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Abstract

To improve the selectivity of surfactant sensors, the surface of their membranes was modified with molecular sieves with predetermined
pore sizes. Water-soluble anionic, cationic and non-ionic surfactants were used as pore generators in the molecular sieves and introduced intc
the source membrane at the stage of its formation. The modified sensors enable detection of alkylsulfates homologues and alkylpyridinium
with different lengths of the hydrocarbon chain§EC,s); homologous poly(oxyethylated nonylphenols) differing in the number of oxyethyl
groups (m= 10-100).

A novel approach to separate detection of surfactant homologues implies the usage of inselective sensors as a multisensor system. The
software-supported multisensor approach allows information of both mixture composition and concentrations of separate components in
multicomponent systems to be obtained with a certain accuracy. Inselective non-modified sensors with the highest cross-sensitivity were used
to design multisensor systems like an “electronic tongue”.

The cross-sensitivity parameters of both source and modified sensors were estimated and the possibility of their usage in multisensor
systems like an “electronic tongue” for analysis of multicomponent solutions of homologous surfactant is shown. Analytical signals were
processed by artificial neural networks.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ionic ones by oxyethylation degree (the number of oxyethyl
groups).

The wide usage of synthetic surfactants in various fields  The variety of surfactant types causes a huge number of
focuses much attention on the development and improve-separation techniques with subsequent detection of homolo-
ment of analytical techniques for both surfactant quality gous surfactants by means of various methods. To this end,
control and their detection in environmental objects. Syn- chromatographyl-5], capillary zone electrophore$&-9],
thetic surfactants not being, as a rule, individual com- capillary isotachophoresj40,11], reverse osmosj$2], ul-
pounds make their detection in various objects rather diffi- trafiltration and microfiltration[13], chromato-mass spec-
cult. Quantitative surfactant determination means establish-trometry[14] are most often employed.
ing the molecular-mass distribution of anionic and cationic ~ There has been an attemptto determine mixtures of surfac-
surfactants by their hydrophobic chain and that of non- tants employing a set of potentiometric sensors with different

selectivitied15].
* Corresponding author. Tel.: +7 8452 443259; fax: +7 8452 489656. . SeleCtlve'ele.CtrOde pOIen.Uometry IS a promising tech-
E-mail addresskulapinaeg@mail.ru (N.M. Mikhaleva). nigue for detection of synthetic surfactants. Simultaneous de-
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tection of several components by means of direct potentiom- 96-98% were used (Table 1). Source surfactant solutions
etry, however, is possible in some cases only, high-selective(1.0x 10-2—1.0x 10~3 mol L~1) were prepared by weight;
sensors are needed and some limitations are imposed on thevorking solutions (1.6 1073-1.0x 10~ molL~1) were
composition of the solution under analysis. obtained by dilution.
Common potentiometric sensors enable either individual  Dibutylphthalate (DBP) and tetrahydrofuran (THF) were
surfactants as well as the total content of those of certain typespurified by fractionating distillation. The poly(vinyl chlo-
to be detectefll6]. Modification of the electrode surface with  ride):dibutylphthalate wt. ratio was 1:3 and 1:2, the ac-
some chemical compounds, polymeric films, covalently bou- tive component concentratiddeac =0.001 and 0.1 mol/kg
nd monolayers, clay and zeolite coatings is an important tool of DBP for ionic and non-ionic surfactant sensors, respec-
for raising the selectivity of electrochemical sensors. A num- tively. Alkylpyridinium-alkylsulfates and alkylpyridinium-
ber of ways of direct modification of the membrane surface tetraphenylborates (e.g., cetylpyridinium-dodecylsulfate for
of ion-selective electrodes, some aspects of making modifiedCP-DDS, cetylpyridinium-tetraphenylborate for CP-TPB)
electrodes and their usage in analysis are reviewdd#23]. were used as electrode-active compounds (EAC) of mem-
Membrane coatings and molecular sieves are most oftenbranes sensitive to ionic surfactants, for non-ionic surfac-
used by means of their deposition from solution with subse- tant sensors — compounds of polyoxyethylated nonylphe-
guent removal of the solvent by drying in §,25]. On rins- nols (NP-10, NP-12) or alcohol (syntanol DS-10) with bar-
ing the resulting thin film with distilled water and drying, a ium and tetraphenylborate ions (e.g., nonylphenol-12-Ba-
porous polymeric material appears, the pore diameters corretetraphenylborate for NP-12-Ba-TPB).
sponding to the sizes of the pore-generating molecules. Inor-  Solid-contact potentiometric sensors with plasticized
der to enhance the selectivity of such sensors, modification of membranes (graphite as an electronic conductor) were exam-
the membrane surface with nylon, chitin, poly(methacrylate), ined. The membrane surface of these sensors was modified
poly(vinyl chloride) molecular sieves was propo$2a—28]. with poly(vinyl chloride) molecular sieves. Water-soluble
A multisensor approach is put forward in the literature for alkylsulfates, alkylpyridinium cations, polyoxyethylated
fast qualitative and quantitative examination of multicompo- nonylphenols were employed as pore generd6s28].
nent solutions; it is based on the usage of inselective sensor The synthesized molecular sieves with predetermined
arrays with subsequent mathematical treatment of analyti-pore sizes (Gut=0.2-2%) were based on an inert
cal signals, mainly, by means of artificial neural networks poly(vinyl chloride) matrix plasticized with dibutylphtha-
[30-32,34-37,39,41,43]. Neural networks solve problems of late. To prepare the sieve composition, weighted samples
image recognition and treatment: prediction, classification of of the solvent—plasticizer and pore-generating surfactant (the
data by a set of classes, function approximation with a set of molecule sizes to match the pore sizes of the molecular sieve)
points (regression), data clustering with searching for known were placed into a beaux, then 2 mL of tetrahydrofuran was
classes-prototypes, information compression, restoring lostadded under permanent stirring with a magnetic stirrer, and
data, optimization and optimal control, etc. Neural networks a weighted sample of poly(vinyl chloride) was gradually
are nonlinear in nature, being a tool of modeling which al- added. The sieve composition obtained was poured into a
lows extremely complex dependencies to be reproduced. ThePetri bowl and left for 2—-3 days. On complete evaporation
neural network is used when no explicit dependence betweenof the solvent, an elastic transparent film was placed into a
input and output data is known, it is found in the course of beaker with 500 mL of distilled water and left for 7 days, the
training. The usage of multisensor systems like an “electronic water to be freshened every 24 h. The completeness of surfac-
tongue” is described for detection of lysin in food, for anal- tantremoval from the molecular sieves was checked potentio-
ysis of waters (natural, ground, drilling), quality control of metrically by means of solid-contact non-modified sensors.
wine, milk, various beverages (tea, coffee, beer, soft ones, To modify the membrane, the molecular sieves were stuck
juice, etc.)[29-43]. on the surface with a special glue (a blend of poly(vinyl chlo-
In the present work, we propose modification of ion- ride) and dibutylphthalate), then the sensors were kept in air
selective membranes with nanofiltering sieves with different during 24 h.
pore diameters and the design of sensor matrices (“electronic  Prior to usage, both source and modified electrodes
tongue”) on the basis of poor-selective electrodes sensitivewere conditioned for 24h in a 1010 3molL~1 solu-
to anionic, cationic and non-ionic surfactants for separate de-tion of cetylpyridinium chloride (cationic surfactant sensors),
tection of homologous ionic (sodium alkylsulfates, alkylpyri- sodium dodecylsulfate (anionic surfactant sensors) and dis-
dinium chloride) and non-ionic (polyoxyethylated nonylphe- tilled water (non-ionic surfactant sensors). Potentiometric
nols) surfactants. measurements were made on an 1-130 M universal ionomer
with an accuracy a1 mV. A silver chloride electrode served
as a reference one.
2. Experimental To design multisensor systems like an “electronic tongue”,
arrays of poor-selective sensors based on various electrode-
Homologous sodium alkylsulfates, alkylpyridinium chlo- active substances were used. The potentiometric selectivity
rides and polyoxyethylated nonylphenols with a purity of coefficientst,."‘were estimated using the method of bi-ionic
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Table 1

Types of surfactants

Name Abbreviation Formula Purity (%)

Anionic surfactants
Sodium decylsulfate DS fgH23—OSG3Na 96
Sodium dodecylsulfate DDS C1oHo5s—OSOG3Na 96
Sodium tridecylsulfate TDS Ci13H27—0SOG3Na 88
Sodium tetradecylsulfate TTDS C14H29—OSO3Na 89
Sodium hexadecylsulfate HDS C16H33—OSOsNa 92
Sodium decylsulfonate DSN C10H23—SOs3Na 96
Sodium hexadecylsulfonate HDSN Ci16H33—SO3Na 95

Cationic surfactants
Decylpyridinium chloride DP [CH3—(CH3)9—CsH4N]CI 77
Undecylpyridinium chloride UDP [CH3—(CH3)10—CsH4N]CI 86
Dodecylpyridinium chloride DDP [CH3—(CH3)11—CsH4N]CI 98
Pentadecylpyridinium chloride PDP [CH3—(CH3)14—CsH4N]CI 96
Cetylpyridinium chloride CP [CH3—(CH3)15—CsH4N]CI 99
Octadecylpyridinium chloride ODP [CH3—(CH3)17—CsH4N]CI 99

Nonionic surfactants

Nonylphenol-10 NP-10 NP-10  CHj O—CH0),H 98
Nonylphenol-12 NP-12 NP-12 CHg 7 N O0—(C,H,0),,H 99
Nonylphenol-22 NP-22 NP-22  cH 5 0—(CH,0),H 98

Nonylpheno-30 NP-30 NP-30 GH lg_Q—O_(CzH4O)3(H 97
Nonylphenol-40 NP-40 NP-40 ¢ 194<:>>()—(CZH40)40H 97
Nonylphenol-60 NP-60 NP-60 g 19~<:%o—(c2}140)601{ 96
Nonylphenol-100 NP-100 NP-100 GH ]94</;\>—0—(C2H4O) WH 98

Syntanol DS-10 DS-10 ChH2n+1—0O—(C2H40)mH, n=10-18m=8-10 96

potentials and mixed solutiof44], the cross-sensitivity pa-  the mixed solution method are close to unity (0.6-1), i.e. the
rameters were determined according to R€5]. The sens-  electrodes enable detection of either individual surfactants or
ing signals of the array were processed by three-layer artifi- the total content of those of certain typ@able 2presents the
cial neural network with an error-back-propagation learning potentiometric selectivity coefficients of the non-modified
algorithm. The Neuro Pro 0.25 software (Institute of Com- sensors sensitive to anionic surfactants, as an example.
putational Modelling, Russian Academy of Sciences) was  The potentiometric selectivity coefficients of the modified
employed. electrodes reduce by 3—4 orders of magnitude, which provide
The structure of the surface of our poly(vinyl chloride)
membranes and molecular sieves was studied by means Orrable )
electron microscopy (a BS-50 translucent electronic micro- Potentiometric selectivity coefficients of the sensors sensitive to anionic
scope U =60kV, | =20 mcA,; Institute of Biochemistry and  surfactants (alkylsulfate being the main ion in the membrare, P = 0.95)
Physiology of Plants and Microorganisms, Russian Academy g (ions)
of Sciences, Saratov). The electronic microscope (a 10,000
maghnification) allows holes of 10 nm to be visualized.

Hindering

DDC TDC TTDC HDC

DDP-DDC - 0.63+0.03 0.68:0.01 0.71+0.02
DDP-TDC 0.6A40.02 - 0.70£0.04 0.79t0.01
DDP-TTDC  0.73:0.05 0.75:0.02

. . - 0.78+0.02
3. Results and discussion DDP-HDC  0.80£0.02 0.82£0.03 0.83:0.04 -

CP-DDC - 0.88+0.01 0.94£0.01  0.96+0.04

The potentiometric selectivity coefficients of our ion-sel- CP-TDC 0.86£0.01 - 0.93+0.03  0.96+0.03

ective membranes with respectto alkylsulfates, alkylpyridini- CP-TTDC ~ 0.94:0.04  0.98:0.06 — 0.98+0.02

um cations, polyoxyethylated nonylphenols, calculated by CP-HDC 1.0080.02  0.98£0.02 1.00:0.05 -
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=t tive force of cetylpyridinium-dodecylsulfate electrode indi-
ER e cated a rectilinear behavior in the range from .00~°
to 1.0x 10 2molL~! in sodium dodecylsulfate solu-
tions. The slopes are close to the theoretical ones for
univalent ions (58 2mV/pC). The ionic associate of
{oe - cetylpyridinium-tetraphenylborate provides a cationic se-
lectivity in 1.0x 1076-1.0x 103 mol L~ cetylpyridinium
chloride solutions, the slope being equal tod5Z mV/pC,
o o which means transfer of univalent ions. The deviation of
_.:I .j the electrode functions from linearity is due to solubility
of the active components of the membranes inx11D >
(1.0x 10-%) mol L~ solutions and micelle formation above
1.0x 1072 (1.0x 10~3) mol L1 solutions.

The appearance of a membrane potential of non-ionic sur-
factant sensors is associated with dissociation of the com-
plex cations [surfactant-BA] inside the membrane, transfer
L] L of metal ions through the membrane—solution interface with
subsequent complex formation in the solution phase and ex-
traction in dibutylphthalatf46,47]. This is confirmed by the
value of the electrode function slope characteristic of bivalent
ions. A significant response time of non-ionic surfactant sen-

Fig. 1. Potentiometric selectivity coefficients I6§%,, of cationic surfac-  SOTS is @lso due to this factor. The significant response time
tant sensors: EAC — CP-TPB, DDP as a pore generator: (W) non-modified; Of non-ionic surfactant sensors is due to the complex nature
(M) modified. of potential formation (Table 3).

Membrane surface modification with proper poly(vinyl
the possibility of separate homologous surfactants detection.chloride) molecular sieves was found to exert no effect on
Fig. 1presents, as an example, data on the selectivity coeffi-their chief electrochemical characteristics; a shorter service
cients of dodecylpyridinium with respect to alkylpyridinium  life is apparently due to pores sticking. The filtrating ability
cations (dodecylpyridinium chloride as a pore generator). of molecular sieves depends on the sizes of pore-generating
One can see thalrip.Ot with respect to undecyl- and decyl molecules. The data ifiable 3tell that the molecular sieve
pyridinium do not change since these anions are not retainedets pass only those surfactants whose molecules are smaller
by the molecular sieve. For pentadecyl-, cetyl- and octade- of comparable in size with the pore generator. Bigger ions
cylpyridinium, the potentiometric selectivity coefficients de- are retained and exhibit no electrode functions.
crease by several orders of magnitude. Both source and modified non-ionic surfactant sensors

Table 3presents the electroanalytical characteristics of possess the same linearity intervals and slopes of their elec-
both source and modified sensors in solutions of an- trode functions in solutions of nonylphenols with 10 and
ionic, cationic and non-ionic surfactants. The electromo- 12 oxyethyl groups. For nonylphenols with more oxyethyl

Table 3
Electrochemical characteristics of non-modified and modified solid-contact surfactant sensors in solutions of homologues of anionic, cationic and non-ionic
surfactants (& 3, P=0.95)

EAC Analyte(s) Pore Linear range Slope,x  Detection limit tggs, min (C: 1x 10~*  Potential shift ~ Service life
generator (molL™1) (mV/pC)  (molL™1) —1x1079%) (mV/day) (months)
CP-DDS DDS - x106-1x102 58+4 8.9x 1077 0.3-0.7 2-3 12
DDS DDS 1x10%-1x 102 59+4 9.0x 1077 1-2 2-3 45
TTDS DDS 1x106-1x 103 20+2 - 1-2 2-3 4-5
DDS + DDS 1x106-1x10% 57+1 9.0x 1077 1-2 3-5 4
TTDS (1:1)
CP-TPB DDP - x106-1x103 57+2 9.0x 1077 1-2 0.5-1 10
DDP DDP 1x10%-1x 103 56+2 9.1x 107 2-3 0.5-1 4-5
CcP DDP 1x106-1x 103 17+6 - 3-4 1-2 4-5
DDP + DDP 1x106-1x10% 56+3 9.1x 1077 3-4 1-2 4
CP (1:1)
NP-12-Ba-TPB  NP-12 - ¥10°-1x102 28+1 9.0x 107 3-4 3-4 6-7
NP-12 NP-12 x10°-1x 102 32+1 9.2x 1078 4-5 3-4 4
NP-30 NP-12 x105-1x 102 11+3 - 4-5 4-5 4
NP-12 + NP-12 1x105-1x 103 3242 9.2x 107 4-5 4-5 3

NP-30 (1:1)
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Fig. 2. A photo of the molecular sieve on NP-100 (a BS-500 electronic
microscopel =60kV, 1 =20 nA).

groups, the slopes of the electrode function are significantly

lessthan the theoretical value, i.e. poly(vinyl chloride) molec-

ular sieves retain nonylphenols with more oxyethyl groups.
The surface structure of poly(vinyl chloride) membranes

and molecular sieves was examined by electron microscopy. . 2 o ) o
d characterizes the “uniformity” of the sensor’s sensitivity to

Photographs of the molecular sieves (polyoxyethylate

623

(10:1-1:10) and at varying concentrations (%.00 °—
1.0x 10-3mol L1). The surfactants were quantitatively de-
termined by means of the modified solid-contact electrodes.

The results presented ig. 3are direct evidence of the
filtering ability of poly(vinyl chloride) molecular sieves (the
relative standard deviatio < 0.06 at the number of repe-
titions n=3 and the confidence levBl=0.95). It should be
noted that the sensors modified with molecular sieves can be
used for detection of only one homologue in a mixture.

The identity of the electrochemical characteristics of the
sensors based on various electrode-active compounds and
their inselectivity form the basis for multisensor systems
like an “electronic tongue”. Vlasov et d45] propose the
following parameters of cross-sensitivity for evaluation of
electrode eligibility for a multisensor systems: the aver-
age electrode slope (S, mV/pC), the inselectivity factor (F),
the reproducibility factor (K):&p.=(1/n))_S, F=Scp_/sz,
ch,:(l/n)Z(Scp,/sl?), where§ is the slope of the elec-
trode function in arith ion solution,n the number of ionss
the mean-square deviation of the average slope (which rep-
resents value scattering in this case) gnthe mean-square
deviation ofS.

The higher the values of the named parameters, the higher
the cross-sensitivity of the sensor. The inselectivity factor

nonylphenol NP-100 as a pore generator) were obtained, agiven ions. The higher the valueBfthe more uniformly sen-

non-uniformity of the surface of the poly(vinyl chloride) films

under study was established, the pore sizes ranging within
55-100 nm. Such differences are apparently due to possible

aggregation of nonylphenol molecules (Fig. 2).

The separability of poly(vinyl chloride) molecular sieves
in analysis of 2—3 component model mixtures of polyoxy-
ethylated nonylphenols, alkylpyridinium chlorides, sodium
alkylsulfates is illustrated by the diagrams showrfig. 3.
The detection was carried out at different component ratios

m,,.. mg/L
1o NP-12+NP-80
NP-12+NP-100
10 1 C‘2+C14C1E
c
8 4
NP-1 NP-12
6
C,+C,C

16718

C +C

12

16

g Surfactants

1 2 5

Fig. 3. Separate detection of homologous surfactants in binary and ternary
model systems by means of modified sensors: poly(oxyethylated nonylphe-

nols) (1 and 2), alkylpyridinium chlorides (3 and 4), sodium alkylsulfates (5
and 6); @) added; @) found.

sitive the given sensor to all the ions. The reproducibility fac-
tor characterizes the integral reproducibility of the sensor’s
electrode function; the higher its value, the more reproducible
the sensor’s electrode behavior. It should be mentioned that
all the three parameters are important at selecting a sensor
with a high cross-sensitivity for multisensor analygi8].

In the present work, a quantitative estimation of the said
parameters of both source and modified sensors was carried
out. To estimate the cross-sensitivity parameters, the electro-
motive force was recorded as a function of the concentration
of the individual homologues in solution. Using the electrode
function slopes, the average slope, the factors of reproducibil-
ity and selectivity were calculated.

Table 4provides an example of the cross-sensitivity pa-
rameters of sensors selective to univalent homologues of
sodium alkyl sulfates. For the anionic surfactant sensors un-
der study, the value of the average electrode slope varies
within 24—-68 mV/pC, the inselectivity factor takes on val-
ues from 0.07 to 7.17, the reproducibility factor varies within
15.23-133.94. These sensors can be divided into four groups
by their response to the concentration of alkylsulfate ions
(Fig. 4). The first group includes sensors (No. 1-8) with low
values of both the average electrode slope (24-28) and in-
selectivity factor (0.05-0.08). Such values speak for a high
selectivity of the sensors to the potential-determining ion.
The sensors of the second (No. 9-16) and third (No. 17-24)
groups possess high values of the average slope of the elec-
trode functions (39-45 and 47-55, respectively), and higher
values of the inselectivity factor, which means their lower se-
lectivity. The reproducibility factors of the sensors from these
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Table 4
Slopes of the electrode functions and the cross-sensitivity parameters of surfactant sensors in solutions of sodium alkylsulfate and alkylpyridinium chlorides
(n=3,P=0.95)
Sensor Membrane composition (EAC) Molecular sieve Steopesolutions of homologues (mV/pC)  S(mV/pC) F K
DDS DS TTDS HDS
1 DDP-DDS DDS 5243 23+4 1442 8+ 4 24 0.07 15.86
2 DDP-TDS DDS 5342 26+6 1942 1147 27 0.08 15.72
3 DDP-TTDS DDS 5842 29+5 21+2 1445 30 0.08 18.86
4 DDP-HDS DDS 5843 28+4 19+4 14+ 4 30 0.08 15.23
5 CP-DDS DDS 59+ 4 28+4 20+2 11+ 4 29 0.07 16.91
6 CP-TDS DDS 5942 29+4 21+3 9+5 29 0.07 17.82
7 CP-TTDS DDS 6144 25+ 2 18+4 13+ 4 29 0.06 16.67
8 CP-HDS DDS 62+3 25+2 16+7 10+ 4 28 0.05 15.49
9 DDP-DDS DS 5243 54+ 2 27+5 2342 39 0.15 29.06
10 DDP-TDS DS 53+3 55+4 27+3 1942 38 0.12 28.13
11 DDP-TTDS DS 5742 58+ 2 2643  21+10 41 0.10 28.46
12 DDP-HDS TDS 58+ 2 50+4 27+4 23+ 4 42 0.11 23.81
13 CP-DDS DS 59+ 4 59+ 4 29+3 2243 42 0.11 27.48
14 CP-TDS TDS 59+3 61+3 28+4 22+ 4 43 0.11 25.14
15 CP-TTDS DS 60+ 4 61+2 29+2 2545 44 0.12 29.20
16 CP-HDS TDS 6242 63+2 28+4 2647 45 0.11 28.71
17 DDP-DDS TTDS 5242 54+ 2 57+2  27+4 47 0.24 40.64
18 DDP-TDS TTDS 5343 55+ 2 58+2 2745 48 0.23 35.96
19 DDP-TTDS TTDS 5642 58+ 2 60+2 27+ 6 50 0.20 39.61
20 DDP-HDS TTDS 5842 59+ 2 62+4 2942 52 0.22 44.50
21 CP-DDS TTDS 5942 60+ 2 62+2 26+ 5 52 0.18 47.93
22 CP-TDS TTDS 5942 60+ 4 63+2 27+4 52 0.19 37.44
23 CP-TTDS TTDS 6144 62+2 64+2 26+ 4 53 0.16 38.04
24 CP-HDS TTDS 63+3 63+4 66+3 2942 55 0.18 4121
25 DDP-DDS - 5442 55+ 1 59+1  61+5 57 6.79 127.46
26 DDP-TDS - 5641 57+1 59+3 6342 59 6.72 121.01
27 DDP-TTDS - 5742 58+1 62+1 63+ 3 60 7.17 133.94
28 DDP-HDS - 5742 61+1 62+1 65+ 4 61 5.84 128.80
29 CP-DDS - 58+ 4 61+1 63+2 66+ 2 62 5.33 120.47
30 CP-TDS - 63+1 65+ 1 67+2 7142 65 478 129.17
31 CP-TTDS - 6042 64+0 66+2 69+ 1 66 5.18 132.67
32 CP-HDS - 64+1 67+3 70+2 7342 68 413 125.42
groups confirm the stability and reproducibility of their elec-
trochemical characteristics. The fourth group includes the
sensors (No. 25-32) with high values of the average slope
of the electrode functions (57-68), the inselectivity factor
T (4.13-7.17) and t_he reproducibility fagtor (1_20.40—133.94):
0 ‘= —jl They are most suitable for the usage in multisensor analysis
' | as inselective ones.
u . .
60 " E. - Examples of separate detection of sodium alkylsulfates
f’l;\\ - ’;u o in binary and five-component model solutions by means of
;‘?)‘ 50 - |} Pl II Nel7-24 IV Ne2S-32 arrays of seven to eleven non-modified sensors with different
E ;f.tx.' / membranes are collectedTable 5.
0 ' s | I MNe-16 Analytical signals were processed by three-layer artificial
b neural networks. The number of neurons in the input and out-
“i\ T T put layers corresponded to the number of the sensors in the
% | L-Hel-8 T | array and the number of the analytes, respectively. The num-
i - T y yl€s, resp y.
20 " :;?]8 ber of neuronsinthe hidden layer ranged from 3to 20. Totrain
‘26”";3«&“ Pl the network, 12—200 standard solutions with different com-
60 ';‘O e ,,x; 4 ponent ratios were used, the concentrations of the analytes in
100 S e « the mixtures varied from ¥ 1078 to 2x 103 molL~ and
K 140 ™, from 1x 1075 to 2x 10~3mol L~ for ionic and non-ionic

Fig. 4. Cross-sensitivity parameters of anionic surfactant sensors.

surfactants, respectively. The mean accuracy of ion detection
was 0.1-7%.
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Table 5 [3] S.D. Scullion, M.R. Clench, M. Cooke, A.E. Aschcroft, J. Chro-
Results of detection of homologous sodium alkylsulfates in model mix- matogr. A 773 (1996) 207.

tures with the aid of a matrix of solid-contact non-modified sensors made of [4] S. Efkemann, U. Pinkernell, U. Karst, Anal. Chim. Acta 363 (1998)
alkylpyridinium-alkyl sulfates (= 3, P=0.95) 97.

Sensor array (EAC)  Introduced (mg/L)  Found (mg/L) S (%) [5] T. Austad, J. Fjelde, Anal. Lett. J. 25 (1992) 957.

[6] P. Jandera, J. Fisher, V. Stanek, M. Kucherova, P. Zvonicek, J. Chro-

~ DDS matogr. A 738 (1996) 201.
DDP — T11ps  C12:0.57 0.59+0.04 351 [7] M.J. Cugat, F. Borrull, M. Calull, Chromatographia 46 (1997)
~ Cie: 3.51 2.05+0.02 0.49 332.
HDS [8] P.A. Gallagher, N.D. Danielson, J. Chromatogr. A 781 (1997)
DDS 153.
[9] E. Piera, P. Erra, M.R. Infante, J. Chromatogr. A 757 (1997) 275.
—TDS C12:2.88 3.14+0.16 9.03 [10] H. Salimi-Moosavi, R.M. Cassidy, Anal. Chem. 68 (1996) 293.
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