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Abstract

In this work, a Cu-based nanosheet metal-organic framework, HKUST-1, was
synthesized by using solvent method at room temperature. Its morphology and
structure were characterized by scanning electron microscopy (SEM), transmission
electron microscopy (TEM), energy dispersive X-ray spectroscopy (EDS), power
X-ray diffraction (XRD), Fourier transform infrared (FT-IR) and Raman spectroscopy,
respectively. The HKUST-1 was dripped and dried on the surface of indium tin oxide
(ITO) electrode as modification material to carry out the electrochemical oxidation of
ascorbic acid (AA). A two-electron-and-two-proton mechanism was deduced from the
study on the pH of buffer solution, and a diffusion-controlled reaction process was
confirmed by the dynamic calculation. In the case of optimization, the anionic current
at + 0.02 V showed a linear relationship with the concentration of AA increasing
within the range of 0.01-25 mM and 25-265 mM respectively. The limit of detection
(LOD) was 3 uM (S/N = 3). The superb response could be attributed to the
layer-by-layer and porous structure of HKUST-1, enhancing both the effective surface
area and the electron transfer ability significantly. Moreover, the novel AA sensor
verified fine reproducibility, high sensitivity and favorable stability towards glucose,
uric acid (UA), several amino acids and dopamine (DA). It was successfully applied

to the real sample testing of various tablets.

Keywords: metal-organic frameworks, HKUST-1, ascorbic acid sensing,

electrochemical enzyme-free catalysis
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1. Introduction

Ascorbic acid (AA), also known as Vitamin C, is a polyhydroxy compound with
similar structure with glucose [1]. It has a powerful and strong reducibility [2-4],
widely used as a natural antioxidant in food [5], juice [6], medicine [4] and cosmetics
[7]. It is also an vital water-soluble vitamin, which exists extensively as a highly
active species participating in the metabolic processes of many creatures [8], fresh
fruit and vegetables [6]. Recently, due to the crucial functions in free radical
scavenging [3-5], cell development and therapeutic areas, such as wound healing,
preventing cancer and enhancing immunity [9], AA has continuously attracted the
public’s interests. It was reported that AA shortage would lead to symptoms of scurvy
[10], however, exaggerated amount would induce stomach convulsions [11]. Hence,
the determination of the AA concentration is of great significance, which could be
considered as an important physiological indicator for anti-aging [12-14]. Additionally,
because AA is in a millimole or even smaller scale, particularly in human bodies,
novel facile and rapid methods contributing to detecting selectively and sensitively
are required. This is exactly significant not only for monitoring human metabolism,
but also for the supervision of food, drugs and dietary supplement [15].

Nowadays, multitudinous methods have been applied to improve the determination
of AA, including ultra- and high-performance liquid chromatography (UPLC, HPLC)
[16-18], capillary electrophoresis [19], fluorescence spectroscopy [20] and UV-Vis
spectroscopy [21]. Beyond these, electrochemical techniques are regularly applied,
which are easy to operate and not expensive [22]. With the electrode surface modified,
the electrochemical response could be promoted enormously and accessible to lower
limit of detection (LOD) and wider linear range [23]. Nevertheless, the sensitivity and
reproducibility usually tend to be the issue because of interference from other
biological molecules like dopamine (DA) and uric acid (UA), leading to the challenge

of employment in food, drug or real sample analysis [23].




Recently, numerous nanomaterials, for instance, graphene, carbon nanotubes (CNTs)
[24] and nanoparticles (NPs) [25], have been developed and applied into
electrochemical areas. Metal-organic frameworks (MOFs) are novel functional
materials composed of repeated spatial or planar patterns of metal ions coordinated to
organic ligands through covalent bonds. They have receiving more and more attention
owing to the crucial role in the field of molecular adsorption [26], carbon capture [27],
compound separation [28], supercapacitors [29], efficient sensing [30] and catalysis
[31, 32] due to adjustable porous structures and superhigh specific areas. In
electrochemical analysis, design and synthesis of different types of MOFs has become
an appealing domain to study. It is reported that metal-organic frameworks are well
electrochemically active to the oxidation of some small molecules such as glucose
[33], nitrite [34], ethanol [35], hydrazine [36], dihydroxybenzene isomers [37], and
the redox process of NADH [38] and H>O> [33, 39, 40]. However, MOFs are rare as
electrochemical sensors compared to others, because the organic coordinates are
normally nonconductors and only the metal sites are conductive [40, 41]. Hence, it is
challenging to prepare highly conductive electrochemical sensors based on MOFs.

To the best of our knowledge, none study has been reported so far on determining
the concentration of AA using MOFs-modified electrodes. In this work, with
1,3,5-benzenetricarboxylic acid (H3;BTC) as the ligand and copper ion as the metal
center, the prevalent HKUST-1 framework (also known as MOF-199 or Cu-BTC) was
assembled at room temperature. Then the nanosheet structure was characterized and
observed. In order to acquire the capability for electrochemical catalysis, the
oxidation of AA was conducted using indium tin oxide (ITO) electrodes with
HKUST-1 dripped onto the surface. The reaction surroundings, including pH,
modification amount and scan rate, were researched as optimization, meanwhile the
repeatability, interference and stability of AA were studied. Eventually, the novel

detection platform was also tested by several health care tablets as standard samples.




2. Experimental

2.1 Chemicals

Ethanol acetone, copper(Il) acetate monohydrate (Cu(CH3COO);-H>0O), 1,3,5-
benzenetricarboxylic acid (H3BTC), dimethylformamide (DMF), cyclohexane,
triethylamine, phosphoric acid (H3PO4), disodium phosphate (NaxHPOs),
monosodium phosphate (NaH>PO4), magnesium chloride (MgCly), potassium chloride
(KCI), potassium ferrocyanide (K4[Fe(CN)s]), potassium ferricyanide (Ks[Fe(CN)g]),
AA, uric acid (UA), dopamine (DA), glucose, glycine (Gly), L-Methionine (L-Met),
L-Glutamic Acid (L-Glu), tryptophan (Trp), L-Cysteine (L-Cys), cystine (Cys-Cys)
and tyrosine (Tyr). Real AA samples, including vitamin C honeysuckle pills, vitamin
C buccal tablets for children and sweet-orange multi-vitamin effervescent tablets,
were obtained from the market. The water was double distilled water (DDW) and all

the chemicals were of analytical grade and used as received.

2.2 Apparatus

The morphology of the HKUST-1 was observed by scanning electron microscopy
(SEM, Hitachi S4800) and transmission electron microscopy (TEM, JEOL
JEM-200CX). The elemental composition analysis was investigated by energy
dispersive X-ray spectroscopy (EDS Falcon 60S, EDAX Inc.). The power X-ray
diffraction (XRD) pattern was performed by PhilipX’Pert X-ray diffractometer with
Cu Kr X-ray source to characterize the crystal structure of HKUST-1. The bonding
and functional groups were recorded using Fourier-transform infrared spectra (Nicolet
1S 10 FT-IR spectrophotometer, Thermo Fisher Scientific Inc., USA) and Raman
spectra (DXR2 Raman Microscope, Thermo Fisher Scientific Inc., USA). All the
cyclic voltammetry (CV) and differential pulse voltammetry (DPV) measurements

were performed on the electrochemical workstation (CHI650E, Shanghai Chen-hua




Instrument Co., China). A typical three-electrode system was applied in 0.1 M PBS at
room temperature, composed of a HKUST-1-modified ITO working electrode, an

Ag/AgCl reference electrode and a platinum wire auxiliary electrode.

2.3 Preparation of HKUST-1

HKUST-1 was synthesized at indoor temperature as previously reported [41, 42].
0.60 g of Cu(CH3COO)2-H20 was dissolved in 50 mL of water and 0.42 g of H3BTC
was dissolved in 50 mL of ethanol, respectively. After they were completely merged,
the mixture of 10 mL of cyclohexane with 0.85 mL of triethylamine was added
dropwise to the surface of the solution. Then blue solid formed and precipitated
sequentially. The reaction was allowed standing for 24 h before the solid was
centrifugalized and filtered. The product was washed with distilled water and then
followed by ethanol, and dried in vacuo at 50 °C for 12 h. It was stored in ethanol at 5

°C ready for use.

2.4 Fabrication of HKUST-1 modified ITO electrodes

Typically, 10 mg of HKUST-1 was added into 5 mL of DMF with ultrasonic
oscillation for half an hour to obtain 2.0 mg mL™ stable suspension. All the ITO
electrodes were washed by acetone followed by ethanol and water. After the surfaces
were dried under nitrogen, 7.0 pL of the suspension was dripped onto the controlled

surface area of 1.0 cm?, and then dried in air atmosphere [43].

3 Results and discussion

3.1 Characterization of HKUST-1

The morphology of the prepared HKUST-1 was illustrated by SEM and TEM. Fig.




1A, the SEM image, shows that this kind of metal-organic frameworks contained
irregularly-layered sheet structures with smooth surfaces. The detailed structure could
be clearly observed from the TEM image. As shown in Fig. 1B, the average thickness
measurement of the sheets was evaluated about 150 nm. The large space in between
increased the specific area of the material greatly, which would improve the
electron-transfer efficiency when the nanosheets were loaded on the ITO electrode.

The chemical formula was calculated by EDS analysis in Fig. 1C. It is obvious that
the molar ratio of the elements C, O and Cu of the prepared HKUST-1 was
53.38:36.98:9.64. This suggests that the metal-organic framework has a formula of
Cu3(CoH30¢)> with an elemental ratio of C, O and Cu 6:4:1. It means that every three
copper ions coordinated with two 1,3,5-benzenetricarboxylate linkers on average
during the precipitation [41].

The powder XRD patterns of the synthesized HKUST-1 were compared with the
simulated patterns through Crystal Diffract 6.7 [44, 45], as shown Fig. 1D. It
indicated that the strong peaks at 20 = 6.38, 9.14, 11.26 and 13.08° were identical to
the calculated ones, corresponding to the (002), (022), (222) and (004) planes of
HKUST-1, respectively. Therefore, the regular crystal structure of HKUST-1 was
confirmed.

Moreover, the bonding of HKUST-1 was studied through FTIR and Raman
spectroscopy. In Fig. 1E, the C-H stretching on the benzene ring (3400 cm™), the C=C
stretching of the benzene ring (1619 and 1375 cm™), the vibration modes of
asymmetric and symmetric C-O2 (1571 and 1446 cm') and the C-H bending (731
cm’') were clearly indicated. Apart from the organic fragments, the Cu-Cu vibration
band, a homoatomic metal bond, was observed at 480 cm™ by using the Raman
spectrum in Fig. 1F. This corresponded to the crystal structure of HKUST-1 described
in the earlier work [41].

Additionally, the structure of the nanosheets was stable during growing, assembling
and precipitating at indoor temperature. The morphology remained after prolonged

centrifugal separation and ultrasonic oscillation.
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Fig. 1. (A) SEM and (B) TEM images of the synthesized HKUST-1; (C) EDS spectrum of the
synthesized HKUST-1; (D) XRD patterns of the synthesized HKUST-1 and its homologous
simulation; (E) FTIR and (F) Raman spectra of the synthesized HKUST-1.

3.2 Electrochemical behaviour of HKUST-1

The electrochemical behaviour of the HKUST-1-modified ITO electrode was
studied using cyclic voltammetry (CV) before it was applied to the detection of AA
(AA). Fig. 2 gives the response of ITO and HKUST-1/ITO in 0.1 M pH 3.63 PBS
solution without AA at the scan rate of 100 mV s'. There were none obvious
responses for the bare ITO electrode due to none electroactive material on its surface.
However, for the modified electrode, the CV curve shows that the oxidation and
reduction peaks were at +0.072 V and -0.240 V respectively, corresponding to the
conversion between copper metal and copper (II) ion. The main difference is that the
addition of metallic copper centers and the space between nanosheets enhanced the

transfer of electrons greatly, increasing the current dramatically.
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Fig. 2. CVs of bare ITO (a) and HKUST-1/ITO (b) in 0.1 M pH 3.63 PBS solution without AA at
the scan rate of 100 mV s’

3.3 Electrocatalytic oxidation of AA

Fig. 3 depicts different CV responses of bare ITO (a and a’) and HKUST-1/ITO (b
and b’) in 0.1 M pH 3.63 PBS solution in the absence (a and b) and presence (a’ and
b’) of 200 mM AA at the scan rate of 100 mV s™'. Comparison of curves a and a’
reveals no evidence for the catalytic effect of the bare ITO on the oxidation of AA.
But from curves b and b’, where the oxidation peak current increased two-fold with
AA present, HKUST-1 was able to catalyze the oxidation of AA electrochemically.
Furthermore, a possible mechanism would focus on the interaction between AA and
HKUST-1. AA was oxidized to raise the current that did not appear on the bare
electron, which overlapped with the oxidation peak of the modification material. As a
result, the value of the current almost doubled. Meanwhile, the lost electrons from the
oxidation of AA improved the reduction of some HKUST-1, facilitating the reduction
peak slightly. The shoulder part was speculated to be attributed to the reduction of AA

itself.
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Fig. 3. CVs of bare ITO (a and a’) and HKUST-1/ITO (b and b’) in 0.1 M pH 3.63 PBS solution
without AA (a and b) and with 200 mM AA (a’ and b’) at the scan rate of 100 mV s’

3.4 Effect of solution pH

Fig. 4 shows the behaviour of HKUST-1/ITO in 0.1 M PBS solution with different
pH values ranging from 3.00 to 6.31 in 1.0 mM AA present by using CV analysis. It is
undoubted that the electrochemical responses of HKUST-1/ITO depended on the pH
value of the buffer solution. Among the range of pH 3.00 to 6.31, the oxidation peak
tended to moved towards more negative potentials as pH elevated. Fig. 4A showed the
linear plot of oxidation potential of AA versus pH values, expressed by the fitting
equation Ep/V = -0.0494 pH + 0.3040 (R? = 0.9933). This gave evidence for more
available oxidation of AA with increasing alkali in the solution, indicating that the
deprotonation step was involved in the oxidation. In addition, the slope, -49.4 mV/pH,
was coming close to the theoretical value, -59 mV/pH, for a process transferring two

electrons and two protons deduced by the Nernst equation

dE, —2.303mRT
dpH nF

b

where m represent the number of protons and n represent the number of electrons
involved in the reaction. Hence, the mechanism should be as the following scheme
[46, 47]:
Cu(ll)+CyH,O,+H,0 > Cu(l)+2H" +C,H O
2Cu(l) — 2Cu(ll)+2e-

Fig. 4B is the plot of Ipa versus pH. Obviously, the oxidation current of AA
displayed a steep raise first, achieving the highest peak current at pH 3.63. Then, the
current decreased rapidly as pH elevated from 3.63 to 6.31. Therefore, the study of the
pH effect suggested that pH 3.63 should be taken as the optimum analysis condition

to ensure sufficient current responses.
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Fig. 4. Plot of (A) oxidation potential and (B) oxidation current versus pH from CVs of
HKUST-1/ITO in 0.1 M PBS solution under different pH values ranging from 3.00 to 6.31 for 1.0
mM AA at the scan rate of 100 mV s!.

3.5 Effect of modification amount of HKUST-1

The influence of the modification material amount was studied using DPV as
shown in Fig. 5. The modification amount did have great impacts on the current of the
oxidation peak. It was found that the oxidation current of AA enhanced sharply when
the volume of HKUST-1/DMF suspension was added from 1.5 to 7.0 pL, due to
increasing active surface area for electron transfer. But the current suddenly reduced
as the modification amount was up to 9.0 puL then. The main reason was a decrease in
electric conductivity, caused by excessive metal-organic frameworks hindering the
electrons reaching the electrode surface or reacting with the copper ions. As a result,
7.0 uL suspension of HKUST-1 was selected as the optimum modification amount for

the detection of AA.
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Fig. 5. DPVs of HKUST-1/ITO in 0.1 M pH 3.63 PBS solution for 1.0 mM AA at the scan rate of

100 mV s! with different volume of HKUST-1/DMEF suspension from 1.5 to 9.0 pL. Inset: plot of

Ipa versus modification amount.




3.6 Effect of scan rate

3.6.1 In PBS solution

The scan rate effect and the dynamics study were investigated by CV using
HKUST-1/ITO in bare PBS solution without AA in the scan rate range of 30 - 200
mV s'. Fig. 6 illustrates the general tendency that the oxidation potential shifted
towards the positive direction and the reduction one shifted negatively as the scan rate
increased. The relationship between the potentials and the logarithm of scan rate was
shown in Fig. 6(a) by the linear equation: E,/V = 0.1024 log(v/(mV s™)) -0.0565 (R?
=0.9956) and Ep/V = -0.1228 log(v/(mV s)) + 0.0225 (R*>= 0.9901), respectively.
Then, the dynamics-relating parameters could be determined using Laviron equation:

2.303RT logv

E.=E%+ 1
P (1-a)nF @
E,, = £0 _ 2.303RT logv @)
’ onkF
RT  a(l-a)nFAEp
logk, =alogll—a)+(1-a)loga —Ilo — 3
gk, =alog(l-a)+(-a)loga—log_—m—=—— 3)

a, n and ks were prescribed previously [48, 49]. From the slopes and intercepts in
the linear equations, the value of a and n were calculated as 0.45 and 1.06, showing a
single-electron process. When the scan rate was 100 mV s, ks was got as 0.0445 s,
and the large gap between Ep. and E,c proved for an irreversible redox reaction.
Meanwhile, both the current of anodic and cathodic peaks tended to have a great
increase. As compared with Fig. 6(b) and (c), the anodic current fitted better with the
square root of scan rate v'> than with the scan rate itself. The relationship was
expressed as ipa/HA = 1.6944 (v/(mV s1)? + 9.6844 (R? = 0.9955). Therefore, a
diffusion-controlled electrochemical process was confirmed in the redox reaction of

HKUST-1/ITO electrode in bare PBS solution.
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Fig. 6. CVs of HKUST-1/ITO in 0.1 M pH 3.63 PBS solution without AA at different scan rates of
30, 50, 80, 100, 150 and 200 mV s™! (from a to f). (a) The linear plots of Ep. and Epe vs. log v. (b)
The curve plot of ipa vs. v. (¢) The linear plot of ipa vs. v'/2.

3.6.2 In Fe(CN)e*>’# solution

Fig. 7 illustrates the CVs of HKUST-1/ITO in 5 mM K;3Fe(CN)s/K4Fe(CN)e
solution containing 0.1 M KCI at various scan rate. The curves were the combined
results of the redox of HKUST-1 and Fe(CN)¢*”*, with two oxidation peaks. The
negative one corresponded to HKUST-1, while the positive one was oxidation from
Fe(CN)s* to Fe(CN)s>. But only one single broad reductive peak was observed
because their reduction potentials were similar. Besides, the current for the reduction
of HKUST-1 tended to be small, which overlapped with that of Fe(CN)e>"*.

Considering the redox behaviour of Fe(CN)¢*”*, both the oxidation and reduction
potentials shifted as the same way as HKUST-1 did in 3.6.1 as the scan rate increased,
with the relationship in Fig. 7(a): Epa/V = 0.07068 log(v/(mV s)) + 0.18887 (R?=
0.9970) and E,/V = -0.05391 log(v/(mV s™)) + 0.05614 (R?= 0.9938). Likewise,
dynamic parameters were calculated from the Laviron equation, giving a = 0.57, n =
1.93 and ks (at 100 mV s') = 0.0236 s!. As compared with the curves in Fig. 7(b) and
(c) for the oxidation of Fe(CN)¢>”*, the relationship between the oxidation current and
v!2 could be fitted with the linear equation ipa/pA = 3.4201 (v/(mV s 1)) - 6.5569 (R?
=0.9913), indicating a diffusion-controlled step as well.

Furthermore, the effective surface area (ESA) could be deduced here. This is of




great importance because it influenced the accuracy and sensitivity through affecting
the magnitude of the current. The effective area of the modified ITO electrode could
be determined by Randles-Sevcike equation: i, = 2.69 x 10° n*? A D2 v!2 C, where i
(A) is the peak current in an oxidation or reduction process, n is the number of
electrons involved in the reaction, A (cm?) is the effective surface area, D (cm? s7!) is
the diffusion coefficient of Fe(CN)¢> (6.5x107° cm? s'), C (mol cm™) is the
concentration of the molecule Fe(CN)s*~ in the solution (2.5 mM) and v (V s™) is the
scan rate [50]. In this case, the ESA of HKUST-1/ITO was 0.06308 cm?, which was
7.83 times of that of an unmodified ITO electrode, 8.06 x 1073 cm?. This indicated
that the modification material HKUST-1 could enhance the electron transfer by

providing greater electroactive surface area.
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Fig. 7. CVs of HKUST-1/ITO in 2.5 mM K3Fe(CN)¢/2.5 mM KuFe(CN)s solution containing 0.1
M KCI without AA at different scan rate of 30, 50, 80, 100, 150 and 200 mV s! (from a to f). (a)

The linear plots of Ep. and Ejc vs. log v. (b) The curve plot of ip vs. v. (¢) The linear plot of iy, vs.

V1/2.

3.6.3 In AA solution

The effectiveness of the scan rate on the electrocatalytic oxidation of AA was also
investigated. Fig. 8 gives CVs of the modified electrode within 0.1 M pH 3.63 PBS
solution containing 1.0 mM AA recorded at different scan rate. The tendency of the

changes on peak potential in the previous sections also applied here, and the fitting




relationship was Epa/V = 0.0458 log(v/(mV s!)) + 0.0279 (R*= 0.9918) and E,c/V =
-0.0811 log(v/(mV s) + 0.0081 (R> = 0.9941), respectively. Thus, the
electron-transfer number (n) in rate determining step was calculated as 2.02 using
Laviron equation, proving the two-electron-and-two-proton mechanism. Furthermore,
the electron-transfer coefficient (o) was 0.36 and the reaction rate constant (ks) was
0.0246 s at 100 mV s™'. In addition, both the anodic and cathodic current showed
linear relationship with the square root of scan rate, which were ip/pA = 0.7003
(v/(mV s1)2 +23.7727 (R?= 0.9089) and ipe/pA = -1.4796 (v/(mV s1))'? - 0.7818

(R?=0.9987), illustrating a diffusion-controlled process.
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Fig. 8. CVs of HKUST-1/ITO in 0.1 M pH 3.63 PBS solution containing 1.0 mM AA at different
scan rate of 30, 50, 65, 80, 100, 150 and 200 mV s’ (from a to g). (a) The linear plots of Ep, and
Epc vs. log v. (b) The linear plots of ip, and ipc vs. v'/2.

3.7 Electrochemical detection of AA

The elecrtrocatalytic responses of AA at different concentrations on HKUST-1/ITO
were examined using DPV technique. The optimized condition was implemented
which was 0.1 M of pH 3.63 PBS solution, the scan rate of 100 mV s and the
suspension volume of 7.0 pL. As shown in Fig. 9, the oxidation current increased in a
micron level when AA was added successively in a scale of millimole from 0.01 to
265 mM, while the peak potential kept around +0.02 V. The linear range was
composed of two parts. The first part was at a low concentration range of 0.01-25 mM,
where the current grew rapidly and the regression equation was AI/uA = 0.5098
Caa/mM + 2.6901 (R? = 0.9949, n = 6). The other one was at a high concentration
range of 25-265 mM, but the current increased in a smaller slope than before. The
linear relationship was AI/uA = 0.1444 Caa/mM + 11.3245 (R? = 0.9967, n = 9).




Overall, the limit of detection was obtained as 3 uM (S/N=3). Compared with the
previously reported works determining the concentration of AA listed in Table 1, this
platform of electrochemical sensor revealed a wider linear range and a lower limit of
detection. This would be mainly attributed to the higher effective surface area of
HKUST-1 nanosheets and thus more vacant sites available for the electrocatalytic
oxidation.
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Fig. 9. (A) DPVs of HKUST-1/ITO in 0.1 M pH 3.63 PBS solution in the presence of AA at the
scan rate of 100 mV s’!. AA concentrations: 0, 0.01, 0.1, 1, 5, 10, 25, 50, 75, 100, 125, 150, 175,
225 and 265 mM (from a to o). (B) The calibration curve of Al,, vs. AA at low concentrations and
at high concentrations (inset).

Table 1. Comparisons with some previous works using different modified electrodes on the
detection of AA.

AA sensor Linear range /mM Limit of detection /uM Ref.
Cus(OH)6SO4/ITO 0.017-6 6.4 [46]

Pre-anodized inlaying
. 0.01-1.5 0.31 [22]

ultrathin CPE

AuNPs@MoS,/GCE 0.05-100 50 [51]
GEF/CFE 0.07-2.31 73.52 [52]
ZnO—-CuO-PPy/GCE 0.2-1 25.0 [53]
rGO-CNT/ITO 0.01-0.2 5.31 [54]
Pd@Au/rGO/GCE 0.05-2.86 24.88 [55]

AuNPs/PDDA/GNS/G
0.6-4.2 80 [56]

CE

HNP-PtTi/GCE 0.2-1 24.2 [57]
PrGO/PB/GCE 0.283-2.33 34.7 [58]

HKUST-1/ITO 0.01-25 and 25-265 3 This




3.8 Repeatability, stability and selectivity of the sensor

The repeatability and stability were evaluated using the same working electrode for
15 continuous measurements of 1.0 mM AA in 0.1 M pH 3.63 PBS solution at the
scan rate of 100 mV s™!. The relative standard deviation (RSD) acquired was 2.18 %,
showing favourable reproducibility. Additionally, the short-time and long-time
stability were tested 7 and 21 days after the initial utilization. During this time, the
modified electrodes were stored in 0.1 mM pH 3.63 bare PBS solution. Only 2.17 %
and 6.91 % of the current responses were lost, respectively, thus indicating good
stability.

The selectivity plays an essential role in the detection of real samples and gives a
common way to investigate the sensitivity of an electrochemical system. Ten different
types of interfering substances, including glucose, DA, UA, amino acid, etc., were
examined at the concentration of 1.0 mM in the same PBS solution, and the results
were shown in Fig. 10. Glucose, UA and DA contributed to raise the current, but only
by less than 10 % of the current increased for AA. Contrarily, most of the amino acids
reduced the current slightly. Both certified the highly sensitive electrochemical
oxidation of AA with HKUST-1/ITO.

Fig. 10. Plot of Al in DPV curves towards 1.0 mM of ten interfering substances: glucose, uric acid,

dopamine, glycine, L-methionine, L-glutamic acid, tryptophan, L-cysteine, cystine and tryosine.




3.9 Analytical application on real samples

In order to evaluate the practical performance of the new electrochemical AA
sensor with HKUST-1/ITO, the proposed method was employed to various health
care tablets. The results were listed below in Table 2. All of them were examined in
0.1 M pH 3.63 PBS solution at room temperature, and DPVs were recorded from -0.6
to 0.4 V. Additionally, each sample test was repeated triplely, and the RSDs were
lower than 5 %, showing a satisfying precision. The general recovery ranged between
99.5 % to 102.6 %, illustrating approved accuracy. Hence, it is feasible to complete

the detection of AA concentration in this approach.

Table 2. Determination and recovery of AA in real samples.

Mass of AA Volume of Standard Measured
Sample contained/ . Concentration/ AI/uA Concentration/ Recovery
Solution/mL
mg mM mM
Vitamin C

. 49.5 25 11.24 8.488 11.37 101.15%
honeysuckle pill
Vitamin C buccal

60 25 13.63 9.603 13.56 99.51 %

tablet for children

Sweet orange
multi-vitamin 225 30 42.58 17.64 43.68 102.57 %

effervescent tablet

4 Conclusions

In summary, a typical type of Cu-based nanosheet metal-organic frameworks
functioned as the modification material on the surface of the ITO electrode to form a
novel electrochemical sensor for AA. It provided large effective surface area and
improved the electron transfer ability significantly, thus resulting in great
enhancement of the oxidation current towards AA. Then, effects on the pH of buffer
solution, the amount of suspension and the scan rate were studied to find the
optimized condition for AA detection, deduce the two-electron-and-two-proton

mechanism and give evidence for the enhancement of electrocatalytic oxidation. The




novel sensor tended to exhibit a wide linear range (0.01-25 and 25-265 mM), low
limit of detection (3 uM, S/N=3), favorable stability, fine reproducibility and high

sensitivity. Furthermore, it was successfully applied to the real sample testing of

various tablets.
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