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a  b  s  t  r  a  c  t

Polypyrrole  (PPy)  gas  sensor  has  been  prepared  by polymerization  of pyrrole  on  surfaces  of  commer-
cial  polymer  fibers  in  the  presence  of an oxidizing  agent.  The  sensing  behavior  of  PPy gas  sensor  was
investigated  in  the presence  of  pyridine  derivatives.  The  resistive  responses  of  the  PPy gas  sensor  to pyri-
dine  derivatives  were  in  the  order  of quinoline  >  pyridine  > 4-methyl  pyridine  and  2-methyl  pyridine.
The  PPy  gas  sensor  was  used  as  gas  chromatography  (GC)  detector  and  exhibited  linear  responses  to
pyridine  derivatives  in  the  ranges  40–4000  ng.  Dispersive  liquid–liquid  microextraction  (DLLME)  com-
bined  with  GC/PPy  gas  sensor  has  been  developed  for  simultaneous  determination  of  pyridine  derivatives
eywords:
olypyrrole
anostructure
as sensor
igarette smoke
yridine  derivatives

and  quinoline.  The  purposed  method  was  used  for determination  of  pyridine  derivatives  from  cigarette
smoke.  The  GC  runs  were  completed  in  4 min.  The  reproducibility  of  this  method  is suitable  and  good
standard  deviations  were  obtained.  RSD  value  is  less  than  10%  for all analytes.

© 2011 Elsevier B.V. All rights reserved.
ispersive liquid–liquid microextraction

. Introduction

Pyridine and substituted pyridines play an important role in
he sensory properties of cigarette smoke [1]. These chemicals
re important industrial starting materials with an unpleasant
mell and high toxicity. Pyridine is frequently found in indoor air
nd in volatile components of certain foodstuffs [2]. These toxic
ompounds are well absorbed in the gastrointestinal tract of mam-
als and undergo extensive metabolism by C- and N-oxidation

nd N-methylation. Acute pyridine intoxication affects the cen-
ral nervous system in the human body [2]. Pyridine, substituted
yridines and quinoline also possess adverse human health effects
n respiratory organs and reproduction [3–5]. According to the
merican Lung Association, 20–30% of low-weight babies, up to
4% of preterm deliveries and about 10% of all infant mortality are
ue to smoking during pregnancy [6], so measurement of known
oxins in tobacco smoke is important.

Literature cited methods for detection and quantification of
yridines include electrostatic precipitation [7], GC [8,9], liquid

hromatography–mass spectrometry (LC–MS) [10], and GC–MS
11–14]. Since these compounds are volatile, collection of cigarette
moke plays an important role in the determination procedure.

∗ Corresponding author. Fax: +98 21 82883455.
E-mail address: alizaden@modares.ac.ir (N. Alizadeh).

039-9140/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.10.006
Solvent trap was found to be a better device for collection of
cigarette smoke rather than a Cambridge filter pad in order to
reduce the loss of analyte in collected samples [10].

Chemical sensors such as conductive polymer sensors [15],
surface acoustic wave (SAW) sensors [16,17] have important appli-
cations in the area of environmental monitoring, public security,
automotive application, and medical diagnosis. Over the past few
decades, researchers and engineers have dedicated their effort to
develop conductive polymer sensors with the characteristics of
high sensitivity, good selectivity, and reliability [18–22]. Applica-
tion of conducting polymers including polypyrrole (PPy) towards
sensors for chemicals and biological is of considerable interest. In
this aspect, PPy remains to be distinct from others by possess-
ing unique structural characteristics and the consequent redox
behavior, interlinked with the degree of doping and protonation
[23]. Many studies have so far been conducted and devoted to the
development of chemical sensors [22–28]. Recently, conducting
polypyrrole nanomaterials have received considerable attention in
sensors because of remarkable physical and chemical characteris-
tics originating from their small dimensions and high surface area
[29–36]. Hernandez et al. [30] fabricated a gas sensor based on sin-
gle PPy nanowire. Reports also showed the sensitivity, to a certain

extent, was dependent on the diameter of the one-dimension nano-
material [31,32]. However, the diameter of the PPy nanowire used
as gas sensor is often over hundreds of nanometers. Small diameter
and high density PPy nanowire arrays will present a significantly
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igh surface-to-volume ratio which will result in high sensitivity
33,34]. Jang and co-workers [31] reported sensing behaviors of
olypyrrole nanotubes prepared in reverse microemulsions and
he effects of transducer size and transduction mechanism, the
lectrical response of PPy nanotubes to analyte (NH3 vapor) was
trongly dependent on their diameters. The PPy nanotube sensors
howed conspicuously enhanced responses compared with con-
entional PPy. Currently, the focus is on the development of sensors
or various organic pollutant vapors/gaseous molecules [35].

The  present work is a continuation of our earlier studies on the
evelopment of gas sensors based on conducting polymer films
36], and is devoted to investigate the gas-sensing behaviors of
hemically prepared conducting polypyrrole gas sensor exposed
o pyridines compounds. With regarding to the sensing potential
nd fast response time of conducting polymer films gas sensors, a
olypyrrole gas sensor coupled to a GC for detection of the pyridine
erivatives. The dispersive liquid–liquid microextraction (DLLME)
ethod was used for sample preparation at room temperature.
LLME is a very simple and rapid method for extraction and pre-
oncentration of organic compounds from water samples [37–40].

. Experimental

.1. Chemicals

Pyrrole (Fluka, Switzerland) was distilled and stored in a refrig-
rator in dark prior to use. Ferric chloride (FeCl3) was  used as
xidant from Aldrich. All organic compounds used for sensitivity
ests and extraction procedure were purchased from Merck.

.2.  Fabrication of PPy gas sensor

The PPy polymer was synthesized by chemical polymeriza-
ion at 0 ◦C under atmospheric condition. Pyrrole of 0.1 mol  L−1 as

onomer and FeCl3 of 0.2 mol  L−1 as oxidant was added to this
olution for the purpose of initiation of polymerization. This solu-
ion was maintained for 2 h at 0 ◦C. PPy layer was prepared on the
olyester substrate by using the dip coating method. After the poly-
erization and coating, the substrate was taken from the reaction

olution and abundantly washed with deionized water for 5 min,
nd finally dried for 1 h at 70 ◦C in oven. We  re-used a technique
hat has been designed in our previous work for fabrication of gas
ensors [36].

.3.  Apparatus

The PPy gas sensor consisted of a fiber in 20 mm length hav-
ng a diameter of ca. 0.5 mm was put in a copper tube of 4 mm
nner diameter. The resistance change of PPy due to the exposure of
yridine compounds were monitored every 0.5 s with Escort 3145
ultimeter and an automatic data acquisition system. The nor-
alized electrical resistance change was calculated by (R − Ro)/Ro,
here Ro and R denote the initial resistance and real-time resis-

ance (resistance of the sensor when it was exposed to analyte
as). The gas sensors were tested with pyridine derivatives using

 gas chromatography (Shimadzu GC-4C) system. The column for
he GC analysis of mixture compounds was made of a steel tube
3.2 mm i.d., 1 m length) packed with OV-17 (Shimadzu). A sen-
or was directly connected to the outlet of the column, and the
hole part was placed in a copper tube. Sensor and the column

emperature are regulated by a thermistor and temperature control
ircuit. The carrier gas was nitrogen (purity level 99.99%) with flow

ate of 80 mL  min−1 and passed through a 13× molecular sieves
Fluka) trap to remove water vapor and other possible contami-
ations before entering into the sensor system. The identification
f each chemical was established by chromatographic retention
a 87 (2011) 249– 254

times.  The scanning electron micrographs (SEM) of the fiber surface
were obtained using a Philips XL30 scanning electron microscopy
(Holland).

2.4. Dispersive liquid–liquid microextraction procedure

A 5 mL  of distilled water was placed in a 10 mL  screw cap glass
test tube with conic bottom and spiked at the level of different
concentrations of pyridines, 1.5 mL  of acetone (as disperser solvent)
containing 30 �L CS2 (as extraction solvent) was injected into a
sample solution rapidly and then the mixture was  gently shaken. A
cloudy solution (water, acetone, and carbon disulfide) was formed
in a test tube (the cloudy state was stable for a long time). Then
the mixture was centrifuged for 2 min  at 5000 rpm. Accordingly,
the dispersed fine particles of extraction phase were sedimented
in the bottom of conical test tube. The 4 �L of sedimented phase
was removed using a 10 �L microsyringe (Hamilton) and injected
into GC. The volume of the sedimented phase was  determined using
a 100 �L microsyringe which was  about 10 �L.

2.5. Calculation of enrichment factor, extraction recovery and
relative  recovery

The  enrichment factor (EF) was  defined as the ratio between the
analyte concentration in the sedimented phase (Csed) and the initial
concentration of analyte (C0) within the sample:

EF  = Csed

C0
(1)

The  Csed was  obtained from calibration graph of direct injection
of pyridines standard solution in the CS2. The extraction recovery
(ER) was  defined as the percentage of the total analyte amount (n0)
which was  extracted to the sedimented phase (nsed).

ER  =
(

nsed

n0

)
× 100 =

(
Csed

C0

)
×

(
Vsed

Vaq

)
× 100 (2)

ER  =
(

Vsed

Vaq

)
EF × 100 (3)

where  Vsed and Vaq are the volumes of sedimented phase and sam-
ple solution, respectively.

2.6.  Sample preparation

For  preparation of cigarette sample, 10 cigarettes smoke was
passed through trap containing 50 mL  distilled water with 5%
hydrochloric acid (Scheme 1). After completion of the smoking,
the volume of water was molten in a 250 mL  separatory funnel
and 50 mL methylene chloride was added to that. The mixture was
vigorously shaken for 10 min  and allowed the phases to separate.
The organic phase was  discarded and upper aqueous phase was
transferred to a clean test tube. A 5 mL  of the aqueous extract
was transferred to a 10 mL  screw cap glass test tube with conic
bottom and sodium hydroxide solution added to it. The resulting
neutralized solution was  extracted by DLLME procedure described
as above.

3.  Results and discussion

3.1.  Response behavior of PPy gas sensor

Table 1 gives the response behaviors (detection limit, linear

ranges, calibration sensitivity, and correlation coefficients) of PPy
gas sensor. The theoretical detection limit of the PPy gas sensor,
which was  calculated as the amount, gives a reading equal to three
times the standard deviation of a series of the procedural blank
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Table 1
Figure of merits of PPy gas sensor for pyridines at 100 ◦C.

Compound Detection limit (ng) Linear range (ng) Sensitivity (1/ng) R2

Pyridine 8 40–4000 7.3 × 10−7 0.992
2-Methyl  pyridine 20 40–4000 6.3 × 10−7 0.995
4-Methyl  pyridine 20 40–4000 6.3 × 10−7 0.991
Quinoline  2 40–4000 9.5 × 10−7 0.993
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Fig. 2. Effect of the disperser solvent type on the DLLME of pyridine derivatives that

chromatography behavior in this work therefore, CS2 was  selected
Scheme 1. The solvent trap method for the collection of cigarette smoke.

r background signals (response of the sensor, measured in the
bsence of compound), can be estimated as follows:

L = 3�b

(calibration sensitivity)
(4)

The  detection limits for the selected pyridines were between
 and 20 ng and calibration graphs were linear in the range of
0–4000 ng. The sensitivity of PPy gas sensor is defined as the nor-
alized electrical resistance change per unit amount (ng) of analyte

pecies, which can be obtained from slope of the calibration curves,
R − Ro)/Ro vs pyridines standard solution in the CS2. As shown in
able 1 the sensitivity of the PPy gas sensor for these compounds,
pparently in the following order: quinoline > pyridine > 4-methyl
yridine and 2-methyl pyridine. The response time of sensor was

ess than 1 s.
Morphology of the polypyrrole conducting film on the surface of

he fibers was examined by SEM. Fig. 1 show the SEM micrograph of
he PPy film at 30,000 folds magnification. One clearly observes that

he deposited polymers are in spherical shape. The nanostructure
Py films look more porous.

The  PPy gas sensor was also applied as a gas chromatographic
etector  for determination of some pyridine compounds. The

Fig. 1. SEM images of the fiber surfaces of PPy sensor.
calculated by using PPy gas sensor response. Extraction conditions: water sample
volume,  5 mL;  disperser solvent (acetone, acetonitrile, methanol) volume, 1.5 mL;
amount of each analyte, 10 �g.

pyridines mixture samples were extracted by DLLME method.
There are different factors that affect the extraction process. Some
of them are selection of suitable extraction solvent, selection of
suitable disperser solvent, volume of extraction solvent, volume
of disperser solvent, and extraction time. It is very important to
optimize them in order to obtain the good recovery strategy forms.

3.2. Effect of extraction conditions

Organic  solvents are selected on the basis of higher density
rather than water, extraction capability of interested compounds,
and good gas chromatography behavior. We  could use CS2, car-
bon tetrachloride, and tetrachloroethylene as extraction solvent
but carbon tetrachloride, and tetrachloroethylene do not have good
as the extraction solvent. Miscibility of disperser solvent in organic
phase (extraction solvent) and aqueous phase is the main point for
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Fig. 3. Effect of the volume of CS2 on the enrichment factor of pyridine derivatives
obtained  from DLLME by using PPy sensor response. Extraction conditions, water
sample volume, 5 mL;  disperser solvent (acetone) volume, 1.5 mL;  room tempera-
ture;  amount of each analyte, 10 �g.
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Table 2
Quantitative results of DLLME of pyridine derivatives and GC–PPy gas sensor for water sample. Extraction conditions: water sample volume, 5 mL;  disperser solvent (acetone)
volume, 1.5 mL;  extraction solvent (CS2) volume, 30 �L at room temperature.

Compound Detection limit (ng) Sensitivity (1/ng) Linear range (ng) RSD (%) R2

Pyridine 36 1.0 × 10−6 50–10,000 7.6 0.992
−7 50–10,000 7.2 0.993

50–10,000 7.2 0.993
50–10,000 6.3 0.991
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Fig. 4. Effect of the volume of acetone on the recovery of pyridine derivatives

T
L

2-Methyl  pyridine 50 7.6 × 10
4-Methyl  pyridine 45 0.8 × 10−6

Quinoline 5  2.2 × 10−6

election of disperser solvent. Therefore, acetone, acetonitrile, and
ethanol are selected for this purpose. The pyridines solution was

tudied by using 1.5 mL  of each disperser solvent containing 30 �L
S2 (as extraction solvent). The relative response of PPy gas sensor
o the pyridines in the cases acetone, acetonitrile, and methanol as
isperser solvents were calculated and results were illustrated in
ig. 2. According to these results, acetone is the best disperser, thus,
cetone is selected as disperser solvent.

To examine the effect of extraction solvent volume, solutions
ontaining different volumes of CS2 were subjected to the same
LLME procedures. The experimental conditions were fixed and

ncluded the use of 1.5 mL  acetone containing different volumes of
S2 (30, 50, 100 and 150 �L). By increasing the volume of CS2 from
0 to 150 �L, the volume of the sedimented phase increases from
0 to 100 �L. The extraction recoveries of analyte is increasing for
ach analyte by increasing the volume of CS2 and were in the ranges
0–95. However, as the volume of the sedimented phase increases,
nrichment factor decreases with increasing the volume of CS2 as
hown in Fig. 3. Subsequently, at low volume of extraction solvent,
igh enrichment factor and good recovery are obtained. Thereby,
he gain in sensitivity was achieved by using 30 �L volume of CS2.
ariation of the volume of acetone (as disperser solvent) causes
hange in the volume of sedimented phase; hence, it is impossible
o consider the influence of the volume of acetone on the extraction
fficiency. To avoid this matter and in order to achieve a constant
olume of sedimented phase, the volume of acetone and CS2 were
hanged spontaneously. The experimental conditions were fixed
nd included the use of different volumes of acetone 0.5, 1, 1.5, and

 mL  containing 24, 27, 30, and 35 �L of CS2, respectively. Under
hese conditions, the volume of the sedimented phase was  con-
tant (10 ± 0.5 �L). The results are shown in Fig. 4. According to
hese results, at the acetone volume > 1 mL  extraction efficiency
ncreases and then decreases by increasing the volume of acetone. A
.5 mL  of acetone was chosen as optimum volume of disperser sol-
ent. Extraction time is one of the most important factors in most
f the extraction procedures. In DLLME extraction, time is defined
s an interval time between injection of mixture of disperser sol-
ent (acetone) and extraction solvent (CS2), and before starting to
entrifuge. Because of that our previous work results showed that
ime has no influence on extraction efficiency and extraction pro-
edure is fast (≤2 min) so that extraction time of 2 min  was  selected
t room temperature.

Fig.  5a illustrates typical chromatogram of pyridines in water

ample by using DLLME. The results show the ability of PPy gas
ensor to be used as detector in coupled with DLLME–GC for anal-
sis of pyridines in water samples. The analytes 2-methyl pyridine
nd 4-methyl pyridine showed the same peak with the same reten-

able 3
evels of pyridine derivatives and quinoline in different brands of cigarettesa in intraday 

Cigarette Pyridine (�g/cig) 2-Methy

Intraday Interday Intraday

Sample 1 4.9 ± 0.2 5.2 ± 0.2 6.2 ± 0.
Sample 2 5.3 ± 0.5 5.0 ± 0.5 8.6 ± 0.
Sample 3 4.4 ± 0.7 4.8 ± 0.7 7.3 ± 0.

a The CS2 was  used as internal standard.
obtained  from DLLME by using PPy sensor response. Extraction conditions: water
sample volume, 5 mL;  sedimented phase volume, 10 �L; amount of each analyte,
10  �g.

tion time so that for 2-methyl pyridine separate analysis was done
to calculate figure of merit. Variation of temperature and flow
rate of carrier gas have effect on separation, resolution or peak
shape, so, temperature and gas flow rate optimized and work
was done in 100 ◦C column temperature and 80 mL  min−1 flow
rate. The characteristic of calibration curves shown in Table 2
was obtained under optimized conditions. The linear calibration
curve was  obtained for each analyte by plotting the relative resis-
tance changes against the amount of the analyte. The range of the
6-point calibration curve was varied from 50 to 10,000 ng for pyri-
dine derivatives. All calibration curves showed good linearity with
typical correlation coefficient (R2) ≥ 0.99. The detection limit was
calculated as three times of the standard deviation of lowest cal-
ibration standard, were in the range of 5–50 ng. Three replicate
measurements were performed for each analyte and standard devi-
ations were calculated. Precision of this method was  determined
by calculating the relative standard deviations (RSD) of the repli-
cate measurements. All the analytes have RSD values less than 8%
(Table 2).

3.3.  Practical application

Three  commercially filtered cigarettes (85 mm and 120 mm

length) were analyzed for determination of pyridine derivatives
from cigarette smoke by using the purposed method. The solvent
trap method was  used for the collection of cigarette smoke. The
initial target was  to develop and optimize a DLLME technique.

and interday analyses.

l pyridine + 4-methyl pyridine (�g/cig) Quinoline (�g/cig)

 Interday Intraday Interday

1 5.8 ± 0.2 8.2 ± 0.3 7.9 ± 0.3
9 8.7 ± 0.9 4.6 ± 0.8 4.5 ± 0.8
8 7.0 ± 0.8 3.3 ± 0.6 3.5 ± 0.6
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Fig. 5. Gas chromatogram coupled to PPy gas sensor as detector for analysis of pyridine derivatives in water sample by DLLME. Extraction conditions: water sample volume,
5  mL;  disperser solvent (acetone) volume, 1.5 mL;  extraction solvent (CS2) volume, 30 �L; amount of each analyte, 500 ng (a); from cigarette smoke (b); peak identification:
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ith the combination of smoke trap and DLLME technique, the
nterferences and matrix effects were minimized and the targeted
nalytes were clearly determined by retention time. Fig. 5b shows a
ypical chromatogram obtained from cigarette smoke sample. The
evel of pyridines and quinoline that determined by this technique
as been presented in Table 3.

. Conclusion

Polypyrrole was polymerized chemically and was doped with
eCl3 resulting in a conductive material, suitable for application in
hemiresistor sensor. The sensor are easy to make, response was
ast, reversible and reproducible. The PPy gas sensor is applied
s a highly sensitive detector for gas chromatographic detection
f pyridine compounds. The DLLME/GC/PPy gas sensor method
escribed facilitates fast, quantitative and qualitative determina-
ion of pyridine derivatives and quinoline from the mainstream
igarette smoke extract. The GC runs were completed in 4 min.
hree commercially available cigarettes were analyzed by using
LLME/GC/PPy gas sensor. The proposed method can also be
pplied for the determination of pyridine derivatives in other
ources where they are present in trace quantities.

cknowledgments
This work has been supported by grants from the Tarbiat
odares University Research Council and the Iran National Science

oundation (INSF) is gratefully acknowledged.

[
[
[
[
[

References

[1] J.C. Leffingwell, H.J. Young, E. Fernasek, Tobacco Flavoring for Smoking Products,
R.J.  Reynolds Tobacco Co., Winston Salem, NC, 1972.

[2]  International Agency for Research on Cancer (IARC), Tobacco Smoking, IARC
Monographs  on the Evaluation of the Carcinogenic Risk of Chemicals to
Humans,  vol. 77, WHO, Lyon, 2000.

[3]  L. Ji, G. Melkonian, K. Riveles, P. Talbot, Toxicol. Sci. 69 (2002) 217–225.
[4] J.M. Rogers, B.D. Abbott, Toxicol. Sci. 75 (2003) 227–228.
[5] O. Genbacev-Krtolica, Toxicol. Sci. 86 (2005) 4–5.
[6] http://www.lungusa.org/tobacco/pregnancy factsheet99.html.
[7]  E.L. White, M.S. Uhrig, T.J. Johnson, B.M. Gordon, R.D. Hicks, M.F. Borgerding,

W.M.  Coleman III, J.F. Elder Jr., J. Chromatogr. Sci. 28 (1990) 393–399.
[8] H. Tang, G. Richards, K. Gunter, J. Crawford, M.L. Lee, E.A. Lewis, D.J. Eatough, J.

High  Resolut. Chromatogr./Chromatogr. Commun. 11 (1988) 775–782.
[9] K.D. Brunnemann, G. Stahnke, D. Hoffmann, Anal. Lett. 11 (1978) 545–560.
10] S. Saha, R. Mistri, B.C. Ray, J. Chromatogr. A 1217 (2010) 307–311.
11] S. Vainiotalo, R. Vaaranrinta, J. Tornaeus, N. Aremo, T. Hase, K.  Peltonen, Environ.

Sci.  Technol. 35 (2001) 1818–1822.
12] G. Pieraccini, S. Furlanetto, S. Orlandini, G. Bartolucci, I. Giannini, S. Pinzauti, G.

Moneti,  J. Chromatogr. A 1180 (2008) 138–150.
13]  P.X. Chen, S.C. Moldoveanu, Beitr. Tabakforsch. Int. 20 (2003) 448–458.
14] N.P. Kulshreshtha, S.C. Moldoveanu, J. Chromatogr. A 985 (2003) 303–312.
15] K. Sugiyasu, T.M. Swager, Bull. Chem. Soc. Jpn. 80 (2007) 2074–2083.
16] A. Damico, E. Verona, Sens. Actuators 17 (1989) 55–66.
17]  M.  Penza, F. Antolini, M. Vittori-Antisari, Thin Solid Films 472 (2005) 246–252.
18] U. Lange, N.V. Roznyatovskaya, V.M. Mirsky, Anal. Chim. Acta 614 (2008) 1–26.
19] D.C. Trivedi, in: H.S. Nalwa (Ed.), Handbook of Organic Conductive Molecules

and  Polymers, vol. 2, 1997, pp. 505–572.
20]  P.N. Bartlett, S.K. Ling-Chung, Conducting polymer gas sensors. Part III: results

for  four different polymers and five different vapours, Sens. Actuators 20 (1989)
287–292.

21]  G. Bidan, Sens. Actuators B 6 (1992) 45–56.
22]  S. Koul, S.K. Dhawan, S. Chandra, R. Chandra, Ind. J. Chem. 36 (1997) 901–904.

23] J. Chen, N. Tsubokawa, J. Appl. Polym. Sci. 77 (2000) 2437–2447.
24] S. Koul, R. Chandran, S.K. Dhawan, Sens. Actuators B 75 (2001) 151–159.
25] N. Alizadeh, M.  Mahmodian, Electroanalysis 12 (2000) 509–512.
26] N. Alizadeh, H. Khodaei-Tazekendi, Sens. Actuators B 75 (2001) 5–10.
27] L. Shafiee-Dastjerdi, N. Alizadeh, Anal. Chim. Acta 505 (2004) 195–200.



2 Talant

[

[

[

[
[

[

[
[

[
[

54 S.  Pirsa, N. Alizadeh / 

28] S. Sabah, M.  Aghamohammadi, N. Alizadeh, Sens. Actuators B 114 (2006)
489–496.

29]  H. Yoon, S.H. Lee, O.S. Kwon, H.S. Song, E.H. Oh, T.H. Park, J. Jang, Angew. Chem.
Int.  Ed. 48 (2009) 2755–2758.

30] S.C. Hernandez, D. Chaudhuri, W.  Chen, N.V. Myung, A. Mulchandani, Electro-

analysis  19 (2007) 2125–2130.

31] H. Yoon, M.  Chang, J. Jang, J. Phys. Chem. B 110 (2006) 14074–14077.
32] H. Liu, J. Kameoka, D.A. Czaplewski, H.G. Craighead, Nano Lett. 4 (2004)

671–675.
33] X.  Yu, Y. Li, K. Kalantar-zadeh, Sens. Actuators B 136 (2009) 1–7.

[

[
[

a 87 (2011) 249– 254

34] N.D. Hoa, N.V. Quy, Y. Cho, D. Kim, Sens. Actuators B 127 (2007) 447–454.
35] L. Zhanga, F. Menga, Y. Chena, J. Liua, Y. Suna, T. Luoa, M.  Li, Sens. Actuators B

142  (2009) 204–209.
36] S. Pirsa, N. Alizadeh, Sens. Actuators B 147 (2010) 461–466.
37] M.  Rezaee, Y. Assadi, M.R. Milani Hosseini, E. Aghaee, F.S. Ahmadia, S. Berijani,
J.  Chromatogr. A 1116 (2006) 1–9.
38]  L. Fua, X. Liu, J. Hu, X. Zhao, H. Wang, X. Wang, Anal. Chim. Acta 632 (2009)

289–295.
39]  Y. Liu, E. Zhao, W.  Zhu, H. Gao, Z. Zhou, J. Chromatogr. A 1216 (2009) 885–891.
40] H. Ebrahimzadeha, Y. Yaminib, F. Kamarei, Talanta 79 (2009) 1472–1477.


	Rapid determination of pyridine derivatives by dispersive liquid–liquid microextraction coupled with gas chromatography/ga...
	1 Introduction
	2 Experimental
	2.1 Chemicals
	2.2 Fabrication of PPy gas sensor
	2.3 Apparatus
	2.4 Dispersive liquid–liquid microextraction procedure
	2.5 Calculation of enrichment factor, extraction recovery and relative recovery
	2.6 Sample preparation

	3 Results and discussion
	3.1 Response behavior of PPy gas sensor
	3.2 Effect of extraction conditions
	3.3 Practical application

	4 Conclusion
	Acknowledgments
	References


