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Bohr Model of Hydrogen Atom

n " n "
- W s
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In the Bohr model, electrons:

- have quantized energies.

- have orbits a fixed distance from
the nucleus.

W unacademy

Postulates of Bohr Model of the H Atom

Bohr’s first postulate was that each atom has certain definite stable states in which 1t can exist, and
each possible state has definite total energy. These are called the stationary states of the atom,

Bohr's second postulate defines these stable orbits, This postulate states that the electron revolves
around the nucleus only in those orbits for which the angular momentum is some integral multiple
of h/2x where h is the Planck’s constant (= 6.6 * 10-34 ] s). Thus the angular momentum (L) of the
orbiting electron is quantised. That is, L, = nh/2x.

The electrons present in an atom can move from a lower energy level (Ejp) 10 a level of higher
energy (Eygnee) by absorbing the appropriate energy. Similarly, an electron can jump from a higher
energy level (Eyyg,) to a lower energy level (Eyyy) by losing the appropriate energy.

The energy absorbed or lost is equal to the difference between the energies of the two energy levels,

Le.

AE= Em e



https://youtu.be/KvCezk9DJfk

Centripetal Force Equation
’Bohr’s Postulates for Hydrogen, 1

Av
Combining these two equations . .. Av vt
P e b V4 The electron moves in circular orbits = 1h€ Orb‘t"_‘g clect'r‘on - 2_‘"0“""‘1
V around the proton under the electric force = to be only in specific orbits of
F; = mac and ac = — of attraction. discrete radii.
r a2 The Coulomb force produces the
centripetal acceleration. —
you get: v A
2 7
my /
— /
F=——- ,
¢ : +e
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\
\
\
\
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2" Postulate : mvr=nh/2n
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Kinetic energy of electron =
nE

The kinetic energy is then:  —m.* -

THE ENERGIES OF ORBITALS

There are 2 forces acting on a circling
electron:

"« Electrostatic attraction

» Centripetal force

. They must be equal to keep the

electron stable:

1 € mev?

F =

Ao r2 r

2
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Consider a single hydrogen atom: 4 EY : e
S Y 2 ; L *. Total encrgy of electron = o ¢ -
i - !:(;Ur -l:r,or
an electron of charge = -e free to move around : —n
in the electric field of a fixed proton of charge = +e 1 1 c:
(proton is ~2000 times heavier than electron, so we ' y . Total energy of ¢lection = - e
consider it fixed). . Hy;'",’g?“* BRE,r
- =
Qg - ‘
The electron has a potential energy due to the attraction to proton of: &, n°h*°
Butr» ’Q_,'
9 Tme”
e , .
Vir)=- where r is the electron-proton separation & zme
dme,r " Total enengy of electron = - . s
BRE, g n-h”
)
$o g - 1 2 ])2 m e’
The electron has a kinetic energy of K F — —moy® = = " Total emcrgy of ¢leciron = - 1
2m Be,* n” b
> g
The total energy is then () = :

2m 4me,r



Spectral Series of H atom

. E(eV)
o o.oo .
: 3%
IR
4 + -0E5
3 YY¥YY 5
l Faschen
Series
5 YYvy ~3 40
Balmer
geries
av
Lyman
Series
| _YIYYY 136

Excited
gtates

G roud
atate

Energy lewvels of the hydrogen atom with some of the
tratisitions betw een them that sive rise to the spectral
lities indicated
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