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Previous studies on porphyrin-based chemical sensors
Previous studies using porphyrin as sensing materials are summarized in Table S1.
Substituents (the substituent positions are indicated in Figure S1), type of sensors, and

references are listed.
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Figure S1 Molecular structure of porphine (non-substituted porphyrin) with carbon number.



Table S1. Summary of the previous researches.

Substituents Center Metals  Type of Sensors ~ References
5,10,15,20-(4-heptyloxyphenol) HH QCM [S1]
2,18-diethyl-3,7,8,12,13,17-
Cu QCM [S1]
hexamethyl-10-pentafluorophenyl
5,10,15,20-(4-heptyloxyphenol) Co QCM [S1]
5,10,15,20-(4-heptyloxyphenol) Mn QCM [S1]
5,10,15,20-tetrakis|3,4-bis Optical
HH [S2]
(2-ethylhexyloxy)phenyl] spectrometer
5,10,15,20-tetrakis[3,4-bis Au, Co, Mn, Optical (53]
(2-ethylhexyloxy)phenyl] Mg, Sn spectrometer
Optical
5,10,15,20-tetraphenyl HH [S4]
spectrometer
5,10,15,20-tetraphenyl
Conductivity
Functionalized with single Fe [S5]
measurement
walled carbon nanotube
2,3,7,8,12,13,17,18-octaethyl Conductivity
Ru [S6]
Langmuir-Blodgett film measurement
Conductivity
5,10,15,20-tetraphenyl Rh [S7]
measurement
Conductivity
5,10,15,20-tetraphenyl Ru [S7]
measurement
Conductivity
5,10,15,20-tetraphenyl Mn [S7]
measurement
Conductivity
5,10,15,20-tetraphenyl Co [S7]
measurement
Conductivity
5,10,15,20-tetraphenyl DSn [S7]
measurement
Conductivity
5,10,15,20-tetra-(4-NOz-phenyl) Co [S7]
measurement
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5,10,15,20-tetra-
(4-MeOOC-phenyl)

5,10,15,20-tetra-
(4-butyloxyphenyl)

5,10,15,20-tetraphenyl

5,10,15,20-tetra-
(4-MeOOCphenyl)
5-(4-aminophenyl)-
10,15,20-triphenyl

5,10,15,20-tetra-
(4-hydroxyphenyl)

2,3,7,8,12,13,17,18-octaethyl
Diyne-bridged dimer

5,10,15,20-tetraphenyl

5,10,15,20-tetraphenyl

5,10,15,20-tetraphenyl

5,10,15,20-tetra
[3,4-(dimethyloxy)phenyl]

5-[4-(N-(3-Triethoxysilylpropyl
benzamido))]-10,15,20-triphenyl

/n

HH, Zn, 5n

HH

HH, Zn

HH

Not specified

Not specified

Sn, Co, Cr, Mn,
Fe, Cu, Ru, Zn,
Ag, HH

Fe

HH, Co, Zn,
Cu, Ni

Conductivity

measurement
QCM

Optical
spectrometer
Optical
spectrometer
Optical
spectrometer
Optical
spectrometer
Conductivity
measurement
Optical
spectrometer
Optical

spectrometer

Optical

spectrometer

Piezoresistive

SU-8 cantilever

MSS

[S7]

[S8]

[S9]

[S9]

[S9]

[S10]

[S11]

[S12]

[S13]

[S14]

[S15]

[S16]
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Nomenclature of Porphines

Table S2. IUPAC names of the porphines

Porphines

JUPAC Names

Porphine

Nickel Porphine
Zinc Porphine

Iron Porphine

21,22,23,24-tetraazapentacyclo[16.2.1.1%6.1811.1131¢]tetracosa-1,3,5,
7,9,11(23),12,14,16,18(21),19-undecaene
(SP-4-1)-[21H,23H-Porphinato(2-)-kN?!, kN2, kN2, kN?*]nickel
(SP-4-1)-[21H,23H-Porphinato(2-)-kN?!, kN2, kN, kN?#]zinc

(SP-4-1)-[21H,23H-Porphinato(2-)-kN2!, kN2, kN2, kKN2]iron
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Synthesis of the Porphines

Firstly, 5,10,15,20-tetrabutylporphyrin ~was synthesized [S17]. Then,
dealkylation of 5,10,15,20-tetrabutylporphyrin by concentrated sulfuric acid
provided non-substituted porphine [S18]. The metallation of non-substituted
porphine followed the literature; nickel porphine [S19], iron porphine [S20] and
zinc porphine were synthesized by a different procedure [S21].

The NMR spectra were measured in deuterated dimethylformamide for a better
solubility (Figure S2). Unfortunately, iron porphine does not dissolve well in
any of the available deuterated solvents. The signal for the inner NH-protons of
freebase porphine at -3.938 ppm disappears after metallation. Metal insertion
caused the proton shift to the higher field. The meso-protons are shifted from
10.699 ppm (freebase porphine) to 10.499 ppm (zinc porphine) and 10.465 ppm
(nickel porphine). The beta-protons were also shifted from 9.806 ppm (freebase
porphine) to 9.702 ppm (zinc porphine) and 9.622 ppm (nickel porphine). When
the spectrum of iron porphine is enlarged and zoomed in at the aromatic region
(left upper corner), a small peak at 8.783 ppm is observed. Due to the low

solubility we cannot assign with certainty this peak as meso- or beta-protons.
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Figure S2: 'TH NMR (DMF-Dy, 20°C) of free-base porphine (blue), zinc porphine (green), nickel porphine

(red) and iron porphine (black).

The mass spectrum (MALDI-TOF) of iron porphine (Figure S3) gives the right
molecular mass:

Calculated [M+H*] = 365.19

Found [M+H"] = 365.06

365.06{r1671}

100 |
50 366.09{r1646}
0 363.03{r1482)
355 360 365 370 375

m/z

Figure S3: Mass spectrum of iron porphine.
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Optimized Parameters for Inkjet Spotting

Table S3. Parameters for inkjet spotting for coating receptor layer.

Parameter Value
Injection speed ~5m/s
Volume of a droplet ~300 pL

Stage temperature 80 °C

Signal Intensity at 0% RH

Signal intensities of the four porphines to the 12 sample gases were

summarized in Figure S4. The concentration of the sample gases was set at 10%

in their partial concentration, and the relative humidity was set at 0% RH.

FB Porphine
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Figure 54. Intensity of four porphines to sample gases at 25 °C, 10% in partial vapor pressure, 0%RH.
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Raw Sensing Signals

Figures S5-S8 show the sensing signals of the four porphines to the 12 sample
vapors measured at different humidity: 0, 10, 40, 70, and 90%RH. The
concentration of the sample gases was fix at 10% of their partial vapor
concentration. The last five cycles of the sample gas injection and the nitrogen
purge are shown in Figures S1-55. The baseline is not subtracted for each

measurement.
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Figure S5. Sensing signals of free-base porphine to samples vapors at different humidity. The

concentration of sample gases was fix at 10% in partial vapor concentration.
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Figure S6. Sensing signals of zinc porphine to samples vapors at different humidity. The concentration of

sample gases was fix at 10% in partial vapor concentration.
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Figure S7. Sensing signals of nickel porphine to samples vapors at different humidity. The concentration of

sample gases was fix at 10% in partial vapor concentration.
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Figure S8. Sensing signals of iron porphine to samples vapors at different humidity. The concentration of

sample gases was fix at 10% in partial vapor concentration.
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