e F R T

ACTA CHIMICA SINICA DOI: 10.6023/A19090338

ET RGO-Au-ZIF-8 E &M RIIBE L F B RRSEHIF L EERSE T
$ B F [5] Bt A ) Hh B S
IEER O FESH wmALC HEREL O KEEC IHE™

(H RPN S e TR H 5 266042)
CHGRERHWE G T IRY F 8 266042)

WE  SEAHUEZEMOFs) DR 25 b A0 20 R s 77 25 42 8 58 1 IR B AN T 4 7 TR B AR ER 4, e &R
T e T T s AR IR A 0, B S bR 2, IR RG] T HAE B 2R AR A S . il 4% 1 — b
IhREAL I 48 A DR 28 B A MR —— B J5 B AT SR 07— 4 A KPR T 22 44 BH(RGO-Au-ZIF-8). % E A MR BT
Al MOF 35 43t (1 LAk S PR B, ) G R 2 b 2 A T 3 S 7 Xt KA VA T PP B 8 1 (PD™ ) R B 7 (Cu® I A
I R AR, A B T AT E S LT A AN AT RO B R 5 o e A 2 AR K i 5 AR B AR A
FARAOTE S SRR B AL SR AT T 3R AE. SR BBV AR VR (DPAS V)X K MR ) PO> R Cu® AT R, FF:
SRS pH - ORI TR AN UAR B S S0 00 RO AT T AL, FERAMRALAIE T, iR BCF G X Pb™ Rl Cu® AR TN 26 14
WP S 2 09 0.005~10 (P> )1 0.01~10 (Cu®") pmolsL ™", MR 2.6X 1077 (P> A1 7.8 X 107° (Cu*") moleL ™"
BRAh, IEXHZAR T A BB, BB R R AT T B8R, FREAT T SEhKRETR POTORI Cu T B[RS S, % TAE
NE SR I PR R BRI A T — M &, JER KR T MOFs MR sk B .

KA RGO-Au-ZIF-8; ML EALIEAY, IR, Hres 7, s T

Preparation of Electrochemical Sensor Based on RGO-Au—ZIF-8 Composite
and Its Application in Simultaneous Detection of Lead lons and Copper Ions

Sun, Yanhui** Qi, Youxiao” Shen, You“ Jing, Cuijie”
Chen, Xiaoxiao* Wang, Xinxing*"
(“ College of Environmental and Safety Engineering, Qingdao University of Science and Technology, Qingdao 266042)
(® College of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao 266042)

Abstract Metal organic frameworks (MOFs) have unique advantages in adsorption and preconcentration of heavy metal
ions due to their structure and composition characteristics, which make them show great potential in optical sensing of heavy
metal ions. However, their applications in the field of electrochemical sensing is greatly limited because of their poor conduc-
tivity. In this work, a functionalized MOF composite, thermally reduced graphene oxide-Au nanoparticles-zeolitic imidazo-
late skeleton material (RGO-Au-ZIF-8), was fabricated. It exhibits much improved electrochemical properties compared with
the pristine MOF. A novel electrochemical sensing platform was constructed based on it, and simultaneous detection of lead
ions (Pb*") and copper ions (Cu*") in aqueous solution was realized. Specifically, the Au-ZIF-8 was prepared by adding pol-
yvinylpyrrolidone (PVP)-stabilized Au nanoparticles (AuNPs) to the reaction solution of ZIF-8. The modification of AuNPs
effectively improved the conductivity of the material. After compounding with RGO, the RGO-Au-ZIF-8 composite was
prepared. The RGO was used as scaffold for the Au-ZIF-8 in the composite to increase the effective surface area of electrode
and improve conductivity. The morphology and structure of the prepared materials were characterized by scanning electron
microscopy (SEM), transmission electron microscopy (TEM) and UV-visible absorption spectroscopy (UV-Vis). The elec-
trochemical properties of the modified electrodes were characterized by various electrochemical techniques. The experi-
mental parameters, such as pH value of working solution, accumulation potential, accumulation time and composition ratio of
Au-ZIF-8 to RGO were optimized. Under the optimized conditions, simultaneous and sensitive detection of Pb>* and Cu®"on
the prepared electrochemical sensor was realized with the detection limits of 2.6 X107 and 7.8X10™° moleL ™" for Pb*"and
Cu®", respectively (S/N=3). The interference test showed that the electrochemical sensor has good selectivity for the detec-
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tion of Pb>" and Cu?’, and further electrochemical studies revealed that the designed sensor has excellent reproducibility and
good stability. The result of recovery test indicated that the prepared electrochemical sensor has great potential in Pb? and
Cu?" detection in real water samples. This work provides a new platform for simultaneous, rapid and sensitive detection of
heavy metal ions, and greatly expands the electrochemical applications of MOF materials.

Keywords reduced graphene oxide-Au nanoparticles-zeolitic imidazolate skeleton material (RGO-Au-ZIF-8); electro-

chemical sensor; simultaneous detection; lead ion; copper ion
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Figure 1 TEM image of PVP-stabilized AuNPs (A) and UV-Vis spectra
of AuNPs and PVP-AuNPs (B)
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zr*", Na®, K, Mg*", Fe'", Cd*", Ag®, CI”, SO Al
NO; , FHFRHATAI. R TP 7 Rk B35 B brie il
PR L) 100 5, Hxt Pb* F1 Cu? DPASV 15 5 [ 520
ke 8A A 8B fior. ML, Bk Cd* 4b, ik
LB P IARE Po> Al Cu® g BRI B2 8 /N T 5%.
WA Cd* B FE PRy Po® F1 Cu® W FERY 10 5, U
Cd* IR Pb> AT Cu® " I L 378 AR S /N T 5%(F S2).
Zh g R, Bl & I AL AR O a6 PR
Cu” HIR I B B ik . (H g mik g cd> It
TR, RCRFHIE 2410 5 i B Cd> Tk,
27 EWMMAREMN

IR RI RS e MR VAN A AL AR AR R T
BB ONERITH & I AL AR R B M E BN, 7R AL
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B8 TIE TXF Pb (A)H Cu®*(B) I HL IR 1% 5 [ B

Figure 8 Effect of interfering ions on the stripping peak currents of
Pb>" (A)and Cu*™ (B)

where O represents the interfering ion, InZ 0 represents the response signal
of Pb*" after the interfering ion was added, and ICu2++O represents the re-
sponse signal of Cu”" after the interfering ion was added

%R, A 5 HOTF47H) RGO-Au-ZIF-8/GCE &4 5
pmol<L ™" Pb* Al Cu®" 1 0.1 molsL™" ABS (pH 5)F -
175256, 193] Pb> R Cu® I HELJAT PRI AR AR vE i 22 43 731
N 4.87%F 4.53%, 1XFEH RGO-Au-ZIF-8/GCE HA K
IR EDEE S3). AWFR KT RGO-Au-ZIF-8/GCE
fasett, KHAE 4 CTIifF, i o6dMlE—Ik, 21d
J& Pb* TRl Cu®' TE % B b S S AT AR AR WA
W FELRE PR 92.3% A1 90.6%. - ik 45 5L 2 B BT ] % 1)
RGO-Au-ZIF-8/GCE HA7 R iF )% (K S4).
2.8 EPREESRIET

T VTAG ) £ BR FLA 2 A RS B S R LA B, FR
fITAIFH RGO-Au-ZIE-8/GCE X} [ SR /KEE i ) Pb> 1
Cu™ HEATREIN. FIFARAEIN AR P> A Cu® ARdEvs
TN SR AKRE il s [, 4 Po A [ i
N 90.0%~107.0%, % Cu®* (A B R K 93.0%~
110.0%. 53R 1 Frr. 54b, R EFRIO6E
E(AAS)KT bR AR S AT T AR, BSR4 5L 5 Pl 4
HIAL AR IR S I 25 A 2 (R S2). XM, Pl 4 1)
FLAK 27 A5 ST 6 7 S B I ot G0 0 7 T A K ) s
.

Acta Chim. Sinica 2020, 78, 147—154



F F R

R 1 SEROKEET PO Cu® e i i S
Table 1 Recovery experiments of Pb?>" and Cu?" detection in real tap
water samples

Analyte Add/(umolsL™") Detected/(umoleL ") Recovery/% RSD/%

1.8 90.0

Pb** 2.0 1.9 95.0 7.9
2.1 105.0
1.9 95.0

Cu*’' 2.0 2.1 105.0 7.4
22 110.0
53 106.0

Pb** 5.0 4.7 94.0 6.2
49 98.0
53 106.0

Cu®" 5.0 4.7 94.0 6.5
4.8 96.0
9.7 97.0

Pb** 10.0 9.4 94.0 6.9
10.7 107.0
9.3 93.0

Cu®" 10.0 9.6 96.0 6.4
10.5 105.0

5T MOFs MEMAEE T — ol B i ik 4% P
&, HT R KSR ESRE T P M Cu'.
B SEM. TEM. UV-Vis FlHL {228 NE S F B 4
WHRL R HAB i A TSR . SR A B A 2 P iR AT T
fE. HAL AR SE B B, RGO-Au-ZIF-8/GCE X} Pb**
ocu* B m s R g, AT, 53
Pb” Al Cu®" fr 28 16 I ¥ L 43 314 0.005~10 11 0.01~
10 pmolsL™', LOD 43514 2.6 X107° Al 7.8 10”7 mole
L' a0 0l Ak 22 7T R W % () RGO-Au-ZIF-8/
GCE £ & B RIFm B AR e, 1 B X
Pb> Il Cu® HEAT BAL S T B A e R R . B,
6] Ay S 56 45 B % 8] RGO-Au-ZIF-8/GCE % 52 fn 7K ke
Pb> 1 Cu® " AR th R B HE T 7 S A8

4 SILERSY

41 SLILEEFAFI

13 rAL SRR BI T CHI 660B A Hifk2: TAE
s BRI AT, HFiEH =k RS, Kb TE
P B 2 B R FELAR (LA N 3 mm), 2 EE EEAR A 232 AU A
HoR EM, R AR 213 BUAAR B MY, B pH TS
N PHS-25 A, WH T Ll H A JEFIfosiE
F5E PRI Cu il AR A K TR IR A
(TAS-990AFG, 1t %), Frf3 3 1 =2 &M Kk H SEM
(SM-6700F %!, HA). TEM (JEM 2100 %4, [ A)L) J7 46
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ANET LA e e B (U V-Vis, i€ 5 /A F], Tensor 27, 1
AT RAE.

WA FREERES FARAR, ROk
il FrERREN . SER. MR = /KA IR H 3¢
] PO A 3 B B 25 N ), OO SRR A AT SR T 1 5
PURRHR AT, KRG REEREE. HJEKMe ., e,
JUKEEIRES . FAbS. SR EEME. mEmRe. &
TRBN SR BRI 1 I 24 45 A SR BR A A
ANIE] pH 9 0.1 mol/L ABS ¥4 Wi HEEBRAN A EE TR ). A
SEEG v BT £ B K ISR A Mill-Q R Ge i) £ 1) 4l
JK(=18 MQecm™ ") Hc il
4.2 AuNPs X PVP-AuNPs I& A%

F A7 R A0 JR S & e ) %% AuNPsPY. & 4
BRI BN 0.01%, 150 mL)3E7E 250 mL F 3] JE
BEI A, U [0 A VAV e N, R
N UE & T AT TR N A W (TR 0 BN 1%, 4.5 mL),
SR IR VR FHE 20 min, SREL O, E
SRS ENE =G, M R gk M . ARG T
JAE 14000 r/min F &0 30 min J&, FEESL =R 3
AuNPs.

F4 £ 1) AuNPs JIAZE] PVP HIZKIER0.5 g, 20
mL), TP E RS, SR THE 24 h )5,
7 14000 r/min K 20> 30 min, A HFEERLG =K, &
— RSB B, (815 2] PVP F25E 1) AuNPs.
4.3 Au-ZIF-8 E4#MRIBIE K

SIRSCHR3S1I T A T Au-ZIF-8 B4 KL B
TS ) B 4 B 7N 7K B R R 2 1 R L5025 mmoleL ™', 5
mL). 2-F LR e ) B9 (25 mmoleL ™', 5 mL)LA K&
PVP-AuNPs B7F#i(4 mL), BRASWEEHF G, 1%
RERE 24 h, B O HERR AL TS DR,
il %15 3 Au-ZIF-8 EEFEL H) ZIF-8 #4 R & K
TR EE NN PVP-AuNPs &%, HEidfsS Au-
ZIF-8 146 AR A
4.4 RGO-ZIF-8 1 RGO-Au-ZIF-8 £ & #HlaHI&

HU5 mg Au-ZIF-8 MIANF] 5 mL 4K, i A
TEL], BEREAN 1 mg/mL ) Au-ZIF-8 =IFH.
SRIGTE IR BIFW P IMNE &K RGO Jo5 4k /5 7
B, HIEARFERE L9 1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7)
1] RGO-Au-ZIF-8 & 7% . RGO-ZIF-8 [1 il % &5
RGO-Au-ZIF-8 il & AHEL, R 2K Au-ZIF-8 # 4 ZIF-8
RIS, ARl A RSO0 R, RGO-ZIF-8 #1 RGO-Au-
ZIF-8 &k RGO M1 ZIF-8 LA Au-ZIF-8 MK JE
tedbh 101,

4.5 fEIGERAEIE

# 10 L RGO-Au-ZIF-8 7 ORI IR 7EFT BE Uf (14
GCE RHJFEZ=NR T T, /33 RGO-Au-ZIF-8/GCE.
NT I T AN R AR R B A A PR, 4% FRAR A 20 3R
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491 £ T ZIF-8/GCE, RGO/GCE, RGO-ZIF-8/GCE F
Au-ZIF-8/GCE. H:rf, ZIF-8 1 RGO B iF M Iy
1 mg/mL.
4.6  AAS XFSEFRIKFEAR N

HRE E FR(GB/T 7475-1987) 0 (1 J5 IR IS0 v 06t
SLhRKEEF ) PO R Cut TR EEREAT TR, S
Pb” " Fl Cu® " Jl5E FHFHE G 2 K 40 A 283.3 T 324.7
nm.
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