13. Atoms

Very Short Answer Type Questions

Question 1.

What is the angular momentum of electron in the second orbit of Bohr’s
model of hydrogen atom?

Answer:

Angular momentum L = nh2n

For 2nd orbit = n = 2.

~ Angular momentum of 2nd orbit

L, = 2h2n=hn

Question 2.

What is the expression for fine structure constant and what is its value?
Answer:

Fine structure constant a = 2ne2ch=1137

=7.30 X 10=.

Question 3.

What is the physical meaning of ‘negative energy of an electron’?

Answer:

Energy is always +ve. There is no negative energy. But negative energy of
electron means it is the force of attraction with which an electron is
bounded to the nucleus.

Question 4.

Sharp lines are present in the spectrum of a gas. What does this indicate?
Answer:

When gases are excited they will absorb the exact quanta of energy equals
to energy level difference of the orbits.

i.e., E =hv=E;-E

So electron goes to higher orbit. As a result we will see sharp lines in the
spectrum of gases corresponding to that energy.

Question 5.

Name a physical quantity whose dimensions are the same as those of
angular momentum.

Answer:

Angular momentum (L) = mvr,



Dimensions = ML2T+
Planck’s constant h has same dimensions of L.
* L = nh2m, where nr is dimensionless.

Question 6.

What is the difference between a-particle and helium atom?
Answer:

a - particle is helium nucleus. But not helium atom.

a - particle contains 2 protons and two neutrons where as helium atom
contains 2 protons, two neutrons and two electrons.

Question 7.

How is impact parameter related to angle of scattering?

Answer:

When impact parameter is minimum head on collision between a - particle
and nucleus takes place and a- particle will be deviated by 6 = m radians,
when impact parameter is high or large the a - particle goes nearly
undeviated.

Question 8.

Among alpha, beta and gamma radiations, which get affected by the electric
field?

Answer:

a and {3 particles are affected by electric fields because both of them carries
charge on them.

Y — ray is radiation so it is not affected by electric field.

Question 9.

What do you understand by the phrase ‘ground state atom’?

Answer:

The lowest state of the atom which is the lowest energy, with the electron
revolving in the orbit of smallest radius is called the ground state.

For ground state hydrogen atom E = - 13.6 eV,

Question 10.

Why does the mass of the nucleus not have any significance in scattering in
Rutherford’s experiment?

Answer:



In Rutherford experiment gold foil is used. For gold Z = 79 and its atomic
weight is nearly 50 times more than « - particle. So mass of nucleus used to
bombard gold atom has no significant effect.

Question 11.

The Lyman series of hydrogen spectrum line in the ultraviolet region Why?
Answer:

For Lyman series 12 = R(1l2—1n2)

n=23,4...

Wavelength of 1st member of Lyman series is 1216A°. It is in ultraviolet
region.

Question 12.
Write down a table giving longest and shortest wavelengths of different
spectral series.

Answer:

1 4

Lyman R 3R
4 36

Balmer E 5R
9 144

Paschen R 7R
16 400

Brackett R 9R
Pfund *2"5- 192

n R R

Question 13.

The wavelengths of some of the spectral lines obtained in hydrogen
spectrum are 1216A, 6463 A and 9546A. Which one of these wavelengths
belongs to the Paschen series?

Answer:

A = 95464 belongs to Paschen series. Paschen series is in infrared region.



So wavelength A = 95464 is in infrared region. So it belongs to Paschen
series.

Question 14.
Give two drawbacks of Rutherford’s atomic model. [TS Mar. '19]
Answer:

1. Electron revolving around the nucleus must be continuously
accelerated. An accelerating electron must lose energy
continuously due to radiation and finally, atom must destroy.

2. When electron radiates energy it will spiral around nucleus. As
a result its angular velocity and frequency of spectral lines
must change continuously. But these two things are not taking
place.

Short Answer Questions

Question 1.

What is impact parameter and angle of scattering? How are they related to
each other?

Answer:

Impact parameter :

It is the perpendicular distance of the initial velocity vector of a-particle
from centre of nucleus.
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In case of head-on collision, impact parameter is minimum and « - particle
rebounds back (6 = m). For a large impact parameter a - particle goes
undeviated. The chance of head on collision is very small. It, in turn,
suggested that mass of atom is much concentrated in a small volume.

Angle of scattering ‘0’ :
It is the angle between the direction of incident a - particle and scattered a
— particle.



Relation between impact parameter and angle of scattering, when Impact
parameter is less = angle of scattering is high and vice-versa.

Question 2.

Derive an expression for potential and Kkinetic energy of an electron in any
orbit of a hydrogen atom according to Bohr’s atomic model. How does P.E.
change with increasing n? [TS June 15; Mar. 15]

Answer:

According to Bohr model, electrons are revolving around the nucleus in
certain permitted orbits.

For electron to revolve in orbit, the electrostatic force and centrifugal force
must be equal i.e., F. = F.

mv? 1 € 2 e’
= — D mv- =
r dneg, r° 4dme,r
= Kinetic energy of electron (K) = 12 mv?
1 e e’
& & (1)

T2 dme,r 8me,r
Potential energy between electron and nucleus is

2
U= -1 ee 1 e (2)

4ne, T 4ne,
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- ve sign indicates force of attraction. Relation between potential energy
and radius of orbit.

From the equation (2) U « 1r .....ccuue.. (3)
nzh;’:r:,,:II 2

Butr = 5o =r o n® (4)
nme

From eq. (3) & (4) potential energy

U « 1n2

=~ Potential energy of orbit is inversely proportional to square of number of
orbit (n?).

Question 3.

What are the limitations of Bohr’s theory of hydrogen atom? [TS May 18,
17; AP Mar. 17, 14, May 17]

Answer:

Limitations of Bohr model:

i) Bohr model is applicable to hydrogen atom only. It ean not be extended
even to a two electron system such as helium.



Because it involves force between + vely charged nucleus and electron.
Electrical forces between electrons are not taken into account.

ii) It is not able to explain the intensity variation in spectral lines of
different frequencies and why some transitions are more preferred than
others.

Question 4.

Explain the distance of closest approach and impact parameter.

Answer:

Distance of closest approach :

In a- particle scattering experiment the a - particle will move near to gold
nucleus until it is just stopped.

Kinetic energy of o - particle just before stopped is equal to electrostatic
potential.

] %mv2(2e}(2e)= 12zt

4ne, d

where = Z atomic number of gold, '2e’ charge on a - particle.

distance of closest approach d = 2Zez4meok

Impact parameter :

It is the perpendicular distance of the initial velocity vector of a - particle
from centre of nucleus.

In case of head-on collision impact parameter is minimum and a - particle
rebounds back (8 = m). For a large impact parameter a - particle goes
undeviated. The chance of head on collision is very small. It in turn
suggested that mass of atom is much concentrated in a small volume.

Question 5.

Give a brief account of Thomson model of atom. What are its limitations?
Answer:

J.J. Thomson Model :

J.J.Thomson thought that the positive charge of the atom is uniformly
distributed through out the atom and the negatively charged electrons are
embedded in it like seeds in a watermelon.

Limitations:



1. Rutherford a - particle scattering experiment showed that in
an atom positive charge is concentrated at nucleus of atom.

2. In Thomson model the radiation emitted by solids and gases is
due to oscillations of atoms and molecules are governed by the
interactions between them.

But experiments on rarefied gases showed that hydrogen always gives rise
to a set of lines with fixed wavelength.

Balmer experiments and his formula for Balmer series of wavelength of a
group of lines are emitted by atomic hydrogen only. Not by interaction of
atoms or molecules.

Question 6.

Describe Rutherford atom model. What are the drawbacks of this model?
[AP & TS Mar.’'16]

Answer:

Rutherford’s nuclear model:

1. According to Rutherford the entire positive charge and most of
the mass of the atom is concentrated at nucleus. Electrons are
revolving around the nucleus as planets revolve around the
sun.

2. Rutherford experiments on a - particle suggested that size of
atom is about 105 to 1014 and size of nucleus is about 10-10 m.

Drawbacks :

1. When electron is revolving round the nucleus it is in
continuously accelerated state. As per classical mechanics, it
must emit energy continuously. So electron must follow spiral
path instead of circular path. Finally electron must fall on
nucleus i.e., + ve charge and atom will destroy which is not
happening.

2. This model is not able to explain why electron in an orbit is not
radiating any energy.

Question 7.

Distinguish between excitation potential and ionization potential.
Answer:

Excitation potential :



1. Generally gases or vapours are excited at low pressure by
passing high current through them. For this we have to apply a
very high voltage.

2. When excited atoms or molecules will absorb certain amount
of energy from applied potential and gives rise to series of
spectral lines called emission spectrum.

Ionisation potential :
It is the amount of minimum energy required to release an electron from
the outer most orbit of the nucleus.

From Bohr’s model, energy of the orbit is the ionisation energy of electron
in that orbit.
Ex: Energy of 1st orbit in hydrogen is 13.6 eV.

Practically ionisation potential of hydrogen is 13.6 eV.

Difference:

— Excitation potential will permit electrons to transit between various
energy levels whereas ionisation potential will liberate an electron from
the influence of nucleus of that atom.

Question 8.

Explain the different types of spectral series of hydrogen atom.

(OR)

Write the different types of Hydrogen Spectral series. The Lyman series of
Hydrogen spectrum lies in the ultraviolet region. [TS May 16, Mar. 16, AP
Mar. 19, 15, May 18, 16, June 15]

Answer:

Lyman series :

When electrons are jumping from higher energy levels to the first orbit
then that series of spectral lines emitted are called “Lyman series”.

In Lyman series, 1A = R(1l2—1n2)

wheren=2,3, ...ccoe...... etc.

These spectral lines are in ultraviolet region.

Balmer series :
When electrons are jumping the from higher levels to 2nd orbit then that
series of spectral lines are called “Balmer series”.

For Balmer series, 1A = R(122—1n2)
wheren = 3,4, ............ etc.



Spectral lines of Balmer series are in visible region.

Paschen series :

When electrons are jumping on to the 3rd orbit from higher energy levels
then that series of spectral lines are called “Paschen series”.

For Paschen series 1A = R(132—1n2)

wheren=4,5, .........

These spectral lines are in near infrared region.

Brackett series :
When electrons are jumping on to the 4th orbit from higher levels then that
series of spectral lines are called “Brackett series”.

For Brackett series, 1A = R(142—1n2)

wheren =5, 6, ............ etc.
Brackett series are in middle infrared region.

Pfund series :
When electrons are jumping on to the 5th orbit from higher energy levels
then that series of spectral lines are called “Pfund series”.

For Pfund series 1A = R(152—1n2)
nN=206,7, .ccceoc... etc.
These spectral lines are in far infrared region.

Reason for Lyman series in ultraviolet region :
The wavelength of Lyman series is nearly 1200 A° and less. So Lyman
series is ultraviolet region.

Question 9.

Write a short note on de Broglie’s explanation of Bohr’s second postulate of
quantization. [TS Mar.’17]

Answer:

De - Broglie’s explanation for Bohr 2nd postulate :

According to de Broglie, the electron in an orbit must be seen as a particle
wave. Particle waves can lead to standing waves under resonance
condition.

A standing wave can be formed in a wire when length of the wire is equal to
wave-length A or integral multiple of wavelength A (i.e., nA). In the same
way for an electron moving in a circular orbit, if its circum-ference 2mr, is
equal to nA then standing waves will be formed in that orbit.

=~ From de-Broglie’s explanation 2mr, = nA



But A =h/p = hmwn

-~ de Broglie wavelength 2nir, = nh / mv,

mv,I, = nh2n

Where mv,r, is angular momentum of electron in nth orbit.

In this way de - Broglie hypothesis provided an explanation to Bohr’s 2nd
postulate.

Long Answer Questions

Question 1.

Describe Geiger - Marsden Experiment on scattering of a - particles. How
is the size of the nucleus estimated in this experiment?

Answer:

Geiger - Marsden experiment :

Description :

In this experiment a - particles from 2:43;Bi are passed through lead blocks
containing coaxial holes to emit narrow beam of a - particles. This a -
particle beam falls on gold foil and scatters. The scattered a - particles are
detected. By rotating the microscope at different angles (6) number of
scattered particles are measured.

Explanation :
In this experiment a beam of a - particles of energy 5.5 MeV are made to
fall on gold foil.
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a — particle carries 2 units of positive charge and mass is equal to that of
helium nucleus.

— Assume that the gold foil is very thin and a - particle will suffer not more
than one scattering during its passage through gold foil.



For gold Z = 79. Its mass is nearly 50 times more than that of a - particle.
So during collision it remains almost stationary.

Magnitude of force between a - particle and gold nuclei (F)

= l4meo(2e)(Ze)rz, ‘T" = the distance between them.

The magnitude and direction of force changes continuously as it
approaches the nucleus.

Impact parameter :
It is the perpendicular distance of the initial velocity vector of a - particle
from centre of nucleus.

In case of head - on collision impact parameter is minimum and a - particle
rebounds back (6 = m). For a large impact parameter a - particle goes
undeviated. The chance of head on collision is very small.

Estimation of size of nucleus :

In this experiment a graph is plotted between number of scattered particles
(n) and angle of scattering ‘0’. It suggested that size of nucleus is about 10-
15to 10-+ m. From Kinetic theory size of atom is about 10-1o m. So size of
atom is 10,000 to 100,000 times more than nucleus.

Question 2.

Discuss Bohr’s theory of the spectrum of hydrogen atom. [AP Mar.’'16]
Answer:

From Bohr’s model of hydrogen atom

1. Electrons are revolving in certain per-mitted non-radiating
orbits around nucleus.

2. For non-radiating orbits, orbital angular momentum L = mvr =
nh / 2m.

3. Electrons may jump from one orbit to another orbit. While
doing so they will emit or absorb the energy equal to diffe-
rence of those orbital energies.

E=hv=E-E
When electrons are revolving in the orbit centrifugal force and centripetal
force on it are equal F. = F..
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This is also called Bohr radius

a =>5.29 x 101 m

Energy of the orbit E = K 4+ U = Kinetic energy + Potential Energy of
electron.

~ E, = —e28meor
By using value of r1 from eq. 4.
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Energy of Ist orbit E = —me* (n=1)
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............. (1)

From 3rd postulate :

when electrons are jumping from higher to lower orbit.
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Where R = Rydberg’s constant. (- Electron is initially at orbit n, and finally
atn;)

In this way Bohr atom model successfully explained energy of the orbits
and origin of spectral lines.

Question 3.

State the basic postulates of Bohr’s theory of atomic spectra. [AP Mar. '16]
Hence obtain an expression for the radius of orbit and the energy of orbital
electron in a hydrogen atom.

Answer:

Bohr’s postulates :

Bohr model of hydrogen atom consists of three main postulates.

i) Electrons in an atom could revolve in certain permitted stable orbits.
Electrons revolving in these stable orbits do not emit or radiate any energy.

ii) The stable orbits are those whose orbital angular momentum is an
integral multiple of h/2.

i.e, L=nh /2nwheren =1, 2, 3 etc. (an integer.)

These stable orbits are also called as non - radiating orbits.

iii) An electron may take a transition between non-radiating orbit.

when electron transition takes place a photon of energy equals to the
energy difference between initial and final states will be radiated.
E=hv=E-E.

Bohr Model of Hydrogen atom :
When electrons are revolving in the orbit electrostatic force and centripetal
force on it are equal F. = F..
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2

e
= = 6
n 8ne,r (6)
By using value of r; from eq. 4.
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For hydrogen atom, energy of 1st orbit

8h2 (vn=1)

Intext Question and Answer

Question 1.
The radius of the first electron orbit of a hydrogen atom is 5.3 X 10-1m.

What is the radius of the second orbit?
Answer:
Radius of first orbit r; = 5.3 X 10-1m.



Radius of Bohr orbitr =
For 2nd orbitn = 2,
“ar=n;a,=4x53101=2.12 X 1011 m.

Question 2.

Determine the radius of the first orbit of the hydrogen atom. What would
be the velocity and frequency of the electron in the first orbit ? Given: h =
6.62 X 104]s,m=9.1 X 1031 kg, e = 1.6 X 10-v C,k =9 X 10°> m>C.
Answer:

Given h = 6.62 x 10-34],

Mass m = 9.1 X 1031 kg

Chargee =1.6 X 109 C;

2
K= 22 -9x10°miC"
2me,,
21,2
n“h%e
a) Radius of 1st Bohr orbit, r = >
nme

1

Putn =1 and €, = m

1
4n x 9 x 10°

1 1
Cr(eax10) (1.6 x107°)’

r=(6.62 x 1073?% x

4382 x 107 x107* x 10
r =
4% x 9% 10% x 9.1 x 2.56 x 107%

4382 x 107 x 107 x10* x 10*
B 4%x9x%9.1x256x 9872

. 4382x 107
= TT89792

=5292x 1071 =0.529 A°
(- 1071921 A%

=5.292 x 107% x 1078



b) Velocity v = e/ ,[4ne,mr

But r =0.529 x 107 9m,

y= 1.6 x 1071°
\’ 5 lmg x 9.1x 107 x 0.529 x 107"
=
_ 3x1.6x107"
J 4.814 x107%

-19 25
_3x16 "211'14 A0 51885 106 mys

~ 219 x 10° m/s™!
¢) Frequency v = v/ 2nr,
where v = 2.19 x 10°m/s™!,
r=0529 x 107'm

2.19 x 10°
L= . ~10
2 x 3.14 % 0.529 x 10

- 6.592 x 105 & 6.6 x10" Hz

Question 3.

The total energy of an electron in the first excited state of the hydrogen
atom is - 3.4 eV. What is the potential energy of the electron in this state?
Answer:

Total energy, T.E. = - 3.4 eV.

Potential energy U=2xT.E. =-3.4 X 2

= - 6.8 eV in same orbit.

Question 4.

The total energy of an electron in the first excited state of the hydrogen
atom is - 3.4 eV. What is the kinetic energy of the electron in this state?
Answer:

In 1st excited state

Total energy T.E. = - 3.4 eV.

Kinetic energy in 1st excited state = T.E. - U

Where U =2 X T.E.

~K=U-2U=-U=-(-34)=34¢eV.

Question 5.
Find the radius of the hydrogen atom in its ground state. Also calculate the



velocity of the electron in n = 1 orbit. Given h = 6.63 X 103¢]Js, m = 9.1 X
10skg, e = 1.6 X 102 C,k =9 X 10° N m*C-.

Answer:

Planck’s constanth = 6.63 X 10-¢]s,;

Mass of electron m = 9.1 X 10-1 Kg.

Charge on electron e = 1.6 X 1010 C;

K =9 x 10° m?C?

a) Radius of orbit, r nzhzeommez where hzeommez = a, = 5.3 X 1011

For 1storbitn=1=r=1x 5.3 x 1011

=5.3 X 101m

(O r = 1x (6.63)2 x 1073 x 1073
1 ) 1
*4rx9x10° wx9.1x107!
= I x 1
1.6x1079 1.6 x107"

6.63 x 6.63 x 10734 x 1073

«10%! x10'? x 10°
r =
4x314%x3.14x9x9.1x1.6x1.6

4396 X lﬂ_g 10
- . 0532x1070m. =0532A
82688 0.532 x m
b) Velocity of electron, v=e/,/mr/k
161071
SV =

J(B.l 10 x 0.532 x 107°) / 9 x 10°

16x10™  16x107" x10%
J0.5379 x 107 J0.5379
6
= %’?— =2.18 x 105 ms™!
Question 6.

Prove that the ionization energy of hydrogen atom is 13.6 eV.

Answer:

From Bohr atom model energy radiated when electrons are jumping from
one orbit

to another orbit is E = hu = me48s20h2n2z = E; - E;

By definition, ionization potential is the minimum amount of energy
required to remove the electron from the orbit. Now for an electron of
nearest orbit n; = 1 and n, = o (because electron is free from influence of



nucleus).

me*

E=E]—E2 = El—{} = m,putn:l
¥
mE‘
B = gl

9.1 x 1073 x {1_5 % 10°

8 x (662 x 1:}-31)2
When calculated E = 2.1 x 10718 J,
But1eV =16 x10719)

94
] ) (41;:,(9;{109)2

218 107%
lonization energy = 16 X 0P " 13:6 eV.
Question 7.
Calculate the Ionization energy fora lithium atom.
Answer:
2.2 2
Energy of the orbit E = Zem _136Z

8¢2 n’h? n*

For lithium Z = 3 (But outer most orbit n = 2 in lithium)

= lonization energy = Energy of the orbit = 13.6x94 = 30.6 eV.

Question 8.

The wavelength of the first member of Lyman series is 1216 A. Calculate
the wavelength of second member of Balmer series.

Answer:

Wavelength of 1st member of Lyman series = 1216 A°.

For Lyman series % =R (i - Jm]

1?2 2
1 3R
_Rll—=|=2=2
‘R( 4) 1
4 . 1 _3x1216
:ﬁ_x_lzlﬁ(m)ﬂ - (D

2nd member of Balmer series = 122 = R(122—142)



* For 2nd member of Balmer series n = 4.

Lt :R[l_i):ﬂ_ﬂ
~ 32 (416 16

3R 16
:—::t;lluz = e
16 3R’
16 3x1216 .
hp =g Ty A8MA
Question 9.

The wavelength of first member of Balmer series is 6563 A. Calculate the
wavelength of second member of Lyman series.

Answer:
Wavelength of 1 st member of Balmer series = 6563.

1 11 11
. — =Rl ——-—|=R| ===
L€, (22 32J [4 9]

9-4 SR
T2 p="20
LE'B) 36
16 1 5x6563
= =6563 — = - (1
= A & =’R 36 (1)

Wavelength of 2nd member of Lymen
series A,

1 1 1 1} 8R

—=R|=-=|=R|1-=|=—

But 3, (12 32J ( 9J 9
[For 2nd member n = 3]

L Ay= E[l) _9,3x088 g25.5a°

8 36

Question 10.
The second member of Lyman series in hydrogen spectrum has wavelength

5400 A. Find the wavelength of first member.
Answer:



Wavelength of 2nd member of Lyman series A = 5400
i.e, l:R(l—i}zg—-—-}-

A 2 32) 9
SR 9
R= 0 =2 5400
9 ~ 78R
1 _8x5400 (1)
R 9

Wavelength of 1st member

1 1 4-1 3R
_— l"—. =—R = —
Ay ( 22] 4
i ixﬁxﬁdl}ﬂ
3R - 3

Lk = = 6400A°

Question 11.

Calculate the shortest wavelength of Balmer series. Or Calculate the
wavelength of the Balmer series limit.

Given : R=10970000m-1.

Answer:

Given Rydberg constant R = 10970000 m

= 1.097 X 107 m1

For Balmer series 122 = R(122—1n2)

Short wavelength = n, = oo
. i =R l = i = i
‘ 4
~ 4 _4x107
T 1.097x107  1.097

- 3.646 x 107" m = 3646 A°

Question 12.

Using the Rydberg formula, calculate the wavelength of the first four
spectral lines in the Balmer series of the hydrogen spectrum.
Answer:

For Balmer series 122 = R(122—1nz) where

n=273,4,5 etc.

Rydberg constant R = 1.097 X 107 m



1 1
For 1st member %1 = R(E‘EJ put n, =2

&n2=3

1 (94
L—=1097T 10" | ——
M i ( 36 J

_ 36
5 x 1.097 x 107

=M

_ 36 1077

_ 7_
5.485 —6-553: 1ﬂ_ = 6553A

For 2nd member

L 1097 %107 [l-ij
Ao 22 47
11

=1.097x107 | == -J
4 16



1 ;3
L =1.097x 107 x =
hy 16

16
M %1097 <107 -4862x107m

= 4862 A

For 3rd member
1

1 (1
—=1.097x10" [=— —
" ) [4 25]

21
= 1.097 x 10?(—)

100
100 7
o = — =4.340x 10
A3 21 x 1.097 x 107
= 4340A°

For 4th member

1 1097 x107 [l— —1—]
Ay 4 36

Putn1=2,n3=ﬁ

X q097x107 [ﬂ} 1097 x 107x >
v 36 36
36
. - =4.102 x 1077
M §X1.097 107 X

=4102 A°



