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Infrared spectroscopy is an effective method for analysing the composition of biological 
samples such as proteins, sugars, and lipids, and also interactions between them. However, 
using conventional Fourier-transform infrared (FTIR) spectroscopy, it is difficult to analyse 
sample solutions with low concentrations of 0.01 to 0.1%, which are common in protein 
research. For such samples, transmission measurements are challenging, and the sensitivity 
of conventional ATR methods is insufficient for acquiring high-quality spectra. To address 
these problems, we have developed a new multi-reflection high-sensitivity ATR unit. 
A schematic diagram of the prism is shown in Fig. 1. It is 
fabricated from germanium, and has a unique 
pentagonal shape. Infrared light is reflected 14 times 
from the sample surface, providing a sensitivity increase 
of ten times or more compared to conventional methods. 
In addition, since the prism area is smaller than that of a 
conventional multi-reflection ATR prism, measurements 
can be performed on samples with volumes of less than 
1 μL. In this presentation, we report the results of IR 
spectroscopy of 0.01% (w/v) lysozyme in heavy water. 
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Figure 2 (left) shows the difference spectrum for lysozyme in heavy water and heavy water 
alone. It is clear that the new ATR unit is capable of high-sensitivity measurements even for 
a liquid sample with a concentration of only 0.01%. The secondary structure analysis results 
based on the amide Ι band in Fig. 2 (left) are shown in Fig. 2 (right). The α-Helix and β-sheet 
fractions were estimated to be 43 ± 1.5% and 19 ± 2%, respectively, which are in reasonable 
agreement with previously reported values of 36% and 10%.1 
This new ATR unit is expected to find applications not only in the analysis of proteins, but 
also lipids and sugars, providing a new tool in the field of biochemistry. 
 

                 
Figure 2 IR difference spectrum for 0.01% lysozyme in heavy water (left) and SSE spectra (right) 
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