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Subcritical water for the desorption of 2-chlorophenol
in on-line solid-phase extraction—-HPLC analysis
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The on-line solid-phase extraction and HPLC analysis for the determination of 2-chlorophenol is based on analyte desorption with
subcritical water, the subsequent effluent cooling and analyte focusing at the beginning of a chromatographic column.

Reversed-phase HPLC (RPLC) analysis is often coupled on-line
with solid-phase extraction (SPE). The increase in sensitivity is
complicated by so-called peak broadening, which reduces RPLC
separation efficiency.!> Subcritical water (SW), i.e., water heated
to 100-300 °C under pressure sufficient to keep it liquid, can be
used as an eluent to perform RPLC separation (SW-RPLC).3-
Its elution strength at 200-250 °C is comparable to that of pure
acetonitrile.> SW is rarely used for SPE,”-!0 especially, for the
on-line coupling of SPE and HPLC.

Chlorophenols are priority environmental pollutants. We used
2-chlorophenol (CP) for the optimization of SPE and SW desorp-
tion conditions. We optimized'! conditions for the quantitative
SPE of eleven phenols from US EPA list (including CP) on
a Strata-X sorbent (chemically modified polystyrene—divinyl-
benzene).

CP was extracted from a 10 ml aqueous sample on an SPE
column packed with Strata-X. After SPE extraction, the oven
was heated to 150-200°C and water was pumped through the
SPE column at a constant flow rate. The effluent was collected
in 0.5-1.5 ml fractions, which were analyzed by RPLC.

Temperature is the most important parameter governing the
desorption of analytes with SW. Phenols were separated!? by
SW-RPLC at 100-200°C, and we studied the desorption of CP
in this temperature range. The SPE column was conditioned with
5 ml of acetonitrile and 5 ml of deionized water. Then, 10 ml of
an aqueous solution of CP was passed through the column at
1 ml min~'. After that, the water flow was stopped and the oven
was heated for 10 min; next, desorption was performed at a water
flow rate of 0.5 ml min~! (Figure 1). Desorption was not observed

 The device for on-line SPE-HPLC was assembled in-house from com-
mercially available HPLC equipment (for schematic diagram, see Online
Supplementary Materials). It consisted of three Stayer-2 HPLC pumps,
an MS-16 gradient mixer, two automatic injectors, and a UVV-104
UV-visible detector. All HPLC equipment was from Aquilon, Russia.
The device for SW desorption was also assembled in-house. A forced
convection oven from an LKhM-80 gas chromatograph (Khromatograf,
Russia) was equipped with a 1.8 kW heating element. Heating was con-
trolled by a TRM-10 electronic thermostat (Oven, Russia). A P-455
pressure restrictor (Upchurch Scientific, USA) was used to prevent water
from boiling. RPLC separation was carried out on a Luna 5 um CI8
column (4.6 mm i.d.; 150 mm in length) purchased from Phenomenex
(USA). SPE was carried out on a stainless steel HPLC precolumn (3 mm
i.d.; 40 mm in length) packed in-house with a Strata-X polymeric sorbent
(Phenomenex, USA). The gradient profile for RPLC separation was 100%
water at 0 min, then to 30% acetonitrile for 1 min, then from 30 to
60% acetonitrile for 10 min, then from 60 to 100% acetonitrile for 5 min.
Afterwards, the mobile phase composition was returned to initial conditions
for 4 min. Detection wavelength was 275 nm.
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Figure 1 Off-line desorption of CP from a Strata-X SPE column performed
(1) with acetonitrile at room temperature, with subcritical water at (2) 200,
(3) 175, (4) 160 and (5) 150°C. CP was extracted from 10 ml of an aqueous
solution (1.3 mg dm™3).

below 150°C. A minimum analyte peak width was obtained at
200 °C (the peak widths at half-height and at baseline were 1 and
2.5 ml, respectively). Off-line desorption was also performed with
pure acetonitrile at ambient temperature (Figure 1). The peaks
obtained with water at 200 °C and with acetonitrile are similar in
width, although the volume corresponding to a peak maximum
for acetonitrile desorption is 0.5 ml smaller than that for SW
desorption. A further increase in the temperature can result in the
decomposition of either the analyte or the SPE packing; thus,
the on-line experiments were performed at 200 °C.

Figure 1 shows that the volume corresponding to peak maxima
almost linearly increases with decreasing SW temperature. This fact
is in good agreement with published data,® which were obtained
in a range from 50 to 180°C.

The on-line desorption was performed with SW; the effluent
was cooled down to room temperature and passed through a RPLC
column. A 5 ml effluent portion was allowed to pass through the
RPLC column; next, the rest of the effluent was discarded to waste
and the RPLC separation with an acetonitrile—water gradient at
room temperature was started.

Figure 2 represents the resulting chromatograms. CP was
focused at the beginning of the RPLC column as a narrow peak
(half-width of 8.1+0.2 s), which is similar to the peak obtained
with the direct injection of 20 pl of an acetonitrile solution (half-
width of 9.1+0.3 s).

The on-line SPE-RPLC analysis is based on the simultaneous
SPE elution and RPLC separation with the same mobile phase.
A similar experiment was performed: CP was desorbed from the
SPE column with the same gradient program used for RPLC
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Figure 2 (/) On-line coupling of SPE and RPLC via SW desorption at
200°C, (2) direct injection RPLC analysis of 20 pl of acetonitrile solution
of CP, (3) on-line coupling of SPE and RPLC via acetonitrile gradient
desorption. 1.3 pg CP was dissolved in 20 pl of acetonitrile for direct injection
(¢ = 65 mg dm™) or in 10 ml of water for SPE (¢ = 0.13 mg dm™).

analysis. The peak half-width was 20.6+0.5 s, and the retention
time significantly increased (up to 20%) (see Figure 2, curve 3).

However, we faced significant SPE column bleeding when
on-line desorption was performed with SW at 200°C. A blank
on-line SPE-RPLC run was carried out with the SPE of 10 ml of
a deionized water sample and SW desorption. A large number
of extraneous peaks were present in blank chromatograms, thus
complicating the identification of the CP peak. Fortunately, we
have not observed any significant decrease in recovery or gradual
back-pressure rise during 20-30 successive on-line SPE-HPLC
runs. The column bleeding complicates the development of the
technique aimed at the simultaneous RPLC determination of EPA
phenols.

Thus, the proposed procedure increases the effectiveness of the
on-line coupling of SPE and HPLC. It is based on the desorption

of analytes with SW, the subsequent effluent cooling and analyte
focusing at the beginning of the RPLC column. Conditions for
the SW desorption of 2-chlorophenol from Strata X sorbent were
chosen.
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Supplementary data associated with this article can be found
in the online version at doi:10.1016/j.mencom.2011.09.013.
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