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sitivity, and response time and extended its applications to 
several aspartame products. 

The proposed method is reliable, simple, and relatively fast, 
has minimum matrix effects (except in the case of Diet Coke), 
and does not require extensive preliminary sample treatment. 

Registry No. EC 4.3.1.1,9027-30-9; EC 3.4.17.1, 11075-17-5; 
aspartame, 22839-47-0. 
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Flgure 3. Long-term stability of aspartame electrode when stored in 
buffer solution at 5 OC. 

theless, Diet Coke samples exhibited a very high background, 
and a compensating electrode was necessary. A positive 
Nessler test in conjunction with a negative headspace test for 
volatile amines suggests that the high background is probably 
due to the presence of some ammonium salts in the samples. 

Table I presents a comparison between the reported and 
the experimentally determined percentage (or concentration 
in carbonated drinks) of aspartame in some dietary products. 
The results are in close agreement with those reported and 
within an acceptable range of error. 

The aspartase electrode reported earlier (10) could only be 
used in a few dry powdered mixes. Its performance in real 
samples, especially in carbonated drinks, was not very suc- 
cessful. The coimmobilization of two enzymes improved the 
performance of the electrode with respect to selectivity, sen- 
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Hexadecylpyridinium-Phosphotungstate Ion Association in 
Construction of a Hexadecylpyridinium Cation Selective 
Electrode 

Adel F. Shoukry, Sayed S. Badawy,* and Raafat A. Farghali 
Department of Chemistry, Faculty of Science, University of Cairo, Giza, Egypt 

Phosphotungstic acld (PTA) forms an Ion assoclatlon with 
hexadecylpyridinlum bromide (HDPBr ) having a mole ratio of 
1:3 (PT%HDP+). A poly(vlny1 chloride) membrane selectlve 
electrode for HDP was constructed, based on Incorporation 
of the PT(HDP), Ion assoclatlon In the plastlc fllm. Investl- 
gations of the effect of membrane composition and soaklng 
on the electrode performance were conducted. The electrode 
showed long ilfethne, Nernstlan response wlthin the concen- 
tratlon range d 6.3 X I O 4  to 3.1 X I O 4  M HDP at 25 O C  over 
pH values from 2.0 to 8.5. The electrode was hlghly selectlve 
toward a large number of lnorganlc and organlc cations, am- 
ino aclds, sugars, and organlc amines. HDP In aqueous so- 
lutlon was determlned either by the standard addltlon method 
or by potenthmetrlc titration using a standard solution of PTA 
as the lltrant and the prepared electrode as the sensor: 

Hexadecylpyridinium bromide (HDPBr) is one of the most 

important cationic surfactants, having very wide analytical 
and technological applications, among which are spectro- 
photometric determination of metal ions ( I d ) ,  inhibition of 
stainless steel corrosion (6), preparation of antimicrobial 
reagents (7,8) improvement of foaming properties of deter- 
gents (91, preparation of cleaning solution ( lo ) ,  emulsification 
( I I ) ,  solvent extraction of lanthanides and actinides (12), 
improvement of hair shampooing (13), initiation of polym- 
erization (14)) and water treatment (15). 

HDP has been determined with various techniques, in- 
cluding thermogravimetry (16), potentiometry and biamper- 
ometry (1 7), spectrophotometry (18, 19) high-performance 
liquid chromatography (HPLC) (20,21),  gas chromatography 
(22), thin-layer chromatography (TLC) (23), and differential 
capacitance measurements (24). Nevertheless, most of these 
methods involve several manipulation steps before the final 
result of the analysis is obtained. This is in contrast to the 
potentiometric methods using ion-selective electrodes, which 
are simple, economical, and applicable to samples of different 
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Table I. Composition of the Different Membranes and 
Slope of the Corresponding Calibration Graphs at 25 OC 

composition, 70 
(m/m) 

mem- ion slope, sa, 
brane pair DOP PVC mV/decade % 

I 15 42.5 42.5 54.3 1.1 
I1 20 40.0 40.0 59.0 1.1 
I11 25 37.5 37.5 52.9 0.75 
IV 30 35.0 35.0 53.6 0.67 

Relative standard deviation values (five preparations). 

natures. The literature lacks investigations on HDP-selective 
electrodes; all previously reported electrodes based on ion pairs 
of HDP with some counteranions (25-29) were not successful 
for its determination. They were sensitive only to the coun- 
teranions or to some simple cations and anions. This reflects 
the weak exchange of the HDP cation via the test solution- 
membrane interface responsible for the electrode potential. 

Potentiometric titrations of HDP using ion-selective elec- 
trodes as sensors were described. The membranes of these 
electrodes contained either ion pairs of tetraphenylborate 
anions with large organic cations other than HDP (30) or 
softened poly(viny1 chloride) (PVC) with some polar plasti- 
cizers (31). 

The recent approach in the present work is the construction 
of a new PVC membrane selective electrode, based on ion 
association of HDP with PT, for the successful determination 
of HDP in pure solution and in some disinfection and anti- 
septic preparations. 

EXPERIMENTAL SECTION 
All reagents were of analytical-reagent grade. HDPBr (Fluka), 

PTA (Fluka), dioctyl phthalate plasticizer (DOP) (Fluka), and 
PVC of high relative molecular weight (Aldrich) were used. The 
ion association of HDP with PT was precipitated by mixing 50 
mL of M HDPBr solutions. The 
white precipitate obtained was filtered, thoroughly washed with 
distilled water, and dried at room temperature. The composition 
of the precipitate was found to be PT(HDP)3 as shown by ele- 
mental analysis (found values for % H, % C, and % N were 2.6, 
20.3, and 1.4 while the calculated values were 3.0, 19.9, and 1.1, 
respectively). The disinfection and antiseptic preparations, Ce- 
tapharm (32) (0.05% HDPCl + 14% ethyl alcohol), Acnex 99 
powder (33) (1.0% colloidal sulfur, 2.0% boric acid, and 0.1% 
HDPCl) and a chicken feathers cleaner (34) (0.2% pyridine and 
0.05% HDPCl) were obtained from the local drugstores. 

Apparatus. Potentials were measured with a Chemtrix Type 
62 digital pH/mV meter. A Techne circulator thermostat Model 
C-100 was used to control the temperature of the test solution. 
The electrochemical system was as follows: HDP electrode/test 
solutionl(KC1 salt bridgellKC1 satdJHgZClz, Hg. The HDP mem- 
brane electrode based on PT(HDP), ion association was con- 
structed by the same procedure described in a previous work (%). 

The 
electrode bodies were filled with a solution containing 10-I M NaCl 
and M HDP and preconditioned by soaking in 10" M HDPBr 
solution. 

Construction of the Calibration Graphs. Suitable incre- 
ments of HDPBr solution (standardized conductometrically by 
titration against a standard NaOH solution) were added to 50 
mL of lo4 M HDPBr solution so as to cover the concentration 
range 1.0 X lo4 to 2.5 X M. In this solution the sensor and 
the reference electrodes were immersed and the emf was recorded 
at 25 O C .  After each addition the electrode potentials, Eel,, were 
calculated from the emf values and plotted versus pHDP. 

Selectivity of the Electrode. The selectivity coefficients, mjP+ z+, were evaluated by the separate solution method de- 
scribed in a previous work (35). 

Potentiometric Determination of HDP. The standard ad- 
dition method (35) was used, in which small increments of 

M PTA with 300 mL of 

Four membrane compositions were tried (Table I). 

M HDPBr solution were added to 50-mL samples of various 
concentrations. The change in emf was recorded after each ad- 
dition and used to calculate the concentration of the HDP sample 
solution. For the analysis of Cetapharm, Acnex 99 powder, and 
the chicken feathers cleaner, 4-12-mL, 2-10-g, and 3-20-mL 
portions, respectively, were quantitatively transferred to 100-mL 
beakers containing 50 mL of distilled water. The solution was 
stirred vigorously, and the standard addition technique was ap- 
plied as described above. 

Potentiometric Titration of HDP. An aliquot of HDP so- 
lution containing 0.2-2 mg was transferred into a 150-mL beaker, 
and the solution was diluted to 100 mL with distilled water. The 
resulting solution was titrated with a standard 5 X lod M solution 
of PTA with the HDP membrane electrode used as the sensor. 
For HDP-containing mixtures (Cetapharm, Acnex, and the 
chicken feathers cleaner), aliquots of 7-40 mL, 3.5-15 g, and 7-50 
mL, rspectively, were transferred to 150-mL beakers, each con- 
taining 100 mL of distilled water, and titrated with M PTA 
solution. 

RESULTS AND DISCUSSION 
Composition of the Membrane. Four membrane com- 

positions were prepared by varying the ratio of the ion asso- 
ciation (Table I). Each preparation was repeated five times. 
Investigation of the response of the different preparations for 
a given membrane composition revealed that the character- 
istics of the electrodes were highly reproducible, as demon- 
strated by the very low standard deviation values of the slope 
obtained for the respective preparations (Table I). 

The results indicate that although all electrodes exhibited 
instantaneous response, electrode I1 (20% PT(HDP),, 40% 
DOP, and 40% PVC) showed the best Nernstian behavior (59 
mV/pHDP decade, at 25 "C, after 2 h of soaking in low3 M 
HDP) over a relatively wide range of HDP concentrations (6.3 
X lo* to 3.1 X lo-, M). Consequently, this electrode (com- 
position 11) was selected for carrying out all the subsequent 
studies. 

Lifetime of the Electrode. The performance character- 
istics of the electrode were studied as a function of soaking 
time. For this purpose the electrode was soaked in a M 
solution of HDP or PTA and the performance of the electrode 
was investigated after 5 min and 1, 2, 3, 6, and 24 h. The 
results indicated that soaking in PTA has a negative effect, 
as the electrode gave unreliable performance with very high 
slope values, while soaking in HDPBr for intervals extending 
from 2 to 24 h led to very good Nernstian behavior. The 
lifetime of the electrode was investigated by continuous 
soaking in the HDPBr solution, and the calibration graphs 
were plotted, at  25 "C, after 5, 10, 15,20, 30,40, and 50 days. 
The results showed that the slope of the calibration curve and 
usable range of the electrode decreased markedly after 30 days, 
reaching about 45 mV/concentration decade and 1.0 x 
to 6.3 X M, respectively, a t  a period of 50 days. The 
decrease in the efficiency of the electrode is due to a dimin- 
ished HDP+ ion-exchange rate on the membrane gel layer-test 
solution interface, which is responsible for the membrane 
potential. There are two possible reasons for this decrease 
in the exchange rate: (i) leaching of the PT(HDP)3 from the 
gel layer of the membrane into the bathing solution and (ii) 
poisoning of the electrode surface, to some extent, as a result 
of adsorption of HDPBr on the external gel layer of the 
membrane so that Br- ions occupy the secondary adsorption 
layer. 

From the above discussion it is recommended that one soak 
the electrode in HDPBr solution during its use and store it 
dry in a refrigerator when not in use. On application of the 
electrode to further measurements, a presoak for about 30-40 
min is quite sufficient to reactivate the membrane surface. 

Effect of pH. The effect of the pH of the test solution (5 
x to lo-, M HDPBr) on the electrode potential was 
investigated by following the variation in potential with change 
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Table 11. Selectivity Coefficients for the HDP Electrode 

interferant mAp+, interferant GP+,,'+ 

Li+ 
Na+ 
K+ 
NH4+ 
Pb2+ 
Hg2+ 
Mg2+ 
Ca2+ 
Sr2+ 
Ba2+ 
Fe2+ 
Mn2+ 
Cd2+ 
cu2+ 
Ni2+ 
co2+ 

7.0 x 10-3 
4.4 x 10-3 
2.6 x 10-3 
1.2 x 10-3 
1.5 X lo4 
7.4 x 10-6 
5.4 x 10-6 
1.2 x 10-4 
1.0 x 10-4 
1.2 x 10-4 
1.1 x 10-4 
1.0 x 10-4 
1.2 x 10-4 
1.0 x 10-4 

1.9 x 10-4 
1.4 x 10-4 

Zn2+ 

Cr3+ 
Fe3+ 
glycine 
alanine 
phenylalanine 
threonine 
glucose 
maltose 
lactose 
( M e W  
(Et)&PhCH2)N+ 
( B d W  
(CTMA+)' 

~ 1 3 +  

(I CTMA+ is cetyltrimethylammonium cation. 

2.2 x 10-4 
9.4 x 10-6 
1.4 X lo4 
1.0 x 10-4 
3.9 x 10-3 
2.0 x 10-3 
1.9 x 10-3 
1.4 x 10-3 
1.7 x 10-3 
2.3 x 10-3 
6.1 x 10-3 
5.7 x 10-3 
3.7 x 10-3 
9.3 x 10-3 
0.35 

in pH by the addition of very small volumes of hydrochloric 
acid and/or sodium hydroxide solutions (0.1-1 M each). The 
results revealed that the change in pH does not affect the 
potential reading within the pH range 2.0-8.5, so in this range 
the electrode can be used safely for HDP determination. 
Representative curves are shown in Figure 1. 

Selectivity of the Electrode. The selectivity of the ion- 
association-based membrane electrodes depends on the se- 
lectivity of the ion-exchange process a t  the membrane-test 
solution interface and the mobilities of the respective ions in 
the membrane. The hydrophobic interactions between the 
primary ions and the organic membrane are reflected by the 
values of the Gibb's energy of transfer for cations between 
the aqueous and the organic phases. The response of the HDP 
electrode toward different substances was checked, and the 
selectivity coefficients, wAP+J+, were used to evaluate their 
degrees of interference (Table 11). The substances and ions 
listed in this table are inorganic cations, amino acids, sugars, 
and organic amines and cations. The data presented showed 
that the electrode is highly selective for HDP+. The inorganic 
cations did not interfere due to the differences in their ionic 
size, mobility, and pemreability as compared to those of HDP+. 
In the case of amino acids, sugars, and arqjpes, the high se- 
lectivity is mainly attributed to the differences in polarity and 
the lipophilic nature of their molecules relative to those of 
HDP+. 

In spite of their lipophilic natures, (Et)3PhCH2N+ and 
(BU)~N+ showed very small selectivity coefficients (Tabled 11). 
This is attributed to the fact that they do not have such a long 
chain carbon skeleton responsible for surface activity as in 
the case of the HDP cation. This has been confirmed by the 
strong interference of the cetyltrimethyl ammonium cation 
(K&&+j'+ = 0.35), which is nearly as surface-active as the HDP 
cation. 

Determinatioa of HDP. The electrode proved to be useful 
for the determination of HDP by the standard addition me- 
thod and by potentiometric titration in pure solution and in 
the disinfection and antiseptic preparations, Cetapharm, 

1.0 2.0 3.0 4.0 5.0 6.0 70 8.0 9.0 
PH 

Figure 1. Effect of pH of the test solution on potential response of 
the HDP membrane selective electrode. 
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Flgure 2. Potentiometric titration of 10 mL of 5 X lo3 M HDP solution. 

Acnex, and the chicken feathers cleaner. A representative 
titration curve is shown in Figure 2. The recovery and 
precision of the methods are given in Table 111. The present 
results are comparable to those previously reported (19). 

CONCLUSION 
The use of PT(HDP), ion association as the active material 

instead of ion pairs in preparation of ion-selective electrodes 
for HDP magnifies the HDP cation-exchange rate at the gel 
layer-test solution interface, which is responsible for the 
electrode potential. This is because the exchange capacity 
of the HDP cation in the electrode membrane based on the 
present ion association is greater than that in the usual 1:l 
ion-pair-containing membrane electrodes. Moreover, the li- 
pophilic nature of the proposed ion association is more than 
that of ion pair. This can be attributed to the high molecular 

Table 111. Determination of HDP 

standard addition method potentiometric titration 
taken, mean max std taken, mean max std 

sample mg recovery, % dev," % mg recovery, % dev," % 

pure HDPBr 0.2-20 98.0 1.1 0.2-2.0 100.1 0.82 

Acnex 99 powder 2.0-10.0 102.8 2.7 3.5-15 98.6 0.48 
chicken feathers cleaner 1.5-10.0 97.9 1.7 3.5-25 99.8 0.18 

Cetapharm 2.0-6.0 101.0 2.8 3.5-20 99.9 0.20 

a Five determinations. 
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Trace Level Determination of Titanium in Real Samples by 
Alternating Current Voltammetry 

Clinio Locatelli,* Francesco Fagioli, Tibor Garai,' and Corrado Bighi 

Department of Chemistry, University of Ferrara, Via Luigi Borsari 46, Ferrara 44100, Italy 

The fundamental and second harmonic alternating current 
voltammetric determination of titanium( I V )  in the presence 
of a large excess of Iron( I I I )  Ls reported. The measurements 
were carried out with a semlstationary mercury electrode 
(long-lasting sessllearop mercury electrode) as the working 
electrode. The analytical procedure was controlled by the 
analysis of standard reference materials: Portland cement 
BCS 372, stainless steel (AIS1 321) SRM 121 d, and highly 
alloyed steel (Eurostandard 281-1). The confidence interval 
of the experimental data was in agreement with the certified 
values for the titanium(1V) content of the samples. The 
preclslon, expressed by the relative standard devlatlon, and 
the accuracy, expressed as the relative error, were on the 
order of 3-5 %. The standard addition technique was found 
to Improve the resolution of alternating current voltammetric 
methods, even In the case of very high cFe:cn concentration 
ratios. 

The simultaneous voltammetric determination of elements 
may be difficult or impossible, even in such cases where the 
respective half-wave potentials are sufficiently separated but 

Permanent address: Research Laboratory for Inorganic Chem- 
istry, Hungarian Academy of Sciences, Budaorsi ut 45, H-1112 Bu- 
dapest, Hungary. 

the concentration ratio is so large that a considerable inter- 
ference is encountered. This is the case when titanium(1V) 
must be determined in the presence of a large excess of 
iron(II1). 

Adams (1) reported the polarographic determination of 
titanium(1V) in clays and clay products in 1948. The analyses 
were carried out in a supporting electrolyte of 1 M sulfuric 
acid saturated with sodium oxalate. Beevers and Breyer (2) 
determined titanium(1V) in the presence of 75-fold excess of 
iron(II1) in 0.2 M oxalic acid by using alternating current 
polarography. Hoff and Jacobsen (3) used 0.005-0.025 % 
dodecylamine as an ionic surfactant in 0.2 M citrate buffer 
a t  pH 6.1 for increasing the sensitivity of the alternating 
current polarographic method. Donoso et  al. (4)  determined 
titanium(1V) even a t  a concentration below 5 X lo4 M in a 
solution of N-benzoyl-N-phenylhydroxylamine in an acidic 
water-ethanol mixture. The sensitivity of titanium(1V) de- 
termination was increased to l X M by using the catalytic 
maximum wave in the differential pulse polarographic analysis 
of copying paper and carbon steels in a supporting electrolyte 
composed of 1 mM ethylenediaminetetraacetic acid (EDTA), 
5 mM KBr03, and 40 mM HBOz dissolved in a Britton 
Robinson buffer (5). Differential pulse polarography was also 
employed for the determination of titanium(1V) in bone tissue 
(6) and biological samples (3, while recently Gemmer-Colos 
and Neeb (8) employed adsorption voltammetry. Titanium 
can also be determined by atomic absorption spectrometry 
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