Fundamental particles, Rutherford’s model of atom.
¢ Nature of electromagnetic radiation, cmissicn spectrum of hydrogei aiciin, cencep  siencrgy level:

: (orbitals), weaknesses of Bohr's model.

: Modern concept of structure of atom (elementary idea only), idea of shells, subshells ind orbitals

: the four quantum numbers, electronic configuralion of eleinents, Auil

pr|n0|ple and Hund’s rule).

auprincipte (Fauil exelusis

SELTION—I

EARLIER DEVELOPMENITS
ABOUT STRUCTURE OF ATOM

3.1. Subatiomic and Fundament.i Particles :

Although the credit for the first “atomic”
thecory is usuaily given to ancient Greeks, a
landmark in the progress of chemistry took place
with the advent of Dalton’s atomic theory (dis-
cussed in Unit 1).

Dalton, a British school teacher, in 1808,
proposed that matter was made up of extremely
small, indivisible particles called atoms (Greek,
atoms means ‘uncut-able’). The concept continued
to hold grounds for a number of years. However,
the researches done by various eminent scientists
like J.J. Thomson, Goldstein, Rutherford, Chad-
wick, Bohr and others in the later half of the 19th
century and in the beginning of the 20th century
have established, beyond doubt, that atom was not
the smallest indivisible particle but had a complex
structure of its own and was made up of still smaller
particles like electrons, protons, neutrons etc. At
present, about 35 different subatomic particles are
known but the three particles namely electron,
proton and neutron are regarded as the fundamen-
tal particles.

n

The chargc and mass of thcse fundamental
particle are given in Table 3.1 bclow

TABLE 3.1. Chaige and mass ol lundaiucnital
subatomic particles

Particle | Charge Mass
kg u
Electron | 1— | 9.10939x10~3! | 0-000548596
Proton 1+ | 1.67262x10~27 | 1-00727663
Neutron 0 1-67493x10~27 | 1-0086654

One unit charge = 4-80298 x 10" % e.s.u.
or 1:60210 x 10~ coulombs
One u = 1/12th the mass of 12C atom.

We shall now take up a systematic study of the
discovery of these fundamental particles and other
related discoveries which have been made from
time to time.

3.2. Discovery of Electron—
Study of Cathode Rays #

The electrical nature of matter had been indi-
cated in very early experiments on the production
of frictional electricity (i.e. rubbing of glass or
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ebonite rods with silk or fur). This was further
confirmed by the experiments on the electrolysis of
substances by Davy, Stoney and Faraday in the first
haif of the mineteenth century. However, the dis-
covery of electron came as a result of the study of
conduction of electricity through gases as ex-
plained below :

William Crookes, in 1879, studied the conduc-
tion of electricity through gases at low pressure. For
this purpose, he took a discharge tube which is a
long glass tube, about 60 cm long, sealed at both the
cnds and fitted with two metal electrodes. It has a
side tube fitted with a stop-cock (Fig. 3.1). This tube
is connected (o a vacuum pump and the pressure
inside the discharge tube is reduced to as low as
0.01 mm. Now when a high voltage (nearly 10,000
volts) is applied between the electrodes, it is found
that some invisible rays are emitted from the
cathode*. The presence of these rays is detected
from the fact that the glass wall of the discharge
tube opposite to the cathode begins to glow with a
faint greenish light**. Obviously, this must be due
to the bombardment of the walls by some rays
cmitted from the cathode. These rays were cathode
rays.

GAS AT
caTHOpE  -OW PRESSURE
RAYS TO VACUUM
PUMP

CATHODE N ANODE
=] -
<
-

HIGH VOLTAGE
*
k|

FIGURE 3.1. Discharge tube experiment -
Production of cathode rays.

Properties of Cathode Rays. From the
various experiments carried out by I.J. Thomson
(1897) and others, the cathode rays have been
found to possess the following properties : —

(1) They produce a sharp shadow of the solid
object placed in their path (Fig. 3.2.). This shows
that cathode rays travel in straight lines.

SHADOW
DEJECT\
i
(=] ¥ =t @
ZnS SCREEN

FIGURE 3.2. Production of a shadow of the
solid object by cathode rays.

(i) If a ight paddie wheel (e.g. that of mica)
mounted on an axle is placed in their path, the
wheel begins to rotatc (Fig. 3.3.). This shows that
cathode rays are made up of material particies.

LIGHT MICA WHEEL
MOUNTED ON AXLE

RAILING

FIGURE 3.3. Rotation of light paddle wheel by
cathode rays.

(i) When an electric field is applied on the
cathode rays, they are deflected towards the posi-
tive plate of the clectric field (Fig. 3.4.). This shows
that cathode rays carry negative charge.

WALL COATED
WITH ZnS

Low
—————————— @ VOLTAGE
(10VOLT)

VOLRGE it
ANODE WITH
(10,000 VOLTS) A HOLE ELECTRIC

FIELD

FIGURE 3.4. Deflection of cathode rays towards
positive plate of the electric field

* [t may be noted that when the gas pressure in the tube is 1 atmosphere, no electric current flows through the tube. This is

because the gases are poor conductor of electricity.

** The television picture tube is a cathode ray tube in which a picture is produced due to flucrescence on the television screen
coated with suitable material. Similarly, fluorescent light tubes are also cathode rays tubes coated inside with suitable materials

which produce visible light on being hit with cathode rays.
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Similarly, when a magnetic field is applied on
the cathode rays, these rays are deflected in a direc-
tion which shows that they carry negative charge.

{iv) When cathode rays strike a metal foil, the
latter becomes hot. This indicates that cathode rays
produce heating ¢ffect.

(v) They cause ionization of the gas through
which they pass.

(vi) They produce X-rays when they strike
against the surface of hard metals like tungsten,
molybdenum etc.

(vit) They produce green fluorescence on the
glass walls of the discharge tube as well as on centain
other substances such as zinc sulphide.

(viii) They affect the photographic piates.

(ix) They possess penetrating effect (i.c. they
can easily pass through thin foils of metals). They
are stopped only by the metal foils of greater thick-
ness.

From the study of the various propertics, as
explained above, the two most important results
are:

(i) Cathode rays are made up of material
particles.

(if) Cathode rays carry negative charge.

The negatively charged material particles con- 7

stituting the cathode rays are called electrons.

Further experiments were carried out to
determine the exact charge and mass of the
electrons. Two types of experiments were carried
out. These were

({) For determination of the ratio of
charge/mass of electrons. These experiments werc
carried out by J.J. Thomson (1897). He used dif-
ferent discharge tubes fitted with electrodes of dif-
ferent mctals. He placed different gases in the tube.
He found every time that the ratio of charge/mass
of the electrons was the same. The value was found
to be

charge/mass = e/m = 1-76 x 10° coulombs/g
(i§) For determination of the charge on the
electron. The charge on the electron was found by
R.A. Millikan (1917) with the help of his oil drop
experiment. The value was found to be
charge = e = 1.60 x 10~ Coulombs
or 48 x 107 egy

*This is called Rest mass of the electron because it b
much less than the velocity of light.

** No clectric current flows through vacuum,

Thus the mass of the electron may be calcu-
lated from the values of e/m and e as follows :

TR Lo o1 4 oG 10-19
e/m 176 x 10°
=911 x 10" 2% g»

The charge, 1.60 X 107!? coulombs, is the
smallest measurable quantity of charge, and is
called onc unit. The mass, 9.11 x 10728 g, is nearly
1/1837th of that of hydrogen atom. This can be
easily calculated as follows :

1 g atom of hydrogen

=1-008g = 6-02 x 10 atoms

i.e. 6-02 x 107 atoms of hydrogen weigh

= 1-008 g

One atom of hydrogen weighs

= 6-_012—20%13 g=167x10"%g
. Massof Hatom _ 1-67 x 107 ¢
"* Mass of clectron ~ 9-11 x 10728g

Using more accurate valucs, the ratio comes
out to the nearly 1837.

Hence the electron may be defined as follows:

= 1833

An electron is that fundamental particle which
carries one unil negative charge and has a mass
nearly equal to 1/1837th of that of hydrogen atom.

Origin of Cathaode Rays. The cathode rays arc
first produccd from the material of the cathode and

‘then from the gas inside the discharge tube due to

bombardment of the gas molecules by the high
speed electrons emitted first from the cathode.
Electron is a universal constituent of matter.
In the discharge tube experiments, it is found that
irrespective of nature of the gas taken inside the
tube and the material of the electrodes, the fatio of

charge/mass of the particles constituting the

cathode rays (electrons) is the same. Similarly, the
charge on each of these particles is also always the
same. Since these particles are emitted first from
the material of the cathode and then produced
from the gas inside the tube as a result of the
bombardment on the gas molecules by the high
speed electrons emitted first from the cathode**, it
is obvious that these particles i.e. electrons must be
universal constituent of all matter. This is further
supported by the following experiments in which

as been calculated assuming that the electron is moving with a veloctty
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the electrons emitted are found to have the same
charge and mass : —

(i) Bystrongly heating certain metal filaments.

(i) By exposing highly active metals like
sodium and potassium to ultraviolet rays.

(i#i} By exposing any form of matter to X-rays.

(iv) From radioactivc substances in the form
of §-rays. ‘

Since the atom as a whole is electrically neutral
and the presence of negatively charged particles in it
was established, therefore it was thought that some
positively charged particles must also be present in
the atom. For this purpose, Goldstcin in 1886, per-
formed discharge tube experiments in which he took
perforated cathode and a gas at low pressure was kept
inside the tube, as before (Fig. 3.5.).

ZnS
COATING

© N
— PERFORATE Hz GAS (NSIDE
CATHODE AT LOW PRESSURE

FIGURE 3.5. Production of Anode rays
or Positive rays.

On passing high voltage between the
electrodes, it was found that some rays were coming
from the side of the anode which passed through
the holes in the cathede and produced green
fluorescence on the opposite glass wall coated with
zinc sulphide. Thesc rays were called anode rays or
canal rays or positive rays (because they were found
to carry positive charge).

Origin of Anode Rays. These rays are believed
to be produced as a result of the knock out of the
electrons from the gaseous atoms by the bombard-
ment of high speed electrons of the cathode rays on
them, Thus anode rays are not emitted from the
anode but are produced in the space between the
“ancde and the cathode.

Properties of Anode Rays. Using the same
experimental methods, as described earlier for
cathode rays, the anode rays were found to possess
the following main properties : --

(i) They travel in straight lines. However their
speed is much less than that of the cathode rays.

(i) They are made up of material particles.

(iif) They are positively charged, as indicated by
the direction of deflection of these rays in the
electric and magnetic fields. That is why they are
called ‘positive rays.’

(iv) Unlike cathode rays, the ratio, charge/mass
(i.e. e/m) is found to be different for the particles
constituting anode rays when different gases are taken
inside the discharge tube. In other words, the value
of e/m depends upon the nature of the gas taken
inside the discharge tube.

{v) The value of the charge (e) on the particles
constituting the anode rays is also found to depend
upon the nature of the gas taken inside the discharge
tube. However, the charge on these particles is
found to be a whole number multiple of the charge
present on the electron. In other wards, these posi-
tively charged particles may carry one, two or three
units of positive charge, depending upon the num-
ber of electrons knocked out.

{vi) The mass (m) of the particles constifuting
the anode rays is also found to be different for
different gases taken in the discharge tube. However,
its value is found to be nearly equal to that of the atom
of the gas.

Further, experiments revealed that when
hydrogen gas is taken inside the discharge tube, the
particles present in the anode rays have minimum
mass i.e. lightest positively charged particles are
produced. The charge on these particles is found to
be same as that on the electron ie. 1.6 x 107
coulombs or one unit. The ratio, charge/mass, for
cach of the particles is found to be 9.58 x 10*
coulombs per gram. Hence the mass of c;agch of
these particles will be = R

9-58 x 10*
=1-67x107#g

This mass is nearly the same as that of the
hydrogen atom. These particles were termed as
protons. Hence

A proton may be defined as that fundamental par-
ticle which carries one unit positive charge and has
a mass nearly equal to that of hydrogen atom.

It may be mentioned here that in case of any
other gas taken inside the discharge tube, the mass
of the positively charged particles was found to be
nearly a whole number multiple of the mass of the
proton. Hence it led to the belief that protons must
be fundamental particles present in all atoms and
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that the atoms of gases other than hydrogen con-
tained some whole number of protons.

After having established the presence of
electrons and protons in the atom, the next problem
before the scientists was to see how these particles
were present within the atom. Two models of atom
were proposed as discussed i the next sections,

Radicactlvity. After the discovery of electron and
Pproton, it was well established that atom is divisible and is made
up of charged particles. This was further confirmed by the
phenomenon of radicactivity, discovered by Beoquere| in 1896.

Radioactivity is the phenomenon of spontaneous emis-
sion af radiations by certaim elements like uranium, radium eic.
The elements emitting such radiations are called radioactive
elements.

The phenomenon can be observed by placing the
radioactive clement in a cavity made in a block of lead and
applying clectric or magnetic field on the radiations being
cmitted and then allowing them to falt on the photographic
plate.

Three types of radiations are emitted as explained
below:

() Those which are deflected slightly towards the nega-
tive plate and hence carry positive charge are called £E-THYS,
The particles present in them are called e-particles, Each
a-particle has charge = +2 units and mass = 4 u. Hence they
are same as helium nuclei and are represented as §He.

(if) Those which are deflected towards the positive
plate to a larger extent and hence carry negative charge arc
called fl-rays. The particles present in them are called §-
particies. Each f-particle has same charge and mass as that
of electron. Hence it is represented as e

(i) Those which remain undeflected arc called y-rays.
They are simply electromagnetic radiations.

PHOTOGRAPHIC PLATE
C e

BLOCK
OF LEAD

RADIO-
ACTIVE
ELEMENT

FIGURE 3.6. Effect of electric field
on the radiations emitted from a
radioactive element,

other words, these particles are nothing but helium nuclei,

3.4. Thomson Mode! of Atom 2=

J.J. Thomson, in 1904, proposed that an atom
was a sphere of positive electricity in which were
embedded number of electrons, sufficient to
neutralize the positive charge (Fig. 3.7.). The
stability of the atom was explained as a result of the
balance between the repulsive forces between the
electrons and their attraction towards the centre of
the positive sphere. This model is compared with a
water melon in which seeds are embedded or with
a cake or pudding in which raisins (dried
grapes/kishmish) are embedded. That is why this
model is sometimes called raisin pudding model.
However, this model could not satisfactorily ex-
plain the resuits of scattering experiments, carried
out by Rutherford in 1911 and was rejected.

POSITIVE
< SPHERE

ELECTORN

FIGURE 3.7. Thomson model
of atom.

4.5. Ruthercrd's Mede! (Nuclear Model)
of Atom—Discovery of Nucleus

Rutherford, in 1911, performed some scatter-
ing experiments in which he bombarded thin foils
(nearly 100 nm thick) of metals like gold, silver,
platinum or copper with a beam of fast moving
a-particles®, The source of a- particles was radium,
a radio-active substance, placed in a block of lead.
Slits were used to get a fine beam (Fig. 3.8). The
presence of a-particle at any point was detected
with the help of a circular zinc sulphide screen.
When an a- particle strikes this screen, a flash of
light is given out.

From these experiments, he made the follow-
ing observations : —

(f) Most of the a-particles (9.9 %) passed
through the foil without undergoing any deflection.

*An a-particle is a panicle;hﬁéar_ﬁu two units nfpodt_n-r._chai'ge and has mml:'.urlj.- four times that of a pmtm‘i._ﬁ




- Pradecp’s Mew Course Chemistry $61P)
MOST OF THE
a-PARTICLES
zﬁ'ngcl:JF%QEN STRIKE HERE
RADIUM

“ w-RAYS

e m e - - —— =

BLOCK OF LEAD I]

sSuT THIN FOIL

OF GOLD

FIGURE 8.8 . Rutherford's scattering experiments.

(if) Few a-particles underwent deflection
through small angles.

(¢ii) Very few (only one in 20,000) were def-
lected back i.c. through an‘angle greater than 90°.

From these observations, Rutherford drew
the following conclusions : —

(i) Since most of the a-particles passed through
the foil without undergoing any deflection, there must
be sufficient empty space within the atom.

(i) Since few a-particles were deflected
through small angle and a-particles were positively
charged particles, these could be deflected only by
some positive body present within the atom. The
a-particles deflected were those which passed very
close to this positive body.

(i) Since some a-particles were deflected
back and a-particles are heavy particles, these
could be deflected back only when they strike some
heavier body inside the atom.

(iv) Since the number of e-particles deflected
back is very very small, this shows that the heavy
body present in the atom must be occupying a very
very small volume.*

The small heavy positively charged body
present within the atom was called nucleus.

In the light of the above results, the scattering
of a-particles, according to Rutherford’s model of
atom, may be depicted as shown in Fig. 3.9.

Thus, according to Rutherford’s model of
atom, the atom consists of two parts :

(i) Nucleus which is very small in size, carries
positive charge and in which the entire mass of the
atom is concentrated.

* From X-ray
isof the orderof 10~ !

FIGURE 3.9. Scatiering of a-particles by
{a) asingle atom ({b) a group of atoms.

Since electrons have negligible mass, the mass
of the atom is mainly due to protons, Hence protons
must be present in the nucleus. The presence of
positively charged protons in the nucleus also ac-
counts for the positive charge on the nucleus.

(ii) Extra-nuclear part ie. space around the
nucleus in which the electrons were distributed.

To explain that the electrons do not fall into
the nucleus as a result of attraction, Rutherford
suggested that the electrons were not stationary,
but were revolving around the nucleus in certain
circular orbits. As a result, centrifugal force comes
into play which balances the force of attraction.

Thus this model of atom is similar to our solar
system where the nucleus is like the sun and the
electrons are like the plancts. That is why these
electrons are also called planetary clectrons.

3.6. Discovery of Neutron

Moseley, in 1913, performed experiments to
determine the exact quantity of charge present on
the nucleus. The number of units of positive charge
present on the nucleus was called the atomic number
of the element. ** Since each unit of positive charge
corresponds to one proton, therefore atomic num-
ber was equal to the number of protens present in

riments, it has been found that radius of the atom is of the order of 10~ 10 .1 (A) while the radius of the nucleus
m, Thus nucleus s 107 15 /90~ 10 = 1/100,000th in size as compared o the total size of the atom. The difference

in size can be visualized by suggesting that if nucleus were of the size of cricket ball, atom would have & radiis of about 5 km,

»» No two clements have the same atomic number. Hence atomic number is the most fundamental property of an element
and is taken as the basis of classification of clements in the periodic chart.
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the nucleus. Further since each proton has one unit
mass on the atomic mass scale, therefore the mass of
the atom was calculated from the number of protons
present in the nucleus (remembering that electrons
have negligible mass). However, for any element (ex-
cept hydrogen) this mass was found to be much less
than the actual mass of the atom. This led to the idea
that there must be somc other particles presentin the
nucleus and that these particles should be neutral but
should have considerable mass.

Chadwick, in 1932, performed some scatter-
ing experiments in which he bombarded some light
elements like beryllium and boron with fast moving
a-particles. He found that some new particles were
emilted which carried no charge i.e., were neutral
but had a mass nearly equal to that of proton.* This
particle was termed ‘neutron’.

Hence a neutron may be defined as that fundamental
particle which carries no charpe but has a mass nearly
equal to that of hydrogen atom or proton.

EXAMPLE 1. Calculate the number of electrons
which will together weigh ane gram. (N.CER.T)

Solution. Mass of one electron
=9-11 x 1073 kg
ie. 9-11 x 1073 kg = 1 electron
~1lgie 107%kg
= E"ﬁxl_m-ﬁ % 1073 electrons
=1-098 x 10 electrons.

EXAMPLE 2. Calculate the mass and charge
of one mole of elecirons. (N.C.E.R.T)

Solution. Mass of one elcctron
=9-11x 1073 kg
- Mass of one mole of electrons
= (911 x 1073 x (6022 x 10%%)
=5-486 x 1077 kg
Charge on one electron
=1-602 x 10~" coulomb
- Charge on one mole of electrons
= (1602 X 10™%) x (6-022 x 10%)
= 9-65 x 10* coulombs.

* Actual mass of the neutron = 1.6749 x 10~ 24 £
Actual mass of the proton = 1.6726 x ]0_24g

Sure are changed ?

O—-O=O+ o

a-paricle Be-atom C-atom Neutron
Charge=+2 Atomic No.=4 Atomic No.=6 Charge=0
Mass=4u Mass=9u Mass=12u Mass=1u
[3He + $Be —» % + 3
a-particle B-atom N-atom Neutron
Charge=+2 Atomic No.=5 Atomic No.=7 Charge=0
Mass=4u Mass=11u Mass=14u Mass=1u
[9He + 18 —» 4N + 4n

In view of the discovery of neutron,
Rutherford’s model of atom was modified. The only
modification was that the nucleus of the atom con-
tained not only protons but also neutrons.

RGE OF FUNDAMENTAL PARTICLES

e R P

FRANMVLY 3. Find (a) the total number and
(b) the total mass of protons in 34mg of NH. 36t S. TP

(Assume the mass of proton = 1-6726 x 10~7 kg)

Will the answer change if temperature and pres-
(N.CE.R.T)

Solution. (2) 1 mol of NH, = 17 g NH,
= 6022 x 10% molecules of NH,
= (6-022 x 10%) x (7 + 3) protons
= 6-022 x 10* protons
- 34 mgi.e 0-034 g NH,
= SOZXI .0

= 1:2044 x 10*2 protons.
(b) Mass of one proton
=1-6726 X 107 kg
. Mass of 1-2044 x 102 protons
= (1:6726 X 107%") x (1-2044 x 10%) kg
=2-0145 x 10 5 kg
There is no effect of temperature and pres-

Thus the actual mass of neutron is slightly larger than that of proton.
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PROBLEMS FOR}

1. Calculate the total number of electrons present in
one mole of methane.

(N.C.ER.T) | \ns.6-022 x 104]

2. Find (a) the total number and (b) the total mass of

neutrons in 7 mg of 1*C (Assume that the mass of
neutron = 1-675 x 10 %" kg) (NC.ERT)

[Ans. (@) 2-409 x 1031 () 4-035 x 1075 kg)

FHINTS FORDIFFICULT PROBLEMS
1. 1 molecule of CH,, contains electrons 2 jgatomof C=14¢g
=6+4=10

- 1 mole Le. 6-022 x 107 molecules will contain
clectrons = 6-022 x 1024

R R T

= 6-022 x 102 atoms
= 6022 X 1023 % 8 neutrons.

i R e T R A e e R
A s e

3.7. Atomic Number and Mass Number

Since the atom as a whole is electrically
neutral, therefore the number of positively charged
particles ie. protons present in the atom must be
equal to the number of negatively charged particles
i.c. electrons present in it. This number is called
atomic number. Hence

Atomic number of an element
= Total number of protons present in the nucleus
= Total number af electrons present in the atom

Atomic number is also known as proton num-
ber because the charge on the nucleus depends
upon the number of protons.

Further, since the electrons have negligible
mass, the entire mass of the atom is mainly due to
protons and neutrons only. Since these particles are
present in the nucleus, therefore they are collec-
tively called nucleons. Further as each of these
particles has one unil mass on the atomic mass
scale, therefore the sum of the number of protons
and neutrons will be nearly equal to the mass of the
atom. This is called mass number. Hence

Mass number of an element = No. of protons
-+ No. of neutrons.

The mass number of an element is nearly
equal to the atomic mass of that element. However,
the, main difference between the two is that mass
number is always a whole number whereas atomic
mass is usually not a whole number.

The atomic number {Z) and mass number (A)
of an element ‘X’ are usually represented alongwith
the symbol of the element as

MASS NUMBER —+ A

SYMBOL
X «t— OF THE
ELEMENT

ATOMIC NUMBER ——= Z

e.g. BNa, 3Clandsoon.

3.8. Nuclear Structure

Knowing the atomic number and mass num-
ber of an element, the number of electrons, protons
and neutrons in the atom of the element can be
calculated. Hence the composition of the nucleus
can be known.

For example, if‘Z’ represents the atomic num-
ber of an element and ‘A’ represents its mass num-
ber (or atomic mass rounded off to the nearest
whole number), then

No. of electrons = No. of protons
= Atomic number (Z)
and No. of protons + No. of neutrons
= Mass number (A)
. No. of neutrons = Mass number {A)

— Atomic number (Z)
e.g. (i) Forsodium,
Atomic number (Z) = 11
Mass Number (A) = 23
No. of protons = No. of ¢lectrons = Z = 11
and No. of neutrons = A—Z

=23-11 = 12
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Thus the nucleus of sodium atom contains 11
protons and 12 neutrons

(i) For chlorine, Atomic number (Z) = 17

Mass number (A) = 335

-- No. of protons = No. of electrons = Z

= 17

and No. of neutrons = A — Z =35 - 17

=18

Hence the nucleus of chlorine atom contains
17 protons and 18 neutrons.

Isotopes, Isobars, Isotones and Isoelec-
tromnics.

1. Isotopes. In some cases, atoms of the same
clement are found to contain the same number of
protons but different number of neutrons. As a
result, they have the same atomic number but dif-
ferent mass numbers.

Such atoms of the same element having same
atormic number but different mass nymbers are
called isofopes.

For example, there are three isotopes of
hydrogen having mass numbers, 1, 2 and 3 respec-
tively and each of them having atomic number
equal to 1. They are represented as JH, 2H and
iH and named as protium, deuterium (D) and
tritium (T} respectively. Ordinary hydrogen is
protium. Isotopes of other elements do not have

EXAMPLE 1. Writé the comﬁlete symbol for
the atom with the given atomic number (Z) and
atormic mass (A).

NZ=17A=35G)Z =924 =233

(H)Z=44=9 (N.CE.R.T)
Selution. () 33CI (i) Z*U (iii) $Be.

VAAMPLE 2. Find out the atomic number, mass
number, number of protons, electrons and neutrons
present in the element with the notation 33°U.

Solution. Atomic number (Z) = 92

Mass number (A) = 238
But we know that
No. of protons = No. of electrons
= Atomic number (Z)

special names. They are represented by stmply in-
dicating the values ol A on the symbol. For example,
isotopes of cklerine are written as 35Cl and 37CL

2. Isobars. Some atoms of different clements
are found to have same mass number,

Such atoms of different elements which kave same
mass rinmbers (and of course different atomic niom-
bers} are called l;mbar.s’ >

eg 13An 0K, jiCa.

3. Isotones. It may be noted that isotopes
differ in the number of neutrons only whereas
isobars differ in the number of neutrons as well as
protons. However some atoms of different ele-
ments are found to have the same number of
neutrons.

Such atoms of different elements which contain the
same number of neutrony are called isotones
eg G PN, 0.
They differ in atomic number as well as mass
number,
4. Isoelectronics.
The species (atoms or ions) containing the same
number of electrons are called isoelectronic.
For example, O~ F~, Nat, Mg?*, AP+ Ne
all contain 10 clectrons cach and hence they are
isoelectronic.

¢ NUCLEAR STRUCTURE

No. of protons = 92

and No. of electrons = 92

Further, No. of neutrons = Mass number
— Atomic number
=A—-Z=238-92 = 146,

EXAMPLE 3. The nuclear radius is of the order
of 1071 cm while atomic radius is of the order
1078 em. Assurning the nucleus and the atom to be
spherical, what fraction of the atomic volume is oc-
cupted by the nucleus ?

Solution. The volume of a sphere

= 4x r/3 where r is the radius of the sphere.

Volume of the nucleus =4x 2/3.
= 4z (10713)3/3 cm?
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Similarly, volume of the atom
= 4 /3 = 4x (107%°/3 em?
. Fraction of the volume of atom occupied
47 (1073p/3cm’ _ 10-1
47 (107%)>%/3 cm®
IEXAMPLE 4. Complete the following table :

by the nucleus =

Particle | Mass |Atomic| Pro- | Neu- | Elec-
No. No. tons | trons | trons
Nitrogen| — — — i 7
atom
Calcium — 20 — 20 —
ion
Oxygen 16 8 —_ — —
atom
Bromide | — — — 45 36
ion J
Solution. For nitrogen atom.
No. of electrons = 7 (Given)
No. of neutrons = 7 (Given)

~. No.ofprotons = Z =7

(- atom is electrically neutral)
=Z=1

= No. of protons

j +No. of neutrons
=7T+7=14

Atomic number
Mass No. (A)

For calcium ion,
No. of neutrons = 20 (Given) ;
Atomic No. (Z) = 20 (Given)
No. of protons = Z = 20;
No. of electrons in calcium atom

But in the formation of calcium ion, two
electrons are lost from the extranuclear part ac-
cording to the equation Ca -» Ca?* + 2¢~ but the
composition of the nucleus remains unchanged.

. No. of electrons in calcium ion
=20-2=18
Mass number (A) = No. of protons
+ No. of neutrons
= 20 + 20 = 40.
For oxygen atom.
Mass number (A) = No. of protons
+ No. of neutrons
= 16 {Given)
Atomic No. (Z) = 8 (Given)
No. of protons = Z = 8,
No. of clectrons = Z = 8
No. of neutrons = A-Z=16-8=38
For bromide ion. In the formation of bromide
ion, one electron is added to the extranuclecar part
of the bromine atom according to the equation

Br + ¢~ — Br™ but the composition of the nucleus
remains unchanged

Since the no. of electrons in bromide ion =36
(Given)
No. of electrons in bromine atom
=36—1=735
Further since in the above reaction, nucleus of
the bromine atom remains unchanged.
No. of protons in the bromide ion
= No. of protons in the bromine atom =35.

Putting the values of the various vacant place
as calculated above, in the table, we have

=Z =20
Particle Mass No. Atomic No. | No. of protons | No. of Neutrons |No. of electrons
(A) (Z) (Z) (A=Z) (Z)
Nitrogenatom | 7+ 7=14 7/ 7 7 7
Calcium ion 20+20 = 40 20 20 20 20-2=18
Oxygen atom 16 8 8 16— 8=8 B
Bromide ion 45435 = 80 35 36— 1=35 45 36

v

EXAMPLE 5.

Calculate the percentage of

xx22+(100—x)_20_=20_2

higher isotope of neon which has atomic mass 202
and the isotopes have the mass numbers 20 and 22,
‘Solution. Suppose ZNe = x%.
Then WNe = (100 —~ x) %

100
or 22x + 2000 — 20x = 2020
or 2x=20
x=10

or ie. BNe = 10%
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PROBLEMS FOR PRACS

1. Neutrons can be found in all atomic nuclei except in one case. Which is this atomic nucleus and what does it
consist of ?

O B gt oo

2. How many nucleons are present in an atom of Nobelium, %NO ? How many electrons are present in the
atom? How many nucleons may be considered as neutrons ?
3. Complete the following table :

Particle Atomic No.  Mass No. No. of electrons No. of protons No. of neutrons
Sodium atom 11 — — — 12
Aluminiumion — 27, 10 — —
Chloride ion — — 18 — 18
Phosphorus atom — 31 — 15 —
Cuprous ion —_ — 28 — 35

4. Complete the following table :

Name of the particle Mass No. Atomic No.  Protons No. of Electrons  Neutrons
Oxygen = — 8 — 8
Sodium ion 23 —_ 11 — —
Bromine — —_ — 35 45

5 Find the number of protons, electrons and neutrons in (a) HArt () Yo,
6. How many neutrons and protons are there in the following nuclei ?
13r 16 24
¢C, 30, {Mg, 3Fe, $sr. (NC.ER.T)

ANS WERS
1. The nucleus of hydrogen atom does not contain any Cl ion:e™ = 18 Hencee™ inCl = 17
neutrons. It consists of only one proton. Z=p=17
2. Nucleons = 254 = 10 = b
Nucleons , electrons 2 and ncutrons n=18: A=n+p=18+17=35

254—102 = 152
3. Sodium atom : 7. = Mg e 1, Patom:A = 31,pZ= 15.Hence Z=e" = 15
n=A—Z=31—15=16

A=p+n=11+12=23
A TR i 5t = 1 Cu%ion:e™ =28 Hencee™ in Cu =29
' Z=p=29

5 Zipe= A3
A 278 $ 1= 2T 18=1 14 r=35. A=n+p=35+29=64

Particle Atomic No. Mass No. No, of electrons No. of protons No. of nevtrons
Sodivm 11 23 11 11 12
Aluminium ion 13 27 10 13 14
Chloride ion 17 a5 18 17 18
Phosphorous atom 15 31 15 15 16

Cuprous ion 29 64 28 29 a5

ol
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4.
Name of the particle " MassNo.  Atomic No. Protons No. of Electrons  Neutrons
Oxygen 16 8 8 8 8
Sodium ion 23 i1 11 10 12

Bromine 80 35 35 35 45

6. See Hints below.

HINTS FOR DIFFICULT PROBLEMS

-mgﬁmwwxoww.vw4uf~i¢-<v<v.¢ R e e R e S DL
5. For AL Z=p=¢" =13,A=27, 6 Bcp=6n=1,
n=A—7Z=27-—13 = 14,
e inAPY =13—3=10
For ’0,Z=p=¢" =8 A=15 Mg, p=12,n =12,
n=A—7Z=15—8=7 38Fe, p = 26, n = 56-26 = 30;
e inQ =8+2=10

¥%0,p=8,n=8;

8851, p = 38, n = 88-38 = 50.

LT P o e S A SRR o B o o e SR

G ,J e S

i 1. Itis believed that fundamental particles like protons and neutrons are made up by combination of elementary
particles called quarks. These elementary particies (quarks) are believed to have fractional charges and certain
properties like colour and flavour.

The rest mass of the electron is 9-1095 x 10731 kg. On the atomic scale, the rest mass of the electron =
0-0005486 u. It is the mass possessed by the electron when it is moving with a velocity much smaller than the

m
velocity of light. However, when it is moving with velocity v, its mass is given by m = ——\/_—__'&—_ where ¢ is
)

the velocity of light. Thus when the electron is moving with the velocity of light (so that v = c), its massis infinite.
The radius, ¥ of the nucleus of 2n atom is related to its mass number, A, according to the relation

r=RgA3  where Ry is a constant having value = 14 x 10" B m.

The radius of the nucleus is of the order of 107 1% m while that of the atom is of the order of 10~ 1% . Thus
nuclear radius is 1/100,000th of the atomic radius.

. The volume of the nucleus is of the order of 10™*5 m? while that of the atom is 10730 . Thus volume of the
nucleus is 10~ !5 of that of the atom i.e. nucleus is very small in size as compared to atom.

. "The radii of the nuclei are usually expressed in terms of Fermis (1 Fermi =10~ cm = 1075 m)
The nuclear radii lie in the range of 1-5t0 55 Fermt.

- The nucleus has very high density i.e. 10" g/cm® (or 1017 kg/m> or 10° tonnes/cm?) which is about 1012
times that of lead.

%. Mass of one mole of electron is nearly 0-55 mg.

. 9. Mass of neutron is slightly more than that of proton.

= 10. The concept of atomic number was introduced by Moseley in 1913. He found that when cathode rays hit the

anticathode, the wavelenigih of the X-ray emifted is charactefistic of the element bombarded.
i 11. Thomson was awarded 1966 Nobet prize in Physics while Rutherford was awarded 1908 Nobel prize in
chemistry for studies on chemistry of radioactive substances.
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. SEASHTON—I]

ENDSSION SPECTRA AND BOHRS MODISL

It is observed that all elements give charac-
teristic line spectra (emission spectra) which could
not be explained on the basis of Rutherford’s
nuclear model of atom. In order to understand line
spectrum it is essential to understand the nature of
light (or radiant energy) which in turn was ex-
plained first on the basis of ‘Electromagnetic wave
theory’ and then by ‘Planck’s quantum theory’. Fur-
ther, with the advent of Electromagnetic wave
theory, it was found that Rutherford’s model of
atom suffered from a sertous drawback. Hence a
new model of atom, called Bohr’s model of atom
was put forward. This model of atom was able to
explain the drawback of Rutherford’s model of
atom and the main lines of the hydrogen spectrum.

Now we shall take up a brief discussion of the
above developments one by one.

This theory was put forward by James Clark
Maxwell in 1864. The main points of this theory are
summed up as follows :

(i) The energy is emitted from any source (like
the heated rod or the filament of a bulb through
which electric current is passed) continuously in the
form of radiations (or waves) and is called the
radiant energy.

(i7) The radiations consist of electric and mag-
netic fields oscillating perpendicular to each other
and both perpendicular to the direction of
propagation of the radiation (Fig. 3.10).

Electric field
: component o
e ]
g -* .‘/ ]
:f o0 29
R - - 2e
a L PN ) W SO\ -
~ Pty 5 T
2 Gl Pl T " ol s -
i\ & - 2
I_- L - ane E
\ F

Magnetic field component

FIGURE. 3.10. Radiation consisting of electric and
magnetic fields oscillating in planes perpendicular
to each other and both perpendicular to ihe direction
of propagation. They have same wavelength, frequency,
speed and amplitude.

(iii) The radiations possess wave character
and travel with the velocity of light (i.e. nearly
3 x 10® m/sec).

Because of the above characteristics, the
radiations are called Electromagnetic radiations
or Electromagnetic waves.

(#v) These waves do not require any material
medium for propagation. For example, rays from
the sun reach us through space which is a non-
material medium,

Some important characteristics of a wave.
The main characteristics of a wave are its
wavelength (1), frequency (¥) and velocity (c).
These are defined as follows

CREST = A
/T\
4

TROUGH #——— ) ——TROUGH

FIGURE 3.11. Some characteristics of a wave.

Wavelength of @ wave is defined as the distance
between any two consecutive crests or troughs. It is
represented by A (lambda) and is expressed in A or
m or cm or nin (nanoineter) or pm (picometer).

1A=10%m=10"m

107°m, 1pm =10""7m
Frequency of a wave is defined as the number af
waves passing through a paint in one second. It is
represented by v (nu) and is expressed in Hertz (Hyz)
or cycles/sec or simply sec 2 ors—L, :

1 nm

1Hz = 1 cyclefsec

Velocity of @ wave is defined as the linear distance
travelled by the wave in one second. It is repre-
sented by ¢ and is expressed in cmisec or
m/sec (ms~). ;

Besides the above three characteristics, two
other characteristics of a wave are amplitude and
wave number,

Amplitude of a wave is the height of the erest or the
depth of the trough. It is represented by ‘a’ and i
expressed in the units of length.
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jjive number is defined as the number of waves
 present in 1 cm length. Evidently, it will be equal to

* the reciprocal of the wavelength. It is represented by
V (read as nu bar).

— Wy
= |
i sua b §
If A is expressed in cm, ¥ will have the umts
et~
Relationship between velocity, wavelength
and frequency of a wave. As frequency is the num-
ber of waves passing through a point per second
and 2 is the length of each wave, hence their product
will give the velocity of the wave. Thus
Vemvx A?

Electromagnetic spectrum. The different
types of clectromagnetic radiations differ only
in thcir wavelengths and hence frequencies.
Their wavelengths increase in the following
order : —

Cosmic rays < y—rays < Xerays < Ultra-
violet rays < Visible < Infrared < Micro waves
< Radlo waves

When these electromagnelic radiations mm—
ranged in order of their increasing wavelengths or

decreasing frequencies, the complete spectrum ob-

tained is called electromagnetic spectrum (Fig.

3.12).

il

INCREASING WAVE LENGTHS
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FIGURE 3.12. (a) Complete electromagnetic spectrum
{b) Spectrum of visible light.

PROBLEMS ON THE RELATI

B e Ll e e S e R

EXAMPLIS 1. Caleulate (a) wave number and
(b) frequency of yellow radiations having wavelength
of 5800 A.
Solution. (z) Calculation of the wave number
Wave number (7) = 1/4

But A =5800A (Given)
=5800% 107" m

L oy 1
V= 5%80x 10 9 m

=172 %100 m™!

ONS ¢ = VLANDV= ~

T Y R £

{b) Calculation of the Frequency
Frequency v = %

¢ =3 x 10% m/sec
A=5800%10""m

Substituting
and

we get

_ 3 x10®m/sec

T 5800 x 107 m

= 5§-172 x 10™ sec™ ! or cycles/sec or Hz.

v
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EXAMPLE 2.4 particular radio station broad-
casts at a frequency of 1120 kHz (kilohertz). Another
radio station broadcasts at a frequency of 98.7 MHz
{Megahertz). What are the wavelengths of the radia-
tions from each station ?

Solution. (z) Calculation of wavelength cor-
responding to a frequency of 1120 kHz.

c

Wavelength, A =2

Substituting ¢ =3 x 10® ms™!
and v = 1120 kHz. (Given)
1120 x 10° cycles s1
(1 kHz = 10® cycles s~}
= 1120 x 10*s™!

3x 108 ms™!
1120 % 107 57!
= 267-85 m.

(b)) Calculation of wavelength corresponding
to a frequency of 98.7 MHz.

it -

v
=3 A g
v = 98,7 MHz
= 98.7 x 10% cycles s™!
(1 MHz = 10° cycles s~ 1)
3 x 108 ms™!
98-7 x 10°s~!
=3-0395 m.

we have 1 =

Wavelength,

Substituting
and

A=

PROBLEMS FOERE PRACTICE .

1. Calculate the frequency of infrared roliations
having wavelength, 3 x 10° nm. [ans 10§71
2. Calculate the range of frequencies of visible light
from 3800 — 7600 A.
[405.3-95 x 10 t0 7-89 x 1014571}
3. How long would i1 take a radiowave of frequency,
6 x 10° sec™! 1o travel from Mars to the Earth, a
distance of 8 x 107 km ?
4. Calculate the wave number of radiations having a
frequency of 4 x 104 Hzogoio 133 %104 em™]

g iy i
5. Find the frequency of visible light with wavelength
of 5000 A, [ e, 6 X 10]4 SBC_I]

6. Yellow light emitted from a sodium lamp has a
wavelength () of 580 nm. Calculate the frequency
(v) and the wave number (v) of the yellow light.

[ 517Tx10M%s7L1.72x 108m™ Yy

7. Calculate the wavelength, frequency and wave
number of a light wave whose period is
2.0 x 107105, (NCERT)

[v 60x10"2m,5-0x10°sL 16-66m™ "]

HINTS ForDIFFICULT PROBLEMS

TR

aaaaaaaa e s

Li=3x10%mm=(3x10%x10""m

=3x10"3m
gp 2
v=%=3”0f;5 ~ 1011
I3Ix107 " m :

2., =3800A=3800x10""¥m=3.8 x10""m
AR 3 x 108 ms™1
T8 1P m
A=7600A =7600 x 10 0m=76x10""m

=7-89 x 101457}

¢ _3x108ms1
T 76x 1077 m
3. All radiations in vacuum travel with the same
speed, ie., 3 x 10 msec™!
Distance to be travelled from Mars to the Earth =
8 x 107 km = 8 x 107 x 10* m (1 km = 10° m)

v= =13.95 x10M571

e e St i
et - e R

S s R e

8 x 107 x 10° *
3 x 108

=2-66 x 10% sec

= 4 min. 26 sec.

4.v=4x10""Hz (ie.s™h.

. Time taken =

Wave number s = 71: =§

s e 1 5 1
3 x 108 ms ™1
4 x 10151
F ——g——7=133x10*cm™’
3x10%ems™
6. Similar to solved example 1.

Lol iy 1 il
Period 5.5 1010

=133 % 105m~1

7. Frequency (v) =

=5x10s71.

e R M e R b
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3.11. Limitations of Electromagnetic Wave
Theory (Particle nature of electromagnetic
radiation : Planck’s Quanturn Theory) SRS

Electromagnetic wave theory was successful in
explaining the properties of light such as interference,
diffraction etc. but it could not explain the
phenomena of ‘Black body radiation’, and
‘Photoelectric effect’ which could be explained only if
electromagnetic waves are supposed to have particle
nature. Each of these is briefly described below :

(1) Black body radiation. If any substance
with high melting point (e.g. an iron bar) is heated,
it first becomes red, then yellow and finally begins
to glow with white light.

Ifthe substance being heated is ablack body (which
is a perfect absorber and perfect radiator of energy) the
radiation emitted is called black body radiation.

According to electromagnetic wave theory,
the energy is emitted or absorbed continuously.
Hence, the energy of any electromagnetic radiation
is proportional to its intensity ie square of
amplitude and is independent of its frequency or
wavelength. Thus, according to the wave theory, the
radiation emitted by the body being heated should
have the same colour, although its intensity may
vary as the heating is continued.

(2) Photoelectric effect. When radiations with
certain minimum frequency (v,) strike the surface of

a metal, the electrons are ejected from the surface of
the metal (Fig. 3.13). This phenomenon is called
photoelectric effect. The electrons emitted are called
photo-electrons.

ENERGY OF

ELECTRON = o mv?
INCIDENT \

LIGHT —+*

ELECTROM

Vjéum

METAL=Y
FIGURE 3.13. Photoelectric effect.

The apparatus used for studying the
photoelectric effect is shown in Fig. 3.14. It consists
of an evacuated tube fitted with metal surface to be

ed as cathode and a suitable detector as the
anode and then connected to the external circuit as
shown in the Fig. When light of sufficient energy is
allowed to strike the surface of the metal, clectrons
are ejected which move towards the detector. By

observing the amount of current flowing, the kinetic
energy of the electrons can be determined.

GHT

LI
METAL SURFACE ‘/ DETECTOR

I ¥
L,__e[e’ 9“—: —— —_v\@__f @
e e e e
EVACUATED TUBE
b ()
; ' \Z_/ CURRENT WATER

FIGURE 3.14. Apparatus for studying
photoelectric effect.

However, the following three important facts
are observed about the photoelectric effect :

(i) The electrons are ejected only if the radia-
tion striking the surface of the metal has at least a
minimum frequency (v;). If the frequency is less

than v,, no electrons are cjected. This valuc (vg) is

called Threshold Frequency. The minimum energy
required to eject the electron (hvy) is called work

function (W,).

(#) The velocity (and hence the kinetic ener-
gy) of the electron ejected depends upon the fre-
quency of the incident radiation and is independent
of its intensity.

(iif) The number of photoelectrons ejected is
proportional to the intensity of incident radiation. .

The above observations cannot be explained
by the Electromagnetic wave theory. According to
this theory, since radiations arc continuous, there-
fore it should be possible to accumulate energy on
the surface of the metal, irrespective of its frequen-
cy and thus radiations of all frequencies should be
able to eject electrons.

Similarly, according to this theory, the energy
of the electrons ejected should depend upon the
intensity of the incident radiation.

Planck’s Quantum Theory. To explain the
phenomena of ‘Black body radiation’ and
‘Photoelectric effect,” Max Planck in 1900, put for-
ward a theory known after his name as Planck’s
quantum theory. This theory was further extended'
by Einstein in 1905. The main points of this theory
are as follows : —

(i) The radiant energy is emitted or absorbed not
continuously but discontinuously in the form of small
discrete packets of energy. Each such packet of ener-
gy is called a ‘quantum’. In case of light, the quan-

- tum of energy is called a ‘photon’.
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(i) The energy of each quantumn is directly
proportional to the frequency of the radiation®, i.e.
E o v

or E = hv

where h is a proportionality constant, called
Planck’s constant. Its value is approx. equal to

6-626x10~%7 erg sec. or 6-626 x 10~ joules sec.

(iii) The total amount of energy emitted or ab-
sorbed by a body will be some whole number quanta.

Hence E = nhv
where n is any integer.

To sum up, Planck's quantum theory postu-
lates that light is made up of discrete particles
called photons. At the same time, properties of light
like interference, diffraction ete. can be explained
if light is supposed to have wave character. In the
light of these views, Einstein in 1905 proposed that
light has dual character. :

Explanation of Black body radiation and
Photoelectric effect.

Explanation of Black Body Radiation. When
some solid substance is heated, the atoms of the
substance are set into oscillation and emit radiation
of frequency,v. Now, as heating is continued, more
and more energy is being absorbed by the atoms
and they emit radiations of higher and higher fre-
quency. As red light has minimum frequency and
yellow has higher frequency, therefore, the body on
heating becomes first red, then yellow and so on.

Explanation of Photoelectric effect. Planck’s
quantum theory gives an cxplanation of the dif-
ferent points of the photoelectric effect as under :

(¥) When light of some particular frequency
falls on the surface of metal, the photon gives its
entire energy to the electron of the metal atom. The
electron will be dislodged or detached from the
metal atom only il the energy of the photon is
sufficient to overcome the force of attraction of the
electron by the nucleus. That is why photo-
clectrons are ejected only when the incident light
has a certain minimum frequency (threshold fre-
quency vy).

(if) If the frequency of the incident light (v) is
more than the threshold frequency (v,), the excess
energy (hv — hv,) is imparted to the electron as
kinetic energy. ie. K.E. of the ejected electron

=hy — hvoor-%-m v2 = hv — hy,.

Hence greater is the frequency of the incident
light, greater is the kinetic energy of the emitted
electron**,

(iii) Increasing the intensity of light of a given
frequency increases the number of photons but
does not increase the energies of photons. Hence,
when the intensity of light is increased, more
electrons are ejected but the energies of these
electrons are not altered.

- REMEMB_ER

'ﬂ/n energy acquired by an electron when it is ac-
‘celerated through a potential difference of one volt
is called one electron-volt (1 eV)

1eV=1:602x1071%]

*Thus irt the visible light, as violct radiations have maximum frequency and the red radiations have minimum frequency,
violet light has more energy than the red light, Simitatly, the ultraviolet light has higher energy than the violet light and the infrared

light has less energy than cven the red light.

**If kinetic energy of the emitted photo-electrons is plotted against the frequency of the absorbed photons, a straight Line
of stope A is obtained (Fig. 3.15 a). If kinetic energy of the photoclectrons is plotted against intensity of the incident radiation
(keeping frequency constant), a horizontal line is obtained as shown in Fig. 3.15 (b)

K.E.OF
PHOTOELECTRONS

-
-

Vo »
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—————
FREQUENCY GF ABSORBED PHOTONS

SLOPE=h o

K.E = CONSTANT

K.E.OF
PHOTOELECTRONS

e
INTENSITY OF INCIDENT RADIATION
(WITH GONSTANT FREQUENCY)

FIGURE 3.15. Plot of kinetic energy of rhotoelectrons emitted versus

[a) frarmiensu of ahsorhed nheatans (B} tensitu of the hieiden! sadiation with consiant ©

ST
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MES OMpLANCK'S QUANTUM THEORY

AND PHOTOELECTRIC EFFECT
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HE=hv,c=vi

¢ = velocity of light inm sec™! =3x108m sec

s e oy
L e b A :
e A R e SR TR

TR

where A=Planck’s constant =6-625 x 1073* joules sec.

v = frequency in cycles/sec or sec” !, E = energy in joules

=1

1 = wavelength in metres (m) [1A =107"9m]

{ii) KE. of the ejected electron,

%mv2=hv—hv0

where m = mass of the electron in kg,

» = velocity of the ejected electron in m sec

vo = threshold frequency insec™ ',

EXAMPLE 1. Calculate the frequency and ener-
gv of a photon of radiation having wavelength .

Solution. (i) Frequencyv = %

Substituting ¢ = 3 x 108 m sec™!
1 =6000A =6000x% 10" %m
3 x 108

6000 x 10710
(if) Energy of the photon E = hv
Substituting # = 6625 x 10~34 joules sec

y =5 % 10" sec™!
we get E = 6-625 x 1073 x 5 x 10
=3.3125 x 107" joules.

¢ EXAMPLE 2. 4 25 watt bulb emits

monochromatic yellow light of wavelength of 0-57
um. Calculate the rate of emission of quanta per

wegety = =5 x 10" sec™!

second. {N.CE.RT)
Solution. Encrgy emitted by the bulb = 25
watt =257 57! (v lwatt=1Js"1)

Energy of one photon (E) =hv =h 12
Here 1 =0-57um =0-5Tx 107%m
(1um =10"%m)
Putting ¢ = 3 x 108 ms™",
h=662% 10731 s, we get
_ (6-62 % 10734 J5) (3 x 108 ms™})

0-57x 107 %m
=3-48%x10719J

=l

!, » = incident frequency in sec ™!

.. No. of photons emitted per sec
s 25371

3-48x 10719]
. EXAMVLE 3. Calculate the kinetic energy of
the electron ejected when yellow light of frequency
5-2 % 10" sec™ falls on the surface of potassium
metal. Threshold frequency of potassium is

5% 10" sec™1.
Solution. K.E. of the cjected electron is given

by

=7-18 x 10Y.

%mv2=hv—hvo=h(v—vo)

=6-625 X 10734 (5-2 x 10" — 5-0 x 10'%)
= 6-625 X 10~ x 0-2 x 10 joules
= 1-325 x 1072 joules.

EXAMPLI 4. A4 photon of wavelength
4 x 1077 m strikes on metal surface, the work func-

" tion of the metal being 2-13 eV, Calculate (i) the

energy of the photon (eV') (ii) the kinetic energy of the
emission and (iii) the vcfocrry of the photoelectron
(1eV = 1:602 x 107791). (N.C.E.R.T.)
Solutlou (i) Energy of the photon (E) = Av

. (6-626 x 107%) x (3 x 10%)

T 4x 1077

=4-97x1071%]
_497x107"
~ 1-602 x 107Y

eV=3-10eV

(i) Kinetic energy of emission (—;- mvz)
= hv e hVO
=3-10-2-13=0-97¢V



ATOMIC STRUCTURE

3/19

(iii)%mv2 =0-97eV
=0-97x 1-602 x 107"?]
ie. % X (9-11 x 1073 kg) x v?

=0-97 X 1-602 x 10717
or v? = (0-341 x 10" = 34-1 x 10'°
or v==5-84 x 10°ms™",

Y LNAMPLE 5 Electrons are emitted with zero
velocity from a metal surface when it is exposed to
radiation of wavelength 6800 A. Calculate the
threshold frequency and work function (W,) of the
metal. (N.C.E.R.T)

Solution, Threshold wavelength (4,)
= 6800 A = 6800 x 107
¢ _3-0x108ms™!
Ay 6800 % 10" 0m
=4-41 x 10M571
Work function (Wy) = Ay,
= (6-626 X 1073 J5) (4-41 x 10™ 571
=2-92x1071"]

¥ ERANPLE 6. When electromagnetic radiation
of wavelength 300 nm falls on the surface of sodium,
electrons are emitted with a kinetic energy of
1-68 X 1P Imol™. What is the minimum energy
needed to remove an electron from sodium ? What is

the maximum wavelength that will cause a
photoelectron to be emitted ? (N.CELR.T)

Asc=vad . yy=

FPROBGLEMS FOR

1. What 15 the energy of a mole of photons of radia-
tions whose frequency is 4 x 1014 Hz ?
[ 5,159 6 kJ mol ™)

2. Which has a higher energy : a photon of red light
with a wavelength of 7500 A or a photon of green
light with a wavelength of 5250 A? [Avs Green]

3. In the ultraviolet region of the atomic spectrum of
hydrogen, a line is obtained at 1026 A. Calculate
the energy of photon of this wavelength

(h = 6-626 x 10734 Isec).
[4151-937 x 10718
4. In the infrared region of the atomic spectrum of
hydrogen, a line is obtained at 3802 cm ™!, Calcu-
late the energy of this photon (h=6-626x10 "3 J
$eC). [%%7.56 x 10720 )

Solution. Energy of a photon of radiation of

wavelength 300 nm will be
E=hv=hy
_ {6626 X 107 J5) (3-0 x 108 ms ™)
= (300 x 10~ m)
=6'626 X 10"17]

.. Energy of 1 mole of photons
= (6-626 x 10717 ])
X (6-022 x 10% mol ™)
=399 x 10° J mol ™!
AsE = E, + K.E. of photo¢lcctrons emitted.

<. Minimum energy (E;) required to remove
1 mole of electrons from sodium = E — K.E.
= (3-99 — 1-68) 10° J mol !
=231 x 10° J mol ™!
. Minimum cn(;:srgy rcqu]ircd to remove one
2:31 x 10° J mol™ 4
GO X TP o

The wavelength corresponding to this energy
can be calculated as follows :

electron =

E=hv=hy
a2 he_ (6626 X 107 J5) (3-0 x 10° ms™")
~A=E=

3-84x10719]
=517x107"m=517x 10" m = 517nm
which corresponds to the green light.

wavelength 400 nm. Calculate the number of
photons emitted per second by the bulb,
(NC.ERT) [Ans.2-01 x 10%]
6. Find the energy of each of the photons which

{f) corresponds to light of frequency 3 x 1017 Hz
(i) have wavelength of 0-50 A. (NC.ERT)

[A05 ) 1988 x 10712 J(in 3.98 x 1071 3)
7. What is the number of photons of light with a
wavelength of 4000 pm that provide 1J of energy ?

(NC.ER.T) [ 2.01 x 1016 protons]

8. Light of wavelength 4000 A falls on the surface of

cesium. Calculate the energy of the photo-electron

emitted. The critical wavelength for photoelectric
effect in cesium is 6600

[475:1-95 x 10719 joule]
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9. What is the ratio between the energies of two radia-
tions, one with a wavelength of 6000 A and the

other with 2000 A [1 A = 1071%m] ? 1
[:'\J]S i]

10. 'The threshold energy for photo-electric emission of

clectrons from a metal is 3-056 x 1071 joule. If
fight of 4000 A wave lenglh is used, will the

electrons be ejected or not ? (k = 663 x 107>
Joule sec). [Ans. Nol

11. Electromagnetic radiation of wavelength 242 nm is
just sufficient to ionize the sodium atom. Calculate

the ionization energy of sodium in kJ mol 1.
(NC.ER.T) [ 494 5kI mol™1]

12. Calculate the wavelength of a photon in Angstrom
units having energy of one electron volt.

[ans, 12-40 163 Al

HINTS FORDIFFICULT PROBLEMS

L T

O o o e e B

i e A i

PO e g
1. E=Nhv
= (6-023 x 10%%) (6-626 x 1034 Js) (4 x 10M57])
=159-6 x 10 Jmol ™! = 1596 kJ mol

2. E=hv=h§:.ThusEac%-
¢
3. E=hv=hx

_ (6626 x 10" #Is) 3 x 108 ms™ 1)
(1026 x 10~ '%m)

=1-937 x 10~18]

4.9=3802cm LE=hv=hy=hc¥
= (6-626 x 10" J5) 3 x 1010 cm s 1) x
(3802 cm ™ =756 x 10720
5 1lnm=10""m
Proceed as in solved example 2.
6. ()1 =0-50x10"1%m,
E=hv=hy
_(6-626 x 107393 x 10% |
0-50 x 10710

SR s e e

i ettt

=398 1077
7. 1 pm = 1072 m. Proceed as in soived example 2.

10. Electrons will be ejected only if the energy of inci-
dent light is greater than the threshold energy.

Energy of the incideni light = hv =h %
6:63 % 107 x3x10°
4000 x 10710

=4-97 x 107197,
1L E=Nhav=Nh3

_(6:02 % 102} x (6-626 x 107 x (3 x 104
242 % 1077

=4-945 x 105 Y mol ™}

=494-5 kI mol~ L.

12. E=1eV =1-609 x 107197,

c hc
E=hv=h1—or,l=—E—

_(6-62 x 107 J5) (3 x 108 ms™ 1y
1-602 x 10719

=12-40 x 10" T m=12-40 x 10> A.

e ary o AR e e R i

3.12. Study of_ Emission and Absorption Spectra

We have studied above that the electromag-
netic spectrum consists of radiations of different
wave lengths and frequencies. An instrument used
to separate the radiations of different wavelengths
(or frequencies) is called spectroscope or a
spectrograph. A spectroscope consists of a prism or
a diffraction grating for the dispersion of radiations
and a telescope to examine the emergent radiations
with the human eye. However, if in a spectroscope,
the telescope is replaced by a photographic film,

the instrument is called a spectrograph and the
photograph (orthe patierm) of the emergent radiation
recorded on the film is called a spectrogram or simply
a spectrum of the given radiation The branch of
science dealing with the study of spectra is called
spectroscopy.

The spectra are broadly classified into (7}
Emission spectra and (i) Absorption spectra.
These are briefly explained below : —

1. Emission spectra. When the radiation
emitted from some source e.g. from the sun or by
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passing electric discharge through a gas at low
pressure or by heating some substance to high
temperature etc. is passed directly through the
prism and then received on thc photographic
plate, the spectrum obtained is called ‘Emission
spectrum’, '

Depending upon the source of radiation, the
emission spectra arc mainly of two types :

(i) Continuous spectra When white Lght
from any source such as sun, a bulb or any hot
glowing body is analysed by passing through a
prism, it is observed that it splits up into seven
different wide bands of colours from violet to red,
(like rainbow), as shown in Fig. 3.16. These colours
are so continuous that each of them merges into the
next. Hence the spectrum is called continuous
spectrum.

WHITE

LIGHT
——
—— | BEAM

e
—
i e—

SLIT

NN 1

PRISM
o PHOTOGRAPHIC
PLATE

FIGURE 3.16. Continuous spectrum of white light.

It may be noted that on passing through the
prism, red colour with the longest wavelength is
deviated least while violet colour with shortest
wavelength is deviated the most.

{i§) Line spectra When some volatile salt (e.g,,
sodium chloride) is placed in the Bunsen flame
(Fig. 3.17a) or an electric discharge is passed
through a gas at low pressure (Fig. 3.17p), light is

PLATINUM
WIRE
——| BEAM
3 - — 5896 A
NaCi i =p—
— 5820
st FRISK
PHOTOGRAPHIC _ TWO
W
BURNER LINES

FIGURE 3.17(a). Line spectrum produced from
a volatile salt placed in a flame.

Py

g > BEAM %
. > =
S ==
g
=

SLIT PRISM

PHOTOGRAPHIC
PLATE

FIGURE 3.17(b). Line spectrum produced from
light emitied by discharge tube.

cmitted. The colour of light emitted depends upon
the nature of substance. For example, sodium or its
salts emit yellow light while potassium or its salts
give out violet light. If this light is resolved in a
spectroscope, it is found that no continuous
spectrum is obtained but some isolated coloured
lines are obtained on the photographic plate
separated from cach other by dark spaces. This
spectrum is called ‘Line emission spectrum’ or
simply Line spectrum.

Each line in the spectrum corresponds to a
particular wavelength. Further, it is observed that
each clement gives its own characteristic
spectrum, differing from those of all other ele-
ments. For example, sodium always gives two
yellow lines (corresponding to wavelengths 5890
and 5896 A). Hence the spectra of the elements
are described as their finger prints differing
from each other like the finger prints of the
human beings®.

Further, it will be discussed later that the
line spectra are obtained as a result of absorption
and subsequent emission of energy by the
clectrons in the individual atoms of the element.
Hence the line spectrum is also called atomic
spectrum.

~ 2. Absorptien spectra When white light from
any source is first passed through the solution or
vapours of a chemical substance and then analysed
by the spectroscope, it is observed that some dark
lines arc obtained in the otherwise continuous
spectrum (Fig, 3.18). These dark lines are sup-
posed to result from the fact that when white light
(containing radiations of many wavelengths) is
passed through the chemical substance, radiations

*Spectroscopic methods have helped in the discovery of a number of elements ¢.g. helium il.l -the sun and l_li), Cs, T1, In, Ga

and Sc in their minerals.
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DARK LINES IN YELLOW REGION
OF CONTINLUOUS SPECTRUM
WHITE
LIGHT R
9
L ; g
NaCl A
< TR |
SOLUTION f—ome X
SLIT

PHOTOGRAPHIC
PLATE
FIGURE 8.18. Production of absorption spectrum.

of certain wavelengths are absorbed, depending
upon the nature of the element. Further it is ob-
served that the dark lines are at the same place
whete coloured lines are obtained in the emission
spectra for the same substance. This shows that the
wavelengths absorbed were same as were emitted
in the emission spectra. The spectrum thus ob-
tained is, therefore, called ‘absorption spectrum’.

Difference between emission spectra and ab-
sorption spectra. The main points of differcnce
between emission and absorption spectra are
summed up in the table below :

EMISSION
SPECTRUM

ABSORPTION
SPECTRUM

1. Emission spectrum
is obtained when
the radiation from
the source are
directly analysed in
the spectroscope.

2. It consists of bright
coloured lines
scparated by dark
spaces.

Emission spectrurm
can be continuous
spectrum (if source
emits white light}
or discontinuous
i.e. line spectrum if
source emits some
coloured radiation.

1. Absorption spectrum
is obtained when the
white light is first
passed through the
substance and the
transmitted light is
analysed in  the
spectroscope.

2. Tt consists of dark
lines in the otherwise
continuous spectrum.

Absorption spectrum
is always discon-
tinuous  spectrum
consisting of dark
lines.

Emission spectrum of Hydrogen When
hydrogen gas at low pressure is taken in the dis-

charge tube and the light cmitted on passing
electric discharge is examined with a spectroscope,
the spectrum obtained is called the emission
spectrum of hydrogen (Fig. 3.17b). It is found to
consist of alarge number of lines which are grouped
into different series, named after the discoverers.®
The names of these series and the regions in which
they are found to lie are given in the Fig. 3.18.

The wavelengths of different lines in each of
these series are given in Table 3.2.

TABRTE 3 Wavelengths (in nm) of
variouas lines in the different serics

LYMAN | BAL- PAS- | BRACK- | PFUND
SERIES | MER CHEN ETT | SERIES
SERIES | SERIES | SERIES
121-6 656-3 18751 | 4050-0 | 7451-0
102-6 486-1 1281-8 | 2630-00 | 4652-0
973 434-0 1093-8 | 2166-0 | 3740-0

95.0 410-2 1005-0 | 1945-0
93-8 397-0 954-6

93-1 388-9

92-6 383-5

91-1

Rydberg formula. Although a large number of
lines are present in the hydrogen spectrum, Ryd-
berg in 1890 gave a very simple theoretical equation
for the calculation of the wavelengths of these lines.
The equation gives the calculation of wave numbers

{#) of the lines by the formula¥ =R iz - %
n n
1 M

where R is a constant, called Rydberg constant**
and has a value equal to 109,677 em™! or
1-097 X 10" m™ 1, n, and n, are whole numbers
and for a particular series n, is constant and 7,
varies. For example,
For Lyman series, ny = Ln, =2,3,4...

For Balmer series, n, = 2,1, = 3,4,5.....

For Paschen series 1, = 3,1, = 4,5,6......
For Brackett series n, = 4,n; = 5,6,7......
For Pfund series, ny=5mn,=678..

* Hydrogen being the lightest clement, the number of lines produced in the specirum is minimum. As the gascs with higher
molecular masses are taken, the spectra become more and more complex.

**1f the formula is written for frequencyie.y = R

ﬂ% n

—-15 ] , the value of Rydberg constant, R = 3-29 X (a2 cycles/sec.
2
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SERIES: LYMAN BALMER PASCHEN BRACKETT  PFUND
REGION : ULTRAVIOLET VISIBLE INFRARED

FIGURE 3.19. Emission or atomic spectrum of hydrogen.

The above expression is called Rydberg for-
mula.

For H-like particles, the formula is
v=R - S Z? when Z is the atomic num-
he . iaB
1 2

ber of the H-like particle.
ﬁ :

ENAMPLY 1. Calculate the frequency and the
wavelength of the radiation in nanometers emitted
when an electron in the hydrogen atom jumps from
third orbit to the ground state. In which region of the
electromagnetic spectrum will this line lie ?

(Rydberg constant = 109, 677 cm™1)

Solution, According to Rydberg formula,
el
nt o
Here R = 109,677 cm ™!
n, =3

v=R

ny = 1 (for ground state)

o N 5 (i - i) cm™!
1 pLge

= 109,677 X gcm—1 = 97490 7 cm™!

abalg Lol - =
A_F —97490_7cm—103><10 cm
=103x10°m = 103 nm

gl 2 BPCHOP S
27 103%x10%m

The wavelength, as calculated above, lies in
the ultraviolet region. Otherwise too, as the jump is
on the 1st orbit, the line will belong to Lyman series
and hence lie in the ultraviolet region.

v = =2-91 x 10151

OBLEMS @N RYDBERG FORM

When n; = 2, the expression given above is

called Balimer’s formula as it was first put forward
by Balmer in 1885 to explain the series of lines
bearing his name (i.c. lines in the visible region).
Limiting line. The limiting line of any spectral
series in the hydrogen spectrum is the line when
n, in the Rydberg’s formula is infinity i.e. n, = oo

¢ ENAMPLE 2. The wavelength of the first line
in the Balmer series is 656 nm. Calculate the
wavelength of the second line and the limiting line in
Balmer series.
Solution. According to Rydberg’s formula

1 1 1
Vy=—=R |—=-—=
=4 i, s

For the Balmer series, n; = 2 and for the 1st
line,n, = 3

1 1 1 ik sl il
E‘R(zz_a)_Rx(rt‘sr)

1 =g T ) |
I‘R(22"42)‘R(4—16)

3 _3R z
= 650 . (1))
Dividing (¢) by (i), we get
A 1w EingaGiesnie: | e
655 o 301'1—485 9 om
For the limiting line, n, =2, Hy = ®
b i Ao IR
B R [22 oon =% o (FIE)
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Dividing (¢) by {iii), we get
A S = 364-
656—36)(4 or A =364-4nm

Alternatively first calcualte R from (i) and
substitute in (i) and (ii).

X AMPLE 3, Calculate the wavelength of the
spectral line obtained in the spectrum of Li?T jon
when the transition takes place between two levels
whose sum is 4 and the difference is 2.

Solution. Suppose the transition takes place
between levels n; and n,.

Thenn, + n, = 4andn, —ny =2

PROBLEMS FOR P!

1. What is the wavelength of the light emitted when
the electron in a hydrogen atom undergoes transi-
tion from an energy level with n = 4 10 an energy
level with n = 2 7 What is the colour corresponding
to this wavelength ? (Rydberg constant = 109,677

em™ ) (N.C.ER.T) [ \n< 486 nm, Blue]

Solving these equations, we get n; =1,

ny, =3
ifl it .
A=K\t ]Z
For Li*t,Z =
11— = 109,677 cm ™" [% - %) x 37
= 109,677 X 1_1)woem
S gl 1 9
= 109677 X § cm™!
_ ey Lebdraper il ¢
or 1—109677x8cm—114><10 cm.

.__E;M.ﬂs %

L ant::
2. Calculate the wavelength from the Balmer formula
whenn = 3. [.Ans. 656 nm]

3. Calculate the wavelength of the spectral line in
Lyman series corresponding tony = 3.

[Ans.102-6 nm]

et S PR e Co M‘H‘-x‘-”ww—ﬂm&)x““ 2 e S s S e
1.#=R L.z——lz- = 109677 Lz—lz (.‘.l'l'l_1 )-=1==——'1—T1=656><10‘Tcm
] 20 o ¥ 152329 em
=20564 -4 cm ! =656 X 10 Y m = 656 nm
J.=i=_—1——— 3. For Lyman series,ny = 1 -~ $=R(L2—L2]
¥ 20564-4cm " =g

=486 x 10" Tcm =486 x 10 7 m

= 486 nm
4 1 1 1 R L=
2.7=R [27—"!—2] = 109677 [-2—2-—-:3—2] cm
=15232-9cm™!

= 109677 X % =97490-7 cm !

i
974907 cm |
7

e et
v
=102:6 X100 ‘cm
= 102-6nm

R s e S R

ot >.--.._:;:,:1'Ev<--><<M~5A:'§.:..':W--'>;<oxo._:;,::;";'_';H-w.-.--.'-." e
2.13. Drawback of Rutherfard’'s Model

According to Rutheriord’s model, an atom
consists of a small, heavy positively charged nucleus
in the centre and the electrons were revolving
around it. This model was compared with the solar
system in which the planets were revolving around
the sun and continue to move in their fixed circular
paths because the force of attraction was balanced
by the centrifugal force. However, there are some
important differences between the two. Firstly,

whereas the electrons and the nuclei are micro-
ggg!t'_\_ig pgg‘t_ir_ﬁ!gsi the sun and the plancts WEre big
bodies and hence Newtonian laws of motion do not
apply to the motion of microscopic particles.®
Secondly, whereas the electrons and the nucleus
were charged particles, the sun and the planets did
not carry any charge. According to Maxwell's
electromagnetic theory, whenever a charged par-
ticle like electron is revolving in a field of force like
that of the nucleus, it loses energy continuously in

*This gave rise to a new branch of physics, called Quantum Mechanics.
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the form of electromagnetic radiations. This is be-
cause when a particle is revolving, it undergoes
acceleration due to change in direction even if the
speed remains constant, Thus the orbit of the
revolving electron will keep on becoming smaller
and smaller, following a spiral path as shown in Fig.
3.20. and ultimately the electron should fall into the
nucleus. In other words, the atom should collapse.
However, this actually does not happen and the
alom is quite stable.

FIGURE 3.20. Continuous loss
of energy by revolving electron.

Another limitation of Rutherford’s model, as
already mentioned in the beginning of sec. 3.9. was
its inability to explain the atomic specira of the
clements.

3.14. Bohr's Model of Atom

To overcome the drawback of Rutherford’s
model of atom and to explain the line spectrum of
hydrogen, Neils Bohr, a Danish physicist in 1913
proposed a new model of atom based upon Planck’s
quantum theory. This new model is called Bohr's
model of atom.

1. Postulates of Bohr's Model of Atom. The
main postulates of Bohr’s model of atom are as
follows : —

(f) An atom consists of a small, heavy positive-
ly charged nucleus in the centre and the electrons
revolve around it in circular orbits.

(#1) Out of a large number of circular orbits
theorelically possible around the nucleus, the
electrons revolve only in those orbits which have a
fixed value of energy. Hence these orbits are called
energy levels or stationary states. The word sta-

tionary does not mean that the electrons are sta-
lionary but it means that the energy of the electron
revolving in a particular orbit is fixed and does not
change with time. The different energy levels are
numbered as 1, 2, 3, 4....etc. or designated as K, L,
M, N, O, P....etc. starting from the shell closest to
the nucleus.

NUCLEUS

FIGURE 3.21. Circular orbits (energy
levels/stationary states)
around the nucleus.

The energics of the different stationary states

in case of hydrogen atom are given by the expres-
sion (called Bohr formula)

L Bujmas . SoEeiil
| 5 e n?p? |
Substituting the values of m (mass of the
clectron), e (charge on the electron) and A
(Planck’s constant), we get

2w 10—19
E - _2l8x10
e

13-6 [
- —”E'! eV/atom |

J/atom |

(" 1eV =1-6022 x 10 J)|
= 1312 4y ol |

2 |

| _ n

wheren = 1,2, 3. ete stand for 1st, 2nd, 3rd....etc.
level respectively. Thus the 1st energy level (n=1)
which is closest to the nucleus has lowest energy.
The energy of the levels increases as we move out-
wards starting from the 1st level (K-level). Thus the
energies of the various levels are in the order :

1 1 "
*E, x o LB i (n—z) The proportionality constant is called Rydberg constant (Ryy). It has value equal 1o
2 2.4 2
21-8 x 10793 For H-like particles, E, = — “Z:r_rzn_%_i ie E o £

n“h

n
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1st < 2nd < 3rd < 4th......... and so on

O MK T =T Ml NS T and so on.

For H-like particle e.g. He*, Li* etc. (contain-

ing one electron only), the expression for energy

is

» 2 4 2
__2@mZlet B2

- n® h? n?

where Z is the atomic number of the element

(ForHet,Z = 2; for Li*t, Z =3).

(iii) Since the electrons revolve only in those
orbits which have fixed values of energy, hence
clectrons in an atom can have only certain definite
or discrete values of energy and not any value of
their own. This is expressed by saying that the
energy of an electron is quantized.

(iv) Like energy, the angular momentum of an
electron in an atom can have certain definite or
discrete values and not any value of its own. The
only permissible values of angular momentum are
given by the expression.

E

———— *
' nh |
|7 2

i.e. angular momentum of the electron is an integral
mudtiple of h/2 7. Here m is the mass of the electron,
v is the tangential velocity of the revolving electron,
ris the radius of the orbit, h is the Planck’s constant
and n is any integer. In other words, the angular
momentum of the electron can be h/2x 2h/ 2%
3h/2% ....etc. This means that like energy, the an-
gular momentum of an electron in an atom is also
quantized.

(v) When the electrons in an atom are in their
lowest (normal) energy state, they keep on revolv-
ing in their respective orbits without losing energy
because energy can neither be lost nor gained con-
tinuously. This state of atom is called normal or
ground state.

(vi) Energy is emitted or absorbed only when
the electrons jump from one orbit to the other. For
example, when energy is supplied to an atom by
subjecting it to electric discharge or high tempera-
ture, an electron in the atom may jump from its
normal energy level (ground state) to some higher
energy level by absorbing a definite amount ofener-

* Angular momentum
But 1= mer2 and @ = v/rwhere v is linear velocity.

Angular momentum =, A xulr= m,vr.

= Moment of incrtia X Angular velocity = [ X @.

gy (Fig. 3.22(a). This state of atom is called excited
state. Since the life time of the electron in the
excited state is short, it immediately jumps back to
the lower energy level by, emitting cnergy in the
form of light of suitable frequency or wavelength
(Fig. 3.22(b)). The amount of energy emitted or
absorbed is given by the difference of energies of
the two energy levels concerned, i.e.,
AE = E, - E,
where E, and E, are the cnergies of the electron in

the higher and lower energy levels respectively and
AE is the difference in energies of the two levels.

RADIATION
OF FREQUENCY
i .

Energy is absorbed when an electron jumps
from a lower energy level to some higher energy

RADIATION
OF FREQUENCY
w

Energy is emitted when an electron jumps trcm a
higher energy level {o some lower energy level.

FIGURE 3.22. Energy changes during
electronic jJumps.

Further, since each energy level is associated
with a certain definite amount of energy, therefore,
energy is always emitted or absorbed in certain
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discrete quantitics called quantas or photons and
not any value. This means that the cnergy of the
electron cannot change gradually and continuously
but changes abruptly as the electron jumps from
onc energy level to the other.

In other words, we can state that for a change
of electronic energy, the electron has to jump and
not to flow from one energy level to the other.

2, Electronic Energy as Negative Energy. In
the formula for the energy of the electron (E, =

— 1312/n?), we observe that it has a negative value.

The concept of negalive energy of the electron
may be explained as follows :

When the electron is at distance infinity from
the nucleus, there is no force of attraction on the
electron by the nucleus. Hence the energy of the
electron at distance infinity from the nucleus is
taken as zero.* As the electron moves towards the
nucleus, it experiences a force of attraction by the
nucleus. As a résult, some energyis given out. Since
its value was already zero, heénce now it becomes
negative. Further, as the electron comes more and
more close to the nucleus, the attraction increases
and more energy is released. Hence the energy of
the electron becomes less and less. This explains
why the energy decreases as we move from the
outer to the inner levels.

Alternatively, the energy of the atom in the
ionized state is taken as zero. When electron is
added up into the ion, attraction takes place, energy
is released. Since it was already zero, hence it be-
comes negative.

3. Quantization of Electronic Energy — The
Key Concept of Bohr’s Theory. The most important
postulate of Bohr's theory is the roncept of quan-
tization of electronic energy. By quantization we
mean that a quantity cannot change gradually and
continuously to have any arbitrary value but chan-
ges only abruptly and discontinuously to have cer-
tain definite or discrete values. To understand the
concept of quantization, let us consider an interest-
ing example. When we travel in a taxi, we find that
the pointer of the speedometer of the taxi moves
gradually and continuously since the speed of the
taxi can have any arbitrary value depending upon
the acceleration. On the other hand, the fare meter
only moves abruptly and discontinuously in multi-
ples of one rupee. This is due to the reason that the
fare meter has been designed to have only certain

specific values in multiples of one rupee. Thus, we
conclude that the fare of a taxi is quantized but the
speed is not. Similarly, in case of an atom, Bohr
postulated that electrons revolve around the
nucleus in certain fixed circular orbits in which they
can continue revolving without gaining or losing
energy. This means that the energy of the electron
cannot change continuously but can have only
definite values. Thus, we can say that the energy of
an electron is quantized,

4. Usefulness of Bohr’s Medel. The main ad-
vantages of Bohr’s model are as under :

(i) It explains the stability of the atom. Ac-
cording to Bohr’s theory, an electron cannot lose
energy as long as it stays in a particular orbit. There-
fore, the question of losing energy continuously and
falling into the nucleus does not arise.

(ii) It explains the line spectrum of hydrogen.
The most remarkable success of the Bohr's theory
is that it provides a satisfactory explanation for the
line spectrum of hydrogen.

According to Bohr’s theory, an electron
ncither emits nor absorbs energy as long as it stays
in a particular orbit. However, when an atom is
subjected to electric discharge or high tempera-
ture, an clectron in the atom may jump from the
normal energylevel, i.e., ground state to some higher
energy level, i.e., excited state. Since the lifetime of
the electron in the excited state is short, it returns
to some lower energy level or even to the ground
state in one or more jumps. During each such jump,
energy is emitted in the form of a photon of light of
a dcfinite wavelength or frequency.

The frequency (v) of the photon of light thus
emitted depends upon the energy difference of the
two energy levels concerned and is given by the

E, - E;

h
where E, is the cnergy of higher encrgy level and
E, is the energy of the lower energy level and & is
the Planck’s constant.

Now, frequency is related to the wavelength
asv = ¢/A where c is the velocity of light.

E _1'31
h

expression, E, —E, =hv or v =

_C._
V—I—

he

or A= =T
E, - E,

*At infinite distance, the electron is considered as a free electron at rest, where jts encrgy is taken as zero. The energy of the
electron in an atom is lower than the energy of free electrons at rest. Hence it is negative.
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Corresponding to the {requency or wave-
length of each photon emitted, there appears a line
in the spectrum. The frequencies (or wavelengths)
of the spectral lines calculated with the help of
above equations are found to be in good agrecment
with the experimental values. Thus Bohr’s theory
elegantly explains the line spectrum of hydrogen
and hydrogen like particles (like
He't, Li¥*,Be*t elc)

5. Simultaneous appearance of a large num-
ber of lines in the hydrogen spectrum. Although an
atom of hydrogen contains only one electron, yet its
atomic spectrum consists of a large number of lines
which have been grouped into five series, ic.,
Lyman, Balmer, Paschen, Brackett and Pfund. This
may be explained as follows :

Any given sample of hydrogen gas contains a
large number of molecules. When such a sample is
heated to a high temperature or an electric dis-
charge is passed, the hydrogen molecules split into
hydrogen atoms. The electrons in different
hydrogen atoms absorb different amounts of ener-
gies and are excited to different energy levels. For
example, the electrons in some atoms are excited to
second energy level (L), while in others they may
be promoted to third (M), fourth (N), fifth (O)
energy levels and so on, Since the lifetime of

Thus different excited electrons adopt dif-
{ferent routes to return to various lower energy
levels or the ground state. As a result, they emit
differcnt amounts of energies and thus produce a
large number of lines in the atomic spectrum of
hydrogen.

For example, when the electron jumps from
encrgy levels higher thann = 1,ie,n = 2,3,4,5,
6....etc. to n = 1 energy level, the group of lines
produced is called Lyman series. These lines lic in
the ultraviolet region.

Similarly, the group of lines produced when
electron jumps from 3rd, 4th, S5th or any higher
energy level to 2nd energy level, is called Balmer
series. These lines lie in the visible region.

In a similar way, Paschen series is obtained by
the electronic jumps from 4th, 5th or any higher
energy level to the 3rd energy level. Similarly,
Brackett series results from electronic transitions
from 5th, 6th or any higher energy level to the 4th
energy level. Lastly, the Pfund series originates by
electronic jumps from 6th, 7th or any higher energy
level to Sth energy level. The spectral lines of the
last three serics lic in the infrared region.

To sum up

Lyman series: Fromn = 2,3, 4 ... ton =1

electrons in these excited states is very small, they ~ Balmer series: Fromn = 3,4,5 ... ton =2
return to some lower energy level or even to the  Paschen seires : Fromn = 4,5,6 ... ton = G
ground state in one or more jumps. The various  gygckers series : Fromn = 5.6, 7 . ton = 4
possibilities by which the electrons jump back from AT e 6,7,8 s
various excited states ar¢ shown in Fig. 3.23. h | e fi i
\a=g
n=7
n=6
=g PFUND
SERIES
ek BRACKETT (INFRARED)
SERIES
it tE¥ Y {INFRARED)
PASCHEM
SERIES
(INFRARED)
nxz ¥ 9 r 9
BALMER
SERIES
(VIS'BLE)
n=1 ]
LYMANM
SERIES
(ULTRAVIOLET)

FIGURE 3.23. Different series in the hydrogen spectrum.

[
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Bohr’s model of atom suffers from the fol-
lowing weaknesses or limitations.

() Inability to explain line spectra of multi-
electron atoms. Bohr’s theory was successful in ex-
plaining the line spectra of hydrogen atom and
hydrogen like particles, containing single electron
only. However, it failed to explain the line spectra
of multi-electron atoms. When spectroscopes with
better resolving powers were used, it was found that
even in case of hydrogen spectrum, each line was
split up into a number of closely spaced lines (called
fine structure) which could not be explained by
Bohr’s model of atom.

(i) Inability to explain splitting of lines in the
magnetic field (Zeeman effect) and in the electric
field (Stark effect). In the production of line
spectrum, if the source emitting the radiation is
placed in a magnetic field or in an electric field, it
1s observed that each spectral line splits up into a
number of lines. The splitting of spectral lines in the
magnetic field is called Zeeman effect while the
splitting of spectral lines in the electric field is
called Stark effect. Bohr’s model of atom was unable
to explain this splitting of spectral lines.

(it} Inability to explain the three dimensional
model of atom. According to Bohr’s model of atom,
the electrons move along certain circular pathsin one
plane, Thus it gives a flat model of atom. But now it is
well established that the atom is three dimensional
and not flat, as had been suggested by Bohr.

(iv) Inability to explain the shapes of molecules.
Now it is well known that in covalent molecules, the
bonds have directional characteristics (i.c., atoms
are linked to each otker in particular directions)
and hence they possess definit= shapes. Bohr’s
model is unable to explain it.

(v) Inability to explain de Broglie concept of
dual character of matter and Heisenberg’s uncertain-
ty principle. Bohr's model of atom is unable to
explain the following :

(i) de Broglie concept of dual character of mat-
ter. According to this concept, an electron behaves

not only as a particle but also as 2 wave. Bohr,
however, considered electrons only as discrete par-
ticles.

(i} Heisenberg's uncertainty principle. According
tothis principle, the position and momentum of a small
particle like electron cannot be determined simul-
taneously with absolute accuracy. However, according
to Bohr, the electron moves along a fixed circular path.

These will be studied in detail at the + 2 level.

Ionization energy of hydrogen and hydrogen-
like particles. lonization cnergy is the energy re-
quired to remove the electron completely from the
atomn so as lo convert it into a positive ion. This
mcans that it is the energy absorbed by the
electron in the ground state so as tojump ton =
o. Thus for H-atom, as

; ~19
E, =~ —-2__21 8 : 40 J atom™!
or - 1—2-}31&1 mol !
~1E.=E_ - E,

=0-(—21-8 x 107" Jatom ™)
=21-8 X 107 "% J atom !
or =0—(—1312kFmol™ )= + 1312 kJ mol™!
For H-like particles,

21-3 % 10710
E = oo

. Z?) atom™!

or -— 1—2-}2 Z2 kJ mol™!
“1E.=E,-E, =0- (IE, 2}
= 22 x LE,
For example, for Het, Z = 2,
LE.=4Xx1Ey
and for Li**, Z = 3,1E. = 9 x LE.
In fact jonization energy of Het is the second

ionization energy of He atom and ionization energy
of Li?* is the third ionization energy of Li atom.

PROBLEMS @MN BOHR'S MODEI

AAMVLE 1. Calculate the wavelength of the
radiation emitied when an electron in a hydrogen
atom undergoes a transition from 4th energy level to
the 2nd energy level. In which part of the electromag-
netic spectrum does this line lie ?

Solution. For hydrogen atom
21-8x 107"

-1
b J atom

E, = -
n
Energy emitted when the electron jumps from

n = 4ton = 2 will be given by
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AE=E, -E,

=21-8x 10" (—213 -zlf)

=721-8 x 1019 X % — 4-0875 X 10719 ]

The wavelength corresponding to this energy
can be calculated using the expression

E=hv=h.§[ (. c=vd)

sothat A4 =£Ec_

(6626 x 107*] sec) (3 x 10° msec™")
4 (4-0875 x 1079 1)
= 4-863 x 10”7 m = 4863 A (or 486.3 nm)

It lies in the visible region.

EXANPLL 2. How much energy is required to
ionise a hydrogen atom if the electron occupies fifth
orbit ? Compare your answer with the ionisation
energy of hydrogen atom i.e. the energy required to

remove the electron from first orbit. {N.C.E.R.T)
; -19
Solution. E, = — 21—8:2}2—- J atom™!

For ionization from 5th orbit, n; = 5,n, =

. AE=E,—E, = - 21:8x 107" [;13_”%]
2 1

PROBLEMS FOR P

1. If the energy difference between two electronic
states is 21468 kJ mot—!, calculate the frequency
of light emitted when an electron drops from the
higher to the lower state. Planck’s constant,

h=39-79 x 10~ kI secmol ™.
[Ans. 5-395 x 101 sec™ ]

2. In hydrogen atom, an electron jumps from 3rd
orbit to the 2nd orbit. Calculate the wavelength of

the radiation emitted. (h = 6-63 x 10734 I sec).
[Ane 6564 A)

3. The energy associated with the first orbit in the
hydrogenatomis— 2:17 x 10 '8 Jatom ™. What
1§ the energy associated with the fifth orbit ?

(NC.ERT) [ans. —8-72 % 107¥ 0

*1 J = work donc = Foree X Distance ]

= {Mass X Acceleration) X Distance = (kg m.s_z) Xm=kgm

=218 X 1019 (iz = -1—]

ny o onj
=721-8x 10717 (-515 - é)

=8-72x 1072]
For iontzation from 1st orbit, n; = 1,n; =

afig? (s
AE=21-8x 107" (F—;)

=21-8x1071%)

1EXAMPLE 3. Calculate the velocity of electron
in the first Bohr orbit of hydrogen atom. Given that
Bohr radius = 0-5294,

Planck’s constant, h = 6-626 x 10734 Js,
mass of electron = 911 X 1073 kg and
1J = lkgm?~2
nh
Zrmr

nh
Solution. mvr=—— or
ckadnarpea ek 2

- (1) (6:626 x 10" Js)
2 %314 x (9-11 x 107> kg) x (0-529 x 107" m)

=2-188 x 108 Jskg~'m™1
But 1J = 1kgm?s™2".

Hence v =2-189 x 108 ms ™!

Rt B

v =

» 4. Calculate the wave number for the longest
wavelength transition in the Balmer series of atomic

hydtogen. (NCERT) [4ns. 1-523 x 105m™ 1]
5. The electron energy in hydrogen atom is given by
= (— 218 x 10718 /n? J. Calculate the energy

required Lo remove the electron completely from
n = 2 orbit. What is the longest wavelength of light
in cm that can be used to cause this transition ?

(NCE.RT} Ans. 5-45x 1071 ],3.647 x 1075 em]

6. Whal is the energy in joules required to shift the
electron of the hydrogen atom from the first Bohr
orbit to the fifth Bohr orbit and what 1s the
wavelength of the light emitted when the electron
returns 1o the ground state ? The ground state

electron energyis — 2-18 x 107! ergs.
(NC.ERT) [sns. 2:09 x 107 ergs, 951 Al

2R
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H IN T& F-‘CJR DIFFICULT FEOBLEME

L AB =hv ie (214-68 kJ mol 1) = 109, 677x:_6cm 1
= (39-79%10 " * KJ sec mol ™1y »

=15232-9em ™' =1-523 x 106 m 1.

2l T
or v=3§ 395x10]9s 5. AE=E,-E,
2'EEs ——,—21.8 x 10" 7 5 atom™! ” 2-18 x 10~ ¥ J atom™!
n o s s =
= Eoar —19(1 1
AE =E;-E, =218 x10 [22 gf) 46 48 Ta 10 Tt
c
=3-03x10°1%J AE =hv=hy
5 7 "
Ah=hv=h1— or}'"AE
1o he _ (663 x107% 1) 3 x 1088 ms™Y) _(6:626 x 10”5 x 3 x 108 ms™)
AE (3-03x10°1%J) 5-45x 107197
=gl T
=6-564 X 1077 m = 6564 x 10~ m= 6564 A =3647 %107 ' m
3'En='217xz— =3-647 x 10 5 cm L]
i 6. AE =E¢ - E;=2-18 x 107! (Tf'?]
y —18
TS 1 (L. it S 3 -

5 =218 x 1071 =209 x 10~ ergs
23

A FomBalmerscrics, When electron returns to ground state (i.e. to

7 = 109,677 [21—2 - I}T) cm n=1), energy emitted = 2-09 x 10~ ergs.
G hc
8 AB 1 AsE=hv=h+ or 1=—
A will be maximum or ¥ is minimum (F - Il—] T E

_ (6626 x 10~ % erg sec) (3 x 10'¢ cms_l)
2:09x 10~ ergs
=9-51x10 %cm =951 x10 8em =951 A

for n = 3. The value will be
¥ =109,677 cm ! (i—iJ
R ——— PO S I,
ADD TO YOUR KNOWLEDGE |/ /
L i

= |. Humphrey series. This is another series of spectral lines which has been reported. It is produced when the
electron in the hydrogen atom jumps from outer shells to 6th shell i.e. for these lines

V=R

1 1
* & E} wheren, = 7,8,9...

These lines lie in the far infrared region.
‘The number of spectral lines produced when the electron from the nth shell jumps 10 the ground state (due

Y

to all possible jumps) = "—("2—_1)- When an clectron returns from #, to ny energy level, number of spectral

(ny ~ny,—n, +1
lines produced = 21 ol 22 L ).

= 3. Bohr's model] of circular orbits was extended by Sommerfeld by introducing the concept of elliptical orbits.
‘This helped to explain the fine lines of the atomic spectra.

¢ 4. Inany spectral series of the hydrogen spectrum, the intensity of line decreases as n, increases.
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AP TOYOUR KMOWILEDGEICONTE
= = The radius of the first Bohr’s orbit is 0-529 A (52-9 pm).
The radius of nth orbit of H-atom ée. 7, = 0-529 % n? (A). Puttingn = 1,2, 3, 4 and 5 the radii of the first five
orbits of H-atom are given below :

Orbit () 1 2 3 4 5

Radius (A) 0:529 2-116 4-761 8 464 13-225
i 2

Similarly, for H-like particles (e.g. Het, Li?* etc.), r, = % A

i 6. Velocity of an electron in any orbit of the H-like particle is related to the radius of the orbit as

,,=V£2i”,L
e~

mr [From eqn. (i), page 3/61]

7. Balmer series contains four important lines whose wavelengths are 6563 A, 4862 A, 4341 Aand 4102 A These
are respectively called H,,, Hﬁ, Hy and H; lines. They are obtained as a result of jump fromn = 3, 4, 5and 6

respectively ton = 2.
Bohr was awarded Nobel prize in Physics in 1922.

SECTION—II1
MODERN CONCEPIT OF
STRUCTURE OF ATOM

3.16. Introduction

Though Bohr’s model could explain the line
spectra of hydrogen and hydrogen like particles
and also the drawback of Rutherford’s model, it
suffered a scrious blow with the advent of de
Broglie concept of dual character of electrons and
Heisenberg's uncertainty principle. Hence a new
model of atom, called the ‘Wave mechanical model’
or ‘Ouantum mechanical model’ has been put for-
ward. This model at present is considered to be the
most important. It gives a detatled arrangement of
the electrons around the nucleus. In other words, it
gives a clear picture of the ‘clectronic structure of
atoms’. This model could explain fully the line
spectrum of hydrogen as well as those of the other
elements. It is also able to explain the chemical
behaviour or characteristics of the atoms,

Just as Bohr model of atom was developed on
the basis of Planck’s quantum theory, the wave-
mechanical model of atom has been developed on
the basis of a new branch of science called Quan-
tum mechanics.* It takes into account the de
Broglie concept of dual character of electron (put
forward in 1924) and Heisenberg’s uncertainty prin-
ciple (put forward in 1927) which are briefly
described below :

{1) de Broglie concept of dual nature of mat-
ter. Einstein in 1905 suggested that light has wave
character as well particle character i.e. it has dual
nature. de Broglie in 1924 extended this idea to all
material particles (electrons, protons, atoms etc.)
and suggested that all material particles in motion
have dual character. He derived that if any particle
of mass 9n’ is moving with a velocity v, the
wavelength associated with the moving particle is
given by

h _h
mv  p

=

where 2 is Planck’s constant and mv = p is the
momentum of the particle. This relation is known
as de Broglie relation.

(2) Heisenberg uncertainty principle. As a
consequence of the dual nature of matter and
radiation, Werner Heisenberg in 1927 stated that it
is impossible to determine simultaneously the exact
position and exact velocity of a microscopic particle.
This is due to the fact that to locate the position of
the electron, we have to use light so that photon of
light hits the electron and the reflected photon is
seen in the microscope. However, as a result of
hitting, the position as well as velocity of the
electron are disturbed. If we attempt to measure
position with greater accuracy (by using light of
shorter wavelength), the uncertainty in velocity (or
momentum) increases and vice-versa. If Ax is the

* For more details, read matter given in the shaded background on page 3/34 and 3/35.
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uncertainty in position and A p is the uncertainty in
momentem, their product 1s always constant and
cqual to”/4x, Thus Ax X Ap =h/4x

In the light of uncertainty principle, Bohr
model of atom_postulating that electrons move
along definite circular paths and hence their posi-
tion and momentum could be determined with ab-
solute accuracy became unacceptable. Now we can
speak of only in terms of ‘probability’ of finding the
clectron at any particular position about the
nucleus at any instant of time,

Kceping in view the wave nature of electron
and the uncertainty principle, the movement of the
electron around the nucleus is like that of a bee
around the hive. Sometimes it may come close to
the nucleus and sometimes it may move away from
it. Further it does not move in one plane (as wrongly
postulated by Bohr) but moves in all directions and
in all planes around the nucleus,

The concept of ‘probability’ may be under-
stood with the help of the following simple ex-
amples :

() Suppose on a particular day, there are
clouds in the sky. We predict that there is a chance

that it may rain. However, there is no certainty that ,

it would definitely rain because the clouds may
disappear. This is expressed by saying that there is
a probability of rainfall.

(it) In a game of chess, a better player has a
chance to win but one cannot say with certainty that
he will definitely win. Thus a better player has a
probability (o win.

(i17) A brilliant student has a chance to qualify
any entrance test but onc cannot say with certainty
that he/she will definitely qualify. Thus a brilliant
student has a probability to qualify the entrance
test.

Probability provides the best possible description
of a situation which cennot be described with
certainly.

To clarify the concept of electron probability,
it 1s helpful to do a hypothetical experiment in
which we take a set of pictures of a particular
clectron, say the only electron of hydrogen atom, at
very very short intervals of time (say almost instan-
tancously). If the electron in each picture is repre-
sented by a small dot and if all the pictures arc
super-imposed then the final picture looks like the
one given in Fig. 3.24.

FIGURE 3.24. (a) Electron cloud forthe only
electron of the hydrogen atom (b) Boundary
surface for maximum probability dansity.

It is clear from the picture that most of the
dots lie at a certain distance from the nucleus on all
sides. Since the probability of finding an electron is
directly proportional to the intensity of dots, there-
fore, the electron spends most of its time in the
volume of sphere bounded by that distance and for
rest of the time, the electron can be found outside
the volume of this sphere.

The region of space around the nucleus which
describes the prebability of finding an electron of
given energy in terms of dots is called an electron
cloud.

Nowhere is the probability of finding an
electron equal to zero. Even at very large dis-
tance from the nucleus, there is a finite, though
small, probability of finding an electron of a
given cnergy. This means that electron clouds
do not have sharp boundarics. However, for
sake of pictorical clarity and for convenicnee of
representation, a boundary surface may be
drawn which connects points of equal prob-
ability and encloses a certain volume of the
space around nucleus within which the prob-
ability of finding an electron of given cnergy is
maximum, say upto 90%. This is called an
atomic orbital.

An atomic orbital may be defined as the three
dimensional space around the nucleus within
which the probability of finding an electron of given
energy is maximum (say upto 90%).

Difference between Orbit and Orbital. Some
important points of difference between orbit and
orbital are given below
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ORBIT

ORBITAL

1. An orbit is a wei! defined circular path around the
nucleus in which the electrons revolve.

2. It represents the planar motion of an eleciron
around the nucleus.

3. The concept of an orbit is not in accordance with
the wave character of electrons and uncertainity
principle.

4. All orbits are circular and disc like.

5. Orbits do not have any directional characteristics.

6. The maximum number of electrons in any orbit is
given by 22 where 7 1s the number of the orbit.

An orbital is the three dimensional space around the
nucleus within which the probability of finding an
electron is maximum (upto 90%).

2. It represents the three dimensional motion of an

electron around the nucleus.

3. ‘The concept of an orbital is in accordance with the

wave character of electrons and uncertainty prin-
ciple.

4. Different orbitals have different shapes. i.e. s-orbi-

tals are spherically symmetrical, p-orbitals are dum-
bell shaped and so on.

| 5. All orbitals except s-orbitals have directionat charac-

teristics.

6. The maximum number of electrons present in any

orbital is two.

Quantum Mechanics. Classical mechanics,
hased on Newton's laws of motion, was suc-
cessful in explaining the motion of macro-
scopic bodies like falling stones or motion of
planets around the sun etc. but it failed when
applied Lo microscopic particles like electrons,
atoms, molecules etc. This was mainly because
it did not take into account the concept of dual
nature of matter and Heisenberg’s uncertainty
principle. Hence a new branch of science
which takes dual nature of matter into con-
sideration has been put forward. This is known
as ‘Quantum mechanics’.

Quantum mechanics, as developed by Erwin
Schrodinger in 1926, is based on the wave mo-
tion associated with the particles. For the wave
motion of the electron in the three dimensional
space around the nucleus, he put forward the
following equation, known after his name as
Schrodinger wave equation, which is con-
sidered as the heart of quantum mechanics :
o e a* 8xim
%+%+E¥+T(E-V)y;fo

where y is the amplitude of the wave where the
co- ordinates of the electron are (x, y; z), E is the
total energy of the electron, V is its potential
energy, m is the mass of the electron and 4 is
Planck’s constant. % y/dx? represents second
derivative of y w.r.t.x and so on,

In short, Schrodinger wave equation is written as

3] = Ey where A is a mathematical
operator, called Hamiltonian operator.

The solution of Schrodinger wave equation for an
electron in an atom gives the values of E and y. The
values of E represent the quantized values of ener-
gy which the electrons in the atom can have. The
corresponding values of g are called wave [unc-
tions*. The wave function y for an electron in an
alom has no physical significance as such. How-
ever, just as in case of light or sound, the squar¢ of
the amplitude of the wave at any point gives the
intensity of the sound or light at that point, similarly
the square of the amplitude of the clectron wave
i.c. 2 at any point gives the intensity of the electron
wave at that point which in view of Heisenberg’s
uncertainty principle means probability of finding

the electron at that point. Thus y? af any point gives

the probability of finding the electron at that point, Le.
electron density at that point. Since the region
around the nucleus which represents the electron
density at different points is called an orbital, that
is why the wave functon for an clectron in an atom
is calied orbital wave function or simply atomic
orbital. Since an electron can have many wave
functions, therefore there are many atomic orbitals
in an alom.

Important Features of the Quantum Mechani-
cal Model of Atom. The basis of this model of
atom is Quantum mechanics which ia turn is

*'I:hc values of E and v are called eigen-\:l;lues and eigen functions.
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based on Schrodinger wave equation. The im-
portant features of this model are as follows :

1. The electrons in an atom have only quantized
values of energy.

2. These quantized values of energy are obtained
from the solution of Schrodinger wave equation.
The corresponding values of the wave function
4 are also obtained from the solution of
Schrodinger wave equation,

3, The wave function y is simply a functton of co-
ordinates of the electron and has no physical
significance as such. However, ¥ gives the prob-
ability of finding the electron at that point i.e.
electron density at that point. The concept of
probability is justified in view of Heisenberg's
uncertainty principle,

OBLEMS ON

electron moving with velocity of 2-05 x 10/ ms~1.

(N.CE.R.T)
Selution. By de Broglie equation
h

=gt

muv

EXAMPLE 1. Calculate the waveleyh of an

o 6-626 x 1073 Is
"~ (9-11 % 107 Tkg) (2-05 x 107 ms ™)
=3-55x 107"

(J =kgm?s~2

EXAMPLE 2. The mass of an electron is

9.1 x 10~ kg Ifits K.E. is 3-0 x 10~% J, calcu-
late its wavelength. (N.CEE.R.T)

Solution. KE. = %nw2

m

2x3-0x10°5§
9-1x 1073 kg

PROBLEMS FOR PR

1. What will be the wavelength of a ball of mass 0-1
kg moving with a velocity of 10ms ™! ?
[An5-6-626 x 1073 m)

2. A moving electron has 4-55 x 1072 Joules of
kinetic energy. Calculate its wavelength (mass of

4. By finding y? at different points around the
nucleus in an atom, we can predict the region of
space around the nucleus within which the prob-
ability of finding the electron with a definitc value
of energy is maximum. This space around the
nucleus is called orbital. That is wave function
y is called orbital wave function or simply atomic
orbital.

5. Since an electron can have many wave func-
tions, therefore, there are many atomic orbitals
in an atom.

6. The orbital wave function ¥ contains all the
information about an electron in an atom and
quantum mechanics helps to extract this infor-
mation.

DE BROGLIE EQUATION

SRR A A A e

=812 ms™!
By de Broglie equation
szl 6626 X 10™* Js
Tmv (91x 107 kg) (812ms 1)
= 8-967 x 107" m = 8967 A.
EXAMPLE 3. Calculate the mass of a photon
with wavelength 3-6 A. (N.CERT)

Solution. Here, A =3-6 A =36 x 10~ m.
As photon travels with the velocity of light,
v=3-0x 10°ms™!

! ) h
By de Broglie equation, 1 = o)

h
or m=m

< 6-626 X 10~ Js
T (36x107%m)(3-:0x 108 ms™ )

=6-135 X 10~ kg,

Dol ~ I

W

electron = 9-1 x 10731 kg and Planck’s constant
h=66x 10_343'3). [ o= 7-25 x 10“7,,,]

Lo

3. Calculate de Broglie wavelength of an electron that
has been accelerated from rest through a potential
difference of 1 kV. [.v\n_c 3.-87 % 10-" m]
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3. K.E. of electron = 1000V = 1000 x (1:602 x 10_19) 1. Further pmcecd as in solved examp]e 2 above.

o 17 Quantum Nnmbers

An atom contains a large numher of nrhua!_u
These are distinguished from each other on the
basis of their size, shape and orientation (direction)
in space. These parameters of an orbital are ex-
pressed in terms of three numbers, called principal,
azimuthal and magnetic quantum numbers.¥ Fur-
ther, to represent the spin (rotation) of the electron
about its own axis, a fourth quantum number, called
spin quantum number is introduced. Thus

Quantum numbers may be defined as a set of four
numbers which give complete information about
the electron in an atom i.e., energy, orbital occupied,
size, shape and orientation of that orbital and the
direction of eleciron spin.

These numbers are like the postal address of
a person. To know about a particular person, Mr X,
we should know about his country, his town, hislane
and house number.

The various quantum numbers are briefly
described below :

1. Principal Quantum Number. It is repre-
sented by %’ It gives the following information : —

(i) Approximate distance of the electron from
the nucleus i.e. the size of the electron cloud.

(#i) Energy of the electron present in any
shell** e.g. for hydrogen atom,

hy —19
B 21-8x10 Pown

kJ mol ™1,

1312
nZ
(iif) Maximum number of electrons present in
any shell (given by the formula 24%).
This number helps to explain the main lines of
the spectrum,

It can have valuesn = 1,2,3,4........ etc. which
are called K, L, M, N.......etc. shells respectively.

2. Azimuthal (or Subsidiary or Angular
momentum) Quantum Number. This number is
represented by 7. It is found that the energy of an
clectron calculated from the value of n includes in
itself some contribution due to angular momentum

*These three quantum numgcrs follow from the solution of Schrodinger wave eguation.

of the electron. As different eclectrons may have
different angular momenta, the electrons within the
same shell occupy different energy levels called
sub-levels or sub-shells, The azimuthal gquantum
number gives the following information :

(/) Number of sub-shells present within any
main shell
(it} Contribution of energy due to angular
momentum towards the total energy of the
electron.
(iif) Relative encrgies of the sub-shells belong-
ing to the same shell.
(iv) Shapes of the subshells.

(v) Orbital angular momentum which is cqual
to— Vig+1)

Note that orbital angular momentum depends
only on the value of ¥ and not ‘#’. Thus all
s-orbitals (! = 0) i.e. Ls, 25, 35 etc. have orbltal
angular momentum = V00 + 1) h/2n =

Similarly, all p-orbitals ({ = 1)i.e. 2p, 3p, 4p th
have orbital angular momentum

=vyI{I+ 1) £/27x=VZh/n andsoon.

This number helps to explain the finc lines of
the spectrum because due to the presence of a large
number of sub-levels, the number of probable tran-
sitions (jumps) of electrons becomes very large.

For a given value of 1, [ can have valucs from
0 to 1 —1. For example,

Forn = 1, ! = 0i.c.onlyone value
Forn =2, | =0,1i.c.two values
Forn =3, 1 =0,1,2,ie.three valucs
Forn =4, 1=0,1,2, 3, ie. four valucs

Thus 1st, 2nd, 3rd, 4th shells have 1, 2, 3, and
4 sub-shells respectively. In general, nth shell hasn
sub-shells.

Further, these sub-shells are designated by the
letters s, p,d andf for / = 0, 1, 2, and 3 respectively
(derived from the first letter of the words sharp,
principai, diffused and fundamental lincs of (he
spectra)

## A< the electron clouds are three dimensional, the word ‘shell’ is now preferred over orbit or level.
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Shell Sub-shells present Simularly, for d-sub-shell, { = 2 so that m =
1st (K) 1s -2, -1, 0, +1, +2 ie, d-sub-shell contains five

orbitals. For f- sub-shell, / = 3 sothatm = -3, -2,
) ki -1,0, +1 +2, +3i.e.f-sub-shell has seven orbitals.
3rd (M) 3s,3p, 3d REMEMBER
4th (N) 4s, 4p, 4d, 4f

(The prefix before the symbol of sub-shell
represents value of )

The number of sub-shells within the various
main shells are shown in Fig. 3.25.

n=1 n=2 n=3 n=4
N W ASNN 1134
* AL "W n
» 1 (11} Lt
¥ n ne
11 111 I
I . 1 Hrr
I il 1t
” " [{TATYT
- 1" [T YT
- rr4 s 1y
g P S'p'd S-Prdvf

FIGURE 3.25. Sub-shells present
in the main sheils.

The energies of the different sub-shells
present within the same main shell are found to be
intheorder s < p<d<f

Further, the electroa cloud of s’ is found to be
spherical while that of ‘p’ is found to be dumb-bell
shaped. d and f have complex shapes.

3. Magnetic Quantum Number. This number
is represented by ‘m’ or ‘m;. This number is re-
quired to explain the fact that when the source
giving the line spectrum is placed in a magnetic
field, cach spectral line splits into a number of lines
{Zeeman effect). This was obviously due to the fact
that each subshell contains a number of orbitals
which take up different orientations under the in-
fluence of the external magnetic field. The mag-
netic quantum number tells the number of
orientations which the orbitals present within the
same sub- shell can take up. In other words, it rells
the number of orbitals present within the same sub-
shell (as each orientation represents an orbital).

For a given value of 7, m can have values from
—{to + /including ‘0’. Thus

For s-sub-shell,/ = 0. Hencem = 0 (only one
value) i.e. s-sub-shell has only one orientation or
has only one orbital.

For p-sub-shell, ! = 1. Hence m = — 1, 0,
+ 1(three values) i.e. p-sub-shell has three orbitals
oriented along X-axis, Y-axis and Z-axis and rep-
resented by p, , p, and p, respectively.

Usually m=0 is taken for p, erbial and
m= *+1forp and Py orbitals. Similarly, m = 8
Jordzand —2or + 2for d2 _ y2 and d,, and
~lor+1ford and d

4. Spin Quantum Number. It is represented
by ‘s’ or m,. This number was introduced to account

for the fact that the electron in an atom not only
moves around the nucleus but also spins about its
own axis (like the earth which not only revolves
around the sun but also spins around its own axis)
(Fig. 3.26). This number gives the information
about the direction of spinning of the electron
present in any orbital. Since the electron in an
orbital can spin either in the clockwise direction or
in the anti-clockwise dircction, hence for a given
value of m, 5 can have only twovaluesic. + 1/2and
—1/2 or these are very often represented by two
arrows pointing in the oppositec direction i.c.
tand .

FIGURE 3.26. Spinning of electrons.

This quantum number helps to explain the
magnetic properties of the substances. A spinning
electron behaves like a micromagnet with a definile
magnetic moment. i an orbital contains two
electrons, the two magnetic moments oppose and
cancel cach other.

Thus in an alom, if all the orbitals are fully
filled, net magnetic moment is zero and the sub-
stance 1s diamagnetic (1. repelled by the external
magaetic ficld). However, if somc half- filled orbi-
tals are present, the substance has a net magnetic
moment and is paramagnetic (i.c. attracted by the
external magnetic ficld).
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Idea of shells, subshells and arbitals. To sum up

Shell represents the main energy level occupied
by the electron. It is given by the principal quan-
tum number (n). For example, if n = 1, the
electron is present in the first main shell, called
K-shell If n = 2, the electron is present in the
second main shell, called L-shell and so on.

Subshell represents the sub-energy level oc-
cupied by the electron (as main encrgy level is
considered to consist of a number of sublevels of
energy). It is given by azimuthal num-
ber (7). For a given value of n, = Oton —1. Thus
forn = 1,1 = Oie. [ has only one value which
means that it does not have subshells. Forn = 2,
= 0, 1 i.e. [ has two values which means that it
has two subshells. Similarly, 3rd shell has three
subshells, 4th has four and so on. The subshells
corresponding to 7 = 0, 1, 2 and 3 are repre-
sented by s, p, d and f respectively. Hence

3d

(n=1) Ve 1s
(K-shell} Subshells

EXAMPLE 1. 4y ofectron is in a 4f orbital.
What possible values for the quantum numbers, n, |
m and s can it have ?

Solution. Since the electron is in a 4f orbital,
the value of the principal quantum number,n = 4.

For the f-orbital, the secondary quantum
number, ! = 3.

The values of the magnetic quantum (/) are
—1to +1including zero. Therefore, when! = 3,m
has seven valuesie. —3, —2, —1,0, +1, +2and3.

15t main shell (n = 1) has only one subshell (15},
2nd main shell (# = 2) has two subshells (2 5,
2 p), 3rd main shell (# = 3) has three subshells
(35, 3 p, 3 d), 4th main shell has four subshells
(45,4p,4d,40).

Orbital represents the orientation which a subshell
takes place under the influence of an external mag-
netic field. It is given by magnetic quantum number
(m). For agiven value of L m = — [to +lincluding
{0, Thus for s-subshell ({ = 0),m = Oie. it has only
one orientation which means s-subshell consists of
only one orbital. For p-subshell (/ = )ym=—1,
0, +1ie p-subshell takes up three different orien-
tations (i.e. along X-axis, Y-axis and Z-axis) which
means p-subshell has three orbitals. Likewise d-
subshell has five orbitals and f-subshell has seven
orbitals. The number of subshells in a shell and the
orbitals present in different subshells for the first
three main shells may be represented as shown
below :

- EE——— (Five 3d orbitals)
- Em==——===(Three 3p orbitals)

- — (One 3sarbital)

- = (Three 2p orbilals}

- —————— (One 2s orbital)

- —————— (One 1s orbital)

G SRt e e

1S ON QUANTUM NUMBERS

For each value of m, the spin quantum num-
bcr,s!:astwovalues, ie,s = +122ands = — 1/2.
e DXAMPLE 2. price down the quantum num-
bers n, | and m for the following orbitals :

() 3dz2 _ 2Gi)4dp (iy3d,, () 44,
()2p, (W) 3p,

Solation. ()n =3,/=2,m=-2 or +2

(i)n =41=2m=0

(@#)n=31=2m=-2 or +12
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(Mn=41l=2m=—-1lor + 1
Vn=21=1m=20
Mn=3I=1m=-1or+1
EXAMPLE 3. What designation is give:t to an
orbital having (i) n = 21 = ] (iijn = 3, { =0,
(fiidn =51=3and(ivin =41=27?
Solution. ()7 = 2,/ = 1 means 2p-orbital
(t'yn = 3,1 = 0 means 3s-orbital
(iiiyn = 5,1 = 3 means 5f-orbital
() n = 4,1 = 2 means 4d orbital.
EXAMPLE 4. Which of the foliowing sets of
quantum numbers are not permitted ?
#n=21l=2m=—1Ls=+ 172
(in=21=Im=—1s=—J2
Wiin=21=0m=0s=0
fn=21=1Lm=25="14112
Solution. (i) This set of quantum numbers is
not permitted since the value of 7 cannot be equal
ton.

1. If » is equal to 3, what are the values of quantum
numbers { and m ?

Ans. I=0,1,2m=—2,—1,0, +1, +2

and s = + 1/2 and — 1/2 for each value of m)

2. If the quantum number 7’ has a value of 2, what

are the permitted valtues of the quanium number

SFn)
pns. —2,—1.0, +1, +2]
3. List the quantum numbers (! and m,) of clectrons
for 3d orbital ? (NCERT)
p“s‘ ni= 3!’ = z,m = _29 _ly 0; +1, +2
and s = + 1/2 and — 1/2 for each value of m]
4. What are the values of n, / and m for 2p-orhitals ?

ADS. For all 2p-electrons, n = 2 and I = 1, but m can
have any one of three values i.e. —1, 0 and +1]

5. Write the correct orbital notations for each of the
following sets of quantum numbers :

Hi N 'T'S 2D

(i7) This sct of quantum numbers is permitted.

{if7) This sct of quantum numbers is not per-
mitted because the value of spin quantum number
cannot be zero.

(¢v) This set of quantum numbers is also not
permitted since the value of »’ cannot be greater
than 1.

EXAMPLE 5. Which of the following orbitals
qre not possible ?

Ip, 25, 3f and 4d.

Solution. (i) The first shell has only one sub-
shell, 1.e. 1s which has only one orbital, i.e, 1s orbi-
tal. Therefore 1p orbital is not possible.

(#) The second sub-shell has two subshells, i.e.
25 and 2p. Therefore 2s orbitals are possible.

(iff) The third subshell has three subshells, i.e.
3s, 3p and 3d. Therefore, 3f-orbitals are not pos-
s:blc

(iv) The fourth shell has four subshells, i.e. 4s,
4p, 4d and 4f. Therefore, 4d-orbitals are possible.

‘.;.1 -

A
(z)n—l I—Om 0;(iHn=2, l—l m——l
and (iiyn=3,1=2,m=+1

Bns. (i) 1s (i) 2p (2p, or 2p,) (iiiy 3d]

6. Give the values of the quantum nurmbers for the
electron with the highest energy in sodium atom.
BWns. n=3,l=0,m=0ands = + 1/2 or — 1/2]

7. 'Which of the following orbitals are not possible?
1p, 2s, 2p and 3f.

Bns. 1pand 3f]

8. Which of the following sets of quantum numbers
are not possible ?
n=31=2m=0,5=-1/s2
(@n=31=2m=-25=-1/s2
(fyn=3,1=3m=-3,s=+1/2
(Mn=31=1m=0,5=+1/2

pns. (@iD)]

R e s e e T R AR

FOR RIEEICUEREEQRL

RS R

A e B A AR w;ou:vao R e R q.;u u

6. Electronic conﬁgurauon of 11Na 152 252 2p5 351,

The electron with highest energy is 3s! for which n
= i=0

8. (@) is not possible because if
n=31=012
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From a study of the quantum numbers,
Wolfgang Pauli, a German physicist in 1925 put
forward a principle known after his name as Pauli
exclusion principle. It states that :

No two electrons in an atom can have the same set
of four quantum numbers.

If one electron in an atom has some particular
values for the four quantum numbers, then all the
other electrons in that atom are excluded from
having the same set of values. It is because of this
reason that this principle is called exclusion prin-
ciple. Thus, it follows from the above discussion
that in an atom, any (wo electrons may have the
same values for any of the three quantum numbers
but the fourth must be different.

Now, any particular orbital is described by

three quantum numbers i.e, n,! and m. For ex-

ample, 3s-orbital hasn = 3,/ = Oandm = 0.Since
for each value of m, there are two values of the spin
quantum number, ie., + 1/2and — 1/2, therefore,
3s-orbital can have two clectrons; one with quan-
tum numbers,n = 3,1 = 0,m = O0ands = + 1/2
and the other with quantum numbers, n = 3,1=0,
m = Oands = — 1/2. Similarly, any given orbital
can have two and not more than two electrons. This
gives us another definition of Pauli’s exclusion prin-
ciple which states that

An orbital can have @ maximum two efectrons and
these must have apposite spins.

On the basis of a study of quantum numbers
and Pauli exclusion principle, the maximum num-
ber of electrons that can be accommodated in
any subshell or shell can be calculated. This is
illustrated in Table 3.3. for the first four shells,
namely, K, L, M and Nie. forn = 1,2,3,4.

Shell Principal Azimuthal Magnetic Spin Electrons Total No.
Quantum No. Quantum No. Quantum No. Quantum No. present of electrons
(subshell and  (Orbitals)
its designation)
(m (U] (m) (s)
1
K 1 0(1s) 0 +5—7 2 2
I 2 0(2s 0 sk ) 2
(%) b
1 1
1(2p) =4 it 5
1 1
0 fr 2 2 (] 8
1 il
+1 + -2— = E
M 3 0 (3s) 0 +1, -3 } A
1 1
1Cp) —1 +3.-%
1 1
0 qr A il
1 1
+1 =+ e 7

Contd. on next page...
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2(3d) 3 2.
eI
0 oy 10 18
+1 +%,—-§—
+2 +%,—% ey
N 4 0 (45) 0 +%,—%} 2
1(4p) 2y il sl
0 +—;-,—% f 6
ol +%’_%,
2 (4d) A +1,-1 ]
e
0 +%,-% . 10
2 +3,-2
+2 +%,—%:
34D —3 +%,—%
= =
ot R
0 +3.-% [ 14 32
+1 +%,—%
+2 +%,—%
o t3.-1 M

This it may be concluded that
No. of subshells in nth shell = »
No. of orbitals in a subshell = 27 + 1,
Maximum no. of electrons in a subshell = 2 (27 + 1),
No. of orbitals in nth shell = n?
Maximum no. of electrons in nth shell = 2 12,
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@ t.  Quantum numbers were discovered by different scientists as follows :
Principal by Bohr, Azimuthal by Sommerfeld, Ma gnetic by Lande and Spin by Uhlenbeck and Goudsmith.
Principal quantum number tells about the size of the orbital, azimuthal quantum number tells about the shape
of the orbital while magnetic quantum number telis about the number of arientations which the orbital takes
up in the magnetic field or the number of orbitals present in a subshell.
Principal quantum number, 7 used by Bohr and azimuthal quantum number, k used by Sommerfeld (by
introducing the concept of elliptical orbits) are related to each other as

n _ Length of the major axis of the elliptical orhit

% = Tength of the minor axis of the elliptical orbit
When k = n, the orbit becomes circular. Further & cannot be zero because that means minor axis is zero which
in turn implies linear motion of the electron passing through the nucleus.

m 2.

¢ 4. The shape of an orbital is the boundary or contour surface diagram obtained by joining the points of equal
probability (*) of the electron around the nucleus. In other words, it is the surface on which the probability
density (?) is constant. Many such surfaces are possible but the one that encloses the region within which the
probability of finding the electron is very high, say upto 90%, gives the shape and size of the orbital.

i 5. The surface on which 1,02 is constant, v is also constant on that surface. Hence boundary surfaces for :pz and

 are identical.

3.19. Shapes of Orbitals s

AR

As already defined, an orbital is the region of
space around the nucleus within which the prob-
ability of finding an electron of given energy is maxi-
mum (say 90%). The shape of the electron cloud
thus obtained gives the shape of the orbital. The
shapes of s and p-orbitals are briefly described
below :

Shapes of s-orbitals. The probability of find-
ing the electron belonging to s-orbital of any main
shell is found to be identical in all directions at a
given distance from the nucleus. Hence s- orbital is
spherical in shape which is symmetrical around the
nucleus (Fig. 3.27).

Alternatively, the shape of s-orbitals fol-
lows from the concept of quantum numbers as
follows :

For s-orbital, azimuthal quantum number
{=0. Hence magnetic quantum number m is also
equal to ‘0’ (Le. has only one value). Thus s-orbital
has only one orientation, The only shape having one
orientation is a sphere. Hence s-orbital is spherical
in shape.

WO NODE

FIGURE3.27. 5

Although the s-orbitals belonging to different
shells are spherically symmetrical, yet they differ in
certain respects as explained below :

(i) The probability of 1s clectron is found to
be maximum near the nucleus and decreases as the
distance from the nucleus increases. In case of 2s
electrons, the probability is again maximum near
the nucleus and then decreases to zero and in-
creases again and then decreases as the distance
from the nucleus increases. The intermediate
region (a spherical shell) where the probability is
zero is called a nodal surface or simply nede, Thus
25 orbital differs from 1s orbital in having one node
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within it. Similarly, 3s has twonodes. In general, any
ns orb has (n — 1) nodes.

The size and energy of the s-orbital in-
of/eﬁscs as the principal quantum number n in-
creasesi.e. the size and energy of s-orbital increases
in the order 1s < 2s < 3s....

Shapes of p-orbitals, On the basis of prob-
ability calculations, it is found that the probability
of finding the p-electrons is maximum in two lobes
on the opposite sides of the nucleus. This gives rise
to a dumb-bell shape for the p-orbital (Fig. 3.28).

NUCLEUS

oy

 NODAL PLANE
FIGUKE 3.28. Shapes of p-orbital.

However, it may be noted that the probability of
finding a particular p-clectron is equal in both the
lobes. Further, there is a plane passing through the
nucleus on which the probability of finding the
electron is almost zero. This is called a nodal plane.

Further, for p-orbital,/ = 1. Hencem = —1,
0, + 1. Thus p-orbitals have three different orien-
tations. These are designated as p,, p, and p,
depending upon whether the electron density is
maximum along the X-axis, Y-axis and Z-axis
respectively (Fig. 3.29).

Y

FIGURE 3.29. Different orientations of p—orbitals.

Thus unlike s-orbitals, p-orbitals have direc-
tional characteristics and hence are helpful in
predicting the shapes of molecules, Further it may
be mentioned that every energy level with i greater
than 1 has three p-orbitals. As n increases, these

p-orbitals become larger in size and have higher
energics. However, the three p-orbitals belonging

_to a particular cnergy level bave equal energies and
are called degenerate orbitals. Further whereas 2p

orbital has no node, 3p has onc node, 4p has two
nodes and so on. Thus, we may conclude that

Number of nodes in any orbital = (n—1 — 1).

Note. 1. The formula given above is for finding
the number of spherical/radial nodes only. It is
interesting to point out that whereas s-orbitals have
spherical nodes only, p and d-orbitals have spheri-
cal as well as planar nodes. For example, 2p orbital
has one nodal plane passing through the nucleus at
the origin. Similarly d-orbitals have two nodal
planes. The number of spherical nodes depends
upon the value of n.

Thus the above results may be generalized as
follows :

wafm' of sphericalfradial mdes in tmy orbital
mp-l=1

Numbernfp&maruodasmmryorbual =l
Mnmberafmdesmmmwn - l.

have nothmg to do with the |ms:mc or negmwc
chargc However, the probability density, y?,
‘always positive.

3.20. Energy Level Diagrams of Hydrogen
Atom and Multielectron Atoms:;

It has already been discussed that the dif-
ferent subshells of the same main shell have dif-
ferent energies. However this is true only in case of
multi-electron atorns as shown in Fig, 3.30(b). In
case of hydrogen or hydrogen-like particles (con-
taining one electron only), they have the same ener-
gy as shown in Fig. 3.30(a). In other words, it may
be concluded that whereas energies of different orbi-
tals of hydrogen and hydrogen like particles depend
upon the value of principal quantum number (n)
only, those of multielectron atoms depend both upon
principal quantum number (n) as well as azimuthal
quantum number ().

Such diagrams representing the arrangement of

Mmmgmmmgmm
called Energy Level Diagrams.
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FIGURE 3.30. (a) Enegy level diagram for hydrogen atom.
(b) Energy level diagram for multielectron atoms.

Some important observations from energy
level diagram of multielectron atoms may be made
as follows :

(i) The subshells of a particular shell do not
have equal energies e.g. 25 and 2p have different
energies.

(ii) In a particular shell, subshell with lower
value of ! has lower energy. Thus in the second shell
2s (! = 0) haslower energythan2p (I = 1). Similarly
in the 3rd shell, energies are in the order3s < 3p
< 3d and in the 4th shell they are in the order
45 < 4p < 4d < 4f.

(ii) For the same value of n, the difference
between energies of s and p-subshells is small whereas
between p and d-subshells, it is large and so on.

(iv) As the value of n increases, the subshell of
lower shell may have higher energy than that of the
higher shell e.g. 3 d has higher energy than 4 5.

Note. In case of H-atom, the energies of the
orbitals are intheorder1s <25 =2p < 35 =
3p=3d<4s=4p =4d =4f<

3.21. Filli rbitals in Atom

different atoms takes place according to the follow-
ing three rules :

(1) Aufbau Principle. The word ‘aufbau’ in
German means ‘building up’. The building up of
orbitals means the filling up of orbials with
electrong’ The principle states as follows : —

In the ground state of the atoms, the orbitals are
Jilled in order of their increasing energies. In other
words, electrons first occupy the lowest-energy orbi-
tal available to them and enter into higher energy
orbitals only when the lower energy orbitals are
JSilled.

The order in which the energies of the orbitals
increase and hence the order in which the orbitals
are filled is as follows :

B’ZY’@’%’@,“’M’@’SS’

4d ,5p , 65 ,4f,5d, 6p,7s,5f,6d,p....

This order may be remembered by using the
method given in Fig. 3.31. Starting from the top,
the direction of the arrows gives the order of filling
of orbitals.

FIGURE 3.31. Order of filling of orbitals.

Alternatively, the order of increase of energy
of orbitals can be calculated from (m + ) rule.

The energy of an orbital depends upon the
values of principal quantum number, # and the
azimuthal quantum number / (in the absence of an
external magnetic field). The (n + /) rule states as
follows :
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Lower the value of (n+1) for an orbital, the lower
is its energy. Hence orbials are filled in order of
increasing (n+1) values. If two orbitals have the

same (n + I} value, the orbital with lower valiue of
n has lower energy and hence is filled first.

The following table illustrates the (n + /) rule:

Orbital Value of n Value of [ Value of (n + 1)
1s 1 0 1+0=1
2 2 0 2+0=2
2p 2 1 2+1=3 } 2p (n=2) has lower energy than
3s g 0 3+0=3 I(n=3)
3p &) 1 3+1=4 3p (n = 3) has lower energy than
4 4 0 4+40=4 ds(n=4)
3d 3 2 3+ 2 =157 3d(n = 3) has lower energy than
4p 4 1 4+1=5} 4p(n = 4).

(2) Pauli Exclusion Principle. As already ex-
plained, Pauli exclusion principle states as follows:

An orbital can have maximum two elecirons and
these must have opposite spins.

If an orbital is represented by a circle and it
contains two electrons, it is represented as

®@- O

i.c. the two arrows must point in the opposite direc-
tion. The electrons are said to be paired or the
orbital is said to be fully filled. It will be wrong to
represent it as

(e 8)

If an orbital contains only one electron, it is
represented as

(Hd ol D)

and is said to be half-filled. The electron is said to
be in an unpaired state.

(3) Hund’s Rule of Maximum Multiplicity.
This rule deals with the filling of electrons into the
orbitals belonging to the same sub- shell (i.e. orbi-
tals of equal energy, called degenerate orbitals). It
states as under : — ™

The pairing of electrons in the orbitals belonging to
the same sub-shell (p, d or f) does not take place
until each orbital belonging to that sub-shell has got
one electron each i.e. is singly occupied.

Since there are three p, five d and seven f
orbitals, therefore the pairing of electrons will start
in the p, d and f orbitals with the entry of 4th, 6th
and 8th electron respectively.

The reason for such a tendency is quite ob-
vious. The electrons are negatively charged and
repel each other. Hence they spread out and oc-
cupy the identical orbitals singly before they begin
to pair. As a result, the repulsions are minimum.
Hence the energy is minimum and the stability is
maximum. Pairing occurs because less energy is
needed to do so than the energy required to place
the electron in the next higher empty orbital.

Further, it is important to note that whenever
orbitals are singly occupied as above, the clectrons
present in them have the spin in the same direction
i.e. cither all clockwise or all anticlockwise. This is
because of the fact that such a state has lower
energy and hence is more stable.

riicy

The distribution of electrons into different levels,
sublevels and orbitals of an atom is called its
electronic configuration.

Keeping in view the above rules, and repre-
senting an orbital by a circle and an electron and
the direction of its spin by an arrow, the electronic
configurations of the first 12 elements may be rep-
resented as follows :
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Hydregen 1
Helium 2
Lithium 3
Beryllium 4
Boron b
Carbon 6
Nitrogen 7
Oxygen 8
Fluorine 7
Neon 10
Sodium 11
Magnesium 12
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The above method of writing the electronic
configurations is quite cumbersome. Hence, usual-
ly the electronic configuration of the atom of any
clement is simply represented by the notation.

NUMBER OF
ELECTRONS
l X PRESENT
NUMBER OF
PRINCIPAL «-"‘"n
SPULL \
SYMBOL OF
SUBSHELL OR
ORBITAL

e.g. 15> means 2 electrons are present in the
s-subshell of the 1st main shell.

To get the complete configuration of an atom, a
number of such notations are written one after the
other in order of increasing energies of the orbitals,
starting always with the orbital of lowest cnergyi.e. 1s.

Using the above method of representation,
the electronic configurations of the various ele-
ments are listed in Table 3.4 on page 3/48 to 3/49.

Some exceptional electronic configurations.
Some elements such as chromium (At. No. 24), cop-
per (At. No.29) etc. possess electronic configurations
different from those expected from the aufbau order.
This is because of the tendency of the sub- shells to be
exactly haif-filled or completely filled .

To illustrate this point, a few examples are
given below : —

Chromium (Atomic number = 24) @
Expected configuration :
152 252 2p% 352 3p5 3d* 452
Actual configuration :
152 252 2p° 3p% 34° 45!
Copper (Atomic number = 29) :
Expected configuration :
152 252 2p5 352 3p% 345 42
Actual configuration :
152 252 2p5 552 3p% 310 45!
Molybdenum (Atomic number = 42)
Expected configuration :
152 252 2p® 35% 3p® 3410 45? 4pS 4a* 552
Actual configuration :
152 252 2p8 352 3p5 3010 452 4p® 44° 55!
Palladium (Atomic number = 46)

" Expected configuration :

152 25 2p0 352 3p8 3410 ds? 4pS 4a® 55
Actual configuration :
152 252 2p6 352 3p6 3d10 452 4P6 441 550

Thus generally only one electron jumps from
lower cnergy orbital to higher energy orbital e.g.
from 4s to 3d. However in case of pailadium, two

_electrons are involved (the only case with a dif-
ference).

,l

FAY
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The reason for the tendency of the subshells to be completely filled or exactly half-filled is that it
leads to greater stability.

Cause of greater stability of exactly half-filled and completely filled conﬂguraﬂons The greater
stability of these configurations is due to the following two reasons :

(i) Symmetry. The half-filled and cempletely filled configurations are more symmetrical and sym-
metry leads to greater stahility, e T

(ii) Exchange energy. The electrons present in the different orbitals of the same subshell can exchange
their positions. Each such exchange results in releasc of energy, called exchange energy and hence leads
_toagrealer atabjhl,y, As the number of exchanges that can take place is maximum in the exactly half-filled
“and completely filled arrangements (i.e. more in d° than in d* and more in 4'° than in d°), therefore

exchange energy is maximum and hence the stability is maximum,
The number of exchanges that can take place in @* configuration are as follows : —

1

LT

3
ATt t]

0]t ] i
3 EXCHANGES BY 2 EXCHANGES BY 3 1 EXCHANGE BY
ELECTRON 1 ELECTRON 2 - ELECTRON 3
Total number of exchanges = 3+2+1=6

The number of exchanges that can take place in &° conﬁguration are as follows : —

1
titfefrit

TTT rl el |2

4
Bl TLEREL T

4 EXCHANGES BY 3 EXCHANGES BY
ELECTRON 1 ELECTRON 2

Total number of exchanges =4+3+2+1=10

Some important points in writing
electronic configurations. While writing the
electronic configurations, the following points
may also be noted:

{i) To avoid the writing of electronic con-
figurations in a lengthy way, usually the symbols
[He]?, [Ne]'?, [Ar]'® etc. are used as the first part
of the configuration. Such a symbol stands for the
electronic configuration of that inert gas and is
usually called the core of the inert gas.

(if) Although the orbitals of lower energy are
filled Frst but the electronic configuration are writ-
ten not in the order in which the orbitals were filled
but in the order of principal quantum numbers.

(i) Unless otherwise mentioned, electronic
configuration always means the electronic con-
figuration in the ground state.

1 EXCHANGE BY
ELECTRON 4

2 EXCHAGES BY
ELECTRON 3

For elements with very high atomic numbers,
some deviations are observed other than on ac-
count of half-filled and fully filled subshells. How-
ever, for our purposes, such exceptions are not
important.

Utility/Importance of studying electronic
configuration. In the end, a student may be curious
to know as to why we study electronic configura-
tions. It is important to know that according to
modern approach, the chemical behaviour of all
elements and compounds is explained on the basis
of their electronic configuration e.g. why atoms
combine to form molecules, why some elements are
metals whereas others are non-metals or why some
elements like alkali metals and halogens are highly
reactive whereas noble gases like helivm, neon,
argon etc. are not etc.
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Atomic Element Electronic Atomic Element Electronic
number Configuration Number Configuration
1 H 15! 38 As [Ar]'8 3410 452 47
2 He 152 34 Se [Ar]'8 3410 452 4p*
3 Li [He)? 25! 35 Br [Ar]'8 3410 4s? 4p°
4 Be [He)? 252 36 Kr [Ar]!8 3410 452 4p6
5 B [He]? 252 2p! or 152, 25%2p5 352 3p° 3410
6 & [He? 252 2p* ds? 4p8
7 N [HeJ? 252 2p° 37 Rb [Kr]?6 55
8 o [He]? 25% 2p* 38 St [Kr]*é 552
9 F [He]? 25 25° 39 Y [Kr]? 4d' 55%
10 Ne [He]? 25* 20° 40 Zr (Kr]*¢ 4d? 5s*
or 1s%,2%,2° *41 Nb (K] 4d* 55!
11 Na [Ne]'? 35! a2 Mo [Kr]? 4d® 551
12 Mg [Ne]'® 352 43 T (K] 46 552
13 Al [Ne]' 3s2 3p! *44 Ru [Ke]* 4d7 55!
14 Si [Ne]'® 352 35 *45 Rh [Kr]*6 448 551
15 P [Ne)'0 352 3p° X446 Pd [Kr]?6 440 55°
16 S [Ne]'® 352 3p* L 4T Ag [Kr]* 44 55!
17 Cl [NeJ' 352 3p° 48 cd [Kr]?6 4410 552
18 Ar [Ne]'® 3s? 355 49 In [Kr]*6 440 552 5p!
or 152,252,295, 382, 3p% 50 Sn [Kr]?6 4d'0 557 5p?
19 K [Ar)'8 as! 51 Sb [Kr}?6 440 552 5p°
20 Ca [Ar]'8 452 52 g [Kr]? 4410 552 5p°
21 Sc [Ar]'8 34" 45 53 I [Kr]2 440 552 5p5°
22 Ti [Ar}'8 342 452 54 Xe [Kr}*6 4410 552 5p5
23 \' [Ar]'8 343 457 or 1s?,2522p° , 352 3p8 3d1°,
\J24 Cr [Ar]'8 34° 45! 4s? 4p5 4d1° , 55* 5p8
25 Mn [Ar]'® 3d% as® 55 Cs [Xel* 65!
26 Fe [Ar]'® 348 45 56 Ba [Xe]** 65%
27 Co [Ar]'8 347 457 *57 La [Xe]** 54! 652
28 Ni [Ar]'® 348 45 *58 Ce [Xe]™ 4 5d' 65
\Js59 Cu [Ar)'® 3410 45" 59 Pr [Xe]™ 4f 54° 652
30 Zn [Ar]'8 3410 45 60 Nd [Xe]* 4f* 657
31 Ga [Ar)'8 3410 452 4p! 61 Pm [Xe]™ 4f 65
32 Ge {Ar]'8 3410 452 4p? 62 Sm [Xe]™* 4f° 657

*Elements with exceptional electronic confi gurations.
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Atomic Element Electronic Atomic Element  Elecfronic 3
number Configuration Number ~Conliguration
63 Eu [Xe]™ 4f 652 95 Am [Rn)88 5¢7 752
*64 Gd [Xe]?* 4f7 54! 652 # 96 Cm [Ro}s 57 64! 752
65 Tb [Xe]>* af 657 97 Bk [Rn)® 5/ 752
66 Dy [Xe]® 4710 652 98 Cf [Rn]® 5720 752
67 Ho [Xe]™* afl 6s2 99 Es [Rn]% 5711 7,2
68 Er [Xe]?* 42 65 100 Fm [Ro]® 5712 752
69 Tm [XeP** 4113 652 101 Md [Rn)% 5712 752
70 Yb [Xel** 4714 652 102 No [Rop)®6 5714 752
71 Lu [XeP* afl% 54! 652 103 Lr [Rn]® 5714 641 752
72 Hf [Xel* 4514 542 652 104 RforKuor Ung  [Rn]% 574 642 752
Sé sAd 3.2 Rutherfordium
73 T [Xe} 4fl 3d° 6s or Kurchatovium
74 w [Xe]?* 4714 54% 652 (Unnitquadium)
75 Re [He 5 44 545 652 105 HaorDborUnp  [Rn]% 574 643752
54 414 5,46 ¢ 2 Hahnium
76 Os [Xe] 4fl 5d° 6s or Dubnium
77 Ir [Xe]S'! 4fl4 5d7 65'2 (Unnilpentium)
78 Pt [Xe] 418 549 65! 106 Sgor Unh [Rn]® 5714 64+ 752
Seaborgium
s Au [Xe]™ 4614 5410 65! (Unnilhexium)
80 Hg [Xe)** af14 5410 652 107 Nsor Bhor Uns [Rn[8 5714 645 7,2
54 A4 £ 310 2.2 | Neilsbohrium
81 T [Xe]* 414 5419 652 6p b o e
82 Pb [Xe* 471% 5410 652 gp? (Unnilseptium)
83 Bi [Xe]™ 454 5410 652 63 108 Hs or Uno [Rn]% 5714 645 752
S4 44 < 10 2 ;4 Hassnium
84 Po (XeP* 4514 5470 652 6p (Unniloctium)
85 At [Xe]™ 4 540 652 6p° 109 Mt or Une (Rn]® 5714 647 752
54 474 5410 £ 2 - 6 Meitnerium
88 2a [ch] zfl 65d z6s :'P '1 o (Unnilennium)
O 20D % peid 110 * Uun [Rn]® 5714 648 752
452 4p8 440 4fi% 552 (Ununnilium)
5}?6 5410 ¢ G2 6p6 or Ekaplatinum " o .
87 Fr [Rnj® 75! 111 Uuy [Rn]* 574 6a° 75
{(Urununivm)
88 Ra [Rn]® 752 or Ekagold
¥ g9 Ac [Rn)8 64" 75 112 Uub [Rnj® 5714 6410 752
{Ununbium)
%0 Th [Rn]“ Sji 6d° 75 or Ekamercury
Yo1 Pa [Rn}* 5 6d' 752 113 Uug [Rn]® 5714 6410 752 752
R ) U [Ra]® 58 641 752 (Ununquadium)
86 172 114 Uup [Rn]® 5714 6410 752
S W [Rnp*® 57 6d' 75 (Ununpentium) 7
94 Pu [Rn}® 56 752
*Elements with exceptional electronic configurations.
*The names given in brack=ts arc IVPAC names, Rules fo- paming them are descrited iq Tinjr 4
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FPROBLEMS |

% An1PLI 1.Find the number of unpaired electrons present in phosphorus {atomic No. 15) chromium
(atomic No. 24) and copper (atomic No. 29) after writing their orbital electronic configuration.

Solution.

Element At. No. Electronic configuration Na. of unpaired electrons o
P 15 152, 257 2p% , 35" 3p 3p} 3p) 3

Cr 24 152, 252 2p% , 32 30 3d°, 45 5+1=6

Cu 29 152,252 2p5 , 3% 3p® 3410, 45" 1

10 i Write the electronic configurations of the elements with the following atomic numbers :
3 8 10, 14, 17, 25, 29, and 38.
(Also mention the groups of the periodic table to which they belong.

Solution.
Atomic No. Electronic configuration Group of periodic Table
3 15* 25! 1
8 15% 25 2p% 2p) 2p, 16
10 152 252 2p2 22 2p} 18
14 15 252 2p° 3% 3p) 3p,, 14
17 152 25 2p% 3% 3p2 32 3p; 17
25 152 24% 29° 352 3p° 3d° 45° ]
29 152 257 2p5 35% 3p° 340 4s' 1
38 15% 25 2p% 35 3p° 34" 4s” 4p° 567 2

Rules for finding the Group No.

(i) If the last shell contains 1 or 2 electrons,
then the group number is 1 and 2 respectively.

(if) If the last shell contains more than 2
electrons then the group number is the total num-
ber of electrons in the last shell plus 10.

(¢} I electrons are present in (71— 1) d orbital
in addition to those in the ns orbital, then the group
number is equal to the total number of electrons
present in the (# —1) d orbital and ns orbital.

[ ANMDLL 3. What atoms are indicated by the
following electronic configurations ?
(i) Is*2s* 2p" (if) [Ar] 45 3d’
Solution. (i) Total number of clectrons in
- 1522522 =2+2+1=5
Atomic number of the element = 5
Hence the ¢lement is Boron (B)
(i1} Total number of electrons in
[Ar]4s3d' =18 + 2+ 1 = 21

Atomic number of the element = 21
Hence the element is Scandium (Sc)
FXAMPLE 4. A neutral atorn of element has
2K, 8L and 5M electrons. Find out the following from
the data : (a) Atomic Ne. (b) Total No. of s electrons
(c) Total No. of p-electrons (d) No. of protons in the
nucleus and (e) Valency of the element.

Solution. The electronic configuration of the
clement with 2K, 8L and 5M electrons will be

152 252 2p? 29}, 2p% 35" 3p} 3p, 3P

(@) Total no. of electrons = 2 + 8 + 5=15

i Atomic No. of the element = 15

(b) Total no. of s-electrons =2 +2 +2 =6

(c) Total no. of p-electrons = 6 + 3 = 9

(d) Since the atom is neutral,

" No. of protons = No. of electrons

= Atomic No. = 15

(e) Since the element has only three half-filled

atomic orbitals, therefore, valency of the element = 3.
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EXAMPLE 5. Give the electronic configuration
of the following ions :
(i) Cu®* (i) P (iii) Fe®t and Fed*

(F)H i) mEs
Solution. During the formation of cations,
electrons are lost while in the formation of anions,
electrons are added to the valence shell. The num-
ber of electrons added or lost is equal to the
numerical value of the charge present on the ion.
Following this general concept, we can write the
clectronic configurations of all the ions given in the
queslion,
(‘) C“2+ = zgcu = 22—
= 157 252 2p° 352 3p 340 457 2~
= 15?252 2p8 352 3p6 34°
(i) Ce* = ,,Cr — 3e”

= 152 252 2p5 352 3p% 34° 45! — 3?‘ 2

—1 1.!'2 25.2 zpﬁ 362 3P6 3d3
(i) Fe?* = ,(Fe — 2¢~
= 15?252 2p5 352 3p5 308 452 — 20~
= 15% 252 2p5 352 36 346
Eedt = Fe.— 3¢~
= 152 25% 2p5 352 36 345
(iv) H = H+ 1le™ = 15! + 1e! = 152
(8§ = S+2e
= 157 27 2p5 352 3p? 3p,3p; + 2
= 1s? 25% 2p° 35% 3p2 3p2 32
Method to write the electronic configuration
of ions. For writing the electric configuration of
cations, first write the electronic configuration of
neutral atom and then remove number of electrons
equal to the units of positive charge, starting from
the outermost shell irrespective of the order in which
they werefilled. Similarly, the electronic configura-
tions of anions are written.
EXAMPLES. Discuss the possibifity of the atom
Jor existing in the following electronic confipurations:
(i) 1s* 25% 2p! (8) 1s* 25" 2p2 2p! 2p!
(iif) 1s* 252 2p2 2p! i) 15 252 357
Solution, () This electronic configuration is
correct since it is in accordance with the rules for
filling up of various orbitals.
(if) This electronic configuration is wrong be-

cause it violates aufbau principle which states that
an orbital with lower energy 1.e. 25 in the present

case should be completely filled before the
clectrons go to higher energy subshell, i.c. 2p inthe
present case.

(iv) This electronic configuration is not cor-
rect since it violates Hund’s rule. According to this
rule all the three 2p orbitals must have one electron
cach before the pairing occurs. But in the present
case 2 p_ orbital has two electrons while 2p, orbital
is empty.

(v) This electronic configuration is wrong
since after filling 2s-orbtial, the electrons should 2o
to 2p-orbital rather than 3s-orbital.

ENAMVLET. Consider the following electronic
configurations :
{i) 1s? 25! (if) Is? 3s*

{a) Name the element corresponding to (i)

(b) Does (ii) correspondto the same or different
element 7 3

{c) How can (ii) be obtained from (i) ?

(d) Is it easier to remove one electron Jrom (ii)
or (i) ? Explain.

Solution, (@) The element corresponding to
(1) is Lithium (Li).

(b) This electronic configuration represents
the same element in the excited statc.

(¢) By supplying energy to the element when
the electron jumps from the lower energy 2s-orbital
to the higher energy 3s-orbital.

(d) It is easier to remove an electron from (ii)

" than from (1) since in the former case the electron

is present in a 3s-orbital which is away from the
nucleus and hence is less strongly attracted by the
nucleus than an electron in the 2s-orbital.

EXAMPLE 8. An atom of an element contains
29 electrons and 35 neutrons. Deduce (. i) the number
of protons and (ii) the electronic configuration of the
element. / (N.CE.R.T)

Solution. For neutral atom, number of
protons = number of electrons = 29

Thus atomic number of the element = 29

Electronic configuration of element with Z, =
29 will be

152252 2p83523p53 410 441

or {Ar]"®34d'%45! je ,,Cu.

Note. No. of neutrons are needed only to find
mass number,

Mass number = No. of protons + No. of
neutrons

=20+35=¢64
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PROBLEMS FOR PRACTIC

1. Give the electronic configurations of :
() Scandium (At. No. 21), and
(i) Chromium (AL No. 24).
[ Ans. (7) 15t 25% 21"’& 3 JFB ! 4%
iy 152 25% 2p° 3¢* 3p® 3d® &)
2. Write the electronic configdrations and the names

of the elements having the atomic numbers 5,9, 10,
19 and 20.

Atomic No. Electronic Name
configurations
152 2% Zp:, Boron
9 152 25 2p2 2% 2p} Flourine
10 152 26 Zpi Zp; Zp: Neon
19 1s* 2¢* 2p6 3t 3,1:!6 4s!  Potassium
20 152 25% 2p% 352 3p5 45 Calcium)

3. Give the electronic configurations of the following
elements: oK, 25Mn, 5Ca

[Ans. oK = 152 26% 2p% 3% 3pf as' -

,sMn = 152 26 255 3¢ 3pf 3d 4%,

joCa = 152 25% 2p% 32 3p€ as’)

4. Write the electronic configurations of the elements:

Chlorine and Phosphorus.

[ADS- Chiorine (,Cl) = 1s? 2% 2p° 38 3p23p3 3p;

Phosphorus ( F) = 15% 2% 2p% 3t 3pl 3p;, 3p:_]

5. Give the electronic configurations of the following
ions: (i) H™ (i) Na* () N~ (@) N2¥

[ (@) 1s? @) 152 25 28 () 157 257 2p*

@) 15 25 29']

6. Write down the electronic configuration of an ele-

ment with atomic number 4. Which group in the
periodic table does this element belongto ?

[\25. Group 14]

=, Name the elements that correspond to each of the
following electronic configurations. Write down
their atomic numbers also.

() 122227 (i) 157 252 2p° 357 3p!
(i 1”257 2p° 357 3p°
[0 (7) ¢C (i) 1Al (iv) qgAT]

8. Correct the following electronic configurations of
the elements in the ground state :

(i) 15 25" 2p2 2p% 297 35?2 3pl

iy 102 9c2 32 21
(ir) 1s* 257 2p3 2p,
(iii) 152 257 2p5 352 3p® 3d°
(iv) 1s% 252 2p5 32 3p8 3d* 457
pins. @) 152 257 2p% 23 297 35
(i) 15* 252 2p}, 2p} 2p;
(i) Ls? 25* 2p% 36> 3pS 4s” 34°
(iv) 152 25 2p° 35% 3p% 3d° 4s']
9. The atomic mass of an element is double its atomic
sumber. If there are four electrons in the 2p-orbi-
tal, then draw the mode! of the atom showing the

arrangement of protons, neutrons and electrons.
Give its valency and name the element.

[Ans- 1% 25 2p2 2p} 2p}, two, Oxygen]
. Write the electronic configuration of gF'?, 168%
and ,zAr*® and then point out the element with :

(i) Maximum nuctear charge () minimum number
of neutrons (i) highest mass number (iv) maxi-
mum number of unpaired electrons.

[Ans. ng = 152 252 Zpi Zp; Zp: :
1687 = 157 252 25 35% 397 3] 39,
(AP = 152 257 295 357 3p6
(i) Max. nuclear charge = 18 in mAr”
(ii) Minimum no. of neutrons = 10 in 9F19
(ifi) Maximum no. of unpaired electrons = 2 in IGS”]

11. What are the atomic numbers of clements whose
outermost electrons are represented by

(@) 3! (i) 2p° and
i) 3d% 7 [Ans. (i) 11 (if) 7 (i) 26]

12. What atoms are indicated by the following con-
figurations ?
(i) [He]2s' (i) [Ne] 352 3p
(iii) [Ar] 452 3d! [Ans- (@) Li @) P (i) Scl
13. Which of the following configurations represent

the element in the ground and which in the excited
state ? Name the element in each case

@12t 29! (i) 152 25 2!
28l 1 1 1
(i) 15° 25" 2p, 2p, 2p;
(iv) 152 257 2p° 352 3p} 3p, 3p; 3d
[Ans- (i) Be (ii) B (iif) C () S
(Al are in excited state except )|
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14. A p-subshell which consists ofp, 1Py and p, orbitals (a) Ht ®) Nat (©) 0~ (@) F~ (NCERT)
contains only one electron. In which one of these ; 0 6 6
three orbitals should the electron be located? Jus- [ (@) 15° () 1" 2 ° (015 2 z‘:
tify your answer. @ 15* 257 2p°]

17. What atoms are indicated by the following con-
| n.In any one because they are degenerate] figurations 7

15. Which of the following quanturn numbers for orbi- (a) [He] 25! (b) [Ne] 352 3p? () [Ar] 45% 3d!
tals in hydrogen atom has a greater energy for (NCER.T)
¢clectrons ? 1

§ [ 51 (@) 4Li (b) 15P (©) 5;S¢c]
(}n=3,I=2andm=+1 ’ g :
18. Give the number of electrons in the species
{fyn=3/=2andm=-1 + +
H;',H; and 0. (NCER.T)

[ “1:.Same energy but different orientations]

s HY =2-1=1¢".H =1+1=2¢",
16. Write the electronic configurations of the following e e b 5

ions : 0 =8+8-1=15¢]
g o i
I IN'T S FORDIFFICULT PROBLEMS
i e
6. E.C.of 1,X = 1522 205 32 3p2 Asthe fastshell  11. (i) When last shell is 35", complete E.C.
contains 4 electrons, group number = 10 + 4 =14. = 152 252 2p® 3s*
7. (i} Z = 6, Element is C (if) Z = 13, Element is Al (i) When last shell is 2p3, complete E.C.
(iif} Z = 18, Element is Ar. =152 252 2’
9. Valency = Number of half-filled orbitals. (¢ii) When last shell is 34, complete E.C.

= 152 252 2p6 352 36 452 346,

oo

R

e

DD TO YOUR KNOWLEDG =
The shapes of five d-orbitals and their designations are as follows ;

o s z

oy
=
-

Oy Ays dyz d;2

"The shape of the first four orbitals is called clover-leaf while that of the last one is called dough-nut shape,
The shapes of seven f-orbitals are complicated but their designations are as follows -

3
f_[ ' fi ’ fg ’ f;(zz—yz) ny(xz—-zz) ’ fz(yz—).’z) ' fxy:. .
For La (Z = 57), the expected clectronic configuration is [XeP* 4 £ 652 But actual electronic configuration
is [Xe]™ 5 4! 6 52 ie. it belongs to d-block and not f-block elements.

S P e e b oo b e
R

L
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Pradeep’s A

Conceptual Questions

..... R R AR AR AnS A A AR

(). |. Why cathode rays are produced only when the pressure of the gas inside the discharge tube is very low ?
Ans. At higher pressure (e.g at 1 atmospheric pressure), no electric current flows through the tube because gases

QL

are poor conductor of electricity.
Give two examples from everyday life where cathode ray tubes are used.

Ans. (i) Television picture tube (1) fluorescent light tubes.

Q. 3.

What is the difference in the origin of cathode rays and anode rays ?

Ans. Cathode rays originate from the cathode whereas anode rays are not produced from the anode. They arc

Q. 4.

produced from the gaseous atoms by. knock out of the electrons by high speed cathode rays.
In one discharge tube, I, gas is taken and in the other O, gas is taken. Will the electrons and positive ions
in the cathode rays and in the anode rays be same or different ?

Ans. Electrons will be same but positive ions will not be same.

<
n

Q. 6.

Ans.

Ans.

Q: ¥,

0.9.

Ans.

Q. 10
Ans

Q.11
Ans
L B
Ans

Q. 13.

. When e-rays hit a thin foil of gold, very few a-particles are deflected back. What does it prove ?
Ans.

There is a very small heavy body present within the atom, called nucleus.
What is the difference between atomic mass and mass number ?

Mass number is 2 whole number because it is the sum of number of protons and number of ncutrons whereas
atomic mass is fractional because it is the average relative mass of its atoms as compared with mass an atom
of C — 12 isotope taken as 12.

. Give ane example of each of the following :

(i) Isotope of 33CI (ii) Isobar of {9Ar (iif) Isotone of §*C
@ o @B @) 0

Name the element in each of the following cases :

({) A bivalent anion of the element having 10 electrons

(ii) A trivalegtpation of the element having 10 electrons.

What is the H

. (i) Oxygen

{it) Aluminium.

The two ions are called isoelectronic.

Calculate the approximate charge in coulombs and approximate mass in kilograms of the nucleus of
lithium-7 isotope.

Nucleus of Li atom has 3 prans and 4 neutrons. Charge on one proton = 160 X 10™*? coulombs

tionship between the two ions called?

. Charge on 3 protons (i.e. charge on nucleus) = 3 x 1:60 % 1w ¥Cc=480x1077C
Mass of proton ~ mass of neutron ~ 1:67 x 107 kg
- Mass of nucleus =7 x 167 x 10" kg = 1169 x 10~ kg

What is the main difference between electromagnetic wave theory and Planck’s quentum theory ?

. According to electromagnetic wave theory, the energy is emitted or absorbed continuously whereas according
10 Planck’s guantum theory, energy is emitted or absorbed discontinuously Le. in certain definite packets called
‘quanta’.

What is the difference between a quantum and a photon ?

. The smallest packet of energy of any radiation is called a quantum whereas that of light'is called photon.

How are frequency and wave number related to each other ?

Lc=vi=v _i orv = ¢ 7, where c is velocity of light, v is frequency and ¥ is wave number.
N

Arrange X-tays, cosmic rays and radiowaves according to frequency.
LF]
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Ans.
€, 14
Ans.
015
Ans.
L
Ans.
517

Ans.

Q.08
Ans.

.18

Ans.

Q.20

Ans.

Q.24.

Ans

Q.25
Ans.
) 16

Ans,

Qs ad

Cosmic rays > X-rays > Radiowaves

What do you observe in the spectrum of NaCl ?

Two yellow lines with wavelengths 5890 A and 5896 A.

Which series of lines of the hydrogen spectrum lie in the visible region ?

Balmer series.

Why are Bohr's orbits called stationary states ?

This is because the energies of the orbits in which the electrons revolve are fixed.

What is the difference between ground state and excited state ?

Ground state means the lowest energy state. When the electrons absorb energy and jump to outer orbits,
Lhis state is called excited state.

Why electroric energy is negative ? Comment on the spacing between the energy levels.

Refer to text {page 3/27). The spacing between the energy levels decreases as we move outwards from the
nucleus.

What do you mean by saying that energy of the electron is quantized ?

This means that the electrons in an atom have only definite values of energtes.

Why the number of lines observed in the hydregen spectrum is very large ?

Refer Lo the (ext (page 3/28).

How much energy is required for the removal of the only electron present in the hydrogen atom ?

. AE=E, - E; =0—(—21-8x 1071%])

=218x10"97

- What is the maximum number of lines obtained when the excited electron of a H atom inn = 6 drops to the

ground state ? {(NCERT)

n{n—-1) _6(6—1)
R e

No. of lines produced when electron from #th shell drops to ground state = =15

[These are produced due to following transitions
6—5 5—4 4— 13 3—=i2-y 25581
6— 4 5—3 4—2 3—1

6—3 5— 2 4-—1

6—2 5—1

6—1

(Slines) (4lines) (3lines} (2lines) (1 line)]

Which transition between Bohr orbits corresponds to third line in the Balmer series of the hydrogen
spectrum.

5th orbit to 2nd orbit.

Which of the following relate to wave nature of light or particle rature or both ?
(a) Interference (b) Diffraction (c) Photoelectric effect

(d) Black body radiation (e) Planck’s equation E = hv

() Einstein equation E = mc?.

(a) Wave nature (b) Wave nature (c) Particle nature (d) Particle nature (e) Both particle and wave nature
(f) Particle nature.

Which quantum number does not follow from the solution of Schrodinger wave eguation ?

Spin quantum number.

What sheil would be the first to have a g-subshell ? How many orbitals will be possible in a g-subshell ?
(NC.ERT)

For g-subshell, I = 4. As! = 0 ton—1, hence n = 5 i.e. 5th shell.

Fori=4,m=—4, -3 —2 —1,0,+1, +2, +3, + 4 ie. 9 values which means 9 orbitals.

How many electrons are present in all subshells (fully-filled) withn + = §?
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Ans. Subshells with n + / = 5 are 5s, 4p, 3d. Hence electrons present =2 + 6 + 10 = 18.
(). 25. How many electrons in an atom have the following quantum numbers 7

. 1 i
@On=4m,=-5 (iHyn=3,I=0. (NCERT)

t2l—

Ans. (i) Total electrons inn=4 are 2 n?ie 2 x 4% = 32. Half of them i.e. 16 electrons have m = —

(iyn = 3,1 = 0 means 3s orbital which can have 2 electrons.
(). 29. What is the angular momentum of an electron in (i) 2 s orbital (ii} 4 f orbital ?
Ans. Angular momentum of electron in any orbital = VI ¥ 1) o

.. For 2 s orbital, = 0, . angular momentum = v0 (0 + 1} Zh—n =0.
For 4 forbital, = 3, - angalar momentum = V3 (3 ¥ 1) 5 = V3 =
2. 1. What is the difference between the notations? and L. ?

Ans. ‘I represents azimuthal quantum number which can have values 0, 1, 2 etc. L represents second Bohr orbit
for which n = 2 always.

). 1. Do atomic orbitals have sharp boundaries ? Explain why or why not ?
or Why don’t we draw a boundary surface diagram within which the probability of finding the electron is 100% ?

Ans. No, atomic orbitals do not have sharp boundaries because the probability of finding the electron even at large
distances may be very small but not equal to zero.

}. 32. What is the difference in the angular momentum of an electron present in 3p and that present in 4 orbital ?
Ans. Nodifference because angular momentum = {'—n- ¥vI(T + 1) Le itdepends only on the value of { and not s

(2. 3. Why spliting of spectral lines takes place when the source giving the spectrum is placed in a magnetic field ?
Ans. In the presence of magnetic field, the orbitals present in a sub-shell (which were degenerate) take up different
orientations.

(). 4. How many electrons in sulphur (Z = 16) can haven + [ =37
Ans. | S = 1522522p83523p

Forl.rz,n+!=1+0=1
For2s® n+l=2+0=2
For2p8,n+1=2+1=3
For3s2, n+[=3+0=3
For3p*,n+l=3+1=4

Thusn + [ = 3 for 2 p® and 3 52 electrons i.e. for 8 clectrons.

The 4f subshell of an atom contains 10 electrons. What is the maximum number of electrons having spin
in the same direction ?

Ans. Seven.
2. 20. Why Pauli exclusion principle is called exclusion principle ?

Ans. This is because according to this principle, if one electron in an atom has some particular values for the four
quantum numbers, then all the other electrons in that atom are excluded from having the same set of values.

). 27. How many orbitals are present in the M-shell ?
Ans. Shell (n) Sub-shells (f) Orbitals (i)

(0 L

3 035 0 =il
13p) —1,0,+1 =13
2(3d) —2,—1,0,+1,+2=5

Total = 9

Alternatively, no. of orbitals = n? = 32 = 9.



ATOMIC STRUCTURE 3/57

Q. 38
Ans,
Q. 39
Ans.

Q. 40.

Ans.
Q. 41,

Ans.

Q. 42,

Ans.
Q. 423,

Ans.

Q1.
Ans.
Q. 2.
Ans.

Q.3
Ans.

Q. 4.
Ans.

Q.5
Ans.

Q.6.
Ans.

Q7
Ans.

Q. 8.
Ans.

Q.9
Ans.

How many spherical nodes are present in 3 p orbital ?
No.ofnodes=(n—I—1)=3—1—1)=1

Why Hund’s rule is called rule of maximum multiplicity ?

This is because out of the various possible electronic configurations, only that configuration is correct for which g
the total spin value js maximum.

Which out of Cu®*, Fe?" and Ci®* has bighest paramagnetism and why ?

Cu?* has one, Fe* has four and Cr* ¥ has three unpaired electrons. Hence Fe2* has highest paramagnetism.
Which of the following are isoelectronic species ?

Nat,K*,Mg?t, ca®t, 8% Ar (NCERT)
No. of electronsare: Nat =11-1=10,K* = 19-1=18 Mg** =12-2=

Ca’t =20-2=18,8" =16+2=18 Ar= 18.

Hence isoelectronic species are Na* and Mg?* ; K% | Ca?* | §2~ and Ar.

What are the atomic numbers of elements whose outermost electrons are represented by

(@) 35! (®)2p3and 3d°? (NC.LERT)
(@) 15225 2p%351(Z=11) (0)1572522p> (X =7) (c) 15225225352 35 452 3 8 (Z = 26).

What is the maximum number of electrons that can be present in an atom in which the highest principal
quantum number is 4.

Keeping in view aufbau principle, the electronic configuration of atom having highest value of 2 = 4 will be
152 252 2p5 352 3p5 45% 3410 4p8 (After 4p, filling of s starts)
Hence maximum number of elecirons present = 36 (Kr).

Ver'y Short Answer Questlons CARRYING 1 MARK

s - A R D T R D e R A e

What are the different isotopes of hydrogen 7
Protium ( ;H'), Deuterium ( ;H?), Tritium (,H3)
How many neutrons are present in ”Uzss 2
238 - 92 = 146
What happens when a mica wheel is placed in the path of cathode rays ?
It begins to rotate
Write down the actual value of charge and mass of an electron 7
Charge = 1-60 x 10~ !9 coulombs,
mass =9-11 x 103! kg
What type of cathode was used by Goldstein in his experiments on the study of anode rays ?
Perforated cathode
Which element does not have any neutron in it ?
Hydrogen
What is the value of Planck’s constant in S.]. units?
6-62 x 10734 Js
What is Ritz combination principle ?

2

¥=R [l: = i] where R is called Rydberg constant.
W)

Write the expression for the energy of electron of hydrogen atom in the #th level.

E,=—312 45 mo-1,
n
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Q. 10.
Ans.

Q. 11.
Ans.
Q.12.

Ans.
Q.13
Ans.
Q. 14,
Ans.
Q. 15.
Ans.
Q. 16.
Ans.

Q. 17.
Ans.

Q. 18.
Ans.

What is Bohr’s postulate of angular momentum ?

Angular momentum, mur = n th

Which orbital does not have directional characteristic ?

s-orhital.

Which quantum number determines the

(a) shape (b) orientation and (c) size of the orbital ?
(a) Azimuthal (b) magnetic (c) principal

Which enerpy level does not have a p-orbital ?

1st eneryy level.

Which is the first energy level containing f-orbitals?

4th

What is the maximum number of electrons that can be accommeodated in the d-sub-shell ?

Ten

Which element has only one electron in the d-orbital ?

Scandium (Z = 21}.

What is the physical significance of  and wz X

 as such has no physical significance. 4* gives the probability of finding the electron at any point around the

nucieus.

Write Schrodinger wave equation in the briefest possible form.

ﬁ v = E ¢ where ﬁ is called Hamiltonian operator.

Q. 19. Which quantum number tends to specify the orientation in space for an orbital ?
Ans. Magnetic quantum number.

Short ﬁmswer (Questions CARRYING 2 or 3 MARKS

1.

11.
12.

13.

14.
15.
16.

20 b e el S A T T T e B e Lo e

How are cathode rays originated ?

How can you say that electron is a universal constituent of all atoms ?
Give experiments to show that
(¢) Cathode rays carry negative charge (i) Cathode rays consist of material particles.

How was proton discovered ?
What was Thomson model of atom ?

How can you say that nucleus is small in size but heavy in mass ?
Who discovered neutron and how ?
Define ‘Atomic number’ and ‘Mass number’.

‘What are isotopes 7 How are they represened ?
Define wavelength, frequency, wave number and velocity of a wave. How are they inter-related ?

What is Planck’s Quantum Theory ?

How is the atomic spectra of hydrogen obtained ? What are the different series of lines present in it ? In
which regions do they lie ?

What is Rydberg formula ? How does it help to calculate the wave numbers of different series of lines
of the hydrogen spectra ?

‘What is the difference between Rydberg formula and Balmer formula ?

What was the drawback of Rutherford’s model of atom ? -

What do you understand by stationary states ?
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17.
18.
19.

20.
21,

22.
23,
24,
25,

26.
27.

Lon

10.

11.
12.
13.
14,
15.

16.

17.
18.

SRR e e ]

What do you mean by quantisation of electronic energy and angular momentum ?

How does Bohr model explain the line spectrum of hydrogen ?

How does Bohr model explain the simultaneous appearance of a large number of lines in the hydrogen
spectrum ?

Qutline the weaknesses of Bohr's model of atom.

‘What happened to Bohr’s model of atom in the light of uncertainty principle ? Explain the concept
of ‘probability’. Define ‘atomic orbital’.

How are the quantum numbers related to each other ?

Define Pauli exclusion principle. Why is it called exclusion principle ?

How do 1s, 2s and 3s-orbitals differ from each other ?

State and explain ‘aufbau principle.’

State and explain ‘Hund's rule of maximum multiplicity”.
‘Why do some atoms possess exceptional electronic configuration ? Explain with sujtable examples.

g Ar‘n swer QUestions  CARRYING 6 or more MARKS

How was electron discoverd ?

How are cathode rays produced ? Briefly explain their important properties.

What are Anode Rays ? How do they originate ? List their important properties.

Briefly describe Rutherford’s scattering experiment about the discovery of nucleus.

How was the nuclear model of atom discovered ?

How was neutron discovered ? Describe briefly.

(a) Define the terms Atomic Number and Mass Number. (b) How does mass number differ from
atomic mass? How do atomic number (Z) and mass number (A) help to calculate the number of
electrons, protons and neutrons in an atom ?

What were the main points of Electrcnagnetic wave theory 7 What were its limitations ? How have
these been overcome by Pianck’s quantum theory ?

Briefly explain what do you understand by black body radiation and photoelectric effect ? What is
waork function ? How they led to the concept of particle nature of electromagnetic waves ?

Write short notes on the following :

(i) Solar spectrum or continuous spectrum

(if) Atomic spectra or line spectra

What was the drawback of Rutherford’s model of atom ? Describe Bohr’s model of atom and explain
its usefulness over Rutherford's model.

What were the weaknesses or limitations of Bohr’s model of atom? Briefly describe the quantum
mechanical mode! of atom.

List the main points of difference between orbit and orbital.

List the main features of the “quantum mechanical model of atom"”.
What are ‘quantum numbers’ ?

Briefly describe each of them.
(@) How the study of quanturn numbers led to Pauli exclusion principle ?

(b) Using the concept of quantum numbers, calculate the distribution of elecu'ons as well as maximum
number of electrons in the N-shell (4th shell).
Describe the shapes of s and p-orbitals.

State and explain the following :

(i) Aufbau principle  (#) Pauli exclusion principle
(iif) Hund’s rule of maximum multiplicity.



1. Can we see the atoms ? For the last nearly 200 years, the atoms were betieved to exist but there was no
direct proof to show their existence. It is only recently that the direct photographs of the atoms have been taken
using a technique called Scanning Tunneling Microscopy (STM).

2. Moseley’s work on Atomic Number. Roentgen in 1895 observed that when cathode rays hit the anode
(made of a harder metal like tungsten, molybdenum eic.), some new radiations are emitted from the anode, called
X-rays (so named because their nature was not known at that time). Moseley found that the frequency of the X-
rays emitted depended upon the atomic number (Z) of the clement (being hit by cathode rays) according to the
equation Vv = a (Z — b) where a and b are constants. Thus a plot of ¥% vs atomic no. Z is a straight line. A
straight line plot is not obtained when ¥ is plotted against atomic mass (A). This had led Moseley to modify the
periodic law as discussed in the next unit.

20 20
15 15
{Fx108 &= {F#108 g1
10 10

20 40 60 B8O 100 20 40 60 80
ATOMIC MASS (A) ATOMIC NO. (2)
FIGURE 3.32. Plotof /v vsAand /v vs Z.

3. Bohr Bury Scheme of distribution of electrons. To describe the distribution of electrons in different
orbits around the nucleus, Bohr and Bury in 1926 pul forward the following scheme :
(i) ‘The maximum number of electrons in the nth orbit is given by the formula o2,

(if) The outermost orbit cannot have more than 8 electrons and next to the outermost not more than 18
electrons.

(@) Tt is not necessary for an orbit to be complete before anolher starts to be formed. In fact, a new orbit
starts as soon as the outermost orbit has got 8 electrons.

4. Calculation of radius of the orbit. In a H-like particle, for the electron to continue to move along the
orbit of radiusr,
Force of attraction on the electron by the nucleus = Centripetal force acting on the electron

60
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ADDITIONAL USEFUL INFORMATION contd

2 2
Ze” = by (D) v
ol r
where m is the mass and ¢ is the charge on the
electron, Z is atomic no. of the H-like particle (e.g for
He', Z=2, for Li¥* , Z=3 etc.) and » is the tangential
velocity. Also according to Bohr’s postulate of angular
momentum.

Le.

h o
mur=ny~ (i) r
Eliminating v from eqns. (i) and (i) (by substituting
value of v from (&) in (¢) and rearranging), we get
St i o i) FIGURE 8.33. Bohr's H-fike atom.
4% m Ze*
For H-atom, Z = 1 and for 1st orbit, n = 1 so that
h‘Z
rp=—>—73=02529 A (called Bohr’s radius)
4 7% m e -k )
Thus rn=nzxrn=n1:-tﬂ-529.ﬂ'kfurH-alnrn
For H-like atoms, r; = 0-%29 A

r_(H-atom h 2
and r,(H-like atom) = LK V4 )= g S:"Zg" A

5. Calculation of em;rmr of the electron:

Total energy of the electron (E) = Kinetic energy + Potential energy*
sl Z!
= E muv- + (" 7 ]

2

But from eqn. (i), mv? = %_

Zet 76t Zet

T e T
Substituting the value of r from eqn. (if), we get
Ee_28 4x'mZ? _ 2:2mZ%e
= WO nz h'Z 4 nz hz

Ze? Ze2 Ze2
Note that KE. = 5, PE. = ~ 5 Total energy (Eyg) = — 5

Eypeat/KE. = (- Z2/21)/ (2729 = - 1
Eyotat/ PE. = (= Ze*/2r)/ (- Ze* /1) = 1/2

KE./PE. = (Zet/2r)/(— Zet/ry=-1/2

6. Calculation of the velocity of the electron in any orbit. Eliminating» from (i) and (i) (by substituting
the value of r from (ii) in (i) and rearranging), we get

2
For H-like atoms v, = %?i

*Potential energy of the electron at distance 7 from the nucleus is the work done when the electron moves from distance
r
2 2
o to distance 7. Hence P.BE. = J = % dr = — Z:—
r
-]
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ADDITIONAL USEFUL INFORMATION

On substituting the values of the constants x, e and k, we get
x2-188 x 108 cm s ™!

Vp =

=N

For H-atom, putting Z = 1

2y il s 8
Z:he .2 lBsnx 10 g1

Further putting n = 1, the velocity of electron in the first orbit of H-atom will be = 2-188 x 108 cms!
which is nearty 1/137th of the velocity of light.

2
i 2_Ze z !
Also, from eqn. (#), it may be seen that vt === which shows that v
7. Calculation of the number of revolutions of the electron in an orbit per sec
h nh
By Bohr postulate, mur = n 3—orv = 5— ==

Velocity of the electron
Circumference of the orbit

Number of revolutions per sec =

]
A
£ nh
2amr
nh

=] W ...(l‘l’)
4 22 mr

. Time taken for one revolution = T T

x 5= (On substituting the value of v)

. nh 4x2mze)’
No. of revolutions per sec = e x
x-

nt h?

_axPmZ?é

A

_ o Enida
--% |3

2 2 4
where E; = — El;:z—z—e is the energy of the first shetl.

8. Calculation of number of waves in any orbit

; .. _ Circumference of thatorbit _ 2xr _ 27r
No. of waves in any orbit = Wavelength e T

A= % by de Broglie refation)

-ZEFMU‘ZJI raz_::ﬂﬂn
TR ) R S
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Q.1
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B B S L R R BR 0 0 B

- How many nodes are present in 3p-orbital. Rep-
resent dingrammatically.

Number of planar nodes = 1 (because for p-or-
bital, I = 1 and number of planar nodes = value
of  for that orbital)

Number of radial/spherical nodes =n -1 -1
w3-1-1=1

SPHERICAL NODE

PLAMAR NODE

Ans.

1
0 En“;!"EJ

PLANE PASSING
THROUGH NUCLEUS

Total number of nodes
=p—1=3-1=2

in 3p-orbital

. If the energy of an electron in 3rd Bohr orbit is

~E, what is the energy of the electron in (i) 1st
Bohr orbit (i£) 2nd Bohr orblt 74

1“53 x5, By = -r

Le. Ezo:al'-, Ela:F

\Oxol-h o =

~E;=9E;=-9E(. Ey=-E)

J:ﬁ S g

=3E;=—9E=-225E.

- Calculate the total number of electrons, protons

and neutrons in {f) NH;" ion (if) POE_ ion

() Electrons in NH{ ion = 7 (from N atom) +
4 x 1 (from H atoms) — 1 (due to presence of +1
charge) =7 +4 ~ 1 =10

Protons in NH ion = 7 (inN) + 4 x 1 (inH) =
T+4=11

Neutrons in NH] ion =(14~7) + 4(1-1)

(in N) inH

=T +0=7

(if) Electrons in PO3 ™ ion = 15 (from P atom) +

4 x 8 (from O atom) + 3 {due to presence of - 3
charge)
=15+32+3=50

Protons in PO3 ™ ion = 15 (in P) + 4 x 8 (in Q)
=15 +32 =47
Neutrons m PO~ ion
=(31-15) + 4(16 -~ 8) =16 + 32 = 48
(inP) (in 0)
Show that the circumference of the Bohr orbit
for hydrogen atomn is an integral multiple of the

de Broglic wavelength associated with the
electron moving around the orbit. (N.C.ER.T)

According to Bohr postuiate of angular momentum

2z

or 2:rr-n—”’:? ()

According to de Broglie equation
i £
muv
Substituting this value in eqn. (), we get
2ar=ni

Thus, the circumference (2  r) of the Bohr orbit
for hydrogen atom is an integrat multiple of de
Broglie wavelength.

() An atomic orbital has n =

possible values of  and m, ?

() List the quantum numbers (m; and }) of

electrons for 3d-orbital.

(iic) Which of the following orbitals are possible 7
1p, 25 and 3f. (N.CERT)

i)

3. What are the

. (Y Whenn=3,/=0,1,2

When!/=0,m, = 0. When! = 1,my=~1,0,+1.
Whenl=2m=-2,-1,0,+1, +2

(ir) For 3d-orbital, n =3,/ = 2,

For 1=2m=~2-1,0,+1+2

(i) 1p is not possible because whenn = 1,/ =0

only (forp, ! = 1)

25 i3 possible because whenn =2,/ = 0, 1 (for s,

1=0)

2p is possible because whenn = 2,/ = 0, 1 (for p,
= 1)

3fis not possible because whenn =3,/ =0,1,2

(forf, I =13).

. Show that ground state energy of electron in

hydrogen atom is equal to the first excited state

energy of electron in Het ion, assuming that
their Rydberg constants are equal.
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Ans. E = -R, = Ans. Refer to page 3/61.
] & i €). 10. The two extra-nuclear electrons in the 1s orbital
1~0r-14{-alom, 7 = 1 and for the ground state, of helium have antiparallel spins (1 [). Why
= not they have parallel spins (+ t)?
-E;=-Ry (B.LT. Ranchi 1991)
For He T ion, Z = 2 and for the first excited state, Ans. If they had parallel spins, the repulsion will in-
n="2 crease. As a result, energy will increase and the
5 stability will decrease.
“ By = — RH? = - Ry Q.11. The elements P (Atomic weight 39) and Q
: h (Atomic weight 80) contain 20 and 45 neutrons
Hence the required result is proved. respectively in their nucleus. Give their
Q.7. () Derive the relationship between the electronic arrangements separately.
wavelength associated with a moving particle (I.S.M. Dhanbad 1991)
and its kinetic energy. Ans. ForelementP,A=39,n=20. AsA=p+n,
h 5
or Derive the relationship A = ————= therefore p=A—n=39-20=12. Hence ¢~ = 19
—19 2m (K.E) E.C. = 152 252 255 352 355 45!
=-24%x10"19] C.=1s"25"2p p
(b) How is the frequency of the matter wave For element Q, A =80, n=45. Hence
related to the kinetic energy of the particle ? p=A-n=80—45=35. Sono.ofe” =35. Hence
2
Ans. (a) According to de Broglie equation, 4 = % E.C. = 15% 252 2p% 357 3p° 3d1° 45 4p 4p} 4p;
@ Q-12. Gjve the name and atomic number of the inert
gas atom in which the total number of d-
o iy 2R electrons is equal to the difference between the
Ly S o m () numbers of total p and total s electrons.
Substituting in eqn. (i), we get {West Bengal J.E.E. 2003)
A F A Ans. Electronic configuration of Krypton (Z = 36) is
~~m V2KE " VinKE) 4oKr =1522522p53523p53d10 452 45
() Frequency of the matter wave, Total number of 5 electrons = 8,
Ed b mv? _2KE Total number of p- electrons = 18
T R/mv~ R "R Difference = 10. Number ofd-electronsisalso = 10.
Thus frequency of the matter wave is directly Q. 13. What are the tota] number of orbitals as-
proportional to the kinetic energy of the material sociated with the principal quantum number, n
particle. = 3 7 Briefly explain. (Bihar C.E.E. 2003)
. H - . 1
% L hyd";g';“'l'ke particle, derive the follow-  Ans. Nymber of orbitals in nth shell = n2. Hence forn
HIBERRET= = 3, number of orbitals = 3% = 9 (For explana-
. tion, sce Table 3.3, page 3/40).
where v, is the velocity of the electron at dis- (). 14. 4 monoatomic anjon of unit charge contains 45
tance r, from the pucleus, Z is the atomic num- neutrons and 36 electrons. Find the atomic
ber of the H-like particle, m and e are the charge number; mass number of the ion with its iden-
and mass of the electron. tification. (West Bengal J.E.E. 2004)
Ans. For H-like particle, force of attraction between ~ Ans. No. of elecirons in the monoatomic anion
the electron and the nucleus = centrifugal force x —1) =136
Zel ,m,: No. of electrons in the monoatomic atom (X)
Le e =135
r ru
% Atomic No. = No. of protons = No. of electrons
1/2 i =
. Z# 72 in neutral atom = 35
Olte Zn mr, O i mr, Mass No. = No. of protons + No. of neutrons
Q.9. Calculate the ratio of kinetic energy to potential ek &=

energy of any hydrogen-like particle.

Hence Lhe ion must be Br~ (bromide ion)
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B. PROBLEMS
Peaplesn 1. Calculate the distance of separation
hetween the second and third orbits of hydrogen atom.
Solution. For H-atom, the radius of nth orbit is
given 5 = _r,1I =0-529xn*A

ry-rp=052932-24HA

=0:529 x5 =2-645 4.

To which orbit the electron in the
Jump after absorbing

Problem 2
hydrogen atom will

1-94 x 107" Jof energy ?
Solution. Energy of electron in the nth orbit of
, -19
H-atomis givenby E, = - 2—1-8-%——]
~ By =-21-8x10""J (- n = 1 for ground
state of H-atom)

After absorbing 1-94 x 1078 j of energy, the ener-
£y of the electron will be

=—218x10" 1% +1-94x10718)

=-2:4x10"1]
y ~19
Thus = 218 X107 5 4 10~
n
2e2l:8) -
DR 0 orem=39

Thus the electron will jump to the third orbit.

Problem 3. An electron in a hydrogen atom in the
ground state absorbs energy equat to 1§ time the min-
imum energy required to remove the electron from the
hydrogen atom. Calculate the wavelength of the
electron emitted.

Solution. Energy required to remove electron
from ground state of H-atom = 13-6 ¢V

. Energy absorbed by the electron

=1-5 X136V =20-4¢V

After the removal of electron from the atom, extra
cnergy which is converted into kinetic energy
=20-4 —13:6 =6-8¢eV

Thus %mvz =6-8x1-602x10719]

\/2x6-8x 1-602 x 10~1?

or v=

9.11 x 103!
=¥2.4x1012 =1-55 x 105 ms™!
P 0
muw

663 x 10 M kgm?s~!
(911 x 107 kg) (1-55 % 10ms™ 1)
=470 x 10”10

Problem 4. When a certain metal was irradiated
with a light of frequency 3-2x 10" Hz, the
photoelectrons had twice the kinetic energy as emitted
when the same metal was irradiated with light of fre-

guency 2-0 x 10'® Hz, Calculate the threshold frequen-
cy (vy) of the metal.

Solution.  Kinetic energy -f photoelectrons
emitted =Tiv — hvg = h (v — vp)

In 1st case, (K.E.); = h (3:2 x 10%6 — v)

In 2nd case, (K.E.), =k (2:0 x 1016 — )

But (K.E.), = 2 (KE.), (Given)

w h(3-2%x10% - vy =2k (2-0 x 10" - vp)

or vy =4x10'¢ - 3.2 x 106

=0-8x10"%=8x 10 Hz

Problem 5. The wavelength of H,, line of Balmer
series is 6500 A. What is the wavelength of Hg line of
Balmer series ?

Solution. H, line of Balmer series is obtained
whenn; =2,n, =3

]-Iﬁ line of Balmer series is obtained when no=2,

ny=4

- = ==l 11

’I‘hus V-Ha = l—a H [2—2 32] RH (Z = 9]
5
= RH b4 E (l)
= 1 It sl fg i d
Mg =Ty “Ru [ =) “Ru 6
3

=Ry )

Dividing egn. (i) by eqn. (fif), we get
A

;‘E_ixﬁ_m
q. J6n X 27
o

AHﬂ=%$xAHd=§—gxesooA =4814-8 A.

Problem 6. The atomic spectrum of hydrogen is
found to contain a series of lines at wavelengths 656 - 46,
486:27, 434-17 and 410-29 nm. What will be the
wavelength of the next line in the series ?

Solution. The given wavelengths lie in the visible
region. Hence they are expected to belong to Balmer
series. Thus, n; = 2. Let us calculate n, for the shortest

wavelength viz, 410-29 nm
1 [ ]
7 A
1 1

7 =Ry
2 1
= 109,677 cm ™ [+ -
410-29 x 10~ cm [T ;17]
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'This on solving gives n, = 6
Thus the next line will be obtained for jump from
ny = 7tony = 2,sothat
1_109677cm™ [% 5, 7—11]
- LR
= 109,677 % (4 49) cm
1

- 45 =il & ] =
= 109,677 x wgem = 25180-9 cm

1
251809 cm !
=397-1 nm.

Peobion, 7. Calculate the radius of the first orbit
of electron in an atom of hydrogen.

or =397-1 x 10’ cm

{(I.5.M. Dhanbad 1985)
Solution. As derived on page 3/61, from eqn. (i)
2572
Radius r= 20
422 m Ze?

12 x (6-63 x 10”7 erg sec)?

2
4x(—273] x(9-11x10™ 28 g x (4 -8 x 1070 esu)?
= 0-53 x 10 8cm = 0-534
Pradlens & Calculate the energy required for the

process
He' (g)— He?t (g) + ¢~

The ionization energy for the H-atom in the
ground state is 2-18 x 10718 Jatom™!. (M.CERT)

Solution, The energy of the electron in the #th
orbit of H- like particles is

e 2
En=_2L,z"ﬁz£=—K x%— (K = constant)
n“h n
K x12 :
1E, =B -Ey=o0- [-BELI -4k @)

The energy required for the given process is LE. of
He™ for which Z = 2.

As Het is hydrogen-like particle
R 2l Mol 45 g o
K x 2° i
=0 - S ) =+4K ()

! 1t PES=s
From eqns. (i) and (i), e =4

ie. TE g+ =4x1Ey

=4x2-18 x107 18]
=s72x10" 7]
Problem 9. Sodium street lamp gives off a charac-

teristic yellow light of wavelength 588 nm. Calculate the
energy per mole (in kJ/mol) of these photons.

(Bihar C.E.E. 2003)
Solution. 1 =588 nm = 588 x 10~ °m,

c=3x108ms™!
E=Nghv=Ngh7

_ (6:02x10%) x (6-63 x 107 x (3 x 10°

= ) Fmot™!
b4

=2-036 x 10T mol™!

=2-036 x 10° kJ mot ™!
Probies: 11, Caleulate the radius of Bohr's fifth
orbit for hydrogen atom. (N.CE.RT)

Solution. For H-atom, 7, =0-529 x n? A
- rg=0529 x 5% = 13225 A = 1-3225 nm.

Problemn 11 The angular momentum of an
electron in Bohr's orbit of hydrogen atom is

4-22 x 10~ kg m? s~ L Calculate the wavelength of
the spectral line when the electron falls from this level
to the next lower level.

Solution, Angular momentum (mur) = n -2-"?

=422 x 10 Hggm?s? (Given)

-4 2x

Ay
_2x4:22 x10 M x3-14 s

6-626 x 1073

When the electron jumps fromn = 4 ton = 3, the
wavelength of the spectral line can be calculated as fol-
lows :

1| 1 1
=R =
3 “[F? n%}

~n=4-22x10

el il
= 109,677 =T

= .];__ T\l 7/ =g
= 109677 X (9 _16] = 109677 x—144 cm
SohspIAT UL x B8 =4
or 1—109677x7cm—1 88 x10” Y ecm.
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Frablens 1. Find the quantum number ‘n’ cor-
responding to the excited state of He ion if on transi-
tion to the ground state that ion emits two photons in
succession with wavelengths 108- 5 and 304 nm respec-
tively.

Solution. Suppose the electron in the excited state
is present in the shell ny. First it falls from n, to ny and
then from n, to ground state (for which n = 1). Thus the
two transitions involved and the corresponding
wavelengths emitted are

(tyny—>ny, iy = 108-5nm = 1085 x 10 7em

(Hyn;— 1,1, =30-4nm =30-4 x 10" " cm

Applying Rydberg's formula first tocase (if), we get

Lo s lper
V—I RZ [12 n%)

: 1 2 1 1
 — o (09677 = 2 -
ie, x 2% % [F —fJ

30-4 % 10°7 n;
ar A =]= 1
n 30-4 x 107 x 4 x 109677
=1 —0-75 =025
ar ﬂ] —ZS' 4 or m =2

Applying Rydberg's formula now to case (i), we get
1 g £

————= =R

1085 x 1077 [22 n%]

L . Sk f T |
= 1095677 % 2 = [4 ;;—]

1
nd 471085 %1077 x 4 x 109677

=0-25-0-21=0-04

or n§=b—1m-=25 or my=5.

[rablens 2.1 g hydrogen atoms are excited by
radiations. The study of spectrum indicates that 27% of
the atoms are in 3rd energy level and 15% of atoms are
in 2nd energy level and the rest in the ground state.
Ionization potential of hydrogen is 13-6 eV, Calculate

(a) number of atoms present in energy level 1st,
2nd and 3rd.

() total energy released in joules when all atoms
return to ground state.

Solution. By mole concept, 1g of hydrogen atoms
contain = §-02 x 102 atoms

S e e

o e e A A i

* 1-8 g of hydrogen atoms contain H-atoms
=6-02 x 102 x 1-8
=10-84 x 108

Atoms present in 3rd energy level

]2070 %1084 x 102 = 292.68 x 109
Aloms present in 2nd energy level

] ; 23w ' 21
= o5 X 1084 X 107 = 1626 x 10
Atoms present in 1st energy level
_ 58 23 21
160 X 10-84 x 10 =628-72 x 10
Ionization potential of H = 136 ¢V means that
13-6
E =- 13-6eV,E, = — > ev,
13-3
Ey= - 3 ev

Energy released from all atoms when electrons
return from 3rd level to 1st level

= (By - E;) x 292-68 x 10?

2 (._29_6.4. 13- 6] % 29268 x 1021 gV

=3.537 x 10% eV

Energy released from all atoms when electrons
return from 2nd level to 1st level

=(E, - E;) x 162-6 x 101
= (_—1413+ 13-5) x 1626 x 1021 eV
=1-65% x 10 eV
-~ Total energy released
=(3-537 +1-659) x 10M eV = 5196 x 1024 ¢V
= (5196 x 107%) x (1-602 x 10~ 1% J
=8-3239 x 10° J = 832 4 k],

Vrabiem 3. Which state of triply ionized beryllium

(Be”* ) has the same orbital radius as that ofthe ground
state of hydrogen atom 7

2
Solution, For H-like partictes, r, = 0-529 x 7

For ground state of H-atom, Z = L=,
ry=05204

For Be>™ (Z = 4),if nth orbit has the same radius,
then
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7l
0-529 x HT =0-5290rnt=4dien=2

Thus, second orbit of Be? T ion has same radius as
that of ground state (1st orbit) of H-atom.

Problun: 4. Ap electronin a certain Bohr orbit has
velocity 1/275 of the velocity of light. In which orbit the
electron is revolving ?

Solution. Velocity of electron

ed o
775

i i

%13 x100ems™

=109 x 108cms ™!

Velocity of electron in nth orbit of H-like particles
in C.G.S. units is given by
2n Ze
ST TN -
Putting Z = 1 for Hand e = 480 x 10~ esu (in
C.G.S. units) and k = 6-626 x 10727 erg sec, we get
L 23314 x(@-80x TR e
5 n % (6-626 x 10727 n
2-18 x 108
i n

=109 x 10% (calculated above)

* n=2
Probienn 5. A jaser emits monochromatic radia-

tion of wavelength 663 nm. If it emits 10"5 quanta per

second per square metre, calculate the power output of
the laser in joule per square metre per second.

Solution. Energy of one quantum = hv = h i—

(663 x 10" Js) (3 x 10° ms—")
(663 % 1077 m)
=3x107"]
Fnergy emitted per sec per square metre = No. of

quanta emitted per sq. metre per sec x Energy of one
quantum

—10% x3x 107 Im 257!

=3x10 4 Jm%s7!

Prabiom 6. Cateulate the frequency of the spectral

line emitted when the electron in r = 3 in hydrogen
atom de-excites to the ground state (Rydberg constant

= 109,737 cm™ ) (Roorkee 1985)
Solution. 7 = R (%—%2 109737 [iz-iz)
ni ny J 1 3
= 97544 cm ™!
= ;:— =y

=3 x100ems™ 1 (97544 em ™)
=2-9263 x 101571

Problem 7. The ionization energy of hydrogen
atom is 13-6 V. What will be the ionization energy of

He' and Li* " ions ? (Roorkee 1986)

2, 724
Solution. E, = -~ 2mZie oo hydrogen like
n*h? '
particles
IE =E, - E,
i 1w?mZ2et) _2a'mZte
= = = i
2% m e

For H, Z=1.1E = 2” =13-6eV

...(Given)
ForHet ,Z=2,1E =13:6 x Z?
=13 6x2* =54.4eV
ForLi*t ,Z=3,1E = 13:6 x32 =122 4eV
I'roblet 8. Caleulate the velocity (cm/sec) of an
electron placed in the third orbit of hydrogen atom. Also

calculate the number of revolutions per second that this
electron makes around the nucleus. {Roorkee 1987)

Solution. As derived on page 3/61
2 Zeh 2x3-14x 1x4-8x1071%2
U= =
nh 3% 663 x 107
=727 x 107 em/sec

.of ' ==
No. of revolutions per se¢. = 5=

L1

e (Eqn. (iid), page 3/61)
nh?
=5 [4 2 m p7 ]

i dnxtmyze®r _2amy Zel
T mntRE | AR
e 2%3 14 %9-11 %10 Bx7-27x107x 13 (4 -8x10” 10
(3)% x (663 x 107%7)?
=2-42 x 101

Problem 9. Calculate the wavelength and energy of
radiation emitted for the electronic tramsition from
infinity () to stationary state one of the hydrogen atom

(Rydberg constant = 1-09678 x 10" m 7,
h = 6-6256 x 1073 Js). (Roorkee 1988)

el
ni

= 1:009678 x 107 (-15— Lz) m!
1 m

1

Splution. ¥ =R

1 1
1 1
v

= ' —911x107%m
1-09678 x 107
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3 x 108

E=hv=h.7=66256x10%x >~ _
911 x 10

=2119%x10""%]

VO LT

eV
1-6 x 10717

=13-6eV (. 1eV=16x10"1"])

Problem 10, (@) Electromagnetic radiation of
wavelength 242 nm is just sufficient to ionize the
sodium atom. Calculate the ionization energy of sodium

in kJ mol ™.
() The energy of Het s
19-6 x 107 '® J atom ™!, Calculate the energy of the
first stationary state of Li2™*. (Roorkee 1989, 92)
Solution. (@) We have to calculate energy of radia-
tion with A = 242 nm = 242 x 10~9 m.

E—hyepC = (66256 x107*J5) 3 x 108 ms™1
a (242 10~ m)

ionization

=0-0821 x 107 I/ atom
= (0-0821 x 10~ 17y x (6-023 x 102 T mol ™!
=0-494 % 105] mol ™! = 494 k] mol ™!

(&) As discussed on page 3/29
LE. of H-like particle = LE. of H x Z?

=E xZ?
LE. (He*)=E x2? (Zfor He = 2)
LE.(L#*)=Ex3 (ZforLi=3)

DN ElC™ T
LE(Litty  ?

or LE/ @ity = % x LE. (He™)
= ; %x19-6 x 10 18] grom™!

=441 x 10”17 J atom™?

Problem 1], According to Bohr's theory, the
electronic energy of hydrogen atom in the Bohr's orbit
is given by

ik
2179 x 10
SR e =
Calculate the lowest wavelength of light that will
be needed to remove an electron from the third Bohr

orbit of He* jons. (LT 1990)

Solution. Energy of the nth orbit of H-like particle

G 10719

ne

x 721

~. Energy of the 3rd orbit of He ™ ion
ATp1-mghc 107122
= 7
Energy required to remove the electron

J =—-9.68x1071]

=9.68x10717]

Now E=hv=h%

or

he 662 x 1073 %3 x 108
A= S i
E 9.68 x 10717

=2-052 % 10" " m.

Problem 12, Calenlate the frequency, energy and
wavelength of the radiation corresponding to the
spectral line of lowest frequency in Lyman series in the
spectra of hydrogen aton, Also calculate the frequency

for the corresponding line in the spectra of Li ™ ion.
(Rg=1-09678x10'm™}, ¢=3x108ms™!

3

h=6625x 10" J5) (Roorkee 1991)
Solution. # = R —12- - -1?
W}

For lowest frequency in Lyman series,
n=ln,=2

¥ = 1.09677 x 107 (‘——iJ
12 22
=0-82258 x 107 m ™!

1 1
A= 5 o e — |
082258 x 107
=1-216 x 10" " m

v=;=cxrf =3 x 10% x 082258 x 107

=247 x 10'55 !
E=hv=6625x10"Mx2-47 x 1015]
=16-36x1071 ]

Problem ]3. Estimate the difference in energy be-
tween the 1st and 2nd Bohr orbit for a hydrogen atom.
At what minimum atomic number, a transition from n
= 2 to xn = 1 energy level would result in the emission
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of X-rays with i=3-0x 10"® m ? Which hydrogen
atom-like species does this atomic number correspond
to? (LIT 1993)

19

_ 2179 x 1070 |

]

—21-79 10" 19 (Lz—iz]
s

Solution. E, =

- By - Ey

16-34 x 107191,

: -1% 2
For H.like particles, E = - 2370, 102 e J
n

For a transition fromn = 2ton =1,

AE =21.79 x 10719 x 72 [L-l]
12 22
=16:34 x 10719 72§
AE =hv=hi—

3 x 108

L 1638 x 1071972 = 6.626 x 1073 x —
3x10

' —18
22 =M——=4060[‘Z=2

or
16y 30 2D s

H-atom like species that corresponds to Z = 2 is He ™.

Freidin (4. What transition in the hydrogen
spectrum would have the same wavelength as the Bal-

mer transition,n = 4ton = 2 of Het spectrum ?
(I.LT 1993, NCERT)
Solution. For H-like particles in general

y] 2 4
gexmie L_L: —RrZ2 Lz__lz.
chd n? n3 ny n;

. For He™ spectrum, for Balmer transition,
n=4ton=2

2
ol N

7 Gl

g Mg

which can be so forn; = landn, =2

ie the transitionisfromn=2ton =1

Problem 15, Calculate the energy emitted when
electrons of1-0 g atom of hydrogen undergo transition
giving the spectral line of lowest energy in the visible
region of its atomic spectrum

Rg=11x 10'm = 3x 108 ms ™1,
h=6-62x10" Js) (Roorkee 1993)

Solution. For lowest energy in the visible region of
atomic spectrum (Balmer series), #; = 2,1, = 3.

v=R[L-l] =1-1x107(-1——l)

2 2 2 2
ny ny 2 3

a1 i D L NNy

=11x10 (4 9)—1 1 %10 % =

=0-1528 x 10" m™!
E=hv=h§—=hcv

=6-62 x 1074 x 3 x 10® x 0-01528 x 107
=3.0346 x 10~ % J/g atom

= (3-046 x 10719 x (6:02 x 10%) J/atom
= 18-268 x 10* J/g alom

= 182-68 kJ /g atom.

Prablem 6. Find out the number of waves made
by a Bohr electren in its 3rd orbit. (LT 1994)

Solution. No. of waves in any orbit

i Circumference of that orbit
Wavelength

B izt Rt N 2 r—zﬁﬂ—
T T e L R E A
Thus, the number of waved in 3rd orbit = 3.

Probiens 17. A'bulb emits light of wavelength 4500
A. The bulb is rated as 150 watt and 8% of the eergy is
emitted as light. How many photons are emitted by the
bulb per second, (ILLT. 1995)

Solution. Electrical energy in joules = Power in
watts x Time in seconds

Thus 150 watt = 150 joules of energy emitted per
second.

.. Energy emitted as light

8
—WXISO—IZJ

&
E=nh|-’=ﬂh1'

_Ex1
¢ hxc
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(12 1) x (4500 x 10~ 1%m)
(6626 x 10~3*J8) x (3 x 108 ms™ 1)

= 2:717 x 1'%,

Calculate the wavelength of the radia-
tion emitted producing a line in the Lyman series when
an electron falls from fourth stationary state in

hydrogen atom. (Ryy = 1-1 % 16" m ") (Rogrkee 1995)

Solution. For Lyman scrics,n; = 1,n, = 4 (Given)

2 2

Applying Rydberg’s formula, # = R 2L
3 nz

TN N il
¥y=1-1x10 (12 42J
=1-1xl()"')-(%s)run"1
fa bl
11 %107 x 15

=9.697 x 107 % m = 96-97 nm

=I| —

A= e

Calculate the wave number for the
shortest wave length transition in the Balmer series of
atomic hydrogen. (I.LT 1996)

Solution. For Balmer series, n; = 2. Hence

§=RPL—L]

2 2
2 nz

V= % -Hence 1 will be shortest when ¥ is largest
which in turn will be largest if n, is highest i.e. Ny = .

Hence ¥ =109, 677 AR
32 ok
= 2741925 cm ™!
Calculate the energy required to ex-
cite one litre of hydrogen gas at 1 atm and 298 K to the
first excited state of atomic hydrogen. The energy for

the dissociation of H—H bonds is 436 kJ mol 1.
(LT 2000)

; PV
Solution. No. of moles of H, gas, n = "T

- 1x1
T 0-0821 x 298

-~ Energy required to dissociate them into atoms
=0-0409 % 436 = 17-83 kJ
No. of moles of H atom = 2 x 0-0409 = 0-0818

e —%gzkjmol"

=0-0409

- Energy required for excitation of 0-0818 moles
of H-atoms from ground state 1o first excited state

= (B; - E;) x 00818 &

g [- ey (_ ——13;2” x 0-0818 kJ
2 1
=80-49 kJ
- Total energy required = 17-83 + 8049 = 98-32 kJ.
Calculate the energy associated with
the first orbit of He*, Also calculate the radius of this
orbit.

. -19 42
Solution. E, = - 28X 2
n

_21-8x107 ¥ x2?

= 7 =—872x107"1]

B 0-529xn2A
[ At

_ 0529 x12

5 =0:2645 A,

Wavelength of high energy transition

of H-atoms is 91:2 nm. Calculate the corresponding
wavelength of He " ion. (LLT 2003)

Solution. For H-like particles,

gl T
=1=R |5 -—|Z

For Hatom,Z = 1
1= 1 1 2
E—R{;?_E] x 1

For He* ion, Z = 2. Hence for the same transition,

He
iy 2 g o et 1
TR o ey T
1ty Ot e
HeY =3 =3 =22:8mm.

Find thz wavelength of 100 g particle

moving with velocity 100 ms L. (L.LT 2004)

h 6626 x 10 M kgm?s]

Solution, 1 =
Z 0-1kg x 100 ms™!

=6-626 x 10~ ¥ .
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MULTIPLE CHOICE QUESTIONS
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The charge on the electron was found by

{a) 1J. Thomson (b) Millikan

(c) Faraday (¢) Goldstein.

The discovery of nucleus was done by

(a)JJ. Thomson (&) Chadwick

(c) Rutherford (d) Moseley.

When «-rays strike a thin foil of gold

(@) Most of the a-rays are deflected back

(b) All the a-rays pass through the foil

(c) Most of the a-rays are deflected through small
angle

(d)Most of the g-rays pass through without any
deflection.

The series of lines present in the visibie region of
the hydrogen spectrum is

{(a) Lyman (b) Balmer

(c) Paschen (d) Brackett.

Paschen series are produced when electrons from
the outer orbits jump to

(a) 2nd orbit (b) 3rd orbit
(c) 4th orbit (d) 5th orbit.
The electronic configuration of an element is

152 252 2p°. The number of unpaired clectrons in
this atom are

(a)3 b5 )7 @@L
Which of the following is the correct electronic
configuration of scandium (atomic number = 21)?

(a) 15% 25% 2p% 352 3p© 3d°

(b) 152 252 2p8 352 3p% 3d! 45

(c) 152 257 2p8 35? 3pS 32 45!

(d) 157252 2p5 35 3p8 4s? 4p’.

Which of the following is the correct electronic
configuration of Fe?* ion (Z for Fe = 26) ?

(@) 152 252 2p8 352 3pC 3d* 4s?

(b) 152 257 2p5 32 3p® 348

() 15* 252 2p8 352 3p® 4s? 4p*

(d) 152 252 2p8 352 3p® 3d° 45

9. The ratio of energy of photon of = 2000 A to that

of 2 = 4000 A is
(a2 (b) 1/4

s (d) % (L1 1980,

10. Any p-orbital can accommodate upto
{a) four electrons
(k) two electrons with parallel spin
X electrens
’(gla'two clectrons with anti-parallel spin.
CLET 1083

11. Rutherford’sscattering experiment is related to the

size of the
nucleus (b) atom

{c) electron (d)neutron. (/[ [ [98%;

12. When e-particles are sent through a thin metal foil,
most of themn go straight through the foil because
(one or more)

(a) a-particles are much heavier than electrons
(b) a-particles are positively charged

Most part of atom is empty space
(d)} a-particles move with high speed. (1.7 1984)

'he correct set of quantum numbers for the un-
paired clectron of Cl atom is

(a)2,0,0, + )21, —1,+>

Pr AT
(LLT 1989}

14. The outer shell configuration of the most
electronegative element is

Nl'—n o=

(4)3,0,0,

(a) ns” np? (b) ns” np’
£nd np® {(dyns®npS. (1LY 1290)

15. Ap-orbital can accommodate

{(a) 4 electrons 6 electrons

(c) 2 electrons with parallel spins

() 2 electrons with opposite spins.

W'E'R'S

6. a 7. b 8. b 9. a 10. d
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16. The principal quantum number of an electron rep-
resents

,Eaj/size of the orbital
{b) spin angular momentum
{¢) orbital angular momentum
(d) space orientation of the orbital,
(M LNR Allahabad 1996

17. Electromagnetic radiation with maximum
wavelength is
(a) Infrared & Radio waves
(c) X-rays {d) Ultraviolet

18. Which of the following represents a correct set of
quantum numbers of a 4 4 electron ?

@)4,3,2,+ 112 (6)4,2,1,0
(€©)4,3,—2,+ 12 (#8,2,1,—12
(M N R Allahabad 1990, BT Ranchi 19932

19. Which of the following electronic jump in a
hydrogen atom will require the largest amount of

energy ?
jajfgr)(;mn=]t0n=2

() Fromn =2ton=3
{c) Fromn = wton =1
(d)Fromn=3t0n =5.
(M.LANR. Allahabad 1992

20. The orhital diagram in which both the Pauli's ex-
clusion prineiple and Hund’s rule are violated is

i -yl S0

PEETER

A7 | £ ENRIEE
@ried bibalenn sfiwees fis by 1, ]
N FTT R R N AT

(LT Ranchi 1992

21. Which of the following has maximum number of
unpaired electrons ?

(a}Zn (b) Fe?*
(cyNPt (d)Cu*,
LB Rapehi 1992
22. Which of the following does not characterise X-
rays?

(@) The radiation can ionise the gas

24.

255

26.

27

28.

(&) It causes ZaS to fluoresce
(c) It is deflected by electric and magnetic field

{d) They have wave length shorter than ultra violet
rays. (LLT 1992)

The first use of quantum theory to explain the

structure of atom was made by

(a) Heisenberg (b) Bohr

{(c) Planck (d) Einstien. (/.27 jvv2)

Which of the following statements is not correct for

an electron that has the quantum numbers n = 4

andm =27

{a) The electron may have the quantum number s

27
=+5

(b) The electron may have the quantum number /

{c) The electron may have the quantum number s
=-2

() The electron may Lave the quantum number ¢
=0,1,2,3. (M.L.N.R. Allahabad 1993)

'The set of quantum numbers not applicable 1o an
electron in an atom s -

(a)n=1,l=1,m=1,s=+%

(b)n=1,l=0,0,m=[),s=+%

]

©Wn=1,1=0m=0,5s=+=

(d)"=2,l=0,m=0,s=+%.

by

In what ratio should $7Cland 35CI be present so
as to obtain 35 3C1 ?
(@)1:2
{c)1:3

(b)1:1
(d)3:1.

(Harame CEE 1o
Bohr radius of hydrogen atom is
(@0529%107%m  (5)0-529x 1079
(€)5:29 % 1n "By, (@)5-29x 1070 m
(Harana CEET [994

Which of the foliowing sets of quantum number
is/are not permitted ?

ANS WERS

17. & 18. 4

o

16. a 19. a 20. a

26. ¢

2. b

(a)n=3,l=3,m=0,s=+%
)r=3,0=2,m=+25%-1
Wyeth 0B  2edis 254
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29.

3.

32.

(c)n=3,l=1,m=—2,s=-—%

(d)n=3,l=0,m=0,s=+%

The electronic configuration of neon is
(a) 152 (b) 15* 25 2p*
(c) 1s* 252 2p® (d) 15* 25 2p®

;PO

The introduction of a neutron into Lhe nuclear
composition of an atom would lead 10 a change in

{a) The number of clectrons also

(b) The chemical nature of the atom

(c) Its atomic number

{d) Iis atomic weight (1] \llahahad

The wavelengths of which series lic towards Lhe
ultraviolet
(a) Lymann
(c) Paschen

(b) Balmer
{(d) None of the above.

Which of the following statement does not form a
part of Bohr's model of hydrogen atom ?

(a) Energy of the electron in the orbit is quantized

(b) The electron in the orbit nearst to the nucleus
has the lower energy

(c) Angular momentum of the electron in the orbit
is quantised

(d) The position and velocity of the electrons in the
orbit cannot be determined simultanecusly.

Which of the following statement regarding
spectral series is correct ?

(a) The lines in the Balmer series correspond tothe
electronic transition from the energy level
higher than n = 1 energy level

(b) Paschen scries appear in the infrared region

(c) The lines of Lyman series appear in the visible
region

(d) Transition from higher energy levels to Sthener-

gy level produces Pfund series which fall in the
infrared region LB CER g
34. The number of nodal planes ‘54" orbilal has is
{a) zero (b) one
(c) two (d) three.
N
28. a,c 29. c 3.d . a . d
38. b 39. c 40.d  4l.a 42. d

3s.

36.

.

33.

39.

40.

The orbital angular momentum of an electron in
2 5 orbital is

@+ 35 (b) zero

h h
©)7% DVZ 35 (LT 1996,
For a d electron, the orbital angular momentum is
(a)ve & v rm
() (d) 2 h-
1f the electron falls from n = 3 to n =2 in the
H-atom, then emitted energy is
(@) 10-2¢eV () 12-09eV
(c) 1-9¢V (d) 0-65eV

(AFMLC. Pune, 19971

The total number of orbitals in a shell having prin-
cipal quantum number » is

(@) 2n (b) n?
(c) 2n? (d) n+1
CALLLAMS. 1997, Bayane CEET 2000}
The ion that is isoclectronic with CO is
(@0, () N7
(c) CN™ @) of
The Bohr orbit radius for the H—atom (1 = 1) is

approximately 0-530 A. The radius for the first
excited state (n = 2) orbit is (in A).

(@)0-13 (b)1:06
{c)4-77 (d)2-12.

41. Among the following which one is not paramag-
netic ?
[Atomic numbers : Be = 4, Ne = 10, As =33, C1
=17]
@™ (b)Be™
(c) Ne?t (@) As™

42. The maximum number of electrons in an orbit with
I=2,n=31Is
(@)2 (b)ye
()12 (d)10

43. Which of the following statement(s) is (are) cor-
rect?

E'R'S
Ak b 3. ¢ 3s. b 36.a A G
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(a) The electronic configuration of Cr is
[Ar]3d% 4 5! (At. no. of Cr = 24)

(b) The magnetic quantum number may have a
negative value.

{c) Insilver atom, 23 electrons have spin of opne type
and 24 of the opposite type (AL. no. of Ag = 47)

(d) The oxidation state of nitrogen in NH, is —3.

44, The energy of an electron in the first Bohr orbit of
H atom is —13 -6 eV. The possible energy value (s)
of the excited state(s) for electron in Bohr orbits of

hydrogen is(are)
(a)—3-4eV (b)—-2¢V
(c)—6:8eV {d) + 6-8eV
45. Who moedified Bohr’s theory by introducing ellipti-
cal orbits for electron path ?
(2) Hund (b) Thomson
(c) Rutherford (d) Sommerfeld.

CRESKE BT 19es
46. Which is the correct statement about proton ?
(a) Proton is nucleus of deuterium
(b) Proton is a-particle
{c) Proton is ionized hydrogen molecule
(d) Proton is ionized hydrogen.
o LR ok
47. Magnetic quantum number specifies
(a) Size of orbitals (b) Shape of orbitals
{c) Orientation of orbitals
{(d) Nuclear stability. Gl ORI T029
48. The electrons, identified by quantum numbers n
andi(Yn=4,1l=10)n=4,I=0@in=3,1=
2 (v)n = 3,1 = | can be placed in order of
increasing energy, from the lowest to the highest as

(a) (v) < (&) < (D) < (i)

(b) (0) < (iv) < (i) < (i)

(e) () < (i) < (i) < ()

(d) (i) < (i) < (iv) < (i) (LLT 1999)
49. 'The number of nodal planes in a p, orbital is

(a)one (b)) two

(c) three (d) zero. (LLT 2000)
50. The electronic configuration of an element is

15*2522p%35% 3 p53 d% 451, This represents its

(a) excited state (b) ground state

(¢) cationic form (d) anionic form.

A NS
43. abec 44. a 45 d 46. d 47 ¢
5386 5. ¢ 88 ¢ 56. d 57. ¢

¥

51,

Sk

54,

55.

56.

57,

Among the {ollowing groupings which represents
the collection of isoelectronic species ?

(2) NO*, A NG

(byN,, C3~,CO,NO
(@CANON CRF e

{(d) NO,CN™,N,, 05 .

The energy of a photon is given as

AE/atom = 3-03 x 107 Jatom ™.
wavelength (1) of the photon is

(@) 65-6 nm (b) 656 nm
(c)0-656 nm (d) 6-56nm.

Then the

. Principal, azimuthal and magnetic quantum num-

bers are respectively related to

(a) Size, orientation and shape

(¥) Size, shape and orientation

{c) Shape, size and orientation

(d) None of these.

For which of the following species, Bohr's Lheory is
not applicable ?
(a) B+

(c) He?*

(b)]..i2+

(@) H.

Which of the following is not possible ?
@n=31=0m=0 Mn=3,I=1m=—1
@n=2i=0m=-1{dn=21=1,m=0.

The number of unpaired electrons in Mn2* is
@1 ®7

{c)3 @5

Which of the following atom has no neutron in its
nucleus ?
{(a) Helivm
{c) Protium

(b) Lithium
(d) Thitium.

Ifthe radius of first Bohr orbit be a,, then the radius

of the third orbit would be
(a)3 xay, (b)6 x a,
()9 x ag (d) 1/9 x a,.
NS
49. q 50. b 5l ¢ 52. b
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59. In Cu (At. No. 29) (a) Mn?* (b) Fe**
(@) 13 electrons have spin in one direction and i6 (c) T2+ @) o2t

6.

61.

62.

63.

59. b
69. a

elecirons in other direction

(b) 14 electrons have spin ong direction and 15
electrons in other direction

(¢) one electron can have spin only in the clockwise
direction

{d) none of the above is correct.
(Haryana C.E.E.1 2000)
The following quantum numbers are possible for
howmany orbitals ? n =3,/ =2,m = +2
(a)l )2
(c)3 (d) 4
(CRS.E EMT 2001
In the ground state, an clement has 13 electrons in
its M-shell. The element is
{a) Manganese (¥) Chromium
{c) Nickel (d)1rcn
(EAMCET 2001)
Which one of the following pairs of ions have the
same electronic configuration ?
(@) C3t, Fe* (b) Fe?*, Mn2*
() Fe*t, ot (d) st ot
EAMCILT 2001
As the nuclear charge increases from neon 10 cal-
cium, the orbitals energies
(a) increase (b) increase very rapidly
(c) increase very slowly
(d) fall
(e) energy remains constant
{Kerala MUIEE. 2602
Chloride ion and potassium ion are isoelectronic.
Then
{a) their sizes are same
(b) chioride ion is bigger than potassium ion
{c) potassium ion is relatively bigger
(d) depends upon the other cation or anion
(RO 2¢02)

. "The spectrum of He is expected to be similar to that of

(@) H
(c)Het

(b) Na

(Lt
(M.P PM.T 2002

. Which of the following ions has the maximum mag-

netic moment ?

62. b 63 b

T a

67.

70.

TL

72.

73

APNS W E

64 b

(AL IS LB 2002
Which of the following element outermost orbit's
last electron has magnetic quantum number m=0 7
(a) Na () O
{c}cl (dN
(Rujasthan PM.T. 2002)

In hydrogen atom, energy of the first excited state
is — 3-4 eV. Then find out the K.E. of the same
orbit of H-atom

(@) + 3-4eV
(c)—13-6eV

(b + 6-8eV
(d) + 13-6eV
(C.B.SE. PME 2002)
In the Bohr’s orbit, what is the ratio of total kinetic
energy and the total energy of the electron ?
(@ —1 BH—2 (@©+1 (d)+2
{Rajastlan EM.T 2002)
Rutherford's experiment, which established the
nuctear model of the atom, used a beam of
(@) B-particles which impinged on a metal foil and
got absorbed.
(b)y-rays, which impinged on a metal [oil and
gjected electrons
(¢ helium atoms, which impinged on a metal foil
and got scattered
(d)helium nuclei, which impinged on a metal foil
and got scattered LLT 2002}
1f the Nitrogen atom had electronic configuration
157, it would have energy tower than that of the
normal ground state configuration 152 25% 2p?, be-
cause the electrons would be closer to the nucleus.
Yet 157 is not observed because it viclates
{a) Heisenberg's uncertainty principle
(5) Hund’s rule
(¢) Pauli exclusion principle
(d) Bohr postulate of stationary orbits ([./.1° 2002)
In Bohr series of lines of hydrogen spectrum, the
third line from the red end corresponds o which
one of the following inter-orbit jumps of the
electron for Bohr orbits in an atom of hydrogen ?
{(a)5—2 (by4—1
(€}2— 5 {d13—2
(AL E R 2003)
The number of d-electrons retained in Fe2* (At
No. of Fe = 26) ion is
(a) 4 (b}5
R'S

65. d 66. a 67. a 68. a
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74.

7S]

76.

78.

79.

_LerGoldstein

81.

)6 (d)3 (A.LE.E.E. 2003)

The value of Planck’s constant is 6-63 x 1034 Js.

The velocity of light is 3-0 x 108 ms™!, Which
value is closest to the wavelength in nanometers of

a quantum of light with frequency of 8 x 107 517
(@2x 1075 (6)5 x 10718
() 4 x 10! (d)3 x 107

{(C.B.S.E. PM.T. 2003)

A species having only one efectron has jonization

energy of 11810 kJ mol~!. The number of protons
in its nucleus will be _
173

@1 B2 (4)4
For principal quantum number n = 4, the total
number of orbitals having/ = 3 is

(@)3 &y
()9 (A.LLM.S. 2004)

The frequency of the radiation emitted when the
electron falls from n = 4 to n = 1 in a hydrogen
atom will be (Given ionization energy of H

=2-18 x 10" 13 J atom ™! and
h =6-625 x 1073 Js)

(@)1-54 x 108%s~1  b)1-03 x 1019 )51
@r3-:08x10¥5s71  (y2.0 x 1015571

(C.BSE PMT 2004)
The radius of which of the following orbit is same
as that of the first Bohr’s orbit of hydrogen atom ?
(@) Het (n = 2) @)Lttt (n=2)
(L2t (n=3) (# Bt (n=2)

LT 2004

Consider the ground state of Cr atom (Z = 24).
The number of electrons with the azimuthal quan-
tum numbers / = 1 and 2 are respectively

(a) 12and 4 12and 5
{¢c)16and 4 (d)16 and 5
LLEEE, 2604)
’?roton was discavered by
{a) Chadwick (b) Thomson

(dy Bohr(A.FAM.C. 2004)

The number of 2p electrons having spin quantum
numbers = - 1/2 are

BL.

83

84.

8s.

89,

9.

Correct energy value order is

(@nsnpnd(n— 1) f

Wsmp@-dn-2f
@nsnpp-Ddmn-1f

ins(n - lydnp (n — 1)f (Orissa LE.E. 2004)

Correct order of radii is
(@)N < Be < B ’(b)/F‘<Oz"<N3"

(c)Na<Li<k (@) Fe3t < Fe?t < Fett

(J& KCET2004)
The cotrect sct of quantum numbers (r, I and m
respectively) for the unpaired electron of chlorine
atom is

@240 B2,L1 31,1 (@321
(2)3,2,-1 4 Kerala C.E.E, 2004
The ane electron species having ionization energy
of54-4eV is

(@H  (#)He* (o a1

(e) Be?* (Kerala C.E.L. 2004)

Time taken for an electron to complete one revolu-
tion in the Bohr orbit of hydrogen atom is

4 22 mr? nh 2amr
b
S T
@) 7o 7
2xmr T 4a¥m?  (Keraia BM.T 2004)
If the ionization energy of hydrogen atom is 13-6

eV, the energy required to excite it from ground
state to the next higher state is nearly

(a)3-4eV (BA0-2ev
(€)12-1eV (d)1-5ev

(e)15eV (Kerala MME.E. 2004)
Ifn =3,/ =0,m = 0, then atomic number is

(@) 12,13 () 13,14

(c) 10, 11 11,12

(Bilar C.E.C.E. 2004)
Which is the isotone of J5Ge ?
(1) [1Ge 45 38se () 2Kr () BGe
(Haryana PM. T 2004
The number of d-electrons in Ni (at no. = 28) is
equal to that of the
(@) s and p electrons in F~
(b} p electrons in Ar (at. no. = 18)

(@)6 b0 (e¥d-clectrons in N2+
()2 {g¥3 (d) Total electrons in N (at. no, = 7)
(Karnataka C.I. T 2004) UPC.PMT 2004
RN SO BRI
c 4. ¢ 75. ¢ 76. ¢ T o 78. d 79. b 80. ¢ 81. 4 82. d
b 84. ¢ 85. b 86. a B7. b 88. d 89. & 90. ¢
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HINTS/EXPLANATIONS to Multiple Choice Gl Fione
9. E=hv=~h ;- 35, Orbital angular momentum = v {7 + 1) Z—h;
E, %  4000A For 2 s electron, I = 0. Hence orbital angular
T, I 000 A = 2 momentum = 0.
36. For d-electron, ! = 2. Orbital angular momentum
12. a-particles are heavier than electrons and, there-
; =T+ Yn=VIQ+t )=Vl
fore, cannot be stopped by electrons. Maoreover ATE ¢ 13-6 ¢ I

13.

14.

19.

most part of the atom is empty space.
The unpaired electron in Ci is 3p! for whichn = 3,

A ahidagee L
I=1lm=—1or0or+1l,5s=+ 5 Of -5
Hence (¢) is correct.
ns®np® represents halogen which is most
electronegative.

1312

=1
.Ell= —‘;I—Umol

13
E, - E, = - 312 [n% i ;T%]
¥
= 1312 e
!

; 1 : ;
E, - E,, is maximum when ;3_- - r?': is mandmum.

21.

22.

24,
25,
26.

28.

Jump fromn = « ton = 1 will not require energy.

Rather energy wili be released.

Unpaired electrons
s0Zn = 157 252 2p° 352 3p% 3410 4¢? 0
J6Fert = 157 257 28 357 3p° 345 4
LNET = 152 252 25 356 36 3d” 3
Cut = 152 252 2p 352 30 3410 o

X-rays are not deflected by electric and magnetic
fields.

Whenm = 2, I cannot be O or L.
When n =.1, [ cannot be 1. So (a) is wrong.

Mean of 37 and 35 comes oul to be 35-5 only when
they are in the ratio 1: 3.

When n = 3,1 cannot be = 3.
So (a) is not permitted.

When ! = 1, m cannot be = —2.
§0 () is not perrmitted

As protons remain the same, introduction of
neutron changes only the atomic weight.

A d-orbital has twa nodal planes. (Number of radial
nodesinSd=@m—-I-1)=5-2-1)=12)

39,

40,
41.

42,

43,
44,

50.
51.

=_ 22 eV
n 1%

1 i T k|
E3_E2= 13:6 (Ei_?) eV=13:6 X (E'—a]
=1-9eV
Flectronsin CO =6 + 8 = 14

O; hase” =8 +8 +1 =17

N hase” =7+7=-1=13

CN  hase =6+7+1=14

OFf hase” =8+B-1=15
r,=053n2=0:53x 22 =2.12A

1201 = 152 252 2p5 352 3p2 3p2 3p? (No unpaired

electron is present)

n = 3,[ = 2 means 3d-subshell. Maximum number
of clectrons present in it = 10.

‘The oxidation state of N in NHy is +3.
E,=- %G—ev.

Whenn = 2,

E,=- 2D g ey

i

. (£) 4 p (i) 45 (iii) 3 d (iv) 3 p. In order of increasing

energies 3p < 45 < 3d < 4 pie. (iv) < (i) < (i)
< {i).

The given E.C. is for ground state of chromium.
in (c) electrons in cach species are equal.
CO=6+8=14,

NOtT =7 +8-1=14,

CN™ =6+7+ 1= 14,

I =6+6+2=14

E=hv=hy
or 12 he _ (6°63% 10718 (3 108 ms™1)
E (3-03 x 1071% )
=6S6xX107'm
= 656 hm
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54. He?* contains no electron. Al others contain ane
electron each.

§5. In(c}, as/ = 0, m cannot be equal to —1.

56. ,cMn?* = [Ar]'® 34°. No. of unpaired clectrons
=35,

58. rnaanxnzi.e.r3=aox32=900

59, ,9Cu = [Ar}'8 3410 45!

All electrons are paired except 4s'. Hence 14e~
have spin one direction and 15 ¢~ in the other.

60. One setof gnantum numbers is only for one orbital.
In an atom, the two orbitals can have the same set
of quantum numbers.

61. 13¢” in M (3rd) shell means 3s% 3p5 345, Hence
complete configuration will be
152 252 2p6 352 3p6 4g 345
ie totate™ = 24. Hence the element is chromium.

62. , Fe**t = [Ar)'# 345, ,.Mn?t = [Ar]'8 345

63. Energies of the orbitals = 722 With inc.case in
nuclear charge, energies of the orbitals increase
very rapidly.

64. Cl~ jon has 17 prolons in the nucleus while K™ ion

has 19 protons. Thus nuclear charge of K* is
greater and hence its size is smatler.

65. Tle has two electrons, Lit also has two electrons.
66. , Mn = [Ar)'834° 452 - Mn?* = [Ar]18 345

F62+ i [Ar}ls 3d6
'n2+ 5 [Ar}ls 3d2
Cet = [Ar]'8 344

26Fe = [Ar)H 348 452
22Ti = [Ar]'® 347 457
2401 = [Ar]18 345 451

Thus Mn®" has maximum number of unpaired
clectrons.

67. 1Na =152 25? 2p% 35! i ¢ for last electron ! = 0

m =0,
68. Lnergy in the excited state is nothing but K.E,

2
69. KE. = %muz, PE. = - Zf;;

: ZE‘Z l'?w2 ;
But electrostatic force, g o (centrifugal force)
PE. = — my?
Total energy = ;_va e %muz

K.E./lotal epergy = —1.
70. In Rutherford’s experiment, e-rays were used
which are helium nuclei.
71. According to Pauli exclusion principle, an orbital
cannot have more than two electrons and these too
with opposite spin.

72.

7

74,

T5:

76.

7.

The lines at the red end belong to Balmer series.
These are obtair.2d for jumps to n = 2 from outer
orbits (1st line from# = 3, 2nd line from = 4, 3rd
line from n = 5).

E.C.0f ;Fe = [Ar]'83 40442

E.C. of Fe?™ = [ar]'® 3 4°
.. d-electrons = 6.
pilae s s e LIRS O R

=375%x10 7 m=375nm =40 %10 nm.

V- olv: et
IE =-‘;2-- x Z

For one electron species in the ground state, » = |
1312 x 7% = 11810

orZt=90rZ=3
Forn =4, E.C. = 152 2s% 2p% 37,

3p5 340 4s? 4p8 4410 414,

! = 3 means f subshell which has 7 orbitals.

LE.=E,-E =0-F,

=218 x 10 ¥ ratom ¥,

218 » 10718 |

o Jatom™

Thus, E_ = -

AE=E;—F =-2-18 x107!8 {-}Z—Tli

=2-044 x 10718 J atom ™!

AE _ 2:044 x 107187
6625 x 107* s

=3.085 x 103570

AE=hv Or v=

- z
Wt 4
(= 222X o520 4
" 2
ry(Betty o DIBIXEL § sog 4
79. 54Cr = 15% 262 255 352 358 345 45!

81.

82,

83,

! = 1 means p-subshell and ! = 2 means d- subshell
1= 1is for 2p% and 3p% - Total electrons = 12
! = 2isfor 3d°. - Total elecirons = 5

There are three 2p orbitals containing 3 electrons
with spin + 1/2 and 3 with spin - 1/2.

Apply (n + Ij rule, For (n — 1) £, minimum n = 5.
For(n - 2} f, minimum» = 6. For (dYn = 5. . E.C.
i5 55 4d Sp 4f. (n + Iy valuesare 5+ 0,4 + 2,5+ 1,
4+3ie 56,67

F~, 0%*, N3 are isoelectronic. Greater the
nuclear charge, greater is the attraction on the
electrons, smaller is the size.
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84. 7Cl = 152252 2p% 32 3p2 32 Bp. For Bplelectron gy 1 . _ D36 yp_p g
n=31=1m=-100r+ 1. " .
g2 ! 1 A
gs, IE.= 3.8% ;v-1367% for oneelectron e i e e e
n

8.

9.

£8. n = 3,/ = 0 ncans fast shell is 3s

i 29.25,63:172
» BC owillbe 15* 25° 2p7 35 7~
12,672 g4, 7i Ltk +
n13.67*=5440orZ°=4orZ=2ie He Atonic Ba e T ar 1
By Bohr postulate, mtur = n 'iéf orv=> ;}:m 89. Isotones are atoms conlaining the same number of
N neutrons (No. of n = A ~ Z). No. of neutrons in
0. of revoluti
P % iper Bek: ;ch =76-32=44. ;ESe has  neutrons
wF elocity . o o
" Circumference of the orbit b 1 7 e g p
§ i ’ " 90. E.C.of 5gNi = 152 25% 2p° 35% 3p° 34" 452
- = b'a =
z :
2xr Zmamr o 2mr aztmrt N:2+=1522563923p63d3
2
: . _axtm Thus d-electrons in Ni and Ni2 T are same
- Time taken for one revolution = ——p-— -
b e IBEWWTM“WW" s e ;&mj_mw_thrm?a?gﬁ&n e At e e e e M e e o

ADDITIONAL OUESTIONS

DR R T T R e AT TSR T

i
&
:

For All Competitive Examinations.

Assertion-Reason Type Questions

The following questions conslst of two statements each printed as Assertlon and Reason. While answering
these questions, you are required to choose any one of the following five responses.

() If both Assertion and Reason are true and the Reason |s a correct explanation of the Assertion.
(b) If both Assertion and Reason are true but Reason is not a correct explanation of the Assertion.
(¢) If Assertion is true but the Reason is false. (d) If the Assertion is false but the Reason is true.
() I both Assertion and Reason are false.

Assertion Reason
An orbital cannot have more than two electrons. | Fwo electrons in an orbital create opposite magnetic field.
The configuration of Be atom cannot be 1 s2352 |Hund’s rule demands that the configuration should dis-
play maximum multiplicity.
p-orbital is dumb-bell shaped. Electrons present in p-orbital can have any one of the
three values of magnetic quantum number ie. +1,0,—1.
Wave number of a spectral line for an electronic |{Itis proportional to the velocity ofthe electron undergoing
transition is quantised. |the transition. '

A spectral line will be seen for a 2p. — 2 p, transi- |Energy is released in the form of waves of light when the
pe Pr Py EY g
electron drops from2p, t102p, arbital.

tion.

(A.LLM.S. 1996)
Hydrogen has one electron in its orbit but it There are many excited energy levels available.
produces several spectral lines. ALLM.S. 1997)
The energy of an electron is largely determined mr,'l'he principal quantur number (n) is 2 measure of the
its principal quantum number. {most probable distance of finding the electron arcund the:

(nucleus. (A.LLM.S. 1998)

The 19th electron in potassium atom enters into  |(n + #) rule is followed for determining the orbital of the
4 s-orbital and not the 3 d-orbital. lowest energy state. (A.LLM.S. 1999)

The free gaseous Cr atom has six unpaired Half-filled s orbital has greater stability. (4.L.LM.S. 2004)
electrons.
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9.

10.

11.

12.

13.

14.
15.

True/fFalse Statements

Which of the following statements are true ?

No current flows through the discharge tube when
the pressure of the gas inside is one atmosphere.
The charge on the particles constituting the anode
rays does not depend upon the nature of the gas
taken.

Anode rays originate from the anode.

The magnitude of charge on an electron and a
proton is the same.

. The mass of proton is nearly same as that of

hydrogen atom.

All electromagnetic waves travet with the velocity
of light.

There is no difference between line spectrum and
atomic spectrum.

9.

10.

11.

12.

13.

14,

Rutherford’s model can explain the line spectrum
of hydrogen.

The energy levels are called stationary states be-
cause the electrons are stationary in these leveis.

The energies of different shells are in the order

Electronic energy is negative because electron has
negative charge.

Bohr’s model is not in accordance with de Broglie
concept and Heisenberg's uncertainity principle.
The boundary of an atomic orbital cannot be
defined with absolute accuracy.

All orbitals have directional characteristics.

Fill In The Blanks

Cathode rays produce.......rays when strike against
the surface of a hard metal like tungsten.

Cathode rays produce.......on striking a ZnS screen.

Anode rays are deflected towards.......plate of the
electric field.

- Proton was discovered by.......... :

‘The nucleus is nearly.......in size as compared to the
totai size of the atom.

Neutron was discovered by........ :

‘The arrangement of different electromagnetic
waves in order of their wavelengths is called....... .

. The quantum of light is called....... .

The lowest energy state of an atom is called......and
after absorbing energy it is said to be in.......... ;

The splitting of lines in the magnetic field is called

Bohr's model of atom is based upon........whereas
wave mechanical model is based upon......... and

The numbers which give complete information
about the electron are caliled........ :

The number of sub-shells in the nth main sheli
SEEE ] and the number of orbitals is........ .

The orbitals having the same energy are called.... .
FormEBnli="="5 .

16.
17.

18.

19.

g

2L

22.

23.

24,

25,

26.

Bor/=22mi=. 2 s ;

The energy of a 4s orbital is..... than that of 3d
orbital.

s-orbitals have......shape whereas p-orbitais have

g is the angular momentum of the electron in the
....... orbit of He (Roorkee 1990)

‘The transition of the electron in the hydrogen atom
from fourth to first energy state emits a spectral line
which falls in......series. (Roorkee 1990)

The light radiations with discrete quantities of ener-
gy are called...... (LT 1993)

Wave functions of electrons in atoms and molecules
are called....... (LI T 1993)

The 2p_, 2p, and 2p, orbitals of atoms have iden-
tical shapes but differ in their........ (LT 1993)

The outermost electronic configuration of Cr is
(LT 1994)

The values of the quantum numbers », / and m
for the last electron of an  element having the
electronic configuration 2, 8, 3 are.........

(Bihar 1997)

The probability of finding the electron at any point
around the nucleus is found from the values
Of. L1t wiass .
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Matching Type Questions

Match the entries of column I with appropriate eniries of colurmn I1.

Column I Column II
1.Orbitals are filled in order of increasing energy Hund’s rule
2.Degenerate orbitals are first singly occupied Pauli exclusion principle
3.An orbital can have maximum two electrons Aufbau principle

4.Position and momentum of a small particle Heisenberg principle.
cannot be measured simultaneously with
absolute accuracy.

s ol I

ANSWERS
ASSERTION-REASON TYPE QUESTIONS

1.b 2b b 4c¢ S5e 6a Tla Ba ¢

TRUE-FALSE STATEMENTS

1,4,5,6,7,12,13.

FILL ih THE BLANKS

1. X-rays 2. green flucrescence 3. negative 4. Goldstein 5. 1/100,000th 5. Chadwick 7. Electromagnetic
spectrum 8. photon 9. ground state, excited state 10. Zeeman cffect 11. Planck's quantum theory,

de Broglie concept and Heisenberg’s uncertainty principle 12, quantum numbers 13. 1, n*
14. degenerate orbitals. 15. 0, 1, 216.—2, —1,0, +1, +2 17, lower 18, spherical, dumb-bell 19. 2nd

20. Lyman 21. photons 22. orbitals 23. orientation 24. 3d5 4s'. 25, 3,1,—1 (or +1 ar 0). 26. y*.
MATCHING TYFE QUESTIONS
1—3,2=1,3—2,4—4.

4 s.n % o % . Thus ¥ depends only upon the 5 2p, a?d 2 p, are degenerate orbitals L.e. have equal
My e energics.
orbits {n, and n,) between which the transition 9. ,,Cr =[Ar]3d° 4s' ie it has six unpaired

takes place and not on the velocity of the clectron. electrons. Fully-filled s- orbital has greater stability.



