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S1. Comparison of the spectral profile of light intensity between QCL and thermal source 

  

 

Figure S1. The spectral profiles of light intensity for QCL and thermal source: (a) QCL for 4 cm-1 

resolution; (b) QCL for 0.07 cm-1 resolution; (c) thermal source for 4 cm-1 resolution.  
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S2. Comparison of the spectral profile of sensitivity between PC- and PV-type MCT 

detectors  

 

Figure S2. The spectra obtained when a single beam was irradiated onto the PC- and PV-type MCT 

detectors: (a) PC-type MCT; (b) PC-type MCT for a light reduced by 5 % attenuator; (c) PV-type 

MCT. These single beam spectra were measured at the resolution of 4 cm-1 with the detector of FT-

VCD. In case of (a), an pseudo signal (denoted as non physical energy) appeared at the lower 

wavenumber region as indicated by the red arrow. The pseudo signal disappeared for the light reduced 

to 5 % intensity. In case of (c), no such pseudo signal appeared even for a light with no reduced 

intensity.  

  

 

Figure S3. The spectra recorded by integrating a transmitted light for 1 minute through a transparent 

sample; (a) PC-type MCT detector for a light reduced by 5 % attenuator (b) PV-type MCT detector 

for a light with no intensity reduction. The results showed that the PV-type MCT detector gave a noise 

level much lower than the PC-type one even for a light with 20 times higher intensity. 
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S3. Plot of noise level at QCL by PV-MCT detector 

 

 

Figure S4. The plot of noise versus measurement time for the case of QCL. The signal was measured 

at every 1 second for the wavenumber of an incident light fixed at 1584 cm-1. The time constants of 

the two lock-in amplifiers were 30 msec for the PEM modulated signal and 300 msec for the optical 

chopper modulated signal, respectively. Two output signals from the lock-in amplifier were converted 

to 1000 digitals using a 16 bit A/D (analog/digital) convertor sampling at 1 kHz. 1000 digitals were 

averaged as integrated result for 1 second. Two average signals were transformed using the system 

computer to give the VCD intensity of the sample. 
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S4. Spatial resolution using the VCD signal when a KBr pellet comprising L-Ala and D-Ala 

domains was scanned in one dimension along the center line 

 

Figure S5. Determination of spatial resolution of VCD signals through the so-called “knife-edge 

measurements”. The sample was a KBr pellet comprising two domains of L-Ala (left half) and D-Ala 

(right half). (A) The VCD signal at 1603 cm-1 was plotted along the X-axis at the interval of 0.5 mm. 

The spatial resolution was estimated to be ca. 5 mm from the distance between the two positions giving 

the intensity of 10 % and 90 % of the whole signal change, respectively. (B) Schematic of a model 

KBr pellet comprising two domains: one containing L-Ala (left half) and the other D-Ala (right half). 

The red arrow shows the route of one-dimensional scanning.  

 

  

Figure S6. A series of IR and VCD spectra for the one-dimensional scanning on the KBr pellet 

comprising the two domains of L-Ala and D-Ala (Figure S5 (B)). The spectra were recorded at the 

interval of 0.5 mm.  

 

  



S7 

 

S5. IR and VCD spectra of Gly-Leu in an aqueous solution by QCL-VCD and FT-VCD 

together with noise levels 

 

 

Figure S7. The original IR (top) and baseline corrected VCD (middle) spectra of an aqueous solution 

of Gly-L-Leu (blue) or Gly-D-Leu (pink) and H2O (sky blue) together with the noise level (bottom) as 

measured by the QCL-VCD instrument. The optical path of a used cell was 25 m. The measurement 

time was 40 minutes. The amide I band around 1650 cm-1 was still difficult to be measured due to the 

high level of noise.  

 

 

Figure S8. The original IR (top) and baseline corrected VCD (middle) spectra of an aqueous solution 

of Gly-L-Leu (blue) or Gly-D-Leu (pink) and H2O (sky blue) together with the noise level (bottom) as 

measured by conventional FT-VCD instrument. The optical path of a used cell was 4 m. The 

measurement time was over 1hr. 
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S6. IR and VCD spectra of Gly-Leu in KBr pellets by FT-VCD and QCL-VCD together 

with noise levels 

 

 

 

Figure S9. The IR (upper) and VCD (middle) spectra of the KBr sample of Gly-L-Leu (blue) or Gly-

D-Leu (pink) together with the noise level (bottom) as measured with conventional FT-VCD (A) and 

QCL-VCD (B).  
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S7. The calculated VCD and IR spectra for optimized structures of Gly-L-Leu and the 

peak assignment of the VCD spectra 

 

Figure S10. Calculated VCD and IR spectra of Gly-L-Leu: (A) tetrameric cluster model in vacuum as 

for an SD-VCD; (B) monomeric model with one water molecule included in continuum water medium. 

Inset shows the optimized structure of tetrameric cluster model in vacuum and optimized structure of 

monomeric model with one water molecule in continuum water medium.  

 

 

Figure S11. The optimized structure of a Gly-L-Leu tetramer for simulating the VCD spectra in the 

crystalline state 
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Table S1 shows the main peaks numbered in the order of decreasing wavenumber. The peak at 

approximately 1750 cm-1 (indicated by No.1) was assigned to the CONH vibration in the peptide bond. 

Hence, the theory successfully predicted the induction of chirality in the Gly residue. To simulate the 

VCD and IR spectra of a dipeptide in an aqueous solution, calculations were performed based on the 

monomeric model with one solvated H2O molecule. The water medium was considered as the PCM 

model. As shown in Figure S10 (B), the calculation correctly predicted the bending vibration of the 

OH group at approximately 1700 cm-1 (denoted I). The negative peak at 1670 cm-1 (No.3) was assigned 

to the stretching vibration of amide II and COO- vibration.  

 

Table S1. The assignment of the VCD spectra of Gly-L-Leu  

No Wavelength 

cm-1 (Calc.) 

VCD sign for Gly-L-

Leu 

Assignment 

1’, 1 1784/1764 +/- Amide I 

2 1710 + as (H3) 

3 1564 - Amide II  

4 1562 + Amide II  

5 1489 - s (COO-) 

6 1400 - s (CH3) 
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S8. A series of IR and VCD spectra when a KBr pellet comprising L-Ala and D-Ser 

domains was scanned in two dimension 

 

 

 

Figure S12. A series of IR (upper) and VCD (lower) spectra of KBr pellet comprising L-Ala and D-Ser 

domains. The measurement was done at 25 (= 5 × 5) points with the spatial alignment of 2.5 mm. The 

(Xi m, Yi m) points were shown in the right side. The origin of the coordinates was taken at the 

center of the KBr disc as shown in Figure 1(D) in the text.  
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S9. Positions of peak searching for two-dimensional mapping of IR and VCD intensities on 

a KBr pellet comprising L-Ala and D-Ser domains 

 

 

 

Figure S13. The peak search for two-dimensional mapping of the IR (A) and VCD (B) intensities on 

a KBr pellet comprising L-Ala and D-Ser domains. The peaks at 1600 and 1619 cm-1 for IR and 1590 

cm-1 for VCD were searched, respectively. The spectra of L-Ala and D-Ser were indicated by red and 

green lines, respectively.  
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S10. IR and VCD mapping data for two-dimensional mapping on a KBr pellet comprising 

L-Ala and L-Ser domains 

 

 

Figure S14. (A) Two-dimensional IR mapping of a KBr pellet comprising L-Ala (red) and L-Ser (green) 

domains. Their distributions were determined by detecting the peak intensities at 1619 and 1600 cm-1 

for L-Ala and L-Ser, respectively. Left and right bars on the right-hand side of the figure indicate the 

intensities of L-Ala (red) and L-Ser (green), respectively. (B) Two-dimensional VCD mapping of the 

same KBr pellet. Their distributions were determined from the intensity and sign of the VCD peak at 

1614 cm-1, positive assigned to L-Ala and negative to L-Ser. The bar on the right-hand side of the figure 

indicates the intensities of L-Ala (red) and L-Ser (green), respectively. (C) The peak used for detecting 

each amino acid or L-Ala (red) and L-Ser (green) for the two-dimensional IR mapping. (D) The peak 

used for detecting two amino acids from its sign for the two-dimensional VCD mapping at 1614 cm-

1. The spectra of L-Ala and L-Ser were indicated by red and green lines, respectively. (E) A series of 

IR (Upper) and VCD (Lower) spectra of KBr pellet comprising L-Ala and L-Ser domains. The 

measurements were done at 25 (= 5×5) points with the spatial alignment of 2.5 mm. The (Xi m, Yi 

m) points were shown in the right side.   
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S11. A series of IR and VCD spectra when a KBr pellet comprising L-Ala and D-Ala 

domains was scanned in two dimension 

 

 

Figure S15. (A) A series of IR (upper) and VCD (lower) spectra when a KBr pellet comprising L-Ala 

and D-Ala domains was scanned two-dimensionally. The measurements were done at 25 (= 5×5) points 

with the spatial alignment of 2.5 mm. The (Xi m, Yi m) points were shown in the right side. (B) The 

peak used for detecting two amino acids from its sign for the two-dimensional VCD mapping at 1603 

cm-1. The spectra of L-Ala and D-Ala were indicated by red and green lines, respectively. The dotted 

line indicates the baseline.  


