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ATOM MODELS: -

First modern conception of atom

Discovery— Electrolysis of atom.

Fixed guantity of positive and negative
charge of equal magnitude.

Idea of intrinsic nature of atom
Discovery—Electron ,e/m of electron, electrical nature of matter.
Entry of electron in atom

Atom electrically neutral
Uniform distribution of positive charge over atomic dimension

Account for first observed spectra of element
Electros were arranged inside positive sphere



ATOM MODELS:— —

/

The nuclear atom model
Resulted from scattering of o particles by thin sheet
Concept of nucleus
Falls to explain the stability of atom
Bohr Atom Model:
Nature of orbit of electrons revolves round nucleus
Explanation of origin of spectral lines
sommerfeld Atom Model: Relastivistic atom model
Fine structure of spectral line
Elliptical orbits



' TREVECTORATOM MODEL: g

/

e

Extension of Ruterford-Bohr-Sommerfeld model.

Bohr model explains series of spectra of H atom not fine
structure.

Sommerfeld model explains fine structure but not about
relative intensities and complex spectra of alkali metals

Old theories inadequate new discoveries Zeeman and Stark
effect.

To explain distribution of orbital electrons
Complex spectra of atom and relations with atomic structure

The vector atom model basically deals with the total

angular momentum of an atom which is results of the
combination of orbital & spin angular momentum.



The vector atom model: E

/

(A) Spatial/Space guantization :

(B) Spinning electron hypothesis :
(A) Spatial/Space quantization :
Bohrs theory--  Orbits are quantized.

Quantum theory—Direction or orientation of orbits in space
also quantized

To specify orientation of electrons orbit in space need fixed
reference axis

Direction of axis is direction of external magnetic field

Different permitted orientations electron orbit determined by
projection of quantized orbit on field direction i.e.quantized



"SPINNING ELECTRON: =

/

Introduced by Uhlenbeck and Goudsmith in 1926
Fine structure and anomalus Zeeman effect
Hypothesis- electron spins about an axis of its own
Also revolve around nucleus —analogues to planets
Quantum mechanics-spin of electron quantized

Idea of spatial quantization —Orbital and spin motions are
quantized.

The orbital & spin motion both are quantized In
magnitude & direction because they are considered as
quantized vector.

Hence the atom model based on this quantized vectors
is called as vector atom model.



l'-'C-)rUAi\ITUI\/I NUMBER ASSOCIATED WiITH
i VECTOR ATOM MODEL :

(1)Principal guantum no. (n) :
The serial no. of the shell’s starting from the Inner most
IS designated as its principal quantum no.

It can take only integral values excluding zero i.e.

(2)Orbital quantum no. (1) :

This may take value any integral value 0,1,2,3,4, __ (n-1).

If n=4 | can have four values 0,1,2,3,4
(@) An electron for which I=0, then it is s- electron .
(b) An electron for which I1=1, then it is p- electron .
(c ) An electron for which 1=2 , then it is d electron .
( d) An electron for which 1=3, then it is f electron .



oular momentum ——
Pi=in
al angular momentum is

p

=+ 0] 2 1

In quantum no. :

This has only one value take Y2 the spin angular mome
ps=sh
p.=S.h/2n

D, = [s(s + 1)] /2







ection of the orbital guantum no.
tic filed direction is called as magnetic C
no.

possible m,values are 1, I-1, |-2, 0,-1,-
e are (2I+1) possible values of m,

.0.
=3 —32,1,0,-1,-2,-3
m, = (21+1)

=(2x3+1)= 7
orientations of | are 7 for which
0-1-2-3




e projection of the spin vector s along
on of the mag. field .

Spin angular momentum s can assume only twi
sible positions with respect to the magnetic field

y be parallel or anti parallel .
4B

an have only two values +1/2 or -1/2 .




e projection of total angular moment
direction of the magnetic field .

IES

J=1£%
ust have only odd half integral values
have only (2j+1) values

to —J zero excluding




Coupling Scheme : 3

/

In atom having two or more electron , the orbital &
spin angular momentum of all its electrons can be
added together in two ways .

The method combination depend on the interaction or
coupling between the orbital & spin angular
momentum .

There are two types of scheme have been developed
they are

(1) L-S coupling :
(2) J-) coupling :



2quently so normal coupling.

tal angular momentum vectors of the va
ons combine to form a resultant L &

pendently all their spin
ular momentum vectors

bine to form the resultant S .
esultants L&S then
)ine to form the total

momentum J of the atom.
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eme may be summarized as follows
L=> I S=) s  — IS
S always an integer including zero & S Is an intege

an even number of electrons & odd multiple of %
ultiple of ¥ for an no. of electrons .

nce, J must be an integer , iIf Sis an integer & J
st be an odd multiple of % .
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, if L=0, J can have only one value
J=L+S — J=S

Tl Tl totL

T
T T T [
- ~

!

s=3/2, Y% s= 2,10
S=|8,+5, | S =1, 1/2, 1/2,1/2
to S = (1,0) (1,0)

1S:-S; | _
s=o @y o @10

S=3/2,1/2




J-j coupling : .

This method Is employed when the interaction between the
spin & orbital vectors of each electron Is stronger than the
Interaction between either the spin vectors or the orbital
vectors of the different electron.

The orbital & spin angular momentum of each electron In
the atom are added to obtain the resultant angular
momentum of the electron .



Thus J:Zji

(|2+Sz)+(|3+53)‘|‘
j3‘|‘. =
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Paullr Exclusion Principle: ——

Statement : No two electrons In atom exist in the same
guantum state .
OR

“Every completely defined quantum state in an atom can be
occupied by only one electron

The four qguantum state numbers n, | , m, ms determine the state of
an electron completely . Hence the principle may be stated as “ No two
electrons in an isolated atom may have the same four quantum
numbers” .

If two electrons have all their guantum numbers identical , then
one of those two electrons would be excluded from entering in to
the constitution of the atom . Hence the name Exclusion
Principle .
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al and universal

ence or nonoccurrence of spectral lines in optical anc
spectra

plete scheme of arrangement of atoms in periodic table

anation of electronic structure and atomic spectra

ne special guantum property of closed shell




e —
shell
=1, 1=0 & hence m; =0, since
s=1/2 m, = +1/2 or -1/2
ce k — shell can have two electrons

electron — 1 with quantum numbers ,
n=1,1=0, m=0, mm,=+1/2
2lectron — 2 with guantum number ,

=1,1=0,m=0,m,=-1/2




Max. no. of electrons in a sub shell is 2(21+1) of |

-

no.(l): 0 1
sible electron state : 2 6 10
ell symbol ; S P d

bution of electrons in a shell with n=sum of electrons In
tuents n subshells _ Z e

mbol ' K L

0.(n)



Selection rules . =

It is experimentally found that all possible combinations of permitted
energy states of an atom do not appear as spectral line.

Selection rules are principle, which give reason for such a state of
affairs.

For vector atom model three selection rules one each for L,J and S

Selection Rule for L :
Most of the observed spectral lines are due to transition between state
In which a single electron jump from one orbit to another

The selection rule is AL=%1 i.e. Only those lines are observed for
which the value of L changes by +1

Selection Rule for J :

Spectral lines arises only when transition takes place between states
for which AJ=%1 Or 0, 0 — 0 being excluded



vrule for Sis  AS=0 i.e. States with ¢
combine with one another .

3 rule is good for light atoms

Ips in allocation of observed spectral series to prope
antum numbers.

nergy level diagram can be constructed




Intensity Rules: -

/

Supplement to selection rule
Predict intensity of lines that occurs

Postulated on empirical basis in the study of optical and
X-ray spectra.

Rules are:

a) Those transitions are strong, give rise to intense line In
which L and J changes in the same sense

The transitions are weaker, more the change in direction
of L and J is different.

b) Transition in the decreasing sense (L —L-1) IS stronger
> Than increasing sense (L —L+1)
o ¢)The oppositely directed transitions do not occur



AUICS. E"\ :
1,AJ=-1 Most intense line (a)
-1, AJ=0 Less intense line (a)
=+1,AJ=+1 Weaker line (b)
\L=-1,AJ=0  Weakest line (a and b)

AL=-1,AJ=+1 Noline (c)

AL=+1,AJ=-1 No line (c)
aterval Rule:

alled Lande Rule

ement: Frequency interval between two levels v
gular momenta (J+1) and J respectively
onal to (J+1)
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- The s:election rule for L is AL = £1 i.e. only those lines
are observed for which the value of L changes by +1 .

e.2. L can changes from O to 1 (AL=1) from 1 to 0 (AL = -
1).

In symbol , a transition is possible between S & P levels

(AL ==+ 1), but not possible between S & D levels
(AL==+2).

The selection rule for J is AJ = =1 or 0 but 0—0 1s
excluded .

The selection rule for S 1s given by AS = 0.



ect Is magneto-Optical
2NoN

effect :a source of light
ing line spectra (spectrum )
d in a magnetic field , the

—

i)
@Dt

o

’4.
»
-
.
-
M
-
-
w
-
-
o

Uy
=

e

_E |—i
I |

LT O




—\ :

e splitting occurs into two or three lines, It
Zeeman effect . The splitting of spectral line
etic field Is strong.

splitting of spectral line into more than three
ponents in ordinary weak magnetic field is called

omalous Zeeman effect.
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ExperimentaLarrangemenL:

MM is an electromagnet capable of producing a very strong
magnetic field .

Its conical pole pieces PP have longitudinal holes drilled
through them .

A source of light (L) emitting line spectrum ( e.g. sodium
vapors lamp ) is placed between the pole pieces.

The spectral lines are observed with the help of a
spectrograph (S) of high resolving power .

the Zeeman effect may be observed in two ways :



S

e

(A) the positions of the spectral line is noted without
applying the magnetic field .
The mag. Field is now switched on & the spectral line Is

viewed longitudinally through the hole drilled in the pole
pieces & hence parallel to the direction of the field .

It Is found that the spectral line in split into two components
one slightly shorter in wavelength than original line.

The original line Is not present .

Both the lines are found to be circularly polarized in
opposite directions . This is called normal longitudinal
Zeeman effect.



— —

e

~ (B) The spectral line is then viewed transversely i.e.
perpendicular to the direction of the magnetic field .

In this case , the single spectral line is split up into three
components when the magnetic field is applied the central
line has the same wavelength as the original line & is plane
polarized with vibrations parallel to field.

The displacement of either outer line from the central line IS
Known as Zeeman shift.

The two outer lines are also plane polarized having
vibrations in a directions perpendicular to the field . this is
called normal transverse Zeeman effect.



o

Consider an electron moving in a circular orbit or radius r
— with linear velocity v & angular velocity o

The centripetal force acting on the electron towards the
centre Is

FE=mV2/r =mow?ré/r= mr o?

If the electron in motion clockwise then the force Bev IS
outward & If the electron motion anti-clockwise then the
force Is inward.

mr o’ — Bev = m(o+dw)? r
mro?— Bev = m(w? + 2o0do + dw?)
as dw IS very small , dw? is neglected .



— Bev = 2modor
-Bero=2mrodo
-Be=2mdo

do=-Be/2m
ockwise moving electron

do= Be/2m

=+ B ec/2m

s frequency of revolution of electron then ,

W=27V
do =2 &t dv
dv =dw/2n [do=+Be/
v = tBe/2m2xn
Be/4mm
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the change in frequency the spectral

are the frequency & wavelength of the origi

v=Cc/A

dv=-c/A? dAr
dA=-A2/cdv

dA = -A?2/ ¢ (£ Be/dnm)
dA = £ Be A?/4amc

\ — IS the Zeeman Shift




effect is the electrical
e of the Zeeman effect .

Stark effect iIs the

Itting of spectral lines due
he action of an external | spectometer
tric field on the radiating ({j\_-q\c

<— Canal
tance . L rays

irk line splitting iIs vey ﬂSpectrometer

ments having a high
DWer .




(a) EXperimental study =

Hydrogen atoms emitting spectral lines are subjected to a
powerful electric field.

The canal rays are produced in an ordinary glass discharge
tube provided with a perforated cathode C .

When the pressure in the tube is not very low, discharge
takes place between the cathode C & Anode A maintained
at a suitable P.D.

An auxiliary electrode F iIs placed parallel & close to C at
a distance of a few millimeters.

A very strong electric field of several thousand volts per
meter IS , maintained between F & C . The effect produced
can be studied both transversely in fig. (a) &
longitudinally in fig . (b)



e

Results : - -

~ The

result obtained with lines of Balmer series of H atom as

follows
Every line iIs split up in to a number of sharp components .

All

The
INVO

nydrogen lines from symmetrical patterns .
patterns depends on the quantum number n of the term

ved .

The number of the lines & total width of the patterns increases

with

n .

Observation perpendicular to the direction of the electric field
transverse view shows that the components are polarized .

Up to fields of about 107 v/m , the resolutions increases in
proportion to the field strength (E) . In this region , we have
linear or first order Stark effect . When E exceeds 107 v/m there
are shifts in the line patterns which are proportional to E* & it IS
called second order Stark effect .
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ant w and us resolved into
onents one along j and
ular to it.
cular components are cancelled
ctive mag.moment of electron is

mponents of w along |

i)+ 4 ) |
—leos(l )+ Ds s (5])
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= (+1) andsoon

el 1+jG+1) +s(s+1)-11+1)
4 2i(+1)

But bracket term is g i. e.Lande factor
ehj
i il-mn‘g
atom IS In weak magnetic field, total angular mome
tor J precesses about direction of magnetic field &

additional energy AE due to atomic magnet IS

ehj
AE =;¢jﬁcas(;,ﬁ}=ﬁ;3 0s (j, B
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