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Table S1. A comparative summary of some recent literature data regarding MOS-based sensors 

Material OperaƟng temperature 
(°C) 

Signal 
response 

(Rair/Racetone)-1 

LOD  
(ppb) 

Ref.  

rGO/SnO2 300 11.0 (100 ppm) – [47] 
GO/SnO2 1:32 350 12.5 5 [35] 

SnO2 hollow spheres 200 15.0 (50 ppm) 5000 [48] 
ZnO/SnO2 thick films 180 13 (10 ppb) – [49] 

MOF-derived hollow SnO2-ZnO 
nanoparƟcles 240 139 (10 ppm) 820 [14] 

Rh-doped SnO2 nanofibers 200 59.6 (50 ppm) 1000 [50] 

Larger lateral area SnO2 250 262 (5 ppm) 40 
ppt [11] 

 

  



Table S2. Baseline current values (ibaseline), ibaseline increment vs. pure SnO2 (δibaseline), response intensity at 20 ppm, and 
response intensity at 20 ppm increment vs. pure SnO2 (δresponse), for ZnTPPF20CN/SnO2 and ZnTPPF20/SnO2 
nanocomposites in dark and under LED light irradiation. Data in green from ref [34] of the main paper. 

material Light off LED  

ibaseline  
(μA) 

δibaseline (Rair /Racetone) - 1 
 at 20 ppm 

δresponse ibaseline   
(μA) 

δibaseline (Rair /Racetone)-1 
at 20 ppm 

δresponse 

SnO2 for 
ZnTPPF20CN 25 − 0.05 − 40 − 0.16 − 

SnO2 for 
ZnTPPF20 3 − 0.60 − 9 − 0.55 − 

ZnTPPF20CN/SnO2 
1:64 8 0.3 0.04 0.8 15 0.4 0.14 0.9 
1:32 30 1.2 0.26 5.2 100 2.5 0.29 1.8 
1:4 70 2.8 0.07 1.4 800 20.0 0.07 0.4 

ZnTPPF20/SnO2 
1:64 5  1.7 0.70 1.2 8 0.9 0.72 1.3 
1:32 20 6.7 1.80 3.0 10 1.1 0.80 1.5 
1:4 610 203.3 − − 620 60.9 − − 

 



 

Figure S1. Calibration curves for ZnTPPF20CN/SnO2 hybrids 

 

For all porphyrin-based sensors examined, the slope of the response curve increases non-linearly 
with analyte concentration. At low gas concentrations, only a limited number of surface adsorption 
sites are occupied. As the concentration increases, a larger population of adsorbed species alters 
the surface potential, leading to a reduction in the depletion layer width. Because the surface 
potential exhibits a non-linear dependence on surface charge [51], the sensor response becomes 
increasingly pronounced as additional gas molecules are adsorbed, resulting in a progressively 
steeper slope of the response curve. 

  



 
Figure S2. Normalized UV-Vis spectra of ZnTPPF20 and ZnTPPF20CN in THF 

  



 
Figure S3. EDS analyses for ZnTPPF20CN/SnO2 hybrids 

  



 Table S3. Theoretical vs. experimental (by EDS) Zn/Sn and F/Zn atomic ratios for ZnTPPF20CN/SnO2 hybrids at all 
porphyrin loadings.  

ZnTPPF20CN/SnO2 
Zn/Sn F/Sn 

TheoreƟcal Experimental 
(EDS) TheoreƟcal Experimental 

(EDS) 
1:64 0.0017 0.0011 0.034 0.070 
1:32 0.0033 0.0022 0.066 0.093 
1:4 0.0276 0.0390 0.552 0.470 



 

Figure S4. Fatband structure of a 15 layers symmetrical slab of SnO2, blue and green represents contribution coming 
from Sn and O surface atoms, respectively. On the right panel a comparison between the (110) surface DOS (blue) and 
the bulk DOS (black) of the rutile phase of SnO2. 

  



 

Figure S5. Optimized structures and energy of E and Z isomers of ZnTPPF20CN. 

  



Chart 1. Structural coordinates of the E isomer of ZnTPPF20CN 

 

  



 

Chart 2. Structural coordinates of the Z isomer of ZnTPPF20CN 

  



Synthesis of ZnTPPF20CN 

We used reagent-grade purity chemicals purchased from Merck, with the exception of free-base 

5,10,15,20-tetrakis(pentafluorophenyl)porphyrin that was acquired from PorphyChem Sas. We 

employed a Milli-Q apparatus to obtain doubly distilled water. We characterized all synthetic 

intermediates and ZnTPPF20CN by ¹H- and ¹⁹F-NMR spectroscopy, recording the spectra on a Bruker 

Avance DRX-400 spectrometer using CDCl₃ or THF-d8 as solvent (Sigma-Aldrich). 

We prepared ZnTPPF20CN according to Scheme 1. 

 

 

Scheme S1. Synthetic protocol to ZnTPPF20CN 

ZnTPPF20 

In a two-neck round-bottomed flask, 433 mg of Zn(OAc)2·2H2O (1.97 mmol, 4 equivalents) were 

added to a solution of 500 mg of TPPF20 (0.51 mmol, 1 equivalent) in methanol (80 mL), and the 

mixture was refluxed for 3h, then cooled to RT, and the solvent evaporated in vacuo. The crude was 

washed with purified water (30 mL), then dried over a Buchner filter, affording ZnTPPF20 as a purple 

powder in almost quantitative yield. 
1H-NMR (400 MHz, CDCl3, 25 °C) δ, ppm: 9.03 (8H, s) 
19F-NMR (377 MHz, CDCl3, 25 °C) δ, ppm: -136.73 (8F, m), -151.75 (4F, m), -161.9 (8F, m) 



 
Figure S6. 1H-NMR of ZnTPPF20 in CDCl3 

 
Figure S7. 19F-NMR of ZnTPPF20 in CDCl3 

 

 



ZnTPPF20Br 

In a round bottomed flask, 100 mg (0.096 mmol, 1 equivalent) of ZnTPPF20 were dissolved in 50 mL 

of methanol. 17.1 mg (0.096 mmol, 1 equivalent) of NBS were added to the solution, which was left 

at room temperature and under vigorous stirring overnight. The crude was retrieved evaporating 

the methanol in vacuo, then it was dissolved in dichloromethane and washed three times with water 

(3x10mL), the organic phase was dried over Na2SO4 and the solvent evaporated in vacuo. The crude 

was purified by filtration on a silica plug, using Dichloromethane/ n-hexane = 3/7 as eluent. The 

process afforded a mixture of ZnTPPF20 and ZnTPPF20-Br as a purple powder (99.7 mg, 75% yield of 

ZnTPPF20-Br determined by 1H-NMR).  
1H-NMR (400 MHz, CDCl3, 25 °C) δ, ppm: 9.17 (1H, d, J = 12), 9.06 (6H, m) 
19F-NMR (377 MHz, CDCl3, 25 °C) δ, ppm:  -136.67 (6F, m), -137.07 (2F, m), -151.79 (4F, m), -161.50 

(6F, m), -162.67 (2F, m) 

ESI-ITMS: m/z calculated for C44H7BrF20N4Zn = 1116.07; found = 1115.27 [M – 1] 

 

 
Figure S8. 1H-NMR of ZnTPPF20Br in CDCl3 



 

Figure S9. 19F-NMR of ZnTPPF20Br in CDCl3 

 

ZnTPPF20Si(hex)3 

In a microwave reaction vial equipped with a stirring bar, 50 mg of ZnTPPF20-Br (0.04 mmol, 1 

equivalent), 25 mg of ethynyltrihexylsilane (0.08 mmol, 2 equivalents) and 9.24 mg of palladium 

tetrakis (0.008 mmol, 0.2 equivalents) were dissolved in 1.5 mL of freshly distilled triethylamine and 

2 mL of dry dimethylformamide. The resulting mixture was bubbled for 10 min with gaseous 

nitrogen to remove O2, then 0.8 mg of CuI (0.004 mmol, 0.1 equivalents) were added. The vial was 

sealed, and the mixture was allowed to react in the microwave cavity for at 80°C for 5 minutes. The 

solvents were removed under vacuum, the crude dissolved in 20 mL of dichloromethane and 

washed with water (3x10 mL). The collected organic phases were dried over Na2SO4 and the solvent 

evaporated. The solid was filtrated through a silica plug, first with 100% hexane to remove 

unreacted silane, then with 100% dichloromethane to collect porphyrin fraction. Finally, the pure 

ZnTPPF20-Si(hex)3 was obtained as a purple amorphous solid (33.6 mg, 62% yield) by flash 

chromatography (from 8/2 n-hexane/dichloromethane to 100% dichloromethane).   
1H-NMR (400 MHz, CDCl3, 25 °C) δ, ppm: 9.17 (1H, s), 8.98 (6H, m), 1.45 (24H, m), 0.94 (9H, m), 

0.83 (6H, m) 
19F-NMR (377 MHz, CDCl3, 25 °C) δ, ppm: -136.56 (8F, m), -152.48 (4F, m), -161.56 (8F, m) 



 
Figure S10. 1H-NMR of ZnTPPF20Si(hex)3 in CDCl3 

 
Figure S11. 19F-NMR of ZnTPPF20Si(hex)3 in CDCl3 

 

 



ZnTPPF20CH 

In a dry Schlenk tube, under nitrogen flow, TBAF 0.150 mL (solution 1 M in tetrahydrofuran; 0.055 

mmol, 2 equivalents) were added dropwise under stirring to a solution of 150 mg (0.111 mmol, 1 

equivalent) of ZnTPPF20-Si(hex)3 in 5 mL of tetrahydrofouran. The mixture was stirred for 1 hour at 

RT, then the reaction was quenched with H2O. The crude product was washed with water (3x10 mL) 

and dichlorometane (3x15 mL), the organic phase was dried over Na2SO4 and the solvent evaporated 

in vacuo. The crude was purified by gravimetric chromatography (eluent: from n-hexane 100% to 

dichloromethane 100%). Affording ZnTPPF20-CH as a purple powder (116.9 mg, 99% yield).  
1H-NMR (400 MHz, CDCl3, 25 °C) δ, ppm: 9.27 (1H, s), 9.01(6H, m), 3.70 (1H, s) 
19F-NMR (377 MHz, CDCl3, 25 °C) δ, ppm: -136.85 (8F, m), -151.99 (3F, m), -154.03 (1F, s), -161.92  

(6F, s), -163.77 (2F, s) 

 

 
Figure S12. 1H-NMR of ZnTPPF20CH in CDCl3 

 

ZnTPPF20CHO 

In a dry Schlenk tube, under nitrogen flow, 120 mg of ZnTPPF20-CH (0.113 mmol, 1 equivalent), 72 

mg of 4-(7-bromobenzo[1,2,5]thiadiazol-4-yl)benzaldehyde (0.226 mmol, 2 equivalents) and 20 mg 

of palladium tetrakis (0.017 mmol, 0.15 equivalents) were dissolved in  7 mL of freshly distilled 



triethylamine and 7 mL of dry tetrahydrofuran. After bubbling gaseous N2 into the solution for 10 

min i to remove O2 traces from the solvents, CuI 2 mg (0.011 mmol, 0.1 equivalents) were added. 

Then the mixture was kept at 70°C under vigorous stirring for 16 hours, under a nitrogen 

atmosphere. After the evaporation of the solvent in vacuo, the mixture in dissolved in 20 mL of 

Dichloromethane and washed with H2O (3x10 mL). The organic phase was dried over Na2SO4 and 

the solvent evaporated. The crude was purified by gravimetric chromatography (eluent: from 100% 

n-hexane to 100% Dichloromethane). Pure ZnTPPF20-CHO was collected as a purple-greenish 

powder (123 mg, 83% yield).  
1H-NMR (400 MHz, CDCl3, 25 °C) δ, ppm: 10.14 (1H, s), 9.39 (1H, s), 9.00 (6H, m), 8.29 (2H, D, J = 8.1 

Hz), 8.12 (2H, d, J = 8.1 Hz), 8.01 (1H, d, J = 7.3 Hz), 7.94 (1H, d, J = 7.3 Hz) 
19F-NMR (377 MHz, CDCl3, 25 °C) δ, ppm: -136.75 (8F, broad s), -151.81 (3F, m), -154.02 (1F, m), -

162.37 (6F, broad s), -163.32 (2F, s) 

 

 
Figure S13. 1H-NMR of ZnTPPF20CHO in CDCl3 



 
Figure S14. 19F-NMR of ZnTPPF20CHO in CDCl3 

 

ZnTPPF20CN 

In a dry Schlenk tube, under nitrogen flow, 44 mg of ZnTPPF20-CHO (0.033 mmol, 1 equivalent) were 

dissolved into 1 mL of toluene. 14.4 mg of cyanoacetic acid (0.169 mmol, 5 equivalents) was added 

under stirring. After the addition of 34 µL of piperidine (0.33 mmol, 10 equivalents) and 6 µL of 

triethylamine (0.33 mmol, 10 equivalents) the solution was heated at 90°C for 16h. After cooling 

down to RT the mixture was quenched with 5 mL of H3PO4 2 M in water and washed with 

dichloromethane. The organic layer was dried over Na2SO4 and the solvents evaporated in vacuo. 

The crude was then purified by filtration on a silica plug starting with 100% dichloromethane to 

remove the impurities, and using then dichloromethane /methanol = 9/1 to collect ZnTPPF20-CN as 

a purple- greenish amorphous solid (33.5 mg, 73% yield). 
1H-NMR (400 MHz, THF-d8 with 1 drop of D2O, 25 °C) δ, ppm: 9.54 (1H, s), 9.11 (6H, m), 8.40 (2H + 

1H, AB, J = 8 Hz), 8.29 (2H, AB, J = 8 Hz), 8.19 (1H, AB, J = 8 Hz), 8.10 (1H, AB, J = 8 Hz) 
19F-NMR (377 MHz, THF-d8 with 1 drop of D2O, 25 °C) δ, ppm: -136.62 (2F, d, J = 23 Hz), ), -136.88 

(6F, t, J = 30.1 Hz), -151.80 (3F, m), 152.97 (1F, m), -161.63 (6F, m), -162.58 (2F, m) 

ESI-ITMS: m/z calculated for C62H15F20N7O2SZn = 1367.27; found = 1366.72 [M – 1]. 



 

Figure S15. 1H-NMR of ZnTPPF20CN in THF-d8 with 1 drop of D2O 

 

 
Figure S16. 19F-NMR of ZnTPPF20CN in THF-d8 with 1 drop of D2O 



 
Figure S17. ESI-ITMS spectrum of ZnTPPF20CN  

  



 

 

 
 

 
Figure S18. Image of the gas sensor testing setup: A) homemade stainless steel in-situ sensor testing cell; B) gas 
manifold; C) cell temperature controller; D) Autolab potentiostat. Inset: inside of the in-situ sensor testing cell: E) 
heating plate for temperature control; F) needle-electrical connectors; G) Pt-interdigitated electrode covered by the 
synthesized sensing materials. 
 

 

 

 


