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Figure S1.  Averages of cross validation errors (CVEs) depending on the number of channels for 

water, ethanol and methanol. We calculated CVEs for all combinations of channels (the number of 

models is 2
8 
– 1 = 255). The monotonically decreasing of CVEs was observed against the number of 

channels which corresponds to the number of features. This result indicates that the regularization in 

Gaussian process regression works well and overfitting is prevented if the number of channels is 

increased. 
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Figure S2.  TG-DTA curves of the six types of NPs synthesized in the present study. A bold line 

and a normal line represent a TG curve and a DTA curve, respectively.  
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Figure S3.  Optical microscope images of the six types of NPs coated on the surface of MSS before 

and after vapor measurements.  
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Figure S4.  Responses of NH2(1)-OH(3)-SNPs-coated MSS to the 21 samples.    
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Figure S5.  Responses of NH2-STNPs-coated MSS to the 21 samples.     
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Figure S6.  Responses of C18(1)-NH2(1)-STNPs-coated MSS to the 21 samples.    
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Figure S7.  Responses of C18-STNPs-coated MSS to the 21 samples.  
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Figure S8.  Responses of Ph-STNPs-coated MSS to the 21 samples.  
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Figure S9.  Responses of Ph(1)-OH(3)-SNPs-coated MSS to the 21 samples.     
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Figure S10.  Parity plots of real concentration versus predicted concentration of water, ethanol and 

methanol. Four features obtained from the data taken with a single type of NPs are used. The blue 

points represent the training data set that we used to train the machine learning model. The red points 

represent the test data set. The error bars are evaluated as 95% confidence interval. 
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Figure S11.  Parity plots of real concentration versus predicted concentration of water, ethanol and 

methanol. Eight features obtained from the data taken with the combination of two types of NPs are 

used. The blue points represent the training data set that was used to train the machine learning 

model. The red points represent the test data set. The error bars are evaluated as 95% confidence 

interval. 

 

 

 

  



13 

 

 

 

 

Figure S12.  Parity plots of real concentration versus predicted concentration of water, ethanol and 

methanol. Twenty-four features obtained from the data taken with the six types of NPs are used. The 

blue points represent the training data set that was used to train the machine learning model. The red 

points represent the test data set. The error bars are evaluated as 95% confidence interval. 
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Figure S13.  TG-DTA curves of C18(4)-NH2(1)-STNPs and C18(1)-NH2(4)-STNPs. A bold line 

and a normal line represent a TG curve and a DTA curve, respectively. 
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Figure S14.  Optical microscope images of C18(4)-NH2(1)-STNPs and C18(1)-NH2(4)-STNPs 

coated on the surface of MSS before and after vapor measurements.  
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Figure S15.  Responses of C18(4)-NH2(1)-STNPs-coated MSS to the 21 samples.     
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Figure S16.  Responses of C18(1)-NH2(4)-STNPs-coated MSS to the 21 samples.     
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Table S1.  The amount of each chemical used for the STNPs synthesis. 

STNP 

※ 

Solution A Solution B Solution C Solution D Solution E 

Silane 

(mL) 

IPA 

(g) 

NH3aq 

(g) 

H2O 

(g) 

IPA 

(g) 

TTIP 

(mL) 

IPA 

(g) 

H2O 

(mL) 

IPA 

(g) 

ODA 

(g) 

H2O 

(mL) 

IPA 

(g) 

1 APTES: 1.49 8.75 0.758 2.84 6.98 0.458 9.44 0.078 9.74 0.1368 40 123.3 

2 ODTES: 2 8.23 

3 TMPS: 1.16 8.89 

4 APTES: 0.745, 

ODTES: 1.531 

8.02 

5 APTES: 1.191, 

ODTES: 0.613 

8.39 

6 APTES: 0.298, 

ODTES: 2.448 

7.65 

※ STNP 1, 2, 3, 4, 5 and 6 are NH2-STNPs, C18-STNPs, Ph-STNPs, C18(1)-NH2(1)-STNPs, 

C18(0.25)-NH2(1)-STNPs and C18(1)-NH2(0.25)-STNPs, respectively.  

 

 

 

Table S2.  The amount of each chemical used for the SNPs synthesis. 

SNP 

※ 

Solution A Solution B 

Silane 

(mL) 

TEOS 

(mL) 

MeOH 

 (g) 

NH3aq 

(g) 

H2O 

(mL) 

MeOH 

(g) 

1 0.365 1.064 8.69 0.758 2.84 6.98 

2 0.379 8.68 

※ SNP 1 and 2 are NH2(1)-OH(3)-SNPs and Ph(1)-OH(3)-SNPs, respectively.  
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Table S3.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from NH2-STNPs and the other from C18(1)-NH2(1)-STNPs. 
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Table S4.  Cross validation errors (CVEs) obtained by the combination of two NPs. 
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Table S5.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from C18-STNPs and the other from NH2-STNPs. 
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Table S6.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from C18-STNPs and the other from C18(1)-NH2(1)-STNPs. 
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Table S7.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from C18-STNPs and the other from C18(1)-NH2(4)-STNPs. 
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Table S8.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from C18-STNPs and the other from C18(4)-NH2(1)-STNPs. 
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Table S9.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from NH2-STNPs and the other from C18(1)-NH2(4)-STNPs. 
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Table S10.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from NH2-STNPs and the other from C18(4)-NH2(1)-STNPs. 
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Table S11.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from C18(1)-NH2(1)-STNPs and the other from C18(1)-NH2(4)-STNPs. 
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Table S12.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from C18(1)-NH2(1)-STNPs and the other from C18(4)-NH2(1)-STNPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 

 

Table S13.  Cross validation errors (CVEs) obtained by the combination of two parameters; one 

from C18(1)-NH2(4)-STNPs and the other from C18(4)-NH2(1)-STNPs. 

 

 


