DEFECT OF RUTHERFORD’S THEORY

There were two fundamental defects in
Rutherford's atomic model:

_ According to classical electromagnetic

theory, being a charge particle electron |
when accelerated must emit energy. We

know that the motion of electron around the ‘
nucleus is an accelerated motion,

therefore, it must radiate energy. But in |
actual practice this does not happen. |
Suppose if it happens then due |
to continuous loss of energy orbit of

electron must decrease continuously. ‘
Consequently electron will fall into the |
nucleus. But this is against the actual g iy 1 e’ |
situation and this shows that atom is

unstable.

If the electrons emit energy continuously,
they should form continuous spectrum. But
actually line spectrum is obtained




Properties of electrons, Protons and Neutrons Hw

-T 2P U0 N N

™ Hlectron | Proton

The electron carries A proton is 1836 Its mass is

a negligible mass. Its  times heavier almost equal to

mass is 1 +1836 part  than electron, that of proton.
Mass of that of proton.

Theactual massof  Theactual mass  The actual mass

an electron is of a proton is of a neutron is

9.109 x 10% Kg. 1.672 x 1077 Kg. 1.675 x 1077 Kg.

=
-

31
9109x 10 " kg 1672x10 % kg 16752107 )¢




Proton

| Itis posiively charged

1 Its mass i equivalent to
hydrogen atom e, |
am.,

I It Is present Inside the

nucleus of the atom.

Neutron

) Itis neutral

) 15 equal in mass to
proton.

) It I also found Inside

the atomic nucleus,

Electron

)it s negatively
charged

) It mass is 1/1838 of
the mass of a proton.

1) 1¢I5 ound outside the

nucleus of the atom,




Write the properties of fundamental partcles /

PROPERTIES OF THREE FUNDAMENTAL PARTICLES

Particl Charge (coloumn] | Reletvecharge | Mass kg Mass (amu)
Protan qe00E |4 Lemoae | L0073
Neutron | ) L 7506107 10087
ELECTRON 1602210 ] 0 1095K10 5 485810
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Write the limitations of Rutherford’s atomic model?
What were the defects of Rutherford’s atomic model?
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POINTS TO PONDER:




POINTS TO PONDER:

(LRadio ) (Microwave) (infrared] [”i'-‘ihlej (Uitraviolet] ( cray) [ Gamma Ray |

10f 107 1 107 10 ik 107 1w g’
Wavelength in centimeters

About the size of ..

Blimse & ' o

Buldings  Humans I-Iunug.- G Finfczd Presozoans (el ol | [y Moms Atomic Muclai




BY THE END OF THIS PART OF LESSON,STUDENTS
WILL BE ABLE TO:

Explain PLANCK’S THEORY ?
What were the assumptions of Planck’s quantum theory?
Define frequency, wavelength and wavenumber?



Planck’s Quantum Theory

a) Energy is not emitted or absorbed
continuously. It is emitted or absorbed in the
form of wave packets or quanta.

In case of light the quantum
of energy is often
called Photon.




Planck’s Quantum Theory

b) The amount of energy associated with
quantum of radiation is directly
proportional to the frequency (v) of
radiation i.e.

E ocy
E=hv

Where, /# =Planck’s Constant =6.626 x 107 J.s



Planck™s Quantum Theory

c) A body can emit or absorb energy only
in terms of integral multiple of a
quantum/photon.

E=nnv _._

- —
- -

Wheren=1,2, 3.... VI



According to Planck’s Quantum Theory:
E=hv

Therefore, C

e =in
A

Thus greater the Wavelength of radiation,
lower will be the energy



Planek’s  Buantym _’}\,wrz P
;‘ Planck’s Quantum Theory

« In 1901, Max Planck, suggested that the
radiation of energy was not a continuous
process. Planck made the following o=
assumptions: -
Energy is radiated in ‘packages’ or quanta, - .. oI\K@ ol
Each quantum consists of a specific amount of TU
energy, E, which is directly proportional to the
frequency of the radiation: /- hf

A fraction of a quantum can never be radiated
nor absorbed, only whole numbers of quanta.

According to Planck’s Quantum Theory:
E=hv

Therefore, C
F’

|
>
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-

WVisible Light

gk
fTrequencias

| s —
. o
frequencies 5;

g=l= wica et

The frequency is the number of waves that pass a point in space during any time
interval, usually one second. We measure it in units of cycles (waves) per second, or
hertz. The frequency of visible light is referred to as color, and ranges from 430
trillion hertz, seen as red, to 750 trillion hertz, seen as violet.



What is wavelength?

Wavelength is a measure of distance, so the

units for wavelength are always distance units,
such as meter, centimeters, millimeters, etc

X long wavelength
< Wavelength, A__ low frequency
low energy

wavelength, A

e

shorter wavelength
higher frequency
higher energy




Wave number is the number of waves per unit
distance.

Wave number is defined as the number of
wavelengths per unit distance the spacial wave
frequency and is known as spatial frequency. It is
a represented by k and the
mathematical representation is given as follows:
k=1A Where,

k is the wave number A is the wavelength.


https://byjus.com/physics/scalars-and-vectors/

CARZ Atomic Sty m Loflege C
PLANK'S Q UANTUM THEORY

[n 1900, Max P! ck

-l

NAVE e

I quantum theony o

adiztion, The main p

bed continy

tousy. It s emitted or abzarbad in 2 Qi onhmt
qht. the quanturr of en :

slled pl

e Or nu ile arnount of enesy

| ({#E The smount of 2netwy of the Quantum is directly propartional to the reguency of s on |y
| E

| or FE=hy = T

| where E = enercy of the quantum = Trequency of r

; 1 |‘|.~ ilant- 6.6 1040

() A Dady can emit or 4

abanorb eneraw only in terms of in earal maulliple of a quantus

e . e nny wherRn = | d

Frequencs) TR L e B

It is the mnmber of waves, which passes through a given point in one second

or 5" or Hersz 1

15 unils are o

0 wavelangth as

1t ts the distance between twe udjacent

Cresls or troughs in a beam of radiation.
11 is denate by

Its units are pleamater, nannme ter o
LA=10""m 1nm 0-%m, 1 pme-10-"n

angEiroen el

Pul eq, 12} ir £ (1)

E=hef (3

& 18 relates to the wave mumber §e i

inlsiry; P

s "-‘x‘uv i

| Fediral Be
Colloye Clemblrye et i Fedierol Bus,

and wae rambet

yrticne! 1o 1 ey

35 and (5
5 anil o 25 WEe Y l",l' : 5 e ol .Ih‘
o, G o by selemii

;1' ll the photon o 1ig shi are accepted by L€
anou ~ .0

nehips of enexdy
by Bohi in his |

€

Haht. > g, Hertz
’ 10 J i emitted by a soure o ber of the photon n terms af meter:
Jlght with eneray y and wave number |

this Mght Into the wauve ’l‘"g’h'-"c""cm\ = s S
=3

ppeciicely.

B=10° *J
b= 6625 x 1077 s
=3 x 10F s

quency tn Hz mnd wovs

late t ath In ¢m, {w
: » erg: ralc : the wuu:lemg =
a 1}‘ photon®into e9gs wnd calculate i
Boeoert this energy « 3
ber dn ™. D gl

Since 1 =

3
\ — e . |
h = L '
7 00 cm
| is the unit af ene(Ex '
4 " |
" 1
A : "'IU : —=1 JHN s
o 6625%107
( i o |
v 1509 %10
- : 5,080 % 1
v A Y98




Chi2: Apsrpriie: Servicturs : | 40 | Cerlloge: Chonivieu: Pore,

PIANK'S QUANTUM THEORY
In 1900, Max Planck proposed quantum theory of radiation. The me

() Lnerav is not emilted or absorbed conlinuousliy,
of wave packets called quanta. In case of lighif

AN points of his theory are
It is emilled or absarbed N a discontinuous

mManner
» the quantum of arnecragyu is oftan called Pphoion, 4

(77 Lach wave packet or quantum has a definite amount of crmeray. K
(113) "1 'he armount of enerayv of Tthe quanturn is dircatly proportional to thee: frs‘r]l.lxzn'_n.:_v of radiation by thic coly
| R A
a or E = hv = 1)
e where E — aneragu of the quanturn v = [requency of radiaticon

h=Flanclk’s constanil =6, 625 . 10-37 J.

(te) N body can emil or absorly cnerau only in terms of intewral multiple of a quanturm

iy B RIERY whereen — 1, 2.3 9
— — — — — S— — - Vv -
IFreq 'm. 4 —_— — —— —— —_— — —_ - o
Tt iz the numbeoer of cwaves, whicks passes through o givcn praint in one secornd.
It is denofad by v. [is units are: cycles s 'or 57 or Hertz (H.2) Y
I Hz l eycles s !
It s relatad to wavalenath as
L | € A
< \ R 1, S ety 853 i
A
wheres e velocity of lioht 3 = 10% ms Sincc
A mwaavelenglh of any licght radiation

Since
{ = - &8 2 L S T f- i s mal ISAaw Lanl ——— =z e

It iy the distance boetweer two

adjacont crests o trouwghs in a boeam of radiation.

It is dendote by A

B Conpart
‘ her in <o
| Ils vnits: are: Plcaommetter, nanormaler or anastrom ol ¥ Since
1 A — LO~2C 34y, 1 mM=10""m, 1 Pm=10"1*"2;n /
|

Put cieq. (2) In ey, (1)
E=hc/A 2

A is related Lo the wave number i .. v as

A =L SN 1)

vt Noarrr T e e S e o= N == 2

oS o o B = 3 Vo=
It iz the number of watiecs pey wisrig distcarice. X

It is denoted by G s units are ! or oy ! ete .

5 A5s
FPur eq. (4)yin eq. (3)

F="h cn ()




PLANCK’S QUANTUM THEORY : In 1900,Max Planck proposed
quantum theory of radiation. The main points of his theory are:

Energy is not emitted or absorbed continuously. It is emitted or
absorbed in a discontinuous manner in the form of wave packets
ceklllled quanta. In case of light ,the quantum of energy is often called
photon.

Each wave packets or quantum has a definite amount of energy.

The amount of energy of the quantum is directly proportional to the
frequency of radiation by the equation; EqV or E =h v------ (1).
where E=energy of the quantum v=frequency of radiation,
h=Planck’s constant =6.625x10734Js.

A body can emit or absorb energy only in the terms of integral
multiple of a quantum .i.e. E=nhv. where n=123.......
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Explain Planck’s quantum theory?

Define frequency, wavelength and wavenumber and
show the relationship between them?
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BY THE END OF THIS PART OF LESSON,STUDENTS
WILL BE ABLE TO:

EXPLAIN BOHR’S ATOMIC MODEL?

WRITE THE POSTULATES OF BOHR’S ATOMIC
MODEL?

WHAT ARE THE LIMITATIONS OF BOHR’S ATOMIC
MODEL?

WHAT IS MEANT BY ZEEMAN’S AND STARK
EFFECT?

DERIVATION OF RADIUS OF ORBIT OF AN ATOM ?



Bohr’s Model of Atom

1- Electrons revolves
around the nucleus
in definite energy
levels called orbits
or shells in an atom
without radiating
energy.

2- As long as an
electron remainin a
shell it never gains
or losses energy.

Prepared by: Sidra Javed



$ Postulates of Bohr's theory

= An electron revolves in a circular orbit about the
hucleus and its motion is governed by the ordinary
laws of mechanics and electrostatics, with the
restriction that its angular momentum is quantized
(can only have certain discrete values)

angular momentum = m-v-r = nh/2n

m = mass of electron

v = velocity of electron

r = radius of orbit
n=12,34,.(energylevels)

h = Planck's constant
10



Postulates of Bohr’s Atomic
Model

* Electrons revolve round the nucleus with
definite velocities in concentric circular
orbits situated at definite distances from the
nucleus. The energy of an electron in a
certain orbit remains constant. As long as it
remains in that orbit, it neither emits nor
absorbs energy. These are termed
stationary states or main energy states.




Bohr’s Postulates:

#When electron absorbs energy, it will move
from ground state to higher energy level that is
called excited stated

» The excited state is unstable, then electron will
lose energy and fall back to the lower energy
levels

* These energy will be radiated as light.

# The light emitted with a discrete-amount of
energy is called photon : >




POSTULATES NEIL BOHR MODEL OF AN ATOM

(@)

(&)

O

O

O

Bohr's first postulate was that an electron in an atom could revolve in certain
stable orbits without the emission of radiant energy,

contrary to the predictions of electromagnetic theory. According to this
postulate, each atom has certain definite stable states in which it 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 electronrevolves around the nucleus only in those orbits for which the
angular momentum is some integral multiple of h/2m where h is the Planck's
constant (= 6.6 x 10-34 J s).

Thus the angular momentum (L) of the orbiting electron is quantised. That is L
= nh2n

Bohr's third postulate incorporated into atomic theory the early quantum
concepts that had been developed by Planck and Einstein.

It states that an electron might make a transition from one of its specified non-
radiating orbits to another of lower energy. When it does so, a photon is emitted
having energy equal to the energy difference between the initial and final
states. The frequency of the emitted photon is then given by

hv = Ei— Ef
where Eiand Efare the energies of the initial and final states and Ei > Ef.




- '%R MODEL OF THE ATOM

&1 E ectrons In the atom can only have fixed amounts
of energy.

# The electrons revolve around the nucleus only in
certain allowed orbits called stationary states.

< When in a stationary state, the electron cannot
radiate any of its energy.

& The electron is only found in the stationary state so
the energy is quantized inside the atom.




Limitations of Bohr’s Atomic Model :

Bahr’s model of the hydrogen atomis considered

as an improvement over Rutherford’s nmuclear model
because it accounts for the stabilifty of atom or ion
Laimutations of Bohr’s atomic model are as follows :

@)

()

Bohr’s atomic model failed to explain the
atomic spectrum of atoms other than
hydrogen atom.

Bohr’s model could oot give better explanation
of hydrogen spectrum because it could not
explain the spectrum when two spectral lines
are very close to each other (i.e. doublel)

It failed to explain Zeeman effect 1.e. splitting
of spectral lines under the influence of
magnetic field.

It could oot explain the ability of atoms to
formmn molecule by chemical bonds.



Model could not calculate the
wavelengths of observed
spectra of multi-electron
atoms.

Model could not explain the
chemical behavior of atoms.

Bohr used classical mechanics
to understand the behaviors of
small particles.

. The Bohr model is also known

as the planetary, solar system,
or satellite model.




SHORTCOMINGS OF BOHR ATOM MODEL

o According to Bohr, the radiation results when an
electron jumps from one orbit to another it emits
radiation . But how it happens it was not explained
by him.

o Bohr successfully explained the observed spectra

of atoms such as He,Li,Be etc. but he couldn't
explain atoms with large number of electrons.

o Bohr atom model doesn’t obey Heisenberg's
Uncertainty principle

o There is no explanation for zeeman and stark
effect.

A
VAR
%



5.5.7 Defects of Bohr's Atomic Model

1. Bohr's theory can successfully explain the origin of the spectrum of H-atom and ions
like He'',Li”and Be", etc. These are all one electron systems. But this theory is not able to
explain the origin of the spectrum of multi-electrons or poly-electrons system like He, Liand
Be, etc.

2. When the spectrum of hydrogen gas is observed by means of a high resolving power
spectrometer, the individual spectral lines are replaced by several very fine lines, i.e. original
lines are seen divided into other lines. The H_- line in the Balmer series is found to consist of
five - component lines. This is called fine structure or multiple structure. Actually, the
appearance of several lines in a single line suggests that only one quantum number is not
sufficient to explain the origin of various spectral lines.

3. Bohr suggested circular orbits of electrons around the nucleus of hydrogen atom, but
researches have shown that the motion of electron is not in a single plane, but takes place in
three dimensional space. Actually, the atomic model is not flat.

4. When the excited atoms of hydrogen (which give an emission line spectrum) are
placed in a magnetic field, its spectral lines are further split up into closely spaced lines. This
type of splitting of spectral lines is called Zeeman effect. So, if the source which is producing
the Na - spectrum is placed in a weak magnetic field, it causes the splitting of two lines of Na
into component lines. Similarly, when the excited hydrogen atoms are placed in an electrical
field, then similar splitting of spectral lines takes place which is called “Stark effect”. Bohr's

theory doesnot explain either Zeeman or Stark effect. . -
However, in 1915, Sommerfeld suggested the moving electrons might describe i
addition to the circular orbits elliptic orbits as well wherein the nucleus lies at one of the foci

of the ellipse.



Today's Learning
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Write the postulates of Bohr’s atomic model?

What are limitation of Bohr’s atomic model?

Explain Zeeman and Stark’s effect ?
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POINTS TO PONDER:

*These orbits are represented by the symbals K, L, M, N etc...or
numbers |.2,3.4 respectively.




Derivation of Radius of an Orbit
of an Atom

Consider an atom having
an electron e moving
around the nucleus
having charge Ze where
Z is the atomic number.

Let m be the mass, r the
radius of the orbit and v,
the velocity of the
revolving electron.

- -
-~ -
-



BY THE END OF THIS PART OF LESSON,STUDENTS
WILL BE ABLE TO:

DIFFERENTIATE BETWEEN ORBIT AND ORBITAL?
DERIVATION OF RADIUS OF ORBIT OF AN ATOM ?

DERIVATION OF ENERGY OF AN ELECTRON OF AN
ATOM ?
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Difference Between Orbit and Orbital

Orbit

Orbits represent the planner
motion of the electron.

They are Circular in shape.

It is a well-defined path that
revolving electrons follow around
a nucleus.

The orbits theory doesn't satisty
the Heisenberg uncertainty
principle.

Can accommodate 2n2electron in
the shells where n is the number
of orbits.

the planner motion of electron
can be designated by L, M, N, etc.

Orbital

Orbitals represent the three-
dimensional motion of the
electron around the nucleus.
They are Different in shapes from
each other.

It is simply a region of space
around a nucleus where the
electron is present.

Orbitals Concept completely
complies with the Heisenberg
uncertainty principle.

Only two electrons can be present
in an orbital.

The 3D motion of electron by s, p,
d, f orbitals.



Derivation of Radius of an Orbit
of an Atom

Consider an atom having
an electron e moving
around the nucleus
having charge Ze where
Z is the atomic number.

Let m be the mass, r the
radius of the orbit and v,
the velocity of the
revolving electron.

- -
-~ -
-



1 .
2. OHR’ OIQIC ODEL.AND ITS APPLI ATIONS
o ATl R b b7 Wi O s Ll R

'&‘Aoow q Rutherford’s atcmic el the structure of atom was like a ptanet plane
syste revolving around the sun. It was defective because according to the Aassh
electromagnelic theory the revolving electron arround nucleus should lose enargy continog
As a rasult the electron would be accelerated to the nucleus and the radius of orbit become sma
and smaller and ultimately it should fall in to the nudeus. Therefore the atomic sinaciure Wo
collaps: and atom will cease lo exist. If electron emits energy continuousty, it shoula
continuous spectrum. But actually kine specirum is oblaned &l Bohr (1913), an Enghsh scien
removed these defecls and proposad another possible s re of atom callad as the B
atomic model. According to this modial,

1. BElectrons revolve around the nudcleus in definite energy levels called orbils or shells

2 As long as an electron remain in a shell it never gains or osses energy.

3. The gain or joss of energy 0ccurs within arbits only due to jumping of electrons from
energy level to another energy level. ’

4. Angular momentum (mvr) of an elactron is equal to nhVZn.
The angutar momentum of an orbit depends upon its quantum number and ili= an int
multiple of the factor hW2n
e, mvr = nhiZx
Wheren=1,23, .....

2 2.1 Derivation of Radius of an Orbit of an Atom
Bohr derived expressions for the calculations of radius of nth orbit

or ions like Ha*!, Li*? etc.

of an atorn of h

Let us consider an atom having an glectron o

wewe® o uind the nucleus having charge Z e, where Z is the
number. Let m be the mass, r the radius of the orbit and

? y wvelocity of the revolving electron.
According 10 coulomb's law, the electrostatic
R Coulomb’'s force of attraction _ zexa _ 2o
=% 4 £, ' dxe ' Ane, r
mhsnm Where <, is the vacuum permittivity constamn withy

884 » 1072 C2 0" o',



cantrifugal force acting on the moving electron =— L
. r

mv®. Ze?
c 4x e,
my = ==
4xe_ v
2
A 5 Ze
An e, mv”

we considér angular momentum. According 1o Neil Bohr,

Zn

- A m’r (
s value of V2 in (2). e =
2 Zc® Ax"'m " | -
Axs,m wo'h’ BT
R Zezx.n_g ‘

e, n h* o~ ¢
= =, wh'/Ze'mx
=1
- ‘. n’ba
o

rn!ao
3 constant quantity having a value of
52 = 0.529A" = 10 "m)

=1, 2, are as follows.
=0.529 A
=4 x0.529A=2116A

Thesa two forces are equal and opposile and balance each other. So,

- 1)




—> 5 2 Derivation of Energy of an Orbit
Theenergyofanelecﬁ’on inanotbitlsihewmofits potential enargy and kinatic energy.
2 Evan = KE=+PE.
1 Ze*
i G T -
- Ze?_

4 e, r
the coulomb’s Law of Electrostatic force.

TthoUet\iialemylsgmamedby
Puttlngtheva!ueofnvvzfrocneq. (1) into eq. (7)
B = l[_zfi. e
Zlaxe, ¥ A, ¥

waE .'.-‘]r'_’-‘"__(_.‘_
Anes_v L2 i 4nes v\ 2
Ze*

B, T
Now putting the value of r from eq. (5) in to eq. (8)

et antsaas, £ O D

Ewcem = -‘imv?_

For Hydrogen atom; = = 4
4

=~ e~ T 8. n’h’

e S
But se:h=‘2'1n“1° J4 ;
This value is obtained by punlnglheva!uesofconstants.
L
5 En = . 2.178 > 10"9(;‘—,—] Jd P Bt el VTSI g L 0

-=--:—:;wherek =2.178 < 100 J
Thonegaﬁifesbgnlndbcatasdmlnenetuyofthe aslectron.
T he value ofenergyobta_inedbin JoulesSatom._ If this guantity is muttiplied by A
No. anddivldedby1000.thevahleo¢5nbecocnas.
En= -—_,__-13‘“32'35 kJ § moke.

‘.l;his enaergy is assodciated with 1.008 gram-atoms of hydrogen.
n

=4,.2.34.5....-- - -
then Eq=—1313.35= - 1331.35kJ rmyole"
1272==




Today's Learning
ot

smm— rw’do QUESTION 1L WwOoUIC 1.
MMIM‘?& to know the answer 1 I need to improve on
_before the lessonis_.




Do derivation of radius of orbit of an atom?

Do derivation of energy of an electron of an atom?
Differentiate between orbit and orbital?
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MESSAGE OF THE DAY:
O

VWhen you wish good
for others, good things
come back to you.
This 1is the

LAW OF NATURE-.

x;\q =




EDUCATION

but the training of the
nucnd o k.

-Albert Einstein
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~ anmnailcc >> Ready for Anything

WELCOME BACK TO
~
o

VIRTUAL CLASSES]

FWEAREALWAYSTOGETHER



A WARM WELCOME TO ALL THE

TODAY.I HOPE YOU ALL WILL ENJOY AND LEARN.
RULES OF THE CLASS:

1)BE ON TIME FOR ALL YOUR CLASSES.
2)RESPECT ALL PARTICIPANTS OF THE CLASS.
3)DO NOT CREATE ANY DISTURBANCE.
4)RAISE HAND IF YOU HAVE A QUESTION.
5)PAY ATTENTION TO YOUR TEACHER.




BY THE END OF THIS PART OF LESSON,STUDENTS
WILL BE ABLE TO:

DERIVATION OF ENERGY DIFFERENCE OF AN
ELECTRON OF AN ATOM ?

DERIVATION OF WAVE NUMBER OF AN ELECTRON
OF AN ATOM?

DEFINE HYDROGEN SPECTRUM ?HOW IT WAS
DISCOVERED ?



e —_— L —— 1

3 Ez=-1313.35 = _ 308 32 kJ mole ! \

Es=—131335 = _ 145.92 kJ mole™!

Es= 131335 _ _ 55 53 kJ mole’

Thea first energy level when n = 1 is known as the ground state of the hydrogen atom. Al
per energy levels are known as excited slates.

mz'c”*
According to Eq. (9) E=-m
Let E1 be the energy of the orbit n1 and Ez that of nz,
- AE = Es — Eq

— m=e’ = maz?et
Bl nih’ Beln'h®
= _ 4 X _4
L mz'e mze
S8eXnlk® 8Be&niht
S nd 6 1
S8l h’® | n} n3
me* ] 1
- e kS
el h? | n] n;] (11)

mc
E—:—ll—:'= 2.18 x 105 ).
AE = 2.18 = 10'% ) [ e ey e (12)
n, ns

3 to Plank’s Quantum theory,
AE =hw

hy =2.18 % 103 J x [ 1 _L-I.

> x
w, ny

e o1 e
Se: bh® | n} o
me* 1

oo, 31 1 1 13
B2 b | n? ni] Hz or cycles sec' ... (13)



ABML- A A

2.2,3 Derivation of Wave Number (6)
The relationship between frequency (v) and wave number (°) is
VE e s LI
Where ¢ is the velocity of light.
Putting the value of v from eq. (13) in eq. (14)
ve = e L
el h'[n® ol
S Tl [
D 8 elstapmee | s o 12
or 8 e o “;] ......................... (15)
|
Putting values of constants, 8?1;’ = R =1.00678 x 10" m",
e
R called Rydberg's constant?
: e
P 2 Rl
[“3 G (16)

hos 1.09673x107[l,-.'_]m-'
nom
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SPECTRA OF HYDROGEN

‘r\;! . 7..
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~~ " Infrared
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Bohr's Explanation for
Hydrogen Spectrun

When current 1s passed through Hydrogdn gas in
the discharge tube at low pressure, the
10lecules of Hydrogen break 1n to atons.

Electrical Discharge
oas) Low Pressure (atoms)

These atoms absorbs energy from electrig spark.



Hydrogen spectral series

i& -

100 nm

Ba-o Pa-a Br-a Pf-a  Hu-a
\j 1 \J l
I I
visible
1000 nm 10 000 nm

https://en.wikipedia.org/wiki/File:Hydrogen_spectrum.svg
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The Line Spectrum of Hydrogen

| 1 1
Lyman series ==t et n=2 34
A 1 n
| | |
Balmer series Iz R(?_n_z) n=3,4,5,...
1 | |
Paschen series —=iRl———— n=4,5,6,...
A 3 n
N ength, &

=" nm
—t 1 20 M

y,
<




i Balmer series of hydrogen

= Johann Jocob Balmer (1825-
1898)

= The empirical equation by
Johannes Rydberg (1854-

1919):
A(nm) 486.1 656.3 : — R = L —345
/‘ /‘ 1 656. R H| o =345
364.6 410.2 434.1 = Ry: Rydberg constant = 1.0973732
P — x 107 m-L,

The Balmer series of spectral lines  * The series limit |
= The measured spectral lines agree

for atomic hydrogen. j Jd. :
with the empirical equation to
within 0.1%.

Dr. Jie Zou PHY 1371 5



Explanation of Line Spectrum of
Hydrogen

The lines which arise due to the transitions
from higher energy levels to first energy level
are grouped as Lyman Series. Similarly, the
lines obtained as a result of transitions of
electrons from higher energy levels to second,
third, fourth and fifth energy levels give rise to
Balmer, Paschen, Brackett and Pfund series
respectively.

) £ oo~

Energy levels
No

M"'&

: Lyman series (U.V. Region)

Generation of various spectral series in
hydrogen spectrum




continuum

A / Pfund series

Yvy

Brackett series

l Paschen series
vy

Balmer series
YVvy

Lyman series

energy, kd/mol

0 kJ

—-82 kJ

—146 kJ

-328 kJ

-1312 kJ




Photon Model

How Atoms Emit Light

Parti
articles ©2001 HowStuf fWorks

Light is made
of particles or

bundles of
energy that
travel in a
beam or

" ke taom ) Erce stream.

2. This causes an electron to jump to
a higher energy level.

3. The electron falls back to its
original energy level, releasing the Light
exfira energy in the form of a light
photon. Photon




2 5 Hydrogen Spectrum

when Hydrogen is enclosed in a container and heated, it emits radiation. These radiation
e actually emittad due o excitation and de-excitation of eleciron of hydrogen.

According to equation (16).

s = R [L,_L_]
il ny

With this equation, Bohr was able to predict the wave langth in the hydrogen aemission
< and the electron transition (changes of energy levals) that occur in hydrogen atom.

) . The wave no of different spectral lines can be calculated corresponding to the values of
d n., . In the hydrogen spectrum, diffarent sedes of ines have been identified for iy, and

These saries are,

-

an series n, = 1 n, = 2,345 __.
e “,_-s.eries n, = 2 n, = 3456 -..
; - 3 n, = 456.7 ...
- B n, =56.7.8 ...
- 5 n, -=6,7.89 ...

— Only the Balmer series was observed in the visible part

of the spectrum. Lyman series lie in the in the uliraviolet
region while the Paschen and Brackel series have been
observed in the infrared reglon.

Origin of Hydrogen Spectrum on the Basis of Bohr's
Model.

The first spectral fines were discovered in 1887 by
Lymean and Balmer. No satisfactory reason became available
tili 1213. Neil Bolw presented his explanation of ine spaecira
in 1913,

According to Bohr when current is passed through the
n the discharge tube at low pressure. the moleculas of hydrogen break in o
Bloms absorb energy from the electric spark. The electrons of hydrogen atoms
igh energy levels . The higher energy orbils to which the electron magrate depend
F energy absorbed by the electron. Above diagram shows the possibilities of
on from lower to highear lavels,
'ebdlons being unstable come back to one of the lower energy levels. The
D the lowest enaergy levels. In this way they emit energy. they had absorbed.
tuc d when the electrons jump from Nn=2.3.4.5.6_._etc to n=1.In balmer senas
< '_ 5.6....come back 1o n=2.




— -

Letl us caculate the various lines of Lymen senes,
sereas and Plund series from Botw's aqguation of
o= 1.09678=107] 3:—1 - i;-]m"
Lymen Series
The varous lines in Lymen series got their explanation by considering that the alactr
of hydrogen atom fall back to n=1 from higher leveis.

The higer levels occupiad by the electro
due to the elactric spark.
First line:

Balmer sanes, Paschen sarnces, Bracke
wave numbaear,

ni=1 ne:= 22
5 =1.09678<107 (z — o L 52 26x<10"m™"

Second line: ni=1 nz=3

3 =1.00678x107(5 — 3 0m ' = a7.60=x10%m’
Third line: m=1 nz = 4

I

1.00678=107 % - %‘-)m" = 102.70*10°m"
Limiting line: n =1 iz = oo

v = 1.09678%107 (=

This fimiting fine shows that

level is the ionozation energy of

values. They appear in the form of a group_These values of wave n
of the spectrum.

— =5 )m = 109.678%10° !

the energy differencea beweaean the first avel and the i
the hydrogen atom_All these lines of Lymen saernies have

umbers lie in the UV
Salmer series:
In this senves

the slectrons fall back to n=2
First line (Ha line):

=2 nz=3
e = 1.00678=107 ( —

L — HIm =15.234=10°m!
Second line (HF line):

Ny =2 nz=4
v = 1_09673x107(;’; - ;‘?)m" =20 566=<10"m™"
Third line (Hy line): m=2 nz=95
e = 1.09678x107 (-zi; — -é)m" =23 05<10"m™"
Limiting line: m=22 Nz = ca

s =1.00678x107(
Alltheselnesofbalmraeﬂaarevery
group of lines. Thesa ines lie in the visibla

— ZHm ' =27.421=10%m™"

dose to sach other and appear m the
regon of the speactnum.




hen Series:
The alectrons from higher levels fali back to n = 3.

; v = 1.09687*107(33 — 5 )m " = S$.3310=<10°m™~"
iecond line: m=3 ne=5
. v = 1.0967Bx107(sx — —Im* =7.799=10°m"
piting line: ne= 3 Ve o
) v = 1.09678%107 { 3 — —IM ' =12 187> 105 m"
 These are the again the groups of ines close to each other and appear In IR region.
' .erlos
elaclrons fromn higher levels fall back to n = 4.
ni=4 ne=5 v=2.45%x10% '
ni=4 n2 =6 o= 3.808<10"m
n=4 Nz = co o= 6.855=<10%m™"

= from higer energy levels fall back tlo n = 5,

n=5 nz=6 a= 1.340%10°m !
n=5 nNn=717 = 2.148>10m
ni=5s nz= oo = 4 3A8T*10° !

2.3 PLANK'S QUANTUM THEORY

X)) proposed a theory aboutl nalure of light. According to this theory,
Iy Is not emitted or absorbed continuocusty. It is esmaled or absorbed in the form
packetis or quanta. In case of light the guantum of energy is often called

B e 0 sweesesssssess e (1)
constant and has a value of 6.625 < 102* Joules sec.

r absorb energy only in terms of integral multiple of a quantum.

' wheren=1,2_3

- ﬂld " 3 the velocily of light, &a constant quantity.
(1), we get

& E-hctx Sy SRTUIPRR,

>, aller will be the enargy.

E ‘.

"\'\_; S ... (3)

- £2), wa get.
Ao




Today's Learning
ot

smm— rw’do QUESTION 1L WwOoUIC 1.
MMIM‘?& to know the answer 1 I need to improve on
_before the lessonis_.




NOTE:ATTEMPT ANY ONE QUESTION:

HOW TO DETERMINE THE ENERGY DIFFERENCE
OF AN ELECTRON IN AN ORBIT OF AN ATOM?

HOW TO DETERMINE THE WAVE NUMBER OF AN
ELECTRON OF AN ATOM?

EXPLANATION OF HYDROGEN SPECTRUM OF AN
ATOM?

EXPLANATION OF DIFFERENT SPECTRAL LINES?

- L] s
3 kL B
o
\\;-;_;’?,\( ’: ,.,i _-{:_\':éf%_\'l"
3 7 w
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MESSAGE OF THE DAY:
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VWhen you wish good
for others, good things
come back to you.
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EDUCATION

but the training of the
nucnd o k.

-Albert Einstein
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A WARM WELCOME TO ALL THE

TODAY.I HOPE YOU ALL WILL ENJOY AND LEARN.
RULES OF THE CLASS:

1)BE ON TIME FOR ALL YOUR CLASSES.
2)RESPECT ALL PARTICIPANTS OF THE CLASS.
3)DO NOT CREATE ANY DISTURBANCE.
4)RAISE HAND IF YOU HAVE A QUESTION.
5)PAY ATTENTION TO YOUR TEACHER.







BY THE END OF THIS PART OF LESSON,STUDENTS
WILL BE ABLE TO:

Define X-rays ? Who discovered X-rays ? How X-rays
were discovered?

What is meant by X rays -diffraction ? Write its
applications?
State Moseley law ? Write its importance ?



« X-Ray Definition:X-Rays are short wavelength
electromagnetic radiation between UV & gamma ray,
which consist of wavelength in the region about 0.1A to

100A

» For analytical purpose, the range of 0.7-2.0 A° is the
most useful region.

« A German professor Rontgen in 1895 discovered X-ray
while working with a discharge tube

» Barium platinocyanide screen placed near discharge
tube began to glow. The glow continued even when a
wooden screen was placed between them

- These x-rays could pass through bodies, which are opaque
to ordinary light



Definition of X-ray

- It is a type of electromagnetic radiation
characterized by wavelengths between
approximately 1 A and 10+ A.

- They are invisible, penetrative especially
at higher photon energies, and travel with
the same speed as visible light.

- They are usually produced by bombardin
a target of high atomic number with fas
electrons in a high vacuum

01/25/13 00:59 Ossama El-Shall
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Characteristic x rays

* There must be a vacancy m a subshell of an atom
to produce characteristic x-rays.

* The bombarding electrons can eject electrons
from the inner shells of the atoms of the metal
target.

* Those vacancies will be quickly filled by
electrons dropping down from higher levels,
emitting x-rays with sharply defined frequencies
associated with the difference between the
atomic energy levels of the target atoms, called



X-ray diffraction

* Definition

— The scattering of x-rays by crystal atoms that
produces a pattern that yields information
about the structure of the crystal. The
wavelengths of x-rays are comparable in size
to the distances between atoms in most
crystals. X-ray diffraction is the basis of x-ray
crystallography

hitp://science education. nih.gov/supplements/nihd/technologyother/glossary htm




X - Ray Diffraction

4 “ Every crystalline substance gives a pattern; the same
substance always gives the same pattern; & in a mixture of
substances each produces its pattern independently of the
others”

4 The X-ray diffraction pattern of a pure substance is,
therefore, like a fingerprint of the substance. It is based on
the scattering of x-rays by crystals.

+ Definition . The atomic planes of a crystal cause an
incident beam of X-rays to interfere with one another as
they leave the crystal. The phenomenon is called X-ray
diffraction




2.4 X-RAYS
wiheim Roentgen (18895) accidentally discoveraed that if catnods rays are pointed to fall

on a heavy metal target, there are produced soms penatraling shorl wave fength rays. He called
' B o e e B u---‘;-:::;ra:&-o . thesm the X-rays. The X-rays are slectromagnetic
o~ 2o = wesd sadiations of wvery high frequency depending upon -

nature of anode. Ofteniy a lungsten filament is used fo

this purpose.
>-rays are emitted from the target in all directions.

et -
R-rmy sulbe # & ‘-';?i:.':':::":éi:' small portion of them is used for useful purpose through
the windows. The wavelength of X-rays produced depend
Figurs 2.11: Cathoda iays pointad &t upon the nature of larget meial. Every metal has its o
Vemirye SR ¢ S ek - cCharacleristic X-rays.

rescearches coversd a range of wavelengths 0.04 - 0.08 A

Mosseley proved that the fraqgquencies of X.rays ncreasa in a regular manner from
element to the other in the Pernodic Table. He further suggestad that the frequencies of
rays are directly proportional 1o the no of protons in the nucleus. The no of protons in the nucle

is called “Atomic Number'”. - .
pMorsaover Moseley drew the following conclusions from the detailed analysis of spachs

lines which he obtained from 38 diferent elaments. (from Al to Au) as targels in X-rays tube.
(=) The speciral lines could be classified nto two distinct groups. O e, whiach belon

to shorter wavelength, called K-senes and the other with longer wavelength c:

as L-series.

{b) If the target element is of Mghar &t no., the waveae-length of X-rays becomes shos

(c) A relationship bebtweaen frequency (v) and atomic number {(Z) of the element

ﬁ = a {Z — Db)
This is called Moselay Law. Where a and b are called constant quantities. This lanw
that the frequency of a spaclral line In x-ray specirum varies as the square of atomic N
an slement ematiing It
2. 4.2 X-Rays, Atomic Numbers and Orbital Structure
In 1913 Henry G. J. Mossaley, a student of Rutherford. used the technique of
spectroscopy (just discoverad by Max won Laue) to deternvine the atomic numbers S
elaments, X-rays are produced in a cathode-ray tube when the electron beam {cathode a3y
on a metal 1argel. The explanation for the production of X-rays is as follows: When an €l
in the cathode ray hits a metal atom in the target, It can (f it has sufficient enaergy) kKnoc <



inmer orbital. The electronic configuration is unstable, and an electron from an orbital of higher
ST pargy drops in 1o the haif-filled orbital and a photon is emitted. The photon corresponds to
B rona gnetic radiations in the x-ray region.
3 Uses of X-Rays

Practical applications followed closely on the heels of discovery of X-rays. Because X-
have different penetrating powerss for different types of matter, they can be used to
mph interior of objects. Roenigen's onginal announcement of X-rays was made on
28, 1895, On January 20™, 1896, in Dartmouth, New Hampshire, Xsays were used
51 In selting a person's broken anm. This was something of a record time for fumming &
e discovery in (o practical application.
kayers of the closely packed particles in & crystal constitute planes. In 1912 Max von
, any sugested that the particles and the planes of a crystal might be separated by
M are of the same order of magnitude as the wavelength of X-rays. Therafore a
X-rays should be diffracted by a crystal. The suggestion was quickly wverified
Iy and the highly symmeatrical diffraction paltern that appears on a photographic film
s the Laue pattern of a substance. In England in 1913 Wilkam Bragg and Lawrance
d 8 simpler apparatus to determine the intermal structure of a crystal, which is called
- technique. .
2.5 THE QUANTUM NUMBERS AND ORBITALS
Bnger in 1926 gave an equation in which electrons are treated as moving with wave

three dimensional space around the nucleus. It differs from Bohr's atomic
> that the electrons move in orbits. It also specifies the distance betwean the

-
o

'-GfSOhroclmger's wave equation gives cerlan mathematical integers. These
5. which give the acceptable piclure of an atom, are called Quanium
_quantum numbers which can describe the electron completely,

n No. (n)

3 of the orbit and the distance from the nucleus. Greater the distance
be the size of the orbit. The shells are named as,

podated In various orbits are as follows.
M= 18, N = 32,

P gc;uon from an inners shell of the atom. This produces a metal ion with an electron missing fram



Today's Learning
ot

smm— rw’do QUESTION 1L WwOoUIC 1.
MMIM‘?& to know the answer 1 I need to improve on
_before the lessonis_.




How X-rays were discovered ?

Write the uses of X-rays ?
State Moseleys law ?
Explain X-diffraction technique in detail?
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