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ABSTRACT

The construction and performance characteristics of methylene blue (MB)
PV C electrodes are described. Different methods for electrode fabrication
(modified with theion-pair, ion pairing agent or soaking the plain electrode
in the ion-pair suspension) are described. Matrix compositions were opti-
mized on the basis of effects of type and content of the modifier aswell as
influence of the plasticizers. The fabricated electrodes worked satisfacto-
rily inthe concentration range from 7x 10 to 10° M with Nernstian cationic
slopes depends on the method of el ectrode fabrication. The MB-TPB modi-
fied electrode showed the best performance (slope 58.3+2.0 mV decade™?)
compared with the plain electrodes or modified with NaTPB and fast re-
sponse time of about 10 sec and adequate lifetime (2 months). The devel-
oped electrodes have been successfully applied for the potentiometric de-
termination of MB in pure solution and in pharmaceutical preparations un-
der batch conditions as well as end point indicator electrode for the poten-
tiometric titration of MB. The solubility product of different MB ion-pair
and the formation constant of the precipitation reaction leading to theion-
pair formation were determined conductometrically.
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tiometrictitration13,

Thewidespread dosefication and/or adulteration of

Methylene blue, (3,7-bis(dimethylamino)pheno-
thiazin- 5-ium chloridetrihydrate) was an antimethe-
mogl obinemic agent and an antidote to cyanideY. Vari-
ous methods had been used for its determination, e.g.
complexmetry!?, spectrophotometry®4, ion-exchange
chromatography!®, thinlayer and high performancelig-
uid chromatography'®, fast aom bombardment and tan-
dem mass spectrometry!”, coulometric titration!®,
reductimetric titration’®, polarography*®12 and poten-

commercially available pharmaceutical preparations
demand rdiablemethodsfor drug quality control that is
preferably selective, rapid and can beundertaken with
simple equipment. Neverthel ess, most of af oremen-
tioned methodsinvolveseveral manipulation stepsbe-
forethefind result of theanalysisor requireexpensive
apparatus. In contrast to other analytical techniques,
electrochemical techniquessuch aspotentiometric mea
surements have anal ytical and economic advantages
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including simpleinstrumentation, fast response, appli-
cationto turbid or colored solutions, high sensitivity,
widelinear dynamic ranges, low cost, nondestructive
measurement of theanayte sampleaswel aspossible
interfacingwithflow injectionandysssysems (FIA)9,
Although ISEshad found very wide applicationsfor
drug quality control*"%9, only aPV C e ectrode based
on MB-silicotungstate (SLT) ion association as
el ectroactive material was described!. The proposed
€l ectrode showed auseful working rangeof 106103
M with adetection limit of 7.65x107 M and dynamic
responsetimeabout 1 min.

The present study is concerned with preparation,
characterization and gpplication of smple potentiomet-
ric sensorsfor rapid determination of MB in pureand
dosageforms. Electrodeswerefabricated inplainand
modified formsand then subjected to aseries of tests
to el ect sensor possessing themost favorableandytica
characteristics. The devel oped sensorswere al so ap-
plied inthe potentiometric determination of MB using
standard addition and potentiometrictitration.

EXPERIMENTAL

Apparatus

All potentid measurementswereperformed usinga
4310 Jenway digital pH meter with PC interface,
equipped with Slver-slver chloride doublejunction ref-
erenced ectrodein conjugeationwiththesenang drug I1SE.
A combined pH glass electrode was used for al pH
measurements. Conductancewasmeasured usng 4310
Jenway Conductivity meter. Manua potentiometricti-
trationswereperformed usngaBrand Digital Burette.

Reagents

All reegentswereof theandyticd gradeand double
distilled water was used throughout the experiments.
Methylene blue ((MB, 3, 7-Bis (dimethylamino)-
phenothiazin-5-iumchloride, C H,.CIN_S, FHuka) was
used without further purification. o-
Nitrophenyl octylether (0-NPOE) from Sigmawas used
for preparation of the sensors. Other typesof plasticiz-
ers, namely dibutylphthalate (DBP), dioctylphthalate
(DOP), dioctylsebacate (DOS) and tricresyl phosphate
(TCP) and Tri (2-ethylhexyl) trimdliate(TOTM, S) were
purchased from BDH, Sigma, AV OCADO and Fluka,

—= Fyll Paper
respectively.

lon pairing agentsnamely, sodium tetrgphenylborate
(NaTPB, Fluka), reineckate ammonium salt (RAS,
Fluka), phosphotungstic acid (PTA, BDH) and phos-
phomolybdic acid (PMA, Fluka) were used for pre-
cipitation of different MB ionpairs.

Sandard solutions

Sodium tetraphenylborate (NaTPB) solution
(ca.0.01M) was prepared by dissolving a weighed
amount of the substancein worm water, then adjusted
to pH 9 by adding sodium hydroxide solution and com-
pleted to the desired volumewith water. Theresulting
solution was standardized potentiometrically against
standard 0.01M thallium (1) nitrate solutioni2Y.

Electrodeconstruction
lon pair preparation

Different MB ion-pairswere prepared by dropwise
addition of 0.01 M of NaTPB, PTA, RASor MPAto
50 ml of 0.01 M MB solutionwith continuousstirring.
Theresulting precipitateswerefiltered, washed severd
timeswith distilled water and then dried at 50°C. The
chemica compositionsof thedifferent IPswere con-
firmed by (C, H, N and S) el emental analysisat Mi-
croanalytical Lab., National Research Center using
Elementar (Vario El, Germany).

Conductometric deter mination of thestoichiomet-
ricratios

Series of the dye solutions (104-10°M) were
placed inthetitration vessel followed by addition of
102M NaTPB, RASor 10°M PMA, PTA solutions
and the conductance was measured after each addi-
tion (0.2mL). The corrected conductivity wasthen
plotted against the volume added of titrant wherethe
end point was determined to predict the stoi chiomet-
ric ratiof?24,

Conductometric determination of the solubility
products

Theconductivitiesof MB, NaTPB, RAS, PMA and
PTA solutionsof different concentrations (104-102 M)
weremessured at 25°C. The specific conductivities (K),
corrected for theeffect of dilutionwereca culated and
used to obtain the equivalent conductivities (1) of the
solutions,
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Straight lineplotsof A versus CY2, were constructed
andtheequivdent conductancevauesat infinitivedilu-
tion (A5 Aresr Mot Mopua ANA A r,) CANDEEVAIU-

ated. The equivalent conductance values of the IPs
(M) Wereca culated from Kohlrausch’s law:

2‘ou:' =n A‘OMB + A‘oion pairing agent
wherenisthestoichiometricratio.

Thesolubility (S) and solubility products(Ksp) ofa
particular ion associateswere cal culated using thefol -
lowingequations:

S=K x1000/A,,

Ke= S*for 1: 1ion associate

Ky = 27S*for 1: 3ion associate

whereKs, isthe specific conductivity of asaturated
solution of IPmeasured at 25°C.

Sensor construction

Matricescompositionscomposed of 20 mg of M B-
TPB or 40 mg of NaT PB were mixed with 240 mg o-
NPOE, 6 mL THF and 240 mg PVC for electrode
fabricated by different methods were described el se-
whereé?), Theinterna filling solution (10°M MB and
102M KCl) andAg/AgCl interna reference eectrode
wereused. Thefabricated sensors were conditioned
for 24hin 10° M MB before use and soaked in the
samesolution. Plain eectrodewas prepared inthesame
manner using the plain PV C membraneand presoaked
infreshly prepared M B-1Ps suspension for 24h.

Analytical procedure
Calibration of sensors

Sensors were calibrated by transferring 25 ml
aliquots of 108-10° M MB solutionsinto a 50 mL
doublejacket thermostated glasscell at 25°C followed
by immersing the sensor in conjugation withAg/AgCl
doublejunction reference e ectrodeinthesolution. The
potential readingswererecorded after stabilization and
plotted against drug concentrationinlogarithmic scale
(~log [MB]). The sensors performances were evalu-
ated according to IlUPA C recommendation®,

Electroderesponsetime
The dynamic response time of the eectrode was
tested by measuring thetimerequired to achieveasteady
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daepotentid (within+1 mV) after successive immersion
of thedectrodeinaseriesof dyesolutions, eechhavinga
10-fold excessin concentration from 106t0 10° M.

Effect of pH

Theinfluence of pH on theresponse of PV C was
checked by recording the potentid readingsof thecell
for solutions containing 10> M of each dyeat different
pH values(pH 3-11). Variation of pH value was done
by adding very small volumes of HCI and/or NaOH
solution (0.1-1M of each) to thedrug solution.

Potentiometric determination of MB in pharma-
ceutical preparations

M B was potentiometrically determined in pure so-
lution and pharmaceutical preparationsusing thedevel-
oped e ectrodeswith potentiometri c titration methods,
aliquotsof the sample solutions weretitrated against
standard NaTPB solution. Thetitration processwas
monitored usngMB sensor in conjugationwithAg/AgCl
reference el ectrode wherethe emf valueswere plotted
againgt theml added from thetitrant to estimatetheend

point.
RESULTSAND DISCUSSION

Preliminary I Pidentification studies

MB isatertiary amine cation which formswater
insolubleion-pair complexeswiththeoppositey charged
anionssuchasTPB, RAS, PTA or PMA. Theresultant
IPs can be used asion exchangersfor MB potentio-
metric sensors. From thispoint of view, different types
of MB-IPswere prepared and thelir stoichiometricra
tioswere estimated from elemental analysisand con-
ductometrictitration data. Theelementa analysisdata
(TABLE 1) reveded that MB forms 1:1 IPswith both
TPB and RAS. Complexesof MB with PTA and PMA
showedratio 1:3.

Thestoichiometricratios of the lPsformed can be
estimated from the conductometrictitration curve, ob-
tained by plotting the change in conductance versus
volume of titrant added (Figure 1). By addition of the
titrant to M B sol ution, the system showed aregular rise
in conductance up to the equivalence point where a
sudden changein the conductance observed. Intersect
of thetwo straight lines determinethe stoi chiometric
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TABLE 1: Char acterization of different M B-I Ps

C% H% N% % .
Pl MWy Tentative formula Ke
Cadc. F C F C F C F
MB-TPB 6383 752 750 595 592 657 6.42 501 4.95 [C16H15CIN3S|[CoaH20B] 1.96x10°®
MB-RN 637.5 37.7 380 3.76 3.65 19.8 195 259 250 [CyeHisCIN3S|[CsH1oCrN;Sy] 4.86x10°
MB-PMA 27805 20.7 209 0.64 058 452 435 3.40 3.20 [C16H18CIN3S]5[PM01,040] 1.35x10°%°
MB-PTA 38255 15.0 15.0 047 0.35 3.28 3.08 250 2.42 [C16H18CIN3S] 5[ PW1,049] 6.35x10°8

ratio of the complexesformed. The obtained results
sustained theelemental anaysisdatafor the complex
formationratios.

Solubility product of thelPsisimportant sinceits
reciprocal isapproximately equal to itsformation con-
stant, whichinturnsistightly related to the degree of
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hydrophobicity of theion exchanger anditssolubility in
theelectrode matrix. The solubility productsof theion
associateswere determined conductimetrically, and
found to be 1.96x107%, 4.86x10°, 1.35x10%, and
6.35x108, for MB-TPB, MB-RN, MB-PMA, and
MB-PTA, respectively.
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Figurel: Conductometrictitration of M B with different ion pairing agents

Optimization of theelectr ode performance

For quantitative and qualitative composition opti-
mization of the devel oped PV C sensors, an election
schemewas followed. Both unmodified (plain) and
modified e ectrodes (either withthe M B-1Ps, or theion
pairing agents) electrodes were prepared and tested
for nature and content of modifier, type of plasticizer,

pH effect, responsetime and applications.
Electrodesmodified with MB-ion pairs

Themost traditiona way for the preparation of cat-
ionic dyesensorsistheincorporation of theioninques-
tion, usually intheform of anion-pair with somean-
ionicion pairing agentssuchasNaTPB, TPA, TSA,
flavianate, reinickateor PM A inthedectrode matrixes.
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Different MB ionpairs(MB-TPB, MB-RN, MB-
PTA and MB-PMA) were incorporated in the PVC
matrix, and thefabri cated e ectrodeswere conditioned
in10°M of MB solution for 24 h. Preliminary experi-
ment declared that PV C electrodes that contain no
electroactive material, and plasticized with o-NPOE
showed no response towards the MB; while those
modifiedwithdifferention parsgaveNerngian responses
with different slopes, and sensitivities depend on the
nature of theion pair used. Electrodeincorporated with
MB-TPB showed the best performance (slope
51.5+2.8 mV decade™ intheconcentration rangefrom
6.7107 to 103 M) compared to those modified with
other MB ion pairs.

Furthermore, theamount of theMB-TPB ion-pair
inthe electrode matrix wasvaried from 2.5 to 20mg,
and addition of 10 mg MB-TPB inthemembranema
trix wassufficient to achievereasonableionic exchange
at membraneinterface, and the best € ectrode perfor-
mance, the corresponding slopewas 58.3+ 2.0 mV
decade? in the tested concentration range (107-103
M). Increasing the MB-TPB content withinthe elec-
trode matrix reduced the d ectrode performanceasthe
dope of the el ectrode decreased to reach 43.0mV/de-
cadewith20mgIP.

Electrode modified with the ion pairing agents
(Ingtu)

Incorporation of asuitableion pairingagentinthe
el ectrode matrix followed by soaking in the dye solu-
tion may led to theformation of anion exchanger at the
el ectrode surfacewhich subsequently extracted by the
plagticizer into the e ectrode bulk. Suchtechniquewill
reducethetimerequired for the electrodefabrication
asthereisno need for IP precipitation.

Theeffect of theion pairing agent typewastested
astheé ectrode matrices containing different ion pair-
ing agents (NaTPB, PTA, PMA or RNS) were pre-
pared, soaked in 102 M of MB solution, and used for
the potentiometric determination of MB. Theobtained
resultsindicated the super priority of theNaT PB incor-
porationinthee ectrodematrix indicated by the highest
slope (54.2+4.5 49.5+1.2, 46.446.1, 51.4+6.1 mV
decade? for NaTPB, RNS, PMA and PTA, respec-
tively). The content of NaTPB within the electrode
matriceswasvaried from 10to 50 mg, and it wasfound

Hnalytical CHEMISTRY o

that incorporation of 40 mginthe PV C matrix gavethe
highest dope (55.5£2.0 mV decade™?).

Plain €lectrodes

Inaddition to the af orementioned methodsfor the
electrodefabrication, asimple and reliable suggested
procedure could be applied by soaking the plain elec-
trodesin the agueous suspension of thelipophilic IP
solutions. Theeectrodemediator (plagticizer) extracts
IPsand becomes gradually saturated with this 1P and
hence, thereisno need to incorporate neither the IPs
nor theion pairing agentsinto theeectrodematrix. The
| P concentration in the organic phaseincreaseswith
increas ng both theextractability and the solubility prod-
uct of the IPformed@,

Theplain electrodeswere soaked in the aqueous
suspensionsof different MB-IPsfor 24h and used for
potentiometric measurements. Theresults obtained
showed that the el ectrodes soaked in the MB-TPB
had the best sengitivity indicated by the highest slope
(55.3+5.5 mV decade) when compared with other
IPs(48.5£10.1, 40+0.9, 44.74+2.6 and 42.5+4.3 for
PV C soaked inMB-RAS, MB-PTA and MB-PMA)
whichisdirectly related to the solubility products of
these|Ps.

Effect of the plasticizer

Plasticizers play animportant rolein the behavior
of ISEssincethey improvethe solubility of thesensing
material and lower the overall bulk resistance of the
electrodedueto their polarity characteristics. Thein-
fluence of thetype of the plasticizer on the electrode
performance has been studied asthe electrode pl asti-
cized with 0o-NPOE was compared with those plasti-
cized with TCP, DOS, DBS, DOPand TOTM. The
obtai ned cadlibration graphswith PV C dectrodeusing
different methodsof preparation and different plasticiz-
ersdaifiedtha, usng of o-NPOE asplagticizer showed
the highest sengitivity of themembrane e ectrodeindi-
cated with thehighest dopeand wider linear range spe-
cialy with the plain electrodes (slope values were
56.3+5.5, 53.0+£5.0, 50.2+4.8,46.8+4.5,49.7+£14.2,
47.9+3.0,, and 42.3+2.2 mV decade™ for o-NPOE,
TCP, DOS, DBS, DOP, DBP, and TOTM, respec-
tively) which may berelated to the dielectric constant
of these plasticizers (e =24, 17.6,3.88,4.5,5.2,4.7
and 3.1 for thetested plasticizersin the same orde).

Au Tudian Yournal
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Sensorsperformance

The potentiometric response characteristics of dif-
ferent methylene blue sensors prepared with different
methods (modification with MB-TPB, modification
with NaTPB or plain) were evaluated according to
|UPAC recommendations. Thedataobtained (Figure
2) indicated that the devel oped sensors can be suc-
cessfully applied for the potentiometric determination
of MB in concentration range 7x10®to 10° M with
Nernstian cationic slopes depend on the method of
electrodefabrication. The MB-TPB modified elec-
trode showed the best performance (slope 58.3+2.0
mV/decade) compared with the plain electrodes or
modified with NaTPB.

For analytical applications, theresponsetimeof a
new fabricated sensor isof critical importance. There-
sponse times of al fabricated el ectrodes were mea-
sured according lUPAC recommendation. Both the
modified, and plain el ectrodes showed faster response
time (10s) thaningitu one (~14s). Theuseful lifetimeof
the different fabricated € ectrodes wastested by per-
forming day to day cdibration. PV C dectrodesshowed
useful lifetimeof 14-28 daysduringwhichtheNerngtian
slopesdid not change significantly (+2mV/decade),
whilethedetection limit wasshifted from 108 to 10°M
MB at theend of thisperiod.

The effect of pH on the electrode potential was
investigated by recording the changesin the potential
readingswith thepH after the addition of smal volumes
of HCl, and/or NaOH (0.1 or 1 M). Theinvestigated
electrode gave auseful pH range from 3.0-10.0. In
akaline mediathe measurement were hindered owing
to theformation of aprecipitateinthetest solutions.

o Viodified
J Plaxin
= Insitu
= T Sim i
P
= Sihm'y
e /
.!_/
L T T 1 L) L]
-8 =7 3 -5 -3
log [MB]

Figure2: Potentiometric deter mination of M B using differ -
ent PVC electrodes

—— Fyll Peper
Potentiometrictitration

In contrast to direct potentiometric measurements
requiring careful calibrationsof measuring cells, thepo-
tentiometric titration techni quesoffersthe advantage of
high accuracy and precison; dthoughthecodt of incressed
timeand consumption of reagentsused astitrants. Pard -
lel to thestudying of thefactorsaffecting the e ectrodes
performance under the batch conditions, the effect of
thesefactorswasasoinvestigated under potentiometric
titration of M B with NaTPB. When ISEs are used to
monitor thetitration based on IPformation, the magni-
tude of both the potential break and sharpness at the
inflexion point of thetitration curveispredetermined by
thesolubility of the corresponding IPin membrane sol-
vent (IP modified mode) and connected a so with the
extractability of thelPinto themembranemediaor (ingtu
and plain mode). Theeffect of theeectrodeplasticizer
onthetitration processwasinvestigated usng membranes
plasticized with different plasticizers(Figure 3). Gener-
ally, theelectrodes plasticized with o-NPOE gavethe
highest total potentid change (AE =400mV) compared
withthoseplagticizedwith TCR, DOP, DOS, DBS, DBP
or TTOM (AE were 348, 264, 310, 297, 332, and 40
mV for the plasticizersinthe sameorder) which canbe
explained by higher extractability of theMB-TPBion
pair into themembranesol vent duetothere ative higher
diel ectric constant of o-NPOE.

Theeffect of the el ectrode fabrication techniques
onthetitration processwasinvestigated. Theplandec-
trodes showed the best titration curve compared with
themodified with either theMB-TPB ion pair or with
theion pairing agent regarding thetota potentid change
or the potential break at theend point.

__-‘_-—-\\— TTOM

'E | 100 mV
"
=

¥ DOP

\DO& DES
DBP

TCP

o-NPOE

o i i 3 4 3 [ 7 t'i

NaTPB (mL)
Figure3: Effect of theplagticizer onthepotentiometrictitra-
tion of MB withNaTPB
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Theeffect of the precipitants (ion pairing agent) on
the performance of the potentiometric titration of MB
wasdsoinvestigated asNaTl PB wasreplacedwith RAS,
PTA or PMA (Figure4). Titration curves performed
using NaT PB showed thehighest total potentia change
followed by PTA and PMA, respectively. Generally,
NaTPB was sdlected asthetitration curveswerehighly
reproducible and the end point showed formation of
1.1 1P compared and 1:3 complexeswereformed be-
tween MB and PTA or PMA which agreed with the
gtoichiometricratiosobtainedfromthedementd andys's
and conductometric measurements.

Under the optimum conditions, thetitration curves
weresymmetricd with avery wel defined potentid jump
indicating thehigh sensitivity of thedectrode. Concerning
thetitration process, thetotd potentid changesandthe
potential breaks at the end point were large (AE =

11101

i

14

E (mV)

1504

X< K

Y4 01.32mg 0%mg .
1.96mg iy

-3 T ——T

T

] | 1 k] i L] ]

NaTPB (10°M.mL)

400mV) allowing the application of the electrodeto
determine M B reaching down to 0.32 mg (Figure5).
Thetitration processwashighly reproducible(for 9.6mg
MB, the end point was 2.156+0.034 ml, n = 5).

<

RN

‘;Pl\i-k

I 50mV

TPA

E(mV)

TFPB

00 02 04 06 08 10 L2 L4 16 L8 20
Titrant (mL)
Figure4: Effect of thetitrant on thepotentiometrictitration

of MBwith NaTPB

1004

)

=10

E (mV

-2004

124mg
RINE

3lmg  96mg

19.6mg
= T ~ 1 T * T * L] T »
1 | 1] k| 4 5 f

NaTPB (10°M,mL)

Figure5: Potentiometrictitration of M B with NaTPB usingM B PV C electrode

TABLE 2: Determination of MBin pureform, andin phar ma-
ceutical preparationsviapotentiometrictitration with NaT PB

Taken Found Recovery .
=ele mg  mg) (%) P
0.32 0.222 69.41 2.80
0.96 0.648 67.48 2.40
1.6 1.126 70.37 20
Pure 2.24 1.59 71.06 1.60
3.2 2.125 66.42 1.80
9.6 6.444 67.13 14
16.0 11.322 70.76 1.20
224 15.178 67.76 1.10
5.0 3.25 65.0 22
Sample 7.5 4.65 62.0 18
10 6.3 63.0 21

* Aver age of five titration process
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Analytical application

The proposed € ectrodewas successfully employed
for theassay of MB intheir authentic samplesaswell
as pharmaceutical formulations applying standard ad-
dition method and potentiometric titration. Thedata
given (TABLE 2) clearly indicated satisfactory agree-
ment betweenthe M B contentsin different samplesde-
termined by the proposed sensor and €l emental analy-
ssmethod asthereisno official methods.

CONCLUSION

Thepresent work investigatesthefabrication of MB-
sectived ectrodefabricated with different methods The




ACAIJ, 9(3) September 2010

Elmorsy Khaled et al.

341

proposed el ectrode can be successfully applied for the
potentiometric determination of MB in concentration
range 107 to 10 M with Nernstian cationic slopes
depend onthe method of electrodefabrication. In ad-
dition, thefabricated can aso be used asend point in-
dicator el ectrodeinthe potentiometric titration of MB
inpure, and pharmaceutica preparation with good ac-
curacy, and precision. Compared with the previously
published M B-PV C dectrode?” the present el ectrode
was characterized by higher sensitivity, and faster re-
sponsetime (10scompared with Iminfor the published
one) which givethe present fabricate e ectrode the pri-
ority for applicationinfollowing the catal ytic reactions
involving MB asredox indicator.
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