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1. Sensor fabrication and measurement 

Au (~ 40 nm) was deposited on the spin-coated CuPc films through shadow 

mask to form electrodes for transistors. For sensors, 5 pairs (10 conductive channels) 

finger electrodes with channel length and width of 100 µm and 3 mm were formed on 

the films. The target gases flow and concentration were controlled by an automatic 

mixed gas system with original gases and the clean dry (synthetic) air was purchased 

commercially. The original gases were 1, 5, 10, 15, 20 and 25 ppm NO2/air. The pure 

air also acted as the carrier gas. When the carrier gas went through the device (sealed 

in a box), its velocity was 300 sccm during the test. In the work, the gas-off (pure air) 

pulse were kept for 10 ~ 30 minutes and the gas-on (target gases) pulses were kept for 

10 ~ 30 minutes. The humidity controller controls the humidity of the gas entering the 

sealed test chamber. The sensors test system illustration was shown in Figure S1. 
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Figure S1. Sensors test system illustration. 

 

2. The morphology characterizations of the filamentous CuPc films  

The filamentous CuPc films with different solution concentrations on the SiO2/Si 

substrates were fibrous and had different degree of cracks. In order to characterize the 

crack degree of the filamentous CuPc films, the average ratio of the filamentous CuPc 

films coverage on the SiO2/Si substrates was extracted, as shown in Figure S2. The 

mean coverage of the cracks was defined as 100 % minus the coverage of the 

filamentous CuPc films on the SiO2/Si substrates. For 45 mg/mL, 75 mg/mL and 105 
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mg/mL the filamentous CuPc films, the average ratio of cracks was about 12.72 %, 

6.98 % and 21.16 %, respectively. 

 

 

 

 

 

 

 

 

 

Figure S2. AFM morphology (5 μm ×5 μm) of the filamentous CuPc films based on different 

concentration of CuPc solution, (a) 45 mg/mL; (b) 75 mg/mL; (c) 105 mg/mL. 

 

In order to further investigate the micromorphology of the filamentous CuPc 

films, the microstructure of the filamentous CuPc films was investigated by TEM. 

The resulting images showed that most of the CuPc nanoparticles were uniformly 

distributed and some were clustered as shown in Figure S3. 
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Figure S3. TEM image of spin-coated CuPc films on the SiO2/Si substrates. 

The surface and interface electron states of the filamentous CuPc films were 

measured and analyzed with an X-ray photoelectron spectroscopy (XPS) instrument 

(Nexsa, Thermofisher Scientific). To further investigate into the electron states of the 

filamentous CuPc films, the evolution of the XPS fine spectra of Cu 2p, C 1s and O 1s 

for the filamentous CuPc/SiO2 contact as the CuPc solution concentration increased 

were shown in Figure S4, respectively. The Cu 2p peak (Figure S4a) of the 

filamentous CuPc/SiO2 contact is fitted into two peaks at 957.12 and 937.24 eV, 

corresponding to the electron states of Cu 2p1/2 and Cu 2p3/2, respectively. From the 

blinding energy of copper atoms in Cu 2p3/2 electron state, it could be known that the 

copper atoms in the filamentous CuPc films were Cu (II) 1. At the same time, with the 

increase of CuPc solution concentration, the intensity and peak position of Cu 2p peak 

remained basically unchanged. The C 1s peak (Figure S4b) of the filamentous CuPc 

/SiO2 contact is fitted into two peaks at 287.87 and 285.02 eV. The peak at 287.87 eV 

was attributed to the N-C=N bond. The peak at 285.02 eV was attributed to the C-C 

200 nm 
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bond 2. In addition, a satellite peak was observed at 289.13 eV, which was slightly 

higher than the binding energy of carbon atom with one carbon atom and two nitrogen 

atoms. It was believed that this was due to oxidation, and the oxygen atoms might 

come from the O2 absorbed by the SiO2 substrate and the filamentous CuPc films 1. 

The peak of the O 1s spectrum was located at a very wide scale of 530.35-536.58 eV, 

and the O1s spectrum was not very regular (Figure S4c). It was speculated that the 

reason for the wide spectrum peak of O1s and its development towards higher binding 

energy was as follows: when the samples were exposed to the atmosphere during the 

transfer from the vacuum deposition chamber to the XPS analyzer, some O2 and H2O 

were absorbed by the filamentous CuPc/SiO2 substrate, because the oxygen in O2 and 

H2O had higher binding energy. 
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Figure S4. The fine spectra of Cu 2p (c), O 1s (d) and C 1s (e) for the filamentous CuPc films as 

the concentration of the CuPc solution increases. (SAT-satellite peak). 
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3. The effect of CuPc solution concentration on electrical properties of the 

filamentous CuPc films 

In order to study the effect of CuPc solution concentration on the electrical 

properties of the filamentous CuPc films transistors, the electrical properties of the 

filamentous CuPc films transistors with different CuPc solution concentration were 

studied. Figure S5 showed the output and transfer characteristic curves of the 

filamentous CuPc films transistors with solution concentrations of 45 mg/mL, 75 

mg/mL and 105 mg/mL respectively. 
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Figure S5. The output curves of the filamentous CuPc OFETs, (a) 45 mg/mL, (c) 75 mg/mL, (e) 105 mg/mL. 

The transfer curves of the filamentous CuPc OFETs, (b) 45 mg/mL, (d) 75 mg/mL, (f) 105 mg/mL.  
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4. Effect of NO2 gas concentration on electrical properties of the 

filamentous CuPc films  

The influence of different NO2 gas concentration on the electrical performance 

of OFETs of the filamentous CuPc films was studied. At NO2 gas concentrations of 0 

ppm, 5 ppm, 15 ppm and 20 ppm, the output and transfer characteristic curves of the 

filamentous CuPc films transistors with CuPc solution concentration of 75 mg/mL 

were shown in Figure S6 and Figure S7, respectively. The study of electrical 

properties is helpful to further analyze the response mechanism of the filamentous 

CuPc films sensors. 
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Figure S6. The output curves of the filamentous CuPc OFETs upon exposure to NO2 gas at various 

concentrations. (a) 0 ppm, (b) 5 ppm, (c) 15 ppm, (d) 25 ppm.  
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5. The response recovery curves of the filamentous CuPc films sensors 

The response recovery curves of the filamentous CuPc films sensors with CuPc 

solution concentrations of 45 mg/mL and 105 mg/mL to dynamic concentration NO2 

gas were shown in Figure S8. The sensors had good response to NO2 gas, but the 

baseline drift was obvious, and the resilience of the sensors needs to be improved. 
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Figure S7. The transfer curves of the filamentous CuPc OFETs upon exposure to NO2 gas at various 

concentrations. (a) 0 ppm, (b) 5 ppm, (c) 15 ppm, (d) 25 ppm.  

 

(a) (b) 

(c) (d) 



11 
 

 

 

 

 

 

 

 

Figure S8. Dynamic response-recovery curves of OFET sensors based on the filamentous CuPc 

films to different concentration of NO2 at room temperature, (a) 45 mg/mL, (b) 105 mg/mL. 

 

 

6. The linearity of the filamentous CuPc-based OFETs sensors 

The dynamic response curves of resistance based on the filamentous CuPc films 

sensors with 75 mg/mL CuPc solution concentration were shown in Figure S9. The 

the filamentous CuPc films sensors presented a certain degree of linear sensing in 

response to gas concentration with the coefficient of determination R2≈0.907.  
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Figure S9. Dynamic response curves of resistance based on the filamentous CuPc films sensors 

with 75 mg/mL CuPc solution concentration 

 

7. Change of sensing effect of the filamentous CuPc films sensors with time 

Dynamic response curves of the filamentous CuPc films sensors for 0, 4, 8 and 

16 days sensing 10 ppm NO2 were shown in Figure S10. It could find that the 

responsivities of the filamentous CuPc films sensors to NO2 at 10 ppm had little 

change with time. 
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Figure S10. The atmosphere stability of the filamentous CuPc films sensors was tested in the 

placed days during 16 days. Continuous test stability curves of the filamentous CuPc films sensors 

at 10 ppm and at room temperature (25 ℃) and 35 % RH. 

 

 

8. Summary of sensors in recent years 

To understand the advantages of the spin-coated CuPc films sensors, the relevant 

information of series of sensors reported in recent years was summarized, as shown in 

Table S1. 
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 Table S1. Comparison of some recent reported semiconductors gas sensors of different types. 
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