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Fluorescence spectrophotometry

Principles

+ Certain wolecules, partcularfy those with a chromophore and o ngid strocrure, can be
axcited by UV visible radigtion, and will then emi the radintion sbsorbed an o longes
weavelengrh, The radiation conimed can then beomeasired.

Applications

+ Determination of flusrescent drugs in Jow-dise tormuolations in the prescnse non-
Meorescenl excipients,

o I csimyimg oot Timin ety where the impurity s fooceseent o can be simply rendered
Muorescent,

= Uselul Tor stedying the binding of drogs o componengs in comples formulations

* Widaly used i hinanalvsis for measuring soall amonnts of diva and for studving
drag-protein Bindimg.

Strengihs

= Acselective detecton method and canhe wsed togquantify a strongly laoresecn
compund i the presence of a larger amonnt of non-Fluorescet milerial

¢ Can be used te monitod changes in complea molecules such us proleins which are being
tsed Incredsingly s droge.

Limnilabivns

» The technigue omly applios 1o a limited number of molecules,

* Floorescence 1 subject 1o mterference by UY absorbing species. heavy wns msolutim.
and i aflecied by wmperslure.
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Introduction

Figure 7.1 illuatrates the behaviour of an excited cleetron in o fluorescent maotecule,
[n 4 mon-Nuorescent malecule when an electeon is excited o the electronic excited
state, 11 returns hack 1o the ground state Iy losing the energy it has acquired through
comversion ul the excess electvomic ensrgy inte vibrational energy. If & molecule has
o rgid structure the loss of elecronic energy theough its conversion inte vibrational
caerey 15 relatively slow and there §s a chance for the electronic energy o be cmitted
s ultraviolel or visible radiation. The energy emitted is of Iower energy than the
energy absorbed because, as indicated in Figure 7.1, the excited electron moves (o
the lowest energy vibrational state in the excited state before retuming o the ground
stile. Thus Nuorescence emission is typically shifted by 50- 130 nm towards a longer
wavelengih in comparison with the wavelengeh of the radiation used o produce
excitation, The Muorescence spectrum of a molecule is, ideally, a mirror image of the
lomgest wavelength band in the absorprion spectrum of the molecule but often the
spectrum is distorted due o partial overlap between the absorprion and the emission
spectis Vilrational fine structure of the fluorcscence band may be observed il the
mclecule does not inceract with the solvent strongly (ef. TV spectra) und cun be
ohserved in the Tugrescence spectra of polycyelic aromatic hydrocarbons such as
anthracens, The sliape of the (Muorescence spectrum is independent of the
waveleneth used Nor exciation since the cransition producing the fluorescence
spectrim 1% always from the first excited stace tothe ground seate. In a molecule
comtaining 4 number of LY absorption bands, the longest wavelength maximum iy
(he one associated most sorongly with the production of fluorescence. In addition, the
wavelengih usuully used b produce excitation is close to the L max of the longest
wavelength absorption band in the spectrum of the analyte.
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Instrumentation

Figure 7.2 shows a schematic diageam of a fluorescence spectrophotometer. Since
araissicn 18 being ohserved the light being emitted is observed at right angles wthe
light Being used to excite the sample.

The instrumeant has two monochromators: one to scleet the wavelength o be used
for excitation of the sample, the other to scan the wavclength range of the light
emitted bv the sample.

The kamp used, which is a guartz halogen lamp, produces radiation of high
infenaity o ke advantage of the fact that the strength of the flunoresence s related o
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the number of photons absorbed multiplied by the fluorescence quantum vield (@)
For strongly fluorescent compounds. & is close w |5 for non-Aoorescent compounds
t = (. The wavelength which gives maximuom excitation 15 nol necessarily exuctly
the same as the longest wavelength absorbunee maximuom in the compound since
the imtensity of light cmitted by the guartz halogen lamp varies marked]y with
wavelength. unlike the deuteriom and wngsten famps vsed in LV vizible
spectrophotometers. The lamp gives radistion of maximum iniensity between

300 and 404 nm.

]
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Abthough the radiation emitted is observed at right angles to the exciting radiulivn,
some of the exciting radiation can be detected by the emission detector becaose it is
seattered by solvent molecoles (Ravleigh scatfert or by colloidal particles in solution
(Tyndull scattery, The presence of this scatter makes the wse of the second
monechromator necessary and also means that the Muorescence bund has 10 Te
shifted by ar laast 20 nm beyond the exeitation band for floorescence messurements
ter be made without interferencee. Another, weaker, type of sealler which may he
oivervad is Raman scatter. In Raman scatter. which is salvent dependent, the
wavelength of the incident radiation is shifeed to a lonzer wavelength by wbout 30 nm
when methanol 13 used as a solvent and about 10 nn when chlomslorm is used as a
solvent. Raman scatter is discussed in miore detail later in this chapler,

Molecules which exhibit fluorescence
T s ot entirely possible 1o predict how strongly flucrescent & molecule will e, For
exumple adrenaline aned roradeenaline differ in their structures by ondy g single
miethiyd group bt noradeenaline exhibits fluorescence nearly 200 tmes more infense]y
than adrenaline. Generally, fluorescence is associated with an extended
chromophorefusochrome system and 2 rigid strocture. Quinine {Fig. 7,37 15 un
exmnple of a sirongly Aoorescent melecule as mighe be cxpected from its exlended
chromophore and rigid soucture. The chromophore in cthinyloestradiol 15 just an
aromatic ring but the presence of a phenolic hydroxy] aroup in combination with
rigid ring strwcture in the rest of the molecule renders it fluereseent (Tig. 7.3),
Figure 7.4 shows the fluorescence spectrum of ethinyloestradiol. When the
Muarescence spectrum of the molecule is scanned with a wavelength of 285 min
being wsed lor excitation, two maxima are seen. The maxima at 285 nm is due Lo
scatter ol the exciting radiation and the second more intense maximum at 28 nm is
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due o flugrescence. The separation of the exciting radialion and emited radiation is
mil grepl in this example, bur this is partly becavse excitution is laking place at a
relatively shorn wavelength where the displacement of wavelengih with energy is
lwer, For exgmple, the difference botween 283 and 210 nm is 0,35 eV, whereas with
an excitation wavelengzth at 385 nm. an encrgy displacement of G35 ¥ woald give
an emission waveleneth at 443 nm,

Like ethinyloesoradic! many other phenols exbibit Quorescence and as is the case
[ ethinyloestradiol, this fluorescence 15 pH dependent ind does not oceur under
alkaling conditions when the phenolic proup becomes jonised, Table 7.7 shows some
esamples of flucrescent drug and vitamin molecules,

Table 7.1 Examples of drugs which yield Huarescence specira

Compound Excitation Emission Limit of detection pg/ml
Pentcbarbitone 2G5 a4 0.1

Adrenaline 295 335 0.1

Chlerpromazine 350 450 0.1

Riboflavin 444 A0 0.1

Procaine 275 245 0.0

Moradrenaline 285 EFa 0.0

Quinine 350 450 0.002

Factors interfering with fluorescence intensity

Tf the concentration of a solution prepared for fluorescence measuremenl 1% oo high,
siamee 0l (he Tight emitted by the sample as fluorescence will be reabsorbed by other
vnesciled molecules in selution, For this reason, fluorcseence measurements are best
mude on solulions with an ahsorbance of less than (LO2 st their maximum,. 1.e,
solptions ol a sample TO=100 weaker than those which would be used for
measurement by UY spectrophotometry.
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Heavy atoms in solution quench fluorescence b colliding with excited mlecules
so that their encegy is dissipated, ecg. chloride or Bronvide foms in selulion cause
collisional quenching,

Formation of a chemical complex with other molecules in solation can change
Muorescence behaviowr, o.g. the prosence of caffeine in solution reduces the
fluorescence of riboflavin. This aleration of fluorescence upon hinding is used 1o
advantage when examining hinding of floorescent imolecules Lo proteins or other
constituents of colls.

Applications of fluorescence spectrophotometry in
pharmaceutical analysis

Determination of ethinyloestradiol tablets

The BP utilises a NMuorescence assay o deferming ethinyloestradiol in cablets, The
tablets contain low dosages of the drug so that inferferenee by excipients is likely to
cause problems in U visible spectraphotometric measurements, The sumple 1s
measured vsing an excitacion wavelength of 280 mm and measiering the emission ul
AN nm. A was seen when e Maorescence spectran of ethinyloestradiol wus
discusced eqrlier, the optirmnm excitation wavelength for ethiny loestradiol 15 285 nm
and the emission maximumis 310 am. Thus, this gssay as deseribed brings out two
important points that may have been either consciously or emnpirivally adjusted for in
the design of the assay:

iy Thewseof o slphtly shorter excitation wavelength reduces possible
meerfercnce fronn Raman scatter, which may overlap with the Muorescence
speeirumn snd is dependent on the wavelength of the exciting radiation,
whereas the flucrescence maximum 15 mol.

(i) The intensity of Bayvleigh and Tymdall scatter ut shorter wavelengths is greater
and thus the emussion is ohserved at the slightly longer wavelength of 320 nm
ter reduce interforence from this source.

After the fluerescence of the sample extract in melhanol has been determined.
1 M sodivm hydsoxide solution is added o fhe somple solstiion and the fluorescence
is determined again. The addition of sodivm hvdroside removes The Muorescenee by
inising the phenol group of the ethinyloestradiol and thus any resideal Nuorescenee
which is due to excipients can be subtracted from the reading. tn the BF assay the
cthinyloestradiol content of the tablet extract is detennined by comparison with the
flugrescence of a solution containing a known amoust of ethinyloestradiol standard
analysed wsing the same conditions.

Calculation example 7.1

A methunalic extract from cthinyloestradiol tablets is measured wsing floorescence spectrophomometry. A standard
containing the pore drug is also measured under 1he. same conditions, Caleulate the conrent per tabler of the drag
from the following daca;

Weight of 200 tshlets = 25673 1.
Weight of tablet powder taken for assay = (L3257 ¢,
Yolume of methanol cxeract of tablets = S0 ml.

Flugrescence repding of methanol extract of ablets = 64,1,

—
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Fluorescence reading of sample after addition of th1 M NaOH = 3.5,
Concentration of standard solurion of cthiny loestradinl = 485 gpdml.
Fluorcscenoee reading of standand solution = 623

Fluorescence reading of standard solution after sddition of (01 3 NaOH =4.1.
Corrected reading for lablel extract = 64.1 - 3.5 = 6llb.

Corrected reading for standard = 62.3 — 4.1 =582,

Arnount of ethinyloesradiol in tablet cxrset = 60 20582 % 4 85 = 542 padml,
Total amouni in exiract = M1 502 = 251 pp.

Nurmber of tablets m tablet powder analysed = 2,567 30.5257= 4.884,

Content of ethinyloestradiol por tabler = 251/4.885 = 51.4 pig

Determination of dissolution rate of digoxin tablets

Some compownds which are not naturally fluorescent can be rendered uonescent by
simple chemical reactions, For instance digoxin can be converted to o fluonescent
derivative by dehydration with HCLand followed by oxidation with H.Cr. The doig
has & narrow therapemic index and it is important 1o ensune that the correct dose of
drug is delivered by the dosage forn. T ensure effective relcase of the drug from the
tablet matrix, the BP indicales that dissolution testing should be carried ool The
drug 15 grven in lew dusage (en WG pe per mablet) making measurement ol the
cencentration released into the disseblution mediam difficule. The BP assay for
release indicaes that 759 of the drug roi sis tablets should be released into 6 mi
af dissolotion medivm alier 2 b, The fluorescence measurements are made on the
dissolution medium alter derivative formation using an excitation wavelength of
360 nm and an emission wavelength of 490 wm. The drug in solution is quantified in
comperison with o solution conaining a known concentration of standard treatizd in
the same way 45 the sample,

Determination of aluminium in water for injection as a
fluorescent complex

Flyorescence measurements are useful in limit tests where the trace impurity i3
Nuarescent or can he rendered fluorescent by chemival modilication. An example is
fhe derermination of aluminium in water for use in haemodialysis solutions by
formation of its salt with 8-hydroxyquinolone (Fig. 7.5% followed by quantification
of the complex using fluorescence speclropholometry, The excitation wavelength is
ser ot 397 nm and the emission is messured ol 518 nm, This type of floorescent
coimplex can be used to determine low Levels of a number of metal ions.

— T Fig. 7.5
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The structural n:rmplﬂil'-' ol p&plid:‘ drug\' which arc I:H:jng prod:lcr.'d e rcal;ingl}' by

[ Ie-".'ei conkaminants such as Hh:m.ll'lug&[m, proleins s for L‘tmng‘,b ire the lertiacy
[thres-demensional | strcture of the protein i solution which may allect i activity,
Diering stability stocies, peptide drmgs are HRely 1 Qform ageresates and this
eventually results in precipitation. Such changes can aller (he efficacy of the drug. In
addilion il is importint 1o momlor for the inhibition of such changes where
stabilisess and other farmuolation aids are added 1o the protein solution, Floorimetry
provides a method of following such changes in solution and was recently wsed inoa
study of the stability of recoimbinant fibrohlast grovth Gctor i salution.!
Fluorescencs in this peptice 5 laipaly die o the presence of Lerosime residoes
{eraitation 277 nm and emission 30F nm) und & iryplophan residue {exeitation
280 nm and ernagsion 350 mm inils struciore. Protein densturstion is sceompanied
by a gracdial fa1lin the emission peak of the lerosine residues ol 305 nm and a
gradual rige in the emission peak of the ioyprophan residue at 350 nm, This ellec is
showin in Frgare 7.hand ilasteates the fact that the srrengrth ol fToorescence is
dependent on the local environment of the chromophore,

Measurement of the effect was found Lo be capable of quantilfving the amount of
denatured prodein i solulion,

Flg. 7.6

Thye effect of
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Fluorescent derivatives and flow injection analysis

Flow infection anabysis is discusséd in more detail in Chapter 3. Some simple
chemical reactions which result in the formation of fluorescent derivacives are shown
in Table 7.2, All of these reastions could be adapted Lo enable analysis by FIA

Table 7.2 Exarnples of chemical conversion of drug molocules into fluorescent derivatives

Excitation Entlssion
Eompuund Reagant nm nm
Adrenallne K Fe(CM), 410 530
Primary aminesaming agids Flusrascarming 380 480
Chlarpheniramineg M. 350 435
Fluphenarine H. 300 415
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Raman spectroscopy
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Principles
* The Ramen effect s andlopous o Mooesscence excepl thal i0is nd wavelenpth
dependent and decs nat require the melcenle o have a chromapbere. The encegy shitt in
e duee o inelastc scattering ol Toser mdiauon 15 measered siler than wavelesaih,
The shifts measored comespond fo the wavenumbers of the bands present in the mididle-
I spectrum of the molecule.

Applications

= Has patential for indentdfving complexs samples.e.g drvgs in formulaticos and i pack

= Samples such ax peptide pharmacesticals can be anelysed [or changes mm their three-
dimensional siructure

= Prowvides additicnal fingerpring identay infonmaion complemantary e middie 1R
SPeCinISCapy.

Stirengilis

v Cumplementary to mididle-1R spectroscopy but reguimes very il sample preparation
sineg near-infrarcd (NIE) radiation warth irs goced penctration propatics can be used for
thae wnalvsis

v Inercasingly a readily available aption on middie-1K FI=1E nstroments.

Limitations

s Mt vt Fally estahlished gs s quenticative technigue
» The selvent muay inlerfere o samples are cun in solation.

Introduction

ANl mnlecoles can be polarised so that the electrons within them are displaced
alightly in the direction of the applied field. This effect is not subject exactly to the
laws of quantum mechanics, but the wavenumber of the displacement of radiation
Iy a particular group s the same as the wavennmber of the raciation absorhed by
That parbicular group inoniddle-TR spectrescapy, In fact the Ramuan ellect s
encouniered when meking Tuorescence measurements in Qe UV visilde iegion,
although it 35 usually weak in comparison with Rayleigh amd Tyndall scatter. 1t i3
analogous to fluorescence except that it is aot wavelength dependent. does not
require the molecule o have a chicmophore and the energy shitt incny ' s
measared rather than in wavelength. Figure 7.7 illustrates the Baman effect; the
raclialion can be either shifted 1o slightly higher enerpy (anti-Slokes shafi ) o 1o
slightly lower energy {Stokes shiftl. The Stokes shift is uanally determined in
Hama spectroscopy.

Compatison of the FT-Raman spectrum and FT-IR specora of
dichlorozcetophenone {Fig: 7.8) illustrates the fact that the Raman shift for a
particolar groug s almilar in energy to the enersy of 1R ahsocption for the groap in
the middie-infrared region. The two spectra provide complementany information.

The general rule is that those bands thae absorb weakly in the middle-IR vegion
will gbsork strongly in the Raman region and viee versa. For example in
dichloreacctophonone. it can be scen that the aromatic C-H groups which sbsorb [R
radiation weakly give astrong Raman effect whele the C=0) group in the scructure
absorhs IR radiation steomgly but pives a weak Raman effect.



Molecular emission spectroscopy 141
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Instrumentation

The geometry of a Raman spectrometar IFig. 7.9 is analogous 1o that for d
Nuorescenee instrument. Since the Raman effeel is weak but proportional to the
intensity of cnergy applied. lasers are usedd to provide high- intensicy radiation in the
visible region, gencrally somewhere between A50 und 800 nm. Lasers provide
severdl cmission lines and in the case of a NMuorescent molecule a line may be
selectad thut gives Raman seatter where fluorescence docs not interfere with the
rigasurement. Tnrecent vears MIR Basers in conjunetion with Fourder transform
inslruments have become available.” The use of NIR mudistion has two advantapes:

() Ulnlike L% visible radiation, it does nol excite Quoresecnee in molecuales
which can resubl in Interforence I measure ments.

(i) Ithas pood penerration properiies so thal a samplc i the solid phase can be
examined withool any sample preparation,

MIR Faman spectroscopy has good polential for the anelysis of pharmaceutical
formulations and Binlogical materials,
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Aadagh Fig. 7.9
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Rapid fingerprinting of drugs

The Raman spectra of heroin, morphine and codeine (Fig. 710 arc highly
characteristic because of the change in the hanids due 10 the aromatic ring.* The
FT-IR spectraof these compounds are quite siinitar. Near-infrared Raman
spectroscopy can provide a rapid method Tor characterising drgs with minimal
sample preparation and snalysis lime,
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Analysis of drugs in their formulations

Drugs can be churuclerised divectly in formulated materials, For exnmple diclofenac
formulated in sodium alginate was characterised by subtracting the spectrum ol the
alginate matrix from the spectrum of the formulation containing diclolenae {Fig, 7.11).
It is also possible to unalvse drugs which are packaged by subiracling the spectrum
of the pack, This allows for instance a final quality conrrol (QC) check on, for
instance, blister-packed tahlers.

A quantitative application
Fl Raman is potentially a quantifative technigoe but docs not currently have the
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sensitivity of NI when it comes to determination of individual components in
complex mixtures. Raman speciroscopy was used to detenmine glycine and caleium
carbonate in an antacid tablet.* The intensity of the bands at 1088 cm ! for caleium
carbonate and %93 cm ' for glycine were used as the basis for gquantitaion (Fig. 7123

Precisinns of < £ 3.5% were achieved for the contents of the ingredients in the tablci.

Referances

1. Z. Shahrokh, €. Eherlein and Y21 Wang. 1. Pharm. Biomed. Anal. 12, HE5=-1E1 (104

2, B Hendis, C Joawes and G Warnes, Foorier transform Raman spectrascapy. Bllis Horwoed (1991,
. Cas Konlgvanms. J. Phacm, Bomed. Anel. B3, 0376 009595,

Further reading

Mathods in Loeymology. Vol 278, L. Brand and ML Johnson, eds. Fluorescence Specissoupy.
Academic Press, London {19097 ),

Toerarhietory Raman Spectioscopy. Vol 2. LR, Berrane and K. Nakamoto, eds. Acidemic Press,

Lasndzan ©1994 ],



