FUNDAMENTALPARTICLES

An atom consists of the two parts :

(a) Extremely small but dense central part called the nucleus. (b) Extra nuclear part. The size of nucleus is of the order 10^{˘15} m and it contains positively charged protons and neutral particles called neutrons. These particles are collectively called nucleons.

The charge and mass of these fundamental particles are given in the Table 1.1.

Nameof Charge Unit Mass(Kg) NameoftheDiscoverer theparticle incoulomb Charge

Electron ˘1.60 × 10^{˘19} ˘ 1 9.10 × 10^{˘31} kg J.J. Thomson Proton + 1.60 × 10^{˘19} + 1 1.672 × 10^{˘27} kg E. Goldstein Neutron 0 0 1.674 × 10^{˘27} kg Chadwick

ATOMICNUMBERANDMASSNUMBER

Atomic number is the number of protons present in the nucleus of the atom. It is also equal to the number of electrons in the neutral atom. It is denoted by Z.

Mass Number is the number of nucleons present in the nucleus of an atom. It is denoted by A. An atom is represented by ^A_zX or _ZX^A. The difference between the mass number and atomic number gives the number of neutrons present in the atom, i.e. Number of neutrons = A ˘ Z PLANCK’S QUANTUM THEORY

The quantum theory proposed by Max Planck in 1900 may be stated as : (a) Atom absorbs or emits radiations in small units called quanta or photons of energy, i.e. E = h υ where υ is the frequency of emitted radiations and h the Planck’s constant. Its value is 6.62 × 10^{˘2 7} erg sec or 6.62 × 10^{˘34} J sec.

1

1_{Structure of Atom}

˙Classical Mechanics

KEY CONCEPTS AND EQUATIONS

2

1 QUESTIONBANK

(b) An atom can emit or absorb energy equal to nhυ where n is a whole number.

PHOTOELECTRIC EFFECT

When electromagnetic radiations of sufficient energy are allowed to fall on metal surface such as caesium, sodium, etc., electrons are emitted. This phenomenon is called photoelectric effect. The frequency which provides enough energy just to release the electron from the metal surface is called threshold energy, υ^o. For frequency less than υ^o no electron will be emitted and for higher frequencies υ > υ^o, a part of the energy goes to knock the electron and remaining for imparting kinetic energy to the photoelectron emitted. Thus, h υ = h υ^o + ½ m v_2 where hυ is the energy of the photon of incident light, hυ^o is the minimum energy for an electron to escape from the metal and ½ mv_2 is the kinetic energy of the photoelectron. A graph between the kinetic energy of photoelectrons against the frequency of incident light is shown in Fig.1.1.

EQUATIONSDERIVEDFROMBOHR’STHEORY

To calculate the radius (r) and energy (E) of permissible orbits for one electron species, Bohr derived following equations :

Angular momentum, m v r = .... (i)

Radius of an orbit, r^n = .... (ii)

Energy of an electron in nth orbit

E^n = ˘ .... (iii)

Velocity of an electron in nth orbit v = .... (iv)

n h 2 π n_2 h_2

4 π_2 m Z e_2

2 π_2Z e_2 n h 2 π Z e_2 n h

3

STRUCTUREOFATOM˘CLASSICALMECHANICS

E^1 n_2

v^1 n

h_2

4 π m Z e_2

2 πe_2 h

Z = 1 for H atom or R = 2 π 2 e_4 m c h_3

∴( )

m v r = n h 2 π v = n h 2 π m r or

In CGS units, m is the mass of an electron in grams, e its charge in esu, v its velocity in cm sec_{˘ 1}, r the radius of the orbit in cm, h the Planck’s constant, E the energy in ergs, Z the atomic number and n is the number of an integer having value 1,2,3 ...... representing the first, second, third, .... orbits respectively.

For first orbit of H atom (or He_+or Li_{2+} species) we have r^1 = E^1 = ˘ and v^1 = and for nth orbit we have r^n = n_2 × r^1 E^n = ˘ and v^n=

The difference between two energy states n^2(higher) to n^1 (lower) is given by

ΔE = E^f ˘E^i where E^f is the electronic energy in final state and E^i is the electronic energy in the initial state.

Using Equation (iii) it can be shown that where λis the wavelength and R is called Rydberg constant. Its value is 109677 cm_{˘ 1} or 1.09677 × 10_{˘ 7} m.

SOLVED PROBLEM 1. Calculate the velocity of the electron in the first Bohr orbit

(h = 6.625 × 10_{˘27} erg sec ; r = 0.529 Å ; m = 9.109 × 10_{˘28} g).

SOLUTION:

Formula used

or ΔE = ˘ or = ˘[ ] h c λ or = ˘ [ ] 1 1 n_2^1 n_2^2 or wave number υ = R ˘

2 π_2 Z_2 e_4 m h_2

ΔE = ˘ ˘ 2 π_2 Z_2 e_4 m h_2

2 π_2 Z_2 e_4 m 1 1 h_2 n_2^1 n_2^2[ ]

2π_2 Z_2 e_4 m 1 1 c h_3 n_2^1 n_2^2[ ] l λ

[ ] 1 1 n_2^2 n_2^1

2 π_2 Z_2 e_4 m 1 1 h_2 n_2^1 n_2^2

4

1 QUESTIONBANK

Quantities given n = 1 h = 6.625 × 10_{˘27} erg sec r = 0.529 Å = 0.529 × 10_{˘8}cm

Substitution of values

We have v =

= 0.2189 × 10_9 cm sec_{˘ 1}

= 2.189 × 10_8 cm sec_{˘ 1}

SOLVEDPROBLEM2. Calculate the energy of transition involving n^1= 6 to n^2 = 3 in a hydrogen atom, given that Rydberg constant R = 109737.32 cm_{˘ 1} and h = 6.63 × 10_{˘34} J sec.

SOLUTION :

Formula used

Quantities given h = 6.63 × 10_{˘34}J sec n^1 = 6 n^2 = 3 c = 3 × 10_{10} cm sec_{˘ 1} R = 109737.32 cm_{˘ 1}

Substitution of values

ΔE = (6.63 × 10_{˘34} J sec) × (3 × 10_{10} cm sec_{˘ 1}) × (109737.32 cm_{˘ 1}) ˘

= 2182675.295 × 10_{˘24}˘ J

= 2182675.295 × 10_{˘24} (˘ 0.0833) J

= ˘ 181886 .9 × 10_{˘24} J

= ˘ 1.819 × 10_{˘19} J

SOLVEDPROBLEM3. Calculate the wavelength associated with an electron moving with a velocity of 1 × 10_8 cm sec_{˘ 1}. Mass of an electron = 9.1 × 10_{˘28} g.

SOLUTION:

Formula used

Quantities given m = 9.1 × 10_{˘28} g v = 1 × 10_8 cm sec_{˘ 1} h = 6.625 × 10_{˘27} erg sec

Substitution of values

We have λ =

= 0.728 × 10_{˘ 9} cm

= 7.28 × 10_{˘10} cm

h c λ ΔE =

[ ] 1 1 6_2 3_2 [ ] 1 1 36 9 h m v λ =

6.625 × 10_{˘27} erg sec

(9.1 × 10_{˘28} g) × (1 × 10_{˘ 8} cm sec_{˘ 1})

1 × 6.625 × 10_{˘27} erg sec

2 × 3.14 × (9.109 × 10_{˘28} g) × (0.529 × 10_{˘ 8} cm) or = h c R ˘[ ] 1 1 n^1_2 n^2_2 1 λ = R ˘1 1 n^1_2 n^2_2 ∴ ( ) [ ]

5

STRUCTUREOFATOM˘CLASSICALMECHANICS

SOLVEDPROBLEM4. Calculate the radius of third orbit of hydrogen atom (h=6.625×10_{˘27}erg sec;

m = 9.1091 × 10_{˘28} g ; e = 4.8 × 10_{˘10} esu).

SOLUTION :

Formula used r = Quantities given n = 3 h = 6.625 × 10_{˘27} erg sec m = 9.1091 × 10_{˘28} g e = 4.8 × 10_{˘10} esu

Substitution of values

We have r =

= 0.04772 × 10_{˘ 6} cm

= 4.772 × 10_{˘8} cm

SOLVEDPROBLEM5. Calculate the wavelength of first line in Lyman series of hydrogen spectrum.

(R, Rydberg constant = 109677 cm_{˘ 1}).

SOLUTION :

Formula used

Quantities given

R = 109677 cm_{˘ 1} Z = 1 (for hydrogen atom) n^1 = 1 n^2 = 2 (for 1st line in Lyman series)

Substitution of values

= 109677 cm_{˘ 1} × 0.75

= 82257.75 cm_{˘ 1} or λ =

= 1.215 × 10_{˘ 5} cm

= 1.215 × 10_{˘ 5} × 10_8 Å

= 1215 Å

SOLVEDPROBLEM6. In the photoelectric effect experiment irradiation of a metal with light of frequency 5 × 10_{20} sec_{˘ 1} yields electrons with maximum kinetic energy 6.63 × 10_{˘14} J. Calculate υ^0, threshold frequency of the metal.

SOLUTION :

Formula used h υ = h υ^0 + ½ m v_2 or K.E., ½ mv_2 = h υ ˘ h υ^0

= h (υ ˘ υ^0)

3_2 × (6.625 × 10_{˘27} erg sec)_2

4 × (3.14)_2 × (9.1091 × 10_{˘28} g) × (4.8 × 10_{˘10}esu)_2

1 λ = R Z_2 ˘1 1 n_2^1 n_2^2

1 λ = 109677 cm_{˘ 1} × ˘1 1

1_2 2_2

1 82257.75 cm_{˘ 1}

n_2 h_2

4 π_2 m e_2

[ ]

[ ]

6

1 QUESTIONBANK

m v_2 h

6.63 × 10_{˘14} J

6.63 × 10_{˘34} J sec

Quantities given

KE = 6.63 × 10_{˘14} J υ = 5 × 10_{20} sec_{˘ 1}h = 6.63 × 10_{˘34} J sec

Substitution of values

6.63 × 10_{˘14} J = 6.63 × 10_{˘34} J sec × (5 × 10_{20} sec_{˘1}˘υ^0) or 5 × 10_{20} sec_{˘ 1} ˘υ^0=

= 1 × 10_{20}sec_{˘ 1} υ^0 = 5 × 10_{20} sec_{˘ 1} ˘ 1 × 10_{20} sec_{˘ 1}

= 4 × 10_{20} sec_{˘ 1}

SOLVEDPROBLEM7. The kinetic energy of a subatomic particle is 4.55 × 10_{˘25} J. Calculate the frequency of the particle wave. Planck’s constant h = 6.62 × 10_{˘34} kg m_2 sec_{˘ 1}.

SOLUTION :

Formula used

Frequency, υ =

Quantities given

KE = ½ mv_2 = 4.55 × 10_{˘25} or mv_2 = 2 × 4.55 × 10_{˘25} J h = 6.62 × 10_{˘34} J sec

Substitution of values

We have υ =

= 1.37 × 10_{˘ 9} sec_{˘ 1}

SOLVEDPROBLEM8. What is the frequency of emission spectrum when the electron in hydrogen atom falls from 5th to 2nd orbit ?

SOLUTION :

Formula used ΔE = h c R Quantities given n^1 = 5 n^2 = 2 h = 6.625 × 10_{˘34} J sec c = 3 × 10_8 m sec_{˘ 1} R = 1.09677 × 10_7 m_{˘ 1}

Substitution of values

ΔE = (6.625 × 10_{˘34} J sec) × (3 × 10_8 m sec_{˘ 1}) × (1.09677 × 10_7 m_{˘ 1}) ×

= 21.798 × 10_{˘34+8+7} × (0.04 ˘ 0.25) J

= ˘ 4.5776 × 10_{˘19} J

Now Frequency, υ = = ˘ = ˘ 0.6909 × 10_{15} sec_{˘ 1}

= ˘ 6.909 × 10_{14} sec_{˘ 1}

The negative sign simply indicates the loss of energy.

9.10 × 10_{˘25} J

6.62 × 10_{˘34} J sec

ΔE h

1 1 5_2 2_2 ˘

4.5776 × 10_{˘19} J

6.625 × 10_{˘34}J sec

1 1 n^1_2 n^2_2 ˘ [ ]

[ ] 7

STRUCTUREOFATOM˘CLASSICALMECHANICS

SOLVEDPROBLEM9. Calculate the energy difference, frequency and wavelength of light emitted when the electron in a hydrogen atom undergoes transition from 4th energy level to 2nd energy level

(Rydberg constant = 1.09677 × 10_7 m_{˘ 1}).

SOLUTION :

Formula used

ΔE = h c R

Quantities given n^1 = 2 n^2 = 4 R = 1.09677 × 10_7 m_{˘ 1} c = 3 × 10_8 m sec_{˘ 1}

Substitution of values

ΔE =

= 21.798 × 10_{˘34+8+7} × 0.1875 J

= 4.087 × 10_{˘19} J

Also frequency, υ = =

= 0.6169 × 10_{15} sec_{˘ 1}

= 6.169 × 10_{14} sec_{˘ 1} and wavelength, λ = =

= 0.4532 × 10_{˘6}m

= 4.532 × 10_{˘ 7} m

SOLVEDPROBLEM10. If the energy difference between the ground state of an atom and its excited state is 4.4 × 10_{˘19} J, what is the wavelength of the photon required to produce this transition ?

SOLUTION :

Formula used

ΔE = or λ = Quantities given

ΔE = 4.4 × 10_{˘19} J h = 6.625 × 10_{˘34} J sec c = 3 × 10_8 m sec_{˘ 1}

Substitution of values λ = = 4.517 × 10_{˘34+8+19} m

= 4.517 × 10_{˘7}m

1 1 n^1_2 n^2_2 ˘

(6.625 × 10_{˘34} J sec_{˘ 1}) × (3 × 10_8 m sec_{˘ 1}) × (1.09677 × 10_7 m_{˘ 1}) ( ) 1 1 2_2 4_2 ˘

ΔE h 4.087 × 10_{˘19} J

6.625 × 10_{˘34} J sec c υ 3 × 10_8 m sec_{˘ 1}

6.619 × 10_{14} m h c λ h c ΔE

(6.625 × 10_{˘34} J sec) × (3 × 10_8 m sec_{˘ 1})

(4.4 × 10_{˘19} J)

[ ]

8

1 QUESTIONBANK

SOLVEDPROBLEM11. The electron in a hydrogen atom revolves in the second orbit. Calculate

(i) the energy of electron in this orbit (ii) radius of the second orbit and (iii) frequency and wavelength of the spectral line emitted when this electron jumps to the ground state.

SOLUTION: (i) To calculate the energy of electron in 2nd orbit

Formula used

E^n =

Quantities given n = 2 e = 4.80 × 10_{˘10} esu h = 6.625 × 10_{˘27} erg sec m = 9.1 × 10_{˘28} g

Substitution of values

E^2 = ˘

= ˘ 3594.59 × 10_{˘14} erg

= ˘ 3.59459 × 10_{˘14} erg

= ˘ 3.5946 × 10_{˘11} erg

(ii) To calculate the radius of 2nd orbit

Formula used r^2 =

Quantities given n = 2 h = 6.625 × 10_{˘27} erg sec m = 9.1 × 10_{˘28} g e = 4.8 × 10_{˘10} esu

Substitution of values r^2 =

= 0.0212 × 10_{˘54+28+20} cm

= 0.0212 × 10_{˘6}cm

= 2.12 × 10_{˘ 8} cm

= 2.12 Å

(iii) To calculate the frequency and wavelength of the line emitted

Formula used = R Quantities given n^1 = 1 n^2 = 2 R = 109677 cm_{˘ 1}

Substitution of values

= (109677 cm_{˘ 1}) ×

= 109677 × 0.75 cm_{˘ 1}

= 82257.75 cm_{˘ 1} or λ = = 1.2157 × 10_{˘5}cm

2 × (3.14)_2 × (4.8 × 10_{˘10}esu)_4 × (9.1 × 10_{˘28}g)

2_2 × (6.625 × 10_{˘27} erg sec)_2 n_2h_2

4 π_2m e_2

2_2 × (6.625 × 10_{˘27} erg sec)_2

4 × (3.14 )_2 × (9.1 × 10_{˘28} g) × (4.8 × 10_{˘10} esu)_2

1 λ 1 1 1_2 2_2 ˘

2 π_2m e_4 n_2 h_2

1 λ [ ] 1 1 n^1_2 n^2_2 ˘

1 82257.57 cm_{˘ 1}

[ ]

9

STRUCTUREOFATOM˘CLASSICALMECHANICS and frequency, υ = =

= 2.4677 × 10_{15} Hz

SOLVED PROBLEM 12. According to Bohr’s theory, the electronic energy of the hydrogen atom in nth Bohr’s orbit is given by E^n = ˘ J. Calculate the longest wavelength of light that will be needed to remove an electrons from 3rd Bohr orbit of He_+ ion.

SOLUTION :

Formula used

E^n = ˘

Quantities given

Z = 2 n = 3

Substitution of values

E^n = ˘

= ˘ 9.671 × 10_{˘19} J

Thus the energy required to remove an electron from 3rd Bohr’s orbit of He_+ion is

9.671 × 10_{˘19} J.

SOLVED PROBLEM 13. What transition in the hydrogen spectrum would have the same wavelength as the Balmer transition n = 4 to n = 2 of He_+ spectrum ?

SOLUTION :

Formula used

= RZ_2

Quantities given (for helium atom)

Z = 2 n^1 = 2 n^2 = 4

Substitution of values

= R × 4 ×

= Quantities given (for hydrogen atom)

Z = 1

Substitution of values

= R× 1 since λ^1 = λ^2

We have = R ×

21.76 × 10_{˘19}Z_2 n_2

1 λ^1 1 1 4 16 ˘

1 λ 1 1 n^1_2 n^2_2 ˘

4 R × 3 16

1 λ^2 1 1 n^1_2 n^2_2 ˘

c λ 3 × 10_{10} cm

1.2157 × 10_{˘5}cm

21.76 × 10_{˘19} Z_2 n_2

21.76 × 10_{˘19} × 4 9

4 R × 3 16 1 1 n^1_2 n^2_2 ˘

[ ]

[ ]

[ ]

[ ]

10

1 QUESTIONBANK

or =

This is possible if n^1 = 1 and n^2 = 2

Thus the transition n^2= 2 to n^1= 1 (Lyman series) in hydrogen atom has the same wavelength as the Balmer series transition n^2 = 4 to n^1= 2 of He_+ spectrum.

SOLVEDPROBLEM14. Find out the number of waves made by a Bohr electron in one complete revolution in its 3rd orbit.

SOLUTION :

Formula used m v r =

Quantities given n = 3

Substitution of values m v r = or 2 π r =

= 3 λ

Hence three times the wavelength of electron is equal to the circumference of 3rd orbit. So the electron makes three waves around 3rd orbit.

SOLVEDPROBLEM15.Iodine molecule dissociates after absorbing light of 4500Å. If one quantum radiation is absorbed by each molecule, calculate the kinetic energy of iodine atom. (Bond energy of I^2 = 240 × 10_3 kJ mol_{˘ 1}).

SOLUTION :

Formula used ΔE = Quantities given h = 6.625 × 10_{˘34} J sec c = 3 × 10_{˘ 8} m sec_{˘ 1} λ = 4500 Å= 4500 × 10_{˘10} m

Substitution of values ΔE = = 4.416 × 10_{˘19} J

Now Bond energy of I^2 per molecule = J/molecule

= J/molecule

= 3.984 × 10_{˘19} J/molecule

Kinetic energy of iodine atoms = Energy absorbed ˘ Bond energy

= 4.416 × 10_{˘19}J ˘ 3.984 × 10_{˘19} J

= 0.432 × 10_{˘19} J

∴ Kinetic energy per iodine atom = J

= 2.16 × 10_{˘20} J

3 4 1 1 n^1_2 n^2_2 ˘ n h 2 π

3 h 2 π 3 h m v h m v = λ ∴ h c λ

(6.625 × 10_{˘34} J sec) × (3 × 10_8 m sec_{˘ 1})

(4500 × 10_{˘10} m)

240 × 10_3

Avogadro’s No.

240 × 10_3

6.023 × 10_{23}

0.432 × 10_{19} 2

[ ]

[ ]

11

STRUCTUREOFATOM˘CLASSICALMECHANICS

1 λ 1 1 n^1_2 n^2_2 ˘

[ ] 1 1 2_2 ∝ ˘ [ ]_1^4_˘

1 λ [ ]_{1 1}^22^32_˘

1 λ 1 1 n^1_2 n^2_2 ˘

5 36 1 0.15277 × 10_7 m_{˘ 1}

SOLVEDPROBLEM16. Calculate the wave number for the shortest wavelength transition in the

Balmer series of hydrogen atom.

SOLUTION :

Formula used υ = = R

Quantities given n^1 = 2 n^2 = ∝ R= 109677 cm_{˘ 1}

Substitution of values υ = 109677 cm_{˘ 1}

= 109677 0 cm_{˘ 1}

= 27419.25 cm_{˘ 1}

SOLVEDPROBLEM17. Calculate the energy emitted when electrons of 1.0 g atom of hydrogen undergo transition giving the spectral line of lowest energy in the visible region of its atomic spectrum. (R = 1.1 × 10_7 m_{˘ 1}).

SOLUTION :

Formula used = R Quantities given

R = 1.10 × 10_7 m_{˘ 1} For visible region we have Balmer series and

For Balmer series n^1 = 2 n^2 = 3 (lowest energy)

Substitution of values

= 1.1 × 10_7m_{˘ 1} ×

= 1.1 × 10_7 m_{˘ 1} ×

= 0.15277 × 10_7 m_{˘ 1} or λ = = 6.546 × 10_{˘7}m

To calculate energy emitted

Formula used

ΔE =

Quantities given λ = 6.545 × 10_{˘ 7} m h = 6.625 × 10_{˘34} J sec c = 3 × 10_{˘ 8} m sec_{˘ 1}

Substitution of values

ΔE =

h c λ

(6.625 × 10_{˘34} J sec) × (3 × 10_8 m sec_{˘ 1})

6.545 × 10_{˘ 7} m

[ ]

[ ]

12

1 QUESTIONBANK

= 3.037 × 10_{˘34+8+7} J

= 3.037 × 10_{˘19} J

Now energy emitted from 1 g atom of hydrogen

= 3.037 × 10_{˘19}J × Avogadro’s No.

= 3.037 × 10_{˘19} × 6.02 × 10_{23} J

= 182.82 kJ

SOLVEDPROBLEM18. Calculate the wavelength of radiation emitted, producing a line in Lyman series, when an electron falls from fourth stationary state in hydrogen atom. (R = 1.1 × 10_7 m_{˘ 1})

SOLUTION :

Formula used = R Quantities given n^2 = 4 n^1= 1 (Lyman series) R = 1.1 × 10_7 m_{˘ 1}

Substitution of values

= (1.1 × 10_7 m_{˘ 1}) ×

= 1.1 × 10_7 m_{˘ 1} × 1

= 1.1 × 10_7 × m_{˘ 1}

= 1.0313 × 10_7 m_{˘ 1}

= 1.0313 × 10_7 m_{˘ 1} or λ = = 0.9696 × 10_{˘ 7}

= 9.696 × 10_{˘ 8} m

1. Calculate the velocity of the electron in the first Bohr’s orbit (h = 6.625 × 10_{˘27} erg sec; r = 0.529 Å ;

m = 9.109 × 10_{˘28} g).

Answer. 2.189 × 10_8 cm sec_{˘ 1}

2. Calculate the energy of transition involving n^1= 6 to n^2 = 3 in a hydrogen atom given that Rydberg constant,

R = 109737.32 cm_{˘ 1} and h = 6.63 × 10_{˘34} J sec.

Answer. 1.818 × 10_{˘19} J

3. Calculate the radius of the third orbit of hydrogen atom (h = 6.625 × 10_{˘27} erg sec ; m = 9.1091 × 10_{˘28} g;

e = 4.8 × 10_{˘10} esu).

Answer. 4.763 × 10_{˘ 8}

1 λ [ ] 1 1 n^1_2 n^2_2 ˘

1 λ 1 1 1_2 4_2 ˘ 1 16 ˘ 15 16

1 1.0313 × 10_7 m_{˘ 1}

[ ] [ ]

13

STRUCTUREOFATOM˘CLASSICALMECHANICS

4. Calculate the wavelength of the first line in Balmer series of hydrogen spectrum. (R = 109677 cm_{˘ 1})

Answer. 1215 Å

5. What is frequency of a red light source having wavelength of 700 nm (nanometer) ? Calculate the energy of a photon of light.

Answer. 4.28 × 10_{14} sec_{˘ 1} ; 2.78 × 10_{˘19} J

6. What is the frequency of emission spectra when the electron in a hydrogen atom falls from n^6orbit to n^2 orbit ?

Answer. 7.30 × 10_{14} sec_{˘ 1}

7. A light beam has a frequency of 1.0 × 10_{12} Hertz. What is the wavelength of the beam in meters ? The velocity of light is 3.0 × 10_8 m sec_{˘ 1}.

Answer. 3.0 × 10_4 m sec_{˘ 1}

8. Sound waves travel about 203 m sec_{˘ 1} in air. What is the wavelength of the sound produced by a tuning fork of 512 vibrations per second ?

Answer. 0.396 m

9. Calculate the loss of energy in Joules per mole of photons, when atoms release radiations at a frequency of

10_{12} sec_{˘ 1}.

Answer. 4 × 10_2 J mol_{˘ 1}

10. An electron in an atom drops to a lower energy level with the release of 5.0 × 10_{14} sec_{˘ 1} radiations. What is the loss of energy in J mol_{˘ 1} ?

Answer. 2.0 × 10_5 J mol_{˘ 1}

11. Visible light is in the range of 4.0 × 10_{14} Hz to 7.5 × 10_{14} Hz. Calculate the range of visible radiation in meters.

Answer. 4 × 10_{˘ 7} m to 7.5 × 10_{˘ 7} m

12. In hydrogen atom the energy of the electron in first Bohr’s orbit is ˘ 1312 × 10_5 J mol_{˘ 1}. What is the energy required for the excitation of second Bohr’s orbit ?

Answer. 9.84 × 10_5 J mol_{˘ 1}

13. The kinetic energy of an electron is 4.55 × 10_{˘25}J. Calculate its wavelength (h = 6.6 × 10_{˘34} kg m_2 sec_{˘ 1}; m

= 9.1 × 10_{˘31} kg)

Answer. 7.2 × 10_{˘ 7} m

14. The reaction I^2_{energy} 2 I was brought about by light radiation. It was found that 151 kJ mol_{˘ 1} of light was required to dissociate the molecular iodine. Assuming that one quantum of light energy was required to dissociate one molecule of iodine, calculate the energy in Joules in one quantum of light and the wavelength of the light radiations in meters.

Answer. 2.51 × 10_{˘19} J ; 7.92 × 10_{˘ 7} m

15. Using Bohr theory, calculate the radius and velocity of the electron in tenth orbit of hydrogen atom.

Answer. 0.53 × 10_{˘ 6} cm ; 21.9 × 10_7 cm sec_{˘ 1}

16. Calculate the frequency and energy associated with photons of radiations having a wavelength of 6000 Å.

Planck’s constant = 6.625 × 10_{˘27} erg sec.

Answer. 5 × 10_{14} cps ; 3.312 × 10_{˘27} erg

17. Calculate the range of frequencies of visible light (3800 Å to 7600 Å)

Answer. 3.948 × 10_{14} cps to 7.894 × 10_{14} cps

18. Calculate the wave number of lines having frequency of 4.5 × 10_{16} cps.

Answer. 1.5 × 10_8 m_{˘ 1}

19. Calculate the energy in kcal mol_{˘ 1} of photons of an electromagnetic radiations of wavelength 4000 Å.

Answer. 71.47 kcal mol_{˘ 1}

20. Electromagnetic radiation of wavelength 242 nm is just sufficient to ionize the sodium atom. Calculate the ionization energy of sodium in kJ mol_{˘ 1} ; h = 6.6256 × 10_{˘34} Joule sec.

Answer. 494.5 kJ mol_{˘ 1}

21. In a hydrogen atom, an electron jumps from 3rd orbit to first orbit. Find out the frequency and wavelength of the spectral line.

14

1 QUESTIONBANK

Answer. 1025.6 Å

22. Calculate the wavelength and energy of radiations emitted for the electronic transition from infinity (∝ ) to stationary state of the hydrogen atom. (R = 1.09678 × 10_7 m_{˘ 1} ; h = 6.625 × 10_{˘34}Joule sec and c = 2.9979 × 10_8 m sec_{˘ 1})

Answer. 9.11 × 10_{˘ 6} m ; 217.9 × 10_{˘23} kJ

23. Calculate the wavelength in Å of the photon that is emitted when an electron in Bohr orbit n = 2 returns to the orbit n = 1 in the hydrogen atom. The ionization potential in the ground state of hydrogen atom is

2.17 × 10_{˘11} erg per atom.

Answer. 1220 Å

24. What transition in the hydrogen spectrum would have the same wavelength as the Balmer transition n = 4 to n = 2 of He_+ transition ?

Answer. n = 2 to n = 1

25. A line at 434 nm in Balmer series of spectrum corresponds to a transition of an electron from the nth to 2nd

Bohr orbit. What is the value of n ?

Answer. n = 5

26. The electron energy in hydrogen atom is given by E = ˘ 21.7 × 10_{˘12}/n_2 ergs. Calculate the energy required to remove an electron completely from the n = 2 orbit. What is the longest wavelength (in cm) of light that can be used to cause this transition ?

Answer. ˘ 5.42 × 10_{˘12} erg ; 3.67 × 10_{˘ 5} cm

27. The energy transition in hydrogen atom occurs from n = 3 to n = 2 energy level. (R = 1.097 × 10_7 m_{˘ 1}).

(i) Calculate the wavelength of the emitted electron (ii) Will this electron be visible ? (iii) Which spectrum series does this photon belong to ?

Answer. 6564 Å ;Yes ; Balmer series

28. Calculate the energy emitted when electrons of 1.0 g of hydrogen undergo transition giving the spectral line of lowest energy in the visible region of its atomic spectrum (R = 1.1 × 10_7 m_{˘ 1}; c = 3 × 10_8 m sec_{˘ 1}; h = 6.62

× 10_{˘34} J sec)

Answer. 182.5 kJ

29. The energy of the electron in the second and third Bohr orbits of the hydrogen atom is ˘ 5.42 × 10_{˘12} erg and

˘ 2.41 × 10_{˘12} erg respectively. Calculate the wavelength of the emitted radiation when the electron drops from third to second orbit.

Answer. 6600 Å

30. A doubly ionized lithium atom is hydrogen like with an atomic number 3. (i) Find the wavelength of the radiation required to excite the electron in Li from the first to third Bohr orbit (Ionization energy of hydrogen atom is 13.6 eV) (ii) How many spectral lines are observed in the emission spectrum of the above excited system ?

Answer. (i) 113.7Å (ii) 3

31. An electron beam can undergo diffraction by crystals. Through what potential should a beam of electrons be accelerated so that its wavelength becomes equal to 1.54 Å.

Answer. 8.0459]

32. With what velocity should an α - particle travel towards the nucleus of a copper atom so as to arrive at a distance of 10_{˘13} meter from the nucleus of the copper atom ?

Answer. 6.318 × 10_6 m s_{˘ 1}