e aic Analysis : Theory, Concept of Singlet and Triplet
 Flectron ic States, Intt‘:mal and External Conversions, Intersystem
| Factors affecting Fluorescence, Quenching, Instrumentation -

rudy of Fluotimeter, Spectrofluorimeter and Applications.

A large number of substances absorb ultraviolet and visible light energy. But, there are
some substances which lose excess energy as heat through collisions with neighboring
atoms or molecules. The energy emitted by these substances has a wavelength larger
than that of absorbed. This process of emitting radiation with larger wavelength than that
of absorbed is known as Luminiscence.

Luminiscence is mainly of two types :
1. Fluorescence, and
2. Phosphorescence

In order to understand the basics of fluorimetry, the following general considerations
of electronic states should be known : '
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The concept of singlet and triplet electronic states arise from the multiple considerations
of atomic spectroscopy and they simply define the number of unpaired electrons in
the absence of a magnetic field. If there are ‘n’ number of unpaired electrons, (n + 1)
equal energy states are associated with electronic spin, regardless of the molecular
orbital occupied. If unpaired electrons are not present (7 = 0), there is only one spin
state. Such a state is called singlet state, similarly, systems having 1, 2, 3, 4 unpaired
electrons are referred as doublet, triplet, quartet, quintet states respectively.

Many molecules do not have unpaired electrons in their ground state. When, these molecules
absorb ultraviolet or visible radiations, one or more electrons of the pair get raised to
an excited singlet state. In this excited state, the spin of electrons do not change and
the net spin is zero. Another possibility is one set of electron spins may undergo
unpairing, resulting in two unpaired electrons which make an excited triplet state.

The probability of direct transition from the singlet ground state to the triplet excited

state is very small.

(a) Ground State : It is the lowest energy state wherein the molecule is at rest (But,
random motion may occur within the molecule).

(b) Excited State : It is the highest energy state wherein the molecule is unstable
with rapid electronic motion and tends to return to ground state.

4 PULSE PUBLICATIONS-



ﬂmﬂ State : It is the grmmd state consisting
or suborbital with opposite spin.

1%

- (ﬂ) Singlet Excited State : It is the excited state consisting of unpair 3
P inorbltnls or suborbital with opposite spin. | ,

1L

(e) Doublet State : It is the state of molecule consisting of unpaired electrong,

- Example : Free radicals.

(f) Triplet State : It is the state consisting of unpaired electrons with same spig,

11
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Fluorimetry is an analytlcal method for the measurement of fluorescence, bt
upon emission of absorbed radiations by the molecules. When a molecule absork
incident electromagnetic radiations, it is excited to higher energy level, where it
unstable. Therefore, it returns to the ground state by emitting the absorbed radiato®
When the emission occurs directly from singlet excited state to singlet grouﬂ‘“’mu
without any transitjons, it is referred as fluorescence. And when the emission 0“‘”
within a fraction of second to few days of absorption of radiations (due to transit

from singlet excited state to triplet state and then to singlet ground state), it is refer®

- as phosphorescence. Fluorescence and phosphorescence are combmedly o
photoluminiscence.

The basis of fluorimetry is the measurement of fluorescence. Drugs "’hlch"'
intrinsically fluorescent, are determined fluorimetrical ly.

Examples :
1. Quinine sulphate in 0.IN H,SO,.
2. Ergometrine in 1% tatatic acid etc.
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V, — Lossof vibrational energy to solvent molecule.
C. — Loss of energy due to collisions between excited molecule.

A molecule absorbs incident electromagnetic radiations and gets excited. It is unstable
in its excited state and tends to return to ground state by emitting radiations. Fluorescence
can be referred as the radiations emitted from an excited molecule in transition from
singlet excited state to singlet ground state. The molecules are diamagnetic in singlet

excited state.

In fluorimetry, radiations emitted are of longer wavelength than absorbed radiations.
fall on the molecule, vibration occurs (in 107"

This is because, when the radiations (
seconds), and has an average life of 107 seconds. During the vibra.tion period, loss
of energy occurs due t0 intermolecular collisions and s9me enf:rgy is lost to solvept
molecules (molecules of the solvent used for the dissolution of the sample in
fluorimetry). Hence, the emitted radiations are of longer wavelength apd have less

energy (Ea-:-) ;

three types of internal energies.

rest) @ molecule possess
axes i.e., x, yand z.

molecule around the 3
in a molecule relative to one

l.  Under unexcited condition (

Energy : It rotates the

(a) Rotational
(b) Vibrational Energy : It Vibrates atoms present

another. ;
: | : PULSE PUBLICATIONS
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e ' in a molecule at rest absorb
Al ectronic Energy : The electrons in a sorb
(©) Elt exci't:d to higgher energy level. This is called as el_c;:ctromc trans
fhee energy emitted during this transition is called electronic energy.

Thus. the total energy (E) possessed by the molecule is the.sum of rotationa] ¢
(E) ,vibrational energy (£,) and electronic energy (E). This can be ,math aicg
represented as : 1Cally

E = E+E +E
In unexcited state, the electronic level of a molecule possess various Vibratigp
energy levels (V,, V,, V,, 1, Vi s ik ).

Electrons of a molecule are more stable in their lowest vibrational level (ie, )
of the unexcited state.

The unexcited molecule absorbs electromagnetic radiations (i.e., UVz visib!e et
and electrons of a molecule jump to the higher vibrational energy levels. This st
is called excited state.

Excited vibrational energy levels are further classified as V', , V', ,V',....

When an electron jumps to higher energy level (such as singlet, doublet, triplet

quartet or quintet excited states), unpaired electrons are formed. This occurs only
in the absence of magnetic field.

The energy states of a molecule is given by (n + 1) rule, which depends on the
number of electrons (n) irrespective of the orbital in which they are present.

Number of | Number of Energy
Electrons (n) States (n + 1)
0 -1 (Singlet)
1 2 (Doublet)
2 3 (Triplet)
3 4 (Quartet) 22l
4 5 (Quintet) _ ti

The.excited molecule is highly unstable. Hence it returns to the ground state !
loosing energy. Loss of eénergy can occur by following ways : :

() Thfa molecular collisions between excited molecules, leads to loss of ene® '
- This results in transfer of molecy

= le to the lowest vibrational unexcited 5
L/- :

(i) Vibrational energy may be taken up by the surrounding solvent molecules (V‘}

-(iii) The excited molecule emits the radiation absorbed (fluorescence or PM
scence). : _ 1




Hence, fluorescence cm; be ref;
molecule in transition from i

= . si ‘
in spin. Molecules are diamagn:tgi::et excited ¢

o in singlet exciteg smg ound state with no chmse
~ 10. The molecule may algq W ‘ : :

excited state, when ther
e i € are t :
there is a change in spin. WO unpaired electrons (n=

11. These molecules return to

in triplet state.

12. The movement of electrons from sin

: glet state to triplet state, i.e.. from aireci elec
_ > 1.€., tron
smte to two unpaired electron state is termed as Intersystem Crossilfg.

13. Orbital changescan be explained as :

(a) Fluorescence

Singlet State ——»  Singlet Excited State —— - Singlet‘Ground State
(No unpaired electrons) 2

T ——» 7* (No change in spin)
(b) Phosphorescence :

Singlet State — Singlet Excited State — Triplet State —» Singlet Ground State
(No unpaired electrons) (2 unpaired electrons)

n —» n* (Nochangein spin)}— - Change in spin

xcited states can also reach the lowest vibrational state
process' known as Internal Conversion in which
nt excited states overlap and have same potential

14. The molecules in higher €
of a lower electronic level by a
the vibrational levels from differe
energy which is a radiationless process.

R

as follows :

. re
The various factors affecting fluorescence a

. ) l.e.,

xhibit fluorescence.
nd good resonance s

(@) The molecules W
UV, visible), can only €

i on a
cules with TT. b S Y

(b) Unsaturated mole

fluorescence. b ds
Example : Alkenes with conjugated double bonds-
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oftenly.

(a) FElectron releasing groups improve fluorescence.
Example : Amine, Hydroxy and Methoxy groups.
(b) Electron accepting groups deteriorate or completely destroy fluorescence.

Examples:  Carboxylic, Nitro and Azo groups, Halides (chlorides,
iodides, etc.) :

High Molecular Weight Compounds :

If an electron of an atom with high molecular weight (hence, high atomic o
excited, it exhibits decreased fluorescence.

Affect of Concentration :

(a) There exists a linear relationship between the concentration of s 2
fluorescence upto an absorbance value of 0.02. The linearity holds good te ‘
of cases with absorbances upto 0.05.

(b) In dilute solution, the radiation distribute uniformly throughout the solu
get absorbed uniformly giving high intense fluorescence.

(c) . In highly concentrated solution, uppér layers of the solution absorb more K
and less amount of radiations are transferred to lower layers. Thus,
uniform radiations absorptnon which results in decreased ﬂuorescence.

(d) In highly concentrated solution, intramolecular colhslons cause loss J
energy and certain amount of fluorescence which is emitted is reabs

in decrease in mtensity of ﬂuorescence This is called as e
quenching, .

(e) Inter - filter effect is a phenomenon whlch disturbs aloetr |
. and fluorescence,

Inter - filter effect is due to : U fflrg o as s

el

) ﬂiﬂh wncenmﬂmgcmmmwm Vrﬁ:r-w 4 9;
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Affect of Oxygen :
(a) There is a decrease in fluorescence in the presence of oxygen due to,
(i) Direct conversion of fluorogenic material into non-fluorogenic material.

(ii) Indirectly due to quenching (decrease in sensitivity and intensity of fluorescence).

Example :  Anthracence is highly prone to oxidation.

voided by using oxygen free solutions or

(b) This decrease in fluorescence can be a
ence and absence of oxygen.

comparing the results obtained in the pres

Affect of pH of the Solution :

Depending upon the acidity or alkalinity, :
hence, can be fluorogenic or non-fluorogenic.

d alkaline medium u
acid medi

a substance can be ionised or unionised and

ndergoes ionisation and gives

Example :  Phenol in neutral an um it is unionised and gives

weak fluorescence, whereas In
intense fluorescence.

%t of Tem A Cdid
perature and Viscosity : _ . i

affect the concentration and viscosity of the sample.
- ation and decrease in

i in concentr .
in increase In con it :
lar collisions and deactivation of excited

() Alterations in temperature ma

() Increase in temperature may refiultu
 viscosity resulting in intermolec

molecule destroying fluorescence: - e
hibit fluorescence at temperatt

|vent or glassy matrix.

e lower than room

(g) Some substances may €X

 femperature or in a viscous 50  PULSE PUBLICATIONS




o | e
t of Impurities :
Substances other than the solute molecules are impurities, and exhibit ¢
quenching.

Example :  lodide ion is an extremely effective quencher.

Affect of Intensity of Radiation :
(a) Radiations of adequate intensity must be used to induce fluorescence.
(b) High intensity radiations cause decrease in fluorescence due to photochemica] d"&
(c) About 20% of error can be estimated, if high intensity radiations are used.

(d) Light of single wavelength i.e., monochromatic light should be used, as energy ¢
radiation varies with wavelength.

(¢) Raman emission from solvent can occur with monochromatic light in dilute solutiy

producing longer wavelength as in fluorimetry and can be avoided by increasing fy
sensitivity of the detector. :

Chemical Quenching :

This can occur in two ways :

(@) The excited molecule transfers its fluorescent intensity to surrounding molecults
ions or impurity by intercollisions, thereby destroying fluorescence.

(b) The unexcited molecule may form a stable complex with quencher molecuk
inhibiting excitation and fluorescence. '

Affect of Structure of the Compounds :

(a) Closed ring aromatic compounds exhibit fluorescence

Example : Fluorescein, Eosin.

(b) Compounds with more than two cyclic structures (polycyclic), exhibit fluoresee

Example : Vitamin K, Nucleosides, Purines

(¢) Rigid molecules like metal complexes have enhanced fluorescence as they i
the liberation of excitation energy.

(d) The position of functional

| il
: group (chromophore) which is respon51b1°
absorption affects fluorescence : 5

'Adsorption of Solute on Cell Walls :

(a) Fluorimetry requires dilute solutions
spectrophotometry) of the solute t
adsorbed onto the cell wall.

(concentration 10 - 100 times less MM
0 obtain fluorescence. But this sol
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(b)

s
(a)

(b)

ination Methods :

(i) Quinine is adsorbeq on the celj wall
s.

(i) Aromatic organic sypgs : _
cell walls. Stance of concentration 1 ppm is ad
1S adsorbed onto

This adsorption can be avoid

fresh concentrated stock SOIutied by Preparing dil

: ute i
on at the time of use. Ao oF the sample from

Opaque solutions and solids of an
method, while inter-filter effect (fil
fluorogenic materials in the solution)

y cgncentration can be radiated by frontal
t'l‘a?IOI:l of radiation due to presence of non-

. limits its use by destroying fluorescence |
Right angle method (spekker fluorimet |
for scattered light and least fluorescenc
method.

er) for radiation gives least blank values
e from container walls compared to frontal

Quenchl.n.g .refers to the decrease in intensity of fluorescence as a result of decrease in
the sensitivity of constituents.

Types of Quenching :

Quenching can be due to either high concentration of solution or due to the presence
of specific functional groups or due to chemical reaction etc. Hence, it is classified

into following types.

)
2.

Chemical Quenching
Collisional Quenching ,
Self/Concentration Quenching

Static Quenching

Chemical Quenching : Chemical Quenching is further classified as

(a) pH Dependent Quenching :

is exposed to excitation radiations of 290 nm, 1t

fluorescence if the pH of the solutign is l:ietv;ezz
elow 5, it exists in the catiomq'fc_)rm and a oce
anionic form and does not exhibit fluorescen

When aniline
exhibits blue
5 and 13. AtpHb
13 it exists in the
in these forms. -
ching : Many Orga
ted from excl

Example .

: T resence
' Quen Adces lp omtld:e 1:10 ttrxl"iapﬁ%t state

u inglet sta ’

(b) Oxygen dﬁpeﬂd‘"‘t ted singl ,

of oxygen (dissolved) gets excl .
exhibiting par,amagnetlsm. o2



(¢) Quenching due to Halides : lodide ion is an extremely effective
It causes extreme decrease in the intensity of fluorescence due to
: sensitization. Chloride, bromide ions also exhibits quenching.

(d) Quenching due to Electron withdrawing Groups : Nitro (_No :
carboxylic groups (-COOH) causes desensitization of the COHStltu%_
by withdrawing electrons, resulting in decreased fluorescence.

(e) Heavy Metal Quenching : Presence of heavy metals cause collisiong
excitation of the molecules from excited state to triplet ground state, l'esultmg
in loss of energy. This results in- quenching. '

2. Collisional Quenching : High temperature of the sample and presence of y,
low viscous samples causes increased collisions between the molecules resulting
in deactivation of excited molecule. This causes decrease in fluorescence. ~

3. Self/Concentration Quenching : There exist a linear relationship betweey
fluorescence and concentration in dilute solution. In concentrated solution the
linearity is not seen. This is called as concentration dependent quenching. It canpe
due to :

(a) Loss in vibrational energy due to collisions between atoms or molecules of a
compound.

(b) The emitted fluorescent radiations can be reabsorbed by the sample itself.

4. Static Quenching : The substance to be examined may form a complex with
the quencher molecule, inhibiting the excitation of the substance and hence
the fluorescence.

Example : The fluorescent intensity of riboflavin is reduced when it is complexed
with caffeine.

Relationship between Concentration and Intensity of Fluorescence :

According to Beer-Lambert’s Law, there exists a linear relationship between the
concentration of the solution and emitted fluorescent intensity in dilute solutions. Bub
the direct application of this law to fluorescence is restricted as fluorescence is &
emission phenomenon of a substance. It may be represented as :

By, i3m0 lebuget e 0 [
where,
F - Fluorescent Intensity.
I, — Intensity of lincident Radiation.
I — Intensity of Emitted Radiation.
= K- 1)

K - Proportionality constant, it represents fraction of incident radiation
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b — Pathlength in cm

¢ - Concentration in gm/L,
Subtracting both sides with &
I-1, = J,10%_] 4 8]
I,-1 = I -I10% ' T
Substituting I, — I in equation — (2) |
-5 F. = K(I,= 1,10 ) [As F = K(E B S Cs weene[6]
F < KI—KI,10-% 2l » | s [7]
(Or)

F- KI, = —KI, 10 '
e
F]—glflé i B ’ Sl _
Inversing both the sides e pe Gt

K. gt el

- Taking (-) common

KI §
2o | Al ] SRR T
.(F_Kla) i

B K, 10-abe :
R - . - gt Ao i WOAnS g VS
o .‘-"«,'--,f:;‘,ji;;(-, s K’o F = ¢ Lo W (g i ﬂ'u”:ﬂ:
iR - i daalh ppade

:

Tom Kﬁblying logarithms on both the sides Aazsd

ol Ad

5




abclog10 © [+ loga =xlog a

Gbe [~ log10=1]
»whe‘re, .

F = 2303 _Klo.abc :

e = e el
where,.

~K' = 2303 Kl ab

From equation — (11), it indicates that fluorescent intensity is proportional to concentrati
This law is applicable when concentration is expressed in ppms. In equation - (1()
it is considered that fluorescent radiation and incident radiation takes the same pafh
But, practically, incident radiation and fluorescent radiation are perpendicular to eadh

other where, pathlength (b) is replaced by the length of the cell in the dlrectlon of
the detector. But, still the equation holds good and is applicable.

Factors affecting Beer-Lambert’s Law can be applied to fluorescence as well. They are:
1.  Association between molecules present in the solution.
2. Dissociation of molecules into ions.

3. Type of solvent used.

General Instrumentation of Fluorimeter and Spectrofluorimeter

The components used in fluorimeter and spectrofluorimeter are

Instrumentation o fFluorimeter and Spectrophotometer

i l | ' F
Rad'nt_ibn souce  Collimating System Monochromator l l

Optical Chopper Sample
% %emuyyapola ur lamp - Ir\fm -Filler (seen only indouble holding Shatol
- Xenon arc lamp - Mirrors : monochromator  PS2MSpectro em e
-Xeron flash hmp - Slits e eir Oaaed -
5 Laxr_light | G]‘a[mg - rllmleﬂ

monochromator




(b)

ectric discharge
-7 nm (strong intensity
579.1 nm are obtained.

wavlength), 313, 365 404
; ) ; 7, 407.8, 546
Atl lt(')wlpressbure, the discharge js less iﬁlt’er?s-,7 At
relatively stable. iati : :
Sk y Radiation of desired mtc.nsi i

Mercury v

abundar}llt r:g?ali.r lamp may be coated with phosphorous which emits

B on o ;;I_IS.. lntfle'rference filters select the exact wavelength of
: 1Ss1on lines of mercury lamp. Band

band of light for excitation. Iy lamp. pass filters select the

Mercury vapour lamp provides good sensitivity for the material whose
wavelength of excitation is equivalent to emission lines of mercury vapour.
Mercury vapour is less sensitive, if the material is highly fluorescent and
emit fluorescent radiations at excitation radiations other than emission lines

of mercury vapour. (i.e. 253.7, 313, 365, 404.7, 407.8, 435.8, 546.1, 577,
579.1 nm)

Xenon-arc Lamp : It is widely used as a radiation source in spectrofluorimeter.
The lamp acts under discharges of high pressure direct currents produced
by compressing the arc discharge between the narrow gap of electrodes.
Xenon lamp emits intense and stable radiations in the wavelength range of
300 - 1300 nm which includes strong emission lines in the wavelength range
of 800 - 1100 nm range.

The short term stability of the lamp (about 0.3'%) is dete.rmined by arc
flicker (i.e., sudden movement in the arc lamp leading to ainpht_qde variation),
whereas the long term stability of the lamp (.about 1% d.nft per hfou}:')
depends upon electrode wear (i.e., def(?rmatlon at the tip fa_ce of the
electrodes) and arc wander (i.e., random shift of the lamp arc relatlye ro :)l:e
of the electrodes). Radiations emitted from xenon arc lamp are equivalent to

black body radiator giving a colour temperature of 6000 K.

; i f a lamp filled with xehon gas and
Xenon-Fl.asl.l La ?tﬁe.sl;;;n;;s:sgﬁ energy fl])ash produced by the (Ihfs‘charge
causes excitation 0 itor. Repetitive flashing and AC. methods of ampli 1ca't11.o§
of a charged capact ;it flash with a capillary diameter of 0.8 mmdw ncd
Rredinces 3 hl.gh s t}1,1e sample position of dlm'enswns 2mm wie g an
produces g:n)zmag: ffalz‘.h lamp is advantageous in micro cell and continuous-
18mm high. Xenon-

; d has [ow‘COSt., 7
_ It is compact an . :
flow arrangements - ~ PULSE PUBLICATIONS
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The instability of xenon source (xenon-arc lamp and xenon-flash |ap
corrected by ratio-mode operation. It employs two photo cells, rg

tor for exciting radiation and sample photodetector for emission y
The output from reference photodetector. is sent to photomultiplier
voltage control circuit, where it controls the dynode voltage of both

multiplier tubes in inverse relationship.

Fluctuations in xenon source (xenon-arc lamp and xenon-flash lamp) Q-
a corresponding change in fluorescence. The reference photodetecwfm
the range and speed of fluctuation in the radiation source and signals ¢,
the excitation monochromator. Thus, it compensates for waveleng
dependent fluctuations in excitation spectra.

(d)* Laser-light : It is used when monochromatic light or high intensity radiatig
are desired. Laser excited fluorescence is used in determination of uls.
trace inorganic ion.

(e) Tungsten Lamp : It is used when excited radiations above 450 nm ap
required. Tungsten lamp gives a group of lines (broad band) unlike the shap
lines of mercury vapour lamp.

Collimating System : In filter f'uorimeter, lenses, mirrors and slits are used fo
render the emitted radiations parallel. Lenses made up of either quartz or glass
are used.

In spectrofluorimeter, mirrors and slits are used to render the emitted radiations
parallel. Mirrors can reflect, focus or collimate the radiations in specti-
fluorimeter. Mirrors which are aluminized on front surface is called as front surfac
mirrors. These mirrors reduce the light losses. Lattice mirrors are flat mirros
and are half aluminized and half transmitting. Lattice mirrors reflect the sampk
beam and transmit the teference beam to emission grating monochromator.

Both front surface and lattice mirror plays a major role in spectrofluorimett
Large entrance slits are used to allow more excitation radiations to fall on tl
sample. This is very advantageous when sample concentration is low. |

Monochromator : The various types of monochromators used are :

(a) Filter Monochromator : Glass filters and interference filters are usel
in fluorimetry. Glass filters allows broad band of light whereas intereferer

filters allows a narrow band of light. Photodetectors have poor sensitivit
towards broad band of light. :

In filter fluorifeter, two types of filters are used : primary filter and second®’
filter. Primary filters are also called as excitation filters which allows 8 =
- band of light to pass through. Off-band transmission can occur which’
be ‘due to certain unavoidable pin holes and defects in film coétihgs. Sec
- filters are also ,cal]ed as emission filters, which allows a narrow band
to ;pass through. Sharp-cutoff transmission acours. atlowingil
wavelengths to pass through and absorbing smaller wavelen;th radiatio




v

P~

W ) | : g |
Passage of yy radiations which are responsible for

ation, but pey visible radiations. Secondary filters absorb

. radiation and trangmj visible fluorescent radiation, -
(b) Grating Monochromatoy y '

Primary filterg allo
wavelength of excit
incident ultraviolet

» excitation monochromator is placed

d sample. Excitation monochromator absorbs
UV radiations.

Wavelength of emission can be isolat
betwe

€n sample and photomu]ti
transmits visible radiations and a

ed by placing emission monochromator

plier tube (detector). Emission monochromator
bsorbs UV radiations.

In a good monochromator, t
1 nm apart. This provides sp

The filter or grating monochromators are placed at right angles to incident
light to avoid scattering and reflection of light. The 90° geometry efficiently
Séparates wavelength of excitation and wavelength of emission.
Chopper :
fluorimeter,

he emission-lines are resolved such that they are
ectral selectivity and fine spectral structure.

An optical rotatory chopper is present only in double beam spectro-
splits the excitation radiation from source. Chopper creates alternate
current signals by blocking the radiations to one photocell and transmitting to
another photocell and vice versa. Any signal in intermediate period is due to
dark current of the detector. The signals from both photocells are separated and
passed to differential amplifier, which eliminates dark current and gives the
exact measurements.

Sample Holding System : These are called as cuvettes or cells which are
cylindrical or rectangular in shape having an area of 1 e¢m? These are made of
good quality glass or quartz. Cuvettes are provided with lid to prevent vaporization
of volatile materials. The cuvette is placed in a phamber having light absorbing
surface.

The 90° sample cell geometry between the radiation source and the emission
monochromator avoids scattered radiations reaching the detector. Baffles can also
be used to avoid scattered radiations reaching the detector.

Saiaple Cell Geometry :

The arrangement between the excitation/radiation source and the emission from
the sample refers to sample cell geometry.

-Sample cell geometry can be performed in four ways :

B
3,

Frontal (37°) Method 2. Right angle (90°).Method. ,. £
Rotating cell method : 4. Straight-through (transmission) method
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1. ;Mm (37°) Method :

‘ Excitation
Schematic radiation
Representation
of Frontal
Method
Emission 37 Sample
radiation =

(a) The angle formed between the excitation radiation and the emission radiation
is 37°. ]

(b) This method of illumination is used for semi-opaque (translucent) matenals,
sohds or high absorbing solutions.

Disadvantage : Emission monochromator receives fluorescence from cell
surface and also the reflected radiations, which are not desired. Reflected
radiations can be reduced to some extent by choosing 37° as the take-off angle.

2. Right Angle (90°) Method :

% Figure - Excitation
Schematic radlatlon_
Representation
of Right Angle

Method

Emission
radiation

(a) The angle between the excitation radiation and the emission radiation is

(b) The 90° arrangement provndes efficient separatlon of excltatlon
and emission radiations. »
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~ () Emission monochromator cannot re.c . - [oniesE0R
receive the fluorescent radiati :
t radiation from

- sample cell surfa illumi
ce, as the illumination from sample cell surf
ace cannot be

viewed by the emissi
e on monochrom
ator, i :
radiations from the cell and also the reflected racll-il:t'i]::s: et -

(d) Scattered radiations are produced from the bulk of the solutio
n.

e) The arrangeme .
(€ gement of entrance slits and exit slits determines the effective

pathlength, where the exciti i
. : ng radiations maintai ineari
intensity of fluorescence and solute ConcentratiE;aInS the linearity between the

Thi i .
(f) This method is used for clear or nearly clear solutions having low absorption.

3. Rotating Cell Method :

fFigure : Excitation radiation
Schematic :
Representation
of Rotating Cell Y Y
Method
Emission Saie)
radiation AP

= : 7

\4 Y

(a) It is a novel method, in which the cell is rotated in 3 positions. A, Band C

to calculate the exact fluorescence.

(b) The difference of measurement readings of positi
of fluorescent radiations absorbed by the sample.

(c) The difference of measurement readings of position A and C gives the amount
of excitation radiation absorbed by the sample.

; (d) The corrections of the fluorescent radiations giv
i the fluorescence concentration versus absorbances upto 27
|

_ ,4' Straight Through Transmission Method :
(@) Uranium is fused with LiF - Na,CO, to fo
(b) Fusion fluxes are cooled © fluorescent peé
of uranium.

on A and B gives the amount

e a linear graph between

rm fusion fluxes.
llets which helps in determination

(c) This method is rarely used now: |
- PULSE PUBLICATIONS




Photomultiplier
Tube
—> Anode (Dynode)
—» Photoelectrons
—— Photocathode

Incoming beam of light

fo
Photomultlpller tube is quite sensitive and can detect extremely weak s1gnals Thet

ht
it is used in sophisticated instruments. It should be protected from stray lig
order to obtain accurate results.

: aM
Construction : It consists of a light sensitive cathode (photocathode) and _ }
10 anodes (dynodes) which are maintained at a potential of 75 — 100 volts. |

Worklng It works on the principle of multiplication of the photoelectrons by secgﬁ
emission of electrons. When a beam of light falls on the photocathode, photoc™Cy
are generated which are accelerated towards the anodes. At each stage ? c
acceleration from one anode to another anode, the emission of electrons is. m
by a factor of 4 or 5 due to secondary emission of electrons. Thus, seve

are liberated by each original electron, as a result of secondary em;sswﬂ
a net factor of 10° is achieved from the last electrode.

The detector such as Photomultiplier tube should be covered up to aV°'d
radiation and it can detect weak signals.

MC_:ATIQNS

{
.

_L




of instruments are :

1. Filter Fluorimeters :

(a) Single beam filter ﬂuoriﬁleter

(b) Double beam filter fluorimeter
2. Spectrofluorimeters :

(a) Single beam spectrofluorimeter

(b) Double beam spectrofluorimeter

1. Filter Fluorimeters : In filter fluorimeter, two types of fi

fi

isolate the wavelength produced durin

and emission filters respectively.

Advantages of Filter Fluorimeters :

lter to isol Iters are used : Primary
er to 1solate the wavelength produced during excitation and secondary filter to

g emission and hence, called excitation

(i) Filters are smaller in size compared to monochromators, resulting in small

size of the instrument.

(i) The wavelength of excitation and wavelength of emission are chosen by
interference filters. :

(iii) It is economical.

o

(iv) It can be used multiple times for quantitative determinations.

(v) The sensitivity of filter fluorimeters is high, if the wavelength of excitation
is equivalent to emission lines of radiation source.

(a) Singie Beam Filter Fluorimeter :

Lens

(8 |

Radiation
source

y
P
>

8Figure: ?
Block Diagram

of Single Beam
‘Fluorimeter

eI TESe e vem e

(.

Slit

YY

Primary
filter

-

Sarﬁple

Yy

holder

Y

Secondary
filter

Y

Detector

Y

Readout meter
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fiations from radiation source are al
- lens slits to make them parallel. The radiatior
ter, transmits UV-radiation and absorbs visible radis

are excitation radiations which fall on the sample cell.

A secondary filter placed at right angles to sample cell re i
fluorescent radiations. It absorbs UV radiations and tra
radiations. The 90° geometry of fluorimeter separates wa
excitation and wavelength of emission. The fluorescent radiationg
received by a suitable detector (photomultiplier tube). The detector is
to a suitable readout meter like galvanometer, which reads the fluores

(b) Double Beam Filter Fluorimeter :

8Figure:
Diagrammatic
Presentation of
- Double Beam
Filter
~ Fluorimeter

& . / 5 e
Z = = B |
o |-— e Radiation |
“ % 1
‘g Detectoft | 2 -
?}. i § :
. e b e

~

e T It consists of modified mercury vapour lamp with two anode
. opposite to each other from centre. Lamp is illuminated by
o current. The two anodes provide equal radiations to sample an¢
alternate half cycles of exciting voltage. = S




x ptET-;S

Working : The radiations , [Unit - 1] 2.21
s
and sample cell, Primary ﬁ‘:::rpassed through primary filters of reference

IRHORS to'befereioe el e absorbs visible radiations and transmit UV

and sample cell are foouseog ample cell. The radiations from reference cell

iatic : on a single secondai '
UV radiations and transmit visib|e radiatior%s. (o e e

The transmi tast

ek syst;;:d"lrﬁdlguons are sent to the detector, connected to suitable

B ars v ‘a g uorescent signals obtained from sample and reference
pared and analysed. In double beam system, variations in

temperature and fluctuations i -
ons in sourc ,
some extent. e and detector can be neglected to

Calibration of Filter Fluori
. orimeter : Fluorescence of i
with respect to standard. g o e

Fluorimeter reading for standard is first obtained. The standard is then
remo'ved and the sample of known concentration is analysed. The
ﬂuor-lmeter readings due to solvent and cuvette are also recorded. The
readings are taken without any adjustment of the instrument for each
measurement. This helps in determining the fluorimeter’s true-zero reading.

A graph of fluorimeter reading on Y-axis and concentration on X-axis is called
as calibration curve.

Some known fluorescent standards are rhodamine B in ethylene glycol,
tryptophan in water.

Spectrofluorimeters : In spectrofluoriméters, 2 grating monochromators are
present, that have replaced the filters of fluorimeter. The grating monochromators
measures the fluorescence in the region of 200 - 800 nm, which is the useful -

zone of fluorescence technique.

Advantages of Spectrofluorimeters :

(@)

(i)

(a)

ations from Rayleigh and Raman emission can be avoided

Scattered radi Sy
ample fluorescent spectrum and comparing

by determining the blank and s

both.

Selectivity of excitation and emission wavelength is high with grating mono-

chromators than filters. - |
ter : Aminco-Bowman spectrofluorimeter is the

. uorime - .
Single Beam Spectrof e xenon arc with stable direct

most commonly used instrument. Hi'gh. pressur

current supply acts as @ source of radiation.

om source enter into excitation monochromator
itati onochromator transmits the

| i . ors. The excitation m

through slits and mirror

d. These excitation -
ol e molecule to be analysed. Thes tat
BAcHaRO wavei::]ngstalinof 'th 1. The sample absorbs the excitation radiations
radiations enters the : -

Working : The radiations fr

ple ce :
PULSE PUBLICATIONS



‘and emits fluorescent radiations. The radiations emitted from

system. . <
8 Figure : Diagrammatic Representation of Single R%‘Smm‘ 1
Beam Spectrofluorimeter (Aminco-Bowman
Spectrofluorimeter) '
A
Radiation
source Detcctor

passed to emission monochromator through slits and mij ors
transmits wavelength of emission, characteristic to that comp
emitted radiations are passed to the detector through mirror ang
The signal from the detector are then amplified and sent to suitapje

Sample

Excitation Monochromator - Emission Monochromator

e ¥, 000

- PULSE PUBLICATIONS

(b) Double Beam Spectrofluorimeter :

Construction : Double beam spectrofluorimeter is an electro optical syste?
that splits radiations from source into reference and sample beams bt
travelling equivalent optical path. The arc of 150 W xenon lamp acts 85,
source of excitation radiation. Excitation monochromator (isolates ‘he,!
wavelength of excitation) and emission monochromator (isolates‘tmf
wavelength of emission) are present. An optical chopper and sector e

are present which transmits light to reference and sample position altemaF‘Vey'

In double beam spectrofluorimeter, the chopper splits the excitation ra¢ fio¥
from source. It creates alternate current signals by blocking the m.::iai‘ﬁ’ :
to reference cell and transmitting to sample cell and vice versa. The M4
from emission monochromator is then sent to the detector. The si Y
detector is read in a suitable readout system. It also consists of slits
mirrors which are used to transmit and reflect the radiations. :




-ammatic
ion of Double

e — | —

Readout
4 SYSlem Dﬂ@ctor

‘Emission
monochromator
| Exit
Entrance 3 Exit
i Gratings St Reference l Slit

obtained perpendicularly to avoi

Sector mirrer
Chopper "\

e Am

% Sample

Working : The excitation radiations which are produced from the arc of
150 W xenon lamp are chopped by bow-tie shaped disc i.e., chopper. Through
the entrance slit, these radiations fall on the excitation monochromator.

s8unein

I Entrance

3
Lattice
" mirror

A sector mirror is present after the exit slit of excitation monochromator.
Sector mirror and chopper are rotated by a single common shaft. During

first rotation of chopper, sector mirror reflects the beam to reference cell.
ion of the chopper, sector mirror opens and radiations fall

ach revolution of chopper, the opaque portion of the disc
is measured as zero. Lattice mirror reflects the sample bean} (?mlSSIOII from
the sample cell) or transmits the reference beam (emission from the

reference cell) to emission monochromator by lattice mirror.

During second rotat
on sample cell. In e

. . and reference cells are focused one after
iati mitted from sample
;l;lteortilllc:zl:l t(l)(r)lntsh: entrance slit of emission monochromator from front-surface

: issi iati itation radiations are

i i on radiations and excl

e d scattering of radiations. Reference and
ipli i.e., detector) by passing

tomultiplier tubes (i.es :

i 1D hromator. The signal from

ol ;
ssion mono : !
emled in a photometer and recorded using suitable
r : e

sample beams are focusse
through exit slits of
photomultiplier tube is meast

readout system.
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Advantages :

1. It gives accurate results» by subtracting the scattered ¢
; radiations from blank (reagents or solvent).

2. It can measure small differences between fluorescent samples,

3. It is more convenient and less time consuming than single beam
fluorimeter.

Correction of Fluorescence Measurements in Spectrofluorimeter :

Analysis of Medicinal Compounds :

il

=
?

PULSE PUBLICATIONS

‘Spectroﬂuorimeters equipped with microcomputers can automatically corregy

errors if information about corrected excitation or corrected emission spectrn;
provided in memory chips.

Corrected excitation spectrum can be obtained from the ratio of sample detector gy
to reference (standard) detector signal. The quantum counter is a special e
containing concentrated standard fluorescent solution (mostly Rhodamine B 3gl;
ethylene glycol). When excitation radiations fall, the incident light is absorbed
fixed amount of energy is re-emitted at definite wavelengths (640 nm). The emifs
radiations from sample and the standard (Rhodamine) is-made to fall alternately ont
same photomultiplier tube (sample detector). Signuls from quantum counter and#
sample are produced alternately and are electrically separated and sent to ratio recordst

The emission radiations from quantum counter are proportional to the amount of ¥
falling on the sample. This gives the corrected excitation spectrum.

Advantages of Corrected Fluorescence Measurement in Spectrofluorimeter -
1. Itis helpful in inter and intramolecular energy transfer studies. '

2. Energy of Stoke’s shift (variation of energy with wavelength of excitaticﬂ“”d
wavelength of emission) can be known. $

3. Study of macromolecules.

: : : w
4. It is useful in analysis of trace elements where corrected fluores®

)3

excitaton spectrum’s sensitivity is 1000 times greater than absorption spectru

The important applications of Fluorimetry are found in the analj'sis of food Pfduﬁ
pharmaceuticals, clinical samples and natural products due to its sensitiv!
selectivity. : . -

. Applications of fluorimetry can be seen in the following fields :

A number of drugs can be estimated using fluorimetry.




(i) Quinine in 0:-1-NHZSO‘ A | et
- (i) Riboflavine in 1% tartaric acid ‘
(iii) Aminocrine in 0.1 N HCJ, -

(b) Organic and inorganic com

\ pounds can be made fluorogenic (flu
substance) by chemical change such as oxidation. Bibai SR

Examples :

-

(1) Diphenylhydantoin (phenytoin) is oxidised by alkaline KMnO4 to form

benzophenone, which exhibits fluorescence.

c=o0o Al KMnO,

Co= N/—- H (0]
4
(@)
i / Benzophenone
(Di p:: :;Wég ntoin) : ~ (Fluorescent surbsta nce)

(c) Organic and Inorganic compounds are complexed with suitable reagents to mgke

them fluorogenic.

(d) When two or more drugs are present, each drug can be estimated individually
en tw ‘ .

by adopting suitable methods like :

i i i ice versa.
(i) Conversion of acidic to alkaline solution or vice

i i ice ersa-

itati h
(i) Selection of wavelength of excitation for each drug.

f any one drug from the mixture and analysing it.
o

ivati : ic drug.
(e) Preparation of fluorogenic derivative from non-fluorogen »

(iv) Extraction

Examples : £ . tloriform and exhibit f =
(i) Complexof atropine With e“:;?;:le:c = hine and codein
(i) Other non-fluorogenic drugs | i




metrically analysed.
‘Miscellaneous Applications :

(a) Measurement of Fluorescence by Fluorescent Indicators : Fluor,
indicators are useful in fluorimetric determinations as the colour amf
of fluorescence depends upon pH of the solutlon

(b) Determination of Chemical Structure : Hydrogen bondmg, ge
isomerism, polymerlsatlon tautomerism and reaction rates can b‘
fluorimetrically. 2 . ‘

(¢) Analysis of Organic Products : Fluorimetry can be used for bothqﬂal.‘

1

V'Snmé non-fluorescent inorganic io

- quantitative estimation of steroids, proteins, plant pigments etc.

qt‘UM\lm in Sults.
ns can be made fluorescent |

with non-fluorescent organic reagents. Hence these elemem;. ;
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Q2.

AM'W” .

Answer !

Answer :

- Answer »

‘Wwhat is fluorescence and phog

QS.

s.

ho | ;
fluorescence through energy Ie\r/’el ;?::;nr::; el

[April, 2006, (5 M)]
[2001, (5 M)]

Refer Unit — II, Page No. 2.2, Section No, 2.2

e

What is quenching? List any two types of quenching?
[April, 2006, (2 M)]

Refer Unit — II, Page No. 2.9, Section No. 2.6.

. What are pharmaceutical applications of fluorimetry? How is fluorimetry

more sensitive and specific than spectrophotometry?
[2004, (5 M)]
[2001, (10 M)]

Refer Unit — II, Page No. 2.24, Section No. 2.8.

What are the factors affecting fluorescence and phosphorescence?
[2001, (5 M)]

Refer Unit — I1, Page No. 2.5, Section No..2.5.
What is quenching? Explain various types o
examples?
' [April, 2006, (5 M)]
[October, 2005, (5 M)]
[November, 2004, (5 M)]
[November, 2003, (5 M)]

f quenching with suitable

1 6.
it = No. 2.9, Section No. 2. .
B at are the factors affecting fluorescence

What is fluorescence? Wh
ey [October, 2005, (5 M)]
[2004, (5 M)]
[2005, (5 M)]
[November, 2003, (5 M)]
5. Section Nos. 2.2 and 2.5

Refer Unit — II, Page Nos- =
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% 1
J' "‘ o %
 Answer:
Tk ; - .

N TR,

e

‘ Q8 ‘How are the primary a

w»

Answer :

Q9. Show the relationship between fluorescence intensity and concem

Answer :

‘Refer Unit — I1, Page No. 2.1

2, Section Nos. 2.7 and 2.8. ‘ '
nd secondary filters selected in fly

assay?

Refer Unit — 11, Page No. 2.19, Section No. 2.7. |

tion. Describe any four factors that influence fluorescence intensityy
: [November, 2002, (5 i)

Refer Unit — II, Page No. 2.5, Section No. 2.5.

 Q10.What are “self quenching” and “true quenching”?

Answer :

[November, 2002, (2 M)

Refer Unit — II, Page No. 2.9, Section No. 2.6.

il

~ Q11.Discuss the phenomenon of fluorescence. Explain the working of flue

~ Answer :

rimeter with suitable diagram?
' [October, 2007, (10 M)

‘Refer Unit — 11, Page Nos. 2.2 and 2.21, Section Nos. 2.2, 2.7.




