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The Bohr Model of the Atom

Problem with Rutherford's model


Based on his famous (-scattering experiment Rutherford proposed in 1909 that the nucleus is in the center of the atom and electrons revolve around the nuclens.  But this model could turned out defective defect:  An orbiting electron is constantly accelerating.  Since it is charged, it is expected to emit radiation (a property of a moving charged particle).  If the electron emits radiation, it will lose its energy, consequently slow down and eventually fall it into the nucleus.  As a result, atom will not be stable.

In 1913, Bohr resolved this problem by proposing his theory of atom.  He proposed that each electron moves in a fixed circular orbit with around nucleus, centripetal force required for the circular motion is provided by the electrostatic force of attraction between the positively charged nucleus and negatively charged electron.  The energy of electron depends on the radius of the orbit. 

In addition, Bohr made two revolution any proposals.

1)
The angular moments of the electron are integer multiples of h/2
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mvr = nh/2
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 (n = 1, 2, 3, …..)



Thus, the angular momentum does not have a continuous values i.e. it is quantised.  This means that electrons can have only certain orbital radius, i.e. electrons are allowed to have only certain values of energy.  Electrons can remain only in levels with fixed energy called energy, levels or stationary states.  An electron can remain in an energy level without losing any energy.

2. An electron can jump from one orbit to another.  In doing so it will either lose or gain energy by emitting or absorbing radiation.

E2 – E1 = hf



E1 and E2 are energies of energy levels if E1>E2, then electron will lose energy by emitting radiation. 

Mathematical Treatment of the hydrogen atom according to the Bohr model

Consider an electron of mass m and charge e moving with velocity v in a circular orbit of radius r about a hydrogen nuclens.

F= 
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F = force of attraction on electron due to nucleus.

Centripetal force = mv2/r

Force of attraction = centripetal force
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  (by multiplying with mr3 on both sides)

From Bohr's first assumption 

Mvr = nh/2( (n = 1,2,3 …..)
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The total energy of the atom E = Ekt Ep
Ek = kinetic energy of the electron  = 
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Ep = potential energy of the electron

If the nucleus is considered to be a point change, the electric potential at a distance  r = e/4 ( Eor

Therefore, work done in bringing an electron from ( to a point at a distance r from the nucleus 


= -
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If the (minus charge is due to because nucleus attracts the electron)

If the potential energy of the electron is taken to be zero at (, then


Ep = -
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 EMBED Equation.3  [image: image12.wmf]r
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Remarks: The energy of H atom is always negative.

Energy levels of Hydrogen Atom

The energies of the electrons in an atoms have only certain values, i.e. they are quantised.  These values are called energy levels of the atom.  All atoms of a given element have the same set of energy levels.  This set is characteristic of the element.  They are different for different elements.  Energy levels cab is calculated by using wave mechanics.  Energy levels of hydrogen atoms are calculated by using Bohr model.

Energy levels of an atom are represented as a set of horizontal lines. 

        O                                              

N =


Electron of H normally occupies the lowest levels (n=1) and has an energy of –136 e.v.  When the electron is in the lowest level, the atom is in its ground state. 

If the atom is absorbs energy by any means, the electron may be sent into one of higher energy levels (from n=1                     n = 2,3,4 …..).  The atom is now unstable.  It is in the excited state.  After short interval the electron balls back into the lowest.  The atomreturn to its ground state.  The atom is again unstable.  The energy that was first absorbed is emitted as electro-magnetic wave (recitation or photon).

Each energy level is indicated by quantium nuber, n.

The ground state has n = 1,

First excited state has n = 2

When n = (, the energy of the level is zero.  If the electron is sent to n = ( level, it become free of the atom.  An atom, which has lost an electron, is said to be ionized.  Energy required to ionize a H atom which is in its ground state is 13.b ev.

Line spectrum of atomic hydrogen
Suppose H atom receives energy from a source and sends its electron to n = 4 energy level.  After a short time the electron will return to n = 1 level.  There are four possible routes.

(a)
n = 4

n = 3 

n = 2 

n = 1

(b)
n = 4

n = 3

n = 1



c)
n = 4

n = 2 

n = 2



(d)
n = 4

n = 1

That means it involves six transitions:-


N = 4

n = 3,  n = 4 

n = 2, 
n = 4 

n = 1




N = 3

n = 2,
n = 3 

n = 1





N = 2 

n = 1

Each transition involves emission of radiation; its frequency depends on the difference in energy of the two levels involved (from Bohr's second postulate).  When there are large number atoms, different transitions take place at the same time.  As a result lights of having different frequencies are emitted.  Therefore, line spectrum of hydrogen is composed of light of these frequencies. 

Main spectral Transitions of atomic hydrogen
Figure




Transitions that end up in n = 1, give rise to layman series

N=2,3,4, ….. (                n = 1 (Lyman series)

Transitions that end up in n = 2,

Give rise to Balmer series


N = 3, 4 … (                n = 2 (Balmer series)

Transitions that end up in n = 3  give rise to Paschen series.


N = 4, 5, 6 … (                (Paschen series)

Calculation of the frequency of emitted radiation
We know, E2 – E1 = hf

Consider n = 4                 h = 3  transition.

E2 = energy of the energy level n = 4
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E2 – E1 = hf

0.66 ev = 6.6 x10-34  JS x f

converting e V in J

Lev = 1.6 x 10-19  J

0.66 x 1.6 x 10-19 J = 6.6 x 10-34  J S f

f = 
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To calculate (
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Wavelengths calculated mathematically in this way are in excellent agreement with those observed in the line spectrum of H (This agreement provides strong evidence of the existence of energy levels).

The spectrum of hydrogen atom contains distinet groups of lines.  The three most obvious groups are Lyman series, Balmer series and Paschen series.

Frequency of Lyman lines > Frequency of Balmer lines > Frequency of Paschen lines

( of Lyman lines < ( of Balmer lines <. ( of Paschen lines. 

Wavelengths of Lyman series are in UV region,

Wavelength of Balmer series are in Visible region,

Wavelengths of Paschen series are in Infrared

Ionization Potential

The minimum amount of energy required to ionize an atom which is in its ground state (n = 1), i.e. to remove its most lousily bound electron, is called the first ionization energy.  In ionization the electron is excited from ground level (n = 1) to na (Ea = 0).  Suppose an atom in ground level absorbs an amount of energy eV which just removes an electron completely from the atom, then eV is the ionization energy and V is ionization potential of the atom.

The ionization potential of hydrogen atom is E1 – E1 = 0 – (-13, 6 eV) = 13.6 eV and the value of ionization potential is to 13.6V.

Excitation Potential

The minimum amount of energy required to raise an atom from its ground state to an excited state is called the excitation energy of the atom.  If the excitation energy is e.V. then the excitation potential is  V is excitation potential.  For hydrogen ground state energy E1 = - 13.6 e V and energy of the third excited level ; E4 = - 0..085 eV. So the excitation energy to raise the hydrogen atom in ground state to the third excited state (n =4) = 12. 75 eV, corresponding value of excitation potential is 12.75 V.

Emission Spectra
Excited atoms radiate energies as electrons come down from higher to lower states.  Values of these energies are equal to the energy gaps between energy levels occupied by electrons before and after emission of radiations.  Wavelengths of emitted radiation are separated and measured by diffraction grating and can be recorded as lines on a photographic film.  The set of such lines is characteristic of a particular atoms and is known as emission spectra.

Types of emission spectra.

a) Emission line spectra -  It contains few lines and is given by monatomic gases, viz. H, Ne, Kn, He

b) Emission band spectra -  It is more complex and is given by gaseous molecules, in a discharge tube.  Each band consists of a series of closely spaced lines caused by vibrational and rotational transitions. 

c) Emission continuous spectra.  These spectra are obtained from solids and liquids.  In these states of matter atoms and molecules are close together, and the energy changes in a particular atom are affected by neighboring atoms to such an extent that radiations of all different wardengths are emitted.  The spectrum of the sun is continuous. 

Emission spectrans of hydrogen
H atom gives an emission line spectrum.  Hydrogen gas is placed inside a narrow discharge tube at low pressure.  Metal electrodes at the end of the discharge tube are connected to a high voltage such as 1000 v.  a discharge light column is obtained between A and B.  When the light is examined using diffraction grating and recorded on a photographic film, the emission spectrum is seen to consist of  well – defined separated lines.  This type of spectrum is called a line spectrum.


Description of emission spectrum of Halom

Hydrogen spectrum contains five distinct groups of lines.

1. Lyman series

2. Balmer series

3. Paschen series

4. Brackelt series

5. Pfund series

Lyman series originate from transitions of electrons form higher levels to n = 1 level.

Balmer series originate from transitions of electrons from higher level to n = 2 level.

Paschen series originate from transitions of electrons from higher level (n>3) to n = 3 level

Brackelt series originate from transitions of electrons from levels n > 4 to n =4 level.

Pfund series originate from transitions from level n > 5 to n = 5 level.

Some wavelengths of emission spectum of H (nm) (experimental values)

N
Lyman

Balmer

Pachen

Brackett
Pfund


(n = 1)

( n = 2 )
n = 3

n = 4

n = 5

2 121.568
3 102.583
656.279

4 97.254

486.133
1875.105

5 94.974

434.047
1281.811
4050

6 93.781

410.174
1093.8

3630

9400

(
91.176

364.598

Rydberg Constant
E2 = energy of the energy level n = 2


[image: image20.wmf]
E1 energy of the energy level n = 1

For hydrogen atom

E2 – E1 = nf = 
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is known as Rydberg's constant ®
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Computation of wavelength of spectral lines of hydrogen spectrum

For H atom

( = 
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Balmer series:

N2 = 3 

n1 = 2

( = 
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Experiment value of ( = 654.279

% error = 
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% error = 0.029%

n2=5

n1 = 2
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CALCULATION OF ATOMIC RADIVS HYDROGEN

Show that radius of hydrogen atom in ground state is 0.529 n

rn - 
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K = 
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rn = radius of nth energy level.

n = 6.62 x 10-34 JS, e = 1.6 x 10-10  C

m = 9.1 x 10-31Kg,    K = 9 x 109 Nm2 C-2
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=5.294 x 10-11
= 0.529 x 10-10 m
= 0.529 Ao
= 0.0529 nm

1Ao  = 10-8 cm

= 10-10 m

Radius of various energy levels can be calculated as follows:

rn  = 
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= 0.529 x 10-10 m x n2
r1 = 0.529 x 10-10 m

r2 = 0.529 x 4 x 10-10 m = 2.116 x 10 –10 m




  = 0.212 x 10 –1 m

          


  0.212 nm

r3 = 4.761 x 10-10 m  or 0.476 nm

r4 = 0.846 nm

Remember that

1. Radius of a ground state hydrogen atom = 0.529 x 10-10 m

2. Energy of the ground state H atom = - 13.6 e V

Light amplification stimulated emission of radiation LASER.

Eimstein predicted that the probability per unit time that an excited atom fall to lower level and emit a photon is determined by two phenomenon – spontaneous emission and stimulated emission.

Spontaneous emission -  It is a general form of emission.  Excited atoms unit emit radiation when electrons in upper level fall to lower levels.  This occurs randomly and radiations is emitted in all direction and is incoherent (not in the same phase)

    E2                           Electron                              E2
                                                                                                 


Photon of 












Frequency












= (E2 – E1) h

      E1





     E1






                      



    Excited atom




spontaneous emission

Stimulated emission

Emission is stimulated by a photon having exactly the correct energy which is present near the excited atom.  In this situation photon induces electrons to fall down from an upper to a lower level and the atom emits a new photon (called stimulated photon).  This photon has the same phase, frequency and direction travel as the stimulating photon.

Population inversion   For LASER to work, it is necessary that the number of electrons in upper level be greater than that in lower levels.  The population of excited atoms should be higher than the population of stable atoms.  This situation can be achieved by the use of a powerful radio frequency generator for a halium – neon Laser.  The radio – frequency produces a discharge in the gas so that the atoms are excited or pumped upto a higher energy level.  Upon collisions with Na atoms, excited He atoms excite Ne atoms to higher energy levels and cause population inversion in Ne.

He* + Ne 


Ne*
+  He

Ne*

  photon + Ne

Multiplication of number of photons

Emitted photons are repeatedly used for stimulated emission by reflecting them back and forth between two optically plane mirrors that are fixed on the ends of the LASER tube.  As the photons pass by the excited new atoms, they induce emission of photons by the atoms. 

Properties of light from LASER

ASER produces a highly powerful burst of light.

a) Laser light is monochromatic because all the photons have the same frequency  = [(E=2 – E1)/h]

b) Laser light is coherent because emitted waves are in phase.

c) Laser light is very intense between because emitted waves are in phase or coherent.  Laser light is n times more intense than ordinary light where n = no. of waves.

Working of a He – Ne gas laser

The figure shows the basic feature of a He – Ne laser.  The He – Ne gas mixture is contained inside a long quarts tube  with optically plane mirrors at each and a powerful radio generator is used mirror to cause population inversion in Ne atoms.  A stray photon induces stimulated emission of a new photon.  Amplification of photons is achieved by reflection at mirrors.  So, strong stimulated emission of photons occurs. 

Franck-Hertz Experiment:  Bohr's idea of energy levels in atoms was confirmed by Franck and Hertz in 1914.

Elastic and Inelastic Collisions:  When electrons collide with atoms, resulting collisions can be elastic or inelastic depending on the energy of electrons.  In elastic collisions electrons are unable to excite atoms.  For inelastic collisions electrons must have kinetic energy equal to integral multiple of excitation energy of the atom. 

K.E. (e) = n. Ec; R.E.(e) = Kinetic energy of electron, Ec = excitation energy

N = number of atoms an electron can collide with.

E(nEc) + nA                    nA*

Sodium vapour at a very low pressure of about a millimeter of Hg is inside a tube having a tungten filament, a grid plate G and a plate A.  When F is heated by a battery electrons are emitted from F.  The distance FG is much greater than the average free path of the electrons in the sodium gas.  Therefore, electrons make several collisions with Na atoms before reaching G.  Plate A collects electrons.  The potential difference between F and G, accelerates the electrons to kinetic energy values eV which increases with V.  The p.d. between A and G is made less than 1 volt.  A is made negative in potential relative to G so that electrons with low kinetic energy near A move in the AG direction and are not collected by a Electrons reaching A produce a current I measured by E.

When the p.d. between F and G is increased from zero, the current I increases, When V reaches p a value p of excitation potential (Ve) of the atom (point P), I decreases and reaches a minimum value as V is inversed.  With a further increase in V, I increase again to another peak where V = 2 x excitation potential; As the V is increased further, I first decreases and increases to a new peak for  V = 3 Vc 2 hic cycle continues. 


With sodium atoms, Vc between two maximum values was found to be about 2.1 eV. 

***
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R= 1.097 x 107 m-1 for hydrogen atom
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Tungsten filament, , Cathode
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