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Potentiometric Analysis of Surfactants 
Summary : Tlıe aİln of this review is to sununarize the current 
trends in potentiometric sensors far the deternıination of 
sıufactanls. Several ion-selective electrode designs and 
coınpositions applicable for volunıetric titrations ı,.vith 
potentio1netric end point delection or for direct potentionıefı)' 
are described. 
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INTRODUCTION 

Surface active substances, commonly referred to as 
"surfactants", are amphiphilic compounds used as 
active ingredients in a variety of laundry and clean
ing prnducts, hard surface cleaners and shampoos, 
and also used in chemistry and biochemistry research 
laboratoriesl. 

Surfactants are organic chemicals which, when added 
to a mixed system sucl1 as water and air or water and 
soil, induce a decrease of the air /water interfacial ten
sion. This property is related to the presence of both a 
hydrophobic non-polar par! (mostly a hydrocarbon 
chain with 7 to 20 carbon atoms) and a highly polar 
or ionized part involving one or more functional 
groups in a single structure2.Depending on the na
ture of the polar group within the molecule, sur-

Yüzey Aktif Maddelerin Potansiyometrik Analizi 
Özet : Bu derlenıede yüzey aktif nıaddelerin tayhıinde 
kullanılan potansiyonıetrik sensörlerdeki gelişnıeler 

özetlennıektedir. Direkt potansiyonıetride veya dönünı noktası 
belirteci olarak volünıetrik titrasyonlarda kullanılan çeşitli iyon 
seçiınli elektrot şekil ve bileşinıleri açıklannuştır. 
Analılar kelimeler: Yüzey aktif ınadde, potansiyonıetri, iyon 

seçinıli elektrotlar 

factants are classified m~inly as anionic, cationic, non
ionic and amphoteric. 

Over the years, the use of surfactants has increased 
considerably. Aımual world-wide consumption of 
surfactants was 2.5 million melric tons in 1993 2. TI1e 
widespread use of them for domestic and industrial 
cleaning has resulted in serious environmental pollu
tion problems. They are primarily used in aqueous 
solutions which are later introduced into the environ
ment via waste water discharge. The harmful effects 
of surfactants on aqualic organisms are well known. 
in addilion to their foaming properties, caused by 
their accurnulation on the water surface, they impede 
the rnass transfer of oxygen, which reduces the auto
cleaning power of water3. Further, surfactants can in
hibit the growth of microalgae by interfering with 
their rnetabolisrn4,5. 
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Although the concentrations of surfactants found in 
water have decreased considerably as a result of !he 
change to more biodegradable substances6, !hey are 
stili one of the most common organic pollutants in 
natura! waters. The determination of surfactants is 
highly important in plant production control, in en
vironmental monitoring and in !he analysis of for
mulations in the cosmetic anci pharmaceutical in
dustries. 

A commonly used procedure for the determination 
of surfactants is !he so-called two-phase titration 
which is widely adopted as standard method7-ıo. 

Thls technique is based on !he formation of a lip
ophilic ion-pair between the surfactant and !he titrant 
(a lipophilic ion !hat has an opposite charge), which 
is then extracted into an organic hydrophobic solvent 
(chloroform). The end point is detected visually with 
a suitable color indicator, which forms an extractable 
ion-pair with the titrant after the equivalance point 
has been reached. Although two-phase titrations are 
simple and useful methods, !hey ha ve, however, sev
eral drawbacks, including the requirement of run
ning blank tests, matrix interferences, subjective er
rors in the end point detection, increased analysis 
duration and use of chlorinated solvents. 

Altemative analytical methods for the determination 
of surfactants have been reported, of which the most 
important are spectrophotometryll-14, spectro
fluorirnetry13, thin-!ayer chromatographyıs, gas 
chromatography16-17, high pressure liquid chrom
atography17-20, capillary electrophoresis21, tensamm
etry22-24, amperometry23,25-28, voltammetry29,30, and 

potentiometry. 

Trends and recent applications of potentiometry in 
!he determination of the various types of surfactants 
are surnmarized in the present paper. 

POTENTIOMETRY 

Potentiometric titrations of surfactants in the pres
ence of ion-selective electrodes (ISEs) are good al
tematives !o the two-phase titration and can avoid 
the disadvantages of the two-phase titration31-33. 

During a titration, the ionic surfactanl to be de
termined and the titrant forma stable, nonpolar com
plex that precipitates in the water sample: 
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K+T+--t {K;T+) .J, 

The electrodes are sensitive to the variation of eitheı 
the analyte or the titrant concentration, so the struc
ture of the titrant influences greatly the titration data. 
Standard solutions of very different reagents have 
been used as titrants in surfactant analysis. As a rule, 
ali reagents forming water-insoluble ion-pairs with 
surfactants can be tested for titrants. lf !hey are suf
ficiently stable and water-soluble, they can form a 
convenient standard solution. For anionic surfactants, 
a bulky cationic surfactant is usually used as titrant 
and vice-versa. 

The best suited substances for the titration and de
tection of cationic surfactants are sodium lauryl sul
fate34-36 or tetraphenylborate36-38. For the de
termination of anionic surfactants, Hyarnine 1622 
34,39-42, cetyl pyridinium chloride42 and 
TEGO®trant Al()(J43,44 are appropriate. Since 
TEGO®trant AlOO is more hydrophobic and pro
duces higher potentiometric steps compared to Hya
mine 1622, it permits !he detection of alkyl sulfates 
with shorter chain lengths i.e., less lipophilic mole
cules (Fig.1). This is the reason why this new sub
stance has almost totally replaced· the standard Hya
mine 162243. 
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Figure 1. Stnıctures of Hyamine 1622 (A) and TEGO® 
!rant A!OO (B) 

The titration curves obtained with alkyl sulfates and 
alkyl benzene sulfona tes are very. similar to conven
tional acid/base titrations with well marked titration 
end points. Alkyl ether sulfates, especially those with 
a higher number of ethylene oxide units, show worse 
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titration curves with more noise, less sleep polential 
steps, and more deformed baselines. 

The titration of ethoxylated nonionic surfactants is 
based on !he cornplexation of bivalent cations such as 
Ba2+, with the polyelhoxylate chains of !he surfactant 
molecule 45·46. The resulting cationic complex can be 
titrated with tetraphenylborate 47,48. 

Amphoteric surfactants, which are composed ofa hy
drophobic chain ended with two different polar 
groups, can only be titrated if they are converted to 
their cationic form in a slrongly acidic media 43,49. 

R3N+-(CH2kC02- + H+ R3N+-(CH2)n-C02H _, 
(pH<l) 

Due to !he low pH required, anionic surfactants can 
not be used any longer as titrant of amphoteric sur
factants because they will be protonated (sulfona!es) 
or even hydrolyzed (sulfates), hence telra
phenylborate is the titrant of choice. 

The progress which has been rnade in potentiometric ti
tration of surfactants is dosely related to the above rnen
tioned titration reagents but also to !he development of 
optirnized ISEs. As already said, surfactant-selective 
electrodes are specially designed sensors to rnonitor the 
changes of surfactant ions activity in the solution. 

In ISEs sensitive to ionic surfactants, the sensing 
rnernbrane contains an ion associate (ion-pair) of the 
type c+ A- in which A- is an anionic surfactant and 
c+ is a positively charged counter ion (e.g. a cationic 
surfactant). Tilis kind of ISE is suitable for the de
tection of both K and C+. 

ln addition to potentiornelric titrations, techniques 
based on direct potentiornetric rneasurernents using 
ISEs and referring to a calibration curve are also ap
plicable for surfactant deternlination. However, the 
errors in direct potentiornetry are usually rnuch larg
er than in potentiometric titrations. The latter need 
however an increased time dernands and consurnp
tion of chenlicals used as titrants. 

Since the !ate fifties, non-specific potentiornetric elec
trodes have been used such as the Craine's silver elec
'"ode 5o,sı and the Heyrovski's rnercury-plated plat-

inum eleclrode52. At present, there are three different 
types of ISEs developed far titrirnetric deternlination 
of surfactants: liquid rnernbrane ISEs, polyrneric 
rnembrane ISEs and polyrneric-coated wire ISEs. 

Liquid-membrane ISEs 

Liquid-rnembrane surfactant selective electrodes can 
be prepared by using a glass tube sealed at lhe end 
with a Teflon rnernbrane or a hydrophobic glass frit 
irnpregnated by !he sensing solution31. Tllis solution 
is a surfactant ion-pair, such as hexa
decyltrirnethylarnrnoniurn dodecyl sulfate, dissolved 
in a hydrophobic organic solvent, such as nitro
benzene. TI1e bulk of the tube is filled with a diluted 
solution of an anionic surfactaı1t iı1 the presence of a 
little arnount of cı- ion. A Ag/ AgCI reference elec
lrode is inserted into this internal solution (Fig. 2a). 
The potentiornetric rneasurernents are perforrned 
classically using a second (external) reference po
tentiornetric electrode such as a Ag/ AgCI or a sat
urated calornel electrode53. Various kind of ISEs with 
liquid rnernbranes have been developed in the 
past39,54-56. 
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Figure 2. Schematic structures of the three types of ion
selective electrodes. 

Sap and co-workers40 proposed a new type of se
lective electrode based on the catioılic complex Fe(Il)
bis[2,4,6-tri(2-pyridyl)-1,3,5-triazine] for the analysis 
of anionic surfactants. The electrode showed a Nern
stian response within the activity range cornpriS(.>cl 
between 7.lxl(T6 and 1.4xıo-3 M of lauryl sulfate. The 
electrode was also used as end-point detector in po
tentiornelric titration of ionic surfactants with a high 
potential jurnp. Carnpanella et ai57 obtained an elec
trode sensitive to anionic surfactant coı1centration, 
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made from a liquid-membrane consisting of a solu
tion of benzyldimethylcetylammonium cholate in 1-
decanol, with a Ag/ AgCI reference. Szczepaniak and 
Ren58 utilized another liquid-membrane eleclrode 
which employes a solution of mercurated poly
styrcne as ion-exchanger for the analysis of anionic 
surfactants and soaps. 

A liquid-membrane elcctrode, suitable lor mon
itoring the tilration of cationics with telra
phenylborate, was made using !he nitroxylene solu
tion of telrapentylammonium telraphenylborate59 . 
Anghel et aJ39 presented the results obtained in the 
analysis of cosrnetic products with the first applica
tion of surfactant selective electrodes. Potentiomelric 
tilration with ISEs gave better results comparing !o 
two-phase tilration. 

Liquid-mcrnbrane surfactant sclective electrodes 
show a serious drawback due to a risk of progressive 
membrane active compound dissolution in the aque
ous test medium, leading to poor response stability. 
This is especially dramatic when the surfactant con
centration.s are above the critical micelle conce11tra
tion31. Ishibashi et al60 used Crystal Violet as ion
exchange site in the rnembrane for the sulfonate ISEs. 
As expected frorn ils relatively hydrophobic func
tional groups, the Crystal Violet molecule limits the 
dissolution of !he sensing component in the aqueous 
medium. 

Liquid-rnernbrane ISEs have been applied in vol
umelric tilrations for end point detection, however, 
they are not suited practically in dirc'Ct po
tentiometric measurements of surfactants because of 
a need of frequent recalibrations. 

Polyıneric membrane ISEs 

The conslruction of polymer membrane elcctrodcs 
consists to use, instead of the porous and fragile disc 
of liquid membranes, a film of plastic mernbrane (0.2 
- 0.3 mm thick)6l. Such electrodes are physically 
more robust !han liquid-membrane electrodes, and 
also less subjected to solubilization in the aquc'Ous 
media in which !hey are immerscxl (Fig. 2b). 111e 
membrane composition consists of the polymeric ma
trix, the sensing component anda plasticizer. Poly(vi
nylchloride)(PVC) is by far the most commonly used 
polymer malrix. The membrane film is usually pre-
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pared by slowly evaporating an organic solvent, such 
as telrahydrofuran (THF) or cyclohexanone, at room 
temperature (20°C), from a solution of PVC con
taining a high !evci of plasticizer and the electroactive 
substance. Then, !he membrane is mounted on the 
end of PVC or glass-tubing filled with an im1er elcc
trolyte solution containing !he ion of interesl and 
completed with an internal reference electrode (e.g. 
Ag/ AgCl)62-64. 

The selectivity of ISEs can be significantly altered by 
changing !he relative proportions of !he eleclrode 
mernbrane's component. üne of the major com
ponents of the eleclrode membrane is the plasticizer, 
which mainly acts as a fluidizer allowing homo
geneous solubilization and mobility diffusion of the 
ion-pair inside the membrane. The amount of plas
ticizer must be properly optirnized in order to mini
mize eleclrical asymmetry of the membrane, and to 
limit fouling of the sensor (e.g. by proteins). At high 
concentrations, the plasticizer may leak oul of the 
membrane and create these problems. Betler rnem
branes are generally obtaincxl by implementing tWo 
or three plasticizer components. lf the composition of 
polymer is around 70:30 percent (plasticizer: PVC), it 
is a single phase homogeneous mixture, and referred 
to as "solvcnt polymeric" type63. This kind of polymer 
generally exhibits liquid-mcmbrane properties. 

Proper use of the plasticizer allows one to control the 
value of the electrode/ solution distribution ratio of 
the particular c+ A- ion-pair employed as an ion
exchanger. The analytical performance of such elec
trodes is strongly dependent on a suitable combina
tion of plasticizer and electroactive substance. 111e na
ture of lhe plasticizer has a marked influence on the 
response slopc, linear domain and alsa on the se
lectivity of PVC rnembrane eleclrodes65. TI1e plas
ticizer musı be chemically compatible with both the 
polymer and the sensing material, thcreby reducing 
the electrical rcsistance of the polyrneric bcad of the 
film. The rnost frequently uscd plasticizer of PVC 
membranes are o-nilrophenyl octyl ether 
(NPOE)35,38,49,65-69 and o-nitrophenyl phenyl ether 
(NPPE)45,46,65,7o. 

In general, it is desirable !hat polymeric membranes 
have a glass transition tempcrature (Tg) below room 
temperature. The plasticizers used in association with 
the sensor are effective in reducing the glass lransi-
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tion temperature. it is noted that thc Tg of PVC (+81°C) 
falls ıo -65°C when it is rnixed with 70 % NPOE. 

Some of the earliest PVC-based ISEs developed for 
!he detection of other ions, such as calcium71,72 and 
nitrate32,73, were adaptecl for the surfactant titralions. 
With the exception of such invcstigations, most elec
trodes have been based on a polymeric membrane 
designed deliberately to be anionic or cationic sur
factant-specific44·74-82. Some characteristics of a ncw 
type of PVC based iSE developed by Gcrlache et 
aı44, comprising a11 ion-pair betwcen sodium 
lauryl sulfate and TEGO® tranl AlOO, are summar
ized in Table 1. Several !SEs, of sirnilar conception, 
specifically constructed for ionic surfactant analysis 
ha ve been commercially la unched in the !ast few 
years, such as Orion model93-42 35,68 , ASTEC model 
TSE Ol/9135A2, and more recently, the Metrolun 
"High Sense Tensidc" ISE35,42-44,49. The most 
prornising of the commercial ISEs appears to be the 
"High Sense Tenside" electrode, which is suitable for 
working in tritration rnode for more than 7 months 
with a relative standard deviation comprisecl be
tween 0.2 and 1.3 % for anionic surfactants. Useful 
over a wide pH range (1-12), the response of the elec
trode makes it suitable for the delerrnination of a 
soap/alkyl sulfonate or amine/quaternary am
monium mixture. 

Table 1. Analytical figures of meril of a new 
PVC-ISE suitable in direct potentiometric 
rneasurements44. 

Working range, M (SLS) 

Limit of detection, M 

Slope, m V / decade of [SLS] 

Reproducibility, mV 

(fora lxlo-4 M SLS) 

Response time, s 

Sensitivity to inorganic salts 

2x10-6 - 5xrn-3 

1 x 10-6 

58.9 

255±3 

30 

Nane 

Much research has also been carriecl out in the area of 
potentiometric sensors for the determination of non
ionic surfactants. A plasticized PVC membrane elec
trode doped with a barium-nonionic (ethoxylated 
nonylphenol)-tetraphenylborate complex, was pre
parecl for !he ethoxylated surfactants45A6. 111e ap
plication was oriented towards either direct po-

tentiometric measurement45 or monitoring the 
titration of non-ionics83. Ivanov and Pravshin84 pre
pared a plasticized PVC membrane containing either 
thc ternary complex cetylpyridinium/ 
dodecylsulfonate /bari um or the complex between 
tetraphenylborate and an nonionic surfactan!. Ionic 
surfactanls interfered in the titration. Gallegos48 used 
the Orion ionic surfactant electrode as thc end-point 
indicator for the titration of bariurn non-ionic com
plexcs with sodium tetraphenylborate. Recently, Me
ırohm has launched a non-ionic surfactant elcctrode 
suitable for volumetric titrahon with tctra
phenylborate. 

Up to now, only very few methocls lor the titrimetric 
determination of amphoteric surfactants have been 
reported. Buschmann and Schu!z49 developed a di
rect titration procedure lor amphoteric surfactants us
ing a ncw typc of PVC-membrane (PVC - NPOE - Ion 
carrier). The ion carrier was the ion associate of tetra
phenyl phosphonium and tetraphenyl borate or the 
associate of cetylpyridirıium and tetraphenyl borate. 
All surfacıants could be titrated with a relative stan
dard deviation (RSD) of 1.6 % . Simultaneous titra
tioı1s of cationic and amphoteric surfactants were alsa 
possiblc. 

Oıher structures lor polymeric mcmbrane clectrodcs 
are being searched at prescnt by modifying thc poly
mers chemically to confer them functional groups in 
order to make them rnore specific to a given sur
factant. An examp1e of a new gencratio11 of mem
brane electrodes is as follows85 : ıhe modified PVC, 
deriv:atized to co11tain eitl1er sulfonate or quaternary 
ammonium enci groups, is dissolvcd in THF and pre
cipitated in an aqueous solution containing the coun
ter ion of !he surfactant to be dctermincd. Aftcr wash
ing and drying, the PVC is mixed with a high 
molecular weight plasticizer (Elvaloy 742, m.w. 
25,000) which makes the entire electrode membrane 
more stable. 

All of the above-mentioned electrodes are based on a 
specific membrane cornposed ofa hornogcncous mix
ture of PVC, a plasticizer and the sensing material. 
Gencrally, the sensing material (e.g. an ion-pair 
forrned by using an organic anioı1 which gives an in
soluble salt in water in t11e presence ofa cationic sur
factant) is dissolvcd in !his kind of membrane. How
ever; electrodes can also be constructed using 
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heteroge11eous membranes, in whicl1 the carrier is in
soluble. Laponite, a synthetic clay, has been success
fully used asa surfactant carrier for electrodes specif
ic to cationic surfactants86,S7. 

Some researchcrs have also found !hat plasticized 
polymeric membranes without added sensing ma
terials (blank membranes) respond to some ionicss 
and non-ionic89 surfactants. 

Recently, novel ion-selective electrodes for sur
factants bascd on crown ethers, as neutral carrier ion
ophores incorporated into the electrode membrane, 
have been described3s,sı,9o. 

Polymeric-coated wire ISEs 

Besides the most common construction of thc poly
meric membrane electrodes, another way of pre
paring !hem consists to fix the polymeric membrane 
directly on a solid substrate, ıhus eliminating the in
ternal electrolyıe solution (Fig. 2c).These "coated wire 
electrodes" can be prepared simply by dipping thc 
solid substraıe into a solution containing thc dis
solved polymer (usually PVC), the plasticizer, and, if 
desired, an ion-pair, and allowing the solvent to 
evaporate. 111e solid substrate is a conductor, 
commonly, of metallic (platinum66, aluminium47,91, 
silver92, copper 34,36,92 .... ) or graphite41·44 type, 
and it can be of any convenient goemetric shape37. 
These simple and inexpensive electrodes can be used 
adva11tageously as sensors in ion-pair formation
based titration of surfactants of various type. Cationic 
surfactants titrated with sodium tetraphenylboratc 
yield titration curves with sharp potential 
breaksS0,93. Far !he determination of anionic sur
factants, lipophilic cationic titrants such as those 
based on quaternary ammonium or pyridinium salts 
are used66,72,94. 

A successful coated graphite electrode was con
structed by Dowle et al41 . it is based on a PVC mem
brane incorporating tritiolyl phosphate and an ap
propriate surfactant salt (0.1 %). 111e electrode was 
used as end-point indicator for the potentiometric ti
tration of industrial anionic and cationic surfactant 
samples in bolh aqueous and mixed-solvent sys
tems4l,95. The authors reported a linear responsc 
range between ıxıo-6 and lxl0-2 M of lauryl sulfatc 
without any interference from inorganic salts. Later, 
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this electrode was redesigned to form a hollow 
graphitc tubc with thc mcmbrane coated on the in
side wall96. The use of this electrode as a flow
through electrode in conjuction with a reference elec
trodc, enablcd the manual potentiometric titration to 
be adaptcd to a flow injection pseudo-titration meth
od. in this application, the mobile phase of the flow 
injection analysis (FIA) systems containcd a constanı 
concentration of the titrant, which can_ be eith.er a cat

ionic or an an.ionic surfactant. The sample, con
taining either an anionic or a cationic surfactant, is 
passed through a dilution chamber prior to mixing 
with the mobile phase. 111is dctection system of flow
through electrode design is sensitive to ionic sur
factanıs. The peak width, rather than the peak height, 
of the signal is proporıional to the logarithm of the 
surfactant concentration. The disad vantage of the di
rect potentiometric system when compared with the 
manual titration is that the sysıem must be calibrated 
according to !he surfactant type. 111e rcported elec
trode life is only 2-4 weeks. Alonsa and co-workers97 

showed also the applicability of the developed tu
bular sensors in flow-injection systems for the de
terrnination of aı1ionic surfactants in tl1e ıxıü-4 and 
lxJ0-3 M range. 

Far the determination of non-ionic surfactants con
taining poly-oxyalkylene chains, the method used 
was based on !he precipitation of tertiary compounds 
with sodium tetraphenylborate in the presence of a 
bivalent metal ion with an ionic radius higher than 
100 pm47. Only ampholytic surfactants could be ti
trated directly with sodium tetraphenylborate in 
acidic solution, iı1 whicl1 they are cationic, using al

uminium wire coated plasticized PVC membrane91. 

For the determination of some samples, however, 
back titration was found to be more convenient. 111e 
amphoteric surfactants were reached with an excess 
of tetraphenylborate, wllich is then back-titrated with 
a standard thallium (!) ılitrate solution using the 
same electrode (coated Al) for the indication of the 
end-point91 . 

A PVC matrix membrane eleetrode in an all-solid
statc graphite-epoxy support allowed for the titra
tion of anionic surfactants at concentrations dovvn to 
ıo-5 M with an average value of potential jump of 
140 mV69. 
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CONCLUSION 

In his recent book, Schrniıt states31: "Today's sur
factant-sensitive electrodes suffer from response 
which varies from day to day, and even from hour to 
hour". This explains that, in most cases, !hey have 
been used as indicators of !he end poin! of vol
urnetric titrat:ions rather than in direcl measurements 
·elating potent:ial to concentration. In potent:iornetric 
itrat:ions, it is only importanı that !he electrode 
;hows a high potential jurnp at the end point. Thanks 
~o commercially available autornated t:itrators, im
proved surfactant-sensitive electrodes and specially 
designed titrating agents, the potentiometric titra
tions of surfactant can fulfill nurnerous pract:ical 
needs encountered in industrial and environmental 
surfactant analyses98. A few years ago, !he po
tentiornetric method has been adopted as standard 
analysis in the United States32. Thus !he potentiom
etry of surfac!ants has been undoubtedly validated. 

As stated by Schmitt31: "lt is not aa impossible dream 
!hat !he electrochemical procedure for surfactant de
terminat:ion, as well as pH measuremenl, will consist 
of dipping an electrode into the test solution, meas
uring the electrode potent:ial, and converting the po
tential dala to a concentration value". This review 
adresses this statement by showing some successful 
trends in the area of direct potent:iometric mea
suremets using ISEs. 

Operation of ISEs relies on !he Nernst equation or, 
more precisely, on the Nikolsky-Eisenman equation 
which takes into account the facı !hat ISEs are not 
100% specific but ralher more or less select:ive to a 
given ionic species. This explains why trends in the 
use of ISEs are currently directed towards their use 
as detectors combined to high performance liquid 
chromatography75 capillary electrophoresis99 and in 
flow injection analysis89,I00,101. 
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