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Y.S. JAGAN MOHAN REDDY

CHIEF MINISTER AMARAVAH

ANDHRA PRADESH
MESSAGE

I congratulate Akademi for starting its activities with printing of textbooks
from the academic year 2021 —22.

Education 15 a real asset which cannot be stolen by anyone and it is the
foundation en which children build their future. As the world has become a
global village, children will have to compete with the world as they grow up.
For this there is every need for good books and good education.

Cur government has brought in many changes in the education system and
more are to come. The government has been taking care to provide education
to the poor and needy through various measures, like developing infrastructure,
upgrading the skills of teachers, providing incentives to the children and parents
to pursue education. Nutnbious mid-day meal and converting Anganwadis info
pre-primary schools with English as medium of instruction are the steps taken
to initiate children into education from a young age, Besides introducing CBSE
syllabus and Telugu as a compulsory subject. the government has taken up
numerous innovative programmes,

The revival of the Akademi also took place during the tenure of our
government as it was neglected after the State was bifurcated. The Akadem:,
which was started on August 6, 1965 in the undivided state of Andhra Pradesh,
was printing text books, works of popular writers and books for competitive
exams and personality development.

Qur government has decided to make available all kinds of books required
for students and employees through Akademi, with headquarters at Tirupaty.

I extend my best wishes to the Akadem: and hope it will regain its past

glory.

(Y.S. Jagan Mohan Reddy)




Dr. Nandamuri Lakshmiparvathi
MA MPul PhD

Chairperson, ( Cabinet Minister Rank)

Telugu and Sanslot Akadesn AP

Message of n, Telugu and Sanskrit Akademi, A.P.

In accordance with the syllabus developed by the Board of Intermediate, State Council
for Higher Education, SCERT efc., we design high quality Text books by recrusting efficient
Professors, departmentheads and faculty members from various Universities and Colleges
as writers and editors. We are taking steps to print the required number of these books in
a timely mannier and distribute through the Akademi's Regional Centers presentacross
the Andhra Pradesh.

In addition to text books, we strive to keep monographs, dictionaries, dialect texts,
question banks, contacttexts, popular texts, essays, linguistics texts, school level dictionaries,
glossaries, etc., updated and printed and made available to students from time to time.

For competitive examinations conducted by the Andhra Pradesh Public Service
Commussion and for Entrance examinations conducted by vanous Universifies, the contents
of the Akademi publications are taken as standard. So. I want all the students and
Employees to make use of Akademi books of high standards for their golden future.

Congratulations and best wishes to all of you.

uMmd“’“ﬂ“W

(Nandamuri Lakshmiparvathi)



J. SYAMALA RAO,1a5,
Printipal Secretary to Government

Higher Education Department
Govemment of Andhma Pradesh

MESSAGE

I Congratulate Telugu and Sanskrit Akademi for taking up the mitiative of
printing and distribubing textbooks in both Telugu and Fnglich media within a
short span of establishing Telugu and Sanskrit Akademi.

Number of students of Andhra Pradesh are competing of National Level
for admissions into Meadicine and Engineering courses. In order to help these
students Telugu and Sanskrit Akademi consulfation with NCERT redesigned
their Textbooks to suit the requirement of National Level Examinations in a
lucid language.

As the content in Telugu and Sanskrit Akademi books is highly informakive
and authentic, printed in mulbi-color on high quality paper and will be made
available to the students in a time bound manner. [ hope all the students in
Andhra Pradesh will utilize the Akadema textbooks for better understanding
of the subjects to compete of state and national levels.

s

(J. Syamala Rao)
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THE CONSTITUTION OF INDIA
PREAMBLE

WE. THE PEOPLE OF INDIA. having solemnly
resolved to constitute India into a [SOVEREIGN
SOCIALIST SECULAR DEMOCRATIC REPUBLIC]
and to secure to all ifs citizens:

JUSTICE. social, economic and political:

LIBERTY of thought, expression, belief, faithand |
worship: |

EQUALITY of status and of opportunity: and to |
promote among themall

FRATERNITY assuring the dignity of the
individual and the [unity and integrity of the
Nation]:

IN OUR CONSTITUENT ASSEMBLY this
twenty-sixth day of November, 1949 do HEREBY
i ADOFPT. ENACTAND GIVE TO OURSELVES THIS
¥ CONSTITUTION.
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Foreword

The Government of India vowed fo remove the educational disparities and adopt a
common core curriculum across the country especially at the Intermediate level Ever
since the Government of Andhra Pradech and the Board of Intermediate Fducation (BIE)
swung into action with the task of evolving a revised syllabus in all the Science subjects
on par with that of COBSE. approved by NCERT, its chief intention being enabling the
students from Andhra Pradesh to prepare for the National Level Commeon Entrance
tests like NEET, ISEET etc for admission into Institutions of professional courses in our
Country,

For the first time BIE AP has decided to prepare the Scence textbooks. Accordingly
an Academic Review Committee was constituted with the Commissioner of Intermediate
Education. AP as Chairman and the Secrefary, BIE AP; the Director SCERT and the
Director Telugu Akademi as members, The Nabional and State Level Educational
luminaries were involved m the textbook preparation, who did it with meticulous care.
The textbooks are printed on the lines of NCERT mamtaining National Level Standards.

The Education Department of Government of Andhra Pradesh has taken a decision
to publish and to supply all the text books with free of cost for the students of all
Government and Aided Junior Colleges of newly formed state of Andhra Pradesh.

We express our sincere gratitude to the Director, NCERT for according permission
to adopt its syllabi and curriculum of Science textbooks. We have been pernutted to
make use of their textbooks which will be of great advantage to our student community,
I also express my gratitude to the Chairman, BIE and the honorable Minister for HRD
and Vice Chairman, BIE and Secretary (SE) for their dedicated simcere guidance and
help.

1 sincerely hope that the assorted methods of innovation that are adopted in the
preparation of these textbooks will be of great help and guidance to the students.

I wholeheartedly appreciate the sincere endeavors of the Textbook Development
Committee which has accomplished this noble task.

Constructive suggestions are solicited for the improvement of this textbook trom the
students; teachers and general public in the subjects concerned so that next edition will
be revised duly incorporating these suggestions,

It is very much commendable that Intermediate text books are being printed for the
first ime by the Akademi from the 2021-22 academic year.

Sri. V. Ramakrishna LRES.
Dhrector
Telugu and Sanskrit Akademi,
Andhra Pradesh



Preface

In view of the recent guidelines of Central Government to have a common' national
curriculumwhich would enable children to face Nabonwide commen entrance tesis affer <2,
the Board of Intermediate Education, Andhra Pradesh has thoroughly revised the syllabiof
all science subjects. Itis further proposed to adopt NCERT Text Book with suitable changes
wherever necessary for the academic year 2012-13. Accordingly the NCERT Text Book of
Class-X1 has been thoroughly modified to suit the intermediate syllabus proposed by the Board
of Infermediate,

The Text Book m its present form comprises of Thirteen Chapters. Chapter-1 deals
with Atomic structure, quantum mechanical model of an atom and electronic configuration.
Chapter-2 deals with Classification of elements and the periodicily in properties. Chapter-3
discusses Chemical bonding and molecular struchure encompassing the various bonding theories
and the relative merits and dements.

Chapter-4 covers a discussion of States of matier relating to gases and liquids, namsly
Kinetic theory of gases, liquefaction of gases alongwith properties of iquids, vapour pressure,
surface tension and viscosity.

Chapter-3 presents concepts relating to Stoachiometry, equivalent weight, mole, oxidation
number and Redox reactions,

Chapter-6 deals with Thermodynamics 1*, 2*¢ and 3" laws along with enthalpy calculation
and criteria for spontaneity,

Chapter-7 gives a discussion on Chemical equilibrium, law of mass action, Gibbs free
energy along with concept of equilibrium, acids & bases, solubility, and common ion affect.

Chapter-8 and 9 present Chemistry of Hydrogen and its compounds and the s- block
elements and their compounds.

Chapter-10 and 11 deal with Elements of Group-13 and elements of Group-14. i.e. beron
family and carbon family.

Chapter-12 discusses environmental concepts relating to chemistry lughlighting types of
pollution and strategies to control environmental pollution.

Chapter-13 gives some basic principles and techmques of Organic chemistry, discussion
of hydrocarbons including aromatic hydrocarbons.

Some chapters like Acids and bases, Chemical equilibrium and Thermodynamics have
beenincluded. to suit the requirements of the proposed first intermediate syllabus of Board of
Intermediate Education. Each chapter has a good number of examples and solved numerical
problems. At the end of each chapter, questions covering very short, short and long answers
have been provided. The content of each chapter is designed to stimulate the readers and
generate fascination for the subject.

We hope this book will be highly helpful for Intermediate students appearing for National
level common entrance examinations. In a book of this complex nature, though we tried our
best with utmost care, there may still be some occasional errors, We will be glad to rectify
them in future editions of the book and constructive criticism in this regard will be taken up
for further improvement of quality of teaching and learning,

EDITORIAL BOARD
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Chapter

|

The rich diversity of chamical behaviour of different elements
can be traced to the differenees in the internal structure qf
atoms af these elemenis.,

The existenice of atorng has been proposed sinee the time of
carly Indian and Greek philosophers (400 B.C.) who were
of the view that atoms are the hudamental butlding blocks
of matter. According to them, the continued subdivistons
of matter would ultmately yield atoms which would not
be further divisible. The word “atom” has been derived from
the Greek word "a-tormio’ which means ‘uncut-able’ or “‘non-
divisible’. These earlier ideas were mere speculations and
there was no way to test them experimentally. These ideas
remained dormant  for a very long tine and were revived
again by scientists in the nineleenth century,

The atomic theory of mater was first proposed on 2 firm
sclentific basis by John Dalton, a British schoal teacher in
1808, His theory, called Dalton’s atomic theory, regarded
the atom as the ultimate particle of matter.

In this chapter we start with the experimental

observations made by scieniists towards the end of
nineteenth and beginning of twentieth century. These

established that atoms can be further divided into sub-

atomic particles, |.e., electrons, protons and neutrons—

a coneept very different from that of Dalton. The major

problems belfore the scientists at that iime were:

¢ (o aceount for the stability of atem after the discovery
of sub-atomic particles,

* o compare the behaviour of one element [rom other
in terms of both physical and chemical properties,

s (o explain the formation of diflerent kinds of molecules



by the combination of different atomns and,

o o undersiand the origin and nature of the
characteristies of eleciromagnetic
radiation absarbed or emitted by atoms.

1.1 SUB-ATOMIC PARTICLES

Dalvon's aternic theory was able to explain the
Iaw of conservation of mass, law of constant
compasition and law ol multiple proportion
very successfully. However, Il ailed to explain
the resulls of many experiments, for example,
it was knowm that substances lke glass or
ebonite when rubbed with silk or fur generate
electrictty. Many different kinds of sub-atomic
particles were discovered in the twenticth
cennwy: However, in this sectior we will walk
aboul only two particles, namely elsciron and
Proto.

1.1.1 Discovery of Electron

In 1830, Michael Faraday showed thar if
clecincily is passed (hrough a solution of an
olectrolyte, chemical reactions occurred at the
electrodes, which resulied in the liberation
and deposition ol matter at the electrodes. He
formmalated ¢eriain laws which you will study
in second year, These resulis suggesred the
partieulate nature of eleairicity,

An fnsight into the structure of atom was
obtained from the experiments on electrical
dischurge through gases. Before we discuss
thiese results we need (o keep in mind a basie
rule regarding the behaviour of charged
particles : "Like charges repel each other and
undike chiarges attract cach other™.

In mid 18508 many scientists mainly
Faraday began to study electrical discharge in
partially evacualed tubes, known as cathode
ray discharge tubes. L is depicled in
Fig. 1.1{a). A cathode ray tube is made of glass
containing two (hin pieces of metal, called
electrodes, sealed in it The electrical discharge
Lhrough the gases could be observed only al
very low pressures and al very high voliages.
The pressure ol diflerenl gases could be
adjusted by evacuation. When sullicienily high
voliage is applied across the electrodes, current
starts (lowing (hrough a stream of particles
moving in the tube from the negative elecirode
[cathode] 1o the positive electrode [anode).

Ta vacwum puenp

o 1]

=2 o=
Ly

Figh voltnge
Fig. 1.1{a) A eathode may discharge (ube

These were called cathode rays or cathode
ray particles. The dow of cuurent from cathode
to anode was further checked by making a hole
in the anode and coating the tube behind anode
with phosphorescent material zine sulphide.
When these rays, alter passing through anode,
strike the zine sulphide coating. a bright spot
on the coating is developedisame thing
happens in a lelevision seil [Fig. 1.1(bll.

The resulis of these experiments are
summarised below,
() The cathode rays start from cathode and

To v PO

Fluorescerit
[ ] _sesemg~
i

T )

mnods Ell

Ly

1igh woltnge

Fig. 1.1} A coihoce ray dischinge tube with
perforated anode

move towards the anode.

(il These rays themselves are not visible bur
their behaviour can be observed with Lhe
help of certain kind of materials
(Muorescent or phosphorescent) which
glow swhen hit by them. Television pleture
tubes are cathode ray tubes and
television pictures result due to
flaorescence on the television screen
conted with certain fluorescent or
phosphorescent materials.

{i) In the absence of electrical or magnetic
field, these rays travel in siralght lines

(Fig. 1.2},
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{iv) In the presence of electrical or magnetic
field, the behaviour of cathode rays is
similar to that expecied [rom negatively
charged particles, suggesting that the
cathode ravs consist of negadvely
charged particles, called electrons.

(vl The characteristies of cathode rays
felecirons) do not depend upon the
material of electrodes and the natre of
the gas present in the cathode ray tube.
This, we can conclude that electrons are
basic constituents of all the atoms.

1.1.2 Charge to Mass Hatio of Electron

Ini 18897, British physicist J.J. Thomson
measured the rato of electrical charge (e to
the mass of elecoon (m,) by using cathode
ray tube and applying elecmical and magnetic
field perpendicular to each other as well as to
the path of elecirons (Fig. 1.2). Thomson
argued that the amount of deviaton of the
particles [rom their path in the presence of
electrical or magnete field depends upon:

il  the magnitude of the negative charge on
the particle, greater the magnitude of the
chiarge on the parlicle, greaier s the
interaction with the eleciric or magnetic
field and thus greater is the deflection,

() the mass of the particle — lighter the
partdele, greater the deflection.

(ii) the strength of the electrical or magnetic

Cathode

fi) ]
[} J

L

Anode
\

3

field — the deflecton of electrons from its
ariginal path inereases with the Increase
in the voltage across the electrodes, or the
strength of the magnetic field.

When only cleciric field is applied, the
electrans deviate from their path and hit the
cathode ray tube at point A. Similarly when
only magnetic feld is applied. eleciron sirikes
the eathode ray tube al point C, By carefully
balancing the elecirical and magnetic feld
swength, it ts possible o bring back the
¢lectron to the path followed as in the absence
of electric or magnetic feld and they hit the
screen at point B. By carrying ont accurate
measurements on the amouni of deflections
observed by the electrons on the elécirie field
strength ar magnetic field strength. Thomson
was able Lo determine the value of ¢/m_as:

€

m_ = 1758820 x 10" C kg*
o

Where m, is the mass ol the electron in kg

and e is the magnitude of the charge on the

eleciron in coulombs [C). Since elecirons

are negatively charged, the charge on electron
is —e.

1.1.3 Charge on the Electron

R.A. Milllkan {1868-1953) devised a method
kmown as oll drop experiment (1906-14), to
determine the charge on the electrons. He found

L
¥ B
-
i

(1.1)

A

+ B

Fluoresceni screen

T
Magnet

Fig, 1.2 The apparuius lo determine the charge (o the moass ratio of electron
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that the charge on the electron Lo be
- 1.6 x 107® C. The present accepied value of
electrical charge s - 1.6022 x 10°%C. The
mass of the electron (m ) was determined by
combiring these results with Thomson's value
of e/ m, rato.

& 1.6022 x 10"*C
efm, 1758820 % 10"°C kg’
= 9.1094x 10 kg (1.2)
1.1.4 Diecovery of Protons and Neutrons

Electrical discharge carried out in the modified

cathode ray tube led to the discovery of

particles carrving positive charge, also known
as canal rays. The characteristies ol these
positively charged particles are listed below.

(f}  unlike cathode rays, the nature of
positvely charged particles depends
upon Lhe nature of gas present in the
calhode ray tube. These are simply the
positively charnged gascous ions.

{if] The charge (o mass rato ol the particles
i5 found to depend on the gas from which
these originate.

(i) Sorne of the positively charged particles
carry a multiple of the fundamental unit
of elecirical charge.

(ivi The behaviour of these particies In the
magnetic or electrical Aeld is opposite o
that ahserved [or eleciron or cathode rays.

The smallest and lightest positive ion was
obtained (rom hydrogen gas and was called
proton. This positvely charged partcle was
characterised in 1919 Later, a need was [ell
for the presence of electrically neulral particle
as ote of the constiuents of atom. These
particles were discovered by Chadwick (1932)
by bombarding a thin sheet of beryllium by
a-particles, when electrically neutral particles
having a mass slightly greater than that of
the protons were emitted. He named these
particles as neutrons. Thie Important
properties of these lundamental partcles are
given in Table 1.1.

1.2 ATOMIC MODELS

Observations obtained from the expertments
mentioned in the previous sections have

m, =

CHEMISTRY

Millikan's Oil Drop Method
In this method, dld:npkhmﬂl:fmni
mist, produced by the atomiser. were allowed
1o epter through a tiny hole n the upperplate
of electrical condenser. The downward motdon
of these droplets was viewed through the
telescaope, equipped with & micromeier eve
pmm.wummrmﬂmmtsuiﬁnﬁﬂhm
droplets, Millilan was able to measure the
mass of oil droplets.The air inside the
mmmﬁwwabﬁmﬂ

rays through It. The clectrical charge on
mﬂw&hmmﬁwm
with jons. The fall of these charged
nﬂd‘upleumbemdaﬂ aw:hauﬂnr
mmmmydnpmdug the charge
on the the polarity and strength
uﬁhtmli:nguppﬂmﬂmmupm&maﬁ:ﬂy
measuring the effects of electrical field
strength on the motion of o1l droplets,
Milltkan concluded that the magnitude of
electrical charge, g, on the droplets Is always
an miegral multiple of the electrical charge.
& thatis, g=ne wheren=1,2.3....

Snai siy

Xoray bomi
L by

e

Fig. 1.3 The Millikar ofl dmp apparatus for
meamuring charge ‘<. In chamber, the
forces acting on oll drop are:
gravilational. elecirostatle due o
electrical field and a viscous drag force

when the oll drop s moving.

suggested that Dalion's indivigible atom 1s
composed of sub-alomic partcles carrying
positive and negative charges, Dilferent atornic
models were proposed 1o explain the
distributions of (hese charged particles in an
atorn. Although some of these inodels were not
able 1o explain the stability of atoms, two of
these models, proposed by J. J. Thomson and
Ernest Rutherford are discussed below.
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Table 1.1 Properties of Pundamental Farticles

Name Symbol | Absolute Relstive | Mass/kg Mass/u | Approx.
charge/C charge mass/u
Elentron e -1.6022x10 -1 9.10938x10 | 0.00054 0
Proton p | +16022x10"° 1 | 187282x10% | 100727 1
Neutran n 0 0 1.67498x10>" | 1.00867 1

1.2.1 Thomson Model of Atom

J.J. Thomson. in 1898, proposed that an atom
possesses a spherical shape [radius
approximately 107%m) in which the posidve
charge 15 uniformly disirdbuted. The electrons
are embedded inio [t in such a manner as o
givie the most atable elecirosiatiec arrangement
(Fig. 1.4). Many different names are given (o
this model, for example, plum pudding, raisin
pudding or watermelon. This model can be
visualised as a pudding or watermelon of
pesiiive charge with plums or seeds [electrons)
embedded into 1L An (mportant feature of this
model {s that the mass of the atomn (s assumed
to be untformly distributed over the atom.

Posiitve sphere

N

— Eleczon

Fig.1.4 Thomson model of atom

Although this model was able o explain the
overall neutrality of the atom, but was nol
consistent with the results of later experiments,
Thomson was awarded Naobel Prize for physios
in 1906, for his theoretical and experimental
Investigations oo the conduction of eleciricity
by gases.

It the later half of the nineteenth century
different kinds of rays were discovered,
beaides those mentioned earlier. Wilhalin
Réenigen [(1845-1923) in 1895 showed

that when electrons sirike a malenal in
the cathode ray tubes, produce rays
which can cause fluorescence in the
fluorescent materials placed outside the
know the nature of the radlation, he
pamed them X-rays and the name is still
carried or. [t was noticed thar X-rays are
produced effectively when elecirons strike
the dense metal anode, called target.
These are not deflected by the eleciric and
magnetic flelds and have & very high
penetrating power through the matier
and that is (he reason thal these rays are
used to study the Interior of the objects.
These rays are of very short wavelengths
(~0.1 nm) and possess eleciro-magnetic
characier (Secdon 1.3.1).

Henri Becqueral (1852-1908)
observed that there are certain elements
which emil radiation on thelr own and
named this phenomenort as
radioactivity and the elements known as
radioactive elements. This ficld was
developed by Marte Curfe, Plere Curie,
Rutherford and Fredrick Soddy. It was
observed that three kinds of rays Le., o,
B- and y-rays arc cmitied. Rutherford
found that a-rays consist of high energy
particles carrying two uniis of posiiive
charge and four units of atomic mass. He
concluded that o- particles are hellum
ruclel as when o- particles combined with
two electrons yielded helium gas. §-rays
ure negatively charged purticles similar 1o





















































































































































































































































































































































































STATES OF MATTER

RMS speed {1,,,) = e = |51

T=27"C+273 < 300K:R = 83140 mol 'K
M"; grarn molecular mass of CO, = 44 ¢
(1J =Kgm®s?

33 8.314kg m2s K 'mol * x 300K
i\ 0.044 kg mol ™!

=4.12x10"ms"!

speed

=09213x 4,12 % 10%m s
=3.8x 10°m s

Most, probable speed

() =0.8166 x 4.12 x 10°m 5"
=3.86x 10°m 8"t

4.10.1 Kinetic Energy | According o Kinetic
gas equation pV=(1/3lmmnu® . For one mole
ofn gas' n' the number of molecules is equal
o Avogadro’s number W' Then ‘'mN'represenis
the molar mass of the gas "M’

Aveitge speed (i, ) = 0.9218 x RMS

i
3
Where E,_ is the kinetic energy of one mole o

gas. For one mole of a gas. the ideal gas
equaltion is

pV=RT (4.59]
From equations [4.58] and (4.58) we have

EEE =RT or E, =5§—Tﬂ' (4.60)

For 'n' moles of a gas  Ey = ﬂuﬂ'l" [4.61)

Kinetic energy is directly pml:'l'rl.iunal to the
ternperature (n Kelvin scale

[4.58]

g 2.1 2.
P Mufml - E !-E Mu?rnl i 5 k’i‘-

It means that one mole of any gas has the
same kinetic energy at a glven temperature.
The kinetic energy lor one molecule ol a gas

Where % is called Boltzmann constant and
4
Is equal to [ji-i]. It is the gas constani per
molecule.
Thevalue of Boltomann constant is

k=1.38x 10% erg K" molecule?
= 1.38 x 10**J K 'malecule’

Problem 4.8

Calewlate kinetle encrgy of 5 moles of
Nitrogen at 27°C

Solution

Kinietic energy = 5 nRT

where i = 5 moles;R = 8.314 J mol k*
T=27C +273 = 300k

B, =_§xs_m¢; % 83147 mol "K' % 300K = 18706.50 1
Problem 4.9

Caleulate kineile energy (in SI units) of
4 g of methane at -73°C

n= No of maoles of methane

4q
— 29 __ _0.25mat
16g mol* ®

R=8.314 J mol 'K *
T=-73C +273=200K

Kinetlc energy
. Eﬁﬂ.ﬂ'ﬁm{ X 8314wl 1! % 200K = 623,60
Problem 4.10
Calculate the ratio of kinetic energies of
3 g of Hydrogen and 4g of Oxygen at a
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Solution

mmmmpmmmmﬂmm
gases, we can write the ratio of kinetic

mﬁgqa‘mﬁ}fhnmﬂwﬂ& mdﬂ ,

_ﬁni Jﬂoﬁ_——.&“ —.212-1
E{m’a‘r‘l“ 32 gmol *

BEHAVIOUR OF REA.L GASES:
DEVIATION FROM IDEAL GAS
BEHAVIOUR

Our theoritical model of gases correspands
very well with the experimental observations.
Dificulty arises when we (1y to test how far
the relation pV = nRT reproduce actual
pressure-volume-temperaiure relatdonship of
gases. Totest this point we plot pV' vs pplot of
gases beenuse at consiant temperaiure, pVwill
be constant (Boyle's law) and pV vs p graph
atl all pressures will be a straight ine parallel
lo x-axis. Fig. 4.10 shows such a plot
constructed rom actual data lor severnl gases
at 273 K.

I ean be seen easily that at constant
temperature pV us p plot for real gasesisnota
straight line parallel lo p axis. There is a
significant deviation from tdeal behaviour. Two

4.11

CG ch,

He

pv —

ideal gas

P —

Fig. .10 Plai of pV vs p for redl gns and
ietonl s

F
Real gas
T |deal gas
e
:
=
al Volume —» ’

Fig. 4.11 Plol of préssure us polume for real gos
aned lreal
rypes of curves are seen.In the curves for
dihydrogen and helium, as the pressure
increases the value of pV also increases. The
second type ol plot is seen in the case of other
gascs like carban monaxide and methane. In
these plois first there is a negative deviation
from ideal behaviour, the pV value decreases
with increase in pressure and reaches to a
niutmum value characteristic of a gas. After
that pVvalue sterts increasing. The curve then
crosses the line for ideal gas and after that
shows positive deviation condnuously. It is
thus, found that real gases do not follow ideal
gas equation perfectly under all conditions.
Devialion from ideal hehaviour also
becomes apparent whern pressure us volume
plot is drawn. The pressure us volume plot of
experimental data (real gas) and that
theoretically calculated fom Bovle's law (ideal
gas) should colncide. Fig 4,11 shows these
plots, It is apparent that at very high pressure
the measured volume 1s more than the
calculated volume. Al low pressures, measured
and calculated volumes approach each other.
It §s found that real gases do not follow,
Boyle's law, Charles law and Avogadro law
perfectly under all conditions. Now two
fuestions arise.
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i Why do gases deviatc from the ideal
behaviour?

(i) What arethe conditions under which gases
deviate from tdeality?

We gel the answer of Lhe frsi question I
we look into postulates of kinetic theory once
agaln, We find that two assumptions of the
kinetic theory do not hold good. These are
{a) Thereisno foree of attraction betwesn the

molecules of a gas.

{b) Vahame of the molecules of a gas is
negligibly small in comparison (o the space
oeenpled by the gas,

I assumption {a) is correct, the gas will
never liquify. However, we know that gases do
Hgulfy when cooled and compressed. Also,
lguids formed are very difficull to compress.
This means that lorces of repulsion are
powerful enough and prevent squashing of
molecules in tiny volumne. If assumption (b) is
correct. the pressure ps volume graph of
experlmental daca (real gas) and that
theorideally caleulated from Bovles law (ideal
gas) should coincide,

Real gases show deviations from Ideal gas
law because molecules interact with one
another other. Al high pressures molecules
of gases are very close to ¢ach other: Molecular
interactions start operating. At high pressure,
maolecules do not srike the walls of the
container with full impact because these are
dragged back by other molecules due Lo
molecular aliracive forees, This affecis the
pressure exerted by the minlecules on the walls
of the contatner. Thus, the pressure exerted
by the gas is lower than the pressure exerted
by the ideal gas.

an®

Poaeit = Py T VE (4.63)

nbserved correction
pressure  terml
Here, als a constant.

Repulsive forces also become significant.
Repulsive interactions are short-range
interactions and are sigunificant when
molecules are abmost in contact. This {8 the
situatton at high pressure. The repulsive
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forees cause the molecules o behave as small
but impenetrable spheres. The valume
occupisd by the molecules also becomes
significant because mstead of moving in
volume V, these are now resiricted (o volume
(V-nb) where nb Is approximately the total
volume occupled by the molecnles themselves,
Here, b is a constant. Having taken into
account the corrections for pressure and
vahune. we can rewrite equation (4.17) as

an .
[p-!- Ti;;—](\" —nb)=nRT (4.64)

Equation (4.64) is known as van der Waals
equation. In this equation n is number of moles
of the gas. Consiants a and b are called van
der Waals constarits and their value depends
on the characteristic of a gas. Value of "a’ is
measure of magnitude of intermolecular
attractive lorces within the gas and is
independent ol temperanue and pressure,

Also, at very low temperature,
Inermolecular forees become significant. As the
molecules travel with low average speed, these
can be captured by one another due (o
atiraciive [orces. Real gases show ideal
behaviour when conditions of temperature and
pressure are such that the intermolecular
forces are pracucally negligible. The real gases
show ideal behaviour when pressure
approaches zero.

The deviation from ideal behaviour can be
measured in terms of compressibility factor
Z, which is the rafo of product pV and nRT.
Mathematically

pv
nRT

For ideal gas Z= 1 at all teraperatures and
pressures because pV' = n RT, The graph of Z
vs pwill be a straight Ine parallel w pressure
axis (Fig. 4.12). For gases which deviate from
ideality, value of Z deviates from unity. AL very
low pressures all gases have Z <1 and behave
as |deal gas. At high pressure all the gnses have
Z > 1. These are more difficult to compress,
At Intermediate pressures, most gascs
have Z < 1. Thus gases show ideal

(4.65])
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behaviour when the volume ocenpied is
large so that the volume of the molecules
can be neglected in comparison to it. In
otherwurds, the behaviour of the gas beconmies
more idesl when pressure is very low, Uplo
whail pressure a gas will follow the ideal gas
law, depends upon natare of the gas and itz
temperature. The temperature at which a real
das obeys ideal gas law over an appreciable
range of pressure is called Boyle temperature

v

O 200 400 s00 800 1000
p/har

Flg. 4.12 Variation of compressibility fuctor for
sorme gases

or Boyle point, Boyle polut of a gas depends
upon ils nature. Above their Bovle point. real
gases show positive deviauons from ideality
and Zvalues are greater than one. The forees
ol atraction between the molecules are very
feehle. Below Bovle temperature real gases first
show decrease i Z value with Inecreasing
pressure, which reaches a mintmum value, On
further increase in pressure, the value of Z
inereases conunuously. Above explanation
shows that at low pressure and high
temperature gases show ldeal behaviour.
These condiilons are different for different
[HELCE

Maore insight (s oblained in the significance
of Zif we note the following derivation

CHEMISTRY
: ‘p".-' i
L=—1=
nRT (4.65)
I the gas shows ideal behaviour then
nET
Vigesi =“;“‘. On putung this value of —an—T
tn equation (4.66] we have
‘!
2=l (4.67)
)

From equation (4.67) we can see that
comnpressibility facior 1s the ratio of actual
molar valume of a gas to the molar volume of
it. If it were an fdeal gas at that tmperaiure
and pressure.

I the following sections we will seée that it
Is not possible to distinguish beiween gascous
slate and lquid stale and that liquids may be
corsidered as contlnuation of gas phase into
a region of small volumes and very high
molecular attraction. We will also see how we
can use isotherms of gases lor predicting the
conditions for iguefaction of gases,

4.12 LIQUEFACTION OF GASES

First complete data on pressure - volume -
temperature reladons of a substance tn both
gaseous und liquid stale was obtained by
Thomas Andrews on carbon dioxide. He
platted isotherms of carbon dioxide it various
temperatures (Fig. 4.13). Later on it was found
that real gases behave in the same manner as
carbon dioxide. Andrews noticed that at high
temperastures Isatherms look ke that of an
ideal gas and the gas cannot be liquified even
at very high pressure. As the temperature is
lowered, shape of the curve changes and data
shows considerable deviation from ideal
behaviour. At 30,98 "C carbon dioxide remains
gas uplo 73 atmospheric pressure, (Poinl E in
Fig. 4.13). At 73 atmospheric pressure, liquid
carbon dioxide appears for the first tme. The
temperature 30.98 "C is called eritical
temperature [Tc] of carbon dioxide. This is
thie highest mperabure at which lguid earbon
dioxide ia observed. Above this temperature {t
is gas, Valume of eme mole of the gas at critical
temperature and critdcal pressure is called
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critieal volume (V) and pressure at this
temperature is called critical pressure (p,).
The critical teynperatre, pressure and volume
are called erideal consuanis. Furither increase
in pressure simply compresses the lquid
carbon dioxide and the curve represents the
compressibility of the liguid. The stecp line
represents the isotherm of iquid. Even a shight
compression results in steep rise in pressure
indicabing very low compressibility of the
liquid. Below 30.98 ‘C, the behaviour of the
gas on compression is quite different. At21.5°C,
carbon dioxide remains as a gas only upto
point B. At point B, liquid of a partlcular
valurme appears. Further compression does ot

Fig. 4.13 Isotherms of carbon dioxide al wariows
lermperadires

change the pressure. Liquid and gaseous
carbon dioxdde coexist and lurther application
of pressure resulis in the condensation of more
gas until the point C is reached. At point C, all
the gas has been condensed and further
application of pressire merely compresses the
lHguid a8 shown by steep line, A slight
cornpresaion from volume V; to V, results in
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steep rise In pressure from p, to p, (Fig. 4.13],
Below 30.98 'C ([critieal tempersture) ecach
curve shows the similar trend. Only lengrh of
the horizontal line increases al lower
temperatures. At critical point horizonial
porton of the isotherm merges into one point.
Thus we see thal a poinl ke Ain the Fig. 4.13
represents gaseous state. A point like D
represents liguid state and a point under the
dome shaped area represenis exisience of
liguid and gaseous carbon dioxide in
equilibrivim. All the gases upon compression
at constant temperature (Isothermal
compression) show the same behaviour as
shown by carbon dioxide, Also above
discussion shows that gases should be coaled
below their critical temperature for
liguefication. Critical temperature of a gas is
highest temperature at which Bguefaction of the
gas frst occurs. Liguefaction of so called
permancnt gases (l.e., gases which show
continuous positive devintlon in Z value)
requires cooling as well as considerable
compression. Compression brings the
molecules i close vieinity and cooling slows
down the movement of molecules therelore,
intermolecular interactions may hold the
closely and slowly moving molecules together
and the gas liquifies.

[t = passible to change a gas into lquid or
a lguid into gas by a process in which always
a single phase is present. For example in Fig.
4.13 we can move from peint A to F vertically
by increasing the temperature, then we can
reach the point G by compressing the gas at
the constant temperature along thits sotherm
(isotherm at 31.1°C). The pressure will
increase. Now we can move vertically down
wowards [ by lowering the temperature. As
soon as we cross the polnt H on the critical
isotherm we get liquid. We end up with liguid
bul in this series of changes we do not pass
through two-phase reglon. Il process I8 carried
out at the eritical temperature, substance
always remains in one phase.

Thus there is continuity between the
gaseous and lquid state. Thie term Muid Is used
for either a liquid or a ga= to recognise this
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continuity, Thus a liquid can be viewed as a
very dense pgas. Liguid and gas can be
disdngiished only when the fluld is below lis
critical lemperalure and its pressure and
volume lie under the dome, since in that
sliation Uqudd and gas are in equilibrium and
a suriace separating the two phases 1s visible,
In the absence of this surface there is no
[undamental way of distingnishing between
two states. At critical temperature, liquid
passies inwo gascous state imperceprbly and
continuously; the surlace separating two
phases disappears, A gas below the eriijeal
lemperature can be liquilied by applying

Table 4.4 Critleal Constants for Some
Subslances
Substance [ T, /K | p, o | V,/dm’ mot!
H, 332 %87 00650
He i | 229 00677
Ny 126, 339 0, 0800
2y 1543 50.4 0.0744
00, 804,10 T3.9 0.0066
HO | 6471 220.6 0,0450
NH, w085 | 1130 0.0723

preasure, and Is called vapour of the
subsianee, Carbon dioxide gas below {is critical
temperature s called earbon dioxide vapour.
Critical consianis [or some common
substances are given in Table 4.4,

Problem 4,11
Gases possess characleristic critical
_rremperaim which depends upon the
magnltude of lntm:mn]ecular forces
between the gas particles. Critical
temperatures of ammonia and carbon
dioxide are 405.5 K and 304.10 K
respectively. Which of these gases will
Ligatfy first when you start cooling from
500K 16 thelr critical temperature ?
‘Bolution

Ammonia will liguily Arst because its
eritioal temperature will be reached first.
Liquefaction of CO, will require more
sooling.

4.153 LIQUID STATE

Intermolecular forces are stronger in liquid
stare thari in gaseous siare. Molecules in liquids
are so close that there is very litde empty space
between them and under normal conditions
Houids are denser than gases.

Molecules of Hguids are held together by
attraciive lntermolecular foreces. Liquids have
definite volume because molecules do not
separate from each other. However, molecules
ol liquids can move past one another freely,
therefore, liquids can flow, can be poured and
can assume the shape of the container inwhich
these are stored. In the following sections we
will look into some of the physical properties
of the liquids such as vapour pressure, surface
tension and viscosity,

4.13.1 Vapour Pressure
If an evacuated container is pardally filled with
a Nguid, a partan of liquid evaporates o fill
the remaining volume of the container with
vapour. Initially the Hguid evaporates and
pressure exerted by vapours on the walls af
the contalner (vapour pressure) increases. Alter
some Ume it becomes constant, an equilibrivom
is established between liquid phase and
vapour phase. Vapour pressure at this stage
is kmown as equilibrium vapour pressure or
saturated vapour pressure.. Since process of
vapourisation 1s temperature dependent: the
temperatnre must be mentioned while
reporting the vapour pressure of a liguid.
When a lquid is heated in an open vessel,
the liquid vapourises from the surface. At the
temperature at which vapour pressure of the
liguid becomes equal to the external pressure,
vapourisaton can occur throughout the bulk
of the Hquid and vapours expand {recly into
the surroundings. The condition of free
vapourisation throughout the Heaid is called
boiling. The temperature at which vapour
pressure of liquid is equal to the external
pressure is called boiling temperatuare at that
pressure. Vapour pressure of some common
ligulds at various temperatures 5 given In
(Fig. 4.14). At | atm pressure bolling

temperature s called normal boiling point.
If pressure is 1 bar then the boiling point is
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called standard boiling point of the liquid.
Standard boiling point of the Hguid is stightly
lower than the normal bolling point becanse |
bar pressure {5 slightly less than 1 atm
pressure: The normal boiling peint of water is
100 °C {373 K), its standard boiling point is
99.6 °C (372.6 K.

:

a7 2893 BI8 833 AER 473
Tewperabure (1)
Fig. 4.14 Vapour prassune us Ternperaiire curse
of somme commmon liguids,

At high altitudes atmospheric pressure s
low. Therelore Uquicls at high altitudes boil at
lower temperntures In comparison to that at
sea level Sinee water boils al low temperature
on hills, the pressure cooker is used for
cooldng food. In hospitals surgieal instnunenis
are eterilized in antoclaves in which boiling
point of water is tnereased by increasing the
pressure above the atmospheric pressure by
using a welght covering the vent.

Bolling does not eecur when liquid 1s
heated in a e¢losed vessel, On heating
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continuensly vapour pressure inereases. At
first a clear bounidary is visible between liquid
and vapour phase beeause lquid is riore dense
than vapour. As the femperature nereases
more and more molecules gb (o vapour phase
and density of vapours rises, At the same time
liguid becomes less dense. It expands because
molecules move apart. When density of liguid
and vapours becomes the same; the clear
boundary between liquid and vapours
disappears. This emperamire is ealled eritical
temperature about which we have already
discussed.

4.13.2 Surface Tension

It i= well known fact that Hquids assume the
shape of the contalner. Why is it then small
drops of mercury form spherical bead instead
of spreading on the surface. Why do particles
of soil at the bottom of river remain separated
but they stick together when taken out ? Why
does a liquid rise (or falll tn a thin capillary as
soan as the capillary touches the surface of the
ligquid 7 All these phenomena are caused due
to the characteristic property of Hquids, called
surface tension. A maolecule in the bulk of
Heuid experiences equal Intermolecular forces
from all sides. The miclecule, therefore does not
experience any net force. But for the molecule
on the surface of lquid, net attractive force is
towards the interior of the liguid (Fig. 4.15),
due to the molecules below it Since there are
no malecules above it

Liquids tend to minimize their surface ares.
The molecules on the surface experience a net
downward force and have more energy than
the molecules in the bulk, which do not
experience any net force. Therefore, liguids tend
to have mintimum nuraber of molecules at their
surface. Il surface of the Hguid is Increased by
pulling a molecule from the bulk, artractive
forces will have to be overcome, This will
require expenditure of energy. The energy
required to incrense the surface area of the
liquid by one unit is defined as surface energy.
lis dimensions are J m<2. Surface tension 1s
defined as the force acting per unit length
perpendicular to the line drawn on the surface
of Hguid. It is denoted by Greek letter vy
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(Gamma). It has dimensions of kg s=and in SI
uril il is expressed as N m . The lowesi energy
state of the Heuid will be when surface area is
minimum. Spherical shape satisfies this
condition, that s why mercury drops are
spherical inshape. This is the reason that sharp
glass edges are heated for making them
smooth. On heating. the glass melts and the
surface of the liguid tends m take the rmounded
shape at the edges, which makes the edges
smooth, This is called fire polishing of glass.

Liquid tends to rise (or [all} in the capillary
because of surface tension. Liguids wer the
ihings because they spread across their
surfaces as thin [im. Molst sell grains are
pulled together because surface area of thin
film of water is reduced. It is surface tension
which gives siretching property 1o the surface
of aliquid. On flat surface, droplets are slightly
flatiened by the effeet of gravity; but in the
gravity free environments drops are perfectly

The magninide of surface tension of a liquid
depends on the atractye forces betweon (he
molecules, When the altractive [orces ore Lirge,
the surface tension is large. Inerease in
temperaiure increases the kinete energy of the
molecules and elfectiveness of intermolecular
attraction decreases, so surface tension
tlecreases as Lhe temperature Is maised,

Swir e malecule.

piet apiTartion
Ity e Mol

e
ﬂ/

~—

Fig. 4.16 Forces acrtirng on e moleoule on Heogudel
surfane ond on a molecule instde the
Hguaied

4.13.3 Viscosity

It 15 one of the charactenistic properties of

Hquids, Viscosity 1s a measure of resistance to

flow which anses due to the mntermal frictdon

between layers of luirl as they slip past one

CHEMISTRY
another while liguid [lows. Strong
intermolecular forces belween molerules hold
them together and resist movemenl of layers
past ene another.

Whets a Houid Oows over a [ixed surface,
the laver ol molecules in the timmediate contact
of surface Is statlonary. The velocity of upper
lavers increases as the distance of layvers from
the fixed layer increases. This type of flow in
which there is a regular gradation of velocity
m passing from one layer to the next is called
laminar Aow. If we choose any laver in the
flowing liquid (F1g.4.186), the layer above |t
accelerates its flow and the layer below this
retards its flow.

e
2 '

Fig. 4.16 Gmadation of velocity in the laminar flow

If the velocity of the layer al a distance dz
is changed by a value du then velocity gradient

d
1s given by the amoumnt E“ A foree is required

to maintain the flow of layers. This foree s
proportional to the area of contact of layers
and velocity gradient Le.

F o= A A s the area of contaci)

du
dz
the change in veloelty with distanece)

du
Fo A—
dz

du
F o & [where, is velocity gradient;

=:F=ﬂﬂ.%l

(4.68]

N’ is propordonality constant and ts ealled
coefficient of viscosity. Viscosily coellicient
is the foree when velovity gradient ts unity and
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the aren of contact is unil area. Thus*n" is
measure of viscosity. SI unit of viscosity
coelficient is 1 newton second per square
metre (N s m™~] = paseal second
(Pa s = 1kg m*s™). In cgs system the unit of
coefficient ol viscosity is poise (nomed afier
great sefentist Jear Loulse Polseullls),

1 polse =1 gem-'s? = 10kg nrts

Greater the viscosity, the more slowly the
ligpuid flows. Hydrogen bonding and van der
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It Is a0 viscous that many of lts properties
resemble solids. However, properiy of flow of
glass can be experienced by measuring the
thickness of windowpanes of old buildings.
These become thicker at the bottom than at
the top.

Viscosity of liquids decreases as the
temperaiure rises because at high temperature
molecules have high kinetie energy aud can
overcomie the intermelecular forces o slip past

Waals forees are sirong enough w cause high  one another between the lavers.
viscosity. Glass Is an extremely viscous liquid.
SUMMARY

Intermolecular lorees operate between the particles of matter These farces differ from
pure electrosiatie forees that exist betwesn two eppositely charged lons. Also, (Hese do
not inglude forces that hold atoms of a covalent molecule together through covalent
bond, Competition between thermal energy and intermolecular Interactions determines
the state of matter. "Bulk” properties of matier such as hehaviour of gases, characteristies
of splids and liguids snd change of stale depend upon cnevgy of constituent particles
and the type of interaction between them. Chemical properties of a substance do not
shange with change of state, but the reactivity depends upon the physical state.
Forees of lnteraction between gas molecules are negligible and are almost independent
of their chemical nature. Interdependence of some observable properties namely
preasure. volume; temperature and mass leads to different gas laws obtained from
experimental studies on gases. Boyle's law staies that under |sothermal condition,
pressyre ol a fixed amount of a gas is inversely proporiional to its volume. Charles’ law
15 & relationslip between volume and absolute temperature under isobarie condition, It
stites thal voluine of a fixed amount of gas s directly proportional to its absolute

tempperature (Ve T) If state of a gas Is represented by p,, V, and T, and &t changes to
state at p,. V, and T, then relatonship between these (wo states is given by combined

AN

-gﬁl_lanm:urrimimnhinh -T - T . Any one of the vartobles of this gns can be
I

found out If other five vartables ure known. Avogadro law siates that equal volunes of
all gasid under same eonditbons of temperature and pressure contdin equal number ol
molecules. Graham's Law of diffusion staies that the rate of diffusion of a gas is

1
mversely proportional o the squre root of its density. Thusl* ?&* . Dalton’s law of

partinl pressure slutes thet lotal pressure exeried by a mixture of non-reacting gauu
is equal to the sum of pariial pressures exerted by them. Thus p = p +p,+

Relationahip between pressure. volume, temperature and number of moles o n ,gna
describes Iis stale and is called equation of stule of the gas. Equation of stite for tdeal
gas Is pVenRT, where R ls gas constant and s value depends upon units chosen lor
pressure, volume and temperature. Aveording to Kinetle molecular theory, tonsist
of small and tiny particies called molecules and pressure of a gas is due w0 collistons of
grs malecules on the walls of the container. According to Kinetlc gas equation
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'-Pv=é"ﬁﬁ¥§g_ and all the gas laws can be derived from it. The molecnles of gases
possess different types of speeds like mms; average and most probable speeds. Kinetic

energy of gas molecules is given by =%mﬂ: pnd g5 [Emperiure increases the Kinetic
energy of gas molécules also Increases.

At high pressure and low temperature intennolecular forces start operating

strongly
between the molecules of gases becanse they come close to cach other. Under suitable
temperature and pressure conditions gases can be liguified. Liquids may be considered
as continyation of gas phase Into a region of small volume and very strong molecular
attractions. Some properties of lgquids e.g., surface tension and viscosity are due to
girong intermolecular attractve forces.

QUESTIONS

ﬁmmqum

15,
16,
17,
18,
18,
&0,
4

Name the dilfferent intermolecular {orces experieniced by the molecules ol & gas,
State Boyle's law. Give lts mathematical expression.

State Charle’s law. Give tis mathematical expression.

‘What are lsotherma?

Whal is Absolute Temperature?

What are Isobears?

What is Absolute Zero?

State Avogadro's law,

What are Isochores?

What are S T ' Conditions?

What s Cram malar Valume?

What 1s an Ideal gas?

Why the gas constant 'R is called Universal gas constant?
Why Ideal gas equation (s called Equation of State?

Give the values of gas constant in different units.

Hiow are the denglly and molar mass of a gas relaled?

Stute Graham's law of diflusion,

Which of the gases diffuses faster among N, , O, snd C11,? Why?
How many times methane diffuses faster than sulphurdincdde?
Stote Dalton's Taw of Partin]l pressures.

Give the relation between the partial pressure of a gas and its mele fraction,



23,
23.

24

25,
26,
27.
28.
29,
30.

451

What is agueous teusion?

Give the two assurmmplions of Kinolic moleculst theorv of gases that do noi hold
good In explaining the deviation of real gases Ffom ideal behaviour

Give the Kinetic gas cquation and. write the terms in-it.
Give an eguation to caleulate the Kinetic energy of gas molecules.
What i5 Boltzinan's constant? Give lts value.
What is R M S speed?
What is Average speed?
What is Meést probable speed?
What is the effeet of tmperatire on the speeds of the gas molecules?
What is the effect of temperature on the kinetic energy of the gas molecules?
Give the ratio of RMS average and most probable speeds of gas molecules.
Why RMS speed is taken in the derivation of Kinetic gas equation?
What is Compressibility factor?
What (s Bovle Temperature?
What s eritleal Lemperature? Give s value for CO,.
What 18 eritical Volume?
What is crxitical Fressure?
What gre eritical constants?
Pefine vapour Pressure of a lguid,
What sre normal and stendard bolling points? Give their values for HLO.
Why pressure Cooker 18 nsed for cooking food an hills?
What is surfnce tension?
What is laminar Aow of a Hiquid?
What 15 coeflicient of Viscosily? Give its units.

Short answer type questions

44,
47,
48,
19,
50,
61.
oL,
53,

4.

55.

State and explan Bovle's law,

State and explain Charle’s law.

Dierive Ideal gas equation.

Stale and explain Graham's law ol DiUTusion.

Stute and explaty Dalton's law of Partial pressures.

Deduce: (@) Boyle's Iaw and (bl Charle’s law from Kinede gas eguaton.
Deduce (a) Graham's law and (b) Dalions law from Kinetic gas equaron.
Derive an expreasion (or Kinetic Energy of gas molecules.

Deline {a) rns (b) average and () most probable speeds of gas molecules. Give
thelr ipterrelationahip.

Expluin the physieal significance of van der Wasls paramalers.
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66. Whal 15 Surface Tension of liguids? Explain the effect of emperature on ihe suface
temsion of lguids,

57. What is Vapour Pressure of liquids? How the Vapour Pressure of a liguid is related
to ita bolling point?

58. Define Viscosity and Coeffictent of Viscosity. How does the Viscosity of liguids
varies with temperature.

Long answer type questions

59. Wiite notes on Intermolecular Forces.

60, Siate Hoyle's Iaw, Charle's law and Avogadro's law and derive ldeal gas eguation.
Wrile noles on diffusuan of Gages.

State and explain Dalton's law of Parllsl Pressures.

Write the postulates of Kinetic Molecular Theory of Gases.

Deduce gas laws from Kinetic gas equarion.

65. Explain Maxwell-Boltzmann distibution curves of molecular speeds and give the
important conclusions, Discuss the effect of temperanure on the distribution of
wolecular speeds,

66. Write notes on the behaviour of real gases and thelr deviadon from ideal behavior.

87. Derive the van der Waals egquation of siate. Explain the importance of vander
Wanl's gas egpuution,

68, Explain the principle underlying the liquefncton of gases.
68, Write notes on the following properties of liguids
{a] Vapour Pressure (b Surface Tension (c} Viscosity.

£E88 2

4.1 What will be the mintwuny pressure required 1o compress 500 dm® of air ar 1 bar to
200 chn® at 30°C ? (Ans : 2.5bar)

4.2 A vessel of 120 ml, capacity containg a certain amount of gas at 35"C and 1.2 bar
pregsure, The gas is lranslerred to another vessel of volurne 180 mL at 35 °C. What
would be its pressure? (Ans @ 0.8bar)

4.3 Using the equation of stute pVenRT, show that al a given temperature deusity of
gos is proportonal to goas pressure p

4.4 AL 0°C, the density ol a certain oxide of a gas al 2 bar is same as that of dinitrogen at
5 bar, What is the molecular mass of the oxide? (Ans @ TOg/mal)

4.5 Thessure of 1 g of an idesl gns A nt 27 °C i3 found to be 2 bor, When 2 g of nnother
ideal gas 3 18 introduced in the same flask at same temperature the pressure becomes
3 bar. Find a celationship between thetr molecular masses. (Ans ME= am |

4.8 The drain cleaner, Drainex contains small bits of aluminum which reart wttﬂ caustie
sode to produce dihydrogen. What volume of dihydrogen at 20 °C and one bar will be
relonsed when 0.15g of alumimom reacts? (Ans @ 202.50 mL)

4.7 What will be the pressure exerted by a mixture of 3.2 g of methane and 4.4 g of
earbon dloxide contained In a @ dm? Nask at 27 °C ? (Ans ! 5.314 = 10% Pa)

4.8 What will be the pressure of the gaseous mixture when 0.5 Loof 11, at 0.8 bar and 2.0
L of Hoxygen at 0.7 bar are introduced in a 1L vessel a1 27°C7 (Ans ; 1.8 bay)
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4.3 Density of a gas Is lvund to be 546 g/dm® al 27 *C at 2 bar pressure. What will be its
density al STP?  (An= @ 3g/dm?)

410 34,05 mL of phosphoros vapour weighs 0,.0625 g at 546 *C and 0,1 bar pressure. What
is the molar mass of phosphorus? (Ans : 124.77g mal Y

4.11 A student forgol to add the reaction mixture 1o the round bottomed f(ask at 27 °C but
instead he/she placed the flask on the Mame. After & lapse of tme, he realized his
mistake, and using a pyrometer he found the temaperature of the flask was 477 “C.
What fraction of air would have been expelled oui? (Ans : 3/5)

4.12 Caleculate the remperature of 4.0 mol of & gas oceupying 5 dm?® at 3.32 bar.
[F= 0.083 bar dm? B! mal-!). (Ans : 50K)

4.13 Culm;ia‘cq the tolal number of clectrons present in 1.4 ¢ of dinitrogen gas, [Ans : 4.2154
= 1043 )

4.14 How much time would it take to distribute one Avogadro number of wheat grains,
10'? grains are distributed each sccond 7 [Ans : 1.90956 x 107 year)

4.15 Ammonia gas diffuses through a fine hole at the rate 0.5 it nun'. Under the same
conditions find the rate of diffusion of chlorine gas. [Ans : 0.245 lit. min!)

4.16 Find ihe relétive rates of dillusion of EGE and Clz gases . |[Ans ; 1 : 1.267)

4.17 I 150mlL carbon monogide effused in 25 seconds, what volume of methane would
effuse in same time. (Ans : 198.5 ml)

4.18 Hydrogen chloride gas is sent into a 100 meire tube from one end ‘A’ and mmmonia gas
from the other end B, under stnilar conditions. At what distance from ‘A° will be the
o gases meet. (Ans : 40.48 meoes from the end “A')

4.19 Calculate the total pressure In a mixture of 8 ¢ of dioxygen and 4 g of dihvdrogen
confined tn a vessel of 1 dm® a1 27°C. R = 0.083 bar dm® K ! mol !. [568.025 bar|

4.20 Caleulate the total pressure in 2 mixture of 3.5¢ of dinitrogen 3.0g of dil and
B.0g divxgyen confined in vessel of 5du® at 27°C (R = 0. 083 bar dm® k! mall)
lAns : 9.3375 bar)

4.21 Pay load is defined as the difference hetween the mass of displaced afr and the mass
of the balloon. Calculate the pay load when a balloon of radius 10 m. mass 100 kg is
filed with helium al 1.86 bar at 27°C. (Density of air = 1.2 kg m? and
R = 0,088 bar dm® K- mol ). (Ans @ 3611.1 kg

4.22 Calculate the volume occupied by 8.8 g of COy at 31.1°C and 1 bar pressure.
I = 0,083 bar L. K' mol '. (Ans : 5.051)

4.23% 2.9 gola gas at 95 *C gcoupied the ganie volume as 0,184 g of dihydrogen ai 17 *C, at
the same pressure. What is the molar mass of the gas? (Ans : 40g mol ')

4.24 A mpcure of dihydrogen and dioxygen at one bar pressure contains 20% by welght of
dihydrogen. Caleulate the partial pressure of dibydrogen. (Ans : 0.8 bar)

4.25 What would be the SI unit for the quantity pV 3T 2/n 7

4.26 In terms of Charles’ law explain why 273 °C 18 the lowest possible temperatire.

4.27 Critfcal temperature for carbon dioxide and miethane are 31.1 'C and -81.9 "C
respectively, Which of these has stronger inlermolecular lorees and why?

4.28 Alr 15 cooled form 25°C to (PC. Caleulate the decrease In nns speed of the moleculas,
(Ans @ Abour 4%s)
4.28 Find the rms, most probable and average speeds of S0, al 27%.
(Ans:3.42x10%, 2.79x10°.3.15%10°m s ")
4.30 Findl the RMS, avernge and moat probable speeds of Il:lu at 27
(Ans:4.614x10%, 4.25%10°,3.77x10°m s}



