ATOMIC STRUCTURE
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Properties of photons

* These are particles with wave nature.

* Rest mass of photon is zero.

* In vacuum photon travels with a speed of 3x10% m/s.
* Photons have frequency and wavelength.

* Photos has energy and Momentum.



Bohr’s Postulate

1. The electrons _Eevolve around the nucleus in circular orbits. The

\ . . . .
coulomb force{\the essential centripetal force to keep it a revolving
in circular orbits.
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2. The electron revolves around the nucleus in some permitted orbits
only. These orbits are known as stationary orbit or fixed orbits. In

these orbits of special radius the electron does not radiate any
energy. -




If the electron jumps from orbit of higher energy E, to an orbit of
lower energy E, it emits a photon. On the other hand the electron
can jump from an orbit of lower energy E, to an orbit of higher
energy E, by absorbing energy from some outside source.
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4. Electron revolves only in those orblts in which its angular
momentum is mtegral multiple ofﬁ This is Bohr’s quantlsatlon
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Results to be remembered
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Energies of Different Energy Level in Hydrogen Like Atoms

E=0
E=—0.5472
hJ=0912° eV

SN E=—0.85 72
J/ E=-1.5172

%
. E=-34 72

>

E=-13.672

=1 3:0.7° ey
-3.40 Z2 eV
=1 .1 £° BY
-0.85 22 eV
= -0.54 Z% ev
= -0.36 Z2 eV
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Ex. What is the angular momentum of an electron in Bohr’s Hydrogen
atom whose energy is -3.4 eV ?

Sol.
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Binding energy (B.E.)

Binding energy of a system is defined as the energy released when it's constituents
are brought from infinity to form the system. It may also be defined as the energy
needed to separate it's constituents to large distances. If an electron and a proton
are initially at rest and brought from large distances to form a hydrogen atom, 13.6

eV energy will be released.

The binding energy of a hydrogen atom is therefore 13.6 eV.



Ans. [4] Q In a hydrogen-like atom, if the electron
Sol. transits from lower energy state to higher
energy state, then which of the following
statement is correct?
(1) KE of electron and PE of atom, both
increase
(2) KE and PE of atom, both decrease
(3) KE increases while PE decreases
\/64')/KE decreases while PE increases



Ans. [4]

Sol.

L= o
27

Q Which of the following parameters are the

same for all hydrogen-like atoms and ions in
their ground states ?
_(1) radius of the orbit *
_(2) speed of the electron 7*
{3) energy of the atom X
orbital angular momentum of the

electron
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Q The ratio between total acceleration of the
electron in singly ionized helium atom and
hydrogen atom (both in ground state) is -
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Ans. [1] Q The diagram shows the path of four a-particles

Sol.

of the same energy being scattered by the
nucleus of an atom simultaneously. Which of
these are/is not physically possible —

In case (3) particle will
retrace its path and in case
(4) particle will experience

repulsive force. ),
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Q Angular momentum (L) and radius (r) of a
hydrogen atom are related as -
A1) Lr = constant {2) Lr? = constant
{3) Lr* = constant ‘/(A')/none of these



Q The distance of closest approach of an a-
particle is fired at a nucleus with momentum
p is r,. When the a-particles are fired at the
same nucleus with momentum 5p, the
distance of closed approach will be -

{1) 5r (2) 251,
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3) —r —r
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Energies of Different Energy Level in Hydrogen Like Atoms

E=0
E =-13.6Z>eV
N\ eoszev E =-3.4022eV
\ E=-0.8572 eV E; ==1.51 /72 eV
. ) E=-151Z2 eV E4 = -0.85 Z22eV
e et Eg=-0.54 22 ev
e-saz2ev E = -0.36Z2 eV

Z[\f hy= Es-& E=-13.6Z2 eV




n=1

E=-0.5422 eV

x E=-0.8572 eV

\\
\ E=-1.51Z2 eV

E=-13.6Z22 eV
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Note:-

» The process of excitation and ionisation both are absorption
phenomena.

lonization Energy

e photon of
. . e E A wavelength A
The minimum energy needed to ionize an ""NWW
atom is called ionization energy. Py @ LR A
. . VoM Ze S
The potential difference through which an
electron shoulql bg aFceIerated tq acquire spectrum
the value of ionization energy is called origin of abearption spectra

ionization potential.



Number of spectral lines

If an electron jumps from higher energy orbit to lower energy orbit it
emits radiations with various spectral lines. If electron falls from orbit n, to
n, then the number of spectral lines emitted is given by

(n, =ny + Dy —ny)
2

If electron falls from nt" orbit to ground state (i.e. n, = n and n, = 1) then number of

spectral lines emitted
%’ N=4 t n=!

N, =

= N, =2 (”;' D
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Hydrogen Spectrum and Spectral Series

— - _ 1 1 1
v=—=R|l—5—-—
Z =] A n, n,
Continuum
o _ ~0.38
5" excited state n = 6 lpfurd Sy eV
4" oxcited state n =5 0.4 &V
l Brackett Series
3" excited state n = 4 h 4 —0.85 eV
l Paschen Series
2 excited state n =3 — ~1.5eV
Balmer Series
1% excited state n = 2 AAA —3.40 eV
Lvman Series

Ground state [, — 1 _vyyvyvy -13.6 &V




The result are tabulated below :

Series

Observed

Value of n,

Value of n,

Position in the
Spectrum

Lyman Series

2,.3.4...0

Ultra Violet

Balmer Series

Paschen Series

3,4.5..0

Visible

[nfra-red

Brackett Series

5. Pfund Series

6,7,8....0

[nfra-red

[nfra-red




Ex. A single electron orbits around a stationary nucleus of charge +Ze where Z is a constant

and e is the magnitude of electronic charge. It requires 47.2 eV to excite the electron
from the second orbit to third orbit. Find

(i) The value of Z.

(i) The energy required to excite the electron from the third to the fourth Bohr orbit.
[ The ionization energy of hydrogen atom =13.6 eV,
: l \
— -11 . bR -—
Bohr radius (a,) =5.3 x 107+ m, Q,) EA.“ Eg = 1367 [4) EJCV
Velocity of light = 3 x 108 m/s,

Planck's constant = 6.6 x 10734 J—s ]

¢ () €,- €, = 47.2eV

| £,-E = 16.53¢V

R (ii)

-
- .3.@,22[3% —;)‘?]@v = 47.22Y
z>=25

12:5 I 1_4‘_7*3(')



Q.

2=\

The time period of revolution of an electron in its ground state orbit in a hydrogen atom is 1.6 x 10™'%s. The

frequency of the electron in its first excited state (in s™') is :

v/z//rsxm“

c. 3.7x10"

b. 7.8 x 10

d.  3.7x10%
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“1glev Q. Radiation coming from transitionsn=2ton =1
of hydrogen atoms fall on He* ions in n =1 and
n=2 -3-4cv n =2 states. The possible transition of heliumions

"V\/b7'o‘Q “ as they absorb energy from the radiation is
-13.6 eV
nei n=2-n=4
Ev»@a»a ﬁ a»lwhwx telensed W"@J’?W ) 102V 9) =2 =5
3) n=2->n=3
. -
%?Hd{uw[z ) (4 n=1->n=4
Nn=s -9.16 eV |
o —2.4eVN ) N
,‘,12 f _Z.ticv Pv%\\ole ’maw.x«tHGM &A He a,lﬂw 14
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N=1 -54.4¢ev




) L
2 T T
g/' ;" = R Z [7){ 'Y),i’/ov Taking the wavelength of first Balmer line in

hydrogen spectrum (n = 3 to n = 2) as 660 nm,
the wavelength of the 2"d Balmer line (n = 4 to
W[

L__i_ n = 2) will be :
ol 2 - (1) 889.2 nm M&.g nm

(3) 388.9 nm (4) 642.7 nm
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Q. A He* ion is in its first excited state. Its
ionization energy is :

\/(»rﬁ 3.60 eV (2) 6.04 eV

(3) 48.36 eV (4) 54.40 eV



Example

The excitation energy of a hydrogen-like ion in its first excited state is 40.8 eV.
Find the energy needed to remove the electron from the ion, which is in ground
state.

g}“ 40-9eV=-13.6 7* ;Lf,“";(
= z=4

= \2:2]
I

I
O oupsation Quagg = <12.62%) 3 “ﬁ’]
- 13'67( 4—
= 54.4¢eV




SPECTRUM Dispersed light arranging itself in a pattern of different

wavelengths is referred to as a spectrum.

Spectra

|
v v

Emission Absmiption
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v v v v v

Continuous Line Band Line Band




CONTINUOUS SPECTRUM

Dispersion




ABSORPTION SPECTRUM

RN

Absorption
Spectrum



EMISSION SPECTRUM

E=nhv

Emission
Spectrum




Hydrogen Spectra




Pfund Series
Humphrey Series

—

-4 656 nm

‘ l | |

—

8 J - J 0 J - J
Y L3 Y o

Lyman Series Balmer Series Paschen Series Brackett Series




is unable to explain the following facts :

« The spectral lines of hydrogen atom are not single lines but each one is a
collection of several closely spaced lines.

e The structure of multi electron atoms is not explained.

 No explanation for using the principles of quantization of angular
momentum.

* No explanation for Zeeman effect. If a substance which gives a line
emission spectrum is placed in a magnetic field, the lines of the spectrum

get splitted up into a number of closely spaced lines. This phenomenon is
known as Zeeman effect.
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Recoil Velocity of Atom
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Q The recoil speed of a free H-atom at rest in
fourth excited state, when it undergoes a

2 transition to ground state is

. (mass of the H atom = 1.67x107%’) in m/s is

- [Take h=6.68x10734Js and R,;=1x10” m™]

@25)« k@w}g c)g.sw}g JQ))Q-QW/J

| = §.68 x 19" x lx!ﬂ{xazt
7~e77gf/(gﬂ’fx9_5‘
e an

-




Atomic Collision:

Q. An neutron with kinetic energy 5eV is incident on a H-atom in its ground state.
The collision:

must be elastic (B) may be partially elastic
(C) must be completely inelastic (D) may be partially inelastic
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Ans. [2] Q In previous question, what should be the
minimum energy of neutron to make

Ag in P&eu(@% we,szh(%/ W - collision inelastic.
(1) 10 eV

20.4 eV

ewe)z(w sz hoj#g 'Wh“’( (3) 10.2 eV Vﬁj)/zlo.s eV
S0 P wmake G4
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W"'% c&wewww gequitef




Q. An electron of energy 10.8 eV undergoes an inelastic collision with a hydrogen
atom in its ground state. Then (assuming mu >> me, neglecting recoil of atom) -
(A) the outgoing electron has energy 10.8 eV

BT 10.2 eV of the incident electrons energy is absorbed by H-atom and the
electron would come out with 0.6 eV energy
(C) the entire energy is absorbed by H-atom and the electron stops
(D) none of the above



Q. An electron in the ground state of hydrogen

atom is revolving in anti-clockwise direction
in the circular orbit gt=rigsR as shown in
figure

(i) Obtain an expression for the orbital
magneticdipole -

moment of the electron.

(ii) The atom is placed in a uniform magnetic
induction B such that the plane normal of the
electron orbit makes an anilge 30° with the
magnetic induction. Find the torque
experienced by the orbiting electron.
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/ 0{/2_ Q. Suppose that the potential energy of an hypothetical
atom consisting of a proton and an electron is given
F: IX 62_ mu by U = —ke?/3r3. Then if Bohr’s postulates are applied
— /{ —@ to this atom, then the radius of the nt orbit will be

! .

b3 proportional to - _
MUA = nh -
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2=
Q. In a hypothetical atom like that of hydrogen, the mass of the electrons is doubled. Then the

energy E, and radius r; of the filst Bohr orbit will be (a, = Bohr radius of hydrogen) -

E=272eVin =22 "=l QB =-272eV ;=2
(3)Ey=-13.6eV ;1y=ay/2 (4)Ey=-13.6eV ;1ry=2a,
" o &
S} E:’_@Z 64 = ﬁ:—l@-éz_zxz_m eV =
& n*h* B nz (M

= %n‘lhz _ __Y]l LV‘_' —_ :c(o i
& r@zer h‘.EX’-‘M A= = !



APPLICATION OF NUCLEUS MOTION ON ENERGY OF ATOM

Let both the nucleus of mass M, charge

Ze and electron of mass m, and charge
e revolve about their centre of mass
(CM) with same angular velocity (o) but

different linear speeds. Let 1 and r2 be i s }
the distance of CM from nucleus and ?m
electron. Their angular velocity should ;'
be same then only their separation will
remain unchanged in an energy level.

~
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Let r be the distance between the
nucleus and the electron. Then
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