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Abstract In this work, a kind of high-performance electrochemiluminescence (ECL) material was obtained with the assis-
tant of metal-organic framework (MOF) structure, which realized the highly ordered assembly of ECL molecules in MOF
structure, developing a new strategy of synergistically enhanced ECL. Specifically, it combined the advantages of both the
pore confinement effect and the highly ordered assembly of ECL molecules in micro/nano space to enhance the ECL intensity
and reaction efficiency. The proposed MOF material (abbreviated as Zr-TCPE) with excellent ECL performance was synthe-
sized by a simple solvothermal synthesis technique employing the non-coplanar molecule 1,1,2,2-tetrachlorophenol-
(4-carboxylic benzene)ethylene (H4sTCPE) as ligand and Zre clusters through coordination interaction. Zr-TCPE with the
porous structure can not only promote the mass transport and electron transfer in the confined micro/nano spaces, but also
reduce the nonradiative relaxation and filtering effect as the H4TCPE ligands were fixed on the rigid metal frame, restricting
the free vibration/rotation and tight packing. Compared with the H4TCPE micro/nano crystals prepared by reprecipitation
method, the ECL intensity and efficiency of the Zr-TCPE increased by 3.46 times and 17.44 times with potential from 0 V to
1.4 V at 300 mV/s in 2 mL of detection solution (containing 18 mmol/L triethylamine, pH 7.4), respectively. The ECL bio-
sensor was constructed according to the successive assembly of (i) the Zr-TCPE as ECL material, (ii) silver nanoparticles (Ag
NPs) as immobilization matrix of concanavalin A (Con A) and (iii) the Con A as a cells trapping agent, which achieved the in
situ monitoring of hydrogen peroxide (H202) released from the tumor cells under the stimulative effect of phorbol
12-myristate 13-acetate (PMA). Furthermore, the ECL biosensor could rapidly distinguish cancer cells from normal cells.
What is more, the ECL biosensor is also suitable for the detection of H20: released from the various tumor cells. The pre-
pared Zr-TCPE, as the combination of strong ECL emission, easy preparation and good biocompatibility, was expected to be
a kind of popular luminophors for the clinical detection of tumor cells.
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tumor cell; hydrogen peroxide
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Figure 1 The schematic diagram of the preparation of Zr-TCPE (A), the fabrication procedure of Zr-TCPE based ECL biosensor (B) and the possible

response mechanism of the biosensor for H,O, (C)
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Figure 2 SEM image of Zr-TCPE (A) and the SEM-EDX elemental mapping of C, O and Zr in Zr-TCPE (B). FT-IR spectra of the H,TCPE ligands (a)

and Zr-TCPE (b) (C), and XRD pattern of Zr-TCPE (D)
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2.5 Zr-TCPE HYZmARE 14 & ECL Mo SZH1%l

NT VAL Ze-TCPE 755256 4 i 5514, 14 Hela
IR NREAY SR bR UE 3-(4,5- — FRJEBEME-2)-2 5- — JKJE
P MyR 25 L B EMTT E k) iF i 7 Ze-TCPE 4
Mu#EE. ¥ Hela 4HM0 S5 AFRVKEER Ze-TCPE F 4 (10,
50, 100 1 500 pg/mL)§F & 48 h. 45 RN 6A Fw, wf
U Hela 40841768 JIBE# Zr-TCPE ¥ Sy FE (138 I img
ETH AR, 4 Hela 41 5 FE 24 100 pg/mL [ Zr-TCPE
FEMIFE 48 hJ5, KIMTA 82%LA 1) Hela Al 2417
WG, UM T Zr-TCPE %} Hela 40 ffd i) 55 1 521K,

S R I Ha00 W] LA 2408 K Zr-TCPE/TEA 14 & 1)
ECL {55, X0] R/ FONTE B = AR Ha0, P2 A1
TS H B ZE( 0y, OH'M O,') 55 Zr-TCPE/TEA 1A &
ECL 7= A v v A ) A ELAE AT 2K ECL {5
. AT SR Ze-TCPE WIRJGHLE, g T
Zr-TCPE/GCE TEA AR 1) ECL MRz, SCIG
45BN 6B Flizr. Zr-TCPE/GCE 7E N, f A1) PBS (pH
7.4, &4 18 mmol/L TEA)H ) ECL 58FEF N 17484
aw. (M a), T H AR E W AN 2 SO AR RV 1)
ECL Wi A 15574 a.u. (MR b), Ut BIAS I EC R - ¥ i 1
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Bl 6 (A)Hela 20/l 5 A RN Zr-TCPE W& 48 h J5 II1E1% %, (B) Zr-TCPE/GCE ZER MW (&4 18 mmol/L ] TEA ] PBS) & /A [F4 5k &%
PF R ECL-FR A 2k, ()R B RAE N HATRI 26 F T, (ORI 2 BRI, (RS H 5 pmol/L H,0,, (IR ZH 0.5%
ZHEEEHURL 5 pmol/L HyO,, ()R MK & 47 4.3 mmol/L X ZKREFI 5 pmol/L H,0,

Figure 6 (A) The viability of the Hela cells after incubated with Zr-TCPE with different concentrations for 48 h. (B) The ECL-potential curves of
Zr-TCPE/GCE in detection solution (PBS containing 18 mmol/L TEA) containing different substances. (a) N,-saturated detection solution, (b) air-saturated
detection solution, (c) detection solution containing 5 pmol/L H,0,, (d) detection solution containing 0.5% DMSO and 5 pmol/L H,0,, (e) detection solu-
tion containing 4.3 mmol/L p-benzoquinone and 5 pmol/L H,0,
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KB A KN R AR Ag NPs BEAT B0k, L2k
FrZ 41 PEG 1 PVP, # B3 201 Ag NPs 7382 10
mL oK, FRH.
4.3 MR H202

B, MEREE 10%MIRF LS. BERMNETER
(100 U/mL) 55953, K Hela 40 & T 37 ‘C H&4 5%
CO, MBI R TR %, SR)5, ¥ 10 uL Zr-TCPE
TBARAE T 15 1 BB B A% b (Zr-TCPE/GCE), BR%&METF
. ¥ 10 uL Ag NPs il i # i A A E I E Zr-TCPE/
GCE L, 3% 7 Ag NPs/Zr-TCPE/GCE. H{ 10 pL 1
mg/mL Con A fEITE Bk WK FIFREE 2 h, 53] 74
YL 2% Con A/Ag NPs/Zr-TCPE/GCE. B 20 pL A [EiK
JE£ () Hela 403 N2 ER 21 AR F59%E 30 min (Hela
cells/Con A/Ag NPs/Zr-TCPE/GCE). {fE#HATII&E /T,
Al K S FER B G Hela 2000, KD BCN 2 mL &
4 18 mmol/L (] TEA [¥] PBS (pH 7.4)i&W. N T HlEk
Hela 4HHREIN HoOn, ERTIEAHMA T 20 pL 100
pg/mL ] PMA. RHEMGLF 1) i (Hela cells/Con A/Ag
NPs/Zr-TCPE/GCE)& T &H PMA ALl - 4T
ECL AR, HEAZJEREIE 0~1.4 V, FHEE N 300 mVis,
id3% ECL M o 545
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