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of halogens changes does the group Why?(i) Physical
H,0 has ha^er boifang point than HF & NH, Why?

M 1« has higher heat of sublimation. Why?
;v) Water bods at low temperature on Murree Hitts Why?
vi) Deierervnaie fcyw Amorphous & crystallise solids

(vi) Ionic crystals are brittle Why?
vvi ) ] wttvv energy increases with decrease in size of cation or anion. Why?
a.) Covalent crystab are dissolved in non-polar solvents. Why?
x) Define crystal lattice and lathee point

(xi) Metafile crystals are not brittle. Why?
(xxt) Bubbles continuously come out of a boiling liquid Why?

any Eight parts from the followings,

i Wnat type of forces are present in substances like He, Ne, Ar, Q2, CH4, etc.?
(i) How sea life survives under frozen sea?

ui) Boiling points of noble gaases increase down the group. Why?
iv Boiimc point of CjH* (ethane) is -88.6°C and that of C*HU is + 68.7°C. Why?

(v) HF is a weakeT add than HQ. Why?
(vi) Why HtO is a liquid and H,S is a gas at room temeperature?

ectronegat' viTy of F is more than oxygen, but boiling point of water is higher than that of HF. Why?
;vw Ethyl alcohol s soluble in water, but hydrocarbons are insoluble in water. Why?
fix) Why the metals are malleable and ductile?
(x) Why acetone is soluble in chloroform?
( xi) Why the melting and boiling point of alkanes increase with increase in molar mass?
(xii) What is transition temperature?
Q4. Answer any Eight parts from the followings.
(i) Metallic crystals are lustrous. Why?
in ) NaQ is an insulator but sodium is conductor of electrons. Explain with reason?
(iii) Ice floats on water Justify it.
(iv) Why cleavage is an anisotropic behaviour?
(v) Define crystal lattice and lattice point?
( vi) What is the relationship between boiling point of a liquid and external pressure?
(vii) What do you mean by symmetry? Give elements of symmetry?
(wni) Ionic compounds do not have molecule Why?
(ix) Molecular crystals are soft Why?
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Nell BohrAlbert Einstein

Continuous Spectrum

Section - II (Attempt any three que stions) (8x 3) 2 4
(03)Q5. (a) What are covalent solids? Gove their properties. •

(b) Give five uses of liquid crystals
(c) Differentiate b/w isomorphism & polymorphism.

Q6. (a) What is polarizability? On What factors does it depend '
(b) What is the mechanism of generation of London forces?
(c) How does H-bonding saves the aquatic life?

Q7. (a) Define Allotropy. Give examples .
(b) Define crystal system. Describe utragonal. hexagonal and orthoihombic crystal

systems.
(c) Ionic crystals do not conduct electricity in solid form Why?

Q8. (a) How does crystallography helps to dele mine Avogadro’s number?
(b) Evaporation causes cooling Explain 1;^(c) Define habit of # crystal with example

Q9. (a) What is hydrogen 1* >ndln<|. Explain > • >1# of hydiogen bonding in food and biological materia $

(b) I xplain the structure » >1 KiG Show tn.it ratio of Na * and Q ions in its unit cell is 1:1

BlueRed Y#itow Gr»*n
(03)

i d (02)
Line Emission Spectrum

^̂(02)
(03)
(03)
(02)1 (04)

Line Absorption Spectrum(02)
(04)
(02)
(02)
(04)
(04)

*- Diffraction on Compact
Dlac(CD) Surface *
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Atomic Structure

vacuum pump

Discovery of proton (positive rays) ATOMIC PARTICLES OF ATOM
Properties of posrtjve rays

t Matter is composed of very small particles called atom.
Discovery of n

» According to Dalton’s atomic theory, atom cannot be divided further.

• However, modem researches show that atom is divisible. Several sub-atomic particles

like electron proton and neutron have been discovered.

Properties of neutron
Measurement of change to mass ratio e/m of electron
Measurement of charge on electron
RUTHERFORD S MODEL OF ATOM

Discovery of Electron (Cathode Rays)̂(DISCOVERY OF NUCLEUS)
| D i s c h a r g e Tube]PLANCK S QUANTUM THEORY
• It is a glass tube having two metallic electrodes sealed into it.
• It may contain a aas. air or vapours of any substance at any pressure.THE BOHR ATOM MODEL

SPECTRUM • It tube can be connected to a vacuum pump to
Continuous spectrum maintain any low pressure.

* The electrodes are connected to a high voltage
+Line spectrum (or atom spectrum) cathodearcdeAtomic absorption spectrum battery. The exact voltage required depends +rrAtomic emission spectrum ,upon the length of the tube and the pressure

Emission spectrum of hydrogen inside it. vacuum pumpOrigin of hydrogen spectrum on the basis of * A slit can be used in it to get a sharp beam of
Bohr's model (;.,s Disc lull‘JC inhcfiliations.Defects of Bohr's atomic mode!
X-RAYS AND ATOMIC NUMBER of about 10

4~neon sign’ is also a discharge tube,which contem neon gas P
cathode ray

^ Television and computer monitor screen are also gas d.scharge tubes

**« (CRT)

WAVE-PARTICLE NATURE OF MATTER
(DUAL NATURE OF MATTER)
Experimental verification of dual nature of matter

' rv °l Electrons (or CathodeRojfs)HEISENBERG S UNCERTAINTY PRINCIPLEQuantum numbers Millie — 6m Crooks Experiment .
ldte 19th century, WiiHani_£̂

electric current throy b̂— 3-rP°$e, he used a gas discharge tube.
t*u,t*°fWllli

cathodeShapes of orbitals anode

ELECTRONIC DISTRIBUTIONSElectronic Configuration of Elements
i

le rays

Objective and short Production o( cathode raysanswer, questions (exercise)Numerical problems (exercise)

Test your skills

Figuream Crook*Expert"'obtained following result
^ normal pressure,r\

if the voltage is as high aseven
t conduct electricityno5000 Volts.



fluorescenceproduce
They produce greenish fluorescence on striking the walls of the glass tube.

They also produce fluorescence ir rare earths and minerals.

• However, when the pressure inside the gas discharge tube is reduced and high volta I 4
5000-10000 volts is applied, the gases begin to conduct electricity and a uniform
appears inside the tube.

• When the pressure is further reduced to 0.01 torr, uniform glow disappears and n|nrnin^ glows red and tin stone glows yellow.e.gfluorescence appears on the glass walls opposite to
5 produce X -rays

ran produce X - rays, when strike an anode particularly with high atomic• the cathode . This is actually due to the striking of some rays on the glass wall . These Cathodejaysrays are called Cathode rays.

• 1 he colour of the fluorescence depends upon the composition of glass. mass.

Possess Energy (Energetic f ays)

When cathode rays strike an object, it becomes heat up showing that cathode ravs
. When cathode rays from a concave cathode fall on a platinum foil, it

• Different gases and vapours of different substances were used in the discharge tube. Also 6.
aredifferent metals were used as electrodes. But always same rays were produced.

onprgetic rays
begins to glow.roperties of Cathode Rays

7. Ionize Gases
plprtron from them . Thus, positive ions are1. Travel In a Straight Line

These ran ionize oases bv removingvacuum pump
In 1869, Hittorf showed that Cathode rays travel in a produced .straight line.

8. Cause Chemical Changecathode
reduction of a substance. ThusHe found that cathode rays produce a sharp shadow of

These are negatively charged. So, their addition causeanodean opaque object placed in their path . It shows that
these can ranse a chemical change,these rays travel in a straight line, perpendicular to the Figure: Cathode rays cast a sh.ulow

of .in opaque object 9. Pass through thin foil
These can pass through a thin metal foil like aluminium or gold foil .

surface of cathode.

10.Charge to mass (e/m) ratio2. Possess Momentum. vacuum pump

Their e/m ratio shows that they are simply electrons.These rays can drive a small paddle wheel placed in
their path . Cathode rays strike against the paddles of the

cathodepaddle wheel and make it move.
, J , ar£> actually a stream of negatively charged• J .J . Thomson proved that cathode ray

g/m ratio remains same for
particles. He calculated their e/m ratio,

^ these are fundamental particles

anode

HThis shows that cathode rays are actually beam of
particles which have momentum ( i .e. mass and velocity) . rotating paddle

every gas used insmallExercise Q4 (d): Figure: Cathode rays derive a
paddle wheel of atom.7 he bending of the cathode rays in the electric and * Slgney called these rays as ‘electrons,.magnetic fields shows that they are negatively charged. magnet
- /

!̂ cQuery of Proton ( Positive Pays)3. Negatively Charged
another typ° nf raus calledoldste]n_discgyIn 1895. J Perrin showed that cathode ravs are negatively $charged. ' * •

-̂1886̂ German physicist. Euqein
*̂ ^Tays_c>r canal rayc , in the gas discharge tube.

cathode
He found that when cathode rays are passed through amagnetic field, these are curved downward by the magneticfield .

anodeH
cathodeanodecharged pla,e 8̂38858]

i i

cathode inMoreover, in 1897 , J .J . Thomson showed that whencathode rays are passed through an electric field, these aredeflected towards positively charged plate .These experiments show that cathod

Eu9ein Goldstein used a perforate positive rayscathode rays
applied, a
anode. It is

disch
ecdu$e some rays travel opp°sl

Production ol positive My*»
FigureSlow

e rays are negatively charged.



Chemistry: Part-/
242 &22!iJL&n!c<u££

Collenc Chemistry: Part -1 - clseQ6' (a):
P f 'u^ f h n i c k’s experiment for the discovery of neutrons.

pf5^2 — """

and after passing through perforated cathode, they produce glow on the wall.
• Since these rays pass through the holes (canals) in the cathode, therefore, these are

caviled canal rays.

• These rays are called positive rays since they carry positive charge.
, f Neutron

Rutherford Prediction
In 1920. Rutherford predicted the rvP<0....„ nf a no„̂ i

fin atom. It is because the atomic
" ^̂ ^̂^

in the nucleus

protons and electrons only.
could not«explained on the basis of

overv

Hotv Canal Hays arc Produced? ( Origin of Posit ive Hays )

These rays are produced when high-speed cathode rays (electrons) strike the gas
molecules present inside the gas discharge tube. Cathode rays remove electrons from THP n^molecules and convert them into positive ions. These ions then move towards the cathode Chadwick’s Experiment

, Chadwick discovered neutron in 1932. He was awarded Nobel Prize in Physics in 193$.

. Chadwick bombarded the nucleus of beryllium with a-particles (produced from

polonium metal source) and found that it gave highly penetrating radiation. Charged

detector showed these radiations as neutral. These radiations were called neutrons

as positive ray.

-* M + + 2 e‘
( Poaltlue ray)

M + e ~

r roperties of Positive Rays
source of a-partldes ( Polonium ) Be jarget

1 . Travel In a straight line
These rays travel in a straight line in a direction opposite to the cathode rays.

2. Produce Flashes ( Fluorescence)

They produce flashes on striking ZnS plate.
3. Positively Charged

These rays are deflected in an electric and magnetic field in a wav that showsJbeil
positive charge.

4. Charge to mass (e/m) ratio
( i ) The charge to mass ratio (e/m ) for these ravs is always smaller than for electrons.
( ii) The e/m ratio depends upon the nature of the gas used in the gas discharge tube.

Heavier the gas, smaller is the e/m value.
( iii ) The e/m ratio is highest when hydrogen is present. It is because, the positive particle

obtained from hydrogen have least ‘m’ value. Hence its e/m ratio is highest.

0— 0— • ••o— charge detectorV
neutron#

(Henudel)

Figure: Bombardment ot Be with < «

' Nuclear Reactions: This neutron was produced as

Formation of a-Particle from Polonium
*£PO

Formation of Neutron
2 He -f J Be

bike electrons and protons, neutrons
atom.

* 2^PbT 2 He ( a-Porticle)

12 Q + Jn ( neutron)
a fundamental particle of

also considered asare

article• Hydrogen produces the lightest positive particle. Rutherford called this positive p
as proton. It is also considered as the fundamental particle of an atom. n - 27 kg °r• From e/m ratio of proton, the mass of proton was calculated to be 1.6726 * 1°1.0073 amu.

• The mass of proton is 1836 times greater than thatof electron.
Cannot Ionize gases
Neutron can not ionize qases_becausgJU-- '

^r*e Neutron Decays «

Free neutron decays to give a proton with the
fi

dlscouejred until 1886 and their properties were complet trino and an electron.Protons and Electrons
understood until 1895 ission of a neuwere

/

'O&



EmPart -I
Atomic Structure

£B

3. High Penetrating Pi I
rmient of Charge to Mass Ratio (e m) of Elea 01NRCOHS vz.-. ceneratmc DOA -CT inev car, knock out high-speed r-pnfin, « ôer paper arid ceBulose

SJoar ,v

tjeflsufro* a.ĥ

In the absence of electric & magnetic field, the elections strike at P
/ When only magnetic field is appfied, the electrons strike at P,
/ When only electric field is applied, the electrons strike at P3. The strength of electric and magnetic field is so adjusted that the elections strike at P. Now from the comparison of the strengths of electric and magnetic fields em ratio is
calculated.

' The calculated value of e m is 1.7588 x IQ11 Coulomh ko
• h means one kg of electron carries a charge of 1.7588 * 10"Coulombs.

4. F,

• !-ejrons travel _-.g»«rh 12 MeV energy are called fast neutrons
• N-Tens trafceLng *rsfr energy less tfranl eV are called stow neutrons.

• So* neutrons are rrxxe eBeazve than fas:ores for the midear fission
5. Carr*

process.

~ --ear rea~ c .̂s whenused as crojectles.
Exa~ p*es;

HJ a neutron can ejects an a -parade from the nudeus of nitrogen anc
'produced.

- Stew r-Q'.cr.c "g-tror-s produce v - radiations on striking Cu metal. In this process
'adaoactr.e 5|Cu s converted into^Zn . Neutron is captured by the nucleus of §0.
ard J;Cu procucec This rad.oacr.e §Cu emits an electron (&- particle and s
atomic number s increased by one unit.

In* gCu

' “ Cu
6. Biological Activity :

These are used in the treatment of c

- ?N > :;B - 2He6°

etectnc fieW
catnode rays Pr1̂

*,

5CTt
>9 Cu t hv b- p

3magnetic field

Figure: Measurement ol e/ m value ol
electron by J.J.Thomson

!Tr̂ n MiMkon s oil drop experiment to determine the charge of an electron?
lii' l H t i w
charge

Patlit le ^"C-IIICII / ,.f Charge on ElectroiCharge (C) Maw (kg) Mass (aimi) W"Ukan Oil Drop Experiment)
ol SSIIn 1909 R A MilHkan_dSl£SM^ C~Ihnwn~in ^with the help of an aPPara

NPmtoc. + 1 6022 r 10-'* : J 6726* 10-«
I I 6750* 10-”

+ 1 A 1 0073 NIOQ «1 dropsNeufror, fyjUre,0 •tomlzsr0 — *1 ,0087
«•4— X-raysaoElectron -1 6022 x 10-1* ruction

tinaconsists ol a metallic chamber consul
'Parts.

, .^ &lso has two parallel electrodes »n— u p p e r electrode has a hole »n 1
rcssUrc can bt

I chamber is filled with air an

5.4858 x 10~*0*L 9. I 095 X 10— ® * 1 It' of two arc I»mp

A'4 mcroscop*drop
inW

f igure: Milllkitn % oil drop method fori

dqlornifnalion < > / charge“ i olot Iron |
' Th\ * TheV

l\



COIIMC Chemistry; Part-J Atomic Structure

adjusted with a vacuum pump.
• The apparatus has an atomizer to introduce fine droplets into the chamber.
• It has a microscope and arc lamp to see the motion of droplets.

The falling droplet is illuminated by the arc lamp perpendicular to the direction of view
Thus, it appears as bright speck (spot ) against dark background.

• An X - ray generator is used to ionize the gas in the chamber.

Q5. (c):MHL
Memass of electron from the aboue two .

rmtnatlon of Maas of Electron

From e/m ratio of electrons, *

e

Oete

Since

-= 1.7588 xl011C/ KgWorking

• Tiny droplets of oil are introduced into the chamber by an atomizer. Some droplets enter
into the hole.

• Droplets fall under the action of gravity.
• Falling velocity of the droplets is directly proportional to its weight.

i.e. V!a mg
where m = mass of droplet, g = acceleration due to gravity

• Now the air between the electrodes is ionised by X— rays. Oil droplets take electrons
from the ionized air and become negatively charged.

• The electrodes are then connected to the an electric field of strength £. The oil droplets,

being negatively charged, rises up towards the positively charged plates, against the force
of gravity with velocity v2.

i.e. v2 a Ee - mg
where e= charge on the droplet.

• Divide eq (1) by (2)

m
em = 1.7588 x IO11

1.6022 xiO'19 Cm = -l1.7588 xlOuC kg
m = 9.1096 xlCr311*9

(1)
I

Exercise Q6. (b):
Rutherford’s atomic model is based on the scattering of a-particles from a thin gold foil
Discuss it and explain the conclusions.

s
l

RUTHERFORD'S MODEL OF ATOM IDISCOVERY OF NUCl.FUS )( 2 )
- scattering experiment

In 1911, Lord Rutherford bombarded a thin gold foil 0.00004 cm thickness with high-
speed a^articles. coming from a radioactive material (radium or polonium).
A beam of a-particles was obtained by using a pinhole in lead sheet. A photographic
P*ate or a screen coated with ZnS was used as a detector. When a -particles struck the

largely deflected a-parttcJe

mgvi (3)
V 2 Ee - mg

• The strength of the electric field is so adjusted that the droplet becomes stand still. Under
this condition, mass of the droplet (m) can be determined.

• Thus if Uj , v2, E, g and m are known, charge on the droplet can be determined using

equation (3)

• ”*nt
straight through the foil.

and sorne* A few were deflected at variouswere deflected backward.

undeflected
o-particles

Conclusions
gold atom

small deflected a-particle
always• Millikan determined charge on many oil’ droplets and found that it was

1.59 x 10'19 C or some multiple of it. A | lectron• The least charge 1.59 x 10'19 C on oil droplet is because when it picks up one 5c^argehorn the air in the chamber This value is very close to the modem value o
which is 1.6022 x 10" 19 C. Thus charge on one electron =1.6022 x 101• This charge present on an electron is the smallest charge of electricity that

o-particle
went straight, (HenucM)1. Since most . of the a-particles

.. -.must have heavy positive charge. Thrs P*rt
Remain.ng volume

occupies
ĉupied by extra nuclear moving

Niillior fords rapr -nmi.'irl lor

si titli'nrlQ of ii iMflif. Ir’S
I njorr

? Th
been 3.



1911. This model was similar to solar system.
E = Energy of the quantum v=f Vequency of radiation
h = Planck’s constant=6.625 < 10‘MJ

wherePostulates
%1. An atom consists of a nucleus containing positive charge and practically the whole of itsmass.

00BBEEB&2 The nucleus is surrounded by a number of electrons equal to the number of protons in
^ It Is the number of waves, which passes through a given point In one second.

the nucleus.
3 The electrons are in constant motion around the nucleus in closed orbit like that of

It is denoted by v. Its units are cycles s"1 or s’1 or Hertz (Hz).planets around the sun . The centrifugal force is balanced by the electrostatic force of
attraction between the electrons and nucleus. Thus, electrons revolve around the/ -i1 Hz = 1 cycles s

It is related to wavelength as
C — v X

nucleus.

(2)VBC / XorDefects
1. Rutherford's model is based upon laws of motion and gravitation. These laws can be

easily applied to neutral bodies but not to the chamed bodies such as electrons and
protons.

Where c ~ velocity of light — 3 x 10 ms
X - wavelength of any light radiation

IVoue Length
It Is the distance between two adjacent crests or trough* In a beam of nullat Ion.2. Ivina electron must emit energy continuously. As a result,

electron will move in a spiral path and will fall into the nucleus. Thus,
whole atom would collapse . However, it never happens.

3 If electron emits energy continuously, then a continuous spectrum
It is denote by X) Its units are meter, nanometre or angstrom etc.

^1 A° = 10-lom. l nm-10 “ 9 m, l pm -10* 1 mshould be formed . Actually, atoms form line spectrum. Put eq. 2 in eq. 1
E= hc /\ (3)

^ is related to the wave number i.e . ; v asPLANCK'S QUANTUM THEORY

. (4)In 19QCL Max Planck proposed Quantum theory of light to explain emission » 1

absorption of radiations According to his theory, energy travels in a discontinuous m&nn
It is composed ot iarge numbei of tiny discrete (separate) un ts called quanta.

U l / v
Number

k Is the number of waves per unit dlstanc e

ll ‘s denoted by v . Its units are m 1 or cm 1 etcb o v f n / d l r s ( » / Planch\Quantum theOI^;
Put eq 4 in eq 3. in a1 Energy is not emitted or absorbed continuously. It is emitted or abso ^ ^discontinuous manner IT the form ot wave packets called quanta In essequantum ot u often (alive. ;»Sutcm

2 Each wave pachrt or quantum be*a definite amount of “3., A body can emit or absorb energy only in terms of quanta4. The

3 cv „directly proportional to IB frequency(5)
______

/

ttiv of ltflbtEquations 1. 3 and 5 shows ,h0’^rtlonal » ,Bwave number but inversely P* ^ ^ener®Crater the wave number of ph°,on\ length- model
* >relationships of energy.**3»***?*8ht are accepted by scientists

velengthenergy.
associated with them

ber about the photon of
equa^m

® * qJOn,urri 11 dlf«*y "»*ad to the frequency of radiation
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hart first orbit, third orbit is nine iond oThe urth orbit is sixteen times away.
&and foawayomes

?>
2 jtmr

Squaring on both sides .
rn

v “ w? Exercise Q&-
Drive the formula for calculating the energy of cmfrectron in nth orbit using Bohr's model

Keeping in view this formula explain the followings

The total energy of ai ; electron in an orbit is equal to the sum

motion and P.E. due to electrostatic interaction with the nucleus

E=K.E!f

Comparing eq 3 and eq. 4 , we get

n2h2Ze2

of its K.E. due to its4*£0rm 4 n2mV
; or

i.e.e0 n2 h2
r = — yxmZe

r v*2 _2to n n
rime2 * Z

-} Kinetic Energy

K.E. is given by

K.E^mv2

K.E. = \

r =

n2

Ze2r =U)xT - from eq.(3)Ze2
since v2 - 4 jie0rm— m

2 4nc0r m

Ze2

where
c0 h2

- = constant Its value is 5.29 x 10'11m or 0.529 A or K.E. =do =
87ie0rrim e

* For hydrogen. Z= 1, therefore
r = a© x n*

So the equation for radius of orbits ‘n’ in an hydrogen atom is

-> Potential Energy
Work done is given by

Work = Force x distance
The electrostatic force of attraction between

Ze2
|f thc electron moves

4ne0 r2

done for moving electron is given by

x dr

the electrons is the

small distance dr. the the work
the nucleus and

through a
r = 0.529 x n2

This eq shows that radius of the orbit is directly proportional to the square of orbit number
Hence higher orbits have more radii and vice versa. It means that radius of orbits goes on
increasing with increasing orbit numbers
-f Examples

For n * 1
For n » 2
For n * 3
For n = 4
For n * 5

coloumbic force =

distance )= force xZe2 ( workwork =
' from the nucleus, total

1 V. Thus above eq. isln 0r
4TCor*

tfOfjj,j0r^er lo calculate die toiAi P.E of election at a distance 'r

Int^j
0^, is calculated in bringing electron from infinity to distance

e ctween the limits infinity and r

\JhL*- 4ne0r

r - 0.529 x 1* = 0.529 A
r - 0.529 x 2* = 2.11 A
r - 0.529 x 3* 4.75 A
r - 0 529 , 4’« 8 4 A
r - 0 529 x 5* - 13.22 A

(Thus rodius o/ orbits goes on increasin' i with increasing orbit numbers The orbits 11equally spaced

Hence, we have*

Thus = 1P.E

Ze2

P.E. «
4nc0r

r* - r, < r>”ri < U - *i <...
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•II »1kjmot

t.'UHtJmol \
b hJmul 1

!Jl kJmot

HIM. l*o*

1313:31 . . . . .For n — oo \ «.= - .. = U KJ / mol (U eluctron Is lice from ihn nuctou«)
oo‘

0 tOn substituting the value of V from equation (5) in eq. (7) we get %
Ze2

E = - Thin, ualue of energy goes on increasing towards higher orbitsE0 nV fonW T8>te0 Since r = from eq. (5)TrmZe2
nniZe2 -* The energy differences between adjacent orbits are

mZVOr E2 - E, = (- 328.32) - (- 1313.31 )- 984.99 kJ/mol
E3 - E2 = (- 145.92) - (- 328.32) = 182.40 kJ/mol
E4 - Es « (- 82.08) - (- 145.92) - 63.84 kJ/mol

Thus, difference of energy between adjacent energy levels goes on decreasing.

i e. Ej - E, > Es - Et > E4 - Es > .. .

E„ = -
St^nV ~m

Where is the eneigy of the electron in nth orbit.

-> Putting the values of m, e, e0 h
E = -2.18 xi(y18*^ J

n“

For hydrogen atom Z= 1. Thus
E = -2.18 *10 18 *

4 energy difference between fiist and infinite energy level is given as

k
E*> - * (0) - (- 1313.31 ) - 1313.31 kJ/mol

me ionization energy of the hydrogen This value agrees well with the ex / Hrimental1
wi/ue.n!

J
-> The value of energy associated with 1

Is cJ7r‘i/sPer*ion oj the component9 of white light , when It Is, pii » >vd through

sPectr.
Ught fix^ ^^h,te Light:

°̂ lffeitoh»
SUn dn<^ electric bulb consists of radiations

When aVe,engths -
jj&ited int̂ *S through a prism, it is

^of |0rj
0 0 Land of different colours. It is because

Wavelengths bend to a smaller degree while

mo!e of H (i.e. 1.008 g) will be 1
E„ -2.18 xm '8 yJL 602* 102J

n2 1000 \o spectrum.1313.31of E„ = - kJ moln# whit* lightL
Hence

ngurv Vinhio spci Hum, the

$
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separated by dark spaces. The number of lines and distance between them
the nature ot element.

256 Atomic StructurediorPert lCoOem Chemtstn

the light of shorter wavelengths bend to a greater degree and thus different col
obtained as shown in the figure. Uurs

Electromagnetic Spectrum:

(Visible and Invisible Spectrum )

There are seven regions in electromagnetic
spectrum One is the visible region. The
spectrum of white light is visible to the naked eye
& is known as visible spectrum. Its range is from
400 nm to 800 nm.
Others are:

• The rays having wavelengths below violet
are Ultraviolet, X-rays and y -rays. These
have photons with greater energy .

• Above red are infrared, microwaves and
radio waves. All these are not visible to the
naked eye.

• These rays form the invisible spectrum.

are **0

* £con'Ples‘
o si 8 S §1|§ o

Mlili
s

(i)unespectrum of Na consists of two yc!]ow,in
« linesdWa . “ d'"e,Cnl“*«*

and after certain wavelength the ^ln wavelength tfl

continuous.
becomes JJI

ftp# of Atomic or Une Spectrum

i®nicSpectrum can be of two types. %
Atomic absorption spectrum

by a definite distance.eoaX nm Kld 1 % (Tl—* Z 1 X* QMJ— >5 | rays r*>* I

1
CL

<epara
distanInfrar# dRadio

frequency
Micro-
wave* f m VH( Figure: Atomic spectrum of

hydrogen

Wavelength
Xnm

1Q» 1Qi 2000 40010T
10’ 0 0-1 o.oc4;800 rHIFrequency
v.*'1 Atomic emission spectrum

3 x 10u|1.6 x 10’* j7 « * 10*

3 x 10” 3.8 x 10'4

ajJxlO*
11’ll , Absorption Spectrum or Atomic Absorption Spectrum3 x 10* 3 x 10* 5

In this, dark llv^s are separated by bright bands.
ine fAtomicJ Absorption Spectrum)

Figure: The visible and other
regions of spectrum imple: (Origin o

m When white light is passed through a sample of a substance, it may absorb particular
rT ions. This light on passing through prism will form a spectrum in which dark lines will
I*present in place of absorbed radiations.

It has been shown in the fig.

Types of Spectrum
There are two types of spectrum
(i) Continuous Spectrum e g. Rainbow
(ii) Lme Spectrum e g Atomic Spectrum

1 •••• detector

electromagnetic
J atomic absorption spectrumIlij Continuous Spectrum tome radiations

passed throughThe spectrum in which rays of different wavelengths diffuse Into one ano
definite boundary can he drawn between them Is called continuous spectrum .

Example Rcinbow

radtabons

Figure: Atomic absorption spectrum

It ib obtained from the light emitted by the sun or
:noar*descer.t electric Unfit) solids It is the property of
matter in bulk ^•'Mission Spectrum or Atomic EmissionSpectnimB

k, bright lines are separated by dark bands.

Of Atomic Emission Spectrum1
I ^en a substance is heated or subjected to electric discharge

radiations will produce bnght lines
Exercise Q10. (c) :

WE'J ! tr e or ,out of line spectrum? on a
W radiations of definite wavelengths,

as shown in the figure. ^fii ) Line Spectrum ( Or Atomic Spectrum ) Vvdark >P“ M-MIIIBII*.

atomic emutlon spectrum
the apectrum In which dark or br ight l ine - are separated by br ight or \ • ••••cal led l ine spectrum

imii 1 11 luWQflyn of Line Joectrurp ricomp0;* t ^Line spectrum . char^-tensti' of an atom, When an element or
/olattlized on a flame < ' its light When this light is seen through a sp‘1 r

energy
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QlO. (b): wHne emission and line absorption spectra

Line Emission Spectrum Line Absorption Spectrum
Or Or

( Atomic Emission Spectrum) ( Atomic Absorption Spectrum)

In this bight lines are separated In this dark lines are separated by1
by dark bands. bright bands.
It is formed '.‘. hen the substance It is formed when the substance is in
is in excited state. unexcited state.
It is formed when the substance It is formed by transparent gases.

transparent liquids and solids.is excited to vapour state
For its formation electron jumps For its formation electron jumps from i

lower energy level to higher energyfrom higher energy’ level to
level by absorbing energy. Thelower energy level and emit
absorbed radiations are indicated byenergy’ light. The emitted
dark lines.indicated byradiations are

coloured lines.
Absorption spectrum of sodium has !Emission spectrum of sodium
two dark lines separated by bright ihas two yellow lines separated
bands.by dark bands

Spectrum of Hpolychromatic &gjht through a or by passing polychromatic|p
substance and men „ v, hen hydrogen *s filled in a discharge tube at a very .ow pressure, fl emits bluish fight

with spectrometer show's many lines called spectral unes These unes

* £-as$died into five groups called spectra!senes
prion through a '* k#* when seerthrough apassing

Lyman ser.es (U.V. region )at nason1) one r/ pe b iso; %.o types
ii kne Baimer senes Visible region)

lere specmim
*' Paschen series'! R regi<?n)Zj&rxP* E/aunpue

E'-rtfer senes of hydrogen spectrum^ &cc;s&7 senesd R. region)

^ -od senestt .R. region )

k*Jr series were discovered before Bohr 3 model. The wave number ofatomic
The lines of Balmer senes have beer.

from Lyman to Pfund sereseases•becifK n^mes as H* , H*...etc.



Ill Atomic Sirin ivr*Ute&iit.CmU

mzVuitum MI H|W4 limnU

' '•'!
' i. !.ttk A. k» « ( *cll «. Wu«4-* * « •»

( I N i«flioh)(IN rtgM(\ WIC4* < l K
of electron in lower energy orbit r|M ene® i^ W cH^ 2 4o v 10* lSWx 10*5v*U \ ftH A> ' i *

m Z2e4IP4)

1 SftKtx id* 515* io* 2 H x To* ' Ei --’ id v h» 8gjn? h2
A 61 x 10*412 ». 10*»»* 10* Hta»lice’S' x W iro ZTf* ra l" i- c [ |

8^1— 1996 V 10*XWtto* M*
AE - E2 -Ei -5o .Sal* 1.**v * K* -M 10* KP

mZ2e4 : mZ2e4J
AE = ->?

Irum On The Basis Of Bohr's ModellenSi*ut

AE =Vcecc . :o Bohr 5 necxy .* hen hydrogen atom is heated
or to e-eerx discharge ;ts electron mov.es from lower r>= 5

Z=1, thereforeor?: n ' to "-'per or? : n , When this electron comes back, it - Since fo- hydrogenn=4
em 3 same energy n the form of photon of light

1 1rt=3 AE = 2.18 X 10'18

5 J-e senes of spectral res are present in hydrogen atom
spectrum nf

$ Ti«S N <3Lm« Region of Spectrum

ultraviolet
visible
infrared
infrared

n. n2

iff ^5S^33H^E2.3. 4 ..

3.4. 5...

4.5. 6...
5.6. 7...
6. 7, 8...

Lyman seres
BaLm.er senes 2
Paschen series 3

1
- Since A E = h v

~herefore
1_ _T

8^hz Ui nf ,
v = m Z V f l O

~
8E^ h3 L f n2,

mzVh v =Brackett seres 4
Pfund series 5 infrared

--Z H*
Exercise Q9. (a): Derive the following equations for hydrogen tom which ere related to:

( ij Energy difference between two levels, nt and
Hi) Frequency of photon emitted which an electron jumps from n? t°
( Hi) VJave number of the photon when the electron fnmpc from n? to

«e

decreasing between adjacent
pa

! eq shows that the frequency of photon emitted goes on
hels Qs we move towards higher orbits.v

dumber of Photonalculation of WavelSambersofPhotons of Vorfaus Spectral Series by Bohr’s Theory

therefore v = cv, Hencenergy of Photon;

^nce c= v>„or v = — and X - —itAccording to Bohrs postulate , an electron emits energy in the form 01 photon when
jumps from higher energy orbit to lower energy orbit such that

/1 v

m z V f 1A E = hv = E^ - E 1c v =1

Seoh3 ^? n2 /

* Let energy of electrpn in higher energy orbit n, is
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nL-2

y = 1.09678 x io7[ — \V Inf n|J

& rjg= 5
-> For hydrogen atom Z= 1

me4

8^ch3 ( nf n\)

me4

8 £gC h

= 1.09678xjtfl13 = 23.00 x io5 m -l
22' i n _ri i ,= R --- m -1

& n^=_ oo fe.n2;
1 i >

v = 1.09678 xio7 Jl .09678 xio
Vni n2 J

Ijpiitina line of Balmer series lies in U.V. region, while other lines fall in visible region.

- = 1.09678 x io m"1 = Rydberg constantwhere R = = 27.421 x IQ5 m~ 1 The

<?;Exercise Q9 (b):
Justify that Bohr's equation for the wave number can explain the spectral lines of LymanBalmer and Paschen senes.

0 Similarly wave numbers of other series of lines i .e . Paschen, Brackett and Pfund series
also be calculated.

• Thus, Bohr’s theory explained the spectrum of hydrogen atom.
can

7 IK
Bohr 's theory can be used to calculate the wavenumbers of spectral series of emissionspectrum of hydrogen atom. &•7Exercise Q13:

Point out the defects of Bohr’s model. How these defects are partially covered by dual nature
ojelectron and Heisenberg 's uncertainty principle?First line n , = j ( lower orbit ) & ng= 2 ( higher orbit )

V = 1.0%78* I07 j 4-4]=109678x107f4-4]= 82 26*105Vni r\2 ) V1 2 )

nL= l & nz= 3

v = 1.09678 xio7 4-4]= 1 09678 x 107f4-
V ni n2 ) V 1

Defects of Bohr’s Atomic Modei
m’1

Bohr’s theory explains the stability of atom, ionization energy and the spectra of

hydrogen and hydrogen like atoms containing one electron e.g. He" , Li2" , Be3 * etc.Second line . - an a,(ii) High resolving spectrometer shows that in ivi
corip <. rnns^t<; of five componentactually consist of several lines, e.g. — ,n

.
e .. Rohr’s theory cannot explain this finelines. This is called fine smtctureprjnultlEli^, number is not sufficient,structure . Splitting of lines shows that only

Azimuthal quantum explains the splitting o
researches have shown that theBohr suggested circular orbits for electrons. How ^^dimensional space Thusmotion of electron around the nucleus takes p

dtomic model is not flat
When thp

1
~Zo = 97.49 xio^m’1

32
Limiting line ni=l & n rr.

v = 1 09678 xio7 ^-4 =1 09678xl07f4-4l = 109.678 x105m'1V 0! n2/ 1 00 y M AW

-i-
r

-e — ^ of Lyman series lies in UV reoinn

r? Iaimer Serie*
netic field , some new lines are created

weak magnetic field , its— spectrum of atom is ta^pn in the ma— î iLcalled Zeeman effect, e.g. when Na spectrum is taKen i

^lr*gle line is split up into two component lines.

ĥen emission

First : r,e Oi=2 & nz = 3

v = 1 0%78xl07^4“ 4 =1 09678xio7 4"4 liOi r\zj 3 )
nl =2

m a

electrical field, linj- i= 15.234 ^ lCl̂ m toil
Second "rie y^ l̂iLUP. into component lines:__

8°hr’s theory cannot explain Zeeman effect and Starks effect.& n*=A( 1 fv = 1.09678 io7 4 1 11 09678 »7 = 20.566 x 105 m" ‘

2
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Remits of Motley’ s Research

The emitted rays are da.'*ii,ed into two groups
(a) One wifh sho.-er wavelengths are called K- series, and
(b) One with longer wavelengths are called L- series

2, Wavelength of emitted X-rays decreases with increase in atomic number of tenet
material

3. The relationship between frequency (v) of a particular line in X-rays and atomic number
|ofthe element is given by

* :& : .-V Ore: lostey ftudkd tie X-ray§ err. ned oy various
AumirtRim to Gctd as *arge? and covered a
many useful results

frC> i -2
^ ' ct .r* / " *r.t •: :-e*r orgjr ' How :he riea ofctornc r irber derlued.frorr the
discovery of X-roys?

V

(XMflCiS mV ATOMIC NCJMBfJH
{1.

Vh+n fa* moving electrons trike a heavy metal anode turface In a discharge tub*
Home highly energetic ray* are produced. These rat)* are called X-ray*. ri

JSSEX2E5
fn a gas discharge tube, electrons produced by

W heated tungsten filament are accelerated by high voltage.
This gives rt*fem sufficient energy Thus, when an electron
suddenly stops on collision, energy is released in the form
of electromagnetic ^^ves caned X-rays

The wavelength of X - rays depends upon the nature of
*te target material Ever; metal has its own cl

i vtOrrAenr/t

t-fiar><yj# V * oa?.1'</>e <X-rays
Importance of Moseley’* Law
' Moseley arranged K and Ar, Ni and Co in a proper way in Mendeleev periodic able

(ii) This law has led to the discovery of many elements e g. Tc ^ 43), Pm(61), Rh 45)

(iii) The atomic number of rare earths have been determined by this law

c X-raystjapMvmi

V* 'er X rays are generated , they emit in all directions. These are passer : thro
and then tr rough aijmimum window. These are then thrown on a crystal of K4 [Fe(CN /J.
>/t icf ar aiyze rne X -rays The rays are diffracted from the crystal and a ne spectrum of “
rays is obtained This is taken on a photographic plate. This X ray spec' rum 15

characteristic of me target material This spectrum has discrete spectral lines. These lines are
grouped into K-senes L~serie$ and M-series. Each series has various lines as K« , K$ , L**.
Ma, M* etc. — ^

7 £

IHratille llypottiesimâ iUJ^MJU^LUiUaSJUSd
Einstein and Plank showed that light has both wave-like and particle-like properties

after particles in motion also
, atoms and molecules all havelD

_
1224J

_a_French_scieritisL-J=^ydS-S^ ^̂^^^^^^^^have wavc>-like properties^ T hus, e ec •

^ wave-particle duality
both particle and wave like properties

v.length and the momentum of the particleMwfr*, ^ I a** l<rl(,Uo„Jtit,„f At ,,,,,!, Numbrt trill, X ram

iHe obtained a relationship between the
V using Einstein & Planck equations.

ft states
otom,cThe frequency of a spectral line lr> X -ra\ spectrum uorlct as the squar J

number of the element emitting It.
Jv » a(Z- b)

Thus linear equation is, he Mrley’s l^aw.
/ /t crrci < frequency of emitted X

a proportionality co /,Wit

Einstein eq.is

E = me2

Plank’s eq.is
E = hv

(1)

2 atomic number of element
b screening constant of the m

ray
(2)etah



C ollege Chemistry: Part -I
Atomic StructureSimilarly* a°a particle moving with same velocity would h' srna]ler than that of electron.

Now consider a mass of 0.001kg (1g)
will be

Comparing eq. (1) and (2)

me2 = hv

me2 = -j- . Since v=cA
A,

ave wavelength, 7344 times

ving with a velocity of 10 m/s, its wavelength
mo

h 6.625 x ip-34

0.001x 10
X = 6.625 X 10'32m

!wavelength is much shoto.I, meas„red by^^**— -**•«— T h u s,

h
Xme = —

mvX
hx = —me

For a particle of mass (m) & velocity (v) the de Broglie equation will be
h hX = —

VExamples

mv p

where p = mv = momentum of particle, h = Plank’s constant = 6.625 x 10” 34 J s
This equation shows that
Particle has both wavelength (X) and momentum,
properties. Thus, it has dual nature.
The wavelength of particle is inversely proportional to its momentum.

Experimental Verification of Dual Nature of Matter
Davisson and Germer Experiment

In 1927. two American scientists, Davisson and Germer gave experimental verification ofthe wave nature of electron.i.e., it has both wave and particle

They bombarded a thin Ni foil with fast moving electrons. Electrons are obtained fromheated tungsten filament and accelerated by the potential difference through the chargedplates. They observed that electron’s diffraction was similar to the X - rays diffraction.
Moreover, they experimentally calculated the wavelength of electron, which was similarto that calculated theoretically using de-broglie eq.
Thus, Davisson and Germer verified de-broglie’s eq. and dual nature of electron.

!• Consider an electron moving with velocity 2.188 x 106 ms ”
calculated as
Mass of electron

. Its wavelengthban be

= m = 9.108 x 10'31 kg
Planck’s constant = h = 6.625 x 10"34 J s

• Davisson and Germer got Nobel Prize for inventing apparatus to prove the matterwaves.
De-Broglie also got separate Noble prize for giving the equation of matter waves.Velocity of electron = v = 2.188 x 106 m s ”

Wavelength = X = ?

J*G S UNCERTAINTY PRINCIPLEHence
was given by Werner Heisenberg in 1927. It states

U *• Impossible to determine simultaneously and precisely , both position and
Centum of a small fast moving particle e.g. electron.

Nation
» 11”»aus the raore we certain about the po.ifc» of a panicle, the les.will be ,h.cenainty
db°ut its m

h 6.625 xjQ-34

mv 9.108 x 10 31 x 2.188xio6
X = —
X - 0.33 x 10 " 9m

Or X = 0.33 , Since 1nm = 10'9 m• This wavelength of moving electron of first orbitand can be measured.
For a proton moving with thethan that of electron.

nm
omentum and vice versa

^ inuncertainty in position is Ax
eisenberg

in momentum is Ap , then accordingof H atom is similar to that of X *ra^
same velocity, wavelength would be 1836 times small61

(oH

: V



^ fA q to electron is considL ^c°rtJinSwave and it does not occupy a definite t
Schrodinger gave a wave equatio

of finding elections in various iegitf£Z**** C*ed <M*V\ rorH -^m the maximum pipoa^ jf̂nW& nm from the nucleus
- j, same distance as

268

h
Ax.Ap — sendingM

To satisfy th» eq.t it is dear that if uncertainty in position i.e., Ax is small
nxanentum i.e.t Ap will be large, and vice versa , ^rtainty

He.'ser berg jrrcenaanfy principle is negligible is case of large objects ( Macroscopic object )

ir

of fi
50*

terms of Compton Effect
7h» principal can be understood in terms of Compton Effect
fcn e.ectror it a very small pardoe. Thexefone, to locate its position light navi

a ^eiengtr snorter than its size is used,
'eg X-rays

however, according to de-bro^ie equation,

% =h / mt

*. S’ws -vMtr Gorier wavelength wil hawe high momentum. A'nen such pbaon
v • c- e*fcv/v pjshei / jeeteevo' and diisl.-bt *s mo.mer- .r Trm is called Cteptar.

. oeiemvn ng :•* pos uon of eieruor -ve become uncertain about in?
o"*' . o ckictror .a*e -eg cr' longer âvelerjgr 'her determ Insraon of :tm

yjbVjrx </*k/»s oecc^oet r ysx>' j*
(* • ' oa- riv • * vo:- pw // o wer ofeteomr v.r . *ar&0uA

•ed by Bohr for the l-This i5 - Figure ProtuMeelectron

for a distance shorter Onger 'han 0.053 nm. probability of finding electron
3,38ases sharply in a hydroten afcarf.

'"he orbital is acHqfy a sprefi of charge around the n jdeus. It is over called electron

Henceving

i
Orhit Orbital

' s the Mcular path or w'r. xr.

de . ror* re o e« arounc the
It is the region ir. space r. .rich
probaoihy of finding electron :s
reaxmen about 95%)r .' e-/ This term 25 used in c^anrum
mechanxad model

7 > ter- ' .see in the Bohr's
Bm#atomicstructure

> /. d trem ors. 11- is three d mensionaaC « Jlmerf

< s' r r * v. -VATSJ '/x-. - er: • /. tm&Z'SA r^aftartei p&rjdei ac 'em.... 1^. 1 - > v*\ 1 x ' A r'

v . xrv 0. .. : * r>>: of -»a /i rvrfv.'e v etect/or; Hettienberq trial
A

'O.'ft Each orbital contains maxjft jrr r>*>’•dumber of electrons ir. an orbd
H k gn/en by the formula 2rH M eiectrons
H ^ 'ere s the r amber c’

wtiftr carl
orb *

Only probability of eiectror; is gr/en
in an orbital.

1' t' t exact pos/iori of elector
» indicatedf rerrUm Q14,

Bfk f f AMI MM meehonkol model of atom, hou> ha& ft gf*>eri the kke jr _

Compareorb* and ortMl, ^ ^CU« Q14. (b);

^2Lare Quantum numbers? Discuss their significance 31
(95V * ^UM NUMBERSTh* r,j spore In it,hUh f hrmce of finding an electron Is maximum

r.alUd orbital. und the nucleus Is described by a set of four

mericai values which give acceptable solutions to

7he behaviour of electrons In ap<"*"rf*btrs called quantum numbers.
aro

/ rplonatiortf Wat* Mechanical Model of Atom ^• Hefeer .oerg uncertainty principle says th.ai it « > impossible to determine sirnu
^^f0n

flrd precisely, bMh position mor * itum of a mail fast moving particle e \
^ e

• To overcome this problem. Schrtdriger, Dirac and Heisenberg prop056
mechanical rn</lei of atom. The r >< .t theory is that of Schrfldinger.

. , Quantum numbers are sets of nu
equation to.M-oqen atom.

S X̂ T̂a ‘‘Jtwquantum numbem ate ob-n^JqWW.«**"number is due to the two dif
& anticlockwise.tfour f^ ,Jantum numbers are
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r rrrrrr'&rc.r 2itOJ'

c.subshe* 2 2 / C * 1 = 2 ei^aror*• t g-i^K fgg soorzirsrsa dsfiaGCc rr secrcr ~ J r’js ntacfe ŝ c* ar soorr.
is .atae ase -=1 2 2• IS9BUQBBO ». » p- subsbel 2 2 / 1 - 1 = 5

'£*is arosr re -mercy and dhaanoe - r cfecfi cc rccr #se TucfeeaiHLS ^ T od- subshefl 2 (2 x 2 - M =
2 -1* = :

jnsaigr re .aius of c. gpeanar uril :e 1fee srersg, and:s2r/j; of a*£c r̂ ^re 'uceus i * C2 .essa. ft s re aaeasase of size ct eecrcr.-c shcflL . soir
f- subshefi 2 2 x .4 ei&crccs= 3• e ,^u*:i z conesponca jc a lehrire snefl a q.

• *"'p. egcrcre " * sretl car ce iere*— ".red by the formula 2n2

She8
Stop* of Sub-Shells

3jue of ar aisc tells about reshape of orb ta.Capacity 2«*}

2 x I2 = 2
2 x 22 = 8
2 x 3* = 18
2 x 42 = 32

a

A brief sumrr.ary is gr en below turnout.

2 L Subshe: Sr : pe Maxi" ^ber 0';Electors*r
3 M

spherical 20 s4 N 3-cnutaidumbbell 61 P
10d2 sausage2; Azimuthal Quantum Number (f )i f2 complex 14

• rives rfoimatior about Sub-shells
Origin of Azimuthal Quantum Number

• A spectrometer of high resolving power shows that an individual line
of ar atom is actually further divided into several fine lines. It means
shell is further divided into several sub-shells.
"Trese sub-shells are explained in terms of azimuthal quantum number.

• Azimumal quantum number is denoted by u/ "

• It has value from 0, 1, 2, 3 ... (n - 1).
• The numbers 0, 1 .2, 3 ... corresponds for various subshells
Examples:

Relationship between Principal and Azimuthal Quantum So.

The relationship is as follows
n Shell i Subshell

IK 0 s ( Is)

2 L 0 s (2s)
1 p (2p)

3 M 0 s (3s)
r p (3p)

0 stands for s-subshell means ‘sharp*

1 stands for p- subshell means ’principle'

2 stands for d- subshell means ‘diffused *

i stands for f - subshell means ’fundamental
These terms are used to describe the series of lines in the spectrum.

Number of Electrons in a Sub-Shell
It descnoes the shape of a subsheh in which the electron is present.M^imum number of electrons in a subshell can be obtained by using the formula

2 d (3d )
4 N 0 s (4s)

1 P (4p)
2 d (4d)
3 f f4f ) etc.
4

Quantum Number(m)
9lVes information about the different orientation of orbitals in space



Col Iroe Chrmistn, Pan-l
Atomic Structure„shlp between Principal, Azimuthal and Magnetic Ou „

The relationship is given below
Origin of Magnetic Quantum Number

• In the presence of magnetic field, lines in the line spectrum of an atom are furth
up into various very fine lines. The appearance of these lines is explained by ma

T Sp!lt

quantum number. ^
• It is represented by *m\
• It gives the onentation and degeneracy of the orbital is space. Hence, it is also n

orbital orientation quantum number.
ec

• It has value from

turn Nos.Helot*0

£ ma
0 Is1_ &

2s002
-1 2px n1 Threeor m = 0 , ± £ , . . .

• The value of *rr.’ shows the different ways in which a particular orbital can be arranged

m = - t . . . 0 .. . + / 0 2Pv Possible

-1+1 Orientations of orbitalsin space , e g .

0 3s03
3px-11 ThreeExamples:

( i ) When o 3py
+1 3p,

Possible Onentations£ = 0, s-subshell , m =0
4of p-orbitals. •It shows that s-orbital can be arranged in space only in one way. Thus, it is not further

sub-divided into other orbitals. It is a spherical and symmetrical orbital . In this probability’ of
finding electron is same in all directions.

( ii ) When

2 -2 3d,
3dyz-1 Fivel - 1 , p-subshell , m = - 1, 0, + 1
3dz20 Possible

IIt means that p-orbital have three possible
orientations in space . Thus, p-orbital is further
sub-divided into three orbitals along X , Y and Z-axis.
These are written as p„ py, px . These three orbitals are
present perpendicular to each other.

+ 1 3d„
3d*2 . y2

Onentations

+2 of d-orbitals

Al Quantum Ntnnber(s)In the absence of magnetic field all the three
p-orbitals have same energy. These are called 3-fold It describes the spin of electron is an atom. It is denoted by s .

degenerate or triply degenerate orbitals. Origin of Spin Quantum Number
( iii ) When £ = 2, d -subshell , m = -2, -1 , 0, + 1, +2 , 11 When this electron jumps from the• Alkali metals have one electron in t h e i r H i g h restingexcited state to the ground state, iterm '

spectrum consists o two ispectrometer shows that each ,|et structure is different from t e mThis is called doublet structure . '$ Quantum number.
Nstructure, which is explained by azjm number are closely‘ The lines explained by azimutha Qu

, are widely spaced,spaced, while in doublet structure two 1

^ that an êlectron* b-1925. Goudsmit andJJhlgnbg^̂ be vJsako revolve about its axis. This is cal
ates w0 oppositeclockwise or anticlockwise. So an elec 9

^spjn motionmagnetic fields due to two °PP05' e^issl0n spectrum of anproduces doublet line structure in
number .

Thus, d -subshell is 5-fold degenerate .

( iv) When / = 2, d -subshell , m = -3, -2. -1, 0, 4- 1, 4-2, 4-3
Thus, f -subshell is 7-fold degenerate etc .

Formula for number of possible orientation of orbitals
For a given value of T, the total values of W are 2£ + 1)
Thus for ( = 0 s- subshei ; (2 x 0 4- 1 ) = ! orientation - 1/2

t = 1 p- subshell (2 x 1 4- 1 ) = 3 orientation s
f ~ 2 d - subshei 1 (2 x 2 4- 1 ) = 5 orientation

• 2, It can be explained by spin quantum
he spin quantum number of an electron may be

( = 3 f - subshell (2 x 3 4- 1 ) = 7 orientation 4- Vz or - Vi
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Colleqe Chemlain, Part -1 Atomic Structure

t=0 nn-0 & let s = +1/2 indicated byin = lExercise Q15. (a) :
ther electron enters in this orbital only if it has opposite spin to that of first.Discuss rules for the distribution of electrons in energy sub-levels and in orbitals. Ano

for this second electronThusELECTRONIC DISTRIBUTIONS 1=0 m-0 & s = -12 indicated by in =l
1. An orbital like s. p„py, p, and d^ etc. can have maximum two electrons.
2 The maximum number of electrons in a shell is calculated by the formula 2n2

is the orbit number.
There are some rules for the distribution of electrons in different
sub-shells.

two electrons in an orbital will have opposite spin indicated by* number i.e.; spin quantum number will be different.
and their one

. where ‘n quantum
The arrangements \\ and J|are not possible+* — -++mt ^
Orbital containing one el

unpaired.

Table 5.4 Ar'raiigeinent ol1orbitals according tonil1
i ride j

( I ) Au fb iw Principle
> n is called half-filled orbital & electron is said to be

According to Aufbau (German word , Building up) principle
Electrons are filled In subshells In order of litertmslny energy
values.

• The energy of orbital is determined from the (n +l) rule.
• Lower the ( n +1 ) value lower will be the energy of orbital & vice

(

(
l o 1 + 0 = 1 *12 0 fWllllwJtffii2 2 + 1 = 3

According to this rule3 o 3 + 0 = 3
available, then electrons will go In separate orbitals with

If orbitals of same energy
same spin, rather than In same orbital with opposite spin.

In other words, electrons are distributed in an atom in such a way to give maximum

are3 1 3 + 1 = 4versa.

If two orbital have same (n +£) value then lower the value of n
lower will be the energy of orbital & vice versa.
Examples

3 2 3 + 2 = 5
04 4 + 0 = 4

number of unpaired electrons.
Examples:

4 + 1 = 54 1
4 + 2 = 624Orbital fn +T ) value n value Remarks 4 + 3 = 7
5 + 0 = 5

34 1 1*C *4s 4+0=4
3+2=5
4+1=5
3+2=5

4 Thus, 4s is of
lower energy
Thus, 3d is of
lower energy

005 1s 2s 2px 2py 2pz
5 + 1-6
T+T=T
T+TTS
6TO ="6

3d 3 l5
25 1 1 <4p 4 7 N I 4353d 3 1s 2s 2px 2py 2pz0a 6

6 + 1 s 7

T"
+T="s

T+ 3 =^"

l6 n * LLLIo *Thus on the basis of this rule, order of filling of orbitals will be
Is 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d

26 8
1s 2s 2px 2py 2pz36

s 77 + 0077p..

2) Pauli's Exclusion Principle
According to this principle
It is impossible for two electrons residing In the

to have the same values of four quantum numbers.
ato*orbital of a poly^lectronsame

or
orbital should haoe opposite spin )Two electrons In the

Example

Consider Is orbital .
For a single electron in this orbital

same

*
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"

Select the most suitable answer for the fffoen guenon
*The nature of positive ray* depend*

(a) the nature of electrode
(b) the nature of the discharge tube
(c) the nature of the residual gas
(d) all of the above

(|„ The velocity of photon i*
(a ) Independent of its wavelength
(b) Depends on' its wavelength
(c) Equal to square of its amplitude
(d ) Depends on its amplitude

ifoltalabod Board , 2009) (D .G Khan Board , 2012) ( Mahan Board, 2011 )

( Hi) The wave nun ber of the light emitted by a certain source is 2 x 10‘ m. The
wavelength of this light will be
(a) 500 nm (b) 500m (c) 200nm (d) 5 x 107 m

D.G. Khan Board, 2009) Rawalpindi board, 2011 ) (Gujranwah board, 2012)

I 5 5 Electronic i mifiguralioii of elc'inc'iits

Ql -Atomic number elec tron Configuration Notati on (Lahpre board 2013)(i)Hydrogen 1 Is1

Helium 2 Is*
Lithium 3 Is* 2s*
Beryllium 4 Is1 2s*
Boron 5 Is* 2s* 2p', 2p°v 2p°,

Is* 2s* 2p', 2p'y 2p°,
Is* 2s* 2p‘, 2p'y 2p‘,
Is* 2s* 2p\ 2p'v 2p‘,
Is* 2s* 2p*. 2p*y 2p',
Is* 2s* 2p». 2p*v 2p*,

Carbon 6
Nitrogen 7
Oxygen 8
Fluorine 9
Neon 10
Sodium 11 [NeJ 3s1

magnesium 12 [NeJ 3s2

Aluminum 13 [Ne] 3s* 3P\ 3p°. 3p°,
INe] 3s* 3p», 3p'y 3^Silicon 14

tPhosphorus 15 INe] 3s* 3p». 3p'y 3p', (lv) Rutherford’s model of atom failed because (Multan Board. 2012)

(a) the atom did not have a nucleus and electron
(b) it did not account for the attraction between proton and neutrons
(c) it did not account for the stability of the atom
(d) there is actually no space between the nucleus and the electrons

Sulphur
Chlorine

16 [Ne] 3s2 3p*t 3p\ 3p\
INej 3s* 3p2, 3p2

/
3P1,17

Argon [ N*l 3s2 3P2, 3p2
y 3p2,18

Potassium 19 [AT] 4S1

Caiaum Bohr’s model of atom is contradicted by ( Multan Board, 2008)

(b) Pauli’s exclusion principle
20 [AT] 4S2

Scandium faj£lanck quantum theory

(vi)
C Cisen^er9 s uncertainty principle (d ) All of the above

(J\ °* ®P®ctral lines when atoms

c PkGman e f f e c t (b) Stark effcct
otoeJectric effect (d ) Compton effect

'R0walnl!^;l°°7) (Gwanwala Board, 2009) (Bahaunlpur Board, 2010) (Rout*** board, 2011) (Gufranwab board,

Ml) jn board' 2012) (GuJranwaJa board, 2010) 2012 (Sargodha Board, 2014)

(. e 8round state of an atom, the election Is preeent

*n the nucleus (b) in the second shell
nearest to the nucleus (d) farthest from the nucleus

'
fi°art* 2009) (D.G Khan Board, 2012) (Gufronuxtla board, 2013, 2014)

21 fAr) 4*2 3d\ 34?^ 3d°/y 3d°# fi 3d0
^Titanium 22 lArJ 4e* 3d*~ 3d^ 3d°„ 3d° 3A ,

3d°I^J
>2-/1 ubjected to strong electric field is called .Vanadium 23 (ArJ 4*2 3d*

~

3d^ 3d *w 3d°
tAr) 4» J 3d^ 3d\3d1,
[ArJ 4s2 ~

3dr
/, 3di„ 3di

lAr) 4J 3d1* 3d1,,3dlm 3d,|
[AfJ 4s1 3d2

^ 3d2
* 3d*w 3d^ 3d*J

l(Ar) 4s* 3d1
* 3d% 3d2

”

(At) 4s1 3d*j/Sd** 3dV 3d’|W) 4? 3d*^ :id*/t 3d^ 3d2

are s
Orformum 24

rryifjcuc 25 3d1,,>2-Akon 26 te'aa /iCobalt V.
Ctjppef
/j fK

r> 3d 2at -
*2 /130 3d** Will)•7 /1 9“ «ntum number value* for 2p orbital* are31 J>V|4#» 3d'* V. V, V,

(A- * Vi74 4j> '. V, V," tArjV 3d1* 4p', 4p‘y 4^’ < 4»' 3d 1" V. 4p*y 4p*,WT'i ’ id71'V. V, V,
lArf'U' 3d7* V. V, 'tf/,

'xrttf ^itorr, (a) n = 2, 1 - 1 (b) " - 1.1*2

^ - 1, 1 - 0 (d) n - 2, l - °
2008/ (Multan Board. 2010) 2013) (Sorgo

r>
(c) nA/Urnif 3i 2012) (Gulranwala board. 2010) (Lahore

'Meman
fa' / fTHr#

K s / f / f / s r ,
34
Vj

36
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f^*ry Part i280
Atomic Structure(kx) Orbitals having tame energy are called

(a) hybrid orbitals (b) valence orbitals
(c) degenerate orbitals (d) d-orbitals.̂BsciaNarf Beard 2006) lBehcuc.jx~~ Board. 2009} <Scrgodha Bacrdl 2009.2012) (Rawalpindi Board pOt'iQ10 ffcwMM Beard 2011|JOG Khan Board 2012) (D.G Khan Board 2012)•x) WWa 6d orbit*! it complete, the entering electron goes IntoW 7f

having same energy are called degenerate (x) Ans: (c)orbitab According to
wise. Thus ort
WSU,2p, 3s. are filled in following order

4s, 3d. 4p. 5®. 4d. 5p. 6s. 4f, 5d,

orbital is complete, the entering
nk> 7p orbital

Won /*e. wnen 6c
on will goest(b) 7s (c) 7p fd) 7d

Lafiar* 3ocri 2009}IStt&c 3<xrd 2009
205B| Scad 2114

Kauai*** Board 2010. 2012) (Gujranuiaia board, 2012) (Mufc*Soo-
Fill in the blanks with suitable words

p -particles are nothing but
The charge on one mole of electrons is
The mass of hydroger, atonris

. The mass of one mole of electrons is grams.
vj Energy is when electron jumps from higher to a lower orbit.
vi , The ionizat on energy of hydrogen atom can be calculated from

atom.
vii) For d sub-shel ! the azimuthal quantum number has
viiij The number of electrons in a given subshell is given by formula
ixj The electronic configuration of H‘ is .

gtANSUEKS TO Ml LTVti CHOICE QUESTIONS

moving with a very high speed,

coulombs.
"0 aAM (ii) Ans: (a) aPotrtfet* r*jjt in ps&?3Dtd cue
poof r r* dvcftasge
* vzrxuGer r* icmzofccir of He ard .'«

He* 4 2*r

Ne* Zf

Srct different neve different nature erf nudeiTrterei'-re nature of positive rays it differenl fordifferent

erf y*** Light travels in the form of photons. Since velocityof Sigh: is a constant quantity, therefore velocity isphoton is also constant

grams.
He •e*

model of’ <* < *

value.

< » i i ) Anv: fa ) iv) Ans: (c)V.av* lengti o' lighr a gruer. by Accordir«g to Rutherford ’s atomic mode!, a revolvirigelectron must emit energy continuously As a resultelectron will move in a spiral path and will fall into |the nucleus. *rnerefore. whole atom t
Hence , Rutherford’s model does not
stability of atom .

: Answers:
( i ) electrons
(v) released
Ox) Is2

).* — since v — 2 X 10* m1 therefore -1(iii) 1.66 X I 0 ~ 2 t (fv) 5.48 xlO
(viii) 2(2/4 I ) 1

( i i) 96500
(vi ) Bohr’s (vii ) two1X * T-TTZ =0-5 X lO^ m* 500 X 10'» m2*1CT

*=500 nm

the

03. Indicate true or false as the case may be

fl ) A neutron is a slightly lighter particles than a proton.
®) A photon is the massless bundle of energy but has momentum.
Iui> The unit of Rydberg constant is the reciprocal of unit of length.

|lv) The actual isotopic mass is a whole number. . hnHiesv| Heisenberg’s uncertainty principle is applicable to macro
Vi > The nodal plane in an orbital is the plane of zero e eefron densdy

^j'!!1 The number of orbitals present in a sub-leve is gw V
Zeemann and Stark effects

‘‘‘I The magnetic quantum number was intro uce
f j ctron around the nucleus.,1X) Spin quantum number tells us the direction of spin of electro

(vi) Ans: (b)(v) Ans: < c ) |^/hen emission spectrum of ex-.ited H-ato
position and ^ 8/1 gl®ctiical field, lines are spilt up intomomenturr, r electron However, according to exponent lines. This is called stark effectrteoe-mg uncertainty principle, both position andmomentum o< electron cannot be determinedunuhaneoud., Hence, the* f„o are opporte(contradicted) to each other.

tokenBohr’s model indicates the

(2 / 4 1).

fvh) Atis: ( c )
lr. the ground state ol an atom. the election will beprevent at ti e lowest energy level This lowestlevel will be

(viii) Aus: (#» )‘ ' ergy

number /

2 for principle quantum

ACT,J ****’ for 2P orbital, n-2.

n ~2
t0 Aztouthal quontum number,

, B°:1; Here ’0’ stands for W>ital’ and '1

°f P orbital Hence, fro 2p orbital. 1*1,hu9.hr 2p orbital , n-2, 1= ]

nearest ip nuclei ,

wh^n
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to d«rr««« tAe pressure In the discharge tube to get thJ
(F*»ninrsrt Board, 2T/J7 Sargodho Board, 2f)10 Gufrortsab fa,

*

Gasas dr,' ft con-dun ah&rlcMy at normal pressure Why?

-'«) Wfcj to ft ACT

«*•?
rj*bntton,

(D C Khan board,20ff7j
M Itjt pHMMRK. large amount of 9» a present m the discharge tube h wi|||

rnndranee for the movement of electron* (cathode rays). Thus, conduction

, m ua/ue of positive ray for different garnet are 4 fferent but thote for cathode**1the elm value.It the

^(r tw„properties of potMve raytjiepmtoponthel^jeof thjn? (Ramt/ fM Board,2007)

" r <' z rays are electrons. Moreover, na'.re of electrons is same in all atoms. Thus, e/ m
for different gases.

{Lahore Board,2010 Rawalpindi Board. 2011)tame.
, causeof dectricity jjdifficult

Hoû yer , at low pressure amount of gas is less; therefore, electrons (cathode
move and conduct electricity easily Hence, it .is necessary to decrease the
discharge tube to get the cathode rays

raVs) can
pressure in

ratio is same
Positive rays are produced due to ionization of gases present in the discharge tube

. consider the ionization of He andNe
He + e'

e.g
He* + 2e~

( positive rav)

Ne* + 2e'
b) Whichever gas Is used In the discharge tube, the nature oj the cathode rays remal

the same. Why? ^
Off Carhode'ay* do ncA depend upon the nature of the gas. Discuss:

( D G Khan Board, 2011 Gujranwalo Board, 2013, Ne + e “

( D.G. Khan Board, 2008, 2012)
Off Wl j cathode 'ay*, ore indeperident of nature of gas used in the discharge tube? (D.G. Khan Board,

2009 Gofronwoh Board, 20)4)

( positive ravl
nuclei of gases. Different gases have different nature of

It shows that positive rays are
nudei. Hence, elrp ratio for different positive rays is different.Off TJhy e rr, ' yjJue.9 of cathode rays *> same for all gases (Sargodha Board, 2007 Lahore Board, 2009,

2013) , ,

' ' * f f a
i

The cathode rays are actually electrons. Since electrons are present in all atoms and their
ia .re is same Therefore, these are considered as fundamental particle of atom. Thus,

r.a - re of cathode rays remains same, no matter which gas is used in the discharge tube.

1* was proved ev:penmentally by J J .Thomson. He calculated e/m ratio of cathode rays
by *a/ifig different gases in the discharge tube But he always found the same e/rr. ratio it
shows that cathode rays obtained by different gases have same nature. A

obtained from hydrogen gas Is 1836 times less th~.
(Lahore Board, 2007:Gujramvala Board, 2011)2) The elm value for positive rays

that of cathode rays.

ta mass of , proton is 1836 limes greater than that of an «“ “ efT
positive ray obtained from hydrogen gas is 1836 times less an a o c

electron?determine the charge of an
Q5 (a) Explain Millikan’s oil drop experiment to

Solved on Page 245

(a Why e rrt value of the cathode rayt It Jutt equal to that of electron?
7 r,.v./aW (Psjrd 2007 D C Khan Board, 2012 Bahowalpur Board, 2010 \argodha Board, 2 >
Bahawalpur Board,2(2ft G - ".? a Bsxtrd,2012) — •

e/ rr ratio of cathode rays is 1 7588 / 10M C/Kg, which is equal to that of electron
because cathode rays are basically electrons.

ermlnlng elm value of electron?
(b) What Is JJ Thomson’s experiment for

Soloed on Page 245,c) Evaluate
Solved

, It i$

above two experiments.
of electron from themass

°n Page 247

*****^ ^Vltcumm Clhadwtck'i experlmentforjJmMieoim
H*0” Page 243

foil ?̂ °rd •atomic model Is based on

, • discuss It and explain the conclusions.

Page 247

that theyd) the landing of the cathode rays In the electric and magnetic fields shows
are negatively charged. r _

Soloed art Pocpt 240
ry of neutrons.

So/
rtlclet from a thin gold( MR) Why poeHto* rays are also culled canal ray t?

/ /./ •; / /, / / - tftrl ’' •* fas*<\
fas#'i 2010 0.(3 Hhm Board,2006

the tcatfrlng of a pa2(0 1t'sxj/d 2010 Bahowalpur Board, 2008.27)17 ' , fyfn

G / ",v 'ttofa, 2012)

Jk

i



Q7 . sj Give the postulates of Bohr’s atomic modal . Which postulate tells us that 0**are stationary and energy is quantised? £fijtrtptes;

r = 0.529 x 1* = 0.529 AFor n = 1
Sewed on Page 250

r = 0.529 x 2* = 2.11 AFor n = 2
bi Derive the equation for the radius of nth orbit of hydrogen atom using Bohrs *10del. r = 0.529 * 3* = 4.75 A

Solved on Page 250 For n = 3

let How does the above equation tell you that So.we have r2 - r, < r,- r2 ...
Thus, radius of orbits goes on increasing with increasing orbit numbers

i Radius Is directly proportional to the square of the number of orbit .
<

( B) Rndkts Is inversely proportional to the number of protons In the nucleus.
the formula for calculating the energy of an electron In nth orbit using Bohr's

Theequation for radius of n* orbit of hydrogen atom is Q8
model Keeping In view this formu explain the followings: U

r . onh2

Solved on Page 253
izmZe1

(a ) The potential energy of the bounded electron Is negative.
h2

x n2

xme2 Z
2

or r a — Ze2

Z According to Bohr s theory, Potential Energy - P E. - 4ra0 r
Hence, this equation shows that

The minus sign indicates that the P.E. decreases when the electron is brought from

infinity to distance *r\ At infinity, the electron is not attracted by any thing, thus P E is zero

At a point rearer to the nucleus, electron is attracted by nucleus, thus P E. is less than zerofi) ’he radius is directly proportional to the square of the number of orbit (n)
( li ) the radius is inversely proportional to the atomic number (Z) which corresponds to the

number of protons in the nucleus. i .e, negative .

How do
. . i f

f 0* that velocities of electrons In higher orbits are \tu
than those In lower orbits of hydrogen atom?

you come to 1(61Total energy of the bounded electron is also negativeu

mZ 2e
According to Bohr’s theory, Total Energy = En -~ g^.2

^
2^2According to Bohds theory, the equation for velocity of an electron in ar y orbit is I1 decreases when the electron is brought from— a

4 nc,/ m
or u2 a -

than zero I .e. negative.

r
This equation shows that square of velocity of electron Is inversely proportional to

radius of orbit (r). It means electrons revolve faster in ai. orbit of smaller radius nearer to t

nucleus. As the electron moves to higher orbits of larger radius its velocity decreases.
of an .Uetron i./n<Wy proportion* to but .nergy of high; orbit.are

always greater than those of the lower orbits.

According to Bohr's theory, the energy of electron In n(•) Justify that the distance gaps between different orbits g Increasing from the lo*er 'h orbit of hydrogen atom is given as
o on

to the higher orbits.
According to Bohr’s theory, the equation for radius of orbi! is 1313.31 kJ / molE n * ~

r - 0.529 x n* n2

Thus- It shows
(l) The energy of an electron Is inversely proportional to n*.
U) rhe negative sign indicates the attraction between election and nucleus. As the electron

"loves to higher orbits, its attraction with nucleus decreases and hence its energy

Increases.

I rbliThis equation shows that radius of the orbit is directly proportional to the square 0
0f

number (n). Hence, higl*r orbits havt more radii and vice versa. It means that ra
orbits goes on increasing V/iih increasing orbit numbers.

t



286 287 Atomic Structure
iry - Part-1Colley* C

"nil ( a) Hydrogen atom and He' are monoelectronlc system but the size of He’ is much

smaller than H.Why? ( Muhan Board,2009)Examples
1313.31 = -1313.31 kJ / molFor n = l E« *- Both hydrogen atom and He" ion have one electron in ther outermost shell However.

tjie nucleus of He" has greater positive chargefdue to two pr e s) than that or hydrogen

2om (due to one proton). Therefore, nucleus of He' - tracts its electron more powerfully as

compared to hydrogen. Hence, size of He* becomes sma.'.cT than hydrogen

l2

131331 = -328 32 kJ / mol etc.For n=2

i>:u5 the energy E* is greater than 'Ed

think that the size of Li' 2 Is even smaller than He’ ? Justify with calculations.
(b)J )o you

Both He* and Li2* ions have one elect::n in their outermost shell. However, the nuc eus

of Li* has greater positive ctjargefdue to three protons) than that of He * ion due to two

proton). Therefore, nucleus of Li2* attracts its electron more powerfully as compared to He '

Hence, size of Li2* becomes smaller than hydrogen

d The energy difference between adjacent levels goes on decreasing sharply.
mZ2e4

According to Bohr's theory Total Energy = £, = -8e£ n2h2

.ha equanor. shows *rat the energy of an electron is inversely proportional to n2. Hera
energy drererce between acracer: levels goes on decreasing sharply. Mathematical Calculations

For monoelectronic systems, Bohr s equation for radius of orbit is given by
he energy deferences berueen adjacent orbits are

£, - E; = - 32832 - - 131331, = 984.99 Wmoi nr = T ' 2

! Ef -Ej = - 145 92 - - 32832 = 182.40 kJ mol V.’here
Z = Atomic number &

E«- E* = 82-06 - (-145.92) = 63.84 kJ mol n = number of orbit
a.:= ronstant = 0.529 A0

!*Thus for I’* orbit of Li
*

_s - E, > E*- E* > E« - Es > ... Z = 3n = 1
1- x 0.529 = 0.176 A

Q9 a Derice the following equations for hydrogen atom which related tot_

4 are r = 3
i Energy difference between tw-o levels, n , and n2.
ii Frequency of photon emitted which an electron Jumps from n2 to n For 1*‘orbit of He* ionI -
ni Wave number of the photon when the electron Jumps from n2 to n,. Z = 2n = 1

r = — x 0.529 = 61645
2

It shows that size of U “ is smaller than He’
So jed on Page 260 4
(b) Justify t^at Bohr's equation for the wave number can explain the spectral

t. BaJmer and Paschen series.¥
Soloed on Page 262 the idea of atomic number

their origin? How was012. (QJa What are X-rm Wb« Is

derived from the discovery of X -rays?
Q10. { a ) What Is spectrum Differentiate between continuous spectrum

spectrum.

Soloed on Page 268

ib) Compart line emission and line absorption spectra.
Soloed on Page 259
( c ) What Is the origin of line spectrum?

Soloed on Page 266
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. therefore, they can be differentiated by ‘m values, e.g. 2px , 2py , 2pt are
orbitals. Their (n+ 0 are same i.e., (2+1)=3 but their m values are different .or v a Z* '

or >!v a Z
rhus. ' eWctron jump* firom higher orbit *n*

‘ to lower orbit 'n,‘. the square -
: v. oi phoror '-A* b dmrvtk proportional to the atomic number of the element

«hueh s the Moseley $ law i e *

Jv = alZ-bi

^generate

electrons In orbitals of irLa. wCu. Cr, „/. , Rn /

I
root of

Hi Distribute
Is1 2s‘ 2p° 3s2 3p" 4s; 3dw 4p‘5s2 4d10 5p‘6s1 4f ‘ 5d.4*
Is* 2s1 2p‘3s2 3p* 4s1 3d 10

^Au Is* 2s2 2p* 3s1 3p‘4r 3d10 4p‘5r ;d10 5p‘6s' 4f‘* 5d '
„Cr Is2 2s1 2p6 3s2 3p* 4s1 3d '

Is* 2s-* 2p6 3s2 3pf 4s- 3d10 4p‘5s2 4d'° 5p5

4s2 3dw 4p° 5s* 4d:* 5p‘ &2 4fw 5d'° 6p»

I*CU

or \ v a Z
the defects of Bohr t model . Hour these defects are partially covered bi

of electron and Heisenberg' s uncertainty principle?
QIS Point

ikRn Is2 2s* 2p* 3s2 3P*Sahud on -'zkv 263
and d -orbHals. Justify these by keeping In clew the

Q16 Drair the shapes of s. p
azimuthal and magnetic quantum numbers.

Briefly discuss the wave mechanical model of atom, hour has It given the ijwQ14 lw
ilbxoApinA Beard.3013!of orbtzai * Compare orbit and orbital

5o A; cn Pqoe JtSS Solved on Page 27A
HIPO3< ~ " <zn are quantum numbers ' Discuss their significance

E). frequency ( v), uavclength Ze:Sortoec cr.pjge 2®
K.E. =jptaobfr ( ^ Jand mass intercom er$ion <:

iclues tj 8*£0r
** azimuthal quantum number has a value 3. than there are sevenc.

E = me1•.Give reasons. ^ = hv X =1/ vc=v\ tMnsetev's equation

OS Pnd T >e .aloe cr ma&-iesk ^uamusm nmroer,-% uohert the azimuthal quantum number.L
fSargcoha Board. Jv - a(Z- b)

equations:

*nhnurnte v'?-*ai momentum = iatlon.Tie vibes c* magnetic quantum number rr.) is related to azimuthal quanta" Jr-Broglleeimvr = 2n hh£, by trie reiaton
*^10ign_orbit X =

>5
These seven values show that f-ortntzd has seven different orientations in space-

mv Pm = -t ...0 +
^oh 2

„ 2 X ~Or
*me2 Z

_
i= ao x nr = uationsConstants used In e

Permitivitv of ivcuum

eo= 8.84 x 10*11C*J* *m
Planck's constant

Hence r
m — -3, — 2 , — 1, 0 , -r1, — 2. +3When f =3 it is f-orbital & - i

x bus m has 7 values for t = 3 On electron
10“ 54 Jsh= 6.625 x

Charoe on an electron
1.6022 x 10-” C

Mass of an electron
9.108 x 10’ 3,kg

Velocity of light

c =3 x 10* ms
Rvdbera constant

Or E =-Xl8x10-“ *fE, = ~ J!LZVand * **ln2 h2Q15 fa) Discuss rules for the distribution of electrons In energy sub-levels
e-orbtuds. Or E.-J313.31
m =

hoton • I

me* = l .04678x io’ m
R =

0.529 Aand ao-



E = 10- ” ]
Calculate the energy of electron in first orbit of hx drr>g

Solution: r * ^
\ = 6625 * 10'MJs
c = 3 * 10* m.s

vtom

IEO = 8.85 x 10"12 C * J*’ m' 1V -
h = 6.625 * 10'uJs
m = 9.1 x 10-s, kg
e = 1.6022

E.= ?
n = 1

Energy in the first

yK

V = ? - „cSince E = h v
_
/

E 10 19Or ~
h 6^625Tio^'^^llP!Vl

x = £ =
__i*I0lv 1.509 XJQ

given by
Jme"

%-8s02 n?h2Since
i 4 = [1.988 x i Q-* m , (9 lMO~31Xl -602xio-'’f0 EiP-

8 x (8.85xio-12J » l2 x (6.625x10-3^1Since 1v = — = r— vr 7 = 5.030 x I05m 1>. 1.988x IQ’6 0 E, = 1 - 2 . 1 8 x 1 0 i a J ©
( b) Convert this energy of the photonfrequency In Hz and

QI 9. Bohr’s equation for the radius of nth orbit of electron In hydrogenInto atom is
i

rg* and calculate the wave length In cm twave number Inh = 66257 uFTjs 7=E = IO- *J = ia” x io7 =

cm eon'h2

3 * 10* m/s rn = 2Time10-,2 erg I— While doing calculations take care of units of energy parameterh = 6.625 x 10-” JS= 6.625 x 10 * ^ When the electron moves from n = 1 to n = 2, how much does the radius of the orbit
^ Increases.

x 10 erg s =6.625 x 10'273 x 10* m/s = 3 ergsc = x 1010 cm/sv = ?
I J = 107 erg
I m 100 cm - 1eo = 8.85 x 10‘12 C 2 J" 1 m
ere is the unit h = 6.625 x 10'34 Jsv — ? Qf energyjn

m = 9.1 x 10"31 Kgc.g.s. svtem.E 10 12 e = 1.6022 x 10',9 Cv = — = =[r509xi ()'y 'h 6.625 &*10 '

Radius of nth orbit is given by
3x 1010 eoh^

xn2v 1.509* i0» « = lL?88x|0 vm rn = 2
Time

m'l)(e.625 xio^ Js )2 2

~3,kg )(l .602 x lO~'9Cf(8.85 x 1012C7- 1&S.O.i O x i o3 -1 rn =
3.14 x (9.1 x 10





Aiumh btliuawt
Energy of electron In nth orbit is given by

(c) ( altulate the energy of electron In He* In flret flue orblte and Juetlfy that the
difference* are different from thome of hydrogen atom E„ 2.18 x 10 '* xz2

?
IKIUS' m 2 = 2

Hence 0.242 x 10 ** - 2.18 / 10 " /

\Therefore
tEn = 2.18 x 10 "x - -2.18 x 107 nz 2.18 x 10n2 - 0.242 / 10 *? ' 9orThus

» 1 EI « -2 18xio "x ^= -872xio 18 J

- -2 18 xio 18J

- 2 18 xio
,8 x ?i^ -9.68 nO

,9 J - -0.968 x 10 18 J

s/9 *®For n ©n m
J
u

I'ot n - 2 | y 2.18 x 10 18 x ^ IQ22 Bohr’e formula far the energy levels of hydrogen atom for any eyeten, *ay Ht He* ,
U ,4 etc l«

I or n - 3 Fa 32 mZVIF -8^nV
/ 7«'lk S\ n ;

l or hydrogen / - ) for He* , Z * 2

- 2 18 / 10 "x ^4 - <5,45*10 WJ - 0 545*10 ^J Of Cl - 4 I 4

E« = -
ft* 2.18/ 10 »*§V 3.408 / 10 1V J - 0.3488 / )0 184

*/For n /.iJvjKiyy <Jlffeu>rK>* Will be
£- < 2 18/ 10 *•) WK/ t0-») = 6.64 / 10*»

I * 1 -/ - ! -0 908 / 10 u ) ( 218/ 10 **) - 1 ,21 / 10 “_ * '•*- -9 ‘/46/ 10 “ ) ( 0 <>08 / io **) - 0.423
! < 1 *' ; 'vw Ml ‘/46/ 10 **) - 0190/ W **
' ome««« »ce M* wmgy beiw^n wxtffty level* of M** . different from

Draw utjF.i *iuwyy Ivyd di<uyf « «n lor «tQin H*-
<W Tbtoktng that K « 2.1* ' 10 lf V. <*lcul«t« tb* «**'W »v*4«d to tb«

1/01» from hydrogen atom and horn He %10
*•StAuUof , 1K - 2 J8 / 10 "J

fa Z »1
{ '*'oy w w*^4 »* afew

V .1'

?(4/ //.- >vv 0. -‘. ¥'s/up» v/ .J.« •p.-.'/W .. .// H* <#* u, p/u...
^*4^/VC hydeoyvat utour? ytv* rt u+vn*

eiH**1

- •-4$)***** * *fe* * MM* fee
«**•»* >W» V4rfŵ ,f^jM*

C*
MKM M* /#* 5(f ) 2 )8 /10 * >-

- 2 38 / JOfor t> - 1

*(frw *UdU*m tot/fSfty*****\ 'l t** tffV> . # .« i^x * ^«- y,

Mevw*, ibrr^//e^ ^
J/M be

£-•£# ^0-(-2 W^10
Th»̂ « fhe htfixaflon

fMtwM toMMfcMf <•«*«< *•v- .,-.»/ . X/ 2 s / x / /> '•>

©M > / '> >*t \ 2.1$* I tf '4

'Afr/dtexpr,atomA sr

+
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For H«4 Ion Z - 2
I nrrqv In nth orbit I* given by

- KfZ-I
~""”w <*•

5 to n" 1.(ID »
/n which mrtles of spectral lint,thrsr phnttm* willI „

n ap/>«ar.

2 . 1 8 x1 0 8 . 7 2x 1 0 'M SolutionsF o r n 1 E n 1Z J Rydberg constant R 1.097 x KFnr
, O J2 1 8 - 1 0t o r n <r>

When electron jumps fromi 5 to n = 2.>
I fence to move an electron from He’ Ion’s first orbit to an infinite distance, the

The wave number of the photon is given by the eq.energy required will be

I . Ft = 0-(-8.72 x 10 IH) |8.72 XIO 18J
V - R -7- 2 ,

. r>i nij' ) 1-097 x 1^|0

This Is the Ionization energy of He * ion
117 1

v 1.097 x 10 4 25 )
(c) How do y o u justify that the energies calculated In ( b) are the Ionization energies oj H

0 - 1.097 xio7 xJi = 2.30 xi06 m -1
and He * ? 100The amount of energy required to remove an electron from an atom or ion

This spectral line is present in visible regionf Balmer Series )

When electron jumps from n = 5 to n = 1.to an infinite distance is called ionization energy.
Hence, 2.18 x 10 18 J and 8.72 x 10 "

,8 J are the ionization energies of H
atom and He* ion respectively.

The wave number of the photon is given by the eq.
7H Ill2 5*= 1.097 x 10

(d) Use Avogadro's number to convert Ionization energy values In kJmot 1 or H and He
n2 j

The ionization energy of H-atom in kJ/mol is given as
7 16.02 xio23 v = 1.097 x 10©E = 2.18 x IQ 18

* = 1312.36 kJ/mol U 25
1000 ©9d

v =1.097 X 20? x -r = 1.05 X 107 m’1

25
present In UV region ( Lyman Series )

The ionization energy of He*-ion in kJ/mol is given as

E = 8.72 X 1Q 18 X
6 Q2 X1P23

-
1000

©
= 5249.4 kJ/mol 79,19 spectral line Is

kJ mot1**(e) The experimental values of Ionization energy of H and He* are 1331 n
5250 kJ mot1 respectively. How do you compare your values with expe x 105 m~‘Jumpsfrom higher to n = 1.

electronfalls.tol Q24.
(G)

P
[)

0t0n ° wave numher 102.70
etermlne the number of that orbitfrom where the

values? using S°fcmqn7- -ionThe calculated values of ionization energies for H-atom and He .i
R * 1.097 x 107 m

Bohr’s theory are 1312.36 kJ/mol and 5249.4 kJ/mol respectively.
These results agree well with the experimental results i.e. 1331 kJ

Rydberg constant -
I for H*

nj - 1

mbcrofthn/pho'°'lis 3iVenbythCeq'atom and 5250 kJ/mol for He*ion. resBoth H*atom and I le*ion consists of one electron each and the a
ults

The wave nu
clearly shows that Bohr’s theory is perfectly applicable to one
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AE = 2.18 x 10-^1 Li
AE = 2.18 x 10 8

)< 77 =|2^04 X7Ô *J

. R L LV ~ K 2 2
v Hi n2

1 16
( 1 1

102.7 xio5 = 1.097 xio7 x -r — j ©16
l2 n2;

And the energy difference for n =4 to n =2 can be calculated by the eq
Thus AE = 2.18 xio-18fL _i.

'|L2 42J
102.7 xlQ5 : 1
1.097 xio7 nl
0.93637 = 1-L

AE = 2.18xio-18n2

\= 1- 0.93637 = 0.0636
AE = 2.18 xio

, 8 xL = 4xlo-i9n2 = 0.4 x 10‘I8J ©161
"2 0.0636 The energy difference in second case is small.or

It is because electron travel more distance from n =4 to n = l than n=4 to n =2. And1 since energy is directly related to the distance of the electron, hence energy difference in©= 3.96 * 4ri2 = V 0.0636 second case is smaller than first case.

(b) Indicate the name of the series to which this photon belongs. Q25 . 'a)Who Is de Broglie's wavelength of an electron travelling at half a speed of light?
This spectral line is present in Lyman series Solution:

=m= 9.1 x 10 " 3 I kgMass of electron
(c) If the electron will fall from higher orbit to n = 2, then calculate the wave number of = c = 3 x 108 m/sVelocity of light

the photon emitted . Why this energy difference Is so small as compare to above 83 xiO_ = 1.5 xio8 m/s
2

cVelocity of electron= v =calculations?
2When electron jumps from n = 4 to n = 2.

h = 6.625 x 10- S4 Js
X = ?number of the photon is given by theThe wave 1012 m= 1 pm

( 1 1 ) ( 1 1 ^
V = R 4-4 = 1.097 xio7 4-4 Wavelength of the electron is given by

Inf nl ) 6.625 x IQ-34h = [4.85 x 10~12 m = 4.85 pm) ©
89.1 x 10 31 xl .5xi0v = 1.097 xio7 mv

v = 1.097 x IQ74= 2.05646 x ]0{> m s '. CalculateCo, and velocity of light Into cm°nvert the mass of electron Into grams
the wavelength of an electron In cm.16

Sslut/on;Energy difference for n =4 to n= l can be calculated by the eq . - 3, x 1000g = 9.1 x 10 " 28g
1010 cm/sm=9.1 x 10 “ 31 kg =9.1 x 10 1 J = 107 erg

3 x 10® m/s = 3 XVelocity of light 1 m = 100 cm
3 x 10'!-1 SxiO10 m/sVelocity of electron = v= - = 2

/ /o c m - 34 f s=6.625x 10" 34 x 107 ergs
Planck’s constant = h = 6.625x 10

= 6.625 x 10- 27 ergs
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X = ? HELLO! Mr. Qû Ec „.

Wavelength of the electron is given by OBJECTIVE: Multiple Chn 4 ®Qiiestions from PAST PAPERS^ SMaximum number of electrons in an orbital is: (L, / > ?
V /

hnre beard, 2014)6.625 x 10 27h (b) 10= 4.85 X 10-'° cmX = (a) 6 (e) 14 (d) 29.1xiO"28 xl.5 xio10mv
30 Zn *' X where X is: (Lahore board, 2014)

66Cu29

(b) Position(c) Convert the wave length of electron from meters to (a) Proton (c) Electron (d) Neutron
(ii) A(i) nm (iii) pm of Paschen series are produced when electrons jLines ump from higher orbits toX — 4.85 x 10 " 12 m Orbit. (Gujranwala board 2008)

Solution: (b) 2nd(a) 1" (c) 3rd (d) 4’"1 m = 10 9 nm(0
4. The electronic configuration of an atom is Is2 2s2 2pT The number of unpaired electrons

in this atom is: (Gl4ra»'flla hoard. 2008)
Therefore

X =4.85 x 10’l2 x 109 nm= (4.85 x 10'3 nm
(a) 0 (b) 2 (c) 4 (d) 6

1 m = 10 10 A0(H) 5. Negative charge on cathode rays was established by: (Gujranwala board, 2009)

Therefore (a) William Crook (b) J Perin (c) J.J. Thomson (d) Hittrof
X =4.85 * 10- 11 X 1010 A =4.85 x 10‘2 A= ET0485 AN 6. The e m value for positive rays is maximum for: (Gujranwala board, 2009)

(a) hydrogen (d) nitrogen(b) helim (c) oxygen1 m = 10 12 pm(iii)
7. Bombardment of a-particles on Beryllium (Be) atom emits neutron and this process isTherefore

Called: (Gujranwala board , 2011)X =4 . 8 5 x 10'!2 x 1012 pm=[4.85 pm
(a) natural radioactivity (b) artificial radioactivity
(c) Pauli exclusion principle (d) Hund’s rule

8- Balmer series in hydrogen spectrum lies in the region: (Gujranwala board, 2011)

(d) microwave(a) ultraviolet (c) infrared(b) visible
Positive rays were discovered by: (Multan Board. 201D

(d) Eugene Gold Stein(b) Ruther ford (c) William Crooks(s) J.J. Thomson

^man series lies in: (Multan Board , 2011 )
(d) Microwave region(b) Visible region (c) IR region(a) UV region

effect. (Rawalpindi Board.Cathod chemical change because they havee rays cause a2013)
(d) Diffusing(c) Reducing(d) Oxidizing (b) Conducting
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Atomic Structure14 An orbital which is spherical and symmetrical is: ( Lahore Board. 2009)

jg Value of the Redberg s constant is ro c Khan Boar,, Kt0l
1.7904 x 107 m'1 fb) 1.9768 x 10’ m-»

(c) d-orbital (d) f-orbital(b) p-orbital(a) s-orbitai
(a)IS the unit of ( Lahore Board. 2009)15 Angst
(c) 1.09678 X 107 m-1imii

(d ) 1.6 X 107 m':(c) Mass (d ) Frequency(b) length(a) time
29 °f e^ec^r0n *S fLahore Board. 2011 )

(a) 9.1095 X 1031 kg

(c) 9.1095 X 10“ Z7 kg

16 Properties of waves are: ( FaUaiabod Board. 2009 )
(b) 9.1095 x 10~31 kg(c) Frequency (d ) all(a ) Wave length (b) Wave number (d) 9.1095 x lO-^ g17 The nature of anode rays depend on (Rawalpindi Board. 2009)

30 Neutron was discovered by (Ihhon Board, 2011) (Sargodha Board. 2014)(b) The nature of the residual gas(a ) The nature of the electrode (b) C.D Andersen(a) Chadwick (c) Rutherford (d) Goldstein(c) The nature of the discharge tube (d ) All of above
31. When 4s orbital is complete, the electron goes into (Sargodha Board, 2010)18 Total number of spectral regions in a spectrum is: ( Lahore Board. 2010) (b) 3d(a) 4p orbital (c) 4d (d) 4f(a) 4 (b) 6 (c) 7 (d) 8
32. The limiting line of Balmer Series lies in the region (Sargodha Board, 201D19 The value of Plank’s constant is ( Lahore Board. 2010) (b) U.V(a) visible (c) NearI.R. (d) Far I .R.(a ) 6.62 x lO^ J .s (b ) 6.62 x 10 27 J. s 33 Lyman Series lies in spectral region (Sargodha Board. 2013)(c) 6 62 x 10-21 J.s (d ) 6.62 x 10-31 J . s (a) Infrared . (b) ultraviolet (c) visible (d) none of these20 In discharge tube experiment the pressure of gas was measured at ( Bahawaipur Board. 2010 j

(a) 760 torn (b) 0.1 torr (c) 0.01 torr (d) 10 torr
21 The number of neutron present in JJK is ( FaUaiabadBoard. 2011 )

Answers to Multiple Choice QuestionsJroin Past Papers.W 39 (b) 18 (c) 20 (d ) 19 Q# Ans Q# 0# Ans Q# AnsAns Q# Ans22 Lyman series occur in : ( Lahore Board. 2007) 1 (d) (b)(c) 4 5 (c)— — r — -2 3(c)
(a) visible region (b) U . V. region (c) I R. region (d) None of these 6 (a) 10 L ^9 (d)(b)7 (b) 8

112‘J Balmer senes IS found in ( FaUalabad Board.2007) w15(c) 14(c)1312 aa 416 (c)20M 19 (a](c)1817(b) U V region (b)fa) I R region (c) visible region (d) None of these
21 25 I (d[(c) 24 (c)(c)2322 (b)24 Which equation correctly represents the Heisenberg’s uncertainty principle? (Falsalabod 26 30(b)(a ) 29(c)28 a,27 (a)Board. 2010) ( Sargodha board, 2013)
31 (b) 33 (b)(a) A / x AP ® — 32 (b)(b) A X * A P > —4n 4/r

(c) AX * APt h
(dj A X * AP < h Detailed Explanation of Past Papers MCQs &

answers to all Past Papers SHORT QUESTONS In

ALLEGE CHEMISTRY OBJECTIVE BOOK-I

4// 4 //

XY u 4 7 o ' / Hurp. \ t d •lUalalnid 1. d, 2010)Tr
iflt vUvlf’ A) ' bj proton ' • ) BeL -. jys id) grtjnma rays

/ ft wa /tner /gl ' l ,n the r. - jodha hoard. 2010)

k'jn ,J!JI HAYs ANU / / % PROP/ H i l l s

" *****\v!L °̂U ftetf cathode ray* are material partlc es

U ,t4ri Board, 2011 )

U / U 7 (di Hor* of »“*0 ) u U’.lf k ) I K
n M . .. -A I* ,*** [***. . , ;;K tt i/ J K I M, /oio> with negative charge? <Laho,.

/!> (bl V ) k ) ’;> Khun Hoard,(d) 18
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nRD ATOMIC MODEL
(3 How cathode rays are termed as electrons9 (Faisaiabod Board. 2009 )

Long Questions
(1; Discuss properties of cathode rays. (Faisaiabod Board . 2012)

POSmVE RAYS AND ITS PROPERTIES

11 Which observation tells the presence of positive rays in discharge tube? (F ÎZhb^

2 Give reason for the production of positive rays. (Lahore Board. 2013 )

3 W rite properties of positive rays. (Gu)ranwala Board , 2011 : Lahore Board. 2013 )

4 The elm value of Positive Rays is less than Cathode Rays. Justify. (Multan Board 2012

5 Explain the experiment which help us to understand the discovery of protons
Board 2007 /

uestlons
did Rutherford’s model of an

17)? (Cujranwala Board, 2008)
at°m first pr0ved

(21 What are the defects in Rutherford’s atomic ,
2007. 2009. Faisaiabod Board. 2009. 2013 r

Hoard 2009 M ,

Rutherford’s atomic model. (Malta* B, A °nMta *“ * 20,$, Give two
“;!T

Scrgodha Board.2010: Rawalpindi Board. 2011
8oorrf 2(,' l DC Kt ^

Jnna Question -,
ultan Board 2011) * * *Aon Board. 2010:

,1) Write defects in Rutherford's model of atom No a ,
°W** remoued 0*"? M

he existence of nucleus of the
oto

fioJ

(Lahore 2011)

\ PLANCK’S QUANTUM THEORY, WAV! LENGTH FREQUENCY. WAVENUMBER
loinrf Questions

ijj) Give postulates of Planck ’s theory. OR What is Planks theory (Rawalpindi

1 What particles are formed by the decay of free neutrons? Write balanced equal Lahore Board. 2013 )

•Faisaiabod Board , 2008: Sargodha Board , 2007 , 2009 , 2013 : Lahore Board. 2014 ) Derive the formula for frequency of photon (Only in tWO Steps) (D C . Khan Board. 2010)

2 Write down nuclear reactions involved in the conversion of Cu into Zn. (Gujranuoia Bo 13) Differentiate between (or What is) frequency and wave number, IDC Khan Board. 2007

2014 ) OR How the emission of a P-particle results in the increase of atomic number of
element? ( Rawalpindi Board . 2013 )

NEUTRON AND ITS PROPERTIES
Short Questions

Board. 2009

Multan Board, 2010. Cujranwala Board. 2011)

4) Give the relationship between energy and frequency. (Bahawaipur Board. 2008 )

(5) The energy associated with violet colour is greater than red colour in visible spectra.

Why? (Lahore Board.2007)

4 ' How neutrons are used in the treatment of cancer? (Bahawaipur Board. 2012 ’ Question*
(5) Write two properties of neutron. (Oujranwaia Board. 2009: Rawalpindi Baard. 2009: Laho„ P,anck 's Quantum theory. (ii) define frequency and wavelength

3) Complete ( Faisaiabod Board . 2011 )

(a) jRe + 4Be (b) u
7N + Jn ??

!
(6) 1Write balanced equation for any two nuclear reactions (Multan Board. 2008: Faisaiabod B

2013 )
Long Questions
1 Describe the discovery and Properties of neutron in Chadwick experiment. (D-

Board . 2010: Gujranwala Board. 2011: Multan Board, 2012) ^
2, Discuss Chadwick 's experiment for the discovery of neutron. Compare the prop

electron and proton ( Rawalpindi board 2007: Multan board 200 7')

\^litres OF BOHR'S ATOMIC MODEL. RADIUS OF ORBIT
S&LQuestlons

' '

* ' V the electrons move faster in an orbit of smaller radius? (Sargodha Board, 2013 ) OR

°w do you come to know that the velocities of electros in higher orbits are less than

,2j f.0se°f lower orbits.

h
e radiu* of first orbit of hydrogen atom is 0.529A. Calculate the radius of 3rd orbit of

(3j JlL °tOm. (Gujranwala Board. 2013)

Wify that the distance gaps between different orbits go on increasing from the lower to

b̂ QiJ^̂ rbitS. (Faisaiabod Board, 2007: Sargodha Board. 2009)

( 1) Calculate the mass of an electron when elm = 1.7588 X JO" C kg' (Labor* Boo.d.^!l I Denve radius of revolving electron

2013) OR How the mass of electron I i ^ d/!°£ofl°°rc/ 2009: Bahawaipur Board 2009

B°° Giur n
H°ard’ 2012‘20I3>

Bo^d °StuloteS of Bohr ’s atomic model. ( Lahore Board. 2009

' 12: Bahawaipur Board, 2012: Gujranwala Board.2014)

7

i
s

MASS OF ELECTRON
MEASUREMENT OF CHARGE TO MASS RATIO, CHARGE AND

Short Question* in n-th orbit of an atom. (Gujranwala Board, 2008, 2009:

Bahwalpur Board. 2010: Rawalpindi Board, 2010:

2014 FaUalabad Board . 2011 : Multan Board , 2011 ,

cakltkied by using e/m value? (Multan Board, 2010: Bahawaipur Board. 2011 Id***
Rawalpindi Board 201 3 )

Long Questbyns

• D.G. Khan Board. 2011: Multan

measured. (Sargodha Bo*6

1 oT̂ lJZdzfis? mQS* *4J** ^on was

'eriment to determine the charge of an
2010 ^ 2012 Lmhort Board 2013 Lahore Board. 2013. 2011)

fr^lOF ELECTRON (BOH £̂fiTOM'C -
),or bonded ele>

Potential energy of an^lec^°d: 2oi3)
,Btk«Walpur Board. 2011 : Sargodha Boar

(M^ is negotive in on orbit of atom?
electron
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(2) Total energy of bonded electron is negative Why? (Gujranwaio Board , 2010 )

3) The energy difference between adjacent levels in an atom goes on decrease
2010: Bahawalpur Board.2010. 2011

(3) Differentiate/Describe/Define Stark and7

*
ass-—,jasr*““ — — — »tzsszsns*— —(1) Give defects of Bohr’s Atomic Model, tus*.

<MCmodel. ^ °* a w*

9 sharpy
(GuJranittfi

. 2011 Gujranwaio
Why? ' Rawalpindi Board. 2007 )

4) Calculate ionization energy of hydrogen atom by using Bohr’s atomic model. 2008
Board . 2010)

Lone Questions

' 1 , Denue the formula for calculating the energy of an electron in nth orbit usinq Bnh -
model ( Faisaiabod Board. 2011: Azod Kashmir Board. 2012)

S °^S

Y.RAYS , MOSELEY S LAW
SPECTRUM

Shnrt Questions
(1) What are X-rays? How : ney are produced? (Sargodha Board. 2007. D.G Khan Board.2007

Rawalpindi Board. 2012)

(2) How the K-series. L-senes and M-series of X -rays spectrum are produced? (U+or* Board.
2013)

(3) What is Moseley’s law? Write importance of Moseley’s law (Rawalpindi Board. 2007: D.G.
Khan Board.2010: Multan Board. 2010: Lahore Board. 2014) OR Give importance of Moseley law
(Azod Kashmir Board. 2012: Rawalpindi Board. 2012) OR Give the Moseley’s equation. Abo write

Short Questions

1 Define Spectrum. Name Its two types. (D .G . Khan Board, 2012. Multan Board. 2007.2009: Lahore
Board . 2009) OR What IS Spectrum? Give one example. ( Bahawalpur Board. 2009)

2 Why atorr ic spectrum is line spectrum? (Lahore Board. 2010)

3 Wra is atomic emission spectrum? ( Sargodha Board . 2014 ) OR What is the origin of the
amiss. I or, of '>e spearjm of an atom? (Rawalpindi Board . 2013)

4 riC IS tr <e origir of line spectrum? Sargodha Board , 2009)

3 S’ Herentwe oetu>eer line spearjm and continuous spectrum. (D .G . Khan Board . 2010.

2014 Sargodha Board . 2011: Multan Board , 2012)

Dr.erert.me bee. j^eer atomic emission and atomic absorption spectrum < Bahawalpur Board

its imponance (c ~ significance). (FaUalabad Board.2007. Lahore Board. 2009 Malum Bomd.2013)

4; Def ne Moseley's law. Give its mathematical expression Mukan Board 2007 G

Board. 2009: D.G. Khan Board. 2012: FaLsalabad Board. 2012: Sargodha Board. 2010. 2013) OR What
IS Moseley’s law. (Falsalabad Board. 2008: Lahore Board. 2011.2012.DG.Khan Board. 2009)

Long Questions
1) What are X -rays? Give the conclusions drawn by Moseley from the study of speara

•'nes. (Falsalabod Board. 2013)

2012
L&r*S
I Sescr be eLDm ic err ssior. and atomic absorption spectrum with diagram. ( Sargodhc :ioard

2010
2 -iti is wpectrurr ? DrferencitMe beaoeerncontinuous and line spectrum (D G . Khar board

VE-BROGUE S EQUATION , HEISENBERG'S UNCERTAINTY PRINCIPLE , ORBITAL3 Dehrrt Speetmrr Expkzr atomic issabr and domic obsorpton spe ~trjfr ucr
dograr-. 2LLQuestionsBoard 2 0 1 1 )

*2 pnle Qr;Q exP^ain de-Broglie s equation. ;Multan Board.200s

Q. S^°n ^ias ltS nature.Justify. Sargodha Board. 2011)

* j0 f

Heisenberg’s uncertainty principle and write

*012- U/O (Gujranwaio Board. 2009 Fat*dabod Board, 2012 Mukam Bomd.2010.2011,

2011**haU*>i*>vr Z°<*rd. 2009 Lahore Bomd. 2009 2013: D.G. Kham Bomd. 2008 Bahawatpm Bomd.

orbital (Lahore Board 2010/

EQUATION . HEISENBERG S UNCERTAINTY PRINCIPLE
~~

2009 f
5 furu=bon of principle quantum number? (Gvpmi&i Bom*, 200s. F.

) ruf . SarB<xO»1 Board. 2013/
' Quantum numbers. What is the significance of Azimuthal quantum number. (D.G.

2012, OR Define Azimuthal quantum Number and give its importance.

3) Board - 2011/

20109

EmSSROM SPECTRUM OF HYDROGEN ATOM EXPLANATION BY BOHR'S THEORY down its mathemcticaJ

^ orgr c? r /zroger sperzrjm? DG Khar, Board,2010)

l acme* cr spectra series c$ hydrogen speczn m Lahore Board.2011)

3 "• to s Lyman seres? > xhc 'eg<or t res? R*,*p M* Board.201 if
1 •' 'CL Bt e orgfr cf * ycroger spears on ire rovs of Bohr’s model0

3 ^rte ck*M the eqt̂ zcon for ererg,O f f e r e r o f orbits of H-ctom (3*h~**?****
, ORBITAL

2DEFECTS Of BOHR S ATOMIC " ODE

1, '*3ve the zefeas cf Bcr nau'itc model j juym**d* Bomd. 2008. 2&1
OR " « two defects of Bohr's atomic model (D G.

S*m4 2012 ums . *̂d So*; i 2012 ij mgodhm Bomd. 2011, 2014 ) NOTE For ih
BA.
ai« •jejtefli m01 be

9 / p.G - ****21 Whet sHrline m hycryger: tpeamm? Which effect explain these lines
0^

>*•

41~ r\
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Atomic Strur.ture
Long Questions

1 What are quantum numbers7 Give the significance of any one quantum number
Khan Board . 2009,

21 What are quantum numbers' Discuss their significance? <Fai»aiabad Board 2007
hoard 2007

I
Maris:85OBJECTIVE• (O.G.

Sor9odho

(3 Discuss ( u Azimuthal quantum number ( ii ) Magnetic quantum number (Sargodha e,
2013) °°rd

4 Went ere quantum numbers' Discuss Principal and Azimuthal quantum numbers
Sargodha Board 2014)

5 Whet are quantum numbers'' Explain Principe! and Magnetic quantum numbers ( MUI
Board 201 if

c and exp a n ‘.rapes of s- and p-orbitak. (Rawalpindi Board. 2009 )

Den *te orbia Discuss shapeS of its types. ( Lahore Board. 2010)

•20 Minutes

QL£*CB question ha, four possible.'n^Ch" '^ ^ marks

a The wave length of Lyman Series lie, (!?L
Ch'"'5' the

&M (b; vislble
n ,herefn

® ^fe^coon%urationafa«alom“ u^El (b)0 ^ 2P ^"̂ ofun^^^^

Mark* 1 7

correct answer and encircle it.

fd) None of above
i n = 3, / = 1?

(d) 32(a) B

(c) 4 (d) 6
The limiting line of Balmer series ies in the rkson

bTUVi (cj Near LR.(a ) Visible
Positive ions -are formed from the nex .-al atom by the loss of
(a ) Positrons fb) piotpns < c; electrons

[y'; Cathode rays are deflected by
(a) an etectric held only ( o) a magnetic field only 1c , by- bom

•A} e/im value for positive rays is maximum for
fa) Hydrogen

.x Neutron possesses
'a ; pos.t «charoe (bj negative charge ( cj no charge d, ail are corrected

y L - es of iPasdlCTi senes are produced Wr er. electrons j ump from higher orbits to orbit
'd; 4*

'di Far I.R.

d] neutronsALTBAU PRINCIPLE PAUL! S EXCLUSION PRINCIPLE HUND S RULE
S Q'̂ ariow* (d ) by no'e- -;M> prrdpie' Bohowcipur Board 2003 ORl>ef ce and explain n ~ rule iHuiun

Bear s 2912 OR 4« SUtbShel sf ed f TSt OT,d 3d afterward (Sargodha Board. 2013)

2 Zizte Pz~ ::Exc. prxape - t' cn excrr. pie Lahore Board 2007 . 2011 200s 2012 2014
; - , 'x:. prx:;;e C.T<3 Pa- : exc j-sior pr.Tripie 1Lahore Board, 2010)

~ E-ef Mxxce r. urn ; ^ e Exp u r zr e/ urrp e Azad Kashmir Board, 2012 D O Khan
c ZOIC Board 2012 Lahore Board 2014 Fatsalabad Board, 2013 Multan Board . 2013)

i Def re Slose H ^n s rM ern Pa1 .• Exs wi cr pr ncpie (Oupanuaia Board. 2011 D O.
Bou' C 2112 fcfxiictr. Board 2012 P.arjsJp/ Indj Board 2013;

Co'ftjg Os&Xliort*
1 Expix.r re io '0 x rg e$ whr exernpiet ( i) Pan is Exclusion principle ( ii) Hundi

P M D 0 Khan &s*rd , 2012;

( b) Helium (c) Oxygen (d) Nitroger

1(b) 2 1̂
/ Wheil atoms a re vola*: i ize-d, they form

' a , continuous spectrum

• >i

j(b) line 5pedrunj (c) eiectroma^etic spectrum fd) none
'• i Miuikan method for determination of charge or eker-on the a;r ' ' ’ he charcber . ionized by

{d; a -partides(b) Electron field >c) X-rayj
Smallest charge of electncihy that has been measured so far a
(a) charge on a -partides kbld̂ on^ (c) d.rg,on X-̂ s!d) on^^(x -partides resembles
iSTHi

fa ) Protons
!*aj

ELECTRONIC CONFIGURATIONS OF ELEMENTS
Short OuesUorc*

(d) He2 molecule
~Spbtting ol spectral Im^of me hydroge'' ''5^**rfeCj

N ^STA"
N '4 havSSt-o eledrons

(a) Heisenbergs principle (b) Auf bau pnnapN Paschan. bracket and P fund senes lie in the
(a) visible region

• i

1 Z rive electronic corf guraLon for or element uAh atomic nurr.ber Z - 29 ( Fai*oiabod
Board , 2011) ; jl.

2 0; oe me electronic corfigurauor of Ca& and Bryj (FoUaiabod ho-ird, 2009: u c Khan Hoard.
20111

3 Distribute the electrons n Cu& and Brx (FaUalabad Boom 2008: Rawalpindi Board , 2011 )

4 Write e ectronic configuration of 19P. and rf2u OR Wr te electronic configuration of
elerr>er V. will dorr , C number 19 and 29 ( Lahore Board ,200H l cd*al‘p°d Board.201V

5) Write down the electronic configuration of Fe(26 ) arid Br(35 ) (Lahore Board, 2014 )

6; 'Write electronic configuration of elements with atomic number z= 24 , z=37 ( Sargodha
Board 2012. 2013 Cju)ranu>ala Board , 2013)

fed ) Infrared regionj(c) Microwave region
(b) Ultraviolet region

S;210 Hour.
Write any TWENTY 5h*«* Out o( Questions 2,3 and 4, Writ

numbers carefully .
Sec!i22̂ -

Marks: 68
answers. While writing answers write

(22x 2 ) =44

sfessss*W t̂l8 the

two orbitals?
electron between

cause of origin of x-rays?



310CoBwe Chemistry: Part - I 4i2E îQSiS(
(v) e m vaiue of cathode rays is independent of nature of gas. Why?

kapfer0(vi) State Moseley's law and write down its equation.
vu j Write down important points of quantum theory.- vui ) Rutherford s model cannot explain the stability of atom. Why?

(ix) What is stark effect?
(x) What is the origin of tine spectrum?
(xi) How X-rays are analyzed?
(xiij Calculate the energy of photon travelling with a velocity of 3 X 10* -i and having a wavelength 0f ^

m s
nm.

Q3. Answer any Eight parts from the followings. CHEMICAL BONDING!i ) Why the pressure inside the discharge tube was reduced to 0.01 tort to produce cathode rays?
( ii) According of de Broglie’s idea, only microscopic particles have the waves. Explain?
(iii) Why the positive rays were called as canal rays?
(ivj Wrhat are slow neutrons? What happens when they are bombarded on nitrogen?
fv ) Why Millikan ionized air in the chamber of his apparatus to determine charge on electron?
(vi ) What is the effect of magnetic field on cathode rays?

vuj What are the results of Rutherford's a-scattering experiment?
(viii ) What is an angular momentum of electron in an orbit?
(ix ) Electron has its dual nature. Justify?
( x) What is (n+1) rule?
( xi ) How emission spectrum of hyrogen is obtained?
xii) What is Summerfelds modification of Bohr Atomic Model?

Q4. Answer any Six parts from the followings.
Justify that the distance gaps between different orbits go on increasing from the lower to the higher orbits?

hi ) Define Azmuthal quantum Number and give its importance?
( iii , How is the wave nature of electron verified?
frv , Heisenberg uncertainty principle is not applicable to large objects. Why?
( v) What is the concept of Schrodinger about nature of electron?

A; What information is obtained form azimuthal quantum number?

41 vi; i What are degenerate orbitals? ‘ G.N. Lewis
v How is spinning motion of electron about its axis is related to the spectrum of an atom?

fix, 'What is the difference between Is. 2s and 3s orbitals?

Section - II (Attempt any three questions) (8x 3) = 24
(04)Q5 > Der ' /e an expression!o calculate the energy of an electron in nth orbit of H -atom.
(04)'b; How did milikan determine the charge of an electron ?
(04)Q6. a) Write a short note on Heisenberg's uncertainty principle.
(03)o) Bow does spin quantum number explain the doublet structure in the spectrum of H-atom.
(01)

(c) What s Zeeman effect9
(02)

Q7, fa) What is Hurd's rule.
(03)

(bj Prove trsat ^ r
_h_

(03)
c; How wii you demonstrate that cathode rays possess energy and momentum?

G ** a, vevnoe JJ Ino-mion experiment to calculate thu- e/m value of electron. (03)
(03)

oj Ca^xiate the wave n jmber of the photon when the electron jumps from
i) r. = 6 to ri - 2 hi) n = 6 to n = In which ser es of spectral lines these photons will app~

fl2)
fc) Draw the shapes of d-orbrtais. [

Q9 *i Gr/e the ma.r. points of RSuthefe atomic modi and also describe defects of this


	5     
	5  #236
	5  #238
	5  #240
	5  #242
	5  #244
	5  #246
	5  #248
	5  #250
	5  #252
	5  #254
	5  #256
	5  #258
	5  #260
	5  #262
	5  #264
	5  #266
	5  #268
	5  #270
	5  #272
	5  #274
	5  #276
	5  #278
	5  #280
	5  #282
	5  #284
	5  #286
	5  #288
	5  #290
	5  #292
	5  #294
	5  #296
	5  #298
	5  #300
	5  #302
	5  #304
	5  #306
	5  #308
	6  #310



