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Electrochemical Fabrication of Hydrophobic lonic Liquid—Polyaniline
Composite Coating for Solid—Phase Microextraction and Its Application
in the GC Determination of Phenolic Compounds
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Abstract A stainless steel wire was immersed in a hydrophobic ionic liquid (IL, i.e. 1-octyl-3-methylimidazolium
hexafluorophosphate), then was heated under an infrared lighter to make the viscous IL form an even and reproducible film
on the steel wire. After that polyaniline (PANI) was electrodeposited on it from an aqueous solution containing 0.1 molsL ™!
aniline and 1.0 mol-L ™' HNO; through cyclic voltammetry. The potential range was —0.2~1.2 V (vs. saturated calomel
electrode, SCE), the scan rate was 50 mVes ' and the cyclic potential scan was repeated for 70 times. For the electrodeposi-
tion a conventional three-electrode system was adopted, including the IL coated stainless steel wire as working electrode, a
platinum wire as counter electrode and a saturated calomel electrode as reference electrode. The resulting PANI-IL composite
coating was rinsed with methanol and distilled water. Following this, it was conditioned in a electric furnace with nitrogen
atmosphere at 90 ‘C for 30 min, at 250 ‘C for 150 min. When the obtained fiber was cool, it was fixed on a home-made
device for solid-phase microextraction (SPME) with epoxy resin. The coating showed netlike structure, with smaller hole and
larger surface area than that of PANI. Taking several phenolic derivatives (i.e. 2-chlorophenol, 2-methylphenol,
2,6-dimethylphenol, 2,4-dimethylphenol and 3-methylphenol) as models, the analytical performance of the fiber was investi-
gated. Under the optimized conditions (i.e. extraction temperature: 60 ‘C; extraction time: 40 min; stirring rate: 600 r/min;
NaCl concentration: 0.35 gemL™"; desorption time: 3 min; desorption temperature: 250 °‘C), when the phenols were deter-
mined by GC after headspace solid-phase microextraction with the fiber, the linear ranges were 0.048~400 pgeL ™" with
correlation coefficients above 0.99; the detection limits were 6.1~98 ngsL ™" (S/N=3). The relative standard deviations
(RSD) of chromatographic peak area were smaller than 5.5% for five successive measurements with single fiber, and the
fiber to fiber RSD was 3.7%~12% for different phenols (n=3). The fiber also presented good stability and its extraction
efficiency kept almost unchanged after being used for about 150 times; when the temperature was up to 300 ‘C it did not
decompose. In comparison with PANI fiber, the PANI-IL fiber showed higher extraction capability. The PANI-IL fiber was
successfully applied to the determination of phenols in waste water from a chemical factory.
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Figure 3 Influence of extraction temperature on extraction efficiency.
Extraction time: 40 min; stirring rate: 600 r/min; NaCl concentration: 0.35
gemL'; desorption time: 3 min; desorption temperature: 250 ‘C. The
concentrations of phenols: 0.2 pgemL ' for 2-chlorophenol (2-CP),
2-methylphenol (2-MP), 2,6-dimethylphenol (2,6-DMP), 2.4-dimethyl-
phenol (2,4-DMP), and 0.4 pgemL ' for 3-methylphenol (3-MP)
2.3.2  ZHIRATIE)

LAURLE R 60 CIN, XM M) 5 1 A< I b
AU TRV AT K, AR IO AL 40 min I, JF
AH A TREE. 8575 F o I ) A 23 B R
U, ARSI A ASIUR 5] 2% 40 min.

233 PLHRE

P FE AT A 2 M LR VB T T A B
NSO 5 NI TP AL & S e LR g S S U S
(R R, 15 S0 ot () 26 IR SR T 18 K. 2 o o A it
600 r/min I, Wi THFEATLE, WS WA ISR E,

2442  http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SR EIIMERZ B e . D, ARSI PR RE
4 600 r/min S5 N AN
234 NaClREAFRE A

TN NaCl K2 S8y 25 1o L, R I
NaCl W#EEBUR, AR, Kith, R A
0.35 gemL ' NaCl ¥l A HL, DASRAGE i AR BUCR
23.5 #E pHAAX EIREWRH

W W) e K B R M, ERUE pH (BT,
DAtk oI AEAE, ARITAEL K 4 151, 75 pH
N 1~3 BFAETUSCR PE A i, ARSI IR G I R pHL (BN
1. fERRMEAIE FARU, BUAR HCL &K, HARURLE
P ZEBOR N BT, /DB HCL R R AU AR /.

—=—2,4-DMP
75000004 _ ——3-MP
—A—2.CP
1 —v—2,6-DMP
6000000 -| ——2-MP
:2 4
<
g 45000004 %
=~
Z |
& 3000000 -
1500000 -
TrTrrUrr0r0rUrTrrTTrTTT
01 2 3 4 5 6 7 8 9 1011 12

Bl 4 % pH (0 2R K 5 0
Figure 4 Influence of solution pH on extraction efficiency. Extraction
temperature: 60 “C; other conditions as in Figure 3

BE A, Ko fAE W i R A8 R B ) ) S M 3R AT T 2%,
A R AR N, AR TR) LA, 5 | e 0 A
VIR N 250 °C, f#W 3 min W fENTE A, 320
PE R L, AW AR AN K, AT RS BTIE A
(3 AN R O, PR IE PR ol 250 °C; iR
B 17] 4 3 min.

2.4 PANI #1 IL-PANI Z= BV R BY ELER

5 LA T I AR RS B (1) PANT F1 IL-PANI %%
ISk AR AR TR 4 A 6 7K H By S0 0 (R 26 O, T A,
IL-PANI ZHCEK A IR B 20 T PANT Gk, X
JERR IL-PANI A B R MARECR, B A & RR0R
REIAE IR B8 1Ak, DI AR A K.

2.5 IL-PANI ZHLSKB9Fa E

FESERRHR, AN 1R FH 77 o A2 5 L 1
K. 01 2 800 AR ICK T 5, LA IUSR Z
R VI 1| N YN A LSNPS T T
Sl AR I BRI, 1% HLBRAT TN IL-PANT &
A MEAICK AR e PEREAT T % %2, 451K, 4l
152 IRFEMUMRIR G, %A IR AR TR I BT S 1) %
(K 6), TR ICL HLA R U (i FH .

Acta Chim. Sinica 2012, 70, 2440—2444



% F F HK | #REX
6000000 7004 A 3-MP
=1 PANI fiber . |
| S~ PANI-IL fiber R
5000000 - :::: 600+
| BB 1 2,6-DMP
% f’? ’:’: 500+ 2-MP
g 4000000 KX R ] 2,4-DMP
b 1 oS . 400
8 3000000  [X3 o £ 2-CP
P.‘ e X o = 3004
= R N 57
0000 N B KA KA KM 3 500
R K KM =4 KA ]
1RKXA O I B == % P |
R B R K
1000000 \;.0{ NP ‘&4 R =KX 100
INSENS NSNS NS ] 1
oA INPXA RN INKRM INKA 0-
2CP  2MP  3-MP 2,6DMP 2,4-DMP 6 8 10 12 14 16 18 20 22 24
et T A2 L s Time/mi
B 5 PANI 5 IL-PANI ISk 2 (A€ MU Ho ime/min
Figure 5 Comparison of IL-PANI with PANI coating for the extraction
of phenols. Other conditions as in Figure 4 140, B 2-CP
6000000 — 120j
| = I T 100 |
b\j\{’——I\{ ] 3-MP
-MP
5000000 . 807 \ /2’4_DMP
*_%%-}——i\\{ e ] /
5 1 3 60
3 —=—2CP g ]
8 4000000 - —e—2MP & 40
g —A—3-MP |
& —¥—2,6-DMP 20 A
3000000 4 R | 2,4-DMP 0 ;._A_)v-ﬂ
AI\!E\E A e I e A s s s
2000000 -, , : , : , ‘ 6 8 10 12 14 16 18 20 22 24
0 50 100 150 Time/min

Extraction times

Bl6 FUUABEA AL

Figure 6 Variation of extraction efficiency with extraction times. Ex-
traction time: 40 min; extraction temperature: 60 ‘C; stirring rate: 600
r/min; NaCl concentration: 0.35 gemL'; desorption time: 3 min; desorp-
tion temperature: 250 C

2.6 FIEHIEM

AR SR, LAY A &4 ol w4
KM ZHOHAT TR, &R Wk 1 Por. XLEmEY)
JRRBARK IR &y 6.1~98 ngeL™" (S/N=3), £t
h0.048~400 pgeL . I —APELTATAR S Ik, 15
- A o T Ve T AR R AR GBS T A 22 (RSDYIIME T 5.5%.
FEHA R S8 548 F 4% 3 MR IL-PANI A BUL T4 7
T, 13 A A Gyt i 0 1T AR AR N RS R ZE 08 3.7% ~
12%. XK IZAICL A BAF MmN, 5 Sk
(0P TSI P 50 A M R AR S AT LB TL-PANT A%
I Sk (1 2R Al P 0 e R 4 e
2.7 ERREESRO

R AT R R T R R TR R KA T T .
7 T AR B SR R K FEZE TL-PANT A Sk A HL
JE GC Bt g, KRR R RE S S Y Ah
Wy, EAKIE A 10.9~60.8 ngemL (AL 2).
TEPE K I R EWIRR U, 1SS E P 0k bl
W N 85%~119%.

Acta Chim. Sinica 2012, 70, 2440—2444

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Bl 7 ARFEA)RISCRR BOKRE(B) K (i 1

Figure 7 Gas chromatograms of standard solution (A) (containing 200
ng'mL "' 2-CP, 2-MP, 2,6-DMP, 2,4-DMP and 400 ngemL ' 3-MP) and
wastewater sample (B) obtained by HS-SPME-GC-FID using IL-PANI
fiber. Other conditions as in Figure 5
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Table 1 Analytical parameters for HS-SPME-GC determination of phenols with IL-PANI fiber

RSD/%
Analyte Linear range/(ugeL ') Correlation coefficient LOD/(ng*L ") One fiber Fiber to fiber
n=>5 n=3

2-Cp 0.048~12.5 0.991 12 3.8 4.7
2-MP 0.78~400 0.995 49 5.5 8.6
3-MP 3.1~200 0.991 98 4.0 12
2,6-DMP 0.39~200 0.994 6.1 4.8 3.7
2,4-DMP 1.6~200 0.995 24 33 9.9
%2 IL-PANI % FHTBAE - ~OHI (LA B K YA 5 Ren =3)
Table 2 Analytical results of waste water sample with HS-SPME-GC-FID using IL-PANI fiber (n=3)
Analyte Found in waste water/(ngemL ") Added/(ngsmL ") Found/(ngemL ") Recovery/%
2-CP 10.9 50.0 70.8 119
2-MP 28.5 50.0 71.2 85
3-MP 60.8 100 172 111
2,6-DMP nd* 50.0 46.5 93
2,4-DMP 14.1 50.0 57.2 86

“ nd: not detected.
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