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TEE R A 5 AL ZIF-8 & JE AT HUHE LA A 2= AR 4 8 28 719 & 45 VR S i s d (s v e 3
HI TS PEARSS A, MR T — PR UL AR, BT Rl o . SR H A I SRS i (1 2 R 4 i 28 s 4 . i
1l ZIF-8-Nafion/ITO JLM07 428 B AL AL BB X Cd>, Ph™ B He B T-7E 0.1~100 pmol/L 113 Ji 365 FE P9 HAT R
IR 2, K R4 51M 0.055, 0.0025 12 0.0016 pmol/L(S/N=3). Z 158 A% TAE 5 iy sk &b, o]
REAR KT RE VR )T B [ B Fhy 2R R ek AeUe 4 D A S s 288 1R I A B S IR e M AR R T R, Yo 495 =L b
FMEAR AL AR R RE S S AR R B Sl AN B F 2 A

KR RS EAERN; bR SR A HIAELL

FESES 0657 XERFRERG A doi: 10.7503/cjcu20230395

MOFs-based Microfluidic Chips for Real-time Online Determination of
Multiple Heavy Metal Ions

CHEN Xiaoping'?, WANG Xutan', LIU Ning', WANG Qingxiang"*, NI Jiancong'?,
YANG Weiqgiang"*, LIN Zhenyu™
(1. College of Chemistry, Chemical Engineering and Environment , Minnan Normal University ,
Zhangzhou 363000, China;
2. Fujian Provincial Key Laboratory of Modern Analytical Science and Separation Technology ,
Fujian Province University Key Laboratory of Pollution Monitoring and Control ,
IMinnan Normal University , Zhangzhou 363000, China;
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Fuzhou University, Fuzhou 350108, China)

Abstract This study combines the accumulation effects of rich microporous ZIF-8 metal-organic framework (MOF)
and the electrochemical technology for the metal ions, and the controllable ability of microfluidic devices for the

flowing of solution, to construct a new type of sensor to achieve high-throughput, real-time and rapid detection of
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multiple metal ion contaminations in the environment. The developed ZIF-8-Nafion/ITO-based microfluidic electro-

chemical sensors have a good linear relationship for Cd**, Pb** and Hg™ ions in the concentration range of 0.1—100
wmol/L with the detection limit of 0.055, 0.0025 and 0.0016 pmol/L, respectively (S/N=3). The microfluidic chips
require less sample volume which reduces energy consumption; at the same time, the microfluidic devices made up
of polydimethylsiloxane are also expected to realize the function of flexible electrodes, which is important for the
integrated and automatic detection of biological and environmental samples using portable and flexible electro-
chemical devices.

Keywords Microfluidic; Heavy metal detection; Electrochemical sensor; Metal-organic framework (MOF)

B B T AL ERR I ER, R85 T5 G [nl i H 25 5 . B b 0 I 4B A5 5 il B e AR A A
PR, o A A A i s B R 2. R B 4 S S e 1 ik A IR RO | R T A
T T R L SR B 5 B AR IR AE  (HX S T A A B % . AL B R AR 1 , HELL
TG JE FRBE T YL I A S A | A I (9 BRSO vk HAT AR AT B AT 8 | bl B b L
PRVELF RN O] (45 S50 5, W AR ek ol I F 2R 4 8 B ARG . 5T A B AL A T B i
KA R SR I ) R AT . 4B A HUHEZE (MOFs ) 2 h 4 J8 B 1 578 MLEC AR LA 28 i — b =
HeA TP A RS ) BB R R R 5 ISR SR 2R LA, X 4R i 7 1A RAF
PR BRI 1. SR FH MOF's A RHE i 1) LAk 27 1 T2 B S AT A0 b, 5 45 B 4 i 8 1 T 8 o ARl g 22
JEM i, B ZIF-8 MOF A4} 176 SRMAE 1 5 Bk Al (GCE) B854, SR S HR AR 223 AT [m] s A6 I He™
Cu*, Ph>Fl Cd> 4 b4 Jm B 711, X SALIE AR R SC B S /KRR R 4 S B A0 8 , (RLE R sh itk 7k
PRAINA H AR A AR RS TS A [

TR AT AR BB M4 R T R i L TRA R | R e A, EEAEZimE R ik
SEREUREE AL R A ARl SR AN STy 1) HAT EEL AN T . 2024 4F, BRI T T 3 A AR
TR E] 173, 8423570, Bk XU #20t Fr H AR (A R B AZEARWTRG I . 42t i 5 04
AL ZERIN - B 25, TS/ NEIAL ) S0 50 28 s IR VR . 200, RO R W & 48
T AL A AT E AR AN 32241 Wang 25 T —Fh I TR0 M40 T AR B R R AR 45 T 2 TR
%, BEMEILYT B A ML 2T 6 2 AR A A A5 SR R ELAT 38 FAG Ph> A BR 21 0. 8 ppb (~0. 0039 wmol/L).
Channon 28l T 2 )2 S0 15 Fi AL 2A AL IS, T R B0 CA>F0 Ph2 [ 46 HE FR AT 510 1. 2 pg/L
(0. 011 pmol/L) 1 1. 8 pg/L(0. 0087 pmol/L) J. SR, FHFHE S A O 18 1 40 1 B A0S VR R R 2% 31
DU EL AR , PRI 0 -0 BT A s TR AR G . i S AR s 8 (%) 3 3 2 AU i 45 1 R AR, AT s
BRURE 7 T B PR 3 S RGN . Hong 252V I & T H1 Mn,0, ZFLA KA R LAY 3D FTERfHUR 2
IR T CAFPH>* B E , K5 BR324 0.5 wg/L(0. 0045 wmol/L) F10. 2 pg/L(0. 00097 pmol/L).

AL B R AR SR LA BAR D, SEBLT i I P I PR vp () 2P 4 I8 8 15
el . FEH AL AL BEROE M T Z1F-8 MOF 40K A KL, FIFH Z 4L MOFs [ K 28 A s 4R ARl 42 )8
BT, SCELT AR Cd?, PhORI He SR | SRR . SR AR T AR D, ELRBRS R 1
DU A 2o At AR T, AT S BRI sl Ik T R ) SZ s I s ARG . T i P SR A SR s By e
BT BRI AN [ Sh AL W i 2o e IR — 3Rk SUe (PDMS ) 4 BN A (ol i 42 8 T 18 A SR S B2 1k v
W RE .

1 SEIGEH

1.1 KK 58

ANIKATEIREE Zn(NO,),- 6H,0 ] . 2-F KEBK 4 (2-Methylimidazole ) . Nafion117 ¥ (7350 5%)
iR K [Hg(NO,), | . fiSER4ET[ Pb(NO,), |1 JLK A RS R H [ CA(NO,),-9H,0 114 A Bl hr T4 R A ] 5
BT RS e (PDMS) I 1 36 FERE T Wl s oK OB EAALEN . TR . HeEhmR (KT 50 37%) |
ToKBEBREN . VKEERR . BRI (K [Fe(CN)(J) . SUARER . FIEE . 2K HRIE R 25%) . SAALEN | BiliR

Chem. J. Chinese Universities, 2024, 45(2), 20230395 20230395(2/10)



Jd B3 s Ky %R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

B[ Fe,(S0,);] . LIKEBIREE(ZnSO,+ TH,0) . SALES | B R EEFI 7S /KA S L8R (NiCl,- 6H,0) 14 H P Bl
BREIA A BN ] 5 i 2l /SR s 2 3 A b LT e A R A F) 5 AR 3 s (1T0) 1
H A R A BR A F] L Ag/AgCl S Eb HU MR A HL AR A 22 45 A1 G FLL A2 S50 FH 3 B B R 424X
sl ARZZIE F B LS I SR MR BN W] GRS I RS T B AR i 2 A R H 5
RO H W5 32 SR FRA A IRALF4EZRBR (MCE) B (FLA% 0. 22 wm) 1 [ F F8 H e 2 4= )
BHEARR A .

CHI660E 7 Hi Ak 27 T AR vl (g JRAEAL AR A F] ) 5 FR224CN FY 7 KA (IR B 2R A PR A
F)) 3 KW-4A B &G XA ML (R i ) 3 KDC-40 TR i 1 250 ML (35 [ B HL 223 W] ) 5 DMS00 BBk
S i (TR E PR 2 ).

1.2 SCEEFE

1.2.1 ok Gl & Dk i SRR HET TR 200 T, il g mk i o AR, ISR FH PDMS 4 E[1
LI IE . S T A 4 9T ek A [ (100) SR T ] B EYR B 150 pm R SUS-3050, SR & T
95 “CHEFT LT 30 min. FEFSGBH AT 1Y HA 18 EDE (2. 0 emx300 wm) G 5500 E 7R TR A
TRICHIRE R I, FIERAMEREST 2 min. SRJ5 T 65 F195 CHURT 43 BIHET 1 1S min. FH AZ 400 K &
ASK (BT 1 D BRSO IEE 5 min, VAR ERBOEHOEE. )5, FE RSN L
BTG VRN e B R AR, NIRRT, B 150 CHERE LT 5 min.

PDMS ol i 7 38 38 ) il 4%« FRESUSE & LA 10 1 44 PDMS B4R PDMS [E 4L 5], T840 2015 5
PDMS TR Y) . A F A THgs i 45 20 min, VABRRIRA R A A0 . BEALHLLT %) PDMS 2R
YR AR PR, BT 80 CHER T4 45 min. FJTF VI —4~ PDMS B, F 3 mm B9FT IR £ 780
T W T B TR, Hod AT FLAR A . AR 2 R A 1AR 0. 5 mm EAR DR
22 AR5 HHL AR R HLA .

1.2.2  ZIF-8 MOF 894 & ZIF-8 W& Tk %, SR B R AT f AR i R AR FDE ARt A AR R]
FS1HH T AR ER (A 5 8. Zadxf e &8, DL EORE R 488 T8+ —
TR FREAR 3 A 55 R 3550, DRl AR SR R 5 700 6 T ZTF-8 B BH22. 24 1. 79 @ 2- FH SR MR IR 5 £ 75
60 mL ¥ JE R 25% M ZOK ISR T, BZ IS8 A A 3. 27 ¢ Zn(NO,), - 6H,0 F175 mL H R HETE
P, WU FEE 20 he Bl B FRIR S WITE 4000 o/min 5555 R B0 5 min, 45 A E A B 60
PRI AE P R IF 80 5 min, FARZAETE IR . &, BEOENEGREAKE T 85 CrMts b T
112 h.

1.2.3  ZIF-8-Nafion/ITO T1E # M ey 154 K5 ITO IR A 1 mol/L E EAL N WA 12 h, SRIG &
BFKGEYE, FITIEEE S S min, FEFJOK ZEERES 5 min. KEEURLT 09 TTO U PR AEAE JC/K 2B P 1
F . ¥ — 8 BELY ZIF-8 M AR /3 HUTE 1. 0 mL LB W IR B HIOR A L BHA A 5 8 IR BUT R 280k
0. 5% ) Nafion 117 LA (530K B) IR G 30 min, DUE AL ZIF-8-Nafion 23L& C. #4146 3 mm
AL 8 BT A 5 T ¥ 9 11O B 3 b (o HA 2 58 th B 3 mm 1 TR HR— 2 (AR 73 50/ C
THTEITO BP9 TAE I, B T2 15 T H 3 ZIF-8-Nafion TR, FFI 25851k shse it e 1m0, 375
ZIF-8-Nafion /ITOMEHRHLI . K5 3R il #5471 PDMS Sl 453 TE AR 41 5% B 0 TTO Ha A b i B A%
— AR = R TR A .

124 EABEFAEMRELHEE IS mLO0. 1 mol/L IOBSHR-BERR BN ZE v (pH=5. 5) T-HL it
A3 SINA 10 pL 5 mmol/L LKA iR 55 [ Cd (NO, ), 9H,0 ] . AR # [ Ph(NO,),] . il K[ Hg(NO,), ¥
W, BT EER E A 1 min, (FE SR & 095, BCH 10 wmol/L B He™, Ph*Fil Cd™
BT

SEBRAE SR L« PRI 552. 4 mg BEFREA AT T 50 mL 191 /K 85250 % 15 K h FEAIA 196. 1
mg (294 1. 87 mL) UKESER , FeJ 7K 2 100 mLL, FH PHA0O B2 I 2 A (38 FERNHE Tk A PR /) 2
H T pHAEH FER AR el s R AR R TR0, B EC I R pH=5. 5 BB R-BE R B8 K FE & . FREL
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1.0 g B3R SL BT 60 CHEAT TR T8 2 h, WHE ST 10 mL B R -BE IR 64 22 M1 (0. 1 mol/L, pH=5.5)
W, SRR 0. 22 wm MCE fisid € .

125 LA HBALE eV T2 TE 5 mmol/L K,Fe (CN),, K,Fe(CN),F10. 1 mol/L KCI AJIE & /K
TR (AR [ Fe(CN) P/ IR [Fe (CN) 137+ solution) iz, $9#HL [ E R -0.2~0. 6 V, FAFHH KN
0. 1 V/s(BRAEFRHITERH ). k2= FHATIE (EIS) M 28 i L 10 mV, B8 R 0. 1~10° Hz, BLIHL
R0 V. 4R EFMATE pH=5. 589 0. 1 mol/L 2 - Bk PR 4N 2% vh il h 647, 76 DPV ¥ T, 5 5 7E
-0.9 VIUHLE T & 4 120 s(BRAERFBIFE ). DPV ¥ H LR N -1.05~1. 0 V, HlE 4 0. 05 V, fkoh v
M0.05 s, kb JEWIA 0.5 s, ARG 7576 T3 A0 2% op i it fin+1. 0 V HL R 30 s #7542 8 25 1,
SR DPV .2 JGHH 2R A5 5 R 1k

2 GRS

2.1 ZIF-8 MOF ¥ ZIF-8-Nafion f 3R E

KHIXRD, FTIR } SEM £ AR X G 089 MOF #5471 3RAE, 25540 1 R . & 1(A) R ZIF-8 MOF #4
BHAXRD % E, 20 FIEAIFZE 7. 267, 10. 307, 12.62°, 14.60°, 16.38°, 17.99°F122. 04°, 435Xt 1 i A1
IR M P B B4 (110) , (200), (211), (220), (310), (222) K% (411) &4 1 (JCPDS 00-062-1030) 222,
FTIR 3% 1 [ 8 1 (B) ] 2932 F1 3134 em™ 4b 19 W WACHT XoF 1 BRI | 55 25 5 1 7 8 09 C—H A 4 Ik 31
1376~1580 cm™" &b (1AW WS XoJ iy B~ K R () i 4 iR 21y, Horp 1580 em™ Ab A UEE AT DA UH & T 2- FY Bk
) C=N M 4545 5 ; 693~759 cm™ F1949~1307 cm™ L0 W ISCHE 23 1) Sy K W8 BA L - 18 PN -5 F- 10 A1 1 25
FEAZ ;5 1460~1143 cm™ F1421 em™ WA S35 K C—N 81 Zn—N ARG 45 R 30122, Firds XRD 54104k
ik FAE L5 55 SOk [ 22~24 T A B — 8. R SEM R AE T ZIF-8 #FRHTE S AT 2R 0 A, A
FEI1(C) AT LA H, ZIF-8 fb AR ks 1 2385 b HL 52 BUIE S R 528+ iR TR -AY, X S AR K
INHEATHEIR B J Gaussian BREHL G 43 HT (0L S H705 B R B S1AR IR /N (74424) nm, 5 STk
(11,22, 23 3B A5 RA Y . B 1(D)~(F) /R T ZIF-8 #HBHK Zn La, C Ka Ko N Ko B fE B (0 BT
(EDX) 434K, FTLIHH Zn, C, N 3FhICE A AAIx45] .

(011) (A) ®)

10 20 30 3000 2000 1000
Wavenumber/cm™!

500 nm 500 nm 500 nm

Fig.1 XRD pattern(A), FTIR spectrum(B), SEM image, and Zn La(D), C Ka(E), N Ka(F) EDX
mappings of ZIF-8 nanocrystals

K 0. 5% 1) Nafion 117 LIRS Z1F-8 LGS RR A ARAE M 1TO HLA (HiH Nafion £ B 115
TR BE AT A5 5 7 R [ 5 ZIF-8 7R FL A R 11> IR S2(A) (WA S 3 375 5L ) 19 XRD 3¢ K v LU
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th, Bl Nafion MY AGE BIFE 15°~25° 4b B —A 5, A S IA Nafion B[ 20 1, ZIF-8 A FFAIE I
MESRAFAE DL B A o R 2 LA ST AR 427 IR S2(B) Y FTIR 3% & AT LA i, ZIF-8-Nafion H ZIF-8
7 1250 em™ (—CF,) | 1062 em™ (—S0,) , 639 cm™ (—C—H) Fll 520 em™ (—C—F) 434 i1 1385 S,
SCHk[28 1R B AHSF . ZIF-8-Nafion 1) SEM B F [ 81 S2(C) J3EH] T Nafion £33 114 ZIF-8 75 Hi #2211 AL,
BB ZIF-8 kL™ eI R 1R, 5 Nafion f2.32 Si0,/SiWA (SIWA NEEES R ) AR ; HEDX & (WA ST
s B AR S3) F W ZIF-8-Nafion JE 145 L& (Zn La, N Ka, F Ka, C Ka M S Koo) Y145 53 A 78 HL L 6
167, BRI Z1F-8 Jikr {75 i Nafion 5 HIR B 454 .
2.2 ZIF-8-Nafion/ITO T{EFERAYEB L HERE

T B UF ZIF-8-Nafion & i ITO i, #% (ZIF-8-Nafion/ITO) i) 5 Hi 1k , ] %€ T ZIF-8-Nafion/ITO Fl
Nafion f&4fii ITO(Nafion/ITO) HLHZLE S mmol/L[Fe(CN), /I P HITEIMR 22 #h £k (CV) FIEIS 1% . MK
2(A) AT LAF M, ZIF-8-Nafion/ITO 4 H AR Y FEAR 06 FELUR 1, (120 pA) EE Nafion/ITO Y 1,,(6. 1 pA) B i 5
1 2(B) Fir7i EIS E L 3E B Nafion/ITO A% (14. 9 kQ) AHXT T ZIF-8-Nafion/ITO (409 Q) HA B 5 (Y I i
FH. CV 1 EIS Z /i #1iE B ZIF-8-Nafion/ITO H: Nafion/ITO ELA B 47 (9 S Pk, V78 i R ZIF-8 2 v
& I Nafion Z BEVA TR ADTR A (AT L 1: 1), #F Nafion IS B0 FEFRAR 14755, (45 T4)5 89 Nafion 6 55
A REAR MR BT N . B 2(C) B AR B R T ZIF-8-Nafion/ITO Fifi L Ab~F 4 3 AR L CV BRI T K T,
EHBOF R0 R R, UL E R R ) ST AR 3R 18 A SN 232 B i . I 2(D) /R T
ZIF-8-Nafion/ITO il Nafion/ITO HLH %F Cd>, Pb* K He® B3 Ik iR 245 (DPV ) Wi i, ZIF-8-Nafion/ITO
B LA X Cd*>, P & He B 1,53 514 40. 5, 55. 0 & 26. 4 wA 1fii Nafion/ITO LAY 7 20. 4, 22. 0 il
7. 64 wA. ZIF-8-Nafion/ITO H1 ZIF-8 1R} EHA K LR AL, fEilid 48 SN O J-F Rl 22
A FH S BGHIRHR F 4 a1 (MR B <250 mg/ LB ) 7 2 TR IR 2.

10000

L(A) (B) ——Nafion
100 a ——ZIF-8-Nafion
8000
50
<
ES b o 6000
: UF N
£ 4000
O 50
2000
-100 |
1 1 1 O 1 1 1
-0.2 0 02 04 0.6 0 5000 10000 15000 20000
Potential/V Z'1Q
( %oo—'fp
200 15 yoop e
5 of
BT S
< 100 =of ,
02 04 06 08/
3 Vst <
e S
g 0 =
S 5
100 ©
1 1 1 1 1 1 1 1
—0.2 0 0.2 0.4 0.6 —1.0 —-0.5 0 0.5 1.0
Potential/V Potential/V

Fig.2 CV curves of ZIF-8-Nafion/ITO(a) and Nafion/ITO(b) electrodes in 5 mmol/L [Fe(CN),*/* solution
(A), and the associated Nyquist curves(B), scan rate-dependent CV and the peak current vs. v"?
with v from 0. 5, 0. 3, 0. 1, 0. 05, 0. 03 to 0. 01 V/s(C), DPV responses of ZIF-8-Nafion/ITO(a) and
Nafion/ITO(b) electrodes to 0. 010 mmol/L Cd**, Pb** and Hg** in NaAc-HAc buffer(pH=4. 5)(D)

(C) Inset shows the linear relation of I, I vs. v (D) effective working area of the electrode surface was 0. 25 cm® and

Ag/AgCl electrode and Pt wire were used as reference and counter electrode, respectively.
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23 ETFRiREEEREEERBNIERE

H T HEEMOF ZAUA B R BAR S i A 22 7 ik 256 % B A @ A I i pu sk, 31 T LA ZIF-8
MOF B RME Y 1TO BEESAE R 1A B b A (ol 7 8 1 LAk th 285 SR A B 3 IR . 1 e DR R R
% 1] £ A D& 1) B0 IE 455 T Rk R BRI, CKE PDMS TR W) e STE RE R AR I IR BT PDMS A 14k oy
PDMS T M 18 , 72038 — i TFL 3 mm M0 Ak 2t 7 W i 40301482 e e 3 9V S ol sl 1 I
BB 3(A) J. 2R ZIF-8-Nafion ¥ A i 1TO HL MR Y TAE DXSE S ot 458 Ha Ak 23 3t () TR 3, Bl 3
PDMS T 3t 45 10 T8 A5 A 21 25 21 T A F A e i, BRI B 3 7 — F A 2R S 7R HL A 2 3t 1 o 2 s
[E3(B) BASCLFE B E S4(C)~(E) 1. i £ R RS 1% B2 AN Wb S IO 25 P I e GRS 7 s
PR A2 rp O E R R R VR A SR, 1T DS SIS 1 L e 4 B PR R, X4
e B T FEL R R 1T 1) AR TR LA R A P R e A I 5 RIS Z1R-8 Z LA R RE 5 A3 550 W [ 4 )&
B, DRI A B R0 B R b 2 st T DL SR SR | v S A W R S VA R R 4 R T R MR
[E3(C)].

Silicone tube Inlet
outlet /—
M.
PDMS casting, | .
curing, and cutting \Qg wire
PDMS microchannel
Moulds on Si wafer device
’
B) / —_\\\T““*
Double-side tape &7 ZIF-8-Nafion - / A
ITO glass ZIF-8-Nafion/ITO Device align

working electrode

5
C) i '- | T, — / O-Cdz-|Pb2‘
| == _ SIS {
1] e

1005 0 05
Potential/V
Fig.3 Schematic illustration of the fabrication of PDMS microfluidic channel(A), the PDMS device
with ZIF-8-Nafion/ITO working electrode and Ag reference and counter electrodes(B), and
using of syringe and pump for microfluidic-control determination of metal ions(C)
24 RREIBIEA M REISIIE
TR 300 T P A A AR S0 P P S2. (A) IR ,\%‘Eﬂ (Y] PDMS 3 i 52 J% >4 300 pm [ [ S4(B) .
SRR W] 3 AR T SR Y K Fe (CND  FITK Fe (CN) YRS W IBOW S 8 AL 22 b [ 1 4(A) T T T H

A AT A PR RAIE . SR PRV SR 478 1 L ) 8 2 WAt #220 E‘%%E’Jﬁiﬂx%@ﬁ&%(cmﬁﬂK4Fe(CN)6

60

®)
40t

no
(=}
T

Current/pA
<

460 1 1 1 1 1
—0.2 0 0.2 0.4 0.6

Potential/V

Fig. 4 Photo of PDMS microfluidic device on an ITO electrode(A), and CV characterization(100 cycles) of
the ZIF-8-Nafion/ITO incorporated PDMS microfluidic chip using 5 mmol/L [Fe(CN),]*/* solution(B)
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TR T TR H AL 2 3t I [R) IR R AR 22 3k (ev) Ik . dniE 4 (B) fif s, TR O sh RS
K;Fe(CN) Al K, Fe(CN) FREFFE U HL AL 27t o () S8 fE A8 SR 43 51 78 0. 270 F10. 058 V., EILH R 4T
Al H SR B9 G4 100 ) AR JEPE . DL 25 L A 0 28 i Al 2t 7 o I SO sl R S
TR RAFA AL ERE , I RERR e P BT AE 30 pl/min TAE1 DL L.
25 EHRUBRLHEXR

A2 S0 1) S EOOR 1 0 250 ) 4 B R R R g, DRI ZIF-8 A3k i | ZIF-8-Nafion ¥ 1 1Y)
R ol pHAE . DR AL () FEHE] () 3817 T4 . BI5(A)~(D)J€/R T ZIF-8 7E 0. 5%
Nafion ZEEAR IR (0~3. 0 mg/mL) 455 . I S(A) T LIE H, [Fe(CN), /8L
TSk Z1F-8 i p3E My K, 4 ZIF-8 2k im 4 2. 0 mg/mL B K. BJ5 , BlidE Z1IF-8 2k i 3g i,
FALIR RS S IR N . 1 CV By B #a3A5 EIS A5 1 S BELL L 5 (B) Ty e #8— 2, Ui H 4k
WIS (A AR 32 2 Z1F-8-Nafion &1 )2 A4 L B2 S B 1R 1Y) . SRR [R] Z1F-8 28 it A I AR X 55
£ 0. 010 mmol/L. Cd*, Pb* J& Hg (W R - Bt PR AN VA WK (pH=4. 5) A TAGI , & BRI 43 5+ s e v
il [ES(CFI(D) RIS, BIFE ZIF-8 2 4 2. 0 mg/mL B LWL i fie i . TR 28I A2, Y
ZIF-8 7% & Ay O B} (It B % 3 187 A 24 Nafion JI5) , Cd*, Ph* & He™ MR N {5 5405 2.3, 4.7 F11.7
pA, B4R B T AFESE Nafion B IURR, HJE ZIF-8 A3 2451 AREREHE N4 )8 &5 F AU

60 (A)—0 mg/mL 4000 B)
40 —0.5 mg/mL
1.0 mg/m 3000 |
20
E o E
= = 2000 | =
g O N 2
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Fig.5 CV curves of ZIF -8-Nafion/ITO electrodes with different ZIF -8 loading concentrations(0, 0. 5, 1. 0,
1.5, 2.0, 2.5, and 3. 0 mg/mL in 0. 5% Nafion ethanolic solution) in 5 mmol/L [Fe(CN),J*/*" solution
(A), the associated Nyquist curves from EIS measurement(the full curve of Nafion film is shown in
Supplementary Information Fig. S5) (B), the DPV responses of above mentioned ZIF - 8- Nafion/ITO
electrodes to 0. 010 mmol/L Cd**, Pb*, Hg* in NaAc-HAc buffer(pH=4. 5) (C), the associated I, vs.
Z1F-8 loading amount(D), I, vs. ZIF-8 loading volume(E), E (F), #,(G), and pH(H) optimization results
The same curve colors and symbols in the different panels indicate the same loading concentration or ions. The error bars

indicate the standard deviation from three separated measurements.
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Fig. 6 DPV responses of different concentrations of Cd*, Pb** and Hg*" using ZIF-8-Nafion/ITO-based
PDMS microfluidic devices(A) and the corresponding I, vs. ¢ with straight lines of linear fit of the
scatters(B)

(B) The error bars in Panel b indicate the standard deviation from three separated measurements.
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Fig.7 DPYV responses(A) and I, of the as-fabricated devices to 10 pwmol/L. Cd*, Pb*" and Hg* with
interfering ions(B), I, of 6 separated PDMS devices(C), I, of the 5 continuous cycles(D), I, of
determination using a PDMS device for 15 d with 1 d interval(E), and I, of the real time determi-
nation of 5, 20, and 10 pmol/L Cd*, Pb** and Hg** in buffer solutions(F)

K VIR AZE A2 S XTI 7K L - RN S 30 5 Y KA S A ARSI . 3 4 X 245 1 2 s R ) o R B
WIZKFESE S5 0. 705 wmol/L Ph*F10. 133 wmol/L Hg™. AN[EMEJE (5, 20 F150 wmol/L) HI ARG I 25 5 A1
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108% Z[i], UEWNZmAE Ak 5 B RAF A SEBRFE i Ge T, EoA T2 B0 A

Table 1 Determination of Cd*, Pb*" and Hg*" in lake water and soil

Sample Added/(pmol - 1.7") DPV detected/(wmol - 1.7") Recovery(%) AAS Detected/(pmol + L")
Lake Soil Lake Soil Lake Soil
Blank Ccd* 0.0 — — — — — —
Pb* 0.0 0.705+0.070 0.482+0.041 — — 0.725 0.286
Hg™ 0.0 0.133+0.045 0.071+0.033 — — 0.121 0.062
1 Cd* 5.0 4.81+0.21 5.38+0.36 96.2 108 4.81 5.32
Pb* 5.0 5.34+0.33 5.31+0.41 107 106 5.32 4.63
Hg* 5.0 4.82+0.16 4.97+0.56 96.4 99.4 4.76 5.10
2 Cd* 20 18.7+0.2 21.3x1.4 93.6 106 20.4 214
Pb** 20 18.3+0.5 19.2+0.8 914 96.0 20.7 18.9
Hg* 20 19.9+1.0 19.4+0.3 99.9 97.1 19.8 19.6
3 Cd** 50 47.6+1.0 50.7+1.6 95.1 101 49.1 52.0
Pb* 50 46.6+2.1 51.5+1.9 93.1 103 49.8 48.4
Hg* 50 50.8+2.7 47.5+3.1 102 95.0 52.1 47.7
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