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ABSTRACT

A PVC sectiveeectrodefor Cetyltrimethylammoniumion(CTAB) was pre-
pared. The electroactive species was an ion association complex of CTAB
with ammonium reineckate(RK). The suggested electrode exhibited arapid
and near-Nernstian response within the concentration rangefrom 1 x 10-°to
1x 102M CTAB with good selectivity. It was stable within awide PH range
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of 4-8. Selectivity coefficients for numerous compounds were given. The
analytical applicability of the proposed method was demonstrated by the
determination of CTAB in some industrial waste water samples.
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INTRODUCTION

Cationic surfactants (CS) arefrequently used in
cleaning agentsand cosmeticsand dso asauxiliary agents
inindustrial products. Thefield of their applicationis
widespread™ Cetyltrimethylammonium bromide
(CTAB) isacationic surfactant that isused chiefly as
lozengesor solutionsfor treating minor infectionsof the
mouth and throat. It isalso used topically for treating
skinand eyesinfectiong?.

Numerous techniques have been adapted for de-
termination of CTAB: spectrophotometric®, titrimet-
ric®, gas-chromatographic”, polarographic®, molecu-
lar and atomi ¢ absorption spectrophotometrict¥, and
fast-atom-bombardment mass spectrometric (FAB
M S)M techniques. Many of these techniques, how-
ever aretime consuming because of the necessary ex-
tensive sample pretrestment. In contrast, the proposed
ion-selective e ectrode (1SE) givesafast response of

lessthan 1 minwithout pretreatment step.

Potentiometric membrane sensorshave been used
indiversefieddsof analysisasbeing of low cost, selec-
tive, sengtiveand smply applicableover awiderange
of experimental conditiong™3. The present work de-
scribesthe preparation of aPV C membrane selective
sensor, based ontheuse of CTAB and RK ion associ-
ate as an electroactive material and Di N-Octyl
Sebacate asaplasticizer. Graphite sensor based onthis
membrane was prepared and used for the direct po-
tentiometric determination of CTAB infour industrial
waste water samples. Theinvestigated sensor hasno
need for any extraction or pretreatment procedure, itis
smpleand suitablefor routineanalyss.

EXPERIMENTAL

Apparatus
Potentiometric measurementswere madewith a
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Hanna(Model 211)microprocessor based pH / mV/
°C digital ion analyzer. Jenway pH meter 3310 pH /
mV / ° C meter with combined glass electrodefor pH
adjustments. A silver wire (1.0 mmdiameter) immersed
intheinterna solutionswasalso applied.

Reagents

All chemicdswereof andytica gradeand distilled
water was used throughout. Cetyltrimethylammonium
bromide (CTAB) pure samplewasobtaned from Huka
company. Purity was reported to be 100 + 0.2 %.
Aqueous solutions (107 - 10°M)of the drug were
freshly prepared by accurate dilutions of astandard 10
2M stock drug solution. Thecationic surfactant inwaste
water sampleswasalso anayzed.

Poly(vinylchloride) (PV C), highnmolecular weight™
10,000 (Aldrich), ammonium reineckate(RK)(Sigma),
bi(2-ethylhexyl sebacate) plasticizer(Fluka), tetrahy-
drofuran solvent (THF) (Merck) were used.

Procedures

Fabrication of PVC membranesensors

lonic pairswere prepared by mixing 20 ml of 102
M agueous CTAB solutionwith 20 ml of 102 M aque-
oussolution of anmonium reineckate. Theresulting red
precipitate wasfiltered off on Whatmanfilter paper No.
42, washed thoroughly with distilled water and then
dried at roomtemperaturefor 24 hours.

InaglassPetri dish (5cmindiameter), 10 mg of
CTAB ion associ ation complex werethoroughly mixed
with 0.35 ml of the plasticizer [Bis(2-ethylhexyl
sebacate)] and 190 mg of powdered PV C. The mix-
turesweredissolvedin 5 ml of THE. The Petri dishwas
covered with afilter paper and allowed to stand for 2
hoursto alow solvent evaporation at room tempera-
ture. A thick solution was obtai ned.

The coated graphite e ectrode was constructed us-
ing agraphitebar (2.5 cmlength, 3mm diameter). One
of the two ends of the bar was used for connection,
whiletheother, about 1 cm length, wasdipped inthe
electroactivethick solutionand left todry intheair. The
process was repeated several times until a layer of
proper thicknesswasformed covering thetermina of
thegraphitebar. Thedectrodewas|eft standing a room
temperaturefor 24 hoursto dry. The uncoated end of
thegraphiterod was sed ed in apol ytetraethylenetube,
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thetubewasfilled with metallic mercury intowhicha
copper wirewas dipped.

Themembranewas conditioned by soakingin 102
M aqueous CTAB solution for 24 hours, storagewas
inthesame solution when notinuse.

Sensor calibration

The conditioned sensor was calibrated by sepa-
ratdy transferring 50 mL aiquotsof solutions(1x107 -
1x102M) of CTAB into aseriesof 100-mL beakers.
Theéelectrode system in conjunctionwith Hannarefer-
ence electrode wasimmersed in the abovetest solu-
tionswith constant stirring.

The sensor was washed with distilled water be-
tween measurements. Thed ectrode potentid wasplot-
ted versus each negative |l ogarithmic concentration of
CTAB. Theregression equation for thelinear part of
the curve was computed and the calibration plot ob-
tained was used for subsequent measurementsof un-
known environmenta samples.

ApplicationtoIndustrial wastewater samples

The em.f. of the waste water samples were di-
rectly measured without previous pretreatment. The
waste water samplesweretransferred into a100 ml
beaker, the proposed sensor was immersed in each
sampleand thee.m.f. wererecorded. The correspond-
Ing concentrationsof these water sampleswere deter-
mined from theprevioudly ca culated regression equa
tion of the plotted cdibration curve of the e ectrode.

RESULTSAND DISCUSSION

Cationic surfactants (CS) such as
catyltrimethylammonium bromidearewiddy usedinthe
manufacture of commodity samples, i.e. detergents,
S0gps, shampoo as surface d eaning agentsbut they have
al so been reported as pol lutantg4.

Duetotheincreasing use of CS, considerablein-
terest for thegpplication of cationic surfactant-sensitive
el ectrodes has been seenin recent yearg >4,

Sensor fabrication

Ammoniumreineckatewasprevioudy used asionic
exchanger in PV C-sebacate matrix for thefabrication
of polymeric selectivemembranes sengitiveto cationic
surfactantg?d,
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In this study, CTAB reacts with ammonium
reineckatetoformal:1lionassociation complex. This
was proven by e ementd analys s(cal cul ated percent-
agesof C, H, N were44.48, 8.46 and 18.05whilethe
found percentageswere 44.08, 8.66 and 18.01). This
ion association complex iswater insolublebut readily
solublein organic solvent such astetrahydrofuran.

The potentiometric response characteristics of the
CTAB sensor isbased on theincorporation of thision
associ ation complex aselectroactive speciesin PVC
matrix using [ Bis(2-ethylhexyl sebacate)] asaplasti-
cizer and tetrahydrofuran as solvent to obtain an
electroactive thick solution. In thisthick solution, a
graphite bar was dipped to form the coated graphite
electrode.

Thedectrochemicd cdl of the suggested membrane
electrodefor the determination of CTAB can beillus-
trated diagrammeticaly asfollows:

Double
junction Test Membrane Graphite
Ag/AgCl solution ' (CTAB- rod/ .
reference (CTAB) reineckate- PVC | Metallic
electrode membrane) mercury
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Figurel:Profileof thepotential in mV vs.—log concentration
of CTAB usingtheinvestigated CTAB sensor

TABLE 1: General performance char acteristicsof thepro-
posed CTAB —selective electrode

Par ameter Value
Slope (mV/ decade)’ 55.5
Intercept (MmV) 451
Response time(Sec,) 30 for cgséili) g;\/l I\/:O 60 for
Working pH range 4-8
Concentration range (M) 10° - 10°M
Stability (weeks) 4
é;gf‘ge recovery (%) = 100.29 + 0.34
Correlation coeffecient 0.999
Repeatability (RSD,)? 0.45
Intermediate precision 0.52

(RSDint)a
* Aver age of five determinations

Sensor calibration and responsetime

Theelectrochemical performance of the studied
sensor was eva uated according to [UPA C recommen-
dation datd®* 2 and summarized in TABLE 1.

Thepotentia displayed by the proposed €l ectrode
for themeasurements of standard detergent solutionin
the same day and linearity rangefrom day-to-day not
vary by morethan= 3 mV. Calibration slopes didn’t
change by more than + 4 mV/decade concentration
over aperiod of 4 weeks. Typical calibration plot are
showninFigurel.

Therequiredtimefor the e ectrodeto reach values
within+ 1 mV of the final equilibrium potential after
increasing the drug concentration 10-foldswasfound
to be 30 seconds for concentrations = 10° M to 60
secondsfor concentrations< 10° M.

Thedopeof thecdibration plotswas55.5 mV/con-
centration decades, thetypica vaueof monovaent sub-
stances (60 mV/ concentration decades). Thedlight de-
viationfromtheidea Nernstian ope (60 mV) stems
from thefact that thed ectroderespondsto theactivities
of drug anion and cation rather than itsconcentration.

Nernestian relation of theeectrodeis:

E =55.510g [C] + 451 where [C] is the molar
concentration.

Theinvestigated electrode exhibitsfast response
time (30-60 s) and fair stability (4 weeks).

Theeffectsof pH and temperature
Theinfluence of pH of CTAB (1x103& 1x10*
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Figure2: Effect of pH on theresponse of CTAB sensor
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Figure 3 : Effect of temperature on theresponse of CTAB
sensor
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M) test solutions on the sensor potentia wasinvesti-
gated by following the potential variation over thepH
range 3.5-9.5. The electrode response for different
CTAB concentrationswastested at variouspH values,
each timebeing adjusted by using hydrochloric acid or
sodium hydroxide solution. Potential — pH plots [Fig-
ure 2] reveal that the el ectrode potential isfairly con-
stant over the pH range of 4-8, therefore, thisrange
can be chosen astheworking pH rangefor the elec-
trode assembly.

The performance of the sensor wasstudied at tem-
perature range of 25— 45 °C at 5 °C interval using
CTAB concentrationsintherange 1x107M to 1x102
M. It was observed that the potential increased with
temperature; however, thecalibration graphs obtained
at different temperatureswereparale. Thelimit of de-
tection, sope and responsetimedid not significantly
vary with temperature, indicating reasonablethermd sa-
bility of theprepared PV C membranesupto 35°C [Fig-
ure3].

Sensor selectivity

Theeffect of interfering substances upon the per-
formance of the sensor was studied by separate sol u-
tion method using therearranged Nicol sky - Eisenman
equation:

LogK ™, . =[(E;-E)/(2.303RT /Z,F)]+[1-(Z,/
Z)Nlog[A]

TABLE 2: Potentiometric selectivity coeffecients (K>
) for theinvestigated CTAB selective electrode

CTAB,

interferent

Interferent’ Selectivity coeffecient

Sodium Lauryl sulfate 7.9x 10"
NH,SCN 5.36x 10
Sodium bicarbonate 1.86x 10
Potassium bromide 1.28x 10
Sodium chloride 1x 1072

Calcium chloride 1.28x 102
Al,S04);.16H,0 3.19x 107
MgSO,.7H,0 1.28x 107
Zinc sulfate heptahydrate 1.57x 107
Tween 80 1.23x 10
TritonX-100 1.28x 107
Cetylpyridinium Chloride 2.7x 107

* Aqueous solutions of 1x 104 M were used
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Where E, is the potentia measured in 10* M
CTAB solution, E, the potential measuredin 10* M
interferent solution, Z, and Z, are chargesof CTAB
and interferent, respectively, and 2.303RT /Z, F repre-
sentsthe slopeof thecalibration plot (mV / concentra
tion decade).

Theresultsobtainedin TABLE (2) show reason-
able selectivity for CTAB in presence of twelve
interferents. Inmost cases, no significant influenceon
the e ectrode performance was observed.

Analytical applications

Comparing theresultsobtained by applyingthepro-
posed potentiometric method for the determination of
CTAB initsbulk powder with those obtained by ap-
plying apublished method® asshownin TABLE (3),the
proposed method was found to be accurate and pre-
cise. Using probability of 95 %, thecalculated t and F
values arelessthan thetabulated ones, indicating that
thereisno significant difference between theresults
obtained from the proposed and the published proce-
dures.

TABLE 3: Satistical compar aison between thedetermina-
tion of CTAB in pureform by the proposed spectrophotomet-
ricmethod and the published method.

Values Proposed method Published method' %
Mean 100.29 100.02
SD 0.34 0.55
Variance 0.12 0.30
N 4 5
F 2.50 (6.59)*
Student’s t test 0.90 (2.37)*

*Figuresin parenthesis are the corresponding theoretical for F
andt at p=0.05

TABLE 4: Determination of the CTAB content in the col-
lected wastewater samplesusing theproposed potentiomet-
ric procedureand the Published method.

CTAB recovery* + RSD

Sample Nominal Published
No.  content (ppm)  Proposed method
procedure [23]
I 30 99.85+£0.41 99.70+0.70
I 175 100.09+0.30 99.88+0.31
Il 221 990.88+ 0.47  99.94+0.28

* Average of three determinations.

The proposed method was used to determinethe
CTAB content of waste water samplesNo. I, Il and
[11. The CTAB content was calculated asppm CTAB
and theobtained resultsareshownin TABLE (4) which
showsthat the proposed method successfully deter-
mines the CTAB content of collected waste water
samples compared with the published method.

The proposed sensor offersthe advantagesof good
stability, fast response over awide concentration and
pH ranges, low cost, and ease of fabrication. Also, it
show adequate selectivity in the presenceof other com-
moninterfentsbesidessuccessful direct applicationsto
water sampleswithout pretreatment. Thus, it can be
concluded that, the suggested graphite sensor may have
gpplicationsintheenvironmenta monitoring of CTAB.
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