spaces are present between their molecules, as compare to liquids.
ii. Why the gases are compressible? (BWP 2017, MTN 2017, SWL 2017, SGD 2016, GRW 2016 g-11)(U.B)
iii. What do you mean by Pascal? How many Pascals are equal to 1 atm?
(DGK 2017, GR 1§)(K.B)
Ans: PASCAL
“Pascal is equal to a force of one Newton that acts upon an area of one m@are
It is unit for pressure.
latm = 101325 Pa = 101325Nm *
iv. Whether the density of a gas decrease on cooling? (LHR§015, 16 G-11)(U.B)
Ans: DENSITY OF GASES ON LIN *
No, the density of a gas does not decrease on cooling. It incr@w cooling because on
cooling their volume decreases and density is inverse to@
m
As =y <
Example:
At normal atmospheric pressure the densitygo en gas is 1.4g dm™ at 20°C and
1.5gdm™ at 0°C.
V. Why is the density of gas measured in e that of a liquid is expressed in g cm™?
(SGD 2016, 17, FSD 2017)(U.B)
Ans: uiD
Gases have low densities dueqto sMgll mass and more volume occupied by the gas
molecules. Therefore gas de& pressed in grams per dm®, whereas liquid and solid
densities are expressed i cm?® because liquids and solids are 1000 times denser
than gases. @
Vi. Convert the folloviiin (U.B)
(a) 70 cm Hg to gt (b) 3.5 atm to torr (c) 1.5 atm to Pa
Solution: .
(@) 70cmHgt
We knoy
7%} i Hy ) =1am (As 760mmHg=76cmHg)
1
& = 760
Q 70 cm Hg = 760 X 70 =0.0921 atm
70 cm Hg =0.0921 atm
(b) 3.5 atm to torr:
We know that:
1 atm =760 torr
3.5atm =760 x 3.5
= 2660
3.5 atm = 2660 torr
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(© 1.5 atm to Pa
We know that

1 atm =101325 Pa

1.5 atm =101325x 1.5
=151987.5

1.5atmis =151987.5 Pa

5.2 LAWS RELATED TO GASES

5.2.1 BOYLE’S LAW

State Boyle’s Law. Give the experimental verification of Boyle’s Law.
(GRW 2015,17 G-11 LHR 2015, BWP 2016, SGD 2016, FSD 2017, RWP 201

Q.1

OR
Define Boyle’s Law and verify it with an example (Ex-Q.1)
Ans: BOYLE'S LAW

Introduction:

In 1662 Robert Boyle studied the relationship betwee
volume and pressure of a gas at constant temperatur

Boyle (1627- 1691) was natural philosopher, chemlst@ust
and inventor. He is famous for Boyle's Law of gases

Statement 1:

“The volume of a given mass of a gas is inv portional
to its pressure provided the temperature rem@&in stant
Mathematical Representation:
According to this law the volume (\4
decreases with the increase of pressu thd Vice versa physicist and inventor.

It can be written as: He js famous ”for
Boyle’s law of gases”.
1
e PI’ESSU re
V oc =

V_E
P

PV =k = constant
qur roportlonallty constant. The value of k is same for the same amount of a
e t

Robert Boyle (1627-
1691) was natural
a given mass of a gas philosopher, chemist,

iVi

s Law can also be stated as:
“The product of pressure and volume of a fixed mass of a gas is constant at a constant
e

mperature”.
When P.V: =k Then PV, =Kk
Where Py = Initial pressure P, = Final pressure
Vi = Initial volume V, = Final volume
As both equations have same constant, therefore their variables are also equal to each
other.
P1V1:P2V2

This equation establishes the relationship between pressure and volume of the gas.
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Q.2
Ans:

z%ef ure
Qb h scales have equal degree range, therefore, when 0 K is 0°C—
e

EXPERIMENTAL VERIFICATION OF BOYLE'S LAW

The relationship between volume and pressure can be verified experimentally by the
following series of experiments. Let us take some mass of a gas in a cylinder having a
movable piston and observe the effect of increase of pressure on its volume.
e The phenomenon is represented when the pressure of 2 atm is applied, the volume of

the gas reads as 1 dm®.
e When pressure is increased equivalent to 4 atm, the volume of the gas reduces to 0.5 dm®,
e When pressure is increased three times i.e. 6 atm, the volume reduces to 0.33¢m?>.

e Similarly, when pressure is increased up to 8 atm on the piston, volume, of Wge gas
decreases to 0.25 dm?® ‘\
Where 'k' is proportionality constant. The value of k is same for the sam ot of a

given gas. @

2 atm 4 atm 6atm 8 atm

When we calculate the product of volume an
of all these experiments is constant i.e &a proves the Boyle's law
PV =2 atm =2 atmdm?®
P,V, =4atml0.3em? =2atmdm®
PV =64 33dm®  =2atmdm’®

I e for this experiment, the product
At

P,V, o> Qatm* 0.25dm® =2 atm dm®
Conclusion: x
Hence, product of pressure of fixed amount of gas is constant at constant temperature.
(U.B+K.B)

Introduction:
Lord Kelvin infrodded absolute temperature scale or Kelvin scale. This scale of
temperature 4d frm 0 K or —273.15°C, which is given the name of absolute zero.

Absolute ZE¥0:

ature at which an ideal gas would have zero volume ”.

perature Scale or Kelvin scale:

temperature that starts from zero Kelvin or —273.15°C is called absolute
scale or Kelvin scale .

= 273K
qual to -273°C then 273 K is equal to 0°C. Conversion of P &
elvin temperature to Celsius temperature and vice versa | _jpooc4-8 — ®4173k
can be carried out as follows: & e
T(K) =T (°C)+273 otz 247k
T(°C)=T (K)-273 3 £
Remember: —273°C—- 40K
Always convert temperature scale from °C to K scale while

solving problems.
K=273+°C
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5.2 LAWS RELATED TO GASES
5.2.1 BOYLE’S LAW

SHORT QUESTIONS

Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q.4

Ans:

5.

State Boyle law. (MTN 2016, SGD 2016, RWP 2016, LHR 2015, GRW 2017 G-I, 11)(K.B)

Answer given on pg # 163

How can we measure blood pressure? (Do you know Pg. #79)(K.B)
MEASUREMENT OF BLOOD PRESSURE \

Instrument: |

Blood pressure is measured using a pressure gauge it may be a

mercury manometer or some other device. % #

Representation:

Blood pressure is reported by two values such as 120/80 which is .
a normal blood pressure.

Systolic Pressure: ¢
The first measurement shows the maximum pressure Wh@'@art is pumping it is

called systolic pressure.

Diastolic Pressure: @

When the heart is in resting position pressure decreases agél it second value called diastolic.
In which unit blood pressure is measured? (Do you know Pg. # 79)(K.B)

red in torr unit.
(Do you know Pg. # 79)(K.B)

Systolic and diastolic both of these pressure &
What is hypertension?

Cause:
sure due to tension and worries in daily life.

Hypertension is because of high bl

Criteria:

The usual criteria of hyperte& blood pressure greater than 140/90.
Disadvantage:

Hypertension raise, th§ | stress on the heart and on the blood vessels. This stress
increase the susceptibi eart attacks and strokes.

5.2 LAWS RELATED TO GASES
5.2.1 BOYLFE’S LAW

MULTIPLE CHOICE QUESTIONS
re of a healthy person is:

(GRW 2014)(K.B)

%

140 110 150
5 mmHg (B) 20 mmHg ©) 100 mmHg (D) - mmHg
en volume of a gas is increased two times its pressure becomes: (U.B)
A) Double (B) Four times (C) Half (D) Zero
Which quantity is kept constant in Boyle’s law? (K.B)
(A) Temperature (B) Pressure (C) Volume (D) Amount of gas
Which of the following statements is true for Boyle’s law? (U.B)

(A) When volume increases pressure increases (B) When volume increases pressure decreases
(C) When volume decrease pressure increases (D) Both B and C

The value of absolute zero is: (GRW 2017 G-1)(K.B)
(A)-273.15°C (B) 273.15°C (C)0°C (D) 100°C
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5.2 TEST YOURSELF

i Is the Boyle's Law of gases applicable to liquids? (MTN 2017)(K.B)

Ans: BOYLE’S LAW FOR LIQUID

Boyle’s Law is not applicable to liquids rather it is only applicable to gases.
PV = constant
ii. Is the Boyle's Law valid at very high temperature? (U.B)
Ans: VALIDITY OF BOYLE’S LAW
Yes, the Boyle’s law is valid or applicable at very high but constant temperatu
iii. What will happen if the pressure on a sample of gas is raised three ti its
temperature is kept constant? @016)&8)
Ans: RAISE OF TEMPERATURE
If the pressure on a sample of gas is raised three times its temperature
according to Boyle’s Law the volume will also decrease three timgsy
NUMERICAL EXAMPLE 5.1 NUMERICAL EXAMPLE 5.2
A gas with volume 350 cm® has a pressure | 785 c¢m® of &v ¥ was enclosed in a
of 650 mm of Hg. If its pressure is reduced Contalnerg :

pressure of 600 mm Hg.
to 325 mm of Hg, calculate what will be its | If voluge
new volume? uB+AB) | bet

ept constant then
of itgoriginal volume.

reduced to 350 cm?®, what will
re? (U.B+A.B)

NUMERICAL

NUMERICAL S
Solution: ; -
= ivel Data:
Given Data: Vy =785 cm®
V=350 cm” P; = 600 mm of Hg
P, = 650 mm of Hg \ V, = 350 cm®
P, =325 mm of To Find:

To Find: p,="?
Vz— Calculations:
Calculations: i '

By using the Boyle's equation:

By using the Boyl amn: P1Vi=P;V,
P2Va P = Py
2
or Vz
\\ v = PV, By putting the values:
=
P, PZ:M:1345.7 mm of Hg
BySautting the values, or 350
v2=—652>2<§50 =700cm® p 18457 _ . .
, * 760
V,=700cm P,=L1.77atm
Result: Result:
Thus volume of the gas is doubled by | |f pressure is reduced to 350 mm Hg the
reducing its pressure to half. volume of gas will be 1.77 atm.
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5.2.2 CHARLES LAW
Q.1  Define and explain Charles Law of gases.
(Ex - Q.2) (MTN 2016, DGK 2016, SWL 2017, SGD 2017)(U B+K.B)
Ans: CHARLES L AW
Introduction:
The relationship between volume and temperature keeping the
pressure constant was also studied by French scientist. J. Charles
(1746-1823).
He was a French inventor, scientist, mathematician and balloonist. He
described in 1802 how gases tend to expand when heated.
Statement:
“The volume of a given mass of a gas is directly proportional to the

absolute temperature if the pressure is kept constant”. N e 1073,
< a French
| inventor scientist,

Mathematical Representation:
When pressure P is constant, the volume V of a given mass of a gas

proportional to absolute temperature T. o | mathematician and
Mathematically: balloonist. He
It is represented as: described in 1802
Volume oc temperature how gases tend to
VoT expand when
heated.
V=kT

Or v =k ®
T
Where k is proportionality constant.
Another Form of Charles’s Law:
If temperature of the gas is mcreas
changed from T, to Ty, the voI

Charles' Law will be:

=k, L2 =k
As both equations halge s e of constant, therefore their variables are also equal to each other.
So

M Y,

PERIMENTAL VERIFICATION OF CHARLES’S L AW
@ certain amount of gas enclosed in a cylinder having a movable piston. If the
vol§me of the gas V, is 50 cm? and initial temperature T, is 25°C. On heating the
up to 100 °C (T,) its new volume V, is about 62.5 cm®. The increase in
rature increases the volume that can be observed as elaborated.

\Q@'

Frictionless —
piston T, 100°C

V, 62.5cm’

Figure: Representation of Increase of Volume With The
Increase in Temperature
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According to Charles’s Law:
MoV,
Tl T2
Putting the values in equation:
50 62.5

Q.2

Ans:

Q3

Ans:

25+273 100+ 273

50 625
0.167 = 0.167 @
Conclusion:

Hence, volume of fixed amount of gas increased with increase in ter@re at constant
pressure.

o
In which units body temperatures is measured? ou know Pg. # 83)(K.B)
Body temperature is measured in Fahrenheit scale.
it is equivalent to 37°C. This temperature is cl
temperature.

ody temperature is 98.6°F,
verage normal atmospheric

Explain the physical states of matter and rql rmolecular forces. (U.B)
OR

Describe relationship between physic f matter and intermolecular forces..B)
PHYSICAL STATES OF MATTER OLE OF INTERMOIL ECULAR FORCES

Matter exists in three physical stateg:

e Gas 0

e Liquid \

e Solid.

(i) Gaseous State of
In the gaseous statejth
forces are very wgak
(i) Liquid State of

%cules are far apart from each other. Therefore, intermolecular

aving stronger intermolecular forces have higher boiling points.

physioce @ erties like diffusion, evaporation, vapour pressure and boiling point.
&o
S ate of Matter:

arrange in a regular pattern therefore they are denser than molecules of liquids.

w ermolecular forces become so dominant in solid state that the molecules look motionless.

A. Gas molecules B. Liquids molecules C. Solid molecules

Figure: Three States of Matter Showing Intermolecular Forces
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5.2.2 CHARLES LAW

SHORT QUESTIONS

Q.1  State Charles’s Law. (BWP 2017, FSD 2016, GRW 2015, 16, LHR 2015,16, 17 G-1)(K.B)
Ans:  Answer given on pg # 167

5.2.2 CHARLES LAW

MULTIPLE CHOICE QUESTIONS \
W)(K.B)

1. Normal body temperature of human beings is: (GR
(A) 37°C (B) 38°C (C) 39°C (D) 40°C
2. In Charles’s Law ‘K’ is equal to: @015)(K.B)
T \%
A) — B) TV C) — D,
® (®) © ( é
3. ¥ =k is the mathematical form of: PN (K.B)
(A) Boyle’s Law (B) Charles’s Law  (C) Avogadro’ ) Dalton Law
4, Mathematical representation of Charles’s Law is: (K.B)
(A) Voc = (B) Vo= ©) V (D) VP
P T 5

5.3 TEST YOURSELF

Mass and pressure are kept constant VY
variable parameters. 7= Con%
ii. Why volume of a gas decr% increase of pressure? (U.B)
Ans: D IN VOLUME WITH PRESSURE
Volume of gas degre ih increase of pressure because according to Boyle’s Law
volume and pressulg b&th dre inversely proportional to each other. So when we increase

pressure, the gagmadlecles inter into the intermolecular spaces and come closer to one
another and vglume o®a gas decreases.
i, What is ab ero? (SWL 2016,17, FSD 2016, 17, GRW 2015)(K.B)
ABSOLUTE ZERO
aho is the temperature at which an ideal gas would have zero volume ”. Kelvin
om absolute zero, represented as 0 K (Zero Kelvin). It is equal to -273°C.

Kelvin scale does not show negative value, as 0K =-273.15°C
. en a gas is allowed to expand, what will be its effect on its temperature? (U.B)
Ans: EFEFECT OF EXPANSION ON TEMPERATURE
When a gas is allowed to expand, its temperature decreases because gas molecules consume
energy for expansion by the gas molecules on its own. This decreases their temperature.
Vi, Can you cool a gas by increasing its volume? (U.B)
Ans: LIN F GAS BY INCREASING VOLUME
Yes, when a highly compressed gas is allowed to expand into a region of high pressure to
low pressure, it consumes energy for the expansion by the gas molecules on its own this
decreases their temperature.
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NUMERICAL EXAMPLE 5.3 NUMERICAL EXAMPLE 5.4

A sample of oxygen gas has a volume of 250 | A sample of hydrogen gas occupies a volume
cm?®at -30°C. If gas is allowed to expand up | 160 em® at 30°C. If its temperature is raised
to 700 cm® at constant pressure, find out its | to 100°C, calculate what will be its volume

final temperature. (U.B+K.B) | if the pressure remains constant. (Z.B+A.B)
' NUMERICAL NUMERICAL

Solution: Solution:

Given Data:

N 3 Given Data:
T a0icpts K Vi=160 m’
! ;/ = 700_(:m3 T) = 30+273=303K (as 0°Cx
2= — -
To Find- T>=100+273=373 K

Tr=? To Find: y _70
lculations: : o
Calculations: Calculations:

By using the equation:

V.V By using the equatj Cfarles's Law:
1-Y2
Tl T2 -I-_2
or T,= Ve T, l \/2 T
SRV Or ,= % 2
By the values in equation: ot
700x243 ByRPu the values in equation:
T 100373 _1 96 9cm?
T, =680.4-273 * 303 '

T, = 407.4°C V = 196.9cm’
Result: Result
The final temperature of ox& is | The final volume of gas is 196.9 cm® if the
407.4°C. pressure remains constant.

5.3 LIQUID STATE (TYPICAL PROPERTIES)
5.3.1 EVAPORATION, 5.3.2 VAPOUR PRESSURE,

Q.1 What are liquids? § e some important properties of liquids.
(DGK 2017, FSD 2016)(K.B)

LIQUID STATE

Ans:
“-|- matter that has indefinite shape but definite volume is called liquid .
TYPICAL PROPERTIES OF LIQUIDS
M properties of liquids are as follows:
QEvaporation
Vapour pressure
e Boiling point
e Freezing point
e Diffusion

e Density

Liquids have a definite volume but their shape is not definite. A liquid attains shape of
the container in which it is put.
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Q.2

Ans:

Write a detailed note on evaporation. Which factors affect the evaporation?
(LHR 2014, 16 G-1, MTN 2016, BWP 2017, FSD 2017)(U.B)

EVAPORATION
Definition:
“The process of changing of a liquid into a gas phase is called evaporation .
The molecules having more than average Kinetic energy overcome the attractive forces
among the molecules and escape from the surface is called as evaporation.

Properties:

() Itis reverse to condensation in which a gas changes into liquid.
(i)  Evaporation is an endothermic process (heat is absorbed). \
Example: @
0.7 kJ of

When one mole of water in liquid state is converted into vapour form,ié
energy.

H,0,—H.0 AH?,,=40.7 K)/mol

vap

energy but all the molecules do not have same kinetic Majority of the molecules
have average kinetic energy and a few have mo erage kinetic energy. The
molecules having more than average Kinetic overcome the attractive forces
among the molecules and escape from the surfa called as evaporation.

Mechanism of Evaporation: ¢
In the liquid state, molecules are in a continuous stat(@ . They possess kinetic

(a) o R

and Its Vapours

Evaporatio dT, erature:
Evaporatio%’ continuous process taking place at all temperatures. The rate of
evaporgfion i9Cirectly proportional to temperature. It increases with the increase in

tengpe % pecause of increase in kinetic energy of the molecules.

is a Cooling Process:

30, the high kinetic energy molecules vaporize, the temperature of remaining

ylecules falls down. To compensate this deficiency of energy, the molecules of liquid

absorb energy from the surroundings. As a result the temperature of surroundings

decreases and we feel cooling.

Example:

When we put a drop of alcohol on palm, the alcohol evaporates and we feel cooling effect.
FACTORS AFFECTING EVAPORATION

Evaporation depends upon following factors:

(i) Surface area

(if) Temperature

(iii) Intermolecular forces
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Q3

Ans:

(i) Surface Area:

Evaporation is a surface phenomenon. Greater is surface area, greater is evaporation
and vice versa.

Example:

Sometimes a saucer is used if tea is to be cooled quickly. This is because evaporation from
the larger surface area of saucer is more than that from the smaller surface area of a tea cup.
(i1) Temperature:

At high temperature, rate of evaporation is high because at high temperaturéykinetic
energy of the molecules increases so high that they over- come the intermolewrces

and evaporate rapidly.

Example:

Hot water will evaporate faster than the cold water in containers of same c@.

(iii) Intermolecular Forces:

The stronger the intermolecular attractive forces, the lower is thegyapdration.
Example:

Water has stronger intermolecular forces than alcohol, thgfe ®icohol evaporates
faster than water.

What is vapour pressure and how it is affected by inter r forces? (Ex-Q.3)
LD

(SWL 2016, BWP 20186, 017, RWP 2017 G-11)(U.B+K.B)
VAPOUR PRESSURE
Definition:

The pressure exerted by the vapours of a §i equilibrium with the liquid at a
particular temperature is called vapour pxesstire Of a liquid.

State of Equilibrium:

“The equilibrium is a state when ratg
to each other but in opposite dire
Formula:

porézation and rate of condensation is equal

id®PPIE vapours

Dynamic Equilibriutn:

“The state at which twoa@fposing processes take places in the opposite direction
simultaneously at equaly-ates is called dynamic equilibrium”.

The number ofmolgcules evaporating will be equal to the number of molecules
coming bac@demsing) to liquid. This state is called dynamic equilibrium.

Explanatjon®
@ urface of a liquid, molecules evaporate and mix up with the air but when we
, evaporated molecules start gathering over the liquid surface. Initially the

stage the number of molecules evaporating will be equal to the number of molecules

o0
&tage reaches when the rate of evaporation becomes equal to rate of condensation. At
t
Q

oming back (condensing) to liquid. This is called dynamic equilibrium state.

@) ®) 77 ©
Figure: A State of Dynamic Equilibrium Between Liguid and Its Vapours
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EACTOR AFFECTING VAPOUR PRESSURE
Vapour pressure of a liquid depends upon the following factors:
(1) Nature of liquid
(ii) Size of molecule
(iii) Temperature
(i) Nature of Liquid:
Vapours pressure depends upon the nature of liquid.
Polar liquids have low vapour pressure than non-polar liquids at the same temp8&ature.
This is because of strong intermolecular forces between the polar molecules @fgliquids.

Example:
Water has less vapour pressure than that of alcohol at same temperatu@

(i) Size of Molecules:
Small size molecules can easily evaporate than big size molecule§, Héce small size

molecular liquids exert more vapour pressure.

Examples: o
Hexane (CgH)4) is a small sized molecule as compared to dec 1oH22).

CsHa14 evaporates rapidly and exerts more pressure than @ Z .

(iii) Temperature:

At high temperature, vapour pressure is higher t&at ow temperature. At elevated
temperature, the kinetic energy of the molec cfeases enough to enable them to
vaporize and exert pressure.

Example:
Vapour pressure of water at 0°C is 4.

BOILING POINT

ature at which the vapour pressure of a liquid becomes equal to the
pressure or any external pressure is called boiling point”.

Boiling of water =100°C

Boiling point of acetic acid = 118°C

Mechanism of Boiling

When a liquid is heated, its molecules gain energy and the number of molecules which
have more than average kinetic energy increases. More and more molecules become
energetic, enough to overcome the intermolecular forces. Due to this, rate of evaporation
increases which results in increase of vapour pressure until a stage reaches where the
vapour pressure of a liquid becomes equal to atmospheric pressure. At this stage the
liquid starts boiling.

https://studyarea.net/ CHEMISTRY-9 173



https://studyarea.net/
Chapter-5 Physical States of Matter

Relationship between Boiling Point and Vapour Pressure:

The increase of vapour pressure of diethyl ether, ethyl alcohol and water with the
increase of temperature. At 0°C the vapour pressure of diethyl ether is 200 mm Hg, of
ethyl alcohol 25 mm Hg while that of water is about 5 mm Hg. When they are heated,
vapour pressure of diethyl ether increases rapidly and becomes equal to atmospheric
pressure at 34.6°C, while vapour pressure of water increases slowly because
intermolecular forces of water are stronger.

The vapour pressure increases very rapidly when the liquids are near to boiling pdint.

T I A
34.6°C 78°c 100°C
760 + ¥
Alcohol @
20 40 60 80 100

Water o
QO
4
Temperature 'c (Independent value) )
Figure: Boiling Point Curves of Eth cOhol and Water
Factors Affecting the Boiling Point:
The boiling point of the liquid depends upon the wing factors.

(i) Nature of liquid
(i) Intermolecular forces
(iii) External pressure

(i) Nature of Liquid: &‘
The polar liquids have higia bO#§l;ng points than that of non-polar liquids because polar

3| Ether

Vapour Pressure mm Hg
(Dependent value

liquids have strong infer ar forces.

Examples:

Boiling point of #at8g (Mmore polar) is 100°C while that of ethyl alcohol (less polar) is
78°C. X3

(i) Intecmolecular Forces:
T @ the intermolecular forces, the higher is the boiling point of liquid.
r ar forces play a very important role on the boiling point of liquids.

ces having stronger intermolecular forces have high boiling points, because such
l1Quids attain a level of vapour pressure equal to external pressure at high temperature.
xample:
Boiling point of water (100°C) is greater than that of alcohol (78°C) due to stronger
intermolecular forces of attraction.
(iii) External Pressure:

Boiling point of a liquid depends upon external pressure. Boiling point of a liquid is
controlled by external pressure in such a way, that it can be increased by increasing external
pressure and vice versa. This principle is used in the working of "Pressure Cooker".
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Q.5 What is meant by freezing point? (LHR 2016 G-1, DGK 2016, SGD 2016)(U.B+K.B)
Ans: FREEZING POINT

“The temperature at which vapour pressure of a liquid state becomes equal to the
vapour pressure of the solid state and liquid and solid coexist in dynamic equilibrium is
called freezing point .

Explanation:

When liquids are cooled the vapour pressure of liquid decreases and when vapour
pressure of a liquid state becomes equal to the vapour pressure of the solid stateg At this
temperature liquid and solid coexist in dynamic equilibrium with one another agd this
is called the freezing point of a liquid.

Examples:
Freezing point of water is 0°C and that of acetic acid is 16.6°C due to a@e forces
respectively.

Freezing Point °C| Boiling Point °C

1 Diethyl ether -116 34.6

2 Ethyl alcohol -115

3 Water 0.0

4 n-Octane —57

5 Acetic acid 16.6
Q.6 Describe the phenomenon of diffusion in liquids ith factors which influence it.

(Ex-@5 016, RWP 2016, FSD 2017)(U.B+K.B)

Ans: DIFEUSIO

“The spontaneous mixing up of molgc random motion and collisions to form

homogeneous mixture is called diffusi

Explanation:
The liquid molecules are always4 te of continuous motion. They move from
higher concentration to lo er@traﬂon. They mix up with the molecules of other
liquids, so that they form a VK ous mixture.
Example:
When a few drops o ded in a beaker of water, ink molecules move around and
after a while sprea& of the beaker. Thus diffusion has taken place.

|

*’é'

Q Figure: lefu3|0n in Liquid
omparison of Rate of Diffusion of Liquids and Gases:

Liquids diffuse like gases but the rate of diffusion of liquids is very slow.
Factors Affecting Diffusion:

The diffusion of liquids depends upon the following factors:

(1) Intermolecular forces

(ii) Size of molecules

(iii) Shapes of molecules

(iv) Temperature
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Q.7

AnNs:

(i) Intermolecular Forces:

Liquids having weak intermolecular forces diffuse faster than those of liquids having
strong intermolecular forces.

Example:
Rate of diffusion of alcohol is greater than that of water.

(i) Size of Molecules:

Big sized molecules diffuse slowly. \
Example:

Honey diffuses slowly in water than that of alcohol in water. Q@

(iii) Shapes of Molecules:

Regular shaped molecules diffuse faster than irregular shaped n®lecules because
they can easily slip over and move faster. *

(iv) Temperature:

Diffusion increases by increasing temperature{ s@ at high temperature the

intermolecular forces are weak.

Example:
Rate of diffusion of water is higher at 25°C tQarwefat of 0°C.

densit@a and liquids. (LHR 2014)(U.B)
Describe density of quuids@ (U.B+K.B)

DENSITY
Definition: a
“The mass per uni§volumesdT a substance is called density. ”
Dependence of DerngityWf Liquids:

The density o 'qui@s epends upon its mass and volume.

Comgarisoéeen Densities of Gases and Liquids:

Liqui Jenser than gases because molecules of a liquid are closely packed and the
pween their molecules are negligible. As the liquid molecules have strong

Explain comparison between

p
k ar forces hence they cannot expand freely and have a fixed volume. Unlike
se®they cannot occupy all the available volume of the container that is the reason why
defisities of liquids are high.

Examples:
Density of water is 1.0 g cm™ while that of air is 0.001 g cm™ that is the reason why
drops of rain fall downward.

Variation in Densities of Liquids:

The densities of liquids also vary. You can observe kerosene oil floats over water while
honey settles down in the water.
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5.3 LIQUID STATE (TYPICAL PROPERTIES)

5.3.1 EVAPORATION, 5.3.2 VAPOUR PRESSURE,
SHORT QUESTIONS

Q.1  How evaporation causes cooling? (SWL 2016, MTN 2017, BWP 2016, FSD 2016)(U.B)
Ans:  Answer given on pg # 171

Q.2 How surface area affects evaporation? (LHR 2016 G-1, FSD 2016¢17)(U.B)
Ans:  Answer given on pg # 172

Q.3  How size of molecules affect the vapour pressure? (LH% U.B)
Ans:  Answer given on pg # 173

Q.4 Define boiling point. (SWL 2016, MTN 2016, SGD 2017,@017)0(.8)
Ans:  Answer given on pg # 173

Q.5  How external pressure affects the boiling point? (FSD 201@16, 17 G-I)(U.B)
Ans:  Answer given on pg # 174

Q.6  Define freezing point. QGRW 2017 G-1)(K.B)
Ans:  Answer given on pg # 175

Q.7  What is the freezing point of diethyl ether and ethyl : (K.B)
Ans: FREEZING POINTS

Diethyl Ether: &

Freezing point of diethyl ether is —116°C.
Ethyl Alcohol:

Freezing point of ethyl alcohol is —115¢
5.3 LIQUID STATE (TYPICAL PROPERTIES)

5.3.1 EVAPORATION, 5.3.2 VAPOUR PRESSURE,

MULTIPLE CHOICE QUESTIONS

1. At which temperatuye a¥aporation of water is minimum? (K.B)
(A) 50°C (C) 90°C (D) 70.5°C
2. Evaporation is reverseyo: (U.B)
(A) Boiling  ® B) Freezing (C) Melting (D) Condensation
3. Evaporatio e process. (U.B)
(A) Endaoth (B) Cooling (C) Continuous (D) All of these
4 Heat urization of water is: (K.B)
fiol (B) 40kJ/mol (C) 4.07kJ/mol (D) 40.7kJ/mol
5. increases with: (U.B)
0 ermolecular force (B) Temperature (C) Pressure (D) All of these
6. On which factors evaporation depends? (U.B)
(A) Surface area (B) Temperature
(C) Intermolecular forces (D) All of these
7. The vapour pressure of a liquid increases with: (Ex-11)(U.B)
(A) Increase of pressure (B) Increase of temperature
(C) Increase of intermolecular forces (D) Increase of polarity of molecules
8. Which of the following has maximum vapour pressure at given temperature? (U.B+K.B)
(A) C;H,, (B) CeHy, (C) C;Hy, (D) CyHy
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9. At which temperature vapour pressure of water is 760mmHg? (K.B)
(A) 20°C (B) 50°C (C) 100°C (D) 149.4°C

10. Boiling point of alcohol is: (GRW 2016)(K.B)
(A) 68°C (B) 78°C (C) 88°C (D)98°C

11. Boiling point of water is: (K.B)
(A)32°C (B) 78°C (C)100°C (D) 20°C

12. Boiling point of liquid depends upon: (U.B)
(A) Nature of liquid (B) Intermolecular forces
(C) External pressure (D) All of these

13.  Which of the following has highest boiling point? \ .B)
(A) Water (B) Ether (C) Alcohol (D) Be@

14, Freezing point of acetic acid is: (K.B)
(A) 16.5°C (B) 16.6°C (C) 16.3°C (Y 1o%C

15. Diffusion is faster in: (U.B)
(A) Liquids (B) Solids (C) Gases (Dg None of these

16.  Spreading of ink in water is due to: @ (U.B)
(A) Effusion (B) Diffusion (C) Evaporaj (D) Freezing

17.  Which shaped molecules diffuse faster?
(A) Irregular (B) Regular (C) Unayen (D) Non-uniform

18. Diffusion increases by increasing: (U.B)
(A) Temperature olecular forces
(C) Size of molecule of these

19. The density of water is: (K.B)
(A) 1.0gcm (B) 1.3 gem™ (CP1.4 gcm® (D) 1.2 gcm™®

20. Vapour pressure of water at 1 (GRW 2017 G-I1)(K.B)

Ans:

Ans:

00%
(A) 140 mmHg (B) 300 @
Freezing point of water is:

Evaporatio

(C) 580 mmHg (D) 760 mmHg
(GRW 2017 G-I1, LHR 2016 G-I)(K.B)
(C) 34-4°C (D) 4°C

a®s with increase of temperature because kinetic energy of the

moleculgsei es to such an extent that they overcome the intermolecular forces and

09U mean by condensation?

(SGD 2016)(K.B)

CONDENSATION

e process of changing of gas or vapour into liquid is called condensation. It is

everse of evaporation ”.

Liquid 5 &% vapours (gas)
Why is vapour pressure higher at high temperature?
TEMPERATURE AND VAPOUR PRESSURE
The vapour pressure is higher at high temperature than at low temperature because at
elevated temperature, the kinetic energy of the molecules increases enough to enable
them to vapourize and exert more pressure.

(U.B)
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v, Why is the boiling point of water higher than that of alcohol?
(SGD 2016, SWL 2016, RWP 2016, 17)(U.B)
Ans: BOILING POINT OF WATER AND ALCOHOL
Boiling point of water is higher than that of alcohol because water is a polar liquid and
has high intermolecular forces than alcohol.
V. What do you mean by dynamic equilibrium?  (SGD, LHR, GRW, FSD, RWP 16,17)(K.B)
Ans: DYNAMIC EQUILIBRIUM
“The state at which the rate of evaporation becomes equal to the rate of condensation is
called dynamic equilibrium .
Liquid A EPME Vapours.
Vi, Why are the rates of diffusion in liquids slower than that of gases? .B)
Ans: RATE OF DIFFUSION
The rate of diffusion in liquids is slower than that of gases because liquid stronger
intermolecular forces than gases and very less empty spaces and kinetj rgies.
vii.  Why does rate of diffusion increase with increase of temperature? (U.B)
Ans: RATE OF DIFFUSION
The rate of diffusion increases with increase in temperature se@t high temperature
the kinetic energy of molecules increases and intermolecula decrease. As a result
gas molecules can move freely and fastly.
viii.  Why are the liquids mobile? @ (LHR, GRW 2014,15)(U.B)
Ans: MOBILITY

“The ease of flow of a liquid is called mobility
the intermolecular forces and K.E of molecdles
molecules possess high kinetic energy and we@K |

obility of liquids depends upon
iquids are mobile because liquid

Examples:
e Sugar

e Common salt \
e |ron \
malec

e Gold
In solid state th les are very close to one another and they are closely packed.
The intermolecular fOgces are so strong that particles become almost motionless. Hence
they cannot .®olid particles possess only vibrational motion.

TYPICAL PROPERTIES OF SOLIDS
perties of solids are as follows:

oint

ting Point:
e temperature at which the solid starts melting and coexists in dynamic equilibrium
with liquid state is called melting point”.

Examples:
Melting point of sodium chloride is 801°C.

Explanation:

The solid particles possess only vibrational kinetic energy. When solids are heated,
their vibrational energies increase and particles vibrate at their mean position with a
higher speed. If the heat is supplied continuously, a stage reaches at which the particles
leave their fixed positions and then become mobile. At this temperature solid melts.

solid [ Hif) liquid
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Melting Points of lonic and Covalent Solids:

The ionic and covalent solids make network structure to form macromolecules so all such
solids have very high melting points.

(i) Rigidity:

The particles of solids are not mobile. They have fixed position. Therefore solids are
rigid in their structure.

(iii) Density

“Mass per unit volume of a substance is called density ”.

Comparison between densities of solids, liquids and gases:

Solids are denser than liquids and gases because solid particles are closely do
not have empty spaces between their particles. Therefore, they have the hi@ensities

among the three states of matter.
Examples:
1

Density of aluminum is 2.70 g cm™, iron is 7.86 g cm™ and gold is 19.83g cm™.
5.4 SOLID STATE (TYPICAL PROPERTIES)

SHORT QUESTIONS ¢,

Q.1 What is solid state of matter? (MTN 2017)(K.B)

Ans:  Answer given on pg # 179

Q.2  Define melting point. Give an example. 0 (RWP 2016)(K.B)

Ans:  Answer given on pg # 179

Q.3  What is meant by rigidity? (FSD 2017 G-1)(U.B+K.B)
Why solids are rigid in struct (U.B)

ure
Ans: Answer given on pg # 180
Q.4  What is density? \ (K.B)

Answer given on pg # 180

5.4 SOLID STATE (TYPICAL PROPERTIES)
MULTIPLE CHOICE QUESTIONS

1. The density gold‘i 3 (K.B)
(A) 2.70 g cff (B)7.86 gcm™ (C)19.3gcm™® (D)1.4gcm™®
. Si Wwon is: (K.B)

(B) 7.86 g cm® (C)19.3gcm™
5.5 TYPES OF SOLIDS

entiate between crystalline and amorphous solids. (GRW 2017 G-1)(U.B)
OR
xplain the types of solids in detail? (U.B+K.B)
Ans: TYPES OF LID
According to their general appearance solids can be classified into two types:
(i) Amorphous solids:
(i) Crystalline solids:
(i) Amorphous Solids: (Greek word amorphous means without shape or shapeless)

“Solids in which the particles are not arranged in a regular repeating pattern are
called amorphous solids ™.

(D)14gcm?®
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Properties:
e They do not have sharp melting points.

e They do not form crystals.

Examples:

e Plastic rubber

e Glass

e Coal tar etc.

(i) Crystalline Solids:

“Solids in which particles are arranged in a definite three-dimensional ? re

called crystalline solids ”.

Properties:

e They have definite surfaces or faces. o
e Each face has definite angle with the other.

e They have sharp melting points. 0 ¢
Examples:

e Sodium chloride
e Sugar
Ammonium chloride etc.

e Diamond &Q

What is the meaning of word amorpheus. Give its properties. (VTN 2016, SWL 2017, FSD)(K.B)

Ans: Answer given on pg # 180 x
Q.2 Differentiate between crysta and amorphous solids. (U.B)
Ans: \ IFFERENTIATION

The differences beN(e cgalline and amorphous solids are as follows:

Amorphous Solids Crystalline Solids
v
4

Definition
e Solj ich the particles are | « Solids in which particles are
ng larly arranged or their arranged in a definite three
e shapes are destroyed, are dimensional pattern are called
C orphous solids. crystalline solids.
Melting Point
e They do not have sharp melting | ¢ They have sharp melting point.
point.
Examples
e Plastic e Diamond
e Rubber e Sodium chloride
e Glass e Sugar
e Coal tar e  Ammonium chloride
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5.5 TYPES OF SOLIDS
MULTIPLE CHOICE QUESTIONS

1. Which one of the following is not amorphous? (LHR 2016 G-11)(Ex-5)(K.B)
(A) Rubber (B) Plastic (C) Glass (D) Glucose

2. The solid in which particles are arranged in definite three dimensional pattern are: (k.B)
(A) Solids (B) Crystalline solids (C) Amorphous solids (D) Both B an§l C

3. Plastic, glass, rubber etc. are the examples of: x K.B)
(A) Crystalline solids (B) Super cooled liquid(C) Amorphous solids(D) Io@

4, Diamond is an example of: (K.B)
(A) Amorphous solids (B) lonic bond o

(C) Crystalline solids (D) BothBand C PN
5. Which one of the following is amorphous solid? 0 (RWP 2017 G-11)(K.B)

(A) Glucose (B) Sodium chloride (C) Glass (D) Diamond

5.6 ALLOTROPY

Define Allotropy. Explain its conditions and
ALLOTR
“The existence of an element in more thag , In'same physical state is called allotropy ”.

Q.1
Ans:

(U.B+K.B)

number of atoms such as all 88.0F oxygen are oxygen (O;) and ozone (O3).
(ii) Different Arrangemegt o ms in a Molecule:
Different arrangemenf§o r more atoms or molecules in a crystal of the element

Examples:
e Sulphur shaps

lotropy due to different arrangement of molecules (Sg) in the

crystals. P
e Due to %t arrangement of carbon (C) atoms in the crystals carbon has three
allg @ . Diamond, Graphite, Bucky balls
o & different arrangement of P, molecules in the crystals, phosphorous exists in
th ce allotropes i.e. White, Red, Black

&rtieg of allotropes:
They always show different physical properties but may have same chemical properties.

ffect of temperature:
Allotropes of solids have different arrangement of atoms in space at a given temperature.
The arrangement of atoms also changes with the change of temperature and new
allotropic form is produced.
TRANSITION TEMPERATURE
“The temperature at which one allotrope changes into another is called transition
temperature ”.
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Examples:

e Transition temperature of sulphur is 96°C, below this temperature rhombic form is
stable. If rhombic form is heated up to 96°C, its molecules rearrange themselves to
give monoclinic form.

S, (rhombic) [ 77 S, (monoclinic)

e Transition temperature for allotropic forms of tin is 13.2°C.

13.2°C

Sn(Grey) D Sn(White) &\
e Transition temperature for allotropic forms of phosphorous is 250°C. @

250°C

P4(White) O P4(Red)
White Phosphorous:

Is a very reactive, poisonous and waxy, soft solids. It exists a€atomic molecules.
Red Phosphorous:

Is less reactive, non-poisonous and brittle powder.

5.6 ALLOTROPY
SHORT QUESTIONS

Q.1  Define and give example of transition temp&ratéfe. (K.B)
Ans:  Answer given on pg # 182
Q.2  Define the term allotropy with exa @ (K.B)

Ans: Answer given on pg # 182
Q.3  What are properties of w
Ans:

sphorous and red phosphorous? (K.B)

Red Phosphorogs:
Is less reactiye®poi

: (K.B)

S\bic (B) Tetragonal (C) Monoclinic (D) None of these

ZQ° C is the transition temperature of which element? (K.B)
A) Tin (B) Carbon (C) Phosphorus (D) Sulphur

3. The existence of solid in different physical forms is called: (K.B)
(A) Crystals (B) Allotropy (C) Evaporation (D) Transition

4. Red phosphorus is: (K.B)
(A) Less reactive (B) Non-poisonous  (C) Brittle (D) All of above

5. Allotropes of oxygen are: (K.B)
(A) 2 (B)3 ©4 (D) 5
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5.5 TEST YOURSELF

i Which form of sulphur exists at room temperature? (LHR 2017 G-1)(K.B)
Ans: FORM OF SULPHUR AT ROOM TEMPERATURE
Rhombic form of sulphur exists at room temperature.
ii. Why is white tin available at room temperature?
(SGD 2016, GRW 2017, LHR 2014, RWP 2015)(U.B)
Ans: AVAILABILITY OF WHITE TIN
White tin is available at room temperature because it is stable above 13.2°C, W{:

transition temperature of grey and white tin.

S(grey)d E T Sn(white) @

Cubic Tetragonal

iii. Why is the melting point of a solid considered its identification cliiractgristic? (U.B)
Ans: IDENTIFICATION BY MELTING POINT
The solid particles possess only vibrational Kkinetic ener,
temperature at which the solid starts melting and co-exists i
liquid state. Therefore, melting point of a solid j

characteristic.
Example:

e Melting point of NaCl is 801°C.
iv. Why amorphous solids do not have sharp mel s while crystalline solids do have?(U.B)
Ans:

Melting point is the
ic equilibrium with
ered its identification

Amorphous solids do not have sharp pofnts because in these solids particles are
not held in a regular three dimensi gement. On the other hand crystalline solids
have sharp melting points beca@ese solids particles are held in a regular three
dimensional arrangement.

V. Which is lighter one, al &Jr gold? (K.B)
Ans: %FIQHT WEIGHT METAL
Aluminium is Iigh\D n“g0ld because the density of aluminium (2.70 g cm™) is less
I

than gold (19.3ggm

Vi. Write the mglgcu rmula of a sulphur molecule? (K.B)
Ans., MOLECULAR FORMULA OF SULPHUR

ardla of sulphur molecule is Sg.
Vii. opic form of carbon is stable at room temperature (25°C)? (K.B)
Ans: TABILITY OF ALLOTROPE OF CARBON

re three allotropic forms of carbon i.e. diamond, graphite and bucky balls, which
stable at room temperature. Among these allotropic forms graphite is energetically
lightly more stable than diamond.
viii.  State whether allotropy is shown by elements or compounds or both? (U.B)
Ans: ALLOTROPY OF ELEMENT OR MPOUND
Allotropy is shown by elements only. It is the existence of an element in more than one
forms in same physical state.
Examples:
e Allotropic forms of carbon are diamond, graphite and bucky balls.
e Allotropes of oxygen are O, and Os.
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EXERCISE SOLUTION

1.

&

10.

11.

B'H-H-E-E0H-EEHH:

MULTIPLE CHOICE QUESTIONS

How many times liquids are denser than gases?
(GRW 2016 G-I, SGD 2017 G-11, BWP 2017 G-I, SWL 2016 G-I1)(K.B)
(a) 100 times (b) 1000 times (c) 10,000 times (d) 100,000 times

Gases are the lightest form of matter and their densities are expressed in terr\of:
(RWP 2017 G-I, MTN 2016 G-1, BWP 2017 G-I1, SWL 2017 G-I, 11, DGK 2Q46,GY)(K.B)
(a) mgcm™ (bygcm™® (c)gdm™ (d) kg dm‘(&

At freezing point which one of the following coexists in dynamic equili@? (K.B)
(a) Gas and solid (b) Liquid and gas  (c) Liquid and solid (d ese.

Solid particles possess which one of the following motions? (K.B)

(a) Rotational motions (b) Vibrational mgigns ¢
(c) Translational motions (d) Both translati@ vibrational motions
Which one of the following is not amorphous? @
(LHR 2017 G-1, LHR 2016 G-I( 7 G-11, MTN 2017 G-I, 11)(K.B)
S

(@) Rubber (b) Plastic (©) (d) Glucose
One atmospheric pressure is equal to how cals?

(FSD 2017 G-I, SWL 2017 G-II, SWL 2016,G- 2016 G-1, FSD 2016 G-1, BWP 2016 G-1,)(K.B)
(a) 101325 (b) 10325 06075 (d) 10523

In the evaporation process, liquid molé @ which leave the surface of the liquid have: (.B)
(@) Very low energy (b) Mod%rgy (c) Very high energy (d) None of these

Which one of the following ifftrSes faster?(LHR 2017 G-1I, SGD 2016 G-I, FSD 2016 G-II)(U.B)

(a) Hydrogen b m (c) Fluorine (d) Chlorine

Which one of the&)&ng does not affect the boiling point? (U.B)

@) Intermoleculzﬁ forges (b) External pressure

(c) Nature Oyl ¢ (d) Initial temperature of liquid

Densi gas increases, when its: (U.B)
& ature is increased (b) Pressure is increased

&lume is kept constant (d) None of these

THe vapour pressure of a liquid increases with the: (U.B)

(@) Increase of pressure (b) Increase of temperature

(c) Increase of intermolecular forces (d) Increase of polarity of molecules

ANSWER KEY
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EXERCISE SHORT QUESTIONS

1 What is diffusion? Explain with an example? (LHR 2017 G-I, RWP 2017 G-1)(K.B+A.B)
Ans: DIFFUSION
“The spontaneous mixing of particles of a substance by random motion and collisions, to
form a homogeneous mixture is called diffusion .
OR
“Movement of molecules of a substance from the region of higher concentratiorjto the
region of lower concentration is called diffusion”.

Example:
When a few drops of ink are added in beaker of water, ink molecules und and
after a while spread in whole of the beaker. Thus diffusion has taken glace®

2. Define standard atmospheric pressure. What are its units? How it is rel@ed to Pascal?

(GRW 2017 G-1, SGD 2016 RWP @R’me G-I, 1)(U.B+K.B)
Ans: TANDARD ATMOSPHERIC PRE
Definition: E é’
1t is the pressure exerted by the atmosphere at the s&ve. “It is defined as the pressure

exerted by a mercury column of 760mm heighgfa

support a column of mercury 760mm in height &t s el.
e Atmosphere

e Pascal

e mmHg \0

e Torr

e Nm?
latm = mgHE= 760torr = 101325Nm™ = 101325Pa

Relation with Pgsc
latm & 104395Pa = 101325Nm

evel”. It is sufficient pressure to

3. Why are th ties of gases lower than that of liquids? (RWP 2017 G-1)(U.B)
Ans: LOWER DENSITIES OF GASE

av@ lower densities than densities of liquids. It is due to the light mass and more
volu ed by the gases. Another reason for lower densities of gases is negligible

in ol8gular forces among the gases molecules. On the other hand liquid molecules are closely
space®yand have strong intermolecular forces.

4. What do you mean by evaporation, how it is affected by surface area? (U.B)

Ans: EVAPORATION
“The process of changing of a liquid into a gas phase is called evaporation.”
Effect of Surface Area on Evaporation:
Evaporation is a surface phenomenon. Greater is surface area, greater is evaporation and
vice versa.
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5. Define the term allotropy with examples. (K.B+A.B)
Ans: ALLOTROPY

Definition:

“The existence of an element in more than one forms in same physical state is called allotropy.”

Examples:

e Oxygen has two allotropic forms: Oxygen (O;) and ozone (O3). \

e Three allotropic forms of carbon are: Diamond, graphite and bucky b \
6. In which form sulphur exists at 100°C? LH@G-I)(K.B)
Ans: EXISTANCE OF SULPHUR

Sulphur exists in monoclinic form at 100°C PN
7. What is the relationship between evaporation and boili @f a liquid? (U.B)

Ans:
If the boiling point of a liquid is high, its eva is slow because intermolecular
forces are high in the liquid which have hig k%points. If boiling point is low then
evaporation is high.
EXERCISE LONG QUESTIONS
1. Define Boyle's Law and vegi Wil an example.

Ans:  Answer given on pg # 16340 2;5.2.1)

2. Define and explai X A Law of gases.

Ans:  Answer given ongg 16§ (Topic 5.2;5.2.2)

3. What is vap rgssure and how it is affected by intermolecular forces?

Ans:  Answer gi ﬁg # 172 (Topic 5.3; 5.3.2)
D g point and also explain, how it is affected by different factors?
&.& on pg # 173 (Topic 5.3; 5.3.3)

% ?crlbe the phenomenon of diffusion in liquids along with factors which influence it.
nswer given on pg # 175 (Topic 5.3; 5.3.5)

Differentiate between crystalline and amorphous solids.

Ans:  Answer given on pg # 181 (Topic 5.5)
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EXERCISE SOLVED NUMERICALS

1. Convert the following units: (U.B+A.B)
(a) 850 mm Hg to atm
(b) 205000 Pa to atm
(c) 560 torr to cm Hg
(d) 1.25 atm to Pa
Solution:
() 850 mmHg to atm:
760 mm of Hg = latm

1 mm of Hg = iatm
760

850 mm of Hg = i><850atm
760

=1.12 atm
(b) 205000 Pa to atm:
101325Pa = latm
1

Pa = atm
101325

205000Pa = 1
101325

x 205000 atm

=2.02 atm

(b) 150°C to K:
T(°C) = 150 °C

T(K)=?
T (K)=T(°C) + 273
= 150 + 273
= 423K
(c) 100 Kto °C:
T (K) = 100 K \
T(°C)=?
T(°C) = T(K) - 273@
=100 -
=173

(d) 172 K to °C:

= T(K) - 273
=172 - 273

=-101°C
3. @ at pressure 912 mm of Hg has

lume 450cm’? What will be its volume

(c) 560 torr to cm Ha: 0.4 atm? (U.B+A.B)
760 torr = 760 mm of Hg NUMERICAL
= 76 cm of Hg 0 Solution:
Given Data:
1 torr = —cm of Hg \ -
912 mm Hg
Initial pressure = P; =912 mm Hg = 760 mm Hg
560 torr = — ><&cq = 1.2 atm
_ Initial volume of gas = V; = 450 cm®
56 critof Final pressure of gas = P, = 0.4 atm
(d) 1.25 atm to Pa% To Find:
1at 25Pa e
Volume of gas at 0.4 atm. =V, =?
1.2 25x101325Pa Cal Culatior?s. ?
\ 126656 Pa Using the equation of Boyle’s Law:
_________ &_‘ N . T P1V1 =PV,
2 e e following units.  (U.B+A.B) Solution:

(a)@vo K (b) 150°C to K
(c) 108K to °C (d) 172 K to °C
Solution:
(a) 750°C to K:
T (°C) =750 °C
T(K)=?
T (K)=T(°C)+ 273
=750 + 273
=1023K

By putting the values:
1.2 atm x 450 cm® = 0.4 atm x V,
1.2atm x 450cm3
V2 =
0.4atm
V, =3 x 450 cm®
V, = 1350 cm®

Result:
The volume of gas at 0.4 atm is 1350 cm®.
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4. A gas occupies a volume of 800 cm® at 1
atm, when it is allowed to expand up to
1200 cm® what will be its pressure in
mm of Hg. (U.B+A.B)

NUMERICAL

Solution:

Given Data:

Initial pressure of gas = P; =1 atm
Initial volume of gas = V3 = 800 cm®
Final volume of gas = V/, = 1200 cm®

To Find:

Final pressure of gas =P, =?

Calculations:

Using the equation of Boyle’s Law:

P1V1 = P2V2

By putting the values:

1 atm x 800 cm® = P, x 1200 cm®
_ latm x 800 cm®
P2="""1200 cm?®

2
P, :§atm

P, =0.667 atm
1 atm = 760mmHg
S0 0.66 atm = 760x0.66mmHg

= 506.66mmHg :
The pressure of gas at 1200 cm’ volume is 50& g.

As

Result:

5. It is desired to increasetheWoliime of a
fixed amount of gas\fr S to 118
e
§

cm’ while holding the fressure constant.
What would be _the finat temperature if
the "initial te re is 23°C.(U.B+A.B)
AL

Solution:

e%f gas = V1 = 87.5cm?
ume of gas = V, = 118 cm®

Inith@l tenTperature of gas = T; = 23°C
= (23+273) K
= 296K

To Find:

Final temperature of gas =T, =?
Calculations:
By using the equation of Charles’s Law:
Vi_Vo
T, T,

ToVi=Vox T,
Or
T,= VT
Vl

By putting the values
_ 118cm® x 296K
2= g75cm’
T, =399K

T, can be converted into Celsius sc \
T,=299-273= 126"&
Result:
C.

Final temperature of

6. A sample of gas is cool

constant pressure

from 30°C to 10°C. Comment:  (U.B+A.B)
a. Will the volughe e gas decrease to
one third ofd nal volume?
b. If not, th at ratio will the volume

decreagde?
NUMERICAL

| temperature of gas = T; = 30°C
= (30+273) K
= 303K
Final temperature of gas = T, = 10°C
= (10+273)K
= 283K
Initial volume of gas =V; =1 dm
To Find:
Final volume of gas =V, =?
Ratio of volume decreases = ?
Calculations:
By using the equation of Charles’s Law:
Vi_V,
T, T,
Vi_Va
T, T

V,
sz?le2

3

By putting the values:

3
Vo= 1M g3k

V, =0.93dm?®

Results:

(a) The volume of gas will not decrease to
one third of its original volume.

(b) The volume decreases in the ratio 1:0.93.
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7. A balloon that contains 1.6 dm? of air at
standard temperature and pressure is
taken under water to a depth at which
its pressure increases to 3.0 atm.
Suppose that temperature remain
unchanged, what would be the new
volume of the balloon. Does it contract

or expand? (U.B+A.B)
NUMERICAL
Solution:
Given Data:
Initial pressure of balloon = P; =1 atm
Balloons contain air = V= 1.6dm°
Final pressure of balloon = P, = 3.0 atm
To Find:
New volume of balloon =V, =?
Calculations:
By using the equation of Boyle’s Law:
P1V1 =PV,

By putting the values
1atm x 1.6 dm® = 3 atm x V>,
_latmx 1.6 dm’
2= 3 atm
V, =0.53 dm®

Result:
e The new volume of balloon is 0.53 dm®.
e The gas will contract

8. A sample of neon gas occupi
at very low pressure of

Assuming temperature re

what would be the vo 1.0 atm

pressure? (U.B+A.B)
NL;MERI;L

Solution:

Given Data: L 4
Initial pressure of n 1=04 atm
Initial volume #\/, =75.0cm®

Final pres n="P,=1atm
To Fina:
Volum eOW at
101"
ByWging the equation of Boyle’s Law:
P1V1=P,V;
By putting the values
0.4 atm x 75 cm® =1 atm x V,
_ 0.4 atm x 75 cm®
2= 1 atm
V, =30 cm®

.O0atm. =V, ="?

Result:
Thus at 1 atm pressure the volume of neon
is 30 cm?®,

9. A gas occupies a volume of 35.0 dm? at
17°C. If the gas temperature rises to
34°C at constant pressure, would you
expect the volume to double? If not

calculate the new volume. (U.B+A.B)
NUMERICAL
Solution:
Given Data:
Initial temperature of gas = T; =17 °C
=273+17=2300K
Initial volume of gas =V = 35 g°
Final temperature of gas =T, =34 °

=273 K
To Find:
New volume of g .

Calculations:

By using the equation of @s Law:

35 dm° x 307 K

2= 290 K
V, =37 dm®
esult?

o lume will not be doubled because the
solute temperature is not doubled
ew volume of gas is 37 dm®.

10. The largest moon of Saturn IS Tltan It
has atmospheric pressure of 1.6xI0° Pa.
What is the atmospheric pressure in
atm? Is it higher than Earth's
atmospheric pressure? (U.B+A.B)

NUMERICAL

Given Data: ) 5
The atmospheric pressure of Titan = 1.6 x 10
Pa

To Find:
Atmospheric pressure in atm = ?
Calculations:
We know that,

latm = 101325 Pa
Atmospheric pressure of Tltan in Pascal

= 1.6x10°Pa.

Atmospheric pressure of Titan in atm.

_ 1.6x10°

101325
= 1.58 atm

Result:
Thus the atmosphere pressure of Titan
(1.58 atm) is greater than the atmospheric
pressure of Earth (1.0atm).
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ADDITIONAL CONCEPTUAL QUESTIONS

Q.1  Why the densities of gases are lower than that of liquids? (U.B)

Ans: DENSITY OF GASES AND LIQUID

Gases have lower densities than densities of liquid. It is due to the light mass and more
volume occupied by the gases. Another reason for lower densities of gases is negligible
intermolecular forces among the gas molecules. On the other hand, liquid molegules are

closely packed and have strong intermolecular forces.
Q.2  What is molar heat of evaporation \
Ans: MOLAR HEAT OF EVAPORATION @
4

conditions of temperature and pressure is called molar heat of evaporatiog,”.

“The amount of heat required to convert 1 mole of a liquid into gaseoub standard
Q.3 Why does tea get cool in saucer quickly then in a tea cup? Z PN (U.B)

Ans: Evaporation increases with increase of surface area. Sinc e area of saucer is
greater than the surface area of a tea cup, evaporation ucer is more than a tea
cup and tea gets cool down quickly. @

Q.4  Why does hot water evaporate quickly than c r? (U.B)

Ans: Evaporation increases with increase of tem hat is why hot water evaporates
quickly than cold water.

Q.5  Why hexane (C¢Hi4) has more vapou than decane (C;oH»)? (U.B)

Ans: Hexane has small sized molecule as : ak intermolecular forces as compared to
decane. There hexane a evapor@k y and exerts more pressure than decane.

Q.6  Why drops of rain fall dow r (U.B)

Ans: Density of water is .0@ hile that of air is 0.001 g cm™ that is the reason why
drops of rain fall §owgw.

Q.7 Why the densitigs d§liquids are high? (GRW 2014)(U.B)
Ans: PY HIGH DENSITY OF LIQUID
The liquid les have strong intermolecular forces hence they cannot expand freely

ed volume. Like gases, they cannot occupy all the available volume of the
at is the reason why densities of liquids are high.
Q.8 ite tWo properties of liquid state of water. (GRW 2016 G-11)(K.B)
AQ PROPERTIES OF LIQUID STATE OF WATER
The liquid state of matter has indefinite shape but definite volume
e The attractive forces between particles are stronger than that of gases but weaker than
that of solids.
Q.9  Why kerosene oil floats over water and honey settles down? (GRW 2017)(U.B)
Ans: FLOATS OVER WATER AND HONEY SETTLES DOWN
The kerosene oil floats over water because its density is lower than that of water whereas

honey settles down due to its higher density than water.
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Terms | Definitions

Diffusion “The spontaneous mixing up of molecules by random motion
and collisions to form a homogeneous mixture is called
diffusion”.

Effusion “It is escaping of gas molecules through a tiny hole into a space
with lesser pressure ”.

Pressure "The force (F) exerted per unit surface area (A)§l lled

pressure ”.

Strandard Atmospheric
Pressure

“It is defined as the pressure exerted by a mercury column of 7
sea level. It is sufficient pressure to support a column of dne
height at sea level .

Compressibility

Gases are highly compressible due to empt aces between

their molecules. When the gases are cgmgresged, the molecules
come closer to one another and occup olume as compared

Boyle’s law

to the volume in uncompressed st
“The volume of a given mass is inversely proportional

to its pressure provided th rature remains constant”.

Charle’s law

“The volume of a given a gas is directly proportional to
the absolute temperat e pressure is kept constant™.

Evaporation

“The process 0 of a liquid into a gas phase is called
evaporation ”.

Vapour Pressure

The pressu
with

d by the vapours of a liquid at equilibrium
at a particular temperature is called vapour
Iquid.

Boiling Point

s equal to the atmospheric pressure or any external
pRgssure is called boiling point .

Freezing point

60

“The temperature at which vapour pressure of a liquid state
becomes equal to the vapour pressure of the solid state and
liquid and solid coexist in dynamic equilibrium is called freezing
point”.

“The temperature at which the solid starts melting and coexists
in dynamic equilibrium with liquid state is called melting point”.

rpApus solids

Solids in which the particles are not regularly arranged or their
regular shapes are destroyed, are called amorphous solids.

Crystalline solids

Solids in which particles are arranged in a definite three
dimensional pattern are called crystalline solids.

Allotropy

“The existence of an element in more than one form, in same physical
state is called allotropy .

Transition Temperature

“The temperature at which one allotrope changes into another
is called transition temperature .
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SELF TEST
Time: 35 Minutes Marks: 25
Q.1  Four possible answers (A), (B), (C) and (D) to each question are given, mark the
correct answer. (6x1=6)
1. Boiling point of alcohol is:
(A) 58°C (B) 87°C (C) 78°C (D) 68°C
2. At some temperature which of the following will have high vapour pressure:
(A) Deithyl Ether (B) Alcohol (C) Water (D) Honey
3. Which one of the following gases will diffuse faster?
(A) Oxygen (B) Fluorine (C) Nitrogen (@rlne
4. Transition temperature of tin is:
(A) 12.3°C (B) 13.2°C (C) 96°C @’250%:
5. Density of Iron is:
(A) 2.70gcm (B) 7.86gcm > (©) 19.& (D) 8.76gcm >
6. When volume of a gas increased two times itw becomes:
(A) Double (B) Four times (D) Zero
Q.2  Give short answers to the followi Ions. (5%2=10)
(i) Differentiate between Diffusj &usion.
(i)  Why gases are highly,co
(ili)  Can you cool a gas\oy %g its volume.
(iv)  Define the term AXp with example.
(v)  Why does e@tign increase with increase of temperature.

Q.3

(i)

Note:

x following questions in detail. (5+4=9)
(iQ Boyle’s law and verify with an example. (5)

efine Evaporation. Explain factor affecting evaporation. (4)

Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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