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bstract

A simple, rapid and sensitive sensor for the assay of pyridoxine hydrochloride has been developed. The method is based upon the use of calix-
-arene as a neutral carrier in the presence of phosphotungstic acid as an ion extruder and di isooctyl phthalate as plasticizer. The sensor was found
o have a short response time of 20 s to pyridoxine concentration. Perfectly Nernstian slope of 60.4 ± 3.1 mV/decade of activity between pH 3.0
nd 7.2 for the monovalent pyridoxine hydrochloride over a wide concentration range of 1 × 10−1 M to 6.2 × 10−6 M was observed. The detection
imit observed was 1.6 × 10−6 M. The selectivity coefficients of the developed sensor indicated excellent selectivity for pyridoxine hydrochloride

ver a number of species, which normally accompany pyridoxine in various pharmaceutical formulations. The mediator o-nitrophenyl octyl ether
ignificantly increased the lifetime of the sensor. The results obtained for pharmaceutical sample analysis using this sensor were satisfactory with
xcellent recovery percentage comparable and sometimes even better than the ones obtained by other routine methods for the assay.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Pyridoxine is an essential vitamin for human beings. Defi-
iency of pyridoxine (Vitamin B6) is known to affect Central
ervous System inducing seizures similar to epileptic seizures

1]. The vitamin is administered in various forms to treat
uch ailments. Therefore, assaying the vitamin from dif-
erent pharmaceutical formulations (multivitamin or single)
ecomes a necessity. Many methods have been developed
or the assay of pyridoxine. Some methods like flow injec-
ion analysis [2] high performance liquid chromatography
3–5], capillary zone electrophoresis [6,7], spectrophotome-
ry [8,9], fluorimetry [10–12] and voltammetry [13–18] are
eing widely used for quantification of pyridoxine from
ifferent sources. Simultaneous determination of pyridoxine

as also been reported using expensive techniques like high
erformance liquid chromatography [19,20] and capillary elec-
rophoresis [7]. Electrochemical and spectroelectrochemical
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ical sensor

21] studies have also been performed on pyridoxine using
odified electrodes. Determination of pyridoxine hydrochloride

n pharmaceutical preparations by potentiometric membrane
ensor has also been reported [22]. Some of these meth-
ds and some of the official methods available for assaying
f pyridoxine are cumbersome, time consuming and expen-
ive.

Calixarenes have attracted a lot of interest as a kind of
ey receptors in supramolecular chemistry [23–31]. Calixarenes
ave been found to be suitable for the purpose [23] because of
he ease in their large-scale synthesis and the different ways in
hich they can be selectively functionalized at the lower rim

polar) or at the upper rim (non-polar). Because of these proper-
ies calixarenes can form inclusion complexes with a wide range
f guest species. Functionalized calixarenes have been used for
nvestigating the interaction with organic amines spectroscopi-
ally [32] and thermogravimetrically [33].

Potentiometric sensors for the determination of various ions
ave gained a lot of importance over past few years due to

ow operational cost and considerable reliability of the results.
uck and Lindner [34] have summarized the status of these

ensors and their applications in clinical chemistry. A success-
ul attempt was made in our laboratory at designing coated
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ire Fe(III)-selective electrodes [35] based on iron complex of
,4,8,11-tetraazacyclotetradecane.

In the present paper we describe the use of calixarenes
or development of a novel sensor for the determination
f pyridoxine hydrochloride in pharmaceutical preparations,
otentiometrically. The sensor is based upon the incorporation
f a neutral ionophore, viz. calix-8-arene in the PVC-membrane
atrix with solvent mediator o-nitrophenyl octyl ether (o-
POE). The sensor was found to display a very stable,

ast and linear response over a wide concentration and pH
ange.

. Experimental

.1. Chemicals and materials

All the chemicals and reagents were of analytical reagent
rade unless otherwise stated. Low molecular weight poly vinyl
hloride (PVC), dibutyl sebacate (DBS), di isooctyl phthalate
DIOP), o-nitrophenyl octyl ether, sodium tetraphenyl borate
NaTPB), phosphotungstic acid (PTA), pyridoxine hydrochlo-
ide, 4-tert-butyl calix-n-arenes (n = 4, 6, 8), tetrahydrofuran
THF) were purchased from Fluka. Pharmaceutical formulations
ontaining pyridoxine hydrochloride were purchased from local
rug stores and were of IP grade.

Double distilled de-ionized water was used to prepare all the
olutions.

A standard stock solution (1 × 10−1 M) of pyridoxine
ydrochloride was prepared and dilute solutions, in the concen-
ration range 10−2 M to 10−8 M, were prepared by appropriately
iluting the stock solution with double distilled deionized
ater.

.2. Apparatus

All potentiometric measurements were carried out at
5 ± 1 ◦C. A Cyberscan 2500 pHmeter (Eutech instruments,
ingapore) having an accuracy of ±0.1 mV with a saturated
alomel electrode (SCE) as reference electrode was used for
otential measurements. The electrochemical cell used for the
otentiometric measurements is:

Hg, Hg2Cl2(S), KCl(S), |sample solution|membrane

||0.1 M Py + 0.1 M KCl|AgCl(S), Ag

here Py is the pyridoxine hydrochloride.

.3. Procedures

.3.1. Fabrication of pyridoxine-selective PVC membrane
ensors

Fifty milligram of calixarene was mixed with 300 mg PVC
owder, 600 mg of a selectophore/plasticizer and 50 mg of an

on extruder in a 5 cm diameter glass petri dish. The mix
as dissolved in 5 ml double distilled THF. The petri dish
as covered with a filter paper and left overnight at room

emperature to allow slow evaporation of the solvent. A trans-

s
t
p
m
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arent PVC membrane with an average thickness of 0.3 mm
as obtained. The membrane was then cut into circular pieces
f 10 mm diameter and glued to one end of Teflon tube
7 mm o.d.) The tube was then kept at room temperature for
2 h. The electrode was then filled with an internal solution
f 0.1 M pyridoxine hydrochloride solution containing 0.1 M
Cl. An Ag/AgCl coated wire was used as an internal ref-

rence electrode. The membrane was conditioned in a 0.1 M
yridoxine hydrochloride solution for 24 h prior to its use
or the determination of pyridoxine hydrochloride. The sen-
or was stored in double distilled deionized water when not in
se.

.3.2. Sensors calibrations
The developed sensors were calibrated by transferring 25 ml

liquots of an aqueous solution (10−1 M to 10−8 M) of pyri-
oxine hydrochloride to 50 ml beakers. The pyridoxine-PVC
embrane sensor in conjunction with a SCE as reference elec-

rode was then immersed in the above test solutions. The
otential was recorded after stabilizing to ±0.2 mV and the emf
as plotted as a function of negative logarithm of pyridoxine
ydrochloride concentration. The slope of the calibration graph
as then used to determine the unknown pyridoxine concentra-

ions.

.3.3. Sensor selectivity
The potentiometric selectivity coefficients (KA,B) were deter-

ined by fixed interference method [34] using 0.1 M solution of
he interfering drug component and varying the concentration of
rimary ion. The emf values obtained were then plotted against
he logarithm of the concentration of primary ion. The inter-
ection of extrapolation of linear portions indicates the value of
A to be used for finding the selectivity coefficients using the
ikolsky–Eisenmen equation [34].
The potentiometric selectivity coefficients were also deter-

ined by unbiased fixed interference method [36,37]. Here, the
ower detection limit [aI(DL)] is determined using the calibra-
ion curve for the primary ion. The calibration curve for the
rimary ion is then measured in the presence of an interfer-
ng ion and the lower detection limit [aJ(BG)] is determined.
he selectivity coefficients are determined using the following
quation:

og K
pot
IJ = log [aI (DL)/aJ (BG)zI/zJ ]

here zI and zJ are the charge on the primary ion and the charge
n the interfering ion, respectively [37].

.4. Determination of pyridoxine hydrochloride in a
harmaceutical preparation

Pharmaceutical preparation containing pyridoxine equiva-
ent to 50 mg was weighed and 50 ml water was added. The

olution was stirred for about 20 min. It was then diluted
o 100 ml. The supernatant liquid was filtered through filter
aper and 25 ml of the solution was used for emf measure-
ent.
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Table 1
Composition and response characteristics of PVC based membranes having p-tert-butyl calix-4-arene, having, p-tert-butyl calix-6-arene and p-tert-butyl calix-8-arene
as ionophores

Electrode no. Calix-n-arene Ion extruder Selectophore/plasticizer Slope mV/decade Correlation coefficient Linear range (M)

1. Calix-4-arene NaTPB DIOP 1.0 –* –*

2. Calix-4-arene NaTPB DBS 1.2 –* –*

3. Calix-4-arene NaTPB o-NPOE 20.5 0.9942 10−1 to 10−7

4. Calix-4-arene PTA DIOP 40.1 0.9898 10−1 to 10−5

5. Calix-4-arene PTA DBS 17.5 0.9931 10−1 to 10−8

6. Calix-4-arene PTA o-NPOE 1.6 0.4997 10−1 to 10−8

7. Calix-6-arene NaTPB DIOP 17.7 0.9853 10−1 to 10−4

8. Calix-6-arene NaTPB DBS 1.6 0.8923 10−5 to 10−7

9. Calix-6-arene NaTPB o-NPOE 3.9 0.9969 10−1 to 10−5

10. Calix-6-arene PTA DIOP 51.6 0.9997 10−1 to 10−5

11. Calix-6-arene PTA DBS 32.7 0.9895 10−1 to 10−5

12. Calix-6-arene PTA o-NPOE 28.3 0.9823 10−1 to 10−5

13. Calix-8-arene NaTPB DIOP 51.8 0.9666 10−3 to 10−5

14. Calix-8-arene NaTPB DBS 41.4 0.9835 10−1 to 10−7

15. Calix-8-arene NaTPB o-NPOE 27.1 0.9805 10−1 to 10−5

16. Calix-8-arene PTA DIOP 60.4 0.9996 10−1 to 6.2 × 10−6

17. Calix-8-arene PTA DBS 40.3 0.9870 10−1 to 10−7

1

N tyl ph

3

3

i
c
d
t
f
u
m
p
h
s
s
b
i
4
n
t
s
c
i
b
m
e
s
a
l
t
o
w
b
p

o
s
d
f
i

d
h
s
l

3

For analytical applications, dynamic response time is an
important factor for an ion-selective electrode. In this study,
practical response time was recorded by immediate changing of
the pyridoxine hydrochloride concentration from 1 × 10−6 M to
8. Calix-8-arene PTA o-NPOE

aTPB: sodium tetraphenyl boron, PTA: phosphotungstic acid, DIOP: di isooc
* No proper response.

. Results and discussion

.1. Performance characteristics of pyridoxine sensor

Calixarenes are well known as selective ligands for various
ons. A calixarene, with an ion extruder in a PVC membrane
ontaining a plasticizer was used as electrical carriers for the
etermination of pyridoxine hydrochloride after conditioning
he membrane in a 0.1 M pyridoxine hydrochloride solution
or 24 h. Such membranes are then electrochemically evaluated
nder a static mode of operation according to IUPAC recom-
endations [34]. Membranes of different compositions were

repared as shown in Table 1. The responses of all these sensors
ave also been tabulated in Table 1. Sensor no. 10 has a rea-
onably good slope but falls short in the limit of linearity while
ensor no.5 has a wider linear range but is far from Nernstian
ehavior. Sensor no. 14, too, exhibited a sub-Nernstian behav-
or despite having a good linear range. This also proves that the
-tert-butyl calix-4-arenes and 4-tert-butyl calix-6-arenes could
ot accommodate the pyridoxine hydrochloride ion. The overall
rend was found to favor the use of phosphotungstic acid over
odium tetraphenyl borate as the ion extruder. Of the 18 sensors
onstructed the sensor no. 16, based on calix-8-arene contain-
ng o-NPOE as plasticizer and PTA as ion extruder shows the
est response towards pyridoxine hydrochloride. Table 2 sum-
arizes response characteristics of the selected sensor no.16,

.g. slope, response time, linear range and detection limit. The
ensor exhibits a Nernstian slope of 60.4 ± 3.1 mV/decade over
concentration range of 0.1 M to 6.2 × 10−6 M with a detection

imit of 1.6 × 10−6 M. The sensor exhibited a short response
ime of 20 s. These parameters did not change significantly for

ver a period of 6 weeks. The sensor also exhibits good behavior
ith respect to reproducibility of the emf values. A typical cali-
ration curve is shown in Fig. 1. The sensors displayed constant
otential readings for day-to-day measurements over a period

F
6

39.4 0.9805 10−1 to 10−6

thalate, DBS: dibutyl sebacate, o-NPOE: o-nitrophenyl octyl ether.

f 4 weeks. The slope of the calibration plot did not change
ignificantly for at least 6 weeks and then exhibited a gradual
ecrease in the sensitivity. However, it could be effectively used
or 3 month. Thus, it can be inferred that the lifetime of the
nvestigated sensor is 3 months.

The sensor showed excellent reproducibility after it is con-
itioned for 24 h, before use, in a 0.1 M solution of pyridoxine
ydrochloride. After reconditioning, the sensor exhibited the
ame Nernstian slope, linear concentration range, and detection
imit.

.2. Dynamic response time
ig. 1. Potential response of the pyridoxine-selective electrode based on calix-
-arene.
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Table 2
Response characteristics of the proposed sensor based on calix-8-arene and its comparison with the reported sensor

Parameter Present PVC membrane sensor response Sensor response reported [22]

Slope (mV/decade) 60.4 ± 3.1 54 ± 0.4
Intercept (mV) 94.3 287 ± 0.5
Correlation coefficient, (r) (n = 6) 0.9996 0.9980
Limits of linearity (M) 10−1 to 6.2 × 10−6 1 × 10−2 to 6 × 10−5

L −6 4.0 × 10−5

R 60
W 2–4
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ower limit of detection (M) 1.6 × 10
esponse time (s) 20
orking pH range 3.0–7.2

× 10−2 M. The actual potential time trace is shown in Fig. 2.
s is seen from the graph the sensor reaches its equilibrium
otential in a very short time of 10 s.

.3. Effect of pH

Measurement of pH dependence of the pyridoxine hydrochlo-
ide sensor was studied over a pH range from 2 to 8. The pH was
djusted using 0.1 M sodium carbonate and/or hydrochloric acid
olution. The potential-pH profile for 10−3 M solution of pyri-
oxine hydrochloride using this sensor is summarized in Fig. 3.
he data revealed a linear potential versus pH relationship in

he range of 3.0–7.2 from the point of view of sensor function.
t is apparent that below pH 3.0 the pyridoxine hydrochloride
onization is progressively suppressed due to increase in the
ydrogen ion concentration. This results in gradual decrease in
he sensitivity of the proposed sensor. Beyond pH 7.2, again
he sensor exhibited a fall in the sensitivity that can be due
o the formation of pyridoxinium hydroxide, which is a weak
lectrolyte.

.4. Effect of foreign ions
The potentiometric selectivity coefficient of the pyridoxine
ensor depends on the selectivity of ion exchange process at the
embrane-solution interface and the mobility of the respective

ons in the membrane as well as the hydrophobic interactions

ig. 2. Dynamic response of the pyridoxine-selective membrane electrode for
tep changes in concentration of pyridoxine hydrochloride: (A) 1 × 10−6 M, (B)
× 10−5 M, (C) 1 × 10−4 M, (D) 1 × 10−3 M, (E) 1 × 10−2 M.
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ig. 3. Effect of pH of the test solution on the potential response of the
yridoxine-selective electrode at 1 × 10−3 M solution.

f the primary ions and the organic membrane. The selectivity
f the pyridoxine membrane sensor is also related to the free
nergy of transfer of pyridoxine hydrochloride cation between
he aqueous and the organic phases. The selectivity studies were
erformed at concentrations above 100-fold molar excess over
yridoxine concentration. The potentiometric selectivity of the
ensor towards different substances was determined using biased
r conventional fixed interference method [34] and unbiased
xed interference method [36,37] with 0.1 M solution of the
nterfering species at pH 6.5. The selectivity coefficients for pyri-
oxine hydrochloride obtained by towards various species thus
etermined are given in Table 3. Good selectivity for pyridox-

able 3
electivity coefficients of various interfering ions

nterfering species Selectivity coefficients

KA,B [FIM]a log KA,B [FIM]b

a2+ 2.00 × 10−05 −4.8 ± 0.1
u2+ 1.26 × 10−04 −4.4 ± 0.2
yanocobalamin 6.00 × 10−05 −4.7 ± 0.2
hiamine hydrochloride 2.52 × 10−04 −4.7 ± 0.2
icotinamide 1.00 × 10−03 −4.6 ± 0.3
n2+ 1.00 × 10−04 −4.5 ± 0.1
-Amino benzoic acid 2.00 × 10−03 −3.6 ± 0.2

onditions: Primary (pyridoxine hydrochloride) ion concentration 1 × 10−1 M;
nterfering ion concentration: 1 × 10−3 M for conventional fixed interference

ethod.
a Conventional fixed interference method.
b Unbiased fixed interference method [36,37].
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Table 4
Results of determination of pyridoxine in different samples

Name of the formulation Composition (mg/ml) Observed pyridoxine content ± RSD/mg (n = 5)

By the present method using the developed sensor By an established method*

Tab. Benedon Pyridoxine HCl 40 mg 40.1 ± 0.2 40.9 ± 1.7

Inj. trineurosole-H Hydroxocobalamin 1000 mcg
Thiamine HCl 0.1 g
Pyridoxine HCl 50 mg 50.3 ± 0.5 50.9 ± 1.5
d-Panthenol 50 mg
Methyl Paraban 0.1% (w/v)
Water qs

Cap. Becosule Thiamine mononitrate 10 mg
Riboflavin 10 mg
Pyridoxine HCl 3 mg 3.0 ± 0.5 3.1 ± 0.6
Cyanicobalamin 15 mcg
Nicotinamid 100 mg
Ca-pantothenate 50 mg
Folic acid 1.5 mg
Biotin 100 mcg
Ascorbic acid 150 mg

Cap. Polybion Thiamine mononitrate 10 mg
Riboflavin 10 mg
Pyridoxine HCl 3 mg 2.7 ± 0.2 2.2 ± 1.6
Ascorbic acid 150 mg
Nicotinamide 100 mg
Cyanocobalamin 15 mcg
Ca-pantothenate 50 mg
Folic acid 1.5 mg

*
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Biotin 100 mcg

A standard HPLC method [38].

ne was achieved in the presence of many species that normally
ccompany pyridoxine hydrochloride in pharmaceutical multi-
itamin formulations.

.5. Potentiometric determination of pyridoxine
ydrochloride in formulations

The proposed sensor was successfully employed for the anal-
sis of pyridoxine hydrochloride in multivitamin formulation
sing standard addition method [34]. The results for the analy-
is of pyridoxine hydrochloride in pharmaceutical multivitamin
ormulations are summarized in Table 4. The data obtained are
n good agreement with the claimed values and compare favor-
bly with those obtained by a standard HPLC method [38] used
n the quality control division of multinational company. The
uantity of pyridoxine is calculated using the following formula
39],

X]A = [X]B

[10�E/S[1 + (VA/VB)] − (VA/VB)]

here [X]A is the concentration of the standard (M); [X]B the
oncentration of the determinand (M); �E the change in poten-
ial (mV); S the slope of the calibration plot (mV/decade); VA

he initial volume of the sample (ml); VB the initial volume of
he sample (ml).

The proposed method was validated against the HPLC
ethod [38] using t-test with multiple samples. The calculated

a
N
d
h

-value was found to be 0.61. The tabulated t-value at 95% con-
dence level for 3 degrees of freedom is 3.182 and that at 99.5%
onfidence level is 7.453. Therefore, tcalc � ttab and there is
o significant difference between the two methods at both the
onfidence levels.

The proposed sensor gives a Nernstian slope of
0.4 ± 3.1 mV/decade with correlation coefficient of 0.9996
s against 54 ± 0.4 mV/decade with correlation coefficient of
.9980 as reported in literature [22]. The limits of linearity, the
ower detection limit, the response time and the working pH
ange of the proposed sensor are superior to those for the sensor
eported, as shown in Table 2. The proposed sensor, thus, has
etter performance characteristics as compared with the one
eported earlier [22].

The proposed sensor can be successfully used for the selec-
ive determination of pyridoxine hydrochloride in the presence
f other components that normally accompany pyridoxine in
ultivitamin formulations.

. Conclusion

The developed sensor is selective, sensitive and low cost for
outine control analysis. The proposed sensor exhibits favor-

ble performance characteristics of pH, low detection limit,
ernstian calibration slope and fast response. The vitamin
oes not need any pretreatment or separation step and yields
ighly selective measurements. The sensor can be easily pre-
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