Chapter one Introduction

Introduction

1-1-lon selective electrode (ISE):-

lon selective electrodes (ISEs) are partgafup of relatively simple and
inexpensive analytical tools which are commonlerefd to as sensors. The pH
electrode is the most well known and simplest menabehis group and can be
used to illustrate the basic principles of ion stle electrode¥!. Also, ISE is a
transducer sensor which converts the activity ofspacific ion dissolved in
solution into an electrical potential which camineasured by a voltmeter or pH
meter. The sensing part of the electrode is usualfde as an ion specific
membrane, along with a reference electrode. Itmpoissible to measure the
interfacial potential directly, but this can be i@efed using a suitable
electrochemical cell and the potential is measwkeaquilibrium under a zero

current conditiof?,

1-2-lon selective electrode cell measurements:-

The cell consists of both an indicator anfemence electrode. Since the
potential of the reference electrode is constam, potential developed at the
indicator electrode that contains information akibetamount (activity) of analyte
in a sampleAn electrochemical sensor based on a thin seleotemmbrane or film
as recognition element is an electrochemical hallfequivalent to other half-cells
of the =zeroth (inert metal in a redox electrolytéelhe components of
electrochemical cell are shown in Figure 1-1. Thetential developed at the
membrane is the result of either an ionhexrge process or an ion transport

process occurring at each interface betweem#rmabrane and solution.
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Figure 1-1:- A classical ion selective electrodeetectrochemical ceff.

Generally, the cell contains two referenceteteles, “internal” and “external”,
and a selective membrane as the recognition elentémivever, besides this
conventional type of the cell with solution contact both sides of the membrane
there are ISE cell arrangements with wire contacbrie side of the membrane.
Conventional notation of the cell'f-

External ref| test solution| membrane] internal ref.

The measured cell e.m.f, E is described with thensteequatioff’:-
E=E’-(RT/nF)Ina 141
E = E°- (2.303RT/nF) log a ..1-2

Where E = constant for a given cell, E = the total potaintieveloped between the
sensing and reference electrode (mV), R = gas aohé3.314 joule mol&eg?),

T= temperature in Kelvin (298°K or 45), n = ionic charge, F = faraday constant
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(96485 coulombs), a = is the ion activity. At rodemperature (&) Nernst
equation is frequently expressed as:-

E=E’-(59.2/n)log a ... 1-3

Cell design according to the basic rule of dasigmf electrolytical cells, with a
condition that the current passed through the mltical cell equals zero, as
showed in Figure 1-1. The exchange that occursdeivthe internal and external
solution across the membrane depends on ionic agehand the active ionophore

which used in the membrarig.

— =0
Etotal =E+ Ejunction - Emembren ...1-4

1-3-Classification of ion selective electrode merabes:-
There are five types of ion selective membsansed in the construction of

ISEs, these are:-
1-3-1-Crystalline membrane electrode:-

Solid state electrode has a membrane made upiofk €rystal, for example,
chloride selective electrode with a poly solid @it The crystal lattice allows the
anions to move freely within an immobile framewarkcation, thus the ions do
penetrate and move about the crystal lattice. Thetredes usually have a true
Nernst response if the concentration is greaten th@® M. It becomes less

accurate at very low concentrations by the finitieilsility of the crystall®
1-3-2-Glass membrane electrodés

A glass electrode is a type of ion selective etetdgrand sensitive to a specific

jon. All  commercial electrodes respond to single arged ions,
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like H*, Na" and Adg. The most common glass electrode is the pH eldetrdhe
components of glass electrode are:-

* A sensing part of electrode, a bulb made from &ifipalass (e.g. a silicate
glass as a membrane).

* Sometimes the electrode contains a small amouAgGi precipitate inside
the glass electrode. Internal solution, usuallyM).HCl| and internal
electrode, usually silver chloride electrode oooal electrode.

» Body of electrode, made from non-conductive glagsastics.
» Reference electrode.

A typical modern pH cell as shown in Figdre, is called the combined
electrode, which contains both the glass and refereslectrodes into one body.
The inner tube contains an unchanging saturatedak@€0.1 M HCI solutiof!

Nom-gonductive glass

Internal refesence slactrods

Internal sotution 0 1M HCL

Buls: (sensing pard

Smallamount of AgCl

Figure 1-2:- A glass cell typg!.
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1-3-3-Liquid membrane electrodes:-
This kind of membrane is usually the supported RWa&lrix containing the ion

exchanger or ionophore dissolved in a suitable estlvmediator (plasticizer).
Without the exchanger or ionophore the ion of $éns unable to penetrate the
membrané®

A general rule is that PVC-based polymer membrarsesl for potentiometric
sensors should contain about 70% by weight plasticind 30% PVE!. The role
of the plasticizers is to lower the glass transittemperature of PVC in which a
homogenous and flexible films with good mechanstability are produced. The
amount of ionophore needed is only about 1% antuded in the amount of
plasticizer. The main component of electro-activeambrane is neutral or charged
compounds, which is able to complex ions reversdnlg to transfer them through
an organic membrane by carrier translocation. Taspound is called as an
lonophore or an ion carrier. There are two kindenbphores: charged and neutral
carriers. They are mobile in both free and comgéems, so the mobility of all
species is part of the selectivity coefficient tibge with ion-exchange equilibrium.
The mobile binding sites are dissolved in a sugadlvent and usually trapped in
a matrix of organic polymer (gel). An appropriateagicizer is added to a
membrane in order to ensure the mobility of the famd complex ionophore. It
determines the membrane polarity and provides ldeitaechanical properties of
membrane. Although other polymers like: polisilo#apolystyrene, polyamide or
polyimide can be used a membrane matrix, PVC isntbst widely used matrix
due to simplicity of membrane preparation. Examptéssuch ion selective
electrodes are Caand NQ". 1°
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Accordingly, the choice of plasticizer has a greffiect on the electrode
properties such as; the response, linearity, slape selectivity. The solvent
mediator used to dissolve the ion-exchange senags gupplementary roles by

adjusting:

» Ultimate relative permittivity of the final organghase.
* Mobility of the ion-exchange sites according to thiscosity of the
mediator.
» Site density by variation of the concentrationha ton exchanger.
These adjustments can influence the extent oérgystic enhancement of the
partition coefficient for the ion with consequeriteet on electrode selectivity.

There are two types of this kind of electrod8s

a-Rigid selfsupporting= ion selective electrodes in which the sensing mamdr
Is a thin polymer with fixed sites or a thin pieo¢ glass. The chemical
composition of the polymer for example, polystyrmunléonate, sulfonated poly

(tetrafluoroethylene), amino-poly (vinylchloride).
b-Electrodes with mobile charged sites:

1- Positively charged hydrophobic cations{for example quaternary ammonium
salts) which dissolved in a suitable organic saierd held in an inert support (for
example poly(propylene carbonate) filter or PVQpvde membranes which are

sensitive to changes in the activities of anions.

2-Negatively charged hydrophobic anions (for example tetra-
chlorophenylborate) which dissolved in a suitahigaoic solvent and held in an
inert support (for example poly(propylene carbondileer or PVC), provide

membranes which are sensitive to changes in tivates of cations.
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3-Uncharged electrodes: based on solutions of molecular complexing agehts
cations (for example antibiotics) and anions whselm be used in ion exchanger
membrane preparations to give sensitivity and sglgcto certain cations and
anions.

4- Hydrophobic ion pair electrodes: containing a dissolved hydrophobic ion pair
(for example cationic drug as cation tetraphenyb®ror anionic drug as tetra-
alkylammonium salt of an anion) responds to compbian activities in bathing

electrolytes.

1-3-4-Gas sensing electrodes:-

Gas sensing electrodes as shown in Figureréspond to dissolved gases in
solution. They have a plastic body that is usuaigde of polytetrafluorethylene.
The dissolved gas diffuses across the membranaistoall volume of buffer. The
reaction of the gas with the buffer causes a pHhglawhich is sensed by an
internal glass pH electrode. Carbon dioxide aachmonia are among the

species measured by gas sensing electrddes.

To pH meter

AgCl/Ag
electrode

Internal solution__

Internal

electrod

electrode

}“ solution
Glass — | 3 g g | ofglass
L

/“/
Membrane for Thickness internal
passing the gas solution membrane

Glass membrane

Figure 1-3:- A gas sensing electrodes tyff
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1-3-5-Enzyme electrodes:-

Enzyme electrodes definitely are not true setective electrodes but usually
are considered within the ion specific electrodpidoSuch an electrode has a
double reaction mechanism, an enzyme reacts wapeaific substance, and the
product of this reaction (usually ammonia or cardaxide) is detected by a true
ilon selective electrode, such as a pH selectivetrelge. All these reactions occur
inside a special membrane which covers the true selective electrode. An

example is glucose selective electrofds.

1-4-Reference electrodes:-

Reference electrodes are applicable in instancesentine electrical potential
Is to be imposed or measured in a solution. Allsbas a stable and well defined
electrochemical potential against which the appbedneasured potentials in an
electrochemical cell are referred. In order to meashe change in potential
difference across the ion selective membrane a®the concentration changes, it
IS necessary to include in the circuit a stableregice voltage which acts as a half-

cell from which to measure the relative deviatidiis.
1-4-1-Types of reference electrodes:-

1-4-1-1-Single junction reference electrodessuch as Ag/AgCl and Hg/HGl..
The saturated calomel reference electrode (SCBnhés such constant potential
electrode. A typical SCE available commerciallysisown in Figure 1-4-a. It
consists of two glass tubes, which we will refern@re as an outer tube and an
inner tube. The outer tube has a porous fiber piuge tip which acts as the “salt

bridge” to the analyte solution.
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—  Pt-wire 1 ——Ag-wire

7 ——Filling hole

Inner tube containing

Hg and Hg,Cl, paste Silver wire coated
// with AgCl

| — Saturated
KCl-solution u

|_— KCl-solution with

saturated AgCl

:':,-_ KCl crystals N~ . .
\ Porous liquid junction
Porous liquid junction

(a) SCE (b) Ag/AgCI

Figure 1-4:-Types of reference electrodes, (a)-S&fd (b)-silver-silver chloridé>.

A solution of potassium chloride is in the autebe™. The electrode potential
is equal +0.241volt versus standard hydrogen eéetat 28C. When in use the

following half-cell reaction occurs:

Hg,Cl, + 26 < 2Hg + 2CI

The other type is Ag/AgCl, is the most widelsed reference electrode. This
electrode consists of silver-wire in contact witg@ in a saturated KCI solution.
A typical is shown in Figure 1-4-(b). The electraguatential is equal +0.197 volt
versus standard hydrogen electrode &iC23Viost electrodes of this type use

saturated KCI (3 M) as electrolyte.

AgCl + e - Ag + CI
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1-4-1-2-Double junction reference electrod&':-

It is preferable to use a double junction refererelectrode for ISE
applications. The standard reference half celshasvn in Figure 1-4, which based
on KCI electrolyte filling solutions have a distindisadvantage when; for
example, potassium or chloride ion is being meskuro overcome this, a double
junction reference as shown in Figure 1-5, is usedhich the escaping KCI is
retained in a second chamber containing a nonfarteg electrolyte, which in
turn escapes into the test solution. The fillintuson for the inner chamber of a
double junction reference electrode is 4M KCI sated with AgCl for a

silver/silver chloride electrode.

2nd 1st outer chamber outer inner
junction  junction filling solution  chamber chamber

.

outer inner  reference
chamber chamber element
fill hole il hole

Figure 1-5:- Double junction reference electrode’.
1-5-Characterization of ISEs:-

1-5-1-Calibration curve:-

The operation of ion selective electrodesaseddn on the fact that there is a
linear relationship between the electrical potémteveloped between an ISE and
a reference electrode (RE) immersed in the sani@o] and the logarithm of the
activity (or “effective concentration”) of the ion#é the solutioR”. This
relationship is described by the Nernst equation:
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E = constant + (2.303 RT/ nF) log a ..1-5

Figure 1-6 shows, a typical plot of the celind (i.e. the galvanic potential
difference measured between the ISE and the rnat&®E of a given ion-
selective electrode cell assembly) versus lingarithm of the single ionic

activity (concentration) of a given species.

Typical ISE Calibration Graph

NB: X-axis units are the Jogarithm of the Molar Acti ity of the [on

E 5
305 my ' P R
i Measuring Range el
' Linear Range /
w28 A

S=AE [ Alog a;
=55 -89 mVv Idec (z;= 1)
=24 - 28 mV { dec (z;= 2)
&
E=E,+S-log Iai+§H;;-a;zi)

2711 AE

Intarfer'pnca :

e | high :

157 i
l=——=Standard Detection Limit

Lowest possible Detection Limit

100 K : ' log a;

-F -B L1 -4 -3 -2 1

Figure 1-6:- Typical ISE calibration grapﬁlg].

For uniformity, it is recommended that thel @.m.f is ascribed to the
ordinate (vertical axis) with the more positpetentials at the top of the graph
and that pa(-log activity of the measured species A) or, pelog concentration
of the measured species A) is ascribed to the sdasdihorizontal axis) with
increasing activity or concentration to the ri§fitThe linear rang is a part of the

calibration curve through which a linear regressi@muld demonstrate that the data

-11 -



Chapter one Introduction

points do not deviate from linearity by more tham¥. For many electrodes this

range can extend from 1 Molar down to®kd even 10 Molar.
1-5-2-Slopé'® 2%

The magnitude 2.303RT/nF from equation 1-5, isdloge of the line (from the
straight line plot of E versus log a, which is th&sis of ion selective electrode
calibration graphs) as shown in Figure 1-6. Thetbtcal value for the slope at
25 °C is 59.2 for monovalent ions, 29.6 for divalemsoand 19.7 for trivalent
ions. The slope is usually measured in unit of ne¢atle. The slope gets lower
with passing time because of the electrode contamim and the low slope means
that the higher errors in the sample measurements.

1-5-3-Detection limit:-

According to the IUPAC recommendatiofl, the detection limit is defined by
the intersection of the two extrapolated lineartpaf the ion selective calibration
curve as shown in Figure 1-6. In practice, detediimit on the order of 18-10°M
IS measured for most of ion selective electrodé® Gbserved detection limit is
often governed by the presence of other interfeiong and the purity of standard

solutions used for calibration curve.

1-5-4-Range of linear response:-
The linear rang is a part of the calibratiomveu(Figure 1-6) through which a
linear regression would demonstrate that the daiat$ do not deviate from

linearity by more than £2 mV. Typically, the elexde calibration curve exhibits

linear response range betweerP¥and 10'M.1*!
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1-5-5-Response tinm#&-

In earlier IUPAC recommendations, it was dedi as the time between the
instant at which the ion selective electrode andeference electrode are dipped
in the sample solution and the first instant at cwhthe potential of the cell
becomes equal to its steady-state value within tIim\Vthe final equilibrium
potential. Generally electrodes with liquid ion-Baoger membrane have longer
response time than solid membrane electrode. Thisbe due to the slow rate of
reaction between the determined ion and the iomaxger which lead to slower
transport of the ions across the membrane-solutiterface. However, the main
factors that influenced on the response time irgltice type of membrane, the rate
of change of solution activity and the presencentdrferents which all slow the

response time of these electrodes.

1-5-6-Stability and lifetime:-

The stability and lifetime are features asstd with the response behavior of
ISEs. They include the same factors which influeti response time (solution
concentration, the interfering ions, which poisbe electrode surface). All these
lead to a positive or negative drift in the resmoand slope values, indicating that

the electrode is approaching the end of its lifetif} 2

1-5-7-Selectivity?> 2°-

Selectivity of ion selective electrodes is quaniiely related to equilibria at the
interface between the sample and the electrode mae@b Moreover, they are
also required for the optimization of ionophostructures and membrane
compositions. For example, errors arise whenélpanse to a weakly interfering
ion is also influenced by the primary ion leachiingm the membrane. Wrong
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selectivity coefficients may be also obtainedhen the interfering agent is
highly preferred and the electrode shows amuion interference. A detailed
recipe to determine correct potentiometric sel@gticoefficients unaffected by
such biases is presented. The potentiometric setgctoefficientis expressed
according to the Nicolsky-Eisenman equation as:

E=E’+ R T/ZF In[an+ =K g (@5)*] 17

Where E is the measured potentidl;i€a constant that includes the standard
potential of the electrode, the reference electrpdéential, and the junction
potential; (z, zs, an and @ are the charge numbers and activities of the pgima
ion, A, and the interfering ion, B respectivelyndaKag is the potentiometric
selectivity coefficient for the primary ion A againthe interfering ion B. This
selectivity coefficient can be determined usingn&itseparate solutions or match
solutions method, containing both the analyte Ag dhe interfering B ions.
Potentiometric selectivity coefficients can be mead with different methods that
fall into two main groups:
1-5-7-1-Separate solution methods:-
1-5-7-1-1-When (a = ag) #":-

The potential of a cell comprising an ion selectelectrode and a reference
electrode is measured with two separate solutiams,containing the ion A at the
activity g, (but no B), the other one containing the ion Bttt same activity
an = & (but no A). If the measured values aredhd E, respectively, the value of

KP*, g is calculated from the equation:

logK s 5= (Eg — Ea) Za F/ R T In 10 + (1-ZA/Zz) logan ...1-8

or for any electrode in general, wherg Z R T In10) =1/S
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logkP's 5 = (Eg —EA) /S + (1 — zu/zg) logas ...1-9
where (S) is the slope of the electro@ibis method is recommended only if the
electrode exhibits a Nernstian response. It is tessrable because it does not

represent as well the actual conditions under wthierelectrodes are used.

1-5-7-1-2-When (& = Eg ):- *"
The potential of an ISE for the primary and irgerig ions are obtained
independently. Then, the activities that correspanthe same electrode potential

value are used to determine th&'kg value and it equal:

z,/z,

KpOtA,B =ap / (a.B) ..1-10

1-5-7-2-Mixed solution methods:-
1-5-7-2-1-Fixed interference methods (FIMA -

The electromotive force (e.m.f) of a cell comprgsian ion-selective electrode
and a reference electrode (ISE cell) is measunesiolotions of constant activity of
the interfering ion; @ and varying activity of the primary ion,a The e.m.f.
values obtained are plotted vs. the logarithm ef dhtivity of the primary ion as
show in Figure 1-7. The intersection of the exttafeal linear portions of this plot
indicates the value ofsahat is to be used to calculaté®g from the equation
1-10, where both Zand 4 have the same signs, positive or negative.

' ™
- FIM S
140 q
120 /"
o a4
"
£ 20 ’ﬂ’
W &0 q
|
“0 | f i
20 [t~ T[]
o L // J
0.0000001  0.000001 /{001 | 00001 0.001 0.01 0.1 1
L . log(as) )

Figure 1-7:- Bemination of g value according to FIM.
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1-5-7-2-2-Fixed primary ion method (FPMj® 3%

The e.m.f of the cell comprising and a ion selectatectrode and reference
electrode (ISE cell) is measured for solutions afistant activity of the primary
ilon, g and a varying activity of the interfering iorns. &he e.m.f. values obtained
are plotted vs. the logarithm of the activity oé timterfering ion. The intersection
of the extrapolated linear portions of this plddicates the value ogdhat is to be
used to calculate "R‘A,B from the equation 1-10.
1-5-7-2-3-Two solutions method (TSN} 32-

This method involves measuring potentials piee solution of the primary
ion, E,, and a mixed solution containing the primary amédrifering ions k.g. The
Kp°‘A,B Is calculated by inserting the value of the potmlifference AE=Enx:s -En,

into the following equation:

eAEZAF/(R T) z/z

KP% g = aa ( —1)/ (&) ¥ L0111

1-5-7-2-4-Matched potential method (MPN/?:-

A theory is presented that describes thecimeat potential method (MPM) for
the determination of the potentiometric selectivigefficients K,z of ion-
selective electrodes when the charge of the prinamynot equal to charge of
interfering ions and used in case no possible tiese Nernstain responses for a
given interfering ion. This method is based ontetat diffuse layers on both the
membrane and the aqueous side of the interfacdytos ofthe primary ion A with a
fixed activity is used as the referensalution. The activity ais calculated from
the ionic strength othe solution. While the primary ion is added stgpstep, the
potential change is measured and plotted againgicarve ) in Figure 1-8,
another curve, ks, is obtained from the potentiahange by stepwise adding the

interfering ion B to the referenamlution with the same composition as on curve
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I». When thechange in potentialE) on curve A at &, matches that oourve h.g
at a.s, the ratio between the activities of the primaon iA relative to the
interfering ion B denotes the selectivity coefficient™ . The selectivity
coefficient K, gis thus obtained as

KPg =Aaa / &g .. 1-12
With Aax = (ax' — aa)

20 [ IAa+B
ion B
-20 [
-40 [

-60 [

EMF/mV

-80 [
L

-100 [

aB——»!

-120 [ ——————AgaA—

_140 .l 1 1 1 1 N | 1
aa 107 aa 102 102° aas«s 107'°

a

Figure 1-8:- Determination of selectivity coeffias by the matched potential methét.

1-6-Measurement techniques:-

Many measurement techniques are based on ionigelet#ctrodes have been
described. The most important and widely used tecies for such studies are;
direct method, incremental methods and potentiamgtration method?®
1-6-1-Direct potentiometry methddf*:-

Direct potentiometric method is the simplasd most widely used for the
guantitative measurements using ISEs. Simply meathe electrode response in
an unknown solution and calculate the concentratioectly from the regression
line of the calibration curve or manually by usiagspecial type of graph paper
called the semi-log (or log/mm) paper is used. Semipaper comes in one cycle,
two cycles, three cycles...etc. Each cycle is an texguetition of single cycle.

Each single cycle corresponds to an order of madeitor decade, or by using
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special computer graphics and calculations (egrddmft Office Excel). A big
advantage of this method is that it can be useddasure large batches of samples
covering a wide range of concentrations very rgpidithout having to change
range, recalibrate or make any complicated caliomst

1-6-2-Incremental methods:-

1-6-2-1-Standard additions method (SAN§ *°:-

This method is generally more accurate thardifext method for concentration
measuring in the sample, but it is more time-consgrbecause of the calibration
involved. In this method, the ISE cell assemblymsnersed in the sample and the
equilibrium cell potential is recorded, then a kmowlume of a standard solution
of the determinant is added to the first volume #ral electrode potential is re-
measured, from which the potential differenaeE) is found. By solving the

following equation the unknown concentration carob&ined:

Cu = Cs/ 10'¥°[1+ (Vy/ V9)] - (Vu! Vs) ... 1-13

Where : the concentration of unknown solutiong: @he concentration of
standard solution, ) the volume of unknown solution,svthe volume of standard
solution and S: the slope of electrode. Standaditiad can be applied to most
analytical techniques and is used instead of &mdion curve to solve the matrix
effect problem. The standard solution is addedh& unknown solution so any

impurities in the unknown are accounted for in¢hkbration
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1-6-2-2-Multiple standard additions method (MSES":-

It is an extension of standard additions methdbde response of ISE to certain
analyte A, in solution free from interferingns can be represented by Nernst

equation:
E=E°+ S Log a xVd Vy .1-14

Where S is the slope of the electrode W are the volumes of added standard
and unknown (sample) respectivelyy \6 usually set to be hundred times more

than \s. Rearranging of equation and taking the antiloggfi
Antilog E/S = constant x g Vs/Vy ..1-15

Where antilog E/S is constant thus the antité§ is proportional to ¥ A plot
of antilog E/S as a measure of along the ordinate againsts\along abscissa
yields a straight line which can be extrapolatecklda an intercept on the standard

volume. The concentration of sample (unknown) cacdiculated:
CU :VSOX Csl VU ...1-16

Where G and Gare the concentration of unknown and standard ectsely,

VoIS the volume of standard.
1-6-3-Potentiometric titration method:-

Potentiometric titration method has also beeedufor the evaluation of the
performance of ion selective electrode in whioh itn selective electrode is only
used as an indicator and the accuracy is derived the classical titration process
can yield answers to within 0.1-0.5%. Potentiome$rygenerally valuable as a

technique for detecting the end-point of titratiomisere there is often a drastic
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change in the concentration of the reactants and &hbig shift in the electrode
potential. These end point determinations can diieermade more precisely than
other ISE methods because they depend on the agcwfathe volumetric

measurements rather than the measurement of ttkeoele potential. The sample
Is titrated with a suitable titrant and the incee@s decrease in titrant activity is

followed with an ISE response, to locate the edeivee point as in Figure 18’
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(a)-Titration curve. (b)-Titration curve by using first derivative .

Figure 1-9:- Potentiometric titration curves by ugj ion-selective electrodes: (a)-titration curvés){by
using first derivative>?.

1-7-General applications of ISEs: ion selective electrodes are used in a
wide variety of applications for determining thencentrations of various ions in

solutions. Table 1-1 shows some applications o8ISE

Table 1-1 some applications of ISEs

Sample Notes Ref.
. pH of acid rain, soil, surface water, contaminatafnsurface water and grou
Pol!uthn water with ammonium and nitrate, contaminationvaite water with cyanid¢, 39
Monitoring cadmium, mercury and copper, natural waters antewaatters.
Agriculture Soil and fertilizer analysis for Nitrate, Ammoniuand Potassium to optimize t 40
use of fertilizer. Dissolved Oxygen and pH in pofaisfish breeding.
Explosives FIuoride,_ chlorideand nitrate have been measured in explosives aai a1
combustion products.
Food Nitrate in meat and \_/eggtablt_as._FIuoride and cadciu_ milk and C_admium i
Processing fl_sh. Ar_laIyS|s of fluoride in drinking water andhetr drinks, corrosive effect ¢f 42
nitrate in canned food.
Biomedical ISE§ were used. to.determine. important species sscltalcium, potassiur 43
Laboratories sodium and chloride in body fluids (blood, serutasma).
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1-8-Limitation in ISE measurements:-

1-8-1-Diffusion:- Orion Research points out that differences in thtes of

diffusion of ions based on size can lead to somar.ein the example of sodium
lodide, sodium diffuses across the junction at\gemirate. lodide moves much
slower due to its larger size. To compensate for type it is important that a

positive flow of filling solution move through thenction.!*”

1-8-2-Sample ionic strength:- The total ionic strength of a sample affects the
activity coefficient and that it is important th#tis factor stay constant. This
adjustment is large, compared to the ionic strermjtithe sample, such that
variation between samples becomes small and thengat for error is

reduced!®?’

1-8-3- Temperature:-It is important that temperature be controlled asation in
this parameter can lead to significant measurereemtrs. A single degree (C)

change in sample temperature can lead to measuremers greater than 496!
1-8-4- pH:- Some samples may require conversion of the an@lydee form by

adjusting the pH of the solution. Failure to adjirgt pH in these instances can lead

to significant measurement errdfS.

1-8-5-Interferences: The background matrix can effect the accuracy of

measurements taken using ISE's. Covington wastqmbirout that some

interference may be eliminated by reacting therfating ions prior to analysié®

1-9-Applications of ISEs in pharmaceutical drugs:

The ion selective membranes are widely useglarmaceutical analysis with
advantages of determining sample directly, rapaatigl simplicity.Table 1-2 shows

some applications of ion selective electrodes erpilaceuticals.
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Table 1-2:-Some applications of ion selective electrodesin phar maceuticals.

Phar maceuticals M embr ane components Liner rang | Detection Slope Ref.
(M) Limit(M) | (mV/decade)
Methacycline | Methacycline-tetraphenylborate as the electroactivestance ) . 6
Hydrochloride |and dioctylphtalate as the plasticizing. 3x10%-6x10" | 3.4x10 52.9 44
_ Clozapine-phosphotungstate ion pair complex by usetyd ; , .
Clozapine sebacate as plasticizer. 1x10°-1x10? | 3.7 x 10 57.46 45
Fluconazole ion pair complex by use dibutyl phttealas ; , .
Fluconazole plasticizer. 5x10°-5x10 4x10 57.0 46
Tramadol-tetraphenyl borate complexes by use dibuty . L .
Tramadol phosphate as plasticizer. 1x10°-1x10 3x10 58.06 47
Atenolol-phosphotungstate as an active materialded y , 5
Atenolol dioctyl phthalate as plasticizer. 3x107-5x107 | 5x10 55.91 48
Acebutolol Acebutolol-tetraphenylborate 1x10%1x10° | 6x10° 51.5 49
Tiapride Tiapride-tetraphenylborate 1x10°-1x10° | 4.3x10° 57.5 50
o Amiloride-molybdophosphoric acid as an active mate
Al 1x10%1x10* | 25x16f | 585 51
based on dibutyl phthalate as plasticizer. ' '
Dextrometho- Dextromethorphan-molybdophosphoric acid as tleetel- 6 1 6
: . - 2x10°%-1x10 1x10 59.5 52
rphan active substance and dioctylphtalate as the piastic
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Phar maceuticals M embr ane components Liner rang | Detection Slope | Ref.
(M) Limit(M) | (mV/decade)
Nimesulide - molybdophosphoric acid as the eteattive
Nimesulide material in PVC matrix in presence of bis(2-ethgixyl) | 1x10°-1x10° |  3.2x10° 55.6 53
phthalate (BEP) as a plasticizer.
Ephedrine Sr?;lﬁilgg ;R/e; rI]:_tphedrlne—5—n|tro-barb|turate withabenzeng X107 1x10° 4.5x10F - 54
L lon pair with reineckate anion and use nitrobenzesg . . .
Vitamin B; organic solvent 1x10°-1x10 2.5x10 31.6 55
Naproxen Used Tetraheptylammonium as ion pair with drug asd . .
nitrobenzene as organic solvent. 1x10°-1x10° | 1.4x10 61 >6
Cyproheptadine | Prepare ion pair with tetrakis(4-chloro phenyl aterby us¢ = . _
HCL this plasticizer o-NPOE. 1x10%3.5x10° | 4.8x10° 58.2 57
Ibuprofen Methyl trioctyl- ammonium chloride reacts with ilngen to ]
form ion pair by use o-NPOE as plasticizer. 1x10-1x10° | 4x10 60 >8
_ Prepare ion pair with sodium tetraphenylborate kg 0- , \ .
Chlorprothixen | NPOE as plasticizer. 1x10%-6.3x10 1.5x1 53 59
Cetylpyridinium | Prepare ion pair with Ferric thiocynate and use d1i>?103_1x106 8x107 i 60
chloride octylphthalate as plasticizer. '
Scopolamine IS;T.FJ(I:STE)C?Izaérrn|n;)tungstophosphorlc acid by use o-NPOE 831 0% 1x10° 8x107 45 61
Ampicillin (Ampicillin) sphosphotungstic acide ion pair with poly vnn;ilxml_z_5x103 1x10° 59 -

chloride.
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1-10-Promethazine hydrochloride: -

Promethazine  hydrochloride, N,N-dimethyl-1-H+phenothazin—10-yl)
propane-2-amine hydrochloride;A,0N,S.HCI , Figure 1-10, is a white or faintly
yellowish crystalline powder with molecular weighit 320.9 g/mole, it melts at
about (222C),with decomposition. It is very soluble in watéreely soluble in

alcohol and in methylene chlorid&

CH2CH(CH3)N(CHz3)2
I

O IO -

Figure 1-10:- Structure formula of promethazine hydrochloride.

Promethazine is a phenothiazine derivative thatpsiitively blocks histamine H
receptors without blocking the secretion of histanilt also is a very weak
dopamine antagonist. Chemicallysiappears as a white to faint yellow crystalline
powder that is practically odorless. Promethazméha hydrochloride salt is freely
soluble in water and somewhat soluble in alcdtbl Promethazine is commonly
used to relieve itchy, irritated, and watery eyesiny nose, sneezing and itchy
skin. It is widely used as therapeutic agent feating various mental disorders or

for enhancing the analgesic, anesthetic and sedefiect®

1-10-1-Analyses of promethazine hydrochloride:-

Potentiometric membrane sensors are pmaysn important role in
pharmaceutical analyses because of their spli rapidity and accuracy
over some other analytical methods. Table $how somamethods for the

analyses of promethazine hydrochloride.
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Table 1-3:- Some methodsfor the analyses of promethazine hydrochloride.

M ethod Notes parameter | description | Ref.
1-Determination of promethazine in aqueous solutignoxidation of
promethazine in the presence of sodium hydroxidenm an intense ref) =513 nm Llngé fanlgeL 66
=4-28 ug/m
spectrophotometry| soluble product.
2-Promethazine forms a yellowish-green complex gititinum (1V) in Liner range
y g piexp (V) A =406 nm| =0.8-7.3 67
hydrochloric acid. pg/mL
Simultaneous quantification of promethazine inghesence of sulfoxidé.
SEEITE ChE This method was successfully used to determineytasaln commercig|
spectrophotometry y & A =268 nm 68
promethazine pharmaceuticals.
1-The chromatographic system used C18 column. Tdrapke wag
analyzed using hexane: ethelacetylene, in the c&t®2 v/v as a mobilg jner ranged-20x10° ugimt | 69
Liquid phase at a flow rate of 1.0 mL/min.
chromatography
2-This method is also capable of quantitatively ed®ining three Liner range =0.1x18 -
metabolites of promethazine, which uses UV-detactio 2x10° ug/imL 70
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M ethod

Notes

par ameter

description

Ref.

Liquid

chromatography

3-A highly specific and sensitive method using HPL@Iith
electrochemical detection (HPLC-ED) has been deezlofor the
guantitative determination of promethazine in plasm

Detection limit=0.1 pg/mLby
(HPLC-ED)

71

4-This chromatographic system used a reversed pha8aolumn. Thg
sample was analyzed using methanol: water: tryethyhe, in the ratig
of 90:10:0.1 v/v as a mobile phase at a flow r&te.@ mL/min.

A\174

Liner range =

) 0.02-0.10 pg/mL

72

5-The chromatographic system used reversed pha8ec@@mn. The
sample was analyzed using methanol: water: octylarm the ratio o

75:25:1 v/v as a mobile phase.

Liner range=0.001-.01 pg/mL

—

73

ion-selective
electrode

1-Performance of promethazine electrodes based 8sordlvn-6 and
used DBP as plasticizer.

Slope =54.9
mV/decade

Liner range
=10°-10°M
Detection limit
=7.1x 10°M

74

2-Membrane preparation, promethazine-tetraphengtbaromplex wer

employed as electroactive material in membrane Tig$tlas plasticizer|.

1%}

Slope =57.8
mV/decade

Liner range
=10°-10°M
Detection
limit=1 x 10°M

75

3-Membrane preparation, promethazine-phosphotungstid complex
were employed as electro-active material in menm#nased DBPH ajs

plasticizer.

‘ Slope =56.17
mV/decade

Liner range
=5x10%-10"' M
Detection limit
=1x10°M

76
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1-11-Indium:-

Indium is a soft, silver-white metallic elements ikhemical symbol is (In)
atomic weight 114.43 g/mole. Indium was discoveredl863 by the German
chemists Ferdinand Reich and Heironymous Richtdas Very stable in both air
and water. Indium compounds damage the heart, kidnd liver. Pure indium in
metal form is considered non-toxic by most sourcks.the welding and
semiconductor industries, where indium exposureelatively high, there have
been no reports of any toxic side-effects. This may be the case with indium
compounds. For example, anhydrous indium tricheoridnCk) and indium
phosphide (InP) are both toxic and a suspectednoayen.One unusual property
of indium that its most common isotope is slightadioactive; it very slowly
decays by beta emission to tin. This radioactikitig a half-life of 4.41xT6years,
four orders of magnitude larger than the age ofuhwerse and nearly 50,000
times longer than that of natural thoridffl. There are many types of indium
compounds for example; indium (Il1) oxid&", indium (111) sulfide ™, indium
nitride (InN)®%,

1-11-1-Applications of indium:-

The first large scale application for indiumswased in a high performance
aircraft engines during World War 1l. Afterward gpluction gradually increased as
new uses were found in fusible alloys and electsrin the 1950, tiny beads of it
were used for the emitters and collectors of RMN® junction transistors. In the
middle and late 1980, the development of Indiumsphade (InP) semiconductors
and Indium tin oxide thin films for liquid crystalisplays (LCD) aroused much

interest!’®
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1-11-1-1-Electronics:-
« Indium oxide (InOs) and indium tin oxide (ITO)®! were used as a

transparent conductiveoating.

* Some indium compounds such as indium sulfide amduim nitride are

semiconductors with useful properties.

* Indium is used in the syntheses of the semicondwutipper indium gallium
selenide, which is used for the manufacture of filimsolar cell$®?.
1-11-1-2-Metal and alloys:-
* Can be plated onto metals and evaporated onto glaistr forms a mirror
and as good as those made with silver but has hagineosion resistance.

* To bond gold electrical test leads to supercondsactmdium is used as

conducting glue.

The other use, the indium tin oxide is usedadght filter in low pressure
sodium vapor lamps. The infrared radiation is t#d back into the lamp, which
increases the temperature within the tube and fibverénproves the performance
of the lamp®?.

The first use of novel blue diode lasers to ensmperature measurements
based on fluorescence. As a demonstration of thigiple, indium atoms were
seeded as a probe species into flames and thetimgsdiode laser induced

fluorescence allowed an accurate determinatiohefémperature at a poifif!
1-11-2-Analyses of indium:-

Simple and sensitive methods used for deteémon indium by using
spectrofluorimetric, spectrophotometric and thearivhtives, high performance
liquid chromatography and potentiometric analys€able 1-4, shows some

methods for the analyses of indium.
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Table 1-4:- Some methodsfor the analyses of indium.
Method Notes par ameter description Réf.
Based on the formation of a fluoresce:it(lgand: metal) complek Liner range =
_ between indium (lll) and 5-chlorosalicylidemeaminophenol at ah  3-510 nm Dgé);gg-r? lTn%/ItL_ o
spectrofluorimetry| agpparent pH of 4.70 in an agqueous-ethanol med&086 Viv 15 mgl
ethanol) was proposed.
Based on the complex of indium (Ill) with benzyldodielimethyl _
spectrophotometry ammonium bromide. Indium was determined in syntheiixtures. 2=514 nm L'nerofigr?];o'lz' 86
Method for rapid and selective analyses of‘@ad In*and for theil 3-553 nm for éiger rar/lg':o-g'g
derivative simultaneous determination, by using 2-(5-bromoy@eylazo)-5- Ga'” 6'1121_%_150%9,L 87
spectrophotometry giethylaminophenol in a cationic micellar mediunméported. }‘_55|?]3rlm for for In**
o Dgtermlpatlgn of |pd|um (1) as the 8—hydr'oxyqulmte—5—sulfon|.c Liner range =0.02-0.4 mg/L
liquid acid derivative. Trimethyl ammonium bromide, wasdisis mobilg o6
chromatography | hhase. Response to indium is selective in the peesef other metdl ~ Detection limit =0.1 mg/L
lons.
1-Poly vinyl chloride and polyurethane matrix meare conten(ﬁ Linerzrange:4.2x106-
5,10,15,20-tetraphenylporphrinato indium(lll) iomape plasticizedl Slope=53 and| 1X19, 2 3.3x10- 89
ion-selective | with di-butylsebacate. 55mvidecade| petection limit = 2.7x18
electrode and 3.1x10M
2-The indium electrode based on 15-crown-5 (15GH)gudi-octyl Slope =20.1 Liner range=10°-10"M
phenyl phosphonate (DOPP) as a plasticizer. mVidecade |  Detection limit=" 90

1.2 x 10°M
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1-12-Spectrophotometric methods: -

The wavelength range of ultraviolet (UV) radia starts from 200 nm and ends
to 400 nm. The radiation of UV has sufficient gyeto excite valance electrons in
many atoms or molecules from their ground statdi¢ier energy levels. The
excited electrons transfer from a bonding to an bonding orbital. The UV
radiation may be absorbed by saturated compouratsctintaining atoms with
unshared electron pair on bonding such as nitrogerygen, sulfur,
halogen...etc, are capable of chtransition (150-250) nm. Most unsaturated
organic compounds are based upon transitions of ) electrons tat ~ excited
state. The visible region 400-900 sometime to mRat100 nm was used for all

colored compoundS*

The wide applications of UV/Visible spectrosgapclude number of inorganic
metals, organic compounds, and biochemical spebatsabsorbed ultraviolet or
visible radiation and are thus amenable to dire@ntjtative determination. The
typical applications of UV absorption spectroscopglude the determination of
poly nuclear aromatic compounds such as stero@stipg materials, vitamins,
drugs and there are various applications of visdpectrophotometric methods
have been developed for analysis of different ealanetal complexes and colored
compoundg®

1-13-Derivative spectrophotometric methods (DYS):-

The principle of operation of this techniqgadvased on the measurement of the
changes in intensity or absorbance, manually ormoraatically by certain
instrument. The rapid progress in the technologynafrocomputers has made it

possible to directly present the first, second lsigtier order derivative spectra.
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The great interest towards derivative spectrophetom(DS) is due to the
increased resolution of spectral bands, reduciegeffect of spectral background
interferenced®™. The DS that enhanced the resolution of overlapmipectral
bands is the consequence of differentiation whi@croninates against broad
bands in favor of a sharp peak to an extent whicheases parallel to derivative
order. The main disadvantage of the derivative technigube signal to noise ratio
(SNR) becomes worse as the order of the derivatoreases. A detailed study on
the effect of derivatisation on the SNR has beesciileed by O'Havéf!.The
practical derivative technique includes some degfesmoothing to control the
increasing in the noiseDerivative spectrophotometry (DS) is widely applied
inorganic and organic analysis, toxicology, andichl analysis, analysis of
pharmaceutical products, amino acids and protemsnalysis of food and in
environmental chemistry. In general, the applicatid DS is not limited to any
particular case or filed, but it can be used wheneyantitative or qualitative

investigations of broad spectra are difficult.

In a review published some years ago, Bosch ét’ahave covered all the
methods that were currently available to reseasclier utilizing a derivative
spectrophotometer and their analytical applicatiatil 1993. In recent years, the
use of DS has become more practical owing to tbeease in the resolving power
of the analytical instrumentation and the easiaress to microcomputers with
appropriate software, which allow the almost instaaous generation of the
derivative spectra. Since derivative techniquesshasen widely applied, further
development and reviews were reported. The magetsrof reviews were basic

characteristics of DS and a few analytical appiicet of DS were givefr”!
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1-14-Aim of the work: -

This project was aimed to construct and charaetéwo types of ion-selective
electrodes for the potentiometric determinatio{adfpromethazine hydrochloride
in pure and pharmaceuticals and (b) indium whiclsedaon promethazine
hydrochloride. These electrodes utilize plastigzas the solvent mediators such
as; di-butylphthalate (DBPH), di-butylphosphate @B tri-butyl phosphate
(TBP), di-octyl phthalate (DOP) and o-nitrophenyidether (ONPOE). The
constructed electrodes characteristic parametettsiticlude slope, linear range,
detection limit, lifetime, selectivity, and workingH range will be investigated.
Also, the statistical treatments were applied for tesults that include: relative
standard deviation (RSD%), relative error percé&ifio], recovery percent (Re%)

and confidence limit for concentration and slope.

The best combination of promethazine hydrodtior(ionophore), solvent
mediator, and PVC matrix will be chosen. Potentitimeneasurements including
direct method, standard additions method andibtranethod will be studied. The
results of normal spectrophotometric and the fistvative {D) spectra were
compared with promethazine hydrochloride electrodesults by using F-test

statistics.

Several ion selective electrodes for the paieretric determination of
indium (lll) were constructed by using promethazingdrochloride, sodium
tetraphenylborate (NaTPB) as additive with the saphesticizers as above.
Promethazine hydrochloride and indium (lll) complexere studied by

spectrophotometric method.
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2- Experimental part

2-1-1 nstruments and equipment:-

1- Expandable ion analyzer, Orion, model EA 94Q,3UA.).

2- FTIR-8300 fourier transforms infrared spectrapieeter (Shimadzu Japan).

3- Double-beam UV-Visible spectrophotometer mod&¥/{1650 PC), (Shimadzu
Japan), interfaced with computer via a Shimadzudddbe data system program
(Version 1.10).

4- Reference electrode single junction, Orion, nh@@e01.

5- Combined glass electrode Orion n0.91-02, (smiade).

6- Silver-silver chloride wire.

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

8- Magnetic stirrer.
2-2-Chemicals:-
1- The chemicals compounds were used throughout tidy,stheir molecular

formula, formula weight and purity were tabulatadiable 2-1.

Table 2-1: Shows types of used chemicals compounds.

No. Component name Molecular formula Formula | Purity | Company
weight

1 Promethazine hydrochloride C17H20N2S.HCI 320.9 100% | SDI-IRAQ
2 Indium oxide In,O3 277.636 99% Fluka
3 Sodium tetraphenylborate CosHo0BNa 342.22 98% BDH

4 | Dodeca-molybdophosphoric acid HsP0,.12M0O;. XH,O | 1825.25 | 97% BDH

S) Tetrahydrofuran C,HgO 72 99.5%| Fluka

6 Polyvinyl chloride ((CH-CHCl)Y2)n | - 99.5% Fluka

7 Hydrochloric acid HCI 36.45 36% Fluka

8 Sodium hydroxide NaOH 40.00 98% BDH

I
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2- Coldein tablets (5 mg promethazine hydrochloridé56 mg paracetamol and

5 mg phenylephrine hydrochloride) made in SamaraQFSDI.

3- Other chemicals such as potassititioride (KCI; F.W. 74.58), sodium chloride
(NaCl; F.W. 58.45), calcium (II) sulfate anhydrous (CaSO,4 F.W.
copper (ll) sulfate, anhydrous (Cu$®.W. 159.60), manganese (11) sulfate,
anhydrous (MnS@Q F.W. 151), ferric (III) sulfate (F& (SO,):.9H,0O; F.W.
506.027), aluminum (lll) chloride (AIGBEH,O; F.W. 241.50), sucrose;
(C1oH20011; F.W. 342.30), paracetamol (F.W. 151.2) and gelatein; (F.W.

300.0). All chemicals and solvents were of an aradl/reagent grade obtained

136.0),

from BDH and Fluka companies, distilled water wasdithroughout the study.

4- The plasticizers were obtained from Fluka, theimposition; purity and

viscosity were tabulated in Table 2-2.

Table 2-2:- Shows types of used plasticizers.

No. Plasticizer's name Molecular formula viscosity Purity | company
1 | Di-butylphosphate (DBF (C4,H,0),PO(OH 112.88 CS™ | 98.9% Fluke
2 | Di-butylphthalate (DBPF CeH4[CO,CH3(CH,)3), | 14.44CS 99% Fluke
3 Di-octylphthalate (DOF CeH4[CO,CsH17]- 82.98CST 98% Fluke
4 | Tri-butylphosphate (TBI (C4H,0)sPC 3.114 CS 97% Fluke
5 O-nitrophenyloctylethe(ONPOE O,NCgH,OCgH;7 11.44 CS 98% Fluke

2-3-Preparation of standard solutions: -

2-3-1-Standard solutions for | SE: -

1- A stock solution of 0.1 M promethazine hydroclde was prepared by

dissolving 1.6045 g of pure promethazine hydrogtorin distilled water and
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completing the solution up to 50 mL. The other petimzine hydrochloride
standard solutions were prepared by subsequetibdilof the stock solution.

2- The stock solution of 0.1 M of indium solutiorasvprepared by dissolving
1.3882 g of indium oxide (k®3) in concentrated hydrochloric acid with heating
until drying then washed it by distilled water acompleting the solution up to
50 mL with distilled water. The other indium stardigolutions were prepared by
subsequent dilution of the stock solution rangeé-{10'M).

3- The stock standard solution of 0.01 M molybdgutmric acid (PM) stock
standard solution prepared by dissolving 0.9126 distilled water and diluted up
to 50 mL with distilled water.

4- Diluted hydrochloric acid was prepared by digtil mL of 12 M HCI
concentrated stoke solution to 100 mL by distilemter, and 0.1 M of NaOH was
prepared by weighting 0.4 g of NaOH and dissoliingn 100 mL by distilled
water.

5- All solutions were prepared in distilled watstpck solutions of 0.1 M of
NaCl, KCI, CaSQ@, CuSQ, MnSQ, Fe(SG);:9H,0, AICI;.6H,0, sucrose,
gelatein and paracetamol were prepared by weig@etb22, 0.3729, 0.680,
0.7980, 0.7550, 2.5301, 1.2075, 1.7115, 1.50 anf6D g) and dissolved by
distilled water in 50 mL volumetric flask. Moréwted solutions were prepared

by dilution from the stock solutions as required.

2-4-Preparation of ion-pair compound for promethazine hydrochloride
electrodes:-

The preparation of ion-pair of (PMH-PM) wagfpemed by mixing 50 mL of
0.01 M solution of promethazine hydrochloride (PMWith 50 mL of 0.01 M
molybdophosphoric acid with stirring. The resultidgep brown precipitate was

filtered off, washed with water, dried at room tesrgiure for two days. The
- T
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composition of the ion-pair compound (PMH-PM) wasfirmed using FTIR and
UV spectrum.

2-5-Preparation promethazine hydrochloride electrodes:-

Five promethazine hydrochloride ion-selective etmi#¢s were prepared based
on the use of ion-pair compound promethazine hydositle-molybdophosphoric
acid (PMH-PM) as the electro-active substance Ww#h plasticizers. The method
of immobilization the ion-pair compounds into th&@® matrix membrane as
described by Craggs et @f. A 0.040 g of (PMH-PM) matrix was mixed with
0.360 g of plasticizer and 0.17 g of PVC powder; all were dissolved in 5 mL of
THF with stirring until a clear viscous solution svabtained.
2-6-Assembling the ion-selective e ectrode: -

The above solution poured into a glass cgstimg about 30mm length and
35mm in diameter. It consists of two pieces; onéhem is the glass cylinder and
the other is glass plate. The two pieces was pastgsther by using (PVC-THF)
viscous mixture (to make sure no loss in the menwraixture) Figure 2-1. The
top side of the cylinder was covered with a padiltdr paper on which a heavy
weight was placed. The assembly was left for 2-§sd& allow graduate
evaporation of the solventhe glass ring with adhering membrane was carefully
removed from the glass plates as shown in Figute(Z? step). The membrane
was then detached away from the edge of the rimdjsé of the membrane was cut
equal to the external diameter of a PVC tube; step 4.0ne of sides of PVC tubing
was flatted and smoothed by placing it on glastepaoisture with THF with aid
of vertical rotation.The disc then mounted with a forceps on the patigral, the
outer edge of the disc membrane was carefully ddal¢he end of the PVC tube,
step (5). Next step is connection into a glass,tstep (6). The other side of the

glass tube was assembled with plastic cover in hwhig/AgCl wire was inserted

I
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through it, the tube was filled 3/4 with 0.01 M prethazine hydrochlorid
solution before fixing the cover, step (7). Thecalede was then conditioned

placing it in 0.1Msolution containing the ion to be measured (attl@asour's)

before using.

0.04 gm (ion-pair) metoclopramide + phosphotungstic acid
+0.36 plasticizers +0.17 gm PVC + 6-7ml Tetrahydrofuran

solution

-]
g
8
@
2
g
2
2
[
| —
=
-
g
g
2

Figure 2-1:- Assembling the ion selective e ectrode. (98]

2-7-Preparation of indium electrodes:.-

The indium ionselective electros were constructedsing the method give
by Mahajan et d®. A 0.040 g ofpromethazine hydrochloride was mixwith
0.360 g of plasticizer anc0.17 g of PVC powder an@®.04( g of sodium
tetraphenylborate (NaTF); all were dissolved in 5 mL ofHF with stirring until
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a clear viscous solution was obtained, then Indaéleetrodes prepare by the steps
as shown in Figure 2-1.

2-8-Potential measurement: -

The potentiometric cell was arranged by imimngrshe electrode and reference
electrode in 50 mL containing certain amount oflgeasolutions 25 mL. The cell
was equipped with a magnetic stirrer. The potemiehsurements were carried out
at room temperature. A calibration curve was caestd for each electrode using
standard analyte solutions ranged from™10’ M). The calibration curves were
prepared by plotting the potential (E) versus logaentration by using computer
program (Microsoft office Excel 2003).

From the calibration curve, the charactelmrafparameters of an ISE were
obtained, including; concentration range; slope @etection limit.

The effect of pH on the response of membraag examined by measuring the
potential of the standard solutions of concentreticl0*, 102 10% M) at different
pH ranged from 1 to 12; obtained by addition of small volumes of hydrochloric
acid and/or sodium hydroxide solutions.

The lifetime of each membrane was calculatdtken the positive or negative
drift in the slope values, indicating that the &lede is approaching the lifetime.
2-9-Sel ectivity measurements 2> 2.

The influence of some inorganic ions [N&*, Mn*%, Cu? C&d? Fe3 Al™
paracetamol, sucrose and gelatein). For the i@atted electrodes the selectivity

coefficients were determined by:-
2-9-1-The separate solution methods #”:-
In this method, a 25 mL of 1xTOM solution of the prepared analyte (A)

(promethazinéydrochloride or indium) and 25 mL of 1X18I from each other

interfering ion (B) (N4 K*, Mn™?, Cu", Ca?, Fe?®, AlI*®, paracetamol, sucrose and
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gelatein) for promethazine electrodes. The interfeion used (N§ K*, Mn*?,
Cu™, Ca? Fe*and Al®) for indium electrodes. The potential of each sofuis
measured separately. The selectivity coefficiens walculated from the equation
1-9.

2-9-2-Mixed solution methods [fixed interference method (FIM)] 25 2:.

In this method, a 10 mL of analyte (A) solutiggmomethazine hydrochloride or
indium) from each 10to 10" M are mixed with 10 mL from 0.1 M interfering ion
(B) in 50 mL beaker. The potential were measuredcézh solution. The activities
of analyte (A) are found after mixing as shown iigufe 1-7. The selectivity
coefficient K**4g) are calculated according to equation 1-10. Thevities of
interfering ion (g) are calculated after dilution:-

a = (0.1 Mx 10 mL)/ 20 mL = 5xIBM.
2-10-Sample analyses!?”: -
2-10-1-Direct method ;-

The potentiometry of sample is measured diregiing analyte (A) solution
(promethazine hydrochloride or indium) indicatoeatodes. The concentration
was then calculated using calibration curve ofcaan analyte (A).
2-10-2-Incremental methods: -
2-10-2-1-Standard additions method (SAM) 3+ %:.

In this method, the sample of 25 mL with corcaion of 1x10° M is
introduced followed by addition of 0.5 mL of 0.01 iMcrement of analyte (A)
solution (promethazine hydrochloride or indium).eThotential were measured
before and after addition. The concentration of slaenple is calculated using

equation 1-13 for a single point increment.
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2-10-2-2-Multiple standard additions method 1> 3%: -

This method is an extension of standard st method, the sample of
25 mL of 1x10°M is introduced followed by addition of 0.5 mL d3.01 M of
analyte (A) solution (promethazine hydrochloride odium). The potential is
recorded before and after each addition. The nadltlitions method was plotted
between antilog (E/S) and the added volume of sti@hsbolution.
2-10-3-Potentiometric titration method *7: -
2-10-3-1-Promethazine hydrochloride el ectrodes: -

A precipitation titration was performed for the prethazine sample under
study. In this method, a 15 mL sample solution ammg promethazine
hydrochloride 0.01 M was titrated against 0.01 Mlybhdophosphoric acid (PM)
solution. Potential was measured after each addiging the prepared electrode.
A direct plot of potential as a function of titrardlume, the midpoint in the steeply
rising portion of the curve is estimated visuallydaaken as end point. A second
approach to end point detection is to calculate dii@nge in potential per unit
volume of titrant AE/AV plotted versus the average volume of titrant, the
maximum is the end point.
2-10-3-2-1 ndium electrodes:-

A precipitation titration was performed for the imoch sample under study. In
this method a 15 mL sample solution containing undisolution 0.01 M was
titrated against 0.1 M sodium hydroxide solutfdn Potential was measured after
each addition using the prepared electrode. A dpkat of potential as a function
of NaOH volume, the midpoint in the steeply risipgrtion of the curve is
estimated visually and taken as end point. A secapdroach to end point
detection is to calculate the change in potental ynit volume of titranAE/AV

plotted versus the average volume titrant, the mar is the end point.

-&) -
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2-11-Preparation of pharmaceutical formulation:-

Ten coldein tablets were crushed, mixed in atana@nd weighted accurately. It
found that the weight of average was equal to 6643 To prepare 1OM
promethazine hydrochloride, we need 0.016045 g frggromethazine
hydrochloride and dissolved by distilled water thrGL volumetric flask.

2-12-Spectrophotometric Studies: -
2-12-1-Standard solution for promethazne hydrochloride: -

Stock standard solutions of 200 mg/L drugpethazine hydrochloride) were
prepared by dissolving 0.02 g with distilled water 100 mL, several 10 mL
standard solutions ranged from 2-62 mg/L by (0.2, 0.3, 0.4, 0.5, 1.1, 1.6, 2.1,
2.6 and 3.1) mL were prepared by dilution with idesd water.

2-12-2-pH effect:-

The best range of pH to the complex formafH-In(lIl)] by taking 3 mL
of 1x10" M promethazine hydrochloride and 1 mL of 1X1® indium (Il
solution, after that add HCl or NaOH to reacoh pid range (1, 3,5, 7, 9 and 12)

and measure the absorbanceé.at, to find the best pH.

2-12-3-Determination ratio of ligand to metal in complex [PMH-In(I11)] by

continuous variation method: -

By using 1x10' M from promethazine hydrochloride and indium (8Blution,
mixing them in acidic media with 0.2 mL of HCL #ss ratio \{,:V, (0:10, 1:9,
2:8, 3.7, 4:6, 5.5, 6:4, 7:3, 8:2, 9:1 and 10:@®nthdiluted to 10 mL volumetric
flask with distilled water.
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2-12-4-Preparation of the indium complex:-

By mixing 30 mL from 1x18M of promethazine hydrochloride and 10 mL
from 1x10*M of indium (lIl) solution in acidic media at pH=3

2-12-5-FTIR absorption spectra for indium complex and promethazine
hydrochloride-molybdophosphoric acid (PMH-PM) complex:-

1- Take small amount of the complex solution angitito 70°C for nearly one
hour. Then mixed with cesium iodide and the diskipdTIR instrument to record

the spectrum of complex.

2- Also the promethazine hydrochloride-molybdophms acid (PMH-PM)
complex, after precipitation the complex mixingwith potassium bromide and

cesium iodide.

Er-



Chapter Three Results and Discussion

3-2-Indium (I11) electrodes: -
3-2-1-Sensor characteristics: -

New five indium(lll) selective electrodes based ousing
promethazine hydrochloride (PMH) and sodium tetespitborate
(NaTPB) as additive, used five plasticizers; Diythyghthalate (DBPH);
Di-octyl phthalate (DOP); Di-butyl phosphate (DBP)ri-butyl
phosphate (TBP); Ortho-nitro phenyl octyl ether @DE) in PVC
matrix were examined. The effects of different ptagers were studied
with respect to the linear concentration rangepesiodetection limit,
response time and lifetime. The electrode with gobdracteristics was

used for further studies.

Indium (Ill) selective electrodes (S1, S2, S3, &d &5) using these
plasticizers (DBPH, DOP, DBP, DBP and ONPOE) retsypely, which
their calibration curves shown in Figure 3-27-achd, e respectively.
These electrodes gave linear range from (Bxaa10* M, 1x10%1x10*
M, 1x10°%-1x10* M, 1x10°-1x10* M and 1x1@-1x10* M) and gave the
slopes of (26.92, 19.85, 16.78, 12.53 and 3/Mm2%/decade), with
detection limit (8x16 M, 8x10° M, 8x10’ M, 5x10°M and 8x1C M)

respectively.

S2 electrode is the best electrode that gaee Nernst slope of
19.85mV/decade, with liner range 1x:1x10* M. This may be due to
the compatibility between the components of the brame, then the
viscosity of DOP effect on the ion exchange betwidlenmembrane ions
and the external solution ions. Consequently, DO®Hnore effective

solvent mediator than other plasticizer due tdaitge dielectric constant.

- V..
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Figure 3-27:-The calibration curves of indium (lll) electrodes used different plasticizers:
a-S1 electrode, b-S2 electrode, c-S3 electrodeSd-electrode, and e-S5 electrode.
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S1 electrode, gave a slope of 26.92 mV/decédis high slope may

be due the viscosity of DBPH which make steric he ton exchange

between the promethazine hydrochloride ions anaumdons in the

external solution. Also the effect of an additiva the performance

characteristics of the membrane electrode was ial¢estigated. The

presence of mobile ion-exchange sites has alsaedrtivbe beneficial in

many other respects. That mean, the additive lowbkes electric

membrane resistance as well as the activationdodan the ion-exchange

reaction at the membrane-solution interface. Bet $4 electrode gave

non-nernst slope of 12.53mV/decade. This could be tb the low
viscosity of TPB (3.114 cst) which causes rapidcleag of the

membrane components to the external solution. Tlinemow viscosity of
ONPOE (11.44 cst) gave non-nernst slope, that nme@mogenous

membrane is formed between plasticizer and PVC.

The liner equation, slope, correlation coefht, relative standard

deviation and confidence limit (t 95%) the resalts listed in Tabl8-21.

Table 3-21:- The equation of calibration curves, sipe, correlation coefficient, relative

standard deviation of their slope and confidence it (t 95%) for five indium (1) electrodes.

X Corre!a_tion
Electrode Electrode membrane Linear equation Slope RSD % Coe?:)mem
no. mV/Decade | slopet(ts/VN)
S1 PMH+NaTPB+DBPH | y = 11.691 Ln(x) + 137.22 26.92 26.92@0.261 0.392 0.9998
S2 PMH+NaTPB +DOP | y =8.6207 Ln(x) + 109.6 19.85 19.85&0.212 0.148 0.9999
S3 PMH+NaTPB +DBP |y = 7.2875 Ln(x) + 150 16.78 16.78(0.103 0.249 0.9992
S4 PMH+NaTPB +TBP |y =5.4417 Ln(x) + 44.7 12.53 12.53&0.163 0.526 0.9997
S5 PMH+NaTPB +ONPOE | y =16.173 Ln(x) + 187.94 37.25 37.25@0.174 0.189 0.9998

*1=2.78; N=5.
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The response time is an important factordibrof the ion selective
electrodes. The average time required for the mdilll) selective
electrode to reach a potential within £1mV of tiref equilibrium value
after successive immersion of a series of indium solutions. The
dynamic response time was recorded at differentceminations of
indium (lIl) solution. It was observed that duritige long time period of
33 days. Then after 33 days, the electrode chaistate significantly
drifted away from the Nernst behavior. This may diibuted to the
decrease in the quantity of ionophore which mehasthe promethazine
and the plasticizer in the membrane are migraten frthe PVC
membrane into the PVC tube. Table 3-22 shows tlsporese time,

detection limit, liner range and life time for tleeselectrodes.

Table 3-22:- The liner range, detection limit, respnse time and lifetime for indium (111)

electrodes.

Electrode Electrodes membrane Linear range Detection Response time (sec) Life
no. (M) limit (M) time
10%(M) | 10%m) | 10% (w) (day)

s1 PMH+NaTPB +DBPH | 1x10™-1x10° | 8x10° 20 10 8 45
S2 PMH+NaTPB +DOP 1x10-1x10* | 8x10° 35 30 20 33
S3 | PMH+NaTPB +DBP 1x10-1x10° | 8x10’ 15 10 5 30
S4 | PMH+NaTPB +TBP 1x10- 1x10° | 5x10° 40 35 20 15
S5 | PMH+NaTPB+ONPOE | 1x10™-1x10° | 8x10° 20 10 7 21

3-2-2-Effect of pH:-

The potential remains constant over the pH eaof)2.8-7.5, which
embly. At pH
lower than 2.8, the interference of kbns is more which is due to the

may be taken as the working pH range of the seasss

high rate of diffusion of Hions from sample solution to membrane

- Vr-
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matrix (extract H ion) where they interact with carrier and its pration
takes place resulting in decreased selectivityrmfium (I11) ions. In this
case, the membrane sensor responds to hydrogenAibpsl higher than
7.5, the deviation in the electrode response oedubrecause of the
formation of some hydroxyl complexes of indium Xlibn in solution.
The pH effect studied for the tow different coneatibns 1¢ and 10 M

as shown in Figure 3-28.

5
EZE*
w20 4
15 4
1019
5
T T T T T

T T T T T T 1
0 2 3 4 5 6 7 8 9 10 11 12

| —e—0.01M Indium —5—0.001H Indiumn |

Figure 3-28:- Effect of pH on the potential of theS2 electrode, at concentrations Idand 10° M.

Table 3-23:- Working pH ranges for S2 electrode.

Electrode no. pH range

10°M 10°M
2.8-8.1 2.8-75

S2

3-2-3-Selectivity methods: -
3-2-3-1-Separate solution methods:-
25 mL of (a= a;=10° M) two separate solutions, measured values of

E. and B, respectively, the value of’R, 5 is calculated by the equation

1-9. The results of selectivity coefficients arensoarized in Table 3-24.
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Table3-24:- Selectivity coefficient values for S2ectrode, when E=29mV and the slope
19.85mV/decade.

Interfering on Eg (MV) Log KP4 5 K" s
K* 79 -3.4815 0.000329
Na* 82 -3.3304 0.000467
Cu* 71 -3.6155 0.000242
Mn*2 83 -4.2199 0.0000603

Al*? 35 -0.3022 0.498

Fe™ 31 -0.1007 0.793

3-2-3-2-mixed methods: -

The potential E (mV) values obtained are ptbtts. the logarithm of
the activity of the indium ional) with constant activity of interfering ion
(as =10" M). The intersection of the extrapolated &ne portions of
this plot indicates the value of,] from Figure 3-29 to Figure 3-34

can be used to calculatéofg,g, all results of ROtA,B were shown in Table
3-25.
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Figure 3-29:- FIM calibration curve for S2 electroce, K
(5%x10°M) as interfering ion a,=7x10°M.

- Vo ._



Chapter Three Results and Discussion

——0.1M Na*

Eg.
ol .
49
S 39 "
= 29 4 L
19 e
q 4 f A t—1T1
1 A - !
1

00000001 0.000001 000001 0001 000 o.m 18]
conc. (M) (log. scale)

Figure 3-30:- FIM calibration curve for S2 electrode, Na
(5x10°M) as interfering ion a,=9x10°M.
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Figure 3-31:- FIM calibration curve for S2 eletrode, Cu*?
(5%x10°M) as interfering ion a,=5x10°M.
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Figure 3-32:- FIM calibration curve for S2 electrode, Mn*?

(5x10°M) as interfering ion a,=3x10°M.
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Figure 3-33:- FIM calibration curve for S2 electrode, Al
(5x10%M) as interfering ion ax=3x10*M.
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Figure 3-34:- FIM calibration curve for S2 electrock, Fé?
(5x10%M) as interfering ion ax=3x10°M.

Table 3-25:- Values of K*, g according to FIM , when ag = 5x107 M.

ag= 5x10°M
Interfering-lon on KP 5
K 7x10° 0.056
Na® 9x10° 0.072
cu'? 5x10° 0.000447
Mn*2 3x10° 0.00268
Al 3x10% 0.006
Fe'3 3x10° 0.0006
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3-2-4- Sample analyses: -

3-2-4-1- Direct method: -

Results and Discussion

The calibration curve was constructed (for S2 eteld) and the

concentration of the unknown was calculated from lihear equation
y = 8.6207 In(x) +109.6 of the calibration curveig¥hhas the slope (S)
+ S.D. = 19.853 #.0854and the intercept S.D. = 109.6+ 0.1216, for

n=5, andhe results are listed in Table 3-26

Table 3-26:- Calculation for five samples of indiur(Ill) standard solution 10*M using
direct method for S2 electrode, where slope=19.85nmdecade.

_ ~ The conc. of X * (tshN)
Potential indium solution
reading calculated from S* Re % E % RSD%
E(mV) linear
egquation/(M)

7.81 1.005 x1¢' 100.5% 0.5%

7.65 0.999 x1(' 99.9% -0.1% 0.513%

7 60 0.996 x10' 5.128x10° | 0.9994x10+0.637x10/ 99.6% -0.4% ‘

7.51 0.993 x1(' 99.3% -0.7%

7.80 1.004 x1¢ 100.4 % 0.4%

*1=2.78; N=5.

3-2-4-2- Incremental methods: -
3-2-4-2-1-Standard additions method (SAM): -

It carried out by a procedure that 0.5 mLrémeent of 1GM

indium (Ill) as standard was added to 20 mL of danas unknown. The
results of calculation (SAM) for the indium (lll)okition using (S2)

electrode and equation 1-13, recovery, relativeraand relative standard

deviation for five additions of indium (lIl) arestied in Table 3-27.
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Table 3-27:- Calculation for five additions of indum (Ill) standard solution using
(SAM) for S2 electrode, where slope=19.85mV/decads, concentration of sample

10° M.

Vs E Antilog X*(1s/VN)
(mL) AE | (vuive Cul(M) S Re% | E% |RSD%
added| (mV) (AE/S)
0 0 | 0 TR (—
05 | 307 | 1.7 20 1.2196 | 0.999x10° 99.9% | -0.1%
10 | 321 | 31 20 14362 | 0.990x10° ) 99% 1%

* 7.120x16° | 0.9992x10+0.356x1C° ° ° 1 0.713%
15 | 332 | 42 133 1.6329 | 0.995x10° 995% | -0.5%
20 | 341 | 51 10 18139 | 1.004x10° 100.4% | 0.4%
25 | 349 | 59 8 1.9915 | 1.008x10° 100.8% | 0.8%

*t=2.78; N=5.

3-2-4-2-2- Multi standard additions method (MSA):-

The calibration curve for MSA for (S2) elexte was shown in
Figure 3-35 by plotting antilog (E/S) versus thelumoe of the five
additions of standard indium (lll) solutions. Frahe equation of the
calibration curve the volume (mL) at intercept wXhaxis for the curve
was calculate. The volume at intercept with X agmjcentration of the

unknown sample (§, the analysis results are listed in Table 3-28.

\Vol.(mL) .
of std. [E(mVv) A(’:E“/'g;? gy R
add R = 0.8eed &0 4
0 29 | 29.226 _ o
[ir]
w o
0.5 30.7 | 35.185 g
= 20 4
= o=
1 32.1 | 41.389 " PR
1.5 33.2 | 47.021 e -
2 34.1 | 52.225 - ; - :
vl (ml} of std. add
2.5 34.9 | 58.854

Figure 3-35:- Calibration curve of antilog (E/S) vesus the volume added of standard 1M for
determination of 25 mL indium solution 10°M by (MSA).
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Table 3-28:- The linear equation of the calibration correlation coefficient, volume at

intercept, the concentration of sample (¢), E;% and Re% of the unknown sample.

_ ; Volume at
0, (o)
Linear equation r intercept (mi) Cu(M) Re% E %
Y=11.508x+29.45 | 0.9994 2.559 1.024x10° | 102.4% 2.4%

3-2-4-2-3-Titration method &: -

The potentiometric titration for 15 mL of 0.01M ofindium(lll)
solution with 0.1 M of sodium hydroxide (NaOH) tisant solution as
shown in Figure 3-36 and 3-37, the results oatitn (Re%, B6 and

RSD%) are listed in Table 3-29.

e ———

val, af HaGH(ml)

i 11 12 13 W 16

= |
Figure 3-36:- Titration curve of S2 electrode, forl5 mL of 0.01M of indium solution with 0.1 M
of sodium hydroxide as a titrant solution.
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Figure 3-37:- Titration curve of S2 electrode, by ging first derivative.
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Table 3-29:- Standard indium solution analyses redts by using titration method for S2

electrode
Titration Figure vol. mL a_t the Cu(M) Re% RSD %
end point
Figure 3-36 4.5 1.00x10° 100 %
0.141%
Figure 3-37 4.6 1.002x10° 100.2%

RSD*% for the unknown concentration from the two figures.

3-2-5-UV-Spectrophotometry:-

3-2-5-1-The spectrum of indium complex [PMH-In(l11)]:-

Figure 3-38, show the absorption spectra oplpudrug complex of
promethazine hydrochloride and indium (Ill) solatioshows two
absorption wavelengths 353 and 258 nm. The commebution

containing of 30 mL of 16M of promethazine hydrochloride and i

of 10*M of indium (I11) solution, complex formation in ¢hacidic media

at pH=3.

0200

g m

1
S00-00

7000

Figure 3-38:- Spectrum of complex solutioRMH (30 mL) + In(lll) (10 mL)

in pH=3.

3-2-5-2-The Effect of pH on [PMH-In(I11)] complex spectrum:-

The spectra for series of solutions containing 10 oh 10* M of
indium (111) solution and 30 mL of IOM promethazine hydrochloride

with different pH ranged from 1 to12 using HCI addOH. In the acidic
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addition, get the optimize pH in the pH=3 and theabance equal 0.447

for wavelength at 258 nm and 0.347 for 353 nm. Wawelengths and

absorbance are listed in Table 3-30. The spectnfrtisese additions are

shown in Figure 3-39.

Figure 3-40, show the pH effect on the abaocke of complex at
different pH af. 258 nm.

Table 3-30:- The values of absorbance and wavelegbf spectrum complex at different

Abs

(=] (=]
(=] (=]

(=]

200.00

nnn

Figure 3-39: Spectrum of complex solution at diffeent pH.

pH.
pH=1 pH=3 pH=5 pH=7 pH=9 pH=12
- abs. : abs. 4 abs. 4 abs. . abs. 4 abs.
nm nm nm nm nm nm
258 | 0.200| 258 0.447 | 258 | 0.416 | 249 | 0.345 249 | 0.241 249 0.09
353 | 0.155| 353 0347 | 363 | 0252 | ...... | .ooii | eien e

Figure 3-40:- Effect of pH on the absorbance for aaplex [PMH-In(l1)] at

Amax=258 nm.

AT -




Chapter Three Results and Discussion

3-2-5-3-Determination of ligand to metal ratio in complex
[PMH-In(111)] by continuous variation method (Job method):-

Figure 3-41, shows the continuous variation methbetween
promethazine hydrochloride and indium (Ill) solatieon, and the ratio
VL:VM:3:1-

o_o_o

abs.

oo
OF PP LwP hP P mP a2

=] [ ]
OO = ORI ER G ON s O ERER SR On = £R a0
R T TR T TR TR TR TR TR T T TR TR T T T |

0 o1 02 03 04 05 06 07 08 08 1

VIV
Figure 3-41:- Continuous variation method for complex [PMH-In(l11)].

3-2-5-4-The FTIR spectra for indium complex [PMH-In(l11)]:-

The complex characterized is obtained by ET4R spectra as shown in
(Figure 3-42-(a) in Csl for promethazine hydroclderalone and Figure 3-
42-(b) in Csl for indium (llI) complex [PMH-In(ll]). The characterized of
indium (lll) complex [PMH-In(lll)] is deep purple rpcipitate. The FTIR
spectra indicate and improved the formation of theium (lll) complex
[PMH-In(111)]. The functional groups for both prorntezine hydrochloride and

the complex are listed in Table 3-31.
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Figure 3-42: FTIR spectra (a)-promethazine hydrochbride and (b)-complex [PMH-
In(ll)]by using Csl.
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Table 3-31:- The functional groups obtained from tle spectrum for each promethazine
hydrochloride and complex [PMH-In(111)].

Promethazine Complex
Functional groups | hydrochloride(PMH) [PMH-In(111)]
cm™ cm*
v (RNH") CI 2389 -
v (C=C) aromatiq 1581 1571
v (C-H) bend 1458 1475
v (N(CHs), 1228 1244
v (C-N) 1132 1114
Ortho disub. 1043 1028
Benzene
v (C-S-C) 761 742
v (M-L) - 451

3-3- Conclusions:-

The two kinds of electrodes were prepared in thislys based on

PVC matrix for promethazine hydrochloride and imd{ul).
1- lon selective electrode for promethazine hydiaritie:

ISE method included fabrication of membranes foomethazine
hydrochloride was constructed by molybdophosphacid with drug as
ion-exchanger and many plasticizers: Di-butyl plate (DBPH),
Di-octyl phthalate (DOP), Di-butyl phosphate (DBP)i-butyl phosphate
(TBP), Ortho-nitro phenyl octyl ether (ONPOE) in @©Vmatrix
membrane. The best electrode for promethazine bipbode was (E1)
electrode which used to determine promethazine doydoride in the
pharmaceutical sample (coldein tablets). Also themo interference for
some interfering ion (NaK*, Mn*?, Cu?, Cd? Fe*, Al*® paracetmol,
sucrose and gelatein), it also has the working mpithe range (2.3—-7.8).

The practical utility of theslectrode has been demonstrated by use it as
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indicator electrode in potentiometric precipitatiofitration of
promethazine hydrochloride solution with molybdogpleoric acid
solution. Direct method, standard additions methad multi standard
additions method have been also successfully apphe showing a very
good results. The results thfese analytical methods were showed to be
simple, rapid and with a good agreement in termretision with direct
method of ion selective electrode of the studiealygas by using F-test at

95% confidence interval.

2- lon selective electrode for indium (111):

ISE method included fabrication of membranasiidium(lil) based
on using promethazine hydrochloride (PMH) and swodiu
tetraphenylborate (NaTPB) as additive, used fivastatizers; Di-butyl
phthalate (DBPH); Di-octyl phthalate (DOP); Di-buphosphate (DBP);
Tri-butyl phosphate (TBP); Ortho-nitro phenyl octher (ONPOE) in
PVC matrix were examined. Also there is no intenfiee for some
interfering ion (N4 K, Mn™?, Cu™?, Ca? Fe®and Al?), it also has the
working pH in the range (2.8-7.5). The practicalitytof the electrode
has been demonstrated by use it as indicator etkrin potentiometric
precipitation titration of indium (Ill) solution wh sodium hydroxide
solution. The complex of promethazine hydrochlorate indium (ll)
was studied by UV-spectrophotometric method anckrdehation the
promethazine hydrochloride to indium (lll) ratio:I3 by using Job
method.
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Chapter Three Results and Discussion

3-4-Future Work:-

Based on the above ion selective electragdiet, a future work can
be applied on other ISE's which can be fabricassalgu

1- Other types of drugs and antibiotic, with diéet properties and
chemical structure, to obtain wide selectivity owlugs and multiple
drugs.

2- Other methods for preparation ion exchangerofwore) by using
silicotungstic acid (SiQ12WG0;.xH,0).

3- Other plasticizers to get better idea on th&luence on the electrode

performance.
4- Other types of matrixes as alternative to PV@ima

5- Other physical properties of membrane: percentalg components
proportions in membrane, through fixing one of #@mponents and
changing the other, and thickness by increasing weght of the
components or changing the diameter of a glassgastg.

6- Application of these membranes in analyses berodrug samples

with similar active groups.

7- Study the selectivity behavior using other mdthand also by using

more interfering ions.
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Chapter Three Results and Discussion

3-Results and Discussion

3-1-Promethazine electrodes. -
3-1-1-The FTIR sgpectra for promethazne and promethazine
molybdophosphoric acid (PMH-PM):-

The complex is obtained by conversion promettgahydrochloride to promethazine
hydrochloride-molybdophosphoric acid (PMH-PM) whicharacterized by their FTIR
spectra as shown in (Figure 3-1-(a) in KBr anduFeg3-2-(a) in Csl) for promethazine
hydrochloride alone, (Figure 3-1-(b) in KBr and tig 3-2-(b) in Csl) for promethazine
hydrochloride-molybdophosphoric acid (PMH-PM) ddepwn precipitate. The FTIR
spectra indicate and improve the formation of tbenglex PMH-PM. The functional
groups for both promethazine hydrochloride andctiraplex are listed in Table 3-1.

Table 3-1:- The functional groups obtained from thespectrum for each promethazine
hydrochloride and promethazine hydrochloride-molybdphosphoric acid.

Promethazine Complex
Functional group hydrochloride(PMH) (PMH-PM)
cm’ cm’
v (C-H) aliphatic 2927 2858
v (RsNH") CI 236¢
v (C=C) aromatic 1568 1554
v (C-H) benc 145; 146(
v (N(CHy), 1222.¢ 121z
v (C-N) 1122
Ortho disub. Benzene 1037 1062
v (C-S-C) 758 794
v (M-N) - 474
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Figure 3-1:- FTIR spectra (a)-promethazine hydrochbride and (b)-(PMH-PM) complex by using

KBr.
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3-1-2-Sensor Characteristics:-

Five electrodes of promethazine hydrochloride based promethazine
hydrochloride-molybdophosphoric acid (PMH-PM) ioaip complex as the
electro-active materiand five plasticizers such as: Di-butyl phthaldDdBPH);
Di-octyl phthalate (DOP); Di-butyl phosphate (DBFYj-butyl phosphate (TBP);
Ortho-nitro phenyl octyl ether (ONPOE) in PVC matwere examined. The
effects of different plasticizers were studied wilspect to the linear concentration
range, slope, detection limit, response time afadiine. The potential values of
these electrodes were plotted versus the logargheoncentration of drug. All
membranes were soaked in 1XM drug solution for one hour for condition by

the membrane.

Promethazine hydrochloride electrodes (E1, E2, E4 and E5) using these
plasticizers (DBPH, DOP, DBP, TBP and ONPOE) respely, which their
calibration curves shown in Figure 3-3-(a, b, ce)drespectively. These electrodes
gave the linear range from (1x3ax10%, 1x10*-1x10%, 1x10°-1x10%, 5x10%
1x10" and 1x1d-1x10" M) and gave the slopes of (57.27, 54.08, 49.79&&nd
44.52 mV/decade), with detection limit (8XA®, 6x10° M, 6x10° M, 8x10°M
and 8x10 M) respectively. The results were summarized ibl&8-2.

The E1 electrode, is the best electrode whithesg the Nernst slope
57.27mV/decade and correlation coefficient 0.998@, slope value because the
high mixing between the (DBPH) and the poly phertybride (PVC) due to the
compatibility of the plasticizer used to the eleedctive compound in both

structure and composition
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Table 3-2:- The parameters of five promethazine hyachloride electrodes.

Response time (sec)
Electrode Electrode Slope Linear Detection 7102 (m) [ 10°(m)[ 10%Mm)] Lifetime

no. i (mV/Decade) Corgﬁzgtr(?}ll)on Sk (day)
E1 PMH-PM+DBPH 57.27 | 1x10-1x10" | 8x10° [ 8 12 | 25 62
E2 PMH-PM +DOP 54.08 | 1x10-1x10"'| 6x10° | 5 | 10 [ 30 22
E3 PMH-PM+DBP 49.79 | 1x10-1x10"| 6x10° [ 12 | 20 | 35 35
E4 PMH-PM+TBP 46.76 | 5x10-1x10'| 8x10°| 7 15 | 20 19
E5 PMH-PM+ONPOE 44.52 1x10— 1x10' | 8x10° 6 12 30 7

From the results obtained, the E1 electrode wasidered to be more sensitive
than the other electrodes because of a higher slafpee compared with slope
value than the other electrodes. The E4 electraste gon-Nernst slope, this could
be due to the low viscosity of TPB (3.114 cst) ihcauses rapid leaching of the
complex out of the membrane when it is in contath wqueous solution. Also the
low viscosity of ONPOE (11.44 cst) gave non-Newsispe of 44.52 mV/decade.
Then the E2 electrode gave slope 54.08 mV/decad tal the viscosity of the
DOP (82.98 cst) increase the ion-exchange betwaipair of complex (PMH-
PM) in membrane and the external solution.

E3 electrode, gave slope of 49.79 mV/decade tuthe viscosity of the
plasticizers; for example, the high viscosity oé tbBP (112.88 cst) plasticizer
which decrease the ion-exchange process betwegmaiogomplex (PMH-PM) in

membrane and the external solution of promethazine.
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Figure 3-3:-The calibration curves of promethazinehydrochloride electrodes were using different
plasticizers: a-E1 electrode, b-E2 electrode, c-Edectrode, d-E4 electrode, and e-E5 electrode.
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The working rang characteristics for prometh@ hydrochloride sensors the
investigated electrodes were assessed on the dfasis calibration curves which
were obtained by measuring of the potential valokeshe set of promethazine
hydrochloride solutions ranged (30L0"M). The parameters of five promethazine
hydrochloride electrodes, equations of the lineange, slopes, correlation
coefficients, relative standard deviation and aberfice limit(t 95%) are listed in
Table 3-3.

Table 3-3=- The equation of calibration curves, slopes, corration coefficients, relative standard deviation and
confidence limit (t 95%) for five promethazine hydrochloride electrodes.

Slope X Correlation
Electrode | Electrode membrane Linear equation slopet(tsiVN) | RSD% | coefficient
(mV/decade) (r)

no.
E1l PMH-PM+DBPH y=24.871Ln(x) + 236.74 57.27 |57.270+0.225| 0.159 | 0.9999
=2 PMH-PM +DOP y =23.483 Ln(x) + 211.7] 54.08 54.080+0.249 | 0.358 | 0.9997
E3 PMH-PM +DBP y=21.621Ln(x) +207.8¢ 49.79 | 49.790+0.603 | 0.674 | 0.9991
E4 PMH-PM +TBP y = 20.305 Ln(x) +214.80 46.76 46.760+0.871 | 0.708 | 0.9999
E5 PMH-PM+ONPOE | y=19.333Ln(x) + 211.43 44.52 | 44520+0.626 | 0.743 | 0.9998

* The result of three times repeatedi=4.3; N=3.
3-1-3-Effect of pH:-

The effect of pH on the electrode potentials fasrnpethazine hydrochloride
selective membrane was examined by measuring thented for the three
different promethazine hydrochloride concentratid®¢, 10° and 10 M. The
obtained responses of electrodes were remainedacres pH range from 2 to 8
and then decrease when the pH increase. This magttbbuted to the low

solubility of promethazine hydrochloride in the aiksolution.
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Figure 3-4:- Effect of pH on the potential of the B electrode at concentrations 16, 10° and 10* M.

Table 3-4:- Working pH ranges for ppmethazine hydrochloride E1 electrode.

Electrode no. pH range

10°M 10°M 10“M
E1l electrode

21-81 23-7.8 1.9-8.3

3-1-4-Selectivity methods: -
3-1-4-1-Separate solution methods:-

In the first case when 4@ a; =10° M) The potential is measured with two
separate solutions, one containing the promethazigdrochloride at the
concentration 18 M, the other one containing the interfering iontila¢ same
concentration 1®M. The value of R®; is calculated by using the equation
1-9, by measurement the values of , Bnd E. The results of selectivity
coefficients are summarized in Table 3-5.
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Table3-5:- Selectivity coefficient values for E1 ektrode, when k=123 mV and the slope
57.27 mV/decade.

Interfering Bl ot Log KP%g KPP
lon 10°M
K" -20.3 -2.5022 0.00315
Na* -14.1 -2.3939 0.00403
Cu*? -6.9 -3.7682 | 0.000171
Mn*? -19.1 -3.9812 | 0.000104
Ca* -5.2 -3.7385 | 0.000183
Al* 311 -3.6147 | 0.000243
Fe™ -12.3 -4.3724 | 0.0000424
paracetamol 5.8 -2.0464 0.00898
sucrose 4.9 -2.0622 0.00866
gelatein -1.2 -2.1686 0.00678

From the Table 3-5, all values of% g are less than (0.1), This reflects a very

high selectivity of this electrodes towards proragthe hydrochloride.

3-1-4-2-Mixed solution methods: -

The potential of cell is measured for sloéutions at constant concentration
of the interfering iongg) at first used 1xIbM that calculated in 20 mL total
volume after mixed it with varying concentoati of the promethazine
hydrochloride &,). The potential values obtained are plotted the logarithm
of the concentration of the promethazine hghlaride. The intersection of

the extrapolated linear portions of this mgletermination the value ady).
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from Figure 3-5 to Figure 3-14 can be used to dateuk”,g, all results of
KP*\ g were listed in Table 3-6.
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Figure 3-5: FIM calibration curve for E1 electrode, K* (5x10°M)
as interfering ion a,= 3x10°M.
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Figure 3-6: FIM calibration curve for E1 electrode,Na* (5x10°M)
as interfering ion a,= 5x10°M.
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Figure 3-7: FIM calibration curve for E1 electrode Cu™ (5x10°M)
as interfering ion a,= 1.4x10"M.
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Figure 3-8: FIM calibration curve for E1 electrode, Mn**(5x10°M)
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Figure 3-9: FIM calibration curve for E1 electrode, Ca™ (5x10°M)
as interfering ion ay=2.5 x10°M.
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Figure 3-10: FIM calibration curve for E1 electrode Al*3(5x10°M)
as interfering ion gy= 2 x10°M.
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Figure 3-11: FIM calibration curve for E1 electrode, F&3(5x10°M)
as interfering ion = 2.5 x10°M.
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Figure 3-12: FIM calibration curve for Elelectrode, paracetmol (5x18M)
as interfering ion a,= 2 x10°M.
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Figure 3-13: FIM calibration curve forE1 electrode, sucrose (5x19/)
as interfering ion g= 1.8 x10°M.
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Figure 3-14: FIM calibration curve forE1 electrode, gelatin (5x18M)
as interfering ion a,= 3x10°M.

Table 3-6:- Values of K™, g according toFIM , when ag = 5x10% M.

ag= 5x10°M
pot
Interfering lon o G
K* 3x10° 0.00060
Na* 5x10* 0.0100
Cu*? 1.4x10° 0.000632
Mn*? 9x10° 0.0000402
Ca'™ 2.5x1C° 0.00C112
Al* 2x1C 0.000(537
Fe' 2.5x10° 0.0000672
paraceimol 2x10° 0.000400
SUCrose 1.8x10° 0.000360
gelatein 3x10° 0.00060

3-1-5-Sample analyses: -
3-1-5-1-Direct method: -
The calibration curve was constructed (for E1 ebstt) and the

concentration of the unknown was calculated frome thnear equation
y=24.871 Ln(x) + 236.75 of the calibration curve igth has the
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slope (S S.D. = 57.27 #.0907and the intercept S.D. = 236.75% 0.1336, for
n=5, andhe results are listed ifable 3-7
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Figure 3-15:- Calibration curve of E1 electrode.

Table 3-7:- The results of five samples of promettzine hydrochloride standard solution 10' M using direct
method for E1 electrode, where slope=57.2nV/decade.

FEITEITEY SZ?nnlOé;maHéd X * (tSN)
reading frF(;m linear o Re% E.% RSD%
E(mV) .
equation/(M)
0,
64.92 0.999 x10 99.9% | 510
64.89 0.998 x1d 9.8% | .20
5 0.372%
64.84 0.996 x10 3.701x10° |0.995x10°+0.461x10° [ 99.6% | o
64.77 0.993 x1d 99.3% | 0.7%
64.6¢ 0.990 x11° 9% | 1%

S*: standard deviation, t=2.78, N= 5.
3-1-5-2-Incremental methods: -
3-1-5-2-1-Standard additions method (SAM): -

It carried out by a procedure that 0.5 mL incren&nt0°M promethazine

hydrochloride as standard was added to 20 mL opkaas unknown. The results
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of calculation (SAM) for the promethazine hydroaide using (E1) electrode and

equation 1-13, recovery, relative error and retatstandard deviation for five

additions of promethazine hydrochloride are listediable 3-8.

Table 3-8:- The results for five additions of proméhazine hydrochloride standard solution using (SAM)for
E1 electrode, where slope=57.27 mV/decade, at contration of sample 10° M.

Vs Antilog X % (tSIVN)
mL) | Emv)| AE | (VuIVe) Cul(M) S Re% | E, % |RSD%
added (AE/S)
0 123.0 | - 0 N e e N [P ———
0.5 128.0 50 40 1.2227 | 0.987x10° 98.7% | -1.3%
1.0 | 1319 89 20 | 1.4302] 0.997x1G° 99.7% | -0.3% | o.5850%
5.831x10 | 0.996x10°+0.727x10°
1.5 135.2 12.2 13.3 1.6331| 0.995x1C° 99.5% -0.5%
2.0 137.9 14.9 10 1.8204 | 0.998x1C° 99.8% -0.2%
2.5 140.2 17.2 8 1.9968 | 1.003x10° 100.3%| 0.3%
*t=2.78; N=5.

3-1-5-2-2-Multi standard addition method (MSA):-

The calibration curve for MSA for (E1) eledmwas shown in Figure 3-16

by plotting antilog (E/S) versus the volume of tfee additions of standard

promethazine hydrochloride. From the equation efdhlibration curve the volume

(mL) at intercept with X axis for the curve wasadate. The volume at intercept

with X axis, concentration of the unknown samplg)(@he analysis results %Re
and %E are listed in Table 3-9.
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0 123.( | 140.515
0.t 128.C | 171.802
1.C 131.¢ | 200.967
1.t 135.2 | 229.481
2.C 137.¢ | 255.795
2.5 140.2 280.578

R = 0.9992

y= 57.812% + 144 5% 300 7

230 4

antilogiE 'S )

200 +

150 5
-

-’ =0 A

-1 0
vol. (il of s, added

Figure 3-16:- Calibration curve of antilog (E/S) vesus the volume added of standard €M for

determination of 25 mL promethazine hydrochloride ®lution 10°M by (MSA).

Table 3-9:- The linear equation of calibration cune uses MSA, correlation coefficient, volume at
intercept, the concentration of sample (G), Re% and E% for the unknown sample.

Linear equation

R

\Volume at intercept (mL

Cu(M)

Re%

Er %

Y=57.812x+144.5

0.99¢2

2.501

1.004x1(°

100.4%

+0.4%

3-1-5-2-3-Titration method: -

The potentiometric titration for 15 mL of0Q. M promethazine hydrochloride

sample solution with 0.01 M molybdophosphoric aasdtitrant solution as shown

in Figures 3-17 and 3-18, the results of titratiRe%, E% and RSD%) are listed

in Table 3-10.

E(mV)

2 3 4 5 6 T & 9 10 1112 13 14 15 16 17 18 19 20

Vol. of PM {mL)

Figure 3-17:- Titration curve of E1 electrode for 5 mL sample solution 0.01 M promethazine hydrochlade
with 0.01 M of PM as a titrant solution.
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AEIAV
S
1

0 =t
0 A

2 3 4 5 6 7 8 91011213 14 15 16 17 18 19 20

Vol. average (mL)

Figure 3-18:- Titration curve of E1 electrode by uig first derivative, 15 mL sample solution 0.01 M
promethazine hydrochloride with 0.01 M of PM as ditrant solution.

Table 3-10:-The results of using titration method ér standard promethazine hydrochloride sample
for E1 electrode.

o . Vol. mL at *
Titration Figure the end point Cu(M) Re% E % RSD %
Figure 3-17 14.¢ 0.986x1(° 98.6 % -1.33%
0.500%
Figure 3-18 14.¢ 0.993x1(* 99.3% -0.7%

RSD*% for the unknown concentration from the two figures.

3-1-6-Analytical application of the selected electrode (1):-

Due to the vital importance of the rapid assay lwfrmaceutical products, in
recent years, potentiometric measurement usingebective electrodes has found
widespread use in pharmaceuticals and clinicalyaeal and in the study of drug
interactions with other chemicals. The (E1) elei¢ravas proved to be useful in
the potentiometric determination of promethazindrbghloride in pharmaceutical

preparations.
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3-1-6-1-Direct method: -

The calibration curve was constructed and the aunagon of the unknown
was calculated from the linear equation y= 24.87{x).+236.75 of the calibration

curve, and the results are listed in Table 3-11.

Table 3-11:- The results for five samples aftandard solution at 10°M, using direct method for E1 electrode.

E(mV) for The conc. of
the sample sample S* — 0 ) )
calculated(M) X * (tSIVN) Re% E% RSD%
65 1.002 x16° 100.2% 0.2%
0, 0,
65.15 1.008 x1C° 100.8% | 0.8% .
. (0]
3 0 0
64.17 1.009 x1G 6.364x10" | 1.003x1G+ 0.793x10 100.9% 0.9%
0, - 0,
65.5 0.993 x1¢° 99.3% 0.7%
65.7 1.003 x10° 100.3% | 0-3%
*t=2.78; N=5.

3-1-6-2-standard additions method: -

It carried out by a procedure that 0.5 mL increm&nt0°M promethazine
hydrochloride as standard was added to 20 mL opkaas unknown. The results
of calculation (SAM) by using (E1) electrode andigipn 1-13, recovery, relative
error and relative standard deviation for five #&dds of promethazine

hydrochloride are listed in Table 3-12.
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Table 3-12:- The results for five additions of stadard solution at concentration 10°M, for E1 electrode, where
slope=57.27mV/decade.

V¢(mL) | E(mV) AE (Vu/Vs) | Antilog Cu/(M) S* = Re% E, % | RSD%
% & (tSWN)
added
(AE/S)
0 122 | ceeeee o |-l e |
05 | 1269 4.9 40 1218 | 1.007x10° 100.7%| 0.7%
10 | 1310 90 20 1.436 | 0.985x10° 98.5% | -1.5%
9.12%10° | 0.994x10°%+0.114x10° .
15 | 1343 123 | 133 | 1.639 | 0.986x10 08.6% | -1.49 | 0-918%
20 | 1369 149 | 10 1.820 | 0.998x10° 99.8% | -0.2%
25 | 1303 173 8 2.005 | 0.996x1C° 99.6% | -0.5%
*t=2.78; N=5.

3-1-6-3-Multi standard additions method (MSA): -

The calibration curve for MSA for (E1) elexdle was shown in Figure 3-19 by

plotting antilog (E/S) versus the volume of theefiadditions of standard

promethazine hydrochloride. From the equation efdalibration curve the volume

(mL) at intercept with X axis for the curve wasadhte. The volume at intercept

with X axis, concentration of the unknown samplg)(Ghe analysis results are
listed in Table 3-13.

Vol.(mL) of Antilog
std.add | E™)| " (E/s)
0 122 134.977
0.5 126.9 164.369
1.C 131 193.82!
1.5 134.: 221.32¢
2.C 136.¢ 245.71!

artikgl B

ki
n
(=]

L [ 3]
n (=)
Q Q

in i
(=] (=]

wol.iml) of std. sddsd

Figure 3-19:- Calibration curve of antilog (E/S) vesus the volume added o$tandard 0.01 M for determination
of 25 mL standard solution 0.001 M by (MSA) for H electrode.
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Table 3-13:- The linear equation of the calibrationcurve uses MSA, correlation coefficient, volume at
intercept, concentration of sample (@), Re% and E % of the unknown sample.

: . Volume at
0, 0,
Linear equation R ——— Cu(M) Re% E,%
Y=55.687x+136.36 0.9986 2.45 0.980x10° 98.0% -2.0%

3-1-6-4-Titration method: -

The potentiometric titration for 15 mL of 0.001 Momethazine hydrochloride
sample solution with 0.001 M of molybdophosphoradaas titrant solution as
shown in Figures 3-20-(a) and 3-20-(b), the resaoftgitration (Re%, B6 and

RSD%) are listed in Table 3-14.

o1 2345678 910N 12131415-181?18192021

vol. average (mL)

120 5
100 4
3]-
>
g @ 2
w
i 1 )
1
1
= 1
7t + - -—-—--——— v——e—
0123 4+ 56 78 9101112 I3H||5 16 17 18192021
Wal. oT{PRY
a- Titration curve

b- By using first derivative

Figure 3-20: (a)- Titration curve of E1 electrode ér PMH solution containing 0.001 M PMH with
0.001 M of PM as a titrant solution, (b)- by usindirst derivative, for PMH solution containing
0.001 M PMH with 0.001 M of PM as a titrant soluton.

Table 3-14:- The results of using titration methodor E1 electrode for standard solution.

Titration Figure Vol. mL at the Cu(M) Re% E, % RSD*%
end point
Figure 3-20-(a) 14.¢€ 0.99:x1C° 99.3% -0.7%
0.919%
Figure 3-20-(b) 15.1 1.006 x1(* 100.6 ¥ 0.6 %

RSD* % for the unknown concentration from the two figures.
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Table 3-15:- Summary of sample analyses of coldeiablets pharmaceutical using E1 electrode.

Results and Discussion

) Titration
Parameter Direct method SAM MSA
Method
Conc.(M) 1.000x1(* 1.000x1(° 1.000x1(* 1.000x1(*
Found(M) 1.003x1(° 0.994x1(° 0.980x1(° 0.9995x1(°
RSD % 0.634% 0.918% | = e 0.919 %
Re% 100.3Y 99.4Y% 98.0% 99.€ %
E,% 0.3% -0.6% -2.0% -0.1%

RSD*% for n=b.
3-1-7-Sample analyses by using UV-spectrophotometry: -
3-1-7-1-Normal Spectroscopy:-

Normal UV spectrum of promethazine hydrochlerishows two absorption
wavelengths 249 nm and 299 nm. Figure 3-21 showsspectra for solutions
ranged from 2-62 mg/L of promethazine hydrochlaritlee calibration curves for

promethazine hydrochloride at 249 nm and 299nnshosvn in Figures 3-22 and
3-23.

1.600
4500

A4.000

Abs.

Q.500

- 23pp
\/l
27
- S
o000 Mﬁk

200 00 250 .00

0000

=250 .00
nm.

Figure 3-21:- Spectra for promethazinbydrochloride solutions at different concentration
ranged from 2-62 mg/L.
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Standard Curve
1.729 T T

1.500

1.000

Abs.

0.500

0152 1 1
Z2.000 20.000 40.000 62000
Conc (mgfl)
v = 002639 x - 0.03977
r2 Correlation Coefficient = 0.9939039

Figure 3-22:- Calibration curve for promethazine hydrochloride at A 249nm.

Standard Curnve
0.199 T T

0150

0.100

Abs.

0.050

0.000

-0.026 L L
2.000 20,000 40000 B2.000
Canc. {mgfl

v =0.00315 x - 001340
r2 Correlation Coefficient = 0.99514

Figure 3-23:- Calibration curve for promethazire hydrochloride atx 299nm.

Figure 3-22 used to determine prepared prometbazyarochloride sample
solutions (1x10 M that equal to 32.09 mg/L) by direct method, badiag the
absorbance of the unknown samples and calculatsd ¢dbncentration from the
linear equation of the calibration curve and coarick limit (t 95%) the results are
listed in Table 3-16.
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Table 3-16:- The results for five samples of prométzine hydrochloride standard solution 10M

(32.09 mg/L) by using direct method for normal cabration curve at Amax

Abs. | Cy (mg/L) Cu (M) S* X (tsVN) Re% | E.% |RSD%
0.787 | 32.(90 0.999x1(* 99.99 -0.1%
0.788| 32.035 | 0.998x1(d’ 99.89 -0.2%
0.785| 32.173 | 1.002x10" | 2.881X10" | 1.001x10%+0.359x10° | 100.29 0.2% | 0-287%
0790 | 32.212 | 1.003x1Q’ 100.39 0.3%
0.791 32.25; 1.005x1(* 100.59 0.5%

RSD*% for five unknown concentrations; S*: standard deviation; =2.78; N=5.

3-1-7-2-Derivative Spectrophotometry (DS):-
3-1-7-2-1-First Derivative (*D):
First-derivative 'D) spectra for promethazine hydrochloride soluti@®§2

mg/L have been taken from normal using scale fa@@rFigure 3-24, shows first-

derivative spectra of promethazine hydrochloriti2.spectrum of promethazine
hydrochloride show a fixed peak (P) at 243nm amal fixed valley (V) at 256 nm

and 211nm. But all peaks and valleys below 220 aneg noisy signal, which

contained the absorption of impurities.
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0.700 T T

Q.500

0.000 g A

Abs.

-0.500

=000

-1.500 L L
200.00 250.00 300.00 350.00
nrm.

Figure 3-24:- The first derivative spectra for pronethazine solutions 2-62 mg/L.

The calibration curves were constructedtfmse wavelengths 256 nm and
243 nm as shown in Figures 3-25 and 3-26. The lzlon of the linear equations
for normal and first-derivative, correlation coefént and the range of

concentrations for the calibration curves are disteTable 3-17.

Standard Cunre
o214 T T

-1.000

Abs.

-2.000

-3.194
Z2.000 Z20.000 <0000 2000
Conc (Mgl
y=- 004323 = + 0.02634
r2 Correlstion Coefficient = 0.99935

Figure 3-25:- Calibration curve of'D spectrum for promethazine hydrochloride at
valley A 256 nm.
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Abs,

Standard Curve

1.228

1.000

0.500

-0.052
Z2.000

yo=0.015847 = + 0.01323
r2 Correlation Coefficient = 099920

Z20.000

S0.000 Gz.000
Conc (mafl)

Figure 3-26:- Calibration curve of'D spectrum for promethazine hydrochloride atk 243 nm.

Table3-17:- Calculation the t-test of the liner eqgation for the normal method and the first

derivative.

A Conc. . “for
Method Rang ilofog inf‘erce t Y=(a£(tSVN)) X+(b(tSVN)) 2

(nm) | mg.ml* P P

P=249| 2-62 | 1.528x10° | 2.082x1% | Y= (0.0263%0.379x1F)X+(0.039720.517x1F) | 0.99909
normal

P=299| 2-62 | 3.055x10° | 4.163x10 | Y=(0.003180.758x10")X+(0.013430.103x10") | 0.99614

P=243| 2-62 | 3.407x10 | 4.093x10¢" | Y=(0.018420.845x10°)X+(0.013230.102x10) 0.99920
'D

V=256 | 2-62 | 3.214x1C | 3.701x10" | Y=(-0.048230.797x1F)X +(0.02634:0.918x1¢f) | 0.99935

S*: standard deviation; +=4.3; N=3.

The calibration curve of first-derivative dtetAh 256 nm used to determine

prepared promethazine hydrochloride sample solfisd0*M that equal to 32.09
mg/L) by direct method, by reading the absorbarfcth® unknown sample and

calculated the concentration from the linear equatf the calibration curve and

confidence limit(t 95%) the results are listed in Table 3-18.
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Table 3-18:- Calculation for five samples of prométazine hydrochloride standard solution 1M
(32.09 mg/L) by using direct method for calibrationcurve of 'D spectra of UV-spectrophotometry

Abs. (mcg;l/JL) Cu (M) S* X +(tsVN) Re% | E/% |RSD%
0.747 | 32.00 | 0.999x1(” 99.9% [ -0.1%
0.748 | 32.145 | 1.001x10' 100.194 0.1%
0.745 | 32.189 [ 1.003x10" | 6.324x10° | 1.005x10*+0.788x10'| 100.3%4 0.3% | 0.629%
0.750 | 32.324 | 1.007x10" 100.79 0.7%
0.751 | 32.59: | 1.015x1(” 101.5%| 1.5%

S*: standard deviation; =2.78; N=35.

3-1-8-Comparison between | SE and normal spectroscopy and first
derivative (*D) methods: -

The results of comparison betweassrmal spectroscopy and first derivative®)

with direct method of ion selective electrode bingg--test are shown in the Table
3-19 and 3-20 respectively. The analytical methoelsults were showed to be

simple, rapid and with a good precision by comgabetween normal spectroscopy

and first derivative D) with direct method of ion selective electrode ising

F-test at 95% confidence limit.
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Table 3-19:- Calculation of F-test between the twmethods ISE and UV-spectrophotometry.

Cu(M) from direct

Cy(M) from direct

The (F)

method of ISE St sprgsttrr:)%?]gtfogn\gtry S* magnitude
0.999 x10¢' 0.999x1(*
0.998 x10' 1.001x1(*
0.996 x1¢ 3.701x10 0.998x1(* 2.881x10 1.6504
0.993 x1¢' 1.003x1(*
0.990 x10' 1.005x1(*

S*: standard deviation; n=5, F= S/ S,2, where $;5S,.

Table 3-20:- Calculation of F-test between the twmethods ISE and first derivative.

Cuy(M) from direct

Cy(M) from direct

The (F)

method of ISE S* metho_d of_First S* magnitude
Derivative
0.999 x1¢ 0.999x10-4
0.998 x1¢ 1.001x10-4
0.996 x1d 3.701x10 1.003x10-4 6.324x10 2.9197
0.993 x1¢ 1.007x10-4
0.990 x1d 1.015x10-4

S*: standard deviation; n= 35, F= 8> | S,% where $,5S,.
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Appendices

1- Standard Deviation (SD)

SD = yg(i—_l x )’

Where:

X; = concentrations of individual deviations.
X = Mean of concentration.

N = no. of degrees of freedom.

2- Relative Standard Deviation (RSD%)

SD
RSD% = ——— x 100
X

3- Relative Error (E;%)

d
E% = ———x 100

Where:
d = Absolute Error, the difference between the meaent quantity (¥
and the true or accepted value of the quantity (u).

4- Recovery (Re%)

Xi
Recovery (Re) % = "y x 100
5- F-test
Saz
F = 52
Where:

S, § are the standard diviations for first and secondthads
respectivily, (> S).
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