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Abstract 10 

A novel multi-function Metal-Organic Framework composite Ag@Zn-TSA (zinc 11 

thiosalicylate, Zn(C7H4O2S), Zn-TSA) was synthesized as highly efficient 12 

immobilization matrixes of myoglobin (Mb)/glucose oxidase (GOx) for 13 

electrochemical biosensing. The electrochemical biosensors based on Ag@Zn-TSA 14 

composite and ionic liquid (IL) modified carbon paste electrode (CPE) were 15 

fabricated successfully. Furthermore, the properties of the sensors were discussed by 16 

cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and 17 

amperometric current-time curve, respectively. The results showed the proposed 18 

biosensors had wide linear response to hydrogen peroxide (H2O2) in the range of 19 

0.3-20000 µM, to nitrite (NO2
-) for 1.3 µM -1660 µM and 2262 µM -133000 µM, to 20 

glucose for 2.0-1022 µM, with a low detection limit of 0.08 µM for H2O2, 0.5 µM for 21 

NO2
-, 0.8 µM for glucose. The values of the apparent heterogeneous electron transfer 22 
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rate constant (ks) for Mb and GOx were estimated as 2.05 s-1 and 2.45 s-1, respectively. 23 

Thus, Ag@Zn-TSA was a kind of ideal material as highly efficient immobilization 24 

matrixes for sensitive electrochemical biosensing. In addition, this work indicated that 25 

MOF nanocomposite had a great potential for constructing wide range of sensing 26 

interface.   27 

Keywords: Metal-Organic Framework, Ag@Zn-TSA, myoglobin/glucose oxidase, 28 

Ionic liquid, Biosensor 29 

Introduction 30 

The electrochemical behaviors of redox electroactive proteins and enzymes such 31 

as hemoglobin (Hb), myoglobin (Mb), glucose oxidase (GOx), cytochrome c (Cyt C) 32 

and horseradish peroxidase (HRP) on different kinds of modified electrodes have been 33 

reported, which can be used in the construction of third generation electrochemical 34 

biosensors [1-2]. For example, Sheying Dong et al. [3] studied a simple and reliable 35 

method for the electrochemical determination of nitrite based on the immobilization 36 

of myoglobin (Mb) on LaF3 doped CeO2 (LaF3-DP-CeO2) and ionic liquid (IL) 37 

composite film. Yunxian Piao et al. [4] constructed a glucose enzyme biosensor and 38 

immobilized the glucose oxidase (GOx) on the Graphite nanoparticle (GN), where the 39 

surface of the GN was first modified by 1-pyrenebutyric acid N-hydroxysuccinimide 40 

ester (Py-NHS ester) by π-π stacking interaction between the pyrene moiety and the 41 

GN to produce the GN-Py-NHS ester conjugates, and then the GOx was linked with 42 

GN-Py-NHS ester through amide bond. Lu et al. [5] investigated the direct 43 
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electrochemistry of HRP in a composite system based on chitosan and 44 

1-butyl-3-methylimidazolium tetrafluoroborate. However, sensitivity, stability and 45 

reproducibility for the electrochemical biosensors of redox electroactive proteins and 46 

enzymes need to improve. In addition, we expect to construct a wide range of sensing 47 

interface by exploiting a variety of functions of materials. 48 

Recently, Metal-organic Frameworks (MOFs), constituted by a three dimensional 49 

array of metal ions or metal clusters connected by rigid bi- or multipodal organic 50 

linkers [6], have developed rapidly with fantastic potential applications covering 51 

different areas including energy, environment, material and biology [7-8]. Base on the 52 

properties of these materials such as high specific surface areas, porosity, structural 53 

diversity, controllable synthesis, rich metal active site and flexibility of the pore 54 

size/wall modification, several research groups are trying to apply MOFs as electrode 55 

materials to develop electrochemical methods with high sensitivity and selectivity for 56 

efficiently detecting trace amount of biologically related compounds [9-12].  57 

Most of MOF modified electrodes as sensors are based on the post-modified 58 

method such as linking -NH2 or -SH functional groups and doping other dopants [13-14]. 59 

For instance, Vasiliki Lykourinou et al. [15] demonstrated the successful 60 

immobilization and characterization of microperoxidase-11 (MP-11) into a 61 

mesoporous MOF, resulting that MP-11@mesoMOF exhibited superior enzymatic 62 

catalysis performances compared to the mesoporous silica counterpart. Hadi Hosseini 63 

et al. [16] prepared SH-SiO2 by the hydrolysis of 3 - (trimethylsilyl) - 1 -propyl 64 

mercaptan on the surface of the SiO2 nanoparticles, Au-SH-SiO2@Cu-MOF was 65 
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subsequently prepared by the reaction of trimesic acid, SH-SiO2 with Cu(NO3)2, and 66 

the adsorption of gold nanoparticles. The electrochemical sensor for the determination 67 

of L-cysteine based on Au-SH-SiO2@Cu-MOF showed a stronger electrocatalytic 68 

oxidation activity to L - cysteine, with a detection limit of 0.008 µM.  69 

It is noteworthy that the conjugate structure of thiosalicylic acid (TSA) makes it 70 

full of delocalized electrons, Zn-TSA may accelerate the interfacial electron transfer. 71 

At the same time, the existence of carboxyl and thiol groups in the TSA is beneficial 72 

for the immobilization of proteins/enzyme. In addition, the Ag nanoparticles have 73 

shown some advantages such as enhancement of mass and electron transport, high 74 

effective surface area, high conductivity and specially improvement of nano diamond 75 

graphite (NDG) dispersion in the solvent due to impediment of NDG aggregation [17]. 76 

Saeed Shahrokhian et al. [18] prepared Ag nanoparticles decorated NDG modified 77 

electrode for voltammetric determination of ceftizoxime, and the prepared modified 78 

electrode has some remarkable electrochemical properties such as high sensitivity, 79 

excellent repeatability and reproducibility and long-term stability. It should be noted 80 

that, the excellent biocompatibility and interface dominated properties of Ag 81 

nanostructures have stimulated an increasing interest in designing novel and 82 

high-performance electrochemical biosensing devices [19]. All the above provide a 83 

basis for the research of electrochemical sensors. With this in mind, we prepared a 84 

new composite material, which has good electrochemical performance due to the 85 

synergistic effect of silver and Zn-TSA.  86 

Herein, a novel multi-function Metal-Organic Framework composite 87 
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(Ag@Zn-TSA) was synthesized by Microwave and Chemical reduction method. 88 

Myoglobin (Mb)/Glucose Oxidase (GOx) were incorporated within Ag@Zn-TSA and 89 

ionic liquid 1-ethyl-3-methylimidazolium tetrafluoroborate ([BMIm]BF4) composite 90 

films to fabricate modified carbon paste electrode (CPE). The composition and 91 

morphology of Ag@Zn-TSA composite and modified electrodes were investigated by 92 

Fourier transform infrared spectrometry (FT-IR), UV-visible spectroscopy (UV-vis), 93 

Scanning electron microscopy (SEM), Energy Dispersive Spectrometer (EDS), and 94 

X-ray diffraction (XRD). Furthermore, the properties of the electrochemical sensor 95 

were discussed by cyclic voltammetry (CV) and electrochemical impedance 96 

spectroscopy (EIS). Furthermore, electrochemical catalytic ability of 97 

Mb/Ag@Zn-TSA/IL-CPE and GOx/ Ag@Zn-TSA/IL-CPE to hydrogen peroxide 98 

(H2O2), sodium nitrite (NaNO2) and glucose were also investigated. 99 

2. Experimental 100 

2.1 Reagents and apparatus 101 

Glucose oxidase (GOx, MW 15 0000) was purchased from Aladdin Reagent co., 102 

LTD, Bovine myoglobin (Mb, MW 17 800) was purchased from Sigma Chemical Co., 103 

H2O2 was purchased from Aladdin Reagent co., LTD. Glucose was purchased from 104 

Aladdin Reagent co., LTD. 1-butyl-3-methylimidazolium tetrafluoroborate 105 

[BMIm]BF4 (IL) was purchased from Hangzhou Chemer Chemical Limited Company. 106 

All the chemicals were of analytical reagent grade and used without further 107 

purification.  108 
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Metal-Organic Frameworks composite (Ag@Zn-TSA) was analyzed by scanning 109 

electron microscopy (SEM; QUANTA650F, American). UV-vis spectra were recorded 110 

on a Nicolet Evolution 300 spectrophotometer in 0.1 M PBS and the IR spectra (KBr) 111 

were recorded on an IR-spectrometer FTIR-21 Shimadzu at room temperature. The 112 

X-ray diffraction (XRD) measurements were carried out on the D8-Advance X-ray 113 

diffractometer using monochromatic Cu Kα radiation. 114 

2.2 The synthesis of Zn-TSA and Ag@Zn-TSA framework composite 115 

The synthesis process of Zn-TSA is based on the reference [20]. The detail 116 

description of this part was described in the supplementary material. The schematic 117 

diagram of the procedure to synthesize Zn-TSA and Ag@Zn-TSA framework 118 

composite was shown in Scheme 1.  119 

Scheme 1. here 120 

2.3 Preparation of the Modified Electrode 121 

The Mb modified electrode was prepared according to the following procedures: 122 

5.0 mg Ag@Zn-TSA, 5.0 mg Mb and 10 µL IL ([BMIm]BF4) were dispersed into 1 123 

mL anhydrous ethanol, 1.0 mL 0.1 M pH 7.0 PBS and 1.0 mL 0.1 M pH 7.0 PBS by 124 

ultrasonic agitation, respectively. First, 5 µL of Ag@Zn-TSA solution (5.0 mg·mL-1) 125 

was casted onto the surface of a freshly polished CPE to obtain Ag@Zn-TSA-CPE, 126 

which was dried at room temperature to form a stable film. Second, 127 

Mb/Ag@Zn-TSA/IL-CPE was prepared by casting 5 µL Mb solution (5 mg·mL-1) and 128 

5 µL IL onto the Ag@Zn-TSA-CPE, respectively, which was subsequently evaporated 129 
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in a refrigerator at 4 ℃ to form a stable film. Finally, the modified electrode was 130 

rinsed twice or thrice with doubly distilled water to remove the unimmobilized Mb 131 

molecules. It’s noteworthy that the electrode needs to be activated in 0.1 M PBS (pH 132 

7.0) solution by cyclic voltammetry (CV) until a stable blank background was 133 

obtained in the potential range from -0.8 V to 1.0 V at a scan rate of 100 mV·s-1. The 134 

enzyme electrodes were stored in 0.1 M pH 7.0 PBS at 4 ℃ in a refrigerator when not 135 

in use. 136 

The fabrication of the GOx modified electrode (GOx/Ag@Zn-TSA/IL-CPE) was 137 

similar to that of Mb/Ag@Zn-TSA/IL-CPE. 138 

2.4 Electrochemical Measurements 139 

The detail description of this part was described in the supplementary material. 140 

3. Results and discussion  141 

3.1 Characterization of Ag@Zn-TSA 142 

Fig. 1. here 143 

The important functional groups information of the compound can be 144 

investigated by Fourier transform infrared spectroscopy (FT-IR). Fig. 1A displays the 145 

FT-IR spectroscopy of Zn-TSA and TSA, respectively. The absorption peak at 3400 146 

cm-1 was attributed to the absorption of -OH, meanwhile, the absorption peak at 147 

around 1700 cm-1 was due to the absorption of C=O in Zn-TSA and in the ligand TSA. 148 

The absorption peak at 2500 cm-1 (TSA curve) was result from the -SH in the TSA, 149 
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while the absorption peak at 2500 cm-1 (Zn-TSA curve) disappeared, indicating that 150 

the -SH participated in the coordination with Zn when the frame structure formed. At 151 

the same time, the absorption peak at 460 cm-1 (Zn-TSA curve) was the characteristic 152 

absorption peak of Zn-O, indicating that the -COOH of TSA was involved in the 153 

coordination with Zn, and the absorption peak of Zn-S appeared at 724 cm-1 [21]. It is 154 

concluded that the -SH and -COOH in the TSA simultaneously participated in 155 

the coordination with Zn when the frame structure formed.  156 

The powder X-ray diffraction (XRD) pattern shown in Fig. 1B was used to 157 

confirm the phase structure of the Ag particle and the Zn-TSA of the Ag@Zn-TSA 158 

samples prepared in this work. The intensive peaks (38.26°, 44.47°, 64.71°, 77.74°, 159 

81.91°) appeared at small 2θ angles are characteristics of Ag particle, which are in 160 

accordance with silver standard card (PDF# 04-0783), indicating the Ag particles 161 

were successfully composited with Zn-TSA by chemical reduction method at room 162 

temperature [22]. In addition, the other intensive peaks (31.84°, 33.40°, 34.61°, 36.42°, 163 

47.75°, 56.81°, 59.67°, 62.99°, 68.13°) appeared at small 2θ angles are characteristics 164 

of Zn-TSA, which are coincident with previously published results [23]. 165 

The morphology of as-prepared Zn-TSA and Ag@Zn-TSA were characterized 166 

by field emission scanning electron microscopy (FE-SEM). As shown in Fig. 1C,  it 167 

can be seen that Zn-TSA(C1) was composed of regularly cuboid-like or flake with a 168 

relatively loose structure, and cascading into layered with length around 1 µm, and the 169 

particle size of Zn-TSA in the range of 0.5-11 µm. While the Ag@Zn-TSA (C2) 170 

presented a relatively uniform particles with no obvious agglomeration, and the 171 
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material was well-dispersed with an average size about 100 nm, which also suggested 172 

that Ag particles were composited with Zn-TSA successfully. 173 

In order to confirm whether the Ag particles were composited with Zn-TSA, 174 

Energy Dispersive Spectrometer (EDS) measurements were used to analyze the 175 

elemental composition of the composite. As shown in Fig. 1D, Ag@Zn-TSA 176 

composite contains 11.72%, 16.48%, 2.12%, 61.69% and 7.99% of C, O, S, Zn and 177 

Ag, respectively, indicating that Ag particles were successfully combined with 178 

Zn-TSA and formed functional Ag@Zn-TSA particles. 179 

3.2 Characterization of the Electrodes Modified by Zn-TSA and Ag@Zn-TSA 180 

Modified electrodes of Zn-TSA and Ag@Zn-TSA were investigated by 181 

UV-visible spectroscopy (UV-vis) and Scanning electron microscopy (SEM), which 182 

indicating that the Ag@Zn-TSA with good biocompatibility and protein/enzyme was 183 

successfully immobilized on the surface of the underlying electrode. The detail 184 

description of this part was shown in the supplementary material.  185 

3.3 Electrochemical performance of Ag@Zn-TSA 186 

Fig.2. here 187 

Electrochemical impedance spectrum (EIS) can effectively provide impedance 188 

change information in the process of modifying on the surface of electrode [24], which 189 

were carried out in 5.0 mM K3Fe(CN)6/K4Fe(CN)6 (1:1) containing 0.1 M KCl, as 190 

shown in Fig. 2. Electronic transfer resistance (Ret) can be determined by calculating 191 
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the diameter of the high-frequency semicircle in the Nyquist curve [25]. It could be 192 

observed that the Ret of Ag@Zn-TSA-CPE (Fig. 2A) was smallest, suggesting 193 

Ag@Zn-MOF played the role of electron channel. The Ret of the modified electrodes 194 

obviously increased to 3500 ohm when Mb was immobilized on the 195 

Ag@Zn-TSA-CPE. It was because that dielectric behavior of enzyme molecules 196 

would result in a higher barrier for interfacial electron transfer, confirming that Mb 197 

had been successfully immobilized on the surface of Ag@Zn-TSA-CPE and blocked 198 

the electron exchange between the redox probe and the electrode. Obviously, the high 199 

conductive BmimBr (IL) contributed to a lower Ret of Mb/Ag@Zn-TSA/IL-CPE. In 200 

the meantime, the film of IL formed could wrap proteins and prevent them fall off. An 201 

analogous result also appeared to be in Fig. 2B, confirming that protein/enzyme had 202 

been successfully immobilized on the surface of Ag@Zn-TSA-CPE. As shown in 203 

Fig.2B, the Ret of Ag@Zn-TSA-CPE was obviously smaller than that of Zn-TSA-CPE, 204 

suggesting that Ag accelerated the electron transfer. It also indicated that Ag@Zn-TSA 205 

was successfully synthesized, which was consistent with its morphology 206 

characterization.  207 

3.4 Direct Electrochemistry of the Mb/GOx Modified Electrodes 208 

Fig. 3. here 209 

As shown in Fig. 3, the electrochemical behaviors of different Mb and GOx 210 

modified electrodes were characterized by cyclic voltammetry (CVs) in 0.1 M PBS 211 

(pH 7.0) at a scan rate of 0.1 V·s−1. Compared to CPE, Mb/IL-CPE and 212 
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Mb/Zn-TSA/IL-CPE, the CVs data demonstrated that the Mb/Ag@Zn-TSA/IL-CPE 213 

(Fig.3A-d, Fig.3B-d') in our experimental conditions was best to the direct electron 214 

transfer of Mb/GOx. Apparently, a pair of stable and well-defined redox peaks 215 

appeared with good reversibilities, and its peak current value increased significantly, 216 

indicating that Ag@Zn-TSA can effectively immobilize Mb/GOx and facilitate the 217 

direct electron transfer between Mb/GOx and underlying electrode. The Zn-TSA with 218 

large specific surface area, high porosity, good adsorption performance can absorb 219 

more protein molecules, and the existence of carboxyl and thiol groups in the TSA 220 

itself is beneficial for the immobilization of proteins/enzyme. On the other hand, 221 

synergistic effect of silver and the conjugate structure of TSA with delocalized 222 

electrons make it exhibit an excellent conductivity, which can accelerate the 223 

interfacial electron transfer. 224 

3.5 The kinetic parameters 225 

Fig. 4. here 226 

The CVs of Mb/Ag@Zn-TSA/IL-CPE and GOx/Ag@Zn-TSA/IL-CPE at 227 

different scan rates were shown in Fig. 4, respectively. As shown in Fig. 4A and 228 

Fig.4B, the anodic and cathodic peak currents increased with the increase of scan 229 

rates from 0.02 to 1.00 V·s−1, and the oxidation peaks shifted to more positive 230 

potentials and the reduction peaks shifted to more negative potentials. For 231 

Mb/Ag@Zn-TSA/IL-CPE, the peak currents (ip) were proportional to the square root 232 

of the scan rate (v1/2) (ip,a=－2.933v1/2
＋16.386 (R=0.9966), ip,c=2.672v1/2

－1.203 233 
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(R=0.9996) ). The anodic and cathodic peak currents increased linearly with the scan 234 

rates (v) in the range of 0.15~0.5V·s−1 (ip,a= － 0.0846v － 6.611 (R=0.9983), 235 

ip,c=0.07987v＋ 22.467 (R=0.9946) ). For GOx/Ag@Zn-TSA/IL-CPE, the peak 236 

currents (ip) were proportional to the v (ip,a=63.73v＋9.51 (R=0.9971), ip,c=－74.54v237 

－2.865(R=0.9962) ). The anodic and cathodic peak currents were proportional to the 238 

v1/2 in the range of 0.4 ~ 1.0 V·s-1 (ip,a=－107.780v1/2
＋34.033 (R=0.9991), ip,c= 239 

90.262v1/2
－20.445 (R=0.9997) ), suggesting that the electrochemical reactions of the 240 

modified electrode Mb/Ag@Zn-TSA/IL-CPE and GOx/Ag@Zn-TSA/IL-CPE were 241 

both surface-controlled process whose surface reactions were accompanied by the 242 

adsorption process with the scan rates in the range of 0.15 ~ 0.5 V·s-1 and the 243 

diffusion process at high scan rates [26].  244 

For a surface-controlled process, integration of reduction peaks gave nearly 245 

constant charge (Q) value with different scan rates. The average surface coverage (Γ*) 246 

of electroactive Mb/GOx on the modified electrode was estimated at slow scan rates 247 

according to the Faraday's law [27] Q= nFAΓ*. Where Q is the charge involved in the 248 

reaction, n is electron transfer number, F is Faraday's constant, and A is the effective 249 

surface area of electrode. The number of electron transferred for Mb is 1 and 2 for 250 

GOx, the value of Γ* were calculated as 1.528×10-11 M·cm-2 and 1.737×10-11 M·cm-2 251 

for Mb/Ag@Zn-TSA/IL-CPE and GOx/Ag@Zn-TSA/IL-CPE, respectively. The 252 

results above suggested that Mb/GOx can be immobilized into the Ag@Zn-TSA/IL 253 

composite film and the Ag@Zn-TSA composite with good biocompatibility can 254 

provide a suitable microenvironment for the immobilization of Mb/GOx. 255 
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The oxidation peak potentials at Mb/Ag@Zn-TSA/IL-CPE and 256 

GOx/Ag@Zn-TSA/IL-CPE both slightly shifted to the positive direction and the 257 

reduction peak potentials to the negative direction with the increase of the scan rates. 258 

For the surface-controlled progress, Laviron’s Equation [28] could be expressed as 259 

follows: 260 

Ep,a = E0’＋RTlnν / (1-α)nF (1) 

Ep,c = E0’－RTlnν / αnF (2) 

logks = αlog(1-α)＋(1-α)logα－log(RT/nFv)－(1-α)αnF∆Ep/2.3RT (3) 

Where α is the electron transfer coefficient, n is the number of electron transfer, 261 

F is Faraday's constant, ks is the heterogeneous electron transfer rate constant. As 262 

shown in Fig. 4A', the peak potentials had a linear relationship vs. the lnv in the range 263 

of 0.45–1.00V·s− 1 with the equations as Ep,a=0.0778lnv－0.635 (R=0.9935) and 264 

Ep,c=－0.1002lnv－0.1001 (R=0.9847) ). As shown in Fig. 4B', the peak potentials 265 

had a linear relationship vs. the lnv in the range of 0.36–1.00V·s-1 with the equations 266 

as (Ep,a=0.0289lnv－0.4304 (R=0.9946), Ep,c=－0.0367lnv－0.5733 (R=0.9952) ). The 267 

values of electron transfer coefficient (α) and the apparent heterogeneous electron 268 

transfer rate constant (ks) were estimated as 0.48 and 2.05 s-1, 0.58 and 2.45 s-1 for 269 

Mb/Ag@Zn-TSA/IL-CPE and GOx/Ag@Zn-TSA/IL-CPE, respectively. The larger ks 270 

value showed that the electron shuttling between redox active sites of Mb/GOx and 271 

the underlying electrode surface was faster in Ag@Zn-TSA/IL-CPE, which could be 272 

ascribed to the high conductivity of the Ag@Zn-TSA/IL composite film. 273 
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3.6 Electrocatalytic activity of Mb/GOx modified electrodes  274 

Fig. 5. here 275 

As shown in Fig. 5, the catalytic behavior of the modified electrode was 276 

investigated by cyclic voltammetry (CVs) and amperometric current-time response 277 

curves, respectively. Fig. 5A and Fig. 5B were the CVs of Mb/Ag@Zn-TSA/IL-CPE 278 

at different concentrations of H2O2 and NO2
-, respectively. When H2O2 was added to 279 

the 0.1 M pH 7.0 PBS at scan rate 100 mV·s-1, an increase in reduction peak at about 280 

-0.35 V was observed with the disappearance of the oxidation peak for Mb Fe(II). The 281 

reduction peak current increased with the increase of concentration of H2O2 in 282 

solution. When NO2
- was added to the 0.1 M pH 7.0 PBS at scan rate 100 mV·s-1, an 283 

increase in oxidation peak at about 0.8 V was observed. The oxidation peak current 284 

increased with the increase of concentration of NO2
- in solution, which indicated that 285 

the modified electrode had an obvious catalytic effect on H2O2 and NO2
-. Fig. 5C was 286 

the CVs of GOx/Ag@Zn-TSA/IL-CPE in an N2-saturated phosphate buffer solution 287 

(0.1 M, pH = 7.0) containing different concentrations of glucose. It is clearly seen that 288 

the redox peak currents decreased with the increase of glucose concentration, which 289 

was the typical trend for glucose oxidase catalyzing glucose, indicating that the GOx 290 

modified electrode had an obvious catalytic effect on glucose. We can draw a 291 

conclusion that the Mb/GOx on the Ag@Zn-TSA/IL-CPE had an obvious catalysis to 292 

H2O2, NO2
- and glucose from the CV graphs.  293 

We further studied in more detail the amperometric current-time response curves 294 
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of the two kinds of modified electrodes. Amperometric response of the 295 

Mb/Ag@Zn-TSA/IL-CPE to successive addition of H2O2 in 0.1 M pH 7.0 PBS was 296 

given in Fig. 5A'. It was observed that rapid response and sharp increase of 297 

Mb/Ag@Zn-TSA/IL-CPE were observed when H2O2 was added to the PBS at -0.35 V 298 

with the steady-state current obtained within 6 s. The corresponding calibration curve 299 

is presented in the inset of Fig. 5A' with a linear detection range (LDR) of 0.3 -20000 300 

µM. And the linear regression equation is i(µA)=0.00127c(µM) +4.448 (R=0.9917) 301 

with a low detection limit of 0.08 µM (S/N = 3) and a sensitivity of 1.27 µA·mM-1. 302 

Fig. 5B' displayed the amperometric response of the Mb/Ag@Zn-TSA/IL-CPE upon 303 

successive addition of NaNO2 to 0.1 M pH 7.0 PBS at 0.8 V under stirring. The 304 

biosensor exhibited a very rapid and sensitive response to the changes of NO2
− 305 

concentration, the steady-state current being reached in 5 s. Under these conditions, a 306 

calibration graph was constructed for NO2
− (inset in Fig. 5B'), with two linear ranges 307 

of 1.3 µM -1660 µM and 2262 µM -133000 µM and a low detection limit of 0.5 µM. 308 

Two linear ranges were obtained and the fitting regression equations were given as 309 

follows: i(µA) = -0.00111c(µM) + 1.855 (R=0.976), i(µA) = -0.0001855c(µM) + 310 

21.321 (R=0.985). Fig. 5C' showed a typical current-time plot of our newly 311 

developed biosensors on a successive addition of glucose under optimized 312 

experimental conditions. The response current was raised quickly and steeply to a 313 

stable value when glucose was added into the stirring buffer solution. The response 314 

current increased linearly with an increase of glucose concentration and gradually 315 

reached a saturation value at a high glucose concentration ( see inset in Fig. 5C'), 316 
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which suggested that the active sites of enzyme units were saturated at those glucose 317 

levels. In addition, the linear range of the calibration for the glucose response was 2.0 318 

µM~1022 µM with a correlation coefficient of 0.995 and a low detection limit of 0.8 319 

µM (S/N = 3). Compared with other modified electrodes listed in Table 1, the 320 

modified electrode we prepared had wider linear range and lower detection limit, 321 

indicating that the immobilized Mb/GOx in Ag@Zn-TSA/IL composite film possess 322 

higher enzymatic activity, and the proposed electrodes exhibit a high affinity for H2O2, 323 

NO2
- and glucose. 324 

Table 1. here 325 

3.7 Interference experiment 326 

Fig. 6. here 327 

The specificity of the Mb/Ag@Zn-TSA/IL-CPE was evaluated at 0.8 V and the 328 

GOx/Ag@Zn-TSA/IL-CPE was evaluated at -0.45 V, respectively, by observing the 329 

effect of ascorbic acid (AA), glucose and uric acid (UA) on the current value, as 330 

shown in Fig. 6. The current signal of Mb/Ag@Zn-TSA/IL-CPE (Fig. 6A) showed no 331 

change in current after the addition of AA (10 µM), glucose (10 µM) and UA (10 µM) 332 

in the presence of 50 µM NO2
− at intervals between 300 and 350 s, which showed a 333 

high selectivity for a NO2
− substrate. For the amperometric measurement of 334 

GOx/Ag@Zn-TSA/IL-CPE, at an applied potential of -0.45 V (Fig. 6B), the 335 

GOx/Ag@Zn-TSA/IL-CPE showed no change in current after the addition of AA (5 336 

µM), NO2
− (5 µM) and UA (5 µM) in the presence of 50 µM glucose at intervals 337 
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between 750 and 950 s, which showed a high selectivity for a glucose substrate. 338 

3.8 Real samples analysis 339 

To further investigate the potential application of the sensor for practical analysis, 340 

the sensors were used to test the recovery of different concentrations of H2O2 and 341 

glucose in human serum samples. Before detection of H2O2 and glucose, the human 342 

serum samples were diluted 200 times by 0.1 M pH 7.0 PBS [38]. Recovery studies 343 

were completed by adding standard solution into samples. The obtained results were 344 

displayed in Table 2. The results showed that the proposed sensor could be 345 

preliminarily applied in the determination of H2O2 and glucose in human serum 346 

samples. 347 

Table 2. here 348 

3.9 Stability and reproducibility of modified electrodes 349 

In the range of 0.2 V ~ -0.8 V, the scanning rate of 0.1 V·s-1 was used to 350 

continuous scanning until the cyclic voltammogram was not significantly changed. 351 

The stability and reproducibility of Mb/Ag@Zn-TSA/IL-CPE were investigated by 352 

CVs. The reproducibility of Mb modified electrode was showed by comparing the 353 

response currents of eight modified electrodes fabricated one time, and the RSD was 354 

5% in 0.1 M pH 7.0 PBS, indicating that the reproducibility of the modified electrode 355 

was excellent. The as-prepared Mb/Ag@Zn-TSA/IL-CPE retained 95% of its initial 356 

response after in 0.1 M PBS (pH 7.0) at 4℃ for 2 weeks and maintained 83% of its 357 

initial activities after 4 weeks, Likewise, the RSD of GOx/Ag@Zn-TSA/IL-CPE was 358 
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4% in 0.1 M pH 7.0 PBS, and GOx modified electrode retained 87% of its initial 359 

response after in 0.1 M PBS (pH 7.0) at 4℃ for 2 weeks and maintained 78% of its 360 

initial activities after 4 weeks, indicating that the Mb/GOx modified electrode showed 361 

a better stability and reproducibility. 362 

4. Conclusion 363 

A novel multi-function Ag@Zn-TSA was prepared as highly efficient 364 

immobilization matrixes of Mb/GOx for electrochemical biosensing. Spectroscopic 365 

and electrochemical examinations revealed that the Ag@Zn-TSA composite was 366 

biocompatible matrix for immobilizing Mb/GOx, which showed good stability and 367 

bioactivity. The outcome of this demonstrated that the Ag@Zn-TSA composite could 368 

effectively immobilize Mb/GOx and facilitate the electron transfer between Mb/GOx 369 

and underlying electrode, as well as had an obvious catalytic effect on the small 370 

molecule (NO2
-, H2O2, glucose). The proposed sensor exhibits wide linear range, high 371 

sensitivity, low detection limit, good stability and reproducibility. Thus, Ag@Zn-TSA 372 

was a kind of ideal material as highly efficient immobilization matrixes for sensitive 373 

electrochemical biosensing. In addition, the characteristics of MOFs composites could 374 

make them as promising materials in constructing wide range of sensing interface, and 375 

extend the scope of applications on electrochemical sensors. 376 
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Table 1. Comparison with other modified electrodes 

Biosensor   Detection 

range (µM) 

Detection 

limit (µM) 

Reference  

Au-SPAN/HRP/GCE H2O2 10-2000 1.6 [29] 

GCE/Chi/CoFe2O4/HRP H2O2 30-8000 2.0 [30] 

Au/GS/HRP/CS H2O2 5.0-5130 1.7 [31] 

IL/Mb/Ag@Zn-TSA-CPE H2O2 0.3-20000  0.15 This work  

Nafion/SLGnP-TPA-GOx NO2
- 50-2500 10 [32] 

Nafion–BMIMPF6/GOx/CILE NO2
- 100-8400 50 [33] 

Nafion/GOx/MWCNTs/CILE NO2
- 8.0-196 6.0 [34] 

IL/Mb/Ag@Zn-TSA-CPE NO2
- 1.3-133000 0.5 This work 

GOx/CNx-MWNTs glucose 20-1020 10 [35] 

GOx/Au-NPs/graphite glucose 100-10000 80 [36] 

GOx/Meso-HAP/Meso-TiO2/MWCNT glucose 10-15200 2.0 [37] 

IL/GOx/Ag@Zn-TSA-CPE glucose 2.0 -1022 0.8 This work 
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Tabel 2. Test for recovery of H2O2 and glucose  

 Samples  
Added 

c / ( µM ) 

Determined  

c / ( µM ) 

Recovery 

(%) 

RSD 

(%) 

human serum 

(H2O2) 

1 100 98.4 98.4 2.6 

2 300 311.3 103.6 4.3 

3 500 512.7 102.4 3.7 

human serum 

(glucose) 

1 100 101.2 101.2 3.4 

2 300 307.2 102.3 4.5 

3 500 503.6 100.6 4.7 
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Figure Captions  

Scheme 1. Schematic diagram of the procedure to synthesize Zn-TSA and 

Ag@Zn-TSA  

 

 

Fig. 1. (A) FT-IR spectra of Zn-TSA material and TSA; (B) XRD pattern of 

Ag@Zn-TSA composite and silver standard card; (C) SEM images of (1) Zn-TSA, (2) 

Ag@Zn-TSA; (D) EDS images of Ag@Zn-TSA. 

 

 

Fig.2. Electrochemical impedance spectra (EIS) of (A) Ag@Zn-TSA-CPE, 

Mb/Ag@Zn-TSA-CPE, Mb/Ag@Zn-TSA/IL-CPE (B) Zn-TSA-CPE, 

Ag@Zn-TSA-CPE, GOx/Ag@Zn-TSA-CPE, GOx/Ag@Zn-TSA/IL-CPE in 5.0 mM 

[Fe(CN)6]
3-/4- (1:1) solution containing 0.1 M KCl. Inset shows the EIS of CPE. The 

parameters were as follows: frequency range from 0.01 Hz to 105 Hz; initiative 

potential, 0.2 V; amplitude, 0.01 V and quiet time of 2 s. 

 

 

Fig. 3. (A) Cyclic voltammograms (CVs) of (a) CPE, (b)Mb/IL-CPE, (c) 

Mb/Zn-TSA/IL-CPE, (d) Mb/Ag@Zn-TSA/IL-CPE. (B) CVs of (a') GOx-CPE 

(b')GOx/IL-CPE, (c') GOx/Zn-TSA/IL-CPE, (d') GOx/Ag@Zn-TSA/IL-CPE. 

Supporting solution: 0.1 M pH 7.0 PBS, scan rate: 100 mV·s-1. 
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Fig. 4. Cyclic voltammograms (CVs) of (A) Mb/Ag@Zn-TSA/IL-CPE (B)  

GOx/Ag@Zn-TSA/IL-CPE in 0.1M pH 7.0 PBS at various scan rates: 20, 50, 80, 100, 

150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900 and 1000 mV·s-1. Insets 

show the plots of cathodic and anodic peak currents vs. (a) scan rates and (b) square 

root of scan rates; (A') and (B') Linear relationship of redox peak potential (Ep,a and 

Ep,c) vs. natural logarithm (lnv).  

 

 

Fig. 5. Cyclic voltammograms of (A) Mb/Ag@Zn-TSA/IL-CPE, (B) 

Mb/Ag@Zn-TSA/IL-CPE, (C) GOx/Ag@Zn-TSA/IL-CPE in 0.1M pH 7.0 PBS 

containing different concentration of H2O2 (a-c: 0~5.00×10-3 M), NO2
− (a-d: 

0~5.00×10-3 M), glucose (a-d: 0~2.5×10-3 M) at scan rate 100 mV·s-1, respectively. 

Amperometric current-time response curves of (A') Mb/Ag@Zn-TSA/IL-CPE, (B') 

Mb/Ag@Zn-TSA/IL-CPE, (C') GOx/Ag@Zn-TSA/IL-CPE upon successive addition 

of H2O2, NO2
−, glucose into pH 7.0 PBS solution, respectively. Applied potential: 

-0.35 V (A'), 0.8 V (B'), -0.45 V (C'). Inset: calibration curve of steady-state currents 

vs. H2O2, NO2
− and glucose concentration at Mb/Ag@Zn-TSA/IL-CPE, 

Mb/Ag@Zn-TSA/IL-CPE and GOx/Ag@Zn-TSA/IL-CPE, respectively. 
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Fig. 6. (A) Amperometric current-time response curves of Mb/Ag@Zn-TSA/IL-CPE 

upon successive addition of 25 µM NO2
−, 10 µM ascorbic acid, 10 µM glucose, 10 

µM uric acid into pH 7.0 PBS solution at a detection potential of 0.8 V. (B) 

Amperometric current-time response curves of GOx/Ag@Zn-TSA/IL-CPE upon 

successive addition of 25 µM glucose, 5.0 µM ascorbic acid, 5.0 µM NO2
−, 5.0 µM 

uric acid into pH 7.0 PBS solution at a detection potential of -0.45 V.   
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Highlights 

1. Novel Ag@Zn-TSA was used as highly efficient immobilization matrixes of 

Mb/glucose. 

2. We exploited multi-function MOFs for a wide range of electrocatalytic sensing 

interface. 

3. The proposed biosensors had an excellent catalytic effect on the small molecule 

(NO2
-, H2O2, glucose). 

 

 


