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Methods to perform the highly sensitive analysis of compounds attached to the surface of
heat—sensitive substances, such as skin, are necessary in various fields, including medicine,
cosmetics, security, and forensic science. In this study, a highly sensitive analyzer for surface
compounds was developed; the analyzer uses atmospheric—pressure low—temperature plasma and can
be used to analyze heat—sensitive surfaces.

First, a method to perform the mass spectrometric analysis of compounds attached to the surface of
heat—sensitive substances 1is described, where desorption and ionization are conducted
simultaneously in a single plasma. When this method was used to analyze pharmaceuticals and
cosmetic samples, isopropylantipyrine, thymol, phenyl salicylate, and 2-phenoxyethanol were
detected, and their detection limits were 1.4, 0.3, 1.8, and 7.1 pmol, respectively.

Further, to elucidate the ionization mechanism, a method to control the amount of protons via the
addition of a small amount of hydrogen to the helium—generating plasma was proposed. When
2-isopropylpyridine and 4-isopropylaniline, which are used for herbicide elimination and as a
herbicide, respectively, were used as a sample, the signal intensity became maximum by adding
hydrogen flowing at 6 mL/min to helium flowing at 300 mL/min. These samples were successfully
analyzed at the lower detection limits of 104 fmol and 42 pmol, respectively.

Additionally, a system was developed in which two plasma sources were separately applied for
sample desorption and ionization, and each process was independently optimized. Phenyl salicylate
and 2-isopropylpyridine were successfully analyzed by optimizing the generation conditions of the
two plasmas. Furthermore, with the optimization of the gas flow rate, the optimized plasma position
resulted in a signal that was more than 60 times stronger than the signal that was detected using a
conventional plasma system; additionally, the feasibility of employing the equipment for practical
usage was demonstrated. PTFE, nylon, PET, aluminum, copper and iron were used as the surface
materials onto which a sample was adhered, and phenyl salicylate was analyzed. The results depicted
that the surface free energy acting between the surface material and the sample influenced the
desorption of the sample.

Finally, in order to analyze the surface compounds in microscopic regions with diameters of 100
u m or smaller, a system with a low power laser and low temperature plasma was proposed. Using a
laser ranging from 1.9 to 2.2 m]J per pulse, it was demonstrated that the sample could be desorbed
using a position resolution of approximately 100 u m in diameter without causing any thermal damage
to the surface. Additionally, it was illustrated that mass spectrometry with suppressed fragments of
samples was made possible using low—temperature plasma for ionization. When samples were
analyzed using lasers with wavelengths of 405, 650 and 980 nm, the signal intensity per unit energy
at any wavelength was 1.2 to 1.3 X 10* au/mJ. These results depict that the energy of the laser, and
not the wavelength, affected the desorption within the experimental range. The repetition frequency
and pulse width were observed to influence the surface temperature and the desorption area, and the
signal intensity of the sample was the highest at a surface temperature ranging from 55 °C to 60 °C.
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