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Abstract

New methods of flow injection analysis (FIA) neutralization titrations of phenothiazine derivatives in aqueous micellar medium of a
cationic surfactant using potentiometric and spectrophotometric detection were proposed; titrations with a mixing gradient chamber and
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igh-speed titrations were compared. The FIA titration method in non-aqueous media based on an official method of determinatio
ith perchloric acid in anhydrous acetic acid) was also developed. Under optimized reaction conditions and flow-through param
alibration range and equations, the sensitivity, and the repeatability of all methods were found and discussed. All titrations were
edicinal forms.
2004 Elsevier B.V. All rights reserved.
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. Introduction

.1. FIA titrations

In flow injection analysis (FIA), reproducible sample vol-
mes are injected into the carrier stream or directly into the
eaction reagent and analyte concentration is monitored for
constant and very short period of time[1–3].
The flow-through forms of titration determinations are

IA titrations (sometimes also called pseudotitrations),
hich employ the concentration gradient of the sample

ormed in the apparatus following injection of the sample
nto the carrier stream[4]. FIA titrations are carried out in
wo arrangements: (i) in a mixing gradient chamber and (ii)
n a high-speed mode.

FIA titrations with a mixing gradient chamber[5,6]are ac-
ompanied by some disadvantages originating in the relative
arge volume of the chamber. This leads to high consumption
f the titration agent and limited sensitivity, caused by high
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dispersion of the sample (D> 15) and relatively low samplin
frequency[7]. It has been demonstrated[8] that FIA titration
can be carried out without a mixing gradient chamber,
concentration gradient is formed also in the flow tube. V
short titration time and high sampling frequency are a c
acteristic feature of these “high-speed” titrations, where
value of the dispersion coefficientD = 3–10 (i.e., medium
sample dispersion).

In contrast to batch titration, where the concentratio
analyte is proportional to the consumption of the reage
the equivalence point, at FIA titrations the determinatio
the concentration of the analyte is based on the calibr
dependence between the width of the FIA peak�t and the
analyte concentration[9,10]. The logarithmic calibration d
pendence, logc = f(�t), is the most frequently employed
FIA titrations.

1.2. Phenothiazine derivatives

Phenothiazine derivatives are employed as psycho
maceuticals, antihistamines and anti-Parkinson drugs[11].
In medicinal forms they are present primarily in the fo
039-9140/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2004.07.033
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of hydrochlorides. As these are very weak acids, pKa ≈ 9,
which cannot be determined by acid–base titration in aque-
ous media, these substances are determined by titration with
perchloric acid in anhydrous acetic acid medium[12,13].

In our previous publication[14], we demonstrated that
the pKa values of phenothiazine derivatives are shifted to
lower values, pKa ≈ 7, in aqueous medium in the presence
of cationic surfactants. According to the pseudo-phase ion-
exchange model the organic substances are bound to the
micellar pseudo-phase by hydrophobic interactions; cationic
micelles are able to bound OH− ions to their surface by elec-
trostatic interactions, concentrate them in a small volume and
thus, assist dissociation of bound weak acids. Therefore, the
hydrochlorides of phenothiazine behave like much stronger
acids in this medium and they can be determined by alkalimet-
ric titration. Moreover, the micellar medium solubilizes the
formed water insoluble free bases of phenothiazine deriva-
tives. We studied[15] the effect of various cationic surfactants
(decylammonium bromide, cetyltrimethylammonium bro-
mide, cetylpyridinium bromide, carbethopendecinium bro-
mide) and we have found that the last of them is the most
suitable because of its high solubility and the low value of
critical micelle concentration (cmc= 1 × 10−4 M in the
presence of 0.1 M KCl[16]). The alkalimetric determina-
tion must be carried out at surfactant concentration higher
t
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titration in non-aqueous medium, in anhydrous acetic acid.
Determination in medicinal forms was carried out by crush-
ing 10 coated tablets to a powder, homogenization, and the
weighed sample was dissolved in anhydrous acetic acid.

A stock solution of NaOH with a concentration of 0.1 M
was used for the preparation of titration agents. Its titre was
controlled at least once a week.

The Septonex (carbethopendecinium bromide; Zentiva,
Czech Republic),Mr = 422.49, CAS 10567-02-9, was em-
ployed as cationic surfactant. A stock solution with a con-
centration of 0.3 M was used for the preparation of titration
agents.

All other chemicals used were of analytical grade.

2.2. Titration agents

2.2.1. FIA titrations in aqueous micellar medium
The titration agent for the FIA titration using potentiomet-

ric detection was prepared with NaOH concentration of 5×
10−4 M, Septonex concentration of 3× 10−3 M, and 0.1 M
KCl to adjust the ionic strength.

The titration reagent for the FIA titration using spec-
trophotometric detection was prepared with NaOH concen-
tration of 5× 10−5 M NaOH, Septonex concentration of 3
× 10−3 M, and 0.1 M KCl to adjust the ionic strength. The
t
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hencmcand at constant ionic strength, as the pKa value in
urfactants medium also depends on the ionic strength
olution.

In this work, we studied the conditions for the FIA d
ermination of selected phenothiazine derivatives by neu
zation titration in both of the arrangements (with a mix
radient chamber and in the high-speed mode) in aqu
icellar medium. A comparison was also made for po

iometric and spectrophotometric detection, based on
toring the colour changes of suitable acid–base indic
he thymol blue. FIA titration method with perchloric acid
nhydrous acetic acid medium was also developed.

. Experimental

.1. Chemicals

Chlorpromazine hydrochloride (Fluka),Mr = 355.32
AS 69-09-0, diethazine hydrochloride (Interpharma, Cz
epublic), Mr = 334.91, CAS 341-70-8, and levom
romazine maleate (Egis, Hungary),Mr = 444.54, CAS
104-38-3, were used. The tested mass-produced m
al forms were Deparkin® (50 mg of diethazine·HCl pe
oated tablet; Ĺečiva, Czech Republic), Plegomazin® (25 mg
f chlorpromazine·HCl per coated tablet; Egis, Hunga
legomazin® (100 mg of chlorpromazine·HCl per coat

ablet; Egis, Hungary), and Tisercin (25 mg of levomep
azine maleate per coated tablet; Egis, Hungary).
Stock solutions of the phenothiazine derivatives wi

oncentration of 3× 10−2 M were prepared in water and, f
hymol blue was used with the concentration of 4× 10−3%:
he weighted amount was dissolved in the required am
f 0.1 M NaOH to receive the final (5× 10−5 M) NaOH con-
entration.

Fresh titration agents were always used.

.2.2. FIA titrations in non-aqueous medium
The titration agent was 0.01 M perchloric acid in an

rous acetic acid. It was prepared and standardized acco
o [12,13].

.3. Instrumentation

FIA titrations were carried out in the module appara
epicted inFig. 1. The titration agent was pumped usin
asterflex peristaltic pump (Cole–Palmer, USA) and Ty
-3603 tubes (Cole–Palmer, USA). Sample addition was

ied out using a teflon low-pressure six-way valve (Rheod
SA).

ig. 1. Schematic diagram of the apparatus for FIA titration used (at
peed FIA titration the mixing gradient chamber is missing).
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Fig. 2. Scheme of mixing gradient chamber: (1) support, (2) seal, (3) mag-
netic stirrer, (4) mixing chamber.

The FIA titration in aqueous micellar medium with poten-
tiometric detection were carried out using a 3320 pH meter
(Jenway, UK) and a flow-through combined pH electrode
(Cole–Palmer, USA). Data were collected using a computer
with the Data Acquisition Card AX-5411 (Linseis Interna-
tional, USA).

The FIA titrations in micellar medium with spectropho-
tometric detection were carried out using a Hewlett-Packard
8453 UV/VIS diode-array spectrophotometer with a flow-
through cuvette with an internal volume of 130�l and ab-
sorption layer thickness of 1 cm.

A mixing gradient chamber with an internal volume of
1 ml (this volume was selected on the basis of the literature
data) with an electromagnetic stirrer was made from plexi-
glass (Fig. 2).

For the FIA titration in non-aqueous medium, a teflon
detection cell (Fig. 3) with combined pH micro-electrode
(Monokrystaly, Czech Republic) was constructed.

2.4. Data processing

The peak�t width was read off at half height of the maxi-
mum concentration peak. The logarithm of the concentration
was employed for construction of calibration dependence.

The value of the maximum sampling frequency per hour,
w

F eous
m

culated from the relationship

Smax = 60

�tb
(2.1)

whereSmax (h−1) is the maximum sampling frequency per
hour and�tb (min−1) is the width of the peak, which cor-
responds to the maximum concentration of the calibration
dependence at the peak base.

3. Results and discussion

3.1. FIA titration in aqueous micellar medium

3.1.1. Potentiometric detection
The dependences of the signal, i.e., the peak width�t

(min−1), on the flow-rate of the titration agentq (ml min−1)
and the sample volumeVS (�l) were monitored in multifactor
optimization procedure of parameters of the FIA titrations.
The arrangement with mixing gradient chamber and the high-
speed arrangement were used. The flow-rate of 0.4 ml min−1

and injected sample volume of 250�l were found to be opti-
mal, yielding a maximum�t value.

The calibration dependences for diethazine·HCl and
chlorpromazine·HCl (levopromazine maleate was not sol-
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hich is a practical parameter in FIA analysis[1], was cal-

ig. 3. Scheme of detection cell for high-speed FIA titration in non-aqu
edium: (1) cell, (2) pH microelectrode, (3) seal.
ble in the medium employed) were measured unde
etermined optimum conditions in both arrangements;
arameters are given inTable 1. It is apparent that the tw
tudied methods have the same range of linear conc
ion dependences. The correlation coefficients values a
ll cases, approximately 0.99; the standard deviation v
f the calibration dependences are higher for the titra
ith the mixing chamber. The comparison of the slope

he dependences shows that the FIA method with the m
radient chamber is more sensitive; however, on the
and, there is a very low maximum sampling frequency

.1.2. Spectrophotometric detection
Thymol blue was chosen (on the basis of the tabu

Ka values[17] and experiments performed[15]) as a suitabl
cid–base indicator that changes its colour during the rea
f the analyte with the reagent and enables registration o
IA peaks. The detection was carried out at a waveleng
= 610 nm, which corresponds to the maximum absorb
f the alkaline form of thymol blue. The indicator was p
f the titration reagent. At the titration, a decrease in
bsorbance atλ = 610 nm first occurs; following completio
f the reaction of the hydrochlorides with the titration ag

he absorbance again increases. The FIA peak is registe
he time-dependence of the absorbance at this wavelen

In both the titration with the mixing gradient chamb
nd the high-speed mode, the flow-rate of 0.4 ml min−1 of
itration agent and injected sample volume of 250�l were
ound to be optimal. Under these conditions, the cali
ion dependences were determined for diethazine·HC
hlorpromazine·HCl; their parameters are given inTable 1
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Table 1
Parameters of the calibration dependences for determination of diethazine·HCl and chlorpromazine·HCl by FIA titration in aqueous micellar medium (q =
0.4 ml min−1, V(sample) = 250�l, c(NaOH) = 5× 10−4M (potentiometric detection) or 5× 10−5 M (spectrophotometric detection),c(Septonex) = 3× 10−3 M,
c(KCl) = 0.1 M)

Detection Substance Arrangementa Calibration range (mg ml−1) Calibration equation r2 sy Smax (h−1)

Potentiometric
Diethazine·HCl MC 2.00–20.00 �t = 266.8 logc + 37.6 0.9994 1.94 7

HS 2.00–20.00 �t = 72.8 logc + 2.7 0.9938 1.78 26
Chlorpromazine·HCl MC 2.00–20.00 �t = 209.8 logc + 278.4 0.9897 7.79 8

HS 2.00–20.00 �t = 65.9 logc − 0.5 0.9943 1.80 22

Spectrophotometric
Diethazine·HCl MC 0.02–0.50 �t = 87.2 logc + 199.6 0.9798 6.89 15

HS 0.02–0.50 �t = 19.8 logc + 95.6 0.9805 1.54 27
Chlorpromazine·HCl MC 0.02–0.50 �t = 89.4 logc + 211.3 0.9903 4.31 20

HS 0.02–0.50 �t = 25.9 logc + 107.9 0.9851 1.17 26
a MC: mixing gradient chamber, HS: high-speed titration.

The concentration range is again the same for both experi-
mental arrangements; the correlation coefficients are approx-
imately 0.98 and the standard deviation values of the cali-
bration dependences are higher again for the titrations with
the mixing chamber. The sensitivity is lower for high-speed
titrations than for titrations with the mixing gradient cham-
ber and the maximum sampling frequency is higher for the
high-speed titration. The calibration range is two orders of
magnitude lower than for FIA titration with potentiometric
detection.

3.1.3. Kinetic effects in studied FIA titrations
It was found in the optimization of experimental condi-

tions that the increase of flow-rate has a negative effect on
the sensitivity of determination. As an example, the effect of
flow-rate on the calibration dependence of FIA titration of
chlorpromazine·HCl with the mixing gradient chamber us-
ing potentiometric detection is given inFig. 4. As increase
in the flow-rate leads to a decrease in the “residence time”

F
2
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c
1

of the reagent in the mixing gradient chamber, the reaction
cannot probably proceed to completion. However, because it
is known that acid–base reactions are, in general, very fast,
the only possible explanation for the decreased reaction rate
is slow bounding of the analyte to the surfactant micelles.
When the same potentiometric titration was carried out with
the classical batch arrangement, equilibrium was also estab-
lished slowly and the potential could be read off only several
minutes after adding the titration reagent.

Kinetic effects can also explain why lower sensitivity of
the determination was achieved using high-speed titration, al-
though the sample dispersion is less (D≈3–10) than when the
mixing gradient chamber is used (D> 15) and thus, theoret-
ically, the sensitivity of the high-speed determination should
be higher. The longer residence time of the sample in the
mixing gradient chamber apparently allows the reaction to
proceed more to completion.

The high sensitivity in the arrangement with the mixing
gradient chamber when using optimum flow parameters is
accompanied by low maximum sampling frequency. In gen-
eral, the sampling frequency is directly proportional to the
flow-rate. On the other hand, the sensitivity of the determi-
nation is decreased with the increase of the flow-rate in our
experiments. Thus, we tried to experimentally determine the
highest flow-rate at which the sensitivity should be still suffi-
c e of
u .5-
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( our,
w flow-
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t

3
m

ine
d oyed
o nces
i e in
t luble
ig. 4. The effect of flow-rate (1) 0.4 ml min−1, (2) 1.3 ml min−1, (3)
.5 ml min−1 on the calibration dependence of chlorpromazine·HCl at FIA

itration in aqueous micellar medium in arrangement with mixing grad
hamber and potentiometric detection (V(sample) = 250�l, c(NaOH) = 5×
0−4 M, c(Septonex) = 3× 10−3 M, c(KCl) = 0.1 M).
ient. It was found that it is possible to employ a flow-rat
p to 1.6 ml min−1, where the sensitivity is decreased (1
old) but the rate of sample addition can increase significa
4-fold). It is possible to process up to 30 samples per h
hile only 8 samples per hour can be processed at a

ate of 0.4 ml min−1. The calibration ranges do not chang
hese conditions.

.1.4. Determination of phenothiazine derivatives in
edicinal forms
It was found that FIA determination of phenothiaz

erivatives in aqueous micellar medium can be empl
nly for tablets. For coated tablets, the auxiliary substa

n the coating and filling materials substantially interfer
he determination; the samples were not completely so



636 I. Němcová et al. / Talanta 65 (2005) 632–637

Table 2
Parameters of the calibration dependences for determination of phenothiazines by high-speed FIA titration in non-aqueous medium with potentiometric detection
(q = 0.4 ml min−1, V (sample) = 250�l, c(HClO4) = 0.01 M)

Substance Calibration range (mg ml−1) Calibration equation r2 sy Smax (h−1)

Diethazine·HCl 0.2–20.0 �t = 35.6 logc + 27.7 0.9964 0.93 45
Chlorpromazine·HCl 0.2–20.0 �t = 32.4 logc + 31.2 0.9890 4.31 40
Levomepromazine maleate 0.2–20.0 �t = 35.1 logc + 32.3 0.9891 1.54 40

Table 3
Comparison of the results of the determination of phenothiazines in medicinal forms by official and high-speed non-aqueous FIA titration

Substance Medicinal preparation (mg/tablet) Found (%)

Official method FIA high-speed

Diethazine·HCl Deparkin®, 50 100.5± 0.3 100.4± 0.6

Chlorpromazine·HCl Plegomazin®, 25 98.4± 0.4 98.3± 0.9
Plegomazin®, 100 98.6± 0.3 98.7± 0.9

Levomepromazine maleate Tisercin®, 25 98.7± 0.2 98.7± 0.8

in aqueous medium, the consumption of titration agent was
higher as a consequence of the presence of hydrogen carbon-
ates.

3.2. FIA titration in non-aqueous medium

Because of the above-described problems in analysis of
medicinal forms in coated tables by the FIA titration method
in aqueous micellar medium, a flow-through variant of the of-
ficial method of determination of phenothiazine derivatives
by potentiometric titration with perchloric acid in acetic acid
medium was developed. FIA titration in the high-speed ar-
rangement was selected, as because of the corrosive reaction
medium, it would be necessary to make the mixing gradient
chamber from resistant teflon. Also, the maximum sampling
frequency is higher in high-speed arrangement. The potentio-
metric detection is suitable for the determination of samples
with higher concentrations of the substances than the spec-
trophotometric one.

The calibration dependence for FIA titration in non-
aqueous medium was measured for all studied phenoth-
iazines. An analogous procedure as in the previous part was
employed in optimising the flow parameters. Values of the
flow-rate of the titration agent of 0.4 ml min−1 and added
sample volume of 250�l were found to be optimal. The pa-
r .
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analysis of mass-produced medicinal preparations. The re-
sults obtained were compared with the results of determi-
nations carried out by official batch titration method. The
results of the determination are given inTable 3. It can be
seen that the contents obtained are comparable. The determi-
nation time is decreased to almost one half when FIA titra-
tions are used and the working efficiency is thus much higher.
Moreover, using well-sealed FIA apparatus, there are none of
the problems associated with corrosive vapours, which are a
characteristic for the work with acetic acid in classical batch
arrangement.

4. Conclusions

The potential for using aqueous micellar medium for FIA
titrations of phenothiazine derivatives was tested. A com-
parison was made of the experimental arrangement with the
mixing gradient chamber and in the high-speed mode, in both
cases, with potentiometric and spectrophotometric detection.
It was found that, in both cases, FIA titration with the mix-
ing gradient chamber is more sensitive; however, it has the
disadvantage of a low sampling frequency. A possible expla-
nation of the discrepancy between the results obtained and
the literature data, according to which FIA high-speed titra-
t ing
g cts
o gh-
s ium
o two
t ables
w one,
w

ped
F of
m ra-
t ium
w atch
ameters of the calibration dependences are given inTable 2
t follows from Table 2that the parameters of these FIA tit
ions are very good; in particular, the maximum samp
requency is twice as high as for FIA high-speed titratio
queous micellar medium. However, the low sensitivit

he determination is a disadvantage (the slopes have a
f about 35 ml mg−1, compared to 70 ml mg−1 in aqueou
edium).

.2.1. Determination of phenothiazine derivatives in
edicinal forms
The developed method of FIA high-speed titration w

erchloric acid in non-aqueous medium was employed
ions should be more sensitive than titrations with a mix
radient chamber, could probably lie in the kinetic effe
ccurring in the micellar medium (the reaction time for hi
peed titrations is not sufficient for establishing equilibr
n the surface of the micelles). In comparison of the

ypes of detection, the spectrophotometric detection en
ork in a lower concentration range than potentiometric
hich is suitable for higher analyte concentrations.
Because of the impossibility of employing the develo

IA titration in aqueous micellar medium in analysis
edicinal forms in the form of coated tablets, FIA tit

ion with perchloric acid in anhydrous acetic acid med
ere developed as a flow-through variant of the b
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titration determination of phenothiazines as described in offi-
cial methods. The non-aqueous medium eliminates the effect
of the auxiliary substances. The results of the determination
of the phenothiazine derivatives in practical samples by the
FIA titration in non-aqueous medium agree with the results
obtained by official batch titration. The developed FIA in
non-aqueous medium reduces the time of titration and de-
creases the disadvantages of work with corrosive acetic acid
medium.
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[10] A.U. Ramsing, J. R̊užička, E.H. Hansen, Anal. Chim. Acta 129

(1981) 1.
[11] B.G. Katzung (Ed.), Basic and Clinical Pharmacology, seventh ed.,

Lange Medical Books/McGraw-Hill, New York, 1998.
[12] European Pharmacopoeia, European Directorate for the Quality of

Medicines, fourth ed., Strasbourg, 2001, p. 397, 893, 1468.
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