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Advanced Spectroscopic Techniques

Photoluminescence spectroscopy

Today I am going to discuss about photoluminescence spectroscopy. Photoluminescence is
obviously means light, and luminescence means something which source lights. So therefore, it
is a day-to-day affair, but we are going to discuss about the basic concepts and then how it is to

be utilized.
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Scheme

- Principles of photoluminescence
’ Quantum Yield and Lifetime

- Fluorescence Spectroscopy

” Fluorescence Instrumentation

- Experimental procedures

So the way I am going to schedule this lecture or put this letter into the perspective by this way
first, I am talking about the principles of photoluminescence, then something about Quantum
Yield and Lifetime, and then I will go to fluorescence spectroscopy, some instrumentation and
experimental procedures of fluorescence. Fluorescence has become a measured spectroscopic

technique as a part of the photoluminescence. So therefore, that needs to be discussed.

In fact, let me tell you also, the fluorescence microscopy technique has also come into picture
nowadays, especially for the biological specimens where some of the important parts of the body
cells of the different animals can be tagged with dice, and then can be imaged using

photoluminescence or fluorescence spectroscopy.
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Luminescence

Luminescence s a phenomenon where light s emitted by a
substance and that substance appears 1o ‘glow’. It occurs
because an electron has retumed to the electronic ground state
from an excited stale and loses ils excess energy as a photon of
light. Luminescence techniques are based on the measurement of
this emitted radiation which is characteristic of the molecule under
study

Excited state ]

Ground state

Well, what is luminescence by this way? Luminescence is basically a phenomenon where a light
is emitted by certain substance, and the substance appears to be glow. As you know, nothing
actually emits light by per say, when you see some object because the light is reflected from that
object. Obviously, the exceptions are sun or stars in the sky that they emit light, but I am talking

about the objects in the arts.

So the exceptional objects which can emit light, and then by emitting light it glows basically
known to be photoluminescent and this whole process is known as luminescence. It occurs
mainly because of the electronic transitions. Like an electron, if it is excited from the ground
state shown here electron excited from the ground state to the excited state by certain energy, you
can either talk about any kind of energy either the photo energy, or chemical energy or sound

energy.

And then once it returns from exited state to the ground state, it loses the excess energy and this
excess energy comes in terms of light, and that is why the photoluminescence actually happens.
So luminescence techniques actually based on the measurement of this emitted light and emitted
radiations, and as you know, as we have discussed over the last few lectures on different aspect

of invisible spectroscopy or maybe FTIR, the inference spectroscopy.

This emitted radiation is always characteristic of the molecule because of the specific electronic

transitions which takes place in sagic process.
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Modes of Excitation

+ Photoluminescence:

Excited molecules are the result pholon absorption (absorption of
radiation)
TWO Phenomena
Fluorescence
Phosphorescence

* Chamiluminascence
Excited molecules are the result of chemical reactions
+ Thermal Excitation

Excited molecules are the result of flames, plasmas, arcs & sparks

Well there will be obviously different modes of excitations that means you can excite the
molecules or electrons basically from ground state to high energy state or excited state by
different ways that means. First one is known to be photoluminescence which is the subject
matter of this class today. Excited molecules are results of photon absorptions like absorptions

of radiations.

So one certain radiation falls on a molecule if the molecule can absorb the radiation in terms of
the photon, and then we call them photoluminescence. So, there is two kind of elements, they
also can occur, one is fluorescence and other is phosphorescence which we will discuss
separately after certain slides. And then you can also have Chemiluminescence that is excited

molecules came because of results of chemical reactions.

So chemical reaction can also lead to excitation of molecules where the electron can jump from
ground state to excited states. Then heat can also be used for excitations, dual is called thermal
excitations that means there are three more excitations, one is by photon absorption, second one

is by chemical reaction and third one is known as the thermal excitations.
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Photoluminescence and Fluorescence

Definitions

Photoluminescence is the absorption of radiant energy (EXCITATION)
and the re-emission of some of this energy in the form of light

(Molecular fluorescence and molecular phosphorescence are
photoluminescence processes whereby a molecule emits previously
absorbed light).

« The light emitted is aimost of longer wavelength than that absorbed. If
the light is emitted with a time delay more than 10® sec, the
phenomenon is known as phosphorescence

* However, il the emission process occurs approximately equal to or
less than 10® sec after the absorption process it is called fluorescence

Now before going to the details of many of these electronic transitions, let us talk about some
definitions, because this will help us in understanding the whole process. Photoluminescence is
as I have told; it is absorption of radiant energy and remission of some of the energy in the form
of light. It can be fluorescing, or molecular, phosphorescence process where molecular emits the

absorbed light.

The light emitted is almost of longer wavelength than they absorbed obviously, because the
amount of light energy emitted will be always less than the amount of the energy absorbed, some
of the energy will be spent on some other processes. And normally the light is emitted with a
time delay of about of 10® seconds that means close to 10 nanoseconds, it is a very small time

scale I’m talking about it. In that case, this phenomenon is phosphorescence.

So you understand now that if the light emitted with the time delay of 10® second that is 10
nanoseconds, we call this one phenomenon to be phosphorescence. But if the light emission
occurs approximately equal to the less than about 10 seconds after the absorption of the photon
is fluoresce. So this basically different between the phosphorous and fluoresce in terms of time

scale.

So in case of the fluoresce time given are actually delay for emission of the light after absorption
of the photon has happened is less than 10® seconds that means it will be off the order of the 1-
10 or even less than 1 nanoseconds. And in case of phosphorescence it is approximately 10

nanoseconds. So this is the main difference between the phosphorous and fluoresces.
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Fluorescence and Phosphorescence
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To give you some basic pictures, how the fluoresce and phosphorous happens, first let me talk
about fluoresce. As I told in the beginning of the class, the fluoresce concept has been utilized
by the fluorescence microscopy in IIT Kanpur itself in our own lab we have fluorescence
microscope. And then we can use this microscopes for imaging certain species in the cell, living

cell or dead cell, living cell is the best one.

So in this case, I will show you some pictures taken from cells, and these are actually hermanos
tubular cells grown on different composites like hydroxyapatite, hydroxyapatite titanium
composites and by using Alexa Fluor 488 dye, we can actually tag this dye on mitochondrion of
the living cell. So therefore, this dye when we put it on the microscope and used the photon light
can froze, that means it can emit light in the range of, blue color light you can see here where

you can see each molecules and each cells has blue color light emitting.

That means this cells are light and mitochondrion are working by this we can probe the cell
growth on the material, this is a very wildly used technology. But his uses the concept of
fluorescence, so that means there are many set of dice in fact which can be used or can be used to
tag different kinds of the parts of the cell, and then study their behavior when exposed to certain

kind of external stimuli.



So these are sarcoma cells, they are all cultured for 72 hours, they are not humanistic, but they

are all sarcoma cells, okay. So this is how this can be done.

(Refer Slide Time: 09:09)

Fluorescence and Phosphorescence

Phosphorescence

ALO ZnS

Fluorescence again taken from my lab that are taken as phosphorescence. As we k now zinc
sulfate is basically used as phosphorus scheme. Those of you who have seen microscope, and
then electron microscope or old that are since scanning electron microscopes, the electrons after
interacting to the sample falls on the phosphorescence actually. And when, that means, the
electrons are like photons when they fall on this phosphorescence they exited in a kind, in a

predominant electronic transitions.

And once these electrons construct the ground state, they need radiations. What is shown here is
aluminum oxide and zinc sulfate, ZnS on a pet to this kept in a dark room and then imaged.
What you see is that aluminum oxide does not show phosphorescence, but zinc sulfate shows
phosphorescence. So these two things are well known and you have seen probably observed in
the actual life. Many, many minerals are present in this world, which actually gives

photoluminescence behavior.
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Photoluminescence and Fluorescence

Fluorescence:

Fluorescence occurs when an excited molecule decays slowly but
the orgmnal transion does not include a change In electron
spin,

« Relatively rapid process (<10¥ seconds after excitation)

* Resonance fluorescence occurs whan tha emitted energy is them
same as the excitation energy

« However most fluorescence I8 non-resonance due 1o Stokes
Shift, as the emitted energy 15 less than the excitation energy due
to energy level transitions that occur before emission

So again, to give you or strengthen my lecture or to give a better perspective, fluorescence occurs
when exited molecules decay slowly, but original transition does not include within the electron
spin. And this is related to a rapid process and however, fluorescence is non-resonance due to
stoke shift, as the emitted energy is less than the excitation energy always due to the energy level

transition that occur before the remission.

Phosphorescence occurs when they exited for electro-phosphorescence when the excited electron
undergoes change of spin. So we will see what is the changes spin, longer process, longer
wavelength versus excitation is really induced for an easily detectable length of time up to 10
seconds. Chemiluminescence which we will not discuss in detail but to give an idea,
chemiluminescence is a process in which luminescence or the emission of light on a molecule is
caused by chemical reactions that is light sticks as the many chemical actually shows light sticks.

And they are much small sensitive than the UV-VIS spectroscopy.
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The attractive features of Fluorometry

+ Inherent sensitivity, 0.001—0.1 ppm
+ Salactivity

« Less wbdl-l)r apphcable than absorption method—lmited
numberof chemical systems that can be made to luoresce

There are many attractive features of fluorometry, both fluorescence and phosphorescence, they
are very inherently sensitive that is we can actually detect the amount of chemical presence on
the less than ppm, less than 1.1 ppm actually. They are very selective for the particular chemical
person because the excitation is different and less widely applicable than the absorption methods

because limited number of chemical system can be made to fluorescence.

That is the major problem in fluorescence spectroscope, because you need to have specific dye
for fluorescence to happen. And selection of the dye makes the life difficult that is why
fluorescence or photoluminescence spectroscopy is not widely used by many experimentalist.

Well, now let us go into the detail of the principles, after giving you some idea and definitions.
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Principles

Singlet and triplet states
» In the ground state - two electrons per orbital;

# Electrons have opposite spin and are paired

Singlet excited state ¥

Triplet excited state

As I said, transitions, there can be two kinds of states in the electron spin, 1 is single state and
triplet state. In the ground state, two electron are present by the orbital, you know that and their
opposite spin they are paired that means if I have one, suppose P electron level we have opposite
spin of electron, 6 electrons are present we know that, this is p, yes we have 2 electrons, so one
up and one down and D have 10 electrons, so five up and five down, that is what I am talking

about it.

Now what happens in singlet excited state, electrons in the high energy orbital has opposite spin
orientation relative to the electros in the lower orbital that what it sound. So if I have this state
and then in the excited, so electron in the high energy orbital has this spin which is shown here,
electron in the both orbital have this spin, they opposite spins that is what is called singlet excited

states. And this has certain energy difference that comes as a light.

So in a triplet state, exited state is little bit different. What happens when triplet exited state is
like this, excited valence electrons may spontaneously reverse its spin and this process is called
intersystem crossing, what is it? So you have this state, now excitation happens and this electrons
remains in spin state, but the bottom one can change the spin state or you can have back spin flip.
And this is what is called intersystem crossing on IC in the literature, this is also known as IC in

the short form.

So electron in the both orbital have now sense spin orientations that what when triplet exited

state in the electron and both higher and lower energy orbital have same spin orientation, on the



other hand, singlet state has different orientation. So you must remember this. Well, now how to

explain this fluorescence and phosphorescence behaviors in terms of energy level diagrams.

(Refer Slide Time: 14:30)

Principles
Energy level diagram (Jablonski diagram)
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Jablonski, long back, thanks to him, has actually develops such a kind of diagram to explain this.
So let us suppose if 0 is the electronic ground state and S1, S2, and S3 above up to Sn are the
excited vibrational states, have not shown lot of those steps specifically removed it. So now if I
excite it on an electron that is what is called photon absorption A, it gives certain photon, it

absorbs it and goes to S2 states.

From S2 states there can different situation can happen on the electrons comes back to the
electronic ground state. First one, what is known as interchange states which I have showed you
there is a triplet transitions, it can come from S2 to S1 that by this called IC okay. And this is
called internal conversion as I told you in the last slide. And then when it comes back from this

S1 to S2 it emits second light, that is what is called fluorescence.

So as you can understand, initially the electron exited from SO to S2, and then it loses certain
energy by internal conversion then there is energy in our level is turned out into light, so that is
energy loss. The verbal length of the radiation, which is coming out where the fluorescence will
be smaller, so it will be higher than the initial wave length, five that is because the energy is less.

Now also what can happen instead of fluorescence.



What can happen is that you can have intersystem crossing here from S1, you can have
intersystem crossing that is what I showed you intersystem crossing here, this is what the
intersystem crossing, the speed state can flip when the electron even cannot take side of steps.
So if you have this interstate crossing, then again it comes to a state call T2, T2 in between SO

and S1 at triplet state, you can say.

And then this from T2 to T1 you can also have internal conversion which is possible, and then
when it comes back on T1 and T2, SO what happens actually called phosphorescence. So
phosphorescence is actually much more complex phenomenon than the fluorescence. And, you
know, that is why fluorescence is more wildly used than the phosphorescence because there is

process involved the explaining of the experimental results becomes difficult.

Okay, so that is actually how the Jablonski diagrams are made and discussed. These are all very
advanced level course, so that is why you need to understand. I hope, you have already got an
idea about the energy diagrams, and then you will able to appreciate this. Well, not only this
transition part alone, one is to know about the population of the energy levels in the fluorescence

Pprocess.

(Refer Slide Time: 17:47)

Principles

Population of energy levels in the Fluorescence process
+ At room temperature (300 K), and for typical electronic and
vibration energy levels, can calculate the ratio of molecules in
upper and lower states

n \J
expl = 24
n : k1

K = Bolizmann's constant (138102 JIK)
\E,, = separabon in energy level

Population means how many electrons are present in a certain energy level. At room temperature
that is about 300 K and for any typical electronic and vibration energy level, one can calculate

the ratio of the molecules in the upper and lower states that is S3, S2, S1 and SO is the lower



states, using this formula, this is very simple formula nyppe/niower is basically equal to exponential
minus en/kt, where en is a separation energy level, ke is Boltzmann constant =1.38x10* J/K and

T is the temperature.

So important aspect you have to remember is that, it depends not only the energy separation level
but also the temperature. So if you here a material, the temperature will increase. So therefore
this factor will reduce. Therefore nyype/niower Will increase. So that is why many cases we heat a

material to get fluorescence.
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Principles
Fluorescence process: Excitation
+ At room temperature, wrr','!‘ing starts out at
the lowest vibrational energy level of the ground state
g1
* Suppose s molecule is lluminated with |g:l'|! ata =
resonance frequency 4
# Light is absorbed, for dilute sample, Beer-Lambert ! S0
law applies 4 — o

A . nuchaar confguralion
where ¢ is molar absorption (extinction) coefficient

(Mt em"); its magnitude reflects probability of absorption and its
wavelen E_-rh dependence corresponds to absorption spectrum

» Emcitation - following light absorption, a chromophore is excited
to some higher vibrational snergy level of 5, or 5,

» The absorption process takes place on a time scale (10" 5) much faster than
that of malecular vibration = “wertical™ transition [Franck-Condon
principle)

More detail analysis on this, what is extraction and what is emission for fluorescence as I said,
we will discuss more detail on fluorescence. At room temperature everything starts obviously at
this lowest navigation energy level of ground states is 0 and suppose illuminate certain
molecules, anything it can be benzene, it can be organic or non-organic molecule also with light

of reasonable frequency and then what will happen?

Light will be absorbed and we can actually apply law as we have seen, A=ecl whatever because ¢
is the molar absorption, bc is the, b is the optical distance and 1 is the excitation. So therefore this

magnitude is fully molar absorption and the wavelength depends, dependence of correspondence



absorption spectrums and that is how we can explain the absorption. Excitation actually happens

following the absorption.

A chromospheres or basically basic unit of a molecule excited to have higher states from the SO
to S1 here and absorption process takes place on a much more a time scale. It says it can happen
actually into the -15, that is even lower than Pico second time and vibrations is much slower than
actually excitation is faster than vibrations. So particle transition principle which is I am not

going to discuss, fine cotton principle can also be utilized to explain such kind of stuff.
(Refer Slide Time: 20:21)

Principles
Fluorescence process: Non-radiative relaxation
& |nthe excited state, the electron is promoted

to an anti-bonding orbital= atoms in the
bond are less tightly held = shift to the right
for 5, potential energy curve electron is
promoted to higher vibrational level in 5,
state than the vibrational level it was in at the
ground state

axsitation

+ \ibrational deactivation takes place through
ntermolecular collisions at a time scale of
102 5 (faster than that of fluorescence
process)

You can also have something called non indicative relaxation. That is they easily possible, so in
the excited state electron is promoted. It can promote to an ant bonding orbital. Remember this
entire thing we discussed for the UV visual spectroscopy. Anti bonding or the pi star or n star.
Anti bonding, orbital bonding and anti bonding. Anti bonding power related occupation is very

low for the electrons.

So in the excitation, electrons can be promoted to anti bonding orbital and atoms in the bonds are
less tightly held then. So that leads to shift to the right of S1 potential card shift to right to the S1
potential card. So this is energy. So it is leading to shift in the right of the excitation potential,
this is S1 and this is SO and electron is promoted to the higher vibration level S1 shift, then the

vibration level S2 was in the ground state. This is what is called the X optic transition.



Now vibrational deactivation or non radiative relaxation can take place through inter molecular
collision, the time scale even much faster than the nanosecond 8 into the power of -12 second,
which is faster than fluorescence process and that is what is called non-relax shift. Here it can
actually, collision can takes place inter molecular and it can come from high energy state to the
low energy states. That is what I am saying, so that is what is shown here as you can clearly see,

this transition is can be related to some extent to this.

(Refer Slide Time: 21:58)

Principles

Fluorescence process: Emission

* The molecule relaxes from the
lowest vibrational energy level
of the excited state to a vibrational
energy level of the ground state
(10 5)

» Relaxation to ground state occurs faster than
time scale of molecular vibration = "vertical”
transition

* The energy of the emitted photon
is lower than that of the incident
photons

Well so once it is the electron as because of intermolecular collision has come from high energy
to the, you think this is 1, it can come from high energy to the lower vibrational states. These all
different vibration states then it can relax from the lowest vibrational states to the excited states
to the vibrational energy level of the ground states in many different states because in ground

state also there are many vibration energy states above level.

So electron can jump from one to any of this form, the lowest this level to the lowest vibrational
energy level, excited state to the SO, that is the ground state energy levels by different ways and
this relaxations work as a faster than the time scale of the molecular vibrations and this all
known as vertical transition in the literature. Energy of the emitted photon is obviously all in

what in the incident because of some of electron energy lost in the process.
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Principles

Stokes shift

* The fluorescence light is red-shifted (longer wavelength than
the excitation light) relative to the absorbed light ["Stokes
shift").

* Internal corversion (see slide 13) can affect Stokes shift

+ Solvent effects and excited state reactions can also affect the
magnitude of the Stoke's shift

Well as I told I was stoke shift, let me talk about stoke shifts now. Fluorescence light is rate
shifted always that is it comes in a longer wavelength than the excitation lights. This is what is
known as stoke shifts. Okay when something is rate shifted, that means whatever is coming out
has a longer wavelength, lesser energy than whatever is given as input. This is mainly because of

the internal conversions that take place.

Solvent effects and the excitation state reaction can also affects this stoke shifts. Well there are
many other things that is possible which may be like to interested to know. You can also be
invariance of the emission wavelengths with excitation wavelengths. It can be invariable, this
may not be variable. So may be these wavelengths only depends on the relaxation back to the
lowest vibration level of S1 this is what I am talking about it. So it comes back to the lowest

vibration level of S1.

For a molecule, the same fluorescence emission wavelengths are observed irrespective of the
excitation wavelengths. So that means fluorescence wavelengths will not change at all depending
on the excitation levels. Once it is excited, it is gone to the highest irrationality state of the S1
and then the rest of the process takes place. So therefore it does not matter what is the
wavelengths of this emission. Once it has gone there, it can be fluorescent that is what is called

as the invariance.
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Principles

Mirror image rule e
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Well, now comes another very important aspect of fluorescence spectroscopy that is mirror
image tool. So these are all S0,S1 now I am going to give you a much better picture and there are
different vibrational state V012345 for the SO, B frame 0 to 5 and for the S1 and as you see
excitations and relaxation processes. So this is internal conversion and then relaxations. So that is

fluorescence step.

Now what is the mirror image tool? Vibrational level in the excitation state and the ground states
are similar. This is the ground state, this is the excitation states. S1 is excitation state S2 is
ground state. So vibrational levels are similar absorption spectrum reflects the vibrational levels
of the electronically excited states. Obviously, this all has absorbs. Therefore if I measure the
absorption spectrum, then I will get all these excitations measure if I get the relative wave

number plot.

So I will get absorption spectra like this it will be showing me it is. The emission spectrum
which is coming after relaxations reflect the vibration level of the electronic ground states as you
see here. So fluorescence emission spectrum is basically a means by mirror image of the
absorption spectrum. So whatever is coming down, you will be able to see this, exactly this. That

is understandable because one is getting absorbed and the internal conversion, then it is coming

up.



So although energy levels will be different, wave numbers will be coming different for the
emission and the absorption but if you put a mirror here you will see the image. That is also clear

from the energy level diagram.
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Principles of Fluorescence

nternal conversion vi. fluorescencs emitsion

As electronic energy increases, the energy levels grow
more closely ipaced

It s more likely that thare will be cverlap betwesn the G500
high vibrational snangy levels of 5, and low vibrational
anargy levels of 5,

This overlap makes transiton between states highly
probable

Internal conversion i4 a tranwtion occurring between
states of the same multiplicity and It takes place at &
time swcale of 10* 5 (faster than that of
Muorescence process)

The energy gap between ﬁ; and 5 i significantly larger
than that between other adjacent states -+ 5 lifetime is
I!IHFEI' ¥ rndbiative &rmisiian can campets Eﬂﬁ“'ifl'.'

with non-radative emission

Now let us look into even much complicated aspects of this. What is internal conversion? How
does it affect the fluorescent emissions? As the electronic energy increases, energy level grows
more closely packed. That is you know as this is ground states, these are the ground states, these
are the vibration levels, once this is at 0, this is 10 after 5 is S1 S2. There are two excited tables I

have shown here. Otherwise I cannot show the internal conversions.

Now as I said, as the electronic energy increases, energy level grows more closely. That is this
way, as you can see here, they are getting close. There are most likely that there will be overlap
between the higher vibration energy levels at S-1 and S1 that is these two are the S1 and S2 and
the excited states. So there maybe overlap of the vibration energy levels between S1 and S2 is

possible and these overlap makes the transition between the states highly probable.

That is the transition from this to these states highly possible. Internal conversion is nothing but a
transition occurring between the states of the same multiplicity. Same multiplicity means there
are 5 multiple states here, 5 multiple states here, S1 and S2 both. So between these two states,

transition is going to happen and a time scale which is much larger. The fluorescence time scale



that is the distant of -12, that is Pico second and energy gap between SO and S1 or the S1 S2 is

significantly large obviously than the adjacent state between S1 and S2.

So lifetime for this internal conversions radiative transition can compete effectively with non
radioactive transitions. So this is radioactive conditions within this and between this is of non
radioactive transitions. So as you can see, you have fluorescence when this red colour staffs
happens and a fast process when this internal grossing happens to another tinplate states basically

electronic spin cleave happens and then transition to the ground state process.

So these are non radiative tip lets and of this time scale given here and okay I can always discuss
in terms of this please look at this part. You have excitations of the order of kind of —seconds 5
15 seconds, internal conversions and putting to 11 seconds. Then you can have fluorescence
which of this to the -9 or less, line and more actually, not less than -7 or we are going to have

actually internal crossings and non irradiative part.

I have not discussed as a quenching which I will do it in later part. So that is actually internal

conversion vs fluorescence emissions.
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Again to show you, how the mirror image principle can be applied, as you can see here, the
mirror image rule typically applies when they say SO to S1 conditions taking place, this is the
excitations and this is the absorption and emissions similarly here also. So deviations on the
mirror image rule can also be absorbs or they actually absorb when SO to S2 or transition even

higher excited states takes place.

This is one such. Soon here there is deviation. But normally we see this kind of pictures, most of

the cases.
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Principles of fluorescence
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Well then let me just discuss more about inter system crossing which is the main reason for
phosphor florescence. Inter system crossing actually refers to non radiative transitions between
the states of different multiplicity as you see here, basically for phosphor florescence triplet
states. So this is what is required and that requires inter system crossing. What is that? It occurs
actually via inverse of the spin of the excited electrons resulting in two unpaired electrons with

the same spin orientations.



And this basically leads to states with the spin equal to 1 and multiplicity equal to 3. That is what
you see they are multiplicity of 3,123. Transition between the states of different multiplicities is
formally formatting. This is not at all allowed and spin orbit in the vibration coupling mechanism
decrease the pure characteristic of initial states of final states, therefore making the inter system

crossing more probable.

Then what I mean to say is that T2 ratio transitions always forbidden and TI lifetime
significantly larger than this. So if I have SO, S1 and T1, T1 is the triplet states. First if system is
excited by absorptions and then it can have inters Ic, this is not inter system crossing. This is
internal conversion here and then fluorescence and if a inter system crossing leads to T1 states

from this to this and then you can have phosphor florescence when transitions happens to the SO.
So that is what is called inter system crossing and these are the parameters which are followed

there.

(Refer Slide Time: 31:29)

Principles of fluorescence
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Again if I put all the things together, now I know what is interring system crossing everything.
That is what will be coming to picture. I think this is what I have already discussed, forget about

this. These are all different states and how fluorescence and phosphor florescence can take place.
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Principles of fluorescence
Fluorescence energy transfer (FRET)

Maolecule 1 Molecule 2
Flucraacances
) )\ DOMOR ,

-

Non radiative anerngy (ransfer — & quantum mechanical process of
resonance belween fransition dipoles

EMective batwaan 10-100 A anly

Emission and excitation specirum must significantly overlap
Danaor transfers non-radiatively to the acceptor

Well let us see the spectrum so if I have intensity for these wavelengths, if I have two molecules
suppose here 12 and then the molecule 1 absorbs and then if it donates then you have this kind of
fluorescence if it accepts the molecule to have this kind of fluorescence. So non radiative energy
for the quantum mechanical process of region has between the transition dipoles normally
effective distance between 10 to 100 Armstrong, Emission and excitation spectrum mass

significant overlap and Donor transfer non relatable to the acceptors.
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Deactivation Processes

1. Radiation “Luminescence” Processes

Flugrescence and Phosphorescence which competes with

2. Radiationless Processes
Vibraonal Relaxaton
Intermal Convarsion
External Conversion

3 Intersystem Crossing (IC)

Well now that we know lot of things I will also discuss some of the deactivation process which
actually I have told, I will just show you. Radiation luminescence process, fluorescence,
phosphor florescence which compete with each other, relaxation radiation less process it can
have vibration relaxation, internal conversion, external conversion and we have inter system

crossing. Inter system crossing is already discussed.
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Important, non-Radiative Relaxation Processes

 Vibrational Relaxation

« A molecule can give offl some of I1s energy rom absorbed kghl (usually
uv-¥is) by jumping to a lower enargy vibrational state. The excess enargy
is used to make the conversion. Mo light is given off

+ Internal Conversion

+ The molecule transitions 1o a lower energy electronic state withoul
giving off ight. Excess energy is used lo covert the molecube from one
electronic stale to anather

« External conversion

= The mokecule gives off energy o an exiemal source, such as by
collision with another similar molecule or solute molecule. This is called

quenching”

* Intersystem Crossing
« The molecule goes from a singlet to triplet excited state and uses up
energy changing the spin of an electron.

What is vibration relaxation? A molecule can give up some of this energy from the absorbed light
by jumping to low energy states and excess energy used as a conversion, no light is given off.
This is what is called vibration relaxation. Internal conversion I have already discussed. So
basically to tell you that molecular transitions to a low energy electronic state without even
giving light here also exercising to convert the molecule from one electronic state to another

state.

What is external conversion? That is what the new thing which I am going to discuss and that is
known as quenching. Molecule gives up energy to an external source such by collision but with
another similar molecule or solid molecule. That is what is called quenching. That means it can
give energy to another molecule. Inter system crossing I have already told, how a singular state

to duplex state transitions can happen and can be used for phosphor florescence.
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Deactivation Processes

Vibrational Relaxation

*Excited state molecule collides with the solvent malecules
-Result: Emission lines are Stokes shifted

» Longer A's and lower v's

+ Life time of a vibrationally excited molecule is 102 5 or less;

shorter than that of an electronically excited state (10 5)

Well vibration relaxations normally excite the state molecules collide with solvent molecules can

happen. The emission lines will be rate shifted, longer lambdas and lower frequencies. Lifetime

of emission excitation molecule is 10 "2 second or less.
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Deactivation Processes

Internal Conversion

=1LC. is efficent when two electronic energy levels are sufficiently
chose for existence of an overlap in vibrational levels

= Molecule passes to a lower energy
electronic state withoul emission of radiation.

e.g.. 5 — 5, Ty — 5y, 5 — 5.

Okay then you has internal conversion. Internal conversion basically you have two molecule

energy levels are sufficiently closer. So you can have S2 S1 TO to SO, S1 to SO conversions

called internal conversions.
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Deactivation Processes

External Conversion
«Exciled state malecule collides with solute, or anather malecule

«Energy is transferred by: collisional quenching

External conversions are basically when energy transferred to another molecule and which is

called quenching.
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Deactivation Processes

Intersystem Crossing

« A process in which the spin of an excited eleciron is
reversed.

+ Excited state electron spin flips

'S: —Tl

« Common in molecules containing heavy atoms: |, Br, or
presence of molecular oxygen

Inter system is like a S1 ST1, excited states flip. Well now let me go to the next thing after
talking about all kinds of principle that is called quantum milled. Quantum milled is what is

measured actually quantity.
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Quantum Yield

Quantum efficiency : ¢ is the ratio of fotal amitted light to total absorbad
light.
Method to express amount of luminescence

Ratio of number of molecules that luminesce to total number of excited
mobkacules,

Number of Emitted Photons
n!r = §=

Number of Absorbed Photons

Expressed in terms of rate constants

K+ ko,

whera K, = Kg + K + K i
4 varies from 0 to 1

Quantum efficiency is known as the ratio of total emitted light to total absorbed light. So when I
put certain energy to system, energies absorb and then when I get certain emitted light I get back.
So this ratio is known as the quantum efficiency. So number of emitted photons divided by

number of absorbed photons is what is known as quantum emitted frequency.

It can be expressive in the term of rate constants like, this one is written like this k/k+ knr knr

basically and ¢ varies from 0 to 1 because it has an efficiency that has been retained from 0 to 1.
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Characteristics of Fluorescence

+ A universal propery of flusrescing molecules in solution is loss of
energy between excitation and emission (internal conversion, sobvent
effects, excited state inleractions)

+ the wavelength of the emitted photons is always longer (lower
energy) than the absorbed photons, known as the Slokes Shift

The fluorescence of a fluorophore is
e nermally reporied as
- the emission spectrum arising from
stmarpsor | | excitation at a fixed wavelength (hex)
{a plot of flucrescence intensity vs
emission wavelength in nm)
| - the flucrescence emission intensity at
S, hem on excitation at Aex

ey
]
I
L
£

Aayriagih

Well after knowing that let us now look at the characteristic of fluorescence spectra. A universal
property of any fluorescence molecules in the solution is loss of energy between the extraction
and emission states and then that can measure, the intensity can be measured, it can be plotted in
terms of efficiency also versus wavelength and intensity versus wavelength. So you could as this
is the absorption and this is the emission, they are mirror but there is shift because as you know

this known as stroke shift.

And this A is very important because this is what the emission A. Emission arising from the
excitation of the fixed wavelength that is what is called max and the fluorescence emission
intensity. So these are all measured, these maximum intensity speaks in both the cases and used

for the real study.
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Fluorescence Spectra

Excitation Spectra

Measuring fluorescence al a single wavelengih while the excilabion
wavelengih is varied (scanned). Very similar in appearance (o a typical
LW-YIS spectra of the same mokecule

Emission Spectra

Measuring fluorescence at multiple wavelengths while the
excitation wavelength s constant. What we are doing In
lab. Excilafion wawvelength is chosen usually af the
wavelength of maximum absorbance (determined by UV

WVIS).

At this wavelength, the greatest number of molecules are
absorbing light! High !

So obviously there are two kind of spectrum, one is excitation spectra and other one is emission
spectra. Excitation spectra is measures a fluorescence at a single wave length while excitation
wave length varied scan so you can vary the excitation wavelengths and measure the
fluorescence that is very similar to typical UV-VIS spectra. Scan the wavelengths of the
radiations and measure what is coming out as excitation. Emission measuring the fluorescence

spectrum at a multiple wavelengths while the excitation wavelength is constant

So you put this excitation wavelength to be constant and then measured the emission spectra and
fluorescence spectrum at the different wavelength and excitation wavelength is chosen the
wavelength of maximum absorption that is lambda max that is what we have showed you. At
this wavelength, greatest number of molecules will be absorbed that means it has a very high

absolvent.
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The Fluorescence Excitation Spectrum

« The relatve efficiences of diferent wavelengths of incident light fo
excibke Muorophore is determined as he exclalion specirum. In this case,
the axcitation monachromatar s varied whila the emissian wawvalangth is
kepl constant if a monochromator is ublized -or the emited light can be
observed through a filter

» Dwerlay of Absorpbon Specirum and Comecled Excitalion Specirum for
ANS in slhanal

And to give you some characteristic pictures, the relative efficiencies of the different wavelength
of the incident light the excitation flow of the material is also examined by the excitation
spectrum and that is why you need to know this. In this case, excitation is monochromatic.
Excitation monochromatic is varied that is the wavelength varies while emission wavelength is
kept constant if the monochromatic is utilized and this is what one is and this is another one. So
as you can see, there is overlay between the absorption and corrected absorption. This is the

correct absorption spectrum for chemical in ethanol.
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= & plot of emission against wavelength for any given exciation
wavelength is known as the emission spectrum.

« If the wavelangih of the excling lighl s changed and he amission
fram the sample plotted against the wavelength of exciting light, the
resull is known as the excitation spectrum.

= Furthemmore, if the intensity of excing ight 18 kept constant as s
wavelength & changed, the plol of emission against exciling
wavelength is known as the cormected axclation spectrum

And these are all plots to be made. The I mentioning as wavelength for the given systems is
known as emission spectrum and the wave length of the excited light is seen the emission from
the sample is plotting a wavelength of exciting light is known as excitation spectrum and
intensity of the exciting light is kept constant as the wavelength is changed. The plot of emission

against the exciting wavelength is always known as corrected excitation spectrum.
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Practical Fluorescence Spectroscopy

= Fluorescence spectroscopy i generally much more sensitie than
ahsorplion .spr,clmmp]r_ S0 Yo Gan wark &l rwer concenlralions

Fluorescence Intensity = K x concentration

« K ig & constant that takes into account molar absorplivity, £, quanium
yield §, sample thickness, b, light penetrating power, Py | &lc

+ Fluorescence depends heavily on the solveni properties (as much as
the solute), and the wavelengths used to excite the malecule (and the
wavelength at which emission is being measured)

« Much more dependent than UNVIS an vanable such as temperalure
elc.

So now, I am going to talk about how we actually calculate the fluorescence intensity and what
are the factors it depends on. Normally it depends or it is written like this way, fluorescence
intensity is given by this formula kx concentration of the molecule present in this substance. So
that means the intensity gives us certain way to measure the concentration provided, we know

the constant K. K is a constant that takes into account molar absorptive.

That is solvent which we have discussed in law quantum yield which I have just told you sample
thickness and the light penetrating power. So I have already discussed about quantum yield, we
have discussed about molar absorptive view as a spectroscopy sample thickness anyways you

can measure what are light emitting power which we will just discuss after sometime.

So fluorescence intensity actually depends heavily on the solvent properties as much as a solute
and the wavelength used to excite the molecules obviously will also be affecting the fluorescence
intensity so much more dependent than UV-VIS on variable such as temperature etc

Temperature I have already told how it can be affecting that.
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Beer's Law for Fluorometry

It is not exactly Bear's law, since the fluorescence miensity is not
only concentraton dependant

FekP, i 4

Al low concenlralions, fluorascancs intensity iS proportional to the
power of incadent ight and the quantum efficiency at any parbcular
wavelength. It is also dependent upon a constant, k, which reflects
insfrument paramelars. When thess nstrumeans parameters and cal
pathlength are held constant, and e equaton reduces (o;

F=KC
A= log P where K is a new constant for the system. The last

equation slates that the inensity of flucrescence is directy
proporional fo conceniration at low concentratons. /2 = gh

Now if we want to modify Beer’s Law, if it is not actually Beer’s law in this cases how it will
look like. So fluorescence intensity is given by kpoebcd and k is again small constant which
depends on solvent type and you know in this you can clearly see that quantum efficiency is very
important factor that concentration at low is this and € so when these instrument parameters and
cell path are held constants, you can write down the equation is equal to kxc where a is log p and

k is new constant resistant.

The last equation states that intensity of the fluorescence is directly proportional to concentration
when the concentration level is too low. That means when p is € bc can be log can be applied can

be applied.
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Factors affecting flourescence “Quantum Yield”

Thee ability of the substance o show fNuorescence property s
cxpressed as gquantum yeld. The quantum yield, or guantum
efficiency, for a fluorescent process is simply the ratio of the number of
modecules that fluoresce fo the total number of excited molecules

1. Temperature and Solvent EFacts
2. Fluorescence and Structure
2.1 Effect of Structural Ragidity
2.2 Effect of Substitution on the Flourescenca

3. Flourescence quenching

Now there are factors which can affect the quantum yield, so therefore quantum yield must be
discussed, so what quantum yield as I have already discussed with you. So what are the factors,
the quantum yield or the quantum efficiency of fluorescence process is simply the ratio of the
number of the molecules that fluoresce to the total number of molecules used for excitation, then
you have a temperature and solvent effect and then you have the structural molecule effecting,
effect of the substitution on the fluorescence. And they have quenching which will come to

picture.

(Refer Slide Time: 41:12)



Temperature and Solvent Effects

A Higher temperabure usually decreases fluorescence inbensity as the malecules
have @ grester kinebc enengy and move mone, a grealer number of colisions
leads to non-fidiative relasaton (.9, extermal comversion)

B. Heavier molecular weight sohvents decrease fluorescence in general. Crbital
sgin interactions betwesn the solute and solvent increase the rabe of friplet
farmabion and therefore resull m increased phosphorescence and reduced
FInrasCAncA

C. Solvent Viscos#ty: fluorescence increases as solvent viscosify incroascs
because snergy loss by molecular caollision decreases

. Solvand Polanty: polar salvents enhance luorescance
E. pH can alter the structure of a molecule and affect its guantum efficiency,

F. Dissclved copgen can quanch Rucrescancs due lo causing ncreased rales ol
inlersysiem crossing and pessibly axidabon of e malacule of the soluie

So what the temperature and solvent effects, higher temperature usually the lower will be the
lower the intensity. As the molecule have a greater kinetic energy and move more, get a number
of collusion can lead to non-radioactive relaxations that is called external conversions. That
means the energy will be lost more, so fluorescence will be will be less. Heavier the molecule,

that is the temperature effect, the heavier the molecule solvent has lower.

So the orbital spin interaction between the solvent viscosity increase actually the rate of triplet
transition and therefore resulting increased phosphorescence and reduced fluorescence. This is
mainly because of the orbital spin interaction. Then solvent can also affect in terms of viscosity,
fluorescence increases as solvent viscosity increases, because energy loss for the molecular

collision decreases, so viscosity means less energy loss.

Solvent can also affect in terms of polarity that polar solvent enhances the fluorescence, pH can
alter the structure of the molecules affect its quantum efficiency. Dissolved oxygen can actually
quench the fluorescence due to crossing, increased rates of intersystem crossing and possibly
oxidation of the molecule of the solute, this is normally can be totally checked, you can always

check the dissolved oxygen can quench also but cannot fully remove it.
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Fluorescence and Structure

= The vast majonty of molecules that undergo substantial fluorescence
heve backbones or functional groups made up of amomabe nngs, fused
arormatic ring struciures or conjugated double bond stnuchunes

* Benzane - based sbtuctures, polammabic hydrocarbons, PAHs
heterscydlic PAHs especially, etc

-

n—>n

* The mosi miense Nuorescence usually comes from low enengy
transitions in arbitals

Now how the structure affects? The vast majority of the molecules that undergo fluorescence
have backbones or functional groups made up of aromatic rings and fused aromatic ring structure
are conjugated double bond structure, so three things are required, 1 is aromatic ring or fused

aromatic ring structure or conjugated double bond structure.

Benzene which is the best by the molecules shown in aromatic rings are ring based structure poly
aromatic hydrocarbons heterocyclic are used. And they always show this kind of transition from

anti oxygen states most intense fluorescence occurs when low energy transitions in the orbital.
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Absorption maxima: The importance of conjugation

« The wavelength valee of the absorplion masimum and the molar
absortlivily are debermined h:lr [{315] dtgnl_-.l: of ¢|,'|n|l.|gur&hr,|n af n -boands

* |ncreasing the number of doubde bonds shifts the absorption to lower
enerngy

=0 G g 'rl |
% pl-bamils. 1) slecirois S |

4 pi-bomls, § sleciron.

-._\_?-
o
LTTRT LR L L L

Nmd il ke ||'ul
A pi-bomls, & elecirons r I'. |

Wanelengih nm

Now to show you how you can actually use the absorption maximum for the conjugation study.
Wavelength value of the absorption maximum in the molar absorbtivity is determined by the
degree of the conjugation of the 7 bonds I guess all of you have the idea of © bonds and how the
conjugations can happen. As you know, you can see here that if I show it for n=3x5 the © bonds
increases and the electrons 6 to 10 and that all how you can see the small absorbtivity pix

wavelengths are changing.

So you can see here this is for the five electrons, this is for six, as four and this is for 3 ©
electrons So these are the molar absorbtivity values, 50,000 and 100,000 for these molecules, as
this is the kind of & electron presents as you change the m electron that are conjugations that

absorption maxima comes at different wavelength that is very widely used.
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Twereasing the mumber of aromaric rings fmcreases ihe absorpiion maximum

Hemzene < Naphthalens < Anthracene < paphthacens < pentacene

Abs Max  MiZam 2T5am 3T mm 475 nm %30 om
Legt i 5 150 405 41
Exfinctaon
= e A
= E |
P g =
= 1 Il
D D e Ay
- g | 'I,.\-/_'N [
P |
i I ]
1™ nin ™ nm 478 absorprion waveleadrh

Now if I go from smaller from benzene to pentazene, this weight can change, so this is log
excitation coefficient versus wavelengths. So you can see the absorption maxima changing from
262 nm to 580 nm for pentazenes and these are the values of the log of excitation along ¢ it

increases from benzene to the pentacene.
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As the degree of conjugation increases (ie., the number of electrons
nvalved in the dedocalized T -orbital's),

4he absoplion enengy decreases(> A, the energy bebween ihe
ground and excited state decreases)

- the absorption becomes more intense{=E, increased probabiiy of
absorplion)

This is a level of our results. So as the degree of conjugations increases, the number of electron
involve the location pie orbital also increases. Absorption energy increases, energy between the
ground and excited state decrease as the absorption becomes more intense so there will be more

value of € and that is to increase the probability of €.
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Fluorescence and Structure

» The wast majorty of molecules thal undergo fluorescence have
backbones o funclional groups made

-up of aromatic nngs, fused arcmatic nng structures or conjugated double
bond structiures, Benzene - based structures, polyaromate hydrocarbons,
PéHs, heteracyclic PAHS especially

# The most intense fuorescence wsually comes from  low  enengy
transitions in p orbital’s *

R —X

* Increased structural rigidity (e.g. Benzene - based slruclures
naphthalene vs. biphenyl) and the presence of heterccyclic rings
increases fluorescence.

Lack of rigidhty in 8 malecule probably causes an enhanced miemal conversion
rate and a consagquent mcraase i rackaimnieass (daachvahon) sshstfanocs

That is the reason for such kind of things. To talk more about the structures in a fast measure to
the molecules as I said has this kind of structure in transition can happen, most importantly
increase structural rigidity that is benzene to based structures and the presents of heterocyclic
rings can also increase fluorescence. Lack of rigidity in the molecules probably causes an
enhanced internal called as rate and consequent increase in radiation less on deactivation

substance which is still not accepted widely but normally this is what is believed in the literature.
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Fluorescence quenching

Definition of Fluorescence quenching ?

decreases the quantum yield,

ie, efficiency of conversion of absorbed radiation fo fuorescent
radiaton is decreased

Well, before I discuss the instrumentation let me talk about the definition of quench, what is it
Fluorescence quench is widely used, it basically leads to decreasing the quantum yield, and
efficiency of the conversion of absorbed radiation to fluorescent radiation is extensively

decreased because of quenching.
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Quenchers

Cuenching & the reduction af fluorescence intensity by the presence of
substances in the sample afer than the Nuorsscent analte ($)

1. Innerfilter effect: absomption of incident or emetted radiation
quenches fluorescence

2. Dynamic "Collisional™ Quenchers: reduce Muorescence by
dissipating absoed enefgy as heal dug 1o colisions with the
quenching species, @.g., quining is highly fluorescent in 005 M
HZS504, but non-flucrescent = 010 M HCl due to collisional
quenching by chlornde lon

3. Static Quenchers. fom & chemical complex wilh the feorescant
substance and alter its fucrescence charactenistics, e.g., caffeine “a
xanthine derivatree” reduce the flucrescence of nboflavine by static
quenching

What quenching is? Quenching is nothing but reduction of fluorescence intensity by presence of
substances in the sample other by the solvent actually is the fluorescence analyst. So as I said,
certain amount energy is transferred from the flourished material to the solvent and you can have
different kinds of quenches, inner-filter quenches that is absorption of incident or emitted
radiation by substance or you can have dynamic collision quenches which can reduce the

fluorescence.

By dissipating absorption energy as a heat due to collusion with quenching species. Quinine is
basically highly fluorescent in 0.05 m molar H2SO4 but no fluorescence in 0.1 m HCL due to

collision quenching of the chloride ions. Chloride ions actually absorb the energy by the head.

You can also have static quenches like we can form a chemical complex with fluorescence
substance and alter its fluorescence characteristic like caffeine, acanthine derivative reduced the
fluorescence of riboflavin by static quenching. So from complex can absorb the fluorescence

molecule.
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Fluorescence quenching

a. A colored speces in solution with fluorescent species may interfene by
absarbing the fluorescent radiation (inner-filter afect)

The inner-filter effect causes negative curvature in calibration graphs.
Polassium dichromale exhibils absorplion peaks at 245 and 348 nm,
these overlap with the excitaion (275 nm) and emission (350 nm)
peaks for tryptophan and would interfens

b. The inner-filter effect can also arise from the too high concentrations of
e flugrescent speces dsal. POF created

A color species in the solution with fluorescence species can interfere by absorbing the
fluorescence radiations that is what I have discussed, potassium dichromate exhibits absorption
peaks at 245 and 348 nm. This can overlap with excitation and emission of peaks of tryptophan
and would interfere. That is also can lead to quenching. Inner filter effect can actually lead to

too high concentration of fluorescence itself.
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So to show you how, so first you see that it increases and then because of the cell absorption, the
fluorescence decreases. So therefore, non-linear calibration curves gives higher concentration of
the analyze due to the inner-filter effect can cause negative curvature in the calibration graph.

So, we must consider this while calibrating.
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What kind of molecules show fluorescence?

* Moklecule thal are aromatic, conlain mulliple double bonds, e
doubla bond with high degnee of resonance structure

[ [

“Molecules with rigid structures (e.g., & fluorene = ¢ biphenyl)

L0 | ™

by e S

Tym 03 TR ]
*Molecules with delocalized p-glectrons (e.g., benzo [a] pp'.nl}//
“Molecule with donating aroun oresent on arematic ring

Well, now what can a molecule as I said already so as you see benzoic or the fluorine molecules

alcohol group methyl oxide methyl group or some other group can give you.
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*Careful choice of pH quench fluorescence
For eg., aniline is catonis at acidse pH and do nat fluoresce, bat in
pH range of 7-12 il exsl as a neulral spacies and Muoresce

-
: o
R
- -
'\-..w.-_-:-' = I:'
flugrescent

non-ludnescent

Dissolve oxygen and impurities in solvents also guench
fluorescence resulting in self absorption,

And one can choose careful pH, pH keeps to affect the quantum yield and fluorescence yield
also. Aniline is cationic at acid pH do not fluorescence, but in pH range of 7 to 12, it can
actually exist as a neutral species and fluorescence. You can see this positive ion or positive
species here leads to make it non-fluorescence, dissolve oxygen and impurities in solvents also

can quench and results in a less fluorescence.
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Instrumentation

1. Light Source

2. Excitation (primary) manochromalor system
3. Sample cell / compariment

4. Emission (secondary) monochromator system

2. Detection and readoul syslem

Last thing which I am going to discuss is basically the instrumentation so what you need is light
source, monochromatic systems, sample cell or compartments, emission monochromatic and

detection systems. These are the five things you need for this.
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Instrumentation

Companson of Fluorometer schematic diagramwith that of a
spectrophotometer shows two basic differences:;

1. The fluarmeter contans two monochromators. ane before and ane
after the sample, whereas a spectrophotometer has only one, this ona
may be |ocated either prior to ar after the sample

2 In specirophotometry ihe transmitted power & measured by a
detector which (s parallel 1o the paih of the incoming beam. In
fuorescence, on lhe other hand, it s necessary o measune the
proparty of fluorescence emission, not of ansmission, by a detector
which is at nght angle to the path of the incoming beam

So compression of the fluorometer actually is the heart of the machine it can test two
monochromator, one before and one after the sample, one absorption or on fluorescence.
Whereas, spectrophotometer has only one maybe located wherever you want and the
spectrophotometer is always measured that is the detector that is actually measured by detector,
which is parallel to the power of the incoming beam in the fluorescence. In the other hand, it is
necessary to measure the property of the fluorescence emission, not of transmission by a detector

which is right ankle to the part of the incident beam.
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Instruments for Fluorescence

Fluorometer
= LUze single wavelengths (or ranges) for excilalion and emisson
+ Usually filler-based nstruments

« Wide bandwidths of filters lead io higher signal but reduced
selectvity

« Usually, fiters are chosen for a specific analyte of type of analyte

= Often don't have a reference, you just set O intensity wsing a blank
coniaining your salvent,

There are different properties of fluorometer. Fluorometer has to be have single wavelengths, it
has filter based instruments. It must be having wide-band width and filters are chosen for a

specific analyze and you do not use any difference also.
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Fluorimeter (right anghe gecmetry)
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So, to given in a nut shell, the whole picture of a light source for excitations then this the
excitation monochromator, then there were slit through which this monochromator radiation
passes, falls on a corvette sample in a curette and then unabsorbed exciting light comes out this
way which can be detected on it and whatever the fluorescence, it can passes to this and then you
have emission fluorescence and which allows these emitted rays to be detected in a fluorescence

detector, this is what is the schematic diagram for the right ankle geometry fluorometer.
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Spectrofluorometer (a scanning fluurnmeter}l

= High guality optcs.

= Two monochromators (excitation and emission) with separate controls,
sels of sis, elc

= Holds standard 1-cm cells, but these have 4 optical windows instead of
P,

« Can do all types of scans
= Can measure phosphorescence and chemilminescence

= Usually do mot hawve a separate reference cell holder, a background is
collecied and automatically subbracted from the analyte luorescence

Many of lab has this. Spectrometer, which is a scanning fluorometer actually, it can scan the
wavelength with high quality optics. Two monochromator as I said was used, one is for the
excitation of the emission, it can hold 1 cm cells or samples and there can have four optical
windows and can do all types of scans, can measure phosphorescence and chemiluminescence

usually, don’t have separate reference cell holders, background can be collected and subtracted.
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Source of Radiation

Unlike absorption sources, it is not necessary that the fluorescence
source produce a cantinuous spectrum. if fluorescence is to ocour it
may be induced by any of & number of incident wavelengths. 1t s
necESsary, howeves, for the intensity of the source to be adequabe
for this induction, themsfore, fluorimeter sources are ordinarily
more intense than spectrophotometer sources. The two most
COMMON Saurces are the mercwy arc and the xenon arc lamps

Ag in spectrophotlometny, the source must be aligned with the
optical path of the instrument in order to oblain maximum

sensitivity.

What kind of radiations were used, unlike absorption sources you are necessary to have
fluorescence sources, so normally, the two most important sources are used is mercury arc and

xenon arc lamps and there has to be maximum sensibilities.
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Source of radiation
(Fluorometer)

Mercury lamp sharp lines energy .~

Zenon lamp prowvides a relatvely smooth spectrum from
the ultravialet to the near infrared regions (2000- 8000
Al

Fluorometer UVIVIS SPECTR.

Mercury lamp Tungsten {350-1000nm) VIS

Xenon lamp HZ2 or Deuterium (190-375 nm) LU

So mercury lamps sharps line energy, Xenon lamp for relatively smooth spectrum, very large,
this is 2000 to 8000 A and for fluorometer UV-VIS spectroscope, you have mercury lamps and
xenon lamps both, tungsten as I have discussed were visible and deuterium were used for UV.

So as compared to this, these are all used in the fluorometer.
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Dispersion Device (Monochromator)

The intensdty of kght striking the manochromator is controlled by the
entrance siit The exclabtion (primary) monochromalor dsperses the
radiation and isolates the deswed wavelength. It serves the same
function as the monochromator system in spectrophotometars. A filter
may be msered in the Wght path between the sample and the
emiszion graling n order to reduce scatfered excibng radiation

You can always have a monochromator and monochromator actually makes the light of the
single wavelengths, it disperses the radiation and isolates the desired wavelength. It serves the
same function as the monochromator system is spectrophotometer. You can always use filter
within the light path and the sample to get certain kind of wavelengths and I have discussed in

detail about that they are inserted in a dark baffle system.
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Cells (sample)

+ The composition of the sample cuveties s fused silica s used in the
ultrawiolet, whereas glass 5 adequate mn e  visible

+ Because of the sensifivity of Reorescence procedures, axtreme care
in cheaning and handling of the glassware must be pracliced,

« The sample is inserted in a dark baffle sysfem. This absorbs stray
ght and the magonty of the excied ight from the sample and cell

+ Standard 1-cm cells, bl Sese have 4 optical wndows instead of
g,

This absorbs stray light and the majority of the excited light from the sample and cell is comes

and then detected. You can have 1 cm cells or you can have 4 optical windows instead of 2.
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Detector

The emitted radiation passes from the cell to the detector. Because of
the low infensity of the flucresced radiation, photomuliplier tubes are
usually ubilzed. The scale on the single beam unit is usually linearly
calibrated from 0 to 100, The blank or an opaque durmmy 15 sef af Zero
and the mos concenirated standard af 100

The infensity of lght which sirikes the sample , Po or, altematively, the

sensitiity of the detector may be changed by vanous senaitivity
conlrols

Detector is basically nothing but photomultiplier tubes, it can scale on the radiation which is

coming out, take the samples p0 can be changed most notably multiplier tubes are doing that.
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Structures of typical fluorescent substances
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Figare 1.1, Strectares of rypacal Boessom| substarari.

And the different fluorescence substance as I said quinine, anthracene, rhodamine and ppo and

popup this is taken from the books of the Thompson.
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Applications

Fll,lnzlrc"rmlry % gi,-.nl-_.rallllr used i there 2 no colonmetne method
sufficiently sensitve or selective for the substance to be determined.

[1] Analysis of metals: The most frequent applications are for the
determnation of metal ons as fluorescent arganic complexes, Example
Alurminiumfonns Tuorescent complex wilth enochrorme blue black

|2] Analysis of non-metallic elements and anion species: Imohe
derivalizalion reactions leading fo ring dosure. Example: condensation

raaction batyesn bonc ack and banzoin

|3] Brganic applications: some of the important organic applications

are the determination of guinine, riboflavin and thiamne.

Well finally what are the applications, flurometry is used for if there is no colorimetric method
sufficiently sensitivity or selective for the substance. So analysis of metals, most frequent
applications are determination of metal ions as fluorescent organic complex like aluminiforms
fluorescent complex with ferrochrome blue black, analysis of non-metallic elements also For
organic, [ have shown lot of examples of the important applications are quinine, riboflavin and

thiamine. So with this I close this discussion on the spectroscopy next class I will discuss.
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