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Abstract: Extraction paper (Oxi-CFP@PAIL) was fabricated by coating polyimidazolyl acetate ionic liquid
(PAIL), synthesized via Radziszewski reaction, on oxidized cellulose chromatography paper (Oxi-CFP) and
characterized by ATR-IR, TGA, SEM and AFM. Moreover, the influences of PAIL preparation conditions
on the adsorption performance of Oxi-CFP@PAIL for 4 kinds of nonsteroidal anti-inflammatory drugs
(NSAIDs) (tolmetin, ketoprofen, naproxen and diclofenac) were investigated. The results showed that PAIL
was chemically bonded to the surface of Oxi-CFP successfully, and significantly improved the folding
resistance of Oxi-CFP. Furthermore, the obtained Oxi-CFP@PAIL when the Oxi-CFP was immersed in the
PAIL prepared at 60 °C aqueous solution with a mass fraction of 5% had the largest PAIL load and
exhibited the best adsorption capacity per unit area for four NSAIDs. Desorption of 4 NSAIDS from
Oxi-CFP@PAIL using acetonitrile solution containing 1% (volume fraction) formic acid and ammonium
acetate (1 mol/L in water) followed by HPLC-MS/MS analyses indicated that recovery rate of
Oxi-CFP@PAIL for 4 NSAIDs were higher than 80%. It was found out that the detection limit and
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quantitative limit of this analytical method were 0.02~0.10 pg/L and 0.07~0.33 pg/L, respectively.

Key words: thin-film extraction; extraction paper; polyimidazolyl acetate ionic liquid; NSAIDs; functional

materials
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Table 1  Structure of target compounds
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Fig. 1 Preparation route of PAIL
1.2.2 Oxi-CFP@PAIL ¥ ] &
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4%, MU 10 mL JEK 2B, 10 mL @4k ik,
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MR 5% PAIL KW H 10 min, 60 °CEHE
HA5 T 30 min, BRI ERER 3 K5, HIJoKH
gk It & T A 120 °Cin#4 30 min, ¥ PAIL
[EEFE Oxi-CFP R I, #35IFEHUAC . K il 45 4 Y
AP 1.0 cm % 1.0 em, HE THRARTE

MR LIRS PR R/ 10.0 emx1.0 cm
FEACH TN, Hd, 60 °CHil& 1) PAIL
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R S 50 75 B e L rpom A — i RV G SETT L T
WIE . ZEE A ARG I WA o ARV JE K R
IR Al K 2 ARV TE L, SR JF A 5.0 mL 554
RS TR, $R%% 90 min Jo F T IR 2 HUAR - it
Ty B, BRI 1.0 mL SR80 50 N
1% P R A2 % (1 mol/L) M) ZIE R e e , i
W2 0.22 pm B LM (PTFE) 3k X JE it
U, F HPLC-MS/MS il & # i b NSAIDs 1)) 1 i
REO b, @A C18 4% (2.1 mmx 100 mm
X 1.9 um ), VBIAH A FH EIRFUECH 1% H R
KW, BHRONE, WHEHN 0.3 mL/min, N
40 °C, #EFEE K 1 pLl, 4 fh NSAIDs B E8 71ES
Boang 2 pron ., Rt (1) #EHE.

e % =LY 00 (1)
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%2 HPLC-MS/MS {5 4 i NSAIDs (1425 ik 25
Table 2 Parameters for the determination of four NSAIDs by HPLC-MS/MS

NSAIDs HL B 7 2 KT TET QI Pre fR22/V CE Q3 Pre fi#2/V  {AEEH}E/min

FEEIT ESI+ 258.00 119.20 -14.0 ~18.0 -19.0 5.24
91.20 -14.0 -38.0 -14.0

T % 5% 255.00 209.20 -14.0 -16.0 -20.0 5.49
77.15 -14.0 -14.0 -30.0

A 231.10 185.10 -12.0 -15.0 -10.0 5.50
166.90 -12.0 9.0 -15.0

MH TR 296.00 214.05 -30.0 -34.0 -20.0 6.54
250.00 -11.0 -13.0 -25.0

P T B R O (TRIPRIBR A ) #%5X (2)
HEATIFAR

%1000 (2)

LoV — PV,
Qs: OOS t"t

Hi. 0, Oxi-CFP@PAIL X H brib & 4 i 24 i
FAW B, ng/em?®s p, R BAREA W) ¢ B ZIERE & o
MR, pg/Ls VR ¢ BRZIREGAARTR, Ly po R
HArfb & WAErE S P R kB, pe/Ls Vo N
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i b, W4 A B S WS S R TS . AFM I3
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Fig.2 '"*CNMR and '"HNMR spectra of PAIL
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%, o 1.92 Kt —CH; I H Bk= 082, 5@
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S R 2 FRAE 2 S 30 25 AF T A B PAIL
2.2 ZEEEMIZHIT PAIL HEBEN S FRE
[€l 3 S PAIL . Oxi-CFP Fil 60 °C T il #41% PAIL
IR AL (Horb, PAIL BiB4 80l 5%) (K&
FEEE I AAE, T R4 R FH AR & ) (9 ATR-IR
RER . W 3 AT, 7E 1560 F1 1166 cm' Ab g i i
Shy WA I AR £ TR PN R R /B e R e 4 31 3 R v P9 S %
PRAEIR S, ATLARE 1,6-C e, 2 BRI
FETE R 25 A T TR UK e ER . 5 NMR 45 e —
., [, Oxi-CFP 7E 3336 H1 1635 cm™ 435 —OH
{14 e 45 41 s RS il B sh W g, 2891 T 1424 em™!
M2 —CH, WIASKTFR S AR 4R ) FUAS KR A TR ik 3l
Wl , 1055 em ™' bk C—O B 44 45 4 5l Wi i e 261
TEFERUACHY ATR-IR 35 W, 1560 cm ' &b H BRI s
AR, LR PAIL ZIM&EAE Oxi-CFP |,
[FIEE, AN, R4 R R H—O0H 4 H,0, A
foJE A R, Zam#E 5 A5 H Fr & B 1 ik
03 B —NH, 5227, T 1060 em™ Ak W57 1+ 2
RN F R T C—N A, Wik — A E
T PAIL 5 Oxi-CFP j=A4: 4k 2g i DL e X

kA

“H B o

RV ¥

— PAIL A
— Oxi-CFP BRIEER
— FRUK C—0&C—N
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Fig.3 ATR-IR spectra of PAIL, Oxi-CFP and extracted paper
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Table 3 Number-average relative molecular massof PAIL

PAIL il % £ /°C
60 25 15 0
M, 462 474 476 482

2.3 EERMAREES

Bl 4a b i AR & R PAIL ¥R 7 1
Oxi-CFP 35| A AR TGA 4k, B 4b. ¢
Oxi-CFP Fil Oxi-CFP@PAIL f TGA Il DTG £k,
M 4a FIAT, ZEHRARTE 150 °CLLTR 46 F 2K ™
AT, T R B, AR AT RO 4
B BE N I PAIL AR B & —Fh K4 A9 K 5, AT
LA, BEE TREE R T, 2R I PAIL Y f 2kt
Rtz 380, fiE 4b F1 ¢ A1, Oxi-CFP [y EH 4
PN B, 5—BrBe<100 °C, R4 K, 4
T BLfE 240~390 CZ ), EERAELFHERME
fift, J5 A T2 AL fif 2R T i SR O K R R AR BT
143 i 2, FHEE 600 °CHY K 4F 20K 9.88% .
Oxi-CFP@PAIL M2k E50 0 3 HEBL, SH—B
BEAE 30~115 °CZ[a] H BL i i 46 ¢ 2220 PAIL 4%
BEEK Ay s S M BEAE 115~200 °CZJa], e F 8
Bl SRS PAIL 455 45K 51 AP,

5 =B ELTE 250~350 °CZIH], AR AW fH R A PAIL
53, 600 °CHY BT HEFR B R ILT- A E . AR
RE N B, HerE 30~110 Cz ], FE
Bk BANHTF Oxi-CFP 5 PAIL REil it & 54
HAERY A, [FIREF 42 i g kL e 5 5 7
MR —NH, SO PY, R, 7E 240~400 °C 22 (]
NJJ& Oxi-CFP 5 PAIL MBS, A THEZE 600 °C
WAy R 12.71%. 5 Oxi-CFP #ilt, 4% PAIL )5
AEHRAR, IRE T T
2.4 ZFEEURBmHTE

F 4 JAN[A] PAIL Joi i 43 B0 4 A2 AR it 47
J& o PAIL B/ 00T DU i L AE AR AR b Y
W, i 4 T, EEACR T RS PAIL 1Y i
APBU RS RS fin, i PAIL V&7 Oxi-CFP I
(RN, JF ELAT i AR AR A Y H R i, i HAE
HEIURE AN 2 i

4 FEIBACHITIT R
Table 4 Folding resistance of Oxi-CFP@PAIL

PAIL JFi 550 40/%
0 1 3 5 9

it 47 B/ 3.2 3.4 5.2 70 13.0
PRUEZE(SD X n=3) 0.283 0.346 0.283 0.004 0.447

105 a 100 b = 1 S
S 100 g0t )
Ly Ly S
BE 95 BE 60 5 0.1
x X #
g 90 t — 60°C 1 40 | & 0.2
HE —25°C = . X )
85| — 15°C 20 | — Oxi-CFP _03| — Oxi-CFP
—0°C o | — Ox-CFP@PALL 7 [ —— Oxi-CFP@PAIL
80 : : : : : - . . .
30 60 9 120 150 100 200 300 400 500 600 100 200 300 400 500 600
e HE/C WA

B4 AREZEERLEH TGA #hZk (a); Oxi-CFP, Oxi-CFP@PAIL ) TGA (b) & DTG ik (¢)
Fig. 4 TGA curves of different extracted paper samples (a); TGA (b) and DTG (c) cueves of Oxi-CFP and Oxi-CFP@PAIL
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& 5a. b. ¢ 23518 CFP. Oxi-CFP FlIAEHUAR )
SEM K&, d. e. f 750 CFP. Oxi-CFP FIZEHL4L
B AFM &, 18 5 77 W, SEM 1 AFM Y4516 —3%,
CFP R HAHXTGH , HHBEE 4 16.9 nm; Oxi-CFP
FEHRE . AWEL, MRS 51.8 nm, XEMT

A i SUR N k=R aaa e N D B0 € S 1)
WO T R, AFITS PAIL MZ5G . mAHAC
FAIE AR, HOHRERE )y 5.7 nm, FIABEFR
MR PAIL J5, HFREKNGIRMTE, 458%
B, PAIL ©4 M TE Oxi-CFP I+,
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a, d—CFP; b, e—Oxi-CFP; c¢. f—#H4K; a. b, c—SEM Kl; d. e. f—AFM [
K5 CFP. Oxi-CFP FIZEH4KY SEM Fil AFM [5]
Fig. 5 SEM and AFM images of CFP, Oxi-CFP and extracted paper

26 HIEEFHENENENHIT

AT HI 40 PAIL 2 B A SRR IE 5 1
I TR FH 25 4 SR iR, A K b 3k Ty
AIErR AT, AT LUBRA B g 19 B AR B T
WA RN 2 B BB . HERITHERESR
AR S ARBTR YY), pK, R 3.5~45 (WLFE 1), X4
Ve pH P8k 8 I, iKY B IE R A
BRI BT, Frmad i b A0 AR 5 3R vkmg
1E B T45 4 WM Oxi-CFP L, DLik#|5 8 3o
&8 B, I, PAIL 7£ Oxi-CFP | #Y fi 255+
SRR A A B AR e R . BT
il 45 X 2R B4R B 4 Fh NSAIDs ($E63577 . Fili
WY R OBESYIR ) MR R A RZ I, 25 AN
6 i, HE 6a s, K& PAIL il & IR BE 14
hn, R FEBLACRT 4 Fh NSAIDs fif W% -2t 328
Hom, 4 PAIL Bl R 60°CH, ZEHLACXT H
FRALA P W B d R, HERTREJR R A, 60 °Cil £
) PAIL BOMIXT 70 F B/, 4> FHEE, AEHARR
I (B T4 5 NSAIDs 54152, MmiHEe T2 0
R, IR 6b AT, BE#E PAIL 4340
W, IR AEEACRT 4 B NSAIDs F4 W Ffif 2 5
RGN, 24 PAIL i 4350k 5%,
I FERAR X 4 Fh NSAIDs FOWLRE &, 43 %A
80.4 ng/em® (#E3EYT ). 76.3 ng/em® (ER# 55 ).
103.0 ng/cm? ( Z5¥%7E ). 122.0 ng/em? ( SEISHR ).
FRARZEIG TN PAIL (BT HE /045, RN i 96 i N R,
JEIR A figJ& PAIL 7 Oxi-CFP it # & FERE
W, FEAR T E R A, MIMFEAL T B ARy 5 A H
AR I 2 fi

150
@ [ [ mmsy
120 s [ Iwssm +
T =
= 90F
g
= gl
=
30 -
0
15 60
PAILE‘J%J%YEJEPC
b —O— X7 —o— BREZF
160 F —A— ZEEE —O— TR

9
Q/\Q

E N e §/

0 1 1 1 1 1 1 1
1 2 3 4 5 6 7

PAILFE4%0/%
B 6 T[] 45 IR R ) PATLC &3 50CH 5% X a )Fl PAIL
(60 °Cifil #& )AN[R] 5t 3t 43 %4 b )% Oxi-CFP @PAIL
W% [t NSAIDs Fo 5201

Fig. 6 Effects of different preparation temperatures of
PAIL (mass fraction 5%) (a) and different mass

fraction of PAIL (preparation at 60 °C) (b) on the
adsorption of NSAIDs by Oxi-CFP@PAIL

2.7 FEEVZEXT NSAIDs BIZEEN S &

Az TR T A4S HPLC-MS/MS Bk
M, FHTHMK T 4 F NSAIDs #9754k, HombrE
PRI 5,

% Bt B/ (ng/em?)
8

5 AL HPLC-MS/MS B AU K 4 Fft NSAIDs #4975 %25
Table 5 Oxi-CFP@PAIL coupled with HPLC-MS/MS for the extraction and detection of four NSAIDs in water

(I +£SD)/ % (n=3)

NSAIDs LMETEE/(ng/L)  HRRE KHRR/(pg/L) & wBR/(ug/L)
10 pg/L 50 pg/L 100 pg/L

FERIT 109.9 + 3.5 104.8 + 3.6 952+1.0 0.9948 0.07 0.23

T v 5% 1145+3.8 107.6 £ 2.1 92.7+3.6 1021000 0.9969 0.02 0.07

ZEE 82.8+3.5 83.2+0.5 84.1+1.0 0.9991 0.10 0.33

PIERIN Ty 111.6 +5.1 91.8+£4.5 82.3+4.0 0.9975 0.02 0.07
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M 5 AT, st BARE S P EcRAE
80%LA I, SD<5.1%, Z&MEJEMEITE 10~1000 pg/L, £
BRI E RS54 0.02~0.10 pg/L F110.07~0.33 pg/L,
I T SRR Y S AR A5 i B B B - S e B AR A2
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