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Abstract 

A biomimetic assembly of per-O-methylated-cyclodextrin dimer with cobalt 

proto-porphyrin (CoIII-PPIX@Py2CD) was achieved via covalent linkage between 

CoIII  of CoIII-PPIX and pyridine N of Py2CD (primarily synthesized by the acyl 

chlorination reaction of two β-CDs monomers with 3,5-bis (bromomethyl) pyridine). 

Ultraviolet-visible (UV-vis) and circular dichroism (CD) absorption spectroscopy, 

and NMR hydrogen spectroscopy (H1-NMR) were adopted to carefully characterize 

the structure of Py2CD and its functional assembly with CoIII-PPIX. X-ray 

photoelectron spectroscopy (XPS) was employed to affirm the binding of the 

as-obtained CoIII-PPIX@Py2CD, whose electrochemical kinetics were extensively 

studied to validate the feasibility in the catalytic reduction of hydrogen peroxide 

(H2O2). The developed sensor displayed the wide linear range for H2O2 detection and 

the low detection limit of 2.47×10−7 M. This work sheds some constructive lights on 

rational design and synthesis of preeminently biomimic carrier and high 

cost-effectiveness catalyst for (bio)analytical applications. 
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1. Introduction 

Nowadays, ultrasensitive and highly selective determination of hydrogen 

peroxide (H2O2) is imperative in environmental monitoring, pharmacokinetics 

research and biomedical engineering [1-3]. For that, many biosensors were developed 

based on unprecedentedly electrocatalytic property of conventional enzymes such as 

cytochrome c oxidase and horseradish peroxidase (HRP) [3, 4]. However, the high 

price and critical preservation/application conditions for natural enzymes seriously 

hinder their applications in practice [5].  

As a cofactor of enzyme, porphyrin with macrocyclic conjugated organic 

molecules has drawn extensive attention in electrocatalysis towards reduction or 

oxidation of small molecules [6, 7]. Especially, cobalt ion chelated with porphyrin 

ring to form stable complex, plays a key role in electron transfer, energy conversion, 

and nonlinear optical-limiting under specifically physiological processes [8, 9]. 

Therefore, it would be feasible to simulate the structure and activity of natural enzyme 

by functional assembly of porphyrin with other matrices.  

As we know, one-dimensional advanced nanomaterials such as graphene [10] 

and carbon nanotubes [11] were introduced as artificial frameworks to load porphyrin 

by covalent or non-covalent methods. These hybrid nanocomposites can effectively 

avoid the structure destruction and aggregation of porphyrin, and enhance the 

catalytic activity and stability of the supported porphyrin with regard to the monomer 

itself. For example, G-quadruplex DNA sequences associated with porphyrin [12] 

displayed the comparable catalytic characters relative to natural HRP in bioassays. 



Nevertheless, the catalytic activity is very lower to meet the requirement in 

ultrasensitive analysis by replacing G-quadruplex DNA sequences with Co ion, owing 

to their non-axial bond with pyridine to form enzyme-like five-coordinated structures 

[13].  

Cyclodextrin (CD) as a class of cyclic oligosaccharides containing 6, 7, or 8 

glucose units (named α-, β-, or γ-CD, respectively), displays the toroidal structure in a 

hydrophobic inner cavity and a hydrophilic exterior [14-16]. In general, β-CD is an 

ideal host-guest carrier to adopt various small molecules such as porphyrin into their 

hydrophobic cavities [17, 18], albeit with their noticeable reduction in the catalytic 

activity and the steady of the included guests [17, 19].  

Inspired by the natural configuration of vitamin B12, two β-CD monomers were 

linked with 3,5-bis (bromomethyl) pyridine to form per-O-methylated-cyclodextrin 

dimer (Py2CD), which would be ideal support for functional assembly [20]. By virtue 

of this carrier, CoIII  can effectively bind with the pyridine N of Py2CD in an axial 

coordinate and the porphyrin ring is encysted with β-CD to stabilize the structure of 

porphyrin monomer. Besides, 3,5-bis (bromomethyl) pyridine enables the exposure of 

more active sites of cobalt proto-porphyrin (CoIII-PPIX) into the aqueous solution, 

which has strong affinity to oxygenated substances (e.g. O2 and H2O2).  

In this work, simulating the structure of VB12, Py2CD was synthesized by the 

covalent linkage of two β-CDs monomers with 3,5-bis (bromomethyl) pyridine, 

which was further combined with CoIII-PPIX via the coordination of CoIII  and 

pyridine N to form the biomimetic catalyzer (defined as CoIII-PPIX@Py2CD for 



clarity). The electrocatalytic activity and electron transfer of the hybrid 

nanocomposite were investigated in details, followed by exploring their feasibility for 

electrochemical detection of H2O2 in this research (Scheme 1).  

 

2. Experimental section  

2.1. Reagents and materials 

Typically, β-CD, sodium hydride (NaH), trichloromethane (CHCl3), sodium 

bicarbonate (NaHCO3), dimethyl sulfoxide (DMSO), H2O2, hydrogen chloride (HCl), 

dimethyl formamide (DMF), N-hydroxysuccinimide (NHS), 3,5-bis (bromomethyl) 

pyridine, deuterated chloroform (CDCl3), iron trichloride (FeCl3), potassium 

persulfate (K2S2O8), potassium permanganate (KMnO4), ascorbic acid (AA) and 

dopamine (DA) were purchased from Shanghai Aladdin Chemical Reagent Company 

(Shanghai, China). CoIII -PPIX was received from J&K Scientific Ltd (Shanghai, 

China).  

Besides, 0.1 M phosphate buffer solution (PBS) with different pH was prepared 

by mixing 0.1 M KH2PO4, 0.1 M K2HPO4 and 0.1 M KNO3 stock solutions together, 

which is behaved as the supporting electrolyte. The O2- or N2-saturated electrolyte 

was firstly bubbled with high-purity O2 or N2 for 30 min and then preserved the 

atmospheric pressure during the whole test. Ultrapure water was obtained from a 

Millipore water purification system (≥18 MΩ, Milli-Q, Millipore), and implemented 

throughout all the assays.  

 



2.2. Characterization 

The circular dichroism (CD) spectra of the samples were acquired with a Jasco 

J-810/163-900 circular dichroism chiroptical spectrometer at 25 °C. 

Ultraviolet-visible (UV-vis) absorption spectra were recorded with the Thermo nicolet 

evolution 500 UV-vis spectrometer (Beijing Puxi general instrument Co., Ltd., China) 

in the wavelength region of 200-800 nm. NMR hydrogen spectroscopy (H1-NMR) 

measurements were conducted with a Bruker AMX-500 spectrometer at 600 MHz, by 

employing tetramethylsilane (TMS) as the reference and CDCl3 as the solvent. 

Electrochemical experiments were performed on a CHI 660D electrochemical 

workstation (Shanghai Chenghua Instruments Inc., China) with a conventional 

three-electrode system, where a glassy carbon electrode (GCE, 3 mm in diameter) 

performed as the working electrode, a saturated calomel electrode (SCE) as the 

reference electrode and a platinum wire as the counter electrode. 

 

2.3. Synthesis of Py2CD 

For typical synthesis of Py2CD, the fabrication and separation procedures were 

almost identical to those previously published in the literature [21, 22]. First, the dried 

β-CD (7.1 g, 6.3 mmol) was dissolved into dry DMSO (40 mL) by continuously 

stirring for 2 h at 55 °C under the N2-saturated atmosphere. Then, NaH oiliness 

solution was put into the mixed solution slowly (where the ratio of the β-CD:NaH 

remained 5:1) under stirring for 2 h to obtain a homogeneous solution. Then, 3, 

5-bis(bromomethyl) pyridine hydrobromide (1.0 g, 2.9 mmol) was introduced into the 



reaction system and stirred overnight. Next, the mixture was neutralized with the 

diluted aqueous HCl solution (1 M), followed by harvesting the rude Py2CD.  

To gain the Py2CD with high purity, the as-prepared product was immersed into 

methanol gradually to eliminate superfluous NaH under the ice-bath conditions until 

the solution became transparent. The after-reaction solution was vacuumed and 

distillated to get rid of the organic solvent. The remainder powder was dissolved into 

the NaHCO3 solution (0.1 M) and purified by silica gel column chromatography with 

the fixed ratio of chloroform to methanol (10:1), ultimately drying the purified 

Py2CD prior to use.  

 

2.4. The synthesis of CoIII-PPIX@Py2CD complex 

The CoIII-PPIX@Py2CD nanocomposite was prepared according to the 

adsorption and chelation interactions [23, 24]. In brief, the CoIII-PPIX/DMF solution 

(5 µM, 1 mL) was dropwise put into 1 mL of the as-obtained Py2CD aqueous 

suspension (0.25 mg mL−1) under vigorous stirring. The system was kept reacting for 

2 h, accompanied by filtrating to remove the excess CoIII-PPIX. The precipitation was 

dried in a vacuum at 60 °C overnight for further characterization and use. 

 

2.5. The CoIII-PPIX@Py2CD modified the electrode 

Prior to the electrochemical measurements, the GCE was cleaned firstly by 

polishing with 0.3 and 0.05 µm aluminum slurry sequentially, and then rinsed 

thoroughly with water to remove the residual alumina powder. Meanwhile, 0.2 mg of 



the CoIII-PPIX@Py2CD was well dispersed into 1 mL of water through 

ultrasonication for 30 min to obtain a homogeneous suspension. Next, 1 mL of the 

suspension was casted onto the freshly-polished electrode surface and dried in air at 

room temperature. For comparison, CoIII-PPIX modified electrode was prepared by 

the same method in the controlled experiments. 

 

3. Results and discussion  

3.1. The UV-vis and CD characterization 

For the structure and stability of the CoIII-PPIX@Py2CD complexes, a series of 

CD and UV-vis absorption spectra were acquired to verify the formation of the 

nanocomposite. As Fig. 1A depicts, a couple of strong positive/negative absorbance 

peaks appears at 417/410 nm in the CD spectrum of CoIII-PPIX (curve a), respectively, 

due to the unsymmetrical structure of CoIII-PPIX. However, nearly no CD absorption 

detected in the visible region, while the typical bands of epoxide show up at 248 and 

282 nm, corresponding to the right-handed β-helix (curve b) [25, 26]. After the 

CoIII-PPIX has been riveted into the burrow of Py2CD, a pair of absorbance peaks 

emerges at 468/425 nm, displaying the positive shifts (about 41/15 nm) alternative to 

those of CoIII-PPIX, coupled with the emergence of the weak right-handed β-helix 

absorption peaks at 257 nm and 286 nm (curve c). These scenarios demonstrate the 

efficient conjugation between CoIII-PPIX and Py2CD in this synthesis. 

Fig. 1B shows the UV-vis absorption spectra to corroborate the structure and the 

adhesion of Py2CD with CoIII-PPIX. There is an obvious Soret band appeared at 420 



nm (curve a), which is originated from pure porphyrin [27]. Meanwhile, the Q bands 

located at 529 and 564 nm correspond to the asymmetric plane of porphyrin in 

CoIII-PPIX [28]. After the combination of CoIII-PPIX and Py2CD, the Soret band is 

red-shifted slightly from 420 to 424 nm, and the Q bands display the red shifts from 

529/564 nm to 535/568 nm (curve b), respectively. Therefore, the distinct changes in 

the UV-vis absorption spectra confirm the formation of the CoIII-PPIX@Py2CD via 

the axial coordination between pyridine N of Py2CD and CoIII of CoIII-PPIX [29]. 

 

3.2. The interactions of Py2CD with CoIII-PPIX 

For this strategy, the 1H NMR spectrum was recorded to characterize the 

synthesis of Py2CD adduct in CDCl3 solution. As shown in Fig. 2A, seven singlet 

proton signals emerge at 0.208, 1.372, 2.059, 2.558, 3.154, 3.190, and 3.891 ppm for 

the OCH3 protons framework, which are well assigned to the O-methyl groups of 

Py2CD at the 2- and 3-positions [30], in good agreement with those detected by the 

1H-detected multiband heteronuclear multiple quantum coherence spectrum (where 

certifies the emergence of a six-coordinate diamagnetic complex). It means the 

efficient linkage of the pyridine ligand in the Py2CD coordinates [31].  

X-ray photoelectron spectroscopy (XPS) can be widely used to characterize 

species and valence states of the surface elements [32, 33]. Herein, XPS analysis was 

performed to carefully examine the combination between Py2CD with CoIII-PPIX. As 

Fig. 2B describes, an obvious XPS peak is located at the binding energy of 398.4 eV 

for the Py2CD in the high-resolution N 1s XPS spectrum (curve a), belonging to the 



pyridinic N in this study [34]. After the effective interactions of the pyridinic N with 

CoIII-PPIX, the XPS peak at 398.4 eV negatively shifts to 397.8 eV (curve b), owing 

to the stable assembly of pyridinic N with CoIII  [6].  

Meanwhile, the high-resolution Co 2p XPS segments of CoIII-PPIX and 

CoIII-PPIX@Py2CD were provided to illuminate the bond information of the 

assembly. As illustrated in Fig. 2C, the dual XPS peaks appear at 781.0 and 795.4 eV 

in the high-resolution Co 2p XPS pattern of CoIII-PPIX (curve a) , which are ascribed 

to Co 2p3/2 and Co 2p1/2 in the porphyrin [35]. When the axial assembly of CoIII-PPIX 

with Py2CD, the Co 2p3/2 and Co 2p1/2 peaks have the positive shifts to 782.3 and 

796.0 eV (curve b), thanks to the directional affinity of Co to N with the dramatically 

enhanced local electronegativity [36, 37]. Hence, the CoIII-PPIX@Py2CD is formed 

via the efficient association of CoIII-PPIX with Py2CD, where pyridinic N behaves as 

the linker.  

 

3.3. The electrocatalytic kinetics of CoIII-PPIX@Py2CD 

The catalytic property of the CoIII-PPIX@Py2CD for oxygen reduction reaction 

(ORR) is a key parameter in this research [38]. Fig. 3A displays the cyclic 

voltammetry (CV) curves of CoIII-PPIX and CoIII -PPIX@Py2CD in the air-saturated 

PBS. Specially, an obvious reduction peak shows up at -0.35 V for CoIII-PPIX (curve 

a), while this peak is positively shifted to -0.26 V in the case of CoIII-PPIX@Py2CD 

(curve b), reflecting the faster electron transfer occurred at the CoIII-PPIX@Py2CD. 

Moreover, the presence of 10 mM H2O2 enables the dramatic increase in the reduction 



peak current, albeit with negligible impact on the peak position, confirming the 

feasibility of the as-developed biosensor (curve c). 

For the CoIII-PPIX (Fig. 3B, curve a), an obvious reduction peak is observed at 

-0.35 V (Epc) and a small oxidation peak is located at -0.25 V (Epa) in the N2-saturated 

circumstance (Fig. 3B, curve a), corresponding to the reduction and oxidation of CoIII  

and CoII species [39], respectively. Besides, the difference between the Epa and Epc (i.e. 

∆Ep) is roughly 100 mV. More notably, the more well-defined redox peaks of the 

CoIII-PPIX@Py2CD (Fig. 3B, curve b) appear at -0.26 and -0.18 V with a smaller ∆Ep 

(79 mV) for the Co3+/Co2+ transformation, showing the distinctly enhanced electron 

transfer in the presence of Py2CD. . Meanwhile, the overpotential of the Epc is 

decreased with a value of 27 mV for the CoIII-PPIX@Py2CD when compared with 

that of the CoIII-PPIX, illustrating the slight increase in the located electron density for 

the resultant complex.  

Insets in Fig. 3B provide the plots of the cathodic peak current (ipc) versus (vs.) 

the scan rate (v) at the CoIII-PPIX and CoIII-PPIX@Py2CD, where the ipc is 

proportional to the enlarged scan rate, suggesting that the ORR follows the 

surface-controlled process [40]. For the CoIII-PPIX@Py2CD, the linear equations of 

the cathodic peak current (ipc) and anodic peak current (ipa) are described as ipc = -4.85 

× 10−8
ν − 1.073 × 10−6 (R2 = 0.992, line b1) and ipa = 1.97 × 10−8

ν − 1.21 × 10−7 with 

the correlation coefficient (R2) of 0.990. Alternatively, for the CoIII-PPIX, the linear 

equations are described as ipc = -3.73 × 10−8
ν − 1.004 × 10−6 (R2 = 0.990, line a1), and 

ipa = 1.85 × 10−8
ν − 6.60 × 10−9 (R2 = 0.993) (data not shown).   



The charge-transfer coefficient (α) can be calculated based on the equation: α = 

|ipc|/(|ipc| + |ipa|), and finds that the α values are roughly 0.63 and 0.73 for 

CoIII-PPIX@Py2CD and CoIII-PPIX, respectively. By comparison, the reversibility of 

the CoIII-PPIX@Py2CD is surpassed that of CoIII-PPIX under such conditions. 

Besides, the ∆Ep is close to 59/z mV (z is the charge-transfer number at 293 K) for 

CoIII-PPIX@Py2CD alternative to that of CoIII-PPIX based on the Nernstian equation, 

so the electronic reaction is illustrated as equation 1:  

CoIII-PPIX + e- → CoII-PPIX                       [1] 

Hence, with the axial assembly between Py2CD and CoIII-PPIX, the 

CoIII-PPIX@Py2CD would not only effectively enhance the electrocatalysis, but also 

stabilize the in-situ generated intermediates from CoIII-PPIX, owing to the enhanced 

density of the valency electrons in this context. Also, the electrocatalysis of oxygen 

reduction at the CoIII-PPIX@Py2CD is much superior than other matrices such as 

N-doped nanocomposites and polymers [41, 42], which certifies the special flexibility 

to stabilize the porphyrin ring for enhancing the affinity of oxygen molecular with 

metal ion.   

The pH influences on the electrocatalytic kinetics of CoIII-PPIX@Py2CD were 

carefully examined by CV in the pH scope of 5.0 ~ 9.0. Fig. 3C shows the positive 

shifts of the Epc with the boosted pH, which can be described as Epc = -0.0538 + 

0.034pH (correlation coefficient R2 = 0.990, inset in Fig. 3C). Specifically, the 

protons reaction coincides well with the theory equation of EΘ′= K + (mRT/nF)ln[H+] 

= K − 0.058mpH (293 K, n = 1/2). It is explained by the fact that the 



CoIII-PPIX@Py2CD can effectively catalyze the initial reduction of O2 to H2O2 and 

then further transformed into H2O, as described below (equations 2~3) [43]:  

CoIII-PPIX@Py2CD + e- → CoII-PPIX@Py2CD         [2] 

CoII-PPIX@Py2CD + (1/2) H2O2 → CoIII-PPIX@Py2CD + OH-     [3] 

 

3.4. The chronoamperometric detection of H2O2 with CoIII-PPIX@Py2CD  

By virtue of the largely enhanced electrocatalytic features of the 

CoIII-PPIX@Py2CD towards H2O2 reduction, an ultrasensitive biosensor for H2O2 

detection was constructed. The steady-state chronoamperometric curve was recorded 

by the successive addition of H2O2 at the applied potential of -0.30 V (Fig. 4A). To 

ensure the reliability and stability of the detection signals, the response time of every 

concentration point was less than 10 s until the steady-state current was obtained.  

As expected, the reduction peak current increases with the elevated H2O2 

concentration, and shows a linear relationship in the range of 10−4~10−6 M (R = 0.990, 

Fig. 4B). The linear regression equation is depicted as ∆i = 1.9×10−9c + 5.693×10−7, 

where ∆i refers to the change in the current and c is the H2O2 concentration. Also, the 

detection limit (LOD) is down to 2.47×10−7 M (S/N = 3) based on the 3σ method, 

which reflects the more sensitivity than those of the other referenced platforms (Table 

1). It means the highly boosted catalytic characters of CoIII-PPIX@Py2CD in this 

system.  

The currents of the interferences were acquired to validate the steady of the 

detection platform. As described in Fig. 4C, there is no any obvious disturbance 



associated with the currents detected (less than 0.6%) in the detection system for 

reductive interfering substances (e.g. AA and DA), coupled with the distinctly 

shortened response time. It shows the high tolerability of the reductive interferences 

for the developed platform. 

Besides, the oxidative interferences such as Fe3+, MnO4
- and K2S2O8 are also 

introduced into the detection system. Fig. 4D shows the respective amperometric 

curves. There are negligible signals detected (less than 1.2%) after the injection of the 

interfering substances, clearly indicating that these interferences have slight effects on 

the assay of H2O2 at the same potential. It reveals the high selectivity of the 

CoIII-PPIX@Py2CD in this strategy.  

 

4. Conclusions 

In summary, the CoIII -PPIX@Py2CD with high catalytic efficiency was 

synthesized via the axial coordination, using CoIII-PPIX as guest molecule and Py2CD 

with pyridine linker as the carrier. The CD absorption spectra, UV-vis absorption and 

1H NMR spectra confirmed the covalent bond of CoIII-PPIX with Py2CD in the 

specific proportion. Then, the CV experiments demonstrated the facilitated electron 

transfer rate (about 1.3 times) and the smaller overpotential (with the decay of about 

27 mV) when compared to those of single CoIII-PPIX under the identical conditions. 

Moreover, the catalytic process of CoIII-PPIX@Py2CD for H2O2 reduction followed 

proton transfer equation and fast reaction rate, showing the distinctly enhanced 

reduction activity (about 1.25 times) relative to that of CoIII-PPIX, as well as the 



improved stability against the degradation of the cofactors. Under the optimal 

conditions, the catalytic currents of the CoIII-PPIX@Py2CD exhibited the linear 

relationship with the H2O2 concentrations from 10−4 to 10−6 M, with the LOD of 2.47

×10−7 M, along with the high sensitivity and strong anti-interfering ability towards 

both oxidative and reductive species. Hence, the current strategy offers some valuable 

guidelines for porphyrin-based biomimetic assembly and the construction of 

nonenzymatic biosensors. 
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Captions 

Scheme 1. The scheme of the synthesis of CoIII-PPIX@Py2CD and its application for 

H2O2 detection 

 

Fig. 1. (A) The CD absorption spectra of CoIII-PPIX (curve a), Py2CD (curve b), and 

CoIII-PPIX@Py2CD (curve c). (B) The UV-vis absorption spectra of CoIII-PPIX 

(curve a) and CoIII-PPIX@Py2CD (curve b). 

 

Fig. 2. (A) The 1H NMR spectrum of Py2CD in the PBS under 25 °C. (B) The 

high-resolution N 1s XPS spectra of Py2CD (curve a) and CoIII-PPIX@Py2CD (curve 

b). (C) The high-resolution Co 2p XPS spectra of CoIII-PPIX (curve a) and 

CoIII-PPIX@Py2CD (curve b). 

 

Fig. 3. (A) The CV curves of CoIII-PPIX (curve a), CoIII-PPIX@Py2CD (curve b) and 

CoIII-PPIX@Py2CD with 10 mM H2O2 (curve c) in the air-saturated PBS. (B) The CV 

curves of CoIII-PPIX (curve a) and CoIII-PPIX@Py2CD (curve b) in the N2-saturated 

PBS. Inset in Fig. 3B display the plots of the scan rate vs. ipc of CoIII-PPIX (line a1) 

and CoIII-PPIX@Py2CD (line b1). (C) The CV curves of CoIII-PPIX@Py2CD in the 

pH range of 5~9. Inset in Fig. 3C is the peak potential (Ep) vs pH. 

 

Fig. 4. (A) Chronoamperometric responses of CoIII-PPIX@Py2CD by successive 



addition of H2O2 at the applied potential of -0.30 V in the electrolyte. Inset in Fig. 4A 

is the local zoom of the i~t curve. (B) The calibration curve of the reduction current 

against the H2O2 concentration. The amperometric responses in the presence of (C) 

reductive (DA and AA) and (D) oxidative (Fe3+, S2O8
2-, and MnO4

-) interferences.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figures 

Scheme 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. 1 
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Fig. 2 
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Fig. 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

150 300 450 600
-1.2

-1.0

-0.8

-0.6

10µµµµMH
2
O

2

10µµµµM H
2
O

2
 

10µµµµMH
2
O

2

 

 
C

u
rr

en
t 

/  µ µ  µ µ
A

Time / s

a c
10µµµµM H

2
O

2

a: Fe
3+

  

b: S
2
O

8

2-

b

c: MnO4
-

100 200 300 400
-1.2

-1.0

-0.8

-0.6

10 µ µ µ µM H
2
O

2

10 µ µ µ µM H
2
O

2

 
 

C
u

rr
en

t 
/ µµ µµ

A

Time / s

a

a:10 µµµµM AA
b:10 µµµµM DA

10 µ µ µ µM H
2
O

2

b

0 150 300 450

0.6

0.9

1.2

1.5

 

 

C
u

rr
en

t 
/  µ µ  µ µ

A
 

Concentration / fM

(B) 

1200 1800 2400 3000

-4

-3

-2

-1

 

 

C
u

rr
en

t 
/ µµ µµ

A
 

Time / s

(A) 

1500 2000 2500
-2.0

-1.5

-1.0

-0.5

 

 

C
ur

re
n

t /
µµ µµ A

 

Time /s

(D) (C) 



 

Table 1. Comparison of the analytical data of the as-fabricated biosensor for the 

determination of H2O2 with those reported previously. 

Analytical methods Linear ranges Detection limits References 

Electrochemisty 0.2-19 mM 2.75 mM              [44, 45] 

Electrochemisty 1-250 mM  0.49 mM [46] 

ECL 0.5-500 mM 0.04 mM [47] 

Fluorescence 10-100 mM 0.41 mM [48] 

Electrochemisty  1 µM -10 mM  0.25 mM This work 

 



Research Highlights 1 

► Py2CD was obtained by the covalent linkage of two β-CDs monomers with 3,5-bis 2 

(bromomethyl) pyridine. 3 

► The CoIII-PPIX@Py2CD were prepared by acyl chlorination reaction between the 4 

CoIII of CoIII-PPIX and pyridine N of Py2CD.  5 

► The catalyst dramatically improved the electronic conductivity and amplified the 6 

catalytic signals towards H2O2 reduction. 7 

► An ultrasensitive chronoamperometric sensor was developed for H2O2 detection. 8 

 9 

 10 

 11 

 12 

 13 
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