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Supplementary Information 

1. Reproducibility 

1.1. Mixtures with same concentration have not the same SC values (see Fig. S1). 

2. Mixtures with low concentrations  

2.1. Glucose and fructose mixtures down to 5:5 g/l (see Fig. S2). 

3. Adaptive method for quantitative estimation of glucose and galactose, glucose and lactose, 

glucose and maltose concentrations in aqueous solutions based on infrared nanoantenna optics 

3.1. This method works well for molecules which have vibrational modes appearing not at the 

same wavenumbers, such as glucose and galactose (see Fig. S3). 

3.2. When the vibrational modes are getting closer, then the results are getting worse, 

especially, for glucose and maltose. (see Fig. S4 and S5). 
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Figure S1 Measurement of mixtures to investigate reproducibility. (a) Measurement cycle 

of pure and mixed aqueous sugar solutions of glucose and fructose as well as water. The 

red bars indicate the concentration of glucose in the solution and the blue bars of 

fructose. Between an aqueous sugar solution pure water solutions are measured. 30 

spectra are measured for each step. (b,c) PCA of the measured spectra from (a). SCs of 

the 1st, 2nd, and 3rd order are plotted against each other in a 3D plot (b) and the 

corresponding 2D plots are generated (c). Each measurement step is color-coded, 

whereas water has the same color and the other solutions an individual color depicted at 

the bottom of the measurement cycle in (a). As a result, cluster are obtained for each 

measured solution. The identification and the differentiation of the different probed 

aqueous solutions is possible with a 3D plot of the 1st, 2nd, and 3rd order SCs. The 

measurement with mixtures are not reproducible because same solutions do not exhibit 

the same weight of the SCs.  
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Figure S2. Measurement of mixtures with low concentrations. (a) Measurement cycle of 

pure and mixed aqueous sugar solutions of glucose and fructose as well as water (30 

spectra are taken for each step). The red bars indicate the concentration of glucose, the 

blue bars of fructose, the cyan bars indicate a pure water solution. (b,c) PCA of the 

measured spectra from (a). SCs of the 1st, 2nd, and 3rd order are plotted against each other 

in a 3D plot (b) and the corresponding 2D plots are generated (c). For each measurement 

step a cluster is obtained, which has an individual color depicted at the bottom of the 

measurement cycle in (a). All water measurements have the same color. The 3D plot of 

the 1st, 2nd, and 3rd order SCs allows the identification and differentiation of the various 

probed aqueous solutions. Mixtures with low concentrations down to 10 g/l can be 

detected. 
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Figure S3. Quantitative estimation of glucose and galactose concentrations. (a) 

Measurement cycles of pure and mixed aqueous sugar solutions of glucose and galactose 

as well as water, whereas 30 spectra are taken for each step. The red bars indicate the 

concentration of glucose, the purple bars of galactose, the gray bars indicate a pure water 

solution. (b) For each step, the average of the 30 spectra are calculated and the resulting 

SEIRA reflectance spectra are depicted. The molecular vibrations of glucose and galactose 

are highlighted by the red bars and the purple bars, respectively. (c) Baseline-corrected 

vibrational spectra of the aqueous solutions are acquired with λ = 1250 and p = 0.5. A 

slightly modified version of the asymmetric least squares smoothing (ALSS) algorithm was 
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used.1 (d) Adaptive method for quantitative estimation of glucose and galactose 

concentrations in aqueous solutions, whereby cycle-specific konstants ki as well as cubic 

polynomials ϕi and ψi are taken. The positions of the characteristic resonance frequencies 

are at 1036 cm-1 for glucose, 1061 cm-1 for galactose and 1077 cm-1 for glucose and 

galactose. The adaptive method from Schuler et al. was used and all MATLAB related files 

are taken from there.2 The quantification of the glucose and galactose concentrations 

works well for the pure and mixed aqueous solutions.     
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Figure S4. Quantitative estimation of glucose and lactose concentrations. (a) 

Measurement cycles of pure and mixed aqueous sugar solutions of glucose and lactose as 

well as water, whereas 30 spectra are taken for each step. The red bars indicate the 

concentration of glucose, the orange bars of galactose, the gray bars indicate a pure water 

solution. (b) For each step, the average of the 30 spectra are calculated and the resulting 

SEIRA reflectance spectra are depicted. The molecular vibrations of glucose and lactose 

are highlighted by the red bars and the orange bars, respectively. (c) Baseline-corrected 

vibrational spectra of the aqueous solutions are acquired with λ = 500 and p = 0.25. A 

slightly modified version of the ALSS algorithm was used.1 (d) Adaptive method for 
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quantitative estimation of glucose and lactose concentrations in aqueous solutions, 

whereby cycle-specific konstants ki as well as cubic polynomials ϕi and ψi are taken. The 

positions of the characteristic resonance frequencies are at 1036 cm-1 for glucose, 1043 

cm-1 for lactose and 1076 cm-1 for glucose and galactose. The adaptive method from 

Schuler et al. was used and all MATLAB related files are taken from there.2 The 

quantification of the glucose and lactose concentrations still works well for the pure and 

mixed aqueous solutions. The results are slightly worse than for the glucose and galactose 

case. One possible reason is that the vibrational modes are closer compared to the 

glucose and galactose case.             
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Figure S5. Quantitative estimation of glucose and maltose concentrations. (a) 

Measurement cycles of pure and mixed aqueous sugar solutions of glucose and maltose 

as well as water, whereas 30 spectra are taken for each step. The red bars indicate the 

concentration of glucose, the green bars of maltose, the gray bars indicate a pure water 

solution. (b) For each step, the average of the 30 spectra are calculated and the resulting 

SEIRA reflectance spectra are depicted. The molecular vibrations of glucose and lactose 

are highlighted by the red bars and the green bars, respectively. (c) Baseline-corrected 

vibrational spectra of the aqueous solutions are acquired with λ = 500 and p = 0.99. A 

slightly modified version of the ALSS algorithm was used.1 (d) Adaptive method for 
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quantitative estimation of glucose and maltose concentrations in aqueous solutions, 

whereby cycle-specific konstants ki, linear polynomials ϕi and cubic polynomials ψi are 

taken. The positions of the characteristic resonance frequencies are at 1036 cm-1 for 

glucose, 1039 cm-1 for maltose and 1077 cm-1 for glucose and maltose. The adaptive 

method from Schuler et al. was used and all MATLAB related files are taken from there.2 

The quantification of the glucose and maltose concentrations works not good for the pure 

and mixed aqueous solutions. The results are much worse than the two previous cases. 

One possible reason is that the vibrational modes are near the same wavenumber.       

 

 

 

 

 

 

 

Figure S6. Selected raw reflection spectra of the measurements shown in Figure 4 of the 

main text. (a) Plasmonic resonance with imprinted vibrational features for pure water, 10 

g/l glucose and fructose, 50 g/l glucose, 50 g/l fructose and a mixture of 25 g/l fructose 

and glucose. (b) Close-up of the region of interest for the vibrational modes. 

 

 

 

 

 

 

Figure S7. Selected raw reflection spectra of the measurements shown in Figure 5 of the 

main text. (a) Plasmonic resonance with imprinted vibrational features for pure water, 

and solution of 50 g/l glucose, fructose, galactose, lactose, and maltose each. (b) Close-

up of the region of interest for the vibrational modes. 
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