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ABSTRACT KEYWORDS
The developed perchlorate-selective coated graphite electrode based on lon selective electrode (I SE);
crystal violet (crystalviolet-perchlorate ion association in 1- Coated graphite electrode
chloronaphthal ene both asthe plasticizer and solvent with a PV C matrix on (CaB);
a graphite rod) gave Nernstan response to perchlorate in a wide Ethyleneglycol; Glyceral;
concentration range. Proper response of the electrode was observed in Glucose and mannitol.

test solutions made in 0.1 moleL ! potassium nitrate solution with linear
range, slope, and detection limit of 1.0 x 10°- 1.0x 10t mol/L perchlorate,
58+1 mV/decade, and 3.16 x 10 moleL* respectively. The electrode was
al so used to detect periodate with linear range, slope and detection limit of
1.0x10*1.0x10?mol L*, 57+1.5 mV/decade and 5.7 x 10° mole L * periodate
respectively. The response time of the electrode was found to be < 20 sfor
concentrations higher than 1.0 x 10* M and the electrode functioned
properly for four weeks. The effect of the amount of the electroactive ion
pair was also studied and it was found that electrode prepared from 20-30
mg of the crystal violet perchlorate was chosen with the best response.
The effects of diverse ions on the electrode response to perchlorate were
studied and the potentiometric selectivity coefficientswere evaluated. The
electrode was found to be highly selective to perchlorate and periodat.
The analytical application of the electrode was extended to the direct
determination of perchlorate and periodate and to the indirect determination
of ethylene glycol, glycerol, glucose and mannitol via periodate oxidation.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION of perchlorateion have been devel oped recently. So

far few ion selective el ectrodes have been proposed

Studieshavebeentriedtoinvestigatethedifferent  for the potentiometric determination of perchlorateion™
techniquesand methodsfor thedetermination of per- 2. The Literature survey reveas that the response
chlorateion and many chemistswereinkeeninterestto  behaviour of ion selective e ectrodes such asits selec-
study it. lon selective electrodesfor thedetermination  tivity, religbility, precision, lifetimeand responsetime
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have not been yet studied indetail and the applications
arelimited. Thustheneed for congtructingthesensitive,
precise and sel ective newly devel oped el ectrode for
the determination of various ions like perchlorate,
periodate, and other carbohydrates and proteinswas
reasonably requiredi*14,

Crygtd violet-perchlorateion associ ation complex
has been empl oyed for the potentiometric determina-
tion of perchlorateion. However therewasno reportin
theliterature on the possible application of Crystal vio-
let-perchlorate ion association complex as coated
graphiteinanion selective eectrodeto thedetermina
tion of perchlorateion potentiometricaly. Hence Crys-
tal violet-perchlorateion association complex in PV C
was used as coating matrix to devel op anew perchlo-
rate selective coated graphite el ectrodefor the deter-
mination of perchlorateion potentiometrically.

Theforgoing discussionreved sthat ion selective
electrodes (ISEs) have been devel oped to determine
perchlorate during the last few years and the study of
thebehavior of thee ectrode such asselectivity, stabil-
ity and ranges of practicability wereinsufficient. Al-
though many applications have been done, thereare
still many moreto be explored. Thecrysta violet-per-
chlorateliquid membrane € ectrode has been used suc-
cessfully for thedirect determination of low concentra-
tion of perchlorate and periodate and for theindirect
determination of glucose, manitol, ephedrine and two
amino acids(serine and threonine) viaperiodate oxida
tion. However these el ectrodeswereabit cumbersome
touseasit requiresto bein anearly upright position
and expendvesinceit requiresaninternd referencee ec-
trodeand internd filling sol ution™*7, Thelow cost, Sm-
plicity, ease of use and maintenance of brilliant green
and malachitegreen hexafl uorotantd ate CGE™¢ *) and
the gpplicability of liquid membrane electrodefor the
direct determination of andytesby dry sampleaddition
methods*® have stimulated theinterest of constructing
perchlorate selective coated graphite € ectrode (CGE)
for thedetermination of anions. Furthermoretherehave
been no previous reports about the newly devel oped
CGE selectiveto perchlorateion. Thus, the devel op-
ment of new type of coated graphiteion selectiveelec-
trodefrom cheap materialswhichissmple, sensitive
and economicd isintended to thedirect determination
of perchlorate and theindirect determination of some
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of theanionssuch asmannitol, glucose, ethyleneglycol
and glycerol.

The present investigation dealswith the develop-
ment of anew coated graphiteperchlorateion selective
el ectrode based on crystal violet-perchlorateion asso-
ciation complex and itsapplication for thedirect deter-
mination of perchlorate, periodate and for theindirect
determination of ethyleneglycal, glyceral, glucoseand
mannitol viaperiodate oxidation potentiometricaly.

CALIBRATIONMETHODS

Thismethod involvesmeasurement of potentia of
thesample solution which can berdated totheactivity
or concentration of theion of interest from constructed
calibration curve of measured potential versustheac-
tivity or theconcentration of theion of interest in stan-
dard solutiong*&2¥, A single measurement, therefore,
givestheactivity or theconcentration of theion*9,

Theactivity or concentration of thesamplecan then
be determined by single point calibration. If a and a,
represent the activities of the sample and the standard
and E_and E,, the corresponding el ectrode potential,
then, it followsfromthe Nernst equation that

Ex-E; = S1g(3%/, ) @
which can berearrangedto give
a;=as10°% 2

where Sistheexperimenta dopeand AE isthediffer-
encein electrodepotentia sfor the sampleand the stan-
dard. Thevaueof Scan bedetermined using two solu-
tions of known activities. Thisapproach requiresno
knowledge of the standard potentials of the el ectrode
pair. Theassumption made hereisthat thedopeiscon-
stant and thereisalinear rel ation between the potential
and logarithm of activity or concentration(2-7,
Theusesof two standard solutionswith analyte ac-
tivitiesa, and a,involving unknown activity, 3 isacom-
plicated version of thiscalibrated method. Then, ap-
plying theNernst equation, 3 can be calculated from

(Emp os(32) - 1s(2) ®

This method does not require any knowledge of
standard potential or slope. Moreover, the method
concentratesfor slow driftin both parametersand a
linear response over the range of interest can be as-
sumed.
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STANDARD AND SAMPLEADDITION
METHODS

These methodsare also called theknown addition
methods. The known addition methodsarerapid and
easy to perform and the errorsare negligiblewhen the
electrodeiswell behaved to selectivity, working range
and Nernestian responsg?!,

Therearetwo different known addition methods
described here. Inthefirst theknown solution of stan-
dardisadded to aknown samplevolumeand thechange
inthedectrode potential isrecorded andin thesecond
one, aknown volume of thesampleissimilarly added
to aknownvolume of the standard.

Standard additiontoasample: Thismethodinvolves
measurement of thepotentid of thee ectrodesystemin
arelatively largeand accurately measured volume (V)
of unknown concentration (C ) of thesamplesolution
whichisaddedto aknownsmall volume(V ) of arela
tively concentrated (C) sol ution of the sought for ion
and thechangein e ectrode potential isrecorded. The
initiad potentia of the sample solution of unknown con-
centration (C,) isgiven by the Nernst equation asfol-
low!?,

E, = ZRll; n(Cxy:)+E0 (%)

wherey, and E, refer totheactivity coefficient of the
samplesolution and theliquidjunction potentia respec-
tively. On addition of aknown amount of the standard
(V mL of C concentration) totheinitia volume(V), the
new potentid isgiven by
E, = E° + % In “C\::ifﬁifs}” + Eg (5)
Assuming the constancy of E,_andy, =, , sub-
traction of EQ. (4) from Eq. (5) gives

(C Vi + C Vo)
————] ©)

ZF"
Onrearrangement Eq. (6) becomes

GVt GV,
'&_E = log ( )
S (Vi + vs) Cx
where Sisthe slope (= 2.303RT/ZF) experimentally
determined by using aseries of known standard solu-

tions. Eq. (7) may berearranged to give

-Ef Vx E
][10 S - A

v, +v)

™

[ CsVs
x I(vx + V)

+ V)

(8)

—— Fyll Peper

Thus, C canbeevauated. If, asissometimesthe
case, the dilution caused by the addition of the stan-
dard solutionissufficiently small tobenegligible, i.e,
V_>>V, then, Eq. (8) becomes

Vs \ (10
=G (Vx) (10°%4 )" ®

In standard addition technique only one standard
solutionisrequired and neither cdibrationdrift nor e ec-
trode calibration isrequired. The only thing, two po-
tentials must berecorded per sample.

Sample addition to the standard: In thismethod,
thepotentid of the knownvolume (V's) of thestandard
solution of known concentration (Cs) isfirst recorded
followed by measurement of potential of the solution
after theaddition of volume (Vx) of theanayte solution
and the concentration C_isdetermined using equation

( 10)[21, 22,25).
Vet Yoy o5l _ (v
cx:cs{ Vo)l (%)

Eq. (10) can bedivided by using C_inplaceof C,
inEq. (4) and subtracting it from Eq. (5).

Thistechniqueisvery important for theanaysisof
very smal volumewhichisinsufficient to soak theelec-
trodetipif it weredone. Thisistheadvantageover the
other techniques™®.

Standard subtraction method: In thismethod the
standard sol ution contai ning speciesthat reacts quanti-
tatively with the determinand (through precipitation or
complexation) isadded to asample® 2, Thus, ade-
creasein determinand concentration isproduced with
the corresponding changein potentia. If al:1 stoichi-
ometry of the reaction between the determinand and
the added speciesisassumed, theinitial concentration
of thedeterminandin the sampleisca culated by usng
the Eq. (11)18.

_ Cs Vs
V- (Va+ Vo) 10 %]

Further assumption that dil ution effect brought about
by theaddition of thestandard solutionisnegligiblere-
ducesEq. (11) toaformgiven by

CX:[ CSVS.'_-E' ]_1

(10)

(1)

Vg(1—10  /S) 12)

Equations(11) and (12) hold true, asdready pointed
out, for al:1 stoichiometry of thereaction; the equa-
—  Analytical CHEMISTRY
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RESPONSE TIME

Responsetimeisone of thecrucial factorswhich
commend theusesof ISEsinroutineanaysi§**2, Ac-
cording to IUPAC definition, itisthetime needed for
the potential of an electrode to reach avalue 1 mvV
fromthefina equilibrium potentia followingasuppos-
edly ingtantaneous changein determinand activity!?23,
Fleet and co-workersdefined theresponsetimeasthe
timeinterva withinwhichthed ectrode potentia reaches
95% of the steady state val u€®2. Accordingly, the par-
ticular valuesof theresponsetimediffer from author to
author and arefor rough comparison of the different
Nernst regponseof eectrode. Thedeviationfrom Nernst
equation of theelectrode response may arisefromtime
dependent variations between the measured activity,
andtheintringc sampleactivity, 3 Suchactivity gradi-
entsarerelated to diffusion processwithin the bound-
ary layersof thesamplesolution (unstirred layer) which
areproduced aswell by the equilibration betweenthe
bulk of thesampleand interfacein the adjoining bound-
ary of the membrane. For a quoted value of the re-
sponsetimeto beimplemented, the experimenta con-
ditionsonwhich theresponsetime depends experimen-
tally should, therefore, be known. These conditionsin-
cludeinitia andfina determinand activities, stirringrate
and theway inwhich the activitieswere changed.

DETECTIONLIMIT

Thedetection limit of analytical procedureisthe
lowest concentrationsof the anaytethat can bedistin-
guished with reasonable confidencewith thefie d blank,
here defined asahypothetical samplecontaining zero
concentration of theanalyte®3. Detection limitisesti-
mated intheresponse (or signd) domain, but isusualy
reported in terms of concentration or amount (Mass).
The response domain is related to concentration by
making useof thecalibration function. ThelUPAC has
recommended that thelimit of detection, definedinterms
of elther concentration or amount berdaedtothesmal-
est measure of responsethat can be detected with rea-
sonablecertainty inagiven analytical procedure.

Thedetectionlimit withion-sdectivedetectiontech-

Hnalytical CHEMISTRY o

niquesisanaogoudy defined asthemeasured ion con-
centration at whichthemeasured sgna isexactly twice
aslargeasthebackground noise. Thisisthe case, when
thedeviation fromtheNernst equationis 18/Z mV (a
25°C, (59.1/Z)x log2 = 18/Z, )18, 1dedlly, the lower
detectionlimit of an ISE resultsfrominterferingion;
henceitsvaluesare determined by the concentration of
theother ioninthe sampleand corresponding s ectiv-
ity coefficients kijpot of themembrane. For aprimary
ioni with chargeZ, and dominant interferingionj with
charger, thelower detection limit isdefined by Eq.
(13)18,

z
(DL)=KPota 13

EXPERIMENTAL PROCEDURES

Reagentsand solution

Preparation of stock solutions

Stock solutionsof sodium perchloratemonohydrate,
Chloridesdt of crystd violet, potassum periodateand
other anionsunder study were prepared by dissolving
known amount of the saltsin agqueous solution using
0.1 M potassium nitrate aqueous sol ution asasolvent
to adjust theionic strength of the solutions and then,
serid dilutions (10-fold) wereprepared by transferring
10 mL of the consecutive solutioninto 100-mL volu-
metric flask and diluted by 0.1 M potassium nitrate
aqueous sol ution asasol vent to the mark. " 4,

Preparation of crystal violet-perchlorate coated
graphiteelectrode

Preparation of crystal violet solution

A 1.0X 10> M stock solution of crystal violet was
prepared by dissolving known amount of its Chloride
salt in about 50 mL of distilled water in abeaker by
continuousstirring. Thesolutionisthen, quantitatively
transferred to a100-mL volumetricflask and diluted to
volume by washing thebeakers severd timeswith dis-
tilled water up to the mark!™ 14,

Prepar ation of the electroactive species

Crystal violet- perchlorate salt was prepared by
gradual mixing of 100 mL of 1.0x 103 M solution of
crystal violet with an excess (20 mL) of 1.0x 102M
perchlorate solution and shaked for 8-10 minutes. The
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mixturewas saturated with sodium chlorideas salting
out agent and allowed to stand overnight. A highly vis-
cous, sticky product wasformed after standing over-
night andisolated from the aqueous phase by centrifu-
gation, washed 3-4 timeswith distilled water and dried
at 50-60° for 6-6:30 hours. The resulting precipitate
wascollectedintoasmal glassbottle. Thiscrysta vio-
let-perchlorateion pair was used asthe electroactive
materid for the proposed potentiometric sensor with-
out characterization.

Prepar ation of coating mixture

A Poly (vinyl chloride), PV C, solutioninamixture
of Tetrahydrofuran (THF) and 1-chloronaphtaene, was
prepared by dissolving 100 mg of the polymer powder
inabout 3mL of THFand 0.5mL of 1-chloronaphtaene.
To this were added 15, 20, 25, 30, 35 or 40 mg of
crysta violet-perchlorate precipitate. Thismixturewas
used asthe membrane matrix for the coated graphite
electrode.

Prepar ation of perchlorateselective coated graph-
ite electrode

One end (about one-third) of agraphiterod (3.6
cm long and 3 mm in diameter, Ringsdorff-Werke,
GmbH, RWO) was mechanically polished with glass
paper, immersed in amixture of HCl & HNO, for a
few minutes, washed with distilled water and dried. The
other end of therod wastightly fixed to oneend of the
rubber tube so that acoil of copper wire, housedinthe
rubber tube, isin contact with it either by mercury or
directly6.17,

Theclean part of thegraphiterod wasdippedinto
the coating mixture severa timeswith aninterva of 2
minuteto partially evaporatethe THF and wasrolled
round us ng our handsto makethe coating uniformuntil
the graphite surfaceis completely covered by adark-
violet film. Theassembly waskept inthestove adjusted
at 40°cfor not morethan 5 minutesor inaHood for 6
h to evaporate THF. The remainder and some of the
coated portion of the rod weretightly wrapped with
Parafomal dehyde film (American Can Company) to
prevent direct contact of therod withthetest solutions.
Theresulting assembly, after conditioning by soaking
the coated graphitetipinal.0x 102 M agueous solu-
tion of perchloratefor 1-2 hours, wasready for useas
perchlorate selective coated graphite electrode. The

—— Fyll Peper

el ectrode was stored between uses by suspending the
coated end inabrown dropper bottle saturated with 1-
chloronaphtaleneto prolongitslifetime?®. [t wasre-
conditioned immediately before use by soakingitinthe
conditioning solution. Thedesign of theelectrodeis
showninFigurel.

EfL"l.I'l.".I'u'kr\-q-l-N '|IIl
Y
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To the PH meter

Coil of copper wire

/]

Plastic (Rubber type

condurting outer) cover of a pen

contact ™~
Graphite roa™

NN o NN Wy Wy W s J'\-l'?l-l"m-"‘ ‘@/ Lo

Wrapping parafilm

/

l". PWVC Matrix incorporating
I\. ion exchanger

"-.Senﬁingtip
Figurel: Coated graphiteelectrode/ Test solution / Exter nal
referenceelectrode
I ngrumentation

Potential measurementsof the solution weremade
with coated graphite electrode against a saturated
calomel electrode (SCE) as external reference elec-
trode (Orion model 90-01-00) at room temperature
(25°c) using Philips 9409 digital PH/mV/ion meter.
Stable potentiad swererecorded within< 1 minute. The
test solutionswere continuoudy stirred usng aTeflon-
coated magnetic stirrer bar during measurement. A sche-
matic representation of the compl ete el ectrochemical
cdll isshown by thefollowing scheme:

RESULTSAND DISSCUSSION

The Effect of theAmount of Electroactive M ate-
rial on the Response of the Electrode

The effect of the e ectroactive material inthere-

—— a%a['yttaa[’ CHEMISTRY
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sponse behaviour of coated graphite el ectrode was
studied by varying the amount of crystal viol et-per-
chlorateion association, tried asion-exchangersin 1-
chloronaphtal ene as plasticizer. The el ectrode pre-
pared using 15, 20 & 30 mg of crysta violet-perchlo-
rate salt exhibited awider range of linear response
with abetter slope and shorter responsetime(<20s
for 20 & 30 mg and < 90 s for 15 mg electrodes).
Thus, the 20 mg and the 30 mg el ectrodes have given
avery stableresponsein lessthan 20 sfor concentra-
tion higher than 1.0 x 10“M. Electrodes prepared
from greater than 30 mg crystal violet-perchlorateion
associ ation give unstable potential responses (Figure
2.and TABLE 1).

250 =

1 A
200 A f
B /—/
- A
150 ] -
100 - A — - ———* €
> J - vV
E 50 i T d
w ] _— T
= o e v <« 4 C
= ] A o _— 4
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S i s e
a i o _ _m——m= g
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E e _—* _— -
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-250 _—
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-300 -
T
1 3 5 3
-logC

a) E,,mgb)E, mgc) E,, mgd) E, mge) E,, mgf) E, mg; *E
stands for electrode prepared from the given amount of ion
pair.

Figure2: Response characteristicsof perchlorateselective
coated graphiteelectrodetowar dsper chloratewith different
amount of thecrystal violet-perchlorate salt

TABLE 1: Effect of amount of thecrystal violet-perchlorate
ion association salt in the composition of coating mixture
used to coat the graphite rod in 1-chloronaphthalene as
plasticizer on the response behavior of the CGE for
perchlorateion.

Response characteristics of the electrode

Oneof thepotentia useof 1SEsisthed ectrochemi-
ca detection of mixtureof ions. Thecrysta violet per-
chlorate CGE wasfound to respond to perchlorateand
periodateions. Figure 3. The electroderesponsewas
studied inthe concentrationrange 1 x 108-1x 10* M
perchlorate and 1 x 10° -1 x 102 M periodate and
found torespond linearly intherange5x 10°-1x 10
M for perchlorate with a Nernstian slope of 58+1.5
mV per decade and detection limit of 3.16 x 10° M
perchlorateand 1 x 10*— 1 x 102M periodate with
Near-Nernstian slope of 56+1.5 mV per decade and
detectionlimit of 5.7 x 10° M. Thisslopeistypical of
monovalent anions. Theresponse of the newly devel -
oped perchlorate sel ective CGE based on crystal vio-
let has no significant differenceinitsslopewhichis
Nernstian for higher concentrationsand near Nernstian
for lower ones, linear response ranges and stablere-
sponseswithinlessthan aminute. Theresponsetimeof
theelectrodewasfound to belessthan 20 sfor ions of
concentration higher than 104 M and upto 30-70 sfor
lower ones. Theprecision of themethod was estimated
by determining the concentrations of three different
sampleseach containing 5x10° M perchlorateand 2 x
10 M periodatei.e., at themiddle of thelinear range.
Thismulti-anion selective e ectrode can be potentid ly
useful for thedectrochemica detection of theseanions.

100 —

Amount of Linear Average Resoonse
CVCIO, range dope &P
4
15mg 1 );1&)0[ 1 s65i35 Slow, <90s
-5
20mg 1 );1&)0[ 1 58+2 Fast,<20s
-5
25mg 1 f(i%l 1 5743 Slow, <90s
1x10°-1 very fast, <
30 mg % 10 58+1.5 20s
3
35mg 1 );120_1_ 1 54+3 Unstable
-3
40 mg 1 );lgo.f 1 53+2.5 Unstable
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Figure3: Theresponsecurveof thecrystal violet-per chlorate
CGE periodateand perchlorate

Theelectrodewasfound to respond properly with
no significant changeindopes, linear rangeand detec-
tionlimit with an averagelifetime of 4 weeksafter the
€l ectrode has been stored between usesby suspending
the coated end in a brown dropper bottle saturated
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with 1-chloronaphtaleneto prolongitslifetime dueto
inherent renewability!** 19, Thedrift in potentia mea-
surement using CGE was eval uated by measuring the
potential of threeknown and constant concentration of
perchloratein 24 hoursand it wasfound to be+5 to
+10 mV for perchlorate, however the slope obtained
was essentially the same. Wrapping of the uncoated
and part of the coated portion of thegraphiterod with
parafilmwasfound to be highly effectivein preventing
thedirect contact of the solution withthetest solutions.

I nterferencestudy

Theresponse characteristic of the crystal violet-
perchlorate sel ective coated graphite e ectrodeto the
ionsunder study isinfluenced by other anions present.
Investigations were conducted both by separate and
mixed sol ution methodsfor some of the sel ected anions

These methods are based on potential measure-
mentsin separate sol utions or in mixed solutions con-
taining the primary and theinterferingiong’20.29, The
resultsin TABLE 2 show that thevauesof the selectiv-
ity coefficient are comparablein thetwo methods. The
study was conducted for the sel ected anionsthat are
expected to pose high interference 'y,

TABLE 2: Sdectivity coefficient of crystal violet-perchlorate
CGE towards interfering ion j with respect to the ion of
interet, i (CIO,).

Selectivity coefficient

Intgrfering Concentration  Separate Mixed
ions (M) solution solution
method method
MnO, 1x 103 7.92 6.95
cloy 1x10° 1.00 1.00
10, 1x10° 0.86 0.98
I 1x10° 388x102 >°24Xx10
105 1x 103 266x10% 276x10

Ascan be seen from the table permanganateion
posesthe highest interfering influence. Theinterference
from periodateisthe next highest value. No significant
interferenceisnoticed for theseionsexcept permanga
nate. Thecalculated valuesarein similar order of se-
lectivity for theseanionswith perchlorate selectivelig-
uid membrane el ectrode and thus, no such study was
made for the other anions expecting similar trends*!.
The multi-sel ective behavior of the électrodeisgov-

—— Fyll Peper

erned by partition coefficient and stability of the solute
in the two phased™ 1624, As shown in Figure 3 the
el ectrode a so respondsto periodate with more selec-
tivity. Hencethe el ectrode can be potentialy useful to
measuretheseionsin agueous solution.

Application of crystal violet-perchlorate coated
graphiteelectrode

Determination of perchlorate

Thenewly developed perchlorate selective CGE
was gpplied to the determination of perchloratein aque-
ous samplesolutionsusing direct and standard addition
potentiometric techniques displayed in the experimen-
tal sections. Threereplicate measurementswere made
on solution containing 2.5 - 50 mg of perchlorate by
each method. Theresults showed arecovery ranging
from 96.4 - 102% and a standard deviation ranging
from0.5-1.9% (TABLE 3).

Deter mination of periodate

Theperchlorate el ectrode based on crystal viol et
dye responds to periodate ion giving sub-Nernstian
slope. It can a'so be applied to the determination of
periodate in aqueous sol ution by direct potentiometric
and standard addition methods. Four replicate mea-
surementswere made on solution containing 1.5 - 50
mg of Periodate by each method. Theresultsshowed a
recovery ranging from 97.8 - 101% and a standard
deviation ranging from 0.4 - 2.0% (TABLE 4). Thus,
the newly devel oped el ectrode can beused reliably to
determineperchlorateand periodatein agueocussamples
with reasonabl e precision and accuracy.

TABLE 3: Determination of perchlorateion using crystal
violet-per chlorate CGE.

Perchlorate

concentration Recoveries Standard

Methods Amount Amount (%) deviation
added, obtained, (%)

mg mg

25 2.41 96.4 0.7
Direct 12.5 12.6 100.8 1.3
Potentiometry 25 25.01 100.04 1.7
50 49.94 99.88 1.8
25 2.55 102 0.5
Standard 125 1248 99.8 1
addition 25 24.9 99.6 1.2
50 49.73 99.4 19

 Average of three determinations

—— a%a['yttaa[’ CHEMISTRY
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TABLE 4 : Determination of periodateion using crystal
violet-per chlorate CGE.

Per chlorate

concentr ation Recoveries Standard

Methods  Amount Amount (%) deviation
added, obtained, (%)

mg mg

15 1.503 100.2 0.4
Direct 12.5 12.43 99.4 1.5
Potentiometry o5 24.55 98.2 1.4
50 49.9 99.8 2.0
2.5 2.53 101.2 0.5
Standard 12.5 12.4 99.2 1.1
addition 25 24.47 97.88 1.9
50 49.12 98.24 1.6

¢ Average of three determinations

Determination of glucose, mannitol, ethylenegly-
col and glycerol.

Thecrysta violet-perchlorate CGE hasbeen used
successfully for theindirect determination of thesere-
ducing substancesviaperiodate oxidation. For onething
periodateion isastrong oxidizing agent. On the other
hand, the e ectrode doesn’t respond to iodate which is
thereduced form of periodate during the oxidation of
these substances. Alcohols are known to react selec-
tively and stoichiometricaly with periodatea room tem-
perature (M al aprade reaction)!,

Thereaction of mannital, ethyleneglycoal, glycerol
and glucoseare given below

HOCH,(CHOH)4CH,0H + 510, — 510;" + 4HCOOH + 2HCHO + H,;0 (1)

HOCH,CHOHCH;0H + 2 10, — 2105+ HOCH,CHO + HCHO @)
HOCH,CH,0H + 10y 105 +2CHCO +H0 @3)

HOCH,(CHOH),CHO + 5 104° —_» 5105+ 35HCOOH + HCHO “@

Thus, these reduced substances can be determined
indirectly from theamount of periodate consumedin
the course of thereaction by the standard subtraction
method for ethylene glycol and glycerol and by dry
sampl e addition method for glucose and mannitol. The
consumption of periodate bringsachangein potential
of the electrode by the addition of known amount of
the substancesto bereduced. Theelectrodereachesat
apotentid of itssteady statewhen thereactioniscom-
pleted at ambient temperature. Thetimerequired for
the reaction to bring to completionis4, 5, 6, & 15
minutesfor mannitol, glycerol, ethyleneglycol and glu-
coserespectively. For thethreereplicate measurements
madefor thegiven amount, theresultsshowed an aver-

agerecoveriesand standard deviations of 98.6, 98.7,
100,98.5and0.8,1.2, 1.1, 0.7 for mannitol, glyceral,
ethyleneglycol and glucoserespectively.

TABLES5: Determination of ethyleneglycol and glycerol via

oxidation with periodateusing crystal violet-per chloratebased
CGE by gandard subtraction method.

Compound added, Amount Recoveries ite?/?:t?(r)g
Amount mg/mL obtained mg/mL (%)
0417  0.398 95.4 134
Ehylene 140 0137 983 1.05
glycal
0.088 0.09 102.3 0.80
0.257 0.255 99.22 1.20
Glyceradl 0.111 0.11 99.10 150
0.079  0.0782 99.03 1.04

 Average of three determinations

As can be seen from TABLE 5 above the elec-
trode can be used for the determination of alcoholsby
oxidation. Theresultsobtained for thedetermination of
0.088-0.417 mg/mL of ethylene glycol and 0.079-
0.257 mg/mL glycerol showed rangesof recoveriesand
standard deviation of 95.40-102% and 0.80-1.50 for
ethylene glycol and 99.03-99.22% and 1.04-1.50 for
glycerol respectively.

TABLE 6: Determination of glucose& mannitol viaoxidation

with periodateusing crystal violet-perchlorate CGE by dry
sampleaddition method.

Dry

Compound sample Amount Recoveries Standard
P P obtained deviation
Amount  added, (%) o
mg (M9 (%)
15 15 100 0.60
3 2.98 99.33 0.71
Glucose 45 443 98.44 0.81
6 5.77 96.20 0.67
1.5 1.48 98.70 1.10
Mannitol 3 2.88 96.00 0.81
45 4.46 99.11 0.57
6 6.01 100.60 0.37

 Average of three determinations

The electrode was successfully applied to deter-
minethese compounds by dry sample addition method
through oxidation by periodate. Theresultsin TABLE
6 above showed lower standard deviation for thedry
sample addition becausethe error that could ariseasa
resuls of measurement process (dueto preparati on of
the solution of different amounts) can beminimized and
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thus better precision and accuracy of the results are
recorded.

Comparison of theproposed e ectrodewith other
perchlorate selective electrodes

Attempt has been madeto comparethe proposed

—— Fyll Peper

el ectrode with other perchlorate selectivedectrodesin
termsof itsslope, linear range, responsetime and sol -
vent.

Comparison of theresponsecharacteristicsof the
designed electrode with other perchlorate selec-
tive electrodes.

TABLE?7:
Electroactive . Slope Linear Responsetimein

material Membrane solvent/matrix mV/decade range, M second, S Ref.
Brilliant green Chlorobenzene 57575 10% 10" [12]
perchlorate
Brilliant green : 3.8x10°-
perchlorate Nitrobenzene 56.4 10 [12]
Crysta . . 59.03.5x 10
violetperchlorate violetperchlorate Nitrobenzene 6. 101 5 15-20 [16]
Crystal 1-chloronaphthalene PVC 3.16 x 10™- This
violetperchlorate on graphite 56.5-59.5 10" <20 paper

The proposed € ectroderesponds properly giving
fairly good Nernstian responsein short time compared
to most perchlorate selective electrodes (TABLE 7).
Asper themembrane solvent isconcerned, most of the
previoudy reported perchlorate sdlectivedectrodesuse
nitrobenzenewhichiscarcinogenicwhilethecrysd vio-
let based coated graphite € ectrode responsiveto per-
chlorate uses 1-chloronaphtha ene both asasol vent for
the coating mixtureand asplasticizer. Thisisvery im-
portant from the heal th effect and economica point of
view of the solvent used. The CGE devel oped doesn’t
requireaninterna system (internd filling solutionand
internd referencedectrode) which aretherequirements
for theother membranedectrode. Furthermorethee ec-
trodeiseasy to prepare, maintain, use and simpleto
handle. Thus, itiscost effective. The speed of assay
procedure and short responsetimemadeit possibleto
andyzeanumber of samplesinareatively short period
of time. Thereliableanayticd informationit has, isan-
other advantage of the electrodeto provide accurate,
preciseand reliableresults of measurements.
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