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CONCLUSION 

CONCLUSION 

The present work offers six new ion-selective electrodes of the screen printed 

carbon paste type for the determination of cetylpyridinium chloride (CPC1), 

cetyltrimethylammonium bromide (CTABr), dodecyltrimethylammonium bromide 

(DTABr), didodecyldimethylammonium bromide (DDABr) and sodium 

dodecylsulfate (SDS) and Septonex (l-(ethoxycarbonyl) 

pentadecyltrimethylammonium bromide). 

The experiments carried out in the present study show that, the SPCPEs can 

successfully be applied in the potentiometric titration of surfactants using the 

procedures adopted in the application of the ordinary carbon paste, PVC, CWE, 

coated graphite electrodes and commercially available electrodes. However, 

SPCPEs has several advantages of mass production, reproducibility of the 

preparation process, very simple, cheap and quick preparation process as well as 

ability for construction of a bielectrode potentiometric strip including both the 

working and reference electrodes which provide the possibility of measurements on 

small volumes as well as ability for construction of a portable titration system for 

field titration of surfactants. SPCPEs also offer better mechanical resistance which 

represents a considerable advantage as compared with PVC and coated wire type 

sensors whose plastic sensing membrane can relatively easily be damaged. 

The printed strips do not require any preconditioning before application in 

the potentiometric titration of surfactants and have a very short response time 

reaching 3 seconds with adequate shelf time (6 months). 

The frequently used anionic and cationic surfactants of analytical and 

technical grades as well as the content of surfactant in different water samples have 

been successfully titrated and the results agreed with those obtained with 

commercial electrode and standard two-phase titration method. 

The proposed disposable strips have been successfully used for the 

potentiometric titration of the cationic and anionic surfactants in their analytical 

grade solutions, pharmaceutical preparations, detergents and waste water samples 
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with sensitivity comparable with the official method and ability of field 

measurement with a portable potentiometric titration system. 

These results may be the base for further research (optimization of qualitative 

and quantitative composition of printing ink) leading to improvement of the 

analytical parameters of prepared sensors and expanding of the spectrum of 

analyzed ions with commercialization of such electrodes for various potentiometric 

purposes. 
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SUMMARY 

SUMMARY 

The present thesis describes the preparation and determination of the 
characteristic performance of screen printed carbon paste electrodes. These 
electrodes are utilized for the determination of surfactants such as cetylpyridinium 
chloride (CPC1), cetyltrimethylammonium bromide (CTABr), 
dodecyltrimethylammonium bromide (DTABr), didodecyldimethylammonium 
bromide (DDABr), sodium dodecylsulfate (SOS) and Septonex (l-(ethoxycarbonyl) 
pentadecyltrimethylammonium bromide) in pharmaceutical preparations, detergents 
and sea water. 

The sensor of each electrode consists of paste composed of a mixture of 
powder graphite, plasticizer and binder. Potentiometric titrations of surfactants are 
often based on the formation of ion pairs between the determinand and the titrant 
material which has an opposite charge and involve precipitation of an ion pair of 
limited solubility in water. Titrants used involve sodium tetraphenylborate (NaTPB), 
phosphotungstic acid (PTA), phosphomolybdic acid (PMA), silicotungstic acid 
(STA) and ammonium reineckate (RN). The thesis comprises three chapters: 

1. Chapter I 
It includes introduction concering the theoretical bases for preparation and 

uses of the different types of ion selective electrodes, and focusing on screen-printed 
carbon paste electrode, as regards of methods of preparation, general properties of 
screen-printed electrode and uses of this surface electrode in the potentiometric 
titration of different species. 

It comprises the literature survey on the different methods used for the 
determination of sodium dedecylsulphate (SDS), cetylpyridinium chloride (CPC1) 
and cetyltrimethylammonium bromide (CTABr). These include spectrophotometric, 
capillary electrophoresis, ion-selective electrode, chromatographic, polarographic 
and other miscellaneous methods. From this literature survey it was obvious that no 
previous work has been done using screen printed electrodes for the determination 
of surfactants. 
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2. Chapter II 

It describes the materials and their preparation, reagents and instruments as 

well as the experimental techniques applied. It contains full details for preparation 

of ail types of ion selective electrodes specially the preparation of the screen-

printed electrode and working procedures. The analytical methods used to evaluate 

surface activity of specific materials, evaluation of the electrode selectivity, 

determination of the studied surfactant in pure solution and in some commercial 

preparations are also described. 

3. Chapter III 

The results obtained were divided into three parts: 

Parti 
A simple, rapid and reproducible method for mass production of disposable 

potentiometric strips using screen-printing technology is described. The printed 

disposable potentiometric strips containing both the working and reference 

electrodes are utilized as an end point indicator electrode for the potentiometric 

titration of different ionic surfactants in their different samples. The fabrication of 

the potentiometric strips and the preparation of the homemade printing carbon ink as 

well as the factors affecting the electrode performance with this technology are 

shown and discussed in details, these factors include: 

1-Effect of plasticlzer content 

The potentiometric titration of CPC1 with NaTPB using printed electrodes 

fabricated using different plasticizer contents shows that both the total potential 

change and the potential break at the end point are increased by increasing the 

plasticizer content in the printing ink and the 34.6% content is selected as it gives 

the best printing performance with a moderate adhesion. 

2- Effect of the plasticizer type 
When these electrodes are used to monitor the potentiometric titration 

based on ion-pair formation, the magnitude of the potential break and sharpness 

at the inflexion point of the titration curve is predetermined by the polarity 

(dialectical constants) of the plasticizer as a result of higher extractability of the 
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ion-pair into the plasticizer. o-NPOE is selected as the best plasticizer due to the 
high extractability of the formed ion pair in this plasticizer. This is indicated by 
the sharpness and the high potential break at the end point. 

3- Effect of binding materials 
Different polymeric binders are applied for the preparation of ink matrixes 

such as cellulose acetate (CA), polyacrylic acid, polyvinyl chloride (PVC) and 
epoxy resins dissolved in a proper organic solvent. Electrodes prepared using the 
PVC are the suitable as they give better printing quality with a moderate electrode 
resistance and adhesion to the substrate. 
Part II 

The analytical performance of the obtained strips is compared with those 
for CPE, CWE, coated graphite and PVC electrodes. The printed strips do not 
require any preconditioning before application in the potentiometric titration of 
surfactants and have a very short response time reaching 3 seconds with 
adequate shelf time (6 months). 

Part III 
The proposed disposable strips have been successfully used for the 

potentiometric titration of the cationic and anionic surfactants in their analytical 
grad solutions, pharmaceutical preparations, detergents and water samples with 
sensitivity comparable with the official method and ability of field measurement 
with a portable potentiometric titration system. 
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(jriirVtuirt 

. Ji-jii eU« ( j i AjjxiaC. CJljjlaS (̂ aJa+jJI JaUiiJl ClIJ JIJAII -Ij-^JJ <J*̂ iS ^LajJI £|jjfc 

A—jjjlia f—J c_i-JaSll Î A *bi .Ju^iTiWj UjUaSVl S*U£ ^Jc j i j j ^jJl Altus-all J J j * ] l j Lk-a AcLkS! 

(̂ -ll «3lj LQJ ij^ ^ \)>C I_J—Li 4(5jLaal1 _>xaJi AbVunlj aj>>>^.^H L-jUaSV! (J^-0 l$J^$\ L-jUaiiVlj 

4 j ! j J V ^ J <Jxou (_5JlIl j AJ-yuaV) ( j ^ J j *o f t j Ag-j-ila^Il ( ĵUaSVl £±j±±<& . J ^ u ^ A U J ^ A ^ 4o»£c.|j 

4 J.̂ .-> SJJIJUA JJai abrvUnb L&a. AJuail (JJAJS AjjliLoj x^a &■$£*■ AAuAurvi DUASI CJIJOO <illj& j Aj&l'u^ll 
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ARABIC SUMMARY 

It ^ujjVi vUaiVl i 3 > 

©Jll c j ^ j j — J j f l 6J^J—J QA JajlpM* ^ »J^P ^5* (JJ-«ALUVI tyjkzi ACJAIO-ASI C-jUaDU ^ L J O J I * j = J ! j 

( j j j __£ j ( j . j j V * ( jC USlc. Aj^JauJi . } IJAB 6JJUUI!1 AJIAC- aJJj .^ i i la j l S-iLJi ^ 1 Ail iJaYlj AJJUAJU A^sul J 

( j j j , <"<\ l^—jaiijS JlJASI AaaJill o.iL-«xo AJAJJ) l^S ^ J SJAXAJ I &.JIA £ X 1$JJAJ3 ^J-all S-iLoU ^ j / ) / ^ £ J j ^ 

J ajjJj_-x-aSl ^JJi L&£ £$J : Sj^*-^ <dj* *&* Q*J .<wlja JJAII (vyJjjVi ^ j j i ' cjc- ^J -̂p S ^ ' j 

: Jj*-aa <Jx^ AlUujlS (̂>̂ t> .JhTi ♦ OIHUA> .ujjLaijill j l Cil Jqa]JAĵ j,Vu.a\l j\ 011M<> J&jft j\) >» » 

.JIJAB Aa^ >fl ©JJUAJI O U A C ^ «, vKsli !1A 

^-.*:>-> 11 J, , j U I c3jL (ijJbli diA ^ . ^ J - V l J j J ^ JAM t P ^ ^J^W J j ^ ^ J ^ 1 c f e " ^JJJ^J 

A, SJJUI a r . j : u. t t ^LJaaVl ^l.^tolj CJIJSJJ» eiA ci?Wi ^ift Ja? da^ ( j i ^ja.j ^ ^ ^..nK*i..i^) 
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ARABIC SUMMARY 

J mUniVl 5 Sjj3aj Ax-jJa-ali C-lUaSjl A*-at i . j A ̂ A ^ V I ^ I AJUJJVI UjUaSVl p l j J t J J I ^ I V A i}^S <., *«,>•!j 

t_j\_JbaV^ AJJISLUI ^ J & J AlixxJI (-jJ*mll .LLaull ote JIJ-«31 JJ^SJ ^a ^ u . ^ ! ^ ) A^JKAII ijj^l\ t . i ^ j £ 

^I.VM mlj A^ . l f lW AjJ>£a. Ja j l j J i ] ^-a£Jl £- l j&U SA}^ A ^ J I J S S C»1 \J A ig j ^ j A-kboU Aib j ia L - i *^ j fJ 

^ AJ^JOJUJ! J J A J I ^ ^ a J I o j j U x l i ^ AjtfriJI A l & AUsul t A ^ j j i M ( j r f j ^ < ^ ? - J ^ I <~AaSft j J A U I I 

- : M U A l fetiS J P Jijp Jl\ SttttJ JJjall 

.%34.6 ^ *aUl <Uxu3 J*ba1 <JI LUXJI AJJUI S^UI A ^ S ^ J J J J J J U ^ l AL IJ :u& 

s^bjj .AJ^Ui s^UB (dielectric constant) A ^ U J U J ^ I C J U ^ A ^ ^^ ^ k ^ J J V I ^ j j l l IAA 
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ARABIC SUMMARY 

<jpLLyi fjc J^a&J d&j *JM<^ V ^ if* ^ ^ *̂ U£ ̂ ji *&&*& *«^ (dielectric constant) 

.o-NPOE ŝ U JA 
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