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AbStraCt 

Three types of polymeric electrodes were elaborated usmg a poly(vmy1 chloride) film plasticzed mth a dioctyl 
phthalate-mtrobenzene nuxture and containing an ion pair of the drug tlzamchne The membrane of the so-called 
conventional electrode, which Includes an Internal Ag/AgCl reference, was munoblllzed on a nucroplpette tip A 
smgle-layer electrode was prepared by coating a grapkute rod with the membrane, while the graphite rod of a 
two-layer electrode was previously coated with a poly(4,4’-biphenol) film before the sensitive membrane was 
deposited These electrodes exlubd a Nemstlan response m the concentration range 5 x 10e6-1 x 10mz M Hrlth a 
slope between 55 and 57 mV per decade The response IS not affected by pH between 3 and 7 The influence of 
several parameters mvolved m the construction of these electrodes on their bfetlme IS &cussed, the lughest 
durabthty bemg observed for the conventIona electrode Selectmty coefficients agamst various organic and morgamc 
cations were evaluated The conventional electrode was apphed to the determmation of toxmdme m drug 
formulations using direct potentiometry 

Z@WVO~& Potentiometry, Pharmaceutxals, Polymenc membrane electrodes, Tzamdme 

The development of sunple, cheap and easy to 
construct and use electrodes is of considerable 
interest 111 pharmaceutical analysis and the modl- 
ficatlons to the technology of selectwe electrodes 
to mcrease their performance are bemg mten- 
slvely mvestigated [l-3] 

Easier mampulatlon of liquid membrane elec- 
trodes was introduced m the 1970s with two types 
of polymeric sensors The first, developed by 
Moody et al [41, 1s called a conventlonal elec- 
trode and includes an internal reference element 
which consists of a sllver/sllver chloride wu-e 
dipped m a potassmm chloride solution m con- 
tact with the polymerrc sensing membrane This 
ensures a stable Internal reference potential 

’ This paper IS dedicated to the memory of the late Professor 
G J Patnarche 

’ Author deceased 

The second kmd of electrode uses an internal 
sohd contact (ISCE) [51 The membrane is dl- 
rectly lmmoblhzed on a platmum surface [61 or on 
a graphite rod [7] Despite several advantages 
which make these ISCEs very popular [8,9], the 
absence of a reversible redox couple as internal 
reference may lead to some problems related to 
the transduction of an lomc conductlon m the 
membrane to an electrical conduction m the sup- 
port [81 As the generation of a potential at the 
support-membrane interface results from such a 
redox couple, which can be an unpurlty m the 
polfivmyl chloride) (PVC> membrane, large dlf- 
ferences m potential can be expected between 
different sensors of the same type and also for a 
given electrode as a function of tune [lO,ll] 

To overcome this ntuatlon, several workers 
have recommended inserting an additional layer 
actmg as a reversible redox couple between the 
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sensmg membrane and the conductmg support, 
provrdmg the so-called two-layer electrode Such 
devices already studied mclude PbS/Ag,S/Ag, 
LaF,/AgF/AgCl/Ag, PVC-vahnomycm/ qum- 
one-hydroqumone/ graphite [81 and PVC- 
vahnomycm/ potassmm tetraphenylborate/ silver 
tetraphenylborate/Ag [12] systems Glass elec- 
trodes have also been used as internal references 
for ISCEs [13], and further, more recently, a 
two-layer electrode whose internal reference 1s 
made of poly(l-pyrenamme) deposlted by elec- 
trooxldatlon on a graphite rod [14] 

Despite the frequent use of ISCEs, discussion 
about the precise function of the Internal contact 
remams open [8] The am of this work was to 
compare the characteristics of three electrodes 
selectlve to tlzamdme a conventional, a smgle- 
layer and a two-layer electrode 

Tlzamdme [5-chloro-4-(2-~mldazohnyl-2-aml- 
no)-2,1,3-benzothladlazolel, with the structure 
shown, IS a central nervous system relaxant [15- 
181 whose prmclpal mode of a&on is located m 
the spinal column [17] 

EXPERIMENTAL 

Reagents 
TEamdine hydrochloride was kmdly provided 

by Sandoz (Brussels) 4,4’-Blphenol was pur- 
chased from Aldrich and PVC of high molecular 
weight from Janssen Other reagents and solvents 
(Merck) were of analytical-reagent grade Solu- 
tlons were prepared usmg deiomzed water Stan- 
dard solutions were prepared by successwe ddu- 
tions of a 0 1 M stock solution 

Preparatwn of the membrane 
The ion pau was prepared by nuxmg equal 

volumes of 0 01 M solutions of tlzamdme hydro- 
chloride and of the counter ion Three different 
preclpltatmg agents were submitted to analysis 
phosphotungstlc and slhcotungstlc acids and 
sodium tetraphenylborate The preapltate ob- 
tamed was filtered m a smtered-glass crucible 
(G4), washed wth delomzed water and dned at 
50°C 

The membrane was prepared by dlssolvmg 
PVC m cyclohexanone (0 32 g m 4 ml) with 
stirring m a water-bath at 50°C A l-ml volume of 
dloctyl phthalate, 1 ml of mtrobenzene and 0 02 g 
of the ion patr were successively added, this last 
amount corresponds to a 1 X 10e3 M concentra- 
tion of the active material m the membrane This 
mixture was somcated to ensure homogeneity 

Assembly of the ekctrode 
Conventwnal electrode This model was pre- 

pared by dlppmg a mlcroplpette tip (polypro- 
pylene, 1 d 2 mm> m the above polymer solution 
(thickness of the membrane ca 2 mm) The tip 
was dried at room temperature for 1 h and then 
filled with a solution containing 0 1 M potassium 
chloride and 0 01 M tlzamdme hydrochlonde A 
sdver wire coated wrth sliver chloride was used as 
internal reference 

Smgle-layer electrode A pyrolytic graphite rod 
(spectrographic quahty, diameter 2 mm, Ultra 
Carbon, Bay City, MI), shaped as a pend, was 
pohshed with a smooth abrasive paper (Water- 
proof, P6001, washed and dried The rod was 
dipped m the polymer solution for 30 mm m 
order to ensure good adhesion of the polymer 
film It was dried at room temperature for 1 h 

Two-layer electrode A snmlar graphite rod was 
first modlfled with a poly(4,4’-blphenol) layer 
Electropolymerlzatron was performed for 1 mm 
by anodlc oxldatlon [191 at +950 mV vs SCE 
from a 5 X 10m3 M 4,4’-blphenol monomer solu- 
tion m acetomtrde containing 0 1 M sodmm per- 
chlorate The modified graphite rod was brlefly 
dipped m the polymer solution and dried This 
last cycle was repeated three times m order to 
ensure a sufficient thickness of the sensmg mem- 
brane The mnnerslon time m the polymer solu- 
tlon must be short because poly(4,4’-blphenol) 1s 
slowly dissolved by cyclohexanone 
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Potentzometnc measurements 
Measurements were made usmg a Tacussel 

Mmls~s 6000 m&voltmeter and a Tacussel Iono- 
processor II, a m~lhvoltmeter which 1s able to 
convert potential responses mto concentration or 
slope units Potentials are referred to the satu- 
rated calomel electrode (SCE) All measurements 
were made usmg a 0 1 M acetate-acetic acid 
buffer (pH 4 6) Ahquots of 0 1 ml of standard 
solutions rangmg from 1 x 10e6 to 0 1 M were 
added to 10 ml of the buffer with stirring to 
establish cahbratlon graphs between 1 X lOWa and 
1 x 10m3 M, 1 1 ml of 0 1 M standard solution 
was added to give a concentration of 0 01 M m 
the cell Potentials, considered for a drift lower 
than 0 1 mV per 10 s, were plotted against the 
logarithm of tlzamdme concentration 

When not m use, the electrode was stored m a 
0 01 M tlzarudme solution m order to regenerate 
the membrane This procedure increases the hfe- 
time of the electrode 

2 3 4 5 6 7 - 

-log c 
tuanldme 

Fig 1 Cabbratlon graphs for the three electrodes selectwe to 
tmmdme 0 1 M acetate buffer, pH 46 (A) ConventIonal 
electrode, (B) single-layer electrode, (0 two-layer electrode 
Equations (A) y = -57x + 240, (B) y = -56x + 356, (0 y = 
-56x + 568 

RESULTS AND DISCUSSION 

Structural propertws and behavrour of the elec- 
trodes 

The influence of the preclpltatmg agent utl- 
hzed to prepare the ion pair of tlzamdme was 
first investigated The results obtained urlth the 
conventional electrode are summarized m Table 
1 They show that skotungstlc aad improves 
both the linearity and the detection hmlt This 
tendency also appears when using the single- and 
two-layer electrodes This preclpltatmg agent was 
selected for further mvestlgatlons 

Platmum has frequently been used to con- 
struct ISCEs but other conducting supports such 
as silver, lead, copper, graphite [7,8] or a conduc- 
tive epoxy resin [ll] have also been proposed 
Graphite was selected as the redox behavlour of 
poly(4,4’-blphenol) on this material and Its elec- 
tropolymerlzatlon condltlons are well docu- 
mented [ 191 

The cahbratlon graphs obtained with each 
electrode are shown m Fig 1 These curves are 
very similar provded that the electrodes are 
freshly prepared This agrees very well with prevl- 

TABLE 1 

Influence of the nature of the preclpltatmg agent utlhzed to prepare the Ion pair on the charactenstlcs of the conventlonal 
electrode 

Parameter 

Slope (mV per decade) 
Lmeanty range (MI 
DetectIon llmlt (M) 
Correlatton coefficient 

Preclpltatmg agent 

Sodmm 
tetraphenylborate 

53 
1 x 10-2-1x 1o-s 
63~10-~ 
0 9980 

Phosphotungstlc 
acid 

55 
1 x 10-Z-3 5 x 10-h 
32x10-s 
0 9996 

Sihcotungstic 
acid 

57 
1 x 10-2-3 9 x 10-6 
25 x 10-s 
09997 
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ous results obtained from a comparison of dlffer- 
ent procedures for the construction of polymeric 
membrane electrodes [11,14,201 However, the re- 
sponse of each electrode will evolve differently 
with time 

The hfetlme of the electrodes was evaluated 
from the varlatlon of the slope of the cahbratlon 
graph Consldermg that the electrode remains 
usable when Its slope IS not less than 52 mV per 
decade, it appears from Fig 2 that the conven- 
tional electrode exhlblts a hfetlme of 4 months 
whereas the two-layer electrode 1s stable for 2 
months and the single-layer electrode for 1 month 
Similar conclusions can be deduced from the 
change m the lower limit of the linear response as 
a function of time (Fig 3) Each electrode con- 
cerned with this study was utilized at a frequency 
of two measurements per day This parameter 
has a marked influence on the hfetnne of the 
electrode and a conventional electrode stored 
without use for 6 months m a solution of tlzam- 
dme remains operational The higher durablhty 
of the conventional electrode also appears from 
the evolution of its potential with time, but care 
must be taken when usmg this parameter for the 
evaluation of the electrode hfetlme With freshly 
prepared electrodes, a drift m potential 1s also 
observed but the electrode IS considered to be 

TIME (days) 

Fig 2 Change of the slope of the cahbratlon graphs as a 
function of time (A) ConventIonal electrode, (B) single-layer 
electrode, (C) two-layer electrode 

I t 1 I L I 

0 40 80 120 

TIME (days) 
Fig 3 Change of the lower hmlt of the linear response as a 
function of time (A) ConventIonal electrode, (B) smgle-layer 
electrode, (C) two-layer electrode 

operational as Its calibration graphs, if they are 
not supernnposed, exhibit identical slopes 

The hfetnne of the electrode, which mamly 
depends on the hpophlhaty of the ion pair and of 
the plastlclzers, 1s often lnmted by the diffusion 
of these species from the membrane to the aque- 
ous solution [10,21-231 The amount of these 
components lost differs from one electrode to 
another, depending on its conception The pres- 
ent electrodes, including the conventional type, 
exhlblt shorter hfetlmes than the ISCEs of Ltma 
and Machado [ll] and Moody et al [24], which 
are characterized by a more umform thickness 
This difference can be understood by the fact 
that the activity of the sensor 1s locahzed m the 
superflclal layer of the membrane m contact with 
the solutlon to be analysed [lo] To correlated the 
hfetlme with the membrane thickness, the mter- 
nal layers of the membrane must supply the de- 
pleted superficial layer with the ion pan and the 
plasticizers The hmlted hfetlme of the present 
ISCEs IS attributed to a loss of the plastlclzers, 
the thm film of the smgle- and two-layer elec- 
trodes bemg more rapidly altered than the mem- 
brane of the conventlonal electrode which 1s pro- 
tected by the mlcroplpette tip Moreover, the loss 
of the Ion pair at the external interface of the 
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0 
I I 1 I - 

0 40 80 120 

TIME (days) 
Fig 4 Drift of the recorded potential as a fun&on of time 
Tuamdme concentration 1 X 10e3 M (A) Conventional elec- 
trode, (B) smgle-layer electrode, (0 two-layer electrode 

conventlonal electrode 1s compensated for by that 
provided from the bulk of the membrane 

The hfetlme of the two-layer electrode, which 
1s better than that of the single-layer electrode, IS 
probably related to the stronger adherence of the 
sensing membrane, which 1s fixed m the former 
instance on another film, the poly(4,4’-blphenol) 
deposited on the support by electropolymenza- 
tion 

Considering the dnft of the potential with time 
(Fig 4), each electrode IS characterized by a first 
period during which the potential 1s shifted by 
more than 100 mV This can be related to three 
maJor phenomena common to the three elec- 
trodes dlffuslon of the ion pan and of the plastl- 
clzers from the membrane [10,22] and conversely 
water absorption by the membrane [25,26] and Its 
contammatlon by interfering ions [22] present m 
the sample These phenomena may modify sev- 
eral propertles of the membrane, such as compo- 
sition, conductlvlty [22,27,28] and extraction coef- 
ficients [29] 

In addition to the above-mentioned mod&a- 
tions and considering the single-layer electrode, 

the stability of the potential at the graphlte- 
membrane mterface 1s not ensured by a real 
internal reference Hulamclu and TroJanowicz [30] 
suggested that this interface potential, and also 
that of the platmum-membrane assembly to a 
greater extent [26,30,31], results from the O,- 
H,O reversible redox system [8,11,25,30-321 
Hence the potential d&t observed during the 
first period of use corresponds to the penetration 
of water and oxygen through the membrane to 
mstal an internal reference at the interface 
[8,11,25] Other reversible redox couples such as 
qumone-hydroqumone can be involved by using 
pyrolytic graphite as conducting support [33-361, 
especially when the surface 1s previously polished, 
creating an overheating which favours its slow 
oxldatron m the presence of air [33,34] 

The coverage of graphite with a poly(4,4’-bl- 
phenol) layer did not allow the potential to be 
stabilized as these varlatlons are double that ob- 
served for the smgle-layer electrode In addition, 
the electrochemical oxldatlon of the graphite sur- 
face resulting from the electropolymerlzatlon 
process may lead to the formation of additional 
functional groups Moreover, as these redox reac- 
tions mvolve proton transfers m the water film 
absorbed through the PVC membrane [37], the 
potentials of these couples are pH dependent 

The slow drift of the potential recorded after 
the stablhzatlon period with the two-layer elec- 
trode (12 mV per day) (Fig 40 IS related to the 
degradation of the poly(4,4’-blphenol) film This 
process results from the presence of the plastlciz- 
ers, as a graphite rod covered with only this film 
loses it after 1 week by dipping m mtrobenzene 
Both the conventional and the single-layer elec- 
trodes, devoid of the poly(4,4’-blphenol) f&n, ex- 
hlblt good reproduclblhty after the stablhzatlon 
period (Fig 4A and B) 

Similar response times were observed for each 
electrode, ranging from 15 s for concentrations 
above 1 X 10e4 M to 2 mm for lower concentra- 
tions 

Effect of pH 
The influence of pH was estabhshed by plot- 

ting the potential of each electrode as a function 
of this parameter for tlzamdme concentrations of 
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1 x 10e3 and 1 x 10m4 M Curves A and B m Fig 
5 are related to the two-layer electrode but the 
smgle layer and the conventional electrodes ex- 
hlblt smular behavlour The decrease m the po- 
tentlal above pH 7 1s attnbuted to a decrease m 
the protonated form of tlzamdme (pK = 7 46) 
according to an acid-base eqmhbrmm The mde- 
pendence of the electrode response between pH 
3 and 7 is emdence for the full coverage of the 
poly(4,4’-blphenol) layer by the PVC membrane 
as the uncovered poly(4,4’-blphenol) film exxhiblts 
a lmear decrease m potent& Wlfh mcreasmg pH, 
the slope being 37 mV per pH (Fig 5D) Elec- 
tropolymerlzatlons of l-pyrenamme [ 141, 1,2-dl- 
ammobenzene and phenol [38] on a graphite sup- 
port me sun&u results The response of the 
poly(4,4’-blphenol) electrode cannot be merely 
related to the 4,4’-blphenoqumone-4,4’-blphenol 
redox potential, for which a slope of 59 mV 
would be expected [19,39], but to the graphite rod 
itself [38,401, as shown m Fig 5C The Improve- 
ment m the response brought about by the 

TABLE 2 

kA BOIJKLOUZE ET AL 

0 3 6 9 PH 

F1.g 5 Dnft of the recorded potential as a function of pH (A) 
and (B) two-layer electrode, tlzamdme concentration (A) 1 x 
10V4 M and (B) 1 x 10V3 M, (Cl uncovered graplnte rod, (D) 
graphite rod covered wth poly(4,4’-biphenol) 

Selector@ coefficients of the tlzannhne-selective conventional electrode 

4-Ammo-2,1,3-benzothzothladlazole 
Mephenesme a 
Thmcholclucos~de a 
Chloromezanone a 
Dantrolene a 
Acetylsahcyhc acid 
Paracetamol 
2-Irmdazohdone 
Pyruv~c acid 
Glutanuc acid 
Ascorbw acid 
Caffeme 
Urea 
Benzidme 
Ephedrme HCl 
Phenazone 
Promethazme HCI 
Methlxene HCl 
Trazodone 
Pylrdoxme HCl 
L-Cysteme ethyl ester HCl 
Sodium ion 
Potassnun 10n 

lnterfermg species (1) Concentration (M) 

2,1,3-Benzoth~ad~~zole 1 x 10-3 
1 x 10-3 
1 x 10-z 
96x 1O-4 
22x 10-3 

69x1O-3 
1 x 10-3 
66x10-3 
1 x 10-3 
1 x 10-3 
1 x 10-3 
1 x 10-3 
1 x 10-3 
1 x 10-J 
1 x 10-3 
1 x 10-3 
1 x 10-3 
1 x10-3 
1 x 10-9 
1 x 10-3 
1 x 10-3 
1 x10-J 
1 x 10-3 
1 x 1o-3 

K@ twan~dme , 

<1x10-4 
<1x10-4 
<1x10-4 
<1x10-4 
<1x10-4 
<1x10-4 
<1x10-4 
<1x10-4 
<1x10-4 
< 1 x10-4 
<1x10-4 
<1x10-4 
<1x10-4 
<1x10-4 

79x 10-z 
19x10-2 
30x10-3 

56 
457 

77 
3 9 x 10-I 
40x 10-3 

<1x10-4 
<1x10-4 

a Pharmacologuzal behawour smular to trzamdme 
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poly(4,4’-blphenol) layer IS probably due to selec- TABLE 3 

tlve permeablhty of this film towards protons Determmatlon of tvamdme m Swdalud tablets ’ 

Selectzvzty of the electrode 
Owmg to Its higher reproduclblhty, the con- 

ventional electrode was chosen to assess the se- 
lectlvity of the tlzamdme sensor and its possible 
use m drug analyses The mfluence of organic 
and morgamc mterfenng compounds on the elec- 
trode response can be expressed by the empuxal 
equation of Nlkolskn [3] The mixed solutions 
method was used to determme the expenmental 
selectlvlty coefficients This method is recom- 
mended by IUPAC as the most accurate and has 
been described previously [41] It was found that 
the Ktc&dme,, values are lower than 1 X 10e4 
when a 1 X 10m3 M concentration of the mterfer- 
mg compound does not alter the cahbration graph 
m the linearity range of the electrode High senw- 
tlvlty coefficients related to strong interferences 
were determmed using the separated method as 
no cahbratlon graph can be estabhshed m such 
instances 

These coefflaents, given m Table 2, show se- 
vere interferences from methxene, promethazme 
and trazodone, which however are not struc- 
turally related to tlzamdme, but these drug are 
never associated with tlzamdme m pharmaceutl- 
cal formulations and do not mfluence the analytl- 
cal results On the other hand, these interfering 
compounds do not affect the electrode behavlour, 
its initial potential being munedlately restored 
after rmsmg, Mthout any regeneration proce- 
dure 

Several compounds exhlbltmg similar pharma- 
cologlcal properties were also tested but they 
have no adverse effect on tlzamdme determma- 
tlons, even dantrolene, which mcludes an lmlda- 
zohne moiety m Its structure 

Finally, 2,1,3-benzothladlazole and its Cammo 
derivative, which represent the mam part of the 
tlzamdme structure, do not influence the re- 
sponse of the electrode 

Applzcatwn to drug analyszs The authors are mdebted to Sandoz (Brussels), 
Direct potentlometry was apphed, wlthout any who generously provided tlzamdme hydrochlo- 

pretreatment or extraction, to the determmatlon ride Thanks are expressed to Professor H Hur- 
of tlzanldme hydrochloride m Slrdalud tablets witz for fruitful dlscusslons, to the Fonds Na- 

Theory 
Cm& 
2ooo 
1500 
1000 
0500 

Found b Recovery RSD 
(mg) (%I (o/o) 

2 058 102 9 082 
1535 102 3 0 85 
1035 103 5 179 
0511 102 2 140 

Mean 102 8 120 

a Ionoprocessor calibrated between 1 x 10v3 and 1 X lob4 M 
Slope 57 6 mV per decade b Means of five measurements 

(contammg 4 mg of the drug expressed in the 
base form) Twenty tablets were crushed and 
rmxed m a mortar An ahquot of this sample was 
introduced mto the cell containing 10 ml of buffer 
and somcated to complete the dlssolutron of the 
drug The amount of crushed materials was se- 
lected to be compatible mth the cahbratlon range 
of the Ionoprocessor (the hnear portion of the 
calibration graph were the Ionoproccssor was 
programmed to convert the potential response 
into concentration units) The results, summa- 
razed m Table 3, are m good agreement with the 
theoretical values and demonstrate the usefulness 
of the conventional electrode for the rapid and 
accurate determination of tlzamdme m pharma- 
ceutlcal formulations 

Conclzuzon 
Three different models of electrodes selectwe 

for tlzamdme were constructed and their respec- 
tive charactenstlcs determmed Several factors 
lunltmg their performance were dlscussed Corre- 
lations were established between the model and 
the hfetlme of the electrodes and between the 
stability of the potential and the nature of the 
mternal contact AddItional hypotheses about the 
orlgm of the mternal potential have been sug- 
gested The electrode equipped with a classical 
internal reference has been successfully apphed 
to the determmatlon of tlzamdme m pharmaceu- 
tlcal formulations 
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