Ultraviolet and visible
spectroscopy
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Applications in pharmaceatical amalysis

= A robust, warkhorse method for the quantification of dewgs o formulations where there
i3 o mterference from exeipients,

= Determinaticn of the pia values of some drogs.

* Determinativm of partition ceeflicients and selubilities of drogs.

* Llsed to determine the release of drugs from tormulatiens with time, g, in dissalurion

Hadintion m the wavelengeh range 2400-700 nm 15 passed thraugh a saleton of a
corpoined, The elecioons in the Boads within the malecule become exciled so that they
cweupy a higher guantm state and in the procesy zhsorh snme of the energy passing
eiroagh che solution, The more looscly held she elecrons ave within the bonds of the
melzculz the Joneer the wavelenpth (Jower the enenpyd of the cadiaion absorbed.

= Cun be wsed o moniler the ceaction Xinctcs of drug degradation.
« The UV spectrum of & drog = often used as oane-of a number of pharmagnpoesia] identity




16 Pharmaceutical Analysis

Strengths

* A easyae-wse, cheap and rebust mcthod offering gocd precision for making
quantitative measurements af doigs in tormnalations

« Routine method for determining soms of the physico chemical propeities of drogs
which need 1o be known Tor tie purposes of formulaticn

+ Home of the problems of the basic method can be solved by the use of derivative
SPECITA

Limitations

+  Oinly moderately selevove The selectvity of the method depends on the chromophaore
of the individual drggs, e a coloured drag with an cxtended cheomophors (s mons
distincrive than a drog with a simple benzens ring chromaphaore

v Notreadily applicable w te analysis of mixiures.

Introduction

The interacion betwesn rudiation and matter 1= a Cascinating area inits own right.
Mol e molecnles abworb radtion in the altaviole! region of the spectrum
altbough some are coloured and thus absorb radiation in the visible region, e, a
substance willy a blue colour absorbs radiation in the red regeon of the spectrum, The
absorption of UV Avisible radiation occors throwgh the excitation of electeons within
the molecular strueture 1o a-hisher eneroy state; Figure 4.0 ilusiraies the nature of
thie pramsitions taking place, These transitions occeur from the botiom vibrational sae
im the electronic growmnd state of the moleeide v any one of 8 number of vibrational
levels in the electronic excited siae. The transition rom a single ground stake energy
o ome of g pumber ol excited states gives width o UV spectra, Figure 4.1 shows a
LW spectrum in which individual bands Tor different Yo 1o Vo transilions can be
seen, Vibrational Nee structure can be seen although he bands overlap extensively;
the vibratonal bands themselves have widih due o rotational transiions which ae
ineranediate in energy beiwesn eqch o vibrationad transition, The relative energy of
clectromicovibrationalirotarional transiions s OO 1001, Tnooos, melecolas the
vibrational behaviouras complex and the deeree of overlap of the different enenzies
of the vibrauonal (mnsitons is oo grest for vibrational fine sirecture 1o be vhsereed,

v Flg: 4.1
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Factors governing absorption of radiation in the
UV/visible region

Fadiation in the UV Svasible region is absorbed through excitation of the clectrons
imvodved in the bonds between the atoms making up the molecule so that the electron
cloud holding 1he atoms Wgether redistributes Msell and the orbitals occupicd by the
Ironding electrens no longer overlap, Short wavelenglh UV radiation < 150 nm

(= 8.3 e¥)hean cavse the strongest bonds m organic molecules to break and thus s
very damumng o living orgamisms. It is the weaker bonds in melecules that are of
ke inlerest o analysls because they can be excited by longer wavelength UV
racliation = 200 pm (= 6.2 eV, which is al b longer wavelength than the region in
which air and comimon solvents absorb, Biamining o very simple organic molecule
such as ethylene (Fig, 42700 ¢an be seen Lhal it contains two Lypes of carbon-—carbon
honds, a strong & bond lormed by extensive overlap of the sp orbitals of the two
carbons and a weaker © bond forrmed by partial overlap of the p ochitals of the
carbon atoms. The g bond would Bbecome excited and break when exposed Lo
radiation ac e 150 nim. The weaker i hond requines less energetic radiation at ca
180 nm to prowduee the n® excited stare shown i Figure 4,2 This excilation can
occue without the moleculs falling apart since the © orbitals remain uncxeited by the
longer wavelength radiation at 1830 nm, However, a single double bond is still not
wseful as g chiromophore For delermining analyles by UV spectrophotometry since it
i5 atill i the region where air and solvents ahsourh

Fig. 4.2 '
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If more deuble bonds are present ina structure in conjugation (e, two of more
double bonds in & series separated by a single bond) absorption takes place ar longer
wavelengths and with grester intensity as detailed in Fable 4.1 for a series of
polvenes, The A C1%.] cond value. which is described later, gives a measure of the
infensity of absorption. The type of linear conjugated systeny which is present in
pulvenes is not very common in drug molecules.

Such extended svatems of double bonds are known as “chromophores”. The miast
common chromophore found in drug molecoles is a benzene ring (Table 4.2}
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Table 4.1 Longest wavelength maxima and absorptior innensities of some polyenes

Polyens Amax A 1%, 1 cm)
CHICH=CH),CH, 275 2800
CHCH=CH).CH. R[] 5300
CHCH=CH)LCH, 342 2000
CH{CH=CH),CH, 380 SBOD

Benzene tisell has ils A max st a much shorter wavelength than o lineur miene such
av hextriens (& max 275 nmy) and 1ls sirongest absorbance s @t the wavelengeh of
alsorplion of an iselsed double bond at 180G nm. [0 alse bas g stronge: absonption band
at 204 nm. This is due o the symanetry of benzane; il is not possible to have an
excitzd state involving all three bonds in benzene because this would mean that the
dipuale {polarisation of the chromophore ), & two-dimensiona] concept which is
ereited in the exciied stae, would be symmetnical and thus woold have to cxist in
Lthree dimensions rather than two, There s & weak shsorption i the bemeens
spectemm close fo fhe dmax for hexatriens and this can occur becaose vibration of
fhe benzene ring ina pasticular dieection can distory 8s symmetry and thos allow all
three double bonds o be anvolvad inoan excited suade, U the synunetry ol the beneene
ring 1% lowered by subsiifution. the bands in the benzene specirum undergo z
bathochromic shift — a shift to longer wavelength, Substitution can either involve
ealension ol the chromophore or atschment of sn wosechrome (o0 group containing
ot oo Tome pair of efectrons) (o the ring or both, Table 4.2 summarises the
ahsorption bunds found in some simple sromaie sysiems and these chromophore!

aweochrome systems provide the basis Tor absorplion of UV radiation by muny

drugs. The bydroxy] group and smino group soxochromes sre affected by pH
vndersoing buthochromic (moving wa lopger wavelength) and byvperehrome
(bsorbing more slrongly) shills when a prowwn 1s removed under alkaline conditions,

Talole 4.2 The LY absorplion characreristics afl some chromaphares Based on the benrere ring

Longest
Chromaphare wavelength A max (A 1%, 1 om)
E; ',:\: 255 28
Benzene =
ﬁ‘ 273 85
Orbo
Benzoic acid
ﬁ' 213 14290
—DHTOH- G- 0
Cinnaimic acid
= 2492 Ban
RN
£ n
IGH L NHCH,
Protriptyline
. ST . -
@_ - /R 2I0nm = 287 nim 172 — N
H - — ——
Phenot Bathochramic Hyperchromic
@_ i i 0 W 255 nm —= 286 nm 16 == 178
: G — —_— —_———
H
Arilina Bathochromic Hyperchromic
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releasing an extra lone pair of electrons. The etfect is most marked for aromatic
amine groups, The abisorption spectrum of a drog molecole s due o the particolar
commbingtion of ausochromes and chromophores present in its stroctuee.

Beer-Lambert Law
Frgire 4.3 shews the ahsorption of radiation by a solution contaming a U
ubsorhing commponmnd:

Fig. 4.3
Absarption of light by a
solutian,

The measurement of lighr absorption by a solution of molecules 15 governed by
the Beer-Lambert Law, which iz written as follows:

14,1g Il,n"i: =d =t hc

where [ is the inlensity of incident radiation. [ is the mtensity of transmitted
rudintion; A is knowen as the ahsorbance and is a measure of the ameunt of light
dbsorbed by the sample; £ §s a constant knosan as the molar extinction coefficient and
i% the abserbanes o a LM solugion of the analyte, b is the pathlength of the cell in
e usually | om and s the congenteation of the analvre in moles liee!.

Self-test 4.1 A L 2 '3"__ -;; ;i

Caleutate the percentage of the incident radiation absorbed by a sample with ar absorbance
of (F2; 4000,

B0 ) ST ag (1) REesIy

In pharmiacentical products, concentrations and amouns are usdally expressed in
grams or milligrams rather than i moles and thus for the purposes of the analysis of
these preslucts, the Beer-Lamberl equation is written in the following form:

A=A{1% Jem)hc

A i the measured abaorbance: A (1%, 1 cin) i3 the absorbance of & 1% wiv
{1 g/ LO0 mld solution inoa 1 em cell: bis the pathlength in em (usually | em):and cis
the cuncentralion of the sample in 2/100 ml. Sinee measurements are vsually magde
im i 1 coeell the equation can be written:

C= _r'1' ~— which gives the concentration of the analyte in g/ 100 mi
AT, T em)

BP somographs often quore a standard A (1%, ] em) valoe for o drog which is o
b wsed i 105 Guantatation,
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el

' Self-test 4.2 i

What are the concertrations of the following soluticons of drugs in 9100 il and meg 00 miy

{i) Carbimazele, A (1%, 1 om) value = 5357 at 291 nm, measueed absoroanoe 0557 at 291 nm,

[ii}  Hydrocortisene sadiurn phosphate, & (1%, 1 o) walue 333 at 248 nm, measured
absorbance 0666 at 248 nm,

[iii} |soprenaline, A (1%,1 cm) value = 100 at 280 o mcasured abseibarce 0,500 at 280 nm.

s oo B g Yy gpl B 5000 i suieusides) o) Bw 7w oo B zoon
apeldsoyd WRpe JucsUoaoIpsH (1] J|w oo |G g e 001D L0000 BI0ZeWIGIET (1) EARELIY

Instrumentation

A simple disgram of a UVivisible spectrophotometer 15 shown in Figore 4.4, The
comginents include:

Morochromator Flg. 4.4

it Detector Schematic diagramafa |
" Uhislble {

i : speciiophotometer,
|:| Sanmple i

in quarnz
Dieuberivarm and call ’
gquarz halogen

i larmps [

iy The liphe sources o deoteriom lamp for the UV region from 190-350 nm and
aduarts halogen of rmgsten lamp for the visible region from 350900 nm.

i) The morochromarer = wsed w disperse the light ino ils constieent
wiavelengths which are further selected by the shil. The monochromator is
el esd s thianl @ ramge of wavelengihs is passed through the sample as the
Insbrument scans across the spectrum.

(iiiy The oprics  may be designed to split the light beamn so that the beam passes
though P satple companments and in such a double beam instrament, 5
hlank salation can then be used in one compartment o cormect the reading or
spectrurn ol the sample, The blank is most commuonly the solvent in which che
sammple s dissolved.

Instrument calibration

Pharmacopogial monographs usually rely on standard A (1% 1 em) values in order
oy calenlate the concentration of deags in extraces from formulations. In order to use
a starlard valoe the instrument used to make the measuremant must be properly
calibrated with respect to s wavelength and absorpeicon scales. In addition, checks
Lor stray light and spectral eesolution are rn. These checks are now often built into
the software of LUV instruments 0 that they can be run antomatically to ensure that
the instrument feets good manufacturing practice requirements.

Calibration of absorbance scale

The British Pharnacopesia [ BP) uses potassium dichromate solution to calibrate the
ahsorhance scale of a LY spectrophotometer, the A {1%. 1 cm) values at specified
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wavelenglhs have 1o lie wilhin the ranges speeificd by the BE. The spectrum of a
ChO0E5%E woly solotion of podassivm dichromate in 02005 M H.S80 s shown in
Tigure 4.5, The absorbance scule calibralion wavelengths with corresponding
A%, 1 emp values for O 00655 wiv potassium dichromat selution which are
specilied by the BE, are ps follows: 235 nm (1229-026.2), 257 nm ¢ 142414577,
A3 am A7 0503, 350 nm (104.9-108.2},

4 ! ' : Flg. 4.5
The Uy specirum of
A ) ] 006 R % wiv potassium
g "-23:-‘.5/#' = dichromate solutian
& S e b
o DE- X ] between 200 and 350 nim.
i 3 i
b & W L
L % . 5,
o PSR b
[ oy
ooz
it i L
=20 250 S0 350
Lom

Calibration of wavelength scale

The wavelength scale of a UV visible spectrophotonucter is cheeked by determining
the specilied wavelength maxima of a 5% wiv solution of holmium perchlorate.
Figure 4.6 shows the spectrum of holmiom perchiorate, the tolerances for calibragion
wiavelengths specificd by the BP arc: 24105 £ 1 om, 28715 = 1 nmeand 361.% £ | nin.

24118 eBLIE Fig. 4.6
A N The abserbance maxima
e ¢ i of 8 5% wiv sclution of
b L || 1 holmium perchlorate
B | | between 200 and 400 nm.
r |
b 1 |I i
a v bpacbd. 4
E 17 ; _\Il_,l'-\ -
E i
u
|3 1
] 50 HEHY EI] 400
- ETT

The wavelength scale may also be calibraled avcording (o the speoiral lines of
deuteviam or mercury discharge lamps and such tests may be built inlo some
instruments.

Determination of instrumental resolution

The resolving power of an instrument is comrelled by its slin width settings, For
some pharmacopoeial tests a certain resolulion is specilied, The resolving power of
an instument can he assesserd by wsing a 0025 wiv solution of oleens in hexane,
The BF specilies thad the ratio of the absorbanee Tor this soluiion ol 269 nm o thal o
266 nm should be at least 1.5
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Determination of stray light

Stray Lighl s light which falls on the detector within a UV instrumnent without having
passed through the sample, It can arise gither from light scatiering within the
instrumnent o by entry of Light inlo he instriament from outside. [0 gives o false bow
ahsorbance reading for the sample since it appears as though the sample 1s ubsorbing
less light than it actually is. This is most serious where the sample has a high
ahanrbance. e.g. 4t an absorbance ol 2 the sample is absorbing most of the light
passing through it and thus it would enly requive very low intensity stray light to
lower the reading substantially, Stray light is chacked by measuring the absorbance
of a 1.2% solution of KOVin waler agaimst 2 water blank at a wavelength of 2000 nors.
If the gbsorbance of the sample is < 2 then stray light 1s present and the instrement
neads Lo be serviced.

UV spectra of some representative drug molecules

Steroid enones

The chromophores of most drugs are based on a modification of the benzene ring
cliromophore. One larse class of drugs that do not fe into this category are stetoidal
anddrogens and corticosteroids. The spectra of hyvdrocorisone and hetamethasone are
shuwn in Figere 4.7 These spectra aré common (o many steroids and all have
abanrbance maxima of similar intensity ab sround 240 nm, The extra double bond in
betamethasone as compared with hydrocortisone does nor make 4 great difference o
ihe wavelengrh of maximuom absorption sinee 1l does oot extend the original
chromophore linearly, Howewver, the shape of the ubsorplion band for betamethasone
is quite dilferent from that for hydrocoutisone. Such ditférences in he spectra can be
be employed in qualitative identity Lests; those are used parhicularly in conjunetion
with HPLL identification checks where the method of detection is by dinde array
LIV spectrophotometry (Che 12 po 2507,
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Fig. 4.7

The UV spectra of
hyd rocortisare andgd
betarmethasone,

Table 4.3 summarises the absorption data for some stereid structures and
illusirates the effect of molecular weight on the A (155, 1 cm} valug, The strength of
the enone chromaphare is sintlar for all the steroids sinee the 4 (1%, 1 ¢m) value is
hased o the absafption of a 1% w/v solution: it will thus decrease as the molecalar
weipht of the steroid increases, This is of course true for all molecales,
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Flg. 4.8
UV absorption spectiam
of ketoprofen,

Table 4.3 Absorpticn maxima far some corticesierain

Steroid Molecular weight Amax A (1%, 1 em) value
Hydrocartisone 3625 a0 435
Betamelhasone 3925 L] 390
Clabetacol Dutyrate 473.0 236 EE]
Betamethasone 5i6.4 241 296

sodium phosphate

Ephedrine: the benzoid chromophore

Figure 4.5 shows the L7 abwerplion specirum of a 100 mg/ 1 ml selution of
cphedrine. Ephedrine has the siiplest vpe of bengene vng chromophore, which has
i speetrum similar o that of benzene wilh & weak symmetry forbicdden hand

ca 200 nm wsth as A (15, | el valoe of 12 Like benzene its most inlense
absorption maxinun is below 200 nm. There are no polar proups atached o or
mvolved in the chromaophore so that its vibradonal fine strucrore is preserved
becavse the chromophore does ool jmeract stromely with the solvent.

2 Fitz. 4.8
s The UV specirum of
g I.u!. e i uphedrine, a simple
H Cxpf"H:l besfizoaled spoctrum,
L3 @, o hicH
kY | |- 7 a
n ot |I .
Fosd N .
(S
e PTr ET YT
LAm

Drugs baving a chirommuphors like thae of ephedrine inclode; diphenhydramine,
amphetarmine, ibuprofvn und destropropoxyphene,

Ketoprofen: extended benzene chromophore

The spectrum of keteprofen 75 shown in Figare 4.9. To this case the simple bengoid
chromophore hias been exlended by four double honds and thus the symmetry of the
henzene ring has been altered, In addition, the strong absorbance bapd present o
hensene at 204 nm bas undergone s bathochromic shift giving o & max for
ketoprofer at 262 mn having an A (1%, 1 cm) value of 647,

LR Lk RN -

a3
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Oiber drugs which have an extended benzoid chromophore inclute:
cyproheptading, dimethindine. protriptyline. zimeldine.

Procaine: amino group auxochrome

Figure 4.10 shows the UV absorption spectra of a solution of procaine in 0,1 M HC1
and (1 1M NaOH. In provaine, the benzete chromophore has been extended by
addition of a € = O group and under acidic conditions, asin Figure 4. 10, the
moleculs has an absorption at 279 nm with an A {15, 1 om) value of 100, In addition
to the extended chromophiore, the molecale also containg an auxochrome in the form
of 4n amino group, which under basic conditions has a lone pair of electrons that can
imteract with the chromophaore produeiing 2 bathochromic shift. Under aeidie
conditions the amine group is proedongted and does not function as an auvxochrome
buat when the proton i removed [rom this group under basic conditions a
bathochromic shift is produced and an absorption with & max at 270 nm with an

A L%, 1 emb value of LOOO appears,

o Fig, 4,10
U speckrom of procaine
4 H ;NQ COOCHCH M {S,H, b, urdler acidi and hasic
1 W MadH conedilicns,
;N - f

! +
H, N COOCH,CHNH| CLH_ ),

1

.|
L

vl e g 20 g

340

Drugs with a chromaophore such as that of procaime include: procainarmide and
proxymelacaine, 1t should he notad that local anaestheties such us bupivacaine and
ligrnocaine do naot Tall inko this category since they are aromatic amides and the lone
pair on the nilrogen atom is aot fully available due to electron withdrawal by the
adjacent carbony] aroup.

Phenylephrine: hydroxyl group auxochrome

The chromophiore of phenviephrine is not extended bot its structere ncludes o
phenalic hydrony] group. The phenolic group functions as an auxechrome under
both acidic and alkaline conditions. Under acidic conditions it has two lone pairs of
glectroms, which can inseract with the benzene nng and under basic conditions it has
three. Figure 4.1 shows the bathochromic and hyperchromic shift in the spectrum of
phenylephrine, which cccurs when 0.1 M NaOH is used as @ solvent instead of
(1,1 M HCL Under acidic conditions the A max s at 273 and has an A (1%, 1 cm)
value of 110 and under alkaline conditions the & max isa 242 nm and has an
A%, 1 cm) vaiue of 182,

The types of shifts observed lor procaine and phenylephrine can be exploited in
order 1o achieve analyss of mixtores, Two exarmples of this are given later in the
chaprer.
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Fig. 4.11

U sgectrir af
phenylephrine under
acidic and basic
canditions.
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Use of UV/visible spectrophotometry to determine
pKa values
Where a pH-dependent UV shift s produced. it is possible o use it to deternine the
Py ol the iomisuble group pesponsible for the shift. In the case of phenylephrine, the
PRy value of the phenolic group can be determined conveniently from the
absorbunve ot 292 nm since the absorbance of the molecular species where the
phenolic group is un-ioniscd 15 ncgligible at chis wavelength. This is mot the case for
all molecules. A general equation for determination of p&a frome absorbance
muegsurement a4l 4 particular waveleneth is given below.

The follomang equation can be used (ot an acid ¢for & base the log term is
sublracled) where increasing pH produces a bathochromicthyperchromic shifi:

Al-4
A4 —Au

pia=pH+ log

where A 15 the measured absorbance ina buffer of known pH ol the wavelenzih
selected for analysis, Al s the absorbance of the fully omsed species and A is the
ahsorhance of the un-innised species.

The wavelength used for anabysis s one where there 15 the preatest differcnce
between the wnised and un-iomised species, An upproximale knowledee of the pia
valug is required 1o select o suitable pH value, within | of the pRa value, Tor
measurement of A For accurate determination measirement is made @ number ol
closedy spaced pH values.

It shoubd be moted thar if the acid o base undersoes a shilt o lower absorbance
and shorter wavelength with increasing pll the log term aboee 15 subtracted: this
situation is less common i drug molecules.

Calculation example 4.1

The absorbance of a fixed concentrazion of phenylephrine ar 292 nimy s found o be 1224 in {1 M NaOH and (.02
in (1.1 W HCL Wy absorbanee in buffer st pH 8.5 15 found 1obe 0,349, Caleulare the pKa value of its acidic

phetolic hvdroxyl group.
|.224 — (0,349
0345 — (fh2

pKa=§3+ lop

=85 +0402 = 8002
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Self-test 4.3 ard SEaE ¥ 4 (1] B 3 = ] :h ﬁt‘ﬂrﬂg:‘-&}g-

Lalculate the pKa value of the weakiy basic aromatic amine in precaine trom the data given
helow:. absorbance of a fiked concertration of procaine in: 1M HC at 296 nm = 0,031;
absorbance in &.1 M NaCH = 1.363; absorbance in biufter at pH 2.6 = D837

Li'E s aasiiee

Applications of UV/visible spectroscopy to
pharmaceutical quantitative analysis

Introduction

Pharmacopeeial methods rely heavily on simple analysis by LY visible
specrrophotometey 10 determine active ingredients in formulations. These methods
are usnally based onthe use of a standard A (1% 1 em) valoe for the actve
imgredient being assayved and this relies on the TV spectrophotometer being
accurately calibrated as deseribed earlier in the chapter. Such methods also presume
that there is no interference from excipients (preservatives, colourants, ete.) present
in Posrtnulations ard that the sample 14 free of suspended matter, which would canse
lighr scattering.

Assay examples

Frusemide in tablet form

Arypical example of o straightforward tblel assay 15 the analysis of frusemide

taflots:

iiv  Tablet powder containing oz 025 g of frusemide 15 shuken with 300 0 of
(.1 M MNatH Lo exiract the acicdic Prasemide.

(i) The extract is then made up o 500 ml with 001 M NaOH.

Ciniy A portion of the extract is Altcred and 5 ml of the filtrate is made up 1o 250 ml
with 0.1 M MNaOHL,

{iv) The absorbance of the diluted extract i= measured at 271 nm.

(vl  TheA (1%, | emdvalue at 271 1s 580 in basic solulion,

Frown the data below calculate the *% of stated content in a sample of frusemide
tahlets:

*  Stated content per abler: 40 ma of frasemide

« Wright of 20 tablels; | 656 ¢

* Weight of fabler poweder taken for assay: (L3195 ¢

»  Ahbsorbance reading: 0,596 (see Calculation example 4.2

Assay of cyclizine lactate in an fnjection
The steps in this assay are more diflicall o foellow since a number of extractions take
place price o preparing the final diluticn in order to remove excipients:

(i} Tdihate 5 mlof injection o 100 md with | M sulphuaric acid.
i) Add 2 goof sodinm chioride 1o 200ml of this selution and shake with two 50 ml
gquantities of eiher,
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Calculation example 4.2
Expected content in tablet powdar taken: I:i'jﬁlfﬁj # ) 20 = 2510 mg
Bilution factor it
5230 ml =50,
L5490

Corcentration in diluted ablel extract:

TR QL0028 =100 ml = 1,028 mel 10 mi,

Concentration in original tablet gxtract 10028 = 50 = 51.40 ma/L00ml.
Volume of onginal exiract: 500 md.
Therefiore amount of frusemide in origmil extract: 5140 = 5 = 257.0.

2570
25140

g Self-test 4.4 e a EL G SR e

Calculate the percentage of stated content of pramseine hydrochloride in promazine tablets
fram the Tolloaring infommation:

Percentage of stated content: #O10 = 102,45,

i) lablet poveder condaiming ca B0y of pramarine hydrachloride = grocnd to a paste with
1 ml et 2 M HCL

iy The paste is then dilutec with 200 mil al water, shaken for 15 min 2nd finally made up to
500 mil,

(i) A part'on ef the extract is filtered,

g 5 mibaf the £trate & tiken ord diicted ta 100 mowith 0.7 M HCL

W) The absarbance s read at o wavelength of 251 nm.

= & (1%, 1 cm) value of promazine HO a1 251 Am = 935
= Stated content of premazine HC! per tablet = 40 g
= \Weight of 20 tablets = 1.667 g

= Weight of tablet poweder taken for assay = 0.1346 g

= Absorbance reading = 0.7535.

£RE = JURIIGD PRty o sl jiadieg ey

i) Add 20 ml ot § M sedivm hyvdroxide and extruc! with three 30 ml quantities of
ether

(vl Combing the ether exirmets and ben wash with two |0 mi quantities of a
saturated soluteen of sodivm chiloride,

vy Eawract the ether layer with two 25 ml quancities of 1.5 M sulpharic acid and
theen with Lveo L mil quantities of waler,

ivi)  Combine the seidic and aoqueows extracts and dilote o 10 0] wilh waler

iviip Dilute 5 ml of this solution to 2000wl with (.05 M sulphuric acid and measire
rhi absorbance ol the resulting soloton at 225 om.

Caleulule the pereentage of wiv of cvelizine bactate i the injection fiom the
following inlormation;

o A, L emd of ovelizine lactate at 225 um = 331
» Valame of injection wssayed = 3 ml

Neasured absorbance =413

¢ Mlensurements were made ina 1 em cell.



B8 FPharmaceutical Analysis

Caleulation example 4.3

The first dilution = 5 ml o 100wl (2 200, Then 20 mlof this dilutien is taken ond extencted with ether o remove
cxcipicnts, the cyclizine remams in the acidlic water layer.since it is a base. After cximaction with ether the acidic
layer is basified and the cyclizine s extracted into ether; it'is then back extractel ing 11 M sulphuric acid and
made up to TR ml, thus the dilution Factor in the second step is 20 to 100 ml 0 5). Finally a third dilotion is
carried out in which 5 ml ol the second dilution are diluted to 200 ol (2 40)

Total dilution: 20 = 5 = 40 = H(HK),

For the diluted injection ¢; % =0.001248 Q‘I (ml.
Concentration in orginal solution: (L001248 = 4000 = 4,992 2100 ml

Coneentration uf injection = 39925 wiy,

Self-test 4.5 it R R ;,_. ;; %a

Ceterming the concentration of the following injections:
figmseorine imection is diluted as follows:

(i} Diluted 10 mil of injection to 1863 ml ard then 16 mlof the dilution to 100 ml
= Absarbance seading at 274 nm = 0387
= 4 1%, 1 em) value at 274 nm = 4 3.

Halagendol infection

it Add 15 ml of 1 M HE 1o § ml of injection.
{ii} Extract three times with ether washing the ether extracts with 10 ml of water,
(i) Combine the aguaoas layers and dilute to 100 mi.
{iv) Take 10 ml of the diluted agueous soluticn and dilute to 190 ml,
« Absarbance reading at 245 npe = 0873
A 1%, 1 om)value at 245 nim = 446

A% TG0 = LoiIaiu) apuadngEy S o pEs 0 = wooalul U 1adnswos| ey
4

Assay of penicilling by derivatisation (Fig. 1.12)

Imidazala’ Fig. 4.12
H-gGI- Reacticn of penicilling
@—CH DDNHI‘ DH_Cv_\\Fl with meroury imidagole
re&gi}rlt.
HNJ
COCH

Amaicillin AN 08 325 nm

The BP utilises formation of a derivarive i order to quantily penicifling m
formulations. Soune penicilling do not have distiactive chromophores: a [urther
protdem wirth these molecules is that when they are in suspersions they are not
readily extracted away from cxciplents since they are quite inseluble in organic
solvents which are immiscible with water, Using the fonnulion of a complex with the
mercuric ion o the presence of imidazole as u vatalyst, o detivalive of the penicillin
seructure is produced, which has an absorpltion masimem hepween 325 and 345 nm.
In the assay, comparison with pure standard for the particular penicillin is caried out
rigther than celying on a standard Ai 1%, 1 em) value, This assay is used by the BP for

— . ———r -
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analysis of preparations containing ampicilling amoxyeilling carbenicilling cloxacillin,
fluclogacillin and phenosyimetylpenicillin. The assay 15 not used for the closely
reluted cophalexins,

Caleulation example 44

Cloxacillin injection is azsayed using the mercury—imidarole reaction in comparizon with g cloxacillin standand,
The sample and standand were both dileted tn 300 mil of water and then 25 mi was taken trom each of the
solutions and was made op to 100 ml, 2 mi of the sample and siandard solations were then reacted with
mercary—-imidazole reapent. From the dara beloww caloulate the amont of cloxacillin per vial,

Weight of the-content of 1k vials = 2653 ¢

Weight of injection ]:x:ﬁ'.-'dcf used for assay = 0.1114 &

Weight of cloxacillin sedivr standard used moealibracion solution = 9.1015 g
Absorbance of sample solution=10.111.

Absorbance of stwndard solution = 0.1 0, ]

In this calculation ih{_: dilut_ir:lns cant be ignored since;

Absorbance sample

)r; weight of standard
Absorhance of stendard b

Weight o cloxaciilin e sample =

Weight of cloxacillin in ssanple -1 0.1015 = 0.1063 2.
Contents of | vigl i;] =0,2653 4

2653

Apnont of cloxaciilin m | vial BIild

w0 13 - 12532 o

Assay of adrenaline in lignacaine adrenafine infection

Adrenaline 15 present as a vasoconsirictor in some local apacsthefic injections ina
much smaller amount than the local anaesthetic itsclf, which obscures the absorpiion
of adrenaline in the UV region. The selectivity of T/ vistble spectroscopy for the
analysis of adrenaline can be increased by complex formarion, which oceurs belween
iron (I} and melecules containing a catcehol group (Fig, 4.13). These complexes ane
purple i eolour and absorh at co 540 nm af mock longer wavelengths than for
instance local anaesthetics, which do not form such complexces. The adrenaline in the
injecrion 13 quantified azainst a standard solution of adrenaline,

o Fig. 4.13

I I 5 The compley farmed

CHCH NHLCH, 1/2 50, hemenp.adrenallne ared
iran, which is used to
analyse adrenaline at law |
levels in an injecticn.

Fart"

Adranading -on ()} cemalex
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Adrenaling in bupivacaine/adronaline injoction is asayed hy romplex formation weth iron (1)
20 ml of the injection is mired with G2 ml al reagent and 2wl of buffer and a reading is taken
ira 4 cm pathiength cell A resding af a selution cantaining 527 pa'ml of adrenaline is taken
under the same conditians,

The tollow ng results wiere obtained:

« Ahsorbance of sample = 0,173
= Absarbance of standard solution = 01871

Calculate the percantage of wiv of adrenalioe i the injection,

A G GO0 ) STy

Difference spectrophotometry

In lifference spectroscopy, 2 component i a mixture is analysed by carrying aut a
reaction which 13 seleetive for the analvee. This conlid be simply bringing about a
shift in wavelength through adjustment of the pIL ol the soluticon i which the analyte
15 dissalved or 2 chemical reaction such as oxidution or reduction, 1o the following
example the selective alkaline shifl of aspirin is used e determine 1L in a preparation
alsu conteining dextropropoxyphene, naphthalens sulphonic seid and calleine,
Calleing, dexvopropesyphene and the naphthalene sulphomic avid anion de nol
pniderpo appreciable alkaline shifts whereas uspirin does, Figure 4,144 shows the
spectrim of the extract [tom tablets in 1 M HC|— in il there is relatively minor
interfarence ut the wavelength used for the determination of aspirin bul by asing the
sample in HCL in place of a blank in the reference cell one can be sun thal
mterlerence [rom the excipients is climinated. Figure 4. 148 shows the dillerence
spectrim with the capsule extract in 0.1 M HCHin the refereney vell and the capsule
extract in .1 M NaOH in the sample cell The absorbance o 2899 nm s thus wholly
due to wspirin. The problem remains of how to quantily the analyte it such 4 sample.
This can he readily carred oul using standard additions which involves adding a
known amount of aspivin standard to the sample and comparing the absarbance ol
the original sample extract with the absorbanee of the spiked sample.

# o —r—- =] f i - —— Flg. 4.14
i @1 b MazH L difference spectiam
TR HE i i th
B oaE- i 1 1.5- e used in the »
5 1 "g?_' m quiantification of aspirin
g 1 wnke o i J i dextraprapoegphans
i S I - [ Capmiles,
| 4 i1 M HE 4 Y + e
I b A ) ; :
f EopA- S R pEe - 3
i T L ] ] [ -,
'|_ ] A ..'
¥ | S . i [ Fid TREE ol ' -
220 24 300 340 220 240 R 440 rm
e
A B
BEpirranee el Sample cell
|
ccoH COCH

DoCch, A
o I — 1
Tt =

B Ho™
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Analysis of aspirin in dextropropoxyphene compound
tablets

Analysiz was carricd out by difference specltrophotermedey, & one-point starndard
calibraiion for the delerminalion of aspitin i dextropropesyphene compound
capsules was prepared by adding a konown amount of aspinn to the sample from a
stundard stock selulion, Stated content in the capsules:

*  Aspirin 250 my
v dexiropropoiy phene napaviate M0 mg
= caffeing 30 mg.

{17 3 ml of the solunon of sample i methanol s diluted e S00m] with (1 M
HCL: Rueferenue salufion

{ii) & ml ofthe solutan of sample in methanol is diluted to 500 ml with 0.1 b
MaClH.

{titt 3 mi of the solulion of sampte solution in methienol and 5 mbaf aspicn
stanclard solurion were mixed and then diluted wo 500 ml with 0.1 NaOH,

Readings were ket 4l 299 nm of the sample solutions with and without standard
addition against the relerence selution prepared by diluting the sample exteact with
1.1 b HCL

The followinge data wers obtained;
= Weight of contents of 20 capsules = 10556 g
»  Weight of capsule content analvsed = 0. 1023 g
+  Capsale contents were dissolved in methanol and adiusted 1o 100 m]
= Concentration of aspinn standard selution 3.4 me 100 ml
= Absorbance ol sample ar 2949 oim in 0.1 M NaOH without standard additien

01454
= Abserbance of sample at 299 nm in 4.1 8 NaOH with standard addition = 0.974,

Calculation example 4.5

In dilution (1) aspirin standard solubion s dilated 5 ol 1o 500 ml {2 100),
Concentradon of aspurin standand in stendard addition solution: %‘}E = 0304 mp T ml

The difference berween the absorbance with stendard addition and that without represents the absorbance duc to 8
63,504 mg/ 100 m1 solution ol aspirin.
Absorbunce difference: 01974 - 0488 < 0486,

488

Therefore concentration of aspisin in the sample solution = P
L}

3 (1,504 = 0506 my 100 ml.

Ditution foctor for sample = 3 ml to 500 ml (2 (00,

Concentration of aspirin in andileted sample solution — (L306 X 100 = 3006 me/ 100 ml
Volume ol mival estrect — T md.

Therefore amount of aspitin extracted from the capsule powder = 50.6 mg.

01023 1000 = 48.6 g,

Amounl expected in capsule poveder anabveed =250 20 = 10,536

Therefore percentage of stated content = :_2% = W= [04.1,
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Derivative spectra

Dlerivative specira can be used 1o clarily abserption bands in more complex UY
speetra. The techmque 15 used extenaively in the rapidly developing lield of near
mfTared spectrophoremetry (scc Ch. 3y and can also be applied in the determination
ot the purity of chromatographic peaks when they are monitored by diode array
detection, The main effecl of derivatisation is to remeve underlying broad absorption
bands where there 15 only a gradual change in slope, The first derivative spevicum is
ebtained by plotting, for instance, the slopes of 2 nm sepments ol the specirm and
this results, as shown for a Caussian band in Figure 4,13, in o spectrom where (he
slope is zero at the maximum of the peak and the slope is maximum an
approximately half the peak height. In the sccond derivative spectrien the slapes of
adjacent 2 nm segments are comparcd and this gives the poines of masimuom
curvature of the speetrum. The rate of curvature of a spectrum has ils greates)
negative value at its maximuny and the greatest rates of curvature are observed (or
narrow ghsorphion bands. Figure 4,15 shows the first, second, chard and foorth

derivateves of o Caussian band,

o - Fig. 4.15
iR Derivatives of a Gaussian
& o A absarption band.
= Dt
8l oy ands
0 T I A
i B — T
B 1y
i sk | I| /
i
Sefed |
o A I
e by .
R s
1} (N} L3
TR
A nm A Rm

As would be expected, the Girst order spectrum of pseudoephedrine, shown in
Figure 4.16, gives maxima at the points where the slope is at & maxinum in the zero
arder spectrum, 0 addition, the second order specirum gives minima corresponding
o the maxima in the cera order spectrum. 1.c. where the negative curvaure of the
SpEctrum s at s maximurm,

By examining the LY spectrum ol an elixir containing pseudoephedrine,
dextrometharphan and tiprolidme (30 mg, [0 mg and 125 mge respectivelyh shown
in Figure 4.17, it can be seen that the pseudocphdrine speetrum lics on top of a larze
background due to dextromethorphan and triprolidine, which have much stronger
chromaphores than pseudoephedrine, However, the underlying slepe of the
absorption curve due to contributions from dextromethorphan and triprolidine is
shallow. 'The steepest underlying increase is dug 1o dextromethorplan, which reaches
a maximum at 278 am. When the second derivalive spectoum is examined it can be
seen that the andy peaks derive from pseudoephedrine snd even where the
dexcromethorphan makes its maxinum conlrburtion at 278 nm chere is little
absorption in the second dervative spectrum, Thus it would be possible to use the
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1A) Uy spectrum of an
extract efixr cantaining
pseudaeobedring,
dextrarmetherphar and
Iriprodidire. (8B) Serond
derivative speciium of
the catract, Meto the
absorbance masxirmurn of
dextrarnethorphar
disappears

height of the psowloephedrine peak to derennine the amouont of pseudecphedrine in
the clisir with suplabde calibration, e.g. standard additions of pseudoephedring Loy the

sample extrust,

The signalinoise rtio is pocter in the second derivative speetra because (hroegeh
dividing the specirum into seginents in order to caleulate the derivative the
under] ying noise is less efficiently averaged out. which occurs when the specirum is

scanned in much parmower segnents.

Applications of UV/visible spectroscopy in

preformulation and formulation

IV visible spectrophotomeny is a standard methed fer defermining the physico-
chemical properties of drog molecoles prior to formulation and lor measuring thes
release [rom Tormulations. The tvpe of propertics which can be vsetully determined

by the UY merthod are tisted as follows,
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Partition coefficient

The partition cocfficient of a drug between water and an erganic solvent may be
dutermined by shaking the organic selven! and the water layer lugether and
determining the amount of deug in either the agueous or organic laver by UV
specirophotomeny. If buffers of different pl valucs are vsed, the varmation ol
parlilivn cocfficient with pH may be determined and this provides anolher means of
determiming the pKa value of a drug

solubility
The solubility of a drug in, for imstance, water may be simply determined by shaking
thi excess of the drug in water ar budler until equilibrium is reached amd then using
L% spectrophotumetey to deteromne the concentration of the drug (that hus gone into
solution. Another method for delermining solubiling, where an ionisable group is
present in the drug, is to disselve varying concentrations of the salt of the drug in
wirler and then add excess acid to g solution of the salt of an acidic drug or excess
base 10 & solution of the salt of the basic drug, thus converting the drags inlo their
un-ionised forms. When the solubility of the un-tonised drug in water is exeeeded, a
cloudy solution will result and UV speetrophotometry can be used (o determine its
degree of wrbidity by light scatiering, which can be measured at glmost any
wuvelength, eog. 250 nm.

Release of a drug from a formulation

UV speetrophotometry is used routinely to monitar in vitro velease of active
ingredients from formulations, For simple formulations the drug is simph monitered
at its & max. I the example shown in Figure 4,08 the rate releqse of
pseudoephedrine from a controtled release formulation was monitored, ' The release
of the drug was [illowed by monitoring ifs release inte distilled water nsing a UV
spectrnphotomeler selut 206 nm. [n the example given in Figure 4.18 the particle
aize af the ethyleellulose used in the formulation alTecled the rate of release.

o Fig. 4.18
#1 Helease of pseda- |
i ¥ 00— ephedrire from a
_5 cantrolled release
f formulation. Reproduced
! with permisson Ing. |
; Pharmaceutios (fee
% C 250-120 um Referance 1)
; B 177250 am
i 48177 am
| B D540 0m
: Lo 4106
e
o T 1 1 T T I |

H] 2 d B L 10 12 14

Time {h
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IF UV-absorbing excipients were present in such a formlation the UV
wavelength vsed for momtoring release would need w be selected carelully or high-
pressure lguid chromatography (HPLC) couplad to 1TV detection mipht be used. For
auch studies the sampling of the dissolation mediom may be tolly autemated so that
the medinm is filtered and pumped through to the LY spectrophowmeter at set time
intervals in order to take a reading.
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