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1. Synthesis of 2,9,16,23-tetra[4-(N- methyl)pyridinyloxy] phthalocyanine cobalt(Ⅱ) 

sulfate ([TMPyPcCo](SO4)2)

The synthetic scheme of [TMPyPcCo](SO4)2 is shown in scheme S1.[1]
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Scheme S1. Synthetical scheme of 2,9,16,23-tetra[4-(N- methyl) pyridinyloxy] 

phthalocyanine cobalt(Ⅱ) sulfate

1.1 Synthesis of 4-(Pyridine-4-yloxy) phthalonitrile

4-Nitrophthalonitrile (0.07 mol, 12.24 g) and 4-hydroxypyridine (0.08 mol, 8.04 g) 

were stirred with dry dimethylformamide (100 mL) under nitrogen at room 

temperature, while anhydrous potassium carbonate (0.086 mol, 12.0 g) was added 

every 10 hours in three equal lots. The mixture was stirred efficiently for further 5 

days, and then poured into ice-water (100 mL) with stirring. The resulting precipitate 

was collected by filtration, washed with distilled water and then vacuum dried. The 

rough product was further purified by silica gel column chromatography, eluting with 

trichloromethane /acetone (5 : 1, V/V), eventually to form white crystals. Yield: 9.33 

g (72.43%). 1H NMR (CDCl3, TMS, δ ppm): 2.76 (s, 6H, CH3), 8.03(d, 1H, Ar), 7.85 

(d, 1H, Ar), 7.62 (d, 2H, Py) , 7.54 (s, 1H, Ar), 6.58 (d, 2H, Py). 



1. 2 Synthesis of 2,9,16,23- tetra[4- (N- methyl) Pyridinyloxy] phthalocyanine 

cobalt(Ⅱ) sulfate ([TMPyPcCo]4+)

4-(Pyridine-4-yloxy)phthalonitrile (0.008 mol, 1.70 g), anhydrous cobalt (II) chloride 

(0.004 mol, 0.49 g) and 1,8-dicyanobicycio-[5.4.0]-undec-7-ene (DBU) (0.014 mol, 2 

mL) were heated in freshly distilled 1-pentanol (50 mL) at reflux temperature for 12 h 

under nitrogen. After cooling to room temperature, the precipitate was filtered, 

washed successively with methanol (50 mL) and acetone (50 mL), and then dissolved 

in dry dimethylformamide (10 mL) while heating to 120 ºC. After adding a few drops 

of dimethyl sulfate (0.5 mL, 0.0053 mol), the reaction mixture was stirred 

continuously at 120 ºC for 12 h. After that, the solution was poured into hot acetone 

(15 mL) and the resultant solid collected by filtration and washed thoroughly with 

acetone. The filter-cake was dried in a vacuum oven at 50 ºC for 1 h, affording dark 

purple powders. Yield: 0.90 g (39.42%). MALDI-MS Calcd (Found): m/z= 1003.26 

(1003.21) [M+].

1.3 The pretreatment of the substrates

The glassy carbon electrode (GCE, diameter 4 mm) and indium tin oxide (ITO) 

coated glass (3.0 cm×1.0 cm) were used as substrates for electrochemical 

measurement and characterization. The GCE substrates were polished with 1.0, 0.3 

and 0.05 μm aluminum oxide powder successively and ultrasonically washed with 

ethanol and distilled water for 1 min, respectively. The ITO glass substrates were 

cleaned by sonication in a series of solvents, acetone, ethanol, and deionized water, 

for 30 min each. Then the substrates were electrochemical activation, which 

performed as follows: first, the substrates were immersed in the PBS solution and 

cleaned by cyclic voltammetry between - 0.5 and + 1.2 V at 50 mV s−1 until a stable 

profile was obtained, then the substrates were oxidized at 2.0 V for 60 s followed by 

reduction at−1.1 V for 30 s. Finally, the pretreated substrates were dried with nitrogen 

gas and used for modification immediately.

1.4 The detection limit (LOD) calculation method

For a linear calibration curve, it can be expressed in a model such as y = b + kx. This 

model is used to compute the sensitivity b and the LOD. Therefore, the LOD can be 

expressed as LOD = 3 S/k, where S is the standard deviation of the background 
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current response and k is the sensitivity, which is the slope of the calibration curve. 

When calculating the S, the background current response is necessary. More than 11 

values of the matrix blank responses are selected. This method can be applied in all 

cases, and it is most applicable when the analysis method does not involve 

background noise.[2, 3] 

Fig. S1 (A) UV-vis absorption spectrum of aCNTs dispersed in aqueous solution; (B) 

the Raman spectrum of pure [TMPyPcCo](SO4)2 film.

In the Raman spectrum of [TMPyPcCo](SO4)2 (Fig. S1 (B)), two mainly peaks at 

1393 cm-1
 and 1544 cm-1 correspond to the symmetry B1g modes; while the weak 

peaks at 1129 cm-1
 and 1245 cm-1 is attributed to B2g active modes. The 

nondegenerate B1g and B2g modes are in-plane vibrations.[4,5]



Fig. S2 (A) The survey spectra of [TMPyPcCo](SO4)2 (a), aCNTs (b), and 

[TMPyPcCo/aCNTs]12 film on ITO substrate (c); (B and C) the high-resolution Co2p 

and O1s XPS of [TMPyPcCo/aCNTs]12 film, respectively.



Fig. S3 CVs of the [TMPyPcCo/aCNTs]12/GCE in 0.1 M PBS (pH = 6.2) solution 

containing 1 mM NO2
- measured at different scan rates (10-100 mV∙s-1). Inset: the 

calibration plots between the anodic peak currents vs. the scan rate (Ipa = 1.32061 × 

v1/2 + 12.388 (μA, mV1/2∙s-1/2), R2 = 0.996; Ipa and V are anodic peak current and scan 

rate, respectively).

Fig. S4 CVs of the [TMPyPcCo/aCNTs]n/GCE (n = 2-20) in 0.1 M PBS (pH = 6.2) 

solution containing 1 mM NO2
-, scan rate: 50 mV∙s-1. Inset: The corresponding linear 

calibration relationship of the current response of 1 mM NO2
- vs. n.



Fig. S5 (A) CVs of [TMPyPcCo/aCNTs]12/GCE in 0.1 M PBS solution containing 1 

mM NO2
- at different pH value, scan rate: 50 mV∙s-1; (B) the relation between the 

oxidation peak currents and the pH values.

Fig. S6 CVs of [TMPyPcCo/aCNTs]12/GCE in 0.1 M PBS solution containing 1 mM 

NO2
- (pH = 6.2) (scan rate: 50 mV∙s-1), N2-saturated solution (red dashed line) and air-

saturated solution (black line).



Fig. S7 Amperometric response of the [TMPyPcCo](SO4)2/GCE (red line) and 

aCNTs/GCE (black line) (holding at 0.7 V vs. SCE) for the successive additions of 

0.5 mM to 30 mM NO2
- into continuously stirred 0.1 M PBS (pH = 6.2).

Table S1 Comparison of the sensing performance of different NO2
- electrochemical 

sensors

Electrode
Sensitivity 

(μA/mM)

Linear range 

(μM)

Limit detection 

(μM)
Ref.

Fe2O3/rGO 204 0.05-780 0.015 [6]

GC/TiNnp/NH2-IL/Hba 27 0.1-2000 0.1 [7]

GCE/MTpAP/cit-AuNPs — 0.5-4700 0.06 [8]

Ag-Au microtrench 

electrodes
— 200-1400 24 [9]

Cu/f-RGO/GCEb 81.6 0.15-10500 0.06 [10]

PEDOT-HMFc 382.8 50-7500 0.59 [11]

f-ZnO@rFGO 0.3809 10-8000 33 [12]

Hb/Au/GACS/GCEd 9.3 0.05-1000 0.1 [13]

RGO-MWCNT-Pt/Mbe 11.7 1-12000 0.93 [14]

SiO2/C/MnPc 17300 0.79-15.74 0.02 [15]

Au-RGO/PDDA 473.5 0.096-340 0.062 [16]

CoPcF-MWCNTs 29.9 0.096-340 0.062 [17]

TOAB/ZnPp-C60/GCEf 215.6 2-164 1.44 [18]



Fe2O3-CoO — 0.2-16200 0.1 [19]

PDDA-rGO — 0.5-2000 0.2 [20]

Au-Pd/rGO — 0.05-1000 0.02 [21]

[TMPyPcCo/aCNTs]12 18 5-30000 2.6 This work

Remark: a) glassy carbon/titanium nitrite nanoparticles/amine-terminated ionic liquid/hemoglobin; 

b) Cu particles/flower-like reduced graphene oxide/glassy carbon electrode; c) poly(3,4-

ethylenedioxythiophene) hollowmicroflowers; d) flower-like zinc oxide/reduced functionalized 

graphene oxide; e) reduced graphene oxide- multiwalled carbonnanotubes-platinum 

nanoparticles/myoglobin; f) tetraoctylammonium bromide/zinc porphyrin−fullerene/glassy carbon 

electrode.

Table S2 Comparison of the analytical performance of other methods for detecting 

NO2
-.

System Sensitivity 
Linear range 

(μM)

Limit detection 

(μM)
Ref.

chemiluminescence — 0.056-0.21 — [22]

Spectrophotometry — 0.0145-1.45 6.6×10-3 [23]

capillary electrophoresis — 0.145-72.46 0.13 [24]

Microchip

Electrophoresis 
42.1 pA/μM 10-250 1 [25]

HPLC with UV/vis — 0.359 14.4 [26]

HPLC with UV/vis — 1-100 — [27]

IL-DLLME-HPLC — 5.79×10-3-7.24 7.24×10-4 [28]

Table S3. Determination of NO2
- in water samples.

Sample
Added

(mM)

Found

(mM)

Recovery

(%)

RSD

(%) (n=3)

1 0.5 0.5155 103.1 3.57

2 3 3.033 101.1 3.15

3 10 10.62 106.2 2.59

4 20 20.18 100.9 3.78



Fig. S8 DPVs of the [TMPyPcCo/aCNTs]n/GCE (n = 0-20) in 0.1 M PBS (pH = 7.0) 

solution containing 1 mM H2O2. Inset: The corresponding linear calibration 

relationship of the current response of 1 mM H2O2 vs. n.

Fig. S9 CVs of the [TMPyPcCo/aCNTs]12/GCE in 0.1 M PBS (pH = 7.0) solution 

containing 1 mM H2O2 measured at different scan rates (10-100 mV∙s-1). Inset: the 

calibration plots between the anodic peak currents vs. the scan rate (Ipc = -4.1546 × 

V1/2 -16.38188 (μA, mV1/2∙s-1/2, R2 = 0.996); Ipc and V are cathode peak current and 

scan rate, respectively).



Fig. S10 CVs of [TMPyPcCo/aCNTs]12/GCE in 0.1 M PBS solution containing 1 mM 

H2O2
 (pH = 7.0) (scan rate: 50 mV∙s-1), N2-saturated solution (red line) and air-

saturated solution (black dashed line).



Fig. S11 (A) DPVs response for different concentration of H2O2 at the 

[TMPyPcCo](SO4)2/GCE in 0.1M PBS solution (pH = 7.0); (B) the calibration linear 

relationship of the current response vs. the H2O2 concentration for 

[TMPyPcCo](SO4)2/GCE: I (H2O2, μA) = -0.628 (μA∙mM-1) × C (mM) - 3.3603 (0-1 

mM, R2 = 0.993), and I (H2O2, μA) = -0.230 (μA∙mM-1) × C (mM) - 3.862803 (1-9 

mM, R2 = 0.985); (C) DPVs response for different concentration of H2O2 at the 

aCNTs/GCE in 0.1M PBS solution (pH = 7.0); (D) the calibration linear relationship 

of the current response vs. the H2O2 concentration for aCNTs/GCE: I (H2O2, μA) = 

0.291 (μA∙mM-1) × C (mM) - 75.26 (0-9mM, R2 = 0.932).



Table S4 Comparison of the analytical performance of different H2O2 electrochemical 

sensors

System
Sensitivity 

(μA/mM)
Linear range (μM)

Limit detection 

(μM)
Ref.

CNF/H/GCg 0.157 50-1000 2 [29]

GCE/[MWCNT-

Fe:H2N-CHIT]h
50

5-500

50-2500

2.3

9.7
[30]

CuS/CS/GCEi 36.4 1-100 0.3 [32]

OMCN-800/GCEj 45.41 0.5-1000 0.18 [32]

Hb-PpPDA@Fe3O4 76 0.5-400 0.21 [33]

SPAuE-PA-SWCNT-

MnTAPcc
5.6×10-5 1-30 0.1 [34]

AuNPs/PANI/HNTsk — 10-1000 0.972 [35]

II/CPEl 11293 1.14-1120 0.27 [36]

PtNPs/poly-

melamine/GCE
32.3 5-1650 0.65 [37]

Ag NF/GCE 19.73 10-16500 4 [38]

Ag/ZIF8/CPEm 50.05 20-10000 6.2 [39]

Cyt.c/Ni foamn 1.95 0.5-120000 0.2 [40]

CQDs/octahedral Cu2O 9.021 5-5300 2.8 [41]

Polystyrene@RGO–Pt 67.5 0.5-8000 0.1 [42]

RGO–PtNPs/GCE 22.6 0.05-750.6 0.016 [43]

[TMPyPcCo/aCNTs]12 1.61 10-9000 2.8 This work

Remark: g) carbon nanofiber-COOH/Glassy carbon; h) Glassy carbon/ multiwalled carbon 

nanotube–chitosan biopolymer; i) CuS NPs/chitosanmodified glassy carbon electrode; g) ordered 

mesoporous carbon nitride-800 ºC/glassy carbon electrode; k) gold nanoparticles/polyaniline/ 

halloysite nanotubes; l) SiO2–pro–NH–cyanuric–NH2/carbon paste electrode; m) Ag/Zeolitic 

imidazolate framework-8/ carbon paste electrode; n) cytochrome c/3D porous nickel foam.



Table S5 Comparison of the analytical performance of other methods for detecting 

H2O2.

Method Sensitivity 
Linear range 

(μM)

Limit detection 

(μM)
Ref.

Fluorimetry — 0-8 0.13 [44]

Spectrophotometry — 0.2-10 0.2 [45]

Spectrophotometry — 1-20 0.4 [46]

Fluorimetry — 5-200 0.34 [47]

chemiluminescence — 0.5-400 0.1 [48]

chemiluminescence — 10-50 — [49]

Table S6. Determination of H2O2 in water samples.

Sample
Added

(mM)

Found

(mM)

Recovery

(%)

RSD

(%) (n=3)

1 0.1 0.0953 95.3 4.12

2 1 1.003 100.3 3.11

3 4 4.361 109.0 3.24

4 7 7.301 104.3 2.96
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