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.
ABSTRAQT .

In Part I of this,thesﬁg,'the éhromatogfapﬁib ﬁ§

A

udetermination of drugg in{pharmaCeutical'syrups on

. . . 3 ) o ‘
a column of Amberlite xap-2 will be discussed in detail. §

Y . . S p
Syrups weé@‘directly‘injected onto a short.pre-column,

without sample Pretreatment. The apparétus iQ_Figure'“

lA'and B were used for thévanalysis of phenyléphrine'

;hydfochloride, acétamiﬁophen, glyceryl guaiacqlate,

and dextromethorphan hydfobromide in commercial Syrupsw

The chromatbgraphic retention behavior of drug

-
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o
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3
0
o
e
=
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- out of a vigorously-Stirred two-phase soivént'mixture.



~The filtered phase 15 pumped through a spectrophotometen
jflow*cell -«and returned to the tltratlon vessel

, Thls system has been used for many appllcatlons
1nc1ud1ng the acld base and 1onlpa1r tltfatlons of
_drug compounds of the,BH charge type and the 1on—pa1r

’

tltratlons of catlonlc and anlonlc surfactants. SeVeral

v

=pharmaceut1ca1 amineg . were tltrated w1th SOdlum
hydrox1de and plcrate 1on, and the absorbance of - the
aqueous phase was monltored Catlonlc drugs and surfac—,

v o

tants were tltrated with plcrate ion and the absorbance
of the organic phase\was monltored. A150~anlonic »
surfactants, were tltrated with methylene blue cation
.and the organic ppase was agaln monltored | “
Theoretlcal tltratlon equatlons were derived
for these ac1d base and 10n ~-pair tltratlons which take
1nto account the commgpn slde reactlons, and. in most
’cases the theoretlcal equatlons were verlfled experl—
mentally by tltratlng drug or surfactant sample compounds[
These equatlons were used to 1llustrate the 1nf1uence_
of various parameters on ‘the overall photometric
titration curves. Among these'parameters are the
‘dlstrlbutlon coefflclents of varloussample and tltrant
‘rspec1es, the pK and“pr values .of sample and titrant,
andvthe-aqueous phaSe"pH: ‘The theoretlcal tltratlon
requatlons fac111tate Dredlctlon of optimum titration

'Ac0nd1tlons.

vi
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'PART'I. : . -

CHROMATOGRAPHIC DETERMINATION OF

'DRUGS IN PHARMACEUTICAL SYRUPS.

>



CHAPTER_l
IbITRODUCT ION

Pharmaceutical syrups are complex mixtures con-
talnlng various active 1ngredlents along with several
inert components such as dyes, flavorlng agents,
sweeteners, preservatives and buffers. ,Because of
their complexity{ assay of these syrups presents a
time-consuming and difficult problem. For this
reason gas chromatography and hlgh eff1c1ency llquld
chromatography have been popular for their analys1s.

The appllcablllty of gas chromatography .to
pharmaceutlcal analysis is well documented in the
literature (1—15), and the resolutlon of many types-v
of mixtures has been published. Gas chromatogfaphlc’
assay methods often require an inltlal llquld-llquid
extraction of the drugs from the agueous syrup to
eliminate water (16), and sometlmes to remove the:
organic soluble flavor and colorlng addltlves whrch
1nterfere w;th the chromatogram (17) . Furthermore,
serious dlfflcultles are often encountered when
relatlve;y polar compounds such as'phenylephrine
-are chromatOgraphed. These materials often’ exhibit
excessive,tailing).andjthevselectioniof the’liquid

phase.becomes critical if resolution is to be obtained.



Hishta and Laubach (18) analyzed a. mlxture of phenyl- f
propanolamlne, phenyYeéphrine, phenyltoloxamlne and‘
fchlorpheniramine by gas chromatographv after forming.

. the blstrlmethyls1lyacetam1de (BSA) derlvatlve Watson
and Lawrence (19) converted phenylephrlne to a less polar
derlvatlve before gas chromatography. In recent
review artlcles Nlcholson (20,21) descrlbed the various
means avallable for derlvatlve formatlon.

’ U51ng the 1on exchange mode of liquid chromato—
graphy_Sprelck (22)‘analyzed Phenylpropanolamine,
dpseudoephedrine, and phenlramlne .in Syrups on a pelli-
cular cation exchange column by dlrect injection. .
Pyrllamlne ‘maleate was separated from phenylephrine
hydrochlorlde, and, naphazollne hydrochloride by hlgh
pressure anlon exchange chromatography (23).

The development and commercial availability of

‘ hydrolytlcally stable stationary phases chemlcally
- bonded onto microparticulate substrates has glven the
chromatographer an efficient and versatlle partltlon
medium for HPLC. One of the most w1dely used HPLC
bonded phase functlonal groups is octadecy151lane,
whlch is employed in a reversed phase mode w1th eluents
composed of water—methanol or water acetonltrlle.
Honlgberg and co-workers (24) recently descrlbed
the LC separatlon and quantlflcatlon of the actlve

[}

components . of a typlcal cough cold preparatlon con-ﬂ



talnlng pseudoephedrlne hydrochlorlde, codelne phos—

phate, trlprolidlne hydrochlorlde, and strychnlne'

sulfate. Drugs were chromatographed on diphenyl— 2

dlchlor051lane(pheny1) column in less than 10 min.

Syrup samples were not analyzed.blThe liquid chromato-

graphlc behav1or of a'number of’drugs_on non-polar

*bonded phases (25)’was'found to be highlyrpredictable"

on the basis of pK, and partition coefficient, and the

authors claimed that these statlonary phases’ should

be espec1ally valuable for the separatlon of ac1d1c.
and neutral. drugs 'Chromatography of syrup samples

| on a non- polar bonded phase (octadecyls1lyl) requlred

prellmlnary llquld lquld extractlon (26) to ellmlnatev

1nterference. When chromatographlng amlnes on nop—

. polar bonded phases, the pH was adjusted to a value

‘at which the non- 1onlzed free- base was the: adsorbed
spec1es (24- 27) ‘

" Most drug substances are 1onlzab1e and some. of them
are: present in aqueous solutlon only in. ionized form,:
.e.g., quaternary ammonlum compounds.and sulphate
conjugates. Ionized compounos can be extracted 1nto.
organlc solvents as ion palrs w1th suitable counter )

- ions. ThlS technlque has found wide appllcatlon 1n f
drug analy51s ow1ng to the superlor select1v1ty and

the p0551b111ty of an 1ncreased sens1t1v1ty for

quantitative determlnatlons. Schlll (28) has surveyed



the use of 1on pair extractlon;ln drug analy51s.

Ion-palr partition haééalso been appl;ed successfully
in lquld l:gu1d chromatography For example, Doyle and
Levine. (29 , 30)- have popularlzed grav1ty flow“llquld ~liquid
partltlon chromatography employlng ion-pair dlstrlbutlon )

of . the salts of aM1ne drugs w1th 51mp1e anions such as

€17, Br~, and NO3.

been'achieved, particularly when silica microparticlesmare

h used as -the support for the stationaryrli uid phase\§31—
-36) . Recently, octadecy151lyl bonded packings have been
.:;used as statlonary phases for reverse phase 1on-pa1r"
'chromatography of catlonlc sample components u51ng a large
. organlc anlon as the counterlon (37 40), and for anionic
sample components us1ng quaternary ammonium counterlons
‘(40—43) Knox and co-workers (44, 45) demonstrated the
use of ion-pair partltlon in liquid- lquld adsorptlon and

- bonded phase. chromatography. Recently Gloor and Johnson

catecholamlnes, and dyestuffs in - 1on4pair? chromatography

on reverse- phase bonded/packlngs

-graphy of drugs. Amberllte XAD~ 2 1s a styrene d1v1nyl-
benzene copolymer produced commercxally as white, insoluble

20 =50 ymesh beads Eafgh bead is an~agglomeration



/’_)‘_

of'a.iarge.number-of'microsphers. Asfa'result,’the
beadsahave a'"macroreticular" or macroporous" structure,
a unlform pore 81ze, and a hlgh spec1f1c surface area.
Some of the physical characteristics .of XAD 2 are:
>ka) surface area 330 m’ /g, |
:(b) poros1ty‘g.40 - 0'45 mL/mL,i
(c) average pore diameter 90 A and
© (d) skeletal den51ty 1.07 g/mL (47)'

In recent years XAD-2 due to its physical dura-
nbillty,_low cost, and usefur pH range (48), has been'
.used as a packlng mater1a1 for lquld chromatography.
Scogglns and Mlller used 1t for separatlon and analy31s
of both alkyl— and arylsulfonlc acids (49) - Zalka |
used XAD -2 to separate -a nucle051de from its correspon-
'dlng nucleotide and free base, the order of elutlon
being nucleotlde—base-nucleos1de (SOT Pietrzyk and'-
.Chu used 1t to separate various organlc bases,'sub—
'stltuted benzenes, phenols, ben201c ac1ds, sulfonicA
ac;ds and phenoxyacetlc ac1ds (51 53) Recent work
of Pletrzyk et al. 1nvolved studles on the effect
of solute lonlzatlon on chromatographlc retentlon on
XAD—2 (54), . and extended the theory ‘to separatlon and
tretentlon of amlno a01ds, peptides and derlvatlves.
(55) Cantwell (56) has demonstrated the utlllty of”

:thlS statlonary phase 1n the chromatographlc ana1y51s

of preservatlves 1n pharmaceutlcal syrups. In-that



study a short pre-column was used to facilitate .
on-column clean-up, allowing direct injection of the
syrup. Cantwell ‘and. co- workers also used ‘the XAD-2
column to analyze various pharmaceutlcal compounds
(57,58). More recentlyj Cantwell discussed its future_
role in reversed-phase HPLC (59).

XAD—Z is capable of adsorbing both'neutral and
ionic chemical species from solution. The neutral form
of the weak acids and bases is generally much more
strougly adsorbed than the anionic or cationic con-
jugate species (52,57,60,61) . <Gustafson et al. (60)
reported that the distribution coefficients of aliphatic
and aromatic sulfonates inorease with increasing con-
oentration of sodium chloride; In other studies
suifonate, benzoate and phthalate were chromatographi-
cally separated and retention volumes were also found
to increase with inoreasing concentration of sodium
chloride in the ﬁobile phase (49,62). More recent
studies (54,55) have confirmed this electrolyte effect
and have led to the suggestion that ion- pairing mlght
account for the ingreased retention. ‘

Cantwell'and Puon (63) have studied the adsorptiod
of ions on XAD-2 using two different experlmental
technlques to evaluate the adsorption mechanism:

f(l) Adsorptlon 1sotherms, and (ii) Mlcroelectrophores1s.

The quantltatlve results from both types of experlments

e



suggest that adsorptlon of ions onto Amberllte XAD-2
can be explained in terms of the Stern Guoy Chapman
model of the electrlcal double layer.

In"Part I of this thesis the chromatographic
retention, on XAD-2, of twenty-nine drugs whlch are
common components of cough cold preparations has been
investigated as a functlon of mobile phase composition
Both neutral and ionic conjugate spec1es are retained.
Retentlon volumes depend on type and percentage of
‘organlc solvent in the agueous-organic eluent, pH,
and nature and concentration of electrolyte in the
eluent. The Observed retention diagrams are® used to
predict appropriate mobile phase.composition for a
given analysis. When comblned with short Pre-columns
of XAD- 2 and anion exchange resin, chromatographlc
-columns of XAp-2 are used for the analysis of phenyl-
ephrine hydrochloride, acetamlnophen, glyceryl guaia-
colate and dextromethorphan hydrobromlde 1n commerc1al

Syrups.

© e R o



CHAPTER 2

EXPERIMENTAL

2.1 Apparatus : _ N
o |
‘ Diagrams of two variations of the liquid chromato-

graph are presented in Figure 1. A Chromatronix model
CMP-2VK pump\(Pl), chromatographic columns; injectors,
fittings and Teflon tubing were of the "Cheminert"
variety, obtained from Laboratory Data Control,
Riviera Beach, Florida. 1In Figure 1A, with valve Vl
(model R6031 SVP) in the position shown, pump Pl'
pumped solvent 1 through'the”séﬁpie ihjeétion val?e

,V2 (model CSV),'thé pre-column €4 and the analytical -,
column C2. ;Simultaneously, pump Pé, a constant |
pressure pump based on the design of Fritz (64), pumped
: ‘So;qut 2 tguwégte.b Whéh‘valve_&l was switched (dashed
lines) it allowéd”solvent'i'to flbw difeétiy;iﬂtq'ghe 
anélytical column and divertéd ééiventjzlthroﬁgﬁ‘bl;

Ih”Figﬁré 1B, pump P. pumped solvent 1 through

1

“the analytical column C2. Simultaneously, pump P

2 .

pUmped'so}Vent 2 through the sample injection valve
V, and the pre-columns C; and C, to waste. When
valve V, was switched (dashed lines) it allowed

1

C. and diverted solvent 2 to waste; The use of the

solvent 1 to flow into C agd phé éna1y£icéi'co1umn

2 o -
chromatograph is described below.



FIGURE 1.
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arrangemenfs of the liqﬁid éhromatographi

Main pump;

Auxiiiary pump;

Rré—cblhmn 03-cm long);

4Analyt1ca1 column (30 em or 15 cm long) ;

Pre column (2 cm long)
Rotary valve;

Sample’ injection valve.
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The uv detector was a model 770 Spectroflow-

J,Monltor (Schoeffel Instrument Corp ’ Westwood N J. ),

“"the . recorder a: Model SR (Sargent Welch Co., Skokle,

I11.), and the electronlc 1ntegrator a Model CcSI- 38

‘(Columbla SClentlflC Industrles, Austln, Texas)

The glass analyt1ca1 column C2 was either 30 cm x

0 20 cm I. D..or 15 cm X O 28 cm I D (Type MB) packed .

w1th 0 25 g of < 325 mesh Amberllte XAD 2. Pre column
Cl was 3 cm x 0. 28 cm I. D and C3 was 2 cm x 0 28 cm
I.D. Pre- -column packings are described below. All_
columns were dry packed. Experiments were performed
at ambient temperature. o

When . measurlng adjusted-retention volumes, either
P, was connected dlrectly to the 30 cm x 0.20 cm analy-
tical column via a septum 1njector (Model 183A8) |
and 5 L of sample solutlon contalnlng 2.5 - 5.0 ug
of a soluble drug salt was injected w1th a Pressure -Lok

mlcrosyrlnge (Prec151on Sampllng, Baton Rouge, La. ),

- or Pl was connected dlrectly to the 15 cm x 0.28 cm

~analytical column via a sample 1n3ectlon valve.

>
Adjusted (net) retentlon volumes were calculated as

VN'T v R~ VM - Here VR 1s the sample retentlon volumevdg.-r

lﬁ;;éndJV is the ‘retention’ volume of an unretalned

o f‘Vcomponent (O 70 mL 1n thls case) Vi - As found by
ﬁilnjectlon of a small amount of water onto a column

'i;whlle u51ng a moblle phase contalnlng a. hzgh percent

e
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methanol. Water iy Unretained and produces a peakv

as it elutes, due yQ evlarge change in refractive index.
PoteptiOmetrig tytration equipment used for the

_determinatiOn of pwa'§.coﬁsisted of a thermostatted

titration vessel w@ﬁh a-Teflon stOpperg-electrOdes,

pH meter, and micryMeter bufet. The titration vessel

. was a llpless ‘glasy anker wlth a volume of about 150

‘“EﬁL:, The stopper wQa Machlned to flt the vessel.j_It:'

/

)f;gjhas three holes, twa Qf wthh are for the electrodes,

. the. thlrd for the mchoburette tip. The pH meter was a
‘Fisher Scientific Mod§1 320. It was equipped with a -
glass electrode (F{Sth Scientific Company) and a
saturated calomellqlthrode (Fisher Scientific‘company).
The pH‘meter_was'stﬂndardized:with buffer solutiode of
pPH 4.00, 7. 00 10.00 (rlsher Scientific Company, cat. No.
SO-B~ 98, sO- -B- -108, Ap~p-~116 respectlvely) The titrant
~was delivered from 2 2 mL micrometer burette (Roger
Gilmont Instruments, Qreat ﬁeck, N.Y.). The gYass
‘barrel of the‘burette wae connected to a three way
valve'(Model CAV3034, Laboratory_Data_Control, Riviera
Beach,’Fla ) Anotye¢r length of Teflon tu;ing con-
,nected the valve to the glaée burette tip. The third
lvalve’ port ‘was conn&%ted to the tltrant stored in a
l:polyethylene reserv@{r bottle, and allowed rapld | ‘
m"’refllllng of the buy%t barrel oftween tltratlons by o

fﬁpslmply SWitChlng th% Vslve ahd retraotlng the buret



-

piston.

'2.2 Chehicals*

Dextromethorphan Hydrobromide was kindly supplled
by Endo Laboratorles (Garden City, N.Y.). 'It was
;analyzed by Fa]an s argentlmetrlc tltratlon (65) and
by nonaqueous tltratlon uS1ng glac1al acetic acid as;v

a solvent and- perchlorlc a01d in glac1a1 acetlc acid

'[ as titrant (65) as 95, 4%.A (Structure in Table II).

Phenylephrlne Hydrochlorlde was- supplled by Endo

Laboratorles. It,was apalyzed‘by Fajan's titration
as 100.0%. (Structure in Table II).

Acetaminophen was suppliéd by L. Chatten (Coilege

of Pharmacy, Un1vers1ty of Alberta) and was analyzed
spectrophotometrlcally u51ng NF Reference Standard

as 99 4%. (Structure in Table II)

Glyceryl guaiacolate, supplied by Endo Laboratories,

was analyzed,spectrophotometrically using USP Reference
' Standard as 99.6%. (Structure in Table II).

Other Drug Substances were supplied by Endo

Laboratories and L. Chatten and were USP or equivalent
grades. (Structures in Table II).

Other chemlcals 1ncluded dyes, which were Certi-

fled colors,.flavors and caramel colorlng, whlch were
food grade, sodlum chlorlde,‘sodlum bromide, sodlum

‘carbonate, sodlum perchlorate,‘sodlum hydrox1de,~

15



'potasslum phosphate monobaslc and dlba51c,vhydrochlor1c
acid, perchlorlc ac1d ammonlum hydrox1de, glac1al
acet@c acld c1tr1c ac1d, and silver nitrate whlch were
all analytlcal reagent grade chemlcals. Potassium
ac1d phthalate was primary standard grade.

2.3 -Reagents

Double distilled water-wasiprepared‘by:distiiling ‘

the laboratory ddStilled water from alkaline perman-
ganate. The flrst,ld - 20% of the distillate was
discarded and the middle fraction was used. ThlS
water was used to prepare all aqueous solutlons in this
luorh. |

. - 1 Molar Hydrochloric Acid was prepared from the

:'concentrated reagent by dllutlng w1th doubleudlstllled
Fuater and" standardlzed agalnst sodlum carbonate.

0.1 Molar Ammonlum Hydrox1de was prepared from the

concentrated reagent by dllutlng w1th double dlstllled
water and standardized against hydrochloric acid.f,
0.1 Molar Perchloric Acid in-glacial:acetic.acid
\\éras prepared by combining, in a one liter-volometric

flask, several hundred ~mL . of glac1a1 acetic ac1d,

8.5 nL of 70% perchlorlc ac1d and 20 mL of acetlc
anhydrlde, dllutlng to volume w1th acetlc acid. and-
"

allowlng to stand overnlght before use. This solution

.. was standardizeduagainst primary standard potassium

- 16
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ac1d phthalate. o ‘». D ' "h u,‘_ma

l Molar Sodlum Hydrox1de was prepared by diluting 1: 1

sodlum hydrox1de solutlon to the- appropriate volume w1th
freshly boiled and cooled double dlStllled water. The‘
-sodium hydrox1de solutlon was stored in. a polyethylene

bottle and standardized with prlmary standard pota551um

acid’ phthalate.

| T » ' -
Organic Solvents, methanol (J. T. Baker Chemical Co.,

Phillipsburg, N.J.), dioxane‘and~acetonitrilef(Calédon

Laboratories, Georgetown, Ontario) were distilled before

use.

, Mobile'Phases. All methanol—water, dloxane-water,

-and acetonltrlle—water moblle phase solvents were prepared

volumetrlcally by transferrlng measured volumes . of water_‘,f

fand aqueous reagent solutlons 1nto a volumetrlc flask
and dllutlng to volume w1th the organlc solvent. 'Solvent
'comp051tlon is therefore reported as V/V percent water.
” Moblle phases used to measure the-dependence of'VN
on chloride and perchlorate concentration were prepared
to contain l 0 x 1073 M HC1 or HClO4 plus suff1c1ent
amount of added NaCl or NaClO4 to yleld the de51red anlon
-concentratlon,,ln 100% water (1 e ¢ NO organlc solvent)
Mobile phases used to measure the dependence of VN
or D on p * 1n Flgures 6 and 7 (where P g 1s the negative
log of the hydrogen ion act1v1ty referred to the standard
Mo

state in the mixed solvent, calculated as dlscussed

in Section 3.5.2 below) were prepared "as

’.



"follows: Aqueoos‘bufferSUWere prepared in a»beakerfby
comblning sufficient-volumé of-l;O M HC1 (for final‘
pH's l to 3), 0. SO‘M.citric acid (for-final pH's 3‘_
-1to 6), O. .05 M KH2P04 (for" flnal pPH'sS. 6 to 8),-0.05 M
H, (for final PH's 8.5 to 10.5), or 0.1 M NaOH (for o
final pHrs 11 to.l3) with the volume of either dllute
NaOH or dilute Nﬁ4C1 water required to produce the
de51red pH, as indicated by a pH meter. Then a‘

‘lOO mL or a 300 mL allquot of this solutlon was

transferred 1nto al llter volumetrlc flask. Enough

- NaCl was added to-yield'a final [C17} of 0.1 M.and " "~

: dtheVSOIution was diluted to volume with methanol..’

| Tne pH's of these final 10% .or 30% water solutions_
. were measured w1th a glass-calomel electrode comblna-'ﬁ
vtlon.t The pH meter readlng was corrected to pa | as

dlscussed in Sectlon 3 5.2 belbw.:

2.4 Resins
Amberlite XAD-2 macroreticular resin (Rohm and

- Haas Co.}?Philadelphia, Pa., Lot No. 2-0218), was ground

. in a trlple porcelain roller mill (Erweka—Apparatebau—

4

GmbH Chemlcal and Pharmaceutlcal Industry Co ; N Y. ),
drled and cla551f1ed on standard 51eves (W S Tyler- d
‘:.Company of Canada) The < 325'mesh portlon was washed
 with 3'M hydrochlorlc ac1d, extracted w1th methanol

in a Soxhlet extractor, "de—f1ned",by decantatlon

o
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51eves The 120 - 325 mesh portlon was ourlfled by
alternately washlng with 1 M pota581um hydrox1de,

, methanol and 4 M hydrochlorlc acid. After washlng out
excess acid and removing flnes by decantatlon in

water, the resin was air dried.

a local pharmacy The undlluted syrups were drawn into -
: the sample 1njectlon valve and 1njected dlrectly onto ‘

the pre column.
‘_,2.6~_Blank and'spiked Blank,Syrups

by other llkely actlve and 1nert svrup components,"
mblank syrups were prepared to contaln the

1ngred1ents llsted in. Table l Ouantltatlve recovery
of the analyte component was demonstrated W1th a |
.Splked Blank syrup prepared by addlng a known concen—

-tration of analyte comoouno to . a portlon of the appro— ;//’ﬂ

prlate blank Syrup. before 1njectlng 1t ' N 4 (~\
: _ : o s



" TABLE I.

. Composition of Blank S_yrups.a

Drug

Acetaminophen
Phenylephrine.HCl
Glyceryl Guéiacolpte
‘Dextrome£h6rphaﬁQHBr
vééaeihe Pﬁésphatebr
,:Mefhdxybhenamine Mqleate
Diphénhydramihe;HCl'
Diphenylpyraline.HCl_
Ephedrine.HC1
ABrbmpheniraminé'Maleaté
‘Chldrpheﬁifamipe'Maleate
Phéhylpfdpéholamine;ﬁcl.
Pheniramine Maleate .
Pyrilaﬁine Maleate .

Promathazine.HCl

'Phenyltoloxamine Citrate

" Methdilazine.HCl

Dyéé-and.Excipients

F.D. & C Red No. 2

F.D. & C Yellow No. .y

0.3

Blaﬁk
for » ;
. Phenyl- Blank Blank
- ephrine- for for
HC1l. and Glyceryl Dextro-
. Aceta- Guaia~ methor- -
mg/mL minophen colate phan.HBr
20.0 A + -+
2.0 A + +
20.0 + A +
3:0_ + + L)\
2.4 - + +
3.4 - ,9+ »+ 
2.0 - + +
0.4 + + + \
6.0 4* + . +
0.8 + + +
0.4 + + + )
4.0 + - + +
-1.5 + % f+ .
2.5 + + +
1.0 +: + +
2.0° + + b
6;4 + + + .
«0.1 + o+ +
0. + + +

20
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TABLE I (continued)

mg/mL

Dyes and Excipients (con't)

Casiline orange
*Minoline green
Sucrose

Sorbitol

Citric acid monohydrate

Caramel color
Flavors
Iﬁitation cherry
Imitation wild cherry
Imitati\on byxaﬁa
ButterEZOtéh

-'Otherg
p-Hydroxybenzoic agid
Vanillic gcid
Benzoic acid .
Cinnameidehyde

Ammonium chloride

568

64
12

3

12

Blank

for
Phenyl- Blank Blank
ephrine. for for
HCl and Glyceryl Dextro-
Aceta- Guaia- methor-
minophen colate phan.HBr

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + e

g
+ + +
+

0

21

A (+) 1nd1cat§s pres%nce‘qg gﬂe Blank syrup. An’ (R) }nd;gates

"the analyte component,

(-) indicates drugs omi

b

commercial syrups.

Not' found in. comblnatlonQWAth dextrome

[

which is absent from the biank A
tted from Blank.

e

thorphan}ﬁBr in
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2.7 Potentiometric Titration

Potentiometric titrations were carried out in
50. 0 mL of water/methanol sglvent for the determlnatlon
‘of pK' ,1 for prometha21ne and pK' é for pheniramine.
The total amount of sample added to the beaker was
about 10”4 mole. Sodium hydroxide titrant concentration
was 0.1070 M. Thus the amount of added titrant was
never more than 2 mL.

Before a titration was begun, sufficient amount
of sodium chloride was added to 25.0 mlL of water/
methanol solvent (10% and 30% water/methanol for
promethazine and pheniramine respectively) to yield
~a final [C1] of 0.1 M. A 25.0 mL aliquot of a
solution of the sample compound dissolved in tﬁé
same water/methanol solvent was then pipetted infs\\\
the beaker and titration was begun.

After each increment of titrant was added to the
stirred solution the pH mete? reading was recorded
when the reading had drifted to a steady’value. Meter

readings were converted to paﬁ as discussed in Section

3.5.2. ' -

2.8 Photometric Determination of PK_ 1 for Pheniramine
. r
Photometric determinations were carried out by
dissolving about 10”4 mole of pheniramine maleate‘b. .

in 50 mL volumes of a series of 30% water/methariol




solvents each at a different paﬁ (1.5 to 6) and each
containing a [Clh] of 0.1 M. Solvents were prepared

in the same manner as described in Section 2.3.

3

Spectrophotometric measurements were made on a Cary 118
spectrophotometer (Var%an Instruments, Palo Alto,

Calif.) at 262 nm.

23



CHAPTER 3

RESULTS AND DISCUSSION

_ﬁjl_lRetention of Drugs from Methanol/Water
Twenty nine different drugs.were chromatographed
on a 30 cam x 0.20 cm column of XAD-2 using acidic,
.neutral and alkaline mobile phases, each containing
various ratios of water and methanol. The chromato-
graphic behavior is presented in Figure 2 as plots of
log VN vVs. percent water, and the data from Figure 2
are tabulated'in Appendix I. Adjusted retention:
volumes above about i7 mL gre~too long and those below
about 0.1 mL are too short to measure. accurately.
In the 0.010 M ammonia mobile phases (Figure 2A and B)
compounds 1 - 24 are present as neutral species and
aﬁé adsorbed on the resin as such‘(see Table II for
compound name and identifying numbers). For many of
the compounds there is a linear relationship between
log VN and percent H20_as has been observed before
(56,66) .

.Compounas 25 - 29 possess a phénolic or carboxyl
protbn. They are ioﬁized in ammonia solution and sﬂbw
greatly reducedﬁretention volumes. Their retention
behavior was studied in water-methanol ﬁobile’phase
without added base (Figure 2E) as'well as in 0.10-M
HC1 (Figure 2 , Compoﬁnds 25 - 27). Of this grbup of

éompohnds, ohly phenylephrine (No. 27) possesses a

-
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“Identifying .
Number Name

10

11

Pheniramine. (Majcate)

Doxylamine. {Succinate)

Bromphcnlramine (Maleate)

s

MCthapyrilnne - (Malcite)

Tripelennamine, (ycl) 2

~

Pyrilamine. (Maleste)

Chlorcycl zine (ycl) 2

Ephedrine. (1IC1)

14

Mcthdjilazine. (ycl}

o

TABLE II. .
Names, Idcntifyif,g Numpcrs, Structures andA Ionization Constants of Drugs Studicd
' .Structure. .../ . . .
“(lleutral nruq Spcpxcs) K.Lil pxa2 . Ref.
?o”s C
@c”'c”z‘c”z"(c“sb 0.2 9.3 30,124
CH,
: . -CH N{CHy) T
0/% O-Chg- CHaN{CH 2 4.4 9.2 30,124
C°H5
: $H2.CH2NKP512
Chlorpheniraming, (Majeate) CHO 4 0 9.2 30,124
Ci
_ CHCH)NICHY,
CS_joH N-CH7 -CH NECH:’)2
3.66 8.91 124
{HaCeMs
N—CH:-CH N(CH:’)2
©3.92 8.96 124
-CH -N(CHa)
O_Q_c N_b 4.0 8.9 30,124
oTtes
] - 2.43 7.81% 124
CH3
. - 9.6 124
CH N CH-CH OH
H CH3
-CH
gL
) C[:D /
NH2 30

Phenylpropanolamine. (ich

HO—CH—CH-CH3

25



TABLR II (continued)

Identifying : ) ’ Structure e .
Bumber Name - : (Neutral Drug Species) P, .. PK,2 Ref,
- ) ‘-. o B e : ) L? - S ea . -
i2 )C;rlniphen“. (‘Etﬁ-‘nh.el\ilf‘on‘at;e.)?‘ ; "‘ffc' CH2-CH2'N(EOI‘2V —2i- -
CH3
1.3 _ Coclle;nc. (Phoqpbat:e) g 8.2 — 124
H
14 I’he:'\ot.hiaz!.n-ea o . gi:l . : .
15  Methoxyphenamine. (HC1) L 913 . 10.1 - 30
-CH-N-CH., .
c";o;é‘z . }!{ 3
16  Diphenhydramine. (#Cl) . - "! R . 9.0 i =e- 124
- O—c-o~cn2-cu2mcna)2
‘ e b .

17  Diphenylpyraline. (HC1) CHJ-'O.O.cH(ph)z

COOCH_ CH_ - R

i 2°CHy O-CM7 mzN(CHJ)z
18 Dimethoxanate. (HC1) m ——

' M3

g‘Hi-CH—N_-(CHJ)2

19 Promethazine. (HC1) . 9.0 —— 124
N QCH, -CHsNICH, ), !
20 Phenyltoloxamine. (Citrate) Q_CH . 9.1 -— 30
CHJ
21 Dextromethorphan. (HBr) 8.3 ——— 30
-CHJ '

22 Glyceryl Guaiacolate Hy ) OH - _—

26



TABLE II (con't) -

Identifying Structure

*7 Number .., Name (Neutsal Drug Specics) pKal p)(a2 Ref
23 Caffcine <1 124

24 Phenacetin

25  Acetaminophen 4 HO N-C-CHy )
: : . H
. ) , O=C-NH,
26 Salicylamide OH
N

5 .
27 Phenylephrine. (#{C1l) © ] o 9.0 10.2 30
. : OH ' \ , _ .

OH
28 salicylic Acid @ ' 3.0 13.82 2
. . - 0

29 Acetylsalicylic Acid

a . .
See text for anomalous behavior of this compound.
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basic functional group. Consequently, the neutral

Predominant species in both water and- 0.10 M HClhand
. the,plots~of.adjusted retentiOn‘volume vs. percent-
water are 51mllar for these compounds in both ac1d1c
and neutral solvents.

1Compounds 22 - 24 are not s1gn1f1cantly ionized
in 0.10 M HCl water or in 0.01 M NH3 and their |
retention behavior is independent of mobile phase
acidity in this range.

In 0 10 M HC1 mobile pPhases (Flgure 2C and D)
compounds 1 - 21 (except 14) and phenylephrine are
cations. oOf this group, compounds 1l - 8 are divalent
cations andg the remainder are univalent. These
catlonlc spec1es are adsorbed by Amberlite xap- 2,
although to a much smaller extent than are their
neutral conjugate spec1es.

Compound 14, phenothiazine, is actually too weak

in those contalnlng 0.01 M NH
‘1s rapldly decomposed in an a01d1c solvent (77) and
the decomp051tlon product elutes with a much shorter
'retentlon volume than phenoth1a21ne. The curve for
compound 14 4n Figure 2C s that of its decomposition

product.

I

3- However, the compound

28



FIGURE 2.

Relationship between log VN and percent water

fin methanol/water mobile phases for 0.010 M

NH3 (A and B), 0.]10 M HC1l (C and D), and
with no added acid or base (E), on a 30 cm
X 0.20 cm column of Amberlite XAD=-2.

) y _
Compounds identifiéd in Table II.
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For a given methanbl—water cémposition the reten-
tion volume of a monofqncéional acid or base can be
predicted as a functionIBfapﬁ from a knowledge oflité
ionization constant and the;net retention volumes of
,its~two conjugate species (see Section 3.5). ?Liké--
wfse for difunctional”bases (e.g. No. 1 - 8), retehtion
volumes intermediate between those for the divalent
cation and free-base Sre‘ohgained with mobile phasé
pPH's between those of 0.10 M HCl and 0;010 M &H3.

3.2 Retention of-Drugs‘from Acetonitrile/Water

" Thirteen of the drugs listed in Table II were
chromatographed on a 15 cm X 0.28 cm.column of Ambef—
lite XAD-2 using ammoﬂiacal mobile phases éontaining
Oarious ratios of water and acetonitrile. The
chrdmatographic behavior is presented in Figure 3 as
plots of log VN Vs. percent water and the data from
Figure 3 are tabulated in Appendix I. .In 0.010 M
ammonia mobile phase (Figure 3A and b), all of these
compounds are present as neutral species.

The retention volume of compound 26 1is ‘=2ry short
in alkaline mobile phases. Also, compound .2 ana
23 should be relatively indepenident of mobilé phase
acidity. The retention behavior of these three
- compounds was studiedmin wate¥vacetonitriie mobile

‘phase without added ammonia (Figure 3C).




FIGURE 3.

Relationship between log VN and percent wate§
in acetonitrile/water mobile phases

for 0.010 M NH3 (A and B), and with.no added
acid or base (C), on a 15 cm x 0.28 cm

column of Amberlite XAD-2. Compqunds

identified in Table IT.
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The elutlon sequence of all slxteeQ compounds 1sd
appr@x1matery the same as in methanOI-Water with some
exdéptions. The most obv1ous difference between the
two solvent systems is the gfeater strength" of
acetonltrlle as an eluent and the improved separation
of the compound pairs 12 and 18, 18 and 21, and 23 and

26, with the acetonitrile-water spolvents.

3.3 Retention of Drugs from DiOxane/Water

Thlrteen different drugs were chromatographed
on a column of XAD-2 using ammonlacal ‘mobile phases
containing various ratios of water and dioxane.
The chromatographic behavior is Presented in Figure
4A and B as plots of log Vg Vs. Percent water and the
data from Figure 4 are tabulated in Appendix I. Three
additional drugs were chromatographed without adéed
ammonia, Figure 4C.

The retention cha}acteristics of these compounds
are similar to those in acetonitrijjle-water (see Section

3.2).

3.4 Predicting Separation Conditjons

The plots in Figures 2, 3 ang 4 may bpe ﬁsed to
select the column length and mobile phase composition
required to separate any two Syrup components i aﬁd

j. where j has a larger retention yolume than i.



FIGURE 4.

Relationship between log VN and percent
water in dioxane/water mobile phases for

0.010 M NH3 (A and B), and with no added

‘ac1d or base (C), on a 15 cm x 0.28 cm

column of Amberllte XAD- 2 Compounds

1dent1f1ed in Table II.
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The following symbols are defined:

VN,i' VN,j = net retention volumes in mL for i
and j = VR,i - VM' VR,j - VM
« ki, k! = capacity factors for i and 3j
— Ver‘ VNIJ
Y, "V ) ' (1)
M M o
Wl, Wj,= band width of eluted peaks i and o
in mL
H = height equivalent to a theoretical plate in cm

column length in cm -

=
H

N = number of theoretical plates in the column

2 .
L V . P
=  — = lg¢ (;Bil) (2)
H Wj B
5,4 = Separation factor for j and i o
, .
]
. v, . .
S = N.J ’ - (3)
YN,i |
F = resolution.between i and j
_ 20,5 = V)
WS+ W .
N fo.,. -1 k! _ :
S V4! ] ' (4)
4 < . 1 + k! -
/i SV TR

" quation 2 implies that the plate ﬁéight H is

ir .ependent of the sample component whose peak is

used to calculate N, which is only approximately true.
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Also the right hand form of equation 4 assumes that
~ the retention volumes for peaks i.and J are not too
different, so that‘theirvwidthe may be considered -
apptoximately equal (67).

Figures 2, 3 and 4 and Equations 1 --4 are used as
follows. If columns are packed with resin in a repro-
ducible manner, then the column void volu;e VM and
the~retention volume V are both directly proportlonal
to the amount of packing in the column, and the values
in Flgures 2, 3 or 4 can be adjusted to apply te any
column size. In order to select a‘mobile phaeekwhich
gives basellne resolutlon (R = 1. 5) between the
first: retalned component and any unretalned components
(1nclud1ng "solvent peaks"), first calculate the
number of theoretical plates, N (68).

The 15 cm x 0.28 cm column used for syrup analyses . o7 /EE)
exhibited plate heights (H) between 0.1 and 0.2 cm | |
for a variety of methanol—water comp051t10ns at linear
velocities between 0. 14 and 0.4 cm/sec (0.4 and 1.1
ml/min). Thus N.= 100 plates for this column5 Peak
width for an unretained component»w is calcuiated as

0.28 mL by using equatlon 2 and the measured value

- 0.70 mL. Assuming that the first retained

%?mponent has a similar width when it is just baseline
'resolved from the unretalned peak, then the minimum

allowable net retention volume for the first retained



[y
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component is calculated ‘as 0.42 m, from the expression -

VR™ Yn

0.28

R, = 1.5 =~

S (5)

From Figure 2, 3.0or 4 it is possible to find the mobile
phase composltlons which give Vv —O 42 mL for the first
retalned component. This requirement places an upper
limit -on solVenr strength{ The next step‘is to choose '
a sol&ent composition, whose strength is not greater

than this'maximum, that w1ll yield adequate resolution
between ‘sample components i and j. Since N is known

for the column, equation 4 can be used to prediot

the minimum aj/i'required to achieve the desired

resolution. N ' o

ET

An example us1ng the methanol/water data from
Figure 2 w1ll 1llustrate the approach. In order bo
separate the flggt retalned component (exempllfled by
dextromethorpﬁangNo. 21) from the unretained compo-—-
nent, a mobfie phase comp051tlon which glves VN ; 0.42
mL must conéaln not less than 25% water in an ac1d
mobile phase 1; used (Flgure 2D) in order to achieve
basellne resolutlon. ThlS condltlon is fulfllled by
all methanol/water moblle phase comp051tlons containing
ammonia (FlgureYZB). In order to separate dextro-
‘methorphah (No. 21) from promethazine (No. 19) with.a
resolution RS = 1;0 (i.é., about 2% mutual overlap

of similar sigze peaks) one would select a mobile phase



s
,that will -elute the more strongly retained prometha21ne
with kj between 5 and 10. U51ng equation (1) and the

L] : .
measured value of VM = 0.70 mL, it is evident that

Vy 3 should be about 3.5 mL (log VN, j = 0.54)'in order *

to have ké = 5. Eithér 0.010 M NH3 in 2% water or
0.10 M HC1 in 38% water would be satisfactory. (At
1ntermed1ate mobile phase PH's intermediate methanol—

water comp051t10n is appropriate, Section 3.5.) From*

equation 4 the value of dj/i necessary to produce e

HiRS = 1.0 is 1.9 (log dj/i ='0.28).  This corresponds

in Figure 2 to a vertical distance between the lines
for .compounds 19 and 21 of O 28 The observed dlstance
1n the ammOnlacal solvent is 0.12 and in the acidic
solvent it is 0.28. Hence RS = 1.0 separatibn can

be achieved in this case by chromatographing the
cationic form of the drugs but not by chromatography

of the free bases. Slnce RS is proportlonal to N it .

would require a 34 cm column to achieve RS = 1.0 with' '

the ammonlacal moblle phase.

3

{ .

3.5 Influence of pPH on Retention
The effect of PH on the retention of the compounds

listed in Table II will beA examined in more detail. °

3.5.1 Phenols and Carboxylic Acids (compounds

25 - 29) are weak acids.- Their retention on XAD-2 is

48
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affected by the PH of the mobile phase. Adsorption of
this tyge of compound is relatively high and constant
at low SH's (where the neutral species predominates)
and is lqw at a pH exceeding the pKa of the drug
(where it exists mainly as the anionic species).
Because of the anticipated low retention of compounds
25 - 29 in an ammoniacal mobile phase, ‘they were
‘;tudied only in neutral and/or acidic‘hobile phases
(Figures 2, 3 and 4).

Pietrzyk et al. (52-54,69) have studied thefretention
behavior of organic acids on Amberlite XAD-2 as‘a‘
fhnction of pH. They have reported the distribution
coefficients for a series of nitro- and chloro-
Phenols (69) and chlorinated phenoxyacetic acids (52)
as a function of pH. Also studied waé'the retention
behavior of phenol, carbg;ylic.acid aerivatives aﬁd
pP—substituted benzenesulfonic acid derivatives (52,53).
An expression for éapacity factors was derived for

both mono- and diprotic acids, in terms of pH and

other equilibria in that system (54).

3.5.2 Monobasic Amines (compounds‘9,— 21) -are

retained on XAD-2 as both the ionic acid and the
neutral conjugate free base. The equilibria can be

represented as:

e et b o oo

iy ks e Pt iniena s
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_ Ka'
BBY + HO —= B + nm.o'
. 2 ~ 3 .
+ X | 1k (6)
1) %,
(BHX)R (B)R

where the subscript R refers to'the resin phase and.
X is the conjugéte basé of a strong acid (e.g. C1)
which is added in great excess. The cons£ants are
defined in Appendix IIA. When the pH of the mobile
phase is low, essentially the only amine speciéé is tﬁe
protonated form BH+. The BH+ species is adsorbed
by XAD-2 in the presence of X in the mobilé phase
(Figure 2C and 2D). |

As the pH of the mobile phase is increased,
.increasiﬁg amounts of the free amine, B, are adsorbed.
The distribution ratio, D, can be expressed in terms
of the total amine concentration, C, in each phase and
solved for the independent variable a- Details of *

the derivation are given in Appendix II.

[C] K'.K., + K_.a*
D = R . .,a B I H | (7)

' *
[C] Ka + ag

[ I [B]-a* - ¥
where Ka = [_BH_F? _

[B]g

B~ [B]

=
!

[BHX]R

Ky [BH]

and aﬁ'is defined in the next paragraph.

SN BNEST T
s .



This equation can be used to calculate the distribution
‘'ratio-as’ a function of pH froﬁ the experimental value
of KB an;I‘KI and the ionization constant Ké. .
The values of KB and KI are thained as Ebllows:.
In the region where pH $>pKé, the distribution ratio is
approximately equal to KB. In regions where pHg Ké,
(aﬁ/Ka) is much greater than unity and the distribution .
ratio is approximaﬁely equal to KI.
The chromatographic retention of promethazine was

studied as a function of mobile. phase paﬁ to illus-

trate the behavior of mororasic amines. Promethazine.HC1

was chromatographed on a 15 cm x'0.28 cm éo%umn of

XAD-2 dsing 10% water/methaﬁol eluent solution at

paﬁ's of 1.55, 4.5, 7.0. 7.95, 8.75, 10.55, 11.75 and
12.85. Here paﬁ is the negative iog of the hydrogen

ion activity referred to the' standard state in the

mixed solvent (75), given by:

pag = pH - ¢ - (8)

PH is the experimental (meter) value and § = E. -

log vy, where Ej is the liquid Sunction potential and
n'H is the transfer activity coefficient.of the hydrogen)
ion. ¢ is constant for a medium of given camposition- (75).

The value of paﬁ is calculated by substituting "into
equation 8 the tabulated § correction values_(75) end
the pH meter reading furhished by a pH meter standardized

7

51
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with aqueous buffer solution. Weight percent methanol™

in solution was calculpted from volume percent methanol

using published data (76) .

The experimental values of KI and KB were measured

in the manner discussed above, .as KIA= 1.2, KB = 40l

The PK] value for promethazine.HCl was determihedﬂ
potentiometrically in 10% water/methanol (70) .. The

following relationship applies to the titration with

sodium hydroxide:

n
paj = pK! + log[-—NaOH (9)

Uy =~ NNaom

where nNaOH is the number éf moles of titrant added,

ny is the number of moles of promethazine. Plotting

pa* vs. log (n

5 Naon/Ox ~ nNaOH) (Figure 5) gives an

intercept equal to PK . It was 7.8 t 0.07 (pK, =
9.0 in aqueous solution (30)). The distribution ratio,
D, is related to VN by the expression:

V. =D . W ‘ | - (10)

" where WS is the weight of resin in the column (0.25 g).

52

et ataae e,



53

Y

’

The chromatographic behavior of promethazine.HC1
is presented.in Flgure 6 AS a plot of the dlstrlbutlon
ratlo (D) vs. paﬁ in 10% water/methanol. There is good
agreement betwkeen experimental (points) and caXrculated -
line, using equation 7. The major change in D w1th
pa* occurs in the reglon of pK for prometha21ne HC1.
At thlS p01nt a slight increase in the paﬁ converts a
‘large percentage of BHT species, which is weakly adsorbed,
to the néutralvform B, which is highly adsorbed. ﬂﬁ -
Similar behavior was obtained for weak monobasic amlne |

by Pletrzyk S group (51-54).

‘L
3,5.3. Dibasic Amines '(compounds 1 - 8) may be

adsorbed on XAD-2 in all threé conjugate forms, viz.
2+
2’
being least strongly adsorbed. The.equilibria are:

BH Bt and B, with the most highly charged species

L [
BH§+ tH70,Ka1 . BH+ +H20,Ka2 B
~ T N HaoF
+ 2x~  TH30 + X~ H30™ (11)
(2 1) 1} &y
(BH2X2)R (BHX)R ‘ (13)R

e < < e ot .
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FIGURE 5. Relationship between Py and log (n

!°9("No0H

0 05
/"X-nNaOﬂ)

Naon’ P'x

(_nNaOH) for promethazine.HCl. The line is

the least squares fit.
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Relatlonshlp between the distribution raflo and-

p* for prometha21ne HC1 in 10% water/methanol
ay

on a 15 cm x 0.28 em column of Amberllte J
XAD 2. . The llne is calculated from equation 7 |

|
and p01nts are experlmental KB = 40, KI = 1.2,
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where'X and subscript R have the same meanlng as above
and the constants are defined in Appendix IIB.

At low pH, the Species BHg predqminates. As the
pPH is increased\the species BH+ and B ?geome more pre-
dominant in turn and the adsorption of the compound
increases (Figure 6).

From the above equilibria; the distribution ratio
D can be expressed in terms of the total amine concen-
tration, C, in each phese and solved for the independent
variable aﬁ. Details of the derivation are given in

Appendix IIB.-

' 2
1 1 * *
b - K Kal 2 + KI.Kal ag + KBH2X2 ag (12)
* 2 ] * ] *
aa + Kal a + K al® a2

Equation 12 .can be used to caiculate the distribution
ratio as a function of paﬁ ence the ionization coﬂstantsv
and thigdistribution coefficients are known.

A study of pheniramine wes performed to illustrate
the behavier of a dibasic amine. Thé values of
KBH2X2 k = 0) and KB (= 71.2) were determined from .
the flat portier of the plot D vs. pa} KFigure 7) ’
at low and high paﬁ in a manner analogous to that used
to obtain Ki and KB in section 3.5.2 above. The value

&
of KI (= 1.0) was obtained by using Equation 12 as

R

follows: The net retention volume measured at pH = 5.5
. ' 1

was converted to the corresponding value of D using
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FIGYRE 7.
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Relationship between the distribution ratio
and p} . for pheniramine maleate in 30% .

water, on a 15 cm x 0.28 cm column of Amber-

lite XAD-2. The line is™ealculated from

_Equation 12, points are experimental.

— = —_ ] ' _
KBtox, = 0r ¥p = 1.0, Ky = 71.2, pK! = 3.03,

al
PK!, = 8.27. '

1.
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_38.27 (pKa.2 = 9.3 in aqueous solution, ref. 30).

<

58

} *
Equation 10. Then the values ef D, KB, KBH2X2’ a H
K' 1 and Ké 5 were substituted into Equation 12 to

I ’ .

obtain KI

The first ionization constant was measured photo-
metrically (70). A set of seven buffer solutions were
prepared inl30% water/methanol containing a known amount

of pheniramine. Using the absorbance at 262 nm of all

seven solutions, the following equation was applied

(70) :
s aj 11 I
A, = (a7 - Ay) + A, (13)
K ]
a,l

where A2 is the observed absorbance at a given pH,

Agl is the absorbance of pure dication (BH§+),.and .

Ag is the unknown absorbance of pure mono-cation (BH+).
Plotting A, vs aﬁ(A%I - A2) (Figure 8) gives a straight
line of slope'eqéal to l/Ka’l,and intercept equal to
A%. It is found that PKl, = 3.03 (PK , = 4.2 in agueous
solution, ref. 30) .

The second ionization constant, measured potentlo-
Jmetrlcally as dlscussed in Section 3.5.2, wae pKé'l2 =

The dependence ef D‘on paﬁ for the compound
pheniramine is shown in Figure 7 in 30% water/methanol.
The line is calculated.from equation 12 and the points
are experimental. The steeply rising t%eoretlcal line

in the V1E1n1ty of pK' o occurs a few tenths of a
I

Paﬁ unit below the experimental points. The reason
. ( N ’ o
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FIGURE 8. Relationship'between A2 and aﬁ (AgI - A2)
for pheniramine.maleate. The line is the

. least squares fit.
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fof this discrepancy is not known'but it is relatively
minor. ;

Mobile phase pH can be used as a vdriable to
imprové chromatographic resolution of compounds which
are not well separated as the fully protonated and
fully deprotonated_species, provided th;t compounds
have different pKa's.(1Eq tions 10 and 12, and for
- the monobasic amine equation 10 and 7, can be used to

prédict values of D or V_ at various pH. From the

N
‘YN's for any two compounds at a given pH, equations 1
through 4 can be used to predict the resolution between

them. 1In this way, optimum mobile phase pH can be

selected.

3.6 Influence of Elgétrolyte on Retentiqﬁ

In’Figure 9, the adjusted retention voiﬁmeqﬂfbr
phenylephrine'hydrochloride and acetam%nopheh are
plotted against anion éoﬁcéntration in the mobile
phase fbr the anions chloridenand perchlorate. The
relatively small increase in VN for acetaminophen
~above 0.1 M Cl1™ is a "salting-out" effect (69,71).
.It is less pronounced far ClOEu In.contrast to the
- slight influence of salt concentration on the retention
of the neutral spécies, acetaminophen, it has é'profound
effect on the retention of the cation phenylephrine.

Furthermore, c1o; has a significantly greater effect

Lo



FIGURE 9.

v

Dependence of Vy for acetaminophen (—==)

-and phenylephrine (—) on concentration of

chloride (e) and perchlorate (o) on a 15 cm
X 0.28 cm column of Amberlite XAD-2.

Mobile phase contains no organic solvent.
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than C1 .

_There are similarities betweeﬁ fhe retention behavior
of cations (exemplified by phenylephrine) in this system
and in a liquid-liquid ion-pair partition system (33).
First( the marked incréasevin VN with anion concen-
tration, though non-linear in the present system; is'
chmon'to both. Second,‘the effectiveness of the
anion in promoting adsorption of the organic cation
improvés in the order Cl1 <‘ClOZ. w%Experiments.with
other organic cations and a wider range of aﬁions show

the order Cl1~ < Br <« Cl0, < d-camphorsulfonate (74).

‘However, a detailed investigation of the mechanism of

éorption of cations on XAD-2 has revealed that ion-pair
formation is not involved, at least when Cl is the

-

counterion (63).
In other experiments, adsorption of Qrganic \

anions (e?emplifiéd by the propyl ester of B—hydroxy—

benzoate) onto XAD-2 increa%es with concentration of

Né?l, and édsorption is greatér from KC1l solutions

than “from NaCi solutions Qf equal concentration.

aii is evident‘that not only‘tﬁe cdﬁcentration but

also the‘nafuyg of the inert electrolyte dissolved

in the mobile bhASé caﬁbe uséd to ééntrol feténfioh

volﬁﬁeé and.gepgraﬁion.factgrsi(aj/i). Use of the

data invFiguréﬁS to optimizé the éhroﬁatbgfaphic deter-.

mination of a mixture of,phehylephfinéfhydrochloridé .

3
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and acetaminophen will be described in Section(3.8.l

below.

3.7 Retentioh of Inert Ingredients

When the soluble azosulfoﬁéte dyes used to color
Syrups are injected onte an XAD-2 column the elution
peaks occur at the void volume of the system but
“tailing" of the peaks is severe. The presence of
this dye on the resin causes a very large increase
in the retention voiumes of the cationic drug species
(56) . ‘Most likely the strong sorption of azosulfonate -
dye results from the Presence in the resin of a very
small number of cationmic functional groups which serve
as anion exchange sites. These may be amine groups
in thelresiniwhichﬁare protonated in aeid mobile phases.
In support Qf‘this view is the observetiqn that a 1.5 M
‘ammonia solutibn in 50% methenol readily eluted most
of the sorkted dye from thevcolumn (56) . This view
may also explain the ‘observation of Zaika (50)'that'
after bassage of sodium hydroxide solution through ah
XAD-2 .column, éome of the hydroxide was "difficult" to
waeh‘Outl -
o ff this eXplanation of'the streng sorption of dye
ie-correct, then the marked increase 1%_the retentlon

time of the catlonlc drug spec1es may be understood

to be due to catlon exchange of the drug catlon on the

~

»
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anionic sorbed dye. Most of the azosulfonate dyes

used have at least two sulfonate functional groups. If
the dye sorbed onto widely spaced cationic resin sites
via one sulfonate group, the other sulfonate‘groups-

on thé dye ion are available to interact with the
cationié arué species (56).

" In any event, it is desirahle to prevent these
dyes from’enfering the XAD-2 column. This can be done
by placing a short pre-column of Amberlyst A-26
macroreticular anion exchange resin immediately down-
stream from the sample injection valve. The anionic

dyes in the injected syrup are strongly sorbed on the

ion exchanger and are therefore "stripped out" of the

injected sample before it reaches the XAD-2. After 30

syrup injections, a l-cm length of the ion exchanger
showed no sign of dye breakthrough.

Any U.V. absorbing components which may be

present in the .common syrup ingredients sucrose, sorbitol

and‘céfamel coloriné, elute nearly un?etained~from,the_
XAD-2 column and present no interference in the (
analyses. Net retention volumes of the preservatives
methyl and Eropyl p~ hydroxybenzoate, of the flavor
components vanilliﬁ, benzaldehyde and cinnamaldehyde,

and of their decomposition products p-hydroxybenzoic

~acid, vanillic acid, benzoic acid and cinnamic acid

v

can be estimated for any XAD-2 column with an

65
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acidic, aqueour/methanol mobile phase from Figure 2

in reférence (56) by multiplying the net retention
volume from that figure by the ratio of the weight of
resin in the two columns. Maleic acid from maleate
salts of the drugs has k' = 1 in a 100% water-acidic
mobile phase and is nearly unretained at higher methanol
percentages. In an alkaline mobile phase all of these
compounds except benzaldehyde and cinnamaldehyde exist
-as anions and are trapped on the anion exchange resip

along with the a o lfonate dyes.

1&&‘ e

(\,,,‘

\:s;

3.8 Analysis of Syrups

Application of the data in Figgre 2 to the analysis
of real syrups will be illustrated by three examples:
determination of phenylephrine hydrochloride and aceta-
minophen; determination of glyceryl éuaiacolate; and
~determination of dextromethorphan hydrobromide. - In
these analyses the analytical'column 62 was a 15 cm xA
0.28 cm column of XAD—2.5 The compositidn of Blank
syrups and of Splked Blank syrups is presented in the
A Experlmental section above. In each case Blank syrup
chromatograms showed straight base-lines in the reglon.
of 1nterest% Ouantlflcatlon was based on comparison
with standard curves obtained by 1n]ect1ng~aqueous
selutions;of'the analyte drug. 'Both*peak height and

peak area measurements yielded linear calibration
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curves and similar syrup assay values. Relative.
standard deviations for replicate injectiong were about
1.4% for area measurements and 1.6% for height measure- _
ments. Assay values reported in Table III are the average
of both height and area values. The three Spiked.
éiank syrups and eight commerciallsyrups,ieach containing
two or more of the four drug compounds of interest, '
were analyzea. In Table III assay Valuee are compared
with the known amounts added to Spiked Blanks and
with label claims of commercial Syrups. Typica;
chromatograms of syrups are shown in Figure 10.

(

3.8.1. Phenylephrine and Acetaminophen. Using

0.10 M HC1l in 100% water these two compounds are well

resolved. from one ‘another (A log Vy = 0.8, Figure 2D).

N

of the_tWenty seven. other drugspinvestigated all are
well resolved from onenylephrine and only ephedrine

and phenylpropanolamine might interfere witn aceta-
minophenf At 275 nm;'however,'botn of these potential
interferents have sufficiently low molar abeorétivities
that they do not interfere with the acetaminophen

_ peak. In 0.10 M HC1l the resolution between phenyl—
ephrlne and acetamlnophen 1s actually too large so
that,when‘acetamlnophen elutes with k' = 12 phenylephrine
‘has k' ; 2 and overlaps components such as malelc ac1d

‘which are nearlv unretalned Slnce phenvlephrlne is.

RN
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FIGURE 10.

14

»

Typicalg syrup chromatograms.of phenyl—\
ephring.HCl"(AUFS =-0.l,tA = 27§ nm) and
acetaminOphen (AUFS ='1.0, A = 275 ﬁ;)
(A); glyceryl guéiacolate (AUFS = 1.0,
A.= 275 nm) (B); and dextfomethorphép;HBr
(AUFS = 0.4, A = 280 nm) (C), on a 15 cm
column under the conditions described in

o £
the text. AUFS is the absqrbance unit

wfull scale.
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retained via "salt—adsorption” while acetaminophen is
adsorbed as a heutral species, it isqussible to
selectively increase the retention volume of the former '
by changing the nature and céncentration of inert
electrolyte as discussed in sect}on'B;G.

For this'ﬁetermination the liquigd chromatograph
shown in Figure 1A was used. Solvent 1 was 0.030 M
HClO4 in 100% water and Solvent 2 was 0.030 Mz-HClO4
in 5% water/methanpl. The upéer one-third of'pre—column.
'Cl contained Amberlyst A-26 anion exchgnge resin‘and:
the lower t™®-thirds containegq XAD-2. With Solvent 1
pumping through p1, Cl and CZAa'lO ML sample wag ‘
‘injected. After 6.0 min, when Phenylephrine ang aceta-
minophen had Quantitatively eluted from Cl onto C2,.
but before. the Oother drugs, Preservatives or ¥lavor
ingredient had eluted from C,, valve vy was switched
and_Solvent 2 washed all of these componente'from Cl
to waste, while Solvent 1 continued to pass throughwthe :
anal&tical_column. After tne elution oﬁ acetaminophen,
V1 was switched back and another injection made after
a 3-minute equilibration‘period. If the Syrup con-
tains drugs which elufe right after acetaminophen (e.g. ' aN
No. 1) then some fraction of them may he transferred

onto column C2 along with acetaminophen. These are

washed off by the "slug" Qf Solvent 2 from Cl which

passes through'c2 when valve Vl ii switched back.
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' The recovery of both phenylepﬁrine hydrochloride
and acetaminophen in the Spiked Blank is quantitatiye
(Table III). TLabel claim by manufacturer generally

has a + 10% tolerance. That 1is, the manufacturer is

~o

. required to adjust the actual concentration of drug to
within these_limits.o% his label claim. Phenylephrine
“hydrochloride and acetaminophen are within label claim
for all commercial.syrups analyzed except syrup "H"
(Table III).

The phenylephrlne HCl content of Syrup "H" is
well below label claim and the phenylephrlne chromato—
graphic peak for this sample is overlapped by another
peak with a longer retentlon time. A similar peak
appears in chromatograms'of aerated-alkaline solﬁtions
of phenylephrine;HCl that have been .stored athelevatgd
temperature and isAaccompahied by a decrease in the

phenylephrine.peak; This presumed decomposition product
‘cen be resleed from phenylephrine on a 30 cm+column
of XAD-2 usino‘as mobile phase 0.010 M HC10, plus

0.10 M NaClO4.

3.8.2 Glyceryl Guaiacolate. In an alkaline mobile

phase glyceryl gualacolate is well resolVed from all
twenty elght other drugs studied except caffelne and
phenylpropanolamlne (Figure 2A and B). The former

is not present_;n commercial syrups along with glyceryl
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guaiacolate and the latter has such a low molar
absorptivity at 275 nm. that it shows negligible absorbance
at the detector sensitivity emploved. The chromato-

graph for this determination was identical to that used
for phenylephrine and acetaminophen except that Solvent

1l was 0.010 M NaoOH in 50% water/methanol, Solvent 2

was 0.010 M NaOH in 5% water/methanol and column C

1
contained 2.0 cm of anion exchange resin followed by

‘1.0 cm of_XAD—Z.

(.2"
l’ 1 and C2,

-#L syrup sample was injected. After 2.5 min the

With Solvent 1 flowing through P C

glyceryl gualacolate had all been eluted from column

Cl onto C, and valve Vi was then switched to allow

Solvent 2 to washszf the syrup components that were
P ,

retained on Cl’ while glyceryl guaiacolate continues

to move down the analytical column, C With Solvent 1

2
as moblle phase all of the preservatlves, flavor

1ngred1ents and their decomposition products except
benzaldehyde and cinnamaldehyde were trapped on the

anion exchange resin, while the latter two compounds

were retalned on the XAD®2 resin in Column C aftng

-X:Lﬁ .the other drug components and subsequently washed

off to waste by Solvent 2.
J >
Recovery of glyceryl gualacolate in the Spiked

Q}gnflls quantltatlve, and it is well within the label

claim” to%gggnce for the commercial syrups (Table III1).

[
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3.8.3 Dextromethorphan Hudrobromide. Thie compound
is the major non-narcotic\cough suppressant used in
syrups. With O.lO M HC1l in 35% water/methanol as mobile
phasevthe only unresolved drugs, of those which are
found in combination with dextromethorphan, are,diéhenyl-,
hydramine hydrochloride and diphenylpvralineg hydrochloride.

At 280. nm both of these compounds ebeorb too'weakly
to interfere with dextromethorphan. . The chromatograph
used for this determination’is shown in Fidhre 1B.

L)

5 . Pre-column Cl contained 3 cm XAD-2 while pre-column

fc

3 contained 2 c¢m of anion exchange resin. - Solvent 1.
was 0.10 M HC] 'in 35% water/methanol and Solvent 2 was
0.010 M NaOH 1n 35% water/methanol , Before injecting
the sample, velve Vl was set to allow Solvent 2 to
pump throughiv2, C3 and Cl to waste, while Solvent 1

{@passed through the analytical column only. When a

i 10 uL sample was injected all of the components which
are anions in an‘alkaline solution were trapped.o;
the anion exchange resin whlle dextromethorphan ‘was
adsorbed on pre-= column Cl Weakly retained compounds
like the drugs acetamlnophen, glyceryl guaiacolate and
codeﬁne and the flavor components benzaldehvde and  }
c1nnamaldehyde elute from C1 to waste durlng thlS tlme.
After 2,5 mlnytes Vl was sw1tched to allow Solvent 1

to pass through pre column Cy1- elutlng demtromethorphan

through both Cl and C2. .Compounds such as meth--

.t . . ©

173
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dilazine and promethazine which dre adsorbed onto Ci 4

from an alkaline solvent eluteﬂfrom C2 either before

" or after dextromethorphan After a total of 12 min,

valve Vl is switched back to its orlglnal position and

»

the next injection is made after a short eguilibration
) : ™
period. ’ _<

Again, the recovery was guantitative for the Spiked
7

{
Blank (Table III), and all of the commercial samples are

-

within label claim toierance.

It is 1mportant to remember that the determlnatlons
of phenylephrlne HC1l and acetamlnophen, of gIYCeryl

gualacolate, and of dextromethorphan *HBr reported for

the Splked Blank are obtained on a sample which cJﬂtains

all of the ingredients listed in Table I. Likewise,

.the syrups A through H aré real commercial products

which contain, large numbers of the dyes, excipients,

flavors and other components listed in Table‘I, along

with the "Other Drugs Present"” which are noted "in Table
IIT. Thus the chromatograph‘.c methods describéd_here

are quite specific.

\ k\.’\"‘ y : " V . / had
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CONCLUSIONS

Using pre-columns.of XAD-2 and anion exchange resin

in conjunction with the analytical column allows

-

drugs to be determlned in cough cold Syrups by dlrect

1nject10n without sample pretreatment In thlS study
drugs were chromatographed as both their. neutral and

1on1c conjugate specieg which permitted the control

t

of retentlon volume and, resolutlon‘ﬁg\ch01ce not only

of nature and concentratlon of organic solvent in the
I

aqueous moblle phage, but alﬁogof pH and nature and

; U.:lon in the mobile phase. The - -
A:if f@ﬁgies haveﬁheen shown' to have ?‘profound

;retentlon volumes of charged spec1es. Another

hls laboratofy?(63) has shown that large

”f”lc\c01ons (1 €rr ions with the same charge sign &

2

&} as the sample ion) can also have a profound effect
on sample retentlon. Thus, there are at least flve
moblle phase varlables, excludlng temperature, whlch
‘ canﬂbe usea to_ control retentlon and resolutlon of
drugs ‘on columns of XAD- 2 |
RN ‘ ngh efflclency XAD- 2 columhs have been‘obtalned\
-by maklng small (5 - 10 um) partlcles through grlndlng
ahd,elutrlatlon (73) " Such columns-vleld a plate g

&

hexght E O 05 mm, whlch is comparable to those of

commercial bonded phases.f ngh'eff1c1ency, compata- - \>7

76
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bility with all PH, long column life and low cost of"

(29,30) and high eff1c1encv bonded phases for many
‘appllcatlons )

"Finally, it 1s obV1ous from the pr1nc1ples outllned
in the dlscu551on and from the data irfd Flgures 2 -4
that separatlon factors for many drug pairs are large
enough that quantltatlve Separation can be achieved o
On very short columns with low pressures or grav1tv

flow (56,68). This is a potentlally attractive

featurs for small laboratories operatlng on a low budget



CHAPTER 5

FURTHER . WORK

~

(a) This WOrk‘is béing extended to the analysis
of drugs in body fluids (blood and ufine) on high
efficiency columns of XAD;Z!-using pre—éolumns for
clean-up. The»use of pfejcoluﬁnsrand solvent switching

valves will eliminate the need for preliﬁinary.con—

centration and clean-up steps prior to injection.

&

(b) Higher column efficiencies can be obtained

@

by using microparticulate resin with a narrow particle

size range and preferably with spherical shape.

Efforts should be made to obtain XAD—2—like materials

which fulfiil these requirements.

4
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PART IT.

TWO PHASE PHOTOMETRIC "TITRATIONS FOR THE

DETERMINATION OF DRUGS 'AND OTHER SUBSTANCES

79

“

LV AR AT Ll b et

P R



: reviewed (78-80). In part II of thlS thes1s“two-phase

“in a solvent other' than water ‘have been 1nvest1gated . i RRVE

»Nonaqueous solvents with small autoprotoly51s constants,

: - Y }
L ! a

. ¥ o o o
CHAPTER 1- " : s
~INTR‘ODUCTION- C .
& . ‘. e
Photometric tltratlons are performed by measurlng

3

the absorbance of a sample sd&utlon as a functlon of

amount of tltrant added In general elther the

reactant the product, or the tltrant may be llght--” R “

,absorblng, or any comblnatlon of these may .be %1ght—‘

absorblng. Photometrlc tltratlons based on ac1d ~base,
I T ky_

redox, pre01p1tatlon and complex formatlon reactlons
have been descrlbed. The theoretical as well as

practlcal aspects of photometrlc titrations have been

photometrlc tltratlons based on both aC1d-base reactlons-

v

~
.

and ~ion-pair reactlons are reported.

Any method for the determination of weak.acids

in agueous solution is limited»in its scope by two;

v

fundamental requirements: The substance tO-be.determined

‘must be appreciably stronger. than water as an acid,

and_theiconcentration must be.appreciablyalargethhan
| . . " 3y e

the-conoentration»of hYdrOgen‘ions from.theZWater;‘

In order_to-ovércome»the above 1imitations, titrations

an

or nonpolar solvents have been used w1dely (81, 82)

Tltratlons in mixed aqueous organlc SOlVentS and aqueous

solvents contalnlng'ahlgh concentratlon of neutral

1

80

o >
£ b mstat e o,

L

e+ bt e i e




)

, . g .
.elecErolyte have also been 1nvestlgated (83)

.. .
Heterogeneous tltratlons,'ln which acids and bases

are tltrated in a ;ell stlrred aqueous solution in the.
presence of a SeCOnd phase, have been descrlbed for
systems in whlch the second phase is elther an'lon
'exchange resin (84 86), a nonionic resin (72, 74) or
an 1mmlsc1ble organlc solvent (87, é8 92). 1In these-‘
tltratlons, one or more spec1esxfrom the ac1d base 3
equlllbrlum 1s removed from the aqueous to the second:
phase. Thls process can be eXpressed as a phase distri-
butiog.equilibrium."If_the phase dlstrlbutlon favors
the product of'an_acid—base tltratlon then, accordlng
to Le.Chatelier's‘principle, the acid- baseaequlllbrlum'
w1ll Shlft to ‘the rlght (product 51de) The net effect‘
" in a tltratlon is that the compound tltrates as though
1t were a st onger ac1d or base. On the other hand,
11f the phase dlstrlbutlon 1nvolves a reactant ffom the
acid- -base equ111br1um, the compound titrates aS‘a4weakerh'
ac1d or base. }‘:‘i\y Qb""hi C , tf’k
Cantwell and Pletrzyk {84+86) studied the potentio-

metrlc andﬂphotometrlc tltratlon of weak bases w1th
hydrochlorlc ac1d in-an aqueous slurry of catlon exchange
- resin and found that the resultlng tltratlon could be
quantltatlvely descrlbed 13}terms of the aqueous phase
' ac1dvbase e%;lllbrla andlthe phase dlstrlbutlon equ111—”

>

brla of . the conjugate aC1d*base spec1es of the sample..

.

[ . -

i N . ‘. -
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type acids.

N e
]

Puon and Cantwell (72, 74) descrlbed the potentlometr;c
tltratlon of ‘weak ac1ds with so&&um hydrox1de in the
SR e
presence of Amberllte XAD ZQ%Onlonlc resin. = In that
study thgoretical tltratlon equatlons were derlved and
venlfle experlmentally for several different charge
Dyrssen (88) employedvpotentiometricﬁtitrations‘
in a two phase aqueou% organiC‘SOlVent minture in Orderh
to evaluate high distrihution:coefticients of.acidsn

Christiansen (89).and Davis and*Kreutler (90) have _

- used the. same technlque for evaluating dlstrlbutlon'

coefflclents of ac1ds and bases of charge type HA and

_'B; Ratajew1cs and Ratajew1cs (91) studled potentro—

metrlc titrations of - sparlngly soluble dlprotlc bases

in a two liquid phase system and the resultwas used B

to determlne the dlSSOClatlon constants of the baSes

Komar (92) has derlvedaan expre551on for the dlfferen—'

’

t1at1ng effect resultlng from phase dlstrlbutlon when

tltratlng a mixture of two ac1ds of the charge type HA

\
in an 1mmlsc1ble aqueous organlc solVent system

Another class of chemical reacthg whlch has

)

‘been used for two phase photometrlc tltratlons, is

complex formation. Galik et al (93-96) have tltrated
¢

.metal ions w1th rlgands such as dlthlzone The tltratlon

'1s performed in an aqueous carbon tetrachlorlde medlum

0
N H

82
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and the resultlng neutral metal- llgand complex
extracts into the organlc phase.a After the: add1tlon of
.each 1ncrement of llgand tltrant andragltatlon, the
bulk phases are allowed to separate,and the absorbance
_‘of the”organlc phase is- measured. Tltratlon equatlons_
" have been derlvedhfor‘these tltratlons (97) and the
subject has been rev1ewed (80 98) o ‘

C The formatlon of extractable ion- pa1rs~1s a

type ofxcomplex formlng reactlon whyjlhas fourrd extensive
use-in.the»analysis of ionic‘Surfactahts-bi two—phase
titration. High mOlecular=weightu&uaternary ammonium
catlons are’ used to tltrate anionic surfactants in water
in the presence of an 1mm1501ble organlc solvent (99 -101) .
The resultlng ion- palr 1s-extracted 1nto the’ organlc
phase. In the reverse process a hlgh molecular welght
anlonlc surfactant is used as titrant for a cationic’
‘surfactant analyte (102 105). 1In these titrations a
:Jcatlonlc or anionicdye Wthh has been added to the
“solution transfers from one phase into the other in the

presence. of. a sllght excess of titrant, making p0851ble

vlsual detectlon of the end p01nt.

Anlonlc surfactants have also been used to tltrate

the ammonium form of amlne drugs in a two-phase system,
Here agaln the resultant ion-pair extracts from the

aqueous 1nto the organlc phase and a catlonlc dye

lundergoes a color change at the endpoint when it forms

83




an extractable ion—pair with the first exCess of titrant i = é
(106) . In a related approach anionic dyes s;chmas o
‘bromthymol blue have been.used'as titrants for the“
, ammonium'form of drugs (107) . The drug-dye  ion- palr
extracts into the organlc -phase and the endpdﬁnt is
indicated by tne appearance of the color of the f;rst’
'excess of titrant in 'the. aqueous phase

Behrends (108) has 6er1ved the photometrlc titration
equatlon for a two- phase ion- palr tltratlon of a norn-
absorblng ion such as tetraphenylarsonlum with an
absorbing tltrant such as permanganate, in wnich_the
';absorbance of one -of the phases is monltored In\the
derivation the ¥itrant and analyte ions were assumed.tob
undergo no‘side-reaCtions which would changevtheirl
1cnarge. He Has also derived the titration equation for‘
the case in.which neither titrant nor analyte@absorbs,
but an absorﬁﬁng indicator ion is added which.forms an .
extractable ion-pair with the titrant. Several
examples of the latter type of'titration are presented
(108,109) such as the titration of nexafluorophosphate
with tetraphenylarsoniuﬁ ion in the presence of 1,2%.
dichloroethane as a second-phasepand'permanganate as
indicator. |

In all of the above two4phase.titrations whether
the endpoint was opserVed-visually ortphotometrically,
it was necessary to allow the two bulk phasesfto‘separate'

A ]
v
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after addlng each 1ncrement of tltrant. Furthermore,
tltratlon equatlons for" two- phase ion pair titrations have
'been derlved only for the rather limited case in Wthh

’
nelther tltrant nor- analyte part1c1pates in any 31de

reactlons (108) -
In part II of thlS the51s,_a 51mple tltratlon_

.apparatus is descrlbed which . allows one llquld phase to

be continually pumped out of a v1gorously stlrred two-
‘phase solvent mlxture, passed through a'spectrOphotometer

fiow cell, and returned to .the mixture In one category
of tltratlon where the absorbance of the aqueous phase
was monltored several - pharmaceutlcal amines of BHY
charge type were titrated with sodium-: hydrox1de In an—
other category, drugs of this'charge;type were.titrated L,
- with picrate anion in a buffered th‘phase system and
the‘aqueous phase absorbance was again monitored. In

a third category,,cationic drugs and surfactantslwere
‘titrated with picrate and the absorbance of the organic
phase was monitored.\ Finally, in abfourth category,
anionic surfactants were titrated‘with the‘cationic dye
methylene blue and the’organic phase»absorbance wasr
monitored. 1In all of these"categories theoretical
“ titration. eguatlons were derived whlch take 1nto account
several common side reactlons; and in most categorles

the theoretlcal equatlons were verlfled experlmentally

by tltratlng drug or surfactant sample compounds
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'CHAPTER 2.,
’THéoRETICAL' IR
2.1 Acid- Base 'I‘1t’ratlons/'f
'The two- phase photometrlcbtltratlon of a weak acid

4
(BH') w -slodium hydroxide w1ll be descrlbed for the

'1ch the absorbance of the aqueous or of the

i “bhase is monitored.

.

”2.1.1 Proposed Model In thlS sectlon a phy51co—‘v

chemlcal model w1ll be establlshed whlch descrlbes the
titration of a monofunctlonal ac1d of the charge BHY
1n(the presence of two immiscible llqulds._ The mathe—l
'matlcal detalls of the derlvatlonzme glven in .Appendix .
III. '

In the titration of a BH+,species, an oVerall

equlllbrlum equatlon can be glven

KL T
aut n oy e o S .
BH™ + HZO = B+ Hp : . T
‘. ~4+ ’ : o
oo - 1LKB ©: S (1)
_x* L A(B)a\%gf}Kw
MR o 72H20

BHX =<— (BHxhb

——r .

K

BHX

where B is the conjugate base (tltratlon product) of

BH+, and BHX 1s an ion-pair formed between BH and anion



- of the equlllbrlum constant expre351ons used in the

o 3
, Xf; .Here X% is the conjugate base of a stronq acid ) y}fj' ; ‘ ',é
(e.g,, Cl_) Spec1es w1thout a subscrlpt are in the - %
aqueous phase and those with subscrlpt O are in the

.
‘organic pPhase. The thermodynamlc constants approprlate
~ to these equlllbrla are presented in the leﬁt -hand
: column of Table IV. The formatlon of an extractable
ion- palr BHX has’ been well documented for a large number”
of protonated amines (28) " In the tltratlon equatlon
it is useful to use concentratlons, [i], 1nstead of

activities, ai, for all species, i,~eXCept .0t

3
and OH . 1In the right-hand column of Table IV the forms

i e ety TR

’tltratlon equatlon are presented It is ev1dent that

K' f KT'YsH/YB’ where YBH and YB are the act1v1ty co— .
efficients of conjugate spec1es BH and B in the aqueous
phase. Slnce the spec1es B 1s neutral YB = 1 at.loW‘
'electrolyte concentratlons. Also, KB'— Kg' assumlng
‘that act1V1ty CO€fflClentS of B are equal to one 1n both
_ phases. Now, 1f an 1nert electrolyte MX (e g. NaCl)

is present in the aqueous phase at concentratlons much

hlgher than the sample, all act1v1ty coeff1c1ents 1n

_the aqueous phase are constants and K

1 1s _ a‘bco:n-sta‘nt: :

. JRNY -
Ky = KIP'KBHX'[X ]"YBH'AYx_/YBHX',O SRR (15)

Furthermore, 1t ‘has been found (28) for ion- pairs in-

volv1ng organlc ammonlum 1ons that KT >> K?P.[X'l;

BHX
/



TABLE IV'
Equilibrium Constant Expressions

For the Acid-Base Titrations

Thermodynamic)Constants o _“ Constant Uéed;

. »
Y

T_ %% R | -, [Bl-ay

N B ’f a ‘ . .
aBH : . } | !BH]

Kw=ag-apg 7 K =agaag

e S R ()

BH' X -:A- S [BHX]

“[BH]

- 88

-t




89

~ o

'-jThls means that the concentratlon of the spe01es BHX

)

'~;, is negllglbly small 1n the aqueous phase

Neglectlng the concentratlon of BHX in the aqueous
'_phase and assumlng that all chemlcal spec1es are 1n.

one’ or another of the bulk lquld phases, the follow1ng
tltratlon equatlon is derlved for the case 1n whlch_the . f;
»aqueous phase absorbance 1s monltored by comblnlng the

'equlllbrlum constant eXpre551ons w1th mass balance equa-=

"h tlons, w1th the electroneutrallty condltlon, and with

Beer ] Law expres51ons for BH ,and B in the aqueous phase

.(Appendlx IIIA)

K,V KLy

S R ) o .
Noy = X + ¥ T - . (16)
K 'Y . .Y .o .
where | _ . ) )
_ '[‘ SV + K V )] v+ kg v 1 -
x = —BH "BHT | B~'0" - 7y

.a‘ X - ‘ o R

. ST p
_ "py-fpy ~ A s(V“*;KIfVo)

. N - - . '
Bobs (V + Kp.v) "BH" B

2= 1/Y h',f:'tt o 'E_vr D T (19)

The photometrlc tltratlon equatlon for the case

where.the organlc phase absorbance is monltored can heA.-

!

derlved by comblnlng the- equlllbrlum constant expre551ons

w1th.mass balance and electroneutrallty equatlons and‘

s

Id
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with Beer's Law expressions fvy BHX and B in the organic
phase. All chemical Specleﬁ sye assumed to be 1n one

or another of the bulk 1iguif phases. It is the same as

equation 16, except that:

]

‘- [EBHX o-Npu-Ky - ‘Ang.,O(V‘“L Ki-Vo) 1 (V + K 5- Vo)
ey, 0 Ko (V + Ky V) eg,0-Kg+ (V + K .Vy)
(20)

n...c! K- 12 (v + K .V )
y = _BH BHX,0 "1 o?a,o (21)

Bobs, 0V T KgVg’ \ npy.Kg.c B,0
Z=1/y (22)

/ ‘ o | i
In these equations EBH and SB As well as EBHX o and
é g areé the products of molay absorpt1v1t1es, at the
' wavelength used, and Cell pathiength for species BHT
‘and B, 1n the aqueous and the Qﬁganlc phase, respectively.

r

A ps and A obs,0 are the ohse 'vAAd absorbances 1ﬁ the
faqueous phase and the orgapif Rnase, corrected for -

dllutlon Af necessary, v and VQ are volumes of—aqueous

and organlc phaSes 1n llters/fﬂ and n_., are moles of

pH OH
sample and tltrant addedtx;the ﬁltratlon vessel, YH
N )
and Yoy are ionic . actlvlty Qoeﬁf1c1ents for H3O and

" OH. .



2.1.2 Predicted Acid- Base Titration Byhavior.
W\WM/\/_.————\

(84,86,87). .An examlnatlon of equations ;6- 19 for the
case in which the aqUEQus Phase absOrpance l@ followed
reveals that the right hand side of equatlcﬂ 16 contains
‘three terms. The first term is a lingar thh in which
Aobs,’ihe Obseéryed aPsugybance, is a 1inéar f\nction of

nOH’ the amount of addegd titrapt. The straight liné

/

corresponding to this term connects a point.Qt Moy = 0

and

Aobs = pBH;géH/(V + KI.VO; ’ o | €23)

and with a point at Moy = Mgy and

= nBH-gé/(V v KB-VO) . (24)
y .

The second term On the right 1' equﬂblph‘16 is respon-

AObs

aible for the curvatuXe shich occur near the endpoint
of a tltratrog cyrve. mhls Curvatqre is w3 from the
ordinate and is pore Seévere the wédier the 2¢yd being
-titrated or the more dllute its solutigp. If the

seCOnd term alone is eqqated to nOH and the rxsultlng

equatlon is rearranged, 1t may be shOwy thathn exPressjion

of the fOllOWlng form 1lg obtained.
"oH Pohs T PorCL * AgpstC, * C3x 0 | (25)

where Cl’ Cé and c, are constants. Thig iy fhe equatjion

for a rectangular hyp@Ibvla with horizgonptal 2Ng vertical.
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assymptotes, Or of a degenerate hyperbola consisting of

a horizontal ang vertical line (84). The coordinates
of the center of the hyperbola are: .
K. .V (V + K_.v.)
v
KQ‘YOH (V + KB.VO)
and
n,.e! .
Ayl = -~ BHB » : | (27)
(v + Kg-Vg)

and the asymPtates are vertical and horizontal lines
(parallel with the axes) which pass through this point.
These equationg reveai that when eé i8 equal to.zerQ
then the horiZontal asymptotes will be coincident with
the abscissa-, In cont:aét, however.,, it can be seen that
the vertical asymptote will never be coincident with the
ordinate, but will always be to the laft of it.

‘The third term on the right in Equation 16 is
responsible for'the curvature which occurs in the early
éart of a titratjon curve. 1In ihis rYegion the curvature
is toward the ordinate and is more severé the\stronger
the acid or the more dilute its solution. This term,
like the secong tetm, may alsolbe shown to represent a
rectangular hybefbéla‘or a degenerate hyperbola, with

its center cootdinétes as follows:

S (V¢ Kp-Vg) (K‘;V> N
““OH (28)
(Vv v K-Vg) Yy
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and

_ Mgy fRpy
obs 4 (29)
(v KI.VO) » .

A

The asymptetes are vertical and horizoﬁtal lines pas-
sing through this point. The horlzontal ésymptote may
‘coincide ‘with the ab5c15sa, but the vertical asymptote
in this case will aiways be to the rlght of the ordlnate.
An overall photometric tltratlon curve is, of
coufse, & composite of all three epmpOnent curves -~

a linear and two hyperpolic curves, with only the zero

rand positive values of A and n,. having physical

-

Obs
significance.

The influence of the - variots parameters on the.

overall photometrle tltratlon curve can be summarized
N

by plottlng theoretlcal titration curves using equatlon

16 in whlch only Onhe parameter is allowed tb vary at a

time. This is shown in Flgures 11 to 14 for an acid

of the charge type BH

The parameter KI will be seen to effth the titra-

tion curve in two distinct ways which are illuystrated

-

7; in Figures .11l and 12, fFirst in Figure 11, ag K

iﬂereases-thellnltlal absorbance pProgressively decreases.
rhefefOPe, if KI were large enough, all the acid BH+
gpecies'weuld be in the organlc phase ang ‘the titration
rurve would nearly C01nclde with the absqgssa along

its entire length and would, therefore, be 2halytically



ABSORBANCE

1 2 3. 4 5 6 7
n(ﬂ* X K)S

FIGURE 11. Theorétical‘titratiOh curves for acid Byt

N

in a two phase syste, First effect of Kp.
on the shape of the tityation curve.

(Curves calculated £2on Equation 16

for absorbanée of ayusqus phase.) '

BT Yom T 105 Kg = 0.05 et = 2p; e = 0.0; -
_ -7. N SN A -5
K = 1.0 x 1077, Ko = 1.0 x 10777 xJ ='5.0 x 10 E
Vg =10.02L; V=0.08 1.
\
Curve No. 1 2 3
K 0.0l 1.0 10.0
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F;gure 12 111ustrates the second effect that KI
‘has on uhe photometrlc tltratlon curve. “gn this example,
the lhltlal absorbance 15 Zero ‘since eBH»;QQg'and”is
therefoxe unaffected by an lncrease in K Figure 12
.reveals that an 1ncrease in K .produces an effect ‘ o R

s1mllar to that prOduced by a decrease in Kl (1.e.f

, when titrating a weak acld (78, 80))  That is; fﬁ>1_;
.generatas a greater curvatur@ in the part of the tltra—
tion Curve near the end Dolnt ThlS 1ncrease 1n~the'

curvatyye in the latter parg of the curve is assoc1ated

T :
W1th the second term in tha gltratlon equatlon If oo B
the acig chosen for the 1llugtratlon had been much
Stronq%r than pK' =7 it wOuld be evident (since Z = /Yy .

thlrd term in the tltratloﬂ aquatlon.

The Ky parameter like K also exerts two dlstlnCt
effects on the photometrle tigration curve of an acid
BH+; In yigure 13 1s presehtgd a famlly of tltratlon‘
curves foy a hypothetlcal avig of pK' = 10, for
‘Whlch bot) - conjugate specle% have 1dent1cal molar
absorptlvltles As K 1ncréa§es, a downward shift of
the f;nal llmltlng absorbaan is observed. Thls is |

caused by a grgater fractlon Qf the B Spec1es being
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FIGURE 12. Theoravical tltrathh curves for acld Bé
in a #yo phase system, Sernd effect of K
on thg shape of the tltrFtlQn curve. | !

(Curvya calculated from EQuat;on 16

. for ngorbance of 29ueous pPhy se R
0.0,‘ = 0.0; ! v 200; k =
a =

96

Y You = 1.
-0 x 107" k¥~ 1. -14, s - g
\ . fw T 10 x 10 7ifpg = 5.0 % 10 4;_” ' ‘
Curve No, oy g g e
o ML B T
1 Lot 10% 104 .57
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0. V. 2 3 4 5 & 3
noy X104

. ) . . J{n
- FIGURE 13, ‘Yheoretical titratjon curves for acig BN

}

in a two phase system. First effect of X

S

4n the shépe of.the tit:ation curve,

(Curves calculated from Equation 16

for absorbance of aqueous phase.) .

-, . —lo
= = .03 ¢ = to= . = . :
Yy = YOH ‘_ V03 €RH €h 200; Ka 1.0 x 10 W
' ~14 K -4
= . = | . = HEAYA =
‘Kw 1.0 x 0 P Kp 9.0, Npw = 5.0 x 10 0
0.02 L; v v 0,08 1,
v My
| o Vs
Curve No. 1 w2 3 4
Ky o 1.0 ° - 1o 102 ’ 105
] ‘ A ‘ %
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refMoved from the aquedus phase into the érganiQ Bhase
as KB is increased. For very lafge values, ﬂea{ly all
7 of the B spec1es is found in the organic phase gnd the
1imitjing absorbance approaches zero.
” The second effeCt~of,KB is i;}usgrated id Pigure
14. gince sé = 0, the limiting fi;al'absorbaan is
‘alrsaay at zero and 'is, therefore, unaffected by @;
incxeagse in KB. However, the KB parameter appears in
the sgcond and in the third terms of the titration
equ&tion. The é&fect of an 1ncrease in this parameter'
"is Yo cause theva01d to tltrate as though it were
strOnger. That is, it requces the amount of QU¥Vature
nea® the end point in the titration cufve, 1% the
Strépgth of the acid chogan for this illustration had
been njuch greater thap K’ =\10"10, then it woulq glso
be aVldent that an incregse in Ky increases the fyr-
vaturQ in the early part of the curve, since tpis
parxampater occurs also in the third term of the‘tibfatioq
eguation. | |
The above discussion hés focused on titrati%ns'in
thch‘t;é_aqueeus phase abgorbancebis monitored. ‘It
is evident from the syfmetyrical relationship of ¢Qquations
17. 18, and 19 with equations 20, 21 and 22 tha’Q
analogous behavior is exhipited when Ehe organlc ghase

abSOtbance is monltored of course, in thls caSg the

increage or decrease in absorbance would be opposlte
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FIGﬁRE 14. Theoretical»titrétion_chVes fg{ a¢id BH®
in a two phase system. Second e¢fect of
KB on the shaée of the titratiop curve.

(Curves calculated from Equation 16

for absorbance of-aqueods.ghase,)
= 200; KL = 1.0 x 1071,
4

Yy = You = 1.0; e = O.p; € BH

14

Kw = 1.0 x 10 ; KI = 0.0; Npy = 5.0.x'10 }»V = 0.08 L;
VQ = 0.02 L.
Curve No. 1 i 2 3 C 4

Xy, | - 1.0 10 10 10
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to that in the aqueous phase.

" The merits of two¥phase acid—base titrations

- relative to other ac1d ~base tltratlons will be dlscussed

in the Results and Dlscu531on (Sectlon 4.1).

2.1.3 Dilutionucorrection' for aAcid-Base

Titrations..”Addition of titrant results-in an increasing

volumevof aqueous phase during the titration and a con-
.Seéuent'dilution. ‘In a’photometric titration carried
out in homogeneous solution this.has a simple dilution
effect on the.absorbing speciesvand can readily be
4corrected for by multipf;ing each absorbance value.by
the quantity (VV+ VOH)/V hefore plotting the titration
curve. Here VO is the volume of tltrant added. 1In a
two phase tltratlon medlum the 51tuatlon is more complex.
Photometric tltratlon end p01nts are usually evaluated
by extrapolatlon of the llnear portlons of the curve a
before and, after the end point. This means that over
most of the 1ength of the seghent of the titration
‘curve before the equiValence point the:"X“ term in
‘equatlon 16 is much larger than the other tvio terms on'
the right-hand- 51de of that equatlon Therefore,_the
dllutlon correctlon before the equ1valence point can

be deouced for tltratlon curves whlch do not show much.
curvature by con51der1ng only the "X"'term in equatlon

4

l6.
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Con51der first the case 1n which the ‘aqueous
phase absorbance is monltored (equatlons 16 -19) .

_'Maklng the very likely assumptlons that (V + K >> .

B Vo)
B' I V ) and con51der1ng only the "X" term on the
‘ rlght hand 51de, then equation 16 becomes: S LA

' _Bops (V + Ry | o y
nOH ~ nBH'- - - » _ 7 ‘ ‘(30)'~ "

€ 1

: BH - F\'v—‘ b » t - g . ,-:‘.-

jNow the constant K depends on the concentratlon cf
‘anion X accordlng to equatlon 15. If the dilution
is only sllght then Yy and YX will hot'change and it
becomes evident that Ko = [X7]. Sihce [x7] decreases
dlrectly with 1ncréaslng dllutlon, prov1ded that there -
- :

is a large ‘excess of 1nert salt\MX present, then the
1n1t1al value, KI initial' (1;e,,_that which pfevails
at the'initial salt concentratlon at the beézﬁ\lng of
the titraticn) should be multlplled by V/(V +. VOH)
to correctffcf dllutlon. At the same tlme, the :volume.
'~V in equatlon 30 should be replaced by (Vv + V ) to
correct it for dllutlon

:vThus, tc correct for both effects, befofe the

2

‘squivalence poiht one should.plot;

, (V+V ) + KI 1n1t1al(v/v+V O ﬂ% :
Pobs* ; S. ngy (31)
: (V + KI,lnltial'VO)

to dbtain_the_titration curve. ~Fhe dilution corréction

given by‘equation 3l_cah take‘twc}limiting forms:

————



A

" If the extractlon of ion pairs is sllght so that

]

KI.VO << V 'then the correctlon is’ made by multlplylng

obs PY @& + VOH)/V Atvthe oﬂher extreme, 1fclon pair

I°°0
rectioh is made by multlplylng A obs by V/(V + v

extractlon .is extensive and K .V >> V, then the cor-

OH)
The value of KI,lnltlal need not be measured in

a separate experlment, Since a good approx1mation can’

be obtalned from ‘the tltratlon curve’ 1tself If the
e
stralght llne portion of the curve rs extrapolated back

to the A \\aXlS where Nog = 0 the 1ntercept w1ll have

the value:

/

"BH'°BH .

‘AObs;extrap. = ‘ - el (32)

(v *‘KI 1n1t1al'v b B

If the extent of dllutlon 1s not very great, then a
: falrly accurate value of ‘Npy can be had from the end-
- point obtained" before dllutlon correctlon.m Therefore,

1f the value of EBH 1s‘known for the compound it 1s

i a 51mple matter to obtaln KI,lnltlal from equation 32

This method of obtalnlng KI 1n1t1al assumes that other
'absorblng compounds are absent from the sample In

the tltratlon reported in thlS thes1s the 1n1t1al

aqueous phase volume was 80.42 mL and the tltrant volume‘

4requ1red to reach the end point was only about 0 7 mL

SO0 that dllutlon correctlons, though,used;~are rela—’

atlvely small 3

-

The linear segment of the_titration'curve obtained .
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‘ after the equlvalence p01nt 1s glven .by the equatlon

BH'EB

AL = - ,j‘- ‘ . (33)

obs
, (V + K .vo)

B

"It'is a constant .1ndependentvof added titrant, except
for the dllutlon effect whlch is compensated for by
plottlng" o
(V + Vog! + Kp-V;

O .
. - . _ vs. Noy

v+ Ké&vo

A

Obs"

Normally,pKB is large so that A obs is very small and the

“dllutlon correctlon after the equ1valence point is

~negllglble.

as 1s pPresent’ in the sample solutlon aqueous phase, then

there would be no dllutlon Oof Na and Cl and, therefore,

no change in the value of KI durlng the tltratlon. In
wthat case, (V/(V + VO }) would dlsappear from the
KI 1n1t1al terms 4in equatlon 31 _
Dllutlon correctlons when the organlc phase is
monltored are not dlscussed here since no experlments
were done Such’ correctlons for 1on—pair‘titrationsw
are dlscussed in Secthn 2.2, 3
2.2 ‘ion—Pair Titratioms = -

Two phase_photometric_ibh-pair,titrations of'aHWeak

103
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| + » = ' / .
acid BH - with tltrant A , and of weqk base A~ with.
. titrant Byt will be described for the Cases 1n which

- the absorbance of the aqueous or of- the organle phase

is monltored

D)

2.2.1 Proposed Model. In thig Secticn, a phySlco—.

Chemlcal model w111 be establlshed. The detalls of the )

derlvatlons are given in Appendlces jv ang v.

The chemical and phase dlstrlbutlon equlllbrla
Whlch prevall in the heterOgeneous tltfatlon anOlV1ng

By" and AT are summarized in equatlon 35.

(BHX) _4: )y

Fremxooqp 1h K1, ma
. - - o ek
+ ‘ }y
+ + - (BHA
BH A \—-—- )O
+ A
H,0 | H20 e
] Kt - K" o 3
(Blg — B | - ¥a E:: (HA)
B + ¥
0" OB -

Spec1es Wlthout subscrlpts are yn the aqueous

phase and those w1th the subscrlpt O ate ln the_ofganic D

FEE)



phayse. Here'M+ and X are the cation and anion of

thy buffer which has been added .t0 the aqueous ﬁhase and/
or of some inert salt that may also have been added to
th& aqueous phase (e. g. Nacl). The. titration reaction
between the analyte specieg BH and the titrant A~ i

iy quantltatlvely characterlzed by the "ion pair
‘extraction Constant" KS‘ the cation BH' is a weak

acid Whlch is “in a - pPH- dependent equilibrium with its
copjugqte base B. The lateer is~distributed between
thg OrganiC and aqueous phaSes. The SpeCieSABH+ it-
, selfralso fOrns an extraoctable ion pair with anion (s)
X, 3 |
The aniOn A (e.g. picrate) 1s 1n a pH dependent
'equ1llbrlum with its’ conjugate ac1d and the latter
pattltlons between the orgaﬂlo and aqueous. phases ~ The
lspevles A~ may also form 4n eXtractable ion palr with
tha cation M’ |
. The p0551b111ty of glghlflcant concentratlon of

\, -

tha, 10n pair species BHX Mﬁ and BHA . in the aqueous

"‘phage has been 1gn0red in tne present treatment fIn

7

_cag@s where the aqueous 1on bajr concentratlon has
'been meaSured 1t is alwayg 9ma11 (28, 110) . Also
hegléCted is" the pos51b111ty of dlSSoc1atLOn of the
. lon pair speC1es in the orgaNic phase. For some ion
pa;rs this might be significant especially at low
comaentrations and when the Organic solvent has a .

7

t
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relatively high dielectric constant. (28,111). Dissoci-

ation in the Oorganic phase becomes much less pronounced

with increasing size of the organic ions involved.
Gustavii and Schill (111) were unable to detect it
for plcrate ion pairs ﬁormed with the cation conjugate
acids of atroplne and/codelne in methylene chloride.

" Two other p0531ble side reactions have been
ignored: assoc1atlon-of ion pairs with one another
in the organlc phase to form dimers or larger aggre-
gates, and self-association of titrant anions or sample
cations in the aqueous phase (e.g. micelle formation).
At the low concentfations‘encountered in ‘a titration‘
these side reactions are nmot expected to occur to a -
significant extent. Gustavii and Schill (111) found no
ev1dence of either in their studies of plcrate ion

palrs. At higher- concentratlons or w1th low dlelectrlc

constant organlc'soLventsvsdch¢aSS0ciation reactions .

might have to be taken 1nto account (28) It 1s also
assumed that all the chemical spec1es are in one or
another of the bulk lquld phases. |

»Thermodynamlc constants descrlblng all of the
'equiilbrla.ln equation 35 are presented in the left-’

hand column of Table-V. In practice, a titration is

performed with a buffered aqueous phase. The buffer,

because of-its‘relatively high‘concentra%ion;?pfoVides‘

a constant ‘pH, constant M+, constant X , and constant
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TABLE V.
Equilibrium Constant Expressions .2
For the Ion-Pair Titrations
Thermodynamic Constants ‘ Cdnstants Used
T aBHA,o : [BHA]O
aBH.‘aA ) [BH] [A)
a, (B]
I X = .
aBHﬂaH [BH].aH
KT _ %BHX,0 X _ IBEX]
I,BHX ... .71,BHX .
- %pu-%x [BH]
T - ,aB,o [.B]o
B a B [B)
"B .
T 2 %matfoy - . [HAl.ag,
ap o - | o [A]
K-T "';‘IaMA,:o‘__‘, » K '=.[MA]O
I,MA ] - I,MA T
aM.aA- [A)
kT - aHA,o K _ [HA]o
HA Ca HA | [HA]
a
Kw = 3y-30g Ke = -3y

a. The symbol a; represents the activity of species i.

:Theusubscript o'désighétesbthe o;ganic-phase;”
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ion strength. As a consequence of this the thermo-
_dynamlc constants can be replaced w1th the constants
shown on the rlght hand side of Table V This can be
shown by reasoning like that used in section 2.1.1
above.

By combining- the equilibrium constant expre531ons
from th&»rlght—hand side of Table Vv with mass balance
andAelectroneutrality expressions and with Beer's Law
expressions fo: all absorbing species. in the aqueous
phase.(i.e. B, BH+' HA, A-).the following two relétion—
ships can be derived for a titration of sample ion
BH" with titrant ion A in whlch the aqueous phase

absorbance is monitored (Appendlx IIT1).

(efy + ey-K!/a ) K'.V
Z'Ks"’o[ ®RH EB % I — [v - WA
: ( (Kb aH)/K ) ‘la'H ‘

RY; : .
obs S O , KB =
(er + ¢ . Koan ) frmx Vo * ]*"BH“O 39
2" fgpn ——— 4 . % d -
Keg

A - [BH](c'. + e' K'/a) 'a..V "
n, = 228 Bi B oW .[V+Kbi + K. [BH].V

(61'\. +-EI'{A . KbK o ) KW '

“wo
A
+ KI KHAI&)aH ] (37)

W
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'When this titration is followed by monitoring the

absorbance in the organlc phase the following" two

equations apply:

L KLV K'.K_.V
: 2 ; a EiKB 8]
[BH]“.K . [E' (Vv + + K Vo4
s* |“EA,0 a 1,80 a
- KB K'a 0, +
- '
(EBID{,O'KI,BIR o* + [BH]

| KHAKE) | ." . ) | .
[EHA,O' Kw ‘o (aH.'_V + Ka.V + KI,BHX.a'H.VO,-*- Ka.KB'vO)_

- i K!.V KKV
+ %EKTKIJE7“1+ aH +.KLBE§V64- aH

* KsPops,0'Vo - éHA,O'"EH)] " Py (5a, 00

* om0 K = 0

LR
Bobs,0 ~ 1BH]. (EBHX o} KI BHX T fg o - )

%
A 1o e T e

“Bua,0-Kg- [BH] + ¢ M0 1m0 ES

[V + I%;HV + Ks [BH] v, + Kn-Vo + Kf*IA'Kt;‘aa-VO‘] '

o

'\In all of these equatlons nA and nBH are moles of

tltrant and - sample added to the tltratlon vessel

BH' s}3' AT HA’ € BHA o’ ' BHX o"’ B or HA .

ﬂ MA O are the products of molar absorpt1v5t1es at the

R T

Loy

(38)

- (39)

"d”b
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_wavelength used and cell pathlength;*A obs and‘AObs o are

the observed- absorbance of the aqueous and the organlc S

phase,‘corrected for dllutlon 1f necessary, v and VO -
‘lare volumec Ofaqueous and organlc phase in llters, o
aévls the act1v1ty of hydrogen 1on -in’ the aqueous phase
,Equatlon 36 is a quadratlc equatlon whoSe two
‘roots have real, p051t1ve values*correspondlng to the
5 concentratlons of BH :on' the two - branches of- the wwffmff,fm
wtltratlon-curve (see Flgure 30) f ThlS equatlon can be
' solved by substltutlng the experlmentally measured. = -
values of all of the constants and an aSsumed valueA
Of'AobS. The two rodt—valnes of [BH].areveach snb?
stituted into eguatiOn 37 to calculate\the corresponding
"~ values of Na- The process is repeated with new assumed.
valﬁes of Aobs-until the éntire titration (plot of

Aobs vs. nA) curve has been calculated.

Only one'root of equationv38 will have a real,
positive value of [BH]. Eguations 38 and 39 can’ be
solved in. the same‘manner"as equations 36 and. 37.

For the case in which a sample A is ‘titrated with

. tltrant BH and the organlc phase absorbance is monitored,
> .
the tltratlon equatlons are: &

KbaHV

,,_EA] Ks[BHAOV+ BHAO : : MAOKIMA o._, HAOKHA

Kbéﬁiv ’ﬁi KBIU.V

vO

'aH Tty
K- (KI MA',VO ® n)»+ Kg- Aobso o
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KK Vo K'Kblﬁmk%iv Ky

o+ ( : —— =0 .(40)
BT T e Ty o |
and . '
. Pops,0 7 Al legy K " m,0%m)
gh: ' T KG.K
aun, 0-Ks- [A]'*EBchalﬁzaﬁx B0 a

K'.V .: B ) K' / . ) .
;“[V+;2§H K Il ¥ +KIBHX o KBaH } o

. These euQations‘can-be'SOlved.in the same manner as:-
equations 36 and 37.

2.2.2 Predicted Ton-Pair Titration Behavior (112,

\

o

13). In‘this section‘the effects of the various'dOn—

stants on the tltratlon curves in both the aqueous and'

the organlc phase will be con51dered.

2.2.2.l AbsOrbanceﬁof Aqueous Phase Monitored;
Titraht A—; Because ef the relatively:cemplex equili-
bria involVed, itAiSIOf value‘tohexamlne the influence
of the various'equilibfium:constants on the titration

-,curves calculated from equatlons 36 and 37 For this

hhhpurpose 1t w1ll be assumed that both t1trant and sample

"ﬁ“the parameters K glK”'vK

:absorb radlatlon at the wavelength of 1nterest 'Only‘”'

| B Kr: BHX’ 4b’ HAf_.I,MA' and
Atpr (1 e.)d ) W111 be™ con51dered Iﬁ"eaqh«ot‘theu;,__

>
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FigureS'IS throuéh‘22 all of the parameters have been
fixed except the one of interest. Dilution of the .
.aqueous phase is neglected. The values of the flked
>1parameters in any figure have been chosen. in such a.-
way as to clearly reveal the 1nfluence of the. parameter
' whose value . is belng varied. .
Flgure 15 demonstrates the effect of K ,_the
;1on palr extractlon constant. When K is small.(curve
1) the e 1s no reactlon between BH and A_.' The initial;
- absorbance value, before any. titrant_istadded,_is that
due to BH' in the aqueous phase. ‘When tltrant'ls
'added the observed absorbance is 51mply the sum of
that due to Byt and A . ,On the other hand when Ks is

.

large (curve 7) the reaction between BH' and A~ is

quantltatlve throughout the tltratlon and the addltlon
’of.nA moles of tltrant A prlor to the equ1va1ence
point results in the same number of moles of BHA belng
extracted into the organlc phase. The absorbance thus
decreases linearly with added titrant because of the
loss of BH' from the aqueous phase. Beyond the
equivalence point the absorbance increase linearly,
since BH has already been quantltatlvely consumed
and addlng A beyond the‘equlvalence point has the

-same effect  as addlng it to a two-phase 'system which

“contalns no BH ‘,Note that the slope of curve 7 after

S the equlvalence p01nt 1s the same as that of curve 1.
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FIGURE 15. Theoretical titration épr\ée"s‘ £or acid BH* -
7 in a two phase system. Effect of K on the
 shape 6f the tltratlon curve (curves
calculated from Equatlons 36 and 37 for
' ’\aQs_QLba/nce of aqueous phase.)
Dpy = 5.00 x 1072 mole; v =.0.080 L,—.'v.o"= 0.020' L;
Km0 = 107 g =10 K s 10
Ky = 10% k. = 10%; chu = el = eh = 2 x 103 \e\HA = 10t
=’3'-.0>o. | | ' '
Curve No. 1 2 3 4 5 6 7
K o 10° 10?105 105 108 pql2
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'Curves 2 thorugh 6 show 1ntermed1ate stages between
:_the llmltlng ‘cases of 1 and 7.  From curves 7 and 6 it
1s obvrous that,’w_henKs is-large enough, - the -equi- |
valence point may be obtained by linear extrapolation
of the two branches of-thé-fiffatién‘cutvéftaytheir
intersection point. B | ”
‘_An increase in any Ohe of the three parameters

KI BHX' Ké, or KB has the same two effects on the
‘titration curve, Figures 16 - 18. The influence of
'KI BHX is illustrafed in Figure 16. The first‘effect
is 1llustrated by curves 1 through 4. As KI BHX -
-ﬂlbecomes larger "the initfial’ concentratlon of BH lnhi

‘the aqueous phase decreases Consequently, the slope of
v.the curve before the e0u1valence p01nt decreases toward }t
”jzero w1th lncreas1ng KI BHX The second effect of an’
"1ncrease in Kl;BhXhls ev1dent 1n curves 4 through 7
fand may ‘be - understood qualltatlvely 1n terms of Lei f‘
Chateller s pr1nc1ple by reference to equation 35.' An’
1ncrease in KI BHYX removes BH from ‘the aqueous phase;v

and thereby shlfts the equlllbrlum between Bu" ' and A_}V
‘to the left. The net effect 1s“§1m11ar to that obtained
by'decreaSing K . The branches of the. tltratlon
'curves approach one another in slope untll in curve 7,
the s1tuat10n is the Same as that obtalned by addlng A\

' A to a two phase system contalnrng no BH © The dif-

ference between curve 7 1n Figure 16 and curve 1.in
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- FIGURE l6. ThecA)re.t‘i_ca-lt titi‘étion -eurves . for aeid 'BH+ in
' ' T a two phase system. Effect of K. BHX on the - )
shape of the titration curve. (Curves caj-
culated from Equations 36 and 37 for absor—_
bance ©Of agueous phase.) o '
all ‘parameters as in Figure 15 except 'K.S_='"10“§‘3 3
Curve No. 1 2 3 4 s 6 7
. 3 , 10
: . . 1
KI',BHX ; 0 1.0 10 10 ;0 10 0
\



Figure 15 results from the fact that in the former
case essentially all of the BH is 1n1t1ally in the‘<

organlc Phase as BHX at the beginning of the tltratlon
A

(i.e. the first effect of KI BHX’ noted above), so that

the 1n1t1al absorbance 1s zZero.
The 1nfluence of K' and K‘ are shown in Flgures
17 and 18 where it can readlly be seen that they pro-

‘duce effects similar to those discussed for KI BHX.

. ; K -‘
. The three constants KI MA b' and KHAvalso

produce effects 51m11ar to one another . These are

P

111ustrated in Flgures 19 - 2l.' Flgure 19 !!lustrates

the two effects caused by an increase in KI MA*

- Carves l through 4 show that the slope of the
tltratlon curve after the equ1valence p01nt decreases

toward zero as KI MA 1ncreases. ThlS is’ because a

larger and larger fractlon of the added A~ goes into
~the organic phase as the'species MA. A second effect

of an increase in KI MA‘lS evident in curves 4 through

~

7. and is analogous to the second effect of KI BHX

noted above It too, may be. understood in terms of
Le Chateller s pr1nc1ple, with an 1ncrease in KI MA

hav1ng an effect 51m11ar to a decrease in K The

»

slopes of the two branches of the tltratlon curve

approach one another until, in curve 7, the situation

is the same as if no A~ were being added to the system

(i.e., the absorbarice remains constant, due only to

117
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FIGURE 17..
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2 4 6 8 0

nAx]OS .

Theoretical titration ‘,curves“ for acid BH+ in .

a. two phase system. Effect of Ké op - the shape
! . il [

of the titration curve. (Curves g#lculated

from equations ¥6 and 37 for absorbance of

‘agueous phase. )
. P .

@ 3
All parameters

e 9@
»

as if?}‘“’iﬁire 15 except K. = 1/0?”

s
Curve No. 5 1l 2 -3 4 - 5. 
K_ 107 1078 1078 107% 1073 ,
‘ "
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FIGURE 18.
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2 4 6 . 8 10
: 5
N x10

_Theoretical tltratlon _curves for acid BH

in a two phase system Effect of KB on the
shape of the tltratlon cUrve - (Curves
calculated from Equations 36 and 37 for absor-

bance of aqueous phase )

—_——

Alllpafsmeters as Figure 15 except KS = 108.
Curve No. 1 2 3 4 _ '
K © 0.0 197 108 1010 - pol2
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FIGURE 19, Theorétical_titration curves for acid BH+ in
a two phase System. Effect of KI,MA on the
shape of the titration curve. (Curves
calculated from €quations 36 ang 37 for absor—

bance of dqueous phase.)

[}

' ; ' ‘ ' r
All parameters as in Figurels except KS‘= 108. '
Curve No. 1 - 2 3 4 5 6 7
210 105 1412

KI,MA 0 | 1.0 10 10
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the BH+ in the aqueous pnase), since all added A~ goes
. A ' R
into the organic phase as MA.

Flgures 2C and 21 illustrate the 1nfluence of an
‘increase in the value of Kg and K A; respectlvely.” .
These are similar to tbe influence of KI,MA discussed
above.
| A.final parameter to be considered is PH. This
is an important variable since itvcan readily be
altered in order to obtain,an optimum curve shape by
selection of a'different buffer. The 1nfluence of
PH is exerted through the ac1d ~base equilibria des-
cribed by the constants K' and Kg Since a pH change
51multaneously influences both equilibria, the Observed
effect of pH on the titration curve will be some
combination of the effects shown in Flgures l6- 2l
In Flgure 22 are presented titration curves which would
be obtalned at various pH values between 0 and 9 for
a titrant with ng'é 11 and a sample with pKé\= 9.

At low pH the protonation reaction of the titrant

A~ becomes more extensive and shlfts the 1on pair
equ111br1um between BH and A~ to the)left (Le
Chatelier). oOn the other hand, at high pH theldeproton_
ation of the sample species BH+:becomes more extensive
and hes a similar effect. Consequently,“if both.'
‘titrant anion A“”and sample cation BH_+ can undergo

,acid—base side reactions there will be some inter=~

e ———— e . PSS
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‘FIGURE 20. Theoretical titration curves for acid BH' in
N a8 two phase system. Effect of Kg on the shapé;

of the titration curve. (Curves calculated

from Equationsa36 and 37 for absorbance of -

aqueous phase,)

O A

el

All parameters as Figure 15 except KS =_108.
Curve No. 1 2 3 4 5 6 ;

Ky 10714 10712 1071h gp710 -9 10”8
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FIGURE 2,

nA X 105

Theoretical titration curves for ac1d BH+ in

a two phase system. Effect of KHA on the shape
of the titration curve. (Curves calculated
from equations 3¢ and 37 for absorbance of

agueous phase )

All parameters asg FlgureIS except Kg = 108; K = 107"+~
Curve No. 1 2 3 4 5 - 6
K 1.0 107 43 104 10°
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Theoreti¢a1 titrétion curﬁes for acid BH+ in a

FIGURE 22.

-All parameters as in Figure 15 except K

two phase system (monitoring the agueous phase).

Effect of pH on the shape of the titration

- curve. (Curves calculated from equations 36

and 37 fOr'absorbanéé of-aqueous phése\)

_ 'S
8 _ 1a-11
10°; K, = 10

PH values.

. Numbers on the curves are
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mediate pH value at Wthh the reactlon between tltrant
and sample w1ll be most quantltatlve. For the example
in Figure 22 the endpoint could be ‘most accurately
obtalned by llnear extrapolatlon of the branches of
curve ¢4, obtalned at PH = 4, )

| | If the values of K' and Kg are both falrly large
(e.g.‘lO ) it may be 1mp0551b1e to find a PH at which
the tltratlon can be successfully performed If Ké
is Very small or equal to zero, . as would be the case.
for a quaternary ammonium cation, then a successful
titration can be performed at a high pH at which the
titrant would not be protonated. Conversely, if the
'tltrant is a sulfonate anlon Oor some other anlon with
a Very low Kb’ then the tltratlon .could be performed
at a low pH where a negligible amount of the conjugate
base Species B would be formed. 1If both K' andlKg are
loW, as in the titration of a quaternarv ammonium . ion
with a sulfonate 1on, then the choice of PH is not
critical. It should be understood that the shapes
of the curves shown in Figures 15 - 22 are markedly
dependent on the values of the parameterS‘which have
- been held constant in those figures. These valnes
were chosen simply because they made it possible to
1llustrate the effects of the variable under cons1dera—
'tlon. . ' “ _ T

‘Anothervfrequently encountered situation is that

125
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in which the titration‘is performed at a wavelength

at which only the titrant absorbs. In this case the

.left branch of thetltratlon curve is horlzontal

. Conversely, if only the sample absorbs then the rlght

branch is horizontal. o . k, “
Although it is sometimes convenient to‘account

for the effects of any . 51de reactlons on the maln ion-

. pair formlng reaction by the use of a condltlonal"

ion pPair extraction constant (28), there is no

particular advantage to that abprdach in the present

caéé. This is because it is necessary to account

explicitly (i.e. in terms of the appropriate individual

eqailibrium constant) for the concentration of each

absorbing species in the titration equation.

2.2.2.2 Absbrbance of Organic Phase Monitored;
Titrant A". Equations 38 and 39 can be used to predict
titration curves, urder varlous experlmental conditions,
for cases in which any or all of the chemical species
in the organic phase absorb radlatlon at the wave-
length of interest. However, it is anticipated that
the'technique will be most attractive for the titration
of non-colored samble ionsb(e.g. surfaétants) with
colored titrant ions, since such a titration can be
performed in a colorimeter. For this reason, only

titrant- COntalnlng spe01es are assumed to absorb in

/



tltratlon curves.

“the theoretlcal curves shown in Flgures 23 and 24

’181nce the effects produced by varylng the parameters

in equations 38 and 39 are analogous (though Opposite

in sign) to those in Figures 15 - 22, it is not necessary

to discuss them in detail. Only the role of K

(which will pe effected by ch01ce of titrant A7) ang
the role of PH (whlch is readlly controlled by the
choice of buffer) will be dlscussed.

The influence of Ks on the titration curve or a
sample" BH “with titrant A~ is shown in Figure 23,
Values of all of the-otha?.paraﬁeters, given in the

caption, are about what would apply to the titration

as possible, all other thlngs/being equal. 1In general,
it can be shown that larger values of Kb, larger values
of K', and more dilute sample solutlons (larger vV or
smaller Npw) Will have an effect similar to that
Produced by smaller values of KS. 'A larger volume of

orgahio solvent (Vo), however, will improve the curve

shape, though the effect 1s not pronounced. An

. increase in any of the side reaction’equilibrium

constants Kgr K K. . and K ma Will yield poorer
‘ Mz

“I,BHX’ "HA

Figqure 24 shows that the correct choice of PH

127
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FIGURE 23. Theoretical titration curves for" acid BH* in
a two phase system (monitoring the organic
phase). 'Effect of Kg on the shape of the
titration curve. (Curves calculated from
Equations 38 and 39.)

K' = 10"3_; Ky = 10614-KI = 107 Kp yop = 0.05 k! = 10714, \
HA = 10 :1 K = le ;0 Vo= 0:03 L; VO = 0.07 L; EI'SHA ; 10°;
Nan = }g F g = 5005 el =0.0; el = 0.0; npy = 107°;

ay = 'lO . :

Curve No.\ 1 2 3. 4 K

K 1010 106 105 4 103
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4 | 8 ’ 10 16

’nA}<106

. . . : o +
Theoretical titration curves for acid BH

in a two phase system (monitoring the organic

’

‘phase). Effect of pH on the shape of the

fitration curve, (Curvesbcalculated from
equaﬁions 37 and 38.) a1l Parameters as
Figure 23 excépt KS = 1010, Kg = 10_10.
Numbersvon the curves are pH values.
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- ' \ .
" can be very 1mportant when BH is a weak ac1d and/or

. y

A is a weak base. In this example, w1th K' = lO -9

and'Kg =_10_10, 1t is only at 1ntermed1ate pH values.

b 1/2

inhthe V1c1n1ty of (K' . that sharp tltratlon

curves are obtalned. At low pH protonatlon of the

A~ ion competes successfully with the lon—oalr reactlon
between BH and A, and at hlgh pH deprotonatlon of BH
.is too oompetltive It is therefore de51rable not only
that the tltrant yield a large value of K w1th the
'sample, but also that lt be a very weak base (small
.Kg). -In such. c1rcumstances it w1ll be- posslble toAA‘
select a PH low’ enough to repress the hydrolysis reaction

of the samp]e ion w1thout 1ncurr1ng excess1ve hydroly31s

of the- titrant.

radiation at the wavelength of 1nterest it can be
shown that the linear segments of the tltratlon[,a
,curve well before and well after the equlvalence
p01nt will have the follow1ng propert1es~ Before the
equivalence p01nt both the slope of the llne and 1ts
ordlnate 1ntercept can have zero or p051t1ve values.
After the equlvalence p01nt the slope of thevline can
" be Zero or p051t1ve and- 1ts intercept can be negative,

L
ZeXo or positive. .

Discussions of theoretical titration behavior in

Ve L.



thlS‘SeCthn have empha31zed the tltratlon of samole
BH ,w1th tltrant A~ . Analogous conclus1on3'can readily
‘be-. drawn concerning the reverse titration and therefore
Lit will ‘not -be dlscussed in sectior 2.2.2 (Predicted

: Tltratlon Behavior) of this thesis.
. v\ N
D
2.2.3 Dllutlon ‘ebrrection for Ton- Palr Tltratlons

Con51der flrst tltratlons in which the aqueous phase
1s,mon1tored, The adjustment whlch must be made on.

v

"the observed absorbance value tf;correct for dilution
of the aqueous phage_whlch results from addition of
titrant may not be . the sameras that which applies to a
one—phaseltitration nedrum. The form of the dllutlon
'correction can beggeduced) as in Section 2. 1. 3 by
consideringfonlyﬁthe'linear terms in the titration
expression.i.It4can be'shownvthat there are two linear
‘terms;: The flﬂ%t>one describes the stralght llne

S : ny»
contributlokﬁ/o gﬁé left branch of the titration

curve, ;gequlvalence p01nt, and'can be shown e

) sib -
to be: _ R
-0 a

Ka.V KB K'.V ]
—2— (42)

=V — .' —v+ +K )
Tp = Npy (e +€é’Ka/aH)[ aH‘. <LK ‘o a

k-4

The second linear term descrlbe° the stralght line con-

'trlbutlon to tmgrlght branch of the curve, after the

equivalence point; and has the formi
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. s o mwmY L KeRagv,
nA— nBH + Kk’) S AVAR +KI'm.VO+ 7
(e +€'-.—j) LK K
_ A . HA' _ - '
) (43)
- The several dlfferent consequences of dllutlng

the aqueous phase with- titrant have been descrlbed

in section 2.1.3 and ‘it m Yy be shg

n by u51ng the-same
. reasoning that dilution ef can be compensated for

as follows. Before the equivdlence p01nt plot:

’K'(v+v) X
(V+V,) + +KI V. V+KB

V+VA aH
A - ]
obs K.V KKV
vy 2 4k Vo o+
ay I BHX:uutlal o) ay
VS.n, ' - | A o ] (44)
/
k\\wind after the equivalence p01nt, plot:
Ky .ay. (V.+V,) \Y
| WV + ——— ﬁK,MA’,initial'V+V Vo
A/ A : :
A ]
%XB" v-+§§:3izﬁ+-K V., +
Kw I,MA,initial - "0 '
S
Kaa % 2V
K’ . - - ER ' N
VS. n; . 4 . (45) .

K}m.r‘zg.aﬁ.vo A

w

~

where V is the initial volume of aqueous phase, VA ig

- the volume of trtrant added at any poiht, and KI BHX, initial

and KI MA, in tlal are the values that PpPrevail at the
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initiai concentratiOn of the salt MX at the beginning
of the titration. 1t may be noted that‘if the titrant
solution is made to contain the same concentration

of buffer-and inert salt as is present in the sample
solutlon dgueous phase, then there would betno_
dilution of MY and X and, therefore, no change in the
' value‘o_f‘KI’BHX and KI,MA during the titration.
-In'that.case (V/V + VA),wouid disappear from the KI

terms in equations 44 ang 45. "Also, when the dilution

correctlon is small as in the present study, it would

-~
“

be p9551ble to render_ it unnecessary by standardizing

the picrate titrant against a'primary standard amine

drug in the two-phase, titration- medlhm without u51ng

a dilution correction. When a sample is tltrated and

the dilution correctionls)agaln omitted the small
titration error will cancel-out} ThlS assumes, of course,
:that‘the phase volumes, the tltrant volume, and the

values of KI Bux are not greatly dlfferent for the

standard and sample compound In any event,‘lf ‘the

v

volume of titrant required to complete the titration
is very small comparéd to the 1n1t1al volume of aqueous
phase all dllutlon effects can be 1gnored

Con51der next tltratlons in whlch the organic
phase is monltored. When the titration is performed

at a wavelength at whlch enly tltrant ~containing

‘species absorb (e.g. BHA, HA, and MA) and the titrant




is added as an aqueous solution, there is no dilution
p

COrrection in. the linear region of the curve beforeQ

"~

the equivalence Point. This is in contrast ‘to the case
in which aqueous phase absorbance ig Mmeasured. Before
the equivalence pPoint in the titration of But with a~,-

the linear region is given by the expression:

el .n .
A = BHA " (46)
obs v
0]
which shows that Aobs is independent of V, the voluﬁe
of aqueous Phase. After the equivalence point the
linear region is given by the expression: ;
A g Kb°KHA'aH+E. _—
, ' HA® K MA" T, MA ‘
“BH A By W
= - '\\
Pobs g opngy) V+Kba‘HV+. v 4 b XYy
6] K - &LMA'O K :
: w , w
(47)

In titrations where the PH is high"eqsugh that the
species HA jis nhegligible, ang where the Species MA

is negligible, the humerator term in the bracketed

equivalence pPoint is a line with slope zero ang ordinate
. ' . ' . . -
intercept (EBHA'nBH/VO) which has‘no dilution co;rec

tion. 1In cases where the humerator term has a non-

STl e 1o,
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correctlon is nhecCessary but it applies only to the
'seconCiternnon the R.H.S. of equation 47, In many cases
this correction is small enough to be neglected as

1t was in all of the titrations described in this
thesis for which the organic‘phase absorbance wasg

measured.

135



CHAPTER 3

EXPERIMENTAL

W3.l Apparatus
The titration apparatus is shown in Flgures 25‘

and 26. The magnetic stlrre; (Model 4815, Cole-Parmer
Instrument co., Chicago, Ill.) must be one with a
powerful magnet in order to avoid ' 'spin-out" of the

1. 5 inch Teflon covered stlrrlng bar at the hlqh
speeds necessary to achieve rapid dlstrlbutlon eaulll—
brium. The Teflon lid is held in place agalnst the
flat ground glass rim of the titration vessel with an
aluminum clamp (not shown in figure). The 1id need
not be air tight but should provide a snug fit to
minimize evaporation of the organic solvent and uptake
of CO2 from the atmosphere. Holes in the 1id provide
) access for the glass buret tlp, the filter- -probe,

the Teflon return tubing and the shaft of the
"spoiler”. The latter is a lG—ﬂMIdﬂmeter Teflon rod,
to the end of which a 39 ~mm dlameter disc of Teflon'

is fastened with a force fit glass pin. The teflon
disc is cut along six radii and the pie shaped sections
twisted to give the disc a propeller shape. The

r

"spoiler" does not rotate. 1Its purpose is to minimize
vortex formation in the rapidly stirred solution and
to increase the shearing effect which facilitates

efficient dispersion of one solvent phase into the

136
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FIGURE 25,

Diagram of the titration apparatus.
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13.
14.
15.

Magnetic stirrer;

~8Stirring bar;

Lid;

Titration vessel;
Buret tip;
Filter-probe:
Spoiler;

Return 1line;
Micrometer buret;
Three-way valve;
Titrant reservoir;
Peristaltic pump;
Acidflex pump tubing;
Flow cell;

Water jacketed beaker.

Only items 2 - 7 are drawn to

scale.
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other. A properly stirred suspension willhéppéar
milk-white with no individual droplets.of either
solvent yisible to the unaided eye. This is neceséary
for rapid achie&ement of distribution eqguilibrium after
the addition of each increment of titrant. Stirring
is continuous throughout the titration.

Titrant is delivered froﬁ a l1-mL micrometer
buret (Digipet, Monostat Corp., New York, N.Y.).
The glaés barrel of the buret is connected to a three-
way balvey(Modél CA& 3031, Laboratory Bata Control,
Riviera Beach, Florida). Andthgr lengﬁggpf Teflon
tubiné connects the valve ﬁo the élass bﬁfet tip.
The thirdivalve port is connected to the titrant stored.
"in either a polyethylene reservoir béttle in the case
of sodium hydroxide or a volumetric flask, and allows
rapid réfilling of the buret barrel between titrations
by simply_switching the valve and reﬁracting the buret
piston. »

The micrometer buret was caiibrated at 6 points
over the range 0 to 1 mL by-filling it with 0.4763 M
NaOH and potentiometricaliy titrating aliguots of
accurately standafdized 0.01510 M HC1 s i:%ion. The(;
burét was found to be accurate and precise to within

&
1 part per thousand over its entire range.

N S S N

The filter-probe, shown in exploded view in Figure

26, is cohstructed by fusing a 13 mm diameter center- i



.

__—Sleeve

Filter Teflon Gr
Paper Mesh

FIGURE 26. FExplodéd view of the end or thé filter-

probe.
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perforated glass disc to the end of a1l mm ID by 6.5
mm OD glass tnbe (part no. G2-C, Laboratory Data Control).
“The bottom of the probe is grooved. When the aqueous
phase is monitored a 6.3 mm diameter coarse Teflon

mesn (Laboratory Data Control) is placed over the

center of‘the disc and three 18 mm diameter~diecs of
‘filter paper are placed over the mesh and folded onto
- the probe by pressing into a short piece of 13 mm ID
Teflon tubing which acts as a sleeve to>holdbthe paper
in pPlace. The two innermost discs of filter paper
are Whatman No. 5 and the outermost one 1is Whatman No 1'
paper.4 Discs of the cofrect 51ze are convenlently
punched out with a No. 10 cork borer.

' In order to selectively pump the immiscible
. Organic phase through the spectrophotometer flow cell

the triple layer of filter paper on the filter-probe

is replaced with a double layer of porous Teflon
membrane (thex Filter Membrane, leZO pm pore eize,

4 mils thick, NO. E249-122, Chemplast Inc., Wayne,

N.J.). Because the membrane is easily perforated

by the sharp edges of the coarse Teflon mesh which is-
used with the filter paper, the mesh is:replaced with

a 0.8 mm thick wafer of Teflon which is cut to a

diameter equal to the bottom of the filter probe and
'is extensively perforated and lapped smooth. Thus ' :

constructed, and with due caution against striking
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the membrane surface of the probe against sharp objects,
the filter probe has been used for over a hundred
titrations without the need to change the Teflon
membrane.

The upper end of the filter- probe is connected
via a short piece of Teflon tubing, to elther a -
1. 65 mm ID by 7 cm long or a 1.14 mm D by 18 ¢m long
piece of Acidflex perlstaltlc pump tublng (Technicon
Corporation, Tarrytown, N.Y.). Connections of Teflon
tublng to the glass buret tip and the filter- probe
are made with a standard Cheminert fitting (Laboratory
Data Control).‘ -

Either a Mini-Micro 2/6 peristaltic pump (Brinkj
‘mann Instruments Corp., Torento) or a Variable&speed
Minipuls-2 peristaltic pump (Gibson France S.a.,
Villiers—leBel, France) were used. The flow rate of the
solution is adjusted’to about 1.5 mL/min. Solution
from the pump passes via Teflon tubing into an 80 uL
flow cell with a 1.00 om pathlength (part 178-0s, . *
Hellr . Corp., Toronto) and then back into the titration
veeseL via the return Iine?

When.monitoring the organic phase a porous Teflon
fi® _er is placed between the pump and the flow Eeii
' » trap the occasional particle of rubber abreided
off the inside of the pump tube. This iS"cohstructea

by sandwiching a small circle of 28 mil thick, 30-50

MM pore size Zitex Teflon filter membrane (No. K1064-



222) betweeh two small Teflon rings which are, in

turn, held between the flaired ends of the feflbn
tubing in a Cheminept.tube end fitting (No. TEF 107 -
and 107A3, Laboratory Data Control). A ten foot length
of 0.3 mm ID Teflon tubing is used as a return line to
connect the spectrophotometer outlet back to the
titration vessel in order to suppresg bubble formation
in the organic phase atvhigh:pumping rates.

A Ca}y 118 spectrophotometer (Varian Instruments,

Palo Alto, Calif.) is used for absorbance measurements.

The spééial cell compartment cover available for this
instrument (part 01-640575-00) facilitates initial
positioﬁing of the flow cell. All Teflon tubing.inbthe
flow SYStem_is either 0.3 or_O.éwmm ID. The total

volume of the filter-probe, pump tube, flow cell, and

associated transmission tubing is either 0.42 or 0.58 mL.

Qo

“Thé flé%ybéttomed titration vessel is made from
51 ﬁh ID Pyrex glass tubing‘with a widg rim that has
been'labpqd flat. ‘During an analysis the titration -
vessel is élaced in a glass jacketedgbeaker filled

with watefi and water at 25 * 1°C.is pumped through

the glass jacket from a constant temperature bath.

:» The pH meter was described in the first-part

of the thesis.

7
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3.2 Chemicals

Dextromethofphan Hyvdrobromide has been described
“‘\

in the first part of this ﬁhesis.

Molindone Hydrochloride was supplied by Endo

Laboratories. It was analyzed by Fajan's and non-aqueous
titration (65) as 99.0%. Its structure is:

P

Diphenhydramine Hydrochloride was supplied by

L. Chatten, ‘ ; UniVersé?y of Alberta
It was analyxgg,by Fajan's and hon—aqueous titration

as'99.9% and 99.8% respectively.

Diphﬁhylpyraiine Hydrochloride was supplied by
9. by . E

7o S ) ' '
L., Chatébn&f It was analyzed by Fajan's ang non-aqueous

titration as 98.4% and 98.5% respectively.

# 7 ‘ ' }
Promethazine Hydrochloridewwas Supplied by Endo

Laboratories, Gardenicify, New York.AlIt was analyzed

by'Fajan’s'and‘non—aquéous titration as 100.0%.

Phenyltoloxamine Citrate was supplied by 1., Chatten.

It was ahalyzed by non¥aqueous titration as 99.8g.
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Dlmetthanate Hydrochlorlde was supplled by L

Chatten. It was analyzed by Fajan's and non- aqueous

tltratlon as 98 6%

Benzethonlum Chloride was supplled by K & K,

Plainview, N, Y It was analyzed by prec1p1tatlonfof

ferrlcyanlde salt of the quaternary ammonlum ion,

L

flltratlon, and iodometric determlnatlon of excess N

ferrlcyanlde (114) . It was 92.0%. Its structure 1s

o a7
CJ13 C]43 ' (}43 '
CH:?G—CHQQ Q OCHZ—CHZOCHZCHQ—II\I—CHZ

L CHy CHy . CHy

_ Hexadecyltrlmethvlammon1um Bromlde (Analyzed

Reagent) was’ supplled by J. T Baker Chem. Co.,
. {’:‘;‘/ R
Phllllpsburg, N J. It was analyzed as for benzethonium

>

chloride asg 96.0%.

s

A N

Sodlum Lauryl Sulfate (U.S.B. Equlvalent) was

supplled by Flsher Scientific Co. It was analyzed
by ‘two phase ion-pair titratién to a Visual.end point
with benzethonium chloride»titrant and methylene blue
indicator, according to the method of %lank kll?) as

described in reference 104. It was ‘81.2%.
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Sodium Dodecylbenzene sulfonate was supplied by

K & K, Plainview, N.Y. It was analyzed as for sodium

lauryl sulfate as 72.3% or 57.9% (see text).

Picric Acid (Reagent Grade) was supplied by
Matheson Coleman & Bell Manufacturing Chemists (Catalog

No. PX1l1l65).

Methylene Blue (U.S.P. Equivalent) was supplied

by Fisher Scientific Co., Cat. No. M-=-225 (Note: the
ordinary grade of this compound which is used for
biological staining should not be used, sinee it has
a relatively high impurit;.content (Ref.v116)). Its
structure is:

+

-

- D
(CH,), N’@ZD\N (CH,), <}
o | i

Other Chemicals including sodium chloride, sodium

hydrbxide, sodium\acetate, potassium phosphate mono-
basic, potassium ﬁhosphate dibasic, phosphoric acid,
ammonium hydroxide, glacial acetic acid, silver
nitrate, and perchloric acid, were all analyticgl
reagent grade chemicals. Potassium acid phthalate was

primary standard grade.




147

3.3 Reagents

Double distilled water and 1 Molar Sodium Hydroxide

have been described in the first part of this thesis.

1 Molar Sodium Chloride ywag prepared‘by dissolving

58.5 g of sodium chloride in 1 liter of double distilled

water.

Phoéphate Buffer (i) pH 2.90 was prepared by

combining KH2PO4 and phosphoric acid to give a final l
analytical concentration of phosphate of 0.059 M.
(ii) pH 7.50 was prepared by combining KZHPO4 and sodium

hydroxide to give a final anélytical concentration of

phosphate of 0.075 M.

Acetate Buffer PH 5.00 was prepared- by adding

sodium hydroxide solution to 400 mL of .acetic?acid
solution. This solution is transferred to 500 mL

s, -
volumetric flask and diluted to volume “With distilled

water to give a final analytical acetate concentration

of 0.1 M.

Picrate Titrant (0.03868 M) was prepared by

dissolving picric acid in double distilled water and
was standardized by potentiometric titration with

sodium hydroxide titrant.



0.05 Molar Methylene Blue was'prepafed by dis-

solving-methyiene blue in 0.075 M phosphéte buffer
(pH 7.50), repetitively extracting this solution with
chloroform until the chioroform phase was colorless,
and diluting to volume with phosphate bu;}er. This
solution was standardized by titrating aliquots of

picric acid using the two-phase photometrzfuﬁon—pair

titration method that is the subject of this thedis.

Carbon tetrachloride was supplied by Caledon

Laboratories, Georgetown, .Ontario.

Chloroform was either analyzed reagent grade

(J. T. Baker Chemical Co., Phillipsburg, N.J.) or

A.C.S. reagent grade (Caledon Laboratories) .

>

Chloroform/Carbon’ tetrachloride (1:1) was pre-

pared by mixing the two solvents in a 1:1 ratio and the
mixture was stored in gallon quantities for use in the

acid-base titrations.
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3.4 Distribution Isotherms and Molar Absorptivities
b
The values of all distribution coefficients were

determined by batch equilibration experiments. The

¥

distribution coefficient of dextromethorphanium ion

to be used for Calculating the acid- -base tltratlon curves

was determined between CHC13/CC1 (1:1). and 0.01 M
aqueous HC1 (pH = 2) that was also 0.10 M in Nag1,
by agitating at 25 + g. 1°%¢ and spectrophotometrlcally
determlnlng the dextromethorphan content of the phases.
The distribution coeff1c1ents were measured at five
different equilibrium aqueous phase conéentrations of
dextromethorphanium ion ranging from 1 X 10—4 M to
1.3 x lO_3 M: The resultlng isotherm plot of molarity
in organic phase vs molarity in aqueous phase is linear
w1§h zero intercept. The slope is numerically equal
to ‘the distribution coefficient(Figure 29, below).
Distribution coefficients of dextromethorphanlum
ion were also measured at single points in 0.50 M NaCl
and 0.01 M NaCl, both of which also contalned 0.01 M
HC1. Dlstrlbutlon coeff1c1ents that would prevall in
0.50, 0.10 and 0.01 M total chloride concentrations
were calculated from these experimental values using

the approprlate activity coefficients and equatlon

15 (vide infra). The distribution isotherm of dextro-
methorphan base between CHCl3/qu4 (1:1) and dilute

NaOH (pH = 13) that was also 0.1 M in NaCl, was
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'measured in an identical manner to that described above,
at equlllbrlum aqueous concentrations between l x 10 = M
and 1.5 x 10 =3 M,_anq yield zero intercept and a linear
slope (Figure 29, below).

The molar absorptivities of dextromethorphaiaum
ion (eBH) and dextromethorphan base (e! ) were measured
in 0. 1M aqueous hydrochloric acid and 0. l M agueous
sodium hydroxide, respectively, with the measurements
made in tge spectrophotometer flow cell from the
titration apparatus. N Beer's law plots were linear on‘@he )

- Cary llB’spectrophotometet up to absorbance values of at
least 1.5. )

The remaining measurements, described next, were
used for calculating ion-pair titration.results. The
distribution coefficieht of promethazinium ion between
chloroform and aqueous 0.052 M phosphatesbuffer (pH =
2 90) was determined at three different equilibrium
agueous phase concentrations of promethazine hydro—
chloride ranging from 2 x 10_4 Mto 1.0 x 10~3 M.

The distribution coefficient was constant for all values.
The distribution coefficient for dlmethoxanatlum ion
was determined in the same way, except that the

!

measurement was performed at only one sample concen-

tration (ca. 5 x 10_4).

The value of KI MA’ the ion palr ‘distribution

/Mgoe£f1c1ent for sodium plcrate, ‘was determined between

)

-



chloroform and pH = 2.90

phosphate buffer by equili-

‘brating the two phases containing an amount of picric

cacid sufficient to yield

an aqueous phase concentration

of about 7.7 x 1073 M and recording.the absorption

1

\
spectrum of the chloroform. The observed spectrum

could be accounted for quantitatively by the small

amount of extracted picric acid, indicating the

absence of any extracted

picrate species. The value

of zero for K; MA is consistent with the value reported
T .

for the distribution coefficient of sodium picrate

between methylene chloride and aqueous solutibn (111).

The distribution coefficient (extraction con-

stant, KS) of promethdzinium picrate between chloréform

and 0.052 M aQueous phosphate buffer (pH = 2.90) was

determined by dissolving

approximately equimolar amounts

of promethazine-hydrochloride and picric acid in the

two-phase system, agitating at 25°% + lOC, and spectro-

\fphotometrically measuring the picrate concentration

of the aqueous phase. The concentration of promefha—

" zinium picrate (BHA) in the organic phase was determined

from the mass balance of
promethazinium cation in
from its mass balance in
for the amount extracted

extraction constant, KS,

picrate. The concentration of‘
the agqueous phase was determined
the system, and was corrected

as BEX (vide infra). The

was measured at six different

equilibrium aqueous concentrations of promethazinium

a
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ion ranging from 1.0 x 10°° M to 7.3 x 1073 M and was
found to be constant over tpis range.

The molar absorptivities of promethazinium ion
(Eéﬁ) and promethazine free base (e') iﬁ the aqueous
phase were determlned by procedures analogous to those
-used above for dextromethorphanlum ion and dextro-
methorphan free base. The molar absorptivity of
promethazinium picrate ip chloroform at 400 nm was
measured by adding an excess of picrate to aqueous
solutions containing several different concentrations
of promethaziqg“hydrochloride, equilibrating with an
accurately knoﬁn volume of chloroform allowing the
phases to separate, énd puﬁping thé chloroform phase.
through the Teflon filter membrane ‘nto the flow cell.

. After correcting for the small amount of neutral picric
acid extracted at pH = 2.90 a linear "Beer's Law"
plot was obtained for prometﬁazinium picrate.

The distribution coefficient of benzethonium
picrate between chloroform and 0.063 M aqueous phosphate
buffer (pH = 7.50) at 25 + ioc, and the molar absorp-
tivity of benzethonium picrate in chloroform were
determined by procedures analogous to those used
above fof promethazinium picrate. The distribution
coefficient of benzethonium ion between‘chloroform
and 0.063 M phosphate buffer (pH = 7. 50) was determined

in the same manner as that used for prometha21n1um ion.
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The molar absorptivity of picric ac1d\1n chloro-
form was determined after a single extraction of a 0.1 M
HC1 solutlon of picric acid. The amount of picric
acid(extrabted into chloroform wé?;calculated from the
known PK, and the distribution coefficient of the
neutral picric acid Species.
. Eod

The,moiar absorptivities of diphenylpyrilinium

ion, diphenhydraminium ion, and molindonium ion (¢

BH)

were measured in 0.1 M HC1.

3.5 Titration Procedure

Distilled water to be used in the acid-base
titrations is sparged with nitrogen to remove COZ‘ Spar-
ging is not done on watér to be used in ion-pair
titrafions. The organic solvent is shaken ig a
separatory funnel,immediately before use with an equal
volume of Coz—free water-and filtered through dry
Whatman No. 2 paper. This washlng removes both the
ethanol preservative and the small amount of HC1l that
is usually formed in CHCl3 upon stgnding.

In acid—basemtitrations, a volume oﬂ.GQ.OO mL of
Cozrfree distilled water, 10.00 m% of aqueous NacCl,
solution, and 10.00 mL of drug soluQion are pipétted

into the titration vessel along with%20.00 mL of

CHC13/CC14 (1:1).
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In ion-pair titrations in which the agueous phase
absorbance }s monitored, 70.00 mlL of 0.059 M phosbhate
buffer (pH = 2.90), 20.00 mL of chloroform and 10.00 mL
of aqueots drug solution are combined in the beaker.
In ion-pair titrations in_which the organic phase
absorbance is monitored, 25.00 ml, of phosphate buffer
(PH = 7.50 or 2.90), 70.00 mL of‘ch¥oroform and 5.00 mL
of aqueous sample solution are used.

The 1id is fastenedlin place, with the filter
probe, spoiler, return -line, and the buret tip in
place, and the titration vessel is placed in the water
bath. \Stlrrlng and pumping are begun. The spectro-
photometer is set to 100% T with ‘the dAqueous or the
organic phase, but before adding samp;e solution. Now
the sample solutiop isadded_and after about 4 min the
absorbance wil; have risen tc'a constant value as
distribution equilibrium is reached in the titratioﬁ
vessel. Titrant is now added. After the addition of
each increment a period of about 1.5 minutes is required
for the absorbance to reach its new plateau value.
Flgure 27 shows the decrease in the absorbance after
each increment of titrant added for dextromethorphan
hydrobromide titrated with sodium hydroxide The
photometric titration curve is a plot of prlateau
absorbance, corrected for dllutlon if necessary, vs.

moles of added titrant.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Acid-Base Titrations

The heterogeneous Photometric titration equat
was tested experlmentally by titrating dextromethorphan HBr
with sodium hydroxide tltrant In order to determlne the
accuracy and Precision of the method several pharma—
Ceutical amine hydrohalldes_were titrated using this
system including dextromethorphan.HBr,diphenylpyriline.

HC1, diphenylhydramine.HCl and molindone.HC].

4.1.1 Dextromethorphan.HBr, The\heterogeneous

titration egquation (equation T6) was verified by

‘titrating dextromethorphan.HBr, which is aVBH+ type

e 1:1 mixture/of CClA'&%d CHCl3 as organic phase.

halide ions (30 117,118) andg they have demonstrated

that 1:1 ion pairs are involved. The titration was 7

.of ‘BHX on curve shape. The results are presented in
Figure 28. The points in Figure 28 are the observed
experimental ,Values corrected for ‘dilution using

equations 3] and_34, while the solid lines are the

156 s
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FIGURE 28. Photomet;g

-

7
C titration curves for dextromethor—

phan hydrobromide with sodium hydroxide titrant

Lines are calculated from equation 16'and

points are experimental.

- A -5 . ' _v £ . ' = .
nBH = 6.72 x 10 mole; €y = l800, EBB = 1840,‘
Ky = 2.70 x 10%; K = 1.00 x 10°14, y

B Sw (o}

]

0.02000 L;
V = 0.08042 L; A= 275 nm.

' ,
Cu;ve No. KI‘ Ka Yy Yor [NaClj , '
1 0.30 4.57 x 107 0.91  0.90 - 0.01 M
2 . 0.55 4.11 x 1077 0.83 0.75  0.10 M
3 2.49 3.81 x 1077 0.76 o0.69 0.5 M

-,i- - VCRPLATT TPRLE oo ni O
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theoretical curves. calculated frOm equation 16 uSing

known or measured values for the parameters K K

I’ "B’
E‘é ’ V v

K' was obtained by multiplying the literature value

[ ] ) \
BH’ o’ Mgy’ YH’ YOH"Kw and K The value oft

(30) of 5.0 x 10° =9 b§ the actiVity'coefficient YRy
'Which is computed from tabulated values (119,120)
assuming an ionic size parameter of 8lx 10‘8.

The distribution_coefficient of dextromethorphanﬁum
ion (BH') at PH = 2 in 0.10 M SOdium chloride was ]
determined by batch equilibration. The distribution
isotherm, Figure 29A, is linear with zero intercept.‘

' The]distribution isotherm of'deXtromethorphan ba%e

(B) at'pH = 13 in 0.10 M sodium chloride was also

determined by batch equilibration (Figure 29B). ’ “ ’A\
The value of Npy was equal to the number of moles

of dextromethorphan hydrobromide taken multiplied by

0.954, Ehe\assay value found by nonaqueous and- Fajan s

titration.

“agreement between predicted and observed

The
- results sKown in Figure 28 demonstrates the validity of

equation | 16 and clearly illustrates that accurate

which show no significant spectral change upon deprotona—
tion.
-In the region just before the end point, the

experimental:absOrbance'values fall slightly above the
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‘theoretical line. The reason for this is not known but

may be the presence of small amounts of CO., in the titrant.

2
It is not seen when higher (e.g., %0_2 M),sample
concentrations are used. It causes no error in locating
the end peint, if the steepest straight line consistent
with the data is drawn through the points before the

equivalence point when performing the linear extrapola-

tion.

s 4.1.2 Assay of Drugs. Four common amine hydro-

halide drug substances were each analyzed by three
different titration techniques: Fajan's titration for
‘hallde, nonaqueous titration, and heterogeneous photo-
metric titration. Resulhsaresummarlzed in Table VI
which shows.the averages and average deviations obtained
'in replicate titrations. Sample concentrations were

> 0.01 M for the Fajan'sﬂend nonaqueous titrations.
Approvimate sample concentrations during the photo-
metr. ~ titrations, assuming all of the compound is in
the aqueous phase, are given in the last column of
Table VI. All photometric titrations Were performed
"in 80.42 mIL of 0.10 M NaCl amd 20 00 mL of CHCl3/CCl4
.‘(l 1) using as tltrant standardized so6lutions of sodium
hydroxide between 0.0S_M‘and 0.5 M, depending on drug
concentration; Endpoints of the photometric titrations

were obtained by linear extrapolation of plots of
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absorbance (corrected for dilution) versus holes of
added sodium hydroxide. .

) The value of KI initijal for diphenylpyriline.HClr
diphenhydramine.HCl and molindone.HC1 were calculated
by using equation 32 and the measured values of EBH

as discussed in the theoretical section. This value

‘Was substituted in equations 31 and 34 for  making the

dilution correction.

Assay values found by the photometrlc titration
‘ and the two 1nd1cator tltratlons agree within 1 - 2 PPt -

Prec151ons fy& a%% three methods, as indicated by averygge

and averag@*dev1atlons, are also in the range of 1 - 2

ppt..

4.1.3 Advantages of the Method. Considering

the additional instrumentation required, it might be
asked why One would choose the photometric technique

over an 1ndlcator tltratlon The answer is that the
photometric tltratlon contains both qualitative ang
quantitative 1nformat10n about the sample, while 1nd1—
cator tltratlons contain only quantltatlve 1nformat10n.
For example, if an acid BH w1th a. pK of' 9 happened to
contain as an unexpected 1mpur1ty another acid of the By
charge -type with a pK of 5, an lndlcator tltratlon woulq
yield only Oone endp01nt correspondlng to the sum of

’

“both compounds. A potentiometric tltration with NaOH

, f
< . . . - v
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titrant would give two‘endpoints in this case, but if

it happened that the impurity also had a pK near 9

then even a potentiometric tltratlon would not detect
the presence of theplmpurlty. On the other hand if,

as is likely) the impurity had a different molar absorp—
tivity than the acid of interest then, whether or not

it had.the same PK_ , the shape of the titration curve

of the sample would be different than that for a pure
standard'of this material. In particular, the slope

of the linear portion of the curve before the endpoint
would be different for the sample and standard. Locking:
at‘it invanother way, a photometrlc tltratlon provides

both a photometric and a tltrlmetrlc assay and if the
§

two assay values do not agree the analyst is alerted

to a peculiarity of the sample.

A distinct advahtage of heterogeneous acid-base
Photometric titrations is thehfact that the conjugate
‘spec1es of the sample compound do not need to have
dlfferent ‘molar absorpt1v1t1es (86) This is true
because the analytical concentratlon of the sample ' B
‘compound is changlng in the phase’ whose absorbance is
monitored during the tltratlon Such tltratlons have
been called "formal tltratlons" (86) Major alteratlons
“are produced 1n photometrlc tltratlon Curves as a result
of the heterogeneous distribution of acid- base conjugate

spec1es between the two phases.

i a e



Another advantage is that it is possible to alter

(BH+) or base (A-)

the apparent strength -of a
titrated with NaOH or HCl. "This is because the titration
product B or HA is distribnted into the organickphase;
shifting: the acid—baae equilibrium in the product direction
and causing the acid BH' to appear as though it was a
stronger acid and the base A” as a strongeq Lase.

%; also becomes p0551ble to dlfferentlally.¥1trate
mlxtures of acids and bases with similar 1onlzatlon con-

stants but dlfferent charge types Titration of a mixture

of acids BH and HA gives two breaks because the neutral

~ Pl . L

" acid species HA qill distribute to the organic.phasé anl

N

, _ R + _ _
leave most of the BH specles 1in the aqueous phase. The
first break will be due to BH' species and "the second \break
due to HA species. Two breaks will also arise‘when \

titrating bases B and A with HCl. -

4.2 Ion-Pair Titrations

165

\/'

4.2.1 Monitoring the Absorbance of the Aqueous Phase. *°

hl -
Equatlons 36 and 37 were verlfled experlmentally by

tltratlng prometha21ne hydrochlor&de with plcrate anion.
Four common drugs were titrated with picrate including
promethazine.HC1, dextromethorp an. HBr ‘vhenyltoloxamlne
Citrate, and dlmethoxangte HCl 1 erder to demonstrate
the precision and accurac; of: the methodf

4:2.1.1. 'Pfométha%iné HC1. In order to test 4

the valldlty of the proposéd tltratlon model for an

\ ‘,(*’

PETRE IR U
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acid BH' in chloroform-aqueous buffer ﬁedium, prome-
thazine hydrochloride was titrated with picrate titrant.
The conditions of the titration are summarlzed in the
captlon of Figure 30 which shows a comparison between
the predicted and observed titration behavior. The
points in Figure’}O (centers of circles) are the
observed experimental titration results, not corrected
for dilution. The solid line is the theoretical
titration'cﬁrve calculated from Equations 36‘and 37

) ) .

‘as discussed in the theoretical section. Sinpce the
=dilution correctionslare not completely hegligible, the
effect of dilution was incorporated in the theoretical

curve in.order to allow a direct comparison of theory
and results over the entire lehgth ofsthe curve.

The values of KS( KI,BHX' I, MA,EBH and EB to
be used in calculating the theoretical titration curve
were experimentally measured as described in the
experimental section and are presented in éhe caption
of Figure 30. fge distribution isotherm for prometha-
zinlum ion between chloroform and agueous rhosphate

ko

.buffer,»shown in Figure 31, is linear with zero inter-

cepe: ‘

The values of Ké for promethazinium ion, and of

&

KB for the partitioning of promethazine~free base
between chloroform and aqueous solution were obtained

from the literature and are shown in Table VII. The




1

FIGURE 30. Titration curve for promethazine hydrochloride
with picrate titrant. The line is calculated
from equations 36 and 37 using the values

below. Points are expefimental.

npy = 4-338 x 107" mole; V = 0.0800 L; V_ = 0.0200 L;
K' = 1.0 x 10™2; K! = 2.14 x 1¢ 14, x = 0.90;
a . P Ky = 2. P K1, BHX -90;
~ L 5 _ e -14
Kp,up = 0-05 Ky = 7.9 x 10%; Ky, = 29.5; K,'= 1.00 x 10% ;
v - 3, [ 3, L 3,
€Rg = 2.56 x 107 ; €5 1.80. x 107; €a 2.20 x 10 i
| 3 6
1 — - = - —3 p—1d
€ga = 9.1Q x 107 ; KS 7.24 x 107; pH 2.90. Wayelength
285 nm. - ) s
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 FIGURE 31.

] 2 3 4 5 6

moles BH*/ liter x 104

Distribution isotherm for promethazinium
ion between chloroform a_nd agueous
0-052M-ph'osphate‘.'b'ufferpH = 2.90."
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value of Kg, the basicity constant of picrate ion,

-14

is 2.1 x 10 (111) and the value of X HA for the par-

%

titioning of picric acid between chloroform and agueous
solution is 29.5 (111).

Agreement between the predicted and observed
titration curve in Figure 30 verifies that equations 36
and 37 are an accurate titration function for this
system. A comment is in order on the nature of the anion

X, which forms an extractable species BHX with the drug

_cation. It ie likely that X is in fact more tha one

X %
anion. The anions chlorlde and bromide from the d gs

form extractable spe01es with many drug catlons (Sect;ﬁh
!

4.1), and it is possible that'HZPOZ from the buffer

could also fulfill this role. The composition of the

extractabley species was not investigated, but the

.constancy of KI BHX for promethazinium ion distributed
. ’

between chloroform and the buffer was demonstrated at-

several different drug concentrations (Figure 31).

4.2.1.2 Assay of Drugs. The general utlllty

of plcrate as an ion- palr forming tltrant for amlne

. drugs was demonstrated by titrating threemgddltlonal

compounds : dextromethorphan.HBr, phenyltoloxamine'

citrate, and dimethoﬁan e. HCl. Since KB is known
& ;

for dextromethorphan and phenyltoloxamine: (Table VII)

u

€

.the values of KI BHX for dextromethorphanium and phenyl-

.fjkx/’,

i 1 U AUTFT U SRR
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¥ Phenyltoloxamine.Citrate 7.9 x 10710 a

f

4
\ b
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TABLE| VII.

Values of C nstants

i

Compound

I,BHX

\
. Dextrohethorphan.HBr 0.65
Promethazine.HCl 0.90

6.3 x 10° 2 .12}

Dimethoxanate.HC1® L1070 b 3.2 x 10° © .33

m

[

AValues from Réference 30.

Estimated value for usé'in equation 41 when makidg dilution
correction. o : R ' :

“Measured experimentally in this study.

e
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toloxaminium ions were calculated from equatipn 42 as
follows: SuBstitute intp‘equation 42 the value of

n before adding titrant (i.e., Ny = 0) and rearrange:

] .
. a, ! ’ _
) 1
P (egy + e} ay
= ‘“““‘“—r—‘_‘J——__—“—*—‘““““T*"-* - (48)
Ao = KTV Ky K.V

. . 0
(Vv + + KI,BHX°VO —_2)

a

Ay H

which is truge at the beginni}g of a titration, Now by
’ &

. . J ‘
knowing all of the other constants in equatiﬁﬁ/zg and

.Aobs’KI,BHX can be calculated.

The value of K for dimethoxanatium ion was
° I,BHX . :

determined by bétch equilibration,at éH = 1 for a single .

point since KB wés not QVailable in the llterature.
Then K, was calCﬁlated from equation 48 frop tpe .
initial peint ip the titration.

| Dilution cbrrections were made with eguation 44‘-
and 45 using thé v&lugs of the constants K., KB and
Ki,BHX shown in Table\éll. End poipts we:é-obtained
by linear eXtrapolatiop. "Neglect of the dilution”

correction in these titrationsg would have caused a

obtained by'nonaqueous tityation and,in the case of
ﬂ&drohalide salts, by Fajan's'argentimetric titration

'is pfesented in Table vIII. Average values for the .

4
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three tltratlon technlques are all w1th1n * l ppt s,
except’ in the case of prometha21ne hydrochlorlde, fgr
whlch the ion-pair titration result is 5 ppt lower than
the other two. The precision of- the ion-pair titration
method varies between 0.3 and 3 ppt. . It should be kept :
ylé mlnd when comparlng the results of the ion- palr
‘tltratlon w1th those of the other two technlquee _that
the sample ¢concentration is only about 5 X 10 ~4 M
for the former, whereas i£ is > 0.01 M for the latter
two titrations. B

The two—phase photometriC'titratien curves of

drugs such as dlphenhydramlne hydrochloride, which have
a 51gn1flcantly smaller value of Ks with picrate ion
than do the drugs -4n Table VITI, show greater cur-
vature in the region of the equivalence point. 1In

the caee ef quite small or highly pelar arng cations,
such- as that of phenylephrine hydrochloride, Ks is
SO0 small that no accurate llnear extrapolations can be

made. : J

b

4.2.2 .Monitoring»the Absorbance of the Orqanie
Phase. cCationic and enionic detergents, and cationlc
drugs are titrated with picrate or meth§lene blue
titrant in a chloroform-aqﬁEOus buffer mixture by

measuring_the absorbance of the chloroform pPhase.



(j

4.2.2.1. ‘Titration of,Cations - Two quaternary

ammonium surfactants (benzethonlum chlorlde and hexa— .

decyltrlmethylammonlum bromlde) and the. ammonlum A‘ -
form of a tertlary amlne drug (prometha21ne hvdrochlorlde)
were' tltrated with plcrate tltrant in order to test |

the validity of equatlons 38 and 39. - a, |

Flgure 32 shows a comparlson between the theoretlcal

tltratlon curve (solid line) and tHhe observed experimental

points for benzethonlum chloride. The values of

“ «\ ' .
KI BHX' Kg* 5 and EBHA to be used in calculating

MA' HA

the theoretical tltratlon curve. were experlmentallv
measured as descrlbed in the experimental section and
are presented in the caption of Figure 32. The‘ _
distributiOn isotherm for BHX is shown in~§igure 33.

The points, obta;ned in the actual titration

(Figure 32), .are seen to lie on the predlcted curve
suggestlng the val dltV of equatlons .36 and 37. Since

the pH is highe (pH = 7.50) so that. the amount of the

N
neutral picric acid species (HA) is negllglble and

4

" since sodlum plcrate (MA) does not extract (section

3.4), the linear region beyond the equivalence point

has a zero slope, and no dllutlon correction is necessary

In the non-linear - reglon of _ the titration curve, very

near the equlvalence point, one should~in'princip1e
employ ‘a dilntionECOrrection However, the non- llnearlty

is so\sllght that even in this reglon the correction

is negllglbly sﬁaiizz;
AT o , a

\

s
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;_FiGURE 32, Titration‘of”béniéthonium chloride with. -

R

’

" picrate. - The line'is calcﬁlaﬁed from -

Equations 37 andl38‘y%ing-the véiues‘below.i

The'pointsia;e experimentél.

S : * f6v . v = 0 -
Npy = 6i82 x 10 mole,.V -,Q,QgpofL, VO =

0.0706 L;
14 - -

xé_='o,"K5 - ?-14_3 10% Ky gy = 657 Ky g = 0.07
KB = 0;:KHA = 29.5; Ké =""2.""34 X 107%ﬂ;éHX = 0; eé(= Q;
e = 104;'eéA = 430; ehn = 1;025 x ;04; PH = 7.54;
Wavelength = 46b.nm. | |
- [
. \
S , ‘
P

R 4
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The assav value and pre0151on, based on end\'!d +

p01nts obtalned by linear extrapolatlon of the tltIQﬁ
' i)

v
3 ‘. \"

‘ tlon curves, are presented 1n'Table IX along w1th the B
| results obtalned for therdetermlnatlon of benzethonlum
chlorlde%by the ferrlcyanlde method (114). Slmllar
data are shown for the determlnatlon of . hexadecyl—
~tr1methylammon1um bromlde. In general the agreement
between the photometrlc tltratlon and the ferrlcyanlde

method is several parts per,thousand whlch for an

ion palr t1trat10n carrled out at a sample concentratlon-

of about 10 -4 M, is qulte acceptable.

* Flgure 34 shows a comparlson between the theo—»
retical tltratlon curve (solid- llne) and the observed
.experlmental p01nts for prometha21ne hydrochlorlde
tltrated W1th plcrate. The-assay-value_andlprec351onﬁ
are shown in Table“Ix. .The values'of all-thevco;s%ants
to be used in calculating the theoreticalﬁtitratlon. |
curve were‘experimentally'measured as described in the
experimental sectlon and are\presented in the captlon
.of Flgure 34. It W1ll be noted 1n Flgure 34 that the
experlmental polnts in the v101n1ty of . the- equlvalence
p01nt fall below the theoretlcal curve.‘ A p0551ble o
explanatlon oftius phenomenon is non- equlllbrlum 1n
»the 1on palr extractlon process at the very Iow con-

centratlon of»BH and-A encountered near the equl-

valence point. A similar effect ‘was- not observed

L

- e
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FIGURE 34.  Tltration of prometha21ne hydxechlorlde with
. : 4§ . “
plcrate. ‘The llne is calculat%d from
1Equat10ns 37 ana 38 using thé/values below.‘
;The p01nts are experlmental T
- = | =5 .  E—. 0 , "~9. L 9.
nBH 8. 55 x 10. moles K = l-O X 10 i KI ,BHX 5\0,9,
: . 5_ _ 6 _ 3
fKB = 7.9 x,lo Ks = 7.24 x 10 BHA = 8. 20 x 10
=-2.90. (All other parameters as -in Figure 32.) : ;



o 'TABLE IX

. . »
\ Assay Values (%) and Average,Deviations

for Cations Titrated with Picrate
‘v AY
Compound ‘ - Photometric?® . - Other
Benzethonium.C1l S 92.1 +°0.4 - 92,0 + 0.1°
Hexadeéyltrimethyl- ’ L . . b
ammonium. Br 95.6. + 0.1 - 96.0 + 0.4°
Promethazine.HC1 99.8 + 0.6 - 99.8 + 0.05
4

4

.?Present method. Sample concentration about 2.5 x 10_4
M, assuming that it is all in the agqueous phase.

Prerricyanide method (114).

cAverage and avgrage deviation of Fajan's, nonaqueous,
and photometric ion-pair titration in which aqueous
pPhase absorbange was monitored (Section 4.2.1.1).
. r ) - ‘ .
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when the adueous Phase absorbance was monitored | "
(Figure 30). In other words, the departure of ions .

from the-bulk aqueous phase may/be more rapid than their
‘appearance in the bulk organijc phase, suggesting that

the slow process may be related to the rate of inter-

' ,faCial desorption At any rate, the phenomenon is not"

ev1dent outside the 1mmediate region of the equivalence

p01nt and . the end pOints obtained by Idinear extrapola—

,:_tion yield assay values in good agreement with the other

methods  (Table IX). Since the slope of the titration.
curve beyond the equivalence point lS only slightly
greater than zero, . dilution corrections are negligiblel

Again, neglect of the dilution correction in the

non-linear region of the titration curve near the - o '

equivalence point is justified by its small value, and
it is certainly not this which is responsible. for the
discrepancy between theoretical and observed behavior

in this vicinity.

4.2.2.2 Titration of Anions. Two anionic ¥
surfactants, sodium laurvl sulfate and sodium dodecyl—'
benzene sulfonate, were»titrated with methvlene blue
cation. The resulting assay values are compared in
Table X with those obtained by the Visual indicator
titration. A typical titration curve for sodium

lauryl sulfate is shown in Figure 35.
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TABLE X.
‘Assay Values (%) and’Avefage-DeyiatioﬁS’v_ v

. for Anions Titrated with Methylefie Blue .

Lo

t
: Photomefric otherd
Sodium lauryl: sulfate  80.1 ¢ 0.22 -~ 81.2 % g.2
A . ’ . . B . . . . v
- “\ . o‘ . . v L.
'Sodium dodecylbenzene _ - b : co
sulfonate o 74.0 + 0.4 723 1 0.1
( 58.3 + 0.03%  57.9 ¢ 0.3
. .. v’/" !
qpresent method. .Sample ‘concentration about:3.x l¢f4 M
-in aqueous phase. T T ‘
bPresent method. Sample concentration ut 4 x 10 F M
in aqueous phase. : .
. ‘ ' o o ) ) i!\ ( e
. 9Present method, but aqueous phase was @ 'M in a2504f“ ,

.

-and absorbance was measured after shutting off Lo tew
stirrer and allowing phases to-sepaggte (Section 4.2.2.3).
Sample concentration about 1.5 x 10 - M in aqueous’ phase.

IMethod of Blank (115).
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sulfate with methylene blue.f

Exper;mental/tltratlon curve of sodlum lauer'

BH 9 52 x

1076 moles; Vv = ¢. o3oo L; v ] 700;L;

pPH = 7.50; Wavelength - 658 nm , The llnes

'are fltted to the experlmental p01nts



" ,prepare a dllute stock solutlon of it and to assay
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" The" sodlum dodecylbenzene sulfonate sample was

an 1nhomogeneous syrup so that it was necessarv to

allquots of the stock solutlon by both the photometrlc

and. v1sua1 methods , Because of the sample 1nhomo~v
'genelty, stock«solutlons prepared at dlfferent tlmes

*

_contalned dlfferent amounts of surfactant (e. g., 58%

- and 73%) bu@ both assav methods ylelded the same/value’

on a given stock solutlon (Table X) Even with a

_sample concentratlon of 4 x 10 5 M- the results obtalned d
'by the proposed method agree w1th1n 2% w1th those"

,obtalned by the recognlzed 1nd1cator method (1n whlch

o

the sample concentratlon is 6 X lO 4 M). -

.~

4.2, 213 Emu151ons and Adsorptlon. When the
tltratlon of sodlum dodecylbenzene sulfonate was
orlglnally performed at a sample concentratlon .of 10 4'M
Vemploylng contlnuous stlrrlng of thé"phasé% an emu151on
"formed and small amounts of the aqueous phase passed
‘through the Teflon filter probe membrane.» Performing )

_ the tltratlon at 4 x. 10 - M sample concentratlon |
ellmlnated thls problem-‘ Although satlsfactory prec1s1on
v_and accuracy were obtalned at thls lower sample con~

r‘

centratlon (Table X) there 1s, as’ predlcted greater'

g

curvature 1n the v1p1n1ty of the equ1valence 901nt
A ¥

It was found that 1ncrea51ng the 1on1c strength

N . : . . e
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of the. aqueous phase (e g O 2 M NaZSO ) ellmlnated(4~\

: emul51f1catlon at’ sample coggentratlons of 10 -4 M

: but bt the same tlme, caused low assay values (e g.

'l'IO% relatlve). That 1s, the "plateau" after ‘the eou1-p”
valence p01nt occurred at a lower absorbance value | ‘
;than predlcted. \However, when the’same.tltratlon wasvi 7
/repeated but the ;bsbrbance of the organic phase was

! measured after shuttlng off the stlrrer and allow1ng

' ‘the phase to separate, an-accurate end p01nt was

- obtained‘(Table X). | ’ |

The dependence of organlc phase absorbance on -
_stlrrlng was  a rever51b1e phenomenon ;— i.e., turnlng
»the stlrrer off 1ncreased the. absorbance and turnlng

it on agaln decreased the absorbance.A Also, the |
.absorbance decrease caused by stlrrlng was greater

for higher sample concentratlons. Ituls ev1dent that
p.thls phenomenon 1s a consequence of 1nterfac1a1 adsorp;
.t10n of the 1on palr formed between the sulfonate and

Bl

methylene blue. Dungng v1gorous stlrrlng the ratlo of L

- the. 1nterfac1al area between the two phases to thelr

ibulk solutlon volume 1s 1ncreased bv seVeral orders
of magnltude over that for the unstlrred svstem.‘
‘Thus, whlle a barely detectable fractlon of the ion

pairs mlght be adsorbed at the 1nterface between 70 mL

"'-.of qulescent chloroform and 30 mL of” water, thls fractlon

. could become qulte 51gn1flcant 1n a\stlrred solutlon.
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Of the éystems.reported 6hly methylene blue—dodecyl-

benzene sulfonate exhibited a detectable amount of inter-

\,

a !
facial adsorption.
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CHAPTER 5

CONCLUSIONS .

In this work it has been shown that phqtometfic
titrations in the presence of an immiscible organic
solvent permit the accurate determlnatlon of acids of
the BH charge type, anionic and catlonlc compounds,

1nclud1ng drugs and surfactants. These titrations were

carried out by monitoring the absorbance of elther the

aqueous or thé organic phase.

. q.«\

% Ac1d-base\¢itrationé were carried out in an

- agqueous-CHC1l,/C¢1, mixture to minimize the ion pair
3774 4

extraction of BHX'intb the organic‘phase. It is
possible to use other.organic solvents for this‘purpose
to yield a particular distribution coefficient. The
method is appllcable to the titration of other charge
type acid (e.g. HA) with NaOH titrant, and to the
tltratlon of bases of various charge types with a
strong acid titrant. Since the non-linear portion of

the titration curve in the vicinity of the equivalence

point is related to the strength of the acid or base

being titrated, it should be §e§§ible to evaluate the

pKa of very weak acids and bases by this technique.
Photometrlc ion-pair titrations were performed by

t1trat1ng ions of the BH "' charge type with picrate

ion in a8 two-phase medium by monitoring the absorbance

of both the aqueous and the organic phase. It would be

188 N
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useful to have available anionic titrantshwhich have
higher ion-pair extraction constants, Ks, with amine
drugs. This would make possible the accurate tltratlon
of smaller drug molecules. Preliminary 1nvestlgat10ns
have shown the utlllty of some other anionic titrants
such as dlplcrylaminew laurylsulfate, and the azo-
sulfonate dye Orange II. Photometric ion—pair titrations
- were also performed by tltratlng catlons with chrate
and monltorlng the absorbance of the organlc phase.
Flnally, anlon;c samples were titrated with methylene
blue cationic titrant with the organic phase absorbance
measured. , - o : ) .x
When titrant is added as an aquebus solution and A

the organic phase absorbance is monitored it is often

possible to neglect dilution corteétions. This is an

i
1

advantage over u51ng the absorbance of the agueous
phase. However, interfacial adsorption, which was seen
at higher sample concentrations in the titration of
dodecylbenzene sulfonate w1th methylene blue, and slow
transfer of the ion- palr from the interface into the
bulk organlc phase, which was possibly seen in the
titration of promethazinium ion with picrate, are
potential sources of’titration error when the absotbance
of the organlc phase is used ‘to follow the tltratlon.

On the other hand when the aaueous phase absorbance

is used,the error in the linear regions before and

&
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J/

Y

after the eguivalence point,.which are used to locate

the endpoint by extrapolation, is likely to be negli-

gible.. This is hecause.an ion-pair present at the inter-

face has already left the”hulk agueous phaSe‘and

produced the corresponding decrease in absorbance.

This is an advantage to using aqueous phase absorbance. ,

However, 1t is evident from the results in sectlons

4 2 1 and 4 2.2, that accurate and precise determinations

can be performed by monitoring the absorbance of either:

phase in cases where 1nterfac1al 1nfluences are absent.
The abgence of adsorptlon effects can readlly

be demonstrated in the prepared tltratron system by

comparing absorbances observed during Stirring with

thosevobserVed after phase separation or alternatively

by comparing_assay values obtained in titrations of

several different sample concentrations. It is also

recommended, as with all photometric measurements, that

photometric linearity of the spectrophotometer be

verified u51ng the same. flow cell and over the same

absorbarnce range encountered durlng a tltratlon.

S—
A variety of water immiscible solvents can be

used as the organic phase in ion-pair titrations.'
Although the strong ion-pair extractwng solvent methyl-
1sobutyl ketone (MIBK) is 1ncompat1ble with Acidflex

peristaltic pump tublng, mixtures of MIBK with chloro-

form up to at least a 1:1 ratio can be used. Non-

»



polar solvents such as carbon tetrachloride are also

'compatlble with the tubing. Provided that values of K

are large enough to yleld sharp titration curves, it is

preferable to use a less polar organlc solvent, since
the llkellhooq of .aqueous phase "carryover".into the
flow cell is.reduced.

Photometric titrations can also be used to per-
form. complexometrlc titrations of metal ions using as
tltrants llgands (e.qg. ‘dlthlzone) which form extractable
complexes. Flgure 36 shows the tltratlon of s1lver
1on with dlthlzone at PH = 5,00, monltorlng‘the |
‘absorbance of the organlc5phase.

The tlme requlred to achieve a constant plateau
absorbance value after each addltlon of tltrant
depends upon the e§f1c1encv of stlrrlng, the oumping
fate, the fractlon of the tdtal agueous phase which is
contalned in the pumplng system and flow cell, and,the_
flow pattern through these (e g. laminar flow in tubing,
eff1c1ency of r1n51ng of the flow cell) as well as
on the chemical and phase~transfer rate constants.
Studies are underway using faster flomjrates and low °
dead volume flow cells such as those used in llquld
chromatographlc detectors | - o

Finally, . 1t should be mentloned that other
propertles of the phases than absorbance can be used

to contlnuously follow the course of a two- phase

¢

191



FIGURE 36. Experimental titration curVe«:fsilver ion
S R

with,dithizone. hAg = 7.4 x 10~/ mole;

V = 0.0300.L; vo = 0.0700 L; pH = 5.0;

Wavelength = 465 nm.
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. X B .
titration. In particular, the titration apparatus. -

employed in this work should be well suited to

radiometric titrations (121,122) which can only'bé
————="etric , g . 7

-performed ip systems of more than one phase.
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CHAPTER 6

' FURTHER WORK
ey

(a) The apparatus used in the photometric t1tra-

‘tlons is belng automated. A stepplng motor has been

attached to ﬂxemicrometer buret. and the. delivery of
titrant can be done in three different modes, continuous
addltlon, automatic incremental addition, and manual
incremental addition.

(b) Most oﬁﬂthe applicationsbdiscussed in the
second part.of.thg;-thesis can be done by using the

automatic titrator system.

(c) Studies are underway to determine the factors:

that cause the slow equilibration of sample’ compound

between aqueous and orgahlc solVent durlng the course of

~the tltratlon. Also there is some thought about a new

design of the whole titration system to give a better

equilibration time.

(d4) This photometric titration system can be

used for ¢he determination of indicators ¥uch as calma-

gite and o nge II). Thesehindicators can he titrated
with acids“of.the Bt charge type'as ion-pair forﬁers
since the indicator has A~ form. The absorbance of
the organlc or the agqueous phase can he monltored

(e) Frelser (123) has studied the extractlon
klnetlcs of Cu(II) with the hydroxyox1mes ‘(HL) between .

chloroform and dilute aqueous_acid solution. -Sample

f/ . 195
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was removed from the reaction vessel by purging.fhe
vessel with nitrogen to forte a few mL'é of solution
into. a test ﬁube.‘ After centrifugihg, fhe équeous.phase
'waé ahalyzed for copper with an‘atomic absorption
spectrophotometer. There is a:delay'time er the phaées
to separate after sampling, which causes a sys#ematic
error in the intercept‘of the graph. rHowevei, the
‘apparatus used for-ﬁhevphotometric titratioﬁ (part IT

of this thesis) can be’ used to follow such kinds of
kinetics withoutvanyvtiménrequiréd for the phases to °

b |

separate.-
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&‘ables of all of the data in Figureszvz,v 3 and 4.
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- -~ Data for Figure 2 (a & B),

0.010 M NH3, Methanol /water

Net Retention Volume (m1)

Compound/ ‘ s '
¥ Water , 5% 102 15% . 25% 35% 50% -

1 ol 1.7 2 6.9
2 1.2 2.9 . 3.2 9.8 *
3. 1. _’2,8;”:,4.7:,3'15ﬂ3'
° 21 36 g1
5 2.3 4.0 6.¢
6 6 45 9.4
7 3.6 5.2 11.¢
8 4.5 8.8 17.7
9 . “ 0.9 1.5 9.3
10 7.4 153 .
11 o 0.4 0.6 2.9
12 - 3.8 7.9 15.7
13 1.4 - 2.7 5.8
14 3. 7.2 12.9
15 1.5 2.3 3. 9.1
16 2.3 45 g
70 3.2 63 1.y
18 - 3.6 6.6 11.6
19 5.7 11.0  22.5
20 4.5 8.3 15.g
21 4.0 7.3 11.9
22 B O S 0.5 2.7
L ;1A23 gQ*'7’5Q19J.fj0}9fv;30593‘;; L1,

R IR TR I NP
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4.7 6.9

r ‘ 200
| Data for Figure 2-(¢ = D) T i %
<i/ 0.1 M HC1, Methanol/water |
: o Net- Retention Volume (ml)
. Compound/ o I o S o
- % Water 30% 40% 50% 60%  65%  75% 85%. ~95§: ‘100%
1 oM 11T 48 2208
2 . o 5 1.9 10.1 '
3 S .5°1.7 5.8
e S .8 2.8 10.0 - g
5 &\é‘ 0.7 1.8 8.6 - i
6 < .7 24 10.0 ;
7 ; -4 1.4 4,9 - g
.8 1.0 2.9 8.3 | o ‘ |
.6 1.3 2.9 .
1.8 4.7 8.2 ‘ 5
11 .7 1.7 . 3.8 R
12 .9 2.5 7.2 ' .
13 s 72 ’
14 1.6 4.0° 10.1 | e
15 1.5 2.3 6.2
16 1.7 3.8 14.3
17 1.2 3.8 10.9
18 1.3 3.5 11.1 "
19 1.5 4.4 12.4
20 1.0 2.7 8.1 o
21 .9 2.2 5.8 *
22 2.8 .7 11.0
23 2.5 . 5.6 14.3
1.4 3.7 8.0 | : | .
25 e ' .6 .8 1.5 4.9 10.7

B R NV
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Data for Figure 2E
Methanol/Water
. 4

Net Retengyion Volume (ml)

t

Compound/$ Water 40% © 60% 75% 85%-

e 16 4.6 14.8
25 . B . N
- 26 | 11 154.5,“V”i SR

27 ' 3.0 5.8

28 4le 13.1
29 2.2 10.7

210
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. Datavfof’Figure 3A4&B)..

- 0.01 MtNH3, Acetonitrile/Water

~ Net Retention'Volume:(ml)

- Compound/$ Water  40% © 45%.- sb%"“‘";‘ 608,

’

14 e 7.1 -,-,;,‘-AAA . 14.5 0 43]9
16 2.9 | o 6.5 15.7 .
17 - .3",‘2 o o 77 E 189
18 g I 5.55 fiél6 
19 7.3 o . 15.7_‘ 43,1
20 . 9.8 27.9
21 o s.3 .;ll-9 - 22.9

e et o

sy

D Y

L ot
S S,



| Compound/g Watér'

-Data for Figure 3C

lAcetonitrile/Water'

PRI R S B
Nét'Retention“Volume'(ml)

80%  90% 953

22
.23

‘?ij261L ﬂJ

"0.9 5.1 20.9

212
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Figure 4 (A & B)

@%@ ) _ 0.01 M NH3,vpioxane/Water

<

'Net Retention Volume'(ml)

Compound/$ Water 403 - 458 508 g0e

3 e 1.8 5.9
4 . 0.8 2.0 7.2
E: B 0.85 . _— 272"i_ . 6.95
e e e s
8 1.65 - 5.8 ;}'/*25:9 '“
12 7 3.3 59 azs
“ 14f”' '  |  1.55,.. o '~ls;o~j’];;:“22;o_,,i;
18 0.8 R 9.3
R 1.7 5.9 315
20 0 183 6.1  26.9!

21 1.85 . 5.4 . ‘19,0



Compound/% Water

Figure.4C

Dioxane/Water

'Net Retention Volume (ml)

90%

80% - 95%
' —&
22 1.2 4.3 11.8
23 0.4 1.2 3.2
26 1.9 5.4 11.4.
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APPENDIX II

Derivation of the distribution ratio expressions
for acids Bt and- BH% in the presence of XAD-2

resin.

A. Monobasic (BH+)
Three equilibria can be written for Bt

K'

BH' + Ho -2» g 4 .ot
2 -~ 3

B (B)R

BHT + x~ L. (BHX) ;-

Subscript R in the above qui;ibria‘indicates-the
resin phase and those without a subscript are in the
aquedys phase. 1In the pPresence of a large excess of
X (3! 74) three equilibrium constants can be written

for the three equilibria above:

Ké = [B].aH/[BH] | (1)
Kg = [Bl./[B] ""‘»(2)
- Ky = [BHX]./[BH] (3)

Although the K e@uLllbr um is represented as an ‘ion
G ~ #- ,’l

palrlng, thls is done only for 51mp11c1ty ana is not

/

1ntended to suggest ‘that BH' is adsorbed as an ion

pair (72,74). Howeyer, the"same_cpncldSI@hs would
. e
”“.{'1 L

L

el l:

215
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be valid for a more complex sorption mechanism. Note
that C1~ (X7) is in excess and therefore is constant
(63) .. |

The distribution ratio, D, .can . be.defined. in
‘terms of the total concentration of B-containing species

in each phése.

[C] [B]l, + [BH]
p= —R__"R R (4)
[cy (Bl + [BH] ‘ :

Equations 1 - 3 can be rearranged to express all the

variables as a function of [B]:

i

[BH]

= [B].aH/Ké . (5)
[Bl, = Kg.[B] | (6)
[BHX]R = KI. [BH] = KI. [B] 'aH/Ké (7)

Substituting the values of [BH], [B]R and [BHX]R ﬁrom
(S), (6) and (7) respectively into (4) and rearranging

gives:

D = -2 . (8)
. K' + a . . i ~
a (equation 7 in text)
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,eéuation is merely for simplicity. ' .
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B. Dibasic (BH%T)

Five equilibria can be written for BH§+:

, K .
' . B‘Hzt + H,O. —-a—]i BT .+ .ot
s’ 2 2 [ 3
. "

+ az2 + , '
BH' + H,0 2% p 4 H0" N~

) '
BH§+ + 2x° _BH2X2 (BH,X,)

BH' + x~ _I. (BHX) ,

-~ R
There are five equilibrium constants associated with

the five equilibria above. In the presence of a large

excess of X they have the form (72,74) :

1

K:, = [BH'] .aH/[BH§+] 3 (9)
1 - + ' 1
K!, = [B].a,/[BH ] | (10)
_ 24, ' ‘
KBH2X2 = [BH2X2]R/[BH2 1 (11)
K, = [BH]R/[BH] : , , (12)
K = [B],/[B] S S a3

Here, as in Appendix IA, the use of an ion-pair retention_
-' TN

v \ 'k
. 4
The distribution ratio D, is given by: :

(el [Blp + [BHX]p + [BH,X,] e
[c] [B] + [BH] + [BuZY) . |

D =

S oo eees Ll L oL
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Equations 9 - 13 can be rearranged to express all the

variables as g3 function of [B]:

,[BH§+]3= [BHT].ah/x'al'='[g]gaﬁ/xél.xéz7? =15y
(BH] = [B].ay/x!, : (16)
[BH X, 1q ='KBH2x2;[BH§+]

= KBH2X2'[B]'a§/Kél‘K$2 » (17)
[BH] = Kp- (BH] = KI.[B}.éH/Kéz | (18)
[B], = K. [B] - S a9

Substituting the values of.[BH§+], [BH], [BH X2]R'

[BHX]_ and [Bl, from (15), (16), (17), (18), and (19)

respectively into (14), and rearranging gives:
< —

oy
T L L
_ Kp-KJ 'Kaz T Kp-Koyeag # XBHox, 25
D = 5 A(20)
L [ ]
g * Kal'aH + Kal'Ka2 ‘ (equation 12
' : _ in text)
[ s
o

L

BB b e b < kel s e



APPENDIX III

DERIVATION OF PHOTOMETRIC ACID BASE TITRATION

/EQUATIONS FOR A WEAK ACID. BH TITRA'I"ED WITH*’ NaOH [ T

A. Absorbance of Aqueous Phase Monltored : o

Photometrlc tltratlon of nBH-moles of- ac1d BH

with strong base NaOH in dllute agueous solutlon of

salt MX, in the presence of an immiscible organic

‘'solvent.

The equilibria:p;evailing in this system are given:

below.
BH++H20——‘-B+HO+ ' (1)
-~ 3
B=®y ()
BH' + X  —= (%Hx)‘*?O - (3)
+ - .
2H,0 —~ H,0 + OH , (4)
27 ~— 3 . ST
/J Species w1thout a subscrlpt are in the aqueous

\

phase and those w1th thesubscrlptho are in the organlc

phase. ~Here_X is the conjugate base of a~strong acid
(e.g., Cc17).
Equilibrium constants and distribution coefficients

for the'equilibria above #4re: (cﬁarges are omitted

for simplicity.).
K, = [B].a,/[BH] . o o (5)

219 .



A | | i | )
e
Kw = 34-20y g S (8)
The follow1ng relatlonships can be obtalned by
arranglng equations 5 - 8.
| qﬁﬁ%vgé;r§H]/tBl;;‘ v' | _ Ru -i e (é)"
: K. (8] - an
SN gy
Ay = KW/QH, | ‘,, s | | ' | T . | ,‘ f  fklZ)
Electrggéutrality.ofithe\aqueous éhése reéuires
[BH] + [H] +[Na1  =, IQI,H]A + fXJ o (13). B

The mass balance relationship for'B-COntaihing species

in the system may' be expressed as concentration,
. AN
n. = [i].V, where ni is moles of spec1es i and V 'is

Ui
the volume of the ‘aqueous phase.

. \\
~

Ny = [BH].V”+ [ 1.v + [BIO,VO + [BHX]

.

oVo

Now substituting into (14) the values of [B]O and

[BHX]o from (10) and (11), and reéﬁ%@nging gives:

(14)

220
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(Bu] = -BH. (s
(V '+ K V) : ' : : ' ’

N, - [B] (V + Kg.V,)

;Assuming tﬁet'Beer'sAlaw’applies and’that measUre¥'
.ménts of absorbance are made in a l 000 cm pathlength L

cell, the follow1ng relatlonshlp applles
Aobs = BH [BH] + eB [B] | (16)

where A obs. 1S the‘ébsorbance of the aqueous phase,
corrected for dllutlon if necessary. Rearranging this

expre551on glves-"

. - ' . ¥ -
(BH] = Aobs ~ €p- [B] : ~

(17)

| v -
€BH

"Bquation (15) w1th (17) and rearrang\ng glves' -
[el  .n - SV + K . ;()] '
(B] = BH  'BH ' I 0] | (18)
€RH" (V + Kg-Vg) eg (V. + K Vg)

I

The mass balance for [X] in the aqueous phase is:

(X1 [BH] + [B] + IB]O.VO/V. o (19)
Substitute‘into.(19):the_valee ofw[B]O from (ld)

giveﬁ
[X]. = [BH]'+'{Bl + Kg.[B].V/V | ’ (20)

Substituting into (135‘ the - value of [X] from (20)

and rearranging gives:

AR e e e e

Sre el 2

e W A ke S Tt .

LA s
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[Na] = [oH] + [B].(l * Kg-Vo/V) - [H] (21)
Slnce ‘[Na] is the concentratlon of the base added in

the tltratlon, it can be rewrltten as [Na]

= o/, so
equation (21) becomes
noy = [QH].V‘+'[B]T(V + Kg.Vy) - [H].v (22)
. g ' .
combining (9) with the relationship a, = H.yH yields:.
—_ L . ' V
[H] = Ka-IBH]/[B]-YH (23)

where Yy 1S the single ion aqueous activity coefficient

forvH+ ions. Combining (12) with (9) gives:

aOH = Kw;[BJ/Ké.[BH] (24)

. Combihing (24) with the relationship gy = [OH].yOH
yields:
o Q 1
\ [OH]»= Kw‘[B]/Ké'[BH]'YOH (25)

where YO

is the single ion aqueous activity of OH ion...

Substltutlng into (22) the value of [H] and [OH] from

3) ard (25) respectlvely

[B] K. -V [BH].Ké.v

-~ + [B]. (Vv +.KB.VO) (26)

Now substltutlng the expression for [B] from (18) and

‘the express1on for [BH] from (15) into (26), simpli—

fying and rearranglng yields:

-~



. K,-V K!.v .
n..=X4+yY, - Z. : (27)
OH K .
a‘You - YH
where B -
‘- [eBH.nBH Agps (V + Rp-Vo) 1. (v + Kg-V,)
¢ ] - 1
epg- (V + Kg-Vy) en- (V t Ky-Vg)
' - .
v - nBH'EBH‘ Aobs'(v + KI'VO)
Bobs® (V + Kg.v ) "By g
2 = 1/Y

Equation 27 is the de51red t1trat10n equatlon relating

A and Nog- All of the other quantities in this

Obs

~quation are constants under the experimental conditions.

A computer pbrogram in Fortran IV for equation (27)
is presented on the next page. Use of this equation
to calculate the tltratlon curve is dlscussed in the

1

Theory section, Chapter 2. I

B. Absorbance of Organic Phase Monitored

Now cons1der1ng the absorbance of the organlc

phase, the>follow1ng relatlonships are derived:
o g ' A
Aobs,O = EB,O'[B]O' + EBHX’O.[BHX]O (28)

where Abbs 0 is the absorbance of the .organic phase,
’

h223
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VONOGUD LI ~

/COMPILE NOLIST

c

91

THIS IS THE COMFUTER FROGRAM FOR THE FH
XTITRATION EQUATION OF EH TYFE ACIn
X(MONITORING THE AQUEOUS FHASE) .

REAL KIyKEsKWyNEHy NOHy KA

READ;GHvGDHrKB-KIyFlyE?vNAvNUrNHHvUOrU

F'F\'INT rGH>GOHYKEYyKI»E1,ED

PRINT 6

FORHAT('O'!TIOy)AOBS'7T237'FIRST TERH’;T41r’SECDND.TERH’v
*TS?;'THIRD‘TERH'7T7Bv'N0H')

A1=E1%XNEH
A2=U+KIKV0
A2D0ASH=A2/20.
A3=V+KEXVO
D2=(E1XA3-E2%A2)
C1=KWXV/(KAXGOH)
C2=KAXV/GH .

D0 S1  I=1,40.
D1=(A1-IXAZDASH) '
X=D1XA3/D2

Y=D1XA2/ (NRHXDI2-D1%A3)
Z=1.7Y ’
Gl1=YxC1

G2=ZxC2

NOH=X+G1-G2

PRINT,»* -
FPRINTYI/20.sX»G] 562y NOH
STOP

END

*KA»KWy NEH,UQ, U

.

OTOMETRIC ACID-RASE
TITRATED WITH NAOH

224
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corregted‘for dilution if necessary. SUbstituting
into (28) the values of [B] and [BHX]O from (10) "and

(ll), and rearranglng gives:
- g! .K_.[B] ‘ ‘ '
[BH] = obs,O B,0O"" B | (29)
) .
*BHX,0° X1 - . -

w

Equéting (15) with (29), and rearranging gives:

. ' — : .
[B] = (eBux, 0 PBr-K1 = Bops, oV + K1-Vg) ] SR ¢

' ‘_ 1 :
[EBHX,O'KI(V + KBfVO) ‘EB,O.KB(V + KI

.VO)]"

| , | 4 | (30)
Now substituting the expression for [B] from (30) and

the expression for [BH] from (15) into (26), simpli~

fying and rearranging yields:

K, .V | KLV
n.o=x+y-Y 5 (31)
OH <0 | | ‘
' ?DYO o
where
r ] -
« [eBux, 0 Pag X1 Aobs,o(V + KI'VO)](V + Kg-Vy)
1 R I
(Kp-epny oV + Ky.V,) e 0 Kp(V + K V)]
z ' - . . - . . .' ‘ !
v = SBHK,0""BH*1 T Pops, oV + K.Vp) o
. - L .
Bobs,0(V + Kp-Vo)= npy.ep o.Ky
2 =1/Y




APPENDIX IV

DERIVATION OF PHOTOMETRIC ION-PAIR TITRATION
j . EQUATIONS FOR A WEAK ACID CATION WITH

ANIONIC TITRANT

A. Absorbance of Aqueous Phase Monitored

Photometric titration of nBH*moles of acid’BH+

with plcrlc acid in dilute aqueous solutlon of salt

MX, in presence of an 1mmlsc1ble organlc solvent

The equlllbrla prevalllng in this system are \given .

~

below.
+ - : : | e
BH' + A" — (BHA), : : (1) .
-~ . ; R S
+ ) T+ : ,
BH- + H,0 —~ B + H30 (2)
B> (B - | : (3)
BH' + X~ —~ (BHX) | | (4)
AT + H,0 —~HA + OH . | (5)
A7+t = (M) - (6)
/ HA = (HA) ) .M
{ —_ ot & 1 - o
52H201*_ H30" + OH . , .(8)

Spec1es without a subscrlpt are in the aqueouétphase and
those with the subscrlpt O are in the organlc phase.
Here M* and 'x” are the cation and anion of the buffer
whlch has been added to the aqueous phase, and/or of -

some 1nert salt thiFmay also have been added to the
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-

aqueous phase (e.g.) NaCl). The species‘A-,is fhef

‘titrant anion (e.g., Ypicrate).
Equilibrium condtants and distribution coefficients .

for the equilibria ab

[BHA]
Kg = ——— ' (9)
> BH] [A] -
il
K! = . oa,, . .
a [BH] H ‘
[B] : - ,
KB = O'g’ v T ' : (ll\)
s [B] . o
, [BHx]b S e : ‘
K = — = E - _ (12)
T,BHX [BH] | , | S
! (HA] R
K' = .a (13)
P o oH o
' RA]
o)
K = (14)
TR
[HA]
KHA o (15)
’ [HA] < i
Ky = %n-%on ) ﬁ(xs)

The mass balance relatlonshlp for B- contalnlng species

in the system. may be expressed as concentratlon,
~

Cyooo@ A '
n\ [l] V. v .
i , oo

- -

‘ngy = [BH].V + [BI.V + [BHA],.V + [BHX].V

~ Ppy o 0-Vo
i ' ' - . (17)

+ [B]Z 0
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 Substituting into (17), the values of [BHA],, [B]
- and [BHX]OAfrom (9), fll) and (12) respectively:
nB'H = [BH]-..V +. [B_] sV + KS. [BH]. [A] .V~O +. ‘KB. [B] ._VO .
+ KI,B'HX,' [BH] Vs . o | (18)
Substituting into (18) the value of [B] fromv(lo):
— ' e v; :
nBH —- [BH]'.V + -[BH]_ 'VfKa/aH + KS. [BH]. [A] .VO -
+ [BH];'KB’.VOZ?a/aH + KI,'BHX". [BH] Vs , “(19)
| d
Rearranging this expression gives \.
. : N i, : | o S , .
—_ ] . l" v £ 1 ’ he
Ngy = [BH]. (V- + V-Ki/ay + Kg.[A].v, + Kg-Vp-K3/ay
) & : .
* X1, Bax"Vo0) L | (20)
The magé--rbal ncg, eipre551on for A—contalnlng spe01es is:
n, [A] v +‘?;: m A7+ [BHA]O.VO + [MA]O.VO + [HA] .V, ;
2*:;‘;¢. N (2 7

s-rw

Substltutlng into (21) the Values of [BHA] . [MA]

'[HA] from (9), (14) "and: (15) respectlvely glves.‘

A

nAv=. [A] V + [HA] Vo4 K [BH] (al. V + KI ‘MA® [A] V

.
> » - AN Ve

+,AHA,[HA].VOV . | s | 022,

TN B

Substituting iﬁté (22) the value of [HA] from‘(l3{: %g

[
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a = ALV 4 [ALv.K' sa s Kg- [BH] . [A] .V,
* KL wat [B)Vo 4 ALKy, K e S (23)

9 : . . .
. Rearranglngmthls €Xpression gives

~

_ : K. . --
Pa = ALV 4 vigi/ag + k. [Ba) Vo * X, maVo

+ KHA'VO Kb/aOH) A | (24)

Assuming that Bee%js law applies and that measure-
ments of absorbance are made in 1.000 cm a pathlength

g

cell, the following relationship applies:

Acbs = H [BH] + e .[B] + eA [a] + EHA (HA] (25)

‘where A obs is the absorbance of the aqueous phase,

toa

corrected for dilution if necessary Substituting

into (25) the values of [B] and [HA] from (10) and

(13) respectlvely yields:

Aobs = H [BH] + g . [BH] .K' /a + eA.[A] + EﬁA'[A]'KB/aOH

(26)
Aobs = [BH].(eéH + eé.Ké/eH) + [A].(ei + EéA'Ké/aOH)
' ' ‘ (27)

Rearranging this expression gives:

_.Aobs ag ~ [BH].(eéH + €p '.K! /a ) | (23)
(a] = R |
(ep # HA'Kb/aOH

3
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Substituting into (20). and (24) the value of [A] from
(28) :

_ ' ' '
Agps,aq = [EH]- (el + e} K!/a)

(ea + e -K/agy)

nBH==[BH](V;+\LK$A%1+.&?V6

* K Vo Ky/ay + Ky V) | (29
nA = AObS,aq - [BI{] ) (Eéﬁ + Eé-Ké/a}I) . (V + V-I%/a
. v e OH
eA-FemyKbﬁ%m)
T+ Kg. [BH).V, + KLMA.VO + Kgp VoK /ag) (30)

Substituting in (29) and (30) the value of a from (16),

OH
and rearranging both equations gives:
l .
B2 ¢ o (egy + ep-Ki/ay) - [BH] . [V + K!.V/a +
-Kg- Vi ' :
(eA-PEHA-G&YaHLA%)
A, K.V. K.V
obs"¥s-Vo +KI-B;D<'V0+KB—"—a o +ng =0  (31)
(Ca * g (Kp-2) 4K ) ’ %y
A, - [BH] (e! + c'.K"/a.) 'a v
, nA_: obs BH B aaH _V'+KbaH +KS.[BH]-VO
eHA'a%faHLn%ﬁ Kw
%% %Yo
+ v+ (32)
}&Im O Kw N

Equation (31) is a quadratic equation whose two roots .

Gl R

A i 5 s
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4 A}

have reél, posit}ye'values corresponéing to the concen-
trétions of BHT on the two branches of the titration

curve. Equations (31) and (32) are used to calculate i\
a theoretical titration curve, using a Fortran IV

computer program, which is given on the.next page.

B. Abosrbance of the Organic Phase Monitored

Now considering the absorbance of the‘organié

phase the following‘re}ationships are derived:

[BHAL, + eya ML + ep, . [HA]

Aobs,0 = Bua- MA 0

+- [BHX] eé.[B] (33)

BHX o)

Substitﬁting into (33) the values of [BHA]O,'[MA]O,

[#A],, [BEX], and [Bl, from (9), (14), (15), (12),

and (11) respéctively gives:

= '
AobS,O BHA S [BH] [A]'+ EMA'KI,MA'[A] +
' ‘ .
EHA.KHA [HA] + EBHX KI,BHX' [BH] + |
. .
eB.KB.[B] _ (34)

Substituting the value of [HA] and [B] from (13) and

(10), respectively:

Bobs,0 = €pua-Kg- [BHIIA] + ¢p . KI,MA'[A]

: . ' )
toepa-Kya (A1 Kl /a "+ ©pux - X1, ppx - [BH]

+ Ky [BH].K}/a, | (35)
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THIS IS THE COMPUTER PR'C']G‘RAH FOR THE PHOTOMETRIC ION-PAIR

XTITRATION EQUATION FOK A WEAK ACID CATION WITH ANIONIC
XTITRANT (MONITORING THE AQUEOUS F'HASE. S

v

IMPLICIT REALXS8 (A~HsN-2Z) ,
REALX8 KAEH»NSyKE,KIEHX»KINAA»KEA»KHA» KWy NA » NBH -
READ;KSyKABHvKBrNIBHXyKINAAvKBAyKHA;NU-U;UOrElrEZyE3yE4;NBHyAH
PRINTrNS;NAHHrNBrKIBHXyNINAAyNHﬁyKHAywaUvUOyElyEQvE3rE4:NBHvAH
PRINT & . : '
FORHAT(fO’yT13-’AOBS’;T29:’X'rT47y’Y‘rT64r’NAX’-T82"NAY’)
A1=E1+E2X(KABH/AH) : 3

A2=E3+E4X (KBAXAH/KW)
A3=KSXVQ
A4=A3X(A1/A2)
AS=KAEHXV/AH
A6=KIBHX*VO

A7=KEBX (KABHXVO0/AH)
AB=A3/A2 .
A9=U+AS+AL+AT
A10=KEAXUXAH/KW
A11=KINAAXVQ
A12=KHAXKEAXVOXAH /KW
A15=2x%A4 -
A14=2%XA1S5KNBH
A16=U+A10+A11+A12

00 S1 I=10,20
AGBS=1/20, .
X=((A9+ABKXADES) +NISART ( (A +ABKADES) XX2-A14) ) /ALS
Y= ( (A9+ABKAOKS) ~DISART ((A9+ABKADES ) KK2~A14) ) 7A15
NAX=( (ADRS-X*A1) K (A16+A3XX) ) /A2
NAY=C((ADBS-YXA1) X (A16+A3XY) ) /A

FRINT,* *

FRINT  7,A0BRS,X»YysNAXsNAY
FORMAT(’0’,10XsF6.4»4(3XyE15.7))

STOP

END

L A
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Rearranging this expression gives

A.obs, Al (EBHAKS (B8] + o, KMA+EHAKst.KJo/a

+ [BH]. (EBHX T, X + aBKB K! /aH) . (36)

[A]‘= Aps,o ~ I8 oK,y + eg-KyKl/ay)

(EBHA'KS' [BH] + EMA'ISVIA + EHA'KHA'Kl'j/aOH)

(37)

Substituting the value of [A] from (37) into (20),

and rearranging gives:

"B K (] gy 4 e e S e KL o = e K-

2

* {BH] V+€MAKIMA [BH].V + ¢! 1A -Kyga - [BHI. VKb/aOH
+ BHA.IS [BH] VK/aH+ EMA M [BH]. VK/aH
s B K B V- (K KD /K 4 et (B 2R v
" o )T+ ey g o),
+eB'HA.K [BH] Y5 (KBK' )/aH+e K- [BH] .V (KBK)/a.H
+ EﬁAKHA [BH] ;VO(KB.KS.K;)/I%J + K [BH] Vo~ Aps 5.0

'Ks[BH] OBHXKIBHX—S[BH] OBKBK/aH (38)

Subétituting the value of Ao from (16) into (38),

+

and rearranging gives:



o

2 [} ] ‘ 1]
[BH] K- [EBHA' (V + Ka.V/aH + KLB&X.VO + (Ka.KB.VO)/aH)

-

" Ol Ky Vo (e Vo) /oy [+ 1es")

_F&J%N%MQLGEV+QN+KLMX%N6

R EEN) 4 El‘"ﬂ T VKV Ay 4R v

+ {Ka'\'KB'VOy/aH F s Bys,0V0 - EI'BHAnBH)]
A

nBH(E (KHAKbaH)/K +€' KIMA)—O | (39)

Substltutlng the value of [A] from (37)
gives

into (24)

_ Dobs,0 7 [BHI- (e Ry o “ppKD /)
“mn-Kg- [BH] + € K I T Cac K K ap) /K

. : KHAJ%VaHKb
v+ + KS. {BH] Vo + KMA'VO + (40)
W W
Equations (39) ang (40) are used to c Cula a

theoretical'titration curve, using a Fort

ran IV computer
pProgram, whléh\if\iij;p on the next page. . .

[T L S S
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c THIS IS THE COMPUTER PROGRAM FOR THE éHOTOHETRIC ION-PAIR

tTITRANT(HONITORING THE ORGANIC#PHASE).
IHPLICIT*REAL*Bi(A—H:N-Z)

REALx8 KABH:KS;NBrNIBHXyKINAAvNHAyKUyNA,NBH
Xy KBA

RERD!KS!KABH!KHVKIBHX!KINAA-KBA:KHAvKU!UvUUrElvE?yEJ!NBHvAH

XyE4,E5

PRINT:KS!KQBH!KB;KIBHX!NINAA!KBA!KHAvKUrUrUO!ElrEQ'EIrNBH

XyAH,E4,ES

PRINT é

FORHAT(’O'7T131'AOBS’»TQ?:’X'7T477’Y'rT64v’NAX'QTB?:'NAY’)

Al=E1%KS ‘

A2=KAEH/AH
A3=KIBRHX%VO
A4=KExyQ

AS=A1xvy

AS=A2XAS

A7=A1%xA3

AB=A1XA2%xA4

AA=KSxyQO

AB=E4XKIEHX

AC=ESXKR

AD=AAXAR

AE=AAXACXA2 .

AF=ACXA2 , Y

A9=AS+A6+A7+A8—AD-AE i

Al10=E2XKINAA

All=A10%V

Al12=E3xKHA

A13=A12x%y

A14?K3A/NU

Al15=A14xAH T

Al6=A13xA15S . : : .

- A17=A11%A2
A18=A14XKAEH

A19=A13%xA18 - : : .
A20=A3xA10 _ oo e
A21=A3xA12xa1S C .

"A22=A2*A4*AIO

A23=A4xA12%a18 . - °
A24=A1%XNRH ) <
A25=A10%NRH

926=A12*015¥NBH o .
A27=A11+A16+A17+A19+A20+A21+A22+A23—A24 -
A29=A254724 '

A30=4%A9%A29

A31=A12%A1S

A32=A10+A31

A33=A15%xy

A34=KINAAXVQ

A3S5=KHAXA15%UQ

’ A36=U+A33+A34+A35

DO 51 1=1,40
AORS=1/20, . T '
x=((—1)x(A27+AA*AOBS)+nsoRT<caz7+na*aoas>*xz+nzo>>/<2*A9)
Yt((—l)t(A27+AA*AOBS)-DSORT((A27+AA*AOHS>**2+ABO))/(2*A9)
NAX=(AOBS—X*(AR+AF))*(936+AA*X)/(A1*X+A32)
NAY=<AOBS—Yt(ABfAF>>x<036+antv)/<A1*Y+A32> |

PRINT 7*A0BS» Xy Y, NAX,NAY
FORHAT('o'.1ox,F6.4.4<3x.E15.7))

sTOP .

END



APPENDIX V

DERIVATION OF PHOTOMETRIC ION-PAIR TITRATION EOUATION FOR

A WEAK BASE ANION WITH CATIONIC TITRANT. ABSORBANCE OF
-4 .

ORGANIC PHASE MONITORED.

is titrated with

-€an be derived with the aid of some

" The case in which a sample A

tltrant BH

‘of the
€xpressions used in Appendlx Iv.
Rearranglng (35) gives:
Pabs,0 = [BH). (e KS[A]+€BfD(KIBID(+€'KB
N J .\
+ [A]. (EMA‘KI,MA + EHA.KHA.Kb'aH/KW) (41)

Rearranging this exXpression gives:

(BE] = Aobs o ~ [al. (eb:INKI,MA + CI:IAKI-IAIQ/'aH/kw >

(42)
. _
BHAKS[A] +EmKIBm<+€BKBK/aH)

Substltutlng the value of [BH] from (42) into (24)

. %y

and- rearranglng gives:

¢

. ' v ‘ K )"/
[a1% kg, [BHA'V+ < .k MAKMAV_ mlﬁmxbano]
+[A1.[e KBHX (V+Kb&aHV)+e I%.:i.v.(lwt%‘;%)“
emAKS(KMA'V +K@KbaHY—nA)+K ob'vé]+€1§fn(‘ .
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-n) + e'.K
K, "a’ . %p- g K
| - *w:“sa, S ST
a0 YA, pe .
; aH S . \\“ LI ;?\‘ "
q : : >
* . "’&’ & . .‘;-'
f . : N l."?‘v
Substituting the value of [BH] from (42) into (20) i
N 7
gives
K- Kb : P
Pops,0 = [AI- (efp v KMA)
The T KK
’:am'xs‘ (A1 + efn- KBHX T ey
K.V K o]
- [v + + KS [a].v"+ KBHX “] (44)

o

Equations (43) and (44) can be used to galculate the

theoretical titration curve.
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