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The scientific analysis is an important process in conservation and restoration of artistic objects to understand the history. The X-ray analyses including X-ray fluorescence are generally used to determine inorganic pigments by detecting elements.  The near- and mid-infrared spectroscopy can identify some organic dyes and there are rich spectral databases around the world.  Recently terahertz (THz) spectroscopy has progressed rapidly and it is expected that its spectra are more material specific compared with those of mid-infrared regions, and thus it can give useful information to identify mixed materials, such as pigments and binders.   


We have obtained spectra of various historical and modern pigments and binders in the frequency range from 0.6 to 15 THz (500 to 20 cm-1) with THz-Fourier transform infrared spectrophotometer system, and established an online database.  Almost all pigments have fingerprint peaks, and binders have specific spectra [1].  Therefore, THz spectroscopy can distinguish the pigments which have the same colour such as lead white and titanium white (even the difference between anatase type and rutile type) , and can distinguish binders used with the same pigment.  When titanium-white is detected in a painting, that part is definitely painted after 1900.  Lead-white, on the other hand, has been used since ancient period.  Although pigments can be identified by detecting elements, such as Zn or Pb, THz can also distinguish lead-white/natural-oil mixture and lead-white/acrylic-resin mixture.  This is one of the significant advantages of THz spectroscopy to analyse mixtures.  The analysis of such mixed materials is rather difficult for mid-infrared spectroscopy due to the superposition of complex absorption peak.  


THz imaging technique with THz-Time domain spectroscopy system has also been progressed and have been used to detect illegal drugs in envelopes. Based on the database of art materials, we have analysed some art objects by component spatial pattern analysis [2].  One example is the aplication for character recognition of medieval manuscript.  From the spectra in THz frequency range, the red ink in a parchment specimen from 13th century was identified as cinnabar, and there was a dark brown spot on the red character.  By obtaining the spectra of the dark brown part nearby, the spot was successfully eliminated from the image of the red character.  


These experimental results prove that THz can clarify the period of the original work as well as the history of restorations.  We have been developing a portable THz imaging system with quantum cascade laser to perform on-site THz spectroscopy.  It should contribute to not only art analysis but also various targets as a new non-invasive examination method.
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