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Chapter-5 Physical States of Matter

Q.1

Ans:

Q.2

Ans:

INTRODUCTION

Define matter. —il 3j
MATTER_ ) '

Definition:

“Anything that has mass &7, occupies smace 15 zalled matter .

Examples:

Air, water, tahle, bseX etc: :

What g7¢ phycicdl'states m miatter- ' (K.B)

D,IVSiCAL STATES OF MATTER

[Mefter ex ist in f ree physical state i.e. gas, liquid and solid. The simplest form of mater is

ghsedus'state. Liquid are less common and most of the matter exist as solid. These states

are classified by means of two properties.

e Shape

e Volume

Q.1

Ans:

5.1 GASEOUS STATE (TYPICAL PROPERTIES)

Write down the general properties of gaseous state.
(SWL 2016, 17, MTN 2016, 17, DGK 2017)(U.B+K.B)
GASES

“The state of matter that has indefinite shape and indefinite volume is called gas .
Examples:
e Hydrogen (H,)
e Oxygen (O,)
e Carbon dioxide (COy)
TYPICAL PROPERTIES OF GASE

Gases have similar physical properties. A few typical properties are as follows:

DIFFUSION
“The spontaneous mixing up of molecules by random motion and collisions to form a
homogeneous mixture is called diffusion”.
Examples:
e Spreading of fragrance of flower
e Spreading of fragrance of perfume
Dependence: —
Rate of diffusion depends upon the molecular mass of the gases. L .chtn ge;ses| ciit Jwe_'
rapidly than heavier ones. e.g. H, diffusesfiour times fester trari D Gas: '

EREUSION e
“Itis escaplng of gas molicl: Ie': . uucn atin! / hdle! int a spar*e vy |t 1 Iesser pressure .

Example:- } -

When a_tyr's (es puncm“ed al @fﬁs\s'-‘s St

Depencerica: \
E-sfugion dvper.a ) me molecular masses of the gases. Lighter gases effuse faster than

" ifaylergase

PRESSURE
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=

Sl Unit of Pressure: ) e
The S unit of force is Newtan ana-that ofaiea, i3 17, hehce pressuie has ST unit of Nm™,
Itis also called Pascal (Pa,. ] '

’Dne Pascal (Pa).= 4 Nm?
o Faramietel is Usér-0' Teasure atmospheric pressure
1 Mamerseter 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 760 mm height at sea level.
It is sufficient pressure to support a column of mercury 760mm in height at sea level .
Different Units of Pressure:
1 atm =760 mm of Hg = 760 torr (1 mm of Hg = one torr)
101325 Nm = 101325 Pa
MPRESSIBILITY
Gases are highly compressible due to empty spaces between their molecules. When the
gases are compressed, the molecules come closer to one another and occupy less volume
as compared to the volume in uncompressed state.
MOBILITY
“The ease of flow of molecules is called mobility .
e Gas molecules are always in state of continuous motion.
e They can move from one place to another because gas molecules possess very high
kinetic energy.
e They move through empty spaces that are available for the molecules to move freely.
Significance:
The mobility or random motion results in mixing” up of gas molecules to produce a
homogeneous mixture. :

DENSITY OF GASES T N

“The mass per unit volume ofasuhqtance 1S "alled uemltv N\ (N0~
Units of Measurement: \ I : -

Gas density, is expressed ln qrans p=r dm vvi.Jrea>, ..qwd ana SO|Id densities are
expres »ec in granis per crn’ | A, lm\qd'* ‘no o ‘l~ds are 1000 times denser than gases.
Effect of Tenmicer ature

_ Gasgp have'\low cene:ty than liquids and solids. It is due to light mass and more
“ Wil decupied by the gas molecules.

Tne 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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5.1 GASEOUS STATE (TYPICAL PROPERTIES)

SHORT QUESTIONS L e
Define diffusion. Give example. q ' N e W B+AB)
. DR .
What is meant by diffusidonof gas=s? ~ — | | B | (K.B)

Answer glven on pg # 159
What iis effugion? (M'T1] 2016,BV/P' 7‘16 {7, £SD 2017, GRW 2017 G-II, RWP 2017 G-II)(K.B)
Answer-5ivan'cn g # 159

Define pressure. Writs itsiSi units. (K.B)
ABSWer given cning # 159
Ll "121 t i@ standard atmospheric pressure? (SGD 2016, 17, RWP 2017, LHR 2016)(K.B)
Answer given on pg # 160
Write a short note on the density of gases. (BWP 2017)(K.B)
Answer given on pg # 160
What are pressure measuring devices? (K.B)

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 Laboratory.

5.1 GASEOUS STATE (TYPICAL PROPERTIES)

10.

11.

13.

MULTIPLE CHOICE QUESTIONS

The liquid state has intermolecular forces: (K.B)

(A) Strong (B) Weak (C) Very weak (D) None of these

Solids are and denser than liquid and gases. (K.B)

(A) Rigid (B) Soft (C) Hard (D) Both Aand C

Simplest state of matter is: (LHR 2014)( K.B)

(A) Solid state (B) Liquid state (C) Gaseous state (D) Plasma state

How many times Liquid are denser than gases? (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 dens1t1es are expressed in terms of:(K.B)

(A) mg cm® (B)gcm (C)gdm® (D) Kg dm™®

Density of a gas increases when its: (U.B)

(A) Temperature is increased (B) Pressure is increased

(C) Volume is kept constant (D) None of these

One atmospheric pressure is equal to how many pascals? FSD 2017 Gk B)

(A) 101325 (B) 10325 (C) 106075 _ 7 ™ (,3\ 1!‘5)3 N

760 mmHg is equal to: : ' Al aT A N (=)

(A) 266 torr (B) 2650 tor“ Jo (€ 6R6itorn L L L (D) 14t

The gas with maximum rate, i ¢izfus|or i 4 ' L/ (LHR 2017 G-11)(U.B)

(A) Hekiwrnd By Fluttir 1, ~4{C} Chiorine (D) Hydrogen

Rate of-iffusinn u~f gades oepeﬂgatlnan (U.B)

(A) Chem.cal Férmu a\B\ Nuerber of electrons(C) Molecular mass (D) Pressure

How mény; fines nyarogen diffuses faster than O? (K.B)
ATV tines (B) Three times (C) Four times (D) One time

2arometer is used to measure: (K.B)

(A) Melting point (B) Boiling point

(C) Atmospheric pressure (D) Pressure in laboratory

Which instrument is used to measure atmospheric pressure?(GRW 2016 G-I, SGD 2017 G-I)(K.B)

(A) Barometer (B) Manometer (C) Thermometer (D) None of these
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5.1 TEST YOURSELF _

Ans:

Ans:

iv.

Ans:

Ans:

Vi.

()

(b)

Why the rate of diffusion of gases is rapid than that of liquids? i\ B35
RATE OF DIFFUSION AN N _

The rate of diffusion of gases is ranid than thatofdivlidspecadse, gas raolestles nave
insignificant attractive forgces, low-molecuiar, inesses, mare kinetig energy and more
empty spaces are present Letiveer their mblectl2s,-25 cormpeare 10 liauids.
Why thie pases are-cerianressibie? (WP 4617, WITNI2017, SWL 2017, SGD 2016, GRW 2016 G-IN)(U.B)
What ¢5wou\rnedri by Pascal? Ho=-slany Pascals are equal to 1 atm?

\ ) (DGK 2017, GRW 2016)(K.B)

_ . PASCAL
IPagcal1sequal to a force of one Newton that acts upon an area of one metre square .
it is unit for pressure.
latm = 101325 Pa = 101325Nm *
Whether the density of a gas decrease on cooling? (LHR 2015, 16 G-11)(U.B)
DENSITY OF GASES ON LIN
No, the density of a gas does not decrease on cooling. It increases on cooling because on
cooling their volume decreases and density is inverse to volume.

m
As =V

Example:

At normal atmospheric pressure the density of oxygen gas is 1.4g dm™ at 20°C and
1.5gdm™ at 0°C.

Why is the density of gas measured in g dm™ while that of a liquid is expressed in g cm™?

(SGD 2016, 17, FSD 2017)(U.B)
MEASUREMENT OF DENSITY OF GASES AND LIQUID

Gases have low densities due to small mass and more volume occupied by the gas

molecules. Therefore gas density is expressed in grams per dm?, whereas liquid and solid

densities are expressed in gram per cm?® because liquids and solids are 1000 times denser

than gases.

Convert the followings (U.B)

(a) 70 cm Hg to atm (b) 3.5 atm to torr (c) 1.5 atm to Pa

Solution:

70 cm Hg to atm:

We know that:

760cmHg =1atm (As 760mmHg=76cmHg) < | [ L L
1 _ i 1 i =1 - Ly [ o L

i

-\ 70cm My, | 7 7{—%0} X 70'=.9.0921 aiim
2\ 0er Mg || = Gostaatm

3.5 atmitoitorc)

a .\I'\-'.e.k nawy thha:

Latin =760 torr

3.5atm =760 x 3.5
= 2660

3.5atm = 2660 torr
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(©)

1.5 atm to Pa

We know that )

1 atm =101325 Pa - &

1.5 atm =101325 x 1.5 RN I
=151987.5

1.5atmis = 151987.5 Pa

Sta¢ Be yli's i, Give the experimental verification of Boyle’s Law.
| '] (©1ZRW 2015,17 G-Il LHR 2015, BWP 2016, SGD 2016, FSD 2017, RWP 2017)(U.B+K.B+A.B)

OR
Deﬁne Boyle’s Law and verify it with an example (Ex—Q.1) (LHR 2016 G-I, 17 G-I)
BOYLE'S LAW

Introduction:

In 1662 Robert Boyle studied the relationship between the
volume and pressure of a gas at constant temperature. Robert
Boyle (1627-1691) was natural philosopher, chemist, physicist
and inventor. He is famous for Boyle's Law of gases.

Statement 1:

“The volume of a given mass of a gas is inversely proportional
to its pressure provided the temperature remains constant ”.

Robert Boyle (1627-

Mathematical Representation: 1691) was natural
According to this law the volume (V) of a given mass of a gas | philosopher, chemist,
decreases with the increase of pressure (P) and vice versa. physicist and inventor.

He is famous for

It can be written as:
Boyle’s law of gases”.

Volume oc ———
Pressure

Vocl
P

v=K
P
PV =k = constant

Where, k is proportionality constant. The value of k is same £gi tII'l'e saime émoi_:n-jj[_ it

given gas. D AR N N Z AR (e
Statement 2: DRI RRIRR [ ~—

Boyle’s Law can also be Stltﬁd AN G IR T T

“The predl uct of _pressure, e Nl vclume af 8- hxed massof agasis constant at a constant
temperatire”, T (4L T

When | 1} Fl\;l 5;[{ A " Then P,V, =k

\whele | ) P\_\ = Initial pressure P, = Final pressure

Y ~ T\ = |nitial 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:

-u vwgas

As both scales have equal dagrze rgnqe he. efgre Nhuﬁ 0 F S | -'3'-(';__ —23K

equal 1942737C theriv273 | is. equlall t¢, '0°C_.Canversion of @ o

Kelvin weniperiture, to, Gels| us tamigerature and vice versa | |_jpoecd-8 "7k

can be carried Dt as! foﬁluwg = e

N T =T (°C) + 273 et 24k

VN 0 T T ) = T (K) - 273 3§ <

Remember: —273°C—- 40K

Always convert temperature scale from °C to K scale while

EXPERIMENTAL VERIFICATION OF BOYLE'S LAW
The relationship between volume and pressure can be verified experimentally by fhe- |
following series of experiments. Let us take some mass of a gas ir-eC\incer I“avu g.a
movable piston and observe the effect of increase of pressiieep, itz Volurie, h
e The phenomenon is representeo when the rz"' isure Lf Z tnw R apr;llﬁd the volume of
the gas reads as 1 dm®;~ =
e When nressure is increasad equiveeitt to 4 atry, thc \ n'JI. ic of the gab reduces to 0.5 dm
e Whien pressure 15'Ingreased thiae tilnes i.e:-& atm, the volume reduces to 0.33 dm®.
e Similaryy, vrhen! plessu '€ ig Insieased up to 8 atm on the piston, volume of the gas
gacreases t9'0.25,din
\\itz e k[ i3 proportionality constant. The value of k is same for the same amount of a

6 atm 8§tm

Figure: The Decrease of Volume With Increase of Pressure

Calculations:
When we calculate the product of volume and pressure for this experiment, the product
of all these experiments is constant i.e 2 atm dm .1t proves the Boyles law

P.V; =2atmx1dm? -2atmdm

PV, =4atmx05dm® =2atmdm’

PsVs =6atmx0.33dm> =2atmdm’

P,V, =8atmx0.25dm® =2atmdm’

Conclusion:
Hence, product of pressure and volume of fixed amount of gas is constant at constant temperature.
Explain the absolute temperature scale with example. (U.B+K.B)

ABSOLUTE TEMPERATURE SCALE
Introduction:
Lord Kelvin introduced absolute temperature scale or Kelvin scale. This scale of
temperature starts from 0 K or —273.15°C, which is given the name of absolute zero.
Absolute Zero: ;
“It is the temperature at which an ideal gas would have Zero volum-¢ [

Absolute Temperature Scale or Kelvin scale: =~ N | A A=

“A scale of temperature that staf* from 265 ne VI 1 on —213 15°C ia caticy absolute
temperature scale or Kelvin 4cale” = " —

solving problems.
K=273+°C
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5.2 LAWS RELATED TO GASES

5.2.1 BOYLE’S LAW =y (A0

.

Q.1  State Boyle law. MITN 2015°8GD 2016 RWP 2046, LHR 2D15] GRW 2017 G-I, 11)(K.B)
Ans:  Answer given on pg # 163 ' _ '
Q.2  How cariwe'measure hlcod press Lre'7 : (Do you know Pg. # 79)(K.B)
Ans: MEASUREIACNT O 2, 00D PRESSURE

Instrunert;

Bind|1 pressiire is-measured using a pressure gauge it may be a

irerculy Iiianometer or some other device. b ;

Kepresentation: :

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 when the heart is pumping it is
called systolic pressure.

Diastolic Pressure:

When the heart is in resting position pressure decreases and it is the second value called diastolic.

Q.3  In which unit blood pressure is measured? (Do you know Pg. # 79)(K.B)
Ans: UNIT OF BLOOD PRESSURE
Systolic and diastolic both of these pressure are measured in torr unit.
Q.4  What is hypertension? (Do you know Pg. # 79)(K.B)
Ans: HYPERTENSION
Cause:
Hypertension is because of high blood pressure due to tension and worries in daily life.
Criteria:

The usual criteria of hypertension is a blood pressure greater than 140/90.
Disadvantage:

Hypertension raise the level of stress on the heart and on the blood vessels. This stress
increase the susceptibility of heart attacks and strokes.

5.2 LAWS RELATED TO GASES
5.2.1 BOYLFE’S LAW .~

MULTIPLE CHOICE QUESTIO

1. Blood pressure of a healthy person is: ! 3 N N C RV 20 J.sr)\l( B)
a .
(A) %mmHg (B) §L9 mml~9 ((; %&% mmi—ltI | E 1"”
2. Whenwclunte of a-gas isincr eated, tvye times 'tspressu re becomes. (U.B)
(A) Doiisle, '\ YE) Faur tim " (C) Half (D) Zero
3. Which quantlry is kept cohstant in Boyle s law? (K.B)
Ao (A Temperatuse— (B) Pressure (C) Volume (D) Amount of gas
i b Wnl shi-ot 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

5. 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

CHEMISTRY-9 165




Chapter-5 Physical States of Matter

5.2 TEST YOURSELF _

i Is the Boyle's Law of gases applicable to liquids? uv.TN 201751 5)
Ans: BOYLE’S LAW FOR LI
Boyle’s Law is not appllcable to Ilm-ds rather it-is
P = conctant

1%,

uID [
> (nly'applicadie to Gales:

ii. Is the Br)) «&'s Law valid at very/high ieraparature? (U.B)
Ans: : YALIDITY CE-EOYLE’S LAW
Yes, the Bpyyle’s law is vali: 1'e;'applicable at very high but constant temperature.
iii. V\:Hat will tar e it the pressure on a sample of gas is raised three times and its
J .. [ B € n‘r erature is kept constant? (SWL 2016)(U.B)
Ans: RAISE OF TEMPERATURE

I the pressure on a sample of gas is raised three times its temperature is kept constant then

according to Boyle’s Law the volume will also decrease three times of its original volume.

NUMERICAL EXAMPLE 5.2

NUMERICAL EXAMPLE 5.1

A gas with volume 350 cm® has a pressure
of 650 mm of Hg. If its pressure is reduced | container under a pressure of 600 mm Hg.
to 325 mm of Hg, calculate what will be its | If volume is reduced to 350 cm®, what will
new volume? (U.B+A.B) be the pressure? (U.B+A.B)
NUMERICAL NUMERICAL
Solution: _Sqlutlon:
Given Data: Given Data: 3
- 3 V1 =785cm
V1=350 cm P1 = 600 mm of Hg
P, =650 mm of Hg V, = 350 cm®
P2 =325 mm of Hg To Find:
To Find: P,=?
Vp=7? Calculations:
Calculations: By using the Boyle's equation:
By using the Boyle's equation: P1V1=P,;V;
P1Vi= PV, P, LAY
or Yo
P O |Blpemiiiaes [ (2007
P, (Warl Fqug—"i)g’)»—li%ﬂrF..? mmof Hg
By putting thervé Tubs, VLV W 30
SANY 5( \ N
Vz-_-—:ig—- ?‘1Ccr.1 p = 1345. 7_1 77atm
N = > 760
NINTRVAS V,= 700 P,=1.77atm
“LResult: 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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Chapter-5 Physical States of Matter

5.2.2 CHARLES LAW
Q.1  Define and explain Charles Law of gases. - -
(Ex - Q.2) (MTN 2016, DGK 2016, S\ 7017 SsD 70;7)(!1 S+.R)
AnNs: CHARLES T AW - _ | [y
Introduction:
The relationship between olum=-and tamer! Athre keepmg the
pressure constant was alto Judnevl lyy Fre1cn sciertist-J. Charies
(1746-1823). :
He wasa =rerich inveritor, s¢ientist. athematlman and balloonist. He
described i1t 1802 héwigasssiend to expand when heated.
Statement.
1 valGiiie of a given mass of a gas is directly proportlonal to the

J. Charles in 1787. ).
Charles (1746-1823)

= B . was a French
When pressure P is constant, the volume V of a given mass of @ gas iS | inventor scientist,

Mathematical Representation:

proportional to absolute temperature T. mathematician and
Mathematically: balloonist. He
It is represented as: described in 1802
Volume oc temperature how gases tend to
VT expand when
heated.
V=kT
\%
Or — =k
T

Where k is proportionality constant.

Another Form of Charles’s Law:

If temperature of the gas is increased its volume also increases. When temperature is
changed from T; to T, the volume will change from V| to V,. The mathematical form of
Charles' Law will be:

Vi Vo
Tl T2
As both equations have same value of constant, therefore their variables are also equal to each other.
So
MV,
Tl T2

EXPERIMENTAL VERIFICATION OF CHARLES® l‘\/\l ™ i’
Let us take a certain amount of gas enclosed in a cylinder hawi g 2 mcvama p stma Lt
initial volume of the gas V, is 50 ¢m® and' in. tI?" temera'rurﬁ This 2r °\, on \cating the
cylinder up to 100 °C (Tzj, its rigs voiume, V2 is ebout 5215 (rr . The increase in
temperaturp mcreases the Vr)lqme th a can be G bsbf\/ed a5 elaborite

’fn\

_ |ct o1le :ss.
| p|<'t01) T, 100°C

V, 62.5cm’

Figure: Representation of Increase of Volume With The
Increase in Temperature
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Q.2

Ans:

Q3

Ans:

According to Charles’s Law:

Vl - VZ
T n
Putting the values in equation: g
gL (B
: PN e
—50 _.6.2.5
. | oW~ 0.167 = 0.167

Conclusion:
Hence, volume of fixed amount of gas increased with increase in temperature at constant
pressure.

In which units body temperatures is measured? (Do you know Pg. # 83)(K.B)
MEASURIN NIT OF BODY TEMPERATURE
Body temperature is measured in Fahrenheit scale. Normal body temperature is 98.6°F,
it is equivalent to 37°C. This temperature is close to average normal atmospheric
temperature.
Explain the physical states of matter and role of intermolecular forces. (U.B)
OR
Describe relationship between physical states of matter and intermolecular forces.(.B)
PHYSICAL STATES OF MATTER AND ROLE OF INTERMOL ECULAR FORCES
Matter exists in three physical states:
e Gas
e Liquid
e Solid.
(i) Gaseous State of Matter:
In the gaseous state, the molecules are far apart from each other. Therefore, intermolecular
forces are very weak in them.
(i) Ligquid State of Matter:
In the liquid state molecules are much closer to each other as compared to gases. As a

result liquid molecules develop stronger intermolecular forces, whicii- affect: *hé'i;-:-._-"-'

physical properties like diffusion, evaporation, vapour presstire-aiid ho |..nr' -point. |
Compounds having stronger mtermolecuiar forrec A /e’hqhm bL il nq rva}n Ty
(iii) Solid State of Matter.: )

The intermolecular forces bocc mzsh! dcrr in in“* il oh'i >,ta10 'rhr tt. & m(nlet,ules look motionless.
They ar'anue m a renulfa paiten ! I‘ae'mfore thy‘Hé don a=(fan molecules of liquids.

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 _

Q.1
Ans:

SHORT QUESTIONS ]y
State Charles’s Law. (BWP 2017, S 2016, GR\&2015, 7€, LHIRI 201516, 1.75-1(K.B)
Answer given on pg # 167

IIIII!IIEEFWHF?EMEHIHIIIII
HOICE-QUESTIONS

MULTITLE G

Normay bhdy'temiperatyre of-auman beings is: (GRW 2014)(K.B)
(F)[J7°C ' (B) 38°C (C) 39°C (D) 40°C
i Chavles's Law K’ is equal to: (LHR 2015)(K.B)
(A) — (B) TV © ~ (D) ¥

\/ T P
¥ =k is the mathematical form of: (K.B)
(A) Boyle’s Law (B) Charles’s Law  (C) Avogadro’s Law (D) Dalton Law
Mathematical representation of Charles’s Law is: (K.B)
(A)Voc% (B)Voc% C) VT (D) Voc P

5.3 TEST YOURSELF

Ans:

Ans:

Ans:

iv.

Ans:

Ans:

ANS:

Which variables are kept constant in Charles’s Law? (K.B)
CONSTANT VARIABLES OF CHARLES’S LAW
Mass and pressure are kept constant in Charle’s Law while volume and temperature are

. Vv
variable parameters. 7= Constant

Why volume of a gas decreases with increase of pressure? (U.B)
DECREASE IN VOILUME WITH PRESSURE

Volume of gas decreases with increase of pressure because according to Boyle’s Law

volume and pressure both are inversely proportional to each other. So when we increase

pressure, the gas molecules inter into the intermolecular spaces and come closer to one

another and volume of a gas decreases.

What is absolute zero? (SWL 2016,17, FSD 2016, 17, GRW 2015)(K.B)
ABSOLUTE ZERO .

“Absolute zero is the temperature at which an ideal gas would kave zers \/r!ume Kewin

scale starts from absolute zero, represented a5 C\ K (Zers-K| ervin). b is eqL alte=27270

Does Kelvin scale show a rmgatne 1:emrW atu re’ ! | o (K.B)

The Kelvisiscale doeQ ot show neg i, /: valie, ah. k= - 273.15°C
When'a_tigs Is@iicwe; 1tk 'puﬂdw'hot a4 De its effect on its temperature? (U.B)
| EEFECT OF EXPANSION ON TEMPERATURE

Whei a pas is alt ov /edto expand, its temperature decreases because gas molecules consume

" eneicy foreigsansion by the gas molecules on its own. This decreases their temperature.

Clarvyou cool a gas by increasing its volume? (U.B)
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

A sample of oxygen gas has a volume of 250
cm?®at -30°C. If gas is allowed to expand up
to 700 cm?® at constant pressure, find out its

final temperature. (U.5B+K.B)
NUMERICAL
Solution:
Given Data:
M7 250 i
Ty = =40 C—us K
%5= 700 cm®
IS =11
Tr=7
Calculations:
By using the equation:
Vl —_ V2
Tl T2
or T,= Ve,
Vl
By the values in equation:
7,=190%243 _6e0ak
250
T,=680.4-273
T, =407.4°C
Result:

The final temperature of oxygen gas is
407.4°C.

NUMERICAL EXAMPLE 5.4

A sample of hydrogen gas occupies a volupie |

160 cm’ at 30°C. If its, temserarure is| 1aisad !
0'100°C.<caiculate vehit Vil hid its volwine
i tae pressure remains c(nstailt. (U.B+A.B)
' b INUJIMERICAL
Soluiica:”
M:
=160 cm®
T. 30+273=303K (as 0°C=273 K)
T,=100+273=373 K

To Find:

V2 =7
Calculations:
By using the equation of Charles's Law:

V,_V,

T T
V1T2

Tl
By Putting the values in equation:
v,= 100373 _1 96 9 eme?
303

V, = 196.9cm®

Or V,=

Result
The final volume of gas is 196.9 cm?® if the
pressure remains constant.

5.3 LIQUID STATE (TYPICAL PROPERTIES)

5.3.1 EVAPORATION,
Q.1

Ans: LI

UID STATE
“The state of matter that has indefinite shape but definite veliine. i/ C mm iig lid "
TYPICAL PROPERTIES 2F LA)[”D" o

5.3.2 VAPOUR PRESSURE,

What are liquids? Name some important properties of liquids.

(DGK 2017, FSD 2016)(K._B)

Typical properties of liquifis ‘are as #silows:

e Evanojation
o Vapsir pl°wSL'|€
e Roiling poirt

¢ 4 Freezing neirit

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-I, MTN 2016, BWP 2017_FSD 2017)(U S

EVAPORATION -~
Definition: . RN I
“The process of changing of a lig:iio mto Lgag pwase iy c1liﬁd evapc ratici”,

The molecules having more 'thaivaveérags iir! etic ewe ¢y nvercome!the attractive forces
among,the minlecules arig-escee frem the °ur1 ace-is called as evaporation.

Propertias: | | -
(1) Itig reverse to, o ndens: 11.un in WhICh a gas changes into liquid.

=(17) _vapm afionie-an'endothermic process (heat is absorbed).

Exarppele.
When one mole of water in liquid state is converted into vapour form, it requires 40.7 kJ of
energy.

H,0,—>H,0,, AHC_ = 40.7 KJ/mol

vap

Mechanism of Evaporation:

In the liquid state, molecules are in a continuous state of motion. They possess Kinetic
energy but all the molecules do not have same kinetic energy. Majority of the molecules
have average kinetic energy and a few have more than average kinetic energy. The
molecules having more than average Kinetic energy, overcome the attractive forces
among the molecules and escape from the surface. It is called as evaporation.

Figure: A State of Dynamic Equilibrium Between Liquid
and Its Vapours

Evaporation and Temperature:

Evaporation is a continuous process taking place at all temperatures. The rate of 7~ N\

evaporation is directly proportional to temperature. It increases-viin. fhe increasp |ri'-
temperature because of increase in kinetic emrgy of the mr*.c ﬂes N .' Pt AN -
Evaporation is a Cooling Proce5° | \

When the high kinetic ‘energy. i |E\,U!“S 'vap')rrze trﬂ te’np>r,1ture of remaining
molecules falls down, . Ta Gornpensate| chig q.'-*ﬂps nC\ 2f'energy, tiie molecules of liquid
absorb’_ehergy—from’ ihe s:rr ur\d\ﬂg As“g result the temperature of surroundings
decreas?s md vie | eol (ofplnq

Exainpla:

)

\ \'\ hm\ e r.\-ﬁt a drop of alcohol on palm, the alcohol evaporates and we feel cooling effect.

FACTORS AFFECTING EVAPORATION
Evaporatlon depends upon following factors:
(i) Surface area
(if) Temperature
(iii) Intermolecular forces
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Q.3
Ans:

(i) Surface Area: _
Evaporatlon is a surface phenomenon. Greater is surface area, greater is evaporatu.. Ak
and vice versa. ~\ []<2

Example: RS E N .
Sometimes a saucer is used if tea i5 1y be ccoIe( q. mkl /. Tw i because e\l"puratlon from
the larger surface area of salictr ismaie thian-that from *he ¢ mall or e urf ace area of a tea cup.
(i1) Tempgsature: /

At high femperature, Tale of evaporation s nlgh because at high temperature kinetic
energy Hf the olac! J|(S intrzases-su high that they over- come the intermolecular forces
and gvaporaie .c.mdly

foddrnele:

Elovwater will evaporate faster than the cold water in containers of same capacity.

(iii) Intermolecular Forces:

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

Water has stronger intermolecular forces than alcohol, therefore, alcohol evaporates
faster than water.

What is vapour pressure and how it is affected by inter molecular forces? (Ex-Q.3)
(SWL 2016, BWP 2016, 17, MTN 2017, RWP 2017 G-11)(U.B+K.B)
VAPOUR PRESSURE

Definition:

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

State of Equilibrium:

“The equilibrium is a state when rate of vaporization and rate of condensation is equal
to each other but in opposite directions ”.

Formula:
liquid X0 vapours
Dynamic Equilibrium:

“The state at which two opposing processes take places in the opposite direction
simultaneously at equal rates is called dynamic equilibrium”.

The number of molecules evaporating will be equal to the number of molecules
coming back (condensing) to liquid. This state is called dynamic equilibrium.
Explanation: =\
From the open surface of a liquid, molecules evaporate and mix up.witii -h\e u,r Bt v /her. I /e"
close a system, evaporated molecules start-gatherina_over-theiiquid fuwua.cg h"nhv tive”
vapours condense slowly to return 10 liquid. \Aiter sometime, condensatipn-prodess increases
and a stage reaches when the rate_o¥evajoration’ beeo'mes ec udl 1o rite of condensation. At
this stage e number of.molecule's svaporating| vill be- equal to the number of molecules
coming! b,ack (c_-.n:jenél Tﬁ) 1o |IC {Id‘\\L]I‘ iz.calied dynamlc equilibrium state.

(®)
Figure: A State of Dynamic Equilibrium Between Liquid and Its VVapours
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Q.4

Ans:

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-nressure depsnaz Upc the naitrea? liguid~

Polar iigt)ids have-low yapaur-nressuire iian non-polar liquids at the same temperature.
This is kecayse of sti; org infersolecular forces between the polar molecules of liquids.
Ezarple:

Watrtas less vapour pressure than that of alcohol at same temperature.

(1) Size of Molecules:

Small size molecules can easily evaporate than big size molecules. Hence small size
molecular liquids exert more vapour pressure.

Examples:

Hexane (CgH)4) is a small sized molecule as compared to decane (CioH22).

CsHa4 evaporates rapidly and exerts more pressure than CioHsy).

(iii) Temperature:
At high temperature, vapour pressure is higher than at low temperature. At elevated
temperature, the kinetic energy of the molecules increases enough to enable them to
vaporize and exert pressure.

Example:
Vapour pressure of water at 0°C is 4.58 mmHg and at 100°C it is 760 mmHg.

Temp Vapour Pressure Temp Vapour Pressure
°C mmHg °C mmHg
0 4.58 60 149.4
20 17.5 80 355.1
40 55.3 100 760.0
Table: Relationship of Vapour Pressure of Water With Temperature

Define boiling point and also explain how it is affected by different factors?
(Ex-Q.4)(LHR 2015, GRW 2016 G-11, SGD 2016, 17 G-Il RWP 2017 G-11)(U.B+K. B)
BOILING POINT

Definition: o -
“The temperature at which the vapour pressure of -a-figuid ‘aécomes eq'JeF' Jeokhe
atmospheric pressure or any extemc,l pres Ut 1S, callvdbnunupomt ™
Example: :

. Bonhmcfwatpr =500PC .

e Boiting point of, aceuc aric x—\ﬂaot

Mecharisi of Boiling |

\vhen a I|qu1d it_Heated, its molecules gain energy and the number of molecules which

A Hiive ke 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.
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Relationship between Boiling Point and VVapour Pressure:

The increase of vapour pressure of diethyl ether, ethyl alcohol and ater with tie

increase of temperature. At 0°C the vapour pressure of diethyl.ether [ie. 220 'mm Hg, of
ethyl alcohol 25 mm Hg while that of watei is abort 5-+wim iqag. Whi o they ¢reynreateq,
vapour pressure of diethyl ether/inzreasts repidly anil he! ‘omek equal-tg atmospheric
pressure at 34.6°C, while! vansir dressulé of | watelr fncreases slowly because
intermolecatar forces-2f water are stronger. ' '

The vapoui pr €s5Are NCreoses ; 'ﬂry rap. Qi wTien the liquids are near to boiling point.

34.6°C 78°c 100°C
760 + '

Alcohol
Ether

Water

Vapour Pressure mm Hg
(Dependent value)

20 40 60 80 100
Temperature “c (Independent value)

Figure: Boiling Point Curves of Ether Alcohol and Water
Factors Affecting the Boiling Point:
The boiling point of the liquid depends upon the following factors.
(i) Nature of liquid

(i) Intermolecular forces
(iii) External pressure
(i) Nature of Liquid:

The polar liquids have high boiling points than that of non-polar liquids because polar
liquids have strong intermolecular forces.

Examples:

Boiling point of water (more polar) is 100°C while that of ethyl alcohol (less polar) is
78°C.

(i) Intermolecular Forces:

The stronger the intermolecular forces, the higher is the-2aiiing |)o nr | Ilqum A

Intermolecular forces play a very muportam ro'Ir m 1he L0| |r.q po.nt or I ”ll'd'b

Substances having stronge' intesi; @ienylariortes have i gl ks Hing) roints, because such
liquids =tpnm Ievel of voJ)OUi prissurg 3qun 16, exteitial pressure at high temperature.

Exampiey | || AR
Roiting 'noirt 01 waler (1()'0°C) is greater than that of alcohol (78°C) due to stronger

Jntermelécilesorces of attraction.

Gi) 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

Ans:

Q6

Ans:

What is meant by freezing point? (LHR 2016 G-1, DGK 2016, SGD 2016)(U.B+K. B)
FREEZING POINT

“The temperature at which vapour pressure of a liquid state beciines, equa’ _'lU tae

vapour pressure of the solid state and liguichand solid cesxis: in dynamicaquilitricfiys

called freezing point . ey

Explanation: \ '

When liguids are cooled |th? vnp Wi p|°s« urel or hrum decreaoca and when vapour

pressuie o7 a\liguid ztate ecomes e1u arto the-vapour pressure of the solid state. At this

temperaiufe liguid and olid cpexist-in dynamlc equilibrium with one another and this

is callea tha!freezing peirt-<fa liquid.

Ierples:| | '

i-reeiig point of water is 0°C and that of acetic acid is 16.6°C due to attractive forces

respectively.

Freezing Point °C| Boiling Point °C

1 Diethyl ether -116 34.6
2 Ethyl alcohol -115 78

3 Water 0.0 100
4 n-Octane -57 126
5 Acetic acid 16.6 118

Describe the phenomenon of diffusion in liquids along with factors which influence it.

(Ex-Q.5)(SGD 2016, RWP 2016, FSD 2017)(U.B+K.B)
DIFFUSION

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

homogeneous mixture is called diffusion”.

Explanation:

The liquid molecules are always in a state of continuous motion. They move from

higher concentration to lower concentration. They mix up with the molecules of other

liquids, so that they form a homogeneous mixture.

Example:

When a few drops of ink are added in a beaker of water, ink molecules move around and

after a while spread in whole of the beaker. Thus diffusion has taken place.

Frgur am lsnn |n anyu

_-"'\- ) | |

quuldS dnf 156 |kr= (rases hat ine rate of diffusion of I|qU|ds is very slow.

e oL O] SIAN b ctirig-Diffusion:

The dizusion of liquids depends upon the following factors:
(i) Intermolecular forces

(ii) Size of molecules

(iii) Shapes of molecules

(iv) Temperature
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Q.7

Ans:

(i) Intermolecular Forces:

Liquids having weak intermolecular forces diffuse faster than thocn ar ||0U|d< a1 |g
strong intermolecular forces. \

Example: . ; |

Rate of diffusion of alcoho‘ 9 0 entar | rar that afv Ler.

(i) Siza Sw—* of) M:J.ewles

Big sized |YrD|t‘(.u|f‘S dlff 159 Q.owly

fzarneles

Honéy diffuses slowly in water than that of alcohol in water.

(iii) Shapes of Molecules:

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

(iv) Temperature:

Diffusion increases by increasing temperature because at high temperature the
intermolecular forces are weak.

Example:

Rate of diffusion of water is higher at 25°C than that of 0°C.

Explain comparison between densities of gases and liquids. (LHR 2014)(U.B)
OR

Describe density of liquids in detail. (U.B+K.B)
DENSITY

Definition:

“The mass per unit volume of a substance is called density. ”
Dependence of Density of Liquids:

The density of liquids depends upon its mass and volume.
Comparison between Densities of Gases and Liguids:

Liquids are denser than gases because molecules of a liquid are cl Js~~!v u.’iCr(ed ‘shd tne'
spaces between their molecules are negligible. As-tiier liguid, rmol! =cu|m him -£T0Ng
intermolecular forces hence-they arnot.<: panl rreﬁly and have & fi <eo volume. Unlike
gases, they cannot occupy all\the avai: a:)I( \nlume nF tr eco ntamer that is the reason why
densm% 1"I ul 5 !:e hi h IR A e T

quigsate NG ~ \\ .

Exam Q1e<

_DLr<|ty )f \/’al’-“ i J_U g cm % while that of air is 0.001 g cm™ that is the reason why
Urer's'si 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 PRES$SORE fiG

Q.1  How evaporation causes coting? _. TSW1 2016, MTN204 7, EWP 2016, FSD 2016)(U.B)
Ans:  Answer givpn onpg#1/1 _ _ '

Q.2  How sdridce aresafrests evaporat‘or”:‘ : (LHR 2016 G-I, FSD 2016,17)(U.B)
Ans:  Answertgivenon fg'# 172 |

Q.3 Howzsize utmolecuies.afect the vapour pressure? (LHR 2016)(U.B)
Ansi o Agsner giverenpg # 173

(34 | “DeEae poiling point. (SWL 2016, MTN 2016, SGD 2017, RWP 2017)(K.B)
£ns.  Answer given on pg # 173

Q.5  How external pressure affects the boiling point? (FSD 2016, SGD 2016, 17 G-I)(U.B)
Ans:  Answer given on pg # 174

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

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

Diethyl Ether:
Freezing point of diethyl ether is —116°C.
Ethyl Alcohol:
Freezing point of ethyl alcohol is —115°C.

5.3 LIQUID STATE (TYPICAL PROPERTIES)

5.3.1 EVAPORATION, 5.3.2 VAPOUR PRESSURE,

MULTIPLE CHOICE QUESTIONS

1. At which temperature rate of evaporation of water is minimum? (K.B)
(A) 50°C (B) 40°C (C) 90°C (D) 70.5°C

2. Evaporation is reverse to: (U.B)
(A) Boiling (B) Freezing (C) Melting (D) Condensation

3. Evaporation is process. (U.B)
(A) Endothermic (B) Cooling (C) Continuous (D) Allof these _

4. Heat of vapourization of water is: — [~ ([ @R
(A) 407kJ/mol (B) 40kJ/mol_ | {C) 4.07kJimick, . D 407k /ael—"

5. Evaporation increases witti: TR ER IR ; - (U.B)
(A) Intermolecular force (I:) "emuerallre (C)\Pressure ' (D) All of these

6. On whici'fastorsevanoral ioh aepenils? Tt T (U.B)
(A) Surface aign | YL b (B) Temperature
(C) snteimateciiiar foroks (D) All of these

7ol e vaporsr pres'éure of a liquid increases with: (Ex-11)(U.B)

WIS 6 ncrease 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) CH,, (B) CqHy, (C) C;Hy, (D) CyHyg
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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) 142.4°C :

10. Boiling point of alcohol is: - L_AGRW 2( lo)(l B)
(A) 68°C (B)78°C —{C) 88°C. T WD) o8°g

11. Boiling point of water is: ' | ' (K.B)
(A)32°C (B) 787C 1 “(eyenec — (0)20°C

12. Boiling-ngirit of liauis-Gapericis apon;’, . : (U.B)
(A) Natwe\of liquid _ ~(B) Intermolecular forces
(C) Exterrial pressira ! ' (D) All of these

13. . \Which ¢f the 1p!lowisiy has highest boiling point? (K.B)

[ 1A\ Vaize— (B) Ether (C) Alcohol (D) Benzene
J | Ll Freezing point of acetic acid is: (K.B)

(A) 16.5°C (B) 16.6°C (C) 16.3°C (D) 16.2°C

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

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

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

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

19. The density of water is: (K.B)
(A) 1.0gcm (B) 1.3 gem™ (C) 1.4 gem™ (D) 1.2 gcm™®

20. Vapour pressure of water at 100°C is: (GRW 2017 G-11)(K.B)
(A) 140 mmHg (B) 300 mmHg (C) 580 mmHg (D) 760 mmHg

21. Freezing point of water is: (GRW 2017 G-11, LHR 2016 G-1)(K.B)
(A) 0°C (B) 100°C (C) 34-4°C (D) 4°C

5.4 TEST YOURSELF

i. Why does evaporation increase with the increase of temperature? (GRW 2017 G-1)(U.B)
Ans: INCREASE IN EVAPORATION WITH TEMPERATURE
Evaporation increases with increase of temperature because kinetic energy of the _
molecules increases to such an extent that they overcome the mtermolncuu forees, s\ | |
rapidly evaporate. - * :

ii. What do you mean by condensatien? | | — | LT | gen Zdifi')(K-B)
Ans: | CONRENSATICH | \ 4\ \ '\ \ 1|
“The process of changing of /gas or, Va‘)OJI’ Iato Lialig is calluu condensation. It is
reverse.oi pvaporation ™ \ :
LOUE E@ﬁdﬁ@ vapours (gas)
P \Iﬂ I y isvaricsi pressure higher at high temperature? (U.B)
SRS 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.

CHEMISTRY-9 178



Chapter-5 Physical States of Matter

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 waier is & mlal Ilqwd i
has high intermolecular forces than alcohol
V. What do you mean by dynamic egulilibriem? | (365, LHR, G R, IS, =XWP 16,17)(K.B)
Ans: DYMAMES EQUIL! BRIUM;

“The state-at which the 'fat= ¢fievaporzticn Hegmes-egual to the rate of condensation is

called dynamicequilibriury _
ILigaid @%@0@@ Vapours.

Vi, \ vhy arg the mmc oraiffusion in liquids slower than that of gases? (U.B)

ARG RATE OF DIFFUSION

T Therate of diffusion in liquids is slower than that of gases because liquids have stronger
intermolecular forces than gases and very less empty spaces and kinetic energies.

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 because at high temperature
the kinetic energy of molecules increases and intermolecular forces 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 mobility of liquids depends upon
the intermolecular forces and K.E of molecules. Liquids are mobile because liquid
molecules possess high kinetic energy and weak intermolecular forces.

5.4 SOLID STATE (TYPICAL PROPERTIES)

Q.1  Explain typical properties of solid state. (U.B+K.B)
Ans: SOLID STATE
“The state of matter which has definite shape and definite volume is called solid .
Examples:
e Sugar
e Common salt
e |ron
e Gold
In solid state the molecules are very close to one another and they are closely packed.
The intermolecular forces are so strong that particles become almost motionless. Hence
they cannot diffuse. Solid particles possess only vibrational motion.

TYPICAL PROPERTIES OF SOLIDS
Some typical properties of solids are as follows:

(1) Melting point _ N P R
(i) Rigidity R AT R N N L L
(iif)Density \ WLV ANV N T

(i) Melting Point:
“The temperature at wisich the solld starts melting = m coexists in dynamlc equilibrium
with liquic state s r‘alm'j meltnq\p\Q nty”
Exampies;
Melting'nciit 0{ scdiurm :hlorlde is 801°C.
e \nlana*lcrl :
T n 5¢NG particles possess only vibrational Kkinetic energy. When solids are heated,

Ju WS 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 3 [Hif) liquid
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Q.1
Ans:

Q.2
Ans:

Q3

Ans:

Q.4
Ans:

Melting Points of lonic and Covalent Solids:

The ionic and covalent solids make network structure to form macromolect!es so all sui
solids have very high melting points. - [

(i) Rigidity: '

The particles of solids are-not mnbile. Frey| nave fired pcsitior:, Therciore solids are
rigid in their structure. ' /

(iii) Denaity ' y '

“Mass e urliy velume of alsubztainee-is called density ™.

Solids are denser-inan liquids and gases because solid particles are closely packed and do
fniht-kave empty spaces between their particles. Therefore, they have the highest densities
among the three states of matter.

Examples:
Density of aluminum is 2.70 g cm™, iron is 7.86 g cm™ and gold is 19.3 g cm™.

5.4 SOLID STATE (TYPICAL PROPERTIES)
SHORT QUESTIONS

What is solid state of matter? (MTN 2017)(K.B)
Answer given on pg # 179
Define melting point. Give an example. (RWP 2016)(K.B)
Answer given on pg # 179
What is meant by rigidity? (FSD 2017 G-1)(U.B+K.B)
OR
Why solids are rigid in structure? (U.B)
Answer given on pg # 180
What is density? (K.B)

Answer given on pg # 180

5.4 SOLID STATE (TYPICAL PROPERTIES)

MULTIPLE CHOICE QUESTIONS

Q.1

Ans:

The density of gold is: (K.B)
(A)2.70gcm™ (B)7.86 gcm™ (C)19.3gcm™® (D)1.4gcm™®
The density of iron is: -

. =

.‘I\‘ 5 4! i

(A)2.70gcm™ (B) 7.86 gcm® (C)19.3gem=>. . D)yt Agm T -
- ol W ]

5.5 TYPES ORSOEIBEN L | (D00~

Differentiate between crystéllise and @anicrphious ¢olids.) '~ | /(GRW 2017 G-I)(U.B)

Explaiz-ihe tynes-af <olids inpstail? | (U.B+K.B)

1R | .TYPES OF SOLIDS
Aecclrding ¢ their yereral appearance solids can be classified into two types:

 MiA Targkous solids:

G1) 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 ™.

CHEMISTRY-9 180



Chapter-5 Physical States of Matter

Properties:
e They do not have sharp melting points.

e They do not form crystals. . AR
Examples: ' ' '
e Plastic rubber

e Glass

e Coaltfaretc:

(if) Crysta llinz|Sqlits!

“3cfl|ds in\which pesticles are arranged in a definite three-dimensional pattern are
dailzd 2rysialline solids ™.

Properties:

e They have definite surfaces or faces.

e Each face has definite angle with the other.

e They have sharp melting points.

Examples:

e Diamond

e Sodium chloride

e Sugar

e  Ammonium chloride etc.

5.5 TYPES OF SOLIDS

Q.1

Ans:

Q.2

Ans:

pointi |
N 1\ B Examples
% '|__'_'____
) “Plastic e Diamond
e Rubber e Sodium chloride
e Glass e Sugar
e Coal tar e Ammonium chloride

SHORT QUESTIONS
What is the meaning of word amorphous. Give its properties. (VTN 2016, SWL 2017, FSD)(K.B)
Answer given on pg # 180
Differentiate between crystalline and amorphous solids. (U.B)
DIFFERENTIATION
The differences between crystalline and amorphous solids are as follows:

Amorphous Solids Crystalline Solids

Definition
e Solids in which the particles are | e Solids in which particles are
not regularly arranged or their arranged in _a_.defirfite~~ittee | ||
regular shapes are destroyed, are | | flimensiendl™ nattoin “dre (Caited || 0 —
called amorphous solids. c ystall ne solids. o

75 85 4 L &8 8 % 0 F

|\nelt| L i omt

o They do Aot hd\"c slia rp méh:\wg . |.|ey have sharp melting point.
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5.5 TYPES OF SOLIDS _

MULTIPLE CHOICE QUESTIONS

1. Which one of the following is not amorpiois? \Lr'R >c16 G-115(E¢S5{K.B)
(A) Rubber (B) Piastic — (¢} Class :C) Glucose

2. The solid izi-which particle; are arranged in definite ikiee dimensional pattern are: (K.B)
(A) Sorigs (B) Ciystalline salits (C) Amorphous solids (D) Both Band C

3. Plastic, ‘glass, rubber et are the examples of: (K.B)

_ (£ HCrymakifie solids (B) Super cooled liquid(C) Amorphous solids(D) lonic solids
J | 4 Diamond is an example of: (K.B)

(A) Amorphous solids (B) lonic bond
(C) Crystalline solids (D) BothBand C

5. Which one of the following is amorphous solid? (RWP 2017 G-11)(K.B)
(A) Glucose (B) Sodium chloride (C) Glass (D) Diamond

Q.1  Define Allotropy. Explain its conditions and properties. (U.B+K.B)

Ans: ALLOTROPY

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

Reasons:

(i) Different Number of Atoms in a Molecule:

The existence of two or more kinds of molecules of an element each having different

number of atoms such as allotropes of oxygen are oxygen (O,) and ozone (O3).

(ii) Different Arrangement of Atoms in a Molecule:

Different arrangement of two or more atoms or molecules in a crystal of the element

Examples:

e Sulphur shows allotropy due to different arrangement of molecules (Sg) in the
crystals.

e Due to different arrangement of carbon (C) atoms in the crystals carhon has three
allotropes. Diamond, Graphite, Bucky balls & \

e Due to different arrangement of P, niolecules-in e f"ye,rgls Jro‘.plmrou IR in
the three allotropes i.e- ‘Nhltt Fled-Biack,

Properties of allotropes:

They 2 lvva 's thowedifierer t OhVSN\pl c,v)ei fies bt may have same chemlcal properties.

Effect ¢ w em erd ture _

AII(‘.TOpPS of sn |d» fiave uanerent arrangement of atoms in space at a given temperature.

" he arrAngeivent of atoms also changes with the change of temperature and new

ailotropic 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.«vicmbic feri ic
stable. If rhombic form is heated up to 96°C, its molecules vee rrarige-themsaives. i

give monoclinic form.
S, (thambicy 11005, Yinoncclinic)

e Transition temperature ior aliotropic forme.of tin is 13.2°C.

13.2°C

Sn [ Sn(White)

(Grey)

1 [ Transitioiitemperature for allotropic forms of phosphorous is 250°C.

250°C

0P

4(Red)

P

4(White)

White Phosphorous:

Is a very reactive, poisonous and waxy, soft solids. It exists as tetra-atomic molecules.

Red Phosphorous:
Is less reactive, non-poisonous and brittle powder.

5.6 ALLOTROPY

SHORT QUESTIONS

Define and give example of transition temperature. (K.B)
Answer given on pg # 182
Define the term allotropy with examples. (K.B)
Answer given on pg # 182
What are properties of white phosphorous and red phosphorous? (K.B)

PROPERTIES OF WHITE AND RED PHOSPHOROUS

White Phosphorous:

Is a very reactive, poisonous, soft and waxy solid. It exists as tetra-atomic molecules.

Red Phosphorous:
Is less reactive, poisonous and brittle powder.

1. The crystal structure of white tiri is: AR EY n - (K.B)
(A) Cubic (B) Telragal (C)\Miartodtinic ' (D)) None of these
2. 250° Gris, ihe, trapsition mr"flpér:,;%’e of Wilch efeinent? (K.B)
(A) Tin~ TV (B L?a-;_rbﬁr, ..—" " (C) Phosphorus (D) Sulphur
3. The-axistense 0F solid in‘difrerent physical forms is called: (K.B)
L MARCrysals = (B) Allotropy (C) Evaporation (D) Transition
X! ~ed 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 _

Ans:

Ans:

Ans:

iv.

Ans:

Ans:

Vi.

Ans.

Vil.

Ans:

viii.

Ans:

Which form of sulphur exists at room temperature? (AR 2017 G=IiK Bj
FORM OF SULPHUR AT ROOM TEMPE !‘=~,_R=‘ s
Rhombic form of sulphur exists at xeom ternparatre.

Why is white tin availablz gt rooraerriperature? |
(SGL) 2018, GRW-2017, LI- 12014, RWP 2015)(U.B)
AYVALLABIL T or’w

White tiir i< availabiz &t rodrh thrizpsiaiure because it is stable above 13.2°C, which is
transition tamperaturz of giey and white tin.
' S(grey)H FA T sn(white)
Cubic Tetragonal
Why is the melting point of a solid considered its identification characteristic? (U.B)
IDENTIFICATION BY MELTING POINT
The solid particles possess only vibrational kinetic energy. Melting point is the
temperature at which the solid starts melting and co-exists in dynamic equilibrium with
liquid state. Therefore, melting point of a solid is considered its identification
characteristic.
Example:
e Melting point of NaCl is 801°C.
Why amorphous solids do not have sharp melting points while crystalline solids do have?(U.B)
HARP MELTING POINT
Amorphous solids do not have sharp melting points because in these solids particles are
not held in a regular three dimensional arrangement. On the other hand crystalline solids
have sharp melting points because in these solids particles are held in a regular three
dimensional arrangement.
Which is lighter one, aluminum or gold? (K.B)
LIGHT WEIGHT METAL
Aluminium is lighter than gold because the density of aluminium (2.70 g cm™) is less
than gold (19.3gcm3).
Write the molecular formula of a sulphur molecule? (K.B)
MOLECULAR FORMULA OF SULPHUR
Molecular formula of sulphur molecule is Sg. o~ N (7
Which allotropic form of carbon is stable.gt room tempevature (.25"(:) 2o\ W miey
STABILITY OF A AL_LQL_RE—__QE_EE Eﬂ’i‘ N[ oA
There are three allotropic iorins of z&iben 2. diantond, graphite! anl hucky balls, which
are stable atvoom temnarature, /Amnc ng, 'hese) albofron' 1orms grapliite is energetically
slightly micre'staule, th:u di qmrm T
State W"]GTllei allot -ofy, is! shrwn Dy elements or compounds or both? (U.B)
| ' JALE TROPY OF EL EMENT OR MPOUND

A 'N ofrany-is shown by elements only. It is the existence of an element in more than one

rorms 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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ANSWER KEYS

5.1 GASEOUS STATE (TYPICAL PRORERTIES) L
CECRCECRCR- BOR” IR VR R R
A C A B A

5.2.2 CHARLES LA

H'H°H°H-

5.3.1 EVAPORATION, 5.3.2 VAPOUR PRESSURE,

BEEDENANKSEDEER-E END BES B KR A RE C gl B C
DpER A pta B el C R B Y@ B N A pER A Wil D Al A

5.4 SOLID STATE (TYPICAL PROPERTIES)

B ECEuR o

SR\ m?ﬁcn B AR A

B
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EXERCISE SOLUTION _

10.

11.

I B B E:-B-BHBEE:E:

MULTIPLE CHOICE QUESTIONSgE

How many times liquids are denser thanigises? !
{ERW 201€ G-)-53D| 2017 G-, BV/PI20L7 G-1) SWiL 2016 G-11)(K.B)

(a) 100 timee (b) 19G) finies (c 10,800 fimes —  i(e)) 100,000 times
Gases ar 2 the fightestforn! of:matter a“\d. tiieir densities are expressed in terms of:

(?v R 2017 G MITN _01oG I, BWP 2017 G-I, SWL 2017 G-I, 11, DGK 2016G 1)(K.B)
(a).rg cn’ | “0)gcm?® (c)gdm™ (d) kg dm™®
Atdetiing point which one of the following coexists in dynamic equilibrium?  (K.B)
(a) Gas and solid (b) Liquid and gas  (c) Liquid and solid  (d) All of these.

Solid particles possess which one of the following motions? (K.B)
(a) Rotational motions (b) Vibrational motions
(c) Translational motions (d) Both translational and vibrational motions

Which one of the following is not amorphous?
(LHR 2017 G-I, LHR 2016 G-11, DGK 2017 G-11, MTN 2017 G-I, I1)(K.B)

(@) Rubber (b) Plastic (c) Glass (d) Glucose
One atmospheric pressure is equal to how many Pascals?

(FSD 2017 G-I, SWL 2017 G-II, SWL 2016 G-1, RWP 2016 G-1, FSD 2016 G-1, BWP 2016 G-1,)(K.B)
(a) 101325 (b) 10325 (c) 106075 (d) 10523
In the evaporation process, liquid molecules which leave the surface of the liquid have: (¢.B)
(@) Very low energy (b) Moderate energy (c) Very high energy (d) None of these

Which one of the following gas diffuses faster?(LHR 2017 G-11, SGD 2016 G-I, FSD 2016 G-II)(U.B)

(a) Hydrogen (b) Helium (c) Fluorine (d) Chlorine
Which one of the following does not affect the boiling point? (U.B)
(@) Intermolecular forces (b) External pressure
(c) Nature of liquid (d) Initial temperature of liquid
Density of a gas increases, when its: i (Ll.:%,.\"
(a) Temperature is increased ' {b) Dressura i'r:increase:'j ' e -
(c) Volume is kept constart |\ 7\ [ ¢ (CIIZYNIL\nl‘: Cf"thl(‘si'. -
The vapmff pressur 4 ofg ! |q\J|o inc rvcses withdie: | (U.B)
€)) Incn:a 01 Hre; 3 Il‘t ) W o (b) Increase of temperature

. _ﬂ(‘) flcrebse of nuermolecular 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, RAE2017 G-1)(K BV AB)
Ans: DIFFUSION ' | | 7
“The spontaneous mixing of partic Ie< of a <uts arce, byranddn rmtmn 2~d collisions, to
form a homogeneous mixture'is <cilea diffisior: -
= . OR .,
“Moverien; of mélecules cfia'subsicince from the region of higher concentration to the
regicn of lowel; tocenaretion is called diffusion ”.

b=varnsle:
J Y vhen a few drops of ink are added in beaker of water, ink molecules move around and
after a while spread in whole of the beaker. Thus diffusion has taken place.
2. Define standard atmospheric pressure. What are its units? How it is related to Pascal?
(GRW 2017 G-I, SGD 2016 RWP 2017, LHR 2016 G-I, 11)(U.B+K.B)
Ans: TANDARD ATMOSPHERIC PRE RE
Definition:

1t is the pressure exerted by the atmosphere at the sea level. “It is defined as the pressure
exerted by a mercury column of 760mm height at sea level”. It is sufficient pressure to
support a column of mercury 760mm in height at sea level.

e Atmosphere
e Pascal
e mmHg
e Torr
e Nm?
latm =760mmHg = 760torr = 101325Nm™ = 101325Pa

Relation with Pascal:
latm =101325Pa = 101325Nm™

3. Why are the densities of gases lower than that of liquids? (R_V\ID 2017 G-N(L 57
Ans: LOWER DENSITIES OF GASES . ' _' A

Gases have lower densities than dersities bf | iouide Tt s due 1o -"he I gnt ..1“Cr and more
volume occupied by the gases.{Znothei=reason. for, luwer! dersities of gases is negligible
intermolecular forees among the.gases/mblyculzs. 01 t1 o;ﬁe-r- hand liquiamolecules are closely
spaced and havesstrohg Titernic ecu'ar ﬁo\eg

4. What d you mean by elrz poratlon how it is affected by surface area? (U.B)
RN B - EVAPORATION
A J | NN “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.

Ans:

Ans:

Ans:

Ans:
Ans:
Ans:
Ans:

Ans:

o A
{ [

Define the term allotropy with examples. (K.B+A.B)
ALLOTROPY W
Definition:

“The existence of an elemeniin\more i*5n gneforts iv, simie h) sICa, Stdte|is calléd allotropy.”
Examptas . '
o ".))';'_géﬂ _ha‘ls wh ellgtropic-£sims: C')'>-<ygen (O2) and ozone (O3).
Ny ‘l'hrﬁb a?‘lot:opw forms of carbon are: Diamond, graphite and bucky balls.
!l-!l which form sulphur exists at 100°C? (LHR 2017 G-1)(K.B)
EXISTANCE OF SULPHUR
Sulphur exists in monoclinic form at 100°C
What is the relationship between evaporation and boiling point of a liquid? (U.B)
RELATIONSHIP BETWEEN EVAPORATION AND B.P
If the boiling point of a liquid is high, its evaporation is slow because intermolecular
forces are high in the liquid which have high boiling points. If boiling point is low then
evaporation is high.

EXERCISE LONG QUESTIONS

Define Boyle's Law and verify it with an example.

Answer given on pg # 163 (Topic 5.2; 5.2.1)

Define and explain Charles’s Law of gases.

Answer given on pg # 167 (Topic 5.2; 5.2.2)

What is vapour pressure and how it is affected by intermolecular forces?
Answer given on pg # 172 (Topic 5.3; 5.3.2)

Define boiling point and also explaln how-it is affectnd Iy i ffewnt f-ucfﬂr'
Answer given on pg # 173 (Topic £.3] 5.3 ' A

Describe th< phenomennn of| dlfﬁu vio n m ln unds ama" with factOrs whlch influence it.

Answer: Wﬁn cn rg# 11500”«?%\3 r~35) -

_ Diffe rentiate hetv\_eur.t crystalllne and amorphous solids.

‘\[igvregiven 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: L

(a) 850 mmHC t¢ atin: _
760 ramt bf 'Hy 7 Latm

oo sl o Hg = L am
J' JF 760

850 mm of Hg = i><850atm
760

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

Pa= L atm
101325

205000Pa =

= 2.02 atm
(c) 560 torr to cm Ha:
760 torr = 760 mm of Hg
=76 cm of Hg

1 torr = ﬁcm of Hg
760

L c x 205000 atm

560 torr = 16 x560cm of Hg
760

=56 cm of Hg
(d) 1.25 atm to Pa:
1 atm = 101325Pa

1.25 atm = 1.25%101325Pa

= 126656 Pa

2. Convert the following units.

(a) 750°C to K~ |} (b).156°C+g
(c) 100 K to °C=, | \ ’d‘ J.72 h tu
Solutlon BRI
(a) 25970k« K :
N NIE _' ey =780
| T(K)—?
T (K) = T(°C)+ 273
=750 + 273
= 1023K

________

(UD r\E) [

KLY

vc\"

(c) 100 K to °C:

(b) 150°C to K: ,
T(°C)=150°C
1 T (K: =7 =
T(<)= T(”‘ +273
= 150+ 273
= 423K

T (K) = 100 K

T(°C)=?

T(°C) = T(K) — 273.15
=100 -273
=-173°C

(d) 172 K to °C:
T (K) =172 K
T(°C)="
T(°C) = T(K) — 273
=172 -273
=-101°C

3. A gas at pressure 912 mm of Hg has
volume 450cm’? What will be its volume

at 0.4 atm? (U.B+A.B)
NUMERICAL
Solution:
Given Data:
912 mmH
Initial pressure = P; =912 mm Hg = m%
=1.2 atm

Initial volume of gas = V; = 450 cm®
Final pressure of gas = P, = 0.4 atm
To Find:
Volume of gas at 0.4 atm. = \! =3

Calculations: \ -

qu ng-the sylati ot oFBo;h { IGO0
A LAY ,\/2 '

S( Iunon -

\\_Biepdtting the values:

1.2 atm x 450 cm® = 0.4 atm x V,
_1.2atm x450cm3
V, =
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: L}
Initial pressuie of gds = P11 am

Initial volumg bf Jas = Vi = 80C cin®
Fina! vulurae'cf caa = V3= 1200 cm®

I O F I"']- ™

LS erinal pressure ofgas=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?®

P, = % atm
P, =0.667 atm
As 1 atm = 760mmHg
S0 0.66 atm = 760x0.66mmHg
= 506.66mmHg
Result:

The pressure of gas at 1200 cm’ volume is 506.66 mm of Hg.

5. It is desired to increase the volume of a
fixed amount of gas from 87.5 to 118
cm’ while holding the pressure constant.
What would be the final temperature if
the "initial temperature is 23°C.(U.B+A.B)

NUMERICAL
Solution:
Given Data: —
Initial volume of gas = V; = 2715 cm
Final volume of gas =V, = 11& cn’
Initial temperzaitze of gas=T; = 230

e .. L - (23_}215) I«,;"\. \ ]

\ ’9L‘+<- X
:I-(J)_l:wL‘c
Hifaté; ~perature of gas=T, =7

hte ai:ulatlons.

By using the equation of Charles’s Law:
Vi_Vo
T, T,

ToVi=Vox Ty
Or
_Te= l‘z_ig
A
2y putting the values
AT 155em? >k 296K
2= g75 cm3
T, = 399K

T, can be converted into Celsius scale as:
T,=299 - 273 =126°C
Result:
Final temperature of gas is 126°C.

6. A sample of gas is cooled at constant pressure
from 30°C to 10°C. Comment: (U.B+A.B)

a. Will the volume of the gas decrease to
one third of its original volume?

b. If not, then by what ratio will the volume

decrease?
NUMERICAL
Solution:
Given Data:
a.

Initial 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 = V1 = 1 dm?®
To Find:
Final volume of gas =V, =?
Ratio of volume decreases = ?
Calculations:
By using the equation of Charles’s Law
Vi Vo~ {
'-.._Il_ |">' .I .:.'.
Vil |
\M T

2 VXT
=

By puttlng the values:

3
1dm” 283K
K

V, =0.93dm?®

V=

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.

CHEMISTRY-9

190



Chapter-5

Physical States of Matter

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 rerain

unchanged, what would ke the “new ¢

volume of the balloon. Does it contract

or expand?-, €. 3+4.B)
NUMERICAL
Solution:
leenpjh \

Laitiat, p essure-of balioon = Py =1atm
Baioons/ceitain air = V;=1.6dm?
Ein pressure of balloon = P, = 3.0 atm
To Find:

New volume of balloon =V, =?

Calculations:

By using the equation of Boyle’s Law:
P1V1 = P,V;

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 occupies 75.0 cm
at very low pressure of 0.4 atm.
Assuming temperature remain constant
what would be the volume at 1.0 atm
pressure? (U.B+A.B)

NUMERICAL
Solution:
Given Data:
Initial pressure of neon = P; =0.4 atm
Initial volume of neon = V; = 75.0 cm®

Final pressure of neon = P, = 1 atm

To Find:
Volume of neon at 1.0 atm. =V, =7
Calculations: 7
By using the eq*aaflon of Ravie's L‘aV\

<SPV = pZVZ
By putting the ‘aias’ | | =
o atm x V,

B4t tm><'7)m
STRVIRNIS ' 0.4 atm x 75 cm®
AR A 2= 1 atm
V, =30 cm?

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 pregedre, WOUHTL /U
expect the woluiie to-dsuble?| [f -t

calculatertiie-nenveiuine. « (1):3+A.B)
| \ ’\LJMQLC AL
Soluiion:
Giver, Daia:

|..|+|arte.nperature ofgas=T,;=17°C

=273+17= 290 K
=V, = 35 dm°
=T,=34°C
=273+34=307K

Initial volume of gas
Final temperature of gas

To Find:
New volume of gas =V, ="?
Calculations:
By using the equation of Charles’s Law:
Vi_Vo
T T
By putting the values
35 dm® \Z
290K ~ 307K
35 dm° x 307 K
V2="o00 K
V, =37 dm’
Result:

e Volume will not be doubled because the
absolute temperature is not doubled

e New 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
Solution:
Given Data:
The atmospheric pressure of Titan = 1.6 x 10° .~
Pa — e=lla 1l
To Find: — [~
"‘mospﬁeric £aSSUTe, irnatm ="2- -
Galcaratiorst (4 | [ L

vve kncwthat,
' Taimi= leZR Pa
A*mosphu Ic pressure of Tltan in Pascal
= 1.6x10°Pa.

Atmospherlc 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).

CHEMISTRY-9

191



Chapter-5 Physical States of Matter

Q.1

Ans:

Q2.

Ay i

Q.3

Ans:

Q.4

Ans:

Q.5

Ans:

Q.6

Ans:

Q.7

Ans:

Q.8

Ans:

ANS:

ADDITIONAL CONCEPTUAL QUESTIONS

Why the densities of gases are lower than that of liquids?
DENSITY OF GASESAND LIQUIBS - .

Gases have lower densitiesthan dznsities vf lieuid. \Itis aJe tc the I|ghl iass and more

volume occupied by the gases. A wothal rkad or, foi 'ovw censities. of gases is negligible

intermslesula; farces Amoi tne ‘gas, m (,le_c_u!w. On the other hand, liquid molecules are

closely packea éna .hilv'u strann interitiolecular forces.

\Whalt is'mniar. ezt &7 evaporation

M OY MOLAR HEAT OF EVAPORATION

“The amount of heat required to convert 1 mole of a liquid into gaseous state under standard

conditions of temperature and pressure is called molar heat of evaporation .

Why does tea get cool in saucer quickly then in a tea cup? (U.B)

Evaporation increases with increase of surface area. Since surface area of saucer is

greater than the surface area of a tea cup, evaporation from a saucer is more than a tea

cup and tea gets cool down quickly.

Why does hot water evaporate quickly than cold water? (U.B)

Evaporation increases with increase of temperature that is why hot water evaporates

quickly than cold water.

Why hexane (C¢Hy4) has more vapour pressure than decane (C;oH32)? (U.B)

Hexane has small sized molecule as and has weak intermolecular forces as compared to

decane. There hexane a evaporates quickly and exerts more pressure than decane.

Why drops of rain fall downward? (U.B)

1%,

~(UB)

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.

Why the densities of liquids are high? (GRW 2014)(U.B)
HIGH DENSITY OF LIQUID

The liquid molecules have strong intermolecular forces hence they cannot expand freely

and have a fixed volume. Like gases, they cannot occupy all the aVillc':h'e .s/olurre of tnp'

container that is the reason why densltles of I qunds Ry mgh \ S ™ .j_ -

Write two properties of | qrud statz of vvatel ARIERE ’ _-}GR'W 2016 G-11)(K.B)

e Thh qu lid ﬁtafn of m atLa h a6 1 >\upfl e nape but deflnlte volume

) The aturactive Jo: Ce3 hptveeen partlcles are stronger than that of gases but weaker than
[hiat Gf dolics—

W hy kerosene oil floats over water and honey settles down? (GRW 2017)(U.B)

FLOATS OVER WATER AND HONEY SETTILES 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 TO KNO

Definitions -
“The spontaneous mlxmg up of melaguias) by raiidom motisyi
and colllsw s to fo m-a h'mcgontous thitGreis called

diffiiston”.

Terms |
Diffusion
Effusion
_______ Wit
Pressure
| Stran dai il ‘tmospherlc
| Pizssure

s

“It i excapirg OF gas melacules- h.ough a uny hole into a space
.8s3ar pressuia

"The foi ce (F) exerted per unit surface area (A) is called

‘“pressure ”.

“It is defined as the pressure exerted by a mercury column of 760 mm height at
sea level. It is sufficient pressure to support a column of mercury 760mm in
height at sea level .

Compressibility

Gases are highly compressible due to empty spaces between
their molecules. When the gases are compressed, the molecules
come closer to one another and occupy less volume as compared
to the volume in uncompressed state.

Boyle’s law

“The volume of a given mass of a gas is inversely proportional
to its pressure provided the temperature remains constant .

Charle’s law

“The volume of a given mass of a gas is directly proportional to
the absolute temperature if the pressure is kept constant”.

Evaporation

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

Vapour Pressure

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

Boiling Point

“The temperature at which the vapour pressure of a liquid
becomes equal to the atmospheric pressure or any external
pressure is called boiling point .

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 equmbrlum ’s cai.ed freru ) WL

point”. N

Melting point

“The tempe ___________

___________.-

T\ '\JIth_T 3
X

Amorphous sn.lfa‘s

Crystalllne S(.|I( S,

_Salids in \Jh ch, ’he naruues are not regularly arranged or thelr

v reguler s_eabm are desiroyed, are called amorphous solids.

' 5clids—sh which particles are arranged in a definite three

["dimensional pattern are called crystalline solids.

“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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Q.1

1.

SELF TEST

Time: 35 Minutes “viarks 25
Four possible answers (A), (B), (C) and (D) to each ouest uon 1rn obgen, makk.-itie
correct answer. \6%1=6)
Boiling point of alcohol is:™ il L' ]

(A) 58°C SIRTR VAR (04 o) (D) 68°C

At somz iempé ragure whizi ct +hf— sHiowing will have high vapour pressure:
(’\) Lpeithy! | ' ti wer (B) Alcohol (C) Water (D) Honey
\Nmuh one of the following gases will diffuse faster?

(A) Oxygen (B) Fluorine (C) Nitrogen (D) Chlorine
Transition temperature of tin is:

(A) 12.3°C (B) 13.2°C (C) 96°C (D) 250°C
Density of Iron is:

(A) 2.70gcm (B) 7.86gcm > (C) 19.3gcm’> (D) 8.76gcm >

Q.2
(i)
(ii)
(iii)
(iv)
(v)

Q.3
(i)
(ii)
Note

When volume of a gas increased two times its pressure becomes:

(A) Double (B) Four times (C) Half

Give short answers to the following questions.
Differentiate between Diffusion and Effusion.
Why gases are highly compressible?

Can you cool a gas by increasing its volume.
Define the term Allotropy with example.

Why does evaporation increase with increase of temperature.

Answer the following questlons | i detall
Define Boyle s law and Veuf with' An| ¢ Xé mple

Define ':x/c pcmtloe Explar foeto\q‘feewg evaporatlon

"_.‘I"i."eut: orguardians can conduct this test in their supervision

of students.

(D) Zero

(5%2=10)

I 5ra=0)
(%)
(4)

in order to check the skill
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