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Abstract

In this study, a sorbent flow preconcentration system coupled to amperometric detector for the chloroguaiacol (4-chloro-2-methoxyphen
determination at submicromolar levels is described. The satisfactory selectivity of the proposed method was attained by means of the us
a chloroguaiacol-imprinted polymer, whose the synthesis was carried out by bulk polymerization. Flow and chemical parameters associz
to the preconcentration system, such as sample pH, preconcentration and elution flow rates, concentration of the carrier solution (KCI) -
eluent volume were investigated through multivariate analysis. The flow preconcentration of chloroguaiacol was not affect by equimolar pre
ence of structurally similar phenolic compounds including catechol, 4-chloro-3-methylphenol, 4-aminophenol and 2-cresol, thus showing t
good performance of the imprinted polymer. Under the best experimental conditions, it was obtained a preconcentration factor of 110-fold ¢
low detection and quantification limits of 27 and 78 nmotLrespectively. The analytical curve covered a wide linear range from 0.05 up to
5.0nmol L1 (r>0.999) and satisfactory precision<i8) evaluated by relative standard deviation (R.S.D.) were respectively, 5.5 and 4.2%, for
solutions of 1.0 and 5.@mol L~* chloroguaiacol. Other parameters related to the performance of the flow system were also evaluated incluc
ing concentration efficiency of 27.5 mihand consumptive index of 0.09 mL. Recoveries varying from 93 up to 112% for water samples (tap
water and river water) spiked with chloroguaiacol concentration were achieved, thus assuring the accuracy of the proposed flow preconcentrz
system.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction performance liquid chromatography (HPL{)], sorbent for
solid-phase extraction (SPE)] as well as on the development
Biomimetic materials based on molecularly imprinted poly- of selective electrochemicpd] and optical sensof§]. By now,
mers (MIP) have been widely used as an outstanding and powethe literature has reported a fast growing on the development of
fultool in different field of analytical scienc¢$]. Basically, the  different approaches aiming the preparation and application of
synthesis of the MIP comprises the self-assembly in a porogenigllP for several matrices. However, as far as it is known, the
solvent of a monomer around a template molecule followed bynajority of analytes investigated include amino acids, antibi-
polymerization in the presence of a cross-linking reagent and aotics and herbicides, where few attentions have been devoted
initiator. With the subsequent removal of the template moleculdéor analytes of environmental interest, such as phenolic com-
the polymer provides cavities complementary to the templat@ounds[6—8]. These compounds are present in natural waters
capable to selectively recognize the molecule by means sizand effluents as consequence of many industrial processes and,
functional groups or shape. Due to its selective characteristicgven at low concentration, they have toxic effect on life organ-
MIP commonly has been used as chiral stationary phase for higlisms beyond to give undesirable taste and unpleasant smell in
drinking water and fislf9].
According to literature data, nearly all publications con-

* Corresponding author. Tel.: +55 35 3299 1483; fax: +55 35 3299 1262. Ceming the application of MIP focusing the analyses of phe-
E-mail address: ctarleyquim@yahoo.com.br (C.R.T. Tarley). nolic compounds are related to analytical protocols based on

0039-9140/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2005.10.001



260 C.R.T. Tarley et al. / Talanta 69 (2006) 259-266

solid-phase extraction in an off-line mode as clean-up procetary electrode. The solutions were propelled by using an Ismatec
dure for liquid chromatography and as stationary phase for liquidModel IPC peristaltic pump with silicone tubes. A home-made
chromatography10,11]. The main studies have been directedinjector commutator made of Tefl8n(PTFE, polytetrafluoro

for the following phenolic compounds 2,4,6-trichlorophenol, 4-ethylene) was used to select the preconcentration and elution
nitrophenol, 4-chlorophenol and bisphefibd,12,13]. Indeed, steps. A mini-column (3 cm of length) used for packing the MIP
these methods already developed offer good selectivity and semas made of polyethylene and glass wool was inserted in the
sitivity; however they present some disadvantages, once in thHaoth sides of mini-column in order to prevent loss of the poly-
solid-phase extraction procedures in off-line mode for exammer during preconcentration and elution steps. The actual pH
ple, high consumption of organic solvents are noted while thevalues were determined with a Corning pH/lon Analyser model
instrumentation cost of HPLC is relative high. Therefore, meth-350.

ods based on coupling of the flow preconcentration system with In order to evaluate the morphological characteristics of MIP
amperometric detection using MIP as selective sorbent can ke JEOL JMT-300 scanning electron microscope was used. For
used as an excellent alternative for the development of analytic#his task, the polymer particles surface was covered with a thin
procedures for phenolic compounds determination. This conlayer of carbon and alloy of gold—palladium. The polymers
figuration joins the advantages of flow injection technique asnorphology was acquired using an electron acceleration volt-
well as the relative low cost of the electrochemical instrumentaage of 20 kV. The surface area and the volume of pores were
tion. A flow molecularly imprinted solid-phase preconcentrationobtained by using the BET technique using ASAP 2010 equip-
system coupled to amperometric detection for the phenolic comment (Micromeritics).

pounds determination has not been reported in literature at least

in our knowledge. In this sense, a reliable flow preconcentratioB.3. Preparation of chloroguaiacol-imprinted polymers

procedure with amperometric determination of chloroguaiacol

using MIP as selective sorbent is proposed. The influence offlow The procedure adopted for the synthesis of the polymer
and chemical parameters related to the performance of the flobased on non-covalent approach as well as the experimental
preconcentration system was investigated by usirgyafac-  details have been demonstrated in previous Bk The pre-
tional factorial design and Doehlert desidd]. The usefulness polymerization mixture comprised chloroguaiacol (2.0 mmol)
of the method was evaluated after chloroguaiacol determinatioas template dissolved with 11.0 mL of acetonitrile in a 30 mL

in spiked tap and river water. thick-walled glass tube with 8.0 mmol of 4-vinylpyridine as
monomer. Then, 40.0mmol of cross-linking EGDMA and

2. Experimental 1.5 mmol of AIBN as initiator were added to mixture. The pre-
pared polymer was ground and sieved by passing the milled

2.1. Reagents and standards polymer through a steel sieve to get particle sizes between 106

and 15Qum. After ending this step, the removal of the tem-
For synthesis of chloroguaiacol-imprinted polymers byplate from the polymer was carried out by using methanol/acetic
bulk polymerization it was used the following reagents:acid (4:1 v/v) solution in accordance with previous wtk].
chloroguaiacol as template and 4-vinylpyridine, ethylene glyFinally, the polymer was then dried at 80 and stored at
col dimethacrylate (EGDMA) and 2;2zobis-isobutyronitrile  room temperature for the further udeig. 1 shows the scan-
(AIBN) as monomer, cross-linking reagent and initiator, respecsing electron micrographs (SEM) of MIP prepared by bulk
tively, purchased from Sigma-Aldrich (Steinheim, Germany).polymerization. As expected, the particles have an irregular
Methanol and acetic acid were purchased from Tedia (Rishaped; however, this characteristic does not limit their use
de Janeiro, Brazil). All solutions of chloroguaiacol were pre-for solid-phase preconcentration purposes. Moreover, the par-
pared by using water from a Millipore Milli-Q purification ticles present porous surface, in which play an important role
system. Britton-Robison buffer solution at a concentrationin adsorption process. The respective values obtained for the
of 0.05mol L1 and KCI solution used as supporting elec- surface area and the volume of pores were 32gm and
trolyte/carrier solution were purchased from Merck (Darmstadt0.950 cn¥ g 1.
Germany) used without further purification. In the selectivity =~ The imprinting effect in the MIP was evaluated by prepar-
studies it was employed the following structurally analogue pheing corresponding blank polymers, where the same protocol
nolic compounds: 4-chloro-3-methylphenol, 4-aminophenol, 2described above was employed in the synthesis, but without
cresol and catechol purchased from Sigma-Aldrich (Steinheimaddition of the chloroguaiacol molecule.
Germany).
2.4. Flow preconcentration system
2.2. Instrumentation
Fig. 2displays the schematic diagram of the flow preconcen-
Amperometric measurements were carried out with a potertration system for amperometric determination of chlorogua-
tiostat/galvanostat Autol&b PGSTAT-12 (Eco Chemie B.V., iacol. The preconcentration step was carried out by perco-
The Netherlands) equipped with a wall-jet electrochemical cellating the chloroguaiacol solution at pH 4.69 buffered with
using glassy electrode carbon as working electrode, an Ag/Ag@.05 mol L1 Britton-Robinson solution through 35 mg of MIP
electrode as reference electrode and a platinum wire as auxipacked into a mini-column during 4.0 min at 2.5 mL min At



C.R.T. Tarley et al. / Talanta 69 (2006) 259-266 261

0.004 mol L1Kg) ~ ©ullel 4——

Waste Sample
4— :
A
¥ 3 L
_ Waste Eluent
<
Carrier (0.004 mol L'1KCI )

0.004 mol L KCI outlet

1
Waste I_ Sample

<

y

_Waste L Eluent
| Carrier (0.004 mol L™ KCI)

A

(b)

Fig. 2. Schematic diagram of sorbent flow preconcentration system for amper-
ometric determination of chloroguaiacol: (a) preconcentration position and
(b) elution position. Eluent =methanol/acetic acid (4:1, v/v); L: eluent loop
(400p.L); C: mini-column packed with 35 mg of MIP; WE: working electrode
(glassy carbon); AE: auxiliary electrode (platinum) and RE: reference electrode
(Ag/AgCl).

; without replicates. In this way, in order to analyse which effects

(b) from factors and their interactions that possibly to be con-

Fig. 1. Scanning electron micrographs of chloroguaiacol-imprinted polymefoUnded, the generatbe abcde of the fractional factorial design

with particle size between 106 and 15M: (a) 1500xand (b) 20,000x0f  was employed. These experiments were performed in a random

magnification. order using 10 mL of chloroguaiacol solution at a concentra-
tion of 5.0umol L1, The variables investigated were: sample
pH, preconcentration and elution flow rates, concentration of the

this position, 0.004 mol £ KCl solution used as carrier solution carrier solution (KCI) and eluent volume, whose minimum and

flowed towards the wall-jet electrochemical cell. After this step,maximum levels are summarizediable 1. The final optimiza-

the injector commutator was switched to the elution positiortion of those significant variables was further carried out using

(Fig. 2b), in which 40Q.L of methanol/acetic acid (4:1 v/v) dis- Doehlert design. All data were processed using the STATISTI-

placed from the eluent loop by carrier solution at 1.0mL™in  CAL package program (version 6.0).

flow rate was capable to desorb the chloroguaiacol from MIP.

The methanol/acetic acid solution was chosen as eluent, since it

has been successfully employed to desorb phenolic compoundisble 1

from this kind of MIP[12,15]. All the amperometric measure- Experimental factors and their Ievels_ employed in tﬁel2fr_actional fac_to-

ments were obtained by fixing the oxidation potential at 1.0 Vrlal design for amperometric determination of chloroguaiacol after its flow

(versus Ag/AgCI). In addition, the measurements were recorde?feconcemraﬂon
as peak height, which were proportional to the analyte concerfactors Levels
tration in the sample. (—) Low (+) High
. L pH 1.3 11
2.5. Methodology used for multivariate optimization Preconcentration flow rate (PER) (mL mih) 25 5.0
KClI concentration (mol £1) 0.01 0.3
Initially, the influence of flow and chemical variables Elution flow rate (EFR) (mL min®) 0.5 10

involved in the sorbent flow preconcentration system was inveg=uent volume (EV) (uL) 200 300

tigated by using a2 ! fractional factorial design carried out  a Methanol/acetic acid (4:1 viv).
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3. Results and discussion Table 2
25~ fractional factorial design and the results obtained for amperometric deter-

. . . . mination of choloroguaiacol after its flow preconcentration onto MIP
3.1. Fractional factorial design for assessing the effect of g P

experimental variables Runs pH(a) PFR(b) [KCll(c) EFR(d) EV) Response
(peak current/pA)
The fractional factorial design based on a fraction (1/2, 1/4,1  — - - - + 6.101
1/8,..., 1/2°) of a full factorial is commonly indicated forthose 2  + - - - - 2.260
situations where several variables need to be investigated. Thé  — * - - - 3.700
numbers of experiments comprisés”2experiments wherg s i i N ~ i ,ol,g%g
the size of the fraction. Thus, the total number of experimentsg . _ + _ + 1784
in a fractional factorial design is much less as compared to a7 — + + — + 3.948
full factorial design method. For instance, the screening of five8  + + + - - 1172
variables by using a fractional factorial design is accomplished®  — - - + - 5.384
with only 16 experiments, ip =1, while a full factorial design i N B : I 242133
requires 32 experiments. Thus, this multivariate optimizatiory, . + _ + _ 1.476
strategy was adopted in this work. As indicatedTable 1, 13 - - + + + 5.455
five variables were investigated, however other variables, suckt  + - + + - 1.687
as mass of MIP and type and concentration of buffer solud® N 1 : : R 21-%%%

tion (Britton-Robison) were previously fixed. The mass of MIP

was fixed at 35 mg in order to avoid overpressure in the mini-The generator of fractional factorial design’isabcde. PFR: preconcentration

column due to the swelling effect after contact with the eluenflow rate; EFR: elution flow rate; EV: eluent volume.

[methanol/acetic acid (4:1 v/v)]. Britton-Robison buffer solution

at a concentration of 0.05 molt: was adopted because it pro- ~ The experimental results for the five variables obtained from

vides very good buffering capacity in the wide studied pH rangdhe 2~ fractional factorial design are shownTable 2, whose

(1.3-11). estimates of the contrast were higher for pH (—2.79) and KCI
The multivariate assays were performed only after optimizconcentration (—1.024) followed by preconcentration flow rate

ing the oxidation potential of chloroguaiacol. For this task, the(—0.852), eluent volume (0.811) and elution flow rate (0.480)

same schematic flow diagram indicatedrig. 2was used with-  (Table 3).

out using mini-column packed with MIP. The oxidation potential  In order to determine the significant effects of the variables,

was studied within the range from 0.7 to 1.2V, where the fol-it was calculated the standard error (SsBf)the estimate of the

lowing conditions were established: 0.1 mol'LKCI carrier ~ contrast for the variables employing Ed):

solution at 1.0 mL min? flow rate and eluent loop of 50L. 5

The sample was introduced into the flow system from the eIuert% E) = 2. Exi,\’j 1)

loop. According td=ig. 3, the peak current profile for chlorogua- * Ny,

iacol when potential value is changed from 1.0 to 1.2 V suffers a

slight variation, thus the oxidation potential of 1.0 V was estabWhereEx,y; is attributed to the estimate of the contrast only for
lished for the further experiments. the two-factor interactions, in which is not confounded with the

Table 3

Estimate of the contrast obtained frofr2 fractional factorial design
Confounding pattern Contrast Estimate
a=bcde l, — a+bcde l,=-2.79
b=acde I, — b+acde I, =—0.852
c=abde l. — c+abde .=-1.024
d=abce ly — d+abce 1;=0.480
e=abcd l, — e+abcd 1,=0.8115
ab =cde lyp — ab +cde 1.y =0.175
ac =bde lye — ac +bde 1, =0.234
ad=bce lyg — ad +bce l.a=0.090
ae=bcd lye = ae+bed l,e =—0.605
bc=ade Ipe = bc +ade I =0.320
bd=ace lpa — bd +ace 1, =0.256
be=acd lpe — be +acd lhe=0.027
cd=abe l.q — cd +abe 1.4=0.0007
ce=abd lee = ce+abd l.e=—0.095
de =abc lge — de +abc lge =0.204
I=abcde Iy — medium +¥2(abcde) [;=3.184

Fig. 3. Effect of oxidation potentials in the hydrodynamic responses for flowa = pH; b =sampling flow rate (SFR};=[KCI]; d =elution flow rate (EFR) and
amperometric determination of chloroguaiacol. e =eluent volume (EV).
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Table 4

Structure of Doehlert design and results obtained for amperometric determination of choloroguaiacol after its flow preconcentration onto MIP

Runs pH [KCI] Response (peak Predicted value by
current/p.A) quadratic model

1 0 (6.15) 0(0.25) 6.750/6.812 6.784

2 1(11) 0(0.25) 0.934/0.959 1.262

3 0.5 (8.57) 0.866 (0.50) 4.382/4.305 4.035

4 -1(1.3) 0(0.25) 6.125/6.235 5.871

5 —0.5(3.72) —0.866 (0.001) 6.958/6.845 7.210

6 0.5 (8.57) —0.866 (0.001) 5.662/5.545 5.300

7 —0.5(3.72) 0.866 (0.50) 6.422/6.416 6.726

The values between parentheses are the real values of variables while the first values represent the codified values from Doehlert design for two variables.

main variable (Table 3) and,, ,; is the number of these estimates 3.2. Use of Doehlert design for final optimization
of contrast used in the calculation of S.E.

The standard error for the experimental design listed in In this design, seven required experiments were carried out
Table 2, obtained from E¢1) was 0.2605. By multiplying this in duplicate being five levels used for the pH variable and three
value by criticalr1p (1.812) with confidence interval of 95%, for the KCI concentration (Table 4). According to the real data
the error estimated became 0.472, in which is lower than thosapplied to Doehlert design the following quadratic function (Eqg.
estimates of the contrast for the variables (Table 3). As consd2)) was obtained, in which establishes the relationship between
quence it is possible to note that all investigated variables arthe variables studied and the analytical response (peak current):
statistically significant.

The negative estimative of the contrast (—2.79) for vari-Y = 4.314 1.28pH— 0.136pH + 1.52[KClI]
able pH indicate; that adsorption of chloroguaiacol onto MIP —2.60[KCI]? — 0.32pH[KCI] 2)
takes place mainly at low pH values. It suggests that at

high pH values the chloroguaiacol molecule charged negagpqo response surface constructed from B&).is shown in

tively suffers electrostatic repulsion of binding sites of MIP Fig. 4. The presence of a maximum point under this surface

(the basic pyridine group). The second more important variy a5 checked by using Lagrange’s criteria. It is based on calcula-

able, KCI concentration, ha; also shown negative estimatg,, ot Hessian determinant E@) establishing that wheH (ao,
of the contrast (—1.024). This result probably suggests thaéo)>0,82Y/8A2 (a0, bo) < 0 or ands2Y/8B? (ao, bo) <O, there is

using high KCI concentration the solubility of chloroguaia- 5 maximum point, wherg andB are the evaluated variables:
col in the solvent methanol/acetic acid (4:1 v/v) is decreased

due to the salting out effect. Consequently, the performance 2y 2y 52y \ 2
of the solvent for releasing chloroguaiacol from MIP is H(A, B) = <2> (2> —< )
decreased. The estimates of the contrast for preconcentra- 94 9B 9A3B
tion (PFR) and elution (EFR) flow rates were found to be

—0.852 and 0.480, respectively. Such results were expected,

. . . 2=4.3140808198959+1.2875985335721*x-.13687449837309*x"2
once at high preconcentration flow rate the time of contact 4 5y56251820807*y-2.6022704221678*2-3202407948808*x"y
between the chloroguaiacol and MIP is small, thus limit-
ing the mass transfer rate of the analyte. In relation to the
EFR variable, the slow elution flow rate at smaller levels
results in broader peaks and, as consequence, a decrease of
the analytical signal since it was recorded as peak height.
Finally, even using eluent volume up to 300 it was veri-
fied memory effect after each preconcentration/elution cycle.
In this sense, the eluent volume optimization was further opti-
mized by univariate method ranging from 200 to 00
From the achieved results, the necessary volume for complete
release of chloroguaiacol from MIP without memory effect was
400u.L (data not shown). Thus, this value was chosen as best
condition.

According to the overall obtained data, the variable levels
selected for the preconcentration and elution flow rates were 2.5
and 1.0mL mirr®, respectively, while the final optimization of

the sample p,H and KCl concentration was carried out by USIngig. 4. Surface response obtained from Doehlert design employed for optimiza-
Doehlert deS|gn. tion of sample pH and KCI concentration.

®3)
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Fig. 5. Chemical structures of chloroguaiacol and similar phenolic compounds
used in the interference studies: (A) chloroguaiacol, (B) catechol (C) 4-chloro-
3-methylphenol, (D) 4-aminophenol and (E) 2-cresol.

Fig. 6. Recovery (%) of analytical signal (current of peak) for chloroguaiacol

The resultant values obtained from appllcatlon of Lagrange *Tbreconcentrationinthe presence of phenolic compounds with similar structures.

criteria wereH (ag, bo)=1.312, s%current/spH = —0.27 and

2 _ . . . . . "
s%current/s[KCIF = 5.2, thus indicating a maximum on the | response for the chloroguaiacol template than those verified
surface response. These maximum values were calculated BY; the concomitants suggests a good imprinting effect in the

solving the systemicurrent/épH =0 andcurrent/§[KCI|=0 as  gynihesis of polymer. It was confirmed after performing the pre-

follows: concentration procedure using MIP or NIP, whose peak current

scurrent/spH= 0 = 1.28— 0.27pH— 0.32[KClI], values were found to be 6.47 and 3i4, respectively, thus
confirming the imprinting effect.

scurrent/S[KCI] = 0 = 1.52— 5.2[KCI] — 0.32pH In order to check the feasibility of the proposed method in

relation to the selectivity of MIP, binary solutions of chlorogua-
j:?col in the presence of each concomitant at a concentration
the experimental values with those predicted from E3), of 5.0me(_)I L were preconc_entratgd onto M!P' Moreover,
as observed imable 4, demonstrates the significance of thechloroguam_lcol solution containing f""? phenolic compqunds
quadratic model. already defined at the same concentration was analysed in order
to verify the selectivity of the method. According fg. 6,
no interference was observed after preconcentration of binary
solutions. On the other hand, an increase of ca. 40% on the
relative response was observed when the co-existing phenolic

Biomimetic polymers based on molecular imprinting have d trated h itis i tant
an inherent characteristic that is the selectivity. However, whe ompounds were preconcentrated, however, 1t 1S important to
stress that this condition is not usually found in real samples,

working with molecules, that present similar structures to the
template molecule, commonly the concomitants are adsorbe%“Ch as natural waters.

onto MIP surface by means of non-specific interactions and also ) )

in those selective sites of MIP. Hence, the specificity of the MIP>-#- Figures of merit

for chloroguaiacol was evaluated by comparing the adsorption i . .

behaviour of some phenolic compounds with analogous struc- USINg the optimized conditions for the proposed method a
ture that present nearly the same potential of the chloroguaiacdf2/ibration graph was prepared within the concentration range

-1 . . .
catechol, 4-chloro-3-methylphenol, 4-aminophenol and 2-cresd[®M 0-05 up to 5.@umolL™" with satisfactory correlation
(Fig. 5). As can be seen ifable 5, the higher relative analyti- coefficient (>0.999). Typical flow diagram curve obtained

for the sorbent flow preconcentration system is displayed in

Fig. 7. The detection and quantification limits calculated accord-
Table 5 ing to IUPAC recommendationfl6] were found to be 27
Comparison of relative response of analytical signal of phenolic compound%nd 78 nmol 1 respectively. The relative standard deviation
with analogous structure of chioroguaiacol (R.S.D.) were 5.5 and 4.2% far= 8 analysing of standard solu-

The maximum values were 4.7 and 0.004 motLfor pH

3.3. Interference studies

Compounds Current peak/uA Response (%) tion containing 1.0 and 5;0mol L~1, respectively. Obviously,
Chloroguaiacol 6.47 100 these resullts indicate the repeatability of the measurements with
Catechol 3.85 59.5 one single MIP mini-column, but also confirm the anti-fouling
4-Chloro-3-methylphenol 5.27 814 properties of the eluent methanol/acetic acid solution (4:1 v/v)
4-Aminophenol 0.88 136 as already demonstratgtb].

2-Cresol 4.96 76.6

The performance of the proposed method in relation
The concentration employed in this study was ol L1, to the flow preconcentration system was evaluated from
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Table 6
Chloroguaiacol determination in spiked samples using the proposed method
Samples Chloroguaiacol Chloroguaiacol Recovery
added found? (%)
(wmol L1 (wmol L1
Tap water - <LQ —
1.0 1.124+0.07 112
3.0 2.80+0.20 93.3
River water - <LQ -
1.0 0.95+0.09 95
3.0 2.9+0.32 96.6

a The results are expressed as mean v&l@D. based on three replicates.
Confidence interval of 95%. LQ =limit of quantification.

4. Conclusions
E(')% Z)‘/Sg&':czljﬁgg&?giggg‘g:&g?g ;?B;tge:s; ?zzéf::ogﬂagffﬂfémra' In this work, the adsorption of chloroguaiacol onto molecu-
For experimental details, see text. larly imprinted polymers using a flow preconcentration system
coupled to amperometric detection has been clearly demon-

) ) o strated. This novel method developed as a first approach showed
preconcentration factor (PF), concentration efficiency (CE) anghat other structurally related phenolic compounds can also
consumptive index (Cl). PF was obtained by slopes ratio ofe adsorbed onto MIP; however, the adsorption profile of
the calibration graphs obtained with 0.025+1.31x 10° chloroguaiacol was higher than those phenolic compounds.
[chloroguaiacol]) and without (70.048+11.894 [chlorogua- o this behaviour, the satisfactory chloroguaiacol determi-
iacol]) preconcentration step, whose value achieved was 110.}44i0n was easily achieved even in the equimolar presence of
CE defines the preconcentration factor attained by a sorbefyestigated analogous phenolic compounds. The concomitant
flow preconcentration system during 1 min of preconcentragqsorption of several phenolic compounds can be attributed due
tion. Thus, as the entire time of preconcentration step Wag, the application of the proposed method in water samples, in
4min, CE calculated was found to be 27.5minConsump- \hich s less compatible with solvent of synthesis (acetonitrile).
tive index, on the other hand, establishes the sample volumgqgh this drawback, the method can be successfully applied
(in millilitres) required for achieving a unit of PF, thus it iS4 chloroguaiacol determination in real samples without includ-
calculated by equation Cl=sample volume/PF. Hence, consiqng 5 washing step. The good performance of MIP was assured
ering the sample volume employed in the preconcentration steg, 4 ypjication of method in river water that contains humic sub-
(10mL) the resulting Cl was found to be 0.09 mL. From thesegances, and of course, could interfere in the preconcentration
attained results, it can be concluded that the proposed sorbegt,,
flow preconcentration system provides a better or similar perfor- |, (elation to the features of the method it was showed to
mance when compared with the traditional flow preconcentrape sensitive, selective and precise and obviously fast due to
tion systems, mainly those developed for metals determinatiof,e mechanization process. Among other interesting features

[17-20]. of the method, the parameters related to performance of the

flow preconcentration system including preconcentration fac-
3.5. Application of the proposed method for chloroguaiacol tor, concentration efficiency and consumptive index were better
determination in water samples or comparable to the other traditional flow preconcentration sys-

tems. Finally, from our point of view, the on-line coupling of a
In order to assess the performance of the proposed methgdeconcentration system to amperometric detection offers a new

for the samples analyses, tap and river water were used. Prigfternative for expanding the application of MIP.
to analyses, river water samples were filtered under vacuum
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