D
=
o
T
7
.
o
1
=
O

Introduction

G




Experimental

=
o
-
D
b
=8
«©
. —
(&




ISCUSSIon

Results and

D
-
" —
-
-
D
.
= ¥
©
N —
(&

C




<>
<D
—
- -
<>
e




Chapter one Introduction

1. Introduction

1-1. History of ion selective electrodes : -

Progress in ion-selective electrodes (ISEettlgoment has occurred
rapidly in the past 40 years, with promising inntowas still on the
horizon*.

During the period (1900-1930), four aspects of tet@hemistry
arose, grew, and matured. First the design of relées (half cell), of the
zeroeth (inert metal|redox couple), first (M)Msecond (M|MX|X), and
third orders (M|MX|NX|N) were explored. (M is metal, Mind N are
cations, X represents anions, and MX and NX arelpaoluble salts of
the respective cations and anions). Second, thefubsese cells without
electrolyte junctions to calculate thermodynamioparties captured the
interest of scientists.

The third topic was perturbation of cell with smalirrent. Transport
studies were formulated using dc or ac throughoregiof uniform
electrolyte, which were well isolated from the wioik electrodes, and
transfer numbers were determined. The fourth andtmmportant
electrochemical lesson learned was connection legtwee space charge,
and capacitance of the phase boundary between soliductors and
electrolyte solution’.

The history starts with the observations of Créthar 1906 and
the more detailed investigations of Haber and Klesi@vicZ, which
showed that a hydrogen ion-sensing glass electredponded to
hydrogen ions according to the Nernst equation.

The first attempts to make ion-selective etst#s in the 1930s that
from materials other than glass were made by Tewdet al®". In 1934
Lengyel and Bluff showed that an electrode made from a glass
containing A)O3 or B,O3 could give a Nernstain response to sodium ions.
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In 1937 Kolthoff and Sandefs made the first silver halide disk
electrodes.

In 1949, Perlé&) published an article on the relationship of glass
composition to pH function. In the late 1950s Tdadeand Krip§%*!
produce a calcium-sensing electrode from a membmingaraffin
impregnated with calcium oxalate. Ross and Ernbf Orion
Researchers founding fathers of ion-selective mldes. The calcium and
fluoride ion selective electrodes are developethenmid 1960 and the
big bang that started a new era in potentiometradyais. The silver and
halide ion-selective electrodes became commercialailable in
Hungary in 19608,

The idea to incorporate all membrane ingredients im PVC
matrix and control site density came from the wokiBloch and Shatkay
in 1967™. The most important procedure for compoundingsting,
drying and mounting PVC sensor membranes was deeélby Thomas
and Moody in 1976°.

The newly formed Orion Research Inc was pecoty calcium
electrodes for use in blood gas analyzers. Sinea tlumerous probes
have been developed for the analysis of sampledaicamy many
different ion§”.

1-2. Principle of ion-selective electrode (ISE):-

An electrochemical sensor, based on a thin seketiembrane or

film as recognition element and is an electrochaihealf-cell equivalent
to other half-cells of the zeroth (inert metal irrealox electrolyté}®.

lon selective electrodes (ISE) are membrane elg@esrahat respond
selectivity to ions in the presence of other. Thesdude probes that

measure specific ions and gasses in solution. Tt commonly used
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ISE is the pH probe. Other ions that can be medsmaude elements
(Fluoride, Bromide, Cadmium, and Cupric to namew)fand gasses in
solution such as ammonia, carbon dioxide, nitragede, and oxygéeH’.
The potential difference response(i.e., that of ®Esus outer reference
electrode potentials) as its principal componeifitthe Gibbs energy
change associated with perm-selective mass traafens (e.g., by ion-
exchange, solvent extraction or some other mechBresross a phase
boundary. The ISE must be used in conjuction walenrence electrode
( i.e., "outer" or "external" reference electrode) form a complete
electrochemical cell. The measured potential difiees (ISE versus
outer reference electrode potentials) are lineadgpendent on the
logarithm of activity of a given ion in solutiBf.

lon selective electrodes are used in inglusprocess control,
physiological measurements, environmental monigpribbiochemical
research, and biophysical research, where measntem& ionic
concentration in an aqueous solution are requuredally on a real time
basi§'®. The term "ion-specific electrode" is not recommehdéhe term
"specific" implies that the electrode does not cegpto additional ions.
Since no electrode is truly specific for one idre term "ion-selective" is
recommended as more appropriate. "selective iosipen electrode” is
rarely used term to describe an ion-selectivetelde. "Principal” or
"primary" ions are those for determination of whiah electrode is
designed. It is certain that the ISE is more samstb the "principal” ion

than to interferences, e.g., nitrate 13¢s

1-2-1.Classification of ion-selective membranes:

There are four types of ion-selective membrane=d ua ion-

selective electrod&d):
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1-2-1-1. Glass membranes:

Glass membranes are made from an ion-exchangeotygkass
(silicate of chalcogenide). This type of ISE hasdselectivity, but only
for several single-charged cations; mainly’, HNa, and Ad.
Chalcogenide glass also has selectivity for doghlerged metal ions,
such as PB, and Cd". The glass membrane has excellent chemical
durability and can work in very aggressive media.véry common
example of this type of electrode is the pH gldsesteode.

1-2-1-2. Crystalline membranes:

Crystalline membranes are made from mono- or pgdyallites
of a single substance. They have good selectiaggause only ions
which can introduce themselves into the crystalcstre can interfere
with the electrode response. Selectivity of crystalmembranes can be
for both cation and anion of the membrane-formingssance such as
LaF; for F.
1-2-1-3.PVC-Membrane electrode:

The considerable interest in ion-selective ele@&rbdosted the

development of liquid ion-exchanger membrane armhded to a new
range of PVC matrix membrane electrodes. This lahanembrane is
usually supported PVC matrix containing the ionhexgger dissolved in
a suitable solvent mediatdt. Plasticizers lower the glass transition
temperature of PVC and produce homogenous andbféefiims with
good mechanical stabilify’.

A general 'rule’ of thumb is that PVC-based polym@mbranes for
potentiometric sensors should contain about 70%véight plasticizer
and 30% PVC. The amount of ionophore needed is almbyt 1% and is

included in the amount of plasticiZé&t.

The main component of electroactive membrane igrakor charged

compounds, which is able to complex ions reversaolg to transfer them
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through an organic membrane by carrier translonafitiis compound is
called as an ionophore or an ion carrier. There tare kinds of
lonophores : charged one and neutral carriers. Hneymobile in both
free and complex forms, so the mobility of all gpscare part of the
selectivity coefficient together with ion-exchangguilibrium. The
mobile binding sites are dissolved in a suitablévest and usually
trapped in a matrix of organic polymer (¢&l)

An appropriate plasticizer is added to a membranerder to
ensure the mobility of the free and complex ionaphdét determines the
membrane polarity and provides suitable mechanmalperties of
membrane. Although other polymers like: polisilogarpolystyrene,
polyamide or polyimide can be used a membrane xp@&K C is the most
widely used matrix due to simplicity of membranegmration. Examples
of such ion-selective electrodes(ISEs) aré"@ad NQ %%

The choice of plasticizers according to these arfees the
response, slope, curve linearity, and selectivity RYC membrane

electrode$®. The solvent mediator used to dissolve the iorharge

sensor plays supplementary réfl8dy adjusting:

« Ultimate relative permittivity of the final organpghase.
» Mobility of the ion-exchange sites according to th&cosity of
the mediator.
Site density by variation of the concentration die tion
exchangéf®?.
These adjustments can influence the extent aérgystic enhancement
of the partition coefficient for the ion with cormgeent effect on electrode
selectivity*”.
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1-2-1-4. Enzyme electrodes:

Enzyme electrodes definitely are noetion-selective electrodes
but usually are considered within the ion-spe@fexctrode topic. Such an
electrode has a "double reaction" mechanism — agnes reacts with a
specific substance, and the product of this readisually ammonia or
carbon dioxide) is detected by a true ion-selecélextrode, such as a
pH-selective electrodes. All these reactions ocmgide a special
membrane which covers the true ion-selective adetr which is why
enzyme electrodes sometimes are considered aselectise. An

example is glucose selective electrdties

1-2-2.Reference electrodes :

In order to measure the change in potential diffeeeacross the
lon-selective membrane as the ionic concentratn@mges, it is necessary
to include in the circuit a stable reference vadtagnich acts as a half-cell

from which to measure the relative deviatiohs

1- The most common and simplest reference systeneiggh/ AgCl
and Hg/ HgCl, single junction reference electrodes. The Ag/ AgCl
single junction reference electrode generally cxissiof a
cylindrical glass tube containing a 4 M solutionKdE| saturated
with AgCIl. The lower end is sealed with a porousac&c frit
which allows the slow passage of the internalnglisolution and
forms the liquid junction with the external testwgmn. Dipping
into the filling solution is a silver wire coatedtiva layer of silver
chloride (it is chloridised) which is joined to aw-noise cable

which connects to the measuring system.
In electrochemical terms, the half-cell carépresented by:

Ag / AgCl (sagy KCL (satd)
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and the electrode reaction is:
AgCl (s) + e=Ag (s) + CI

The electrode potential for this half-cell is + @48 V relative to the
Standard Hydrogen Electrode at 25°C

2- One problem with reference electrodes is thatrdeoto ensure a
stable voltage, it is necessary to maintain a $tefow of
electrolyte through the porous frit. Thus there aisgradual
contamination of the test solution with electrolyb@s. This can
cause problems when trying to measure low levelK'ofCI, or
Ag’, or when using other ISEs with which these elesienay
cause interference problem. In order to overconsedifficulty the
double junction reference electrode was develojpethis case the
silver / silver chloride cell described above forting inner element
and this is inserted into an outer tube containenglifferent
electrolyte which is then in contact with the outest solution
through a second porous frit. The outer fillingudmn is said to
form a "salt bridge" between the inner referenctesy and the test
solution and is chosen so that it does not contai@irthe test
solution with any ions which would effect the arsdy

Commonly used outer filling solutions are:

potassium nitrate - for Br, Cd, Cl, Cu, CN, |, Mg, Ag, S, SCN.
sodium chloride - for K,
ammonium sulphate - for NO

magnesium sulphate - for NH
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Note that double junction reference electrodeshamed after their outer
filling solutions.

One disadvantage with double junction refeecelectrodes is that
they introduce an extra interface between two edgdtes and thus give
the opportunity for an extra liquid junction potehto develope.

1-2-3. Cell design of ion-selective electrode:

An ion-selective electrode in conjuoati with a reference
electrode is an ion-selective electrode cell. Galherthe cell contains
two reference electrodes, "internal" and "externafid a selective thin
film or membrane as the recognition/ transductitement. However,
besides this conventional type of the cell withusoh contact on both
sides of the membrane there are ISE cell arrangisméth wire contact
to one side of the membrane (all solid state amdetbwire type$),..
Conventional notation of the cell is:

Outer ref. electrode | test solution| membranefimtal ref. electrode
The PVC membrane electrode cell is similatheabove cell of ISE.
The potential of the electrode is registered witispect to reference
electrode such as saturated calomel electrode (S®E)cell*? consists

of:

Ag/AgCI| internal filling solution| jon-selective membrane
sample solution | KCl sat.. H92C|2. Hg

Cell design according to the basic rule of desigmhelectrolytical cells,
with a condition that the current passed through dlectrolytical cell

equals zero, as showed in figure (133).
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Voltmeter E—

wire

sensin ‘ \ refrence
electrode electrode
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solution T S L

magnatic
bar
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Figure (1-1): Basic component of ion-selective ekeode cell

The exchange that happened between the internaleateinal
solution across the membrane depends on ionic agehand the active
lonophore which used in the membrane. The mechaoetow shows the

ionic exchange process to a cation through a merdbta

membrane

iLn —— i™ +nL”
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external aqueous solution

interface
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1-2-4. Membrane of ion-selective electrode (ISE):

This general term refers to a continuous layenallg consisting
of a semi-permeable (solid or liquid) material, twitcontrolled
permeability. The membrane separate the intermapoments of the ion-
selective electrode(ISE) from the test solutioncdwvers solid electric
conductor, such as carbon or an inert metal, cars¢p two electrolyte
solutions. This latter case is the most typicaldorlISE. The membrane
of an ion selective electrode is responsible fa ¢m.f. response and
selectivity of the ISE.

Membranes of sensor electrodes are thoughtbdo practically
homogeneous, but an actual membrane may contaiomiodgpeneous
regions, often at surfaces, depending on the naddeand preparation
methods used. Inhomogeneous regions may inclugengolregions with
low and high local density of charged sites. Swafiegions of plasticized

liguid membranes often are low in charged siteskagid in plasticizer or

exuded impuritie§®..

1-2-4-1.Liquid Junction Potentials.

It must be noted that the standard voltage givea bgference
electrode is only correct if there is no additiomaltage supplied by a
liquid junction potential formed at the porous plogtween the filling
solution and the external test solution. Liquid gtion potentials can
appear whenever two different electrolytes come icntact. At this
junction, a potential difference will develope aseault of the tendency
of the smaller and faster ions to move across thundary more quickly
than those of lower mobility. These potentials difécult to reproduce,
tend to be unstable, and are seldom known withatyracy; so steps
must be taken to minimize them. Using 4 M KCI as thner filling

solution has the advantage that théalkd Clions have nearly equal
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mobility and hence form an equi-transferrent solutiAlso, in the single
junction electrodes, the electrolyte concentratsomuch higher than that
of the sample solution thus ensuring that the magotion of the current
Is carried by these ions. A third factor in minimg the junction
potential is the fact that there is a small butstant flow of electrolyte
out from the electrode thus inhibiting any backwfon of sample ions -
although this is less important with modern geteteytes®!.

1-2-4-2.Membrane potential* :

Potentiometry is the field of electroanalytical chstry in
which potential is measured under the conditionsaturrent flow. The
measured potential may then be used to determenartalytical quantity
of interest, generally the concentration of sommaponent of the analyte
solution.

Membrane potential developes across a membrahich is
permeable to ions. lon-selective membranes are bérgarticular
interest; these membrane are permeable only t&iadeof ions.

In this casE®:

E:=K — [RT/(ZiF)] In a;a (1-1)
B=K — [RT/(Z:F)] In aiz (1-2)
A E= [RT/ZF)] In (aia fas)  (1-3)

* Where : Zis charge of the iorg; o anda, g are activities of the ion
(), on both sides (A,B) of the membrane, K is ¢ang (RT/ZF)is
the Nernstfactor with a value of 59.16 mV at Z5for monovalent

ion.
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Physical phenomena which do not involve exipliedox reactions,
but whose initial conditions have a non-zero freergy, also will
generate a potential. An example of this would te concentration
gradients across a semi-permeable membrane. Thmsatso be a
potentiometric phenomena, and is the basis of measnts that usen-

selective electrodes
Emem.= (constant ) — [RT/(ZF)] In (&) (1-4)

Electrode membranes have the property atikapestablishing ion-
exchange equilibrium across the membrane/solutianterface.

Conducting through the membrane may be ionic ardelectronic

process$®.

Membrane potential may be regarded as caatibms of interfacial
potential terms with inter diffusional terms argifrom the different
mobilities of the ion in the membrane. Practicalthe membrane
potential is obtained from the measurement of teet@motive force of
a complete electrochemical cell.

The response of ISE, E, to determine certair(X) is represented by

the Nernstequation which gives the electromotive force @ tielI®*”!

E = Constant £2.303 (RT/zF) log a (1-5)
Where
* E is the potential developed by the cell.
The constant term depends on the junction potentiithe

cell except that of membrane, the standard polentia
corresponding to § and the reference electrode system used
including the liquid-liquid junction potential ;E

o 2.303 (RT/ZF) is theNernst factor with a value of 59.16 mV at

25°C for monovalent ion.
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* ay is the activity of the ion X in the sample solutio
* zis the ion charge including sign format beingitpos for cation
and negative for anion.

It is clear that the functional potential of ar§H depends on a
number of factors including potential activity, pesses selectivity in the
presence of various interferants, operative pH eamgsponse time,
temperature and operative life. The ideal membnrapnald sense one

species only. All made up membranes are not idealsg only a higher

selectivity toward one ion over the otf&t.

For ion-selective electrodes, the membrane intadifision potential is
zero if no ion concentration gradients occur. Tisi®ften the case for
membrane that shows a Nernstian response. Foralteed simplicity,
diffusion potential are treated as secondary effelct other cases are
neglected, therefore it can be postulated
Bs = Econst + Epg (1-6)

Where Eg is the phase boundary potential at the membramglsa

interface, which can be derived from basic thernmadhyical

considerations.

As shown in figure (1-2); a classification of sus#lective legands

based on their charge type. Since the widely usetiarged carriers are
neutral when uncomplexed and the complexes haveai® charge as
the analyte ion, the respective membrane require &aditional
incorporation of lipophilic ions of the opposite atbe to ensure
premselectivity .
Since poly (vinyl chloride) as membrane matrix athg contains ionic
impurities with cation-exchanger properties, ndutearier-nased cation-
selective membranes are usually functional withtbetincorporation of
anionic sites®®. However, their selectivity and lifetime behavismften

not optimal. To a second important group of ionapko belong

'Y
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compounds that are electrically charged when untexegd and neutral
when it legated to the analyte ion (figure 1-2)thwcharged carriers
perm-selectivity can be achieved without the inooation of additional

ionic site&?.

”

A

MZP»RIEWEmM

R

a)Dissociated b) Neutral ©) Charged
ion-exchanger carrier carrier
Figure (1-2): Classification of ion-selective memlane (for cationic analyses).

1-2-5. Selectivity of an ISEs

Selectivity is the one of the most important elcieristics of an

electrod€?. No ion-selective electrodes are completely ioeesffc; all
are sensitive to other ions having similar physpralperties, to an extent
which depends on the degree of similatity The electrode may actually
be much more sensitive to the interfering ion tt@athe desired ion and
that affects on the measured potential of theveledin interfering ions are
founding in the test sampi&.

The degree of selectivity of the electrode for gnenary ion, A,
with respect to an interferent, B, is expressedthm potentiometric

selectivity coefficient according to the NicolskysBnman equation 48
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E=E "+ [RT/(Za F)] In[aa+YKas (ag) “*'*"] (1-7)
Where zand 3 are the charges of ion A and B, respectively.
E is the standard potential of the electrode.
This selectivity coefficient can be determined gsieither separate
solutions or match solutions method, containindhldbe analyte A, and
the interfering B ion§?.
1. Separate solulion methods:
When (a= &)
The potential of a cell comprising an ion-selectelectrode and a
reference electrode is measured with two separaligians, one
containing the ion A at the activity,&abut no B), the other one
containing the ion B at the same activity=a (but no A). when

measured values ofpEBand E, respectively, the value d g is

calculated by the equati6#:

Log KA,B:[(EB_EA) ZAF/(RT) |n10]+(1‘ZA/ZB) |Og aa (1'8)

Which is equivalent to
I{EC;[ = an (1-ZalZg) e(EB —Ea) Za F/ (RT) (1_9)

When (&= Es)

Therefore, the potential of an ISE for themnary and interfering ions
are obtained independently. Then, the activitieg ttorrespond to the
same electrode potential value are used to deterthak, g value and it

equal:
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2. Match solutions methods:

The match potential method was first proposed984 by Gadzekpo
and Christialt”! as a practical and empirical method being independf
the Nickolsky- Eisenman equation.

In this method , the potentiometric selatticoefficient is defined
as the activity ratio of the primary and interfgyilons that give the same
potential change under identical conditions. Astfira known activity
(ax’) of the primary ion solution is added into a refece solution that
contains a fixed activity (3 of primary ions, and the corresponding
potential changeAE) is recorded next, a solution of an interferiag is
added to the reference solution until the samemi@l changeAE) is
recorded. The change in potential produced atahstant background of
the primary ion must be the same in both cases.

Kag = (aa -aa)/ag (1-11)

Where ais initial back groundactivity of ion A; and gis activity of ion
B.

The matched potential method, MPM, was recommendetl995 by

IUPAC™! . The procedure was expected to report selectivigffiments

relevant for practical applications. The charast®s of the MPM are
1.The charge number of the primary and interterams does
not need to be taken into account.
2. Contrast to the SSM and FIM.
Nernstian portions of the responses of the prinnamnterfering ions are
not required. These characteristic features ledldedhis advantages:
1. The power-term problem for ions with unalgtharge disappears.
2. This method is widely applicable, evemém-Nernstian interfering

ions.
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Such advantages of the MPM allow delivering aneafty more
meaningful results than those obtained by the twthods, SSMind
FIM.

3.Mixed solution methods: They are common and rapid methods, and

Kag can be evaluated BY :

3-1 Fixed interference method (FIM)The electromotive force
(e.m.f) of a cell comprising an ion-selective elede and a
reference electrode (ISE cell) is measured fortgmia of constant
activity of the interfering ion; @ and varying activity of the
primary ion, @ . The e.m.f. values obtained are plotted vs. the
logarithm of the activity of the primary ion. Thatérsection of the
extrapolated linear portions dhis plot indicates the value of a
that is to be used to calculag g from the equation(1-10Nhere
both Z, and % have the same signs, positive or negative.

Fixed primary ion method (FPM)The e.m.f of the cell
comprising an a ion-selective electrode and refsreslectrode
(ISE cell) is measured for solutions of constartivag of the
primary ion, @ and a varying activity of the interfering ior,. &he
e.m.f. values obtained are plotted vs. the logaritf the activity
of the interfering ion. The intersection of the repblated linear
portions of this plot indicates the value @fthat is to be used to
calculateK, g from the equation(1-10).

1-2-6Characterization of an ISEs:
The properties of an ion-selective electrode ammatterized by

parameters like:
1-2-6-1.Slope The slope is the linear part of the measurement

calibration curve of the electrode. The theoretiadle according to the




Chapter one Introduction

Nernst equation is: 59.16 [mV/log (ax)] at 298K &osingle charge ion or
59.16/2 = 29.58 [mV/decade] (25-30 [mV per decddetiouble charged

ion)?!!. Measured slopes generally lie in the rang 59+5sfiogle charge

lon and 29+3 for double charge ion however, inaarapplications the

value of the electrode slope is not critical arsdvidlue dose not exclude
its usefulness. The slope of an electrode can teFrdmed by measuring
the mV response in two standard solutions wbmcentrations (activity)

a; and a (drawn calibration graph of mV (E) against the lo§

concentratiori{®.

1-2-6-2.Detection _limit According to the IUPAC recommendation

the detection limit is, that concentration at whibe measured potential

differs from that predicted by the linear regreaslly more thamAE=

18/n mV (where n is charge of i6f1).The detection limit is defined by

the cross-section of the two extrapolated lineatspaf the ion-selective
calibration curve. In practice, detection limit e order of 13-10°M is

reported for most of ion selective electrodes. dbgerved detection limit
Is often governed by the presence of other int@deions or impurities

[47]

1-2-6-3.Range of linear respons&he measuring range of ISEs is

defined as the activity ratio of upper and loweteddon limit and
approximately corresponds to the Nernst equ¥floi©Or simply, at the
part of the calibration curve , through which @ekr regression would

demonstrate that the data point does not deviata fmearity by more
+2 m\i*el,

1-2-6-4.Response _time _and stabilityhe response time is a very

important characteristic of ISEs. It is defined bJUPAC
recommendations as the time taken for the poteaitidie cell containing

the electrode to reach a value £1mV for the firglikbrium potential
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after a supposedly instantaneous change in detedmin

activity!*® electrode response varies according to the eletiype.

Generally electrodes with liquid ion-exchanger meanke have longer
response time than solid membrane electrddenterfering usually
increase response time and the "poisoning” of teetrede by various
non ionic materials also increase the responsel®lifie The factors
which influence the response time include type ofmhbrane,
(concentration change, total volume of the testitemh, rate of stirring,
temperature, interfering species), the stabilityd aeproducibility of

electrode depend practically, on the same factoth@aresponse time.

1-2-7. General agglications of ISEs:

lon-selective electrodes are used in a wide vaoéppplications
for determining the concentrations of various iamgqueous solutions.
The following is a list of some of the main are aswhich ISEs have
been usédf.

1- Pollution Monitoring: CN F, S, CI, NO; etc., in effluents,
and natural waters

2- Agriculture: NQ, CI, NH,", K*, C&", I, CN in soils, plant
material, fertilisers and feedstuffs.

3- Food Processing: NQ NO, in meat preservatives.

4- Salt content of meat, fish, dairy products, fruicgs, brewing
solutions.

5- F in drinking water and other drinks.

6- C&" in dairy products and beer.

7- K" in fruit juices and wine making.

8- Corrosive effect of N@ in canned foods.

9- Detergent Manufacture: €a Ba*, F for studying effects on

water quality.
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10- Paper Manufacture: Sand CI in pulping and recovery-
cycle liquors.

11- Explosives: F CI, NO; in explosive materials and
combustion products.

12- Electroplating: Fand Cl in etching baths; S in anodizing
baths.

13- Biomedical Laboratories: G4 K*, CI in body fluids

(blood,plasma, serum, sweat).

14- F in skeletal and dental studies.

1-2-8_Potential techniques:

Many potential techniques based orsiactive electrodes have
been describétf. The characterization of ion-selective electrofbesa
particular application has been based on the sbficgany parameters
such as the composition of the samples, the redjywrecision and
accuracy and the time available to perform suchyaisa The most
important and widely used techniques for such studire ; direct,

standard and titration methogg.

1-2-8-1. Direct method:is the simplest, and most widely used

methods of obtaining quantitative results using i@elective
electrodeS®. After preparation a calibration curve with stamba
activities or concentrations, the ion selectivecetele and reference
electrode can be placed in the sample solutiomasakuring the (e.m.f)
of an electrode chemically. The direct potentiometrithe most straight
forward technique and it is usually extremely rapahabling
measurements to be completed in just two or threeited™. This

method is suitable for the analyses of all samipleghich the analyte of

interest is present in the free uncomplexed States
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1-2-8-2._Standard addition method:
1-2-8-2 a. Standard addition (single point):

This method is generally more accurate than direxthod
for concentration measuring in the sample, butsitmore time-
consuming because of the calibration invoRRad@he electrode
potential of a known volume of unknown concentnatigolution is
measure@”. A small volume of a known concentration solutiisn
added to thdirst volume and the electrode potential re-measufrem
which the potential differenceAE) is found. By solving the following

equation the unknown concentration can be obtdiied:

Cu = G/ 10" [1+ VIV = (Vu V) (1-12)

Where :
Cy: the concentration of unknown solution
Cg the concentration of standard solution
Vy: the volume of unknown solution
Vs the volume of standard solution
S: the slope of electrode
1-2-8-2 b. Multiple standard addition:

In this method several addition tdnslard solution to the

same sample to be measured in order to increasadh@acy and
decreases the errors. It is an extension of stdrdathod. The response
of ion-selective electrode to certain analyte Aswmlution free from
interfering ions can be represented by Nernstairagon
E=FE+Slog (c+ x WVy) (1-13)
Where:
S :slope

\&: volume of added standard
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\{;: volume of unknown
C: concentration of unknown
X: concentration of added standard
X is usually set to be hundred times more concedrahan C.

Rearranging of equation and taking the antilog gjive
Antilog (E/S) = constant (c +x W¥Vy) (1-14)

Where antilog (BS) is constant thus the antilog (E/S) is propoicto
Vs. A plot of antilog (E/S) againstd/a straight line is obtained, the
intercept of which with the volume axis denote #med point of the
unknown concentration in an addition mett54

Grars plot was devised by Graft in 1952 as a away of linearizing
the data obtained in potentiometric titration amdsteasily and precisely
locating the equivalence points of titrations. Ttets are used in work
with ion-selective electrode, for this original rpase and also for
linearizing data from multiple standard addition rogedures. The
technique may be applied to both complexometric anecipitation

titrationd®®,

1-2-8-3. Potentiometric titration:

Potentiometry is generally valuableaaschnique for detecting

the end-point of titrations where there is oftedrastic change in the
concentration of the reactants and thus a big shifthe electrode
potential. These end point determinations can ofitenmade more
precisely than other ISE methods because they deperthe accuracy
of the volumetric measurements rather than the oneawnt of the
electrode potential. This method can also be usextend the range of

ions measurable by ISEE.
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1-2-9. Sources of Error:

1- Diffusion - Orion Research corporation LTD points out that
differences in the rates of diffusion of ions basedsize can
lead to some error. In the example of sodium iodtEium
diffuses across the junction at a given rate. leditbves much
slower due to its larger size. This difference t@s@n additional
potential resulting in error. To compensate fos tlype of error
it is important that a positive flow of filling safion move
through the junction and that the juction not beeartogged or
fouled.

Sample lonic Strength- Covingtor'” points out that the
total ionic strength of a sample affects the attiwioefficient
and that it is important in which this factor stegnstant. In
order accomplish this, the addition of an ioni@sgth adjuster
Is used. This adjustment is large, compared todhie strength
of the sample, such that variation between sampéEomes
small and the potential for error is reduced.

Temperature- It is important that temperature be controlled as
variation in this parameter can lead to significamgasurement
errors. A single degree (C) change in sample teatpex can
lead to measurement errors greater than 4%.

pH - Some samples may require conversion of the antlydae
form by adjusting the pH of the solution (e.g. ammad. Failure
to adjust the pH in these instances can lead taifmignt
measurement errors.

5- Interferences- The background matrix can effect the accuracy

of measurements taken using ISEs. Covington pauatsthat
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some interferences may be eliminated by reactiagrtterfering

lons prior to analysis

1-3. Promethazine Hydrochloride:
Promethazine Hydrochloride, (2RS) — N,N - dimethyl — (1¢H—

phenothazin—10-yl) propane-2-amine hydrochloride;H&N,S,HCI
(Figure 1-3), is a white or faintly yellowish crgfline powder with
molecular weight of 320.9, it melts at about (X2pwith
decomposition. It is very soluble in water ; fresbtuble in alcohol and
in methylene chloride.
Promethazine is Histamine; H receptor antagoniSt!, promethazine is
used commonly to relieve itchy, red, irritated, @rgiteyes; runny nose,
sneezing; and itchy skin caused by hay fever aledgats. It also is used

for motion sickness, before and after surgery aedative to relieve

apprehension, and prevent and treat nausea andivg/fii

Phenergan, an promethazine hydrochloride tabletmethazine
hydrochloride 10mg and 25 mg tablets; 5 mg/5 ml elixir.Phenergan
tablets are blue, film-coated, biconvex, containt@ mg or 25 mg
promethazine hydrochloride. The tablet diameteesaguproximately 6.1
mm and 8.5 mm respectively. Phenergan 10 mg anan@5 tablets
contain lactosé. Phenergan elixir is a very light brown or yellow
solution and contains promethazine hydrochloridemy each 5
ml.Phenergan action is a potent histaminjcaHtagonist with additional
anti-emetic and sedative/calming properties. ltsatlon of action is 4-6

hours.

Promethazine is well absorbed after oral dosing aftwvly
excreted via urine and bile. It is distributed ahdin the body. It enters
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then brain and crosses the placenta. phenothiapasinto breast milk

at low concentrations.

Phenergan is manufactured locally by the statgpemmfor Drug
Industries and medical Appliance (Samara-IRAQ-88)

Figure (1-3): Structure formula of promethazine hydochloride.

1-3-1Methods of promethazine hydrochloride determination

Simple spectrophotometric method for the deternonatof
promethazine hydrochloride in bulk powder and sndbsage forms. The
Lambert-Beer's law is obeyed in the concentrataomge of 10-80 ug of
promethazine hydrochloride per ml or reaction mixture by using

spectrophotometf§?.

The use of derivative UV-spectrophotometrypi®posed for the
simultaneous quantification of promazine hydrocierin the presence
of sulfoxide. The determination of promazine wasdenasing the first-
order derivative (deltalambda = 10 nm, second pmtyial degree) at 268
nm. An elaborated method was successfully useeétermhine analytes in

commercial promazine pharmaceuti€4ls
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Novel methods for the rapgpectrophotometricletermination of
dapsonerapid, sensitive and simple spectrophotometric pathfor the
determination of dapsone are described. Absorbanotdke resulting
violet and green products are measured at 570 noh &0 nm
respectively and are stable for 24 h and 50 mi27&C respectively.
Beer's law is obeyed in the concentration rang8.b£2.5 pg mL™ of
DAP (for IDB) and 0.5-5.0 ug mL* of DAP (for NBS) at 570 nm and
610 nm respectively. The methods are successfutlpleyed for the
determination of dapsone in pharmaceutical prearaand common
excipients used as additives in pharmaceuticals. mkthods offer the
advantages of rapidity, sensitivity and simplicitythout the need for
extraction or heating. Reaction sequences areidedcior the formation
of products in both the methdts

Three simple methods using visual titrimetpotentiometric and
spectrophotometric techniques are described forditermination of
promethazine hydrochloride (PMH) in pure form andlosage forms.
Both titrimetric procedures are applicable over (h€l0) mg range of
PMH and the titration reaction follows a 1:1 staochetry. In the
spectrophotometric method, Beer's law is obeyedr dkie (10-120)
ug.mit concentration range with an apparent molar absétyptiof
1.28x10° mol‘cm™ and a Sandell sensitivity of 251 ng:énThe limits
of detection and quantification were calculatedb® 5.77 and 19.26
ug.mr, respectively. The methods were successfully agplio the
determination of PMH in tablet, injection and eliformulations and the
results were as accurate as those, obtained betbtience method. The

reliability of the methods was further ascertainleg the recovery

experiments via standard-addition technitfie
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Determination of five phenothiazines in pure andrphaceutical
preparations using vanadium pentoxide as a chromogeagent. Also
the resolution of the binary mixtures of compounds be determined by
a very simple, sensitive, and accurate spectrophetiic procedure. The
reaction is selective for these phenothiazine dwigs 0.05 mg/10 mL as
visual limit of quantitation and thus provides asisafor a new
spectrophotometric determination. The color reacbbeys Beer's Law
from 0.05 mg/10 mL to 2 mg/10 mL for all five phehiazines with a
relative standard deviation from 0.63 to 0.80%. Tgeantitative
assessments of tolerable amounts of other druge also studied. The

results compare favorably with those of the officiethod$”.

Determination of bromethalin in commercial eaticides found in
consumer product samples by HPLC-MS, a small amadingreen
particulate material is encountered in a consuraerptaint sample. The
selective and sensitive nature of the MS detectake® it possible to
determine bromethalin without extensive sample mipa and
preconcentration. The estimated detection limihwite UV-Vis detector
Is 500 pg of bromethalin injected into the columihe extensive

fragmentation of the bromethalin molecule under AR©Nditions

provides sufficient structural information for ptvsé identificatior®.

Determination of thiazinamium, promazine apmethazine in
pharmaceutical formulations using a CZE metleodieveloped method
(HPLC) using capillary zone electrophoresis (CZBy fjuantitative
analysis of three phenothiazines: thiazinamium wistitphate (TMS),
promazine hydrochloride (PZH) and promethazine dghlioride (PMH)
in pharmaceutical formulations. The method allols $eparation of the
phenothiazines in 5.0 min at optimized condition&00mM

tris(hydroxymethyl)-amino methane (Tris) buffer at pH 8.0, 15%

Yv
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acetonitrile, capillary with 58.5 cm in length & 2C and a voltage of 30
kV. Detection occurred at 254 nm, acceptable pi@tigelative standard
deviation (R.S.D.) 5.3%) and linearity were achgwsing the internal
standard (IS) method. The limits of detection (LQBere 2.8 ugmt for
TMS and 3.3 pgmil for PZH and PMH. The method has been
successfully applied in the analysis of pharmaceuformulation$®.

High-performance liquid chromatographic sitankous
determination of commonly used tricyclic antidegaasgs, a method for
simultaneous measurement of five commonly used ydiic
antidepressant drugs (doxepin, desipramine, noyling, imipramine,
andamitriptyline) in serum by paired-ion high-pemfance liquid
chromatography, with use of are reversed-phasengoland ultraviolet
detection at 254 nm. Linear response is obsemedrfig concentrations
up to 1500 pg/liter and the detection limit is 3+8/liter. Within-run
precision ranges frorh.4to 2.9% and day to-day precision from 1.7 to
7%, depending on the specific drug. The entire gulace can be
completed within 45 min and is well adapted to tbeatine clinical
laboratory. 48 common basic and several neutrasitested for possible
interferences, only three benzodiazepines, threagqthiazines and three
antihistamines interfere with the assay of doxepiesipramine and
nortriptyline, respectivelf..

Oxidation of desmethylpromethazine catalybgdpig liver flavin-
containing monooxygenase number and nature of mokted The
products, identified with the aid of chemicaBynthesized reference
compounds, All other metabolites detected are fdrniyy further
oxidation of the latter product. In addition, suidation of
desmethylpromethazine tlke first demonstration that flavin-containing

monooxygenase can catalysealfoxidation of a phenothiazine drug

bearing a basic side-chain nitro§én
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Separation, conformation in solution and &lisoconfiguration of
ethopropazine enantiomers, enantiomers of ethagme . Enantiomeric
purity for (m)-enantiomer was 99.1% and for (+)4at@mer 97.9%.
Combined data from NMR and CD spectra of both eaamdrs, along
with previously reported X-ray structure analyses macemic
ethopropazine, revealed skewed conformation ofydlic system in
solution, and $-configuration on the stereogenic center for (m)-

enantiomer, andR)-configuration for (+)-enantiom@f.

Degradation products of the promethazine ceddication, The
degradation products of the promethazine radicibrtagenerated from
promethazine with horseradish peroxidas@4ihave been investigated.
The main product (approx. 90%) was identified as-fatfthyl-5-
oxophenothiazine. The likely structure of three oniproducts was also
elucidated. The degradation of the promethazinigahdation is different
from that of radical cations derived from the pno@aine side chain
containing phenothiazine drdgh

A gas chromatography procedure was used &bilige of a
combination of meperidine hydrochloride 50 mg, petimazine
hydrochloride 25 mg, and atropine sulfate 0.4 mglastic syringes per
ml at room temperature. Atropine was separated fiioenmixture and
assayed alone for greater accuracy. Drug concantgain the plastic
syringes were not significantly different from cansls at any of the test
times. A mixture of meperidine hydrochloride, prdahazine
hydrochloride, and atropine sulfate in dosages contynadministered as

a preoperative medication was stable for 24 haupdastic syringe§”.

Gas chromatographdatetermination ofl,4-Dioxane at low parts-per-

million levels in glycols;1,4-Dioxane is a flammable liquid and tends to
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form explosive peroxides. GC analysis may be carogt using a flame
lonization detector. Results show that 1,4-dioxaaa be comfortably

determined down to 2 ppm in glycols and benZ&ne

Optimum TLC system for identification of phehiaizines and tri- and
tetracyclic antidepressants, the TLC separatiawelve drugs from three
pharmaceutical groups: phenothiazines and tri aradradyclic
antidepressants is presented. The experimental alsi@ned during
optimization were interpreted using a matrix présgon. In the optimal
conditions the differences between positions of @mots enable
identification of ten of the examined drugs, butotwemained

unresolved®.

Silica gel thin-layer chromatography platesipregnated with
macrocyclic antibiotic as chiral selector were el and used for the
resolution of promethazine hydrochloride. The sputse detected with
lodine vapors and the detection limit was found&0.074 pg of each

enantiomerg’.,

A liquid chromatographic method for the sitankeous determination
of promethazine and three of its metabolites inspa using
electrochemical and UV detectofde limit of detection level for PMZ is
1.0 ng/mL when a 0.2-mL specimen of plasma is askaf validation
study is also conducted for evaluating the recqvemgcisionlinearity of

response, sensitivity, and selectivity of the mektfib

1-3-2. Applications of ISEs in pharmaceutical drugs

Characterization of bulk drugs has becameesiasingly important in
the pharmaceutical industry. The ion-selective mamé are widely used

for pharmaceutical analysis with advantages of rdeteng sample
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directly, rapidly and simpléAnalytical techniques are employed for this
purpose wer€”: amoxicillin trihydrat€®, cephalexin monohydrdi8
and atenoldt” are PVC membrane electrodes, that was based gueion-
with phosotungstic acid. But promethazine hydrogHi™),
methacycline hydrochlorié!, anisodamine, n-butylscopolamine and
homatropin&®,  chloropromazin&’,  methacholine  chlorid®,
chlorpheniramine maledi8 procain€”, clobutinol hydrochlorid&®,
aromatic aminé%’, chlorprothixen€%and metoclopramid&! were PVC
membrane electrodes based on ion-pair with tetnaydborate. Another
drugs such as chlorpyramitféand disopyramind®' are based on ion-
pair complexes with tetrakis(4-chlorophenyl)borateut ketotifen
cation® based on ion-pair with [3,5-bis(trifluoromethyljgyl],
determination of quaternary ammonium s&ltsin pharmaceutical
preparation by ion association with  sodium tetr@kis
fluorophenly)borate. lon selective electrode with pseudoliquid
membrane phase used for determination of cephafSthby reacting

with quaternary ammonium salts to form associatiomplex. Pethidine

hydrochlorid€® was determined by ion selective electrode basddren

associate with silicotungstic acid. Liquid membraglectrode for the
direct determination of ephedrifi¢ based on the use of the ephedrine-5-
nitrobarbiturate ion-pair complex in pharmaceutmaparations. A novel
triiodide ion-selective electrode based on clotole-triiodid€® ion
pair as a membrane carrier for determination oftrich@zole in
pharmaceutical preparations. salicyf8teliquid membrane electrode
with anitron-saliicylate as ion-pair complex, thenstruction of either
PVC membrane (lidocaiff®-selective electrode) with lidocaine-
dinonylnaphthalenesulphonate as ion-pair complexterRiometric
determination of dopamifH&Y in pharmaceutical preparations by

modified-PVC membrane sensors, diphenhyramine hydooidée™*?,
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this electrode was based on diphenhydramine-dilgiciype as ion-

association complex.

Naproxeft®® | a naproxenate-selective electrode with a liguésbrane

consisting of a tetraheptylammonium-naproxenate-p@ain complex,
determination of thiamine!*®? (vitamin B,)) in pharmaceutical
preparations by liquid membrane electrode basetherformation of an
lon-pair between the thiamine and reineckate. Dateation of the
phenobarbitone sodium*® by phenobarbitone electrode (coated-
wire)was based on the ion-pair complex between qbamitone and
tricaprylylmethylammonium form, simultaneous deteration of
ascorbic acid and paracetaffl in drug formulations by differential-
pulse voltammetry using a glassy carbon electrddét®m/el membrane
potentiometric sulfate ion sensor based on zinbglbtyanine for the
quick determination of trace amounts of sulfatephthalocyaning®?,
thiopyrilium™® novel imidazole PVC-Based sensor based on a
thiopyrilium compound. Triiodidé'*®,.a new PVC membrane electrode
for the triiodide ion based on a charge-transfenglex of iodine with
7,16-dibenzyl-1,4,10,13-tetraoxa-7,16-diazacycladetane as a
membrane carrier. Ibuprofélf!, novel ibuprofen potentiometric
membrane sensors based on tetraphenylporphyrinadaum (I11).
Comparative study of the response of membraneretiet based on
calix[6]arene and calix[8]arene derivatives to @rigaammonium ions,
octahydroxycalix[4]arene derivativ&". Silver(l)-selective coated-wire
electrode based on an octahydroxycalix[4]arene veevié''?. A
selective iodide PVC membrane electrode was useddi@rmination of
tetrakis(4N,Ndimethylaminobenzene) porphyrinate by using a hove
carrier [Tetrakis (4N,Ndimethylaminobenzene)porphyrinatolmanganese

(I) acetate for a selective iodide PVC membraglectrodé'?.
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Potassium-selective membrane electrodes based onroegalic
metacyclophanes analogous to calixarEfies New cadmium(ll)-
selective electrode based on a tetraazacycloheaadacrocyclic
ionophoré™?. Potentiometric determination of silver(l) by sziee

membrane electrode based on derivative of porpf#inA silver ion-

selective electrode was prepared with a polymeriembrane
incorporating 2,6-bis-methylsulfanyl-[1,3,5]thiadiae-4-thione as an
ionophor&!”, New plastic membrane and carbon paste ion sedecti
electrodes for the determination of triprolidii®. New conventional
coated-wire ion-selective electrodes for flow-irtjen potentiometric

determination of chlordiazepoxid’.
1-4. Aim of the work:

This project was aimed to construct and charaaeseveral ion-
selective electrodes for the potentiometric deteation of promethazine
hydrochloride. These electrodes utilize the solvenédiators or
plasticizers, Di-butylphthalate (DBPH), Di-butylpphate (DBP), Tri-
butyl phosphate (TBP) and o-nitrophenyloctyleth€@NPOE). The
constructed electrodes characteristic parametatsrtblude slope, linear
range, detection limit, lifetime , selectivity ,damorking pH range will
be investigated. The best combination of prometiediydrochloride
(ionophore), solvent mediator, and PVC matrix whblke chosen.
Potentiometric measurements including direct metlstahdard addition

method and titration method will be studied.
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3.Results and Discussion

3-1. Influence of membrane composition:

It is well known that the selectivityijnéar dynamic range and
sensitivity obtained for a given ionophore depengnificantly on the
membrane composition and the nature of the solnesttiator and additives
used. Thus , the influence of some important festawf PVC membrane such
as the membrane composition, nature and amounastigzer. It is expected
to play an important role in determining the chéggstics of the ion selective
electrod&??,

Different ratios of membrane composition wengployed to evaluate their
effect on the response characteristics of membedeetrode. The results
revealed that the best composition of membrane was
ion-pair : PVC : plasticizer = to have 1% : 29%0% (weight ratid}** .

The complex found to have neutral charge gsuaring the conductivity
of this complex ,it was equal to 0.2 uS/cm anddleetrode was immersed in
distilled water that conductivity is equal to 2 pi&/ The complex is obtained
by conversion promethazine hydrochloride into pritraeine hydrochloride
phosphotungastate (PMH-PT) gray precipitate whiels sharacterized bysit
FTIR spectrum as shown in Fig (3-1 a, b).
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Figure (3-1a): FTIR spectrum of standard promethazne hydrochloride.
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Figure(3-1b): FTIR spectrum of (PMH-PT) electro-actve substance.
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The IR spectra indicate and improved the formabbthe complex PMH-
PT. The functional groups for both promethazinerbgtloride and the
complex are listed in table (3-1). The suggesti®rthat the connection
between the promethazine hydrochloride and phosplgstic acid was

through by nitrogen atom of the (N(G)) moiety.

Table (3-1): The functional groups obtained from tle spectrum for each
promethazine hydrochloride and promethazine hydroclkoride- phosphotungstic

acid.

Promethazine Complex
hydrochloride(PMH) (PMH-PT)

v(C-H) aromatic 3057 3060
v (C-H) aliphatic 2925 -

v (RsNH") CI 2366

v (C=C) aromatic 1631

v (C-H) bend 1454

v (N(CHs), 1224

v (C-N) STR 1124

Functional group

Ortho disub. Benzene 1037

v (C-S-C) 759
v (M-N) -

Promethazine hydrochloride- phosphotungstate istadbles ion-pair
complex which is water insoluble but readily sokibh an organic
solvent such as tetrahydrofuran (THF).The obtaireminplex was
incorporated into a PVC membrane with the follogvplasticizers: DBP
(Di n-butyl phosphate), electrode A; TBP (Tri n-dutphosphate),
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electrode B; ONPOE (ortho nitro phenyl octyl ejhefectrode C; DBPH
(Di n-butyl phthalate), electrode D. The physipabperties for these
membranes were studied and listed in table (3-2).

Table(3-2): Physical properties of the four membraes.

No. of Color of

Nature of membrane | Transparency
membrane membrane

A colorless Flexible and clear Transparent

colorless Flexible and clear Transparent

B
C Light yellow | Very Flexible and cleaf Transparent
D

Light blushful | Very Flexible and cleaj Transparent

The working characteristics for the investigatedB, C, D electrodes
were assessed on the basis of the calibration suviaech were obtained
by measuring of the e.m.f. values of the set of n@ilhazine
hydrochloride solutions ranged (16 10°) M.

The membranes of the electrodes were conditionezbbiing into
1x10" M of promethazine hydrochloride solution for 2 h®wefore
applying for potential measurements. When not m tise electrode was
stored in air.

These electrodes show sub-Nernstain resgptmthe promethazine
hydrochloride activity in different concentratioanges depending on the
properties of the plasticizers and ion-pair compEach electrode was
calibrated every two days to determine the changeelectrodes

parameters such as slogetection limit and electrode drift.

3-1-1. Electrode A (using Di-butyl phosphate):

For this electrode di-butyl phosphate (DBP) waglusea

plasticizer, the calibration curve is shown in fig3-2):
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C.C. for (PMH-PT+DBP) y= 17'2221_ng26+8189'32 C.C. for (PMH-PT+DBP)
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Figure (3-2):Calibration curve of promethazine hydrochloride selective electrode

using (DBP) as a plasticizer.

From the calibration curve obtained by plotting grdtal at different
concentrations of promethazine hydrochloride digdathe slope 40.58
mV/decade, correlation coefficient equal 0.9984 thwilinear

concentration range (1x1ax10* M. The limit of detection was
3.5x10°M and the life time was about 29 days.

Non-Nernstain slope 40.58 mV/decade was obtairfiedn the
calibration curve of electrode A. This low valueynbe attributed to
high viscosity of the plasticizer which decrease thn-exchange process
between ion-pair complex (PMH-PT) in membrane atitk external
solution of promethazine hydrochloride as showmaisle (3-3), or may
be attributed to the steric factor of the alkybygp of plasticizers (DBP)
,which decrease the bond strength with ion-pairgem(PMH-PT) that

lead to decrease the slope values of electrode.
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Table (3-3): Viscosity of plasticizers used in thigiork

Plasticizers| Viscosity (cSt)

DBP 112.89
TBP 3.11

ONPOE 11.44

DBPH 14.44

3-1-2. Electrode B (using Tri-butyl pholsphate):

The second electrode was based on tyl-phbsphate (TBP) as a

plasticizer, the calibration curve is shown in fig3-3):

C.C for(PMH-PT+TBP) y = 17.29Ln(x) + 102.09
R® = 0.9976

C.C. for (PMH-PT+TBP)
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Figure (3-3): Calibration curve of promethazine hydochloride selective

electrode using (TBP) as a plasticizer.

The calibration curve figure, (3-3) gave a slope38£82 mV/decade,
correlation coefficient equal 0.9988 with lineancentration range (1x10
L. 1x10% M. Limit of detection was 5xIDM and the life time was about
23 days.
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Also the non-Nernstain slope 39.82 mV/decade wdaidd. This
may be attributed to the low viscosity of TBP (3.&hd lead to leaching
of the complex from the membrane to the extern&lt®mm as well as
decrease ion-exchange process between ion-pairleeniPMH-PT) in
membrane and the external solution of promethahydrochloride, or

may be attributed to the steric factor as in ebetst A.

3-1-3. Electrode C(using of O-Nitro phenyl octyl dter):

The third electrode prepared by using o-nitro phectyl ether
(ONPOE) as a plasticizer, the calibration curvei®wn in figure (3-4):

Response (mV)

C.C. for (PMH-PT+ONPOE) y =22.37Ln(x) + 103.77| ¢ c. for (PMH-PT+ONPOE)

R’ = 0.9983
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1E-05 1E-04 1E-03 1.E-02 1.E-01 1.E+00
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Figure (3-4): Calibration curve of promethazine Hydochloride selective
electrode using (ONPOE) as a plasticizer.

From figure (3-4) was found that the calibratiamwe gave a slope

of 51.52 mV/decade, correlation coefficient equa&l991 with linear

concentration range (1x10 1x10% M. The limit of detection was

5.5x10° M and the life time was about 2 days.

A good parameters were obtained with a Nernstlopes51.52
mV/decade except the life time was 2 days. This im@ydue to high
guantity of the plasticizer used which makes thdifitg of the complex

inside the membrane to increase and cause eadyrgaaf the complex
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from the membrane to the external solution. In daise a low quantity of

the plasticizer may be used.

3-1-4. Electrode D (_using of Di-butyl phthalate):

The fourth electrode used di-butyl phthalate FBB as a
plasticizer, the calibration curve is shown in fig3-5):

C.C. for (PMH-PT+DBPH) y =24.39Ln(x) + 54.275] | C. for (PMH-PT+DBPH)
R® = 0.9987

0-

n
o
1
'
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o
1

-100 A

-150 4
L

-100 -

Response (mV)

Response (mV)

-200 150
1E-05 1E-04 1E-03 1E-02 L1E-01 1E+00 LEO4 LE03 L1E02 1EOL LE+00

Conc. (M) Conc. (M)

Figure (3-5): Calibration curve of promethazine Hydochloride selective
electrode using (DBPH) as a plasticizer.
From figure (3-5) was found that the calilmat curve of
promethazine hydrochloride displayed which gave lapes 56.17

mV/decade ,correlation coefficient equal was 0.999®ith linear

concentration range (1x1&x10% M. The limit of detection was 2x10

M and the life time was about 72 days.

Excellent electrode parameters were obtained for éhectrode
which gave a good response and stability in corsparwith the other
electrodes, that may be due to the compatibilityhefplasticizer used to

the electro-active compound in both structure adposition.

The stability of the four electrodes was monitocettinuously at
1x10° M of promethazine hydrochloride solution and ew#td for
period of 1 day; the standard deviation of potential drift obtained for 6
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replicated measurements were =(x3, +4, 9 and z3j/day for
membrane Nos., (A,B,C and D) respectively as ligtedble (3-4).

The precision reproducibility of the potential respe of the
electrode D based on (DBPH) was relatively good #r&l response
properties of the proposed electrode did not chaunodwiously after the
use of electrode D for about 72 days.

Table (3-4): Standard deviation of potential driftof the electrodes.

Std. deviation of slope drift
(mV/days)

A +3

Membrane number

B
C
D

Deviation from linearity at concentrations belowx{D* M) was
obtained, which may be attributed to the dissommtf complex to the
external solution. This phenomenon has also bgmorted in the

literature for liquid membrane electrod&s).

Response characteristics of promethazine hydradel@elective

electrode, were determined and the results aegllisttable (3-5).
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Table (3-5): Response characterizes of promethazitgdrochloride selective
electrodes.

Electrode number
Parameter

B C

Plasticizer

Slop
mV/decade

Correlation
coefficient

Linearity
range(M) 1x10-1x10" 1x10-1x10" 1x10%-1x10* 1x10'-5x10*

Detection
limit(M) 3.5x10° 5x10° 5.5x10° 2x10*

Potential drift
(mV/day)

%RSD

Life time ~2
F test 0.375 0.375

The relative standard deviations (RSD%) wer&iokd from the
calibration curves for all the electrodes at comegion 10° M and the
RSD% was calculated for multiple concentrationsS)n he results for
RSD [table (3-5)] for electrode D based on (DBPHEY@the lowest value
among other electrodes which means more stabity reproducibility.
Also the F test was calculated for electrode D (PRTHDBPH) and
electrode C (PMH-PT+ONPOE) to compare the accufacythe two

electrodes [table (3-5)] which can be noted thatwalue calculated of F
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test is less than the value tabulated of F test {fhvalue 6.26 in table)
for the confidence limit 95%, at free degree (n-1), thdizated that the
two electrodes are equivalent in the same accuaadycan be used for
determination of promethazine hydrochloride buthe same time the
value of the slope of electrode C (PMH-PT+ONP@&}$ lower when
compared with electrode D (PMH-PT+DBPH), so thatas better to use
electrode D (PMH-PT+DBPH). Also the electrode Cdaaen (ONPOE)
can be used for determination of promethazine lgfdaside as well as
electrode D because the slope of these electrodes mear to Nernstain
slope and the correlation coefficients were nearte, but the life time
of electrode D was relatively longer than lifemé& of electrode C as
discussed previously.
For electrode based on TBP as a plasticizer, wécetbtthat the
plasticizer can be leached to the external solutiorwhich the colour of

the external solution was leacheatle to low viscosity of TBP.

This mean the electrode D based on DBRtbeaused for about 72
days, after this time the electrode D becomes &esssitive toward
promethazine hydrochloride, may be due to gragllediching the sensor

from the membranes to the external solution.

Three synthetic drug concentrations {1&x10° , 5x10%) M were

taken for measuring recovery%, relative error%, mealative error,
confidence limit for concentration at 95% and cdafice limit for
potential at 95% respectively, these parameterg walculated by using
all the electrodes. These calculated values aelis tables (3-6) to (3-
9).

Parameter Electrode A
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A mount of PMH taken (M)

103

5x10°

5x10°

A mount of PMH found (M)

9.94x10"

5.01x10°

4.99x10°

%RC.

99.4

100.2

99.8

%RE

-0.6

0.2

-0.2

Mean % RE

-0.2

Regre. Eq. Y=m X + Db

Y = 17.621 In(X)+189.32

Conf. limit. Pot. (mV) 95% C.

136.48 £ 0.4762

Table(3-6): Statistical treatments for drug concetrations of electrode A
(PMH-PT+DBP).

Table(3-7): Statistical treatments for drug concetrations of electrode B
(PMH-PT+TBP).

Parameter

Electrode B

A mount of PMH taken (M)

10°

5x10°

5x10°

A mount of PMH found (M)

9.91x10"

5.01x10°

4.91x10°

%RC

99.1

100.2

98.2

%RE

-0.9

0.2

-1.8

Mean % RE

-0.83

Regre. Eq. Y=m X + b

Y=17.29 In(X) + 102.09

Conf. limit. Pot. (mV) 95% C.

10.5+0.1963

Table(3-8): Statistical treatments for drug concetrations of electrode C
(PMH-PT+ONPOE).
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Parameter

Electrode C

A mount of PMH taken (M)

10°

5x10°

5x10°

A mount of PMH found (M)

1.015%x10°

4.95x10°

5.05x10°

%RC

101.5

99

%RE

1.5

-1

1

Mean % RE

0.5

Regre. Eq. Y=m X + b

Y=22.37 In X + 103.77

Conf. limit. Pot. (mV) 95% C.I

-15 +0.1962

Table(3-9): Statistical treatments for drug concetrations of electrode D
(PMH-PT+DBPH).

Parameter

Electrode D

A mount of PMH taken (M)

10°

5x10°

5x10°

A mount of PMH found (M)

4.99x10°

4.95x10°

%Rec.

99.8

99

%Erel.

1

-0.2

-1

Mean % &,

-0.067

Regre. Eq. Y=m X +Db

Y = 24.39 In (X)+ 54.275

Conf. limit . Pot. (mV) 95% C.I

75+0.196

3-2.Effect of pH:

The effect of pH on the electrode potentials foronpethazine

hydrochloride selective membrane electrodes wasmiga by
measuring the e.m.f. of the cell in promethazindrbghloride solutions
at two different concentration (£(10% M in which the pH measured
from 1.0-11.5. The pH adjusted bsdding appropriate amounts of

hydrochloric acid and/or sodium hydroxide solutemd the results are
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shown in figures (3-6) to (3-9).

el
N
o

(]

N A OO 0O O
O O O O O O
1 1 1 1 1

Response (mV)

o

Figure (3-6): Effect of pH on the potential of theelectrode A
(PMH-PT+DBP).(¢=10% m=10°% M promethazine hydrochloride.

Response (mV)

10 12

pH

Figure (3-7): Effect of pH on the potential of theelectrode B
(PMH-PH+TBP).(#=10% m=10° M promethazine hydrochloride.
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Figure (3-8): Effect of pH on the potential of theelectrode C
(PMH-PT+ONPOE).(¢=10° m=10° M promethazine hydrochloride.

Response (mV)

Figure (3-9): Effect of pH on the potential of theelectrode D
(PMH-PT+DBPH).(¢=10° m=10") M promethazine hydrochloride.

It can be seen; that the potential for the foecebdes were remained

nearly constant nearly at 2-7 pH range. This represl that the proposed
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electrodes can be used to measure a wide rangeroohefhazine
hydrochloride solutions without pH adjustment.

Non Nernstain calibration curve was obtained byfdyuig each
solution (10-10°) M at pH=4 (using buffer potassium hydrogen
phthalate). The calibration curve is shown in fgg(8-10), in which there
is a deviation from the calibration curve in whislope became 27.32
mV/decade and correlation coefficient (R) =0.9650.

y =11.863Ln(x) + 55.256
R2=0.9313 C.C. for (PMH-PT+DBPH)after used buffer

40 A

Response (mV)

1.E-02
Conc. (M)

Figure (3-10): Calibration curve for electrode D (MH-PT+DBPH) after used
buffer at pH =4

At pH values lower than 1.0 or in very high aciditige electrodes
responses has been increased rather irregulany.riid&ly be due to that
the electrodes responses tbddtivities as well as analyte ions . A drift in
potential was noticed at pH > 8. This attributedhe poisoning of the

membrane by formation a white precipitated tungsbteides or sodium
phosphotungastate.

The results of working pH ranges for the electrote8,C and D) are
listed in table (3-10).
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Table (3-10): Working pH ranges for electrodes (A,BC and D).

Membrane
No.

A DBP 2.4-8.4
B TBP 1.5-6.4
C ONPOE 3.0-7.3
D DBPH 4.1-6.8

Plasticizer | pH range

3-3. Response time:

The response time for four electrodes (A,Bn@d D) to reach a stable

potential within £1 mV of the final equilibrium vaé¢ was determined.

3-3-1. Response time for electrode A:

The response time for electrode A based on DBPpsesticizer for

concentration range (£010°) M is shown in the following figures.

Response time for 0.1 M

Response (mV)

10 15

time (s)

Figure(3-11): Response time of electrode A based @BP for 0.1 M
promethazine hydrochloride.




Chapter Three

Results and Discussion

mv

Response
— —
L% B o1
(=T -

Response time for 0.05 M

—

10 15

time (5}

Figure(3-12): Response time of electrode A based @BP for 0.05 M

promethazine hydrochloride.

Response (mV)
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Response time for 0.01 M

time {5}

Figure(3-13): Response time of electrode A based @BP for 0.01 M

promethazine hydrochloride.




Chapter Three Results and Discussion

Responnse time for 0.005 M

Response (mV)

20

time (s)

Figure(3-14): Response time of electrode A based @BP for 0.005 M
promethazine hydrochloride.

Response time for 0.001 M

3o~
oo

Response (mV)
Wk O g d
o oo ao

k3
a

20

time (s)

Figure(3-15): Response time of electrode A based @BP for 0.001 M
promethazine hydrochloride.
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Response time for 0.0001 M

8 8 8

Response (mV)
=)

o

20

time (s)

Figure(3-16): Response time of electrode A based @BP for 0.0001 M
promethazine hydrochloride.

Response time for 0.00001 M

Response (mV)

time (S)

Figure(3-17): Response time of electrode A based @BP for 0.00001 M
promethazine hydrochloride.
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The values of response times for four electrode8,@ and D) were

calculated and the results for electrode A baseDBR are listed in table

(3-11). As we noticed from the table that the valué response time

increase as the concentration decrease. Thigilsuaétd to the more time

to reach the equilibrium between the complex inrfembrane and the

external solution when the concentration of extiesp&ution is too low.

Table(3-11): Response time abiy, for electrode A based on DBP.

Concentration(M)

Potential
(mV) at t]_oo%

Response time

Time (s) at
100%

Time(s) at
95%

0.1

147.9

4.0

1.5

0.05

139.0

6.0

3.3

0.01

105.3

9.0

6.9

0.005

98.0

14.0

9.5

0.001

64.5

17.0

16.4

0.0001

29.5

20.0

18.9

0.00001

10.5

24.6

25.4

3-3-2. Resgonse time for electrode B:

The working response time for elecerd®l based on TBP as a

plasticizer for concentration range {t00°) M as shown in the

following figures.
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Response time forOo.1 M

—

Response (mV)

10 15 20

time (s)

Figure(3-18): Response time of electrode B based ®BP for 0.1 M

promethazine hydrochloride.

Response time for 0.05M

o
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Response (mV)
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=9
[==]

10 15
time (s)

Figure(3-19): Response time of electrode B based ®BP for 0.05 M
promethazine hydrochloride.
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Response time for 0.01 M

K
a

K
o

Response (mV)
o

-
o

10 15

time (s)

Figure(3-20): Response time of electrode B based ®BP for 0.01 M
promethazine hydrochloride.

Response time for 0.005 M
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Figure(3-21): Response time of electrode B based #BP for 0.005 M
promethazine hydrochloride.
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Response (mV)

Response time for 0.001M

time (s)

Figure(3-22): Response time of electrode B based #BP for 0.001 M

promethazine hydrochloride.

Response (mV)

Response time for 0.0001 M

time (s)

Figure(3-23): Response time of electrode B based ®BP for 0.0001 M

promethazine hydrochloride.
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Response time for0.00001 M

Response (mV)

20 30

time (s)

Figure(3-24): Response time of electrode B based @BP for 0.00001 M
promethazine hydrochloride.

The response time for electrode B is less thantrelde A because the
low viscosity for electrode B as shown in table5)3-that was high
mobility of complex inside the membrane matrix battincrease the ion
exchange process between the complex inside thebraes and the

external solution.

Table(3-12): Response time abiy, for electrode B based on TBP.

Response time

Potential (mV)

at tio0% Time (s) at Time (s) at
100% 95%
0.1 62.1 2.0 1.2
0.05 54.3 6.0 3.7
0.01 24.0 8.0 7.2
0.005 8.0 10.0 13.0
0.001 -20.0 14.5 15.3
0.0001 -55.0 17.9 18.9
0.00001 -74.0 20.0 21.5

Concentration(M)
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3-3-3. Response time for electrode C:

The working response time for electrode C base@®NROE as
a plasticizer for concentration range (100°) M as shown in the

following figures.

Response time for 0.1 M

/_

Response (mV)

10

time (s)

Figure(3-25): Response time of electrode C based @NPOE for 0.1 M
promethazine hydrochloride.
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Figure(3-26): Response time of electrode C based @NPOE for 0.05 M
promethazine hydrochloride.
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Response time for 0.01M

o N A

Response (mV)
R

10 15

time (s)

Figure(3-27): Response time of electrode C based @NPOE for 0.01 M
promethazine hydrochloride.

Response time for 0.005M
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Figure(3-28): Response time of electrode C based @NPOE for 0.005 M
promethazine hydrochloride.
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Response (mV)

Response time for 0.001M

20
time (s}

Figure(3-29): Response time of electrode C based @NPOE for 0.001 M

promethazine hydrochloride.

Response (mV)

Response time for 00001 M

20 30

time (s}

Figure(3-30): Response time of electrode C based @NPOE for 0.0001 M
promethazine hydrochloride.
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Response time for 0.00001 M

Response (mV)
b 2
Q =]

4
o

20 30

time (s)

Figure(3-31): Response time of electrode C based @NPOE for 0.00001 M
promethazine hydrochloride.

It was measured the response time for electrodé ¥$5% and it was
listed in table (3-13).
Table(3-13): Response time abiy, for electrode C based on ONPOE.

Response time
Time (s) at | Time (s) at
100% 95%
0.1 52.1 3.0 1.8
0.05 38.0 5.8 6.6
0.01 3.0 6.8 11.2
0.005 -18.0 10.8 12.9
0.001 -54.0 15.0 15.9
0.0001 -100.0 19.2 23.9

0.00001 -118.0 21.9 25.0

Potential

Concentration(M) (mV) at t
100%

3-3-4. Response time for electrode D:

The working response time for eledér® based on DBPH as a
plasticizer for concentration range {t00°) M as shown in the

following figures.
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Response time for 0.1M
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Figure(3-32): Response time of electrode D based &BPH for 0.1 M
promethazine hydrochloride.
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Figure(3-33): Response time of electrode D based &BPH for 0.05 M
promethazine hydrochloride.
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Response (mV)

Response time for 0.01 M
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Figure(3-34): Response time of electrode D based &BPH for 0.01 M

promethazine hydrochloride.

Response (mV)

Response time for 0.005 M

10

time (s)

Figure(3-35): Response time of electrode D based &BPH for 0.005 M

promethazine hydrochloride.
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Response (mV)

Response time for 0.001 M

time (s)

Figure(3-36): Response time of electrode D based &BPH for 0.001 M

promethazine hydrochloride.
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Response time for0.0005M
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Figure(3-37): Response time of electrode D based &BPH for 0.0005 M

promethazine hydrochloride.
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Figure(3-38): Response time of electrode D based &BPH for 0.0001 M

promethazine hydrochloride.
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Figure(3-39): Response time of electrode D based &@BPH for 0.00001 M

promethazine hydrochloride.
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It was measured the response time for electrodg Was noticed the
response time for electrode C is less than thatesftrode D that for the
several factor may be due to life time of the etwi® C, so that decrease
the response time for electrode C. Which , it wais be measured the

response time in 95%, it was listed in table (3-9)

Table(3-14): Response time abiy, for electrode D based on DBPH.

Response time

Potential (mV)

Concentration(M) at t
100%

Time (s) at Time (s) at
100% 95%
0.1 -3.0 3.1 3.9
0.05 -20.1 6.2 7.0
0.01 -59.0 9.0 8.4
0.005 -74.0 14.5 12.4
0.001 -114.0 15.0 13.5

0.0005 -133.0 17.0 14.9

0.0001 -151.0 28.9 23.5
0.00001 -177.1 36.1 28.0

3-4. Selectivity of the four electrodes:

The influence of some inorganic cations such as
(Li*,Na",K* Mg Ccd? zn*? Al** Fe™,Cr) on these four electrodes was

also studied. The selectivities of the four eled#® (A,B,C and D) were

measured by separate solution method for conc@msatange (16-10°)

M of the promethazine hydrochloride solutions @atcentrations for
each cation were ranged from™® 10° M and the potentiometric
selective coefficients were calculated byng®quation(1-8). Also the
match method was used for measuring the selectoosfficients, in

which this method can be used when the non — Nerbehavior was
obtained for the electrode. This method is inclgdio prepare one

standard solution of promethazine hydrochloridéhveibncentration 19
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M in 25 ml then added 0.1 ml of 0.1 M from stamtlasolution of
promethazine hydrochloride which has concentrati®® times more
than that of sample, and measured the potentisfanidard solution 10
M before and after each addition of standard soutd.1 ml of 0.1 M of
interfering ion (Li, Na', K*, C&", Mg**, zr?*, AI**, F€*, Cr*") was
added to the same concentration® M of promethazine hydrochloride
and measured potential before and after each addfiinterfering ions,
the potentiometric selectivity coefficients, whiatere calculated by

using equation (1-11).

3-4-1. Selectivit¥ b¥ segaration method:
3-4—1-1.Selectivit¥of the electrode A:

The influence of some inorganic cations such as
(Li*,Na",K* Mg*™,ca?zn? A Fe® Ccr®) for electrode A was

measured. The selectivity dflectrode A (PMH-PT+DBP) can be

measured by separation solution method for conatoits range (10-

10" M of promethazine hydrochloride solutions in @mese of cations
solutions, the potentiometric selectivity coe#icis were calculated by

using equation(1-8), and the results are showigurds (3-40) to (3-48).
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Figure(3-40): Selectivity of electrode A(PMH-PT+D®) for Li* cation interfering
by separation method¢ promethazine hydrochloride solutions,A solutions of
lithium cation interfering.
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0.00001 0.0001 0.001
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Figure(3-41): Selectivity of electrode A(PMH-PT+D®) for Na* cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of potassium cation interfering.
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Figure(3-42): Selectivity of electrode A(PMH-PT+D®) for K*
cation interfering by separation method¢ promethazine hydrochloride solutions,
A solutions of sodium cation interfering.
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Figure(3-43): Selectivity of electrode A(PMH-PT+D) for Mg* cation
interfering by separation method# promethazine hydrochloride
solutions,A solutions of magnesium cation interfering.
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Figure(3-44): Selectivity of electrode A(PMH-PT+DI) for Ca'* cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of calcium cation interfering.
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Figure(3-45): Selectivity of electrode A(PMH-PT+DI) for Zn** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of zinc cation interfering.
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Figure(3-46): Selectivity of electrode A(PMH-PT+D®) for Al*3 cation
interfering by separation method# promethazine hydrochloride solutions,A
solutions of aluminum cation interfering.

Selectivity of (PMH+PT+DBP) for Fe+3
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Figure(3-47): Selectivity of electrode A(PMH-PT+DIP) for Fe* cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of ferric cation interfering.
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Figure(3-48): Selectivity of electrode A(PMH-PT+Dm) forCr*
cation interfering by separation method¢ promethazine hydrochloride solutions,
A solutions of chromic cation interfering.

From these figures ,it can be measured the seligctwefficient Kag)
for cation interfering of electrode A ( PMH-PT+DBHRhe results of the
selectivity coefficient are listed in table (3-15).
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Table (3-15): Selectivity coefficient values for ectrode A (PMH-PT+DBP) at
different concentrations in the presences of somaions.

Concentrations

10°

10°

KA,B

EB (mV) KA,B
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we noticed from table (3-15) the selectivity coafnt values for mono
valent cations is higher than the values fromamtl tri valents cations
interfering, that may be due to differences in @osize, mobility and
permeability and the order of selectivity is:

mono valent > di valent > tri valent.

In the same time the selectivity coefficient \eifor concentration 10

M is very low because TOM is in the non linear region of the calibration

curve.

3-4-1-2.Selectivit¥of the electrode B:

The influence of some inorganic cations such as
(Li*,Na",K*,Mg*?,ca?zn? A" Fe? Cr®) for electrode B was studied.
The selectivity ofelectrode B (PMH-PT+TBP) can be measured by
separation solution method at concentratioasge (10-10%) M of
promethazine hydrochloride solutions in presenceations solutions,
the potentiometric selectivity coefficients werelccdated by using
equation(1-8), and the results are shown in fig8e49) to (3-57). The

values of selectivity coefficients are listed ibl&a(3-16).
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Figure(3-49): Selectivity of electrode B(PMH-PMT+TBP) for Li ™ cation
interfering by separation method# promethazine hydrochloride solutions,A
solutions of lithium cation interfering.
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Figure(3-50): Selectivity of electrode B(PMH-PT+TBR for Na* cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of sodium cation interfering.
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Figure(3-51): Selectivity of electrode B(PMH-PT+TBR for K* cation interfering
by separation method¢ promethazine hydrochloride solutions,A solutions of
potasium cation interfering.
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Figure(3-52): Selectivity of electrode B(PMH-PT+TBP for Mg ** cation
interfering by separation method# promethazine hydrochloride solutions,A
solutions of magnesium cation interfering.
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Figure(3-53): Selectivity of electrode B(PMH-PT+TBR for Ca* cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of calcium cation interfering.
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Figure(3-54): Selectivity of electrode B(PMH-PT+TBP forZn ** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of zinc cation interfering.
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Figure(3-55): Selectivity of electrode B(PMH-PT+TBE forAl ** cation interfering
by separation method¢ promethazine hydrochloride solutions,A solutions of
aluminum cation interfering.
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Figure(3-56): Selectivity of electrode B(PMH-PT+TBR forFe* cation interfering
by separation method¢ promethazine hydrochloride solutions,A solutions of
ferric cation interfering.
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Figure(3-57): Selectivity of electrode B(PMH-PT+TBE for Cr ** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of chromic cation interfering.
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Table (3-11): Selectivity coefficient values for electrode BRMH-PT+TBP) at

different concentrations in the presences of somaions.

Concentrations

10°

Eg (MV) Kas

-126

-107

-112

-169

-144

-136

o] Nl o] A N A ] 0] o
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we noticed from table (3-16) the selectivity coa#nt values for mono
valent cations is higher than the values from rdi &i valents cations
interferings, that may be due to differences inidasize, mobility and
permeability, the order of the selectivity is:

mono valent > di valent > tri valent.
But at 0.1 M concentration, the selectivity coaeffitt values for tri valent
cations is higher than the values from mono andalents cations
interfering, the order of the selectivity is:

tri valent > mono valent > di valent.
The selectivity coefficient values for electrode (RMH-PT+DBP) is
higher values than selectivity coefficient valuesr felectrode
B(PMH+PT+TBP) to may be attributed to the steactdr by along alkyl
group of plasticizers (TBP) than plasticizer oB{®) ,which decrease the
bond strength with ion-pair complex (PMH-PT) thedidis to increase the
lon-interfering occupation the drug position in theembrane.

3-4-1-3.Selectivityof the electrode C:

The mrganic cations such as
(Li*,Na" K" Mg*™,ca?zn? Al Fe® Ccr®) for electrode C was
measured. The selectivity alectrode C (PMH-PT+ONPOE) can be

measured by separation solution method for conatoits range (10-

10" M of promethazine hydrochloride solutions in @mese of cations
solutions, the potentiometric selectivity coeffitie were calculated by
using equation(1-8), figures (3-58) to (3-66). Tlesults of selectivity
coefficients values are listed in table (3-17).
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Figure(3-58): Selectivity of electrode C(PMH-PT+ONBPE) for Li *
cation interfering by separation method¢ promethazine hydrochloride solutions,
A solutions of lithium cation interfering.
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Figure(3-59): Selectivity of electrode C(PMH-PT+ONBPE) for Na™ cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of sodium cation interfering.
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Figure(3-60): Selectivity of electrode C(PMH-PT+ONPE) for K cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of potassium cation interfering.
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Figure(3-61): Selectivity of electrode C(PMH-PT+ONBPE) for Mg *? cation
interfering by separation method# promethazine hydrochloride solutions,A
solutions of magnesium cation interfering.
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Figure(3-62): Selectivity of electrode C(PMH-PT+ONBE) for Ca** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of magnesium cation interfering.
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Figure(3-63): Selectivity of electrode C(PMH-PT+ONBE) for Zn*? cation
interfering by separation method# promethazine hydrochloride solutions,A
solutions of zinc cation interfering.
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Figure(3-64): Selectivity of electrode C(PMH-PT+ONBE) for Al** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of aluminum cation interfering.
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Figure(3-65): Selectivity of electrode C(PMH-PT+ONPE) for Fe*® cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of ferric cation interfering.
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Figure(3-66): Selectivity of electrode C(PMH-PT+ONPE) for Cr ** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of chromic cation interfering.
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Table (3-17): Selectivity coefficient values for ectrode C (PMH-PT+ONPOE) at
different concentrations in the presences of somatons.

Concentrations
107 107 1
EB (mV) KA,B )
2126 | 4.2x10° | B
-120 | 5.5x10° B2
117 | 6.3x10° B4
130 | 1.1x10° B>
116 | 2.1x10° 5
4.4x10° |
1.5x10° B6
2.3x10° RO
2.1x10° | B
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From the results show that the selectivity coedints values are very low.
This means no interference of these cations ortrelde response. We
noticed from table (3-17) the selectivity coeffimievalues for mono
valent cations is higher than the values for di &amdsalents cations
interfering, that may be due to differences in @osize, mobility and
permeability, so that the mono valent interfere hwihe electrode
response than the di and tri valents cations.

As we noticed from the values of the selectivitgfficient of the
mono-di valent and tri valent cations at conceiurat 10* and 10 M
can be interfere with electrode response more tten cations of
concentrations I810° M. The higher interference of cations at
concentration 1® M is due to the electrode can not be responsido t
drug at low concentrations. In this case the dtagt $o leach from the
membrane to the external solutions which contamititerfering cations
and the cations can be exchange the drug of thepleamn the
membrane. Therefore, the interference of the cation electrode

response can be increased.

3-4—1-4.Selectivit¥of the electrode D:

The influence of some inorganic acasio such as
(Li*,Na",K*Mg*™,ca?zn? Al Fe® Cr®) on electrode D was also
studied. The selectivity ofelectrode D(PMH-PT+DBPH) can be

measured by separation solution method for conagomtisrange(16-10

) M for promethazine hydrochloride solutions anteiferences cations
solutions respectively, the potentiometric selettivcoefficient were

calculated by using equation(1-8). The figuressiparation method of
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these ion interfering such as {INa’",K*,Mg**,Cd?zn" Al*® Fe® Cr?)
are shown in figures (3-67) to (3-75). The values selectivity
coefficients are listed in table (3-18).
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Figure(3-67): Selectivity of electrode D(PMH-PT+DBM) for Li ** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of lithium cation interfering.
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Figure(3-68): Selectivity of electrode D(PMH-PT+DBIP) for Na** cation
interfering by separation method# promethazine hydrochloride solutions,A
solutions of sodium cation interfering.
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Figure(3-69): Selectivity of electrode D(PMH-PT+DBIP) for K ** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of potassium cation interfering.
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Figure(3-70): Selectivity of electrode D(PMH-PT+DBMP) for Mg ** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of magnesium cation interfering.
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Figure(3-71): Selectivity of electrode D(PMH-PT+DBM) for Ca*? cation
interfering by separation method# promethazine hydrochloride solutions,A
solutions of calcium cation interfering.
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Figure(3-72): Selectivity of electrode D(PMH-PT+DBIP) for Zn *? cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of zinc cation interfering.
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Figure(3-73): Selectivity of electrode D(PMH-PT+DBIP) for Al ** cation
interfering by separation method# promethazine hydrochloride solutions,A
solutions of aluminum cation interfering.
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Figure(3-74): Selectivity of electrode D(PMH-PT+DBIP) for Fe** cation
interfering by separation method# promethazine hydrochloride solutions,A

solutions of ferric cation interfering.
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Figure(3-75): Selectivity of electrode D(PMH-PT+DBIP) for Cr ** cation
interfering by separation method# promethazine hydrochloride solutions,
A solutions of chromic cation interfering.
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Table (3-18): Selectivity coefficient values for ectrode D (PMH-PT+DBPH) at
different concentrations in the presences of somatons.

Concentrations
10° 10° 5x10° 10
EB EB
(mV)

Kas

212 | 3.9x10°

-192 | 8.9x10°

-199 | 6.7x10°

-140 | 1.7x10°

-170 | 4.9x10°

-148 | 1.2x10°

-131 | 6.8x10°

-133 | 6.3x10°

-132 | 6.6x10°
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Low values of selectivity coefficients were obtainehich means low
interfering of these cations on electrode response.

Generally, the values of selectivity coefficienttire above tables
indicated that the interference was increased esdncentration of the
drug decrease. Also the higher interference wasetwfor mono valent
cations than di and tri-valent cations. The high&srference of cations at
concentration 1® M is due to the electrode can not be responsido t
drug at low concentrations. In this case the dtagt $0 leach from the
membrane to the external solutions which contanititerfering cations
and the cations can be exchange the drug of thepleamn the
membrane. Therefore, the interference of the cation electrode
response can be increased.

3-4-2. Selectivity by Match method:

The match method was used for measuring the satgcti
coefficients. The study was carried out for all #lectrodes at different
concentrations of promethazine hydrochloride antbua concentrations

of interfering cations. The results are shown gufes (3-76) to (3-115).
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Figure (3-76): Selectivity of electrode A(PMH-PT+DIP) at concentration (10°)
M for Li ** cation interfering by Match method ¢ promethazine hydrochloride
solutions, A solutions of lithium cation interfering.
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Figure (3-77): Selectivity of electrode A(PMH-PT+DIP) at concentration (10%)
M for Li ** cation interfering by Match method ¢ promethazine hydrochloride
solutions, A solutions of lithium cation interfering.
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Figure (3-78): Selectivity of electrode A(PMH-PT+DIP) at concentration (10°)
M for Na*! cation interfering by Match method ¢ promethazine hydrochloride

solutions, A solutions of sodium cation interfering.
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Figure (3-79): Selectivity of electrode A(PMH-PT+DPP) at concentration (10%)
M for Na™* cation interfering by Match method ¢ promethazine hydrochloride
solutions, A solutions of sodium cation interfering.
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Figure (3-80): Selectivity of electrode A(PMH-PT+DIP) at concentration (10°)
M for K *! cation interfering by Match method¢ promethazine hydrochloride

solutions, A solutions of potassium cation interfering.
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Figure (3-81): Selectivity of electrode A(PMH-PT+DPP) at concentration (10%)
M for K *! cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of potassium cation interfering.
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Response (mV)
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Figure (3-82): Selectivity of electrode A(PMH-PT+DPP) at concentration (10°)
M for Mg *2 cation interfering by Match method ¢ promethazine hydrochloride
solutions, A solutions of magnesium cation interfering.
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Figure (3-83): Selectivity of electrode A(PMH-PT+DP) at concentration (10%)
M for Mg *2 cation interfering by Match method ¢ promethazine hydrochloride
solutions, A solutions of magnesium cation interfering.
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Figure (3-84): Selectivity of electrode A(PMH-PT+DIP) at concentration (10°)
M for Ca *? cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of calcium cation interfering.
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Figure(3-85): Selectivity of electrode A(PMH-PT+DBP at concentration (10*) M
for Ca *? cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of calcium cation interfering.
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Figure(3-86): Selectivity of electrode A(PMH-PT+DBF at concentration (10°)
M for Zn *? cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of zinc cation interfering.
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Figure(3-87): Selectivity of electrode A(PMH-PT+DBFP at concentration (107

M forzn *

2 cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of zinc cation interfering.
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Figure(3-88): Selectivity of electrode A(PMH-PT+DBFP at concentration (10°)
M for Al **cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of aluminum cation interfering.




Chapter Three

Results and Discussion

Response (mV)

0.4 0.6
Vol.(mL)

Figure(3-89): Selectivity of electrode A(PMH-PT+DBFP at concentration (10°)
M for Al ** cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of aluminum cation interfering.
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Figure(3-90): Selectivity of electrode A(PMH-PT+DBFP at concentration (10°)
M for Fe ™ cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of ferric cation interfering.
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Figure(3-91): Selectivity of electrode A(PMH-PT+DBFP at concentration (10°)
M for Fe ™ cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of ferric cation interfering.
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Figure(3-92): Selectivity of electrode A(PMH-PT+DBFP at concentration (10°)
M for Cr *cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of chromic cation interfering.
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Figure(3-93): Selectivity of electrode A(PMH-PT+DBF at concentration (10
M for Cr *3cation interfering by Match method ¢ promethazine hydrochloride
solutions, A solutions of chromic cation interfering.
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Figure(3-94): Selectivity of electrode C(PMH-PT+ONBE) at concentration
(10% M for Li ** cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of lithium cation interfering.
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Selectivity of (PMH+PT+ONPOE]) for Li+1
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Figure(3-95): Selectivity of electrode C(PMH-PT+ONBE) at concentration
(10% M for Li ** cation interfering by Match method,# promethazine
hydrochloride solutions, A solutions of lithium cation interfering.
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Figure(3-96): Selectivity of electrode C(PMH-PT+ONBE) at concentration
(10% M for Na™ cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of sodium cation interfering.
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Selectivity of (PMH+PT+ONPOE) for Na+1
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Figure(3-97): Selectivity of electrode C(PMH-PT+ONBE) at concentration
(10%) M for Na™ cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of sodium cation interfering.
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Figure(3-98): Selectivity of electrode C(PMH-PT+ONBE) at concentration
(10% M for K ** cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of potassium cation interfering.
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Selectivity of (PMH+PT+ONPOE) for K+1
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Figure(3-99): Selectivity of electrode C(PMH-PT+ONBPE)at concentration 10
M for K *! cation interfering by Match method ¢ promethazine hydrochloride
solutions, A solutions of potassium cation interfering.
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Figure(3-100): Selectivity of electrode C(PMH-PT+ONROE) at concentration
(10% M for Mg *? cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of magnesium cation interfering.
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Figure(3-101): Selectivity of electrode C(PMH-PT+ONRROE) at concentration
(10%) M for Mg *? cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of magnesium cation interfering.

Response (mV)

0.4 0.6
Vol. (mL)

Figure(3-102): Selectivity of electrode C(PMH-PT+ONRROE) at concentration
(10% M for Ca* cation interfering by Match method,¢ promethazine
hydrochloride solutions, A solutions of calcium cation interfering.




Chapter Three Results and Discussion

Response (mV)

0.6
Vol. (mL)

Figure(3-103): Selectivity of electrode C(PMH-PT+ONRROE) at concentration
(10%) M for Ca*? cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of calcium cation interfering.
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Figure(3-104): Selectivity of electrode C(PMH-PT+ONROE) at concentration
(10% M for Zn *? cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of znic cation interfering.
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Figure(3-105): Selectivity of electrode C(PMH-PT+ONROE) at concentration
(10%) M for Zn *? cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of znic cation interfering.
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Figure(3-106): Selectivity of electrode C(PMH-PT+ONROE) at concentration
(10% M for Al *3 cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of aluminum cation interfering.
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Figure(3-107): Selectivity of electrode C(PMH-PT+®IPOE) at concentration
(10%) M for Al *3 cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of aluminum cation interfering.

Response (mV)

0.4 0.6
Vol. (mL)

Figure(3-108): Selectivity of electrode C(PMH-PT+ONROE) at concentration
(10% M for Fe*® cation interfering by Match method# promethazine
hydrochloride solutions, A solutions of ferric cation interfering.
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Figure(3-109): Selectivity of electrode C(PMH-PT+®IPOE) at concentration
(10%) M for Fe*® cation interfering by Match method.# promethazine
hydrochloride solutions, A solutions of ferric cation interfering.
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Figure(3-110): Selectivity of electrode C(PMH-PT+ONROE) at concentration
(10% M for Cr *® cation interfering by Match method.# promethazine
hydrochloride solutions, A solutions of chromic cation interfering.
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Figure(3-111): Selectivity of electrode C(PMH-PT+®IPOE) at concentration
(10% M for Cr *3 cation interfering by Match method,# promethazine
hydrochloride solutions, A solutions of chromic cation interfering.
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Figure(3-112): Selectivity of electrode B(PMH-PT+BP) at concentration (10°)
M for Li ** cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of lithium cation interfering.
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Figure(3-113): Selectivity of electrode B(PMH-PT+TP) at concentration (10"
M for Li ** cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of lithium cation interfering.
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Figure(3-114): Selectivity of electrode D(PMH-PT+DPH) at concentration
(10% M for Li ** cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of lithium cation interfering.
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Figure(3-115): Selectivity of electrode D(PMH-PT+DIBPH) at concentration
(5x10% M for Li ** cation interfering by Match method ¢ promethazine
hydrochloride solutions, A solutions of lithium cation interfering.

From the above figures [(3-76) — (3-111)] showsimterferences of the
cations on promethazine hydrochloride at conceptrat 10°and 10' M
by using electrodes A and C. Therefore, the seiggtcoefficients can
not be determine because there is no differentoterial between the
drug solution and interfering cation even at 5 mvV10 mV. For the
electrode C, figure (3-94)- (3-99), the selectivigefficients can be
measured at 10M promethazine hydrochloride in presence &f LNa™,
K™ when the difference in potential was 10 mV and $eectivity

calculated are 0.2, 0.298, 0.41 respectively. Alke difficulty for

measuring the selectivity coefficient for di amgvialent cations (Mg,

Ca'’?,...) because there is no difference in potentialvben the drug and
interfering cations at 10 mV or 5 mV. Also the diffity of the match
method to apply for the electrode D at concentratibx10d* and 10° M

of drug solution.As we conclude that match method can not be used fo
measuring the selectivity coefficient at these emiations 18and 10°

M. Therefore, the concentration of the promethazimglrochloride

should be less than 10M, but the problem in thicase the prepared
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electrodeof promethazine can not be response for low canagons of

promethazine hydrochloride. The match method wasiepfor electrode
B and electrode D as shown in figures (3-112) t&@18), also we noticed
that the selectivity coefficient can not be deternias well as for

electrodes A and C.

3-5. Sample analyses:

The concentration of promethazine in prepared stahdolutions
were determined using electrodes based on (PMHibtIOphore with
DBPH, ONPOE as plasticizers. Five potentiometrahteques were used
for determination of promethazine hydrochloride cluding , direct,
standard addition, multi standard addition, Graplots, and titration
method. Three samples were prepared for promethdrrdrochloride
with comparable concentrations and the averagéhfsse values were
used to calculate the relative error (RE%) and tikeda standard
deviation(RSD%) for each method.

3-5-1. Direct method:

This is the simplest method of obtaining quantr&atiesults using
ISEs. The calibration curve was constructed andcctimeentration of the
unknown was calculated by linear equation of théation curve and

the results are listed in table (3-32).
3-5-2. Standard addition method (SAM):

In this method, the concentration of staddasolution of
promethazine hydrochloride was<100 times higher than the
concentration of the sample to eliminate the ddluteffect. It carried by a
procedure that 0.1 mL of 1xIOM promethazine hydrochloride as
standard was added to sample as unknown. The gesultalculation

using SAM method for the two promethazine hydroobk electrodes;
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(PMH-PT+ONPOE) and (PMH-PT+DBPH) using equationl®) are
listed in tables (3-19) to (3-24) respectively, atite results of

determination promethazine hydrochloride, relateseor and relative

standard deviation for five addition of promethazimydrochloride are
listed in table (3-32).

Table (3-19): Calculation for five additions promehazine hydrochloride
standard using (SA) method for electrode C(PMH-PT+®IPOE) at
concentration10° M.

Vs mL added

E/mV

AE

Antilog(AE/S)

(VulVs)

Cu(M)

0

0

1

0.1

15

1.955

100

1.026x10°

0.2

24

2.923

50

1.009x10’

0.3

30

3.822

33.33

1.021x10°

0.4

36

4.998

25

9.529x1("

0.5

39

5.715

20

9.999x1('

Table (3-20): Calculation for five additions promehazine hydrochloride

Vs mL added

E/mV

AE

Antilog(AE/S)

(Vu/Vo)

Cu(M)

0

-100

0

1

0.1

47

53

10.684

100

1.021x10

0.2

-33

67

19.974

50

1.032x10"

0.3

24

76

29.8645

33.33

1.008x10'

0.4

-18

82

39.049

25

1.0098x10

0.5

-12

88

51.059

20

0.9503x1(0

standard using (SA) method for electrode C(PMH-PT+®IPOE) at
concentration10* M.

Table (3-21): Calculation for five additions promehazine hydrochloride
standard using (SA) method for electrode C(PMH-PT+®IPOE) at
concentration10° M.

V< mL added

E/mV

AE

Antilog(AE/S)

(VulVs)

Cu(M)

0

-118

0

1

0.1

-28

90

55.83

100

1.805x10°

0.2

-12

114.14

50

1.733x10°

0.3

-2

178.46

33.33

1.641x10°
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0.4

305.12

25

1.2645x10

0.5

398.96

20

1.196x10°

Vs mL added

AE | Antilog(AE/S)

Cu(M)

0

0 1

0.1

-99

16 1.927

1.057x10°

0.2

-89

26 2.903

50

1.0197x10

0.3

-82

33 3.868

1.005%x10°

0.4

-76

39 4.947

25

0.965x10°

0.5

-(2

43 5.828

20

0.9766x10

Table (3-22): Calculation for five additions promehazine hydrochloride
standard using (SA) method for electrode D(PMH-PT+BPH) at

concentration10® M.

Table (3-23): Calculation for five additions promehazine hydrochloride
standard using (SA) method for electrode D(PMH-PT+BPH) at concentration

5x10% M.

Vs mL added

E/mV

AE Antilog(AE/S)

(Vu/Vsg)

Cu(M)

0

-133

0 1

0.1

-106.5

2.963

100

5.018x1("

0.2

-94.5

4.846

50

5.072x10"

0.3

-86.5

6.727

33.33

5.059x10"

0.4

-80.5

8.603

25M

5.033x1("

0.5

-/5

58 10.779

20

4.846x10"

Table (3-24): Calculation for five additions promehazine hydrochloride
standard using (SA) method for electrode D(PMH-PT+BPH) at

concentration10* M.

Vs mL added

E/mV

AE | Antilog(AE/S)

(VulVs)

Cu(M)

0

-151

0 1

0.1

-100

51 8.090

100

1.394x10

0.2

-85

66 14.963

50

1.402x10°

0.3

-76

75 21.639

33.33

1.409x10"

0.4

-/1

80 26.56

25

1.502x10

0.5

-67

84 31.294

20

1.569x1("
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Excellent results were obtained for electrode €oamicentrations Idand
10* M, but the results start to deviate at low coneaiun < 10", At 10°
M of promethazine hydrochloride the error was tghhabout 6%. For
electrode D the error becomes very high when theceatration of

promethazine hydrochloride become less than® 1M. These

concentrations are not included in the linear rawfggectrode response.

3-5-3. Multi standard addition method (MSA):

In this method, the applied procedure was, mL of 1x10 M
promethazine hydrochloride as standard was addedsatople as
unknown. The results of calculation using MSA melthor the two
promethazine hydrochloride electrodes; (PMH-PT+OEPé&nd (PMH-
PT+DBPH) using equation (1-14) are listed in tal@=5) to (3-30)
respectively,and the results of determination pthimne hydrochloride,
relative error and relative recovery fdive addition of promethazine
hydrochloride are listed in table(3-32).The plototilog(E/S) versus the
volume of the five addition for promethazine hydrlaeide electrodes are
shown in figures (3-116) to (3-121) for the two attedes, (PMH-
PT+ONPOE) electrode and (PMH-PT+DBPH)electrode. nfFrehe
equations of the calibration curves, the voluma{¥pat intercept with X
axis for each curve was calculate. The volume(\ihiarcept with X axis

and (Q) were
V(ml) E/mV Antilog (E/S) table (3-

0 -55 0.0856

listed in
32).

Table(3-25): Reading of (MSA) method for electrod€ (PMH-PT+ONPOE) at
concentration 10° M.
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0.1673

0.2502

0.3271

0.4278

0.4891

y =0.8217x + 0.0858
R? =0.9978

0.6
0.5
0.4
0.3

0.2
0.1

c.Cc. for (PMH-PT+ONPOE)

Vol.(mL)

0.2

Figure(3-116): Calibration curve of antilog (E/S) ersus the volume added of
standard (0.1 M) for determination of promethazinehydrochloride solution
(10° M) by (MSA) of electrode C (PMH-PT+ONPOE).

Table (3-26): Reading of (MSA) method for electrod€ (PMH-PT+ONPOE) at
concentration 10% M.

V(ml)

E/mV

Antilog (E/S)

0

-100

0.01145

0.1

0.1224

0.2

0.2288

0.3

0.3421

0.4

0.4473

0.5

0.5848
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y =1.0585x + 0.0165
R? = 0.9986

C.C. for (PMH-PT+ONPOE)

0.6
0.5
0.4
0.3
0.2
0.1

o

0.19 0.29
Vol.(mL)

Figure(3-117): Calibration curve of antilog (E/S) \ersus the volume added of
standard(0.1 M) for determination of promethazine tydrochloride solution
(10* M) by (MSA) of electrode C (PMH+PT+ONPOE).

Table(3-27): Reading of (MSA) method for electrod€ (PMH+PT+ONPOE) at

concentration 10° M.

V(ml)

E/mV Antilog (E/S)

0

-118 0.0051

0.1

-28 0.2861

0.2

-12 0.5849

0.3

-2 0.9145

0.4

10 1.5635

0.5

16 2.0444

y =4.1024x - 0.1258
R?=0.9729

-0.2

H—-—-—-—n-é

2.5
2
1.5
1
0.5
O -+

-0.1 (0]

_l_l_l_l_|_l_l_l_l_|_l_l_l_l_|_l_l_l_l_|_l_l_l_l_|_l_l_l_l_|

C.C. for (PMH-PT+ONPOE)

0.2 . 0.4 0.5
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Figure(3-118): Calibration curve of antilog (E/S) \ersus the volume added of
standard (0.1 M) for determination of promethazinehydrochloride solution (10°
M) by (MSA) of electrode C (PMH+PT+ONPOE).

Table(3-28): Reading of (MSA) method for electrod® (PMH-PT+DBPH) at
concentration (10°%) M.

V(ml) E/mV antilog (E/S)
0 -115 0.0089
0.1 -99 0.0173
0.2 -89 0.0260
0.3 -82 0.0347
0.4 -76 0.0443
0.5 -72 0.0523

y = 0.0876x + 0.0087
R? = 0.9996

c.Cc. for (PMH-PT+DBPH)

0.06
0.05
0.04
0.03
0.02

0.01

0.1 0.2 0.3
Vol.(mL)

Figure(3-119): Calibration curve of antilog (E/S) \ersus the volume added of
standard(0.1 M) for determination of promethazine lydrochloride solution
(10° M) by (MSA) of electrode D (PMH-PT+DBPH).

Table(3-Y4): Reading of (MSA) method for electrode D (PMH-P#DBPH) at
concentration 5x10" M.

V(ml) E/mV Antilog (E/S)

0

-133

0.0043

0.1

-106.5

0.0127

0.2

-94.5

0.0208

0.3

-86.5

0.0288
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0.0369
0.0462

y =0.0829x + 0.0042 C.C. for (PMH-PT+DBPH)
R” = 0.9995

0.06 -

% 0.04 -

g 0.02 -

e e e gy
(0} 0.1 0.2 0.3 0.4 0.5 0.6

Vol.(mL)

gure(3-120): Calibration curve of antilog (E/S) vesus the volume added of
standard(0.1 M) for determination of promethazine tydrochloride solution
(5x10*M) by (MSA) of electrode D (PMH-PT+DBPH).
Table(3-30): Reading of (MSA) method for electrod® (PMH-PT+DBPH) at
concentration 10% M.

V(ml) | E/mV | Antilog(E/S)
0 -151 0.002
0.1 -119 0.0076
0.2 -108 0.0119
0.3 -100 0.0166
0.4 -94 0.0212
0.5 -90 0.0249
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y =0.0457x + 0.0026

. C.C.for (PMH-PT+DBPH)
R?=0.9971

0.03 T~
0.025 -
0.02 A
0.015

Antilog (E/S)

0.01

0.005

0.1 0.2 0.3 0.4 0.5 0.6
Vol.(mL)

Figure(3-121): Calibration curve of antilog (E/S) ersus the volume added of
standard(0.1 M) for determination of promethazine tydrochloride solution
(10* M) by (MSA) of electrode D (PMH-PT+DBPH).

Table (3-31): Volume at intercept with X axis and alculation the concentration
Cu(M) for electrode C and D by (MSA) method.

V(ml)at
int(erc)ept CuM)
1x10° 0.0990 0.99x10°
C(PMH+PT+ONPOE] 1x10° 0.0098 0.98x10"
1x10° 0.0910 0.91x10°
1x10° 0.0990 0.99x10°
D(PMH+PT+DBPH)| __5x10" 0.0501 5.01x10"

1x10* 0.0580 5.80x10"

Electrode No. Conc.(M)

The results in table (3-31) indicate that good Iteswere obtained for

electrode C at concentrations *10and 10" M of promethazine

hydrochloride, but relative error becomes high 19%) for a
concentration 1® M promethazine hydrochloride solution of SAM. As
well as for electrode D the error increased when d¢bncentration of
promethazine hydrochloride were at*I in which the error was about
(45.52%) of SAM.
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3-5-4. Grans Plot:
Grans Plot paper with 10% volume correction paper wseduo

calculate the volume(V) mL of equivalent point feample at the
intercept with (X) axis for MSA and titration meftth® by plotting
potential versus the added volume. Figure (3-182Bt125) show the
titration curve for electrodes C and D . the reswf determination
promethazine hydrochloride samples, relative earat relative recovery
were listed in table(3-32).

= ] N i o de i Yevecept a5 )(»C\)('\_S\
(it [ f II" ? i
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Figure (3-122):Gran plot of response (mV) versus Yome (mL) of the added
stander for the determination of 0.001 M promethazie hydrochloride for
electrode C(PMH-PT+ONPOE).
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Figure (3-123):Gran plot of response (mV) versus Yome (mL) of the added
stander for the determination of 0.0001 M promethaine hydrochloride for
electrode C(PMH-PT+ONPOE).
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Figure (3-124): Gran plot of response (mV) versusolume (mL) of the added
stander for the determination of 0.001 M promethame
hydrochloride for electrode D(PMH-PT+DBPH).
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Figure (3-125): Gran plot of response (mV) versusolume (mL) of the added
stander for the determination of 0.0005 M promethaine hydrochloride for
electrode D(PMH-PT+DBPH).

Table (3-32):Promethazine hydrochloride sample angbes by using
potentiometric methods for electrode C (PMH-PT+ONP@) and electrode
D(PMH-PT+DBPH).

Concentrations (M)
Measurements using potentiometric methods

Direct SA MSA Gran s Plot

1.014x10° | 1.002x10° | 0.99x10° 1.03x10°
0.197 1.8042 - -
101.4 100.2 99 100.3
Electrode C 1.4 0.2 1 3
(PMH+PT+
ONPOE) 1.021x10¢" | 1.004x10' . 0.97x10"
0.294 2.0359
102.1 100.4
2.1 0.4
1.008x10° | 1.005x10°
0.0992 0.1863
Electrode D 100.8 100.5
(PMH+PT+ 0.8 0.5
DBPH) 4.99x10" | 5.006x10
0.8104 0.4509
99.8 100.12
0.2 0.12

Electrode
No.
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* Each measurement was repeated three times
From the results in table (3-32) shows that, thectebde D (PMH-

PT+DBPH) is the best than the electrode C (PMH-PNPOE) because
the relative standard deviation (RSD%) for conaitns 100 M and
5x10%M are 0.0992 and 0.8104 respectively, this mearptheision of
the electrode D (PMH-PT+DBPH) by using direct meth® better than
the electrode C (PMH-PT+ONPOE), it may be the ltaps of electrode
(PMH-PT+ONPOE),also the relative standard devid&3D%) for
concentration 1M and 5x10 M by using SA method are 0.1863% and
0.4509% respectively. The values of relative stashddeviation for
concentration 16 M was much lower than the relative standard for
5x10* M. The relative error obtained from SA and MSA huats at
concentrations IO M and 5x10 M for electrode D(PMH-PT+DBPH)
are 0.5, 0.12 respectively and for MSA are -1, @&pectively. this
consistent with the properties of standard additoethod which the

influence of the interferences to be eliminated.

3-5-5.Titration method:

This method was used for potentiometric titratddpromethazine

hydrochloride solution with 1xIHM and 1x1G M of phosphotungistic

acid as titrant solution. The results are listethiie (3-33).
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10
Vol.(mL)

Figure (3-126): Titration curve of electrode C(PMHPT+ONPOE)
for sample solution containing 0.01 M promethazindéydrochloride with 10.2 ml

of 0.01 M of pt as a titrant solution at pH 5.08.

Response (mV)

10
Vol.(mL)

Figure (3-127): Titration curve of electrode C(PMHPT+ONPOE) for sample
solution containing 0.001 M promethazine hydrochloide with 10.1 ml of 0.001 M

of pt as a titrant solution at pH 5.67.
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Response (mV)

Vol.(mL)

Figure (3-128): Titration curve of electrode D(PMHPT+DBPH) for sample
solution containing 0.01 M promethazine hydrochlorde with 9.8 ml of 0.01 M of

ptas a titrant solution at pH 5.08.

Vol. (mL)

Figure (3-129): Titration curve of electrode D(PMHPT+DBPH) for sample
solution containing 0.001 M promethazine hydrochlade with 9.9 ml of 0.001 M

of pt as a titrant solution at pH 5.67.
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Table (3-33): Promethazine hydrochloride sample arigses by using titration
method for electrode C(PMH-PT+ONPOE) and electrod®(PMH-PT+DBPH).

Concentration (M)

Electrode No. Measured using titration
Sample : :
potentiometric methods

1x10° 1.02x10°
RSD% 5.882
RC% 102
Electrode C RE% 2
(PMH-PT+ONPOE] 1x10° 1.01x10°
RSD% 3.96
RC% 101
RE% 1
1x10° 0.98x10°
RSD% 4.082
RC% 98
Electrode D RE% -2
(PMH-PT+DBPH) 1x10° 0.99x10°
RSD% 2.535
RC% 99
RE% -1
* Each measurement was repeated three times

The relative standard deviation (RSD%) for eleatro®(PMH-
PT+DBPH) is best than electrode C (PMH-PT+ONPOI&}S ,inay be to
the low slope of electrode C(PMH-PT+ONPOE). Thecalated RSD%
using titration method is relatively large in ccamigon with the other
methods used; this may be attributed to precipmatof (PMH-PT)
complex on the surface of the membrane and poigotii@ membrane.
Figures from (3-126) to (3-129) show titration ceiref promethazine
hydrochloride samples with phosphotungistic acidaasgtrant solution.
Also the titration was carried out at concentrasid®” and 10° M but in
neutral and basic medium of promethazine hydroatdosample with
phosphotungistic acid as a titrant solution andrésalts are shown in
figures (3-130) to (3-137).
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Figure (3-130): Titration curve of electrode D(PMHPT+ONPOE) for sample
solution containing 0.001 M promethazine hydrochlode of 0.001 M of pt as a
titrant solution at pH 7.39.

Response (mV)

10
Vol. (mL)

Figure (3-131): Titration curve of electrode D(PMHPT+ONPOE) for sample
solution containing 0.001 M promethazine hydrochloide with 0.001 M of pt as a
titrant solution at pH 9.98.
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Figure (3-132): Titration curve of electrode C(PMHPT+ONPOE) for sample
solution containing 0.01 M promethazine hydrochlorde with 0.01 M of pt as a
titrant solution at pH 7.20.

Response (mV)

10
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Figure (3-133): Titration curve of electrode C(PMHPT+ONPOE) for sample
solution containing 0.01 M promethazine hydrochlorile with 0.01 M of pt as a
titrant solution at pH 9.68.
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Response (mV)

10
Vol. (mL)

Figure (3-134): Titration curve of electrode D(PMHPT+DBPH) for sample
solution containing 0.01 M promethazine hydrochlorde with 0.01 M of pt as a
titrant solution at pH 7.03.

Response (mV)

8
Vol. (mL)

Figure (3-135): Titration curve of electrode D(PMHPT+DBPH) for sample
solution containing 0.01 M promethazine hydrochlorie with 0.01 M of ptas a
titrant solution at pH 10.1.
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Response (mV)

10
Vol. (mL)

Figure (3-136): Titration curve of electrode D(PMHPT+DBPH) for sample

solution containing 0.001 M promethazine hydrochloide with 0.001 M of pt as a

titrant solution at pH 6.55.

Response (mV)

10
Vol. (mL)

Figure (3-137): Titration curve of electrode D(PMHPT+DBPH) for sample
solution containing 0.001 M promethazine hydrochloide with 0.001 M of pt as a
titrant solution at pH 9.73.
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From these figures we noticed there is ngtrasponse for electrode
C (PMH-PT+ONPOE) and electrode D (PMH-PT+DBPH) eutral and
base medium for concentrations®ld and 10° M. This means the
electrode responsed in acid medium (2-7) of drunge Working titration
curve with hydroquinone standard solution as oxhateagent at
concentration 1M of promethazine hydrochloride solution is &io
in figure (3-138).

Response (mV)

Vol.(mL)

Figure (3-138): Titration curve of electrode D(PMHPT+DBPH) for sample
solution containing 0.001 M promethazine hydrochloide with 0.001 M of
hydroquinone as a titrant solution at pH 5.68.

3-6. Anal¥tical agglication of the selected electide:

The electrode D(PMH-PT+DBPH) and electrode C(PMH-
PT+ONPOE) were proved to be useful in the potertioic
determination of promethazine hydrochloride in ph&ceutical
preparations by direct potentiometric, standarditamd method, multi
addition method and potentiometric titration methdte data obtained
for standardaddition method, multi addition method and potentiometric
titration are listed in tables (3-34) to (3-38),iefhindicates the average

VE¢
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recovery and standard deviation to be 99.53%, @ Pa4or electrode C
(PMH-PT+ONPOE) and 100.77%, 0.4475% for electrode(HMH-

PT+DBPH). The values of standard deviation and vegoare proved

that the electrode D is very successful than tlectelde C for the

determination of promethazine hydrochloride eitimestandard solution

or pharmaceutical preparations.

Table (3-34): Calculation for five additions promehazine hydrochloride using
(SA) method for electrode C(PMH-PT+ONPOE) of drug &concentration 10°

M.

Vs mL added

E/mV

AE

Antilog(AE/S)

(Vu/Vo)

Cu(M)

0

-36

0

1

0.1

-21

15

1.9545

100

1.03x10°

0.2

-12

24

2.922

50

1.01x10°

0.3

-5

31

3.995

33.33

0.963x10°

0.4

0

36

4.994

25

0.954x10’

0.5

4

39

5.711

20

1.001x10°

Table(3-35): Reading of (MSA) method for electrod€(PMH-PT+ONPOE) of

drug at concentration (10°%) M.

V(ml)

E(mV)

Antilog(E/S)

0

-36

0.200

0.1

-21

0.391

0.2

-12

0.585

0.3

-5

0.7998

0.4

0

1

0.5

4

1.196
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y =2.0062x + 0.1937 C.C. for (PMH-PT+ONPOE)
R? = 0.9997

Antilog (E/S)
=
P Ul
1 ]

o
g1
1

0.1 0.2 0.3
Vol. (mL)

Figure(3-139): Calibration curve of antilog (E/S) ersus the volume added of
standard(0.1 M) for determination of promethazine lydrochloride drug(10° M)
by (MSA) of electrode C(PMH-PT+ONPOE).

o & N
o O o O
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Figure (3-140): Titration curve of electrode C(PMHPT+ONPOE) for Drug
solution containing 0.001 M promethazine hydrochloide with 0.001 M of pt as a
titrant solution.
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Table (3-36): Calculation for five additions promehazine hydrochloride using
(SA) method for electrode D(PMH-PT+DBPH) of drug atconcentration 10°M.

VsmL added| E/mV | AE | Antilog(AE/S) | (Vu/Vs) Cu(M)
0 -53 0 1 g ]

0.1 -36.5 1.97 100 1.010x10’
0.2 27 | 26 2.911 50 1.016x10°
0.3 -20 | 33 3.881 33.33 1.008x10’
0.4 -15 | 38 4.767 25 1.011x10°
0.5 -10 | 43 5.854 20 0.972x10’

Table(3-37): Reading of (MSA) method for electrod®(PMH-PT+DBPH) of
drug at concentration (10°) M.

V(ml) E(mV) Antilog(E/S)
0 -53 0.1133
0.1 -36.5 0.223
0.2 -27 0.3297
0.3 -20 0.4396
0.4 -15 0.5399

0.5 -10 0.663

y=1.0921x+0.111 C.C. for electrode (PMH-PT+DBPH)
R’ =0.9995

0.7 -

0.6 -

0.5 4

0.4 +

0.3 -

0.2
Vol.(mL)

Figure(3-141): Calibration curve of antilog (E/S) \ersus the volume added of
standard(0.1 M) for determination of promethazine tydrochloride drug(107 M)
by (MSA) of electrode D(PMH-PT+DBPH).
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10
Vol. (mL)

Figure (3-142): Titration curve of electrode C(PMH-PT+DBPH) for Drug
solution containing 0.001 M promethazine hydrochloide with 0.001 M of PT as
a titrant solution.

Table (3-38): Volume at intercept with X axis and @lculation the concentration
Cu(M) of electrode C and D by (MAM) method for drugsolution.

Electrode No.

Conc.(M)

V(ml)at
intercept

Cu(M)

C(PMH-PT+ONPOE)

1x10°

0.096

0.96x10°

D(PMH-PT+DBPH)

1x10°

0.099

0.99x10°

Table (3-39): Promethazine hydrochloride tablets aalyses by using
potentiometric methods for electrode C(PMH-PT+ONPOE and electrode
D(PMH-PT+DBPH).

Concentration(M)

Electrode No.

Sample

Measured using potentiometric

methods

SA

MSA

Titration

1x10°

0.992x10’

0.96x10°

0.98x10°

RSD%

1.290

3.273

C(PMH-PT+ONPOE)

RC%

99.2

96

98

RE%

-0.8

4

-2

1x10°

1.003x10°

1.01x10°

RSD%

0.351

2.683

D(PMH-PT+DBPH)

RC%

100.3

101

RE%

0.3

1

* Each measurement was repeated three times
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Table (3-40): Promethazine hydrochloride tablets aalyses for electrode
C(PMH-PT+ONPOE) and electrode D(PMH-PT+DBPH).

Electrode No. Parameter Phenergan

Concentration(M) 1x10° 1x10° 1x10°
Founded(M) 1.003x10° | 0.989x10° | 0.994x10’
RSD% 0.7142
RC% 100.3 98.9 99.4
RE% 0.3 1.1 -0.6
Concentration(M) 1x10° 1x10° 1x10°
Founded(M) 1.008x10° | 1.012x10° | 1.003x10’
RSD% 0.4475
RC% 100.8 101.2 100.3
RE% 0.8 1.2 0.3

Electrode C
(PMH-PT+ONPOE]

Electrode D
(PMH-PT+DBPH)

* Each measurement was repeated three times

The electrode D (PMH-PT+DBPH) gave good results tekectrode C
(PMH-PT+ONPOE) in the analyses the tablets of ptbamne
hydrochloride in Phenergan drug because the ebEtrd(PMH-
PT+DBPH) have RSD% about 0.4475 , that means hgo®a precision
than electrode C (PMH-PT+ONPOE) in which RSD% e@ual42 . The
relative error (RE%) for SA, MAM and titration meitis are -0.8,-4 and
-2 respectively for electrode C but for electrodeaf2 0.3,-1 and 1
respectively which are good results for Phenergaiy @ompared with
electrode C because the electrode C was low sluge ¢lectrode D as
shown in table (3-39).
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2. Experimental part

2-1.1nstruments and equipment:

1- Expandable ion analyzer, ORION, model EA 940wit
calomel reference and Silver- Silver Ciader(Ag/AgCl)
electrodes.

2- FTIR-8300 Fourier transform infrared speptrotometer
SHIMADZU.

3- WTW model pH 522, made in Germany.

4- Clear PVC tubing (6 mm o.d.).

5- Magnetic stirrer.

6- Ultra pure water manufacturing devise, TOFRAJIRE, Model
LV-08 (Mihama, Japan).

2-2.Chemicals:

Promethazine hydrochloride was a gift from the &tadmpany of
Drug Industries and Medical Appliances(Samara- IR3QJ). Phenergan
tablets (25 mg promethazine hydrochloride) (Bridfiyleres sequibb

company, USA), were purchased from local market.

The following plasticizers were used:

1- Di-butylphosphate (DBPJCgH1504P), purity(98.9%)

2- Tri-butylphosphate (TBP) (@H.704P), purity (97%)

3- O-nitrophenyloctylether (ONPOH)C4H,1NO3), purity (98%)
4- Di-butylphthalate (DBPH) (£gH220,4), purity (99%)

Were obtained from Fluka AG, (Switzerland). Othlkeemicals and
reagents of analytical grade reagent were obtdnoed Fluka, BDH and

Aldrich companies.
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2—3.Prgaration of standard solution:

All solutions were prepared in doubly distilled aezed water.
Stock solutions of 0.1 M of LiCl, NaCl, KCI, CafMgCl,,ZnCl,, FeC},
AICl; and CrC} were prepared. More diluted solutions were prepase
subsequently dilution of the stock solutions.

A standard solution of 0.1 M promethazine hydroodl® was
prepared by dissolving 0.8023 g of standard proamtie hydrochloride
and completing the solution up to 25 ml. The otlpeomethazine
hydrochloride standard solutions were preparedubgequent dilution of
the stock solution.
0.05M- Potassium hydrogen phthalate buffer (pHEdWas prepare by

dissolving 10.21 g of the solid ( potassium hydrogehthalate) and
diluted to 1 litef*?°.

2-4.Preparation of |on-pair Compound:

The promethazine hydrochloride ion-selective etetd#ris prepared
based on the use of ion-pair compound promethalaytrochloride-
phosphotungastate (PMH-PT) as the electro-actikistanc€®*.

The preparation of ion-pair of (PMH-PT) was perfedrby mixing
50 ml of 0.01 M solution of promethazine hydrocider (PMT) with 50
ml of 0.01 M phosphotungastate with stirring. Tlesulting precipitate
was filtered off, washed with water, dried at “G60The composition of
the ion-pair compound, (PMH-PT), was confirmed gdTIR.

2-5. Casting the membrane:

The method of immobilizing the promethazine hydtodde into
the PVC matrix membrane was made as described big Baal**2. A
0.040 g of (PMH-PT) matrix was mixed with 0.360 fgptasticizer and
0.17 g of PVC powder, after that (6.0 or 7.0) mlTéfF was added with

stirring until the formation of viscous solutionh& above solution poured
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into a glass casting ring about 30 mm length anan8bin diameter. It
consists of two pieces; one of them is the glagsdsr and the other is
glass plate. The two pieces was pasted togetharsimg (PVC-THF)
viscous mixture (to make sure no loss in the mend®maixture) figure
(2-1). The top side of the cylinder was coverechvaitpad of filter paper
on which a heavy weight (~200 g) was placed. Tisermbly was left for

2-3 days to allow graduate evaporation of the stlve

2-6. Assembling the ion-selective electrode:

The glass ring with adhering membrane was carefaliyoved from

the glass plates as shown in figure (2-1§ §8ep). The membrane was
then detached away from the edge of the ring. & disthe membrane
was cut equal to the external diameter of a PV@,tstep 4.0ne of sides
of PVC tubing was flatted and smoothed by placingn glass plate
moistured with THF with aid of vertical rotatioithe disc then mounted
with a forceps on the polished end, the outer exighe disc membrane
was carefully sealed to the end of the PVC tubep ¢5). Next step is
connection into a glass tube, step (6). The otider af the glass tube was
assembled with plastic cover in which Ag/AgCl wiveas inserted
through it, the tube was filled 3/4 with 0.1M praim&zine hydrochloride
solution before fixing the cover, step (7). Thecalede was then
conditioned by placing it in 0.1M solution contaigi the ion to be

measured (at least 2 hour's) before using.
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glass
cylender

THF+
PVC

membrane

AgrAgcCl T i \

wire

inner
solution

-
(6) (3)

Figure (2-1): Assembling the lon-selective Electae.

2-7.Potential measurement:

A promethazine hydrochloride selective electrodel aaturated
calomel electrode (SCE) were used as indicatingtrelde and the
reference electrode, respectively. The e.m.f. nreasents were carried
out at room temperature using the following cell:

Ag/AgCI | internal sol. of PMH (0.1 M) | menalne (PMH+PT)|
external sol. of (PMH) (X M) | SCE

A calibration curve was constructed for each ISkhgiseveral
standard solutions ranged from "0/ to 10° M promethazine
hydrochloride. The test solutions were constantiiyesl with magnetic
stirrer. The activity coefficients of the abovarsdards were calculated
using Deby-Hiikle equatidi{’ (2-1):

Log f = AZ° Vp/(1+0.329 R \p)
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Where

f :is the activity coefficient.

z :is the charge of the analyte ion.

w: is the ionic strength of the solution.

A :is constant which depend on temperature ancesblv

(A= 0.511 for water at 2&).

R: is the effective ionic radius of actual ion (Rsaken as

6A°).[37]
Calibration curves were then prepared by plottimg potential versus
the activity on Orion semi-log graph paper.

From the calibration curve all statistical factluding slope;
correlation coefficient, concentration range andedgon limit, which
characterize the manufactured electrodes were @tealu
The effect of pH on the response of membrane wasnmed by
measuring the potential of the standard solutiomis @oncentrations
(10°, 10% M at different pH ranged from 12; where the pH values
were adjusted with sodium hydroxide and HCL soh#iorl he life time of
each membrane was calculated; that is the decre&&nstian response

with the time after first measurement.

2-8. Selectivity measurements:

The selectivity of the electrode has been medsung two

methods.

1- The separate solution methdd’. In this method, standard
solutions (10-10°) M promethazindydrochloridewere prepared
and there potentials were measured. At the sangethimpotential
for interfering ions (Ui, Na', K*, C&*, Mg**, zr™*, AI**, Fée",

Cr**) which were selective due to their biological impace at
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concentrations range from (3010°) M were measured. From

equation (1-8) the selectivity coefficient candaéculated.

match method. This method is including to prepare standard
solution of promethazine hydrochloride of concetira 10° M
and 10 mL of the standard can be used for measuaternibe
potential of the standard promethazine hydrochéoGdl M was
remeasurement after addition of 0.1 mL of 0.1 Mnd&ad
solution. At the same time the potential was mesuafter
addition 0.1mL of 0.1 M interfering ions (LiNa’, K*, C&",
Mg?*, Zré*, AI**, Fé*, CP*") which were selective due to their
biological importance. From equation (1-11) the esBVity
coefficient can be calculated.

2-9. Sample analysis:

Three synthetic samples of the different concewmatwere
prepared. The concentration of these samples waleulated using
direct, standard addition (SA) and titration methasing Gran plot
(except for direct method).

In the direct method the e.m.f. of sample is mesdirectly using
promethazine hydrochloride indicator electrode figare (1-1). The
concentration was then calculated using calibrattarve of standard
promethazine hydrochloride.

In the standard addition method the sample of 10amh concentration
of 1x10° M is introduced followed by addition of 0.1 mL of10M

increments. The e.m.f. is calculated before aner atich addition. The

concentration of the sample is calculdf8dusing equation (1-12) for a

single point increment.
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These methods depend on the fact that the pldeofrede potential
(mV) against concentration (M) is a logarithmic eir Thus any
particular ratio of the amount of increase in mV mesponse to a
particular increase in concentration (i.e. the slopthe curve) will only
fit in one unique part of the curve and thus thecemtration before and
after addition can be determined. The multi additethod was plotted
between antilog [(EE,)]/S and volume addition of standard solution.

A SA Gran's plot was also prepared on semi-antdogph paper by
plotting the cell potential versus the added voluafestandard. The
concentration of each sample was then calculate8A(Nhethod) by
extrapolating the x-axis of the calibration ffhe

A precipitation titration was then performed & tsamples under
study after the addition of phosphotungistic acmlugon, and the
precipitation titration was studied in the diffetenedia( acid, base, and
neutral). The titration is then followed potentidneally using the
prepared ISE. A titration curve using Geaplot was then constructed for
each sample. The titration method was includedtatrhydroquinone
solution with analyte sample and measured the pateafter addition

hydroquinone.

2-10. Preparation of pharmaceutical formulation:

Three phenergan tablets were crushed, mire@ mortar and
weighted of three tablets accurately, then takeerage weight of
tablets. Preparation of concentration®1® by weighted from the
average weight and dissolved in 50 ml with stirriteg prepare this

concentration.
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Conclusion:

Promethazine-sel ective PV C membrane el ectrodes based on ion pair
compound (complex) of PMH-PT and (DBP,TBP,ONPOE,DBPH) as
plasticizers were constructed, and used as a method for potentiometric
determination. The electrodes can be used for drug determination in
pharmaceutical formulation.

The best electrode for PMH was based on (DBPH) which gives
excellent electrode parameters as well as good result in determination of
PMH. Also there is no interference for some cations (Li**, Na'*, K**,
Mg, Ca'?, Zn*, Al Fe™, Cr™), it was also that the working pH was in
the range (2-7). The practical utility of the electrode has been
demonstrated by use it as indicator electrode in potentiometric
precipitation titration of PMH solution with phosphotungistic acid
solution. Standard addition method and multi standard addition method
have been also successfully applied and presenting an excellent results.

The proposed electrode was successfully applied to the
determination of promethazine hydrochloride in pharmaceutical
preparation (Phenergan). The analytical method proposed proved to be

simple, rapid and of good accuracy.
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Futurework:

Based on the above study, future work can be conducted on the
other | SE s which can be fabricated using:

1. Preparation electrodes for drugs and amines.

2. To extend our work by using another plasticizers to find excellent

electrode parameters.

3. Using another matrices instead of PV C in order to compare with PVC

matrix.

4. Other amount and percent of components proportionsin membrane,
through fixing one of the components and changing the others.




List of Figures

List of figures

Basic component of ion-selective electrode

Classification of ion-selective membrane (for catiwic analyses)

Structure formula of promethazine hydrochloride

Assembling the lon-selective Electrode

FTIR spectrum of standard promethazine hydrochloride.

FTIR spectrum of (PMH-PT) electro-active substance.

Calibration curve of promethazine hydrochloride seéctive electrode using

(DBP) as plasticizer.

Calibration curve of promethazine hydrochloride seéctive electrode using

(TBP) as plasticizer.

Calibration curve of promethazine Hydrochloride seéctive electrode using
(ONPOE) as plasticizer.

Calibration curve of promethazine Hydrochloride seéctive electrode using

(DBPH) as plasticizer.

Effect of pH on the potential of the electrode A (RIH-PT+DBP).(¢=107,
m=10°) M promethazine hydrochloride.

Effect of pH on the potential of the electrode B (FIH-PH+TBP). (#=107,
m=10% M promethazine hydrochloride.

Effect of pH on the potential of the electrode C (MH-PT+ONPOE). (¢=10

2 m=10°) M promethazine hydrochloride.

Effect of pH on the potential of the electrode D (MH-PT+DBPH). (¢=107,
m=10% M promethazine hydrochloride.

Calibration curve for electrode D (PMH-PT+DBPH) after used buffer at
pH =4

Response time of electrode A based on DBP for 0.1 lromethazine

hydrochloride.

Response time of electrode A based on DBP for 0.8b promethazine
hydrochloride.




List of Figures

Response time of electrode A based on DBP for 0.ML promethazine

hydrochloride.

Response time of electrode A based on DBP for 0.00b promethazine

hydrochloride.

Response time of electrode A based on DBP for 0.0 promethazine

hydrochloride.

Response time of electrode A based on DBP for 0.0PI promethazine

hydrochloride.

Response time of electrode A based on DBP for 0.@I0M promethazine

hydrochloride.

Response time of electrode B based on TBP for 0.1 lgromethazine

hydrochloride.

Response time of electrode B based on TBP for 0.86 promethazine

hydrochloride.

Response time of electrode B based on TBP for 0.PL promethazine

hydrochloride.

Response time of electrode B based on TBP for 0.00b promethazine

hydrochloride.

Response time of electrode B based on TBP for 0.0BlL promethazine

hydrochloride.

Response time of electrode B based on TBP for 0.d0O® promethazine

hydrochloride.

Response time of electrode B based on TBP for 0.@I0OM promethazine

hydrochloride.

Response time of electrode C based on ONPOE for (ML promethazine

hydrochloride.

Response time of electrode C based on ONPOE for B.M promethazine

hydrochloride.

Response time of electrode C based on ONPOE for 0.M promethazine

hydrochloride.

Response time of electrode C based on ONPOE for 09OM PMH




List of Figures

Response time of electrode C based on ONPOE for 0OXM PMH.

Response time of electrode C based on ONPOE for 0L M PMH.

Response time of electrode C based on ONPOE for 0001 M PMH.

Response time of electrode D based on DBPH for (VL PMH.

Response time of electrode D based on DBPH for 0.06 PMH.

Response time of electrode D based on DBPH for 0.0 PMH.

Response time of electrode D based on DBPH for 0™ PMH.

Response time of electrode D based on DBPH for 00 PMH.

Response time of electrode D based on DBPH for 0G®M PMH.

Response time of electrode D based on DBPH for 0GOM PMH.

Response time of electrode D based on DBPH for 0L M PMH.

Selectivity of electrode A(PMH-PT+DBP) for Li" cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

lithium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) for Nd cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

potassium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) for K’ cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of
sodium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) for Md*“ cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

magnesium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) for Cd” cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

calcium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) for Zn' cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

zinc cation interfering.

Selectivity of electrode A(PMH-PT+DBP) for Al cation interfering by

separation method¢ promethazine hydrochloride solutions,A solutions of

aluminum cation interfering.




List of Figures

Selectivity of electrode A(PMH-PT+DBP) for F&° cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

ferric cation interfering.

Selectivity of electrode A(PMH+PT+DBP) forCr* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

chromic cation interfering.

Selectivity of electrode B(PMH-PMT+TBP) for Li* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

lithium cation interfering.

Selectivity of electrode B(PMH-PT+TBP) for Nd cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

sodium cation interfering.

Selectivity of electrode B(PMH-PT+TBP) for K cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

potasium cation interfering.

Selectivity of electrode B(PMH+PT+TBP) for Md* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of
magnesium cation interfering.

Selectivity of electrode B(PMH-PT+TBP) for Cd” cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions

calcium cation interfering.

Selectivity of electrode B(PMH-PT+TBP) forZn'™ cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

zinc cation interfering.

Selectivity of electrode B(PMH-PT+TBP) forAl”® cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

aluminum cation interfering.

Selectivity of electrode B(PMH-PT+TBP) forFé* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

ferric cation interfering.

Selectivity of electrode B(PMH-PT+TBP) for Ci* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

chromic cation interfering.




List of Figures

Selectivity of electrode C(PMH-PT+ONPOE) for Li" cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

lithium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) for Na cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

sodium cation interfering.

Selectivity of electrode C(PMH+PT+ONPOE) for K cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

potassium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) for Md* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

magnesium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) for Cd? cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

magnesium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) for Zri* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of
zinc cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) for Al cation interfering by

separation method¢ promethazine hydrochloride solutions,A solutions of

aluminum cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) for F&® cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

ferric cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) for Ci* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of
chromic cation interfering.

Selectivity of electrode D(PMH-PT+DBPH) for Li™* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of
lithium cation interfering.

Selectivity of electrode D(PMH-PT+DBPH) for N&* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of
sodium cation interfering.

Selectivity of electrode D(PMH-PT+DBPH) for K'* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of
potassium cation interfering.




List of Figures

Selectivity of electrode D(PMH-PT+DBPH) for Mg cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

magnesium cation interfering.

Selectivity of electrode D(PMH-PT+DBPH) for C&? cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

calcium cation interfering.

Selectivity of electrode D(PMH-PT+DBPH) for Zn' cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

zinc cation interfering.

Selectivity of electrode D(PMH+PT+DBPH) for Al cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

aluminum cation interfering.

Selectivity of electrode D(PMH-PT+DBPH) for Fé* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

ferric cation interfering.

Selectivity of electrode D(PMH-PT+DBPH) for Cr* cation interfering by
separation method¢ promethazine hydrochloride solutions,A solutions of

chromic cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10°) M for
Li ** cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of lithium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
Li ™ cation interfering by Match method,# promethazine hydrochloride

solutions, A solutions of lithium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10°) M for
Na'* cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of sodium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
Na'** cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of sodium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concentation (10°) M for K **
cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of potassium cation interfering.




List of Figures

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
K *! cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of potassium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10°) M for
Mg *? cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of magnesium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
Mg *2 cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of magnesium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10°) M for
Ca*? cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of magnesium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
Ca*? cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of calcium cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10°) M for

Zn *? cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of zinc cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
Zn *? cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of zinc cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concentition (10°) M for
Al *3 cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of aluminum cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
Al *3 cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of aluminum cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10°) M for
Fe*3 cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of ferric cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
Fe*3 cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of ferric cation interfering.

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10°) M for
Cr * cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of chromic cation interfering.




List of Figures

Selectivity of electrode A(PMH-PT+DBP) at concenttion (10%) M for
Cr *3 cation interfering by Match method.# promethazine hydrochloride

solutions, A solutions of chromic cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concenation (10°) M for
Li ** cation interfering by Match method ¢ promethazine hydrochloride

solutions, A solutions of lithium cation interfering.

Selectivity of electrode C(PMH+PT+ONPOE) at concemation (10™) M
for Li ** cation interfering by Match method ¢ promethazine hydrochloride

solutions, A solutions of lithium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concenation (10°) M for
Na'* cation interfering by Match method ¢ promethazine hydrochloride

solutions, A solutions of sodium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concemation (10“) M for
Na*! cation interfering by Match method,# promethazine hydrochloride

solutions, A solutions of sodium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concenation (10°) M for
K ** cation interfering by Match method.# promethazine hydrochloride

solutions, A solutions of potassium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concemation (10“) M for
K *! cation interfering by Match method ¢ promethazine hydrochloride

solutions, A solutions of potassium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concenation (10°) M for

(3-100) Mg *? cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of magnesium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at conceration (10“) M for

(3-101) Mg*? cation interfering by Match method,# promethazine hydrochloride

solutions, A solutions of magnesium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concenation (10°) M for
(3-102) Ca'*? cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of calcium cation interfering.




List of Figures

Selectivity of electrode C(PMH-PT+ONPOE) at concemation (10“) M for
(3-103) | Ca'*? cation interfering by Match method,# promethazine hydrochloride

solutions, A solutions of calcium cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concenation (10°) M for
Zn*? cation interfering by Match method,# promethazine hydrochloride

solutions, A solutions of znic cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concemation (10“) M for
(3-105) | Zn™? cation interfering by Match method,# promethazine hydrochloride

solutions, A solutions of znic cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concenation (10°) M for
(3-106) | AI*® cation interfering by Match method ¢ promethazine hydrochloride

solutions, A solutions of aluminum cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concemation (10“) M for
Al*3 cation interfering by Match method ¢ promethazine hydrochloride
solutions, A solutions of aluminum cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concemation (103 M for
(3-108) | Fe' cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of ferric cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concemation (10“) M for
(3-109) | Fe™ cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of ferric cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concenation (10°) M for
(3-110) | cr*® cation interfering by Match method,¢ promethazine hydrochloride
solutions, A solutions of chromic cation interfering.

Selectivity of electrode C(PMH-PT+ONPOE) at concemation (10“) M for
(3-111) | cr*® cation interfering by Match method# promethazine hydrochloride
solutions, A solutions of chromic cation interfering.

Selectivity of electrode B(PMH-PT+TBP) at concenttion (10°) M for
(3-112) | Li ** cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of lithium cation interfering.

Selectivity of electrode B(PMH-PT+TBP) at concenttion (10%) M for
(3-113) | Li ** cation interfering by Match method ¢ promethazine hydrochloride

solutions, A solutions of lithium cation interfering.




List of Figures

Selectivity of electrode D(PMH-PT+DBPH) at concemation (10°) M for
(3-114) | Li ** cation interfering by Match method# promethazine hydrochloride

solutions, A solutions of lithium cation interfering.

Selectivity of electrode D(PMH-PT+DBPH) at concemation (5x10%) M
(3-115) | for Li *1 cation interfering by Match method ¢ promethazine hydrochloride

solutions, A solutions of lithium cation interfering.

Calibration curve of antilog (E/S) versus the volure added of standard
(3-116) | (0.1 M) for determination of promethazine hydrochlaide solution (10° M)
by (MSA) of electrode C (PMH-PT+ONPOE).

Calibration curve of antilog (E/S) versus the volure added of standard
(3-117) | (0.1 M) for determination of promethazine hydrochlaide solution (10* M)
by (MSA) of electrode C (PMH-PT+ONPOE).

Calibration curve of antilog (E/S) versus the volune added of standard
(0.1 M) for determination of promethazine hydrochlaide solution (10° M)
by (MSA) of electrode C (PMH-PT+ONPOE).

Calibration curve of antilog (E/S) versus the volune added of standard
(3-119) | (0.1 M) for determination of promethazine hydrochlaide solution (10° M)
by (MSA) of electrode D (PMH-PT+DBPH).

Calibration curve of antilog (E/S) versus the volure added of standard
(0.1 M) for determination of promethazine hydrochlaide solution
(5x10* M) by (MSA) of electrode D (PMH-PT+DBPH).

Calibration curve of antilog (E/S) versus the volune added of standard
(3-121) | (0-1 M) for determination of promethazine hydrochlaide solution (10* M)
by (MSA) of electrode D (PMH-PT+DBPH).

Gran plot of response (mV) versus volume (mL) of th added stander for
the determination of 0.001 M promethazine hydrochldde for electrode
C(PMH-PT+ONPOE).

Gran plot of response (mV) versus volume (mL) of th added stander for
(3-123) | the determination of 0.0001 M promethazine hydrocloride for electrode
C(PMH-PT+ONPOE).

Gran plot of response (mV) versus volume (mL) of t added stander for
the determination of 0.001 M promethazine hydroctdride for electrode D
(PMH-PT+DBPH).




List of Figures

(3-125)

Gran plot of response (mV) versus volume (mL) of th added stander for
the determination of 0.0005 M promethazine hydrocloride for electrode
D(PMH-PT+DBPH).

(3-126)

Titration curve of electrode C(PMH-PT+ONPOE) for sample solution
containing 0.01 M promethazine hydrochloride with D.2 ml of 0.01 M of
PT as a titrant solution at pH 5.08.

(3-127)

Titration curve of electrode C(PMH-PT+ONPOE) for sample solution
containing 0.001 M promethazine hydrochloride with10.1 ml of 0.001 M of
PT as a titrant solution at pH 5.67.

(3-128)

Titration curve of electrode D(PMH-PT+DBPH) for sample solution
containing 0.01 M promethazine hydrochloride with 98 ml of 0.01 M of PT

as a titrant solution at pH 5.08.

Titration curve of electrode D(PMH-PT+DBPH) for sample solution
containing 0.001 M promethazine hydrochloride with9.9 ml of 0.001 M of
PT as a titrant solution at pH 5.67.

(3-130)

Titration curve of electrode D(PMH-PT+ONPOE) for sample solution
containing 0.001 M promethazine hydrochloride of @01 M of PT as a
titrant solution at pH 7.39.

(3-131)

Titration curve of electrode D(PMH-PT+ONPOE) for sample solution
containing 0.001 M promethazine hydrochloride with 0.001 M of PT as a
titrant solution at pH 9.98.

(3-132)

Titration curve of electrode C(PMH-PT+ONPOE) for sample solution
containing 0.01 M promethazine hydrochloride with 001 M of PT as a
titrant solution at pH 7.20.

(3-133)

Titration curve of electrode C(PMH-PT+ONPOE) for sample solution
containing 0.01 M promethazine hydrochloride with 001 M of PT as a
titrant solution at pH 9.68.

(3-134)

Titration curve of electrode D(PMH-PT+DBPH) for sample solution
containing 0.01 M promethazine hydrochloride with 001 M of PT as a
titrant solution at pH 7.03.

(3-135)

Titration curve of electrode D(PMH-PT+DBPH) for sample solution
containing 0.01 M promethazine hydrochloride with 0.01 M of PT as a
titrant solution at pH 10.1.




List of Figures

Titration curve of electrode D(PMH-PT+DBPH) for sample solution
(3-136) | containing 0.001 M promethazine hydrochloride with0.001 M of PT as a
titrant solution at pH 6.55.

Titration curve of electrode D(PMH-PT+DBPH) for sample solution
containing 0.001 M promethazine hydrochloride with0.001 M of PT as a
titrant solution at pH 9.73.

Titration curve of electrode D(PMH-PT+DBPH) for sample solution
(3-138) | containing 0.001 M promethazine hydrochloride with0.001 M of

hydrogquinone as a titrant solution at pH 5.68.

Calibration curve of antilog (E/S) versus the volure added of standard
(3-139) | (0.1 M) for determination of promethazine hydrochlaide drug(10° M) by
(MSA) of electrode C(PMH-PT+ONPOE).

Titration curve of electrode C(PMH-PT+ONPOE) for Drug solution
containing 0.001 M promethazine hydrochloride with0.001 M of PT as a

titrant solution.

Calibration curve of antilog (E/S) versus the volune added of standard
(3-141) | (0.1 M) for determination of promethazine hydrochlaide drug(10° M) by
(MSA) of electrode D(PMH-PT+DBPH).

Titration curve of electrode C(PMH-PT+ONPOE) for Drug solution
(3-142) | containing 0.001 M promethazine hydrochloride with0.001 M of PT as a

titrant solution.




List of tables

List of tables

The functional groups of spectrums for each promethzine hydrochloride a

promethazine hydrochloride- phosphotungstic acid.

Physical characterizes of four membranes.

Viscosity of plasticizers used in this work

Standard deviation of potential drift of the electodes.

Response characterizes of promethazine hydrochlor&dselective electrode.

Statistical treatments for drug concentrations ofelectrode A (PMH-
PT+DBP)

Statistical treatments for drug concentrations ofelectrode B (PMH-
PT+TBP)

Statistical treatments for drug concentrations ofelectrode C (PMH-
PT+ONPOE)

Statistical treatments for drug concentrations ofelectrode D (PMH-
PT+DBPH)

Working pH ranges for electrodes (A,B,C and D)

Response time atdso, for electrode A based on DBP

Response time atds, for electrode B based on TBP

Response time atdsy, for electrode C based on ONPOE

Response time atdsq, for electrode D based on DBPH

Selectivity coefficient values for electrode A(PMHPT+DBP), at different

concentrations in the presences of some cations.

Selectivity coefficient values for electrode B(PMHT+TBP), at different

concentrations in the presences of some cations.

Selectivity coefficient values for electrode C(PMHT+ONPOE), at

different concentrations in the presences of somatons.

Selectivity coefficient values for electrode D(PMH?T+DBPH), at different

concentrations in the presences of some cations.




List of tables

Calculation for five additions promethazine hydrocHoride standard using
(SA) method for electrode C(PMH-PT+ONPOE) at concetnation107 M.

Calculation for five additions promethazine hydrocHoride standard using
(SA) method for electrode C(PMH-PT+ONPOE) at concetnation10™ M.

Calculation for five additions promethazine hydrocHoride standard using
(SA) method for electrode C(PMH-PT+ONPOE) at concetnation10™° M.

Calculation for five additions promethazine hydrocHoride standard using
(SA) method for electrode D(PMH-PT+DBPH) at concermration10 M.

Calculation for five additions promethazine hydrocHoride standard using
(SA) method for electrode D(PMH-PT+DBPH) at concemation 5x10* M.

Calculation for five additions promethazine hydrocHoride standard using
(SA) method for electrode D(PMH-PT+DBPH) at concenttion10™ M.

Reading of (MSA) method for electrode C (PMH-PT+ONBE) at

concentration 10° M.

Reading of (MSA) method for electrode C (PMH-PT+ONBE) at

concentration 10* M.

Reading of (MSA) method for electrode C (PMH-PT+ONBE) at
concentration 10° M.

Reading of (MSA) method for electrode D (PMH-PT+DBMP) at
concentration (10°%) M.

Reading of (MSA) method for electrode D (PMH-PT+DBP) at
concentration 5x10° M.

Reading of (MSA) method for electrode D (PMH-PT+DBP) at

concentration 10* M.

Volume at intercept with X axis and calculation theconcentration Gy(M)
for electrode C and D by (MSA) method.

Promethazine hydrochloride sample analyses by usingptentiometric
methods for electrode C(PMH-PT+ONPOE) and electrod®(PMH-
PT+DBPH).

Promethazine hydrochloride sample analyses by usirtgration method for
electrode C(PMH-PT+ONPOE) and electrode D(PMH-PT+DPH).




List of tables

Calculation for five additions promethazine hydrocHoride using (SA)
method for electrode C(PMH-PT+ONPOE) of drug at coeentration 10°
M.

Reading of (MSA) method for electrode C(PMH-PT+ONP@) of drug at
concentration (10%) M.

Calculation for five additions promethazine hydrocHoride using (SA)
method for electrode D(PMH-PT+DBPH) of drug at conentration10™ M.

Reading of (MSA) method for electrode D(PMH-PT+DBPH of drug at

concentration (10%) M.

Volume at intercept with X axis and Calculation theconcentration Gy(M)
of electrode C and D by (MSA) method for drug soltion.

Promethazine hydrochloride tablets analyses by usgpotentiometric
methods for electrode C(PMH-PT+ONPOE) and electrod®(PMH-
PT+DBPH).

Promethazine hydrochloride tablets analyses for ettrode C(PMH-
PT+ONPOE) and electrode D(PMH-PT+DBPH).




References

Refer ences:

[1]. Buck, R.P., " lon transfer kinetics principland applications"
Sandfer, J. R., (Eds.); VCH Publishé&tsw York, chapter 219,
54, (1995).
[2]. Buck, R. P. and Lindner, E.; Anal. Chef).88 (2001).
[3]. Cremer, M. and Biol, Z.; Physic Cheiz, 385 (1906).
[4]. Haber, F. and Klemensiewicz, Z.; Physie@h,67, 385 (1909).
[5]. Tendeloo, H., J. C. and Biol; J. Chefii3, 333 (1931).
[6]. Tendeloo,H., J. C., Rec. Trav. Chirb5, 227 (1936).
[7]. Kolthoff, I. M., Sanders, H. L. and Am,Ghem. Soc 59, 416
(1937).
[8]. Lengyel, B. and Blum, E.; Trans. Sag0, 461 (1934).
[9]. Frant, M. S., Analysf,99, 2293-2301 (1994).
[10]. Tendeloo, H., J. C. and Krips, A.; Recaw.rChim.,76, 703
(1957).
[11]. Tendeloo,H., J. C. and Krips, A.; Rec. Tr&him.,76, 946
(1957).
[12]. Frant, M. S., J. Chem. (EducZ¥ (159), 166 (1997).
[13]. Pungor, E. and Hollos-Rokosinyi, Acta chi\tad. Sci. Hung27,
63 (1961).
[14]. Bloch, R., and Shatkay, A.; Scien&B6, 3780 (1967).
[15]. Moody, G. J., Oke, R. B. and Thomas, JRD.Analyst,95, 910
(1970).
[16]. Koryta, J., Inst. Physiol., Czechoslovakaél. Sci.,
Czechoslovakia, Anal. Chig83, 1-30 (1990).
[17]. Covington, A. K.," lon selective electrodeethodology. Voll,
CRC press, Boca Raton, 1-20 (1990).




References

Koryta, J., (Ed.), "Medical and biologicgbplications of
electrochemical devise", Wilely, Chi Chester (1280
Wilkipedia, the free encyclopedia ,"ionesive electrode”,
(2005).

Henry; Frieser, " lon selective electrode#\nal. Chem., Voll,
plenum press, New York, (1978).

Mutaz, A. A., M. Sc. thesis," Preparatiardacharacterization of
Atenolol selective electrode”, DepartmehitChem., AL Nahrain
University (2005).

Frant, M. S., J. Chem. (Edu@j, 199 (1997).

Skoog, D. A., West D. M, "Principles of tnsmental Analysis" 4
ed. , Saunders College publishing, Far({d985).

. Waklda, S. and Yamene, M., Chemical Abstratt,166-295

(1989).

Kobos, R., Kveleigh, J. W., Stepler, M. Hatey, B. J. and Papa,
S. L., Anal. ChemgpQ, 18 (1996).

Attyat, A. S., Christian, G. D., Hallman,Ll, Bartsch, R. A.,
Talanta35(10), 789 (1988).

Craggs, A., Moody, G. J., Thomas, J. D.Ghem. ed.51(8),

541 (1974).

Mannia, D. L., Stokely, J. R. and MayowyikW., Anal. Chem.,
45, 1116 (1974).

RUzZicka, J., Hansen, E. H. and Tjell, J. C., Anal. Ci8i#155
(1973).

Craggs, A., Moody, G. J. and Thomas, JRD.Talanta22, 907
(1975).

Internet, "A beginner guide to ion seleet®lectrode

measurement”, chapter(8005); "http//www.nico2000net".




References

. Allin, J. B. and Lary, R. F., " Electrocheral methods
fundamental application" John Wiley and Sons (Edxnada
(1980).
Moody, G. J., and Thomas, J. D. R., Tald®s623 (1972).
Moody, G. J., and Thomas, J. D. R., iorestle electrode, Rev.,
1, 3 (1979).
Markr, Anderson and Brianm, Tissue, "Poi@mietry"
(1997).
Maj-Zurawska, M.; Hulanicki, A., Chem. Angd4, 197-212
(1989).
Moody, G. J. and Thomas, J. D. R., "Selexton sensitive
electrode", Marrow Watford, England (1971
Davis, M. L.; Taghe, B. J., Selective etede Rev. 13, 159
(1991).
Eric, G., Bakker, Philippe, B. and Bm Chem. Rev97, 3090
(1997).
Baiulescu, G. E. and Cosofret, V. V.; "Amaition of ion
selective membrane electrode inorganayais", John Wiley and
Sons Inc. (1997).
Baily, P. L., "Analysis with ion selectivaectrodes" ?' ed.,
Heyden, London, (1980).
Srinivasan, K. and Rechnit, G. A., Anal.ebh42, 444 (1970).
Yoshio, U., Philippe, B., Kayoko, U., Koji, and Shigern, A.,
pure and Appl. Chen72(10), 1851-2082 (2000).
Gadzekpo, V., P. Y. and Christian, G. Dinah Chim.,164, 279
(1984).
Koji, T., Diana, D., Masahiro, S. and YoshU., Anal. Science,
17,734 (2001).
Wroblewski, W., lon selective electrodez)04).




References

Baily, P. L., "Analysis with ion selectivaectrodes"”, Thomas,
L. C., (Ed.), Heyden and Son, (1976).
Nernst, W., Rcisenfeld, E. H., Ann. Phy;.600 (1902).
International Union of Pure and Applied @hstry,
Recommendation for Nomenculture of lon Selectilestrodes,
Pure Appl. Chem, 127 (1976).
Baily, P. L., "Analysis with ion selectivadectrodes"; Heyden
and Son Ltd., (1980).
Pungor, E. and Toth, K., Analy8t, 625 (1970).
Alexander, P. W. and Rechnitz, G. A., Ar@hem. 46,250
(1974).
Internet, "Beginners guide to ion seleetelectrodes" Chapter 2,
(2005).
Vesely, Y. J., Weiss, D. and Stuliki, KAnalysis with ion
selective electrode"John Wiley and Sons, (1978).
Mascini, M., " Selective electrode", ReX(]), 27 (1980).
Alun, E., "Potentiometry and ion selecteiectrode", John
Wiley and Sons, (1987).
Gran, G., Analysf/7, 661 (1952).
Meyerhoff, M. E., and Opdycke, W. N., "Agivces in clinical
chemistry"1-47, 25 (1986).
"British pharmacopoeia on CD-ROM", versibnCopyright by
Crown Ltd., London, 84 (2000).
Rhone, P., "Phenergan" , Better life phaaym&2006).
. Auckland, Data sheet "Phenergan”, Inforomafior health
professionals,(2005).
. Alwan, A. S. and Abou, Y. Z., Iraq Drug Glei, ' ed.,
Baghdad, Iraq, (1990).




References

[73].

[74].

[75].

Devani, M., Suhagia, B. and Shah, S., Jaluoh pharmaceutical
Science§1(2), 110-112 (1999).

Karpi, S. J., Anal. Scienc&/(2), 53-249 (2001).
Padmarajaiah, N., Hemmige, S. Y., KallanghR., S. and
Ramanathapura, A. V., Analytical Lettd?ablisher, Taylor and
Francis35, 9 (2002).

Ramakrishna, V. , Basavaiah, K., PramadlaC., Nage

G.P., Journal of Sciencg(3), 159-166 (2004).

Tehseen, A., Jamil, A., Ayesha, A. andbha, L. Analytical
Letters, Publisher, Taylor and Fran8&14), 2961-2974
(2003).

Mantai, Z. M. and Rick, A. FJournal of Chromatographic
Science39(2), 49-53 (2001).

Francisco, J. L., Ana, M., G. C., Fermin,B\, Juan, M., B. S.,
Anal. Chim.535, 101-108 (2005).
Henning, F. P., Herman, J. L. and Dar®IM., Clin. Chem.,
24(11), 1948-1953 (1978).
Clement, B., Lustig, K. and Ziegler, D., Ikai Pharmacy ColLib,
21(1), 24-29 (1993).
Goran, S., Predrag, N., Dinko, Z., Vladim., Vitomir, S. And
Vera, Simeon-Rudolf, Journal of Steremtstry, Publisher
Group7(2-3), 149 — 156 (2002).
De Mol, N. Jand Jac, K., Journal of pharmacy world and
sciencel, 3 (1985).
Stanaszek, W.F., Ing-Hsiung, P., Am Hgsp Pharm35, 1084
(1978).
Pundlik, M., D. B., Sitharaman, and InderK., Journal of
Chromatographic Scien88(2), 73-76 (2001).




References

lzabela, W.; Katarzyna, M.; Andrzej, Pdaviaria, K. Journal of
microChimica Acta, Publisher, SpringeieW 129(1-2) , 121-126
(1998).
Bhushan, R.; Gupta, D.; Journal of biomablchromatography,
19, 6 (2005).
Sreenivasa, R.; Vanapalli, Sivarama, Rmkhampati, Lakshmi,
P.; David, W.A. and Bourne, JournaChiromatographic
Science39(2), 70-72 (2001).
Vasile, V. C., (Ed.), "Membrane electrodesirug-substances
analysis", Pergamon press, Oxford, Nerk, Paris, (1982).
Khaleda, H. S., Ph. D. thesis , "Quaniti@tdetermination of
some antibiotic drug of Penicillin a@dphalosprian groups
through a new selective electrode asrdvdtive
spectrophotometry”, Department of Chekik. Mostanseria
University (2006).
[81]. Mohsen, M. Z., Raga, E. S., and MostafaEA Turk J.Chem30,
307-323 (2006).
[82]. Hassan, Y. A.; Xian, X. S. and Cheng, .J.S&nsors2, 424-
431(2002).
[83]. Bingyin, L.; Zhijun, Z. ; Xinkui, Y.; Taimg, L. and Guanghna,
Y.; Analysti13, 57-60 (1988).
[84]. Anastasid, M. P.; Theodore, K. C.; Eletftios, p. D. and
Themistocles, P. H.; Analy&f0, 1091- 1094 (1985).
[85]. Hopirtean, H. ; Miklos, M.; Rec. Chim., (BharestR9, 1178
(1978).
[86] Fukamaki, K.; Ishibash, N. and Bunseki, X7, 152 (1978).

[87]. Negoiu, D.; lonescu, M. S.; Cosofret, \\.Valanta, Rev. Chim.,
(BucharestB0, 72 (1979).




References

[88].

[89].

[90].

[91].

[92].

[93].

[94].

[95].

[96].

[97].

[98].

[99].

[100].

[101].

[102].

Fukamachi, K.; Ishibashi, N. and Yakugaky,99, 126 (1979).
Tadao, S.; Anal. SciencE/, 1379-1381 (2001).
Hopkala, H.; Drozd, J. and Zareba, S.;Plenieb2-4, 307(1997).
Badawy, S. S.; Shoukry, A. F. and IssalWY.. Analyst]111, 1363-
1365(1986).
Hopkala, H.; Drozd, J. and Gumieniczek, @hiem. Anal.
(Warsawy7, 75(2002).
Hopkala, H.; Drozd, J. and Zareba, S.;Plznieb4-8, 600-602
(1999).
Hanna, H. and Joanna, D.; Chem. Anal. (\Majs44, 603 (1999).
Ryszard, D.; Analysf,14, 21-24 (1989).
Zhi-Hualiu, Meng-Liang, W. and Xiong, J.nAlytical science&6,
885 (2000).
Saad, S.; Hassan, M. and Saoudi, M.; Astalyl1, 1367 (1986).
Khalil, F. and Ramin, M.; Analytical Sciess,18, 133 (2002).
Saad, S.; Hassan, M. and Hamada, M. Aglyst,113, 1709-
1713 (1988).
Mariana, S. I.; Abrutis, A. A.; Nora, RBaiulescu, G. E. and
Cosofret, V. V.; Analyst]10, 929-931 (1985).
Othman, A. M.; Rizka, N.; M. H. and ShahaM. S.; Analytical
Science20(4) , 651 (2004).
Kina, K.; Maekawa, N. and Ishibashi, Bull, Chem. Soc. Jap.,

6, 2772 (1973).




References

Georgia, N. V. and Panayiotis, E. M.; Arsd| 114, 387- 391
(1989).
Saad, S.; Hassan, M. and Eman, E.; Angljigt 735- 737
(1989).
Carmack, G. D. and Freiser, H., Anal. Ché®n 1577 (1977).
Oi-Wah, L.; Shin-Fai, L. and Yin-Ming, CAnalyst,114, 1047-
1049 (1989).
Mohammad, R. G.; Mohammad, R. P.; Mojteba, Taherh, P.;
Morteza, R.; Mehran, J. and Hashem Aalytical Sciences,
9(7), 995 (2003).
Mohammad, R. G.; Mahnaz, A.; HooshangAPash, M. and
Mahmood, R. S.; Analytical SciencE¥10), 1387 (2003).
Golamreza, K.; Hadi, R. and Abdollah, Analytical Sciences,
21(3), 297 (2005).
Saad, S. M.; H., Wagiha, H. M.; MohamedFA E. and Mabhra,
H. A.; Analytical Science$9(5), 675 (2003).
Takashi, K.; Nozomi, O.; Kiyoyuki, W.; Koka, T. and
Hirochika, Y.; Analytical Sciencel(5), 771 (2003).
Mohammad, M.A.; Ali, A. E.; Mohammad, S. &hd Hossain,
M.; Analytical Science%9(8), 1187 (2003).
Khalil, F.; Ramin, M.; Rouhollah, H. Ydashem, S. and

Moijtaba, S.; Analytical Scienc@§(5), 805 (2004).




References

[114]. Takashi, K.; Yuutaku, Y.; Keisuke, U.; Kdami, K. and
Takehiko, Y.; Analytical Scienc&4(2), 175 (2005).

[115]. Ashok, K. S.; Puja, S. and Rupam, S.;jnzal Sciences?1(2),
179 (2005).

[116]. Mohammad, M. A.; Hossein, D.; Maryamadd Hamid, R. Z.;
Analytical Science20, 1667 (2005).

[117]. Rakesh, K. M.; Pallavi, S.; Mohinder,N?.and Parvesh, S.;

Analytical Science20, 1423 (2005).

[118]. Zayed, S., |. M.; Analytical Scienc@§, 1043 (2005).

[119]. Issa,Y. M.; Abdel-Ghani, N. T.; Shouk#, F. and Howayda
M. A.; Analytical Science2], 1037 (2005).

[120]. Vogel, I.; (Ed.), " Quantitative inorgananalysis" 3ed.,

Longman, group LTD.,(1961).
[121]. Bakker, E.; Pretscn, E. and Qin, W.; ii&sie Sensors (Chinese),
21, 1 (2001).
[122]. Dauvis, J., E. W.; Moody, G. J.; Price, M. and Thomas, J. D.
R.; Lab. Practicg2, 20 (1973).
[123]. Hamid, R. Z., Masoud, S. N., Farkhonddh,Mohammad, M.,
and Navid, N., Analytical Sciencg, 815-819 (2004).
[124]. Cragges, A., Moody, G. L., and Thoma$)JR., J. Chem. Edu.,
51, 541 (1974).
[125]. Didarul, A. C., Takashi, O., Satsuo, &d Kousaburo, O., Anal.
Chem#£8, 366 (1996).




o

Republic of Iraq

Ministry of Higher Education and Scientific Research
Al-Nahrain University

College of Science

Department of Chemistry

Preparation and Potentiometric Study for
Promethazine Hydrochloride Selective
Electrodes and their Use in Determination of
some Drugs

A Thesis submitted to the College of Science Al-Nahrain
University in partial fulfillment of the requirements for
the Degree of Master of Science in Chemistry

By
Bashaer Abbas Khudhair A-Phalahy

B.Sc. in Chemistry (A-Nahrain University 2004)

2007 1428
February Muharam




Summary

Electrodes for the determination of promethazigdrbchloride based on

PVC membrane were prepared based on the use @liorfpromethazine-
phosphotungstic acid) with the following plasticizeDi-butyl phosphate
(DBP), Tri-butyl phosphate (TBP), O-nitrophenyldoggher (ONPOE), and
Di-butyl phthalate (DBPH). The properties of thesectrodes were studied,
including: slope, correlation coefficient, concatiton range, detection limit,
pH effect, and life time. The statistical treatnsemtere applied for the
results that include: relative standard deviatiBi®D), relative error (RE),
mean error, confidence limit for concentration, asahfidence limit for
potential.

The electrodes (A,B and C) based on DBP, TBP andPOQR
respectively, gave a same linear range from Ix01x10* M but for
electrode D based on DBPH gave the linear range fe10" to 5x10* M.
The slopes are (40.58, 39.82, 51.52 and 56.17) evéde, with the
correlation coefficients are (0.9984, 0.9988, 00%%d 0.9993), and the
limit of detection 3.5x19, 5x10°, 5.5x10* and 2x10 M respectively. The
pH range was (2.4-8.4), (1.5-6.4), (3.0-7.3) and-@!8) respectively, and
the lifetime were about (~29 days, ~23 days, ~2sdagd ~72 days)
respectively. The relative standard deviation (R§D8as (0.662, 0.802,
0.414 and 0.287) respectively.

The stability of the four electrodes was monitohtinuously and
evaluated; the standard deviation of potentialt aittained = (+3, +4, +9
and x1) mV/day for membranes (A, B, C and D) refipely. The

influence of inorganic cations such as'(lla’, K*, Mg*?, Ca?, zZn*?, Al*®,
Fe™, Cr?) for the electrodes (A, B, C, and D) was studiBdusing

separation and match methods to determine the ts@hecpotential




Summary

coefficient K", 5. It was found that the electrodes (D) based on IDBP

plasticizer gave excellent results; so, it has bebaosen as the best
combination of plasticizer and electro-active cooneh

The practical utility of the electrode hagbe&lemonstrated by using it's
as indicator electrode in potentiometric precipoiat titration of
promethazine hydrochloride solution with phosphgtatic acid solution
and with hydroquinone solution. Standard additioethmd and multi
standard addition method have been also successigplied and
presenting an excellent results.

The proposed electrode was successfully applidaetdetermination of
promethazine hydrochloride in pharmaceutical praj@n (Phenergan).
The analytical method proposed proved to be a smalpid and good

accuracy.
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Abbreviations

Abbreviations

Calibration curve

Centimeter

Capillary zone electrophoresis

Dibutylphosphate

Dibutylphthalate

Electromotive force

Fourier transform infrared spectroscopy

Fixed interference method

Fixed primary ion method

Gas chromatography

High performance liquid chromatography

Hydroquinone

lon-selective electrode

Liquid chromatography

Milligram

Milliliter

Millimeter

Match potential method

Microgram

Micro liter

Molarity




Abbreviations

Multi standard addition

Millivolt

Mass spectrophotometry

Ortho nitro phenyl octyl ether

Poly vinyl chloride

Promethazine hydrochloride

Phosphotungastic acid

Reference

Relative standard deviation

Relative error

Recovery

Saturated calomel electrode

separate solution method

State company for drug industries

Standard

Standard addition

Second

Tetrahydrofuran

Tributylphosphate
Time at 95%

Thin layer chromatography

Ultraviolet

visible

Volume
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