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Zinc metal-organic framework with high-density free carboxyl oxygen
functionalized pore walls for targeted electrochemical sensing of paracetamol

XU Lu' ZHANG Chengyu' JI Wenjuan™' YANG Haiying"™* FU Yunlong™"'

('Key Laboratory of Magnetic Molecules and Magnetic Information Materials, Ministry of Education,
College of Chemisiry and Materials Science, Shanxi Normal University, Taiyuan 030032, China)
(*Department of Applied Chemistry, Yuncheng University, Yuncheng, Shanxi 044000, China)

Abstract: Based on the rigid benzene polycarboxylic acid H,BPTC (biphenyl-3,3",5,5"-tetracarboxylic acid), a 3D
rigid zinc-based metal-organic framework with high-density free carboxyl oxygen modified pore walls, {{Zn,(BPTC)
(H,0)(DMF),] - DMF - H,0}, (SXNU-5-Zn), has been constructed. SXNU-5-Zn exhibited good acid-base stability
within a pH range of 3-8 and excellent thermal stability. An electrochemical sensor, SXNU-5-Zn/GCE, based on a
pure MOF material was constructed, which can detect paracetamol (AC) with high sensitivity and selectivity. The
linear detection range spans from 0.02 to 765 pmol-L™", with a limit of detection as low as 0.013 8 wmol-L™" (S/N=
3). Furthermore, the prepared SXNU-5-Zn/GCE sensor has been successfully utilized to determine the AC content
in compound acetaminophen tablets as an actual sample. CCDC: 2320686.
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Table 1 Crystalllographic data of SXNU-5-Zn
Parameter SXNU-5-Zn Parameter SXNU-5-Zn
Empirical formula CysHaZn,N,0 4 V4 4
Formula weight 710.25 D, /(g cm™) 1.438
Crystal system Monoclinic o/ mm! 1.525
Space group P2,/n Reflection collected 71097
T/K 293(2) Unique reflection 6444
a/nm 1.433 54(5) R, 0.044 7
b/ nm 1.294 64(5) GOF 1.089
¢/nm 1.777 02(6) R, wR, [I>20(1)] 0.0419,0.123 9
B/ 95.776 0(10) R, wR, (all data) 0.0509,0.131 4
V/ nm? 3.281 3(2)
F2 SXNU-5-ZnHEZEEKom)FER()
Table 2 Selected bond lengths (nm) and bond angles (°) of SXNU-5-Zn
Zn1—01 0.198 7(2) Zn1A—O07A 0.245 9(3) Zn1A—08 0.202 9(2)
Zn1—04D 0.1959(2) Zn1—O07A 0.245 9(3) Zn2—02 0.206 0(2)
Zn2B—O03 0.209 9(2) Zn2A—08 0.218 2(2) Zn2—03D 0.209 9(2)
01—Zn1—07A 160.16(9) 05E—Zn1—O08A 125.80(10) 08A—Znl—07A 57.63(9)
02—7Zn2—03D 96.42(11) 02—7Zn2—O08A 88.31(10) 02—7Zn2—09 174.35(12)
02—7Zn2—010 92.35(13) 02—7Zn2—011 83.64(11) 05E—Zn1—O01 104.86(11)
03D—7Zn1—011 176.55(12) 03D—7Zn1—O08A 89.67(9) 05E—Zn1—07 88.95(11)
02—7Zn2—03B 96.50(10)

Symmetry codes: A: —x, 1=y, 1=z; B: 1/2—x, 1/2+y, 1/2=z; D: 1/24x, 12—y, 1/24z; E: 1/2-x, =1/2+y, 1/2—2.
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22 Wi % kB B HL MY, Nafion/GCE ) SXNU-5-Zn/GCE
J T AER M . 76 10 mmol- L™ (1 48 1k N & & 47
([Ru(NH,),]C1,) #1 0.1 mol-L™" KC1 ¥ 1 , %I Nafion/
GCE H1 SXNU-5-Zn/GCE f& i B3 # 1 17 96 24 1K &%
(CV) Al EL Ak 2 BHLATC 3% (EIS) I o 7 314 373 R 100
mV s~ HLEJEE-0.5~0.3 VN3RS T CV illiZk . EIS
M 7E 0.01 Hz~100 kHz 35 F N 51T, (5 5 IR AE R 5
mV, K H CV % Fl1 22 43 ik o 4R 2 (DPV) ik #F 5%
SXNU-5-Zn/GCE HL B %F AC f 45 58 , B FH PBS 4 47
W pH . Horp OV LA B R 0~1.0 V, 4
RN 100 mV-s7' s DPV HL A S48 75 N 0~1.0 V,
ok il B R 005V, Jik i 5 JE 0.06 s
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Ellipsoidal probability level: 50%; Symmetry codes: A: —x, 1y, 1=z; B: 1/2—x, 1/2+y, 1/2—z; C: =1/2+x, 1/2-y, =1/2+z.
1 (a) SXNU-5-Zn ,(b) &R AN (c) BB FREE B SXNU-5-Zn [1(d) —4E4ER 454 |
() —ZEJZRESHIAN(G) = AL LAY
Fig.1 Coordination environment diagram of (a) SXNU-5-Zn, (b) metal clusters, and (c) the ligand; (d) 1D chain structure,
(e) 2D Layered structure, and (f) 3D channel structure of SXNU-5-Zn
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2b) SR R REAR DT L, UESE T H: WA G b ik 4l
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FEAR — 3, UEWZA BHE A W] pH Hh B A R A7 5
FE V3O HAE N A AL B AR L T B
A
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Fig.2 (a) FTIR spectrum of SXNU-5-Zn; (b) Simulated and experimental PXRD patterns of SXNU-5-Zn and PXRD patterns of
SXNU-5-Zn after immersion in PBS with different pH values
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Fig.3 (a) TG curve of SXNU-5-Zn; (b) Simulated and experimental PXRD patterns of the residue after TG analysis

2.3 SXNU-5-Zn/GCE R {L 2215 B4R
231 HUARAB I L R A H Al AR R AR

L 10 mmol - L™ [Ru(NH,)J** (%% 0.1 mol-L™" KCI)
K HREE, 43 0 R F EIS $E2 2R CV 5 #8598 Nafion/
GCE 5 SXNU-5-Zn/GCE Ry H fb2aPERE . Wil 4a BT
7R, SXNU-5-Zn/GCE HL % 9 HL far % £% FLBH L Nafion/
GCE HLAR B /N, B il 75 %) SXNU-5-Zn/GCE HE )
A RAFH SR, AT A R IS F R Z ] F
THAL I, R PR AR . CV RIS R ARIE
ST IX 5. WA 4b fIFR , SXNU-5-Zn/GCE B ()
S Ak I T 06 HL I PR B2 785 T Nafion/GCE HE £ , 2 B

SXNU-5-Zn &M J5 1Y F A 7T e HA B8 K i R,
HL RS RE St — 20 1o

g T E— R FE SXNU-5-Zn/GCE Hi, 1% 4 it 1k,
G BYECSA), 7E 10 mmol - L' [Ru(NH,) (%A
0.1 mol-L™ i KCI) ¥ #& T % SXNU - 5-Zn/GCE 5
Nafion/GCE HL# 47 CV Il (K] Sa F1 Sc), F 4 %
WEAE 50~500 mV s Z (0], I 45 B A AL VR (7))
5 R T AR R A 9 4 M O &R (181 Sb Al
5d). 4 Randles-Seveik J5 #22, $1545 3] SXNU-5-
Zn/GCE HL 2 i) ECSA 24 0.011 e¢m?, /& Nafion/GCE
i) ECSA(0.009 8 cm?®) ) 1.12 4% , F W SXNU-5-Zn 1&
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Fig.4 FEIS (a) and CV (b) curves of different modified electrodes in 10 mmol« L' [Ru(NH,),J** solution
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Fig.5

CV curves (a, ¢) of SXNU-5-Zn/GCE and Nafion/GCE at different scanning rates in 10 mmol+L™" [Ru(NH,),J** solution

and corresponding linear fittings (b, d) of the peak oxidation current vs the square root of the scanning rate
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GCE H W TE &4 74 wmol - L™ AC #90.10 mol - L' PBS
(pH=5.0)"1 {15 CV AT DPV W . 41 [& 6a fi 7w , SXNU-
5-Zn/GCE Hitl I AC BYFRFAEIEH i B 2 K T GCE A1
Nafion/GCE HL#% ., 1% 5 DPV [& H SXNU-5-Zn/GCE
A T GCE F1 Nafion/GCE JH- A7 B i 184 5 A 42 1k 16
HL M4 (8] 6b) , B SXNU-5-Zn/GCE HLH X AC

A A AR A 2 N DRG] T AC ARG
233 SEE SRR

BRI B AL A A5 B RE SZ VWL pHL L H B R T 41
A B A IR SRR . O T iR
FITbiF e A Y PERE , X IX Se S H0EAT Tk

TEAE pH 49 0.10 mol - L™ PBS i1, 5% DPV #:
PEIT W pH XF AC 7E SXNU-5-Zn/GCE HL#l - (%
fR2E R SE M . S5 ARl 7a 7R, 24 pH M 3 30
FI) 7 B, WA R A S HE I E/N , FF pH=5 B, SXNU-
5-Zn/GCE 1 %5 ) L Ui i I 35 3] fie K (K 7b) HLI
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Fig.6 CV (a) and DPV (b) curves of different electrodes in 0.10 mol-L™" PBS (pH=5.0) with 74 pmol-L™" AC
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E7  (a) 7E5 74 pmol - L' ACHY 0.1 mol - L™ PBS(pH=3.4.5.6.7)+, SXNU-5-Zn/GCE [ fifi pH ZE {1 DPV H£&;
(b) ¥ pH AT AC(74 umol L)AL I8 HL AL A 520 (o) ¥R pH -5 48 flle FL A 22 [ £ G 22 il 4k
Fig.7 (a) DPV curves of SXNU-5-Zn/GCE in 0.1 mol - L' PBS (pH=3, 4, 5, 6, 7) containing 74 wmol -1 AC with pH variation;

(b) Effect of pH on oxidation peak current of AC (74 pmol-L™); (c) Relationship between oxidation peak potential and pH

FL A7 i 5 375 R pHL (L T o T 3% 947 1 I R A5 7 1)
P, B Te S AC R AL I LA 5 VA IR pH IR G
R, LM BN E,=—0.051pH+0.852(R*=0.998). #}
A 0.051 V, 23T Nernst J7 R 9 FRE(E (0.059 V), IE
527 ACAE SXNU-5-Zn/GCE HL e |- (48 Ak 1k 72 v i
RS T A B AR,

Sy B v R ) R, X R 2 1T SXNU-5-Zin
(1t 2 B AT T AFSE . SR A DPV A HF5E SXNU-5-
Zn WA [A] 67 B it X AC WG AL IR A 520, L&) 8a I
8b 7R , 24 GCE £ Il A SXNU-5-Zn(0.4 mg-mL™") i1

it 4 w3 6 WL I, 40Tk 0 Ha Y W] S 1
T 24 A TRk S 5 i 5] 8w I, U6 B 37 18 35 AR AT, 3
FEE W TE A R JE EE XS I, BEAS T F T
RERRP I, Sy T (AR R AR AR A e Y H Ak e
fie , ASHF 58 P B TF W (0.4 mg-mL ) B e A 2
6 nL.

g i — 2L % 5 SXNU-5-Zn He J& X AC 61 P fE
Y520, SR FH DPV 098 1 A [A] 47 38004 132 (0.2..0.3
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load concentrations (c), and effect of load concentration on oxidation peak current of AC (d)
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Table 3 Performance of electrochemical detection of AC with different modified electrodes
Modified electrode Detection method pH Linear range / (nmol - L") LOD / (pmol - L") Ref.
PTTPm/GCE DPV 4 0.16-1 300 0.06 [36]
Cu-MOF/HNTs/rGO DPV 7 0.5-250 0.15 [37]
Fe,0,/NPs/GCE DPV 7 2-170 1.16 [38]
7r0,/GCE CV 74 10-60 0.68 [39]
Phosphorus-doped graphene/GCE DPV 7.4 1.5-120 0.36 [40]
Fe-Mg-MOF-BPN/GCE DPV 7 0.002-700 0.003 8 [41]
SXNU-5-Zn/GCE DPV 5 0.02-765 0.013 8 This work
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Fig.11

(a) DPV responses obtained by five repeated measurements of the same SXNU-5-Zn/GCE electrode; (b) DPV responses

obtained at five SXNU-5-Zn/GCE electrodes under the same conditions; (¢) DPV responses obtained at SXNU-5-Zn/GCE

with different interfering substances in AC solution
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Table 4 Determination of AC in compound

paracetamol tablets

¢yc/ (pmol-L7)

lded o Recovery / % RSD /%
10 10.24 102.40 1.34
20 19.85 99.25 1.82
30 29.38 97.93 2.43
40 38.72 96.80 1.67
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