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Figure S1. MALDI-TOF MS spectrum of 5-(4-Carboxylphenyl)-10,15,20-

triphenylporphyrin (2). 

 

Figure S2. MALDI-TOF MS spectrum of 5-[4-(N-(3-Triethoxysilylpropylbenzamido))]-

10,15,20-triphenylporphyrin (4).  
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Figure S3. MALDI-TOF MS spectrum of 5-[4-(N-(3-Triethoxysilylpropylbenzamido))]-

10,15,20-triphenylporphinato cobalt(II) (4Co).  

Figure S4. MALDI-TOF MS spectrum of 5-[4-(N-(3-Triethoxysilylpropylbenzamido))]-

10,15,20-triphenylporphinato nickel(II) (4Ni).  
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Figure S5. MALDI-TOF MS spectrum of 5-[4-(N-(3-Triethoxysilylpropylbenzamido))]-

10,15,20-triphenylporphinato copper(II)  (4Cu).  
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Figure S4.
 1

H NMR spectrum of 5-[4-(N-(3-Triethoxysilylpropylbenzamido))]-10,15,20-triphenylporphyrin (4).  
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Figure S5. 
1
H NMR spectrum of 5-[4-(N-(3-Triethoxysilylpropylbenzamido))]-10,15,20-triphenylporphinato nickel(II) (4Ni).  
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Figure S6. 
13

C NMR spectrum of 5-[4-(N-(3-Triethoxysilylpropylbenzamido))]-10,15,20-triphenylporphinato nickel(II) (4Ni) 

recorded at 25 
o
C. 
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Figure S7. EDX spectra of SFS compound. Carbon and copper appear as a background of a 

copper gird coated with carbon film.    

 

0 1 2 3 4 5 6 7 8 9 10

Si

Al

Mg

Cu

Cu
Cu

O

C

C
o
u
n
ts

Energy (keV)

Element Weight% Atomic%

C K 24.73 34.92

O K 48.99 51.92

Na K 1.06 0.78

Mg K 5.43 3.79

Al K 0.55 0.35

Si K 9.33 5.64

Cu K 9.67 2.58

Sn L 0.23 0.03

 

Figure S8. EDX spectra of SFS4 compound. There is no significant difference observed 

after SFS functionalization with free base porphyrin (4), although slight increase of carbon 

content was observed.     
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Figure S9. EDX spectra of SFS4Co compound. The spectrum showed evidence for 

successful cobalt porphyrin complex (4Co) functionalization of SFS material.  
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Figure S10. EDX spectra of SFS4Ni compound. A slight amount of nickel could be 

recognized as an evidence of successful SFS functionalization with nickel porphyrin 

complex (4Ni).     
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Figure S11. EDX spectra of SFS4Cu compound. The sample was placed on carbon tape, in 

results carbon appeared predominantly on spectrum. Copper was detected as an evidence of 

successful SFS functionalization with Cu porphyrin.  
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Figure S12.  EDX spectra of SFS4Zn compound. Zinc element could be found in the 

composition and showed the successful functionalization of SFS with nickel porphyrin 

complex (4Ni).    

 

Figure S13.  The zeta potential distribution of SFS4M capsules dispersed in pure water (pH 

7).    

 

Figure S14. SEM images of monodispersed silica particles synthesized with MeOH (left), 

EtOH (middle) and IPA (right). The corresponding particle size distributions are also 

shown below each SEM image. The average particle size (D) and coefficient of variation 
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(CV) values were derived from the SEM images by counting 100 particles. CV values were 

estimated from the following formula, �� �
√��

�
, where σ is standard deviation. 

 

Figure S15. UV-vis spectra of unmodified silica solid particles and functionalized with 

zinc porphyrin: (SNP29P4Zn) λmax(nm) 430, 555, 596 nm; (SP376P4Zn) λmax(nm) 439, 

558, 599 nm; (SP556P4Zn) λmax(anm) 437, 558, 599 nm. 
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Figure S16.  The MSS signal noise of 0.005 mV and 0.00075 for (a) SFS-porphyrin 

hybrids and (b) porphyrin, respectively, was accepted.  

 

Figure S17. Real-time response curve of prepared MSS sensor to 50 ppm of methane gas. 
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Table S1. Quantities of reagents used for the silica synthesis. 

 Solution A  Solution B   

 TEOS 

(mL) 

Alcohol 

(g) 

NH3aq 

(g) 

H2O 

(g) 

Alcohol 

(g) 

29 nm 1.418 MeOH: 8.7 0.758 2.84 MeOH: 6.98 

376 nm 1.418 EtOH: 8.7 0.758 2.84 EtOH: 6.98 

556 nm 1.418 IPA: 8.7 0.758 2.84 IPA: 6.98 

 

 

 

 


