
INTRODUCTION
Mem brane elec trodes used in chemi cal and phar ma -

ceu ti cal analy ses ex pand the per spec tive of the ana lyti cal
elec tro chemi cal meth ods. Mod erni za tion of the meth ods
used in po ten ti ome try is the re sult of the in tro duc tion of
new in di ca tor elec trode for bet ter se lec tiv ity and higher
ratios of ap pli ca bil ity. They make a di rect de ter mi na tion
of the com pounds pos si ble, with out prior iso la tion from
the ma trix, so that the de ter mi na tion is accu rate and fast.
This re sults from bet ter knowl edge of the mecha nism of
ac tion of the elec trodes, as well as the in tro duc tion of new, 
more per fect and sim ple struc tural sys tems. Ion- selective
elec trodes are widely used in chemi cal ana lyses in the de -
ter mi na tion of many or ganic and in or ganic com pounds, as 
well as medi cines of vari ous chemi cal groups. Due to the
de vel op ment and im prove ment of a number of thera peu tic 
agents, they have been ana lysed us ing new mem branes
elec trodes sys tem. 

In the liq uid mem branes of ISEs, the po rous ma trix of
poly (vi nyl chlo ride) is an in ert car rier, which is about

30-35% of the mem brane; other com po nents: the plas ti -
cizer (sol vent mem brane) which is 60-65% and the ion
ex changer - 1%, - the most im por tant com po nent of de ter -
min ing the po ten tial of the elec trode. The ana lyzed
sub stances should be in two phases, which are suf fi ciently 
dif fer ent, al low ing the chemi cal po ten tial oc cur rence of
stroke. In the or ganic phase there must be the ap pro pri ate
group of op po site ionic charges to ion de noted which
would be able to form spar ingly solu ble com pound. Mem -
brane sol vents should have a low va por pres sure, high
mo lecu lar weight, low di elec tric con stant and high vis cos -
ity, so that the pas sage through the pores of the mem brane
could take place at an ap pro pri ate speed [8]. Amount of
plas ti cizer in mem brane can re duce the re sis tance of the
mem brane, which also af fects the in crease in se lec tiv ity of 
the elec trode. How ever, the sub stance used as a plas ti cizer 
should have sev eral prop er ties. High lipo philicity is a pa -
rame ter that af fects the us abil ity of elec trodes - called
“Life time” be cause at that time the amount of plas ti cizer
de creases, which sig nifi cantly changes the per form ance
char ac ter is tics of the elec trode. Sol vent me dia tor should
dis solve in the poly meric mem brane; it should not cre ate
forms in the dia phragm or crys tal lize; with other in gre di -
ents of the mem brane it should pro vide a sin gle phase [8].
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Over the past 10 years, nu mer ous stud ies on the use of
ion- selective elec trodes in phar ma ceu ti cal analy sis have
been pub lished. The most fre quently used as sol vents me -
dia tors to ob tain ISEs are dioc tyl phta late [3, 5, 7, 13, 15,
19, 21], dibu tyl phtha late [9, 10, 12, 16, 19, 23], bis (2-
 ethylhexyl) se ba cate [1, 6, 19, 22] and 2- nitrophenyl oc tyl 
ether [1, 6, 11, 14-16, 18, 19]. 

The aim of this study was analy sis of the suit abil ity of
avail able mem brane sol vents and their ap pli ca tion to ob -
tain liq uid mem brane ion- selective elec trodes sen si tive to
di aze pam or fluoxet ine. Sen si tive and rea sona bly se lec -
tive poly(vi nyl chlo ride) mem brane elec trodes based on
the use  of wa ter in solu ble ion- pair of di aze pam – [te trakis
(3,5bis-(tri fluoro methyl)phenyl]bo rate or fluoxet ine-[tetra- 
kis(4- fluorophenyl)]bo rate as elec tro ac tive ma te rial. As
mem brane sol vents to con struc tion of mem branes there
were used 2- nitrophenyloctyl ether, bis(2- ethylhexyl) se -
ba cate, 1- isopropyl- 4- nitrobenzene, bis(1- buthylpentyl)
adi pate, tris(2- ethylhexyl) phos phate. Evalua tion of ana -
lyti cal pa rame ters of the ob tained elec trodes, the
se lec tiv ity, and the evalua tion of ana lyti cal pa rame ters for 
mem branes sub jected to a pro cess of “ac cel er ated ag ing”
in a cli mate cham ber at 60°C and hu mid ity of 70 % with -
out the VIS and UV light, was per formed. There was
car ried out an ana ly sis of the use ful ness of the elec trodes,
which will show the best sta bil ity and re pro duci bil ity of
the ana lyti cal pa rame ters for the de ter mined sub stances in 
re spect of which ex hibit se lec tiv ity.

MATERIALS AND METHODS
Rea gents and ma te ri als. Di aze pam (D) and fluoxet ine

hy dro chlo ride (Fl) sub stances were ob tained from Sigma
– Ald rich. Po tas sium [te trakis(3,5bis-(tri fluoro methyl))
phenyl]bo rate ([T(3,5bis- CF3)Ph]B), po tas sium [te trakis
(4- fluorophenyl)]bo rate di hy drate ([T[(F)Ph]B), so dium
tet ra phen yl bo rate (NaTPB) and 2- nitrophenyloctyl ether
(NPhOE), bis(2- ethylhexyl) se ba cate (b(EH)S), 1- isopropyl-
4- nitrobenzene (IPNB), bis(1- buthylpentyl) adi pate
(b(BP)A), tris(2- ethylhexyl) phos phate t(EH)P were ob -
tained from Fluka (Swit zer land). Poly(vi nyl chlo ride)
(PVC) of high mo lecu lar mass was from Ald rich (USA),
tet ra hy dro fu ran (THF) was pro duced by Ro mil Chemi cals 
LTD (Eng land). The most of the rea gents were pro duced
by POCh (Gli wice, Po land), and all of them were of ana -
lyti cal – rea gents grade.

For the prepa ra tion the stan dard so lu tions (con cen tra -
tion 10-1 mol L-1) the ana lysed sub stances were used:
di aze pam dis solved in hy dro chlo ric acid 0,005 mol L-1

un der con tinu ous stir ring un til com plete dis so lu tion of the 
sub stance and fluoxet ine hy dro chlo ride dis solved in wa -
ter. Stan dard so lu tions with con cen tra tions 10-2 – 10-7 mol 
L-1  for both sub stances were pre pared in 10-3 mol L-1 KCl. 
The stan dard so lu tion of TPB of 10-2 mol L-1 was pre pared 

by dis solv ing the com pound in wa ter, di lut ing to 250 ml,
and stan dard iz ing as pre vi ously de scribed [20]. 

The so lu tions were pre pared us ing bidis tilled deion -
ized wa ter through out.

Ap pa ra tus and elec trodes. Mul ti func tional ap pa ra tus
(pH/mV, pX/mV; temp.; O2; hPa; Cond.) El metron CX
(Po land) was used for meas ur ing the elec trode po ten tials
and pH. All the po ten ti omet ric meas ure ments were made
us ing satu rated calo mel elec trode (SCE) and Ag/AgCl
mem brane elec trode; pH ad just ment was made with
a com bi na tion glass elec trode. All the meas ure ments were 
car ried out at room tem pera ture 21±2°C. A mag netic stir -
rer was used; how ever, the read ings of the po ten tial value
were taken af ter the stir rer had been switched off.

The SCE was used as the ref er ence elec trode con nected 
with the sam ple so lu tion by a po tas sium ni trate bridge. 

Prepa ra tion of ion – pair com plexes. To 10 ml of well
shaken 10-2 mol L-1 D so lu tion, 10 ml of 10-2 mol L-1

[T(3,5bis- CF3)Ph]B in 400 g L-1 ethyl al co hol so lu tion
was added. To ob tain fluoxet ine ion – pair com plex: to 10 ml
of well shaken 10-2 mol L-1 fluoxet ine hy dro chlo ride wa -
ter so lu tion, 10 ml of 10-2 mol L-1 [T(F)Ph]B in 400 g L-1

ethyl al co hol so lu tion was added. The pre cipi tates ob -
tained af ter cool ing and evapo ra tion of the ethyl al co hol
were fil tered us ing a (G4) sin tered glass cru ci ble, washed
with wa ter to re move any non–com plexed ma te rial, dried
at room tem pera ture and ground to a fine pow der. The re -
sults of the ele men tal analy sis agree well with the mo lar
ra tio 1:1 of the re act ing sub stances. The theo reti cal per -
cent age amount of ni tro gen in the com plexes was 2.439
and 1.900; while the found one was 2.384 and 1.868 for
D–[T(3,5bis- CF3)Ph]B and Fl–[T(F)Ph]B, re spec tively.

Prepa ra tion of the mem branes. Twenty mil li grams of
the ion–pair com plex was added to a so lu tion of 170 mg
PVC in 6 ml THF and 360 mg of NPhOE or b(EH)S or
IPNB or b(BP)A or t(EH)P as plas ti cis ing sol vent me dia -
tor. The ho mo ge ne ous mix tures were poured into a glass
ring (dia meter 3.1 cm) and cov ered with a sheet of fil ter
pa per and a glass plate was placed over it. The mem brane
was forming as the THF was evapo rating slowly at room
tem pera ture. The thick ness of all ob tained mem branes
was about 0.2 mm. The mem branes ob tained were de -
noted by the sol vents me dia tor: NPhOE – I, b(EH)S) – II,
IPNB – III, b(BP)A – IV, t(EH)P – V. 

Con struc tion of elec trode. To pre pare an elec trode (ac -
cord ing to Craggs et al. [4]), a mem brane disc of 8 mm
di ame ter was cut from ob tained film and glued onto the
front end body of PVC elec trode con tain ing an in ner
Ag/AgCl junc tion. A 10-3 mol L-1 so lu tion of the ana lysed
sub stance in 10-3 mol L-1 KCl so lu tion was used as the in -
ner elec tro lyte. The mem brane elec trodes were con di -
tioned over night in a so lu tion of the same com po si tion as
the in ter nal fill ing so lu tion, and stored in the same so lu -
tion be fore use. Elec tro mo tive force (e.m.f) meas ure-
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ments were per formed us ing the cell as sem bly:
Ag/AgCl- 10-3 mol L-1 ana lysed sub stance in 10-3 mol L-1

KCl solution- PVC membrane- test solution- SCE.
Elec trode char ac ter is tics. The per form ance of the ob -

tained elec trodes D I, D II, D III, D IV, D V was
in ves ti gated by meas ur ing e.m.f. val ues of 10-2 - 10-7 mol
L-1 of di aze pam so lu tion and in 10-3 mol L-1 KCl so lu tion.
The per form ance of the ob tained elec trodes Fl I, Fl II, Fl
III, Fl IV, Fl V was in ves ti gated by meas ur ing e.m.f. val -
ues of 10-2 - 10-7 mol L-1 of fluoxet ine hy dro chlo ride
so lu tion in 10-3 mol L-1 KCl so lu tion. The po ten tial was
re corded when sta ble read ings were ob tained. A cali bra -
tion graph was made by plot ting the ob served po ten tial as
a func tion of loga rithm of di aze pam or fluoxet ine hy dro -
chlo ride con cen tra tion.

Sta bil ity study re ceived elec trodes. In the cli matic
cham ber “ag ing con di tions” of mem branes were iden ti -
fied, i.e.: tem pera ture of 60 °C and 70% hu mid ity with out
the VIS and UV light. Af ter sta bi li za tion of the pa rame -
ters, the mem branes were in serted and sealed in the
cham ber. At se lected in ter vals, the ap pear ances of mem -
branes were ob served. The experi ment was com pleted
af ter 7 days. Of mem branes, which were visu ally in -
spected to be use ful for fur ther test ing, elec trodes were
pre pared as above. Then, the per form ance of the all ob -
tained elec trodes was in ves ti gated by meas ur ing e.m.f.
val ues of 10-2 – 10-7 mol L-1 in di aze pam or fluoxet ine hy -
dro chlo ride in 10-3 mol L-1 KCl so lu tions, re spec tively. 

Po ten ti omet ric ti tra tion of di aze pam and fluoxet ine hy -
dro chlo ride in pure form. Sam ples of so lu tion con tain ing
2.84 ppm of di aze pam sub stance or 3.09 ppm of fluoxet -
ine hy dro chlo ride sub stance  in 10-3 mol L-1 KCl were
ti trated with 10-2 mol L-1 of NaTPB stan dard so lu tion. End 
point was de ter mined us ing elec trodes with mem brane
con tain ing di aze pam – [T(3,5bis- CF3)Ph]B and NPhOE
or b(EH)S or b(BP)A (elec trodes D I, D II, D IV) or
fluoxet ine – [T[(F)Ph]B and NPhOE or b(EH)S or IPNB
(elec trodes Fl I, Fl II, Fl III), re spec tively. 

RESULTS AND DISCUSSION
Ion- pair com plexes of the di aze pam with [te -

trakis(3,5bis- trifluoromethyl)phenyl]bo rate and fluoxet ine
with [te trakis(4- fluorophenyl)]bo rate were ob tained and
tested as ion- exchangers in PVC mem brane elec trodes. In
labo ra tory con di tions di aze pam does not cre ate ionic as -
so cia tion con nec tions with [T(F)Ph]B, fluoxet ine with
[T(3,5bis- CF3)Ph]B. The com po si tions of the re ceived
crys tal line ion- pair com plexes 1:1 were veri fied by data
ob tained from ele men tary analy sis. The sug gested struc -
tural for mu las are shown in Fig. 1. These ion- pair
com plexes are read ily solu ble in an or ganic sol vent such
as tet ra hy dro fu ran or chlo ro form. The ob tained com -
pounds were in cor po rated into a PVC mem brane with the

fol low ing sol vent me dia tors: NPhOE (elec trodes I),
b(EH)S (elec trodes II), IPNB (elec trodes III), b(BP)A
(elec trodes IV), t(EH)P (elec trodes V). 

Diazepam - [tetrakis (3,5 bis-trifluoromethyl)phenyl]borate

Fluoxetine – [tetrakis(4-fluorophenyl)]borate

Fig. 1. Sug gested struc tural for mu las of ion- pair com plexes

The work ing char ac ter is tics for the in ves ti gated elec -
trodes D I – D V and Fl I – Fl V were as sessed on the ba sis
of the cali bra tion curves ob tained by meas ur ing of the
e.m.f. val ues of the set of di aze pam or fluoxet ine hy dro -
chlo ride so lu tions re spec tively, in in ter vals of 10-2 – 10-7

mol L-1 con cen tra tions in an ionic strength ad justed to 10-3

mol L-1 KCl. The E(mV) vs. log (c) graph ob tained for D I
– D V, Fl I – Fl V elec trodes in KCl so lu tion are pre sented
in Fig. 2. The re sults ob tained in di cate that the tested elec -
trodes have Nern stian cati onic re sponse to di aze pam or
fluoxet ine ac tiv ity, re spec tively in dif fer ent con cen tra tion 
ranges. Slopes of elec trodes D I – D V and Fl I – Fl V de -
pend on the prop er ties of the sol vent me dia tor. Drift
po ten tial dif fer ences were also ob served for sen si tive
elec trode to di aze pam or fluoxet ine. The re sponse of elec -
trodes sen si tive to rela tive fluoxet ine po ten tial was fast
with maxi mum vari abil ity ±1.0205 mV and for the di aze -
pam sen si tive elec trodes the slow set ting of the poten tial
with vari abil ity from 0.205 to 6.440 mV was noted. The
re sponse times of the elec trodes were tested for 10-7 – 10-2

mol L-1 di aze pam or fluoxet ine so lu tions, re spec tively.
The se quence of meas ure ments was low to high con cen -
tra tions. Those elec trodes ex hib ited a fast dy namic
re sponse of about 5s for as the higher con cen tra tions, be -
low 10-4 mol L-1 the re sponse time was ex pect edly
slug gish, about 15-20s, which is typi cal for ion- selective
elec trodes con tain ing bulky PVC mem branes of simi lar
thick ness (about 0.2 mm). Ta ble 1 shows the val ues ob -
tained for gen eral op er at ing char ac ter is tics of di aze pam
and fluoxet ine elec trodes. There are dif fer ences be tween
the line ar ity ranges and re sponse slopes for dif fer ent elec -
trodes. The dif fer ences are in sig nifi cant. This im plies that
the dif fer ent sol vent me dia tors used do not sig nifi cantly
in flu ence the re sponse char ac ter is tics of elec trodes.
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The ef fect of pH on the po ten tial read ings of the di aze -
pam D I – D V and fluoxet ine elec trodes Fl I – Fl V was
checked by re cord ing the e.m.f. of 10-3 mol L-1 di aze pam
or fluoxet ine hy dro chlo ride in 10-3 mol L-1 KCl so lu tion
with vari ous pH val ues. They were ob tained by the ad di -
tion of small vol umes of HCl and/or NaOH so lu tion of
10-1 or 1 mol L-1 each to the ba sic so lu tion of sub stances,
re spec tively. For elec trodes sen si tive to fluoxet ine the po -
ten tial did not fluc tu ate by more than about ± 1 mV in the
pH range 5.0-5.8 for all ob tained elec trodes. The graph for 
di aze pam sen si tive elec trodes re mained lin ear but had dif -
fer ent slopes in the pH range 3-7, in di cat ing that no
sig nifi cant ef fect on the elec trode po ten tials was ob served 
for all elec trodes. Bel low pH 3, they be come non lin ear as
the elec trodes be gan to re spond to hy dro gen ions. Above
pH 7, for ma tion of very slightly solu ble di aze pam sub -

stance base caused the elec trode po ten tials to de crease [2].
The in flu ence of po ten tial drugs on the re sponse char ac -
ter is tics of the de veloped elec trodes was in ves ti gated.
Po ten ti omet ric se lec tiv ity co ef fi cients were per formed by 
stan dard sepa rate so lu tion method [17] and cal cu lated
from the equa tion:

log K ij
pot = (Ej – Ei)/S

where: E rep re sents the e.m.f. meas ured for the pri mary ion (i),
and the in ter fer ing ion (j), re spec tively, and S is the slope of the
cor re spond ing di aze pam and fluoxet ine elec trode.

The val ues given were evalu ated from the e.m.f. read -
ings ob tained from 10-3 mol L-1 KCl so lu tion. In ter fer ing
sub stances dif fer ent for di aze pam and fluoxet ine, were se -
lected on the ba sis of phar ma col ogi cal, chemi cal struc ture,
their rela tive im pact on the se lec tiv ity of the elec trodes.
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Diazepam – [tetrakis (3,5 bis-trifluoromethyl) phenyl]borate          Fluoxetine – [tetrakis(4-fluorophenyl) borate
Fig. 2. Potentiometric response of obtained ISEs in solution KCl 10-3 mol L-1

Table 1. Ef fect of plas ti cizer on re sponse of di aze pam and fluoxet ine sen si tive elec trodes (av er age of six meas ure ments)

Elec-
trode Membrane composition 

Linear range LR Detection limit LD Slope S
(mV)

Potential drift
(mV)

The parameters of linear
regression in LR

y = ax + b
mol L-1 mg ml-1 mol L-1 mg ml-1 r a b

D I D – T(3,5bis-CF3)PhB NPhOE 10-2  – 10-4.95 2.85 x 106 – 3.195 10-5.23 1.666 51.80 ±0.98 – ±5.05 0.9890 0.0141 - 4.6123

D II D – T(3,5bis-CF3)PhB b(EH)S 10-2  – 10-5.00 2.85 x 106 – 2.847 10-5.15 2.016 51.93 ±0.015 – ±6.44 0.9920 0.0144 - 4.6072

D III D – T(3,5bis-CF3)PhB IPNB 10-2  – 10-5.00 2.85 x 106 – 2.847 10-5.17 1.943 52.03 ±0.915 – ±6.18 0.9879 0.0134 - 4.5986

D IV D – T(3,5bis-CF3)PhB b(BP)A 10-2  – 10-4.98 2.85 x 106 – 2.963 10-5.15 2.025 51.24 ±0.325 – ±5.47 0.9978 0.0156 - 5.0386

D V D – T(3,5bis-CF3)PhB t(EH)P 10-2 – 10-4.85 2.85 x 106 – 4.184 10-5.18 1.959 49.22 ±0.235 – ±2.18 0.9994 0.0164 - 4.4414

Fl I Fl – T[(F)PhB] NPhOE 10-2  – 10-4.43 3.09 x 106 – 11.689 10-4.47 5.326 54.40 ±0.415 0.9912 0.02011 - 5.8862

Fl II Fl – T[(F)PhB] b(EH)S 10-2  – 10-4.67 3.09 x 106 – 6.674 10-4.92 3.753 53.41 ±0.615 0.9960 0.0196 - 5.7761

Fl III Fl – T[(F)PhB] IPNB 10-2  – 10-4.67 3.09 x 106 – 6.952 10-4.88 4.089 53.56 ±6.500 0.9957 0.0194 - 4.9507

Fl IV Fl – T[(F)PhB] b(BP)A 10-2  – 10-4.00 3.09 x 106 – 30.934 10-4.3 15.572 56.00 ±1.205 0.9751 0.0208 - 5.7632

Fl V Fl – T[(F)PhB] t(EH)P 10-2 – 10-4.50 3.09 x 106 – 9.956 10-4.87 4.211 52.23 ±0.565 0.9947 0.0203 - 5.9107



For the di aze pam sen si tive elec trodes, an ti de pres sants an -
tipsy chot ics and anx io lyt ics were se lected; for the
fluoxet ine sen si tive elec trodes, anx io lyt ics, an tipsy chot ics
and in ert fill ers were cho sen. The se lec tiv ity co ef fi cients
val ues are sum ma rized in Ta ble 2. Thio ri daz ine hy dro -
chlo ride, chlor pro maz ine hy dro chlo ride, chlor prothix ene
hy dro chlo ride are likely to cause in ter fer ence with re spect 
to PVC di aze pam sen si tive elec trodes. Di aze pam, chlor -
pro maz ine hy dro chlo ride, pro maz ine hy dro chlo ride may
cause harm ful in ter fer ence to de ter mine the po ten tial of
the elec trodes sen si tive to fluoxet ine. For tu nately, these
sub stances are sel dom for mu lated in com bi na tion with di -
aze pam or fluoxet ine, re spec tively. 

Table 2. Po ten ti omet ric se lec tiv ity co ef fi cients of di aze pam and
fluoxet ine PVC mem brane elec trodes

Diazepam PVC membrane electrodes

Lp. Interferent (j)
log Kij

pot

D I D II D III D IV D V

1 Imipramine
hydrochloride -0.35342 -0.05634 0.00783 -0.72438 -0.40902

2 Thioridazine
hydrochloride 0.19245 0.13788 0.21284 0.07126 -0.10771

3 Chlorpromazine
hydrochloride 0.21796 0.13981 0.16499 0.05553 -0.10027

4 Chlorprothixene
hydrochloride 0.25243 0.19792 0.17260 0.09784 0.00146

5 Opipramol
hydrochloride -1.04135 -0.7299 0.00000 -1.43858 -1.20119

6 Fluoxetine
hydrochloride -0.49471 -1.0363 -0.08117 -0.41472 -0.27381

Fluoxetine PVC membrane electrodes
log Kij

pot

F I F II F III F IV F V
1 Diazepam 0.20863 0.14682 0.13335 0.72250 0.07895

2 Chlorpromazine
hydrochloride 0.66025 0.85045 0.54275 0.87722 0.77369

3 Promazine
hydrochloride 0.89028 2.0040 0.77004 2.05808 0.34692

4 Sodium acetate -0.17976 -0.22659 -0.25966 -0.13886 -0.24916
5 Sodium benzoate -0.17635 -0.23117 -0.25658 -0.13462 -0.26434
6 Lactose -0.15839 -0.20686 -0.25068 -0.07234 -0.22772
7 Glucose -0.15480 -0.19263 -0.23772 -0.06572 -0.20544

In or der to ver ify the sta bil ity and strength of elec -
trodes, the re ceived mem branes were placed for 7 days in
a cli matic cham ber, where the “ag ing con di tions” were set,
i.e. tem pera ture of 60°C and a rela tive hu mid ity of 70%.
Af ter this time, their prop er ties were ana lyzed.

The mem brane con tain ing the ion pair D-[T(3,5bis-
 CF3)Ph]B and IPNB as a sol vent was dry and stiff. Mem -
brane with b(BP)A changed color (to or ange), be came
greasy and wet, which means that it was squeezed out of
the plas ti cizer. Due to these changes, these mem branes
were not used for fur ther stud ies. Other mem branes con -
tain ing NPhOE, b(EH)S t(EH)P slightly hard ened, and
the color be came more in tense, but they main tained
stretch and flexi bil ity, and there fore were used for fur ther
ex peri ments.

The mem brane con tain ing ion pair com plex
Fl-[T(F)Ph]B and IPNB as a plas ti cizer in the same way as 
for di aze pam, was dry and stiff. This ex cluded it from fur -
ther re search. Mem branes con tain ing NPhOE, b(EH)S,
b(BP)A slightly hard ened, and the color be came more in -

tense, but sur vived flexi bil ity and stretch. In the mem -
brane with t(EH)P no changes were  ob served, it was
flexi ble, duc tile and trans par ent. For this rea son, these
mem branes were used for fur ther stud ies. Elec trodes were 
ob tained as be fore and the pro ce dure of the per form ance
of char ac ter is tic was de scribed above. The ana lyti cal pa -
rame ters of the stud ied elec trodes af ter “ag ing con di tions” 
are pres ented in Ta ble 3. Pa rame ters of the diazepam-
 sensitive elec trodes are in sig nifi cantly dif fer ent but the
poten tial drift for all di aze pam elec trodes in creased from
±19.35 mV (mem brane con tain t(EH)P as sol vent me dia -
tor) up to ±21.83 mV (NPhOE). The meas ur able
cor re lation co ef fi cient (r) was more var ied: NPhOE
0.9774, b(EH)S 0.9855, t(EH)P 0.9912. The fluoxetine-
 sensitive elec trodes showed com pa ra ble lin ear range and
de tec tion limit. Cor re la tion co ef fi cient of line ar ity (r) for
NPhOE was 0.9973, b(EH)S 0.9986 and t(EH)P 0.9961.
Dif fer ences with each slope and drift po ten tial, for
NPhOE 45.71 mV ± 9.15 mV, b(EH)S 46.99 mV ± 8.65
mV and t(EH)P 46.87 mV ± 10,85 mV were ob served. At
least, in com pari son to the base line pa rame ters, the
changes in the elec trode con taining b(EH)S in di cated that
the elec trode proved to be the best. The range in creased by 
3.203 mg mL-1, the de tec tion limit by 1.296 mg mL-1, the
slope de creased by 6.42 mV and in creased drift of 8.035
mV. Re search of “ac cel er ated ag ing” showed that the
fluoxetine- sensitive elec trode with b(EH)s as sol vent me -
dia tor meets the re quire ments of the ana lyti cal use ful ness
for long pe ri ods of time.

Di aze pam and fluoxet ine hy dro chlo ride were ana lyzed 
and their con cen tra tions were de ter mined us ing pro posed
elec trodes with the best ana lyti cal pa rame ters. De termi-
na tion was car ried out by the stan dard ad di tion of an aque -
ous so lu tion 10-2 mol L-1 of TPB to a so lu tion of D or Fl.
Elec trodes were pre pared “ex tem pore”. For di aze pam,
the mem branes con tain ing: NPhOE, b(EH)S and b(BP)A
were cho sen, and for fluoxet ine, the mem branes con taining:
NPhOE, b(EH)S and IPNB as plas ti ciz ers were chosen.
Titra tion was per formed for each elec trode. Potential- time
re sponse was meas ured soon af ter stabil is ing, the jump
was checked, and the re sults were re peat able. One clear
stroke cor re sponded to the ra tio 1:1 of the po ten tial re ac -
tion of ana lyzed sub stance - tetraphen yl borate. The
applica tion of least squares method for the first two de ter -
mi na tions gave a 95% con fi dence level for the slopes and
in ter cepts. Cor re la tion co ef fi cient val ues for di azepam
elec trodes of 0.9970-0.9880 were ob tained. The rela tive
mean er rors ob tained ranged from 1.74-3.15% with  re -
cov ery from 94.26 to 99.28% and stan dard de vi ation SD
0.68–1.84. For fluoxet ine se lec tive elec trodes cor re la tion
co ef fi cient val ues 0.9984–0.9892 were ob tained. The
rela tive mean er rors ob tained ranged from 0.74-2.15 %
with re cov ery from 0.9726 to 99.28 % and stan dard de via -
tion SD 0.068-0.184 and varia tion co ef fi cient 0.40-1.12. 
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The re sults were obtained for the two repe ti tions af ter
each re newal of elec trode (it was done three times). Af ter
ana lyz ing sub se quent ti tra tion curves of the elec trodes
and the re sults, it can be con cluded that all the elec trodes
can de ter mine the re pro duci bil ity of de ter mi na tions only
when they are used two times. Fur ther, their use means
that be tween ti trant por tions con secu tive po ten tial jumps
are smaller, and in ad di tion, the pre cipi tated D-TPB or
Fl-TPB ac cu mu late on the mem brane, thus the ti tra tion
curve flat tens, re duc ing the sen si tiv ity of the elec trodes,
thereby re duc ing the sen si tiv ity of the de ter mi na tion.

CONCLUSION
The type of mem brane sol vent (plas ti cizer) af fects the

per form ance char ac ter is tics of ion- selective elec trodes
with liq uid mem branes het ero ge ne ous cat ions func tion
re ceived with the di aze pam and fluoxet ine. The best per -
form ance was pre sented by di aze pam elec trode mem brane,
which con tained 1- isopropyl- 4- nitrobenzene. The po ten -
tial re sponse was quick, it was sen si tive, se lec tive, and the 
only draw back is the short “life.” The best re sults are ob -
tained with fluoxet ine elec trode con tain ing bis(2- ethylhexyl)
se ba cate. It was a sen si tive, se lec tive, and its per form ance
char ac ter is tics were also sat is fac tory when sub jected to
ac cel er ated ag ing dia phragm ac tion. The pro posed mem -
brane elec trode sys tem based on di aze pam or fluoxet ine
with fluo rine de riva tives phen yl bo rate as cat ions ex -
chang ers and dif fer ent sol vent me dia tors, of fers a sim ple,
rapid, high- degree- of- precision and ac cu rate “ex tem -
pore” tech nique for the de ter mi na tion of di aze pam and
fluoxet ine in pure sub stance. 

This pa per was de vel oped us ing the equip ment pur -
chased within the Pro ject called “The equip ment of
in no va tive labo ra to ries do ing re search on new medi cines
used in the ther apy of civi li za tion and neo plas tic dis eases” 
within the Op era tional Pro gram De vel op ment of East ern
Po land 2007 – 2013, Pri or ity Axis I Mod ern Econ omy,
Op era tions I.3 In no va tion Pro mo tion.
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Table 3. Ef fect of plas ti cizer on re sponse of di aze pam and fluoxet ine sen si tive elec trodes af ter “stress con di tions” (av er age of six
meas ure ments)

Lp Membrane composition
Linear range LR Detection limit LD Slope S

(mV)
Potential
drift (mV)

The parameters 
of linear regression in LR 

y = ax + b
mol L-1 mg ml-1 mol L-1 mg ml-1 r a b
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D III D – T(3,5bis-CF3)PhB IPNB under “stress” experienced squeezing solvent and crystallization electroactive material of membrane

D IV D – T(3,5bis-CF3)PhB b(BP)A under “stress” experienced squeezing solvent and crystallization electroactive material of membrane
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Fl III Fl – T(F)PhB IPNB under “stress” experienced squeezing solvent and crystallization electroactive material of membrane

Fl IV Fl – T(F)PhB b(BP)A 10-2 – 10-4.10 3.09 x 106 – 24.572 10-4.45 10.976 34.68 ±19.1 0.9746 0.0269 - 6.3837



16. Nas sory N.S., Maki S.A., Al- Phalahy B.A.: Prepa ra tion and
po ten ti omet ric study of pro methazine hy dro chlo ride se lec -
tive elec trodes and their use in de ter min ing some drugs.
Turk. J. Chem., 32, 539, 2008.

17. Pun gor E., Toth K., Hrabeczy- Pall A.: Se lec tiv ity co ef fi cients 
of ion- selective elec trodes. Pure & Appl. Chem., 1913, 51,
1979. 

18. Sales M.G.F., Tomás J.F.C., La van deira S.R.: Flow in jec tion
po ten ti omet ric de ter mi na tion of chlor pro maz ine. J. Phar -
ma ceut. Bio med. Anal., 41, 1280, 2006.

19. Shawish H.M.A. et al.: Ef fect of plas ti ciz ers and ion-
 exchangers on the de tec tion limit of tramadol- PVC mem -
brane elec trodes. Eura sian J. Anal. Chem., 6, 70, 2011. 

20. Siska E., Pun gor E.: Po ten ti omet ric de ter mi na tion of tet ra -
phen yl bo rate ions with sil ver ni trate. De ter mi na tion of sil -
ver, po tas sium and tal lium. (I) Z. Anal. Chem. ,257, 12, 1971.

21. Was sil A.A., El- Ftaah Bastawy Farag A., Mouk dad F.A.:
Poly mer mem brane elec trodes for sen si tive po ten ti omet ric
de ter mi na tion of â- blockers. Drug Dev. Ind. Pharm., 33, 57,
2007. 

22. Wołyniec E. et al.: Batch and flow- injection de ter mi na tion
of cate cho la mines us ing ion se lec tive elec trodes. Instr. Sci.
Tech nol., 35, 241, 2007. 

23. Zayed S.I.M., Issa Y.M.: Sibu tra mine se lec tive elec trodes for
batch and flow in jec tion de ter mi na tions in phar ma ceu ti cal
prepa ra tions. Anal. Sci., 26, 45, 2010. 

Vol. 25, 3, 331–337 337

Dependence of analytical parameters of ion-selective electrodes on the membrane solvents used in the construction of membranes


