Fluorimetry

17.1 General

In the previous chapters we have learnt that when on atom or a molecule absorbs radiant energy it can
produce electronic excitation and ionization in certain cases. If the energy is high enough to allow the
electrons to be raised to excited states and then lose the energy by reemission in random directions, the
process is called luminescence. The luminescent process is of two types. (a) fluorescence and (b)
phosphorescence. The two phenomenon can be differentiated from each other in terms of (i) excited
electronic state and (ii) the time interval between the absorption and reemission of the radiant energy.
The excited and reemitted radiation may normally lie in the visible and U.V. regions of the spectrum.

In order to understand details of fluorimetry and its instrumentation, it is necessary that we clarify
our mind on some of the fundamentals such as difference between electron orbital and electronic state
An orbital essentially describes the volume element at a given distance and direction from the nucleus
where there is a high probability of finding an electron. Normally, the electrons in a molecule occupy
orbitals that are atomic in character. Therefore, we can say that the properties of all electrons in l“ the
orbitals of a molecule are responsible for the electronic state of the melecule i.e. the wave function
an electronic state will be a combination of the wave functions of the electrons in each of the orbitals
a molecule. When an electron is moved from one orbital to another, the state of the molecule is chan
therefore it is necessary to consider the electronic state of the molecule rather than consider only
orbitals involved in such an electronic transition.

Further, we must know that in a molecule three types of electronic states are possible namely ;0
ground state (ii) transition state and (iii) excited state. The most normal state of the molecule is the g%
state i.e. the state of lowest energy. The transition state is considered to be a sort of a vibrationally excite
ground state i.e. a state of strained condition. On the contrary, the excited state will be a mnld'
higher than the ground state. It will have a different electron distribution from the ground state. N‘n‘g
there can be only one ground state in a molecule where as many different excited states are
exact nature of these excited states depends upon the particular orbitals involved in the ?

A majority of organic compounds contain an even number of electrons, hence their electron 5

may be either a singlet state or a triplet state. The ground state of most organic molecules will b ‘I 0P
state in which all of the electrons in the molecule will have their spins paired ( T. ). If one set of
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spins in 2 molecule becomes unpaired TT or | the resulting electronic state is called a triplet state .

: B9 SUbS[;:“?l."Vh:iCh contain delocalized n—electrons are expected to show fluorescence, ethylene
QR Ve ST e § model example for studying such electron excitation. The posi'tion with
ethylene 18 tlhat ;tllzsof,n sp® hybridized configuration. Each carbon atom forms three.sp2 hybrid orbitals
W'“_‘ SngEs O o eaqh other and having a p, orbital perpendicular to the plane of the three sp?
orbitals. ‘Dunng bond formation each of the carbon atom will utilize two of the sp? orbitals to form &
bonds w:th'hydrc_)gen il0m§ and the third sp? orbital can form a low energy bonding © orbital or a higher
energy annbondmg o orbital. The two p, orbitals of the carbon atoms will combine to form bonding T
orbital aqd an”bo'_'dmg n* molecular orbital. Thus in the ground state, ethylene molecule will have two
electron 1n G orbital and two 2t:lectrons in the p orbital while the o * and n* will remain vacant. This
;E_ate 1\’_57’1111 be represented by o 2n2. The various conditions for electronic states in ethylene are shown in

ig. 1/.1.
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Fig. 17.1. Electronic states in ethylene.

As 7 and 7* orbitals are already at higher energy states than © and o©* orbitals, the former only
will be of any significance for any such electron excitations. Thus the exacitation of & electrons will give
rise to two possible excited singlet states in ethylene i.e. 62 n* and 02 n*2. The o2 © n*2 involves raising
of one electron from 7 orbital and placing it in 7* orbital and o2 m*2 singlet state consists in promoting
both 7 electrons to the 7* orbital. A third excited state called triplet state is also possible and involves
raising of a © orbital electron into a 7* orbital but with a change in the spin. The above three excited
states of ethylene involve only 7t electrons and result from T — T* transitions.

17.2 Fluorescence

When a molecule is exposed to a photon, it will absorb energy.and in the process an electron will be
raised into an orbital of higher energy. It the source of energy is removed the excited molecule while
coming down to the ground state will reemit the absorbed radiation by a radiationless process. This
radiationless or luminescent process will be either fluorescence or ‘phosphorescence depending upon the
type of excited state from which luminescence occurs and its relationship to the ground state.

If a molecule at the lowest vibrational level of an exciteq state returns to the grm_md state py emission
of a photon, the process is called fluorescence - As the life time of an excited state is approximately 108
seconds, therefore the life time of fluorescence will be the intrisic life time of the excited state. Due to
the vibrational (thermal) relaxation of the molecule after p_hoton absorption and before photo_n emission
the emitted photon in fluorescence will have lower energy (i.e. longer wavelength) than the excited photon
absorbed by the molecule. This shift in the fluorescence spectrum from a shorter wavelength to a longer

Wavelength is known as sfokes shift. Thus the phenomenon of _ﬂuo_rcscences comprises in_the absorption
of a photon to go to an excited state, relaxation from higher vibrational levels of that excited state to its

lowest vibrati by emission of a photon t© the vibrationally excited state of the ground
S (;t:;:jznfgliiﬂof;ﬂg“gg m)(l) lecule to the lowest vibrational level of the ground state.
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Fig. 17.2. A = photon absorption, F = fluorescence
G = ground state, P = phosphorescence
R = relaxation, S = singlet, T = Triplet
IX = Interstate cross over.

17.3. Phosphorescence

The transition from ground state of a molecule to the lowest triplet state though forbidden is possible and
then the emission of light from the lowest triplet state can occur in two different ways. One way is by
intersy'stem crossing of electrons from zeroth vibrational level of the lowest excited state of the molecule
by vibrational coupling with the lowest triplet state. This emission is called phosphorescence. The life
time of the lowest triplet state is 10 to 10 second which is the life time of phosphorescence. Therefor®
this phenomenon is characterized by an after glow not observed for fluorescence. A second way of
emission of light from the lowest triplet state is by minimizing collisions of electrons in the triplet staté
by placing the molecule in a rigid medium to remove the vibrational energy in excess of the

vibrational level of the triplet state. Thus phosphorescence involves a triplet — singlet transition.

17.4 Fluorescence and Molecular Structure
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115 Fluorescence and Concentration

The degree of total fluorescence of a solution will depend upon the number of fluorescent molecules in
the solution. It is improbable that all of the energy absorbed by a fluorescent molecule will be reemitted
o fluorescence because some of the energy is lost through competing quenching process during the -
fluiorescence process. Inorder to calculate fluorescence intensity use of quantum efficiency of fluorescence
¢f is made. It is defined as the number of quanta emitted by the fluorescent process to the number of
i e bsorbi bst the absorbance is directly proportional
? i ion of an absorbing substance ; .

mhf?::;lzel:t‘:a:i?;esT:‘:; weaczcrjlhsl:; that ﬂuorcscence,g intensity will be p{oportlona} to the concentration
of molecules in the' excited state and therefore of the 1:ntensity of radiation. The light a‘ibsorbed by the

: . P : ain constant but decreases as it tra vels through_lhe
mple and intensity of the exciing light does npt i cur and the decrease in the exciting light
smple. In a dilute solution significant absorption will not o€ e ok
¥ill not be significant. In a concentrated solution, the intensity of lig

"Uple being irradiated. : ¢ of light absorbed which can be
. : : nal to the amount of lig
1 Thus t:se:ﬂuorescence intensity will be proportio
F=k¢¢lo—D
Where F = intensity of fluorescence
k = proportionality constant
¢ ¢ = quantum efficiency
L) = Initial light
I = Transmitted light : mitted is :
- A per Beer's Law thcgfraction of light tran®

I -€bc

I,




where € = molar absorptivity or molar extinction coefficient
b = path length (cm)

¢ = concentration in moles/litre.
The coressponding fraction of light absorbed in then :

l—l= (1= et™

I
On rearranging the above equation we have
L-I=L(1-¢%)

But the total fluorescence intensity will be equal to the rate of light absorption (quanta per 3
multiplied by the quantum efficiency of fluorescence o5,

F=k oL, (1-¢*™)
The above equation can be expanded according to the series :

2 n
x= CEUS
Bl xy ot e
bc = (ebc)? ebec)”
Thus F= k¢ I ebc |1 -
$ [1 TR T +(n+1)!]

It is to be noted that the dectector does not measure total fluorescence intensity but int nsity forms
segment of the sample. . !

ebc  (ebc)? (ebe)"
SoSf=k¢fS¢Io€b°[l—2!+ 31 +W+(n+l)!]

where S; is signal generated by detector.

g = a constant representing sensitivity and amplification of signal B
® = a constant represent geometry of the system, rather a solid angle of light viewed by
When the concentration is small or the solution is very dilute, only a small fraction Of“

absorbed, the term €bc is not greater than 0.05.
+ Sf;: k ¢ g @ I ebc then only linear relationship will exist between concentration and fluor®
ig. 1 3)b U
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Fig. 17.3. Relation between fluorescence intensity and concentration.
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Py 174 Concen of Quinine sulphate (mg %) Fig. 17.5. excitation spectra of quinine in 0.05 M H2S0s.

175 Quenching

psalready Pomted_om ﬂuorescenf:e process is competed by quenching process taking place in the excited
qtes. The quenching can occur In three different ways as explained below.

(i) Collisional Impurity Quenching : The loss of fluorescence can occur by formation of excited
qmplex between the excited sample species and the ground state impurity molecule and then subsequent
wi-radiative energy losses ¢.g. dissolved O, as impurity quencher.

(ii) Energy Transfer Quenching : This is another type of impurity quenching and will take place
when an impurity present whose first excited singlet state is at an energy below that of excited singlet of
tie sample species. non-radiative energy transfer can occur between the impurity and the sample species.

(iif) Concentration Quenching : This is a kind of self-quenching and take places with increasing
ancentration. The quenching occurs due to the formation of a collisional complex between one molecule
o the sample species that has been excited to singlet state and a second identical unexcited molecule.

The reactions for fluorescence can be represented as shown below :

M + hy——> M* (Absorption)
M* —— M + hv (Fluorescence)
M*+Q —— Q*+M (Quenching)
Qr — Q+ Energy- , .
Where M is a sample in ground state,
M* is the excited sample,

Q is a quenching agent
Que h'v is the photon of radiant encrey - | ith loosely bound electrons. lodide,
,%m:ctehlng takes place due (0 the pre;gncew th tightly bound c_sleclmngs like.ﬂuorilde;l arcnlcri percllnilora;e.
- Th -°Xidizina;§°“i'9;fm '(tlrm:ncl:lacsri tgh::dtquenching effect. Organic substances like polyhydroxy pneno s,
iy ns like nitrate
, i % 2 well as antioxidants are efficient clllt:nc:hcrs.‘twwn ot <ubstance and the quencher.

i . . lOn -
n8 quenching there 1s NO permanent :f::treaction involved between the quencher and the excited
o ually a reversible oxidation-reducti® o7 substance.

€ and then the regeneration of 1M ongih




17.7 Instrumentation Aspects |

The main components of a fluorimeter are (i) a sourc

(i) a sample holder and (iii) a detector to meas
fluoremeter is shown in the Fig. 17.6. PRIMARY ~CUVETTE

e of radiant energy with which to j;
ure fluorescence. A schematic djg,
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Fig. 17.6 A schematic diagram of a typical fluorimeter.

A mercury vapour lamp with glass or fused silica envelope is a common excitation source .
which a suitable activation beam is isolated by means of a filter. The principle lines from met
discharge lamp are at 366, 405, 436, 546 and 578 nm. The selection of the exciting wavelength ismk
by inserting a primary filter in the incident beam before the sample. A light source like high-presst
xenon-arc lamp provides a high level of ultraviolet and visible light. ;

When both excitation and emission spectra are needed two monochromators are necessary

the light source and one for fluorescence. For studies in ultraviolet, lenses or cuvettes made of
fused silica are used.

The phototube is placed at right angles to incident beam and with masking slits in posit!
detector views only the illuminated liquid and not the illuminated cuvette faces. This also minimiZ&s
reflection of any of the intense exciting radiation. A secondary filter is placed in front of GE%?
remove the reflected and scattered exciting radiation. The secondary filter should be selected S,
they absorb the scattered primary radiation but not the fluorescent light. Although fluorescence’®

in all directions and can be viewed from any angle. But in practice 90° angle is the most 0T
angle selected in designing fluorimeters.

 Different models of spectrofluorimeters including those with MiCroprocessor controls ar¢
which can provide both the fluorescence emission spectrum and the excitation spectrum. Thell

consists in that a suitable wavelength in the emission spectrum is selected, and the second MO7%

is set at this point. The excitation spectrum is then plotted by scanning the first monoct
optical diagram of a spectrofluorimeter is shown is Fig. 17.7 below.

A 150-w xenon lamp is used as the source and the chopped radiation is allowed (0 P

Czerny—Turner monochromator. It is then focused on to a sample cuvette where it is P
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Fig. 17.7 optical diagram of a spectrofluorimeter.
118 Applications

fuwormetry is selective because fewer substance show efficient
fuorescence. It 1s also a very sensitive method because determination
i the range of nanogram quantities or below can be measured. A
uiety of inorganic substances and minerals show fluorescence in the
iisble region while organic and organometallic compounds absorb in
e ultraviolet region. For example selenium is determined by its
wmplexation with 3, 3’— diaminobenzidine. Similarly cadmium is
telermined by reaction with bis (dimethylaminomethyl) fluorescein ;
it has been freed from other interfering ions. Fig. 17.8 Spectrofluoro-Photometer
Alarge number of pharmaceutical compounds have been _assaye;d Model FP-?’:?J ng%o
fluorimetric procedure. Some of these compounds are listed in (Courtesy 0 )

Table 17,1,
Table 17.1. Some pharmaceutical Compounds analysed by fluorimetry
e Fluorescence Concentration required
m\d E::g)tatlon flsi (ag/m)
W 355 0.1 at pH 1
Aty 285 410 0.1 at pH 14
""“"mc 265 445 0.02 at pH 14
: 355 400 0.05 at pH 11
M 335 480 = 0.1 at pH 11
M 350 e 0.01 at pH 1.
M 315 o 0.01 at pH 1.
320 335 0.07 at pH 1.
295 450 0.01 at pH 1.
365 520 75% viv in H2SO4
460 in ethanol

(Contd.)




Nicotinamide :gg 335
Wﬂm ot 380
Oxychloroquine S 440
Pentobarbitone

Procaine 275 g‘;g
Procainamide ) 295 360
Physostigmine 300 450
Quinine 250,350 76
Reserpine 300 3 -
Terramycin 390 52
Riboflavine 270, 370, 445 520,
Vitamin A . 325 470

17.9 Phosphorimetry

As explained in the beginning of this chapter, phosphorescence differs from fluorescence in (i) its
decay time i.e. 107" to 10 seconds (107 to 10° seconds for fluorescence) and (ii) by a shift tg"
wavelength.

A compound that shows phosphorescence should also possess fluorescence therefore a hor.
meter should be able to distinguish between the two phenomena. One method of measurement of
phosphorescence is to incorporate a rotating shutter called phosphorescope in an instrument. This deviee
incorporates a definite delay between the time intervals during which the sample is irradiated ad
phosphorescence measured. An alternative method is to use a pulse technique instead of a rotating shur.
The primary source of radiation consists of a flash tube which is triggered by an electronic timing cireut
After a selected time interval, the photomultiphier is activated and phosphorescence measured. Anotier
technique possible in phosphorimetry is time resolution. This technique is useful in the detenmn&tlﬁ(f
mixtures or multicomponent analysis provided the individual components of the mixture have differat
decay times. :

EXERCISE : 1. To draw the calibration plot for the fluorimetric estimation of quinine sulphate. ‘

Reagents

0.IN Sulphuric Acid : Take about 300 ml distilled water in the 1 litre flask, add 3 m coné.H
slowly (use 10 ml measuring cylinder). Add distilled water to make the volume upto 1 litre. Mix

Quinine Sulphate Solution

Stock Solution A : Weigh 100 mgms quinine sulphate powder. Transfer to a 100 ml v
flask, using a small funnel. Add 30-40 ml. 0.IN-H,SO, and dissolve the powder. Make the V
100 ml with 0.IN-H,SO,. Mix well and label. This contains 1 mgm/ml of quinine sulphate.

Stock Solution B : Pipette 1 ml of stock solution A to another 100 ml volumetric flask:
volume to 100 ml using 0.1N-H,SO,4. Mix well and label. This contains 10 pg/ml of quinine §

Stock Solution C : Pipette 10 ml of stock solution B to a 100 ml volumetric flask. Make &
to 100 ml using 0.1N-H,SO,. Mix well and label. This contains 1 pg/ml quinine sulphate.

Standard Solution : Using stock solution C, prepare standard solutions of known cOB¥
given below (Use graduated pipettes) :



Testtube No- 0 1

5

" stock solution C
ml.ofs on 00 1.0
ml. of 0.1N-H2S04 i

2.0 3.0 4.0
8.0 7.0 6.0

50
5.0

LA

h,ocoduro

Follow the procedure as given in the instruction manual or as per the instructor. Use st

No. 6 (containing 0.5 lg/ml quinine sulphate) for adjusting 100 on the dial scale.

Filters
Primary filter : B Hg - 1 (365 nm)

Secondary filter : N 440 (450 nm) (or B 470)

Observations
8. No. Concentration Fluorescence Intensity (F)
(ug/mi)

4| 0.0

2 0.1

3 0.2

4 0.3

5 0.4

6 0.5

andard solution

Plot Fluorescence intensity vs. Concentration of quinine sulphate.

: "This is Fo (blank).

Results

1. The calibration plot for quinine
2. The plot is linear/non-linear in
3. The concentration of quinine sulp

Sample Calculations
Ex. The following data was obtained

sulphate is attached.
the concentration range I R R p.g/ml to pg/ml).
hate in the given sample (concn. unknown) RS p.g/ ml.

for fluorimetric estimation of Penicillin as an aminoacridine

denvative :
et T
S.No. Sample Concen- Fluorescence Intensity (F)
tration (ug/10 M)
i et S SR
1. 0.0 (Blank) 8.1
S Sample 288
(in pg/ml) in the sampie ?

Wlmamemumofpenki“h
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Conc. (unknown) = Conc. (std) x ‘(‘(';,f:'_‘_‘ﬁf

s (288-9.1) _ 19.7

el E N [ el 11

= 1.25 pg/10 ml or 0.125 pg/ml e
The concentration can also be read directly from the calibration plot.

EXERCISE : 2. To study the pH dependence of the fluorescence of quinine sulphate soly
Reagents

Prepare stock solutions of quinine sulphate (stock solution A, B and C) as in experiment N
that use distilled water instead of 0.IN-H;SOy in all cases.
Prepare 10 ml each of the standard solutions of quinine sulphate as given below :

Test-tube No. 1 2 3 4 5
Volume of stock 1.0 2.0 3.0 4.0 5.0
solution C (in ml.)

Distilled water 9.0 8.0 7.0 6.0 5.0
(in ml.)

Procedure

Follow the procedure as given in the instruction manual

: ' or as per instructor. Use the same set
control knobs as in Experiment No. 1.

Observations

S. No. Concentration Fluorescence Intensi
: (ug/mi) : ¥

0.1
0.2
0.3
0.4
0.5

| OB WN =

Plot Fluorescence intensity vs, Concentration, at the neutral pH



1. mhun lodide Solution : Dissolve 200 mgms. KI solution in 100 ml. of 0.IN-sulphuric acid
(contains 2.0 mg/ml KI). i

2 Quinine Sulphate Solution : Use stock solution C, prepared in Experiment No. 1 (1 ug/ml quinine
sulphate). Prepare standard solutions as given below (use graduated pipette) -

50

mi. of stock solution C. 50 50 50 50

ml. of Kl solution 00 1.0 20 3.0 40

50 4.0 3.0 2.0 1.0

ml. of 0.1N H2S0«

Procedure

Follow the procedure as descri
of control knobs as in Experiment No. 1.

bed in the instruction manual or as per the instructor. Use the same settings

Observations

. No. (mafml)

s W =
o
(=]

ce intensity VS Concentration of potassium iodine. ‘

Plot Fluorescen
: ‘jodine ion with the plot obtqined in its absence (Exemine Nq. :

Compare F vs. C plots in pyesencc of o
Record your conclusions. o e g




