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Abstract

Some of the most important anionic, cationic and non-ionic surfactants can be separated by CE, HPLC was used as a
reference. A comparison of both methods with respect to separation efficiency, reproducibility and detection limits is
presented. Linear alkylbenzenesulfonates were analyzed in river water, sewage sludge and laundry detergents. Chromato-
graphic separations on RP-8 columns led to a resolution of alkyl homologues. In CE, determination of the sum was
performed in a pure aqueous buffer. Using electrolytes containing acetonitrile, homologous separation could be obtained.
The addition of a-cyclodextrin allowed the separation of isomers. Aliphatic anionics (alkylsulfonates and -sulfates) could be
determined by HPLC with conductivity detection and CE with indirect UV detection. Various chromophores like salicylate or
dodecylbenzenesulfonate and organic modifiers were compared. Sodium dodecyl sulfate could be analyzed in toothpaste.
Important representatives of cationics (quaternary alkyl and benzalkyl ammonium compounds, pyridinium salts) were
separated using direct and indirect UV detection. For electrophoretic separation, high content of organic solvents was
necessary to obtain a sufficient peak resolution. The results of method development were applied to the analysis of
cetylpyridinium chloride in mouth-wash. Non-ionic surfactants of the polyoxyethylene type are separated into ethoxylate
homologues by HPLC on aminosilica columns. CE separation was carried out in electrolytes containing high content of
acetonitrile and SDS and is based on the formation of association complexes between the non-ionic analytes and anionic
surfactants. Chromatograms and electropherograms may be considered as fingerprints of the substance for product control
and to determine the average number of ethylene oxide units of unknown products.
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1. Introduction

Surfactants possess both hydrophilic and hydro-
phobic characteristics, due to the polar head group
and the long-chain alkyl group of the molecule.
Considering the charge of the hydrophilic group,
surfactants can be divided into anionic, cationic,
amphoteric and non-ionic compounds. Their ability
to decrease the surface tension and to form micelles
is the reason for the widespread use of surfactants

*Corresponding author.

especially in detergent industry [1]. After usage, the
surfactants enter surface waters by passing sewage
treatment facilities. They can cause a disturbance of
the ecological equilibrium, due to toxic impacts on
aquatic organisms [2]. Therefore, the determination
of surfactants is important not only for product
control but also in environmental analysis.

The German standard methods specify so-called
*“collective” techniques which provide total contents
of surfactant classes [3]. These methods are not
selective, because they suffer from many interfering
substances and-do not give any information about the
individual homologues. Therefore, specific determi-
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nation techniques became more important. For the
identification of surfactants, IR [4], UV-Vis [5]
NMR [6] and MS [7] are preferred. Potentiometry
with ion-selective electrodes [8] is used for quantifi-
cation. Chromatographic techniques like TLC [9],
GC [10], SEC [11], electrophoresis [12] and HPLC
are efficient separation methods for the analysis of
complex surfactant mixtures. The potential of CE has
been increasingly applied for surfactant separations.

Anionic surfactants are applied mainly for laundry
detergents, cleaning agents, cosmetics and hygienic
products. Linear alkylbenzenesulfonates (LAS) are
the most important anionics. They are present in
commercial formulations as complex mixtures of
C,0—C,, homologues and of positional isomers
resulting from the attachment of the phenyl ring to
the carbon atoms (from the second to the central one)
of the linear alkyl chain.

High-performance liquid chromatography (HPLC)
is currently the most suitable method for the de-
termination of LAS. Ion-exchange HPLC is useful in
identifying surfactant classes but inefficient in
separating individual homologues [13]. Reversed-
phase HPLC permits the resolution of homologues
and isomers, depending on chromatographic con-
ditions. With the use of C,; columns the separation
of LAS isomers was possible [14—17]. The analysis
of LAS using C, columns leads to the separation of
homologues [18-21]. Nevertheless, identification
and determination of surfactants in environmental
samples are often difficult, because the concentration
is low and the matrix is very complex. Therefore,
sample preconcentration and purification are neces-
sary, usually carried out by solid-phase extraction
(SPE) [22,23] or gaseous stripping into ethyl acetate
[24].

Alkylsulfonates and -sulfates are mostly removed
by biological degradation and therefore not so im-
portant in environmental analysis. Nevertheless, the
development of analytical methods is of interest for
product control. Aliphatic anionic surfactants have
been separated by ion-pair chromatography with
indirect UV detection using absorbing co-ions [25-
27] or counter-ions [28]. Separations on anion-ex-
change columns were performed [29]. Using post-
column derivatization, anionic surfactants are trans-
formed into fluorescent substances detectable with
high sensitivity [30]. An alternative detection mode

is conductivity with electrical or chemical suppres-
sion of the background signal [31,32].

Most investigations of surfactant analysis in CE
were started in the field of anionics. Linear alkyl-
benzenesulfonates have been analyzed using borate
or phosphate buffers at pH 7-9, with acetonitrile as
organic modifier [33]. Desbene et al. compared CZE
with MEKC separations of LAS with chain length of
C,-C,, [34]. Separations of alkylbenzenes and its
sulfonates were carried out in buffers with high
organic contents [35]. Determination of LAS in river
water [36] and isomeric separations with cyclodex-
trins were performed [37]. Alkylsulfonates have been
separated using indirect UV detection in benzoate
and naphthalenesuifonate electrolytes [38]. The addi-
tion of Mg®>* leads to a better peak resolution of
various anionics [39]. Sodium dodecyl sulfate was
determined in water using benzoate as absorbing
buffer [40]. Furthermore, naphthalenemono-, di- and
trisulfonates have been applied as chromophores
[41].

Cationic surfactants are used in a variety of
industrial and consumer applications, e.g. disinfec-
tants, antistatic agents, foam depressants, cosmetics,
and textile softeners.

By far the most promising and convenient method
for industrial and environmental analysis of cationics
has been HPLC. Quaternary ammonium compounds
were separated commonly by ion-pair chromatog-
raphy with non-polar stationary phases and Cl1~ and
ClO, as counter ion [32,42]. Direct UV and sup-
pressed conductivity detection were used. For in-
direct UV detection of non-absorbing compounds,
chromophoric eluents were applied [26,43]. The
application of ion-exchange columns has been re-
ported [44]. Several authors separated cationic sur-
factants on a cyan-amino-bonded silica column with
a non-aqueous mobile phase and direct conductivity
detection [45,46].

The analysis of cationic surfactants by CE is
problematical because of the strong adsorption of
these substances at the inner surface of the fused-
silica capillary. Nevertheless, the addition of organic
modifiers in large amounts helps to overcome this
problem. Quaternary alkyl and benzalkyl ammonium
compounds are separated using 50% THF as organic
modifier [47]. For indirect detection, benz-
alkyltrimethylammonium chlorides were used as
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absorbing buffer components. For the separation of
surfactant herbicides like paraquat, alkaline salts
were used to reduce wall adsorption [48].

Polyoxyethylene-based nonionic surfactants have a
statistic homologous distribution of ethylene oxide
units. Alcohol ethoxylates (AEO), the most impor-
tant nonionic surfactants, are two-dimensional
homologous mixtures: both length of alkyl chain and
number of ethylene oxide units are varying. AEO are
used commercially in laundry detergents, cleaning
agents, cosmetics, herbicides. Alkylphenol poly-
ethoxylates (APEO) are applied in octyl- and nonyl-
phenol types (OPEO, NPEO). The application of
APEO in laundry detergents was restricted because
of insufficient biological elimination with toxic
metabolites [2]. They are used in the flotation of ore
minerals, mineral oil hauling and as auxiliary sub-
stances in textile industry, dye and varnish pro-
duction.

Performing HPLC on non-polar columns, non-
ionic surfactants are separated according to alkyl
chain length [49-51]. A wide variety of polar
stationary phases is applied for the separation of
ethylene oxide homologues [52-58]. Alcohol poly-
ethoxylates have been derivatized before analysis by
reacting  with  3,5-dinitrobenzoylchloride  or
phenylisocyanate {51.59].

Non-ionics are only infrequently investigated by
capillary electrophoresis {60]. The electrophoretic
separation of neutral molecules requires the applica-
tion of an ionic additive to form a pseudophase.
Sodium dodecy! sulfate (SDS) is commonly used in
micellar electrokinetic capillary chromatography
(MECC). Hydrophobic analytes are difficult to re-
solve in MECC owing to their low solubility in water
and high partition coefficients into the micellar
phase. With the addition of organic modifiers in
concentrations higher than 20%, analytes are solubil-
ized and the micelle formation will be inhibited. The
interaction between nonionic analytes and surfactants
is called solvophobic association [61]. Separation is
based on differences in the strength of analyte—
surfactant association complexes, which results in
differences in effective electrophoretic mobilities.
This mode of CE is useful to separate mixtures of
nonionic surfactant homologues containing a hydro-
phobic alkyl chain.

In this paper, the authors report on the separation

Table 1
Investigated compounds

Linear alkylbenzenesulfonates

Naso,—~O)—R

R=CyHazne1, n=10-13

Alkylsulfonates NaSQ,— (GH,);—CH,

Alkylsulfates NaSO;—0—(CH,)—CH,

CH,
CHs—N=(CHo)—CHy
R

Quaternary alkylammonium salts

R=CHj, CeHs

O¥—cH)—CH,
R—@—O—(CHQ-CHTO),.—H

R=CgHy7, CgHig, n=2-100

Alkylpyridinium salts

Alkylphenol polyethoxylates

of some representatives of anionic, cationic and non-
ionic surfactants (Table 1) by CE and HPLC. The
influence of the separation conditions is discussed; a
comparison of CE and HPLC is presented. Environ-
mental and household samples are analyzed.

2. Experimental
2.1. Apparatus

2.1.1. High-performance liquid chromatography
For the separation of surfactants with UV de-
tection a Beckman (Palo Alto, USA) System Gold
consisting of a 126 programmable solvent module,
an injection valve with 20 w1 loop and a 168 diode
array detector module was used. Data acquisition
was performed on an IBM-PC with Beckman System
gold software. The column thermostat (set at 25°C)
was from WO Electronics (Vienna, Austria). The
detector was set at 225 nm (LAS), 214 nm (cationic
surfactants) and 277 nm (non-ionics). Separations of
ionic surfactants were performed on a C, column,
250X4,6 mm (Beckman). Nonionics are separated
using a NH, column 250X4 mm, (Macherey-Nagel,
Diiren, Germany). Elution was carried out in iso-
cratic or gradient mode with a flow-rate of 1 ml/min.
Separation of aliphatic anionics using conductivity
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detection was performed on a Bischoff IonChem
2000 (Leonberg, Germany). Prior to use the prepared
cluents were degassed in an ultrasonic bath for 5 min
under vacuum.

2.1.2. Capillary electrophoresis

CE was performed on P/ACE 2050 and 5510
systems (Beckman), monitored by an IBM PC using
Gold software (Beckman). The UV detector was set
at 200 nm for direct and 214 nm for indirect
detection. Injections (at the anodic end) were per-
formed in the pressure mode and the injection time
was set at 5 or 10 s. Fused-silica capillaries of 57 cm
length (50 cm to the detection window)X75 um LD.
were used (CS Chromatographie Service, Langer-
wehe, Germany). Operation voltage was 20 kV.

2.2. Chemicals

All substances used were of analytical grade,
organic solvents of HPLC grade. Na,HPO,,
NaH,PO,, Na,B,0,, H,BO,, HCIl, NaClO,, acetic
acid and sodium acetate were from Laborchemie
Apolda (Germany). Organic solvents for CE (metha-
nol, acetonitrile, ethanol, propanol, 2-propanol, tetra-
hydrofuran) were obtained from Merck (Darmstadt,
Germany). Methanol, acetonitrile, 2-propanol and
n-hexane for HPLC were from Roth (Karlsruhe,
Germany). UV active buffer substances for CE with
indirect detection were obtained from Merck. So-
dium dodecyl sulfate was supplied by Merck, other
sulfates and sulfonates by Sigma (Deisenhofen,
Germany). Cyclodextrins were used as received from
Fluka (Neu-Ulm, Germany). Buffer solutions and
mobile phases were prepared using triply distilled
water.

2.2.1. Anionics

Marlon A-390, a commercial LAS product, was
supplied by Chemische Werke Hiils (Marl, Ger-
many). It is a surfactant mixture containing C,,-C,,
homologues and four to six phenyl isomers per
homologue. Pure isomeric standards are also ob-
tained from Hiils. The household detergent ‘‘Spee
gekomt” was produced by Waschmittelwerke Genth-

Table 2
Composition of nonionic surfactant mixtures

Alkyl chain Average ethyleneoxide
length units

Igepal CA-720 8 12

Triton CF 10 8 ?

Prawozell N 5,5 9 5,5

Prawozell N12 9 12

Prawozell N 20 9 20

Priwozell N 30 9 30

Priawozell N 55 9 55

in (Germany) and “Spee’” was from Henkel, Diissel-
dorf/Genthin (Germany). Water samples from Ger-
man rivers were preserved with HNO, to prevent
further microbial degradation and stored at 4°C.
Filtration was carried out to remove solids. 1000 ml
of each water sample were prepared by SPE accord-
ing to [33]. Extraction cartridges (RP 18, 400 mg
and SAX, 500 mg) were obtained from Bakerbond
(Phillipsburg, USA). Sewage sludge was investigated
by extracting 2 g with 100 ml methanol and NaOH at
70°C for 2 h.

Alkylsulfonate standards were obtained from
Sigma; TEEPOL HB 7, a mixture of secundary alkyl
sulfates, was from Aldrich (Steinheim, Germany).
The toothpaste ‘‘Mentadent intensive’” (Elida Gibbs,
Hamburg, Germany) was analyzed.

2.2.2. Cationics

Cetylpyridinium chloride, alkyl benzyl di-
methylammonium chloride (*“‘Benzalkoniumchlo-
rid”) and dodecyl-, tetradecyl-, hexadecyl- and
octadecyltrimethylammonium bromides were ob-
tained from Sigma. The mouth-wash *““Odol med
Zahnfleisch aktiv” (Lingner and Fischer, Germany)
was analyzed without any preparation.

2.2.3. Nonionics

The compositions of the surfactants mixtures used
are shown in Table 2. Igepal CA-720 was supplied
by Aldrich. The APEO Priwozell N5,5, N12, N20,
N30 and NS5 were of technical grade from BUNA
AG (Schkopau, Germany). Triton CF 10 was ob-
tained from Fluka.
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3. Results and discussion
3.1. Anionic surfactants

3.1.1. Linear alkylbenzenesulfonates

In former investigations LAS have been analyzed
using HPLC and CE [37]; a comparison of both
methods was presented. With HPLC on RP columns
with lower chains a separation of homologues is
easily possible; on C,; columns an isomer separation
within groups of the same chain is achieved. Per-
forming CE in aqueous buffers, the sum of LAS can
be determined. In buffers containing >20% acetoni-
trile a separation of homologues takes place, above
30% acetonitrile the well separated 2-C isomer can
be detected. With the addition of a-cyclodextrin a
complete separation of isomers is possible.

In the following, applications of the developed
methods for the separation of LAS are presented.
The quantification is based on external calibration
using the technical product Marlon A-390 containing
89.5% LAS.

Determination of the sum

The laundry detergents *‘Spee gekornt” produced
in 1985 and “Spee” manufactured in 1994 have
been compared with respect to LAS content: the
former produced product contains 24.8%, the new
detergent only 16.9% where a part of LAS has been
replaced by nonionic surfactants.

Homologous separation

HPLC and CE were used for the analysis of
environmental samples. LAS homologues in river
water were separated after 1000-fold preconcentra-
tion and a sewage sludge was analyzed after metha-
nolic extraction. The electrophoretic separations are
presented in Fig. 1, the results of quantification are
listed in Table 3. The differences between the
surfactant contents determined by HPLC and CE can
be explained by the higher RSD of CE, the lower
detection limit and the overlapping of LAS peaks
with disturbing components in case of the sludge
sample.

Isomeric separation
LAS separation into constitutional isomers was
performed using «-CD. It was assumed, that only the

absorbance
0,006

0,002

1 3
t{min)
Fig. 1. Determination of LAS in environmental samples by CE:
(A) river Elbe, (B) sewage sludge, bufter: 100 mM phosphate pH
6.8, 30% (v/v) acetonitrile.

alkyl chain is included into the hydrophobic cyclo-
dextrin cavity. To establish theoretical foundations,
pure isomers were investigated. Separating a
homologous mixture of 2-C isomers (Fig. 2A), the
compounds with longer alkyl chains migrate faster to
the detection end due to lower electrophoretic
mobility toward the anode. Furthermore, the hydro-
phobic interactions of the relatively non-polar long
chains with the CD phase are stronger than that of
the shorter homologues. In Fig. 2B the separation of
an isomeric mixture of the Cl1 homologue is
presented. The more the phenyl ring position
changes from the end to the center of alkyl chain, the
longer the migration time of the isomer towards the
detector. The 6-C isomer reaches the detector at last
because of lower interaction with CD, due to the
shorter alkyl chain (twice six carbon atoms at the
phenyl bonded C) and therefore lower hydropho-
bicity. Another fact is the handicapped inclusion by
sterical effects.

The pure isomers are used for the peak identifica-
tion in Marlon A-390. Fig. 3 shows the elec-
tropherogram. Because of the overlapping of
homologous series no identification from theoretical
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Table 3
Determination of LAS in environmental samples
HPLC CE
River water (Elbe) 1173 pg/l: 6.7% C,, 103 ug/l: 6.2% C,,
35.8% C,, 39.9% C,,
43.6% C,, 43.8%C,,
13.9% C,, 10.1% C,,
Sewage sludge 2.39 mg/g: 4.6% C,, 227 mg/g: 44% C,,
27.8% C,, 32.9% C,,
433%C,, 40.4% C,,
243%C,, 223%C,,
HPLC: 0.1 M NaClO,—methanol (20:80), CE: conditions are described in Fig. 1.
considerations was possible. Table 4 presents the absorbance (AU)
peak assignment from addition of the isomer stan-
dards to the product. The 4-C,,, 6-C,,, 5-C,, and s
7-C,, isomers are not available; therefore identifica- 0008 I 8 ,
. * 0
tion could only be supposed.
7
3.1.2. Aliphatic anionics i X
To analyze the non-absorbing alkylsulfonates and 3 12
-sulfates by HPLC, conductivity detection was car- 0.006 |- 13
12
absorbance (AU) ‘ ‘ / U
3c  6C
0,015 — "
) 2-C . i t (min)
r Fig. 3. Isomeric separation of 0.12 g/] Marlon A-390, conditions
1-C as in Fig. 2.
0010}
ried out using a mobile phase providing a low basic
. ) ) ] , signal. In CE, indirect UV detection was performed
& 8 1 12 using absorbing organic buffers. Fig. 4A presents the
0,014 C1t
c12 c10 Table 4
Identification of isomers in Marlon A-390
C13
o012 | ®) Peak number Isomers (identified) Isomers (supposed)
1 2-C,,
2 3C,,
soro |- l 3 2C,,
4 4C,
5 3C,, 5-C,,
W WP 6 2-C,, 5-C,,/4-C,,
0,008 sk ,J.,J . 7 5-C,,/4-C,,
6 s m 8 3-C,,/6-C13 4C,,
t (min) 9 4C,,/2-C ,/5-C,, 7C,,
Fig. 2. Separation of pure LAS isomers using a-cyclodextrin: (A) 10 3Cho 6-Co/7C,
O SEREATOT : i} 5-C,,/4-C,, 6-C,,/7-C,,
separation of all isomers of the C,, homologue, (B) homologous 12 6-C 2 ’
separation of 2-C isomers, buffer: 100 mM phosphate pH 6.8, 15 3 S-C”
- I 1]

mM «a-CD, 20% (v/v) acetonitrile.
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absorbance
0.002 M
0,000
C13
-0,002 C1
-0.004} (A)
c9
ooy c11
-O'uos i 1 1 it Cl1 0
[} 2 4 ] a
-0,008|
0,010
-0,015F
0,020 ®
0,025 C14l c10 cs
Cc18
0,030 c12
C16
8 10 2 4
t (min)

Fig. 4. Separation of aliphatic anionics by CE: (A) 2 g/l TEEPOL
HB 7 (alkylsulfates), buffer: 20 mM salicylate pH 6, 30%
acetonitrile, (B) alkylsulfonates, sample size: 1| mM each, buffer:
S mM dodecylbenzenesulfonate, S mM phosphate pH 6.8, 30%
acetonitrile.

Table 5

287

separation of TEEPOL HB 7, a mixture of alkyl
sulfates, in a salicylate buffer. Electrophoretic be-
havior is affected by nature and concentration of the
electrolyte and the content of organic modifier which
was used to achieve baseline resolution. Table 5
shows the influence of various electrolytes and
organic modifiers on peak resolution and migration
time.

To improve peak shape in indirect detection,
chromophores possessing a similar electrophoretic
mobility as the analytes have to be used. Technical
linear alkylbenzenesulfonate was supposed to comp-
ly with this condition; it was applied for the sepa-
ration of alkylsulfonates presented in Fig. 4B.

To compare HPLC with CE, the analysis of .
sodium dodecylsulfate in toothpaste was performed
(Fig. S); quantitative results are listed in Table 6.

3.2. Cationics

The HPLC separations were carried out by ion-
pair chromatography using C1~ as counter ion. In
CE, cationic surfactants were separated in buffers
containing high contents of organic modifier to
prevent adsorption of the analytes at the inner
capillary surface. THF was found to provide the best
peak resolution in acceptable analysis time. Fig. 6A

(A) Influence of increasing acetonitrile content in various buffers (each 5 mM, pH 6) on peak resolution R, of alkyl sulfates and (B)
Influence of increasing content of various organic modifiers in a 5 mM salicylate eleactrolyte (pH 6) on peak resolution R, of alky! sulfates

(A) Acetonitrile (%) R,
Salicylate p-Hydroxybenzoate Phthalate Benzoate
0 0.23 0.73 0.60 0.39
10 0.39 1.01 0.63 0.54
20 0.63 1.07 0.79 0.65
30 0.80 1.38 0.97 0.73
40 0.89 1.68 1.34 1.11
(B) Organic content (%) R,
Methanol Ethanol Propanol 2-Propanol
0 0.23 0.23 023 0.23
10 0.61 0.38 0.49 0.60
20 0.81 0.90 0.62 0.95
30 0.83 1.17 1.14 1.37
40 1.00 2.62 - 1.40
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conductivity
Ax (nS/cm)

)

SDS

10

o

2 4 6 8 10 12 t (min)
absorbance (-AU)
0,010 _ o
SDS
(B)
0005 |
0,000
-0,005 |
i 1 1 1
0 2 4 [ 8

t (min)

Fig. 5. Determination of SDS in toothpaste: (A) HPLC, eluent: 1
mM sodium acetate—methanol (30:70), (B) CE, conditions as in
Fig. 4B.

shows the separation of benzalkyl compounds (ben-
zalkonium chloride).

For the determination of substances without chro-
mophores an absorbing buffer component is neces-
sary to carry out CE with indirect detection. Best
separations could be obtained using benzyltrimethyl-
ammonium chloride. Because of the differences in
electrophoretic mobilities of the slow moving surfac-
tants and the faster moving absorbing buffer com-
ponent a peak tailing resulted. The addition of SDS
leads to an improvement of peak resolution due to
the formation of ion pairs. Alkyltrimethylammonium
compounds have been separated (Fig. 6B).

HPLC and CE were compared with respect to
separation efficiency, reproducibility (in terms of

absorbance
Cc12
0,010 |- (A)
\ C14
0,005 |-
Cc16
5 110 1I5
0,005
c18
0,010 | c18
| (B8
Cc14
c12
110 ’ 15

t (min)

Fig. 6. Separation of cationic surfactants using CE: (A) 0.2 g/]
benzalkonium chloride, buffer: 50 mM phosphate pH 6.8, 55%
(v/v) THF, (B) each 1 mM alkyltrimethylammonium bromides,
buffer: 50 mM phosphate pH 6.8, 5 mM benzyltrimethylammon-
ium chloride, 3 mM SDS, 50% (v/v) THF.

RSD) and limit of detection (LOD) using the
analysis of cetylpyridinium chloride (CPC) in
mouth-wash (Table 7); the separations are presented
in Fig. 7. Acetonitrile was used as buffer additive in
CE to obtain as well a sufficient resolution of CPC
from other sample components as a short analysis
time.

Table 6
Comparison of HPLC and CE using the determination of SDS in
toothpaste

HPLC CE
Results of quantification (mg/1) 7.78 7.69
Correlation coefficient 0.9988 0.9980
Reproducibility in terms of RSD (%) 0.53 9.65
Limit of detection (mg/1) 460" 84-10 °

Conditions are described in Fig. 5.
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Table 7
Comparison of HPLC and CE using the determination of CPC in
mouth wash

HPLC CE
Results of quantification (mg/1) 3379 3264
Correlation coefficient 0.9994 0.999
Reproducibility in terms of RSD (%) 3.54 6.12
Limit of detection (mg/1) 7-107° 7.3-107*

Conditions are described in Fig. 7.
3.3. Non-ionics

In HPLC separations of APEO “‘Priwozell N”
were performed with regard to ethylene oxide homo-
logues (Fig. 8). Substances are cluted in order of
increasing number of EO groups because of increas-
ing interaction with the polar stationary phase.

Fig. 9 shows the CE analysis of these compounds
using SDS to provide a charged pseudophase and
high contents of organic solvent (acetonitrile), which

absorbance (AU)

0,006~

0,002} V
0,000 JJ
1 1 L 1 1

0 2 4 8 8 10 12 14

-

r CPC

0,008 l‘

— 1 - 1

[} 2 4 [ 8
t (min)

Fig. 7. Determination of CPC in mouth wash: (A) HPLC, eluent:
0.02 M HCl-acetonitrile (50:50) in 15 min to 20:80, (B) CE,
buffer: 50 mM phosphate pH 6.8, 50% acetonitrile.

absorbance (AU)

0,020
0,015

n=55

0,010
0,005
0.000 PR 1 1

0 10 20 30
0,008
0,006
0,004 Ub\M n=12
0,002
0,000
ez m I T
1o} |
08
gi M}\/\A}\M e
02
0.0 I 1 A . 1

0 20 40 60 80

| iy
oo w\w WLM n=30

- J N“"'J‘JL'\/\J’&M\W U\f\ J‘ Nv U \ J

: : M{\JWWM\ n=55

ol WMWW\MN\A[\J

00 " 1 . 1 1 el —

Fig. 8. HPLC separation of nonylphenol polyethoxylates
(‘Prawozell‘), eluent: n-hexane—2-propanol (9:1) in 100 min to
2-propanol-water (9:1).

is known to inhibit micelle formation in concen-
trations higher than 20%. Ethylene oxide homo-
logues partition between organic and SDS phase in
dependence on hydrophobicity. The homologues
with less EO groups interact stronger with SDS than
the more polar highly ethoxylated compounds.
Therefore, migration order in CE is reversed com-
pared to eclution order in HPLC: nonionics are
detected in order of decreasing number of EO
groups. The content of acetonitrile necessary to
achieve a homologous separation depends on the
average EO number. For a sufficient peak resolution
of the EO 12 a higher organic content has to be
applied than for the separation of EO 55.

CE determination of APEO can be used for
product control due to the dependence of migration
time on average number of ethylene oxide units,
Furthermore, unknown substances can be identified
with respect to alkyl chain length and EO numbers
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Fig. 9. CE separation of nonylphenol polyethoxylates
(‘Prawozell‘), buffer: 10 mM phosphate pH 6.8, 70 mM SDS,
acetonitrile content see figure.

comparing the peak pattern with known APEQ. Fig.
10A shows the electropherogram of Igepal CA-720,
an octyl-PEO with 12 EO groups in average; 10B
shows the separation of Triton CF 10 (degree of
ethoxylation not specified). From the similarity of
the electropherograms could be established, that
Triton CF contains also 12 EO groups.

Electrophoretic separation of APEO provides
sufficient sample information in short analysis time
(decision on alkyl chain length and estimation of
ethylene oxide number). The main advantage is the
possibility to change the buffer composition easily in
order to optimize separation conditions. For the
analysis of complex mixtures of non-ionics {e.g. in
environmental samples) HPLC is to be preferred. A
comparison of both methods with regard to quantifi-
cation is presented in Table 8.

(A)

)

|

L i L
15 20
t (min)

Fig. 10. Comparison of (A) Igepal CA-720 and (B) Triton CF 10
to estimate the ethylene oxide number, buffer: 10 mM phosphate
pH 6.8, 70 mM SDS, 35% acetonitrile.

4. Conclusions

CE provides a high-resolution separation of a large
number of compounds in a small sample volume. A
rapid method development is possible by changing
the electrolyte composition easily. These advantages
increasingly have been used for surfactant analyses.

Linear alkylbenzenesulfonates could be deter-
mined in technical products and laundry detergents
as well as in environmental samples. The application
of CE to the direct and indirect analysis of anionic
and cationic surfactants without sample preparation
is possible.

The high efficiency of CE in the separation of
ionic surfactants could not be achieved for non-
ionics because of the complexity and lack of charge.
In this case, chromatographic techniques are superior
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Table 8
Comparison of HPLC and CE in analysis of non-ionics

HPLC CE
Correlation coefficient 0.9998 0.998
Reproducibility of peak area in terms of RSD (%) 5.16 4.45
Reproducibility of separation time (%) 0.92 1.42
Limit of detection (mg/1) 36.6 100

Conditions are described in Figs. 8,9.

to CE. Another drawback is the higher detection
limit compared to HPLC.
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