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ARTICLE INFO ABSTRACT

Keywords: ZIF-8, a zeolite-type metal-organic framework (MOF), is an effective carrier to support nanocatalysts for ap-
Hydrophilicity plications in the catalysis areas due to its high chemical and thermal stability, and unique structure. The ability
Hierarchy-pore to reconstruct the structure of ZIF-8 opens up the potential to enhance its performance in catalysis. In this work,
ZIF-8

the structure of hydrophobic ZIF-8 crystal is engineered to form hydrophilic hierarchically-porous nanoflowers
(HHNSs) by using an organic weak acid as etchant. Results reveal that besides imparting hydrophilicity to ZIF-8,
the uniform micropores in ZIFs are transformed to mesopores and macropores, which are beneficial to nano-
particle immobilization and electrochemical reactions. After incorporating Cu nanoparticles into the matrix
HHNs, the composite Cu@HHNs manifest superior catalytic activities for glucose electro-catalytic oxidation
under alkaline media, compared with Cu nanoparticles loaded on untreated ZIF-8. The proposed Cu@HHNSs
based sensor displays exceptional sensing performances with a linear range of 5 uM to 3 mM, a detection limit of
1.97 uM (signal-to-noise ratio (S/N) of 3), a sensitivity of 1594.2uAmM ™' cm ™2, and high selectivity, specifi-
city, and reproducibility. In addition, Cu@HHNSs can be utilized for glucose sensing in human blood serum,

Cu nanoparticle
Non-enzymatic glucose sensor
Organic weak acid

demonstrating its feasibility toward determination of glucose for practical sample testing.

1. Introduction

Glucose is an indispensable nutrient directly involved in the meta-
bolic activities in the human microenvironment. However, an excess of
glucose in human blood is damaging to human health, which could
result in diabetes mellitus and other complications [1]. The diabetes
mellitus could endanger one’s physical condition to disability and even
death if it is not controlled [2]. Therefore, it is of great significance to
detect the concentration level of glucose in blood precisely in order to
implement the diagnosis, treatment and management of diabetes mel-
litus [3-5].

The glucose electrochemical biosensors have undergone long-term
development from enzymatic sensors to non-enzymatic sensors [6,7]. It
is well-known that enzymes are intrinsically unstable and inevitably
expensive despite their high sensitivity and selectivity. Furthermore,
the applications of enzymes are confined by many other factors such as
pH, temperature, humidity and the dependence on oxygen [8,9].

Therefore, many current research activities are focusing on non-enzy-
matic electrochemical glucose biosensors [10]. Over the past decades,
Cu-based nanomaterials, such as various Cu nanoparticles, alloys,
oxides and hydroxides, have drawn extensive attention owing to the
natural abundance of copper, and its low cost and excellent electro-
catalytic properties [8,11-13]. To mention a few, Li et al. successfully
utilized polymeric micelles as soft templates to fabricate a connected
mesoporous Cu film, which exhibited good performance toward glucose
electro-oxidation with a sensitivity of 606 yAmM ™' cm ™2 [14]. Li et al.
fabricated bimetallic Cu-Ag nanocomposites with a rough surface and
porous flexural algae-like microstructure for non-enzymatic glucose
detection [15]. The as-prepared Cu-Ag sensor showed enhanced electro-
catalytic activity, significant selectivity, excellent stability, good re-
producibility, and attractive feasibility for real sample analysis. Gao
et al. synthesized mesocrystalline Cu,O hollow nanocubes with or-
iented aggregation structure, which exhibit high electro-catalytic ac-
tivity for glucose oxidation [16].
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However, nanoparticles are prone to migration and aggregation
during synthesis and reaction processes due to their high surface en-
ergy, resulting in the deactivation of nanoparticle catalysts. To address
this problem, using porous materials as catalyst supports for nano-
particle catalysts is regarded as one of the most effective ways [17-20].
As a subfamily of metal organic frameworks (MOFs), zeolitic imidazo-
late frameworks (ZIFs) have become particularly promising framework
supports for Cu nanoparticle immobilization due to their sturdy por-
osity, and excellent thermal and chemical stability [21,22]. ZIFs possess
zeolitic structural features, in which Zn metal ions are tetrahedrally
coordinated with the N atoms of the organic imidazole ligands and the
angles between metal-imidazole-metal units are similar to those of Si-O-
Si in zeolites [21]. The nitrogen atoms in ZIF-8 effectively limit the
migration and aggregation of small active catalytic nanoparticles (NPs)
in the solid state, consequently making the NPs-on-MOF -catalysts
highly active and reusable. Shi et al. incorporated Cu NPs into ZIF-8 for
fabrication of non-enzymatic glucose sensor, which exhibited a higher
electro-catalytic performance than simply loading Cu NPs on ZIF-8 with
the sensitivity of 418 yAmM ™~ ! cm™ and an impressive stability owing
to its unique ZIF-8-encapuslated structure [22]. However, the diameters
of the intrinsic open channels in ZIF-8 are smaller than 2 nm. Such small
pores can hinder the incorporation of large-sized guest nanoparticles
and restrict the diffusion efficiency of reactants and products inside the
bulk of ZIF-8 [23,24]. Moreover, the poor electronic conductivity and
low wettability of ZIF-8 not only are unfavorable for the transport and
collection of the electrons, but also block the contact and mass transfer
between the electrode material and the electrolyte during the electro-
catalytic processes. These drawbacks hinder the ZIF-8 matrix from
being an ideal carrier to load electro-catalyst. Since the structure of
catalyst matrix is a crucial factor for the catalysis performance, en-
gineering the structure and surface of ZIF-8 will afford it desirable
properties in catalysis.

In this paper, we demonstrate the reconstruction of hydrophobic
ZIF-8 crystal to form composite nanoflowers with hydrophilic surface
and hierarchy-porous structure through the treatment with gallic acid
(GA), as shown in Scheme 1. As a weak organic phenolic acid, gallic
acid can release free protons to be combined with the N atoms of
imidazole, which are initially bonded to metal nodes in ZIF-8, dama-
ging the ZIF-8 framework. Meanwhile, GA has the conjugate rigid
plane, high absorbability of O atoms and larger molecular size than
imidazole, which can prevent the ZIF-8 matrix from fully collapsing.
Therefore, the acid etching procedure can reconstruct the crystalline
ZIF-8 bulk into three-dimensional hierarchically-porous structure con-
sisting of two-dimensional sheet-like structure, and exposing the N
atoms and Zn ions, which were otherwise buried deeply in the ZIF-8
matrix. Both N atoms and Zn ions have strong polarity. On one hand,
the strong polarity helps with the immobilization of guest nanoparticles
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Scheme 1. The scheme of reconstruction of hydrophobic ZIF-8 crystal into
hydrophilic hierarchy-porous nanoflowers via organic weak acid etching as a
carrier for Cu nanoparticles.
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and enhances their dispersibility and stability. On the other hand, it can
improve the hydrophilic property of the material, which is favorable for
the occurrence of electro-catalytic reaction in the water phase (such as
glucose electrochemical oxidation). In addition, the pores of the ma-
terial have been widen up from micro-pores to meso-pores and even
macro-pores, which are beneficial for the efficient diffusion of the re-
actants and products during the electro-catalytic process [25]. Subse-
quently, Cu NPs as a model were loaded on the as-synthesized HHNs
(Scheme 1) to prepare the catalyst Cu@HHNs for glucose electro-
chemical detection. For comparison, the electrochemical performance
of Cu NPs loaded on ZIF-8 (Cu@ZIF-8) was also investigated. It is found
that Cu@HHNSs exhibited enhanced activity, favorable sensitivity, sa-
tisfactory selectivity, and excellent stability for long life test toward the
oxidation of glucose in alkaline media. In addition, Cu@HHNs was
utilized for glucose sensing in human blood serum, demonstrating its
feasibility toward glucose determination for practical sample testing.
The results prove that the acid-treated HHNs can serve as an excellent
substrate to load metal nanoparticles for constructing various bio-
Sensors.

2. Experimental

Materials, apparatus and electrochemical measurements are pre-
sented in supplementary materials.

2.1. Synthesis of ZIF-8

ZIF-8 was synthesized following previously published processes
[26]. In brief, 1.485g Zn(NO3)>6H,0 and 3.280 g 2-methylimidazole
were separately dispersed in 50 mL methanol, and then, the two solu-
tions were mixed. After vigorous agitation for 2 h at room temperature,
a white suspension was obtained. A ZIF-8 nanopolyhedra (white
powder) was acquired after centrifugation, wash with methanol and
freeze-drying.

2.2. Etching of ZIF-8

Typically, 300 mg ZIF-8 powder was dispersed in 75 mL ultrapure
water. Then, 750 mg GA in 75 mL ultrapure water was quickly added
into the ZIF-8 suspension. After vigorous agitation for 5min at room
temperature, during which the etching process was in progress, a white
suspension was obtained. Hereafter, the white suspension was suction-
filtered and rinsed with ultrapure water. At last, the resulting product
was freeze-dried overnight, yielding the hydrophilic hierarchically-
porous nanoflowers, HHNs.

2.3. Synthesis of Cu@ZIF-8 and Cu@HHNs

Cu@HHNs were synthesized via an impregnation method, along
with subsequent reduction of the precursor. In detail, 100.0 mg HHNs
powder and 105.2 mg CuCly2H,0 were respectively dispersed in 20 mL
ultrapure water. After continuously stirring the mixture for 6 h in order
to allow sufficient blending, the impregnation procedure was accom-
plished and Cu®?* ions were incorporated in the inner pores and
channels of HHNs. Hereafter, 3.1 mL freshly prepared aqueous solution
of NaBH, (1 M) was added into the bluish Cu?"/HHNSs and the color of
the mixture turned black instantly. To ensure the thorough reduction of
Cu?*, the mixture was stirred for 2 h at room temperature. Eventually,
the resulting product was suction-filtered, washed with water for three
times, freeze-dried overnight and the desired catalyst Cu@HHNs was
acquired. For comparison, Cu@ZIF-8 was also synthesized according to
the same controlled procedure.

2.4. Fabrication of the Cu@HHNs based sensors

In this work, a commercial glassy carbon electrode (GCE) was used,



Q. Zhu, et al.

Sensors & Actuators: B. Chemical 313 (2020) 128031

Fig. 1. FE-SEM images of (A) ZIF-8, (B) Cu@ZIF-8, (C) HHNSs, and (D) Cu@HHNSs.

with the effective working area of 0.071 cm? 2mg catalyst was dis-
persed into 1 mL ultrapure water to form a uniform suspension. After
sonication for adequate time, 8 uL of the as-prepared catalyst dispersion
was drop-casted onto the prepared GCE. The loading of the catalyst on
GCE is calculated to be 0.22 mg/cm?. After the catalyst was dried, 5 pL
of Nafion solution (0.05wt%) was drop-casted over the GCE. Since
there is only physical absorption between the catalyst and the elec-
trode, Nafion solution was used as a binder to protect active materials
from dropping or dissolving in the electrolyte. These as-prepared
electrodes were desiccated and stored in 40 °C oven for further use.

3. Results and discussions
3.1. Materials characterizations

Field-emission scanning electron microscope (FE-SEM) was im-
plemented to observe the surface morphology of the materials at var-
ious stages (Scheme 1). As shown in Fig. 1, ZIF-8 possesses good crystal
morphology, consisting of uniform rhombic dodecahedron structure,
with a particle size distribution mostly concentrated around 200 nm.
After the incorporation of Cu NPs into ZIF-8, although the crystalline
size of the ZIF-8 matrix is retained, the morphology has changed
slightly, suggesting that the ZIF matrix maintains its crystalline struc-
ture and most of Cu particles are loaded on the surface of the matrix.
After the etching procedure, the HHN matrix is in the shape of three-
dimensional hierarchically-porous structure, consisting of two-dimen-
sional sheet-like structure. Moreover, there is no perceptible change in
the morphology of the HHNs after the incorporation of the metallic
copper into the matrix, suggesting that the structure of the matrix is

retained and the vast majority of Cu NPs are in the inner pores and
channels instead of on the surface of HHNs. Fig. S1 displays the SEM
elemental mapping of the as-synthesized Cu@HHNSs. It further confirms
that the elements C, N, O, Cu, and Zn have dispersed uniformly
throughout the entire architecture of the proposed catalyst Cu@HHNSs.

X-ray diffraction (XRD) was used to determine the crystallinity of
the as-prepared material. As shown in Figs. 2 and S2, the diffraction
peaks of ZIF-8 demonstrate its good crystallinity, with the spectrum in
good agreement with the literature [26]. After the incorporation of Cu
NPs into the matrix, the diffraction peaks of ZIF-8 show no obvious
difference to those of original ZIF-8, revealing that the crystalline
structure and the morphology of ZIF-8 are retained on the whole after
the Cu NP incorporation. The characteristic peaks of CuO-3H,0 (for
instance, (110) crystalline plane at 26 = 20.8°), characteristic peaks of
Cu(OH), (for instance, (111) crystalline plane at 26 = 36.5°) and
characteristic peaks of Cu (for instance, (111) crystalline plane at
260 = 43°) show the existence of Cu, CuO and Cu(OH), NPs in Cu@ZIF-8
[27]. After the acid etching procedure, the XRD patterns of HHNs are
significantly different from those of the original ZIF-8. Although the
sharp diffraction peaks of HHNs confirm their crystallinity, the broa-
dened peak beginning at 260 = 27.5° indicates partial amorphization of
HHNs caused by etching. After acid treatment, the (011) and (022)
peaks of ZIF-8 are missing, confirming that the bulk crystal structure of
ZIE-8 is preferentially decomposed along (011) direction. The original
ZIF-8 has sharp edges and corners (Fig. 1A), which are more active than
flat planes. Thus in acid solution, the edges and corners of ZIF-8 are first
dissolved due to the protonation of N atoms, meanwhile the planar
surfaces remain. Then, the decomposition proceeds preferably along
(011) plane (Scheme 1), and nanosheets are formed. In this way, the
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Fig. 2. XRD patterns of ZIF-8, Cu@ZIF-8, HHNs, and Cu@HHNs.

architecture of ZIF-8 is reconstructed into nanoflower structure. This
etching procedure exposes the strong polar centers such as N and Zn
atoms, which are buried deep inside ZIF-8 initially, being beneficial for
anchoring Cu NPs. After Cu NPs are incorporated into HHNs, the ma-
terial exhibits quite different XRD patterns from those loaded on ZIF-8,
indicating the different crystalline structures of Cu NPs derived from
the different loading matrix.

The composition and chemical state of various elements in the as-
prepared materials were investigated via X-ray photoelectron spectro-
scopy (XPS). The survey scans (Fig. S3A) show the presence of all ele-
ments (C, N, O, Cu, and Zn) with the atomic percentages provided in
Table S1. The Zn 2p region (Fig. S3B) of the catalyst Cu@HHNSs in-
volves two peaks at 1021.9 and 1045.0 eV, which are assigned to Zn
2p®? and Zn 2p'/?, respectively [26]. This indicates that Zn®* ions still
remain in this material after etching with GA, which inherit from the
original matrix ZIF-8. From Fig. 3, we can see that the Cu 2p*/? regions
of Cu@ZIF-8 and Cu@HHN samples are slightly different from each
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other, which can be deconvoluted into two peaks at 934.76 and
932.74 eV. The higher binding energy (BE) peak at 934.76 eV is as-
signed to Cu®>*, accompanied by the characteristic Cu** satellite peaks
ranging from 938 to 945 eV. The lower BE peak at 932.85 eV indicates
the existence of Cu* or Cu’ species [28,29] as the spectra cannot dis-
tinguish between the Cu™ and Cu’° species. The Cu LMM Auger electron
spectrum confirms that besides Cu’, Cu™ also exists in Cu@HHNs de-
duced from the peak centered at 911.40 eV [29], as shown in Fig. 3D.
On the other hand, there is no Cu* in Cu@ZIF-8, as shown in Fig. 3C.
Therefore, in light of the XPS results, the acid-treatment amends the
chemical microenvironment of the ZIF-8, and results in the Cu NPs
loaded on HHNs possessing a mixed valence state of the metallic Cu and
thus constituting multiple oxidation states system. This may be ex-
pected to facilitate the redox reaction on the surface of the electrode
and enhance the electro-catalytic activity of the electrode material to-
ward non-enzymatic glucose sensing [30].

Fourier transform infrared spectra (FTIR) are presented in Fig. S4 to
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Fig. 3. Cu 2p XPS of (A) Cu@ZIF-8 and (B) Cu@HHNs; Cu LMM Auger electron spectra of (C) Cu@ZIF-8 and (D) Cu@HHNs.
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verify the organic functional group and the chemical structure of the
materials. In the HHN sample, the peak at 3135cm ™! represents the
stretching vibration of the C-H bond in the imidazole ring, and the peak
at 2930 cm ~ ! represents the stretching vibration of the C-H bond in the
methyl group. Both of these peaks originated from the material before
etching, ZIF-8. On the other hand, the peak at 1395 cm ~ ! represents the
bending vibration of the —OH group, and the distinct broad peak
ranging from 3300 cm ™! to 2500 cm ~ ! represents the — OH in carboxyl
groups, which both originate from the gallic acid. Thus, it can be de-
duced that after etching, GA as a residue provides plentiful oxygen-
containing functional groups that can be attached to HHN surface. The
—OH in carboxyl group is different from the one in alcohol species, in
that the bond between H and O atoms is prone to association. This
results in carboxyl group with negative charge, which interacts with the
empty orbitals of Cu. Therefore, there are more Cu-O bonds in Cu@
HHNs than those in Cu@ZIF-8. That is, more massive Cu(OH), and
CuO-H,0 are formed when Cu is incorporated in HHNs in comparison to
Cu@ZIF-8, which is consistent with the XRD results (Fig. 2).

As depicted in Fig. 4, N, adsorption-desorption isotherms were
performed to investigate the pore structure of the materials, from which
information such as specific surface area (SSA), pore volume, and pore
size distribution can be acquired. The Brunauer-Emmett-Teller specific
surface areas (SSA) of the ZIF-8, Cu@ZIF-8, HHNs, and Cu@HHNs are
calculated to be 1352.648 m*g~!, 287.742m?g !, 158.924m?*g"?,
131.169m> g, respectively (Table S2). In addition, as illustrated in
Fig. S5, the corresponding Barrett-Joyner-Halenda pore size distribu-
tion curves demonstrate that both the HHN matrix and the catalyst
Cu@HHNSs possess all three types of pores: micropores (< 2nm), me-
sopores (2-50 nm) and macropores (> 50 nm). The hierarchical micro-
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meso-macro-porous structure of HHNs is propitious for incorporating
the catalyst nanoparticles, while the hierarchical structure of Cu@
HHNs is beneficial for efficaciously exposing the active sites of the
catalytic nanoparticles and enabling efficient mass transport of mole-
cules and ions between the electrolyte and the electrode, thereby ac-
celerating the catalytic processes [31].

For probing the surface wettability of the as-synthesized materials,
static contact angle test was carried out, as shown in Fig. S6. The sur-
face of ZIF-8 is naturally hydrophobic with a contact angle of
79.6 + 1.2°. Hydrophobic materials block metal nanoparticle deposi-
tion inside their pores or channels due to trapped air bubbles when
filled with aqueous solution, and thus Cu nanoparticles are prone to
aggregate on the surface of ZIF-8. The Cu@ZIF-8 sample exhibits a
higher contact angle of 109.9 = 1.6°, which is disadvantageous for the
electro-catalytic reaction in water phase. On the other hand, the contact
angle of HHN material has sharply declined to 31.2 * 0.6°, indicating
that the hydrophobic ZIF-8 has turned into hydrophilic HHNs after the
organic weak acid etching. The lower contact angle of HHNs may be
contributed to the carboxylate groups of residual GA and the exposed
polar groups on HHNs. The contact angle on Cu@ HHNSs is slightly
increased to 36.3° + 0.9°. This low value is highly desirable for aqueous
electrochemical reaction. Thus, the catalyst Cu@HHNSs is expected to
yield favorable electrochemical performance toward glucose oxidation
in view of its hydrophilic surface and the hierarchically-porous struc-
ture.

In order to optimize the electro-catalytic performance of the catalyst
Cu@HHNs toward non-enzymatic glucose sensing, the parameters
which can influence the synthesis of the material was studied. A series
of experiments on the effects of etching time and concentration of the
etching acid were carried out. As depicted in the Fig. S7, the experi-
ments yield that the optimized time of etching is 10 min and the opti-
mized concentration of the etching acid is 12 g/L. Thus, the catalyst
Cu@HHNSs that was etched in 12 g/L GA for 10 min is employed for the
next series of experiment.

3.2. Electrochemical performance of Cu@HHNs based sensor

First, the loading amount of the catalyst on GCE was optimized by
using CVs in 10 mM glucose and 0.1 M NaOH solution because it plays a
crucial role in the electrochemical performance of catalyst. The peak
currents of glucose in CVs during positive scans first increase, reaching
a peak when the loading of Cu@HHNSs is 16 pug, and then reduce gra-
dually, as depicted in Fig. S8. The increase of peak currents is attributed
to the augment of the catalytic active sites. However, more loading
amount of the catalyst decreases the peak currents owing to larger mass
transfer resistance when the active sites are buried deeper in catalyst-
modified layer. Therefore, 16 ug is the optimal loading amount of the
catalyst, which is adopted in the following experiment.

To characterize the electrochemical performance of catalyst, CVs
were studied in the absence and presence of 10 mM glucose in 0.1 M
NaOH, as shown in Fig. 5. In Fig. 5A, characteristic redox peaks of ZIF-8

B
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Fig. 5. Cyclic voltammograms of ZIF-8, Cu@ZIF-8, HHNs, and Cu@HHNSs with the absence and presence of 10 mM glucose in 0.1 M NaOH. The scan rate: 10 mV s™L
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could not be found in the set potential window in 0.1 M NaOH owing to
the fact that the redox potential of the Zn?* /Zn° pair was outside of the
examined range [22]. Moreover, there is negligible change in the cur-
rent density toward the electrolyte with or without glucose, indicating
that the matrix ZIF-8 makes negligible contribution to the glucose
electro-catalytic oxidation. After Cu is loaded on the ZIF matrix, Cu@
ZIF-8 provides stronger background current signal than ZIF-8, in-
dicating that Cu@ZIF-8 possesses better performance than ZIF-8 in
electron transfer in alkaline medium (0.1 M NaOH) owing to the elec-
trochemical activity of copper. With the increase of the electrode po-
tential, Cu is initially oxidized to CuO and further to CuOOH in alkaline
medium. The Cu(Ill) state is unstable and has the high ability to oxidize
glucose. When in alkaline medium, glucose molecule is deprotonated
and isomerized into an enediol structure, which can get an electron
from CuOOH and is oxidized into gluconolactone (Equation 1). Then
after hydrolysis, gluconic acid is produced [8,22]. Therefore, with the
presence of 10 mM glucose in the electrolyte, the anodic current on
Cu@ZIF-8 electrode undergoes a considerable rise at the onset potential
of about +0.35V, indicating the irreversible glucose electro-oxidation.

2 2
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As depicted in Fig. 5B, it is obvious that Cu@HHNSs presents su-
perior ability to catalyze glucose oxidation, comparing with Cu@ZIF-8.
This superior catalytic ability arises from etching the matrix ZIF-8 with
organic weak acid to transform hydrophobic homogeneous-porous
matrix ZIF-8 into hydrophilic hierarchy-porous nanoflowers.

Amperometric measurements were implemented at +0.6V via
successive injection of glucose into 0.1 M NaOH under continuous
stirring, as illustrated in Fig. 6A. Fig. 6B displays the relationship be-
tween the current signal detected and the concentration of glucose
added. It can be inferred from Fig. 6B that the Cu@HHNSs based sensor
displays linear current response against glucose concentration from
5uM to 3 mM with a sensitivity of 1594.2 yA cm ™ ?mM™* (R* = 0.995).
Moreover, the limit of detection (LOD) is estimated to be 1.97 uM
(corresponding to signal-to-noise ratio of 3). Table 1 provides a com-
parison between Cu@HHNs based sensor and various other Cu-based
nanomaterials reported in literature [14,22,32-39], highlighting the
high sensivity of the Cu@HHNs based sensor reported here.
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Table 1
Comparison of sensing performances of the Cu@HHNSs based sensor with other
Cu-based nonenzymatic electrochemical glucose sensors.

Catalysts Sensitivity(uA Liner range Detection Refs
mM~ ! em?) (mM) limit (uM)
Cu@HHNs 1594.2 0.005-3 1.97 This work
Cu in ZIF-8 418 0-0.7 2.76 [22]
MCOF-4 224 - 4.22 [39]
Cu@CoOx 396.57 0.001-5 0.1 [38]
resin-Cu®* - 0.005-1 1.8 [35]
M/MO@C-800 - 0.0001-2.2  0.06 [371
mesoporous Au-Cu  643.6 0.01-19 1.5 [34]
mesoporous Cu 606 0-10 0.2 [14]
Cu NPs/Graphene  430.52 0.01-1 7.2 [36]
CuO-Cs 503.129 0.05-1 11 [32]
Cu-Pd 298 0.01-9.6 0.32 [33]
6 -
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w
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Fig. 7. Chronoamperometric response of the Cu>@HHNs based sensor on se-
quential addition of 2 mM glucose, 0.1 mM uric acid (UA), 0.1 mM ascorbic acid
(AA) and 0.1 mM dopamine (DA) into 0.1 M NaOH. Applied potential: +0.6 V.

Considering that the loading of the catalyst is approximately 0.22 mg/
cm?, which is 60% higher than that in literature [22], the sensitivity of
the Cu@HHNSs based sensor is 3.8 times as high as that in the literature.
It further confirms the superior performance of the Cu@HHNSs based
sensor reported here. According to the loading amount, the sensitivity
of the Cu@HHNSs based sensor was also compared to those in literature,
as shown in Table S3.

3.3. Selectivity and stability of the Cu@HHNs based sensor

The selectivity of the Cu@HHNSs based sensor is also assessed by

.
= Experimental data {
61 Liner fit
5 i
S4
<3
g,
=
j (mA em™2) = 1.5942 ¢ (mM) - 0.017
0 R’ =0.99509

0 1 2 3 4 5
¢ (mM)

Fig. 6. (A) Chronoamperometric response of the Cu@HHNs based sensor to successive addition of glucose into 0.1 M NaOH. (B) Scatter plot of current density vs.

added glucose concentration. Applied potential: +0.6 V.
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Fig. 8. (A) CV curves of the Cu@HHNSs based sensor in human blood serum sample (10%) in 0.1 M NaOH with the presence of varied glucose concentrations: (a) 0,
(b) 1, (¢) 2, (d) 5, and (e) 10 mM from inner to outer. The scan rate is set as 10mV s~ '. (B) The corresponding calibration curve at +0.6 V.

means of documenting the current signals via injecting 0.1 mM of in-
terfering species uric acid (UA), ascorbic acid (AA) and dopamine (DA)
into the original alkaline environment. As illustrated in Fig. 7, when
UA, AA and DA are successively injected into the system, the signal
does not change. Given the fact that the concentration of glucose in
physiological environment is 30 times higher than the concentration of
those interfering species [40,41], the selectivity of the Cu@HHNSs based
sensor is promising.

In order to highlight the stability of Cu@HHNSs for the non-enzy-
matic glucose sensing, the current changes of the Cu@HHNs based
sensor and the Cu@ZIF-8 based sensor during continuous monitoring of
glucose were recorded, as shown in Fig. S9. After 40 circles of cyclic
voltammetry test, the normalized activity of the Cu@ZIF-8 based sensor
can still reach 74.5% of the initial activity, which is satisfactory.
Interestingly, the normalized activity of the Cu@HHNs based sensor
can even reach 91.8% of the initial activity after the same long re-
cycling test. This prominent stability of the Cu@HHNs based sensor
may be ascribed to the unique spatial structure of the reconstructed ZIF-
8, which consists of hydrophilic hierarchically-porous nanoflowers. The
polar centers of HHNs are exposed by acid etching, thus making the
catalytic nanoparticles adsorbed firmly on the HHN matrix, thereby
effectively protecting Cu NPs from migration, agglomeration, and dis-
solution in the course of the electro-catalytic process. As a consequence,
the electro-catalytic performance of Cu NPs toward the non-enzymatic
glucose sensing could be retained to a large extent after recycling use,
thus ensuring the stability of the Cu@HHNSs based sensor.

3.4. Validation of analytical principle

In order to examine its feasibility for practical sample testing, the
Cu@HHNSs based sensor was exploited to detect glucose in human blood
serum. Fig. 8A illustrates that the current density of the oxidation peak
increase gradually with the concentration of glucose added into the
diluted blood serum sample (10%). The corresponding calibration
curve (Fig. 8B) suggests that the current density of the oxidation peak
possesses a good linear relationship with the concentration of glucose
ranging from O to 10 mM. Considering that the concentration level of
glucose in the physiological condition is between 4 and 7 mM [40], the
Cu@HHNSs based sensor is very promising for nonenzymatic glucose
sensing in practical sample testing under alkaline conditions.

4. Conclusions

In conclusion, the Cu@HHNSs based sensor has been demonstrated
as an efficient transducer for glucose electro-catalytic oxidation under
alkaline conditions. In particular, the Cu@HHNSs based sensor displays
exceptional sensing performances with a linear range of 5 M to 3 mM,
a detection limit of 1.97 uM, a sensitivity of 1594.2yAmM ™! cm ™2,
and high selectivity, specificity, and reproducibility. This research not

only provides a promising catalyst with high performance toward non-

enzymatic glucose sensing but would offer a new approach to con-
trollably adjust the structure of a porous material by one particular
organic weak acid, change its intrinsic property and enhance its cata-
lytic performance for analytical applications.
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