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HE: BN NEH AL LFERZELMNER T ELE
L%, FiEBEARME, L 1,3,5-K = F B8R (H,BTC) 4
BCAK , 45 vk B K A B BR 46 [ Bi(NO, ), « 5H, OJF= 55 K A A
B4 [Co(NOy), « 6H, O] & B 2. B & R4 k& B A
B R BIREAAEFTX B & SERIRE R HNG
bt Bk A B AL E 2 B A M A (Bi-Co-BTC/MWCNTS) 5 i
: 5%?%1&}]5’:75%’: A A M A4 £ s b (GCE) &

. BB & A Bi-CoBTC/MWCNTs/GCE 4 % T 4F &
HMEIT sFAF S P ey Zo®" (Cd*T (P R B A, HAb sk

R 4% 4 0.040 3,0.005 69,0.023 9 ng/mL., =& &%t
g AR K F A A 97.21% ~105.44%,92.22% ~
106.10%, 93. 97% ~ 98. 02%. & it: Bi-Co-BTC/
MWCNTs/GCE TR TR & T E4 B S4hN,
KBRBEBANTR: ERARE  BLFE
E AR %t

Abstract: Objective: This study focused on the preparation of a

R %

new electrochemical sensor for detection of heavy metal content
in food. Methods: In this study, a new type of bismuth-based metal-
organic framework was prepared by hydrothermal method. 1, 3, 5-

benzenetricarboxylic acid ( Hy BTC) was used as a ligand, which
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supplemented by bismuth nitrate pentahydrate [ Bi (NO3)3; 5H, O]
and cobalt nitrate hexahydrate [Co(NQO3), « 6H, O] metal salts
to prepare novel bismuth-based metal-organic frameworks. Bi-
based metal-organic framework composites supported by multi-
walled carbon nanotubes were prepared by ultrasonic self-
assembly. The surface of glassy carbon electrode (GCE) was
modified by dropping casting. Results: The Bi-Co-BTC/
MWCNTs/GCE was used as the working electrode to realize the
simultaneous detection of Zn?*, Cd**, and Pb?" in the sample,
and the detection limits were 0.040 3, 0.005 69, 0.023 9 ng/mL
respectively. The recovery of Zn®*" ., Cd?" and Pb%?" in the tea
were 97.21% ~105.44%, 92.22% ~ 106.10% and 93.97% ~
98.02% . respectively. Conclusion; The results show that Bi-
MOF/MWCNTs/GCE can be used to detect the content of heavy
metals in food.

framework; multi-walled

Keywords: bismuth metal-organic
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4@ A PlLAE 28 25 ¥ ( Metal organic framework,
MO)Ey 21 22 B B0 55 09 B8 5, HoAT 32 W] 38 79
B L 25 ) T 1 4 T8 9 1 o7 s R K Y L 3R T AR
%2yt F B, MOF Mg e ik e iS5 40 8.
25k ik AL A2 AL RS AL TR B A )T R 4 I i
SR HAET MOF bR T 5 M RUK S VR 8 2 L 78
HL AR A A I T e 2 B R T 22 BE Gk 40 K (SWCNT)
BARERIR. B SENG T HERBANREME. & —fh
I SRS L 3 3 [ A H Ak 2 4 BT (in 46 J NP AR
Mo 7O 0] DAtk — A5 B i Ak 2 Ay M i M REDY . i TR
YL TR RS RE 1 . K R 2 T AR By BT M 45 R B AR A
L PR RE . SWONT £ 4t T 38 K 119 H fh AL 3 T e SRR .

Cadevall 1% 41T BiNPs 16 i i 1k 2% 1% 8% L

L KR S R AR A B R R, ) B A
il 33 £ Fes O, @ C/[BSMIM]HSO, /GCE H, 1k 2% 1% Jak
A IRHE A TR K i Po* & ik, He 25l 3
TURRJT 1l 4 BINPs @ Ti; C, Tx, #4) @ H AL 2% % J 4 O
FF P L Cd** (i [7] i #; 3 . Theerthagiri 457 i £
T Bi-MOF #48F 5T T H 6 3 ik AR 247 18 Wi sl e i) 4 7
B T AR SRS . TR T & R A L
IR (BI-MOF) 4 B 25 5 58 » 9 — 253 2o ¥ 770 #4056 11 4 Bi-
Co-BTC bkt 3 L st Ay 2 T 4 Jag #, Ak 2 A% 10 4%, 34F T i
AFE&RH 2o’ (Cd™" [ Pb*" & i R A B A A f
7 B R A B v T 4 AR BRI U
1 W5k
1.1 XHFREERH

ZEERAOK B (MWCNT) « | i BT 0 T A4 b B # i
B A R 5

Z5 ot 4 AL B8 F 22 e B i (Nafion) « By 2 95 (ep
ED A2 R A 5

BEAR THE VA TR L 50 B HE TR VR L B AR ME A R - B T T K
PR 000E 1) pg/mL, B 5A 64 )8 K i Bk 53 B
W G 5

IR B CHID K & # LBI(NO, Dy« 5H, O i BR 4
(TDO7RKEGLCo(NO; ), « 6H, 0. 1,3,5-K = H R
(H;BTC) \N, N-Z H 3t H i e (DME) | H 2 (MeOH) . 7K
BER =K & Z R4 (NaAc « 3H, O) S 1k 40 . 2k L #0
(K [Fe(CN)6 D« 43 Hr 46 [ 24 82 Ak 2500 A TR D

T

# gl oK g b & 4. Milli-Q Milllpore %A, g BH
18.2 MQ, % [# Merck Millipore 2\ ] ;

B Ak 2 TAE o . CHIG60E ), |- iff JR A AL B8 43 7 5

Hi# pH 3t PHS-3C B, F g o g (e (AT PR 7] 5

HL T 3R 9 XU 4 46 - GZX-GF101-3-BS-11 #4, I 1 BR
S UBAT LA
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TTRE BT BiCoBTC RUSHEBBRVARH Zn2t CL2+ Ph2t &8

% P 28 BE IR T A : MWD-620 #1, |- i 75 4X
A PR

X-5F 28 0 AR AT HHL : UltimalV 5, H A B2 0 W] 5

Yk 343 # B T 308 : Nova NanoSEM230 #1, 3¢
E FEI 2w,
1.2 #HHEE&E
1.2.1 Bi-Co-BTC #| £ [0 [& JE $& I = il A 10.0 mL
DMF F1 20.0 mL MeOH., #4388 5] ; il A 0.10 mmol
B Bi(NO;); *» 5H,0,0.075 mmol Co(NO;), « 6H,O Fl
0.40 mmol f#§ HyBTC, #8748k 40 min, K155 ¥4 4
W5 E 50 mL R B4 B AN W& 2, L
5 C/min MM E 120 C,{54F 12 h, 3@ 3+ DMF &
DVES RSB A Bi-Co-BTC.60 CE % T4 10 h, #f
JE F AR 0 00 AR A . Ak, B R Co(NOy), -
6H, O ¥ &, 78 % Bi-Co-BTC WS FtEee. BT 5
Bi-Co-BTC A, 38 iz 2028 A [R) 19 4 Jag b i 2% 5 ol b B 40
¥4 JB A LA 284 #, L § Bi-Ag-BTC, Bi-Ce-BTC, Bi-
Cu-BTC,Bi-Ni-BTC,Bi-Zn-BTC, T 5 %4 Bi-Co-BTC
i, # 1+ 0.1 mmol Bi(NO;); « 5H, O, 0.1 mmol
Co(NO3), « 6H, Ol 4 [ 8.1 Bi-BTC. £ 1 Co-BTC,
1.2.2 Bi-Co-BTC #i 4 ¥ £ BE ik 44 k & T W i B2 b
90 ClEWR M 3 h, $1F MWCNTs, ¥ 5 mg MWCNTs
F1 1 mg Bi-Co-BTC 43#(#E 5 mL & 0.2% Nafion ) DMF
A 7 0 L 40 min, il £ Bi-Co-BTC/MWCNTs & & #
BB W, 60 CHE = T M 72 h, 318 Bi-Co-BTC/
MWCNTs . BF B B AR 5 4 . 3l i % Bi-Co-BTC
TSN 45 R A 2 AL Bi-Co-BTC/MWCNTs,
1.2.3 BMEiH % % 1 mg Bi-Co-BTC/MWCNTs 4
B7E 1 mL % 0.2% Nafion [§ DMF 1, ] 4 Bi-Co-BTC/
MWCNTs &4 Wk . 7€ 36 i H W 2% T % 1k 6 L Bi-Co-
BTC/MWCNTs & & # K & i W, il % Bi-Co-BTC/
MWCNTs/GCE, i it i % Bi-Co-BTC/MWCNTs & 1fi
8 R W 25 B 1 Bi-Co-BTC/MWCNTSs/GCE,  [R] i
il £ 7N [ 2 7048 1 P AR , 446 MWCNTSs/GCE, Bi-BTC/
MWCNTs/GCE,Co-BTC/MWCNTs/GCE,
1.3 BEHFERN

EZBRRE D HEATEMAERE ZARASEHE
R AR A A R BN R R O S L AR R A AR
BOMh o M 4 . 7F 0.1 mol/L & A& 5 mmol/L
K; [Fe(CN) /K [Fe(CN) ] By KCLIE W H . 5% I CV I
EIS #E47 B AL 2= FAE . 7E 0.1 mol/L % iR £h 2% vhogg o , 3
F 2 R Bk ob BH A% % AR %8 3% (Differential pulse anode
stripping voltammetry, DPASV) %} Zn*" Cd*" \Pb*" [a] i
il . DPASV AT E o — 1.4~ —0.4 V, L7
T4 mV BALIEEE R 50 mV, ik ol 58 B 50 ms, [H] BE
BFlE R 0.5 s, iEe e WA 1.
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Figure 1 Schematic diagram of the experimental process
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Figure 2 Material selection and optimization
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i F Bi-BTC 5k Co-BTC ¥ i f 5 % # 0.075 mmol
Co(NO;), » 6H, O %4 ) Bi-Co-BTC #& il Cd>™ H4 #&
o PV 0 LI 5 B Bi-Co-BTC VS il 2t 1y 38 18 1
e ) A 1 BE 32 W 32 7 24 Bi-Co-BTC i >1.5 mg
B H A A AR 1 RE T RIS T RE 2 B F MWCNTs £ i
i # i £ i Bi-Co-BTC. P13 T Cd** # Bi-Co-BTC/
MWCNTs 2 i (i U0 BUA s 4 Bi-Co-BTC/MWCNTS Jii
Wit 2~6 pl BB % Bi-Co-BTC/MWCNTSs J§ ¥ ik (19
AN B AR B S ROR L K R i AR B T TR AR T A
B Cd™™ 75 H 04 Wy 30 I S B8R L TV R R 6~ 12 pl I
BER R ER I LB T CP EH R EE. K
Cd*™ 75 e AL 3 B 8 F 5 i F Cd* " 72 Bi-Co-BTC 1
Sy 1 B MWCNTSs 4 %5 BT 0 St 5 r il 4k
TEPE . § 3 Cd* 7E Bi-Co-BTC/MWCNTS ) 7 H i e 3
T 25 FUR T 8 Cd™™ % 1 i 1 3% W] Bi-Co-BTC/
MWCNTSs Bg g %t Cd*™ i A7 &5 22 8B A& W 43 47 5 Bi-Co-
BTC a4 1k M BE 5 25 5 30 H S0 0 T3 0 ol 3 410K
MWCNTs & B 45 i # 4 1b 1 P 02 £ 4010 38 i e vy
T 4R B L T AE MWCNTSs 14 T Bi-Co-BTC 14 H fik L
PR WY 5 R DA I 0 4R Ak 34 I % F 9 O = s GCEL Bi-
Co-BTC/GCE, MWCNTs/GCE %  Bi-CoBTC/
MWCNTs/GCE fy BIL 50 {8 4> 8 & 134.7,120.3,113.4,
86.81 Q. Bi-Co-BTC/MWCNTs # BH 4% 5 /) » 36 W 1 A
AR S, 4 . Bi-Co-BTC/MWCNTs/GCE H.
AR AT A R, HRR SR Cd* Y R AT R R
500 43 #7

TARE :ETF Bi-CoBTC BUZEBRBRMAASD Zn2 " Cd2F P2 S8

2.2 MHBERRESF

i 3 A, BiBTC 5 7 (A b Btk 45 4 HLoA I i
TEH 45 805 Co-BTC 52 25 {l W B 1) 57 44 45 44 5 Bi-Co-BTC
S IRGCR B SL AR # ; Bi-Co-BTC/MWCNTs Dy K F ok 1)
Bi-Co-BTC Bt % 7 Bk ) MWCNTs % i, H MWCNTSs
L0 fih £7 48 2% %5 Bi-Co-BTC; Bi-Co-BTC/MWCNTs Jy Bi-
Co-BTC [f##& £ MWCNTs | ;Bi-BTC iy XRD [ % & 5
HE i O R B 09 A5 g, 2 W] BiEBTC B BT 9 & 45 &
5 Co-BTC 1y XRD [ 3% i /R H 2R B 19 717 5 i . R Co-
BTC BA KA &R 454 s MWCNTs 1y XRD K 3% B R
78 M G A 0, R B MWCNTs BA R UF 09 45 & B2 Bi-
Co-BTC H#i i W B A Bi-BTC F1 Co-BTC iy 77 4 1% , 3
BIH B4 2% ol 52 MOF [ & 1k 25 #; Bi-Ni-BTC Al
MWCNTs (4 i 5t 0 £ 8 7] LA #E Bi-Ni-BTC/MWCNTs ff)
A7 o B AR B . 2 b 5E kU R AR T R R 2 % R
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f & 4 W] A, pH {E A 7] B, NaAc-HAc 2% #h i 1)
Cd™™ ¥ e e it dc g B 8. 24 pH {H 2 3.75~4.25 Y,
Wi pH E A9 F R Cd* ¥ Hh 04 e a5 Wi 4 9 . >4 pH
h 4.25~5.25 B, Cd*" B H MR B Wi 55, BB R T
MOF B B 1,3, 5-78 = H R . % B 4 A [l A K
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Figure 3

Materials characterization
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miETRE. Rt gFEgEmih—140V, BES
SEIF [) R 3, O™ 5 HE 0 |l R0 WA S B, e 270 s JR T
W FL R R TR B, SRR 270 s MR AR AL, 45
bR R DN S R R WS R 42 ol pH 4. 25, F 4 HB
—1.0 V.ELNE 270 s,
24 HEIEHZSKRHR

FEME AL P8 2% 144 F 5 2R T DPASV i Jy 3, f
Bi-Co-BTC/MWCNTs/GCE ;1 % i i) = 4 8 & 7.
Fext Zn®" (CA*t (P 43 AN P = 4 S [ Ee ARG T
YA B R H R (LOD=3S/N), 115 % 5 i
BT WA AR R B R R L

3 )R I B, 24 R o S MR B 1~ 500 ng/mL R,

o't R S R R R AT =

2.071 0+0.331 1C,R* 3 0.997 9., & H FE & 0.040 3 ng/ml;
Cd™™ ik B 5 75 W Wl O A 2R ME 1A 5 RS AT =
—0.657 04 0. 863 1C, R? i 0. 998 8, # & R N
0.005 69 ng/mL; 4L 5 i W B o 1~ 750 ng/mL B,
P Ji iy J 5 7 B Wl R A R T AR AT =
0.397 140.451 4C,R*>} 0.998 0,4 i FE 4 0.023 9 ng/ml.,

=4 @ e R, YRR BT Mk 1~
500 ng/mL B, Zn®" i & ¥k B 5 % 04 H IR 0 £k b el e
FFE AT =1.561 4+0.337 4C,R* K 0.991 5, H [ K

Optimization of experimental conditions

0.067 8 ng/mL;Cd*" Jfi ¥k B 15 5 H s fL 37 A0 48 1 [l 051
FFEHAT =—0.150 5+0.758 1C,R* 4 0.992 9, H i
4 0.007 47 ng/mL; Pb*" Jii 2 ¥ [ 55 7% H 06 B 3 19 £k 1
[E1 Y975 FE R AT = —0.444 940.560 8C,R*2N 0.998 2,
HFR M 0.027 5 ng/mlL,
25 EIUEEREH
WAk 5 W AT I E BT R B 20 100 ng/mL 1Y
JCd*" (P BRUEV W, 5 5% Bi-Co-BTC/MWCNTs/
GCE {3 B P A ) 06 /i 3 A9 A 4 A o i 22 40 0
3.3620,3.55%,2.41 % , F I 50 1 45 (9 LA B R AT 1Y

x1 ETF Bi-Co-BTC/MWCNTSs g B 4k & B 88
#il Zn®" (Cd*' \Pb?"
simultaneous

Table 1 individual and

“, Cd*" and Pb**

Summary of

detection of Zn?

Th R 4
Jr ik R

LOD/

E (ng+*mL™" ") (ngemL™ 1)
AR Zn?t 1~500 0.040 3 0.997 9
Cdzt 1~500 0.005 69 0.998 8
Pb2t 1~750 0.023 9 0.998 0
BAEMR Zn2t 1~500 0.067 8 0.991 5
Cd?r 1~500 0.007 47 0.992 9
Ph2* 1~500 0.027 5 0.998 2
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T, BT Bi-CoBTC/MWCNTs/GCE i & &
K BB RTERKE 7 dE0NEREREN
100 ng/mL [Zn*" (Cd*" \Pb™" . Fod i e o 3 43 51
BT 3.59%0,3.02%,3.28 % , e WA 06 il 45 (o s Al 2 A
RO e .
2.6 LBRTE A

AR T U S T A g R S I R AT RO T A ) A R
fho FEREE D RPEAL, — U A R & /Y Cd*" bR ik 7
W . f# B Bi-Co-BTC/MWCNTSs/GCE Hi fk 2 {4 8% 8 #F 1T
Sk B L A AAS BXT L 25 R LK 2. B — 4l A
AR [ & & B Zo®" | Cd*F L PH*" 4 18 W, JF
0.1 mol/L pH { } 4.25 1Y NaAc-HAc 2% th & 7 B . &
A ARIERERD T I #E AT AR Bl GRS Ll i ICP-MS [
XL BRI 3,

R I 2% i Cd™ B ki b [l 80 5 L 38 5 L Ak

TTRE BT BiCoBTC RUSHEBBRVARH Zn2t CL2+ Ph2t &8

AL IRASA I Y B RE T 5 AAS K 404 AH LL X,
S o [ B0 B &S 0 g Zn®t  Cd*T PR A [l i 26
3 Bk 97.21% ~ 105. 44%, 92. 22% ~ 106. 10% .
93.97%~98.02% , i1 F X 50 77 76 R G % 22, 5 BUm A [
e >100 %6 , fEKE T 458 68 45 5 TCP-MS (1) 46 1 25 SR A
Hoxt . Bk, %5 8T | F 240 Zo®t  CdTT P AR
i,
3 il

VRGO B B B R T I A T
2 BERR ARS8 B B 42 B A LB R E G M B (Bi-Co-
BTC/MWCNTs) , %M kA & iR IR e sty B A L5
RS L 5 R e A e L TR A ) O L Ak R D SR AR
b RAZEBERAKE N BN ESBAEINTRE A M
BHBI-Co-BTC/MWCNTs) H, Ak 2 1% & 25 g 98 8 R Bk

F2 FhHfCd a8
Table 2 Detection of Cd*" in tea (n=3)

SEPRAEH/ whn/ R/ ml i 2%/ AAS/
(ng» mL™1) (ng » mL™1) (ng » mL™1) % (ng + mL™1)
0 20 19.8740.21 98.30~100.40 20.00£0.23

0 100
0 200

99.0140.52
200.0140.23

98.49~99.53 100.00+0.19

99.89~100.12 200.00+0.16

£3FME 20 CdT Y AR

Table 3 The simultaneous detection of Zn*" , Cd*" and Pb*" in tea (n=3)

o AR SR i/ W/ R/ [l g % / 1CP-MS/
(ngemL ') (ngemL ') (ngemL 1) % (ng+mL™1)

1 Zn*" 0 20 20.33 101.66 19.36
0 100 105.44 105.44 99.93

0 200 198.45 99.23 199.45

Cdzt 0 20 18.44 92.22 19.45

0 100 96.08 96.08 99.87

0 200 189.00 94.50 199.36

Pbh* 0 20 19.42 97.12 19.63

0 100 96.13 96.13 99.36

0 200 187.94 93.97 198.76

I Zn*? 0 20 19.44 97.21 19.89
0 100 100.55 100.55 99.87

0 200 196.61 98.31 199.65

Cd?! 0 20 19.60 97.31 19.70

0 100 97.17 106.10 98.97

0 200 193.55 93.15 199.54

Pb2™ 0 20 19.60 98.02 19.80

0 100 97.17 97.17 99.81

0 200 193.55 96.78 199.87
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W Zo*t Cd*" \Pb* &5 A R AW BT S I
Ay R I ELREAS A [ b A6 0 28 i op Zn® ™ L Cd*T P
B JE SR I — 2 TE B VR A 0 B B g A SR
A8 1 T BE (8 HL B LA A A A E P BT LLEE— 2B T
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