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Abstract

Solid-phase microextraction coupled with high-performance liquid chromatography (SPME—HPLC) and fluorescence
detection was used to determine an acohol ethoxylate (Brij 56) and 1-hexadecanol in water samples. Determinations were
achieved by extraction with polydimethylsiloxane—divinylbenzene (PDMS-DVB) SPME fibers and pre-column de-
rivatization with 1-naphthoyl chloride in the presence of 4-(dimethylamino)pyridine (DMAP) as catalyst. Variables such as
time of reaction and concentration of surfactant in water were evaluated. The limit of detection of the method was found to
be 0.1 mg/l of Brij 56. [0 1998 Elsevier Science BV. All rights reserved.
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1. Introduction

Non-ionic surfactants are used worldwide as de-
foamers, emulsifiers and in some pesticide formula-
tions. In 1994, the consumption of surfactants in
United States, Western Europe and Japan was esti-
mated to be five million metric tons. An estimated
500 000 tons per year of akyl phenol ethoxylates
(APEOS) are currently used worldwide [1]. However,
due to their poor biodegradability their use will be
phased out by the year 2000 [2]. As aresult, acohol
ethoxylates (AES) will be the most important surfac-
tants used [3].

Analysis of non-ionic surfactants has been well
documented [2,4,5]. Extraction of surfactants from
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aqueous solutions is achieved by solvent sublation,
liquid—liquid extraction, solid-phase extraction, pre-
cipitation, dialysis or solid-phase microextraction
(SPME) [6].

Non-ionic surfactants may be detected by refrac-
tive index detection [7], flame ionization detection or
evaporated light scattering detection (ELSD); how-
ever poor sensitivity is obtained in al cases. The
presence of the benzene ring in the APEO alows
detection by UV absorbance and by fluorescence
detection [8]. In contrast AEs require derivatization
prior to detection by UV or fluorescence. Our aim is
to determine non-ionic surfactants by SPME-high-
performance liquid chromatography (HPLC) using
fluorescence detection.

A review of derivatization procedures is given by
Marcomini and Zanette [4]. Nozawa and Ohnuma [9]
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used 3,5-dinitrobenzoyl chloride on a large scale; no
limit of detection was reported. A reasonable limit of
detection (0.05 mg/l) was obtained by using a
polyaromatic derivatizing compound such as 1-an-
throylnitrile [10], which unfortunately is not com-
mercially available. The limit of detection using
1-naphthoyl isocyanate (NIC) was 5 ng and with
1-naphthoy! chloride (1-NC) was 10 ng.

SPME-HPLC was first used to analyze polycyclic
aromatic hydrocarbons [11] and alkyl ethoxylate
surfactants [6]. A review is given by Eisert and
Pawliszyn [12]. Derivatization—SPME—gas chroma-
tography (GC) has been described for polar analytes
such as carboxylic acids [13,14], haloacetic acids
[15] and phenols [16]. So far, derivatization—SPME—
HPLC has not been reported. The aim of this work
was the determination of AEs (Brij 56) in water
samples by means of derivatization—-SPME-HPLC
with fluorescence detection. For this purpose, in fiber
on-line derivatization of the alcohols with 1-NC was
performed.
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2. Experimental
2.1. Instrumentation

The HPLC system consisted of a Varian 9050
autosampler, a Varian 9010 gradient pump and a
Linear Instruments LC 304 fluorescence detector.
The system was coupled to the SPME—HPLC inter-
face (Vaco valve, internal volume 60 wl, Supelco,
Bellafonte, USA) by connecting the autosampler
vave (vave 1) in series with the SPME-HPLC
system (Fig. 1). In order to avoid overloading the
detector with an excess of reagent, a three-port valve
(valve 3) was placed between the column and the
detector. This valve was opened at the beginning of
the HPLC run to allow excess reagent to be dis-
carded.

An ODS-Zorbax column (250 mmXx4.6 mm, 5
pm particle size) and an ODS-Zorbax guard column
(4.6 mmx1.25 cm) were used. The elution program
was as follows; 60% A for 10 min, ramped to 95% A
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Fig. 1. SPME-HPLC with on-line derivatization system schematic.
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a 10 min and 95% A thereafter. Phase A was
methanol and phase B was water—acetonitrile
(30:70). The flow-rate was 2.0 ml/min. Detection
was a A, =228 nm and A, =366 nm.

2.2 Materials

Brij 56 [C,qH43(OCH,CH,),,OH], 1-hexade-
canol, 1-NC and DMAP were obtained from Aldrich
(Milwaukee, WI, USA) and used as received. All
solvents used were HPLC-grade or better. Deionized
water was used in al agueous samples. SPME fibers
(60 pm film thickness polydimethylsiloxane—di-
vinylbenzene; PDMS-DVB) were purchased from
Supelco (Bellafonte, PA, USA) and conditioned by
successively immersing them for 1 h in 4 ml of
stirred acetonitrile, methanol and mobile phase B.
Stock standards were prepared by weighing the
appropriate standards (1-hexadecanol or Brij 56) and
dissolving in pyridine, water or acetone.

2.3 Derivatization

2.3.1. Reaction in organic solvent

Derivatization reactions were first tested on a
relatively large scale in organic solvents. Solutions
of nominal concentrations of 68 g/| of Brij 56 or 24
g/l of 1-hexadecanol were placed in round bottom
flasks and approximately 0.01 g of DMAP was
added to each followed by the equivalent of a 4:1
molar ratio of 1-NC to active hydrogen. The solu-
tions were stirred at 80°C for 24 h. Aliquots were
taken at 1, 5, 15, 30, 60 min and 24 h and diluted
with acetonitrile. The solutions were injected (20 wl)
into the HPLC system. Derivatization was carried
out in the presence of DMAP at 22, 36 and 80°C and
for 1-hexadecanol in the absence of DMAP at 80°C
as well. Product formation was confirmed by GC—
mass spectrometry (MS).

For external calibration, aliquots of Brij 56 solu-
tion in acetone were made in the concentration range
from 0.2-500 mg/l. Five hundred wl of a pyridine
solution containing 2.5 mg 1-NC and 0.5 mg DMAP
were added to each via, and the reaction was
allowed to take place at 80°C for 2 h. Five hundred
wl of acetonitrile were added to each vial, the
solutions were injected into the HPLC system.

2.32. SPME—derivatization in the interface (on-
line derivatization)

Solid-phase microextractions were performed by
exposing the fiber to stirred solutions of Brij 56 (6.0
ml) for 1 h. The fiber was then air-dried in the
headspace for 5 min and transferred to the SPME—
HPLC interface previoudy filled with a pyridine
solution containing 500 mg/l of each DMAP and
1-NC; this solution was delivered by means of an
HPLC pump connected to valve 2 in position B.
After reaction, valve 2 was switched to position A
for 2 min to inject the sample and valve 3 to position
B for the first 5 min to reject excess derivatizing
reagent. Experiments to determine the effect of
reaction time were performed by analyzing 10 mg/|
solutions of Brij 56 in deionized water.

In order to study product formation as a function
of concentration, agueous solutions containing 0-10
mg/l of Brij 56 were extracted for 60 min and
derivatized for 30 min.

The dependence of adsorption and derivatization
processes of Brij 56 on the concentration of 1-
hexadecanol was evaluated. Aliquots of 100 mg/| of
1-hexadecanol in acetone were transferred to 7-ml
vials to give a final concentrations of 0—100 mg/I;
the acetone was evaporated by blowing nitrogen. 6.0
ml of 10 mg/l Brij 56 was added to each vial, and
the solutions were mixed for 5 min. Extractions and
on-line derivatization were performed as described
above.

3. Resaults
3.1. Derivatization

3.1.1. Derivatization reaction in organic solvents

The presence of DMAP improved the yield of the
reaction of 1-hexadecanol by four-fold at 80°C.
Moreover, the yield of derivative obtained at 80°C
without DMAP was similar to those obtained at 36°C
and 22°C with DMAP (Fig. 2). Significant product
was obtained after 1 min and did not increase after 5
min (22 and 36°C). The same trend was observed for
Brij 56. In spite of the greater yield obtained at 80°C
with DMAP, reactions in the SPME-HPLC interface
were performed at room temperature so that no
heating device was required.
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Fig. 2. Derivatization of 1-hexadecanol and Brij 56 with 1-NC as functions of time and temperature.

3.1.2. SPME-HPLC derivatization

Derivatization after extraction was chosen in this
work for various reasons. The poor resistance of the
fiber towards 1-NC prevents simultaneous derivatiza-
tion and extraction. Due to the low vapour pressure
of alcohol ethoxylates or their esters, headspace
extraction is difficult to perform. However, the
desorption chamber in the SPME-HPLC interface
allows a static desorption and pre-column derivatiza-
tion. The chosen scheme was therefore extraction of
the analytes from water using the SPME fiber,
followed by derivatization and desorption of the
derivative in the SPME-HPLC chamber.

The partition coefficients of both Brij 56 and its
derivatives from the pyridine to the fiber are small;
therefore the reaction is more likely to occur in the
pyridine and not on the fiber. This necessitated an
excess of 1-NC in the pyridine, which would over-
load the detector. The addition of valve 3 partialy
solved the problem by alowing diversion of the
early-eluting 1-NC to waste.

Reaction in organic solvent showed that the
esterification reaction proceeds at room temperature,
and that the product could be obtained even after 1

min. However, extractions of 10 mg/l of Brij 56
from water followed by reaction in the SPME-
HPLC desorption chamber failed to produce detect-
able product after 1 min. Better results were obtained
by increasing the time of reaction up to 30 min (Fig.
3). Therefore, experiments were performed as fol-
lows; time of extraction 60 min (with stirring), time
of reaction 30 min.

The linearity of the method was determined by
extracting Brij 56 from water over the range of 0.1 to
10 mg/l. The correlation coefficient was 0.991. The
excess of 1-NC was added to the baseline (Fig. 4)
having a negative effect on the limit of detection (0.1
mg/l) and linear dynamic range (two orders of
magnitude). Moreover this may also be responsible
for the somewhat broad peaks observed, due to
modification of the HPLC stationary phase. The
sensitivity of this method depends on several equilib-
ria such as partitioning of the analyte onto the fiber,
desorption of the analyte into pyridine and finally
reaction of the analyte with 1-NC in the presence of
DMAP. Our results indicate that the latter is the
limiting factor in this method. 15—20% of the Brij 56
present in water is extracted by the PDMS-DVB
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Fig. 3. Effect of derivatization reaction time on detector signal.

fiber (as shown by SPME—HPLC of Triton X-100
without derivatization) but only about 1% was
converted to the derivative in these experiments.
Better results could be obtained by heating the
desorption chamber athough deterioration of the
fiber could be expected. The precision obtained from
three replicates was 15%.

3.1.3. Effect of alcohol concentration on on-line
derivatization

Enhancement of the solubility of non-polar com-
pounds in water by surfactants has been documented
[17,18]. Thus, we might expect that non-polar com-
pounds may have an effect on the adsorption prop-
erties of surfactants, and so the amount of surfactant
extracted could vary as the concentration of 1-hexa
decanol varies. Indeed, the presence of 1-hexade-
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Fig. 4. Chromatogram of the 1-NC derivatives obtained by on-line
derivatization of Brij 56 and 1-hexadecanol (10 mg/| each).
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Fig. 5. Extraction of Brij 56 as a function of 1-hexadecanol

concentration. Extraction with PDMS-DVB fiber for 60 min.

On-line derivatization, reaction took place for 30 min. Desorption
2 min.

canol decreased the amount of Brij 56 extracted and
derivatized (Fig. 5). This may occur as a result of
increased solubility of the Brij 56 in water containing
1-hexadecanol, or decreased solubility in the PDMS—
DVB fiber containing 1-hexadecanal. In either case,
it is important to note the dependence of the results
on the presence of surfactants in the water sample.

4. Conclusions

Anaysis of Brij 56 was achieved by SPME
followed by on-line derivatization—fluorescence de-
tection. The high limit of detection (0.1 mg/l) and
narrow linear dynamic range (two-orders of mag-
nitude) are caused by a low esterification reaction
yield and chromatographic problems due to the
excess of derivatizing reagent. However it is evident
that SPME—HPLC with on-line derivatization can be
done.

Thisis a promising method that opens possibilities
in the analysis of primary alcohols and other com-
pounds requiring derivatization for detection. The
main problem at present is deterioration of the fibers.
Detection limits could be improved by the use of
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fibers which are resistant to attack by the 1-NC. We
are currently developing such fibers in our laboratory
which should allow optimization with respect to
temperature and choice of derivatizing agent.

The extraction—derivatization of Brij 56 is inverse-
ly proportional to the amount of 1-hexadecanol
present in the sample. This is important to consider
when environmental samples are analyzed, since it
indicates the adsorption of the analyte onto the fiber
is influenced by the presence of other compounds.
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