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Lecture — 04
Atomic and molecular orbitals

We have been discussing about the electron my interaction of electromagnetic radiation

with matter, now | hope that you are understanding what is electromagnetic radiation.
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ELECTROMAGNETIC SPECTRUM

2 Sty o o

So, I am presenting in front of you this figure of the electromagnetic spectrum. So, I told
you that the electromagnetic radiation that we come across in our day to day life is a
bundle of energy containing different frequencies. Now in this figure I have here on the
top left on the left side have put the way wavelengths, it starts from 10 raise to minus 6
nanometer, and 10 raise to minus 5, minus 4, minus 3 like that for | have listed them out
and then up to 10 raise to minus 1 nanometer it is here. 1 nanometer is 10 raise to minus
6 meters, so after that | have listed started from 1, 10, 100, 100 10 raise to 3 nanometer
10 micrometer etcetera here the scale changes we do not call it nanometer anymore, but

all are interconvertible.

So, on the left side | have 10 micrometers now, 10, 100 and 1000 and then after that we

are talking moving into millimeter range that is 10 mm, 10 centimeters, 100 centimeters



and then afterwards moving down still down | have 10, 100 and 1000 meters that is a
then I have upto 10 kilometer, 100 kilometer and then 1 million meters, 10 mm and 100
meters. So, in the middle | have gamma rays that is gamma rays range from 10 raise to
minus 6 to 10 raise to minus 2 nanometers. The top 5 corresponds to gamma rays; below
that | have x rays the wavelength range will be from 10 raise to minus 1 to 10

nanometers. So, part of the electromagnetic radiation is also composed of x rays.

And lower side | have ultraviolet rays and | am still you go down you come across
visible range which is a very small portion of the total electromagnetic radiation
spectrum, then after the visible range | have near infrared, far infrared, and then
microwave. So, microwave you are all very familiar with ranging from 1000 micrometer
to 1 meter. 100 centimeters we use microwave in our day Kkitchen also ovens based on
microwaves are available, and then radio waves of course, you would be familiar
because that is where you will be hearing lot of music and other things they all contain

they all range from 100 centimeter to 100 millimeter megamergers.

So, the whole electromagnetic radiation can be classified as gamma rays, X rays,
ultraviolet rays visible light near infrared, far infrared, microwave and radio waves. So,
yesterday | have explain to you that gamma rays are all products of nuclear reactions and
they are nothing, but basically neutrons, which are being emitted and x rays are when
electrons bombard on metals x rays are produced, and these are having slightly higher
wavelength range then gamma rays. Ultra violet range are still weaker in terms of energy

and longer in terms of wavelength.

So, next comes visible the ultraviolet rays are all part of our suns energy which is
supposed to contain vitamin d also, and then visible light it visible light has a several
components violet, indigo, blue, green, yellow, orange and red and next to that we have
near infrared far infrared, infrared lamps people use in day today life for the operation of
for sports persons whenever they get injured infrared lamp is focused on the four parts

affected by the body bruises etcetera it is used as a painkiller.

So, we are all very familiar with most of these radiations except gamma rays maybe in a
you may not come across day to day life, but x rays medicine ultraviolet is used in this
sunscreen lotions and things like that visible light of course, | do not have to explain to

you, everywhere you see all around you visible light near infrared; near infrared and



infrared, far infrared are used for sports persons treatment and microwaves are used for
we used in the kitchens, radio waves for music and entertainment etcetera. And then
again a microwaves and radio waves are classified as uhf vhf and hf etcetera ultra high
frequency very high frequency high frequency like that and very low frequency and
below that we have audio this thing. So, you can see that the electromagnetic radiation
the visible light what we are now what we normally are exposed as human beings it
forms a very small portions of very small portion of the total infrared total
electromagnetic radiation. And for our spectrophotometer for this course will be
concentrating on ultraviolet and visible light, and near infrared light also radiation also to

some extent.
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THE ELECTRONIC STRUCTURE OF THE
ATOMS

In 1904 Sir J.J. Thomson proposed the corpuscular theory of
matter. He Eictured the positive charge of an atom distributed
uniformly throughout a sphere of protons and neutrons of
about 10 cm. Negative charge was surrounding it in a jelly-
like fashion.

Rutherford modified this theory that electrons revolve around
the nucleus in such a way that the centrifugal force exactly
balances the inward attractive forces much like our planets do
around the sun. This view was also not tenable because within
the atom, particles having opposite charges are present. Hence
regardless of their speed, they enter the nucleus. Moreover the
electron losing energy would emit continuous radiation
without any sharp breaks.

So, this is what you have been talking about, we will continue our discussion basically
how our knowledge of to determine how our knowledge of spectroscopy has developed

over a period of time.
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In 1903, Bohr proposed a radically different view of the
atomic structure based on the optical spectrum of
Hydrogen. He included the postulates of quantum
theory proposed by Max plank.

Bohr proposed that the electron in a hydrogen atom
always described a fixed circular path around the
nucleus. Such orbits named ‘stationary states’ may be
thought of various circles differing in radius. The
angular momentum of each stationary states was an
integral multiple of n.h/2 which amounts to angular
momentum. The angular momentum mvr is given by

mvr = n(h/2r)

where n is an integer called a quantum number

So, basically all can be traced to electronic structure of the atoms, and | have already
explain to you that Sir J.J Thomson’s work about electrons and neutrons etcetera
Rutherford’s modified theory also we had looked at it, and our next understanding of the
spectroscopic techniques came from Bohr and Niel’s pressure Niels Bohr a Nobel (Refer
Time: 08:04) who proposed radically different view of the atomic structure based on the
optical spectrum of hydrogen. He included the postulates of quantum theory by max
Planck also. So, what essentially Bohr reported is that the electron in a hydrogen atom is
always describes a fixed circular around the nucleus; that means, electron is going
around and round the nucleus that is the Bohr model. So, such orbits are there named as

stationary orbit.

Actually what I want is | want you to understand that there is a nucleus like this electron
is going around, when the electron is excited to next higher energy level its diameter
would increase and it will be going at a still higher energy level. Again if you increase
provide more energy again it will described a bigger path, but still going around and
round the nucleus, you supply lot of energy it may electron may go off; that means, it
will ionize. So, the orbits in which the electrons are moving around the nucleus are
known as stationary states in Bohr Theory, and he thought of various circles referring in
radius. The angular momentum of each stationary states was an integral multiple of n h
by 2 pi, that is planks theory what he said is in quantum mechanical theory when you

supply certain amount of energy electron goes to next higher energy state, but it has to be



a definite quantity of energy corresponding to the energy difference between the final

state and the lower state.

So, in between suppose you in supply energy in between the 2 states it will have no
effect, it will not excite the electron to neither higher energy level nor it will fall back.
So, that is Planck’s theory. So, in Planck’s theory the energy difference between the 2
states is given by n h by 2 pi and the angular momentum of the electron because we do
not want the electron to fall back into the nucleus. So, it has to be balanced by the
angular momentum which will be exiting some sort of a centripetal force to keep it in
circulation. So, that angular momentum is given by mvr is equal to n h by 2 pi where n is
an integer called as quantum number. | think you are all familiar with this and he also
postulated that as long as the electron remains in a given orbit it neither radiates nor
absorb energy.
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He also postulated that as long as the electron
remained in a given orbit it neither radiates nor
absorbs energy.When the electron moves from one
orbit to another it was considered to involve the
absorption or emission of definite quantity of energy
depending upon whether the electron moved from
lower state to higher one or vice versa.This energy
manifests as radiation and the frequency of such
radiation is manifests as a spectral line which could be
related to the energies of electron in the two states E,
&E, as:

So, that is the fundamental truth. So, when the electron moves from one orbit to another
it was considered to involve absorption or emission of energy. So, this energy manifests
as radiation and the frequency of such radiation is manifest in as a spectral line, in which
could be related to the energy of the electrons in the 2 states E 1, E 2 or E final or E
initial like that; what we are saying is there is a nucleus electron is going round and
round | am going to supply energy and when | supply the energy electron will go to the

next higher energy level, at that time a certain amount of radiation is going to be either



absorbed or emitted if it falls from higher energy to level to lower energy level the
difference is emitted. So, if you take the total energy of the radiation before excitation
and after excitation there will be certain amount of energy difference between the 2
states right. So, this energy difference is the spectroscopy.

So, the energy difference | can put a photographic plate. So, as the electron moves from
one to higher energy level if | put a photographic plate there will be certain amount of
signal, corresponding to the 2 different energy states; if the electron is occupied there
will be occupied signal, if it is not there if it is excited then there will be some amount of
light will be emitted or excited or absorbed which can be measured. So, each transition is
always accompanied by certain amount of spectroscopic evidence, which manifests itself
as a sharp line on the photographic plate and in the energy level spectrum diagram also
energy of the incoming radiation. So, if you take hydrogen supply certain amount of
energy electron will be excited to next higher energy so there will be one signal, and then

suppose you excite it to next higher energy level there will be second signal.

So, suppose there are number of electrons at the same energy level all of them going
from the same energy level to next higher energy level, there will be certain amount of
transitions. These transitions suppose the electron is at the ground on the first step
imagine a very simple analogy is imagine the number of stairs from ground floor to third
floor or fifth floor. So, first floor there will be a platform, second floor there will be
another platform, third floor will be another platform. Now some electrons are at the
ground floor you take a imagine a football and kick it to the first floor, that energy is
difference the moment it hits the first floor you are going to get a signal. Some
sometimes you may hit the second floor, so what happens? You will get a second signal
for the same electron instead of hitting it to the first floor you will get the second signal

for the same electron.

Suppose your hit is send it third floor, the again energy difference will be much more and
third signal comes. Now that is one type of signal now imagine you are not on the
ground floor, but you are on the first floor, from the first floor you can send it to second
floor and third floor that energy difference also will be there. So, for a given element
number of spectral signals will result if depending upon where the electrons are in before

you supply the electrical electromagnetic radiation, some are on the ground floor, some



are on the first floor, some are on the second floor like that there will be a series of lines

corresponding to each energy transitions these are known as the line spectrum.

So, the line spectrum of a hydrogen have been defined and the recorded since 1700 A D
in different series corresponding to they have been grouped; for hydrogen it is a line

spectrum is given as Lyman series.
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Line spectra of hydrogen atom

Lyman series N =2,3)4essssenns to n=1

Balmer series 1 = 34,5t to n=2
Paschen series N = 4,5,600000000 to n=3
Brackett series 0 =50)7 00000100 to n=1
Pfund series N = 6,7 usussessssnd ton=35

Origin of hydrogen spectrum.

Bohr’s theory could explain the spectra of hydrogen
and etc. But it failed completely when applied to
multiple electron systems. Further it could not
account for splitting of optical lines (fine structure)
when spectroscopes of high resolving power were
employed.

Here what happens all the electrons are in the ground floor that is n is equal to 1; from 1
is equal to one the electron may be transferred to n is equal to 2, n is equal to 3, n is
equal to 4 like that. So, all the lines originating from n is equal to 1 are known is Lyman
series. Now imagine some electrons are on the second floor n is equal to 2; from n is
equal to 2 | can excite the electron only to 3 four 5 etcetera. So, all the electronic
transitions or spectral lines originating from n is equal to 2 to different energy levels are

known as Balmer series ok.

Similarly, n is equal to 3 is known as paschal series and then n is equal to 4 would be
Brackett series and then n is equal to 5 would be Pfund series like that, but as you go
from higher to higher energy levels from n is equal to 1 to 2 the energy level would be
very high, one is to would be still higher, but 2 to 3 and 2 to 3 to 4 or 4 to 5 the energy
difference between these energy levels would be much lower. So, the Bohr’s theory
could explain the spectra of origin how the different kinds of lines are obtained by the

same element, but it failed completely when applied to multiple electron systems.



So, this is the one of the greatest tragedies that it could not be applied therefore, it had to
be modified by which took place down the line after some time further it could not
account for the splitting of optical lines. For example, if you see the same like subjected
to magnetic field instead of one single spectral line you will see 2 spectra spectral lines
one without magnetic field one field one signal with magnetic field you will get 2 signal

same line it splits into 2.
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So, Bohr theory could not account for such changes at all, therefore, the Bohr model
even though basically it was correct it could not explain all the spectrographic changes, it
could not account for all the spectrographic changes that take place, it was slightly more
the same concept what | have told you | had drawn it here, here you can see the this is

hydrogen atom here n is equal to 1 the first circle first half circle is n is equal to 1.

Second half circle is n is equal to 2, 3, 4, 5, 6, 7 like that and all the transitions taking
place from different energy levels to one are known as Lyman series. So, here the
transitions occurring from different energy levels, but ending up only at n is equal to 2 is
known as Balmer series. Third is Paschen that is n is equal to 3, n is equal to 4 is

Brackett n is equal to 5 would be Pfund series.
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6. SOMMERFELD THEORY

In 1916 Sommerfeld modified Bohr’s theory to include
elliptical orbits which includes circular orbits only as a
special case.The velocity of an electron moving in an
orbit will be greatest when it approaches closest to
the nucleus and least when it is farthest.

This introduces variability in the orbit also which
as a whole will precess around the nucleus. This
precessional movement will result in small energy
changes and will be reflected as fine structure in the
spectrum,

So, the same element hydrogen can show 5 different kinds of line spectra which can be
accounted. So, the because of the failure of Bohr model what happened is down the line
Sommerfeld modified bolts the Bohr’s theory to include elliptical orbitals. Bohr’s theory
said it include the all the stationary states are circular, where as in Sommerfeld theory he
said it could be elliptical also, but as a special case it can be circular just like in
hydrogen. So, the velocity of electron moving in such an orbit would be greatest when it
approaches closest to the nucleus and least when it is the farthest. This is a very simple
assumption that imagine planet earth going round and round the sun, but when it is
nearest to the sun the speed will be very high and when it is furthest the speed would be

very slow.

So, this introduces the variability in the orbit also which has a hole will process around
the nucleus, and this processional movement will result in small energy changes which
will be reflected as fine structure in the spectrum; that is | explain to you that it is a
magnetic field that makes it look somewhat more complicated instead of one single line

it is double line.
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Sommerfeld concept permitted the subdivision of the
Bohr's stationary states of slightly differing energy
levels corresponding to the differences in orbit
shapes.

This is the basis of modern concepts of electronic
configurations.

Further it projected the possibility of penetrating
orbits. Thus certain electrons may penetrate closer to
nucleus than others thus permitting qualitative
pictures of the more complicated atoms,

So, such fine structure could be explained by Sommerfeld theory. So, what he did
essentially was he permitted the subdivision of the Bohr’s stationary states of slightly
differing energy levels corresponding to the differences in orbits and this is the basis of

modern concept of electronic configuration also.

Further it projected the possibility of penetrating orbits; that means, if imagine an orbit
like this in a round space and | can bring another orbit with an electrical magnetic field,
but they can be overlapping each other. If I imagine the orbits are rigid then there is no
overlapping they can be only come nearer each other only up to a certain extent, but if |
have an overlapping orbit there could be certain amount of overlapping it could be 10
percent, 15 percent, 50 percent, 50 percent 100 percent like that the one orbit can overlap
the other orbit.

So, the certain electrons may penetrate closer to nucleus than other in thus permitting

qualitative pictures of the more complicated atoms.
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T.ELECTRONIC DISTRIBUTIONS IN ATOMS

# The rule of 8: Inert gas atoms with the exception of
Helium contain eight electrons in their outermost
arrangement ,

# Helium, Neon, argon, krypton, xenon and radon contain
2,10,18,36,54 and 86 electrons and represent the end of
various horizontal series of periodic classification.

# C.R.Bury postulated that maximum number of electrons
in the various shells are 2,8,18 and 32, He also stated that
no shell can contain more than 8 electrons unless another
shell further removed from the nucleus is being formed.
This concept permitted logical explanations for the
configurations of transition and inner transition elements
i.e filling up of inner electronic levels while the outer most
ones remained constant,

So, what we are essentially same is we can summarize the Sommerfield’s theory also, in
general inert gas atoms with the exception of helium contain 8electrons in the outermost
orbit and helium neon argon are all having 2, 10, 18, 36 etcetera | am teaching you high
school chemistry again they have so many number of electrons and represent the end of
various horizontal series of periodic classification and then said C R Bury postulated that
maximum number of electrons in a various shells are 2 n square that is 2 ,18; 2, 8, 32 and
32 these are the maximum number of electrons that can be in a any shell. So, no shell can
contain more than electrons unless more than 8 electrons, unless another shell further
removed from the nucleus is being for this concept permitted logical explanation for the

configuration of the transition and inner transition elements.

What if you study periodic table you will see that the many of these penetrating orbitals
etcetera will be there, and they all go to then added electron with higher increasing
number of atomic increasing atomic number for the electron nuclear mass will increase,

but the electron will go into an inner orbital not the outer orbital.

So, the orbit actual size of the element shrinks it does not expand with added electron.

So, it is a beauty of the periodic table if you study that you will be knowing.
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# Electronic configurations of inert gas atoms

Symbol AtNo K L M N O P

He 2 2

Ne 0 2 8

Ar 18 2 8 8

Kr 36 2 818 8

Xe 54 2 818 188
Rn 86 2 8183218 8

So, if | have to plot electronic configuration of inert atoms, the it should be like this
helium, neon, argon, tripton etcetera here you can see maximum number atomic number
would be 2, 10, 18, 36, 54 and 86 that is 2 N square rule, and the K shell will always had
2 L shell will have 8, M shell will have 8 the outer orbit outer electrons are always 8
accept the exception of helium, and inner could be 18, 18, 18 and 32 is. So, this is a very

fundamental electronic configuration of the atoms which we all know and the quantum.
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8.QUANTUM DESIGNATIONS FOR

EThe BohirSommerfeld concept of electrons revolving
around the atomic nuclei is limited to well defined
shapes and it is essentially a rough pictorial
presentation.

Modern concepts based on wave mechanics depict
comparative density of the electronic charges at any
given point within the atom based on the theory of
probability.

Essentially this means electrons will tend to group
themselves in a series of positions relative to the
nucleus which may be considered as energy levels w.r.t
the nucleus. Transitions are permitted only between
these energy levels giving rise to spectrum,



Now, having down the structure of the atom and a little bit about the periodic table what
we want to say is the concept of electrons revolving around the nucleus atomic nuclei is
limited to well defined shapes and it is essentially rough pictorial presentation. You must
always remember that in electronic compositions in electronic representation of the
orbits and orbitals etcetera there are no exact figures, they will always be certain amount
of distortions and other things depending upon how mathematically correct you could be

in incorporating the base basic conditions of the transitions.

So, modern test on wave mechanics depict comparative density of the electronic charges
at any given point, within the atom based on the theory of probability. So, essentially
what this means is that electrons will tend to group themselves in a series of positions
relative to the nucleus which may be considered as energy levels. Have we, have been
talking about energy levels in quite a long time, and these energy levels with respect to
the nucleus the transitions are permitted only between the energy levels, which give rise

to spectrum that is the beauty now.
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Electrons are best described in terms of four quantum numbers:

Pnncapal Quantum numbe; r&) , Orbital quantum number(l),
magnetic quantum num er( and Spin quantum number(s).

The energy levels corresponding to n are given by

-drzetn( 1
W —— —‘
h n )

where  w - energy of the electron
z -Total number of electrons atomic number)
e - Electronic charge
p - Electronic mass and
h - Planks constant

rudely this amo ts to he mean dlstan%e of the electron
om t e nuc eus rmcn uantum pum er may ave

value fr to infini ere o refer to the, com
rem vaf of awe ectroR ig{o uct: osmve mg i’they
may be de5|gnated as IL shel I etc.

Now what we are saying is the any transition that happens in a given molecule must give
rise to spectrum, otherwise it is not permitted quantum mechanically it is not permitted,

it has to be some sort of n h by 2 pi that the formula it must maintain.

So, the electrons are basically best described in terms of four quantum numbers again.

So, one is principal quantum number and another is orbital quantum number, another is



magnetic quantum number and forth is spin quantum number. So, there corresponding
energy levels are given by this equation, I will not go into details about the derivation of
these equations which are fairly well described in lot of textbooks, but it has not much
relevance to what we are going to study in this MOOC course.
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Orbital Quantum number | is a measure of the orbital
angular momentum of the electron which is a vector

quantity
Il +1)
2n
The values of | vary from zero to (n-1). Hence for
n=1, lvalueis0
n=2 | value is 0,1

n=3 |lvalueis0,I,2
n=4, |lvalueis0,1,23

So, but for our practical purposes they orbital we can say that the quantum orbital
quantum number is a measure of the orbital angular momentum, that is given by h into
square root of | into | plus 1 divided by 2 pi; similarly I can describe the spin quantum

number also and magnetic quantum number also.
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Customarily these levels are named after the
spectral terms namely s(1=0), p(I=1), d(I=3) and f(I=4)
etc and the electrons present in these orbitals are
referred as s, p,d and f electrons.

A wave function associated with the orbital
motion of an electron is called an orbital. Thus we have
s, p, d, f orbitals also.

Magnetic Quantum number

some spectral lines split if the source is kept in a
magnetic field. This is known as Zeeman Effect. The
orbital angular momentum vector undergoes a
precessional movement and describes a cone about an
axis in the direction of the field the magnitude of

which is given by ml(h/2n).

And the magnetic quantum number will be in off will come into play only if we have a
magnetic field, and if this normally in magnetic field spectral line split and that is known
as Zeeman effect, and this Zeeman effect is also very part of our spectroscopic
techniques which are very very very important, which takes place in the atomic
absorption spectrometry that we are not dealing here right now we are dealing only with
the molecular spectroscopy, but Zeeman effect we should all be very familiar with

respect to splitting of the spectral lines in magnetic field.
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The magnetic quantum number is an integral value
and varies from -l to +|.Thus for s electron

selectron 1=0 and m, =0
pelectron I=1 and m;=-1,0,#|
delectron 1=2 and 'm,= -2,-1,0,+1,+2

f electron 1=3 and m = -3,-2,-1,0,#1,#¥2,+3



So, the magnetic quantum numbers change from 0, | is equal to O, | is equal to 1 means
there will be 3 magnetic fields, minus 1 plus 0, 1 plus 1 like that. So, different magnetic

splitting will take place.
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Spin Quantum Number (s)

An electron also rotates on its own axis. Hence it has
its own angular momentum amounting to:

h \/\(‘\—Ii

N

where s= /2 or -1/2 depending upon whether it is
precessing along the applied magnetic field or
opposing it. For each value of m, there are two
electrons differing in spin.

No two electrons within any atom can have same 4
Quantum numbers.This is known as Pauli exclusion
Principle. Each electron differs from every other
electron in a given atom in its total energy.

And the spin quantum number spin all the electron also can change that is given by this
expression h into square root of s into s plus 1 divided by 2 pi, but the spin quantum
number can have only 2 values that is plus half and minus half. So, without going into
details the we just have to confirm now that the in any orbital there can be only 2
electrons within any atom that has all; that means, all the four quantum numbers cannot
describe single electron or 2 electrons, no 2 electrons will have identical four quantum
numbers that is what it means finally, it is just like having a rupee note which is different
which is similar in all aspects accept the numbers. So, similarly every electron has an

address containing n I m and s quantum numbers.
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10. Knowledge of the exact order in which
atomic orbitals are occupied is based on the
interpretation of atomic spectra in terms of
how spectral lines result from permitted
electronic transitions. Heavier atoms have
complicated atomic spectral patterns and
overlaps occurring in the similar systems.

So, knowledge of the exact order in which electrons atomic orbitals are occupied is based
on the interpretation of atomic spectra only. So, our knowledge of comes only from
atomic spectra in terms of how spectral lines result from the permitted electronic
transitions. So, heavier atoms will have definitely more number of electrons more
number of orbitals more overlapping. So, the spectrum would be more complicated than

simple items like hydrogen.
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So, here is a practical representation of atomic orbitals, and here s orbital you can see on
the left side that is fairly spherical and the p orbitals are distributed about the bond axis
and the bond there black line in between the 2 represents the x and y axis, and we can see
that up p orbitals are dumbbell shaped I placed above and below along the axis there is
no electronic density not much electronic density, but electronic density is spread evenly

on the above and below the x axis.

Similarly, there will be number of the orbital there are 3 of 3 orbitals because one would
be in along x y direction, another would be y in the perpendicular direction another could
be vertical direction. So, the d orbitals are further splitting from the y orbitals for your
imagination we can say that the electrons are the orbitals are something like this, and
again there will be 5 different d electrons and similarly there will be number of 7 f
orbitals. So, these are the colored areas represent the maximum concentration of the

electrons cloud in the space represented there.
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orhital

So, here you can see P x orbital is one along x direction one along y direction and one
along z direction. So, there could be always 3 pi orbitals and the energy levels of D again
they will be in different shapes.
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I 12 Energy Level I

But they could be represented something like this 1s, 2 s, 2 p etcetera this | have already

showed you in accrued form earlier.
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13. Energy level diagram for atomlc orbital
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And the energy level diagram for atomic orbitals can also be represented something like

this is also a very similar very famous pictorial presentation of the filling of electrons in

a periodic table ok.
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14.Periodic table
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Now, the periodic table as we understand as of now is a modern periodic table based on
atomic number and | think you are all very familiar with this hydrogen here and helium
here that is the first arrow and 2 electrons, and then lithium sodium potassium caesium
etcetera these all alkali metals and then alkaline earth metals transition metals, and then
coinage metal fencing cadmium and mercury, palladium, copper, nickel etcetera coinage
materials and these are lanthanides cerium to lutetium or lanthanides and here | have the
semi metal metalloids silicon, phosphorus, sulphur gadolinium etcetera | have (Refer
Time: 35:11) fluoride chloride bromide etcetera these are all very simple familiar things
for you to know.
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INTERACTION OF ELECTROMAGNETIC
RADIATION WITH MATTER

Spectroscopy is the measurement and interpretation of
electromagnetic radiation resulting in the absorption,
emission, reflection, refraction, diffraction and scattering
by atoms, molecules or other chemical species. All these
processes are associated with changes in the energy
states of the species or modification or its direction or
intensity,

An electromagnetic radiation may be considered as a
wave which carries energy from one location to another
at a finite velocity (3x10'®cm). As the name suggests an
e.m.radiation has two components: electric field and
magnetic field which are perpendicular to each other.

So, based on the previous discussion we know about periodic table, we know the
interaction electrons electronics filling, we know that the electrons are all around the
nucleus occupying different energy levels and we also know that the energy levels can be
changed the that is the occupation of the electronic orbitals and molecular orbitals can be
changed by the supply of electromagnetic radiation, and this electromagnetic radiation
whenever it affects a change according to the quantum mechanical rules represents a

spectral line.

So, this is what essentially we have been driving at, and we will continue our discussion
on the interaction of electromagnetic radiation with the matter in the next class, that is
we will discuss a little about reflection refraction etcetera and then we proceed on to the
spectroscopic technique of the electromagnetic radiation, that is a spectrophotometry
how it works. So, based on the electromagnetic we will also look at what are the
different kinds of transitions possible in electromagnetic radiation, how we can predict
where is pectoral peak can be calculated without doing the experiment. So, that forms the

fundamental basis of spectrophotometry.

Thank you very much, have a nice evening.



