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Detection of Perfluorooctane Sulfonate in Aqueous Environment
Based on Molecular Imprinting Coupled Bipolar
Electrochemiluminescence Sensor

HUANG Shengxiu, LIU Liyang, YANG Weiqgiang, WANG Qingxiang, NI Jiancong’
(School of Chemistry and Chemical Engineering , Environment and Minnan Normal University , Zhangzhou 363000, China)

Abstract Combining the specific recognition ability of molecular imprinting polymer (MIP) and the high sensitivity
and anti-interference characteristics of bipolar electrochemical luminescence sensing (BPECL) , an MIP/BPECL
sensor was constructed for the detection of perfluorooctane sulfonate (PFOS) in sewage. Using PFOS as the template
molecule and o-phenylenediamine (0-PD) as the functional monomer, the molecular-imprinted polymer was specifi-
cally identified by negative extreme electropolymerization of bipolar electrodes. The electrodes were characterized by
means of scanning electron microscopy (SEM) and cyclic voltammetry (CV). The MIP/BPECL sensing system was
constructed with ruthenium bipyridine/tri-n-propylamine [ Ru (bpy) ;*/TPrA ] as the output signal at the positive
extremity of the bipolar electrode. Under optimized conditions, the electrochemical sensor displayed a wide linear
range from 1 nmol/L to 1000 nmol/L with a low limit of detection of 0.43 nmol/L.(S/N=3). The sensor is applied to the
actual sample of the environmental water labeling recovery test, and the result is good. The constructed MIP/BPECL
sensor has the advantages of high sensitivity, good specificity and strong anti-interference ability. By changing the

template molecule of molecular imprinting, it is expected to realize the application of this sensor in the detection of
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other environmental pollutants.
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Scheme 1 Schematic diagram of MIP/BPECL sensor
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1 SEIGERS

1.1 KFEEE

EFAERAFRET (PFOS) | 25 EHR (PFOA) . £ 2R (PFHxA) | &5 O LR (PFHxS) . 2% T R
(PFBA) . 490 T %ehififig (PFBS) | 4578 —H& (0-PD) FIA 4R (HAUCL,) , 43#Hr4l, i ok 2504
FRAF] AN AET [Ru(NH,) CL] L 7S7KA S = (27 2- B0k BE ) £7 [ Ru(bpy),Cl,-6H,0 ] . —IFNfi%
(TPrA) . 3R WA LS (PDMS) SR FNE L], 20 dral, FIgERThr T A2 A BR A ] 5 BRiREh 22 i il
(PBS), sr#rafi, E 254 BialnAa WA wl, e tb2zaf 00 3 400 i 5 A A48 (1T0) 5 Ha 38 1
(HEBH<15~20 Q) , BRI R A BR A B 5 AZP4620 E PG ZIE , DT S 6o AT BR N | 5 Hialik
(FELBHR A 18. 2 MQ-cm).

CHI 660F B B fb 22 T A, BRI ES A 7] 5 BPCL B ES & AN, b st Wi ER 23w 5 pH
400 7Y PR FE R INAX , 3 [ Kino 23 7] 5 JSM-IT510 B4 Hy S i858 (SEM) , H A i TR St A vl
KDC-40 RE-52AA BUE 3 B0 HL, 351 Varain 24 7] 3 KQ-250 B R A G veas, B LB (U A PR
Al 3 GD-125-1 B LA S5 B TG VML, I FHORMRRH A BR A 7] DZF-6050 Y BL25 THR4F , IR oh
A RRZ F] 5 Direct-Q FRIRAEKAY, SEFE Millipore 23 A .

1.2 BPEHERHIH&

PDMS 5 5 Il . ZHESCER[21 1057, F PDMS Sk 5 b e i b 10: IR G5 & F 4 °C
VKA 30 min, B TEEZS 2588 I ASAL BE 30 min. BEAEIRS AY PDMS TR TR S0 18 B A SRR EL DY, #5
B 10 minJ&5, BT 60 Cm#W L&k 1.5 h, K s %) PDMS F IR AR Y 3025, PR 20 mmx40 mm
f/NEE, 0T 2N B A28 10 mm AR L (PDMS 35 F R REZ) R 2 mm) , A S B R R s

ITO AR I 224k« S BESCHR[22 10715, F 1TO FELAR (40 mmx60 mm) 23 BIAE I . £ B A 4K
A I YE 10 min A RBRFR A0 . FDEZIKES (6000 r/min) 45 30 s, #5453 min(115 °C), B HIG
¥ BPE 8 R OGRS R 22 T 4 min. 76 NaOH KW (0. 7%) 1 B5% 8 min Ji7, FHE B Tk bk
J£7°90 "CHERE 5 min. {# ] HNOyHCI/H,0 ZI 58 &% R A9 ITO J2, A Zb 3 20 min B 25 1 1 G2
BT RS FL 0 40 R 22 A 9 17O BB FL A .

HL TR K 4 (AuNPs) « O T iR il HA B4 i S e, 2 BSCHR (23] 0775, DL 0.5 mmol/L
HAuCL, R HUARIR, 1TO S FLAR Ry T AR, F12Z X B, Ag/AgCIURAIKC) 2 itk , SRR R
i (=0.9 'V, 800 s) 7EIK 5 HL A £ H A1 BPE BHAR | o TR G4 K 4 il 75 AuNPs/ITO HLAR , 28R 47Kk
JE ARSI T, % H.

MIP/AuNPs/ITO HLAR 1 il £ « 2 BRSCHR (24 1771, FREXPFOS B4R 43 F Fl LA o-PD Jin A B R 1
(0. 1 mol/L, pH=5. 8) & thiz i, ELH LA 10 mmol/L o-PD 1 1 mmol/L PFOS #4431~ (FE JR e & e
J10: 1) AR AVER . BHRA RS R ROV 1 h, 8 AR BRES 247 B R4 4 (MIP) fif
UK, BEEHS R . FEASIIA PROS B 43T 45040 I SR FEAH R 5 2l A5 E B R A4 (NIP) RT3k, FH T
X HESEI6 . K B TR AN K 4 5 0 0OR, H A BRI AR s B F 10 mL ATSKVE SR FPEIAMR 283k (CV) 3 H#
25 B HEATHL R A, A A TE Rl 0~1. 0 V(vs. Ag/AgCl), AIAHIE OV, & IEHIE 1.0V, Hw
50 mV/s, HLRA BT 1000 s. FUr5 ik iz T B BE- 4K (R EL 9 DI W, YEME 10 min ABR J45
M7, BIRIF5 MIP/AuNPs/ITO F1 NIP/AuNPs/ITO FiA% . 5% JH CV F1 SEM XH& i B B -4 T R A41E .

RS B E RIFLE PDMS 35 R RTEL 58 BB 1 MIP/AuNPs/BPE HLR A S5 2 11 DEALH b
10 s, FA7EPKEE PDMS 55 7 5 WA R AT T RE P 2 B, B SE B MIP/BPECL HLHR (11 5 .
1.3 4>FENiE BPECL £ B4 M)

B LR A MIP ) BPE BHAR St/ R 4% 8, i A 100 w7 [6] ¢ BE (9 PFOS B 5 % 7 (10 mmol/L
PBS, pH=3. 0)Jf-MF & 5 min. FFFEAHAMH PFOS 5 MIP SR 456 )5 , BRI ; 76 BPE B BIAR iy
JA 100 pL 0. 5 mmol/L[ Ru(NH;),]*, 7€ BPE A9 FHH% % il A 100 L. 1 mmol/L Ru (bpy) * F1'5 mmol/L

Chem. J. Chinese Universities, 2024, 45(6), 20240106 20240106(3/8)



T
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

TPrA (1 PBS ¥ (10 mmol/L, pH=7. 0) ; ¥fL /%48 & TWE 4 17 ECL I, B MEM I3 . K
M2 . BPCLYGHL A8 /) TAEHL M 800 V, CV HHHL JETEFI A 1. 0~4. 5 VGEIRHEIE N 1.0V, &
IEH 4.5 V) L HIEHE 100 mV/s. Phii/h "R E LM R, R R A AN LOD=1g(30/S)
(o ]9 5= FIRE IR B BRI IR 22 5 S ERPERLSR).
1.4 KBRS

SRR KRR A U VT B (i) B VTS 22 TR A ) FVTIK , BR— 7 KRR & i )
FHO. 22 wm BT 8 3 UK, IF PR 7 sCHeR BEBR LA S A PR -, 250, BCE)ZTW, TR H:
FhEREE A PROS YR EE . SR R Al SR VKA PROS, FF#EF Thndr [l 525, 55 LC-MS k4,
RIAT A

2 FHR5iTE

2.1 BPEMRHBEREMIPIIE

KA ZEIEIMR L (CV ) 3 BIZ5 58T NIPGE A o-PD, A ERAR ST ) M MIP (7 0-PD 1 PFOS
TR 53+ ) FE AuNPs/ITO (%) BPE FI#l_F ARG . B 1A AT, B SR E 5 m, NIP misi
WL B A I L T BRI, DRI S ) 0-PD & B W MMAE M 35T, 407k T S 2 R A 7
MBAF 2SN, VR TIH R, R RN C 58 &9 o-PD WA IR 55 . S s MIP BRI
B 1(B) ], ZEMR AR ECT , BEF BEIEURIBE NN o-PD W FL 50 B DRSS ARG, 4R & 2 S BBl G
WAAT W, X AT BE2 R 7 i B G OB A v, MIP BT UK I P (9 PROS B4R 73 115 o-PD i 3 A 2407
SRR B ARG, AGER S Y 0-PD MBS IE R MR TE , 1 HLZ48 2% 19 PFOS . fin 8 H,
TRFBEAR2, BB PFOS IR 4311 MIP CL &1 7E BPE [k I .
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Fig.1 CV curves of NIP(A) and MIP(B)

Scan rate: 50 mV/s, scan potential: 0—1. 0 V, sweep cycle: 25, electropolymerization time: 1000 s.

2.2 MIP &4 BPE [BiR A RAE

YEMALGR R IC A, 1B 7E BPE B R I A MIP X 15 2838 0 P RE AT 81 2520, [RIIE R CV Al SEM
SHE R AR T T RAE . B 2(A) AR RMEHE L AE 0. 5 mmol/L[ Ru(NH,) "B H 9 CV &, 5#E1TO
HL M (2 o) M EE, FLTCRR I AuNPs f9 FR AR 119 0 L 0 38 2 3 (R b)) , M8 I MIP J5 AR A A i
ST (ML e), BB MIP B2 i R A TE MR FRTA . BRISBM 77 J5 R S B W S D0 (il £k
d), VLW PFOS BN 43RS B J B3 T Bl s FE R rh . i — 2D 58 T AR I H AR g E PR .
BN A MIP/AuNPs/ITO HL % B F 1 mmol/L PFOS R 9 & 5 min Ji, AT LAFE H s Ha 3t BTG (il 2k
e), IR AR bR ER AL SRR SRR B IE 45 5 PROS, MIMTBHAS T [Ru(NH,) ] & AR 3R 1T
U] MIP/AuNPs/ITO X PFOS HAT R SR GIRE JT . FRRVENL PFOS J5 HAS SR (e ) , P12 e
il F543F BN BPEAZ LA . H I 2(B) FIf7R SEM B8 0] L, FE 356 Hi 235 A B A 43— PFOS ) MTP/
AuNPs/ITO HI MR R THIAG 3R B0 B, RS 19 218 R H R B W FH R TR R ; B 2(C) 7w
TGRSR 3 PROS J5 AR SR THTE A, W] UL AEAE— S0 fOR 9 A — 2623 i (£1 AT Sk IR )
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Fig.2 CV curves(A) and SEM images of MIP/AuNPs/ITO before(B) and after(C) elution of PFOS
(A) a. ITO; b. AuNPs/ITO; c¢. MIP/AuNPs/ITO; d. MIP/AuNPs/ITO (extration) ; e. MIP/AuNPs/ITO (adsorption) ;
f- MIP/AuNPs/ITO (extration again). All in 0. 5 mmol/L [Ru(NH,),]*". Scan rate: 50 mV/s; scan potential : 0. 4—0.2 V.

2.3 MIP/BPECL & B E8SHI AT 1T 148 M)

ARG TR a0 15 s X K R oh PROS & A (R nT 4740, A8 s 237 B3k BPE Hi i (1914 Jdkii
A B R PFOS IE W & Ja 647 T ECL

B, SRS 3 PR SRR | ’ '
i) PROS I , ERVEZS 6 A  PFOS 075, 2 so00f

[Ru(NH, ), ™% TR 5 AT 1 T £ sl )
9 T PR35 30— R0 ECLAS £ sl .
W N 4RI A% A PFOS B, B F B 1000k

PFOS 5 MIP Hril 4323 Jis 25 45 BHLAR 1 HLF oF - : : ]

fih, O BR ECL 3 S0 BIE(T, 4 T

Potential/V
IR H PROS ¥k B 22 e, Kot i
e HREFF LSRN, KA Fig.3 ECL response of different concentrations of PFOS

PFOS 5 EI 25 2 6, JEABHIT THLT oo i pole: . 0 nmol/L PFOS, b. 100 nmol/L, PFOS, ¢. 1000 nmol/L
ik, PRI ECLAR 5 SURIFEAK, RIAFT  PFOS; signal pole: 1 mmol/L Ru (bpy) ** and 5 mmol/L TPrA. Scan
P MIP/BPECL 1% Bti X PFOS [ #6:3 rate: 100 mV/s, scan potential: 1.0—4.5 V, photomultiplier tube
AT voltage: 800 V.
24 REEFHHMRL

N T A ERAEVERE R , XA R R BE T Ak . DhRE SR SRR 4+ 1Y i Lol 2552
M) B3 30 AP J P8 % B30 225 s () e, 5 i) MUIP FEAR e 3 R BB B 2 IR . AN 4 (A) B, S ERqA
WA B, PROS 73 F 58 24 o-PD A5, JCTA S8 2 Ve PROS TE J80 A2 6 1 BV Il 25 Js 5 B4Rk B 2 IR
B, PROS 27 AR R AT A AL G55 15 Je bl , S EOCIE S o-PD I R IR A HE. 24 0-PD 5 PFOS EE/R
WP HON 100 1BF, HERPIIARTJG # ECL 22 (AECL) A FI R KA, A ifil 4 MIP (L HL . REW
HEEH JE B 2 s i F A 2P A5 I R RE L 7R RS H SR G AN R BON 73 BN SRS I s it 25 .
PG EUE 5 m ECLA5 S B A AR . K4 (B) RN, B 25 Pl IR MIP Xt PFOS W i fE fe 4F
AECLIX B AAE, ORF I il ER GBS R, REWIYAS B E ey . HEPuE Lt
W, G IRICAE AN R T U8 4540 T BUFEAE B B 25 s 5570 5 T W SR 45 30 FET IR BTt ) 52
B B S OB AR 1Y o-PD B 55, PROS AN G e, BRAI T W B AL 3 . PFOS J&— iy 671 B i
YR HL AR BT, o-PD BRARTH & A KB RERER] , TERRTE S5 T 2 B4t IE s, AR pH {23 52
S A L, AT SE 0 55 PROS #i L IR, Qi 4 (C)FF7R , 78 pH=2. 0~7. O3 [P, Bifif pH (B FFAIR
AECL 3 K I 78 pH=3. 0 B ik B i KAE, 15 8 TR, U DI IR B 23 52 i PROS W, 56 F itk 4%
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pH=3. 0 JEAT G L5256 . B AR5 76 55 R 10 5 75 Bst 1) -t 2 52 Vg B0 345 b AR G 0 475 5 i B B N &K
Kl 4(D) R, BEAE W F I E] A IE , MIP 2887 W f B 22 18 PROS B 2 A 2 A1, AECL & #iH KIFAE
5 min J5HATEAE , B ENE LR G PROS 43 AW [ 2L 1A -7, PR b o3 e 0% 75 i 18] >4 5 min.
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Fig. 4 Effects on the MIP/BPECL sensor performances of 0-PD: PFOS molar ratio(A), scanning cycles(B),
pH(C) and incubating time(D)
Sensing pole: 0.5 mmol/L[Ru(NH,),]*", signal pole: 1 mmol/L Ru(bpy),*" and 5 mmol/L TPrA. AECL is the ECL
intensity difference before and after adding PFOS (AECL=ECL~ECL,, ECL; is the ECL intensity before add PFOS,
ECL, is the ECL intensity after add 100 nmol/L PFOS)

2.5 fRRUMEREDHT

e BRI L ST, XEASTE MR B2 () PFOS #E47 Tk . & 5 (A) F(B) & B, Fifi & BPE 1% i
th PFOS ¥ J&E 16 K, 15 5 S ECL Wi B 2 8 ey . LA ECLAR S5 5 (1) YA bR, PFOS #& B 4 % K i
[lgepros/ (nmol - 1) AREARFRZ: 6l TAEMIZE, ECLSRIE(H S PFOS ¥R B A X AL EAE 1~1000 nmol/L 524k 14
KR SBEIK ], Lt 2R I(counts )=5628. 185 — 1294. 420X1gc,p0s, FHIFFRELR?=0. 998, #5 HIFR K
0.43 nmol/L(S/N=3). WK 1 7] W, 5 3CHRHE 19 & PROS Kl % 8y A0 L, MIP/BPECL f% )& 2% H.
A AR AR H BRI SE A 2R MV TR, (R T rL b2 B AR 1 1 R

(B), - eo00 L1 [3628185-1294.420+
=
P 6000 6000 £ 5000
< = 5000} g 4000
Z 4000 § = 3000
w N Q
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Fig. 5 ECL response of Ru(bpy),”* on the anode with different concentrations of PFOS(A) and
the corresponding standard curve(B)
The inset of (B) shows the logarithm of the PFOS concentration.
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Table 1 Performance of different electrochemical sensors for the determination of PFOS

Sensor LOD/(nmol - 1.7") Linear range/(pumol - L") Reference
Fluorescent sensor 12.8 0.05—10 [29]
Colorimetric sensor 8.6 0.1—12.5 [30]

MIP sensor 100 10—10* [31]
MIP/BPECL sensor 0.43 0.001—1 This work

2.6 fERESFEHEEE EUMESREEN
T RR AL RS B, 7EA2 88 A 10 wmol/L () PFOA, PFHxA, PFHxS, PFBA J% PFBS %
WAE TP -5 100 nmol/L PROS K IR G/KFEHATXT H , e AT I P ECLAS = A9 sZm . HEI 6(A)
Al I, AL RS AE2S [1FE X PFOA, PFHxA, PFHxS, PFBA I PFBS AW & T, A 5% 19 ECL I
N, TAE S A PFOS KR G /KRR ECLAF S HA, UEINZALZ A A RAFESEEYE . I T3 B
T (MIP) % 45 7 43T 8 B TR i b AR I 8, ol AR X F JL B 4G 0 PROS 19 7 7 L2 54 R 4 57
PEB2R SIS R B T AL A R P AR EYE . R 6(B) /R , TEAL S HRIAL 100 nmol/L PFOS
HARIHEAT 8 I L Y4645 TR M ECLAE 5, AIXAREZE (RSDME R 3. 21%, W% fL a2
A RIFHREENE . ZEB SRS BN A 10, 100 F1 1000 nmol/L PFOS HEAT T 3 YA, 45 S 6 (C) fr
7N, ANEIHEE R B ECL W N5 5 RSD 2091 K 3. 2%, 2. 4% F 1. 4%, PEB1I% 50 T Bl (4 i gs FA RIF-6
W . AT R G S AL B BRI PFOS, AH HF1% 58 ECLAL ARSI 5 15 5-fa i 38 & AE 7R Rl — T
VEHL AR R BT TRl R i A T ANV W S5 05500 Z [ k2 4, BRI B A0 R AR

FEPERE.

(A) (B _ 5000F (©)
s000lLy 1 . I 3500F(®B)  RSD=321% L
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Fig. 6 Selectivity(A), stability(B) and reproducibility(C) of the proposed MIP/BPECL sensor
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Table 2 Recovery of PFOS in tap water by adding standard

MIP/BPECL LC-MS
Sample Spiked/(nmol - L")
Measured/(nmol - 1.™") Recovrey* RSD(%) Measured/(nmol - 1.”")
Water 1 0 0 0 0 0
Water 2 50 42.6 85.1 10.3 41.2
Water 3 200 1824 91.2 11.9 179.8
Water 4 500 472.5 94.5 8.7 468.5

* The results are the average values of 3 parallel tests.
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