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Abstract:  

Metalloporphyrinic frameworks have been studied in many fields. However, their 

electrochemical properties were seldom reported. This work reports the synthesis and 

the electrochemical application of a new bimetallic metalloporphyrinic framework, 

[Cu2-Co [5,10,15,20-(4-carboxyphenyl)porphyrin] (H2O)2]·0.5DMF·5H 2O 

(Cu-CoTCPP) in which [5,10,15,20-(4-carboxyphenyl)porphyrin]Co(II) (CoTCPP) 

struts are bound by Cu(II)-carboxylate clusters (Cu2(COO)4). Cu-CoTCPP was 

synthesized by solvothermal method and characterized by various techniques, 

including XRD, IR, UV-vis, elemental analysis, TG, and TEM. Cu-CoTCPP showed 

novel bifunctional electrocatalytic ability toward the reduction/oxidation of H2O2 and 

the oxidation of NaNO2, which might be due to Cu and Co central ions, respectively. 

With the assistance of multi-walled carbon nanotubes (MWCNTs), Cu-CoTCPP 

showed further improved sensing performance toward H2O2. The linear detection 

ranges of Cu-CoTCPP/MWCNTs/GCE for H2O2 and NaNO2 are 5.0×10 -7 ~ 1.8×10 -4 

M and 2.5×10 -6 ~ 1.1×10 -3 M, respectively, with detection limits of 2.4×10 -7 M and 

1.7×10 -7 M, and sensitivity of 168 and 439 mA mol-1 L cm-2. The bifunctional 

electrocatalytic ability and the excellent performance imply that the 

metalloporphyrinic frameworks are promising candidates for fabricating 

electrochemical sensors. 

Keywords: bimetallic metalloporphyrinic frameworks, electrochemical sensing, 

hydrogen peroxide determination, nitrite determination 
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1. Introduction 

In recent two decades, metal-organic frameworks (MOFs) have received 

tremendous attention owing to their powerful attributes on structural and chemical 

versatility and tailorability [1]. Such materials have been examined for storage, 

separations, sensors, size and shape-selective catalysis, molecular recognition, and 

nanoscale reactors [2-6]. Metalloporphyrin molecules are excellent candidates to act 

as components of molecular building blocks for the construction of MOFs, because of 

various functional group substituents in the periphery of the molecule and the huge 

variety of available derivatives incorporating different centre-coordinated metals, 

thereby allowing fine control of the linkage motif [7]. Crystals of MOFs with 

porphyrin molecules as building blocks [8, 9] have been successfully synthesized and 

their highly selective adsorption [10] and catalytic properties [11] have been reported. 

However, the electrochemical catalytic property of metalloporphyrinic frameworks is 

still rarely investigated. 

Metalloporphyrins are very stable π-conjugated macrocyclic molecules forming a 

diverse class of multifunctional materials, which exhibit interesting and useful 

catalytic, optical, electronic and biological properties [12]. Therefore, 

metalloporphyrins have potential application in electrochemical sensing. Attracted by 

the high biomimetic catalytic efficiency of metalloporphyrins [13, 14] and various 

valence states and electrochemically active of copper/cobalt, porphyrin, copper and 

cobalt were selected to synthesize a bimetallic metalloporphyrinic framework. A new 

bimetallic MOF, [Cu2-Co [5,10,15,20-(4-carboxyphenyl)porphyrin] 
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(H2O)2]·0.5DMF·5H 2O (Cu-CoTCPP) was successfully synthesized hydrothermally 

in this work. This Cu-CoTCPP was successfully used to fabricate electrochemical 

sensors. Multi-walled carbon nanotubes (MWCNTs) were used to further improve the 

performance of the sensors.  

Hydrogen peroxide (H2O2) is an important signal molecule in many biological 

processes. Therefore the accurate determination of H2O2 is a hot topic in biosensing. 

Nitrite (NO2ˉ) has been widely used as a corrosion inhibitor and an additive in foods 

and physiological systems. Hence, effective determination of NO2ˉ is of great 

importance for public health. Comparing with those traditional methods, which are 

based on spectrophotometry [15, 16], fluorescence [3, 17], or chemiluminescence [18, 

19], electrochemical technique is simple, fast, low-cost, convenient and sensitive, and 

has been extensively employed in H2O2 and NO2ˉ determination. For example, Hua et 

al. reported a sensor based on a horseradish peroxidase/polyaniline/MWCNT for 

detecting H2O2 [20] and Hu et al. fabricated a sensor based on reduced graphene 

oxide and MWCNT hybrid to detect NO2ˉ [21]. Only a very few coordination 

polymers have been used as electrocatalysts [22, 23]. The MOFs cooperating with 

MWCNTs have been rarely reported in areas of modified electrodes [24]. In this work, 

a bimetallic MOF, Cu-CoTCPP/MWCNTs, was applied to construct a novel sensor for 

H2O2 or NO2ˉ with good performance. To our knowledge, Cu-CoTCPP provides the 

first example of bimetallic MOF toward the electrocatlysis of H2O2 or NaNO2.  

 

2. Experimental 
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2.1 Reagents  

All reagents were analytical pure and used as purchased without further 

purification. The 5,10,15,20-(4-carboxyphenyl)porphyrin (H2TCPP) and 

[5,10,15,20-(4-carboxyphenyl)porphyrin]Co(II) (CoTCPP) ligand were synthesized 

according to previous reports [25, 26]. Typically, pyrrole (20 mmol) and 

ethoxycarbonylbenzaldehyde (20 mmol) were added quickly in boiling propionic acid 

(160 mL). The mixture was refluxed for 2 h. The obtained crude product (H2TCPP) 

was washed with alcohol and purified by flash chromatograph. Then H2TCPP (0.1 

mmol) and CoCl2·6H2O (0.5 mmol) were added in 50 mL DMF and refluxed for 12 h. 

The product (CoTCPP-OMe) was washed with water. 

2.2 Equipment and apparatus 

Powder X-ray diffraction (XRD) patterns were carried out over a 2θ range of 

3-50° using a D/max 2500/PC diffractometer with Cu Kα radiation (λ=1.5406 Å). 

High resolution transmission electron microscope (HRTEM) images were taken on 

JEM-2100F. Scanning electron microscope (SEM) images were taken on JSM-7600F 

(Japan). Fourier transform infrared (FT-IR) spectra were recorded in the 400~4000 

cm-1 range on a German Bruke Tensor 27 Fourier transform-infrared 

spectrophotometer, using KBr pellets. UV-visible spectra (UV-vis) were collected in 

the 200~800 nm range on UV1700PC (Shanghai). Elemental analysis (C, H and N) 

was performed on a Vario EL III analyzer (Germany). Thermogravimetric data (TG) 

were obtained in nitrogen at 10C/min in the 25~800C on Perkin Elmer Pyris 1 

instrument (America). Energy dispersive X-ray spectroscopy (EDX) measurements 
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were carried out on Thermo Noran System7. 

Electrochemical measurements were performed on a CHI660E electrochemical 

workstation (Chenhua, Shanghai). A conventional three-electrode system was used, 

with a bare/modified GCE as working electrode, platinum electrode as counter 

electrode, and KCl-saturated calomel electrode (SCE) as reference electrode. 

Phosphate buffer solution (PBS, 0.1 M, pH 7.0) was used as electrolyte, and was 

purged of oxygen with high purity nitrogen for at least 20 min prior to any 

experiments. Cyclic voltammetry (CV) conditions: initial potential (E): -0.1 V; final E: 

1.0 V; initial scan: negative; scan rate: 0.1 V/s. 

2.3 Synthesis of [Cu2(CoTCPP)(H2O)2]·0.5DMF·5H 2O (Cu-CoTCPP) 

CoTCPP (0.01 mmol) and Cu(NO3)2·3H 2O (0.02 mmol) were dissolved in a 

mixture of DMF (5.0 mL) and nitric acid (1.0 M, 4 mL). The mixture was sealed in 

Teflon lined autoclave and heated at 65°C for 7 days. After slow cooling down to 

room temperature, the product was centrifuged and washed with DMF, EtOH, and 

H2O, respectively. After drying at room temperature, 

[Cu2(CoTCPP)(H2O)2]·0.5DMF·5H 2O (Cu-CoTCPP) was obtained as purple powder. 

2.4 Electrode modification  

5 mg of Cu-CoTCPP was ultrasonically dispersed in 400 μL deionized water. 6 

μL of this Cu-CoTCPP suspension was cast onto the surface of a pre-polished glassy 

carbon electrode (GCE,  3 mm) and dried in the air. Then 2 μL of 1% nafion 

solution was dropped to cover the electrode surface. After drying in the air, 

Cu-CoTCPP/GCE was obtained. In the case of Cu-CoTCPP/MWCNTs/GCE, similar 
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procedure was followed, except that 6 μL of suspension (5 mg/mL) of MWCNTs 

(length: >5 μm, diameter: 7~15 nm, purity: >97%, purchased from Shenzhen 

Nanotech Port Co., Ltd.) was cast onto the GCE surface and dried prior to the casting 

of Cu-CoTCPP. 

 

3. Results and discussion 

3.1 Characterization of Cu-CoTCPP  

Figure 1 shows the schematic representation of Cu-CoTCPP and CoTCPP, which 

has been evidenced by the XRD result shown in Figure 2. The XRD result indicates 

that Cu-CoTCPP has a layered structure which is similar to CoTCPP-py-Cu (NAFS-1) 

[27] with the same plane structure but different interlayer spacing. The peaks in Fig. 2 

marked with * at 7.5 (7.5), 19.5 (19.5), 21.4 (21.5), 23.2 (23.3), 30.5 (30.6), and 39.0° 

(39.0°) for Cu-CoTCPP are consistent with those for NAFS-1 (shown in the following 

parentheses), which are respectively indexed as (110), (320), (400), (330), (440), and 

(550)/(710) on a metrically tetragonal unit cell with basal plane dimensions [27]. The 

layered structure model for NAFS-1 are composed of CoTCPP units linked by 

binuclear Cu2(COO)4 paddle-wheels [27]. The experimental XRD pattern of plane 

structure is in excellent agreement with the simulated powder XRD pattern of the 

plane structure model for NAFS-1 [27]. Therefore, it can be concluded that 

Cu-CoTCPP has a layered structure (Fig. 1A and B) similar to that of NAFS-1. The 

XRD pattern of NAFS-1 has three diffraction peaks at 9.3, 18.9, and 28.9°, which can 

be indexed as (001), (002), and (003), suggesting that NAFS-1 has a layered structure 
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and the interlayer spacing is 0.94 nm [27]. The peaks in Fig. 2 marked with ^ at 8.8°, 

17.8°, and 36.5° are respectively indexed as (001), (002), and (004) for Cu-CoTCPP, 

indicating the layered structure with interlayer spacing of 1.0 nm, which is greater 

than the 0.94 nm for NAFS-1. The interdigitated layer stacking of NAFS-1 can be 

driven by attractive π-π interactions between adjacent Cu2+-coordinated pyridine 

molecules that protrude from the 2D sheets [27], the absence of any coordinated 

pyridine molecules in Cu-CoTCPP led to the interdigitated layer stacking through van 

der Waals force, so the interlayer spacing is greater than the interlayer spacing of 

NAFS-1, meanwhile the absence of pyridine molecules led to the disappearance of 

peak at 11° (220) [27]. The absence of pyridine molecules in Cu-CoTCPP may be 

more suitable for biosensing. The enlarged interlayer space of this new bimetallic 

metalloporphyrinic framework allows the easy access of those analytes with dimeter 

small than 1 nm (for example, H2O2 or NO2ˉ) to the catalytic active sites of Cu or Co 

ions. Overall, the XRD results show Cu-CoTCPP are composed of a similar 2D 

“checkerboard” motif of [5,10,15,20-(4-carboxyphenyl)porphyrin]Co(II) (CoTCPP) 

units linked by binuclear Cu2(COO)4 paddle-wheels and the interlayer spacing is 1.0 

nm. 

The IR spectra indicate that the CoTCPP struts are formed and suggest a bridging 

coordination mode of carboxyl group to copper. The IR spectra of CoTCPP and 

Cu-CoTCPP are shown in Fig. 3A. The absorption band at 1003 cm-1 for CoTCPP is 

assigned to the Co-N stretching vibration and the absorption bands at 825, 797, 766, 

and 716 cm-1 are assigned to the stretching vibration of porphyrin framework, which 
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indicates the formation of the CoTCPP [28]. The absorptions at 1726 cm-1 are clearly 

due to the stretching vibration of the C=O of carboxylic acids and the absorptions at 

1435 cm-1 due to the vibration of the O-H of carboxylic acids. Those peaks disappears 

in the IR spectrum of the Cu-CoTCPP, indicating that the four –COOH groups of 

CoTCPP ligand are all coordinated with Cu [9]. The peaks at 1604 and 1404 cm-1 are 

assigned to the symmetric (vs
coo-) and antisymmetric (vas

coo-) stretching vibration of the 

–COO- groups. The Δν (vas
coo- - v

s
coo-) is 200 cm-1, indicating the high symmetry of the 

carboxyl group and suggesting a bridging coordination mode of carboxyl group to 

copper [23]. Summarily, four N from porphyrin ring of H2TCPP coordinated with 

cobalt to form CoTCPP struts, and carboxyl groups from CoTCPP coordinated with 

copper to form a bridging coordination mode. Those results coincide with the 

structure of Cu-CoTCPP, which consists of CoTCPP units linked by binuclear 

Cu2(COO)4 paddle-wheels.  

The Ultraviolet-visible (UV) absorption spectra confirm that the Co-N 

coordination bond and the Cu-carboxylate clusters exist in the Cu-CoTCPP. The UV 

absorption spectra of H2TCPP, CoTCPP and Cu-CoTCPP in DMF are shown in Fig. 

3B. The absorption spectrum of H2TCPP (line a in Fig. 3B) is characteristic of free 

base porphyrins of D2h symmetry in solution, displaying an intense Soret band in the 

near UV region which is centered at 419 nm and four low energy Q bands in the 

visible region occurring at 515, 549, 590, and 646 nm [28]. The absorption spectrum 

of CoTCPP is shown by line b in Fig. 3B. Upon chelation with a metal cobalt ion, the 

symmetry increases to D4h and is accompanied by a red shift of the Soret band to 433 
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nm and collapse of the four Q-bands into two bands at 548 and 595 nm [29]. In 

comparison with the spectrum of CoTCPP in DMF solution, the Soret band of 

Cu-CoTCPP (line c in Fig. 3B) blue-shifts to 419 nm, while the two Q-bands convert 

into one band at 548, due to the formation of the Cu–O coordination bond between the 

copper ion and the oxygen atom from the carboxyl group of the corresponding 

porphyrin molecules [30]. The results prove that Co has been coordinated successfully 

with H2TCPP and Cu has been coordinated successfully with carboxylic acids of 

CoTCPP molecules to form Cu-CoTCPP. 

According to the results of TG and the elemental analysis, we conclude the 

formula of Cu-CoTCPP is [Cu2(Co-TCPP)(H2O)2]·0.5DMF·5H 2O. The thermal 

property of Cu-CoTCPP was studied in the range of 22~800C (Fig. S1). The 

thermogravimetric analysis indicated a weight loss of 7.5% over the temperature 

range 22~66C, which can be attributed to the loss of 5 mol H2O (the calculated result 

according to the formula [Cu2(CoTCPP)(H2O)2]·0.5DMF·5H 2O (calcd.) is 7.9%), 0.5 

mol DMF was lost in the range of 66~114C with weight loss of about 3.2% (calcd. 

3.3%), the coordinated 2 mol H2O were lost in the range of 114~278C with a further 

weight loss of about 3.2% (calcd. 3.2%). Therefore, we conclude the formula is 

[Cu2(Co-TCPP)(H2O)2]·0.5DMF·5H 2O. The elemental analysis was used to 

investigate the composition of the prepared products. The result showed that 

Cu-CoTCPP contained (wt%): C 52.85, N 5.26, H 3.68. And the calculated result 

according to the formula [Cu2(Co-TCPP)(H2O)2]·0.5DMF·5H 2O is C 52.46, N 5.56, 

H 3.69. The expermental data are in agreement with the theoretical values. The 
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consistency between them suggests that the formula [Cu2 

(Co-TCPP)(H2O)2]·0.5DMF·5H 2O is resonable. In addition, the proportion of Cu and 

Co in Cu-CoTCPP is confirmed by the EDX as 2:1. 

Electron microscope images (Fig. 4) show that particles are composed of stacked 

sheets. HRTEM image (Fig. 4A) of Cu-CoTCPP indicates that the obtained products 

are irregular particles, which are formed by stacking of a large number of sheets layer 

by layer. SEM images of Cu-CoTCPP in Fig. 4B and C further illustrate its 

morphology. Fig. 4B and C shows the SEM images of Cu-CoTCPP at different 

magnifications, which evidences again that the prepared Cu-CoTCPP is formed by 

stacking flakes. The size of flakes is around 200~300 nm. 

 

3.2 Electrochemistry of Cu-CoTCPP 

CV was used to investigate the electrochemistry property of Cu-CoTCPP. As 

shown in Fig. 5, there is only a smooth background curve for bare GCE (curve a, red 

solid line). For Cu-CoTCPP/GCE (curve b, blue solid line), there is a couple of redox 

peaks 1/1’ which can be assigned to Cu
Ⅱ
/Cu

Ⅰ
[31, 32]. However, the reduction peak is 

larger than the oxidation peak. This is most possibly due to the instability of the 

reduced form of complex which may undergo a fast chemical oxidation [33]. 

Meanwhile, there is an irreversible oxidation peak 2 in the CV of Cu-CoTCPP/GCE, 

which can be assigned to the oxidation process of Co
Ⅱ
/Co

Ⅲ [34]. 

The electrocatalysis of the Cu-CoTCPP/GCE towards H2O2 and NO2ˉ was also 

investigated by CV. As shown in Fig. 6A, the oxidation current of bare GCE does not 
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change when H2O2 was added: curve b (with H2O2) completely overlaps curve a 

(without H2O2). As for the modified electrode Cu-CoTCPP/GCE (curve c, without 

H2O2), both 1’ and 2 peaks increased significantly with the addition of H2O2 (curve d, 

with H2O2). This result shows that the active site of copper has electrocatalytic ability 

toward the reduction of H2O2. And the active site of cobalt has electrocatalytic ability 

toward the oxidation of H2O2. This result suggests that Cu-CoTCPP has bi-directional 

electrocatalytic ability toward both the reduction and oxidation of H2O2. 

As shown in Fig. 6B, the current on bare GCE increases only very slightly at the 

potential of near 1.0 V when NaNO2 was added (curve a and b). As for the modified 

electrode, Cu-CoTCPP/GCE, oxidation peak of Co
Ⅱ
/Co

Ⅲ
 (curve c, without NaNO2) 

increases significantly with the addition of NaNO2 (curve d, with NaNO2). This result 

suggests that the site of cobalt has electrocatalytic activity toward the oxidation of 

NaNO2. However, the redox peaks of Cu
Ⅱ
/Cu

Ⅰ
 are essentially unchanged, which 

shows the active site of copper has no obvious electrocatalytic ability toward NaNO2. 

These results suggest that both Cu and Co centers in Cu-CoTCPP/GCE have 

electrocatalytic activity. The copper center has electrocatalytic ability toward the 

reduction of H2O2 while the cobalt center has electrocatalytic ability toward the 

oxidation of H2O2 or NaNO2. Therefore this sensor can be used to detect hydrogen 

peroxide or nitrite, respectively.  

According to the CV results, -0.25 and 0.85 V were respectively chosen as 

constant reduction and oxidation potentials in chronoamperometry (Fig. S2) to 

investigate the performance of the modified electrode as a sensor towards H2O2. The 
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better performance was obtained at the potential of -0.25 V, where the detection limit 

is 1.4×10 -6 M and the linear range is 7.0×10 -5 ~ 4.71×10 -3 M (R=0.996), with a 

sensitivity of 28.5 mA mol-1 L cm-2. At potential of 0.85 V, the corresponding data are 

9.9×10 -6 M, 5.8×10 -5 ~ 1.56×10 -2 M (R=0.997), and 4.23 mA mol-1 L cm-2. The 

electrocatalytic activity of Cu-CoTCPP toward the reduction of H2O2 is higher than 

that toward the oxidation of it. 

Fig. S3 shows the amperometric responses of the Cu-CoTCPP/GCE to 

successive addition of NaNO2 at the potential of 0.85 V. The detection limit is 

8.0×10 -6 M and the linear range is 3.5×10 -5 ~ 5.5×10 -3M (R=0.997), with a sensitivity 

of 15.32 mA mol-1 L cm-2. 

 

3.3 Electrochemistry of Cu-CoTCPP/MWCNTs 

To improve the performance of the sensors, MWCNTs were added onto the GCE 

surface prior to the casting of Cu-CoTCPP, which may reduce the charge transfer 

resistance at the electrode surface and therefore increase the sensitivity of the 

modified electrodes, as is often done [23]. Fig. 7A compares CVs of bare GC 

electrode (a, red solid curve), Cu-CoTCPP/GCE, (b, blue dash curve), 

MWCNTs/GCE (c, black solid curve), and Cu-CoTCPP/MWCNTs/GCE (d, black 

dash curve). The background charge-discharge current on MWCNTs/GCE is 

increased greatly, which is due to the modification of MWCNTs and the resulted 

increased electrode area. More importantly, in Fig. 7A, the redox peak current of 1/1’ 

on Cu-CoTCPP/MWCNTs/GCE (curve d) is much larger than that on 
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Cu-CoTCPP/GCE (curve b), which should be due to the reduce of the charge transfer 

resistance at the electrode surface. In order to evidence this point electrochemical 

impedance spectroscopy (EIS) of three kinds of electrodes (GC electrode, 

MWCNTs/GCE, and Cu-CoTCPP/MWCNTs/GCE) in 0.1 M KCl containing 5 mM 

[Fe(CN)6]
4-/3- was carried out and the results are shown in Fig. 7B. The diameter of 

semicircle at the high frequency is commonly used to evaluate the electron transfer 

resistance at the electrode surface, i.e., Rct [36]. The larger diameter of the semicircle 

for GC electrode indicates a relative difficult interfacial electron transfer, or a larger 

Rct of GC electrode. In comparison, there is almost no charge transfer resistance on 

MWCNTs/GCE or Cu-CoTCPP/MWCNTs/GCE, suggesting a fast electron transfer 

on the modified electrode surface. 

Different from the CVs of Cu-CoTCPP/GCE in Fig. 6, a new pair of redox peaks 

3/3’ at around 0.2 V appears in the CV of Cu-CoTCPP/MWCNTs/GCE (curve d in 

Fig. 7). It is also observed in the CV of MWCNTs/GCE (curve c) and assigned to the 

redox processes of the carboxyl group on MWCNTs [35]. Peaks 1/1’ and 2 were 

assigned to Cu
Ⅱ

/Cu
Ⅰ

 and Co
Ⅱ

/Co
Ⅲ

, respectively, similar to those in the CVs of 

Cu-CoTCPP/GCE in Fig. 6. MWCNTs have stronger influence on the redox peaks of 

copper than on the oxidation peak of cobalt. 

CVs of Cu-CoTCPP/MWCNTs/GCE (Fig. S4) indicate that the reduction current 

of Cu
Ⅱ
 to Cu

Ⅰ
 responding to H2O2 addition increases after MWCNTs were added, 

The reduction peak 1’ of curve c in Fig. S4 (without H2O2) increases obviously after 

H2O2 was added (curve d). However, both reduction and oxidation currents for 
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MWCNTs/GCE do not change when H2O2 was added (curve a and b). The result 

shows that MWCNTs has no obvious electrocatalytic ability toward H2O2. MWCNTs 

only improve the charge transport property of electrodes and make them more 

sensitive. The electrocatalytic active site for detection of H2O2 is still copper in 

Cu-CoTCPP. Addition of NaNO2 has the similar influences on the oxidation peak of 

Co
Ⅱ
/Co

Ⅲ on Cu-CoTCPP/MWCNTs/GCE and MWCNTs/GCE electrodes, suggesting 

that the cobalt center in Cu-CoTCPP is still active site for the detection of NaNO2. 

Due to its superior electrocatalytic activity discussed above, 

Cu-CoTCPP/MWCNTs/GCE was used for amperometric study. Fig. 8A shows the 

typical amperometric responses of the Cu-CoTCPP/MWCNTs/GCE to the successive 

addition of H2O2 at an applied potential of -0.25 V in 0.1 M PBS (pH 7.0). As can be 

seen from Fig. 8A, a good linear relationship was obtained between the reduction 

current (Ic) and concentration of H2O2 (CH) from 5.0×10 -7 to 6.2×10 -3 M (Ic (μA) = 

(-11.86815 ± 0.10708) CH (mM) + (-0.56706 ± 0.06929), R=0.999), the detection 

limit of 2.4×10 -7 M was estimated at a signal-to-noise ratio of three, the detection 

sensitivity was 168 mA mol-1 L cm-2. 

The detection performance of Cu-CoTCPP/MWCNTs/GCE towards H2O2 was 

much better than those of Cu-CoTCPP/GCE (7.0×10 -5 ~ 4.71×10 -3 M (R=0.996), 

1.4×10 -6 M, 28.5 mA mol-1 L cm-2, correspondingly). Obviously, MWCNTs had 

greatly improved the performance of the sensor. This sensor is also good in 

comparison with many other H2O2 sensors based on nanoscale noble metals and 

oxides. Not only its linear detection range extended to much lower concentration, but 
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also its detection limit was lower than Ag/nichrome (5.8×10 -7 M) [37], 

AgNPs-NFs(POPD)/GCE (6.2×10 -5 M) [38] and H2TCPP-Fe3O4 (1.07 × 10 −6 M) [39]. 

Meanwhile, its sensitivity was higher than β-MnO2 nanorods/GCE (21.74 mA mol-1 L 

cm-2) [40]. The performance of Cu-CoTCPP/MWCNTs/GCE was somewhat similar 

to some sensors based on polymers containing Cu, such as [Cu(tyr)2]n/GCE [32] and 

GC/PVI/[Cu(2pymehist)Cl](ClO4) [41]. Its detection limit was lower than those 

sensors based on CNTs, such as Hb-SWCNTs-CTAB (7.87×10-6 M) [42] and 

Mb-SWCNTs-CTAB (8.07×10-6 M) [42]. Its detection limit was also lower and the 

linear detection range extended to much lower concentration than 

HRP/PAn/MWCNTCOOH/Au (8.6×10 -5 M, 8.6×10 -5~1×10 -2 M) [20]. 

Fig. 8B shows the typical amperometric responses of the 

Cu-CoTCPP/MWCNTs/GCE to the successive addition of NaNO2 at an applied 

potential of 0.85 V in 0.1M PBS (pH 7.0). A good linear relationship was obtained 

between the oxidation current (Ia) and different concentrations of NaNO2 (CN) from 

2.5×10 -6 to 1.1×10 -3 M (Ia (μA) = (30.99495 ± 0.12659) CN (mM) + (1.8654± 

0.05469), R=0.9999), the detection limit of 1.7×10 -7 M was estimated at a 

signal-to-noise ratio of three, the detection sensitivity was 439 mA mol-1 L cm-2. The 

detection performance towards NaNO2 was much better than those of 

Cu-CoTCPP/GCE (3.5×10 -5 ~ 5.5×10 -3 M (R=0.997), 8.0×10 -6 M, 15.32 mA mol-1 L 

cm-2, correspondingly). Compared with other electrochemical sensors to nitrite such 

as noble metals, nanotube composites and Co-containing compounds, its performance 

is improved. Its sensitivity is higher than Au-PEI/GO/GCE (411 mA mol-1 L cm-2) 
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[43]. Its linear detection range is extended to much lower concentration than 

PEDOT-AuNPs (3.0×10-6 ~ 3×10-3 M) [44] and RGO–MWCNTs/GCE (7.5×10 -5 ~ 

-6.06×10 -3 M) [21]. Its detection limit was also lower than RGO–MWCNTs/GCE 

(2.5×10 -5 M) [21]. 

The selectivity, stability, and reproducibility of the sensor were also investigated. 

Although it is well known that some potentially coexisting compounds such as K+, Clˉ, 

NO3ˉ, Acˉ, Zn2+, Mg2+, UA (uric acid) and Glu (glucose) in the biological system will 

affect the sensor response [45], they do not significantly disturb the determination of 

H2O2 and NO2ˉ as shown in Fig. S5 and 6. Citric acid and ascorbic acid (AA) do not 

disturb the determination of NO2
-, but disturb the determination of H2O2 slightly as 

shown in Fig. S7 and 8. However, dopamine disturbs the determination of NO2ˉ 

seriously.  

The electrode still maintained 95.6% of its response after preserved under 

ambient condition for 36 days. The relative standard deviation (RSD) for 6 detection 

results from parallel electrodes was 6.9%.  

To demonstrate the applicability of this sensor for the analysis of the sample, it 

was applied to determine H2O2 or NO2
- in artificial samples. The recovery test was 

performed by standard-addition method. The results are summarized in Table 1 and 

Table 2.  

In summary, this electrochemical sensor based on Cu-CoTCPP/MWCNTs/GCE 

can be used for the determination of hydrogen peroxide and nitrite without significant 

interference. Cu-CoTCPP/MWCNTs/GCE showed general superiorities over other 
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reported sensors: such as fast response, high steadiness, and cheapness. Meanwhile, 

high sensitivity and selectivity were retained as well. The high sensitivity, stability, or 

reproducibility of this Cu-CoTCPP/MWCNTs/GCE sensor should be mainly related 

to the special structure of Cu-CoTCPP, which is composed of a 2D “checkerboard” 

motif of CoTCPP units linked by binuclear Cu2(COO)4 paddle-wheels with a 

interlayer spacing of 1.0 nm. This structure allows the convenient access of analytes 

to the catalytic centers and also avoid the leaching of catalytic ions or the 

agglomeration of catalytic centers. 

 

 

4. Conclusions 

In summary, we successfully synthesized a bimetallic metalloporphyrinic 

framework Cu-CoTCPP with interesting electrocatalytic property. It is constructed 

from CoTCPP units bridged by binuclear Cu2(COO)4 paddle-wheels. Based on an 

overall consideration of various characterizations, including XRD, TEM, SEM, IR, 

UV-vis, TG, and elemental analysis, it can be deduced that Cu-CoTCPP is a new 

coordination polymer with a formula of [Cu2(Co-TCPP)(H2O)2]·0.5DMF·5H 2O. Very 

interestingly, Cu-CoTCPP/GCE showed electrocatalytic ability toward the reduction 

of H2O2 and oxidation of NO2ˉ. Furthermore, the addition of MWCNTs improved the 

electrode’s sensitivity. -0.25 V was chosen to obtain good performance for reductive 

determination of H2O2 and 0.85 V was chosen to obtain good performance for 

oxidative determination of NO2ˉ. Cu-CoTCPP /MWCNTs/GCE showed fast response 
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to H2O2 and NO2ˉ and had a quite low detection limit of 2.4×10 -7 M, a wide linear 

range of 5.0×10 -7 ~ 6.2×10 -3 M and a high sensitivity of 168 mA mol-1 L cm-2 for 

H2O2, meanwhile it also had a lower detection limit of 1.7×10 -7 M, a linear range of 

2.5×10 -6 ~ 1.1×10 -3 M and a higher sensitivity of 439 mA mol-1 L cm-2 for NO2ˉ. In 

addition, it also had good selectivity, high stability and reproducibility.  
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Figure Captions 

Fig. 1. Schematic representation of Cu-CoTCPP (A) in top view, (B) in side view, and 

(C) schematic representation of CoTCPP. 

 

Fig. 2. The XRD diffraction pattern of Cu-CoTCPP. 

 

Fig. 3. (A) FTIR spectra of CoTCPP (a) and Cu-CoTCPP (b). (B) UV-vis absorption 

spectra of H2TCPP (a), CoTCPP (b), and Cu-CoTCPP (c) in DMF. 

 

Fig. 4. (A) HRTEM image, (B, C) SEM images of the Cu-CoTCPP. 

 

Fig. 5. CVs of bare GC electrode (a) and Cu-CoTCPP/GC electrode (b) in 4 mL 

N2-saturated PBS (0.1 mol L-1, pH 7.0). The scan rate: 100 mV s-1. 

 

Fig. 6. (A) CVs of bare GC (a, b) and Cu-CoTCPP/GC (c, d) electrode without H2O2 

(a, c) and with 0.5 mmol L-1 H2O2 (b, d). (B) CVs of bare GC (a, b) and 

Cu-CoTCPP/GC (b, d) electrode without NaNO2 (a, c) and with 0.25 mmol L-1 

NaNO2 (b, d). All CVs were carried out in 4 mL N2-saturated PBS (0.1 mol L-1, pH 

7.0). The scan rate: 100 mV s-1. 

 

Fig. 7. (A) CVs of bare GC electrode (a, red solid curve), Cu-CoTCPP/GCE, (b, blue 

dash curve), MWCNTs/GCE (c, black solid curve), and Cu-CoTCPP/MWCNTs/GCE 
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(d, black dash curve) in N2-saturated PBS (0.1 mol L-1, pH 7.0). The scan rate: 100 

mV s-1. (B) EIS of GC electrode, MWCNTs/GCE, and Cu-CoTCPP/MWCNTs/GCE 

in 0.1 M KCl containing 5 mM [Fe(CN)6]
4-/3-. The frequency range is from 0.01 Hz to 

100 kHz. 

 

Fig. 8. Amperometric responses of Cu-CoTCPP/MWCNTs/GCE to successive 

addition of H2O2 (A) at -0.25 V or NaNO2 (B) at 0.85 V in 4 mL N2-saturated PBS 

(0.1 M, pH 7.0). Inset: the corresponding linear curves of currents versus the 

concentration of H2O2 and NaNO2. 
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Table Captions 

 

Table 1. Determination of H2O2 in the artificial samples and the recovery. 

 

Table 2. Determination of NaNO2 in the artificial samples and the recovery 
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Fig. 1. Schematic representation of Cu-CoTCPP (A) in top view, (B) in side view, and 

(C) schematic representation of CoTCPP. 

Page 27 of 36 Journal of Materials Chemistry B

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
B

A
cc

ep
te

d
M

an
us

cr
ip

t



 

 28 

 

 

 

 

Fig. 2. The XRD diffraction pattern of Cu-CoTCPP. 
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Fig. 3. (A) FTIR spectra of CoTCPP (a) and Cu-CoTCPP (b). (B) UV-vis absorption 

spectra of H2TCPP (a), CoTCPP (b), and Cu-CoTCPP (c) in DMF.  
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Fig. 4. (A) HRTEM image, (B, C) SEM images of the Cu-CoTCPP. 
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Fig. 5. CVs of bare GC electrode (a) and Cu-CoTCPP/GC electrode (b) in 4 mL 

N2-saturated PBS (0.1 mol L-1, pH 7.0). The scan rate: 100 mV s-1. 
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Fig. 6. (A) CVs of bare GC (a, b) and Cu-CoTCPP/GC (c, d) electrode without H2O2 

(a, c) and with 0.5 mmol L-1 H2O2 (b, d). (B) CVs of bare GC (a, b) and 

Cu-CoTCPP/GC (b, d) electrode without NaNO2 (a, c) and with 0.25 mmol L-1 

NaNO2 (b, d). All CVs were carried out in 4 mL N2-saturated PBS (0.1 mol L-1, pH 

7.0). The scan rate: 100 mV s-1. 
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Fig. 7. (A) CVs of bare GC electrode (a, red solid curve), Cu-CoTCPP/GCE, (b, blue 

dash curve), MWCNTs/GCE (c, black solid curve), and Cu-CoTCPP/MWCNTs/GCE 

(d, black dash curve) in N2-saturated PBS (0.1 mol L-1, pH 7.0). The scan rate: 100 

mV s-1. (B) EIS of GC electrode, MWCNTs/GCE, and Cu-CoTCPP/MWCNTs/GCE 

in 0.1 M KCl containing 5 mM [Fe(CN)6]
4-/3-. The frequency range is from 0.01 Hz to 

100 kHz. 
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Fig. 8. Amperometric responses of Cu-CoTCPP/MWCNTs/GCE to successive 

addition of H2O2 (A) at -0.25 V or NaNO2 (B) at 0.85 V in 4 mL N2-saturated PBS 

(0.1 M, pH 7.0). Inset: the corresponding linear curves of currents versus the 

concentration of H2O2 and NaNO2.  
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Table 1. Determination of H2O2 in the artificial samples and the recovery 

Sample Sample 

Concen./mM 

Added/mM Found/mM Recovery(%) RSD 

(%) 

1 0.25 0.25 0.22 88 20.2 

0.25 0.50 0.61 122 19.1 

2 0.50 0.50 0.47 94 14.8 

0.50 1.00 1.00 100 12.4 

  

 

Table 2. Determination of NaNO2 in the artificial samples and the recovery 

 

Sample Sample 

Concen./mM 

Added/mM Found/mM Recovery(%) RSD 

(%) 

1 0.25 0.25 0.19 76 6.3 

0.25 0.50 0.53 106 2.5 

2 0.50 0.50 0.55 110 4.9 

0.50 1.00 1.13 113 10.5 

 

 

Page 35 of 36 Journal of Materials Chemistry B

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
B

A
cc

ep
te

d
M

an
us

cr
ip

t



A table of contents entry: 

 

  

 

Bimetallic electrocatalytic ability of a new metallic porphyrin, Cu-CoTCPP, toward 
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