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CHEMISTRY Notes & Key Point

SOME BASIC CONCEPTS OF CHEMISTRY Chapter - 1

1.

Significant Figures: The number of meaningful digits presentina number are called significant figures. All the meaningful digits are certain

exceptlast digit which is uncertain. Rules for determining significant figures are :

(@) Allnonzero digits presentina number are significant.

(b) The leading zeros are not significant but zeros between two nonzero digits are significant.

(c) Zerosin the end of the numberand after the decimal are significant. But, if otherwise, the zeros are not significant.

(d) Exactnumbers have an infinite number of significant figures.

(e) During addition and subtraction the result should contain same number of decimal places as are in the term with the least number of

decimal places.

(f) During multiplication and division the result must contain same number of significant figures as are in the least precise term used in
calculation.

(9) Toround off the number, the digit to be retained is increased by one ifit is followed by a digit greater than 5 and it is retained as such if
itis followed by a digit smaller than 5. Ifit is followed by 5 only then it is retained as suchif itis an even digit and increased by one if it is

an odd digit

Laws of Chemical Combination

(a) Lawof conservation of mass: In all the physical and chemical changes the total mass of the reactants is equal to that of the products.

(b) Law of definite proportion: Since mass is conserved, a sample of a pure compound whatever its source may be, always consists
of the same elements combined inthe same proportion by mass.

(c) Law of multiple proportion: When two elements combine to form two or more compeunds then the masses of one of the elements
which combine with a fixed mass of the other, bear a simple ratio to one another,

(d) Law of reciprocal proportions : The ratio by massin which two elements c@;b e W|th the fixed mass of third element s either the

same or simple multiple of the ratio in which they combine with each ofl
(e) Gaylussac’s law of gaseous volumes : Gases combine or pri n a chemical reaction in the simple ratio by volume provided

all gases are at same temperature and pressure. ° §@

(f) Avogadro’s law : Equal volumes of all the gases contai number of molecules under similar conditions of temperature and
pressure. o\

Dalton’s Atomic Theory : %\,&Q
) Matter consists of indivisible particles oms.
Atoms of same element are ide;%i e, shape and mass but atoms of different elements are notidentical in these respects.

)

) Atoms of same or different el combine together to form compound atoms (now called molecules)

) Atoms of different eleme; ine in a fixed ratio to form compounds.

) Chemical reactions s@@e reorganization of atoms. These are neither created nor destroyed in a chemical reaction.

One Atomic Ma@n (amu) : Itis amass unit equal to exactly one twelfth the mass of a carbon -12 atom.
The new symbol used is ‘u’ (unified mass) in place of amu.

(a) Atomic mass: Itis the average relative mass of an atom as compared to that of carbon atom (C - 12) takenas 12y .

(b) Molecular mass: It is the average relative mass of a molecule of a substance as compared to that of carbonatom (C - 12) taken as

12u . ltis equal to the sum of atomic masses of all the elements present in the molecule.

(c) Equivalentweight : Equivalent weight of an element is defined as the number of parts by weight of the element which combine with or
displace from a compound 1.00 part by wt. of hydrogen, 8 parts by wt. of oxygen or 35.5 parts by wt. of chlorine. Broadly, a simple
formula can be used,

M(M ol. mass)

E=—7—7—+
n; (n factor)

Where N = Valencyin case of atom
Total positive or negative oxid. number of atom in molecule
Basicity or Acidity

Change in oxid. number in case of a redox reaction.

_wtingm

No. of gram equivalent ~ Eqwt

_ 6.4
(d) Dulong and Petit’s law : At. wt (approx.) = m

Mole
(@) Amoleisthe amount of a substance that contains as many entities (atoms, molecules, ions or other particles) as there are atoms in exactly

0.012 kg (or 12 gm) of the carbon-12 isotope. This number was found equalto 6.022x10%.
(b) This numberis also known as Avogadro’s constant.
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(c) The mass of 1 mol of any substance is defined as its molar mass.

(d) The molarvolume (V,,,) ofasubstanceis the volume of one mole of that substance (gas). This volume is same for all the gases at STP
(Temp. 0°C, Press 1Atm)i.e., equalto 22.4| .

w(in gm) (n)= volume in It.at NTP/STP

molar mass 224 L

(e) No.ofmoles of a substance, (n) =

Percentage Composition :

mass of that element in the compound
molar mass of the compound

Mass%of an element = x100

Empirical and Molecular Formula : Empirical formula represents the simplest whole number ratio of various atoms present in a compound
while molecular formula shows the exact number of different types of atoms present in a molecule of a compound.

Moal. F. molar mass

where n =
emp. formuamass
Determination of emp. formula involves following steps:

Emp. F. =

mass % of element

atomic mass
(b) Dlvide these rel. no. of atoms of various elements with the smallest one to get the simplest atomic ratio.
(c) Multiply these atomic ratios if needed, with suitable integer to get the simplest whole number ra {& which determines emp. formula.

(@) Relative no. ofatoms =

Molar mass = 2 xvapour density Q@

Stoichiometry: Stoichiometry represents the relationships of difterent properties o reactants and products present in a chemical
change. The chemical equation must be balanced from which we can know foII elations
(@) mol-mol relationship (b) mass-mass relationship "ts‘-' mass-volume relationship.
using these relationships we can also predict the limiting reagent whic &@'md as ; Itis the reactant which is entirely consumed during the
reaction leaving some of the other reactant unconsumed. \\®
Concentration of a Soution : @»&&Q

M ( massof solute @
a) Mass percent :
@ P mass of solut K

number § olesof acomponent present in a solution

(b) Mole fraction (x) :
®®\ total number of molesof the solution
Q

n n
X, = —2— Xg=—2LB— x,+x5=1
nA + nB nA + nB
(c) Molarity (M) : It is the number of moles of the solute dissolved per litre of the solution.
no. of molesof thesolute _ massof solutein gram
vol.of solutioninlitres  molar massx vol.of solutioninlitres

(d) Molality (m) :Itis the number of moles of the solute present per kg. of the solvent

Molarity (M) =

no.of molesof thesolute _ massof solutein gram
massof solventin kg molar masssx massof solvent in kg
(e) Normality (N) :Itis the number of gram equivalent of a solute dissolved per litre of the solution.

Molality (m) =

no. of gramequivalentsof solute _ massof solutein gram
vol.of solutioninlitres equivalent weight in gramx vol.of solutionin litres

Normality (N) =

(f) Parts per million (ppm) : Parts per million of a component is its mass in gram present in one million gram of the solution

massof Aingram
total massof solutionin gram

(9) Normality equation: N,V, =N,V,
(h) Molarity equation : n,M,V, =n,M,V, n, & n, are n-factors

ppm of A = x10°

Downloaded from http://onlineteacher sco.in, portal for CBSE, I CSE, Sate Boar dsand EntranceExams.
Prepared by Alpha Education, Sec-4, Gur gaon, Haryana. sales@onlineteachers.co.in




AIEEE
Chrua
| and other Entrance Exams www.onlineteachers.co.in

CHEMISTRY Notes & Key Point

STRUCTURE OF ATOM Chapter - 2

1. Discovery of Electrons :
When high voltage electric discharge is passed through a gas at very low pressure then rays travel from cathode to anode called cathode
rays. These rays travel in straight line. These contain negatively charged particles called electrons.

Charge & mass of electron: Thomson determined the charge (€) to mass (m,,) ratio of electron and found equal to
1.758820< 10" Ckg =176 X10"*Ckg . RA Millikan determined the charge present on electrons by oil drop experiment
whichwas - 1.6x10™°C. Electrons are basic constituent of all atoms.

—-19
Then mass of electron can be calcutatedas : m,, = —— = 16¥10 € _ 911« 10"%kg

e/m, 1.7588x10" C/kg

2. Discovery of Protons :
Goldstein (1886 performed discharge tube experiment using perforated cathode by taking a gas at low pressure and found some rays

travel in the direction opposite to cathode rays. These pass through the holes in the cathode and are called anode rays or canal rays. These
rays are produced by knocking out of electrons from the gaseous atoms. These rays have following properties.

(a) Theyalso travel in straight lines and contain positively charged particles.

(b) The charge to mass ratio is found different for different gases taken in a discharge tube.

(c) The mass of these particles is found different for different gases.

(d) The smallest and lightest positive ion was formed by hydrogen and was called pr@@h

3. Discovery of Neutrons : @§%
In 1932 Chadwick discoverd these particles by bombarding a thin %@Qﬁ)ewllrum by o - particles . These are neutral particles with
slightly greater mass than proton. Q@
mass of electron = 911x1073 kg mass of pg\c@@ 1673x107% kg massof neutron = 1675x1072" kg
4. Thomson Model :

According to this model, atom is a sphere wrth UR o :-\ ositive charge in which electrons are embedded symmetrically into it. Itis known as
plumpudding, raisin pudding or wate n modeI

5. Rutherford Model :
Rutherford performed a-

scatten‘ng expen'ment by bombarding these particles on athin gold foil and concluded that :

(iii) The volume of nucleus is very small as compared to total volume of atom. The radius of nucleus (10‘13cm) is about ofthat

100000
of atom (L0%cm).
Based upon these observations Rutherford gave a nuclear model of atomas :
(i) Anatom consists of tiny positively charged part called nucleus. The whole mass of an atom is presentin it.
(i) The electrons are outside the nucleus and revolve around nucleus at high speedin circular paths called orbits in the same manner
as planets revolve around sun. Hence electrons are also called planetary electrons.
(iii) Electrons and nucleus are held together by electrostatic force of attraction.
Atomic number (Z) = number of protons in the nucleus of an atom.
= number of electrons in a neutral atom

mass number (A) = number of protons + number of neutrons

Isotopes = same atomic number but different mass numberse.g., 1H, 2D, 3T
Isobars = same mass number but diffemt atomic numberse.g., 2 C, 14N
Isotones = different atomic numbers but same number of neutrons e.. *4 C, 50

6. Electromagnetic Theory of Waves :
Maxwell gave this theory whose main postulates are :
(a) The energy is emitted from any source continuously in the form of radiations (waves).
(b) Theradiations are associated with electric and magnetic fields oscillating perpendicular to each other and perpendicular to the direction
of propagation of the radiation
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12,

(c) These radiations possess wave character and travel with velocity of light (C) . Their frequency (V) and wavelength (A) are related
with velocity (C) as: €=V X\ . Wave number (V)=1/A
(d) These waves require no medium for their propagation.

Electromagnetic Spectrum :
When these electromagnetic radiations are arranged in the increasing order of wavelengths or decreasing order of frequencies a spectrum
is obtained called electromagnetic spectrum as given below:

- A
] - - FM | AM :
rays - visibl . Long radio waves
y-rays| X-rays| UV |visible | IR | Microwave Radio waves g
\ —V
400nm ——750nm
(violet) (Red)

Black Body Radiations :
When a perfectly black body is heated it emits radiations called black body radiations. These radiations first become red, then yellow and
finally become white and then blue on heating.

Photoelectric Effect :
When radiations with certain suitable frequency strike the metal surface the electrons are ejecteddg@ the surface of metal. Itis called
photoelectric effect and electrons emitted are called photo electrons. Main postulates of this efféchare :

(a) Electrons are ejected from metal surface by the radiations with a certain minim%@q%é)ncy (Vo) called threshold frequency. And

minimum energy (E, =hv,) required to eject the electrons is called ction (W) .
(b) The kinetic energy and velocity of the electron ejected depends upqn@ quency of the incident radiation and is independent of its
intensity. \\

(c) The number of photo electrons ejected is proportional to the R@Pé% y of incident radiation and not upon its frequency.

Limitations of Electromagnetic Theory of Waves W&&Qo
This theory was able to explain the phenomenon of | rierence, diffraction etc. but it could not explain the following ;
(@) The phenomenon of black body radiation&&@ (b) The photoelectric effect (c) Theline spectra of atoms.

Particle Nature of Electromagnetic ions :

Planck’s quantum theory : To %@?ﬁthe phenomenon of ‘Black body radiations’ and ‘ Photo electric effect’ Max Planck (1900 put

forward a theory called Pla uantum theory whose postulates are :
(i) The energyis radiatg@) absorbed by a body not continuously but discontinuously in the form of small energy packets.
(i) Each packetis called quantum. In case of light, the quantum is called ‘photon’.

(iii) The energy of a quantum is directly proportional to the frequency (V) of the radiation.

hc - B} _C _ o _
ECv E=hv E =7 . i _X[ where 'c' is velocity of lightand '\" is wavelength.

where ' is Planck’s constant. Its valueis 6626x1073* Js
According to Planck’s theory, energy is always emitted in integral multiple of hv, e.g., hv,, 2hv, 3hv, etc.

Explanation of Black Body Radiations and Photoelectric Effect :
(a) Black body radiations : On heating a black body its energy increases and photons of different energy or different wavelength are
emitted and thus it changes its colour.
(b) Photoelectric effect :
(i) Lightofaparticular frequency on striking the metal surface take out the electron if energy of photon of incident light is sufficient to
overcome the force of attraction of electron by the nucleus. Hence to eject out an electron from the metal surface incident light must
have a certain minimum frequency (V).

(ii) Ifthe frequency ofincidentlight (V) is more than threshold frequency (v ) then excessof energy (hv - hv ) is equal to the

1 1 1
kinetic energy of ejected electron. Emu2 =hv-hvy, or hv=hv, +E mu? o hv= W, +Emu2

(iii) One electronis ejected out by one photon. Hence more the number of photons present in the light more number of electrons will be
ejected out of metal surface. So number of electrons ejected out depend upon the intensity of light and not ts frequency.
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15.

16.

17.

Dual Behaviour of Electromagnetic Radiations.
Photoelectric effect and black body radiations show particle nature of light. Diffraction and interference explains wave nature of light.
It shows that light possesses both particle as well as wave like properties, i.e., light has dual behaviour.

Types of Spectra
(a) Continuous spectrum: A continuous band of light of different frequencies is called continuous spectrum, e.g., visible spectrum. A similar

spectrum is produced when a rainbow forms in the sky.

(b) Emission spectrum: The spectrum of radiations emitted by a substance that has absorbed energy by heating it or by irradiating it. It
involves bright lines separated by dark bands. It is also called atomic spectrum. It is characteristic of an element. Each elementhas a
characteristic pattern of lines. Such spectrumis also called line spectrum because the emitted radiations are identified by the appearance
of bright lines in the spectrum.

(c) Absorption spectrum: Itis like photographic negative of emission spectra. A continuum of radiation is passed through a sample which
absorbs radiation of certain wavelengths. The missing wavelengths which correspond to the radiation absorbed by the matter leave dark
spaces in bright continuous spectrum. Itis called absorption spectrum.

Hydrogen Spectrum: If a discharge is passed through hydrogen gas at a low pressure, some hydrogen atoms are formed, which emit light
in the visible region. This can be studied by using Spectroscope or Spectrometer, and is found to comprise of series of lines of different
wavelengths. It forms following five series of line spectrum of hydrogen :-

Lyman series in U.V. region, Balmer series in visible region, Paschen series, Brackett series and Pfund series in I.R. region.

1
Balmer formula and Rydberg formula: Balmer gave a formula to determine the wavep@imber [B7 = X [Hof the lines of Balmer series

&
_ 01 10 7 {$2°
as. v =R -—nrR=1097x10"'m™. &
22 2P &

Rydberg formula (given below) can determine the wave numbeg e’ all the five series of H-spectrum.
D1 10 N
V=RuE5 -0 WO

[nl n2 [ o°

@,Q

Init R, = 1097x10"m™ andfordiffe@&nes valuesof n, and n, areas:
Lymanseries n, =1 n, = g%%ckett series N, =4,n,=25
Balmerseries  n, =2 r‘@@% Pfundseries n,=5n,=6

Paschen series n@@l ,24

Drawbacks of erford’s Model of Atom

(i) According to Maxwell’'s electromagnetic theory, charged particles when accelerated must emit electromagnetic radiations. Therefore, an
electron in an orbit will emit radiations, the energy carried by radiations comes from electronic motion. Its path will become closer to
nucleus and ultimately, should spiral into nucleus within 1078 s But actually this does not happen.
Thus, Rutherford’'s model cannot explain the stability of atom if the motion of electron is described on the basis of classical mechanics and
electromagnetic theory.

(i) Second drawback of Rutherford’s model is that it does not give any idea about distribution of electrons around the nucleus and about their
energies.

(iii) It fails to explain the line spectrum of hydrogen.

Postulates of Bohr’s Theory:

(a) The electrons revolve around the nucleus in a circular path of fixed radius and energy. These paths are called orbits, stationary states
or allowed energy levels.

(b) Solongas an electron revolves in an orbit it neither loses nor gains energy continuously. This state of atom is called ground state

(c) The permitted orbits for revolution of an electron are those only in which the angular momentum of the electron is an integral multiple of

, nh
h/2n.ie, mvr= E
(d) Electron may jump from its normal energy level to some higher energy level by absorbing definite amount of energy. This state of atom

is called excited state. Due to short life in excited state the electron immediately jumps back to the ground state and emits energy in the
form of light of suitable frequency or wavelength

AE = hv = E,- E;, E, and E, areenergies of electron in excited and ground states respectively.
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18. Achievements of Bohr’s Theory
(i) It could successfully explain the stability of atom.
(ii) Itcould explain spectrum of hydrogen and unit-electron species.
(iii) It could help to calculate energy and velocity of electrons in various energy levels.
(iv) It helped to calculate radius of various energy levels in hydrogen and hydrogen like species.

For H-atom and other single electron systems

For H-atom z =1 For He" ion z=2 For Li®" ion z=3
— 2.4 _ 2 18 2
E = 2T[22m22 et _ 131222 Wmolts ~218x107°7°
nh n n2
c -t 0052;* oot v o 2T€Z_ 2188x10°xz
= = elocity, = =
" 4nPméz z Veoe: Vi nh n

19. Zeeman and stark effects
(a) Zeeman Effect: The splitting of spectral lines in strong magnetic field is called Zeeman effect. It is associated with magnetic quantum
number.
a) Stark effect: The splitting of spectral lines in electric field is called Stark effect.

(
20. Drawbacks of Bohr’s Theory:

(i) According to Bohr's theory atom is circular planar but actually it is three dimensional in nature.
(ii) It could not explain spectrum of multi-electron atoms.
(iii) It could not explain Zeeman and Stark effect. \Q
(iv) it could not explain shape of molecules. @
(v) ltwas notin accordance with Heisenberg’s uncertainty principle. &%
&@
21. Quantum mechanical model: Itis a mathematical theory that developed fr juantum theory and is used to explain the behaviour of
atoms, molecules, and elementary particles. Itis developed on the ba3| feisenberg’s uncertainty principle and dual behaviour of matter.
(a) Dual behaviour of matter: Light radiations are asociated with du@{behaviour, matter should also be associated with dual behaviour.

It means matter is associated with both wave as well as parilN he wave nature of beam of electron has been confirmed by Davisson

and Germer experiment. The diffraction pattem obta @@en beam of electron is made to fall on nickel crystal is similar to that of X -
rays which is associated with wave like behaviol @P icle nature of electron is proved with the help of photoelectric effect, i.e., each
photoelectron causes one scmtlllahon ﬂa n

Sscreen showmg part|cle nature of electron.

of the particle. A = @ =—, where p ismomentum of particle = mv
mv p

A" iswavelength, 'm' is mass, and 'Vv' is velocity of particle or of a moving object.

'h" is Planck’s constant. This relationship has been verified by an experiment.
(c) Heisenberg’s uncertainty principle: Itis not possible to determine the exact position and velocity simultaneously for a sub-atomic

particle like electron at any given instant to an arbitrary degree of precision. Consequently, it is not possible to talk of path of the electron

inwhichit moves. If 'AX" is uncertainty in positionand 'Av" is uncertainty in velocity, then | AX.Av =

where "h' is Planck’s constant 'm' ismassand 1t= 3.’I.420r2—2

22. Main Features of Quantum Mechanical Model of Atom :
(a) Quantum mechanics deals with the study of motions of the microscopic objects that have both wave like and particle like properties.

(b) The fundamental equation of quantum mechanics was developed by Schrodinger, which can be written in following forms :
0°Ww  9°W 9°Y  8r’'m
2 2ttt (
0x oy 0z h
where . isthe amplitude of the wave, coordinates of electron are (X, Y,Zz), E s total energy of electron, V isits potential energy,

m isthe mass of electron, h is Planck’s constant.
Inshort, eq. (i) canbewrittenas: HY4 = E4 ... (ii)
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Here H is Hamiltonian operator, equalto — o B2 +V and et St~

This equation incorporates wave-particle duality and it is quite complex and higher mathematics is needed to solve it. Solution of this

equation gives E and | , whichinvolves three numbers n,/,m,, called quantum numbers

23. Quantum Numbers : Three quantum numbers are derived from Schrodinger's wave equation and the fourth one is derived from the spectrum
of sodium vapour.

a) Principal quantum number (n) : It specifies the location and energy of an electron. Values of n are 1,2,3 etc. represent different
shells K, L, M etc. respectively.
« Main energy level whose angular momentumis nh/2m.
« Max. no. of electronsin nth shell = 2n* and maximum number of orbitals in nth shell = n*
b) Azimuthal or angular quantum number (1) :
o Foraparticular value of n,| canhave values from Oto n- 1.Each value of ¢ represents a subshell.
« This gives shape of a subshell oran orbital
» The orbital angular momentum of an electronis (h/21) /I(I +1)
¢) Magnetic guantum number (m, ):
« This gives the orientation of a particular subshell °
e Thereare 2| - 1 possible valuesof m, from - | to - | including zero . Eac@@%e of m, represents an orbital.
 p-orbital, has 3 possible values i.e. -1, 0, + 1 represented by R, , %@&

d) Spin quantum number (M) :

« This arises due to the spin of electron about its own axige, &lwo possible values i.e. +(1/2) or- (1/2).
« The value of spin angular momentum is given by Jss+1)

24. Radial Wave Function and Radial Probabili Yo
The wave function (x Y,z ) is represent & (r,e,cl)) in polar coordinates where
X = rsin@cosp, y = rsmesm cos9 . The total wave function U (1,6,$)= R, (1)8, 1, (8) ., ()

» The plots of radial wave fu &(@@ radial probability density R? and radial probability function 4rtr?R? for 15, 23 and 2p
orbitals asa function X@ tance r from the nucleus are shown below ;

R\ 5 R /Node i \
r
T R\/L ( g
e
4r’R? Is 4nr’R’ Nﬂf(,: 4mr’ R i E
7

25. Shapes of Orbital : Orbitals are purely mathematical concept andin fact doesn't existin an atom. Itis a three dimensional space where
probability of finding an electron is maximum.

Type of orbital | Azimuthal Quan. no. Shape
s 0 Spherica
p 1 Dumb-—bell
d 2 Doubledumb—bell
f 3

Downloaded from http://onlineteacher sco.in, portal for CBSE, I CSE, Sate Boar dsand EntranceExams.
Prepared by Alpha Education, Sec-4, Gur gaon, Har yana. sales@onlineteachers.co.in




Clirua

[EDUCATION|

26. Nodes and Nodal Plane : The region where probability of finding an electron is zero is known as node or nodal surface and the plane
containing node is called nodal plane.

1eteachers.co.in

Nodes (n—1)
|
v v

Radial Angular nodes = (/)
Nodes = n—£-1

27. Pauli’s Exclusion Principle: “NO two electrons in an atom can have the same set of four quantum numbers”. It can also be stated as:
An orbital can have maximum two electrons and they must be of opposite spin quantum numbers.

28. Energy of orbitals :
(a) ForH-atom: Itdepends upon value of nonly, e. g.
< X=2p<F=FPp=A<db=4p=4d=4f .
(b) For multielectron systems : |t depends upon value of bothnand|, e. g.
< X< 2P<I<P<b<A<Ip<B<dd<Hp< B<4f <Ed<bp< 7.

29. Filling of Electrons in Orbitals of an Atom :
(a) Aufabu’s principle :
o Electrons are filled up in orbitals in order of increasing energies i. € in the order :
B<B<2P<FB<P<bB<A<4p<S<4d<Hp<<4af <b&d<op< 7s<5f <6d<7p

e (n- /) rule: The orbitals are filled up with electrons in the increasing order of (n - é@@lues i. e., the orbitals with lower

value of (n- ¢) isfilled up first. If two or more orbitals have same value of (n -&@ 0@@Sne with lower value of N is filled up first.
(b) Pauli’s exclusion principle : An orbital can have maximum two electrons %@%%opposite spin

Q
(c) Hund’s rule of maximum multiplicity : The pairing of electrons{xgital of same subshell (p,d orf ) will not take place
unless the available orbitals of a given subshell contain one eli:@@s ach with same spin.

(d) Extra stability of completely filled and half filled orbi °I§: Iling up of some orbitals do not follow the Aufbau principle. itis due
to extra stability of half filled and completely filled or&'@’& eir stability is due to (i) symmetry of half filled and full filled orbitals (ii) more

exchange energy in these cases, €. g.in %{@ Cu.
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CHEMICAL FAMILIES - PERIODIC PROPERTIES

Chapter-3

1.

History of Classification of Elements :
(a) Doebereiner law of triads : He arranged the elements in group of three, such that atomic weight of middle element is average of first

and third element. These elements resembled in their properties.

Element Atomic weight Element Atomic weght Element Atomic weight
Li 7 Ca 40 Cl 355
Na 23 Sr 88 Br 80

K 39 Ba 137 I 127

Limitation. He could not classify all the elements discovered at that time into triads.
(b) Newlands law of octaves. He arranged the elements in increasing order of their atomic weights and found that any given element
has similar properties to the eighth element that followed it. The relationship was same as that existing between musical note and its

octave.

Li Be B C @) F
Na | Mg | Al Si P S o]
K Ca

(c) Lother Meyer reported similarity in the properties like atomic volume, m. p and b.p after r(e%ar intervals in the graph against atomic mass.

Mendeleev’s Periodic Law : Properties of elements are periodic function of their aton@@‘fasses

Mendeleev’s Periodic Table : Nine groups (I to VIII & Zero). I to Vil are dM@g@ & B subgroups. VIII™ group contains three columns.

Modern Periodic Law : The physical and chemical properties of the é@ts are periodic functions of their atomic numbers.

Long Form of Periodic Table :

The periodic table based upoin atomic number s called I of periodic table. In it the horizontal rows are called periods (equal to the

principal quantum number of outermost electron). EI@ aving similar outer electronic configurationsin their atoms are grouped in

vertical column known as groups orfam|I|es T 18 groups and seven periods in this periodic table. First period contains two

elements and is the shortest period. The rd periods are short periods (8 elements). The 4th and 5th periods are long periods (18

elements). 6th period is the Iongest nts), 7th period is incomplete

s-Block Elements :

o Thesearetheelem WhICh last electron enters the s - orbital of the outermost shell.

o Theseare e@@& of group-1 (alkali metals) and group- 2 (alkaline earth metal).

«  Outermost eldétronic configuration is ns and ns’ respectively.

« Theyare very reactive, have low ionization enthalpy, greater metallic character, and hence are electro positive metals and form mostly
ionic compounds (except Li, Be).

« Theyare good reducing agents.

« Theirmetallic character and reactivity increases down the group.

p-Block Elements :
* These are the elements in which last electron enters p -

* Thesebelong togroups 13to 18.
*  Outermost electronic configuration is ns?np*®
«  Eachperiod ends with a noble gas.

* Most of these are non metals and the non-metallic character increases along a period and decreases down the group. Some of the
elements in this block are metalloids and metals.

»  Group 17 elements are known as halogens.
Group 16 elements are known as chalcogens , meaning ore forming.

orbital of the outermost shell.

d-Block Elements (Transition Elements):

» Thesearethe elements in which last electron enters the d- orbital of penultimate shell (2nd last shell)
o These are elements of group 3to 12.

» Have innerd-orbital partly filled either in atomic state orin any of its oxidation state.

*  Outer mostelectronic configurationis (n — 1)d**° ns'™2

*  Mostly form coloured ions and exhibit variable valency.

»  HoweverZn, Cd and Hg do not show most of the properties of transitions elements.

« Allare metals, less reactive than s-block elements but more reactive than group 13, 14 metals.
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9.

10.

1.

12,

13.

14.

15.

16.

f-Block Elements :
»  These are the elementsin which last electron enters the § - orbital of ante penultimate shell.

«  These are two rows of elements at the bottom of Periodic Table called the Lanthanoids .;Ce— ,,Lu andActinoids o, Th —,o.Lr

*  Outermost electronic configurationis (N —2)f ***(n - 1)d**ns?.

e Theyare called inner transition elements as these are transition elements within transition series.
e Allare metals, show variable oxidation state.
» Allactinoid elements are radio active. Only one lanthanoid (promethium, pyr )is radioactive.

Atomic Radii : This is the distance from the centre of the nucleus to the outer most shell of atom. There are various types of radii.
(@) Covalent radii : This is equal to the half of the internuclear distance between two identical atoms bonded through a covalent bond.

Inter nuclear distance A - B between two dissimilar atoms of AB molecule will be

|A_B:rA+rB—0.09 (XA_XB)|

Where r, & rg arethe covalentradii ofatomsAandBand x,, & X are their electronegativity.

(b) wvan-derWalls radii : This is equal to half of the distance between the centre of nuclei of two non bonded atoms of two adjacent
molecules in solid state. Generally covalent radius is smaller than this.

(c) Metallic radii : This is one half of distance between the adjacent atoms of a metal inits solid lattice. Itis higher than single covalent
radii, smaller than van-der Walls radii.

lonic Radii : Itisthe distance from the nucleus of an ion up to the point ithas its influence in the @)&mpound. The size of cation is smaller
whereas size of anion is greater. Itincreases with increase in coordination number. More@v&ent character less ionic radii of cation.

Variation of Atomic and lonic Radii : Atomic radii of the element decrease when w \<\. left to right across a period whereas it increases
down the group, lonic radii also increase in a group from top to bottom. @:\K,@

N
Isoelectronic lons : lons with same number of electrons but diﬁe@%ic numbers. Size decreases with increase in atomic number.
N¥ >0% >F >Na' >Mg? > Al¥g-
Forexample g &»&Q

Valence : Valence of anelementisn 8-nwherenis e@&he number of valence electrons. On moving from left to rightin each short period
(2nd and 3rd), the valence with respect to o&%&%mases from 1to 7 (Na,O to Cl,0,) while thatwith respect to hydrogen rises

fom 1 to 4 (NaH to SiH4<Qr>x%>fallsto 1(PH, to HCI).
lonization Enthalpy : @@Q

* Thisis the energy reqtired to remove outer most electron from an isolated gaseous atom.
* |.E decreases withincrease in size of atom orion.

* Higher the nuclear charge, higheris the I.E.

* More the screening effect, less is the I.E.

* |.E decreases down the group and increases along the period.

* |.Eishigherin half filled and full filled electronic configurations. Forexample: I.E of N (halffilled)is more-than O (Partially filled).
lonization enthalpy also depends upon the type of orbital from which electron is removed. More penetrated s- electrons cannot be

removed easily (penetration effect). Hence |.E of Be (25%) is more than B(2p').

Electron Gain Enthalpy A H:

* ltisthe amount of energy released when an extra electron is added to an isolated gaseous atom.

*  First Ege is exothermic whereas the second Ege is endothermic.

*  Smaller the size of atom and more the nuclear charge, more negative is the value of Ege.

*  Atoms having stable electronic configuration have positive Ege.

*  Ege becomes more negative along a period and becomes less negative down the group. Halogens have maximum negative value of

Egein their respective periods. Chlorine has the highest negative Ege value. F and O have less negative value of Ege than Cl
and S respectively due to more compact sizes of 2p orbitalsof F and O than 3p orbitals of Cl and S and hence more
interelectronic repulsionin 2p orbitals of F and O -atoms.
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17. Electronegativity :

18.

19.

20.

21,

22,

Itis the tendency to attract a shared pair of electron in a covalent bond.
Smaller the size of atom, higher is the value of E.N.

EN increases along a period and decreases down the group.

Fis most electronegative element.

Electronegativity difference causes polarity ina bond.

IE+EA 1

*  Mullikan scale- | EN = or EN = E(AI H-Ag H)

* Pauling scale - Based on bond energies AEN=Xg =X, = kA

where | A'(ionic resonance energy) = D,_g —4/Da_a-Da_s | D - Bonddissociation energy.
* k=0208 (whereB.Ein kcal/mol)

=0.108 (where B.E in kJ/mol) or Xg =X, == 0102/A (in kJ mol'lj

1
A=D,_g _E(DA—A + DB—B)

»  Electronegativity helps in predicting % lonic character

If x, —Xg =0, bond is purely covalent
=17, bond is 50 % ionic and 50 % covalent @c\Q
<17, bond is polar covalent
>1.7, bond is more ionic and less covalent %QK

Nature of Oxides : The acidic nature of oxides increases in a period fro&@ﬁo right but basic nature increases in a group from top to bottom.
e.g. acidic nature in a period : Na,O < MgO <Al ,0, <§®5 <P,0,,<S0O, <Cl,0,

Basic nature ina group : Li,O <Na,0<K,O <Hh ©OXCs,0.

Anomalous Behaviour of Second Period Elem The first element of groups 1,2 and 13 to 17 differin many properties from the

other elements of their respective groups. Itis L}@ofollowmg reasons ;
(@) Smaller size (b) large charge / radle c) high electronegativity (d) absence of d-orbitals, in these elements.

Diagonal Relationship : The el of 2nd period have many properties similar to the elements of third period of next group, itis called

diagonal relationship. Fol le Li and Mg,Beand Al, B and Si, etc. have diagonal relationship. itis due to their (a) almost
similar sizes (b) n§ | electronegativities.
Reducing / Oxidising nature : Reducing nature of elements decreases and oxidising nature increases from left to right in a period.

Butin a group reducing nature increases from top to bottom in general.

Nomenclature of Elements with Atomic Number Above 103.

Atomic number Name Symbol IUPAC Official name IUPAC Symbol
104 Unnilquadium Unq Rutherfordium Rf
105 Unnilpentium Unp Dubnium Db
106 Unilhexium Unh Seaborgium Sg
107 Unilseptium Uns Bohrium Bh
108 Unniloctium Uno Hassnium Hs
109 Unnilennium Une Meitnerium Mt
110 Ununnillium Uun Dar mstadtium Ds
111 Unununnium Uuu Ront genium Rg
112 Ununbium Uub
113 Ununtrium Uut
114 Ununquadium uuq
115 Ununpentium Uup
116 Ununhexium Uuh
117 Ununseptium Uus
118 Ununoctium Uuo
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EDUCATION CHEMISTRY Notes & Key Point

CHEMICAL BONDING AND MOLECULAR STRUCTURE Chapter- 4

1.

Chemical Bond : It is the force which holds the atoms together in a molecule. The causes of formation of bond are (i) Tendency of atoms to
complete their octets or duplets by rearrangement of their valence electrons (octet theory). (i) The system acquires minimum energy when
atoms are at some equilibrium distance where attractive forces dominate over repulsive forces.

Types :
Chemical Bond
! J | ! |
lonicBond CovalentBond MetalicBond Co —ordinate Bond
lonic Bond : Itis the electrostatic force of attraction between oppositely charged ions which are formed by complete transference of

electrons from one atom to another to get complete octet or duplet.
a) Favourable conditions to form ionic bond :
« Formed between electro positive element (group 1, 2, 13) and electro negative element group (15, 16, 17)

e« AENZ22 * Lower .E of one atom and more negative Ege of second atom « Higher lattice energy.

* Larger cations, smaller anions.

b) Properties :
Crystalline, stronger force of attraction, thermally stable, low volatility, high density, high m.p and b.p, highly slouble in polar solvent, good
conductor of electricity in molten or solution state, nondirectional bond . . ®

Covalent Bond : Qe
Covalent bond is formed by sharing of electrons by two atoms to complete their octet or@@‘l. (octet theory)
a) Favourable conditions to form covalent bond :
« Formed between two electronegative elements (group 14, 15, 16, 1@'@:@

e« AEN<19 -« Smallcation, larger anions (Fajan’s rule@\ « High charges on cation and anion (Fajan’s rule)
b) Properties of covalent compounds
«  Compounds containing covalent bonds under norm%@imon of P,T, exists asagas or liquid of low b. p. due to weak vander Waal's
force.
« Relativelylowm.pand b. p., generallg@@-conductor, soluble in nonpolar solvent.

o Asthebondis rigid and directiol pounds with covalent bond show isomerism.
« Covalency ofan atomis @é&e number of covalent bonds formed by the atom.

c) Lewis structure of simp cules orions To write Lewis structure of molecules and ions, following steps are used :
(i) Calculate the total @%er of valence electrons (V') after subtracting for the cation or adding for the anion.
(ii) Calculate the number of electrons (N) for complete octets of all the atoms.
(iii) Calculate the number of electrons (S) present as shared pairs by subtracting \/ from N, i.e, S=N- V
(iv) Draw the skeletal structure representing the shared pairs.
(v) Complete the structure by showing the unshared electrons (U =V - §)

d) Formal charge The charge present at each atom of a covalent compound (neutral, or ion) s called its formal charge, whichis

Formal charge at an atom = El'otalnumberof |tsD O Totalnumberofnon [0 1 OTotalnumberof O

[valence electrons %ondlng electrons aroundit FE %onding eIectronsE

e) Drawbacks of octet theory
o Octet theory cannot explain

(i) Nature of force between atoms in the molecules like H,,Cl , etc.

(ii) Formation of BCl; BeCl, AICI, etc. (electron deficient compounds)
(iif) Formation of PClg, SF;, IF, etc.

(iv) Formation of odd electron moleculeslike NO, NO, etc.

(v) Shapes of molecules
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5.

6.
T.

8.

9.

Bond Length: Itis the average distance betwen the nuclei of two bonded atoms. It depends upon
« Size ofthe atom: Bond Length increases with increase in the size of atom (HI > HBr > HCI > HF)

« Multiplicity of bond : Bond length decreases with the multiplicity of bond (C- C>C=C>C=C)
« Type of hybridisation : More s-character, shorteris the bond length, greater is the acidity with comparable compound.

Bond Energy: It is the energy required to break one mole of bonds of particular type of a substance in gaseous state.

Bond Angle : It is the intemal angle betwen the orbitals containing electron pairs in the valence shell of central atom ina molecule
« More lone pairs on central atom, smalleris the bond angle due to Ip - bp repulsion.

« More electronegative central atom, more is the bond angle.

« More electronegative surrounding atom, less is the bond angle.

Resonance : In some molecules all the properties cannot be explained by single structure and the molecule is supposed to have many
structures, but none of these can explain all the properties of the molecule. These different possible structures are called resonating structures
and the actual structure is inbetween of all these structures, called resonance hybrid. This phenomenon is called resonance. Main features
of resonance are :

(a) Different structures have same positions of atoms, almost equal energies, same number of shared and unshared electrons.

(b) The difference in the energy of the most stable resonating structure and resonance hybrid is called resonance energy.
(c) Resonating structures are imaginary.

(d) Greater the resonance energy, greater will be the stability of the molecule.

(e) More the number of canonical forms of nearly same energy, greater is the stability of r@ecule

Valence Bond Theory (VBT)

Proposed by Heitler and London and extended by Paulingand Slater. WQ% are

« Overlapping of atomic orbitals of valence shell of two atoms leads to n of a covalent bond.
. Half filled orbital and opposite spin electrons are used.

. - bond is formed by head on overlapping, T1- bon \@ed by lateral overlapping. ¢ - bond isformedby s- s,s- p or
p- P overappingbutin T1- bond formationno < \&@tal can take part.

« Greater the overlapping, stronger is the bol

o C - bondis strongerthan 11 - bond % bond is directional while 71 - bond is non-directional.

« Thedirection of bond is same as th on of overlapping of orbitals.

o Thestrength of C - bondf I@Aheorders- S>s- p>p-p.

« Paired electrons are shjf igher energy levels while forming a bond.

o VBT cannot expla@%nagnetic behaviourof O, .

10. Shapes of MoIec&@: Shapes of molecules can be determined by following two concepts :

a) Valence shell electron pair repulsion (VSEPR) theory : Main postulates of this theory are

(i) The electron pair surrounding the central atom repel one another to the extent that there are no further repulsions between them.
Thus the molecule will have minimum energy and maximum stability.

(i) Ifacentral atomis bonded to similar atoms and contains no lone pair of electrons, the shape of molecule is symmetrical or regular.
e.g. CH,,BF,; etc.

(iii) If central atom is bonded with different atoms or is surrounded by lone pairs of electrons also along with bond pairs, then the shape
of molecule is unsymmetrical or it has irregular geometry.

(iv) The order of repulsion between electron pairs is as.
Lonepair-lonepair>lonepair-bondpair>bond pair - bond pair.

The regular geometryis: Bond pairs 2 3 4 5 6 7
Geometry Linear Triangular Tetra  Trigonal Octahedral ~ Pentagonal
planar hedral bipyramidal bipyramidal

b) Hybridization :”It is the phenomenon of intermixing of a number of oribitals of an atom with slightly different energies and then
redistribution of their energies to form new orbitals of identical shape and equal energy.”
« No. of hybrid orbitals = no. of atomic orbitals intermixed
« Hybrid orbitals form ¢ -bond on overlapping.
« Itdoes not take place inisolated atom. It occurs only during bond formation
« Hybrid orbitals tend to remain far apart, therefore, replusion orderis Ip- Ip> Ip- bp>bp- bp.
Total number of hybrid orbitals of central atom
= Numberofits @ - bond pairs + Number of lone pair of electrons around central atom

« Differenttypes of hybridization are sp, sp?, sp® sp°d, sp’d?, spd?
o Hybrid orbitals are directional in nature
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12,

13.

14.

Dipole Moment (p)

Itis equal to the product of magnitude of the charge and the distance between the centres of - V€ and - Ve charges of a dipole. i .e
p=exd

« Common in covalent compound when formed between two dissimilar atoms.

« Used to predict the extent of polarity in a molecule.

« Avector quantity so follows vector addition or subtraction rule in predicting net dipole moment of a molecule.

= U2 + 2 + 24,41, c0sB

Increases with increase in AE.N .i.e H| < HBr < HCl < HF % lonic character = u *x100
Theoritica

« Canpredict the shape of molecule, H,O — bent, BeF, — linear.

« Candistinguish between cis and trans isomers.
« Candistinguish between o-, m-, p- isomers.

Molecular Orbital Theory (MOT)

The theory was developed by Hund & Mulliken. Basic postulates are

« The atomic orbitals of comparable energies and proper symmetry of two atoms are mixed up to form molecular orbitals.

« The MOQis the electron cloud surrounding more than one nucleus.

« Total number of MO =Total number of A.O

o TwoA.O. combine to form two M.Os. One is anti bonding M.O and the other is bonding M.O. The energy of bonding MO is less than
antibonding MO.

« Thefilling up of electrons in M.Os must follow Aufbau’s principle, Pauli exclusion principle an%@;nd’s rule.

N, - N 1C
. Bondorder =—2—2 « Bondorder o Bond energy a o
2 o &@% length
N, — Numberofelectronsinbonding M. Q. @‘}@:@
N, — Numberofelectronsin antibonding M. Q. \QQ\\Q

« Bonding M.O=c,n,& Antibonding M.O=0" @@\
« Theenergy order of molecular orbitals : XX

pz

i) Upto N, molecule: 0y <0< 02@4\@ < Tl =Thpy <Oy <T,_ =T <O,

ii) For 021 F etc : O-ls < G @ < 025 < Gsz < T[pr T[Zpy < T[pr T[Zpy < Gsz

Co-ordinate Bond : ®®®®

« One of the group or atormust have lone pair of electron whereas the other must have the incomplete octet or duplet. Represented by“ — *
o Also known as dative bond. Shownby H,0",NH,,0, SO,,S0O;,H,S0O,.

Other Bonds:
a) H-bonding: Itis weak electrostatic force of attraction between an electronegative atom and already covalently bonded H- atom with
some other electronegative atom. Itis formed by the compounds in which H is attached to N, O, F.
« It'sstrengthis about 1/10th of covalent bond
« The atom with small size and high electronegativity form strong H-bonding.
« Oftwotypes (i) Intermolecular (between two molecules of same or different compounds) e.gin HF, H,O, NH etc.
(if) Intramolecular (within a molecule) e. gin 0 - Nitrophenol, salicylaldehyde etc.
o Usedto predict high b.p & density of water, solubility of alcohols and carboxylic acids in water, acidic character of o, p- nitro phenols etc.
b) Dipole-dipole interactions :
« These exist between molecules having permanent dipolese.g. H- C1, |- FétC.
C) lon - dipole interactions:

« Betweenanionand a polar molecule e-g hydration of ions like Na*, Mg?* etc
« Smaller the ion, more the dipole moment, stronger will be these interactions
d) lon-induced dipole interactions : Between an ion and a dipole induced by the ion in a nonpolar molecule
e) Dipole-induced dipole interactions : Between a dipole and an induced dipole in a non polar molecule.
f) Dispersion forces : Between two nonpolar substances. The forces are between an instantaneous dipole and an induced dipole
egin O,, N,, He, Ne, Ar efc.
Note : Dipole-dipole, dipole-induced dipole and dispersion forces are called van der waal’s forces.
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STATES OF MATTER Chapter-5
A GASEOUS STATE
1. Independant Variables of Gas
To describe the state of any gas, we need four independant variables i.e. amount (no. of moles), volume, pressure and temperature.
massingram
(@) No.ofMoles, n= |—g w
molarmass M
(b) Volume, 1L =10m?®=1dm?®=10%cm®  S.untis m°.
(c) Pressure 1atm=76cmofHg=760mmofHg =1.01325bar=1.01325 x 10° Pa
1P, =INm? =1kgm™s? 1bar= 100kP, =10° p, =0.987atm
S.l unit of pressure is pascal ( P, ). Pressure of a gas is measured by manometer and atmospheric pressure is measured by barometer.
Temperature T°K =t°c- 273.15
1 K
2. Boyle’s Law : The pressure of a fixed amount of gas is inversely proportional toits volume at constant temperature. Pa— or P = V
0| PVv=K or | PV,=RV, =K | (whenn, Tconstant&j@)o\Q
(@
|T: log P|
1/ V—) V— PV — logV —
Imp. @ @ If n=n,+n,,then | BV, + PV, =PV,
@@

3. Charle’sLaw: A@%tant pressure, the volume of a given mass of a gas increases or decreases by of its volume at 0°C for
every one degree rise or fall in temperature. OR When P is constant, the volume of a given mass of a gas is directly proportional to the
absolute temperature.

&
S
VaT (nPconstant, T in K) TS
Y% vV, _V | s
V =KT or — isconstant. O|2Lt==2 ot W W S w—
T LT R R 9% 38 B
T —
4, Gay-Lussac’s Law : At constant volume, pressure of a given mass

of a gasis directly proportional to the temperature in kelvin.

o

2 | (n, V) constant

PLC Tatconstantvolume or P=KT or $= constant or =T—
2

|0

Avogadro’s Hypothesis : Under similar conditions of pressure and temperature, equal volumes of all gases contain equal number of moles
or molecules. V a n (P,Tconstant).

*  One mole of any gas contains 6.023x10% molecules which is known as Avogadro’s no.

e AtNTPor STP(0°C and 1 atm), one mole of gas has the volume of 22.4 L. Now adays STP has 273.15K temp.and 1 bar
pressure. Under these conditions molar volume of an ideal gas is taken equal to 22.7L mo¢ -
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6. Equation of State : Combining Boyle’s, Charle’s and Avogadro’s law

Va% atconstant T (Boyle’s law)

VaT atconstant P (Charle’s law)
Van atconstant P& T (Avogadro’s law)

Hence Va n—PT or V = % or Where Ris universal gas constant.
or Ll =nR (Constant)
T
or PV) — PV,
Tl T2
p=NRrr=WRT _wWRT__RT

R =0.0821Latm/K/mol = 8.314J/K/mol =2 cal/Kimol =0.083Lbar K ‘mol >

7. Dalton’s Law of Partial Pressure : At constant temperature, total pressure of a mixture ofgasex@pn reacting) is equal to the sum of the
partial pressures of the constituent gases.

P=R+P,+P+...... %QK%
e
Partial Pressure= mole of .that gas 2 =mol fraction of gas x total pressure
total molesin mixture
8. Graham’s Law of Diffusion or Effusion : &&Q
o Atconstant T and P, the rate of diffusion or effus; %lﬁerent gases are inversely proportional to the square roots of their densities.

©
ho [d Q:J&@@@Mzﬂ P i [ Sy LY
. \d R VMaS” v/t M, Ly, M, L M,

N\
s e R
+ Whenno. of moles of tffusing gases are different. | == " g " .
2 1

P n, \ M,

. LB M
*  When pressure is different r, P, M,

* Molecular wt. of a mixture of gas :E M; n; ,where M, ismol.mass of jth gasand n; isits mol fraction.

9. Kinetic Theory of Gases : Important assumptions
) Gas consists of large no. of minute discrete particles having negligible volume in comparison to the volume of the container.
No intermolecularforce of attraction exists.
Particles move randomly and collide with each other and with the walls of the container
The pressure of gas is due to the collisions of the gas molecules on the walls of the container.
Collisions of gas molecules are perfectly elastic
The average kinetic energy of the gas molecules is directly proportional to the absolute temperature

b

\_/\_/\—/\_/

(a
(
(c
(d
(e
()

— 2
PV —émnu m — massofonemolecule, n - no.of molecules, u — rmsspeed

3RT gz |2RT . \/BRT
M M T
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u=,— = |— v=_|—
D D D
3
g |U:V:G =1:0.92: 082| :EkT [k_ Boltzmann constant, k—N—]
A

locviu=1:1128 : 1.224| |KE=3/2 RT or KEQT |

10. Real Gases : All theideal gases obey the gas laws and the relation PV = nRT atall pressures and temperatures. But real gases are

1.

12,

13.

those which do not obey these laws perfectly under all conditions particularly at high pressure and low temperature. Itis due to following two

assumptions of kinetic theory of gases which are not applicable to real gases :

(@) There is no force of attraction between the gas molecules

(b) Volume of the molecules of a gas is negligible as compared to the total volume possessed by the gas. The real gases can be liquified
at low temperature and high pressure and the volume of gas molecules cannot be neglected, particularly at high pressure.

Compressibility Factor
Forreal gas, the equation s,
PV PV o
PV =ZnRT oz :ﬁ :R__If_“ Z _ Compres@@ﬁ%ctor m — Mmolarvolume
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van der Waal’s Equation of State :

To get the gas equation for real gases two corrections are made in ideal gas equation i.e. pressure correction (( an? / v? ) to account for

attractive forces between gas molecules and volume correction (nb) to account for the volume of gas molecules. This equation givenis called
vander Waal’s equation.

anZ
=

» Forone mole ofagas, excluded volume =b =V, =4N_V,,.
» Gases which have large values of a and small values of b can be liquified easily.

, where aand b are vander Waal's constant.

E(V -nb) =nRT

e Unitofaisatm. [ 2mol 2 or Pa.m®mol 2 (S.I. unit)and thatof b is L mol ™ or m3mol 2 (S.I. unit).
* Boyle’s temperature : It is a temperature at which all gases behave ideally. So itis different for different gases.

Liquifaction of Gases : Gases can be liquified by applying high pressure and low temperature but more important factor is temperature.
A gas can never be liquified if its temperature is greater than a particular temperature howsoever high the pressure may be. This temperature

above which gas cannot be liquified is called critical temperature (TcC). The minimum pressure required to liquify the gas at critical
temperature is called critical pressure (PC) and volume of one mole of the gasat Tc and Pc is called critical volume (V€). For CO,
gas. Tc=304.1K, Pc=73.9 bar, Vc=0.0956 litre.
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(B) LIQUID STATE
The liquid state is intermediate betwen gaseous and solid state. The molecular interactions are quite strong in liquid state and that is why they

have definite volume. On the other hand the molecules of liquid have so much freedom that they can flow readily and take up the shape of
container due to continuously making and breaking of weak vander Waal's bonds between molecules.

nlineteachers.co.in

1. Vapour Pressure : When there is an equilibrium between the liquid and its vapours, the pressure exerted by vapours on the walls of the
container is called vapour pressure. Vapour pressure is directly proportional to temperature and depends upon the nature of the liquid. Itis
independent of the amount of liquid.

2. Evaporation : The process of changing liquid into vapours is called evaporation. There are some molecules in liquid which have relatively
high kinetic energy and when are at liquid surface, they overcome force of attraction and change into vapour state causing evaporation.
When high energy molecules leave the surface, the average kinetic energy decreases leading to a fall in temperature of the liquid, that is, why
evaporation causes cooling.

3. Boiling Point: The temperature at which the vapour pressure of a liquid is equal to external pressure is called boiling point of liquid .
If external pressure is one atm. then b.p. is called normal b.p., ifitis one bar then b.p. is called standard b.p. Higher the vapour pressure of
liquid, lower will be boiling point. Lower the vapour pressure of liquid, higher will be boiling point.

4. Surface Tension : It is defined as energy required to increase the surface area of the liquid by one unit (m2) . Itis represented by
Y (gamma). The liquid surface, tends to attain minimum surface area due to surface tension, i.e., acquires spherical shape. Surface tension

is also defined as force acting per unit length perpendicular to the line drawn on the surface. Its unitis Nm ™ in S| unitand has dimensions

kg S . Itcanalsobe expressed in terms of surface energy perunit area, as jm=2. It depend&@on the temperature and nature of the
liquid. Q,

5. Viscosity : The ease with which a fluid can flow is determined by the property caIIe %ty Itis defined as resistance offered to the flow
of liquid due to internal friction between layers of fluids as they pass over each of@,@he force acting between two liquid layers (F) is related

with coefficient of viscosity (r ) as: Q\\

dv \ : av _
Rk _ area, — — veloci Hereif A=land — =1thenr =F.
F=nA—oel) A velocy . Hore ™

So coefficient of viscosity is defined as : the force o@@én required to maintain unit velocity difference between two parallel layers separated

by unit distance each with unit-area. S, @@}o I is Nm™.s or Pas. Common unitis poise, 1poise =1gcm™s™, viscosity also
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