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The mid-infrared (MIR) wavelength range is often termed the molecular fingerprint 
region, since there are many characteristic absorption lines caused by molecular 
vibrations in the MIR wavelength range. By using these characteristic absorption lines, 
MIR spectroscopy is frequently applied to component analysis and structural analysis. In 
addition, selective excitation and dissociation of molecules are also possible by tuning the 
wavelength of the laser to the characteristic absorption line of the target molecule. 
Therefore, non-destructive diagnosis and less-invasive treatments of diseases such as 
atherosclerosis and gallstones are possible using tunable MIR lasers(1–4). 

Recently, a tabletop tunable MIR laser source using difference-frequency generation 
(MIR-DFG laser) (1–4) and hollow optical fibers(5,6) which can transmit MIR rays have 
been developed. The MIR-DFG laser is tunable within a wavelength range of 5.5–10 µm 
and generates laser pulses with an energy over 1 mJ/pulse. We have developed a novel 
endoscopic system for non-destructive and less-invasive diagnosis with attenuated total 
reflection (ATR) spectroscopy and for a selective and safe treatment by using a tunable 
MIR-DFG laser and hollow optical fibers. For diagnosis, an ATR prism made of diamond 
was attached to the tip of two hollow optical fibers with an inner diameter of 700 µm. On 
the other hand, for treatments, a focusing lens made of diamond wad attached to the tip of 
another hollow optical fiber with an inner diameter of 700 µm. 

Figure 1 shows absorption spectra of liquid water measured with the ATR prism by 
scanning the wavelength of the MIR-DFG laser and that measured with a Fourier 
transform infrared spectrometer (FT-IR). The shapes of the two spectra are in agreement, 
and a strong absorption peak caused by the O–H bending vibration was observed in both 
spectra at the wavelength of  about 6 µm. 

We have also examined laser lithotripsy using the MIR-DFG laser. Human gallstones 
(cholesterol stones) were efficiently ablated by irradiating the MIR-DFG laser at the 
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wavelength of 6.83 µm which corresponds to the absorption caused by the C–H bending 
vibration of cholesterol molecules. 
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FIG. 1 Absorption spectra of liquid water measured with the ATR prism and the FT-IR. 
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