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N Aas'rmc'r"

) S :
‘A solvent extraction/flow injectﬁon analysis (FIA)
ratus utilizing a porous nnmbrano ﬁhase aeparator and
:%”.t pressure pumpinq is deocribed and characterized
igmof extraction coil lenqth, sample injection
- and flow rates. . Bquationa exoreaaing“the
quantitative relationahip betwean peak area and various
ay.te@?paramatara are derived and verified..vUnder
condition- where the gample compon01§ ia quantitatively
extracted into the organic phase, paak area is directly
proportional to the number of moles of aample injected and
-ie=inverqely,proportional to‘the'total flgw rate of the
organic aolvent. A aampling freQUency of 4‘eamp1ee/min‘ie
readily achieved with a preciaiOn of about 18%.

A rapid assay method for procyclidide hydrochloride

in pharmaceutical tableta, baeed on. theaion—pair

%

‘extraction of ‘the cabionicégyug with picrate is developed

L4

uaing the extraction/FIA ayatem.« Conditions for the assay'

tare optimized by examining ‘the effects of the extraction

coil length. ‘reagent pH and picrate concentratiqn on peak»
areas. Aeaays are performed at a rate of two per minute
w1th a pregiaion amd accuracy of 1%.

o Development of a dual-membrane phase aeparator, which

'incorporates both a'hydrophobic Teflon membrane and a

] |



’“hydtophilic paper membrane, permits the simultaneous
‘_monitoring of the absorbances of boeh sthe organic and the
'aqucouu phaspa. This phase -oparatOt is used in the
-iﬁultahcoul assay of diphcnhydramtno and 8-chlorotheo-
phylline in Dramamine motion sickness tablets by the

'oxtraction/PIA technique. At a suitable pH, the former

drug is extracted quantttativoly into ¢yclohexane and the
latter remains. in the aqueous buffer phase. Theoretical -

eduﬁtiona de

the ex;raction—pﬂ profiles for

‘ CE 4
diphenhydramiﬁ to son&ed and verified

experimentally. Simultaneous a;b 5 iphenhydramine

AN

~ and B—Chiorothbophylline are performed at a rate of two
per minute with a precision and accurécy‘bf 1%.

A method is préﬁented for determination of acidity
constantg'by aoivent éxtraction/FIA using the dual-
membrane phase separatdr. The procedu}e is' especially
useful for-compoundslthaﬁ have a low solubility in water,
and whosé conjugate specieé have the same absorption
épectr&T;;fAQidity,constants are determined from straight
line plots relating the ratio of peak areas in the aqueous
and Qrganic Phasesl'Aa/Ao, to the'hydfogen ign activ;ty in
thetqquebué phése. Theoretical equations describing this
relationship for both; HA and BH' charge type acids are
" derived andxvérified using 3,5-dimethylphendlh(px; = 10.09
¢ 0.01) and p-toluidinium ion (pK, = 5.28 % 0.0i). The |

B SN
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distribution cosfficient is also obtained during the
experiment. Some distinct advantages of using tho‘duul-
" membrane device over the single-membrane device are .

discussed.

vii
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CHAPTER 1
’ INTRODUCTION

Flow“injectipn analysis (FIA) has been defined as a
type 6f continuous flow analysis that utflizes an
anglyticalvutréam, unsegmented by air bubﬁles, into which
highly reproducible volumes of sample are injected [1].
The technique was introduced in the earlyf1970'§,‘and has
developed very.rapidly ainé!,then. Numerous reviews of
FIA have been pubiished [1-7], and a textbook devoted to
the subject has been writﬁen by Ruzicka and Hansen [8].

Flow injection analyfis is based on a copbiﬁation of
three principles:  sample injection,,controlléqiéispefsion
and exact timing. In the simplest FIA manifold, a sample
is int{oduced into ; reagent stream, by°means of an- |
injection valve, in the form of a discrete "slug" of well
defined;v&lume and length. A constant, steady flow of the
' reagent stream ié normally achieved by us;’of a
peristaltic, éénstant prgssure, long stfoke piston or
reciprOCaﬁingppump. fThe sdmple zone disperses and reacts
with -the comﬁonents of the reagent sﬁream as-the sample
and reaéent‘mové through a reaction tube or coil. The
species é}oducedAis monitored by a flow-through detector
linked to a recorder. The reaction product is normally

analyzed before equilibrium is reached (before the
‘ g



response curve reaches the steady-state plateau), and the
output is in the form of sharp peaks. However, because’
the time between sample injection and detection is highly
reproducible, as is the dispersion of the sample zone,
very accurate and precise analyses canebe performed.

Dispersion of the sample zone occurs primarily by
laminar flow. Radial diffusion tends to relax the
parabolic velocity profile somewhat, as does coiling the
tube which induces a secondary flow in the'radial
direction [9]. “ Dispersion is controlled in FIA by thé
choice of sample injection voiume, flow rate, tube radius
and tube length [8]. Theae.parametefs are adjusted to
give the required sample disperéion as well as allow
sufﬁicient time for the reaction to take place.

A review by Rocks and Riley [5] summarizes the
differences between -air-segmented continuous flow analysis
and flow injection analysis. Air-gegmented instruments
¢tsuch as the Technicon Autocanalyzer) are more complex than
FIA apparatus.bgcause of tﬁe need for the introduction of
air and its removal before sample detection. Because of
the compressibility of air, the streams teﬂa to pulsate
rathef/than #low regulé}ly. This causes irregqularities. in
sampling times and flow rates, which aré usually minimized
" by allowing 95% or better achievement of the steady-state

plateau to be reached [10]. This>requires relatively long

/




sampling times and larger sample volumes which results in
lower sampling frequencies. gstart-up times are .
significantly longer for air-segmented systems compared to
thosg for FIN, the latter allowing detection within
seconds of introducing the sample.

Automation of solvent extraction by flow injection
analysis was introduced independently by Karlberg and
Thelander [11] and Bergamin et al. [12) in 1978. A
schematic diagram of a simple solvent extraction/FIA
system is shown in Figure 1. Sample; s, is injected into
a flowing aqueous phase, A, by injection valve I. The
organic phése} 0, ig merged with the aqueous phase, at a
"tee"ior other shaped junction to produce aiternating
small segments of organic and aqueous phase which flow
through the extraction coil, C. The sample, occupying
many aqueous segments, will extract into the adjoining
organic segments as it moves *along the extractioﬁ coil.
The two-phase flow will then enter a phase separator, P,
which allows a portion of the phase of interest to enter a
flow-through detector, D. Some property of the sample
(absorbance, fluorescence, etc.) is monitored, and the
output is displayed on a recdrder, R, in the form of |
peaks, one for each sample injected.

In the enlarged section of the extraction coil shown

in Figure 1 the coil is assumed to be made of Teflion. The



'Figure 1.

1
Lo

[

Block diagram of a simple solvent »
extractlon/FIA system showing an expanded

" section of the segmented flow. 0 is the
‘organic phase,. A is the aqueous phase, S is the

sample, I is the injection’ valve, C is the
extraction coil, P is the phase separator, D is
the detector and R is the recorder. See text
for details. : ’



orgahic phase will préferentially wet the coil walls, and
it is believed that the aqueous segments will be ;eparated
from the coil walls by a thin layer of the organic phase
{13-16].  The sample will extract from the aqueous
segments to the organlc segmﬂ;ts by diffusion across ghe
interfaces. j.Wall—drag causes bolus flow withln the
segments, analogous to airfséémented,systems [10;17],
promoting rapid longitudinal mixing of fluid within each
segment. If the tube is cqiled, secondary flow may
develop [9], as previously discussed for FlA, prdducing~
convective radial m1x1ng [10] The net result lS rapld
transport of the sample from w1th1n the segments to the
-aqueous-organic interface, which.creates conditions for
rapié extrac£ion. Equilibrium is thergfore often achieved.
much faster in a solvent extraction/FIA system as oppgsed
to manual extfraction in a'sqparatofy funnel [18,19].
Sampleldispérsién is limited in the extraction d&ofl
by the two-phase flow. Some-inter—segment mixlng fEDL
occur in the extraction coil as a result of the wetting
phenomenon [20,21]. Several autﬁoré have ho&ever observed
that dispersion within the extraction coil i§ negligible
f22;23]. Dispe{siOn also occurs in the unsegmented
‘regions of the solVentbextraction/glA éystém, as well as

in the injection valve, phase separator Qpp detector flow

cell. By prbper design of these components; the

%
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dispersion can be kept low allowing high‘samplingl
frequencies. As digghssed for unsegmented FIA, the
Y - ‘
constancy of flow ratéé and sample injectionvvolume leads
to good reproducibility énd'acdgrate analyses; - .
Air—segmenﬁed cdntinuous flow anéiyzers inco;poratiné'
a.solvent ext%aétion steé hévé been in use for quite some
_timé [ﬁ4], ‘The disadvantages of the air-segmented
‘éﬁproach compared to flow injgction analysis have already
been.mentioned. In ad@ition,‘the efficiency of séi;enf
‘extraction in'aif-segmentedAéystems is lowered aé a f?sulp‘

of a decrease in the effective transfer surfaces [8l.

‘Several £Ypes of phase separatbrs have beeh used in
solvent extraction/FIA systems. Tﬁé earliéét“phase
separgtors_utflized were Techniéon T—piece:cdnneqtqrs
fmodified with a phase guide material'[lij. Phase
"‘Separatibn was, achieved by gravity and préfetential

-

wetting. Chamber devices relying solely on gravity for

pﬁése separation have been employed [12], as have phase
spiitters which arefbased on dissimilar phase wetting of

~ hydrophobic and hydrophilic surfaces [13], Some work has

4 )

been done on anitoring'concentratién via‘f}uoréscence in
a tWo—pﬁase flowing étream without employiné a - 'phase
separating device [20,25]. A major.development in
extraction/FIA has been‘tﬁe,use of porous_membréne phase

1 N -

separators. Such devices are compatibiecwith high flow



velooities, and their‘small internal volumes reduce
bandbroadening [16,20,26-30]. A dual-membrane phase
§eparator'has been described by Fossey and CantWell which
incorporates both a hydronhobic porous Teflon membrane and
a hydrophilic porous paper membrane, thus permitting
51multaneous monltorlng of both the organic and aqueous

0 -+

-Solvent extractlon/FIA has been appl1ed to metal

phases [31]

analysis with extraction of neutral complexes or ion palrs
followed by visible-absorbance or fluorescence detectlon

[12,20,25,32]. It has also proven useful as a separation"

and/or concentration technique prior to flame and graphite,

furnace atomic absorption spectrometry [16,19,33-36].
'Frei and his coworkers have been instrumental in

developing post-column ion pair extraction_ detectors for

"1liquid chromatography, based on the extraction/FIA

approach>[2i,37—4l]. Contributionsqto bandbroadening have
been evaluated for both liquid segmented and non-segmented

s

flow in postcolumn Yeactors for llquld chromatography
[23,42], Solvent extractlon/FIA has also found
application in post—column, on-stream derivitization
techniques [43,44],'and has oeen used as an interface
between a reversed—phase ltguid chrbmatograpn and a mgss

. RS . .
spectrometer for on-line detection of ion pairs [45].

.Ion pair extraction/FIA has been applied to analysis.

0
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of surfactants'[26,28], and to assay procedures for

pharmaceutical tablets [18,29]. A multiple solvent

extraction procedure with flow»injection”teehholooy has
been reported for lsolatlon of polynuclear aromatics from
a complex. organic matrix [14,15]. Solvent extractlon/FIA
methods have been develOped\for the determination of

extraction constants, distribution ratios and acidity

constants [13,22,46].

In Chapter 2 of this work, a solve;t extraction/FIA
apparatus utilizing a porous membrane phase separator and
vconstant pressure pumping\is described and
charaoterized."Under optlmum conoitiohs,lahsampllng
frequency of 4,sam§les/mio is readilY’achieved. Equations
relatihg peak area of'tpe extracted sample to flow rates -
are derived and experimehtally verified. = - ..

| Chapter 3 describes the'application of the
extractlon/FIA system to a rapld assay. nmthod for
procyclldlne hydrochlorlde in pharmaceutlcal tabl ts,
based on the ion pai extraction of the drug with® picrate.

| _Ih Chapter'4, a dual-membrane phase separator‘is. |
1deyeloped which allows simultanebu; honitoring of both the
bréanic and- aqueous phases. This phase separatOr is used
-to- analyze Dramamlne motion 51ckness tablets for both
dlphenhydramlne and 8- chlorotheophylllne by the

extractlon/FIA technique.

A method for determlnlng ac1d1ty constants by solvent

L



extraction/FIA,is.presented in &hapter 5. The’procedure'
‘is especially useful for comoounds’that“have a low |

. solubility in water, and whose conjugate species have the

-

same absorption spectrum. Acidity constants are -

determined from straight line . plots relating the ratio of

peak areas in the aqueous and organic phases, A /Ao. to
QJ

the hydrogen ion actluity in the aqueous phase. Equations

describing thls‘relatlonshlp are derlvedgand verified for

/

both HA and BH* charge type acids.
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CHAPTER 2.
OPTIMIZATION AND CHARACTERIZATION OF AN
' EXTRACTION/FIA SYSTEM o
ST _

2.1 ’IntroduCtion

In this chapter, a soﬁvent extraction/flow injection
._analysis apparatus is described. .Its'distinctive features
include aluminum pressure cylinders to provxde constant
pressure pumping of the aqueous and organic phases, and a.
specially designed porous membrane phase separator._.

The 'ifstrument is characterized by examining the
dependence of peak area on. extraction coil length, sample
'1njection volume and flow-rates. Equations expressing the
quantitative relationship between peak 3£gg_and various‘

/

system parameters‘are‘derived and.verified.. These
equations faciiitate system optimization by providing a
more fundamental understanding of the conditions thch ‘
iead to an increase or decreaseiin peak areas. ﬁecently

Cantwell and Sweileh have developed equations for

quantification'baéed on peak height [47].

10 -
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2.2 Experimental

'2,2.1 Chemicals'and Solvents.
| f Caffeine, aupplied by L. Chatten (Faculty of
'Pharmacy, University of Alberta), was U S.P. grade and was

used without further purification. Its structure is:

CH,

°

Methylene Blue (U.S.P. equivalent) was used as

. received from Fisher Scientific Co., Fair Lawn, New

\

“Jersey.

Double Distilled Water.was prepared by distilling the

labcratory dietilled.water ffom‘alkaline-permanganate~ih
‘an all-glass still. The fifst 20% of the dietillate was
diécarded and the ﬁiddle fraction wae collected. Thie |
water was used to prepare all aqueous solutione referred,.
tovin this work.

Chloroform was analytical grade (B.D.H. Chemicals)

and was distilled,ﬁefore use tc'dggmove uv-absorbing

impurities.

11
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‘end of the day. ”

Methanol was analytical grade (Terochem Labs Ltd.)

and was used as received.

2. 2 2 Aggaratue///

A schematlc diagram of the solvent extraction/FIA
system used is shown in Figure 2. The chloroform ;o be
pumped is held in a 1700 mL glass bottle while the water,

the aqueous reagenl and the methanol to be pumped are held
) .o

: " { .
in 2 litre polyethylene bottles. These “bottles are placed

inside aluminum cylinders whidh.are preeéﬁrizedawith
nitrogen;

All tubing is Teflon, with 0.3 mﬁ'i.d. tﬁbing used
whenever it is de51rab1e to minimize sample bandbroadenlng
or to provxde 1ncreased resistance to flow and O. 8 ram

v }
tublng used in the rest of the system. Two—way Teflon

valves, V, (part no. CAV2031, Laboratory Data Control,

'R1v1era Beach, FL), placed in the solvent dellvery 11nes

from the cylinders: allow shut-off of each 1nd1v1dua1

flow. A three—way valve, v, (part no. CAV3031, LDC),

allows selection of either chloroform or methanol. The

iatter is used to wash out the system at.the'beginhing and
The water flows first éhrough an automatic sample

injection valve, V3 (part no. SVA-8031, LDC), before

- joining the aqueous reagent stream at tee-fitting, T,

12
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(part no. CJ-3031, LDC). 1In this chapter, the Aqueous“
reagent stream used is water, but‘in general it could be a
buffer, ion-pairing reagent; ??c; Valve ‘V5 is actuated by
an air solenoid valve (part no. SOL:§-24-VDC,'LDC)
controlled by an electrical timer Which allows variation
‘Qf £fill time and 1n3ection time. The 1n]ection valve
contains a “dummy“ ioop of equalcsize to the injectlon
loop, so that the flow rate of aqueous_phase”is the same
in both the loaé and inject positions. The sample is
loéded onto the inje%tion valve‘either by gravity‘fibw or
by use of a peristaltic pump (not shown).

The combined aqueous stf@ém.then joins the chloroform
stream at tee-fitting, T,, and the resulting segmented
flow stream passes through thevextraction coil, C, in
which solvent extraction occurs between the aqueous and
chloroform phases. The lengths of 0.3 mm i.d. tubing
connecting Ty to both V5 and T, are made as short as
poSsibie to minimigé dispersion of the sample zone in
these unsegmented flow regions.

A spec1f1ed length of 0.8 mm i.d. Teflon extraction
tube, c, connects Ty with the membrane phase separator,w
M. In M, a fraction of the chloroform phase is separated
from the segmented aquebus/chlqrofofm flow stream ?nd
- passes théough a 10 uL flow cell of thebspectrophotometer,

S (UV-50 photometric detector, Varian Instruments, Walnut
b ‘ .

<



.Creek, CA). The length of 0.3 mm i.d. tubing connecting M
to S is made as short as possible for the reasons given
above.

Thé chloroform floQ stream exiting {he-
spectrophotometer and the aqueous/chlé%dform‘flow‘s;ream
‘exiting the membrane phase separator pass through Acidflex
pump.tubes (Technicon Corp., Tarrytown, NY) in a variable
sbeed beristaltic pump, P (Minipuls 2; Gilson Instruments,
Ville-le-Belle, Ffance). Flow rates in both streams are
.measured by collecting the effluents in burets or
“graduaﬁed chinders and timing with a stopwatch. The
speedvof pump P is se£ éd\that the iotal flow rate of both
. phases is‘somewhat less than‘the flow réte observed when
the tension is'réleaSed from the pump rollers. This
ensures a slight back pressure and pfé?éh&s out-gassing
from the s;lvents. The signal from S is féd to a Model

A3390A'digital recording integrator, I; (Hewlett-Packard

~
N

Co;) which allows measurement of both peak areas and
heights. The signal is also monitored on a Fisher Seriegk\
' 5000 recorder (not shown).

Figute 3 shows a cross seqtion of the ﬁembraneiphaée
separator, M. Two layers of 4 mil, 10-2Qu pore size
Teflon‘membrane (Zitex, No. E249-122, Chemplast inc.,
Wayne, NJ) backed by a perforated Teflon \%port'are

sandwiched between two main body pigces'which are made of
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Figure 3. Cross section of the single-membrane phase

separator (A). Teflon membrane shown as short
dashes. Stainless steel end~plates shown as
hashing. Perforated Teflon membrane-support
shown as long dashes in A and in front view in
B. Fy is flow rate of organic phase through
the membrane and Fp is total flow rate of both
aqueous and organic phases.
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Kel-F. The main body pieces are pressed together with
four screws and two atainless ateel end plates. The
volume of the membrane chamber is about 0.06 mlL. The
three threaded holes accept the standard polypropylene end

pieces (part no. TEF 107, LDC) and flaired Teflon tubing.

2.2.3 calibration of the Sample Injection Loops

Different lengths of sample loops used in the
automatic inijection valve were caiibrated in terms of
volume injected by filling them with a 1 x 10~ 3 M aqueous
solution of methylene blue while the valve was in the load
position. The valve was then swiiched to the inject
position andpthe contents of the sample loop were washed
into 100 ml, volumetric flasks. The flasks were brought up
to volume with water and the abs;;bance of each solution
‘was measured at a wavelength of 668 nm u;ing a Cary 118

spectrophotometer. The volume of each sample loop was

determined from a standard curve.

2.3 Results and Discussion

LN

The characteristics of the extraction/FIA system were
studied by using caffeine as a sample component. Each
injection of sample resulted in a peak on the recording
device. The Vvariations of sample peak area, width and

heigﬁt were investigated as a function of extraction coil

17
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length, sample injecgion volume and flow rates. The
following symbois are used for flow }atesr Fo is the

'QOtal'flow rate of the organic phase, F, is the total flow
/rate of the agqueous bhase, F, is the flow rate of organic

‘bhase througﬁ the membrane and Fp is thé sum of Fo‘agd
F,- Each data point plotted on every figure in this

chapter is an average resulting from six replicate

injections of sample.

2.3.1 Extraction Coil Length -

The influence of the length of .the extraction coil on
peak area, height and width at ﬁalf—héight was studied by
changing the lengﬁh of the coil while keeping constant
botﬁ‘the concenﬁratiog and volumé of the caffeine solution

injected. Flow rates Fo, F and For measured after each

a

run, were found to véry slightly with increasing length of

the extraction coil. Peak areas were therefore corrected
‘ o

to Fy = 4.60 mL/min via equation 2.6 discussed later in
Section_2.3.3. Important instrument parameters for .the
study were as follows: waQelength, 273 nm; injection
volume, 44 uL;.sampliné frequency, two injections per min;
N, pressure, 40 psig; céffeine concéntration, 90 ppm: Fo ~ ‘

4.6 mL/min; F, ~ 3 mL/min; F ~ 2 mL/min.

m

The plots of peak area, peak width at half-height and

peak height versus extraction coil length are given in
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Figufesn4A, 4B, and 5 réspectively. Figure'#A shows peak
i area increasing with éxtractiop'coil‘length Qriof éo
attainment of distribution equflibria at abdut 7% cm,
beyond which it become; constant. '

Peak‘widtﬁ atﬁhalf—hgight exhibité'an initial’
incrgase of about 20%\w;th increasing coil length up to
the region where distribution qui;ibrium is attained, and
,thereaft;r it increases at only a very sléw,raté (Figure
4B). The most significant aspefil of peak width behavior
revealed in Figure 4B is the factrthat for céil lengths  in
the équflibrium region, peak widths become neérly»
independent of coil length. Consequently,»the extractiop
coil contributes only very slightly to sample zone
dispersioﬁ. This is in marked contrast to the extensive
laminar flow zone bréadening oﬁserved iﬁ unsegmented flow
/through sm;ll—bore tubing. L o - ‘ :

The plot‘of peak height vers@s extraction coil length
(Figure S)Iis'of a similar shape to tﬂe corresponding plot
for_péék‘afea, although the plateau region is obt;ined at
somewhat shortér'boil lengths. The plot is also similar
to that thained by Karlberg ‘and Thelander for the !
extraction of caffeine into ;hlogoform‘tllj. To ensure

9 : '
extraction equilibrium, an extraction coil length of 200

cm was used in subsequent studies to characterize the

- - .
-~ - <

syStém.,



5#”4

20

20077 T T T T T T T 7. T 1 17
10000 ‘ ¢ ‘ . o —
: Q.
/O/O—,O o)
8000 + - 0.28
. J N
© , -
Q@ 4000 _ : 4024
< & - |
U .0 —
| O/ . " _ o
o ° B : g
4000 |- ‘ , 020 £
(@] ~ R n E.
/0 ‘ _ _ o <
2000 |- , o e
'0 I N TN TN TAR NS D N TS T S O O N 012

0O 40 80 120 160 200 240 280 320

Extraction Coil Length (cm)
Figure 4. Peak area (A) and peak widtﬁ at ﬁalf;height (B)
for 90 ppm.caffeine versus extraction coil |
length. The«rélative standard deviation in
peak area and peak widt£ at half—height, for
each pl?ttéd poipt, falls within ghe rﬁngevof

0.35% to 1.8% and 0.51% to 1.7% respectively.
. \ , .



21

12+

10

Height (cm)

1 1 i | - i 1

oL—1

o 40 80 120 160 200 240 280

Figure 5.

¥ Extraction Coil Length (cm)

Plot of peak height for -90 ppm caffeine versus ~
extraction coil length. The relative standard
deviation in peak height, for each plotted

point, falls within the range of 0.53% to 1.2%.

iy



22

2.3.2 Sample Injectlon Volume

The volume of sample 1n3ected was varled by dhanglng
the volume of the sample loop in Rhe automatlc 1n3ect10n
valve while the extraction coil length, caffeine

a and'Fm were»he}d

concentration and flow ratés’Eo, F
'donstant}' The vOlume'ihjected by each 100p Qasadeﬁermined
in a sepafate experlment using spectrophotometry,,
descrlbed in Sectlonv2.2.3. The volume of Qbe “dummy

ioop was kept equal to that of the.lnjectlon.loop to
1nsure that the flow rate of the aqueous stream was the
sama‘ln both the load and 1nject positions. A plot of
peak area versus injection volume, shown 1n'Flgure 6A was
linear with a relativé standard deviation of 1.4% for the
'slope;' The intercept, innarbitrafy integration units, and
its 95% confidence limits were -1.7 x 103 # 4.0 x 103,
showing that the intercept was zero. The linear
relationship is as e%pected since, as shown later in
equation 2.4, Qaak area is directly proportionalbto the

" number of moles of sample injectad.

A plot of peak width at half-height versus sample
volume injected is presented in Figure 7. The general
shape of the curve is understood as fgllows: when
injection volumes are safficiently small (< 50 uL),

laminar flow of the caffeine zone in the unsegmented flow

regions and the mixing chamber effect in the phase
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«

extraction coil .length, 200 cm: Nz pressure, 40
psig; F, = 4.35.mL/min; F, = 3.07 mL/min; Fp, =
1.68 mL/min. The relative standard deviation

in peak height, for each blotted point, falls

within the range of 0.23% to 0.70%.
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- Figure 7. Peak width at half-height for 90 ppm caffeine
versus sémple~volume injected. Instrumeht
* ’ :

parameters: wavelength, 273 nm; ektraction

coil length, 200 cm; N, pressure, 40 psig; Fg

3.1 mL/min; F, = 4.0 mL/min; Fp = 1.9 mL/min.

The relative_sténdard deviation in peak width
at half-height, for each'plotted point, falls

within the range of 0.10% to 1.7%.
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separator are eufficient to affect the cencentration
profile aloné theeﬁnble length of the‘caffeine zone,
giving it a more or less skewed‘Ganesian shape [48,49].
Thus, for small injection Qolumes the peak wi@tnhwill
remain more or less EOnsant. When the injected volume is
large enough (> 250 uL) éo.thaﬁ laminer flow and mixing
‘chamber effectafinfluence.only the leading and trailing
edges of the’ceffeine zone, but not the central portion,
~ then the concentration profile of eaffeine along the zone
exhibité a flat "peak" whose neight is independent of
injectien volume and whose width is directly proportional
to injection volume. For injection volumes between 50 uL
and 250 uL intermedfete behaQior is observed. This
interpretatién of peak'width behanior is borne eut by.a
plot of peak height, iniarbitrary integ;ation units,
versus volume injected_(Figqre 6B). Peak height increases
more or less linéa:iynfor injection velume < 50 pL, is
constant fer injeetion voluﬁes > 250 uL, and is increesing.
nonlinearly at intermediate\injection'volumes.‘l

: A‘sahple volume of 44 ul was used in all other
-.experiments sinee this volume is in the region where peak
widths are nearly independent of veiume injzited and,
thns, it allows a maxinum samnling frequency wifhout
unnecessary saerifiee of sensitivity (i.e., peak area per

unit caffeine concentration in the iﬁjected sdlu;ionf.l
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2.3.3 .Flow Rates

The erendence)of peak area in the organic.phase,'Ao,
on‘flow rates fo,'Fa and F can‘be predicted as fo;lows.’
In a concentration-type detector, such as a
spectrophotometer, the area of the peak is invereely

"proportlonal to the flow rate through the detector F In
an extraction process involving a flxed ‘number of moles of
eample component lnjected, the peak area_ls also
proportional to the fraction of‘sample'in the organio
‘phase._ At equilibrium this fraction is (k'/(l4k')) where
k' is the so-called capacity factor of the sample |
component [50] and is egual to the ratio of moles of
sample component in the organlc phase to the moles in the
aqueous phase. Peak area is also proportlonal to the
fraction of the organic phase that goes through the
membrane and thus goes‘through the detector (Fm/Fo), and
it is‘proportional.to the number of moles of-sample
injected, n. Combining“theé% relationships and adding the‘ .
proportionality constant K ggves an equation for peak area

for a single'uv-absorbing-sample-in the organicvphase:

F
= gD M _ Kk |
Ao = K g F_ {17k (2.1)

m. O



<Cons£ant K includes the molar absorptivity of the sample
in the phase being*analfzed,‘e, the pathlength of the
spectrophotometervflo&cell, b, and a response factor which
relates‘the absorbance from the detector to a coﬁnﬁ rate’

on the integrator,k f. It is therefote defined as:
K=e¢bf - (2.2)

-1

1 mole *.

and has units of mL min~
The capacity factor may be expressed in terms of the

distribution rétio, D (the ratio of concentrations of

&

sample componeﬁt in the two phases), anq the ratio of
phase volumes [50]. Since the phase volume ratio is equal
to the‘flow rate ratio for the phases, k' may be eipressed
as

(‘_'(";),‘

X' =D F/F, | (2.3)

7

W

Combining equations 2.1 and 2.3 and simplifying gives the
following general equation for peak area in the organic

phase§

Ro = F_¥ TF_ (2.4)
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This éxpression shows that peak area is independent of
flow. rate throﬁgh the detector, F. ‘Qualitatively},this
is understodd by the fact that as Fm is, for example,
doubled with F, and Fj held constant, Fhe sample component
will spend only half as much time in the flow cell but
twice as many moles of sample will pass_through the

cell. Hence fhe area will not change.

Equation 2.4 can be rearranged to give

1 1 o R
/ A= Eﬁ(‘ [FT, + Fo‘(D-l)] ‘ (2.5)

(o}

1 ’ )
which indicates that a plot of 1/Aj versus [Fq + Fo(D-1)]

should be‘linear with a zéro intercept.

‘Equation 2.5, of course, assumes a linear
relationship bhetween intégrator signal'and
concéntration. This was checked first for caffeine
concentrations in the range of/1—90_ppm, The calibration
curve obtéined, shown in Figure 8, was a straight line
with a‘relétive standard deviation for the siope of
0.7%. The y-intercept and its 95% confidence li%its-wére
8l * 162 integration units.

The.validity of equation 2.5 was then examined in a-
study where peak areas wére measured for Fg varying

between 2.7 and 8.2 mL/min, with D ‘= 20 for caffeine

-
R Ay,
B ""”"”{r
T
t NI,
pé

. 28
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arameters: wavelength, 273 nm; extraction
p ‘ ekk

coil length, 200 cm; injection volume, 44 pL;

sampling frequency, two injections per min; N,

pressure, 40 psig; Fo = 5.01 mL/min; F, = 3.02

mL/min;/Em = 2.30 mL/min.

29



30

[51]. 1Important instrument parameters were: caffeine
concentration, 90 ppm; waveigngth, 273 nm; extraction coil
length, 200 cm; injection volume, 44 uL; sampling
frequency, two injections per minute; N, pressure, 40
péig. Data for ;;ak area and height dependence on flb
xates is given in Table 1. Figure 9 shows a plot of 1/Ag
Qersus [Fp + Fo(D-1)]. It is linear with a relative
standard deviation (RSD) of 1.3% for the slope. The y-
intercept and its 95% confidence limits, in arbitrary
integration units‘are (1.9 + 3.6) x 1076, showing that the
intercept isg zero.

Under conditions of sufficiently large D, such that

DF, >> F,s the denominator in equation 2.4 can be

approximated by DF,. Substituting and rearranging yields:

(2.6)

This equation shows that when the sample component is
quantitatively extracted into the organic phase, the peak
érea in the organic phaqF depends only on tﬁe number of
moles of sample injecteé and the total flow rate of
ofganic salveht. A plot of'Ao versus 1/Fg shQuld.be
linear with a zero intercept. Suéh a plot is presénted in

Figure 10 using the caffeine data from the case discussed
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Table 1. Data for Peak Area and Height Dependence on Flow

Rates (Figures 9 and 10).

Fo F, Fn Area? | Height®
(mL/min) (mL/min) (mL/min) ‘
2.73 3.99 1.73 15,144 + 133 3,583 + 22
3.42 3.59 1.81 12,384 + 153 2,943 + 21
4.09 3.11 1.95 10,700 + 108 2,430 + 15
4.31 3.03 1.97 9,853 + 58 2,210 + 11
4.38 3.00, 2o 10,059 + 91 2,228 + 16
5501 '2.67 2,11 8,740 + 72 1,890 * 12
5.06 2.94 2.12 8[?99 + 62 1,937 + 11
5.78 1.30 1.82 7,764 + 264 1,180 + 8
6.60 1.79 2.31 6,686 + - 36 1,322 +'15 -

- 8.06 2.08 2.94 5,619 + 127 1,281 + 49

. 8.20 .. -2.41 3.08 5.401 ¢+ 39@( 1,328 + 8 i

a) Average from six replicate injections, in arbitrary
integration units, with uncertainties expressed as one

standard deviation.
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above and rgpéfted in Table 1. Déviation from lineafity
occurs’for low values of‘Fo, where the assumption DF, >?
F, is no longer valid. Equation 2.4 or 2.6 can be used
wﬁere necessary to compehsate for tﬁe effects of qhanging
flow rates on peak areas.

| The increase in peak;areé yith decreasing FQ
predicted from equation 2.6 might suggest that a very
small ratio of Fo/Fa‘shouldfbe uéed to achiéve increased
‘sensitivity. The more rigorous equation 2.4 shows,
_however, that there is a theoretiqélly calculable lim;t_to
the advantage resulting from this practice; As well,

. there is a praééicalklimit. As Fb/Fa.is dec?eased, there
comes a point where water wiil "break through" the Teflon

membrane and enter the detector flow cell causing an

- ' . ] .
erratic signal. 1In the present system the "break t

Voccurredvat a value of F /F, < 0.7 (though the 'y

.depends on Fm)wgin our analyses we have found t : W

rate ratios Fo(Fa = 1 and FH/Fo = 0.5 are always reliablen
¥ '

# For more direct proof of the lack. of dependence of
peak area on F_, a study was perfbrmed in which Fg was
held constant-while Fy Was varied. Two separate
péristaltic pumps were used in place of pump P in Figure

2. Experimental conditions were the same as those given

for the previous study with F, held constant at 5.6 mL/min

by means of a Teflon/glass needle valve placed in the
. . ’;}
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chloroform stream between V, and Té. The resulting plot
of A, versus Fp shown in Figure 11, was horizontal yith a
slope and 95% confidence limits of-31 + 280 ihtegration
units indicating that the slope is zero ana Aé is indeed

indépendent of Fh.

.2.3.4 Sampling Frequency

A stuhy was performed under optimum conditions to v
determine the sampling frequency that can be routinely
achieved with moderate N, pressure applied to the aluminum
pump cylinders. Figufe~12 prgsents a series of replicate
injections of a cafféine soluﬁioﬁ made at the frequency of
four per minute. (Nitrogen pressure was 60 psig.) Base
line séparation is achieved between each peak and the

relative standard deviation

:thehreplicate'injections
~is 1.2%. AThié sampling rate éan bé achieved routinely
with no spécial care or precautions. For safety reasons
with the bresent cylinder design, pressures above 100 psig

are not recommended.
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CHAPTER 3

ANALYSIS OF PROCYCLIDINE HYDROCHLORIDE IN TABLETS BY

ION-PAIR EXTRACTION WITH PICRATE

\

-

3.1 Introduction

b

Procyclidine hydrochloride is an antispasmodic drug

kY

used in the treétment of Parkinsonism. Official méthods
of assay for procyclidine hydrochloride in tableté include
ion-pair extraction of‘the procyclidinium bromocresol
purple ion pair [52]. Ion-pair extraction is, in fact, a
sensitive and pfecise technique for the determination of
basic drugs k53—61] which is amenable to use in an
exﬁraction/FIA sysﬁem. It iﬁvolQes ext;actiog of ionic
species into organic.solvents as ion ag§regates (the
simplest being ion pairs) which have zero net charge.
Exﬁréctiqn is favored wheh the ions are large and the
charge is low [62]. If one of the ions is sufficiently
large, and hydfdphobic, however, it can form extractable
ion pairs with relaﬁively small ions such as Na* and
Cl~. The extraption and stability of the ion pairé will
d@pénd on the solvating ability of the'organic phase

(through hydrogen bonding, dipole-induced dipole

attraction, etc.). In general, the extraction constant
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increases with increasing polarity of the organic phase
[55]. Alcoholic phases have high extraction capacities
but, at the

_(}%}a ,
compounds. Sblvents, such as_chloroform and methylene

same time, low selectivity for hydrophilic

chloride, which ;re weék'hydrogén donors haQe a high
seléctivity, evidenced by large differences in extraction
constants of closely related i&ﬁ pairs:,

In addition.to the.choice of -the organic phase, the
dégree of ion-pair extraction can be regulated by the kind
and concentration of the counter ion £53], Picraie is

often used as an ion-pairing reagent for amines and

quaternary gmmonium ions [53-61]. Ité high acidity

constant (Ka'= 0.47 and pK, = 0.33 at ionic strength 0.1)

makes ituuseful'as a counter‘ion over a broad pH range,
and its large mola; absorptivity provides high sensitivity
for photometric'determinations [56]. An édditiohal
édvantage is,the'négligible extraction of sodiqm picrate
between chloroform or methyiene chlofide and agueous
solution [56,59-611].

Thg'ion-pair‘éxtraqtion of a cation, BH'Y, with an
anion,_A', may be influenced by‘a variety of Sidé .\
reaptions. ‘Some of tﬁese side reactions are represenﬁed
by the.following éhemical and phase distribution

w

equilibria [59]:

&



(BHX) 4 (MA)
A A
llKI,BHX |'KI,MA
\
. X~ m*¥
+ o+ .
Kg
But + AT g—— (BHA),
+ +
- ) H,0 H,0
H i
(B)g «—— B HA ——= (HA)
Kg Kua
+ +
H3o* OH~

Species without subscripts are in the aqueous phase qnd
those with the subscript "o" are in the organic phase. 1In
thé present Study, Ks-repreSents the ion-pair extraction'
constant for procyclidinium picrate with chloroform as the
organicaphase. M+.and X~ are the sédium and chloride ions
present'in the aqueous reagent phase.

The procyclidinium cation and tﬁespicrate anion(are
involved in pﬂfdependent équilibria with their conjugate’
forms, base B andﬁacid'HA reséectively. These species
distribu£e.between chloroform and aqueous phaseé. A value
fér KQA = 59.5 has been reported for thé partitioning of
‘picric acid between chloroform and aqueous solution

[58]. Optimai adjustment of the pH insures that
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negligible amounts of the neutral forms B and.HA exist
(59]. |

"Extractable ion pairs ﬁay also be formed between the
procyclidinium cation and chloride anion, (BHX)O, and the
picrate anion and sodium cation, (MA),. ‘As mentioned
" earlier, the extraction of sodium picrate into cg}oroform
is negligible. The ioh—pair extraction constant for
procyclidinium chloride is not 'known but it is expected to
be small as coﬁpared to the ion-pairvextraction constant
for procyclidinium picrate. Cantwell and Carmichael [61]
'report Kg = 4 x 10% for éromethazinium picrate and Kj gux
= 10.8 for promethazinium chloride, with chloroform as the
organic phase. A coneﬁant value for K1,Bux can be insured
by keeping fhe chloride concentration in the agueous phase
constant and high compéred to the procyelidinium ion
concentratior®

Side reactions in the aqueous phase, such as ion pair
formation and eelffassociation of anions and cations, are
not -expected to occur to a significant extent
[55,57,59). Additional side reactions that may oecur.in
"‘the organic phese include dissociation and further
association of the ion pairs. These effects serve te

enhance extraction into the organic phase, but cause non-

linear distribution isotherms [63]. The tendency towards



dissociaiion of ion pairs is greater when sample
cdncentrations are low and when the brganic solvent is
more polar [53,55]. Dimerization of ion pairs or
formation of laréer agaregates in the organic phase‘may
~occur at high sample concentr&tions’and’with low polarity
orgahic solvents}[SS]. Neither dissociation nor .
association of the procyclidinium picrate ion pairs is
expected to occur to \any‘significant P xtent at the
concentrations used in the present study.

This chapter will deal with the assay of procyclidine.
hydrochloride in commeréialltablets;by ion-pair extraction‘
with picraﬁe, as a practical application of the solvent

extraction/FIA system.

3.2  Experimental

3.2.1 Chemicals and Solvents

'Procyclidihe Hydrochloride was B.P. grade and was

used as received from Burroughs Wellcome Ltd., La Salle,

Al

Quebec. 1Its structure is:

HO—C— CH,~ CH,—N ci-
H



Procyclidine Hydrochloride Tablets (Kemedrin tablets,

5 mg) were supplied by Burroughs Wellcome Ltd., and were

B.P. grade.

Picric Acid (reagent grade) was used as received from

) .
Matheson, Coleman and Bell, Norwood;‘bhio. Its structure

is:

OH
O,N NO,
NO, A
k]
Other Chemicals including sodium chloride, sodium
hydroxide and ' ,:rochloric acid were all reagent grade.
Double Distilled Water, Chloroform and Methanol were
A w1y #
described in Chapter 2. : &’i o
""%L».K* ‘

3.2.2 Reagents

4.9 x 10”2 M Picric Acid Stock»Solution was prepared

in water and standardized with sodium hydroxide.
Picrate solutions, 0.1 M in NaCl, were prepared at
the following pH values and picrate concentrations by |
combining the appropriate weight of NaCl and aliquot of
stock solution with enough HC1 of‘NgOH to yield the

desired concentrations and pH upon dilution to the final

/
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volume:

1. pH = 1.65, 5.0 x 10”4 M picrate
2. pH = 2.04, 5.0 x 1074 M picrate
3. pH = 2%12, 5.0 x 10"? M picrate
4. pH = 2.60, 5.0 x 104 M picrate
5. pH = 2.91, 5.0 x 1074 M picrate
6. pH = 2.0, 5.0 x 1072 M picrate
7. pH = 2.0, 2.5 x 1073 M picrate
8. pH = 2.0, 4.9 x 1073 M picrate

9, pH = 2.0, 2.5 x 10-2 M picrate

3.2.3 Standards and Samples

Procyclidine Hydrochloride Standards, for the tablet

assay, of concentrations 1.23 X 1074 M and 1.72 x 10_4}i
were prepared by pipetting the appropriate volumes of a
2.46 x 10*3'M_stock solution into 200 mL volumetric

flasks, followed by dilutiOn“to volume with water.

.»’s:».; " s Aa@v
Procxclldlne Hyd;qchfbr'de Sample Solutfyns were
BTG g v . i "y

By v
hkn grlhdlng Ba'tablatsvto

prepared by flrst wélghlng

4« L CE

fine powder w1th a ﬁofgar and’pe%tl“

tab]et welght of powdgr waswthén tr éfg%red;ih;dupliéafe

into 100 mL vdlumetrlc flasks, diluted +6.volume with

%

water, and shgkep&VLgorouély for 5 min. ﬁé solutions

i

were’ centr1fugeé§%nd “‘the clear supernatant llqulds

constituted the%sample solutlons.




T

3.2.4 Apparatus

The solvent extraction/FIA system used for the
analysis of procyclidine hydrochloride is shown in Figure
2. 1t is exactly the same as bthe apparatus discussed in
Chapter 2 for the caffeine determination except that tﬁe
reagent phase is a picrate sélution, 0.10 M in NaCl and of
optimum pH. The configuration used, in which the sample
is injected into an inert carrier stream which is then
merged with the reagent stream, promotes better mixing

than if the sample is injected directly into the reagent

stream.

3.2.5 Tablet Assay Procedure

Standards and samples for the tablet assay were
injected alternately into the extraction/FIA system and
peak areas were measured for six injegtions of- each

F

¥ .
rate solution

solution. A pH = 2.01, 2.46 x 1072 M
that was 0.10 M in NaCl was used as the reagent phase.
*The procyclidine hydrochlofide sample solutions were
centrifuged rather than filtered before injection since it
was found that filtration yielded low results, likely due
to adsorpﬁion of some procyclidine hydrochloride onto the
filter paper.

Important instrument parameters gor the tablet assay
were: wavelength, 400 nm; injection'volume, 44 uL;

4
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sampling frequency, two injections per, min; N, pressure, . 4

40 psfg; extraction coil length, 200 cm; F 3.21,mL/min;

Ol

F

a’ 3.25 mL/min; Fm, l.72 mL/min.

3.3 Results and Discussion

The-conditioné for the assay of procyclidine
hydrochioride in tablets were optimized by examining the

effects of the extraction coil length, reagent pH and

picrate concentration in the reagent on peak areas. Each

data point plotted on every figure in this chapter is an

average resulting from six replicate injections of sample.

3.3.1 Extraction Coil Length

A éfudy was done tO determine the length of thé
éx£factigm\coil needed. to achieve equilibrium for the
extracgion of the procyclidinium picrate ion pair into
chloroform. Peak areas were mgas;réa for replicate
injegtions of a 6.2 x leS M_aqueoué procyélidine
hydrothbride soidtion using a pH = 2.04, 0.10 M NaCl, 5.0
xle‘.4 M picrate solution as the reaéent phase.

Extraction coils‘varied in length from 25 cm to 302 cm.
All other variables wére}%ixed. Since flow rates, F, Fg
a;a Fr varied somewhat with extraction coil 1ength,‘peak
areas weré corrected to Fg =‘3.55 mL/min via equation 2.6,

as discussed for caffeine in Chapter 2.
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Instrument parameters for the study were as
follows: wavelength, 400 nm; injection volume, 44 uL;
gquency, two injectimns per min; Ny pressure,

~ 3.6 mL/min; F, ~ 3.8 mL/min; Fp ~ 2.0

mL/mln.

The pldi of peak area versus extraction coil 1ength
is shown in Figure 13. The shape is very similar to that
shown in Figure 4A for caffeihe. 1In order to insure

extraction equilibrium, an extraction coil length of 200

cm was used in subsequent studies.

i

+~"3.3.2 -Reagent pH

The pH dependency of the ion-pair extraction of
several tertiary amine diugs with picrate has been
previously studied by C@ntwdil and Carmichael using

chloroform as the organic¢ phase [61]. Plots of the

s

conditional ion-pair e*traction constant versus agueous
phase pH were, found tq’attain a'maximum plateau in the pH

i
i

range of‘abo&t 2-5. ?he conditidnal extraction constants
decreased f¢£ pH-valJés ¢ 2 due to protonation of the
plcrate anion. The pH at which thlS decrease occurs will
depend prlmarlly on both the a01d1ty constant for picric
acid and the distribution coefficient for picric acid

between chloroform and the aqdeous phase. The conditional

‘extraction constant for the ion pair of interest will fall

fod
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off at higher pH values due to deprotonationrbf the
cationic conjugéte species of the amine drug, BHY. The pH
at which this decrease occurs will depend on both the
acidity constant for BHY and the‘distributign coefficient
for the corresponding conjugate base species, B, between
chloroform and the aqueohs phasé. v ‘ .
©

For the ion-pair extraction;of diphenhydramine with
pictfate into chloroform, Cantwell and Carmichael observed,
a maximum éxtraction plateau in the pH range -of about 2.5
to 3.5 [61]. We expect the extractibn maximum for the
b?ocyclidinium picrate ion_pai; to also occur in
approximately this pH range (based on the structural
similafity of dipﬁenhydramine and'procyclidiné).

This was chepked”bylmeasu:ement.of peak areas for
replicéte injéctions of a 4.9 x 10‘5 M procyclidine
hydroch}oride solution.into picrate reagents of pH values

1.65, 2.12, 2.60 and 2.91. The NaCl concentration and

picrate concentration of the reagents were fixed at 0.10 M

and 5.0 x 10~4 E_respectively:  Instrument parameters wére
the same as those used in th% extractibn coil study with
F, = 3.4 mL/min, F, = 3.4 mL/hin, Fp, = 1.8 mL/min and
extraction coil lengtﬁ_=,200 cm. |

3 y

Peak areas were found to be constant over the pH

LY

range studied indicating that the pH maximum plateau had
o v ‘

-“indeed been achieved. Consequently, a reagent pH of 2.0

was chosen for subsequent experiments.
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3.3.3 Picrate Concéntration

The optimum picrate concentration was determined in a
study where a 4.9 x 10-5 M procyclidine hydrochloride
sample solution was injected into pH = 2.0 reagents, 0.10
M in NaCl, ranging in picrate concentration from 5.0 x
1073 M to 2.5 x 1072 M. Instrﬁment parameters were the
same qskthosé used in the extraction coil length studyl
with F, = 3.46 mL/min, F, = 3.5 mL/min, F, = 1.86 mL/min

and extraction coil length = 200 cm. .

A plot of peak area"?ersus the ratio of picrate in
the reagent to procyclidine hydrochlorlde in the sample is
shown in Figure 14. Peak area increases until a ratlo of

S

about 100:1, above which\the peak area increaseé only v
slightly with increasing ratio. 1In subéequent studles, a
picrate feaéenﬁ conéentratlon'of 2.46 # 10 -2 M was used
~which represents a picrate/procyclidine hydrochloride

ratio of about 500:1 for the procyclidine hYdrochloride

concentration used in the study reported in Figure 14.

L
o

3.3.4 Calibration )
pet
A calibration curve was prepared with procyclidine

hydrochloride sample concentrations ranging from 2.5 x
10-6 M to 2.0 x 1074 M. A pH = 2.0, 0.10 M NaCl, 2.46 x
1072 M picrate solution was used as the re?gent phase.

Instrument parameters were the same as those used in the
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extraction coil length study with F, = 3.27 mL/min, Fo =
3.20 mL/min, Fp = 1.71 mL/min and extraction coil length =

200 cm. -

'Figure 15 shows the resulting plot of peak area

~ versus procyclidine hydrochLoride,concentration. It is a

straight line with a relative standard deviation for the
slope of 1.3%. The y-intercept and its 95% confidence
limits were -58 + 216 integration ﬁnits.. The linearity of
the calibration curve, in the cohcéntration range studied,
suggests the absence of concentration-dependent side
reactions such as dimerization and dissociation of ion

pairs in the organic phase.

3.3.5 Tablet Assay - .

wWhen the procyclidine hydrochloride content of
tablets haQing a label claim of 5 mg/tablet was assayed by
the pfocedure given in Section 3.2.5, an assay value of
4.88 mg/tablet was obtained with a standafd deviation of
0.06 mg/tablet based on six replicate injections of each

stahdard‘and each sample solution. This assay value, p
which corrésponds to 97.6% .of label claim, is well within
the *+10% tolerance limits allowed by the British

Pharmacopeia, and is 'in excellent agreement with the value

of 98.2% reported by the manufacturer [64].. . -
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CHAPTER 4

ASSAY OF DRAMAMINE TABLETS BY SIMULTANEOUS MONITORING OF

AQUEOUS AND ORGANIC PHASES

4.1 Introduction

K

The single-membrane phase separator, discussed in
Chapter 2, prévedvto be an e*ceilent device for removing a
portion of the organicngése from the two-phase flow in é
solvent extraction/FIA sfgtém. In some cases it is
desingle to monitor both phases, to determine a compound
that extracts into the organic phase as well as one that
is left behind in ihe agqueous phase. Alternétively, one
may want to monitor the concentration of-a single
component in both phases in drder to determine’ its
dpstribution coefficient and/or its acidity constant. A
dual-membrane pﬁase separator was therefore developed to
allow simultaneous ménitoring of both thé aqueous and
organic phases of an extraction}FIA system,

The phase separator ig%&fpofates a hydrophobic Teflon

e
membrane and_a hydrophilic paﬁéf membrane to allow passage
of a portion of the organic phase, free from entrained

aqueocus phase, through to one detector and at the same

time permits flgéuof a portion of the aqueous phase, free

754
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of entrained organic phase, thfough to another:detector.
The dual-membrane phase separator is compatible with high
flow rates, and can be used for weeks to months before the
membranes need to be replaced. ,

This chapter describes the use of the dual-membrane
phase separator in the assay of diphenhydramine and 8-
chlorotheophylline in Dramamine motion sickness tablets by
ghe_eitraction/FIA technique [31]. At a suitable pH,
which is readily ascertained by measurina the extraction-
pH profiles of both druas, the former drug is extracted
quantitatively into cycléhexane and the latter remains
quantitatively in the aqueous buffer.

i

4.2 Experimental .
\

4.2.1 Chemicals and Scolvents

Diphenhydraminé Hydrochloride was supplied by L.

Chatten, Pharmacy Depértment, University of Alberta. It

was previodsly assayed as 99.8 + 0,1% [65]. 1Its structure
is:
H
| /CH3 .
C —0—CH,— CH,— N cI-
| | 1 \en,

H
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8-Chlorotheophylline was obtained from G.D. Searle

and Co., Chicago, Illinois. The purity was 99.7% as
reported by the manufacturer. .Its structure is:

A

o H .
Hﬁ\N o
| J\ \ />~C|
07\ N

|

CH,

Dramamine Tablets (Dimenhydrinate, 50 mg) supplied by

G.D. Searle and Co., Chicago, Illinois were USP grade.

Other Chemicals including citric acid, sodium
phosphate monobasic, sodium phosphate dibasic,
concentrated aqueous ammonia and ammonium chloride were

all reagent grade.

Double Distilled Water was described in Chapter 2.

Acetone and Cyclohexane were both analytical reagent

grade and were- filtered before use with a 25-50p pore size

sintered glass funnel.

4.2.2 Standards and Samples

8-Chlorotheophylline Standard (1.25 x 1073 M) and

bggbenhydfamine Hydrochloride Standard (1.25 x 10-3 M) for
the tablet assay were prepared by placing the appropriate

A

>
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weights of 8—chiorothe0phylline and diphenhydramine
~hydrochloride into 200 mL volumetric flasks, which were
then partial;y fiﬁled witb warm pH = 7.0 phosphate‘buffer
and shaken to effect dissolution. The solutions wére
-cooled to room temperaéure and di1u£ed to volgme with  room
temperature pH = 7.0 buffer.

8-Chlorotheophylline Standard (7.51 x 104 M) and

. S/
Diphenhydramine Hydrochloride Standard (7.49 x 107%M) for

the tablet assay were prepared by placing the appropriate
aliquots of the pH = 7.0, 1.25 x 1073 !_élchlorotheo—

phylline and diphenhydramine standards into 100 mL

volumetric flasks, which were then diluted to volume with

pH = 7.0 phosphate buffer.

Dramamine Sample Solutions were prepared by first

weighing then grinding to a fine powder, twenty Dramamine
tablets using g, mortar and pestle. One equivalent tablet
‘weight of powder was transferred in duplicate into 100 mL
volumetric -flasks, shaken for 5 minutes with 75 mL of warm
pH = 7.0 .phosphate buffer, cooled and diluted to Qolume
with roém temperature pH = 7.0 buffer. The clear, light
yellow superna: int oﬁtained upon centrifﬁging coristituted

the sample solution.

8-Chlorotheophylline Stock Solution (2.50 x 10~3 M)

was prepared by placing the appropriate weight of 8-

E)

Chlorotheophylline into a 500 mL volumetric f£lask which
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was then partlally flll@d wlt% ph J7‘6fphpaghate buffer,

H,

shaken to effect dlssaluqlon a?d d;lutéayto vdﬁume with
A ~ t % [T ) ; .

more buffer. - : 2oL . oy

| % BT

fot“§8Lu€10ﬁ§”ofW

concentrations 1.50 x 1073 gp‘l 25. QT

8- Chlorotheophylllne Callbr

1073 M, 9.99 x 1074
"4

M, 7.49 x 1074 M, 4.99 x 1074 M and 2.50 x 107% M were
prepared by placing the appropriate aliquots of the 2.5 x

10-3 M stock solution into 100 mL volumetric flasks and
diluting to volume with pH = 7.6 phosphate buffer. «

Diphenhydramine Hydrochloride Calibration Solutions

of cbncentrations 2.00 x 10-3 M, 1.50 x 10-3 M, 1.25 x

o

1073 M, 9.99 x 1074 M, 7.50 x 107 M, 5.00 x 1074 M and
¢ 2.50 ; 10-4 M were prepared by pipetting the appropriaée

aliquéts of an aqueous 2.50 x 103 ﬁ‘diphenhydramine

hydrochgoride stock solution ihto 100 mL volumetric flasks

and diluting to wvolume with water.

4.2.3 Reagents

Citric Acid/Na,HPO, Buffers of pH values 3.01, 4.24,

5.24, 6.19 and 7.06 were prepared by combining the

appropriate volumes of 0.2 M Na,HPO4 and 0.1 M citric acid

to give a final volume of 500 mL.

pH = 10.10 and pH = 10.29 Ammonia Buffers for the ;

extraction coil length study and reagent pH study

respectively were prepared by combining NH,Cl with

v
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concentrate‘&aqueous ammonia to give a final analytical
ammonia concentration of 1.18 M,

o pH = 10.2 Ammonia Buffers for the calibration curve,

tablet dissolution and tablet assay studies were prepared
by combining NH4Cl with concentrated aqueous ammonia to
give a final analytical ammonia concentration of 0.66 M.

pH = 7.0 Phosphate Buffer used in dissolving

standards and samples for the tablet assay were prepared
by combining Na,HPO, and NaH,PO, to give a final
analytical phosphate ‘concentration of 0.025 M.

pH = 7.6 Phosphate Buffer used in preparing sample

solutions for the 8-chlorotheophylline calibration curve
study waé‘made by combining NajHPO,4 and NaHpPO4 to give a

final analytical phosphate concentration of 0.025 M. ‘ tl
4.2.4 Apparatus

A diagram of the extraction/FIA system is presented
in Figure 16. The components prior to the dual-membrane
phase separator, M, have been‘discuss;d in Chapter 2. The
?Qgganic extracting solvent, in this case, is cyclohexane
and the rinse solvent is acetone. The latter was used
only when the system was to be flushed out such as on the

rare occasion when the conditions used caused a solvent to

break through the wrong membrane.

@
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Figure 17 shows a cross section of the dual-membrane
phase separator. The hydgophobic membrane, represenﬁed
with short dashes, consists of two layers of'4:mil, 10-20
um pore size Zitex Teflon membrane (No. E 249-122,
Chemplast Inc., Wayne,‘NJ). iThe hydrophilic membfane, .
represented with long dashes, consists of two layers of
Whatman ﬁo. 5 filter paper. The membranes are placed in
each Well of the Kel F central body: plece and are

x’

sandw1ched in pos;}log by the two Kel F outer body
-
pieces. The surfaces” ofsthese outer pleces lying just

behina the membranes are textured in a spokelike pattern s

to facilitate uniform flow through the membranes. ALl

three Kel-F body pieces are'pressedttogether by stainless

steef ehd plates held with screws. The four thfeaded

holes showh in Fiéure 17 accept standard Cheminert end

pieees (No. TEF 107grLaboratory Data Control, Ri?iera

Beach, FA) and flared’Té%lon iubing.

' J 9&3
During operatlon of the system shown in Figure 16, it

the cyclohexane phase which has passed through the ‘Teflon

I3

membrane flows_through a 10 uL flow cell in

specirophotometerysl (variChrdm, photdmetric detector,
'Variah). - Simultaneously, the agueous phase which has
- %

passed through the papef membrarie flows through the 10~ML

‘flow cell in spectrophotometer SH (uv- 50, photometric

#
‘detecter, Varlan).‘ The cyclohexane ex1t1ng S, the
’ ! - X;: - %
. & ‘ "@‘ R #
: - i

, o5 T @)
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Figure 17.

|

Fr— Fm,o

62

—Fm,a 1

| Se—

- D - e

:__J

(-‘
1
1 cm 1r /
— F
: T
Cross section of the dual-membrane phase
separator: Teflon membrane (---), -paper
membrane (— — =); Fq total flow‘iate is the
X

sum of F, and Fy (o?ganic plus équeous); F, o

and Fm,a

are flow rates through the Teflon and

papexr membranes respectively.
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if

aqueous s&lution exiting S,, and the combined
,cyclohexane/aqﬁeous solution exiting the top of the phase
separator pass throughgécidflex pump tubes (Technicon
Corp.) in a Minipuls variable speed peristaltic pump, P
(Gilsdn Instruments, Ville-le-Belle, France), to provide
accurate flow control.

The signals from S; and S are fed to the digital
integrators, Il’(Minigraﬁor, Spectra Physics) and 123
(Model 3390A, Hewlett Packard), respectively, to obtain
éeak areas. Thehsignals were alsb monitored as peaks on
recorders (not showg).

When pH was a variable, as in thé measurement of the

o
extraction-pH profile of diphenhydramine, the single-
reagent pressure cylindér shown in Figdre 16 was replaced
by a multireagent pressure cylinder constructed as -
follows. An aluminum cylinder large enough to hold seven
400 mlL. glass bottles éaé fitted with seven exit ports. A
combination of a six-port rOtafy valve (No. R6031V6, ,
Laboratory Data Control) and a three-port slider valve
(No. CAV 3031, LDC) allowed for céhvengent selection of
‘any of thé seven reagent solutions, six of which were
buffer solutions and the seventh water. ' ,
. .
Initial start-up of the dual-membrane system requiredn

a special technique because of the necessity of wettin%
. )
£

each membrane with the appropriate solvent. Béfére the

l@ﬁ,
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- made up in pH = 7.6 phosphate buffer to aid in ) ‘
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phase separator was assembled, the Teflon membrane was
soaked in cyclohexane and the paper membrane in water.
Segmented flow was established in the system with the

outlet end of the extraction coil disconnected from the

phase separator. Flow was stopped by closing all v,y

valves simultaneously. Thevwetted membranes were put in

place, the phase separator was aseembled, and the outiet

of the extraetion coil was connecped to the phese ‘ -

separator. Vy valves were opened simultaneeusly. This

proce§§£e works well and was performed.only once, at. the
. o

time of initial set-up. Shutdown at the end of the day

required only c1051ng Vi valves and releasing the pressure

-

from all aluminum cyllndérei The membranes remained wet

overnlght 'so that restartlng was accompllshed by merely

pre§surbzgn the cyllnders and openlng valves Vl

ui' A8 5

3 - S
“ Ty

7’” 23 gg:

Calibratlion cusves for 8—chlorotheophyiline and
‘.\,
diphenhydrafmine were measured using .the apparatus shown in

Figure ¥6. 8- Chlorotheophylllne sam@lg solutions were

dissolution. The buffer capacity of this buffer was much
less than that of the pH = 10.19 ammonia buffer used as

the reagent stream. Diphenhydramihe hydrochloride sample

solutions were made up in water.



Peak areas were measured for diphenhydramine in the
organicyphase and 8-chlorotheophylline in aqueous phésé
upon replicate injections of diphenhydramine hydrochloride
‘and B8-chlorotheophylline sampfe solutions ranging in
concentratipn from 2.50 x 10~4 M to-2.50 x 10-3 ﬂjﬂwith‘a
pH = 10.19 ammonia buffer as the reagent.

Instrument parameté}s for the 8-chlorotheophylline

calibration study were: Qavelength, 300 nm; absorbance

range, O ion coil, 200 cm; injection volume,.44
9

S s s
pLi; sampgy f}enq¥$ two injectlions per mfhute,‘N2~
pressureﬁiéggé;;ﬁiiotal cyclohexane flow rate, Fg, 3.09

mL/min; total aqueous flow rate, F,. 3.60 mL/min;

H

v ‘«3‘; " : !
., cyclohexane flow through the membrane, Fm,o" 1.21 mL/min; -

aqugpué flow througg the membrane, Fr,ar 133 mL /min.
"InstrﬁmentAparameters for the dipheéhydramine
calibration §tudy that differed from those given above
were: wavelength, 254 nm; absorbancerrange, 0.2; F,, 3.06
mLﬁ!!ﬁ; Fa, 3.66 mL/min; Fy, o 1.22 mL/min; Fp, ¢ 1.32

4.2.6 Tablet Assay

Standards and samples for the tablet assay (prepared
as in Section 4,2.2) were injected into the solvent
extraction/FIA system shown in Figure 16 with the organic

and aque%us phase monitored simultaneously. Peak areas

&

7
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were measured for six injections of each solution. A pH =
10.19 ammonia buffer was used as_ the reagent.

Impoftant iﬁstrument parameters for the tablet assay.
were as follows: wa;elength of 6y 254 nm; wavelength of
S,; 300 nm; injection volume, 44 pL,‘sampling frequency,

" two injections per minute- extractlon coil length, 2@® cm;

. S
N, pressufe, 56 psig: total cyclohexane flow rate, &: 87

mL/mln, total agueous £low ‘rate, 3. 33*pL/m1n, cyclohexane

flow through the membrane, 1. 23 mL/mln, aqueoﬁéxflow

through the membrane, 1.07 mL/min. ‘ ¥ f@%xﬁﬂ

A oy
AT

4.3 Results and Discussion
L
o

Thegextraction behavior of é—chlorotheophylline and
dlphenhydramlne was characterized as a function of pH and
other system para‘i%frs in order to de51gn the optimum

-
conditions for the ramamine tablet assay. Also studied
wefe the conditions necessary for dissolving Dramamine
from tablet formulations.

The following sﬁr\bols are used in thﬂ@hwew
flow rates: ‘Fo is the total flow rate of the organlc . /

phaSe, Fy is the total flow rate of the aqueous phase,

Fm,o is the flow rate of the organic phase thrgﬁéh the

Teflon membrane and Fp 5 is the flow rate ofﬁi‘p aqueous

phase through the paper membrane. Fach data point plotted
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hydrochloride was studied as a fanction of extraction coil

B

on every figure in this chapter is an average resulting

from six replicate, 1nject10ns of sample.

4.3.1 Instrument Parameters

An_injection volume of 44 uL was chosen on the basis

of the study discussed in Chapter 2 concerning the effect

of injection volume on peak areas and widths.

the peaks obtained in the cyclcdhexane phase upon injection

of a 2 x 10‘3-§_aqueous soluﬁion of diphenhydramine

length. Thé reagent was

seen 1n the next sectlon,

a pH = 10.10 ammonia buffer.

at thls pH the free—base speq;es

As

of dlphenhydramlne should be quantltatlvely extracted at

equlllbrlum.

Instrument parameters for‘the study were as

follows: Wavelength,'254 nm; sampling frequenéy, one

injection per minute; N,
mL/miﬂ; Fy ~ 2.5 mL/min;
0.74 mL/min. Since flow

increasing length of the

corrected to FO

pressure, 40 psig; F, ~ 1.7

O

Fm,o

rates varied somewhat with:

~ 0.87 mL/min and Fn,a ~

The area of

A

extraction coil, peak areas were

= 1.79 mL/min via equation 2.6, as

discussed for caffeine in Chapter 2.

The plot of peak area vs extraction coil length is

shown in Figure 18 for lengths between 25 cm and 326 cm.

' The shape is similar to the corresponding plots for

L]
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Figure 18. Peak area versus extraction coil length for

diphenhydramine. The relative standard
deviation in peak area, for each plotted
point, fé1]s within the fange of 0.76%-to
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2.0%.
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caffeine and procyclidinium—picrate given in Figures 4A
and 13 respectively. Extraction equilibrium is obtained
at a somewhat longer coil length (~100 cm)‘for the
extraction of diphenhydramine.into cyclohexane. A coil
length of 200 cm was used for subsequent studiesgand for
tablet assays. At high pH,-é;chlorotheophylline remains

unextracted in the aqueous phase so that no equilibration

time is required on its account.

4.3.2 Reagent pH

Since diphenhydramine is a weak base, the fraction of
this compound extracted into cYciohexgne depends -on the pH
of ﬁhe aqueods phase as well as on the distribuéion'
coefficients of its two conjugate species BHY and B and bn -
the flow rates of the cyclohexahe gna agqueous phases.
Although. the caﬁionic conjugaté acid, BHf,‘is extracted
into more polar organic éblvents su%&;ag chloroform as an
ion pair with”simple inorgénic anions [6ij; it is not
extracted significantly into cyclohexane. dnly the
neutral free-base species, B,>is ex£racted with a
distribution coefficient previously reported as 3 ; 103

[66]. The pK, of BHY at 25°C has been reported as 9.12

for the "mixed" constant at ionic strength of 0.06 [67].

\;/"

A study of the dependence of peak area on readgent pH for

‘the distribution bf diphenhydramine between cyclohexane’



70

and the buffered aquecus phase -was performed with the
dual-membrane extraction/FIA system using the multireagent
pfessure cylinder: ﬁgagents used were citric acid/NazHPO4
N
puffers of pH values 3.01, 4.24, 5.24,,6.19_and 7.06, and
an ammonia buffer of pH = 10.29. Replicate injeétions of
a 2 x 1073 M aqueous diphenhydramine hydrozhloride.
solution resulted in peaks for both the arganic and
agqueous phases, which were integrated simulfaneously to
obtain peak areas A, and A,y ﬁfépectively. Since the
sample is injected into a pure water flow stream, it can
be assumed that when this stream joins the reagent buffer

at Ty, the resulting aquegus phase will have the same pH

as the reagent. This was verified by measuring the pH of
the agueous e uent.
Instru rameters for the study were the 'same as

those used for the extractionjpoil lengﬁh“étudy with F,
2.02 mL/min, F, = 2.42 nL/min, Fp, o = 0.97 mL/min, Fp o =
0.91 mL/min and extraction coii length = 200 cm.

The resulting plots of A, and A, versus reagent pH
are shown in Figure 19A and 19B respectively. It is
. evident from these plots that use of a reagent pH of 10 or
greater results in quantitative extraction of
diphenhydramine into'cyclohexane.

The sigmoidal dependence of peak area in the organic
phase, Ao,jon pll is predicted from equation 5.26, der;ved.

in Chapter 5 and presented here for easy reference:
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Figure 19. Peak area fqQr' the aqueous phase (A) and the '

organic phase (B) versus reagent pH for \

"diphenhydramine. The relative standard

deviation in peak area ranged from .0.74% to

'3.4% for points plotted on graph B, and from

W

o

2.1% to 2.7% for points ploited on graph A
(except for the value of 6.1% at pH = 7.06
which is high'due to the high level of noise

assoclated with the agueous phase detector).




f bn EB'S KB Ka :

+ FaKa»+ FOKBKa‘

Ao = (4.1)
F_a
a H

where f is a reéponse factor whgsanfelates the absorbance

2

from the detector to a count on the integrator, b is:

-4 N

the pathlength of the spectropfiﬁ!'eter flowcell, eg, o is
the molar absorptivity of thazﬁgztral form of the sample
species in the organic phase, Kp is the distribution
coefficient, K, is the aci™ity constant, ay is the
hydrogen ion activity in the agueous phase'ané”Fg'gga/Fa

are the total flow rates of the organic and aqueous phases

respectively.

1f Ky is large, as it is for diphenhydramine,
equation 4.1 predicts that A, will be zero at very low pH,

"will reach a plateau value of fbney /F, at high pH, and

*

will have a value of fbnep o/(F, + F,) ‘on the rising part
of the sigmoidal curve at pH = pK, - log Kg.
.The relationship bét@een peak areas for the aqueous

phase, A,, and hydrogen\ion activity is derived in Chapter

5, and is expressed in equation 5.30 for a BH* charge type

acid. 1If, however, Ky is large, the concentration of B
can be neglected in the aqueous phase and the only »
absorbing species to consider is BHt. 3 The appropriate - .

equation for peak areas in the aqueous phase is then:



£'o'n ept (aH + Ka)
FaaH + FaKa + FOKBKa

Aa = (4-2)

>

‘where f' is the response factor for the aqueous phase

detector and integrator, b' is the pathlength of the
aqueous‘phase spectrophotometer flowcell and EBﬁ+,afiS the
‘molarwabsorptivity of the protonated sample species in the
aqueous phase.

This equation predicts an inverted sigmoidal
relationship ﬁetween A, and pH.. At high pH the value Of
A, is zero: at low pH it reaches a plateau vaiue‘of f'b'n
EBH+,a/Fa7 and at pH = pK_, - log Kg it has a value of
£'D'negyt o/(Fg + Fo). |

A value for the product K Kg cag be determined from
the plot of peak area versus reagent/pH for either tﬁe‘
organic or aqueous.phase: Considerihg first the‘organic
phase, thé peak,area at pH = pK, - lgg KB'Willvbg equal to.
the peak area on the plateau multiplied by the,rétio
Fb/(Fo ; Fa). For the diphenhydrémine reagent pH study

_ /
this ratio is 0.46. From Figure 19B, the peak/area at; pH

1]

pK

a - log KB‘iS therefore 6,492 corresponding to a pH{=

5.7 + 0.1. ‘ -/
/

Considering now the aqueous phase, the peak area at

pH pK, - log Kp wiil be equal to the peék area on the

I
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plateau multiplied by»the ratio Fa/(F‘~+fF ). For the

74»

. dlphenhydramlne reagent pH study this ratio is 0.54. From

xFlgure l?A, the peak area at pH = PK, = log KB is

therefore 40,093 correspondlhg also to a pH' = 5.7 % 0.1.

Thé;Vaer of Ky is then calculated from log Kg = PKq

-‘5'7. Slnce ionic strength was not maintalned constant
in thls study,'the pPK, value Ff But is best estlmated by
the llterature value of 9. 12 for the mlxed" constant
[671. "~ Using this value for the pK of diphenhydramlne,
the value of log Kg is est1bated to be 3. 4, which is in
agreefnent wlth the reborted value of 3.5 [66].

b Equatlon 4 1 can be linearized by taklng the h
reciprocal of both 51des. The resultlng equatlon predlcts
a 11near relatlonshlp between the inverse of peak area 1n‘
the organlc phase and the hydrOged -ion act1v1ty (see
equatlon 5.33 in Chapter 5). A plot of l/A vs agt for. |
the data p01nts from Flgure 19B 1n the.pH - range 4-8 ylelds
a stralght llne as predlcted thh ‘a' slope and standard :

dev1at10n of. 24 6 - 0. 4 and w1th an i tercept and 95% |

onfldence 11m1ts of (8 6 + 4. 6) X lO"5

A study of the effect of reagent pH on the extractlonl

f-8-chlorotheophy111ne by cyclohexane was performed in a

‘“.manner 31m11ar/to that usqd for the dlphenhydramlne

hstudy.' This compound was found to remain quantltatlvely

unextracted by cyclohexane at all reagent pH values. ~The



" w 75
pK, of 81chlofotheophy11ine,
experiment, is 5.35

+

as ‘determined in a separate
0 06 (see Appendix Ii); Thus
neither its anionic conjugate baSe\nor its neutral

conjugate ac1d are perceptibly extracted from agueous
solution.

On the basis of the studies described in this

section, a reagent pH of 10.2 was used in the. Dramamine
tablet assay.

-

A this pH diphenhydramine is

T~
~.

quantitatively extracted and. 8-chlorotheopﬁy111ne is

quantitatively unextracted from the aqueous phase
4.3.3 Calibration Cutvesb

At a_constant pH of 10 2 and with a constant
'21 \..—\/ ‘

1njection volume, the peak area for d}phenhydramine in the
&
cyclohexane phase and the peak. area for 8—ch1 ToXd

L
\ -
phylline in the aqueous phase Shoul@ be proportional to

the concentg{tions of these compounds in the injected
‘solutions. .Flgure 20 shows‘the calibration plot for
diphenhydramine. '

It is linear with a relative standard
deviation of 1.4% for the slope.
confidence limits are

-114 +
A
e 4

The y 1ntercept and 95%

3114 integration units.
[} '

calibration plot for 8-chlorotheophylline 1is given 1n

Figure 21.

The
It too is linear with a relative standard

B 3 VAR
deviation of 0.4% for the slope.
confidence limits are 185 #*

The y-intercept and 95%
193 ‘integration units.
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TR 3. 4 Teg&g Assay '
_ pramamine (dlmenhydrinete) 1e a 111 compound of
diphenhydremtnq end B-dhlorotheophylline. Dramamine

tabletq ere £ormu1eted with the yellow ezoeulfete dye

: tartrazine ‘which is not extracted into cyclohexene. By

“

use. of a wnvclength of 300 nm, Uhidh is near a minimum in
the abeorption epectrum of tartrezine. the quantity of dye
in the tablet contributee an ebsorbence in the equeoue
pnese that is only 0. 25% of the ebeorbence expected for

he amount of B-chlorotheophylline in the tablet. This

“Y was coneidered a negligible interferenCe.’ The absorption

spectna of 8-chlorotheophy111ne and of diphenhydramine
have been published [68«69]

In order to enaure ﬁhat both the drug componenta~ :

would be quantitatively dieeolved from the powdered tablet

in the essey procedure, the effects on drug recovery of
both the volume of the aqueoue diseolution medium and

sheking time were investigeted. solvent pH was choeen to -

be ‘above the pKa of B—chlorotheophylline and below the pKa

of diphenhydreminium ion.(BH*) so that both components

78

would be - ionized. A pH = 7 0 phosphate buffer was used. g;

Its buffer cepacity was far below that of the pH = 10 2
reagent buffer ueed in the subaequent extraction/FIA step

80 that the extraction by cyclohexene would occur at pH =

10.2:, In one study, equivalent tabl%t weighte of powder
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| \nro shaken for 5 min. wit.)i voluuu o.‘. pho-phato ‘buffer
| nngi.nq from 25 t.o 200 mL amd then aontrifyqod. Auquou .
of tho clear .upotnatant wurc dildtqd and tho rooult&ﬁq . ;
‘.cluticn- oubjcctcd to oxtraction/rxh-analyaiu. ror both
diﬁhnﬁhydraminc nnd 8~chlorothcophyllinc the amount
_roeovorud was indapondcnt of tho volum- ot phonphatg -
buftct used- tor dl-.clution. dcmonotracing that. complcte
. dissolution is achicved even for a volumn of - 25 mL.
The cftcct of ihaking timo on dilnolution of ﬁhe drug
: :'émpononta was :lnves’ti.gatcd by nhaking cquivalent ‘tablet '
weights of powdcr wiﬁh 100 ‘L pbrtionu of - pH - 7 0 buffer
| for times varyinq from 1 to 15 min. Asaay of the |
'centrifuged supernatant again yialded a constant recover} -
’of both drug components, 1ndicating that uhaking times as
short as 1 minute are aufficicnt to quantitatively '
'dinsolve them; To be on the safe cide, a dialolution
volume of 100 mL and a shaking time of 5 min were u-ed in
"the tablet assay procedure. ’
Assay of a batch of Dtamamine tablats aupplied by. the
'manufmcturer, using the procedure given in Section 4.2. 6.
»gave 2& 3 % O 2 (95% CL) mg/tablet of BTchlorotheophyllinei
'and 26.4 ¢ 0.2 (95% CL) mg/tablet of diphenhydtamine.
"Calculation of the amount of Dramamine per tablet based on*
the aasay values of 8-chlorotheophylline and v ,
diphenhydramine renpactively gave 48 9 t 0.4 mg/tablet and»

&



48 LB t 0.4 n/«t&but. ‘l'h. nviraqu value of 48.7 mg/tablet
s in oucollodt -qtonmont with the value of 49.0 mg/tablet
o 6btainod by Eh. nnnufnctur-r using & modified compendial

‘urc that don not qiw values for the two 1ndiv1dua1

ints ot Dramnminn. These assay values are well
'fc toloranco limits ot tho 50 mq/tablct 1ub01

: cluim [2&.71]~:or Dramaminc.

4.3.5 COmmnntl )

When tho immiscible phases wcro\cycldhexano and an
_aqueoun buffcr. and when the flow rates were thqsc
andcificd for the tablet assay, ”bronkthfough“ of the
wrong uolv‘nt was virtually never encountercd with either
’tho papor or the Teflon mnmbrand‘ Although all studies
:rcp0rtcd 1n thin Chapter were done. wiﬁh the dual-mcmbrane
.duvico shown in Figure 17, 1t was found that two_single- -

‘.membrane phale .eparatora.'cadh decigncd as diacusaed in |

'.Chapter 2 and.placqg in -pr;og, ‘worked as waﬁl.

rd ' R /

L
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CHAPTER S
O N -
ACIDITY CONSTANT DETERMINATION BY SOLVENT EXTRACTION/FIA.

-

5.1 Introduction ' -

4

The use of solvent extraction for determining aci&ity
cohetante is particuiarly etiréctlve for compounds that
have a low lolubility in water and whose two conjugate
Ipeoiee ha " iy,.mf&ar ab‘orption .pectre. For euch
: . _ﬂfcurate pK
o

tric titra@ione

compoundu,'

~determinations by conventionais
' 'in water, and the similerity of the epectfa precludee the
use of fhe epectroﬁhotometric technigque. Alternate |
;methods infldde potentiometric tit;ation in mixed aqueous-
oréanic solvents, oonductimetfy and solubility
meaeurementu. |

Albert and Serjeant [72] discourage the use of
p?tentiometric PKa determinations in mixed-aqueoue solvent
eysteme except “when comparing closely related anéyunds.
. The pK, deterﬁfﬁ;d\}n a mixedfaqueous solvent will not
generally be the same as -the pK detefmihed in waﬁer. cThe_
) organic eolvent component c6ntributes extra acidic and
‘bpasic species to the o;dium, and the two éolvent
components may differ in their solvating power [73, 74]

s 4
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The activity coefficient for species “{" in a mixed-
agqueous solvent system is the product of the salt activity
coefficient (medium effect), which represents the effect.
of electrostatic ion-ion interactions, and the transfer
activity coefficient, vwhich represents Ehe difference in
ion--olvqnt interactions between the mixed-aqueous solvent
end'wuter [75]. Unfortunately, transfer activity
ooeffioiente are not rigorously measurable oy
‘ thermodynamic methods .

By definition, the salt activity coefficient
approaches unity at ihfinite dilution of the solute. The
overall activity coefficient for mixed-aqueous solvents,
referred to the standard state in water, however will
approach the vaiue of the transfer activity coefficient as ,
Lthe solute concentration is decreased and this limit may
differ greatly from unity [76]. Therefore, direct
comparison of acidities between mi xed-agqueous solvente and
water are not poesible becauee different standard ;tates
are then neoeeserily involved [75].

pH measurements of a mixed-aqueous olvent system
obtuined using a pﬂ‘meteu, calibrated wigL aqueous
buffers, include a residual liquid junction potential ‘due
to the difference in liquid junction potentials for the
calibratgon and sample solutions. 'These potentials may be

estimated, but not determined .exactly. An additional



(

. .

complication results from a possible shift in the .
nuynn.try-potontinlﬁof the glass Qicctrodn oﬁ transfer
from the aqueous buffers to the mixed solvent system [76].

Often $x.' values lrolgbtaiqod in varying
concentrations of alcohol and these values are then
plottcd‘vcrlu; % alcohol. The plot is extrapolated to
zero § alcohol to find the agqueous pK,. Unfortunately,
these plots are rarely linear, and the pK, value may be
highly suspect when extrapolated from media with a §
alcohol greater than 10 or 20% [73,77].
| Conductlmetry; in aqueous solution, may yield
accurate pK, values at low tample concentrations for acids
with sufficiently low pKa values [72). However, both the
measuremeéts and calculations are time-consuming. Other
disadvantages include the necessity of precise temperature
control ahgﬂpigh purity of both sample and solvent (the
most common impurity being dissolved carbon dioxide).
Conductometric titrations, atmodification of the
1tebhnique.‘have proven useful for PK, determinations of
‘very weak acids. \

The solubility method [72] may be used to measure
acidity constants at constant ionic strength. The
techniqge, however, is laborious'and not highly accurate.

The application of liquid-liquid extraction to

determine acidity constants, unlike the spectropho;ometric“

\

) (
.
. c
-
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_method, does not,roqutro a difference in the nbnorp£ion
.poctra qf the two conjigate sample species in the nqu-au-
’phnuo. The equilibria involved for an HA charge type acid
in a two-phase system can be represented as follows, in

the ca:i vhere only the n-utral -pccico. HA, extracts into

the organic phase:

Kl
HA + Hy0 a== A~ + H30"

) oo

(HA) o
At pH vaiud§ in the vicinity of the pK, of the sample, a
mixture of #he HA and A™ species” will exist in the agqueous
phase. The extent of the extraction of the HAuspecies
will depend upon the distribution coefficient for the
sample, Ky,, the acidity constant, K, and the pH of the
aqueous phase. An analogous situation exists for a BHY
charge type acid. The analysis becomes more complicated
if aecond;ry_eqdilibria, such as self-association or ioa-
pair extraction, occur.

The acidity constant can therefore be determined by
measuring the pH dependence of the distribution of the )
sample between the organic and aqueous phases, with the

sample initially dissolved in either phase (,73,78-88].



The pH of the dqueous phase is changed either by addition
of increasing amounts of acid br ba-g. or by‘uoc of a
series of uqu;dan buffers of various pH. The
concontration. in one or both pha;cs are usually nc.nnr'l'
by UV lpoctrophotomntry. and the hydrogen 1onfact1vitio.
in the aqueocus phanc .are determined potontiometrically.
Due to the’ lou solubility of the organic solvent in the .
aqueous phao.. the pH readings represent a true measure of
g with respect to the usual standard state in water.
Continuous extraction systems employing rapid phase
 separation make it possible to perform solvent extraction
measurements much more rapidly and conveniently and
therefa;e make pK, determination by solvent extraction|
more attractive [13,46,85]. \
In the pre-ent.ftudy, acidity constants are \\\
determined ?y a solvent extraction/FIA technique employing
a dual—memyrane phase separators which allows pimultaneous
spectrophotometric monitoring of cgncentragion in both the
aquebus and organicopha-ed. Equations are derived which
relate peak areas in the aéueous and organ?ﬁ phases to
hydroggp@ion'activitien in the aqueoﬁs_phase and thch
permit determination of acidity éonstants of both HA and
BH* charge type acids. validity of the equations is
experimentally demonstrated usinng.S-dimethylphenol and

——~

w .
p-toluidinium ion as test acids. The distribution

-
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coefficient of the neutral conjugate species is also

obtained during the experiment.

S.2 Theory

In this section oguation- are presented which allow
determination of acidity constants from the dependence of
the ratio of peak areas in the aqueous and organic phases -

_on the hydrogen ion activity in the aqueous phase.

5.2.1 HA Charge Type Acid

. The equilibria describing the dissociation of an HA
charge type acid in water and the distribution of the
neutral conjugate species Detween the aqueous and organic

%

phases are:

K

a
HA + H,0 == A" + Hy0" (5.1)
KHa .
HA &&——» (HA)O ' ) (5.2)

Species without a subscript are in the aqueous phase while
those with a subscript "o" are in the organic phase. The

equilibrium constants of interest in this discussion,

{ B

A
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pertalnlng to the equllbrla above, are glven in equatlons

5.3 and 514‘Where Ka is % mlxed ac1d1ty constant
(incorporating the activity of the hydrogen ion, ay, and

the concentrations of ‘the HA 'ahd A~ species), and Kyp is

the diétfibution‘cdefficiénf. - .

[A7] a
H ‘
K, = — oo 5.3
2 [m) B3
- KHA - LHAl, | ' . (5.4)
o - [HA] - .

In ¢onsidering'tﬁe distribution o% the sample between
“the Qrganic and_aqueoué‘phaseé’at différent vélges of ay,
we are ‘interested in the distribution of all sample
répecies present. This is best describéd by the
distribution ratio,.D, which is the ratio of"the formal

concentratlons of the sample in the organlc and aqueous

phases; For an,HA charge type ac1d, D is defined as:

3

o 5 (Al S
L S - Pux = = (5.5
= o 5A (el + [A 1 R (5-3)

assuming that neutral HA is the only extractable spécies.
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We can cbtain an expression relating the distr%ﬂuﬁion

ratio of the sample to the activity of the hydroger ion in
. 8
the aqueous phase by substituting into equation 5.5 ‘the

‘expression for [HA], obtained from.equation 5.4, an@Jthe

expression for [A™] obtained from equation Syﬁ to yield

5

the following:

K

H ""HA g

H

In Chapter 2 an expression wés derived for solvent

extraction/FIA relating peak aréa in the organic phase,

Agr to the distribution ratio for the sample, D, the

number of moles of sample injected[ n, and the flow rates

o

. of the organic and agueous phases, F, and Fj,

respectibely. Equation/2.4vof'dhapter 2 can be rearrangea

.

viz: :
. E 4
»
° A_F
D=gr=—&KTF_ o (5.7)
; o o ) .
The system constant, K, can be defined as:

K=£€D eyp o - . (5.8)
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where f is a response factor which relates the absorbance

from the detector to a count rate on the integrator, b is

the pathlength of the spectroﬁhotometer flowcell and eyp, o

is the molar absorptivity of the HA spec1es in the organic

phase. Substitution of K from equation 5.8 into eguation

5.7, subsequént substitution of that expression into

°

equation 5.6, followed by.rearrangement yields:

A similar type of expression can be\derivedurelating
peak area'in the aqueous phase, Aa, to the hydrogen ion

activity. The contribution to peak. area from both the HA

~and A~ forms of the sample must be consldered. For’ both

‘species, the peak area contribution will be inversely

proportional to the flow rate of aqueous phasé through the
detector, Fp, a’ and will be proportional to the fraction

of aqueous phase thag,goes through the membrane and thus-

‘through, the detector, Fn, a/Fa" The’ peak area contrlbuted

vby each species will also be proportlonal to the

pathlength of the spectrOphotometer flowcell b'; to the

response factor for the aqueous phase detector and

o =F a FF K +F K. a; (5.9)
a > H : )
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l'integrator, £' (which converts the absorbance from the
detector‘to'a<countfrate on the integrator){ to the number
of moles of sample injected n; and to the fraction of the
sample present in the aqueous phaee at equilibrium,
.Al/(k'+1). where k', is the capacity factor for the sample
as’defined in Chapter 2.. The peak area due to the HA
\species will also be proportional to the molar
absorptivity of the HA species ;<\§he aqueous phase,
‘HA,a' and to the fraction of the | sample present in the HA
form,-aHA. ‘The peak area due to the,A species will be
proportional to the molarpabsorptivity of the A~ species
in the aqheous,Phase"cAé,a' and to the fraction of the
sample present in the A™ form, ap-

Comblning these relations, we obtain the following

equation for peak area in the aqueous phase:

' : n m,a® 1 l | :“ o
Ag =" £ F— T kT (tan,a%a t AT ath )
‘ ' - ‘ . .

20

(5.10) °

'Ae shown earlier in Chapter 2, the capacity factor can be

expressed as:

e oevEsE (s
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The  fraction of sample predent.in the agueous phase‘in the
"HA and A~ forms are given in equations 5.12 and 5.13
respectively [89]. 4
, : \‘
\
Ay " -
HA T AR, “ (5.12)
a .
7 . aH.l K- o (5.13)
a , ‘
Replacement of k' agp and ap- in equation 5. 10 with
‘the -appropriate quantltles expressed Ln equations 5. 11 -
5.13, followed by rearrangement and simplifica;;on ylekes:
. L€ e _ . ,
~ \\\

' € vy *_E K \

Ay = o (FRR L8 (5.14)

. o - TH a~
| i - : - :
Substituting for D from equatioh 5.6 into equatiSﬁ\QQii\e;;
givee tne following.expfession relating beak areas in th :
_ ' ~_

aqueous phase to the hydrogen ion activity:

L b' £' n (eyy 5 3y *+ eA—‘a K) 518
a ¥ F""K’ ¥ : .
Fa 2H E KﬁA H |

- T
: e

The denominators of -equations 5.9 and 5.15 are the
same so that dividing equation 5.15 by equation 5.9 yields

the following'éxpreséidna\\
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* J
AL Db f'e N " b' £ e~ _ K |
Sla HA a 1 A ,a a :
- + — 0 - “ (5-16)
A PIcmo "E; &y BE Fah,aLan . |

.:When a sample is injected into reagent buffers.of various
‘pH valuel, and peek areas are nimultan’ouely mea;ured in
‘the organic and agueous phases. a plot of A /A ve l/aH
Aehould yield a straight lineu The acidity conetant for HA
can . be determined from the quotient of the slope, S;. and
interqept, 1, of that plot multiplied by the molar
absorptivity ratio of the protonated and. deprotcnated

eample epeciee in the equeous phase; ' _ ™ ‘

AR T (5:17)

The . distribution coefficient of HA ‘can also be .
’ calculated ueingfx and the data collected from the

organic phase. Equation 5 9 can be linearized by taking

" the recxprocal of both sidee\viz°

r ' o et :
1 =-Fa * Fo KHA D .Fa Ka
B, " bEne, K, 3 bin ‘aA o “HZ

mré

(5. 18)



. A plot of 1/A va llaa should yiold as
slopo S, and y-intorcept Izﬁ ftom whidh the distribution

coefficicnt can be calculated using Eho xprqssionm s

*
. .

1, F, Ky -8, F
. Kua L 2 2 " a
" ' Y2 o0

5.2.2 BH* Chkrg Type Acid

Equatione can also be derived for a BH+ charge type
: acid which relate peak areas in the otganic and aqueous
phases to hydrogen ion activities. The equilibria
vdescribing the dissociation and distribution processes

are:

Ko _
. a : :
BHY + H,0 == B + H30" - . (5.20)
Kg \ _ o B
Ba—* (Bl . (5.21)

-

Again, the dissociation constant of interest is a mixed
acidity constant, incorporating the activity of the
hydrogen,ion, ags and the concenéLation of the BH* and B

species.

raight'lino with E

- {5.19)

S
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, (sl)/
, / ay o ‘
Ky ™ . .
, Ka -—f-;—[m ] _‘ ‘(5 22)

‘The distribution coefficient* Kgs is the ratio of the

' concentrations of the B species between the organic and

aqueous phases, while the distribution ratio, Dg. is the

ratio of the formal concentrations of the sample in the

¥
two phases.v- ; : J ' i
T {(B] . o
B K 2 (5.23)
- | - B 8] :
(Bl '
Dg = 2  (5.24)
s TBET] + (83 ( )

It is again assumed here that neutral B is the only
extractable species. Substituting into equation 5.24'the
expressions foﬁn[sjo, obtained from equation 5.23, and

\

[BH*], obtained from equation 5.22 yields:
D *gF—Fa (5.25)

Substitution of K=fb EB o into equation 5 7 followed

by substitution of that expression into*equation 5.25 and

7&'
.

'rearranging gives-.
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£bne K ,
Ao " FT X + T K K B'°‘+KB X (5.26)
a H a a> o B a . :

where ¢g, o 13 the mo}a: abaorpt{vity for the heutqp;'form
of the sample species in the organic phase.

Analogous to the case of an HA acid, an.expresaion
can be‘dériVed for a BH*.iype acid that relates peak areas
‘in the aqueous phAie to thé hydrégen ion activity.

Equating A; to the variables which, affect it yields:

n m,a 1 ' N
Aa z‘b' £ F_'_“__; —-Fi—- R-rTl' (EBH""a aBH+ + EB,B GB)
.My,

15.27)

where epypt,a and €B,a are the molar absorptivitigs for the
protonated and neutral sample species respectively in the
. .

aqueous phase and agy+ and ap are the fractions of the

sample, ih the aqueous phase, present respec;ively'ih the

BH' and B forms. » ‘ o0
o
ay .. . ,
apgpt = -——raﬂ 7 . © (5.28)
a .
, . K, EE o
@8 T T ¥ K. | (5.29)
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The expression for D given in equation 5.25 can be
substituted into oquation 5.11, and the resulting
vexpro-.ion for the capacity factor can replaco k' in
oquation 5.27. Further uubatitution of “BH* and ag from
equations 5.28 and 5.29 into equation 5.27, followed by

rearrangomont and simplification yields:

(en+t _ &, + ¢ K_) ,
L [} BH 'a H Ba au .
Ay =b' £' np—3—FF K ¥ F_K_K, (5.30)
a H a a o B )
I1f peak areas are measured simultaneonaly din both the
aqueous and organic phases, a simple expression'can be

obtained by dividing equation 5.30 by equation 5.26;

AL Db f' e b' £' ¢ :
a B,a ; BH ,
‘ ,,;;;" P+ X V2% 5T e _ K K, (5.31)

B,o B . B,o a B

 Equation 5.31 indicates that a plot of A,/Agy V8 ay should
gleld a stralght line with alope S3 and y-lntercept Iy,
from whidh one can calculate the acxdity constant foE pat
gig_the following rglatxon:.f_‘ | |

K = ;—3— . EBH+
a -
3 EB,a

(5.32)

A linear relationship between the inverse of peak

area in the organic phasé and the hydrogen ion activity

&
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can be obtained by taking the reciprocal of both sides of

oqdation $5.26 vie:s

1 Fo Ko Kp * Fa ¥a + a Fa
r - . L] FT————r-r
o . n ‘8.0 B a . H ' " €,0 B a
o (5.33)

Having calculated the aciditf\conatant from equation 5.32,
a value for the distribution coafficiont of the neutral
conjugate species, B, can be determined from a plot of
1/A vs ay. Such a plot should yield a straight }ine of
slope 84 and y-intorcept b Y allowing the diatribution

coefficient to be calculated from:
¥

1, F._ - S, F K

Kp = 43 r—p(4 2 . (5.34)
' 4 o a :
\
5.3 Experimental . 8
LN

5.3.1 Chemicals

3,5-Dimethylphenol was 99+% pure and was‘uaed as

received from Aldrich Chemical Co., Milwaukee,

' w%sconsin. Its structure is:

OH

HC CH,

97
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p-Toluidine (4-methylaniline) was 99+% pure and was

used as received from B.D.H. Laboratories, Poole, K

England. 1Its structure is:

NH,

CH,

Other chemicals used were all reagent grade.

5.3.2 Solvents and Reagents

Double Distilled Water has been described in, Chapter

# 4

: ! ’
Cyclohexane (reagent grade) was purified by passage

through a gravity flow silica gel colﬁmn)conﬁaining a
sintergd glass f:it at the outlet. Thé_silica gel was
activated by heating in air gpr 8-16 hodrsnﬁt a
temperature of 125-150;C, aﬂd_then was allowed to cool in
a stoppered glass bottle. "

)

pH = 2 HCl, pH = 12 and 12,6 NaOH were prepared by

approprlate dllutlon of a solutlon of concentrated HCl or

ps

NaOH w1th doubly dxstllled water until the de51red pH was

reached. ~ .t

Ionic Strength 0.10 Ammonium Chloride/Ammonia Buffers

~of pH 9 6 997 9. 8, 9.9, 10.0 and 10.1 were prepared by

adding enough NH4C1 to yleld a /final concentration of O. 10

1



M and enough aqueous ammonia to yleld the desired pH in a
final volume of 1000 mL.

Ionic Strength 0.10 Acetic Acid/Sodium Acetate

Buffers of pH 4.6, 4.8, 5.0, 5.1, 5.2 and 5.6 were
prepared by adding enough sodium acetate to yield a final
. concentration of 0.10 M and enough glacial acetic acid to
yield the éolired bH in a final volume of either 500 or

1000 mL.

pH = 6.865 Phosphate Buffer, used for calibration of
the pH meter at 25°C was prepared to be 0.025 M in KH,PO4

and 0.025 M in NayHPO4, using dried;phosphate salts and

freshly boiled and cooled water.

pH = 9.180 Borax Buffer, used for calibration of the

pH meter at 25°C, was prepared to be 0.01 M in

N328407-10H20, using freshly boiled and cooled water.

pH = 4.005 Potassium Hydrogen Phthalate Buffer, used

for calibration of the pH meter at 25°C, was prepared to
be 0.05 M in potassium hydrogen phthalate (KHP), using
dried KHP and’ freshly boiled and cooled water.

&

Commercial Buffers (Fisher Scientifié Co.) of pH =

7.00 + 0.01, pH = 10.00 + 0.0l and pH = 4.00 * 0.0l were

used in some instances for calibration of the pH meter.

99
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5.3.3 Sample Solutions

3,5-Dimethylphenol and p-Toluidine solutions were

L]

prepared at the following pH values and concentrations by
mixing the appropriate volume of an agqueous stock solution
of the naqua with enough concentrated HCl or NaOH to
yl:ld the desired concentration and pH upon dilutidh to

the final volume (100 or 200 mL):

»

1. pH = 2.0, 3 x 10794 M 3,5-Dimethylphenol .
2. pH = 2.0, 6 x 1074 M 3,5-Dimethylphenal

3. pH = 12.6, 3 x 1074 M 3,5-Dimethylphenol

4. pH = 12,5, 6 «x ro-4 M 3,5-Dimethylphenol

S. pH = 2.0, 5 x 10"4 M p-Toluidine

6. pH = 12.0, 5 x 1074 M p-Toluidine

pH = 2.0, 1 x 10°3 M p-Toluidine (0.10 M in NaCl) and

pH = 12.6, 4 x 1074 M 3,5-Dimethylphenol (0.10 M in NaCl),

for the ion-pair extraction test, were prepared by mixing
the appropriate weight of saA;le and NaCl with water and
enough HCl or NaOH to yield‘the desired sample
concentration, pH and ionic strength upon dilution to a

final volume of 1000 mL.

Ionic Strength 0.10 3,5-Dimethylphenol and Ionic

Strength 0.10 p-Toluidine sample solutions all containeh

0.10 M NaCl.
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5.3.4 AEEaratus‘i
) A diagram of the solvent extractlon/FIA system used

Win the pKa,determlnations is shown in Figure 22. Its e
design is similar to that shown in Figure‘16 o{ Chapter 4,

'Qith thejmajor difference being that there is only one | ' 0
fluw stream of aqueous solvent. Solvent flows are

mainfaineu Xig_constant Nz'pressure pumping.‘ Thelorganic'
phase is qyclohexane Wthh is contalned in a glass bottle
1n51de an'alumlnum pressure cyllnder. The. six reagent

buffers and water are held in seven glass contalners

1n51de a multlreagent alumlnum pressure cyllnder described

\\
A

rpreviouslyvin Chapte(_ﬂ. : o f Hy'~

Va}ve>V4 is a six-port rotary valve (part no.
R6031V6}‘Lab0ratory Data Control) used to seiect any one
ofvsix reagent buffers. Valve Vé.is a ﬁhree—port’slider
valve (part'no. CAVi3031, LD?) which allows selection of
either’buffer,or a water wash. All tubing is Teflon, with
0.3 m i.d. tubing used whenever it is desirable to
minimize sample band broadenlng or to provide 1ncreased
resistance to flow, and 0.8 mm i.d. tubing used in the
rest of the system. Lo .

The sample is injeéted via“aniéutomatic sample'

\ ‘ . - ( [

injection valve V5 (pért,n05 SVA-8031, LDC) ineg/tﬁpv
reagent stream‘whichfis‘a buffer of %known pH;;HThis

injection valve contains a "dummy“ loop of equal size to
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2

the injectionlloop,iso that the flow'rate of a\ éous
reagent islﬁhe same:in both‘th§ﬂ$oaduand-injeet
posirions. .The reagent stream ig split at T, (part no.
.CJ-3031, LDC) into two perailel‘branches which are
reunlted at T2 to fac111tate m1x1ng between the sample- and
the buffer and to reduce refractlve 1ndex effects (see
fResults‘and‘Discussidn); ‘The aqueous phase'jd1ns.the
cycleheXane‘sérean at T3, ann the resultinghtWo phase_flow
passes through the extraction coil, C.

‘The aqueous phase is separated from the organic phase )
via a dual-membrane phase separator as deséribed
.previpusly in Chapter 4. Theﬂextracrion coil and,phaee
separator are immersed‘in a constant temperature bath,
shown as dashed 1ines‘in4§igure 22. The abserbanceeof\the
agqueous phase is monltored with spectr0photometer S,
'(Spectroflow 757 Kratos Analytical Instruments) while theﬂ
absorbance of the aquepus phase is monitored with
spectrophoromeﬁer So (Varichrem photdmetrrc detector,
V;rian).‘ The signais from Sy and S, are fed to two
channels of a<diéita1 inﬁegretercill and ;g (VISTA CDS
401, Varian), to obtain peak areas. Thexeignale are also
monitdred as peake'on recorders (not‘ehown);. Peristaltic

pump P (Minipuls 2, Gilson Instruments) is used on the

‘outlet lines to insure accurate flow control..

o

F
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Flgure 23 shows the apparatus used for the
determination of molar absorptiuity ratiosiofbthe
protonated and deprotonated sample species in the aqueous
;hase; It wss made by modification of the instrument
shown in Figure 22 through disconnection of T, from.T3;
disconnection of the membrane phase separator, M, from the
squeous phase detector, Sé; followed by direct connectiou

-

of T, to Sa-

t

All pH measurements were made with a glass ‘and “
calomel electrode pair using an Accumet. Model 525 pH meter
(Fisher Scientific Co.). Flow rates were measured by
collectlng the effluents in burets or graduated cyllnders
and timing with a stopwatch. They are reported, in thls ¥
chapter,vrouhded off to one or two significant figures
unless they are used in the calculations, where a more

©

accurate value is given along with an error estimate.

3.3.5"Calibration Curves

Calibration curves for 3,§rdimethylphenol and p-

toluidine were measured using the apparatus shown in

Flgure 22. Samples weregall 0.10 M in NaCl to reduce

refractlve 1ndex effects (see Results and Dlscu551on)

Caligrétﬁen curves for 3, S—dimethylphenol were obtalned'by ’

1nject1n samples\ranglng in concentration from 8. 0 x 10—5

\

M to 8 0+ /¢/4 M 1g¥o an 1on1c strength 0.10, pH = 9.80

- -~
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-
NH3/NH4Cl-buffer,l»Calibration curves for p-toluidine were
obtained by injecting‘samples‘ranginélln concentration ‘
. from 4. g‘x 10 -4 M/ to 1. 4 x 10"3 M in an ionio strenéth',
.0.10, pH = 5 11 acetic acid/sodium a etate buffer. The
.organic'and aqueous phases werewmonitored simultaneouslyu
and peaﬁ—areae were measured for six replicate injections
of each sample. |

- Important instrument”parameters for the measurement
of the callbration curves for 3, S-dimethylphenol were as/
follows: total cyclohexane flow rate, 2.4 mL/m1n~ total «

\

maqueous flow rate,_2 1 mL/min; cyclohexane flow through

\

the membrane, 0.9 mL/min, aqueous flow through the S -

membrane, 1.0 mL/mln, extractlon coxlflength 200.4 cm;
“sample volume lnjected, 44 uL; lnjectlon rate, one sample’ f
- per min; wavelength for both detectors, 281 nm; nltrogen
r-pressure, 42 psig; temperature of water bath, 25. 0 (o
Instrument parameters for the measurement of - theab
callbratlon curves for p-toluidlne, that differed from
'those 1isted above for 3 5~ dimethylphenol were: total
chclohexane flow rate, 2. 6 mL/min- total aqueous flow
rate, 2 3 mL/min-'aqueous flow through the’ membrane, 1.1
mL/min; wavelength for botn‘detectors, 260 nm; temperature ’

of water bath, 20.5°C.
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5. 3 6 Molar Absorptivity Ratios

) Molar ~absorptivity ratios of the protonated and
:deprotonated sample species in the agueous phase were ,
measured for 3, 5-dimethy1phenol and p—toluidinf using the
apparatus\shown in Figure 23 The same aqueous phase
detector and wavelength setting were used as in ‘the .
acidity constant.determination. | |

The molar absorptivity ratio,‘cHA a/eA a+ for 3,5-
dimethylphenol was determined using two sample solutions, |
both 3. 0 x 10"4 M in 3,5- dimethylphenol but one adjusted
.to pH = 2. 0 with HC1 and the other adjusted to pH = 12.6
with NaOH. These samples were injected into an‘HCi or
»NaOﬁ reagentfof the same pH:and.peak areas‘were measured'
for six'reolicate.injectionsf‘ Important instrument'-o'

parameters were as follows: flow,rate for pH = 2.0
: ol , _

<+

reagent, 0.688 * 0,004 'mL/min: flow rate for pH = 12.6

+

_reaoent, 0.677 ;~O;Q04ij/min: wavelength, 281 nmrfsample
‘ volume injected 44 ul: 1n3ection rate, onemsamgie oer»(“
min: nitrogen pressure, 20 pslg. Since the flow rates
differed slightly for the ‘two: reagents, peak areas were
corrected to a constant flow rate of 0.688 mL/mln.

The molar absorpt1v1ty ratlo, EBH+ /eB a’ for p—
toluidine was determined simxlarly using sahple.solutrons»
both 5.0 x 107 -4 M in. p-toluidine with one adjusted to pH

N

2.0 ulth HCl and the other adjusted to pH = 12. O with
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\

NaOH.i Ina%rumeht pa;gmetera that differed from those
,}isted'ﬁbov: for‘jfs—dimeihylphenol were: flow rate for
Sﬁ\- Z.Q reégent,‘b.473 + 0.003 mL/min: flow rate for pH =
lésofréagent, 0.490 ¢ 0.003 'mL/min; wavelength, 260 nm.

Peak areas were corrected to a constant flow ratg‘of 0.473

me/min.

5.3.7° Acidity Constant Determination

The aci&ity conatants¢é;r 3,5-dimethylphenol and the
vp-toiuidinium ion were @é%ermineé using . two phase analysis
with ﬁhe ektraciion/FIA‘apparatus shown in Figure 22. 1In
) the case of 3,5-dimethyiphenol, a sample solution that Qas
4.0 x 10-4'M in 3,5-dimethylpheno} and 0.10 M in NaCl was
"injected into reagent buffers éf vgrious~pH¢ The reagents
‘were ioﬁic-sirength 0.10 NH3/NH4Ci'buf£efs that ranged in
-0.1 increments of pH from pH = 9.6 to pH = 10.1.
Additionally,_a golu;ibn that~was.just 0.10 M in ﬁaC17was
'iﬁjected-int§‘eacﬁ reagent buffer to serve as a blank.

_Tﬁe extraction ééil was'mﬁde long enough to insure
thaéoextractioﬁ'equilibriuh was attained}4aﬁd’the
"Vexzraction coii and phpée separaﬁor_wére thermostatted to

25.0 ¢ O.l'C. Both the organig and agueous phases were
.monitored simultaneously, aﬁd,peak areas were meaéured for
six réplicate injections of each samplé. The pH of the

aqueous effluent was measured # each buffer used to

~
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insure that no change in pH occurred during the d
ﬁextraction/th procedure. ‘The pH meter (Fisher écientific
Co ) was standardlzed with freshly prepared pH = 6.865 |
phosphate buffer and either freshly prepared pH = 4,005
potassium hydrogen phthalate or pH = 9 180 borax buffer.

Important instrument parameters for the ac1d1ty \
constant determlnablon of 3,5—d1methylphenol were as
follows: wavelength for both detectors, #281 nm;

extraction‘c011.1ength, 200.4 cm; sample volume 1njected

‘44 uL; injection rate, one sample per minj nltrogen

i+

pressure, 42 psig. Flow rates for trial #1: F, = 2.50
0.02 mL/mln;.Fa = 2. 18 + 0.02 mL/min; Fm,o = 0.86 mL/min;
'lea;= 1.06 mL/min. Flow rates for trial #2: Fgq =pé.49 +
0.04 mL/mln, Fy = 2,22 +.0. 03 mL/min; Fm o = O. 88\mL/m1n,
Fn,a = 1.04 mL/mln. |

The ac1d1ty constant of the p-toluidinium ion was’
idetermlned in a 51m11ar manner using a sample solution
_that was~1.0vx.10'3 M in p-toluidine and 0.10 M in NaCl.
The reagents wereQionic strength O. 10-acetic acid/sodinm
acetate buffers that ranged in 0.2 pH 1ncrements from pH =
4.6«to pH = 5.6. The phase separator and extractlon c011
were thermostatted at 20.0 * 0.1~C. _Instrument parameters
that differed from those listed above for 3,5- -
-dimethylphenol were: wavelength for both detectors, 260

nm. Flow rates for trial 1 'F6 = 2.50 + 0.04 mL/min; Fq
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= 2,12 ¢ 0.04 nm(min; Fm"° = 0.86 mL/min; Fm'a = 0,99
mL/min. Flow rates for trial #2: Fg = 2.60 t 0.02
mL/min; F, = 2.12 *+ 0.04 mL/min; Fp o = 0.86 mL/min: Fp, ,
= 1.03 mL/min.

5.4 Results anégDiscussiOn

Acidit&vconstants were détérmined for.3,5-
dlmethylphenol and the p-toluldinium ion to test the
“validity of the equations derived for HA and BH' charge
1 type,acids. The distribution coefficient of the rneutral
conjugate speéiés was.also calculated.k |
5.4.1 Choice of Experimental Conditions

v
In designing the experiment for the determination of

. I Y N
the acidity constant of a particular compound, several
factors should be taken into account. The first is the
choice of the organic solvent. In order to accurately

measure peak areas in both the organic and aqueous phases,

 for reagent pH values in the vic1n1ty of the expected pK
of the sample, it is necessary ﬁhat the distribution

‘ cdefficieqt for the sample be neither too large not too
small. The value of Kyp or Kp should be. between )
approkimately 1l and 10, althoughAthisrwill depend on the
molar absorptivities of the sample species in tﬁe tﬁo

g

phéses.
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The likelihood of dimerization of the sample in the
organic phase or possible ion-pair extraction of the
sample with components present in the buffer must also be
cbnﬁidered. The derivation present;ﬁ in the theory
section assumes that these effects are négiigible. If‘
they are not, thé equations musg be modified to take them
into account. Dimérization‘of the sﬁmple in the organic,
phase is more likely‘to be encountered at higher
concentratlons and when the sample is polar and the
organic phase non-polar. ThlS problem may be av01ded by
kéeping the sample concentration low,

When mutual solﬁbility'gg the aqueous and organic
solverits is significant the phases‘should be pre-
equilibrated before they are used in the solvent
extraction/FIA system} Pre-equilibration of the phases
will not affect the value of, the acidity constant but may
affect the value of the measured distribution coeffiqien;
'[63]. In using cyclohexane as the organic phase we did
not worry about‘prg-equilibration of the phases‘since'fhe
.solubility 6? cyclohexane in waﬁer'is only 0,006% at 25°C
and the solubility of water in cyclohexané is 0.0L%-at,'
20°C [90]. | g

Unllke a spectrophotometrlc determlnatlon of acidity

constants, it is not necessary that the molar

absorgti?ities of the protonated and deprotonated sample

«
L
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;pecies in the‘aqueous phase be different at the
wavelength chosen. It is, of.course, also not necessary
to have both spectrophotometers set to the same
wavelength. |

Salt was added to the sample solutions_injected for
pwo‘reaqons. Most importantly, an inert electrolyté is -
added to insure constant ionic strength throughoﬁt the
concentration profile of the sample zone and to match the
ionic strength of the sample_ione to the surrounding
buffer. It-additionally served to reduce refractive index

 effects, as discussed in Section 5.4.?. One must be

careful, however, to ch;ck thatythe sample .does not fbrm
‘an ion pair with components of the electrolyte that ;ay
extract into the organic phase.

Buffers should be avoided that aSQOrb appreciably at

.
the wavelehgth'of analysis, or that have cdmponents that
may extract as ion pairs with the sample. Thg buffers
should be of sufficient cbncentration to maintain CAHStgnt
bH when a sample is injected. It‘is’desiréble’to‘chbose\”
~ the pH valﬁes of the buffers to bp.in the vicinity of the
%ﬁﬁ ~inflection point of the plot of peak area jg_reagent pH

for the sample (see Figure 19 for diphenhydramine). For
disﬁriﬁuti&n coefficients in thé suggested range of 1 to
ld, this inflection point will occur witﬂl about one pH

unit of the sample pK;. Optimum choice of the extraction
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coil length, sahple injection volume and flow rates has
»

previously been diacuaaed‘fh Chapter 2.

5.4.2 Refractive Index Peaks

Peaks can occur in flow injection analysis as a
consequence of a difference in refractive index between a
the sample plug injected and the surrounding reagent
stream. The effect is characterized by adjacent positive
and negative peaks as the sample passes through th; flow
cell. The refractive index peak is superimposed upon the
absorbance peak for the sample and may affect peak heights
and shapes, especially for samples‘ofllow absorbance.
Various authors have noted this effect [91-93] and
Betteridge et al. [93] have given a detailed énalysis of
the phenomenon as it pertains to flow injection analysis.

,When a sample of low salt content and hence low
refractive index is injected into a stream of high salt
content, a refractive index gradient will form in the
unsegmented regions of the FIA s§stem. Lines of equ?l
salt concentration, referred to as isohalines, will be

s ,
roughly'parabol%c in shape owing to wall drag and laminar
flow. Each’isoﬁaline will have a refractive index
different,ffom that of an adjac;nt one resulting in a

series of liquid lenses which will either focus or. diverge

the light [93]. .



when a leading isohaline passes through the flowcell,
light passes from a medium of low refractive index to that
of a higher refractive index. 'The light is refracted
towards the normal to the isohalines, decreasing the
amount of light reaching the detector. This shows up as
an increase in absorbance and manifests itmself as a
positive slope. There will be a region in the middle of
the sample zone where there is no change in refractive
index over the cell length. The light is unrefracted and

*\\
the trace passes through the baseline. As a trailing

isohaline passes through the flchell, light travels from
a medium of.high refractive index to a medium of lower
refractive index and is refract&d away from the normal to
the isohalihes. The light is therefore focused onto the
detector, increasing the amount of light hitting the
detector. This shows up as a decrease in absorbance. and
the trace moves in a negative direction with respect to
the baseline.

The net result is a refractive index "peak" which is
superimposed upon the sample abhsorbance peak. The shape
of these éeaks will be similar to those give in Figure
24. The height of the positi%e portion will always be
— .
greater than.that of the negative portion for fast flow
rates because the leading interface has the steeper

%

gradient. Since refractive index is temperature
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Figure 24.  Recorder tracings for the aqueous phase
injecting H,0 (A) and 0.1 M NaCl (B) into
ijonic strength 0.1, pH = 9.8 NH3/NH4C1

buffer. See text for details.

2
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'

dependeﬁt, the size of the fefractive index peaks may'vary
con51derably if the systemgxs not well thermostatted
There are various ways to minimize refractive index
effects._ One. alternative is through appfopriatehdesign 6f
the detéctor flowcell. Ham [91]tfound that theuuse’pf
1onger flowcells reduced the 51gn1f1cance of the
X

refractive index phenomenon. thtle and Fallick [94]

1n connectlon with a solvent

describe a tapered bore cell

gradient liquid chromatogr: Y sysﬁem(which reduces the

amount of light that hits the cell walls, thus improving

{
&

baselihe'stabiiity; ;

' Another way to diminfshvreffactive‘index effects is ¢
eo-injeqt the sample inee a carrier stream of similar
refractiye index, and then merge this stream with a

reagent stream [91]. This, confléuratlon was tried but was
found to produce refractive index beaks of a different
nature due to the sample injection process. When the
sample 1nject10n valve sw1tches from the load position to . .

the inject position and visa versa, thée flow of carrier i

stream is cut off for an instant, momentarily increasing

e * Y

the reagent concentrqtion in the agueous stream. This

results in a small refréctive iﬁdex peak each time the

N

1n3ectlon valve throws from one position to another. The

negatlve portlon of that peak falls directly in front of

kthe‘sample absorbance pe€ak, thus interfering with proper

-

intearation of the sample peak.
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An alternatlve solutlon to the problem is to match

§

the refractlve index of ‘the sample and reagent stream. In -

the present case, wherevacidity ‘constants were to be
determined at a certain constant ionic strength, we

instead matched the ionic strength of the sample solution

to that of'the reagent stream by. adding‘salt (NaCl) to the
sample.'_wﬁile(this did not}completely match the |
_refractive indrces; it brbught them much closer together -
and greatly»reduced'the size of;tne refractive inaex
peaks.
This is iliustrated‘in Fiéure 24 where water (A) and
0.1 M NaCl (B) were injected into an ionic strength 0.1,
pH =‘9 80 NH3 /NH4C1 buffer u81ng the extractlon/FIA system
shown in Figure 22. Important 1nstrument parameters
were: wavelength,‘281¢nm; absorbance, O d: chart speed,
20fcm/min; For 2.4 mL/min;tFa, 2.1 mL{mln, Fm o 0.9
mL/min; Fp o, 1.0 mL/min. = As can be seen fromnFlguree24,
matehing the ionicdstrength.of the sample to that of the
stream considerably reducea (about 85%) the size of the
refractive index peaks; Dﬁplicate injections of water and
0.1 M NaCl. were ma&e and.peak areasnwere measured with ;
: : .
planimeter. In both cases, the area of the pesitive
. ,
ﬁgykportion ?f the refractive index peak equal{ea_the area_of
: the negative portion within the meaauring error of the .

planimeter. A refractive index peak that is superimposed
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on thefsample abéorﬁance’peak should not therefore affect
the Qgﬁ;peak area.

Ift'hawever, the sample‘abéorbance peak is small
compared to thé refractive index peak, the observed peak
shape will be distorted, preventing proper. integration by
>an electronic integrator. This effect is iilustrated in(
Figure 25A where 2 x 10-4 M 3,5-dimethylphenol (no addéd
NaCl) was injected into ionic strength 0.1, pH = 9.8
NH,3 /NH4C1 buffer. Figure 25B, on thg_éther hand, shows
the resulting peak from a 2 x 1074 g}3,5—dimethylphenol
sample that has been adjusted to ionic strength 0.1 with
NaCl before injécﬁionAinto‘the extraction/FIA s;stem;  b
Measurement of.peak areas with>a planimeter indicated that&
the ggg;areas for peaks A and B wére'the,same.v Peak A,
however, cannot be properly integrated by most electronic
integrato 4A11 samples were therefore adjusted to the:
ionic str‘h. of the reagent stream using NaCl before
< they were injected into the solvent extraction/FIA

system. The size and shape of thé refractive index peaks
‘were‘routineiy monitored by injection of 0.1 M NaCl into'
,ieaéh reagent in pléce of the éamplé. No refractive index

peaks were observed in monitoring the organic phase.
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Figure 25. Recorder trac1ngs for the aqueous phase |

1n]ect1ng 2 x 1074 M 3,5~ dlmethylphenol (A)
and ionic strengthvo.l, 2 x 10 4’31 3,5-
diméthyiphenol (B) into iénic strength 0.1, pH
= 9.8 NH3/NH4Cl‘buffer. Seé text for details.

v
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5.4.3 Ultraviolet Absorption Spectra

r

.Ahsorption spectra for 3,5-dimethylphenol in
cyclohexane, in pH = 2. O‘HCI and in pH = 12.5 Naoﬁ,
measured on a Cary 118 spectrophotometer, are glven in
Figure 26. The wavelength chosen for analysis of both the’
h organlc and agueous phases in the pK determination was
281 nm. The molar absorpt1v1ties of the HA spec1es in the
aqueous phase, the A~ spec1es in the aqueous ‘'phase and the
"HA spec1es in cyclohexane were respectrvely in units of L
moles™ Iem-l: o984, 1957, 1691.

Absorptien spectra for p—toluidine in cyclohexane, in“
pH =>2.0 HCl_end in pH = 12.0 NaOH appear in Figﬁre_é?.
The wavelengthpof ahalysis chosen was 2601nh. -The»molarh
» 'absorptivities of the Bﬁ+ and B species in the agueous
"phase, ‘and the B species‘in the organic phase were-

respectlvely 1n unlts of L moles “lem~l: 265, 576, 876.

5.4.4 Dimerization and Ion-Pair Extraction
A preliminary check for dimerization was made via
Beer's law plots for 3,5- dlmethylphenol and p- tolu1d1ne in

-

‘cyclohexane u51ng the Cary 118 spectrophotometer over the

¥
concentratlon ranges of 1nterest. For the former
compound, the plot,of absorbance at 281 nm vs

concentrations from 4 x 1079 M to 8 x 1074 M is given in

- Figure 28. It was linear with a relative standard
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Figure 26. U.V. absorption spectra of{A (a) 8.6 x 1074 M
| 3,5—dimethyiphenol ih'CYClohexane: (B)- pH =
.2.0,' ‘6.0 x 1074 M a;queous‘ 3,5—-d-imethylp}‘1enol,4
(C) pH = 12.5, 6.0 x 1074 M aqueous 3,5-

dimethylphenol.
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p—toluidine in cyclohexane: (B) pH = 2.0,.5.0
x 1074 M aqueous p—tblpidine; (C) pH = 12.0,

5.0 x 10~4 M aqueous p-toluidine.
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Figure 28. Beer's law plot for 3,5-dimethylphenol in

cyclohexane at 281 nm.
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deviation (RSD) for the slope of 0.19%. The y-intercept
and its 95% confidence limits were 1.3 x 1073 + 4.9 «x
’10'3. For the latter compound, the Beer's law plot over
the éoncentrétion range 4 x 103 M to 1 x 10-3 M, made at
287 nm, appears in Figure 29. It too was linear wifh a
RSD for the'slope.of 0.23%; The y—intercepﬂ and its 95%
confidence limits were -5.3 x 10-3 5.5.x‘10T3. The
.lihearity and zero y-intercepts of these plots‘sﬁggest
that ﬁo dimerization of the sahpleg occurred in
cyclbhexan ov‘r~the1concentration§*stﬁdied.

Thé serice of ion-pair extraction of &,5-dimethyl-
phendiape (r”) and of p—ﬁéluid?nium (BHt) was checked by
seeing if detgctable concentrations of these 3pecies were
extracted into cyclohexane from 0.10 E_ﬁaCl solutiohs
adjusted@;o pH's where either A™ or BHt were the only,
species present in significaﬁtvahoﬁnts. In batch

, . o
extractions, with absorbanégs of the cyclohexane phases
measured éﬁ the Cary 118 §pec£roph6tometer,'no detecﬁable
3,5-dimethylphenol was extracted from a pH = 12.6 agqueous
phase that was 4 x 10~4 M in 3,5-dimethylphenol and 0.10 M
in NaCl; " Similarly, no deteqtable p-toluidine was
- extracted from a pH = 2.0 aqueous phase that Qas 1 x 1073

M in p-toluidine and 0.10 M in NaCl.

%



125

1 | | I 1

1.6} -

1.4 |- . -

1.2+ ~

1.0} | | _

S o08h -
=
(4}
2

S 06} §
£
<C

0.4} -

- 0'2 ol o _ | . . —

0 ) 1 ] 1 i ] |
0 2 4 6 8 10

’ ~d .
[o~Totuigine] X 10%  (moles/L)
| Figufe 29. Beer's law plot for p-toluidine in cyclohéxane
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5.4.5 Calibration Curves

The equations presented in the theory section for
determination of acidity constants and’distribution
coeffipiénts assume a linear relationship between
integrator sigﬁal and concentration. This was checked for
3,5-dimethylphenol and p-toluidine for both.the organic
and aqueous phases using the soivent extraction/FIA «
system; Plots of peak area_zg_cbncentratiop were linear
‘for both compounds»iﬁ‘both phases. The slopes, y—'
interqepts and, associated errors.for these plots are
listed in Table 2. The zero y-intercepts for the aqueous
.phase plots show that the underlying,refraétive index

‘peaks do not have a net effect on sample peak areas.

5.4.6 Molar Absorptivity Ratios

Aqg;tate ratios for thé’molar absorptivities of the
two ségjugate acid—basé species in the a@ueous phase are
reéqired in equatioﬁs 5.17 ana 5.32. These were measufed
by a flow injection.éechnique without solvent extraction,
-as described in Section 5.36, in which the ratio~of peak
areas obtained at low and high pH is equal to the ratio of
molar absorptivities. Fldﬁ rates for the two reagent
étreams differed slightly, so peak areas were éorrected to
';:g'Eonstant flow fate using the.relation‘A = nK/F; where A

is the peak area, n is the number.of moles of sample

injected, K is the system constant and F is the flow rate.

126
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The molar absorptivity ratio for 3,5-dimethylphenol,
enn,a/€n", a’ determined at 281 nm was 0.500 % 0.005, and
for p-toluidine EBH+'a/£B'a at 260 nm was 0.353 t 0.006.
In prin¢iple the mo}ar absorptivity ratio could be
calculated from literature values or from absorbance
measurements made on another spectrOpho£ometer, but this
can lead to appreciable error in the acidity constant if
the spectrophotometer wévelength is not accurately
calibrated. Even a 1 nm difference between the wavelength
of analysis for the aqueous phase and the wavelength at'
which the molar abs%ggpivity ratio was determined can lead
to significaét error in the pK, if the wavelength of

analysis lies on a sharp slope of .the absorption spectrum

for one of the sample species. _ S

k) ¢ ! LI

5.4.7 Acidity Constants

The acidity constant for,3,5—dimethylphénol was
determined by. applying equation 5.17 to a piﬁt of Aj/As VS
l/aH. The experiment/was run twice and peak areas
obtained were based on an averagé of six replicate
injections of sample into each buffer. The data for
trials 1 and 2 are gi?en in Appendix I, and’ploté are
given in Figures 30 and 31. The lines are.iinear least
squares fits to tﬁe‘data points. The linearity of the
plots is evidence for the yalidity of the equations for an

HA charge type acid.
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 Figure 30. Plot of Aa/ho versuS'l/gﬁ fo; %rial #1 of fhe

&

e

Ka detﬁgmination of 3,5—dimez

thylphenol at

2§§§°c with ionic strength = 0.10.
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The slope andvy-intercept values of the plots alohg
with the calculated pK,'s and computeg errors are reported
1n Table 3. The unceftainties associated Qith thé pKﬁ |
values are one standard deviation and include the comguted
error in determining the slope, y-intercept and molar )
abéorptivity ratio a; well as anvestimated error (0.01)
due to calibration“of the pH meter used to measure the
pH's of the reagent buffer solutions. The computed error
is obtained through propagation of the relative standard
' Qeviatiohs of thé slope, y-intercept and molar
absorptivity ratio [95]. The computed and estiméted
errOrs are combined as the sgquare root of the sum of the

squares [9e6].

The average value of the pK for 3,5- dlmethylphenola

at an ionic strength of 0.10 and temperature of 2
10.09 + 0.01,. Piterathe values for the pKj,
* dimethylphenol §L 25°C determined spectrophot
and correctéd for aciivity boefficient effects to
fonic strenéih are 10.2dﬂ[9%] and 10,19.[98]. For
comparison purposes, if we correct our pK, value to zero
ionic strength by calculating the act1v1ty coefflclent via.
the Davies equation [99] we obtain a pKj -value of 10.20.

The acidity constant for. the p-toluidinium ion was

dqtermihed by applying equation 5.32 to duplicate plots of
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Aa/Ao.XE_aﬁ‘ The data for trials 1 and 2 are given in
 Aépendix I, and plots are given in Figurgs 32 and 33. The
results are feported in fable 3; and the'lineariﬁy'of the
plots\is proof of the validity of the equations for a u*t )
éharge type acid. The.average value of the pPK, for the p-
toluidinium ion at an ionic strength of O.lO.and a
températgre of 20.0°C was 5.28 t 0.0l3. Literature values

determiﬁgd at 20°C and an ionic strength of 0.1 are 5.44

e

'[100],.5.21 [101] and 5.159 [102]. Since the literature
values show considerable variation we can only say that

our value is well within the range of reported values.

e

5.4.8 Distribution Coefficients

. vy .
The distribution coefficients for HA and B between

cyclohexane and aqueous buffers can be calculated from
equa£ions 5.19 and 5.35 respectively. However, since fhe
experiment was optimized for determination of acidity '
conétaﬁﬁﬁ; the pH region examined is not the best for \
accura£é measurement of/Kg ;nd kHA’ Data for PiOtS of
1/Ao.X§.1/aH for,trials 1, 2 and 3 of the Kyp
determination of 3,5;dimethylphenol are given in Appendix
I, and the plotg are given in Figures 34, 35 and 36. Data \
for plots of 1/A, ngaé for trials 1 and 2 of the Kg

determination of p-toluidine are given in Appendix I, and

the plots are given in Figures 37 and 38.
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Fi ure‘32. Plot of Aa/AO versus ay for trial #1 of the Ky
rigure -< , ) o N
determination of p-toluidinium at 20.0°C with

jonic strength = 0.10.
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Figure 33. Plot of A,/A, versus ay for trial #2 ‘of the K,

determination of p-toluidinium at 20.0°C with

ioniC'strehgth = 0.10.



21

20

Figure 34.

Kuna determination of'3,5¥dimethylphenol

between cyclohexane and ionic strength 0.10

aﬁmon§p'buffer at 25.0°c.
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Figure 35. Plot of l/AO versus 1l/ay for ﬁriai #2 of the

‘KHA'determination of 3,5-dimethylphenol
between cyclohexéné and ionic strength 0.10

ammohia buffer at 25.0°C.
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Figure 36. Plot of 1/A, versus 1/ay fof trial #3 of the
KHA determlnatlon of 3,5- dlmethylphenol
‘between cyclohexane and ionic strength 0. lO

ammonia buffer at 25.0°C.
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Figure 37. .Plot of l/Ao versus ay for trial #1 of the Kg
determination of p—tdluidine between

cyclohexane and ionic strength 0.10 acetate

‘buffer at 20.0°C.
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Figure 38.
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Plot of 1/A, versus ;;_;;:\¥yial #2 of the Ky

determination of p-toluidine between

cyclohexane and ionic strength 0.10 acetate

buffer at 20.0°C. p
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The slopes and y-intercepts of these plots, the total
flow rates of the aqueous and organic phases (Fa and FO)
and the calculated distribution coefficients and computed
errors are reported in Table$4 The uncertainties are one
standard dev1@t10n and include the computed error in
determining the slope, y-intercept, acidity constant, F,
and F, as well as an estimated error (0.1) due to

calibration of the pH meter. The errors were combined as

discussed in the previous section.

5.4.9 Comments

Although this discussion has dealt with the
determination of acidity constants using data collected
ftOm both the organic and aqueous phases, it is possible
to determine them by monitoring peak areas in only the
organic phase. This approach is described in Appendix II
and is utilized in the measurement of the acidity constant

of 8—chlorotheophyll;ne. Whlle the dlsadvantage of the

ey N e
ﬁ]),%.

es:r;ped %nfthls chaptkr, c%?pared to
5 'i_ -

sy

phases. It}hs not necessary to know‘ e flow rates, the

number of mplé@»of sample 1n3ected the extractlon

‘f" %

constant or*tﬁ& system constant. It is,also not necessary
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that the phases be pre-—equilibrated or that the flow rates

be constant from one injectionito the next. These
conclusions become evident upon examinatibn of eéuations
’5.16, 5.17,'5.3luand 5.32 in which noéne of the above
parameters appear either exélicitly or implicitly. The
net effect is that-Very accurate values for the acidity

constants can be obtained.
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Table Al.

Data for Trial #1 of the Determination of the

Acidity Constant and Distribution Coefficient
\ .

for 3,5—DFmethylphenpl (Figures 30 and 34).

]

1/ay Ra/Bo 1/p, x 10°

.(m‘oles/L)_1

4.102 x 10° 4.555 2.326 ,
4.498 2.331 ‘
4.614 2.371
4.606 2.316
4.492 2.318
5.140 x 109 5.009 2.392 .
5.066 2.413
5.130 2.394
5.135 2.387
5.043 2.373
4.889 . 2.393
6.457 x 109 5.803 2.466
5.584 2.450
o 5.345 2.433
5.551 2.422
5.526 2.424
5.672 2.428
8.204 x 102  6.321 2.526
‘ 6.484 2.537
6.412 2.533
6.360 2.524
6.421 2.561
6.426 2.524
1.334 x 1010 8.631 - 2.744
: 8.720 2.787
8.555 2.784
8.620 2.761
8.815 2.784
8.878 2.778
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Acldity Constanﬂ&

¢
for.. 3 5- Dlmethylggenql (Flgures 3% and 35).

b

l/aH o x 105
(moles/L)"l R
3.990 x 10° 4,556 2} 349
' 4.633 2.334
4.569 2.328
4,661 2.345
4.610 2.326
4.829 2.339
5,035 x 102 . 5.068 2.363
4,999 2.356
5.072 2.399
5.104 2.366
4.975 2.377
5.001 2.364
6.295 x 102 5.827 2.467
5.617 2.465
5.592 2.447
5.679 2.466
5.667 2.455
5.717 2.445
) |
~7.852 x 10° 6.366 2.509
6.322 2.544
, ’ 6.519 2.553
6.442 2.522
6.391 2.519
6.396 2.512

and Dlstrlb”tlén Coeff1c1ent
i ot

T

Continued

2
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Table A2 (Continued)

oW

1/ay Ay/Rg 1/A, x 10°

(moles/L)"1

9.772 x 102 7.326 2.676
- 7.399 2.668
7.173 2.654
7.128 2.688
7.254 2.659
7.333 2.664
1.247 x 1010 8.309 2.688
, 8.356 2.684
8.447 2.696
8.353 2.684
8.438 2.680
8

L4717 2.733



Table A3.
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<

Data for Trial #3 for the Determination of the -
Distribution,Coeffiéient for 3,5-Dimethylpheﬁol

(Figure 36).

. . ’ ‘ g
1/ag o - 1/Ag x 10°

(rnoles/I_A.)"l

3.908 x 102 3 2.364

2.371
2.361
2.361
2.350
2.350°
4.943 x 10° 2.378 B
- ‘ : . 2.404 -
2.396°
2.389
©2.398,
2.391

6.194 x 102 . , /' 2.473
- ' 2.469
2.463
2.481
2.480 o
2.459 " )

7.834 x 10° | : 2.540

L 2.574 \
T - "2.553 - S
B 2.536
( g . 2.543
— | o - 2.537

9.572 x 109 4 2.634

A .. 2.638
o ' f 2.627
0 ) 2.632 T
b - 2.651 o
B - . 2.618 )

—



-Table A4.
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Data for Trial #1 of the Determination of the

Acidity‘Constaht and Distribution Coefficient

for p-Toluidine (Figures 32 and 37).

|
\

@

ay A, /A, 1/n, x 10°

(moles /L)

2.371 x 107° 7.046 1.829

. 6.880 1.827

e 6.967 1.831

s Py, v . T7.027 - "1.835

' a0 6,992 1.838

: 7.055 1.825

7.064 1.8%3

'3.767 x 1076 7.800 1.921

Y . 7.868 1.922

7.712 1.913

7.893 1.919

7.895 1.912

7.924 1.917

6.026ox 107° 8.922 2.115

: . 7 8.872 2.093

9.035 2.122

8.791 2.112

9.028 2.112

8.846 2.112

9.594 x 10~° 10.299 2.366

10,411 2.359

10.200 2.326

10.358 2.363

R 10.255 2.336

10.474 2.337

4

Continued
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Table A4 (Continued)

ag A /Ry 1/A, x 10°
(moles /L)
1.652 x 10~° 13.374 2.804
: 13.444 2.840
13.068 2.804
13.262 2.816
13.187 - 2.808
13.439 ’2.819
2.449 x 1072 16.584 3.385
o 16.529 3.391
16.750 3.375
16.592 3.374
16.886 3.399
16.649

3.393
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Table A5. 'Data for Trial #2 of the Determlnatlon of the

'Acidity Constant and Dlstrlbutlon Coeff1c1ent

for p-Toluidine (Figures 33 and 38).

ay Ry/RAg "0 }/A& x 10°
(moles/L)

2.366 x 10°®  .6.954 1.855
' 6.973 1.892
k 7.093 ~1.870
6.971 . 1.857
6.984 1.857
7.123 1.864
3.793 %1076 “7.815 1.967"
' 7.615 1.960
y _ 7.673 1.961
7.698 1.966
7.805 1.982
e 7.767 1.977
6.095 x 107%  8.697 ' 2.113
L " 8.730 ’ 2.119
- - 8.789 2.119
E - . 8.735 2.112
8.579 2.107
8.837 2.121
9.638 x 107° 10.139 '2.359
' '10.103 2.360
10.257 - '2.386
10.315 2.379
10.205 2.349

.370

10.141 2

Continuedf
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Table A5 (Cbntinugd)

ay A,/RAg 1/A, x 10°
(moles/L)
1.667 x 1072 12.903 2.782
' o 13.277 2.834
13.036 2.814
13.206 2.820
13.013 2.768
13.029 2.820
" 2.472 x 1075 16.254 3.308
égﬁ. 16.054 3.301
15.991 -~ 3.313
15.99% 3.291
16.317 3.334 "
16.570 3.365.
~ L 7 .
e
@

, R % & »{' a5 ’q.‘{‘
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APPENDIX Il

ACIDITY  CONSTANT DETERMINATION BY SOLVENT EXTRACTION/FIA

FROM SINGLE PHASE ANALYSIS. pK, OF 8-CHLOROTHEOPHYLLINE

A. Theory '
. N ’ - ) N . ., gﬁ
Acidity constants can- be determlned by analysis of

Lk}
the organic phase alone, as opposed to slﬁyltaheous

analysis of both the organlc and aqueous phases.

T
a Yy

Con51der1ng first the case of an HA charge type qc1d

eq?étlon 5.18 from Chapter 5 1ndlcates that a plot of l/A

Xﬂg;/aH should yield a straight line with slope Sj and y-

RS ) ' T

1nte}cept I,. 1If the system constant, K = foeya , o is

measured in a separate experiment and accurate values are
o

obtained: for % F_. and n, a value for Kyp can be

calculated from the intercept:

Fa
Kea = 1 WK - F_ (A.1)

# | ° S *ﬁ““ﬁ

o

e

and then K, can be obtained from the slbpe: o

S, nK K - : -
2 HA g
Ky = —p—— W (A.2)

163
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~ The ac1d1ty constant for a BHY charge type acid can

be determlned from a plot of 1/A, vs ay, as illustrated in

equation 5.34 of Chapter 5, if the system constant, K =

v

fbeB or 1s measured in a separate experiment and accurate

™

~.

values a{e obtalned for F, FO and n. A value for Kp is

obtained from the intercept, I4, of the plot of 1/A, vs

aH.

F

O
T, nK - F . (A.3)
4 o] '

KB=

and thenighé acidity constant can be calculated from»tbe,mﬁ;

LIV

slop'el: - - s "-‘ T L s, S L o . ,;«‘;_*

. | Ka = s—mrx_ (A.4)

B. Samples and Reagents

2 00 x 104 M 8-Chlorotheophylline was prepared by

"placing the appropriate welght of 8-chlorotheophy111ne
into a large beaker. Water was then added and enough of a

saturated solution of NaOH to effect dissolution. The

solution was then neutralized with HCl.and transferred

; guantitatively to awl litre volumetric flask.

K
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pH = 5.114 Citric Acid/Na,HPO, Buffer was prepared by

mixing 257.5 mL of 0.2 M NajHPO, with 242.5 mL of 0.1 M
citric acid.

pH = 6.082 Citric Acid/Na,HPO, Buffer was prepared by

mixing 315.75 mL of 0.2 M Na,HPO, with 184.25 mL of 0.1 M

citric acid. a?

%

‘pH = 7.012 Citric Acid/Na2HPO4 Buffer was prepared by m@

mixing 411.75 mL of 0.2 M Na,HPO4 with 88.25 mL of 0.1 M

citric acid.
1

SA

C. Apparatus N
N &
e

The diagram of the solvent extraction/FIA system used
in the 8—chl§rothe6phylline pPK, deﬁerm?gation with single—‘
phase analysis' is shown in Figure Al.. Its design is
similar to that uéed for system charactérizatibn, as
describedVin Chapter‘z, with the main difference being
that the single-reagent pressure cylinder is replaced by a
multi-reagent pressure cylin?er that has previously been
discussed in éhapter 4. Chloroform is used as the organic
phase. gglve V4 is a six-port rotary valve (part no. R60
31V6, Laboratory Data Control) used td select any one of

slx reagent buffers. A three-port slider valve, Vg,(part

no. CAV 3031, LDC) is used in combination with valve V4 to
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allow selection of either buffe£ or a water wash. The
organic phase which passes through the Teflon membrane of
the phase séparator is monitored by a spectrophotometer, S
(Vvarichrom photomééric detector, Varian), and the signal
from S is fed to a digital recording integrgtor, I (Model
3390A, Hewlett-Packard Co.), to obtain peak areas.

The apparatus used in the system constant, K,
determination for 8—chlorothéophylline'is shown in Figure
A2. The solvents are contained in glass bottles inside
aluminum cylinders which gre pressurized by nitrogen. All
tubing is 0.3 mm i.d. Teflon. Valves V, ére two-way
Teflon valves (part nb.‘CAV 2031, LDC) that allow shut-off
of either solvent flow. ~ Valve V,'is a tﬁree—way Teflon

+alve (part no. CAV 3031, LDC) which allows selection of

either orm or methanol. The latter is used to wash

Q

out the system at the end of the experiment. The sample,

dissolved in chloroform, is injected into the chloroform

stream via automatic injection valve vy (part no. SVA-

8031, LDC). This injection valve is activated by an air

solenoid valve (part no. SOL-3-24-VDC, LDC) controlled by
an electrical timer which allows variation of load time
and injeqtion time. As before, V3 contains a "dummy" loop
of equal size to the injector loop so that the flow rate
of aqueous reagent is the same "in both the load and iﬁject

positions. The sample is loaded into the injection valve
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using a peristaltic pump (ndt shown) . Specthphotometer,
S, and integrator, I, are of eoufsezthe same as those used
for the pK, determination. A peristaltic pump, P,

(Minipuls 2, Gilson Instruments) is used on the outlet

line to insure accurate flgwﬂhhntrol.
i

D. Acidity Constant Deteg

wifation of 8-Chlorotheophylline

A sample solution that was 2 X 10-4 M in 8-
éhlorotheophylline was‘injecﬁed into citric égig[ma§ﬂpo4
_reagent buffers of pH 5.114, 6.082 and 7.012. No attempt
was made to contrél ionic strength as oniy an approximate
pPK, value was desired. The buffer»concentrations wefé
sufficiently high to insure that no change in pH occurred
during the extraction/FIA ﬁrocedure. The desired reagent
was selected via the six-port roﬁéry valvg, Vg and tﬁ?
‘Yesistances in each line were matched to provide equal
“"flow rates for each reagent stream. The .absorbance of the
orgénic‘phase was monitdied and peak areas were measured
for six replicate injections of eacﬁ sample.

Important instrument parameters for the acidity
constant determination of 8~chlorotheophyLiine were as

™

follows: total chloroform flow rate, 3.33 *+ 0.04 mL/min;

total aqueous flow rate, 2.07 * 0.06 ml./min; chlorofonm/'”

flow rate through the membrane, 1.15 % 0.02 mL/min;

\

\

r
A "

Y |
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extraction coil length, 200.4 cm; sample volume injected,

44 ul; injection rate, two samples per min; wavelength:

275 nm; absorbance setting, 0.2; nitrogen pressure, 40

:psig- ; : . .

E. System Constant Determination for 8-Chlorotheophylline

The system constant, K, required for calculation of
the acidity constant of B8-chlorotheophylline, was
determined using the épparatus shown in Figure A2, Thls ‘ v
sy;tem constant pertains exclusively to the detectlon
system sﬁown in Figure Al. A sampl; of. 2 x 1074 M 8-
chlorotheophylline in chloroform was injected six times
into a chloroform stream éndvpeak areas were measured. It
is important that the same detector aFd integrator “ o
settings are used as in the eXperimemt for the
determination of the acid&ty constanﬂ for the sample.\ 1€, 7
in order to briné peaks on‘scale, a different‘detgptor
aqd/o: integrator setting is required.then the méasureé
system constant must be corrected to that which/would be

e /

applicable under the conditions used in the pKé. : /

/
experiment. ‘ ‘ ’7\7;::>

/
Important instrument parameters for the system

constant determlnatlon for 8- chlorotheOphylllne were asJ

;
follows: flow rate, 1.51 + 0.03 mL/min; sample volume



b

“injected, 44 pL: injection rate, two samples per min; |
wavelength,A275 nm; absofbance setting} 1.0; nitrogen - .

pressure, 40“psig.

© . . R - ’ i

F. TResults and Discussion

' .
° . Fa— .

The primary purpose “in determining the acidity
constant fOr‘chhlorotheEphylline was to facilitate the
choice of the bH of the sample solution used in the

Dramamine tablet aSsay{ as discussed in Chapter 4. There

t

was, at -that time, no literature value available. Solvent

extractionfis a-particﬁlarly éppropriate dpprdach tO'ﬁhe‘
‘ . N

‘v acidity constant determinatton of 8¥chlorotheophylling

~owing to the iow,solu%ility 6fythis coﬁﬁouﬁa in water,

which inhibits an‘acéurate determination;by normal

potehtiometric méthods, and tovthe s;miggrity of the

rs

. f‘ ..' . . -
- absorption spectra of the protonated and deprotonated

sample forms which pféVenté’a;_accuréte'sPecérOphotémetfic
determination [68]. S

The systém'coﬁstant.ﬁor 8-chloro£hebphyliinefwas
detérmined‘first,.using sinéié—ﬁhase,analysis; from thetj,

relationzy

“

, L 5 ST @A)
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Y

where A is\ the average peak area, F is the flow rate and n

. \ , o
is the number of moles.of sample injected. When the |

‘\adetector Qes aé‘?%or an absorbance range of 1.0, the -

Q. - " e N

4L ; . . .
méasured value Of K was (5.4 +* 0.1\)..,( 10l4 | K

mL/min‘lmole’l. The acidlty constint ofﬁaéchloroe
}

theophylline was then determined from a plot of l/Ao.gg

l/aH. shown 1n Flgure A3. The data for this figure are

w

given in Table A6. The plot was linear xith a slope end
\

L y- 1ntercept of 2: 12 x 10-13 and 2.00 x 10°7 =
*respectlvely. The relatlve standard dev1atlon for the
slopeiWas o. 39% and the 95% confldence'llmltslror the y— )

1ntercept were +1.4 x 10'8 ‘ The'experﬁment q antlfying
: 8 . T
' the pH dependenc&“@f peak areas in the organlc phase was :

[ ]

run w1th a detector absorbance range settlng/oizefif‘ The .
e

- \ /~ {
_approprlate Bystem constant fon\B-chlorotheophylllne to

allow ce}culatlon of KHA and Ka 18 therefore (2 72 0 06)
x- 1013 mL/mln lmole~l. ' 1 R -=‘Hf \\ <
The dlstr1butlon coefflclent for 8-chlorotheophylline : .
N : S
between chloroform and the ~aqueous citric ac1d/Na2PO4 | |
buffers was calculatfd from eunETLn A.l1 to be 1.4 * 0~2z
the stated uncettainty being one standard»deviation;' The;
ac1d1ty constant was then calculated via equatlon A.2
y1eld1ng afPKa for 8—chlorothe0phy111ne of 5.35 4« 0. 06.v
The uncertainty is .one ;tanard deviation and includes the

computed error in calculating the K, from equation A.2, as
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Flgure A3. Plot of 1/Ag verdus l/aH for the acidity

\constant determination of 8-chlorotheophy111ne.

S



 Table A6.

»

S-thérothoophyllino (?1gure A3).

Data for the Acidity Constant Determination of

174

IS

>

1/&H : ~Fa

Fo : 1/ay x 10

.

(mL/min)

1.300 x-105 ' 2,00

«

1.208 x 106 2.11

1.028 x 107  2.11

(mL/min) |

3.28 | - 2.243 . .

‘ 2.224

v T 2.229
2.244
2,259
'\ 2,255

N

3.35 5.417
- 5.467
5.458
5.417
.5?433
3.35 30.188.
» 30.029
29.408 ,
30.127
30.175
29.901

/
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,woll as an estimated error (O 0l) due.to chlibrution of
thc PH meter u-od to measure the pH valuo- of the roagont
buffrr lolution-s The ionic -trongth of the combinod
' aqueou- phaoe vaticd in this detcrmination from 0/12 to 7
“0.21. (Note that the ‘reagent buffcro were diluted 1:1.
: wiéh the reagent stream.) Our PKa for B-chlorothoo-
phylline agrees well with the value of 5.43 ¢ 0. 03
determined at an iOnic strength of 0.01 in our labOtatory
by a solvent extraction method uaing a filter-probe
assembly [85] : ? |

If a more‘?ccurate pK ‘value is‘deaired, the ionic
strength of the reagent buffera ghould of courae be kept
constant.\ As well’ the extraction coil and phase
separator should be thermostatted to the desired
temperature and peak areae ihould be measured at ‘
- additional PH values in the vicinity of the pK Of the
_sample. As discussed in Chapter 5, gimultangoua'
’tmeasurement of peak areas in both the organic and aqueous

phases will lend a higher dogree of accuracy to the pK

determination._



