Titrimetric and chemical
analysis methods
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Priociples

purity of the sample,

An analyre ia chemically reacred with & smndard sahaion of & reagent of precischy known
concentraiion or with a concentration that can be precisely determined . The amount of &
stindant selution reyuired b completely react with all of the sampie i ased w estimate the
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Applications

*  Provvide standard pharmacopocial methods for the assey of onfurmuolated dregs and
exvipients and some formulated drogs, ep. those that lack o strong cheomaphare

o Led for standardisations of raw materialzs and intermedintes wied in druge synhesis in
incusiry. Supphiers of rww msterals tuy provide these materials at a specified purily
which has been assaved nmmemcally w s pharmecopoeial standard,

= Certain specialist titrations, sueh as the Karl Fischer titration wsed 1o estimane water
coniont, are wideh used m the pharmaceotical industry

Advantages

+ Capabie of a higher degree of precision apd accurscy than instumental methads of
wnalvais with precisions of ¢e £ 0.1% being achicvable,

* The mithods wre renerally rabust.

¢ Analyses can be anmmated.

+ Cheap L perfurm und do oot require specialised spparatus.

+ They arc shsolute methods and are not dependent on the calibration of an instrumenl.

Limitatioms

+ Mwonselective

+  Time-consuiming i not automalzd and require & preater level of operaterskill than
rimatine amstrrenial methods .

» Require large amounts of sarmple amd reagenls

v Reactions of standard solutiens with the snalyte should be rapid and complets.

Introduction

Titrimetric methods are still widely used in pharmaceotical analyais because of their
rohusiness, cheapness and capability for high precision; The only requirement of an
analyrical method that they lack is specificity, This chapler covers the theoretical
hasis of most of the commenly vsed methods: he practical aspects of titrations have
been covered thoroughly by other exthooks, '

Instrumentation and reagents

Glassware

The manulacturers” tolerznces for the volumes of & number of ilems of plassware are
eive in Chaprer T The larger the volwme measore the smaller the percentage the
toderance is of the nominal volume. Thus for a Grade A | ml pipette {he volume is
within + (h7% of the nominal volume wheress for the 5 nal pipetie the volume is
within + 00.3% of the nominal volume. If greater accoraey than those guatanteed by
the telerdnoes is reguired then the plassware has to be culibrated by repeated
weighing of the volume water contained by the item ol glassware, This exercise is
alse psefil for judging how pood one's ability W use a pipeie is since weighing of
the volumes of water dispensed correctly several times Trom the same.pipette should
give weighls thal agree closely.

Primary standards and standard solutions

Prirary slancands are stable chemical compounds (bt are available in high purity
and which can be used to standardise the standard selulions used in tcrations.
Titrants such as sodium hydroxide or hydrochlone seid cannot be considered as
primary standards since their purity is quite variable, So lor insance sodium
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hydroxide standard solution may be standardised against puiassiom bydrogen
phithalate, which is available in high porily, The stundardised sodivm hydrogide
solution {sceondary standard) may then be wsed o stundardise a iandard solution of
hydrochloric acid. Table 3.1 lists some comimonly used primary standards und their
TE

Table 2.1 Primary standards and their uses

Prirmary standard Uses

Potassium hydrogen phthalate Standardisation of sodium -hycj ronide su::.l.uii.on
Potassium hydrogen phthalate Standardisation of acetous perchloric acid

Potassiurm iodate Standardisation of sadium thiosulphate solution through
generation of iodine

Anlydrews sodium carbonate Standardisaticn of hydrochioric acid

Zine metal Standardisation of EDTA saiution

Direct acid/base titrations in the agueous phase

Strong acid/strong base titrations

Figure 3.1 shows the titration curve obtained from the titration of a strong acid with
a strong base. The pH remaims low untl just before the equivalence point when il
rises rapidly o o high valoe. In many titrations a colowred indicator is used although
electrochemical methods of end-point detection are alse gsed. An indicator is 2 weak
acid or bage that chanres colour belween its ionised and un-ionized forms: the useful
range for an indicacor is | pH either side of ity pEaovalve. For exampla
phenclphihalein (PP pAu 9.4 (colour changes between pH 8.4 and pH 1.4}
undergees & structural rearrangement as & proton s removed from one of it phenol
grivups us the pH rises and this cavses the colowr change (Fig: 3.2 Methyl orange
(WO pia 3.7 (colour changes benween p1 2.7 and pl T 4.7 undengoes o similur pH
dependent structural change. Both these indicatoes Lall within the mnge of the
inflection of the strong acid strong base titeation curve.

There are only a few direct steong acid sirong bise Hiradons carmied eut in
pharmacopocial assavs.

Swong acidfstrong base titrations are used in pharmacopoial assays of:
perchloric acid. hvdrochioric acid. sulphuric acid and (hiamine hydrochlonde

Weak acid/strong base and weak base/strong acid
titrations

Om adibition of & small volume of the strong acid or strong base to a solution of the
weik base or weak acid, the pH nscs or falls rapidly o about | pH unit helow or
above the pKu value of the ueid or base. Often a water miscible organic solvent such
as ethanol is used o dissolve the analyte prior to addition of the aguecus rigrant,

Fagure 3.3 shavws o plof of pH when 1 M NaOH is added o 25 mlofa 1 M
solution ol the weak acid aspirn.

In the case of aspirin, the cholee ol indicater is restricted by where the inflection
o ats tifration curve Jigs, PP s suitable as an indicator whercas MO s not.

In the example of the tiranon of quinine with hyvdrochloric seid (Fig. 3.4 M0 is
a suitable indicator because il Yalls within the inflection of the titration curve
whereas PP s nol suitable,
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Self-test 3.1 : R TR ey
G Ll Lo TR SR SRy -

‘Which of these ingicatars could be used in tne titration of aspirin and which could be used in
the titration of guinire?

) Bromophenol blue pia 4.0,
{iiy Methyl red pka 5.3.
{li} Crescl red pa 8.3,
{iv) Chlorophenal blue pKa6.0.

(] PUE (1) SBUIINGY (AL DUE {11} U LIS sy

Some acids or bases can donale or gocepl more than aoe proton, e, § mole of
analyte is cquivalent to more than | male of Gitrant, 101he pRa values of any acidic or
basic groups diffor by more than cq 4, then the compound will have more than one
inflectuan in its titration curve. Sodium carbonate is 2 salt of carboeniv acid and 1 can
accept two protons. The pKa values of carbonaie and bicarbonate are sufliciently
different (p&a 1032 and 6.38) for there te be e inllections in the tiration curve,
The twa stazes in the tiralion are:

i €O +H' —m= HCO,
2 HCO, + HY — H.CO,

In a ciratien of sodium carbonate, the Arst inAection is indicaled by PP oand the
whole titeation by MO (Fig. 3.5).

gre Fig. 3.5
i Titration of 1 M sodium
T carbonate with 1 I HEI,

Fe
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' Self-test 3.2 S P . R | .i'”;t:ﬂ.;;

Asample cantaining 2514 g of neutral salts, glucose and a sodium carbanate/bicarocnate
buffor was dissalved in 100wl af wates. & 25 mil afiguot of the résultant selution required
20,35 mil of 0.0987 8 HEEwhien Hirated 1o the PP end-peint. A secand 25 ml aliquot was
titrated to the MO end point and reguired 56,75 ml of the acid. Calculate the percentage of
Na 0, (MW 105; and NaHCO- (MW B4) in the sample.

Slannadsal g7 T PUB WREE ISiaMEUY
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ealf G T U T T LU TR TR T
Self-test 3.3 - ST S e Ty e T ]

Howe many inflections de the follewing substances bave in theie Bigtration curees when litrated
with a strong base? Draw the predominant forms of these substances which woeld exist at
oH 14,
e ’ﬁHGDOH
CouH HOGCEH
Oixaic: i Fumarz acia
oka 118, 4.2 a0, 4,47
i CH.CO0H
[k COOH
HO—— H 1 iy
Wi ot @— CH, GHNH G
CHLCOOH
Ciitrle: gosd Prenylalanine
ol 306, 4.74, 5.4 nka 1,53, 913
7 auiueeduagd | piae 413 | PIIE JUELWNE | DI3E JIJENG (L84

Weak auidstrong hase ttration s wsed in the pharmacopoeial assavs oft benzoic
acidl, citriv acil, chlorambuec] ingection, mustine injection, nicotinic acid tablets and
unchecanoic sl

indirect titrations in the aqueous phase
These can be of the strong acid/strong base, weak acid/strong base or weak
base/sirong acid tyvpe. The more common examples are weak acid/strong base.

Estimation of esters by back titration
Excess of sodium bydroxide 13 added 1o the ester, The following reaction oceurs:

RCCHIL | XENaOH —e= RCOOMa + R'OH

The X5&a0ll is back tivrated with HC using PP as an indicator

This procedure 15 used in pharmacopoeial assavs of) benzyl benzoate, dimethyl
phibalate, ethyl oleate, methyl salicylate, cetosteary] alcehol, emulsifying wax,
caster oil, arachis o, cod fiver oil, coconat oil,

Saponification value
The assay of fixed oils provides 4 special case of ester hydrolysis since they are
triesters of ghycerol, The sapenification value for a fixed oil is the number of my of
KON equivalent to 1 2 of ail. A high value means rancidity, a low value possible
aduleeration with mineral oil. Almost all-cdible oils have # saponification value
hetween |88 and [90. Hydrolysis of the fixed oil is carnivd oul with ethanolic KOH,
This procedure i3 used in the pharmacopoctal assavs ol) castor vil, cod liver vil,
cotion seed oil, almond o1l and sesame seed oil.
Acid values are also determined for fixed oils. The acid value for a substance is
the number of mg of KOH required to noutralise | g of the test substance when it 53
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Caleulation example 3.1
The following data were obtained for a sample of cod liver ol

Werght of otl taken for analysis= 2398 ¢

Ethanolic KOH (MW 56.1) used i determination = 0.986 M

Amaount of ethanolic KOH used for hvdrolvsis and in blank titrarion = 23 ml
Amount of 0,470 M HCL required ro neumalise excess KO - 33.2 mi
Amount of 00470 M HCL required in the titration of blank = 32.3 ml

Calculation
Arnount o KOH wsed imitially = 52,3 2 047 = 24.6 mmiole

Amount of HCI required to neutmalize excess BKOH = 35,20 = 0,470 = 16,5 mmole
Amonnt of KOH used 0 hydrolysis = 246 — 16,5 = 5 | mmole = MW = myg
Amount of KOH used inthe hydralysis= 8.1 = 56,1 =4540 my

Amount of KOV e of fxed-oil used in the hydrmlysis = 454/2.398 = [89.3 my

Therefiare sapenification value = [ 893,

Self-test 3.4 e e T e

EH LRl R

Lalculate the saponification value af a sample of castor il from the fellowing data:

« Weight of oil taken for analysis = 2535 g

» Ethanaolic KOH used in the hydralysis = 1.03 b4

« Apnount of KOH used in hydralysis = 25 ml

= dveeourt of 02514 MOHC reauired to mewtralise excess KOH = 34.2 ml
e dinount of 0514 8 HO reguired o the Hirstion of Blank = 50.2 ml

ZBL mawsLy

titrated with 0.1 M ethancdic KOIT tooa PP end-poind, This value s quoled Ter many
fixed vils in erder 1o @liminale rancid oils, which contain Jarge amounts of frec fatiy
acil. Typically ackd values Lor lised oils are in (he range ol 1-2.

Estimation of alcohols and hydroxyl values by reaction
with acetic anhydride (AA)
Adeohols can be determined by reacrion with excess AA (Fig. 3.6). This is a useful

titrimetric method because the aleohol group is difficult o cstimate by any other
ImEans.

3 Y s .
Fig. 3.6 i N SR
Estimation of benzyl s < CHOH + (CHCO)0 — 4, A CHADCOCH, + ~CH,CO0H
iiconed by reaction with

| acetic anhydride. + A5 (CHRCORO

The excess AA and aceric acid may be backritrated with NaOtl using PP as an
indicator.
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In & relared assav, a hvdroxyl value is determined for a fixed oil. A 1.3 mixture of
AA in pyridine is used in the determination: he pyridine is present as a catalyst. The
hydioxy] value may be defimed as

The number of mg of KOH required to neatralise o blank titraien of the reagents —
the number of myg KOH required o nentralise excess AA + aoetic acid after reaction
with | g of the tesl substance.

Caleulation example 3.2
The fosflawing data were obtained tor s sampleof castor pil:

Werght of castor ol taken for analysis = 1648 &

Volume of geelic anhydride vsed for the resction = 5 ml

Molarity of cthanolic KOH used to reutralise the excess AA +acetic acid =0.505 M

Volorme of ethanolic KOH required to dteate 3 ml of reagent = 53,5 inl

Volume of ethanalic KOH required o neutralise excess &4 + acetic acid alter reaction with the castor oil = 44,6 ml.
Number af rmoles of KOH used in the blank titration = 33.5 %0505 = 27.0

Number of mg of KOH used in the ticration of the blank = 270 < 56,1 = 1515

Mumber of mmales of KOH uged in titration of A4 + acetic acil = 44.6 % (LS55 = 225

Mumber af mg KOH used in titradon of excess AA 4 acelic acid = 225 K-ﬁﬁ.] = 12062

Hyalroxyl value = 1515-1262/1.04% = 1534, .

T be completely aecurate the acid value for the fized pil showld he added 1o the hydrox vl value since any free acid
in the oil will titrate along with the croess reugents giving a sl meresnmate The Acid valve for castor vil is
about 2.0 giving 1 hydraxy] value for the above sample of 156,

Reaction with acetic anhydnde is used in pharmacopoeial assays of ) benzy| aleohol
and dienestrol and determvination of hydrosy] values of castor oil, cetostery] aleobol
anc cetmacroand.

Non-agueous titrations
Theory

Mon-gcueaus eation 4 the most common fitrometric procedure used in
pharmacopneial assays and serves o double purpose, as it is suitable for the titration
of very weak acids and bases and provides a solvent in which orgamce compounds
gre soluble. The most commonly wsed procedure is the Giration o organic bases with
perchloric acid in acetic acid. These assays somelimes ke some perfecting in terms
ol Being able fo jucdge precisely the end-point.

The theary is very briefly as follows: Water behayves both as a weak acid and a
weak hage thus in an agueous environment # van compele effectively with very
wenk ocids and bases with regard w proton donanon and acceptance as shown in
Figure 3.7,

The effect of this is that the mflection in the Giration curves for very weak acids
anel very weak hases is small because they upproach the pH limils in water of 14 and
) respectively thus making end-point deteetion more difficult. A general mie is that
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Hio + H === 0 Fig.3.7
Competition of water
with weak acids and

Compelaswith  AHN; + H =—= FMNH, bases for proton

acocptance and

donation
Heo + B =—= OH + B
Campetes with BOH = B spete BRI 4+ BH

-

buses with p&a <0 7 or acwls with pRa = 7 cannat be determined aecurately in
agucous selulion, Varouws organic salvents may be used to replace water sinee they
compele Jess elfectively wilh the analyte for proton deration or aceeptance,

Non-agueous titration of weak bases

Acelic ocid s o very weak prroton acceptar and thus docs not compote offectively
wilh weak bases for protons, Only very steong aceds will protonate acetic acid
appreciably aceording o the equation shown below!

CH.COOH - HA == CH,CO0H. +A

Perchlonic acid is the stromgest of the common acids in scctic acid solution and
the tiration medm wsualky wsed for non-agqueous titration of bases is perchloric
aeid maceho aeid, Addition of acenic anhdride, which bydrolyses to acetic acid, is
used 1o remove waler [T aqueous perchloric acid. Weal bases compete very
effectively with acetic acid for protons. Oracet Blue, gquinalidime red and crystal
violet (very weak bases}are uscd as indicalors in this type of lirtion. A typical
analyais i3 shown in Figure 3.8 for LDORA,

Fig. 3.8
| analysis of DOPA by mon-
aquecus Titration.

HO HO
3 4h NH, B Airt
1% OH,CHOOOH + CH,CO0H! ——HO—[ 13— CHCHOOOH

T maml g

CHxGOOH

When the base iz m the form of & salt of a weak acid, removal ol an amonic
couniEr jon priot wooation s not nocessary, ooz, for salts of bases wilh weak seids
such as larirate, acerate or succinate. However, when a basc is in the form of u
chloride or bromide salt, the councer ion has to be removed poor to Giration: This is
achieved by addition of mercuric acetare; the liberated acetate is then tirated with
acelous perchleric acid. This is lustraced m Figore 3.9 for the eximple of
phenylephrine, HEL

Mon-gquects titeaton with acetous perchlorie acid is used in the pharmacopovial
assays o adrenaline, metronidazole, codeine, chlothexidime scetate,
chlorpromazine, O amiteiptyline. HCL, propranolel HCL lignocaine HCL and
yuatertiary amine sales suchas neostigmine bromide and pancuroniem bromids,

57
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HE
Yo—=y  OH
G CHEH MM, CHAC

e
L —CHCHANHLGH, + ©

HoiGHzCOOz 1+ 287 —  Haollp + 20HgSOD

POHgCOOHsY +  BCHaTOD —=  40HZCO0H

Fig. 3.2

The analysis of
prenylephring

fpd rachlaride by non-
aqueaus titration.

Non-agueous titration of weak acids

For the non-agueous utration of weak acids @ sobveni such as an aleohol or an
aprotic, solvent is used that does not compete strongly with the weak acid for proton
doriation. Typical titrants are ithium methoxide in methanol or tetrabutyl ammonium
hydroxide in dimethyiformamide: End-point detection may be carried outwith
thymol bluee asan indicator or potentiometmically (see p, B3}

Mom-agueous titration of acidic groups is carred out in phanmacopoeial assays of:
barhiturates, uractls and sulphonamides.

Argentimetric titrations

Argentimetric ttrations are based on the reaction:
ApNO, + 01— ApCls) + MO

Potyssivm chromace may be used as an indicator producing a red colour with
crcess Agtjon, More widely applicable is the method of back titration. Fxcess
AgNCY, 15 added to the sample containing chlorde or bromide ions. The excess
AgNCy, s then titrated with ammonium thiovyanale and ammaonium ferrous sulphate
35 usesl as anoandicator of excess SCX

AgND), - NHSCN —me AgSON {s) + NHNO,

Belre the back titratson can be carried out. the precipitated AgCh has to be
liltered off or coated with dicthylphthalate to prevent SCN- causing dissociation of
AgCl, Organically combined chlorine has to be liberated by hvdoolysis with sodium
hydroside prier to titration. A halogen ateached (o an arematic ring cannot be
liberated by hvdrolysis and aromatic halides have fo Be burnt i an oxygen flask in
order 1o release the halogen for tration.

Argentimetric titration is used i pharmacoposial assays off sodium chloride and
potassinm chloride tablets, thismine hydrochloride, mustine chloride and carbromal,

Compleximetric titrations

These titrations are used in the estimation ol meeal sales, Ethylenediamine temracetic
acil (EIVTA) shown i Figure 3010 3s the usoal titrant used. it forms stable 1:1
complexes with all metals exeepl abkali metals such as sodmm and potassium, The
alkaline earth metals such as calcivm and magnesiam form compleses which are
unstable at low pH values and are trated moammenium chloride buffor st pH 10
The general equation for the itralion is:

Wr — Na. EDTA —me (WEDTA) !+ 2H
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HOOGCH, CHCO0H Fig. 3.10
NGHEGHENM ED‘T-‘E'.
HOI.'JCCH;/ "CHACO0OH

Efhwy encadiamine tetracatic acid

I'be end-poine of the reaction is detecled vsing an indicator dyve. The dyve is added
to the metal solution at the soart of the 1Tration, and Fforms 2 coloured complex with a
small amount of the metal, The first drop of excess EDTA cawses this complex to
break up resulbing in a colour change.

Titration with ELYEA is used b the pharmacopocial assays of:
bismuthsubcarbonate, caleiuwi acetate, calcium chlorde. caleium gluconate,
mnagnesiuim carbonate, magnesiom hydroside, magnesivm misilicate, bacitvacin zine,
zine chlonde and zine undecansarte.

Insoluble metal salts are estimared by back lilzations; the sample is heated with
excest EDTA to form the soluble BIXTA comnples of the metal and then the excess
EDTA is dirrated with salt solutions containing Mg™ or Zo? of known concentration.

Back ritration with EDTA 15 used in the pharmacopoeial assays of: aluminiom
glveinate, aluminium hydroxide, aluminivm sulphate. caleivm hydrogen phosphate.

Redox titrations

Redox titrations are hased on the fransder ol eleetrons between the tavant and the
amalyte. These types of fitrulions are vsually Tollowsd by potentiometry. although
dyes which change colowr when oxidised by excess Ulrant may be used,

Theory

Recicriom potential is g meusure of how thermodynanically Gavourable itis fora
cormpeund Lo gain clectrons. A high pesiive value fora reduction potential indicates
(hal 4 compound i readily redoced and consequently s a strong oxilising agent, e
il remiwves electrons from substances with lower redwction potentials, The oxnlised
and recloced Torm of 4 subslance are known as & redox paic Table 3.2 Tists the
stanland recdhuction potentials for some typical redox pairs.

Table 3.2 Standard recusction potertial (£ 1 for some redox pairs relative to the standard hydragern
electrode potential 0

E.
Cal*+ e - e 1.681Y
MO, + 58 + BH* B fin® & 44,0 1.51 W
i +2e o 2C1 136
Br,+2e [ 2Br 1065 W
Fe* + - - Ft 07w
lL+2e [ 21 0.536 W
Agll +e B A+ 0.223
H +2e B o H, o
Fet- + 2 e - Fe =040 W
Ca+2e e Ca 2858 Y

A substance with a higher reduction polential will oxidise one with a lower
reduction potential. The differcnce in polential between two substances is the
reaction poiential and is approximately the potential differcace which would be
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measured if the substances comprised oy balves ol an electrical cell. Far example
Ol will exidize Br according fo the following equation:

ClLo 2B 200+ Br,
Taking values Team Table 3.2 the reaction potential is given by:
1361065 = .29V
For the reaclion;
Ca b Cly e Cally

The reaclion potential is given by: 136 [ 2.888) = 4248V (1o u lurge i Merenca
and culeium burns in chloring).

Self-test 3.5 RN

Complete the equations where resction s possible and indicate the reaction potential.

o420 ——fm-
(5] Brys 21 e i
i et e et
vl |+ Fe —
(wh Fe + Agll —Be

{uwiaoy Oy
@l u Apeodje 5 By) uoiaead oy () 4 90670 () i BEF'D () A eEso fin luanaeal ap (i) ey

I the gbove examples we have ignored the effect of conventration ol oxidant s
teductynt on £, values; in fact & (the ohserved electrode potential ) is stable over a
wide range ol concentrations. The F-value for a selution containing 4 redox pair 1s
povernedd I the Mernst equation:

£=E, + 2RTnF In [Ox]Red]

whers || is the concentration of the oxidised form of a particular subslance and
[Red] is the concentration of the reduced form of a particular substance.

F = Farpwlay™s constant

a = number of electrens transterved i the reaction

My substituting a value for the constant terms this cquation van also be wrillen s

£ =E, + 0059/ log [Ox][Red]

Where m is the nuinher of electrons transferred dunng the reaction. 10 is clear thal
i is approximately egual to fo except when there is a lange difforence between [Ox]
andd |Red].

Calcwlate the Ffar the fallowing redox pair when 8Mre = 0.5 8 and Mp®* = 0.01 M
£, Med dMnd w 1,51 %),

fLe L s

The titration curve for Feo"against Cof' 18 shown in Figure 3,11 This curve
shonn 13 for a titeation carried out with a standard hydrogen elecirode as the
reference electrode.
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cethoet Fig- 3.11
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Where s reference electrode has a reduction potential = 0. then the predicied
readimg of the potential for 2 redox pair is obtained by subtracting the reduction
potential for the reference electrode. ep. for an Ap/ApC) relerence clectrode 0223 ¥
15 suhir il

1 : Pa TR P R
EEH'tESt 3-? . - i el -.-.2__.-..“:_- A .. ;e
FER e P e S T T TR

| Using the walues in Table 3.1, whal would be she approximate potential measured for the
Fe*+Fe’* redox pair present In the first part of the titvation shown in Figure 3.11 measured
against

il A standard hydrogen electrode.

{iiy Anaglagll electrade?

Similariy what would the approximate potential be for the Ce™/Ce! redox pair an the plateau
after the end-point measured agairgl?

{iii) A standard hydrogeen slectoede,

{iw) AnAgihgll electraooe.

MBE L A A LS O A s (0 A ) sresUy

I carrying oul redos ttrations, standard AgdAaClor e Ol elegtrodes ane
usedt as 3 reference imconjunction with an et redox electrode, e o plalinom, which
takes its potential from the pacticular redox pair i the salution in which it is
immersed.

Kedox ticeation is used in pharmacopocial assays of: ferrous sales, hydrogen
peraxide, sodium perborale und benzoy] peroxide by titration with KModh,, 1n the
case of KMnl), titrtions the end-peint may be detected when the purple colour ol
the permanganaie persisiy,

lodometric titrations

There are a nuwiher of types of odometric assay.

Direct titrations
ledine is a moderately strong oxidising sgent (See Table 3,10 During oxidation
iodine is reduced as follows!

L+ =221

It will oxidise substances with lower neduction polentials. c.g. the titration of
ascorbic acid s carried oul as shown in Figure 312,
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HOH.G HOH.G Fig. 3.12
Cidation of ascorhic
ong o e - acid by iodine.
il =2 ;; i +2H' - a1
H oH all o
Ageorhic acil

The ndine solution used 15 standardiscd against sodim thiosulphate | see later).
I addition the end-point is detected using starch indicator, which prodoces a blue
colouration with excess iodine.

Direct iodometric titcation s used in pharmacopoeial assays of! ascorbic acid,
seddiurn stithigluconate, dimercaprol injection and acetarsol.

ledine displacement titrations

These titrations mvolve displacement of iodine from indide by a stronger oxidising
agent followed by titration of the displaced iodine with sodium thiosulphate,

Fow example, the available chlorine in bleach is estimated as follows:

Cha LBl

The displaced 1odineg 15 then tirated with thiosulphare according to the following
equation:

5.0 wlpem— ST T

A different approach is used in the estimation of phenols. Bromine is penerated
by reaction of potassium bromide with a defined volume of a standard solugion of
potassium bromate sccording to the following eguation:

Bril, + SBe+0H® —= 380 + SHO

The bromine pencrated is then reacted with the phenol and 1 mole of phenol
reacts with 3 moles of bromine (Fig. 3.13).

Fig. 3.13
Reaction of ghenaol with
B- Eromine.

HO— B DB, —_—

Exeess bromine 15 wsed and the bromioe remaining after the above reaction s
redeted with iodide as follows:

Or. +21 == 1Br +1.

T Tiberuted ioelime is then Girated with thiosulphate thus goantDving the excess
bromiang,

Teafine displaceroent Liralions are used in pharmacopocial assays of: ligueticd
phenal, methyl hydrosvbenzoate, propy] hvdroxybenzoate and phenidione:
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Self-test 3.8 A sl e S

& sample of phenal giyeeral inject on was dilured with water and am allguot was taken and
reacted with excess bromine generated from potassium bramide and patassium bromate solutions,
The excess bromine remaining after reaction was reacted with potass um lodide and the
liberated icdine was titratec with sodium thicsulphate. A blank titration was carried out where
thie same quartity of bromine was generated as was wsad inthe tirration of the diluted injection,
patassium iodide weas then added and the |'berated odine was titrated with sodium thrasuiphate.
From the follawing data calculate the percentage of wiv of the phencl in the injection.
Weiger of injeclion taken Tor analysis = 4.214 g

The sample s diluted to 100 ml with water and then 25 ml of the solution s analysed.

The volume of 01075 M sadium thicsulphate required ta titrate the X5 bromine after reaction
with the sample = 22.4 m|

The volume of 021015 M sadium thicsulphate required to titrate the bramine blank = 258.9 mi.
Density af glyceral = 1,28

The equatians of the reactions are given above,

ARG IL RIS LEMAELY

lodine-absorbing substances in penicillins

A major stability problem in pencilling is the hydrolysis of the lactam rng as shown
in Figure 3.14. Penicillins with an open lactam ring are inactive as antibiotics since it
is the reactive lactam ring which kills the bacteria.

Fig. 3.14
Hyaralysis of the lactam
ring in penicillins,

&=y 1

:-j__(__fj.r'_-, CHOOMH ——7 S‘"-( H:_D__;I;- N S - !
: e COOH MH, HOOG M N

A cooH |

Ampciliin It Arvg opin larm |

When the lactam ring is apen it will react with todine. | male of the ring cpen
form of penicillin wall react with 8 equivalents of iodine, the intact lactam ring will
nol react. [nehis type of firation excess indine solution is added 1o 2 sample of the
penicillin and the iodine which is not consumed in the reaction is estimated by
ticration with sodivm thiosulphate. The valve obtained for the ameount of hydrolysed
peaicillin in the sample should be no more than 5% of that obrained when all the
penicillin in the same amount of sample i5 completely hydrolysed w the ring-opened
form and ther reacted with indine. Nost of the pharmacopoeial monographs for
penicillins indicare that this eest should be carried ou.

lon pair titrations

Ihis type of titration is widely vsed in the cosmietics and detergents industry since it
i wery useful for estimating surfactants. which oftet cannot be analysed by
spectrophotometric methods because they lack chromophores. There are two types
of titration naed.

Titrations using indicator dyes

Acsmall amount of an anionic or cattonic dyve 15 added w an squeous solution of the
analyte, which is a lipophilic cationic or anionic compound. A smsll amount of
coloured lipophilic ion pair is formied and this is extracted mto o senall amount of

63
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chloroform, which becomes coloured by the ion pair. Titration of the Lipophilic anien
or cation is carried out with a lipophilic counler iom, ¢ 2. bensethonivm chloride or
sodiom dodecy] sulphate. A1 the enmd-posint excess of the tcrn reaks ope the
coloured comples in the chloroform laver.

Tom par Liralion using a coloured indicator complex is used in pharmacopociol
assayvs ol dicvelamine elixie, procyelidine tablets, sodiom dodecyl suiphate and
cotrimide emulsilving sinfment.

Titrations using iodide as a lipophilic anion

This provedure is more widely used in pharmacopoeial assays than the dye
extraction procedure, Bxcess potassiom iodide is added to an agueous selution of the
amaldvte, which 1s o lipophilic cation. A lipophilic ion pair is formed between the
cation and the iodids ion amd is then removed by extraction into an organic phase
such i3 chloreform, The excess wodide remaining in the aquecus phase is then
titraled in comgentrated HOT (= 4 M) with potassiom iodate. The jodate oxidises
iodide to [, which immediately reacts with 1 o give IC] resulting in the following
Euation:

KOO, + 2K+ 6 T 3 KO+ 3 001+ 3HL0

A small amount o chlorelorm 35 used as an indicator and in the presence of the
reaction miziure il becomes caloured parple by traces of lodine, which ave present
during lirtion. The purple colowr disappears at the end-point when the conversion
of all [ and L. oipgo 107 is complere.

lion puir formmation with icslide fallowed by tirsation of excess odide with iodate
is utilised in pharmavopoeial assavs oft cetrimide, cetylpyridium bromide, domiphen
bromide und benzalkoniom chiloride,

Diazotisation titrations

This type of titrulion is guile simple W carry out and 1s very useful for the analvsis of
subphonamide antibiotics and aminebenzo scid-derived local anaestherics. Titration
is curried out with scidificed sodium nilnte causing the primary aromatic anine
funstion L be converted o a diazonium sale shown i Figoee 3,13 for
sulphucetarmnke.

HaNo <7 1% SOLMHCOCH: 4 MaMD, +3HCl —=

Hamm
GI-I"LJE-_—E' z KI"— SO, MHCOCH; <2 Madl+ 2HO

Fig. 3.15

Reartian of
sulphacetamide with
nitrous acid.

A gimall amoont of iodide is included in the titation mixture. At the end-point the
first dvop of excess of nitrous acid converts icdide to iodine and this is deteeted using
starch indicatonr

Titraticr: with nitrous acid 15 used in pharmacopoeial assays of the following:
henzocaine, dapsone, prinaguine. procainamide, procaine. sulphacetamide,
sulphadoxine, sulphamethizole, sulphapyridine and sulphathiazole.
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Potentiometric titrations

Potentiometric end-point detection

All of the tirations discussed m the preceding sections can be carried oul using a
suilable electrode w measure the potential ol he salulien as the Hiration progresses,
The advantage of making potentiometiic measuremenls in order to deleet end-points
15 bt the measurements can be muasde in selutions which are coloured, unlike
indicator-hased end-point detechion, and give unambizueus cnd-points whers
inaficutor colowr changes arg not elesr or sudden, The disadvantage of polentiometric
Ubations is that they are relatively slow since time has 1o be allewed for readings 1o
stabilise, particularly near the end-point 0 he tilrmtion, Nowever, polentiometric
Lilrations can be automated and poeniometric end-point delection isused in
aulomatic tirators where the titrant is pumped into the sample under microprocessor
contrel, The electrode which 13 usually csed (o make the meoasurcments in
polentomelric liradions 35 the pH-sensitive elass indicator elecinede. This elecirod
consisls ol @ pll-sensilive glass membrane bulb which encloses o phosphate bulfer
sixlulion contining potassiom chleride solution and saturated with silver chloride,
Tha solution is 10 conlaet with an mternal relerenee clectrods which consists of &
silver warg, The eircuit is compleled by s second reference electrode, which in
mexdern combination clectrodes 1s a second silver/silver chloride elecrede, which
contacts the external solution via a porous junciion (Fig, 3,165 The clecirode
maitars the varialivn in the petential difference which s largely caused by the
interaction of hydregen ions with the outer surface of the pH sensitive glass

| Fig.3.16
pH sensitive glass
electroge,

membrans.

T wrleriaslesr

AgdhaCl wxtaraal
reference electrods

i _Ag-"ﬂ..gcl interna’
’_ﬂ«r"" " reference alecirode
lunction with —

surreunaing salution '“'x_\ [H-sengitive
Internal filling soluticn GRESS maembrang
phospnate butler pH 7.0
cortaining KG1 and salurated
with AgCl
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The potential which developes on the inner and outer glass surfaces of the
electrode is due w the following cquilibria:
4 G- ==H'Gl
Cluter membrane
H' + {3l —= H'GI
Inner membrane

The number of Gl siles on the outer membrane inereases with decredsing [17]
and thos its potentinl becomnes increasingly negative with respeet to inner surface
with increusing pll. The Nerst equation can be simplified and writlen in (he
following [erm for the glass electrode when the temperature is 20°C;

k= kk - 0.0591pH.

where £ b5 the measured potential in volts and Ek is a constant composed of the
s of the varions potential ditferences withun the clectrode, which do not vary
appreciabiv. The combination electrode is construeted so thal 115 potential s co )Y
al pH 708 1t can be seen from the cquation above thal £ changes by 3.1 mV for
cach pH umit,

Self-test 3.9 ¢ R et

Assuming an indicatar electreds 6 constructed so that £= 0% at pH 7.0 calcutate what ity
potentizl would be at; (i pH 1 (1) pH 14

M LED (0 oA 9 0 (1) SsaansLny

When potentiometric tiration is carried ool the volume of titrant added is ploted
againat the measurad potential, Since the electrode akes tdme w equilibrate, the
vobime of titrant required to reach the end-poing is frst caleulated and a volume of
titrant is added to within ca | ml of the end-poin, Then the titrant 15 added in 0.1 m]
amounts unti] the steep inflection i the deration curve is passed. The end-point of
this itration i the point where the slope of the tirstion curve is al its maximam.
Thus it dE/dV is plotted for the titration, the maximum of the plat gives the end-
point. Ihe end-point can also be determined from the mid-point of the inflection m
the titration curve or from the tabululed data, Figere 317 shows a corve for the
titration of 2 mmoles of aspirin with 001 M MNuOH. The end-point corresponds to the
mid-pioint of the inflection ot if the tabulated dala is examined it can be be taken to
be the mid-point between the two volumes whers ARV 15 greatest, ie. at 20.05 ml
between 20 and 20.1 ml. The actual end-point for exactly 2 mmeles of aspirn
fitraced with 0.1 M NaOH shoubd be 20 mil, addition of (.1 ml aliquots towards the
end-point means that the end-poinl is only accurate to within = 005 ml.

Use of potentiometric titration to determine pKa values
Potentiometric titration provides (he principal method for determining pKa valucs
and it is best applied to substunces with pRavalues < 11. For example the pKu ol
henzoic acid can be determined gs follows: A (001 M solution of benzoic acid

(50 ml} is titrared with 0.1 M KOH. The KOH is added in 0.5 ml increments: it
wotld be expected that 5 ml of (11 M KOH woald he required o neutralise the
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i Fig. 3.17
‘\LH\W Tiration of 20 mmoles of
200+ - aspinn {pia 3.5) with
: 0.1 i MadH. The enc-
| ] point corresponds to the |
g mid-point of the !
& - inflectiar.
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Table 3.3 Fotential difference values abstained for titration of 2 mmelas of aspinin (aka 3.5) against
0.7 M MNadH

mil of 0.1 M MaOH added potential my
14 185
16 iz
18 151
192 132
181 129
19.2 126
19.2 122
9.4 119
19.5 113
19.6 107
19.7 100
19.8 a4
19.9 71
20 a4
20.1 =177
ma —-195
20.3 —206
04 —212
21 -236
23 —266

benzoic acid. The pll of the titration is moenitored with a plass clectrode and the pll
of the mixture after 2.5 ml of 0.1 3 KOII has been added will equal the p&a value of
benzoic deid since:

[C.,H.CO0K]

pRa=pH —log | =0 Coom

The p&a value may be checked after addition ol each 0.5 mi since the
concentrations of acid and salt are known ak cach point on the litration curve. The
slight increase In voluwne due to addition of the 0.1 M EOH may be ignored. Fora
base, the Henderson Hasselbalch equation s written as given in Chapter 2, page 20).
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Self-test 3.10 Ve o R s N

Pt

50l of a 0.01 M solution of the base diphenhydraming i titrated with 1.1 B HU and the pH
is manitared with a glass electrode. After 3 ml of 0.1 M HC have been added the pH of the
salution is 882 What is the pka of dipheshydraminie?

O°f A=y

Karl Fischer titration (coulometric end-point
detection)

The Karl Fischer riteation is a specialised type of coulometric tirution, Coloumetry
itself is a vseful woehnigue, b ks not esed as 4 mainstream technigque §or
pharmaccutical analysis, Bssentially coulometry is based on fhe clectrolylic
rechiction of the anabvie, e the analyie is reduced by electrons supplicd by u source
of clecttical power and the umonnl of charge passed in order ko converl Lhe analvie to
its reduced form 1s equivalent to the amount of anajvie present in solution,
According lo Faraday™s Law, where one molecule of analyte reucls with one
electron, | mole of anulvie will react with 96 485 coulombs of cleciricily where
coulombs = amps = 5 1 jodine is reduced by coulometry, the following reaclion
QCoury:

L+ —g 21

One mole of wdine will consume 2 = 96 485 coulombs of elecincily, The Karl
Fischer titration 15 widely used for the determiration of warer in pharmaveulicals.
Quantitetion m this case is not based on the total amount of current which [ows
through the solution but the naluction of iodine s slmply used to indicate the end-
poine of the diriion, The reagent conaises of mixture of anhydrous methanal,
anhydrous pyridine, iodine and sulpbur dioxide: The eguation {or the veaction of
water with the reugend louks complicated (see below)

HoO + L+ 80, + 3C,HN + CHOH - e 2CHN HI + C.HNH.SO,CH,

but the cssential thing o note is that the prescnce of water causes the conversion of
iodine o iodide through i reduction by sulphur dioxide, When a eation s carried
out the reagent is added to the sample and reacts with the wader in i1, A potential is
applicd across the solution containing the sample and no current Tows intil at the
end-point. when sll the water has been consumed. The presenee of wdine in solution
from addition ul excess reapent illows corrent te flow through the solution inorder
to carry oul the reduction of iodine shown in the cguution above, this providing the
enc-point detection.

The Karl Fischer titration is used to quantity wiler in pharmacopoelal assavs of:
amipicillin irihydrate, henzylpeniciilin sodium, gentamycin sulphate, tetracosactrin
and gobrsmycin.

Automation of wet chemical methods

Automatic titration iFig 3.1%)

Titrations can be auiomated and controlled by 2 microprecessor The titrant is
delivercd vin an momatic burette and the end. point is detected polenbiometricaliy
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with a glass combination clectrode. Alwmatively, if inns other than hydrogen are
being measured another ion-selective electrode may be used. The apparatus is
microprocessor controlled and can be programmed to ran in varions modes:

(i) The rate of delivery of the titrant can be controlled according o rate of change
ol perlengial so00 18 ndded more slowly as the rate of change in polenial
increases, i.e. as the end-point 15 approacted.

it} For titrations which take time to equilibrate as the titrant is added, the
mstrument ean be programmed o detay alter cach incremental addition until
the potential becomes stable,

iitit  The deteetion of the end point can be pre set at a fixed potential.

Fig. 3.18
Awtomatic titration
apoaratus.

Sumemalln burete

Glass pH elecimoe

hlagess slimes
bsad

G rallng mILFERmERSE0T

The microprocessor control also enables the instrument to be set to caleulate pka
values directly from the pH profile ic obtains by titration of a sample. A sample
changer can be incorporated so thar several samples can be automatically titrated.

Flow injection analysis

Flovw mjection analysis (FLA) represents o refinement of wel chemical methods,

The hasis of the techiigue 15 that the sample is injected into a continuosly flowing
stremmy of reagent. The sample reacts with the reagent and this reaction 15 measured
with a detector. The range of detectors available is the saime as that which is osed in
conjunction with HPLC (Che 12, o 248) except that there 35 no chromatageaphic
separation involved. Thuas the technigue is not as selective as chromatographic
methods and its selectivity is dependent on the specificity of the reaction between the
analyte and the reagent or the property used for detecting it. A simple schenwatic
diagram of a flow injection analysis system is shown in Figure 3,19, The hasic set up
may he modified to include several manifolids that allow the inteoduction of the
sample followed by additional rezgents. T'he advantages of the technigue are its
cheapness and rapicity.
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Sampile infaction Incukatior
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A precise volume of saple {1000 al} 35 injected and passed through the
incubation coil, which is of sufficicnt length to allow the sample W Jdisperse in the
reagent kut not long encugh for the sample to become diluted so much that the
itegrity of the plug of sample is lost, The detector response 35 dependent on the
degree of dispersion of the sample. A typical Mow ol the rewgenl | analyte is as
shown in Figure 3.240.

i

t Flows Flg. 3.20
* - segmertad flow in FlA

nsmm | carler 1') sample:’] cacrier :_",us.ampa

id &

The parameters which have to be optimised include;

i1} The length and internal dismeter of the ineobuation vol
(1) The How ate

ifii)  The volome af sample injected

(ivd  The cencentration of sample and reagents used.

Since a number of factors are invalved in the optimasation, some tme i reguired
s develop the method. However, when set up, the meothod can replace tilrations and
replicate analyses can be conducted very quickly with minimal consumplion of
FEAECLS,

As in chromatography, the ideal peak shape obtained in FIA should be Gaussian,
although i practice the ideal shape may not have time to develop. The mathematics
goverinng the dispersion processes have bocn developed thoroughly and {he process
is largely analogous o the dispersion occurring in capillary gas chromatoerphy.
where longitudinal diffusion is the major factor governing band broadening.

Figure 3.21 illustrates an application of FLA o the Earl Fischer titration. The
comsumption of the reagent by water is detected spectrophotometrically by
monioring the stream of reagent at 15 nm. The absorbance due Lo the ioding i the
reagent i removed by its reaction with water, which causes formation of odide and
thus negative absorbance is measured.

Fig. 3.1%
& simple flowr iniection
analysis system
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Fig. 3.21

Calibration of Karl
Fischer FlA method for
determination af residual
in wilerin
pharmareuticals, The
arabyte veis methanol
l:l:-ntainiﬂg .05 0.4, 0.2,
0.4 and 0.5% wiv waler,

Ahsarkanese

| |
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Applications of FIA in pharmaceutical analysis

Determination of chloroxine

The antibiotic chioroxine was determined utilising the formation ol a complex
between the drag and AN in an FIA system, The comples was determined by
measurement of fluerescence with 399 nm as the excitation wavelength and 4446 nm
s Lhe ermission wavelength. Inarder to ensure solubility of the complex in the
aquenils reagents a surfactant was included in the reagent mixture, The precision of
the method was grealer than thal obtained using a laborvious batch method for
messuting sumples manually using a luorescence spectrophotometer’

Determination of captopril

A FLA method for the determination of captopril was based on the exidation of the
hiod group in the molecule by Ce*t. This reaction results in the emession of light
(chemiluminesgence ), which can be measured. In this example the dye thadamine G
wis used (o enhance the emission of light by the reaction. The method developed
was Tapid and precise.?

Determination of non-steroidal anti-inflammatory drugs
Diclofenac sodium, famotidine and ketorolae were analysed utilising their formation
of a colrured charae transfer complex with 2.4 dichloro-6-nitrophenal. The
comlexes were detected by U'Vivisible spectropholometry at 430 nm. The methad
was not affected by the presence of comrmon excipienls in the tormalations analvsed.
The precision and accuracy of the methed was comparable to that of HPLL methods
used to analyse the same samples®
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Determination of promethazine

The peneration of a colourcd product upon the oxidation of promethazing with Ce'-
wias used m the development of a FLA method, Promethasine in eablet form could be
analysed by this method with a precigion of + 1% and at a rate of 122 samples per h®
1o 3 similar method promazine was oxidised by passing through a short column
containing Mn(), and then the oxidation product was measured.’

Determination of ¢hlorocresol

Chloroeresol s a preservative commonly vsed in injections and its determination
often involves he use of laboriouy cxtraction procedures in order to separste 1t from
formulution components, followed by spectrophotometric measurement. A FIA
method for chloroecresol was developed by stilising its reaction with nitrous acid to
form 2 coloured nitro compound. The method was securate to 99.5% of the truc
value of chlorocresol in a tormulation and a precision of £ 1% was achieved ®

Limit test for heavy metals

Many pharmacopoeial monographs contain a limil test for heavy metals. Sometimes
the metal is specilied, e.g. lead, but often the test is more general. Pharmacopoeial
tests often involve precipitation of the metaks as their sulphides. A F1LA method was
developed based upon complex formation betwaeen heavy metais and
dicthyldithincarbamate (DEX), Figure 3,22 shows the FLA system used for this
analysis and llustrates how relatively simple components can be assembled wo carry
out 4 complex anulylical task. The analysis was achieved by using a segmented flow
system where allernate segments of buffer solution + reagent and carbon
tetrachloride were produced. In the first extraction coil, the lieavy metals in the
sample ure extracted as their complexes, slong with some excess complexing agent.
into carhon letrachloride. In the sccond extruction coil, the excess reagent in the
oresmie bayer is back extracted by the borux solution, which is mixed into the carrier
stroamt, The ow was then passed into o phase separator which only allowed the
organic solvent (o flow through to the detector”
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Fig. 3.22

Fla, systemn used to
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Use of segmented flow in determination of partition
coefficients

A gystem sinvilar to the one described above was uscd [or determination ol partition
coetficients. A FIA svstem with scemented [ow was devised so tha the partitioning
of a dag between agueous buffer and chloroform could be mewsuned, The aguecus
and crganic phases were separated using a phase separator, The systemn could be set
gt Lo measuee the concentration of the drag in either the organic or the agueouws
phiase, Such a system enables rapid repeat detcrminations of partition coeflicien! al
variows pll values with minimal ssmple consumption,

Automated dissolution testing

1A was wsed o oprimise sampling from a tabler dissolution apparatus in orler w
deterning the rate of release of iron (1) from a sustained release formulation. The
dissolution medium was automatically sampled at 30-minute intervals and the 10 A
aliguots of medium were mixed with the iron gomplexing agent ferrozine, diluted
and then passed into a spectrophotomaettic detecton The system was microprocessor
contenlled thus enabling unattended sampling of the dissolution medium for a
prodonged period.!!
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