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Abstract

A new electrocatalytic biosensor (MOF-74(Cu) NS-CC) based on the in-situ deposition of MOF-
74(Cu) nanosheet on carbon cloth via a bottom-up synthetic approach in a glass tube was developed.
The electrocatalytic activity of the deposited MOF-74(Cu) NS was demonstrated in the oxidation
of glucose to gluconate under alkaline conditions. Our results revealed that the method of in-situ
formation of MOF-74(Cu) NS onto a carbon cloth surface in a multi-layer solution is able to
generate a stable MOF-74(Cu) NS-CC electrode with excellent sensing performance. When the as-
synthesized MOF-74(Cu) NS-CC was applied directly as the working electrode for glucose sensing,
it showed much higher conductivity and redox-activity than MOF-74(Cu) NS-GCE. With the
potential applied at 0.55 V (vs Ag/AgCl), this new electrocatalytic biosensor exhibits an
excellent linear relationship between the current density and the concentration of glucose.
Moreover, a wide linear range of detection (1.0 to 1000 uM) was observed. The limit of
detection was found to be 0.41 uM (S/N=3). The response sensitivity calculated is 3.39 mA
mM ! cm? when the concentration of glucose is in the range of 1-80 pM and 3.81 mA mM !
cm 2 for the concentration at 100-1000 uM. This study provides a low-cost, easy to prepare
and reproducible methodology for the synthesis of highly redox-active nanomaterials based
on the in-situ formation of two-dimensional MOF-74(Cu) NS for the development of new

electrocatalytic biosensors.



Introduction

Metal-organic frameworks (MOFs) are multi-functional materials that have great plasticity in nano-
engineering to create unique functionality and are widely applied in a broad areas of material
science [1], [2], [3], [4] and sensing [5,6]. Some recent developments of MOFs have extended their
applications in electrocatalysis and electroanalysis because a number of advantages could be
achieved by integrating MOFs to develop new materials for these important applications. MOFs are
porous crystalline materials and may act as host substrates for the immobilization of catalysts, such
as nanoparticles and enzymes [7,8]. Moreover, MOFs can be used as the sacrificial templates for
calcinations into metallic or carbonaceous nanomaterials to produce the structurally defined
electrocatalysts [9-11]. However, most investigations find that MOFs suffer from some critical
limitations, such as hindered active sites and poor electron transfer that significantly reduce the
redox-activity of the catalyst [12]. These adverse factors may restrict the potential application of

MOFs in the field of electrocatalysis and electroanlysis and thus further advancement is required.

Recently, two-dimensional (2D) MOFs have been demonstrated to generate special structures that
are able to offer tailor-made chemical and physical properties. The 2D-MOFs also possess many
highly accessible active sites on the surface, which is significant for the applications in
electrocatalysis [13] and electrosensing [14] as the redox-activity of the metallic sites in the 2D-
MOF materials can be enhanced [15]. Therefore, many new generations of electrosensor have been
fabricated with 2D MOFs such as NCST-1 ([Co(DCTP)(L)(H20)2]n) [14]. Most nanomaterial-based
electrochemical sensors are currently fabricated through the modification of nanomaterials and
followed immobilizing them with nafion onto the surface of the working electrode [16,17]. This
process for assembling of sensing systems is time consuming and also causes significant drawbacks.
In particular, for the immobilization of nanomaterials that have low conductivity, nafion usually
causes higher resistance of the composites than that of the pure nanomaterial. The activity of the
nanomaterial is therefore significantly reduced in the applications of electrocatalysis and
electrosensing. The recent developments have shown that direct growth (in-situ deposition) of
nanomaterials onto the surface of some conductive substrates, such as carbon cloth (CC), metal
foam (nickel foam and copper foam) and indium tin oxide glass (ITO), as the working electrode is

able to overcome the problem. This strategy for nanomaterials deposition is a recognized method



to enhance the catalyst—substrate interaction for efficient electron transport during the
electrocatalytic reactions [18]. Recently, many studies have been reported on the growth of 3D-
MOF onto a surface of conductive substrates for electrocatalytic applications. For example, MOF-
74(Co,Fe)/Co nanosheet was in-situ deposited to the surface of carbon cloth to form Co,Fe-MOF-
74/Co/CC. The material was applied as hybrid electrode for water splitting in alkaline condition
[19]. In addition, the 2D-MOF with a conductive substrate was also fabricated, such as the core-
shell Co304/Ni-MOFs NS that was deposited to the surface of carbon cloth by a facile two-step
hydrothermal strategy to form Co304/Ni-MOFs-CC. The material was demonstrated as
supercapacitor in alkaline and near-infrared photocatalytic hydrogen evolution [20]. However, no
example of electrocatalytic biosensing system developed with in-situ deposition of 2D-MOFs onto

the surface of conductive substrate has been reported thus far.

Our previous studies demonstrated that copper-based MOFs can be developed as the sensitive and
selective biosensors for rapid detection of biologically important analysts [21]. Monitoring glucose
levels in blood is a very essential part of managing diabetes because glucose is an important
biological analyst for clinical diagnosis [22,23]. To develop catalysts with high activity and
selective to promote the catalytic oxidation of glucose is important in the field of biofuel cells[24]
and nonenzymatic sensors [25,26]. Up to now, various precious transition metals and their
complexes have shown very good electrocatalytic activity towards nonenzyme glucose oxidation
[27,28]. However, to further improve their electrical conductivity, redox-activity and sensitivity,
most of these electrocatalytic glucose-sensing systems are developed based on nanomaterial-carbon
nanotubes or grapheme composites. To advance further these sensing systems for practical and
wider applications, a facile protocol for surface deposition or immobilization of electrocatalysts to

achieve excellent conductivity and redox-activity is crucial [29-31].

In the present study, a new copper-based MOF nanosheet (MOF-74(Cu) NS) was synthesized
under room temperature conditions via a bottom-up synthesis strategy. The in-situ fabricated MOF-
74(Cu) NS-CC electrode applying Cu(Il) ions as the metal node, which is also the active site for
electrocatalysis, was used directly (no further calcination is required) as the nonenzymatic

electrosensor for direct determination of glucose contents in human blood or serum samples. The



synthesized materials of MOF-74(Cu) NS and MOF-74(Cu) NS-CC were fully characterized by
TEM, SEM, AFM, XPS, XRD, FTIR and BET. The electrocatalytic activity, selectivity, sensitivity,
and stability of the new MOF-74(Cu) NS-CC electrosensor towards glucose in alkaline media were

also investigated.

2. Experimental section

2.1 Reagents and instruments

Sodium hydroxide (0.1 M in water), copper nitrate trihydrate (Cu(NO3).-3H20), 2,5-
dihydroxyterephthalic acid (DHTP), N,N-dimethylformamide (DMF), acetonitrile, ethanol,
glucose (Glu), ascorbic acid (AA), fructose (Fru), lactose (Lac) and uric acid (UA), HQ,
CTH, Ca’*", Mg?*" were purchased from Aladdin (Shanghai, China). Carbon cloth was
purchased from Wuhan Gaoss Union technology Co., Ltd. Human serum was obtained from
Xiamen Hospital of Traditional Chinese Medicine. All chemicals and solvents used were
analytical grade. The de-ionized water (18.2 MQ cm) used was from a Milli-Q water

purification system.

2.2 Synthesis of MOF-74(Cu) NS-CC

Firstly, a piece of carbon cloth (¥=1.2 cm) was pre-cleaned by sonication in diluted hydrochloric
acid (3 M), acetone and ethanol, pre-cleaned carbon cloth was dried at 333 K under vacuum
condition. The PTFE seal tape was torn into thin lines and passing through the middle of the carbon
cloth, paper clip was used as a pendant to suspend the carbon cloth in the linker layer. The solutions
for in-situ growth of MOF-74(Cu) NS onto carbon cloth surface was prepared as described in

supporting Information for the synthesis of MOF-74(Cu) NS.

2.3 Fabrication of MOF-74(Cu) NS-CC the working electrode

MOF-74(Cu) NS-CC (1.0x0.5 cm) was directly applied as working electrode for electrochemical
tests, in which a Pt wire was used as the counter electrode and using Ag/AgCl electrode was a
reference electrode. A MOF-74(Cu) NS-GCE was prepared with MOF-74(Cu) NS and using nafion
(0.5 wt%) as the binder to deposit onto the surface of a glassy carbon electrode (GCE). In order to

compare the glucose determination performance between MOF-74(Cu) NS-CC and MOF-



74(Cu) NS-GCE, MOF-74(Cu) NS-GCE was also fabricated by following the previous reported

procedures [32].

2.4 Electrochemical testing

The amperometric i-f curve was carried out for the determination of glucose in 10 mL NaOH
aqueous solution (0.1 M). To this NaOH aqueous solution the glucose solution (10 uL) at
different concentration was added. The current signal at 0.55 V (vs Ag/AgCl) of the
oxidation of glucose for each addition was recorded by the electrochemical work station

(CHI660).

3. Results and Discussion

3.1 Characterization of MOF-74(Cu) NS and MOF-74(Cu) NS-CC

The synthesis of MOF-74(Cu) NS-CC was conducted in a glass tube, as shown in Fig. S1, using
multi-layer of solutions for the in-situ formation of MOF-74(Cu) NS onto the carbon cloth surface.
The as-synthesized materials were characterized with SEM and TEM. Fig. 1A and B show the SEM
images of MOF-74(Cu) NS-CC. The images indicate that MOF-74 (Cu) NS was grown evenly on
the surface. Fig. 1C shows clearly that the morphology of MOF-74 (Cu) NS is the honeycomb-like
nanosheet arrays. As indicated from the AFM image of MOF-74 (Cu) NS shown in Fig. S2, the
thickness of the nanosheet is about 4.5 nm. Moreover, Fig. 1D reveals that the MOF-74(Cu) NS
was an ultra-thin nanosheet. From Fig. 1E, the EDS mapping images of MOF-74 (Cu) NS-CC, it
reveals an extremely homogeneous distribution of Cu, O and C in MOF-74 (Cu) NS-CC. The
characterization of MOF-74(Cu) NS was investigated in detail with XPS, XRD, FT-IR and BET
(Fig. S3-S4). These characterization results support evidently the in-situ formation of MOF-74(Cu)

NS on carbon cloth.

The XPS survey spectra and high-resolution XPS spectra of MOF-74 (Cu) NS were shown in Fig.
S2. The results show that MOF-74 (Cu) NS contains Cu, C and O elements. The Cu2P spectra shows
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Fig. 1 (A and B) SEM images of MOF-74(Cu) NS-CC; (C) SEM image of MOF-74(Cu) NS;

(D) TEM image of MOF-74(Cu) NS; (E) EDS mapping images of MOF-74(Cu) NS-CC.
two binding energies of Cu 2p3/2 (the Cu in MOF-74 (Cu) NS), 935.4 eV and 955.0 eV, which are
in accord with Cu(NO3)». In addition, in the binding energy range of 940-963 eV, a shake-up satellite
peak was observed, which may further confirm that the copper exists as Cu?" ions [33,34]. For pure
Cu?" ions, the Cu 2p3/2 binding energy is 935.2 eV. However, for the Cu?" ions in MOF-74 (Cu)
NS, the binding energy is shifted to higher energy. This may indicate a charge transfer from Cu®" to
the organic ligand [35]. The Ols spectra shows two main oxygen species in Ols spectra including
531.56 eV that is due to the C=O bond and 533.30 eV that derives from the contribution of C—
OH/C—O-OH [36]. Four peaks were fitted from C1s spectra as shown in Fig. S2. The 288.6 eV is
assigned to be the sp2-bonded carbon in the carboxylate group (O-C=0). The peaks emitted at 286.3
eV and 284.8 eV is assigned for the sp2-bonded carbon (C-C, C2), the peaks may be attributed from
the contamination of carbon-containing matters [37]. The XRD patterns of MOF-74 (Cu) NS were
shown in Fig. S4A and indicate that the existence of the characteristic signals at 20 of 18.89°, 21.04°
and 25.08° marked by their indices (202), (002) and (200), respectively. These diffraction peaks
were found matched well with the MOF-74 (Cu) reported previously [38]. The results also indicate
that MOF-74 (Cu) NS was well crystallized. In addition, from the FTIR spectra of MOF-74(Cu) NS
shown in Fig. S3B, the asymmetric stretching of carboxylate group in DHTP appeared at 1524 and

1623 cm ! while the symmetric stretching of the carboxylate groups in DHTP appeared at 1385



cm . Several bands observed in 1025 and 800 cm ™! are assigned to the out-of-plane vibrations of
DHTP [39]. The porous property of MOF-74(Cu) NS was shown in Fig. S3C. The BET surface area
of MOF-74(Cu) NS was estimated to be 91.85 m?-g’! and the total pore volume was 0.5507 cm>-g"
I. From literature, it was generally reported that the BET surface area of 2D-MOF was about 100
m? g'! or less. The relatively low BET surface area observed may be due to the low porosity in
certain single-/multi-layer of the 2D-MOF structure [11,15,21]. Nonetheless, these characterization

results support evidently the in-situ formation of MOF-74(Cu) NS on carbon cloth.

Survey I Cu2P

Intensity
Intensity

%00 600 300 0
Binding Engergy(ev)

o

1200

Intensity
Intensity

296 202 % 2% %0 M50 %6 532 o8
Binding Engergy(ev) Binding Engergy(ev)

Fig. 2 The XPS spectra of MOF-74(Cu) NS. The survey of Cu 2p, C 1s and the O 1s spectra

3.2 The working mechanism of the proposed electrocatalytic biosensor based on MOF-
74(Cu) NS-CC

A facile protocol to assemble the new MOF-74(Cu) NS-based electrocatalytic biosensor for
the detection of glucose was showed in Scheme 1. The sensing system was developed with
respect to the electrocatalytic activity of MOF-74(Cu) NS to catalyze the oxidation of glucose

8



to gluconate under alkaline conditions. In this sensing system, glucose was oxidized by the Cu**
species, which were produced in-situ via the electrochemical oxidation of Cu?" species under
alkaline conditions [40]. The redox process could be detected by electrochemical workstation, in
which the oxidation peak for glucose was observed at 0.55 V (vs Ag/AgCl). The higher the
concentration of glucose present in the solution, the higher the oxidation current can be observed.
When the electrocatalyst (MOF-74(Cu) NS) was in-situ deposited onto carbon cloth, the electrode
(MOF-74(Cu) NS-CC) is able to provide a much better conductivity and electrocatalytic
performance than MOF-74(Cu) NS-GCE. In addition, MOF-74(Cu) NS-CC is able to make the
sensing process more convenient than that with the modified-GCE electrode because our new

sensing system does not require additional electrode modification process such as calcinations.

Potential(V)
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Scheme 1. A schematic diagram for the MOF-74(Cu) NS-CC electrocatalytic biosensors for the

determination of glucose.

3.3 Electrochemical characterization of MOF-74(Cu) NS-CC for glucose detection

Electrochemical impedance spectroscopy (EIS) is widely used to study the characteristics of
electrodes. As shown in Fig. 4A, the bare carbon cloth (CC) exhibited very low resistance
while MOF-74(Cu) NS-CC has higher resistance compared to the bare CC. The result
indicates that MOF-74(Cu) NS was successfully grown onto the CC surface. The MOF-

9



74(Cu) NS was also deposited onto GCE with nafion for comparison. The MOF-74(Cu) NS-
GCE exhibited the highest resistance because the existence of nafion in the composite further
reduced the conductivity of MOF-74(Cu) NS. The high resistance observed for MOF-74(Cu)
NS-GCE also supports that MOF-74(Cu) NS was successfully immobilized onto the GCE
surface [41].

The feasibility of direct use MOF-74(Cu) NS-CC as an electrosensor for glucose
determination was investigated in a 0.1 M NaOH aqueous solution with or without glucose.
As shown in Fig. 4B, upon the addition of glucose, a clear oxidation current with the peak
potential at 0.55 V (vs Ag/AgCl) was observed, which indicated that MOF-74(Cu) NS is
active to catalyze the oxidation of glucose (Glu). The electrochemical response of MOF-
74(Cu) NS-CC towards Glu (1 mM) in the range of pH 9-14 was also investigated. As shown
in Fig. 4C, there was no obvious glucose oxidation peak found under pH 9-12 because no
Cu’" species was produced to oxidize glucose under these pH conditions. As increasing the
pH to 13 or 14, the Cu?" ions of MOF-74(Cu) NS-CC were oxidized to Cu®>* upon the current
was applied. The results support that the electrochemically generated Cu®* species are able
to oxidize glucose to gluconate efficiently at pH 13-14 and a current peak at 0.55 V (vs
Ag/AgCl) was observed. It was found that the electrochemical response of MOF-74(Cu)
NS-CC towards 1 mM Glu at pH 13 was the best condition. The corresponding catalytic
mechanism is illustrated by the following equations:

(1) 2MOF-74(Cu) NS-Cu(Il) -» 2MOF-74(Cu) NS-Cu(IIl) +

(2) 2MOF-74(Cu) NS-Cu(IIl)+Glucose — Gluconolacton+2MOF-74(Cu) NS-Cu(1l)+H,O

(3) GluconolactontH,O — H'+ Gluconate

In order to further investigate the mechanism of the electrosensor, the cyclic voltammogram
(CV) curves of MOF-74(Cu) NS-CC in 25 mM PBS (pH 7.0) were obtained. As shown in
Fig. 4D, when it was scan from 0 to 0.7 V (vs Ag/AgCl), the Cu(Il) in MOF-74(Cu) NS was
oxidized to Cu(Ill) and an oxidation peak was recorded at 0.55 V (vs Ag/AgCl). The Cu(III)
species is active catalyst to oxidize the glucose to gluconate in alkaline solution and the

Cu(IIT) species was reduced to Cu(Il) during the reaction. The corresponding reduction

10



signal was recorded at 0.4 V when it was scanned from 0.7 to 0 V (vs Ag/AgCl). Moreover,
the electron transfer number was calculated according to the following equation [42]:
(4) |Ep-Ep/2|=2.20RT/nF

Where Ep is the peak potential, Ep/2 is the half peak potential, F is the Faraday constant
(96485 C mol ™), R is a universal gas constant (8.314 J K- mol™), T is the Kelvin temperature
(298 K). As shown in Fig. 4D, the values of [Ep-Ep/2| for the oxidation peak and reduction
peak were determined to be 55.8 mV and 56 mV, respectively. Thus according to Eq. (4),
the values of n for both oxidation and reduction were calculated to be 1.01 and 1.008,
respectively. The results indicate that it is a single electron transfer system when applying

MOF-74(Cu) NS-CC as working electrode.
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Fig.4 (A) Nyquist diagrams of 0.1 mM NaOH at GCE, MOF-74(Cu) NS-GCE, carbon cloth
and MOF-74(Cu) NS-CC; (B) Feasibility analysis of the electrocatalytic sensor to detect Glu
with MOF-74(Cu) NS-CC; (C) The CV spectra of MOF-74 (Cu) NS-CC in different pH; (D)
CV curve of MOF-74(Cu) NS-CC in 25 mM PBS (pH 7.0); (E) The CV spectra of MOF-74 (Cu)
NS-CC with 1 mM glucose in different scan rate; (F) The plot of the relationship between
square root of scan rates and the current density.

The cyclic voltammograms of using MOF-74(Cu) NS-CC as the working electrode in a

NaOH aqueous solution (0.1 M) containing glucose (1 mM) were obtained at different scan
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rates. As shown in Fig. 4E and F, the current density increases with the increasing of scan
rates from 10 to 100 mV s~ !'. A linear relationship between the peak current densities and
the square root of scan rates was established (Fig. 4F). The results may imply that the glucose
oxidation occurred on MOF-74(Cu) NS-CC electrode is probably a diffusion controlled

process [43].

3.3 Calibration curve for the determination of glucose
Fig. 5A shows the current density responses of MOF-74 (Cu) NS-CC after the reaction with
glucose at different concentrations. The current density increased gradually with respect to
the increasing concentration of glucose in the range of 1.0 to 1000 uM. Moreover, Fig. 5B
shows a good linear relationship between the current density and glucose concentrations.
The linear equations were established as follows:

AT =3.39[Ciy] +240.0 R*=0.997 ([C(Giy] = 1-80 uM)

AJ =3.81[Cy] +190.6  R?*=0.997 ([C(Gy] = 100-1000 uM)
The limit of detection (LOD) was 0.41 uM (S/N=3) and the response sensitivity calculated
was 3.39 mA mM ! cm 2 when the glucose concentration was in the range of 1-80 uM and

3.81 mA mM ! cm 2 for the 100-1000 pM.

We further investigated the performance of MOF-74(Cu) NS-GCE in the determination for
glucose for comparison. As show in Fig. 5C, the current density increased gradually with
respect to the concentration of glucose increasing from 5.0 to 100 uM. The linear equation
obtained was AJ = 2.25[CGiy](UM) - 1.7 with a R2=0.997. The LOD was 1.9 uM (S/N=3).
The response sensitivity was calculated to be 2.25 mA mM ! cm 2, which is significantly
lower than that of MOF-74 (Cu) NS-CC. The results reveal that MOF-74(Cu) NS-CC
exhibits better performance in the determination of glucose, which may be attributed to its
high conductivity. The performance of this electrosensor was also compared with other
nanomaterials-based sensors reported recently. As listed in Table 1, we found that MOF-74
(Cu) NS-CC exhibits higher sensitivity, lower detection limit and wider linear range than
most reported sensing systems in the detection of glucose. For the palladium based

nanomaterials such as Pd/PEDOT [44], PdFe alloy [45] and Pd—Ni alloy [46] do not exhibit better

12



performance than the present study. Moreover, palladium as noble metal presents some drawbacks
such as high cost and low abundance. MOF-74(Cu) NS is the copper-based materials, which is the
abundant metal and thus has more advantage than the palladium-based materials. Another
electrocatalytic glucose sensor based on CuO-NA-GCE, which is constructed by calcination
of Cu-MOF [47], gave a slightly better LOD (0.15 uM) than MOF-74 (Cu) NS-CC (0.41
uM). However, MOF-74 (Cu) NS-CC biosensor can be in-situ fabricated by one-step
synthesis and also can be utilized directly as the working electrode without modification

process required.
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Fig.5 (A) Amperometric sensing and the corresponding calibration curve of Glu by
successive addition of Glu at MOF-74 (Cu) NS-CC at 0.55 V (vs Ag/AgCl) in 0.1 M
NaOH solution; (B) The corresponding calibration curve of Glu by successive addition of
Glu at MOF-74 (Cu) NS-CC, the insert plot was the fitting curve in the range of 1-80 uM;
(C) Amperometric sensing and the corresponding calibration curve of Glu by successive

addition of Glu at MOF-74 (Cu) NS-GCE at 0.55 V (vs Ag/AgCl) in 0.1 M NaOH solution;
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(D) The corresponding calibration curve of Glu by the successive addition of Glu at MOF-
74 (Cu) NS-GCE.

<<Preferred location for Table 1>>

3.4 The study of selectivity, reproducibility and stability of the sensor

To avoid the interference responses for nonenzymatic sensors is one of the great challenges
in analysis of glucose in human serum samples. The primary interferents such as lactose
(Lac), fructose (Fru), glyphosate (Gly), hydroquinone (HQ) and catechol (CTH) exhibit a
comparable electroactive activity to glucose. In addition, ascorbic acid (AA) calcium ion
(Ca?"), magnesium ions (Mg?") and uric acid (UA) are also present in the blood serum
samples and all these interferents may affect the performance of sensors [43]. Therefore, to
evaluate the anti-interference performance of our new biosensor towards these potential
interfering species is essential. Fig. 6A exhibited the amperometric responses of the MOF-
74(Cu) NS-CC at 0.55 V in 0.1 M NaOH aqueous solution after the addition of 50.0 uM
Glu, 5.0 mM AA, 10 mg mL™! Lac, 10 mM Ca?*, 10 mM Mg**, 5.0 mM Fru, 5.0 mM UA,
0.5 mM Gly, 0.5 mM HQ and 0.5 mM CTH successively. The results clearly showed that
MOF-74(Cu) NS-CC gives response selectively for Glu only, while the response for the
interferents examined was weak and negligible. The previous work reported that Gly, HQ
and CTH could be oxidized with electrocatalysts to produce current response under either
weak acid and weak base conditions [48,49]. However, the sensing condition of MOF-74(Cu)
NS-CC was conducted in an alkaline condition (pH 13-14), therefore, this electrocatalytic
biosensor showed no response to Gly, HQ and CTH. Moreover, the current density can
increased again with second addition of glucose (50 uM) as shown in Fig. 6A and B. The
results may indicate that MOF-74(Cu) NS-CC biosensor has very high selectivity towards

glucose.
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Fig.6 (A) Selectivity and (B) anti-interferential tests of the proposed sensors. Glu (50 uM),
AA (1 mM), Lac (10 mg mL™), Ca? (10 mM), Mg?" (10 mM), Fru (1 mM), UA (10 mM),
Gly (0.5 mM), HQ (0.5 mM) and CTH (0.5 mM).

The manufacturing reproducibility was assessed by comparing the current generated from
proposed electrocatalytic biosensors fabricated independently in a 0.1 M NaOH aqueous
solution with 50 uM glucose for six times. The relative standard deviation (RSD) obtained
1s 5.6%, indicating that our synthetic protocol has very good reproducibility. In addition, to
demonstrate the stability and long-term stability of the biosensor, MOF-74(Cu) NS-CC
electrode was freshly fabricated and was tested in a 0.1 M NaOH aqueous solution with 50
uM glucose and then was stored at ambient conditions for 30 days. After that, the biosensor
was re-assessed under the same conditions and only 6% of the current density was decreased
compared to its original as shown in Fig. S4. The results show that the electrocatalytic

biosensor has high stability.

3.5 Determination of glucose in serum samples

To verify the feasibility of using MOF-74(Cu) NS-CC for routine and practical analysis, the
sensor was utilized to detect glucose in human serum. The test procedures and conditions
were briefly described as follows. Three human serum samples (0.1 mL each), which were
obtained from Xiamen Hospital of Traditional Chinese Medicine, were diluted with 9.9 mL
of 0.1 M NaOH aqueous solution independently. The concentrations of glucose determined
in these samples were 8.12 mM, 4.93 mM and 5.47 mM, respectively, which were very
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comparable with the sample concentrations given by the hospital (Table 2). In addition, the
recoveries were examined using the method of standard addition. Three serum samples given
by the hospital;witheut-further-ditation; were spiked with standard solution of glucose (1.0
mM, 2.0 mM and 4.0 mM, respectively). The spiked concentration was chosen based on the
normal concentration of glucose in blood, which is in the range of 80-120 mg dL! (4.4-6.6
mM) [50]. The recoveries observed with MOF-74(Cu) NS-CC biosensor were in the range
0f 96-104% (Table 2). These results indicate that the present protocol is feasible and reliable

to fabricate biosensors for the determination of glucose from human serum samples.

<<Preferred location for Table 2>>

Conclusion

In conclusion, a new MOF-74(Cu) NS-CC based electrocatalytic biosensor with excellent
sensing performance was developed through one-step in-situ formation of MOF-74(Cu) NS
onto the surface of carbon cloth in a multi-layer solution. Compared with the use of a glassy
carbon electrode modified with MOF-74(Cu) NS as a working electrode for the
determination of glucose, MOF-74(Cu) NS-CC exhibited much higher conductivity and
higher sensitivity. More importantly, the method of in-situ deposition MOF-74(Cu) NS onto
a conductive substrate with no calcination process required is more convenient than that of
using glassy carbon electrode modification. The MOF-74(Cu) NS-CC biosensor was also
demonstrated in the determination of glucose directly from real human serum samples. The
results showed that the biosensor is accurate and reliable. The present study also
demonstrates the potential application of two-dimensional metal organic frameworks to

fabricate electrochemical sensors in-situ for analytical applications.
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Table 1. Comparative characteristics of the as-prepared biosensor and some other sensors

for the determination of glucose.

Linear

Electrode Oxidation LOD Response sensitivity /
material potential fange /uM mA-mM '.cm Ref
/mM
~0.1V
Pd/PEDOT .04- 1. - 44
d/ 0) (Ag/AgCl) 0.04-9 6 [44]
035V
PdFe alloy (RHE) 1-32 1.6 0.0027 [45]
Graphene
wrapped 0.8 V (SCE) 0.3-3.3 3.3 - [51]
Cu0O
Pd—Ni alloy 1.OV(SCE) 0.05-1.0 2.1 0.75 [46]
CQDts/Cu20 0.6 V(SCE) 0.02-4.3 8.4 0.13 [52]
Ni(OH)2/GO-
MWCNT 0.54 V(SCE) 0.01-1.5 2.7 2.04 [53]
CuO-350-NA- 0.55V
GCE (Ag/AgCl) 0-6.5 0.15 1.80 [47]
MOF-74(C 0.55V 0.005-
NS-G(gEu) (Ag/AgCl) 0.1 1.9 2.25
g8 ' This
work
MOF-74(Cu) 0.55V 0.001- 0.41 375

NS-CC (Ag/AgCl) 1.0
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Table 2. Determination of glucose in human serum by electrocatalytic biosensor.

Clinical results

Detected ) Spiked Total found
| fi H tal R RSD
Sample (mM) rom Hospita (mM) (mM) ecovery S
(mM)

1.0 5.89 96% 5.2%

1 4.95 4.93 2.0 6.91 99% 4.1%
4.0 9.01 102% 4.4%

1.0 6.51 104% 4.7%

2 5.39 5.47 2.0 7.48 100.5% 4.5%
4.0 9.56 101.7% 5.0%

1.0 8.97 97.0% 5.1%

3 8.07 8.12 2.0 10.08 98.0% 5.6%
4.0 12.21 102.5% 4.7%
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Caption
1. Preparation of MOF-74(Cu) NS;

2. Fabrication of MOF-74(Cu) NS-GCE the working electrode;

3. Characterization of MOF-74(Cu) NS and MOF-74(Cu) NS-CC;

4. The assay to detect glucose by MOF-74(Cu) NS-CC;

Fig. S1 Picture showing the spatial arrangement of different liquid layers during the synthesis of
MOF-74(Cu) NS-CC;

Fig. S2 AFM image of MOF-74(Cu) NS;

Fig. S3 XRD patterns, FTIR spectra and N> adsorption—desorption isotherms of MOF-74(Cu)
NS;

(A) XRD patterns for MOF-74(Cu) NS;

(B) FTIR spectra for MOF-74(Cu) NS;

(C) N2 adsorption-desorption isotherms for MOF-74(Cu) NS.

Fig. S4 Long-term stability of the MOF-74(Cu) NS-CC based electrocatalytic sensor.

MOF-74(Cu) NS-CC was stored at ambient conditions over 30 days. Data recorded at 0.1 M
NaOH with addition of 50 uM glucose at 0.55 V vs Ag/AgCl.
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1. Preparation of MOF-74(Cu) NS

MOF-74(Cu) NS was synthesized in a glass tube similar to previous report[1]. The set up was
shown in Fig. S1, which has three layers of solutions. A mixed solution of CH3CN (3 mL) and
DMF (6 mL) containing DHTP (60 mg) and injected into a glass tube as the bottom layer. On top
of this solution, a solution mixed with CH3CN (3 mL) and DMF (3 mL) was slowly added as the
middle layer. Finally, a solution containing Cu(NO3)2-:3H>0 (60 mg) using CH3CN (6 mL) and
DMF (3 mL) as the solvent was applied as the top layer for the synthesis and was slowly
delivered to the glass tube. The glass tube was then sealed with a cap to prevent evaporation of
solvents. The in-situ growth of MOF-74(Cu) NS was preceded at room temperature for 12 h in
static conditions. After centrifugation, the resulting precipitates were collected and then were
washed with DMF and ethanol. The obtained nanomaterials were dried at 353 K under vacuum

condition for overnight. The army-green powders were obtained.
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2. Fabrication of MOF-74(Cu) NS-GCE the working electrode

A glassy carbon electrode (GCE) with the area electrode of 7.07 x 1072 cm? was polished
using 0.3 pm and 0.05 pm alumina slurry on a polishing cloth to create a mirror finish.
After that, the electrode was sonicated with absolute ethanol and double-distilled water for
about 2 min, respectively. And then it was rinsed thoroughly with double-distilled water
and dried under ambient temperature. 1 mg of the as-prepared samples was dispersed into
I mL solution (Water:ethanol:nafion=12:12:1) to give homogeneous suspension with 10
min bath sonication. Then 10 pL of the suspension of MOF-74(Cu) NS was dip-coated

onto GCE surface and dried under an infrared lamp to form MOF-74(Cu) NS-GCE.
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3. Characterization of MOF-74(Cu) NS and MOF-74(Cu) NS-CC

SEM images were obtained with a TESCAN MAIA 3 LMH for MOF-74(Cu) NS and
VAGA3 (TESCAN, USA) for MOF-74(Cu) NS-CC. The dispersion solutions of
MOF-74(Cu) NS samples for TEM measurement were deposited on a carbon film
supported by copper grids and TEM images were obtained by a HITACHI HT7700
transmission electron microscope. A tapping mode AFM image was acquired on Bruker
NanoScope 3D by directly casting sample dispersion onto mica sheet. XPS data were
collected by a Thermo Scientific ESCALAB 250 with an Al Ka source (1486.6 eV). XRD
patterns were characterized by a Bruker D8 advance diffractometer with Cu Kal radiation
(A=1.5406 A). FTIR spectra were recorded on a Nicolet 6700 FTIR spectrometer in a KBr
pellet, scanning from 4000 to 400 cm™ at room temperature. BET was performed to
calculate the surface areas using adsorption data at p/p0 of 0.05-0.3. The total pore volume

(Vt) was estimated from the adsorbed amount at p/p0 of 0.995.
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4 The assays to detect glucose by MOF-74(Cu) NS-CC

The details for glucose determination were described as fellow:

1 The MOF-74(Cu) NS-CC was cut into 1.0*0.5 cm and fixed on stainless steel electrode holder
as working electrode, Ag/AgCl as reference electrode and Pt wire as counter electrode. NaOH (10
mL 0.1 M) was chosen as electrolyte;

2 Cyclic voltammetry (CV) applied to investigate the oxidation and reduction potential of
proposed sensor with fellow condition: Scan potential from 0-1.0 V, scan rate 100mV S-1;

3 MOF-74(Cu) NS-CC immersed into NaOH and scan the CV without glucose to get the blank
signal;

4 Different concentrations glucose (10 pL) was added into NaOH with magnetic stirring at 150
rpm for 2 min and scan the CV to get the CV curve with target;

5 Chronoamperometry methods were chosen to get the i-# curve in glucose concentration
determination. The parameters were set as follows: Applied potential: 0.55 V, 0.1 s for per point,
3600 s for duration time. Run the program until the curve reaches a plateau then the glucose (10
pL) was added into NaOH solution from lowest concentration to highest concentration. For each
time the glucose added, need to pause the program and stirring for 1 min to disperse the glucose

in NaOH then run the program. The time interval between glucose determinations were 30 s.
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Fig. S1 Picture showing the spatial arrangement of different liquid layers during the

synthesis of MOF-74(Cu) NS-CC.
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Fig. S2 AFM image of MOF-74(Cu) NS.
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Fig. S3 XRD patterns, FTIR spectra and N, adsorption—desorption isotherms of
MOF-74(Cu) NS; (A) XRD patterns for MOF-74(Cu) NS; (B) FTIR spectra for

MOF-74(Cu) NS; (C) N, adsorption-desorption isotherms for MOF-74(Cu) NS.
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Fig. S4 Stability of the MOF-74(Cu) NS-CC based electrocatalytic sensor.
MOF-74(Cu) NS-CC was stored at ambient conditions over 30 days. Data recorded

at 0.1 M NaOH with addition of 50 uM glucose at 0.55 V.

3000 —
1rst time
—— After 30 days

o~
2000 f -

=

y

<

3.

= 1000 }

0 =U— 1 1

0 100 200 300 400
Time(s)

S10



Reference

1 Rodenas T, Luz |, Prieto G, Seoane B, Miro H, Corma A, Kapteijn F, i Xamena FXL, Gascon J (2015)
Metal-organic framework nanosheets in polymer composite materials for gas separation. Nat mater 14:48-55

S11



	Manuscript-w-00
	Supplementary Material-w



