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NONDESTRUCTIVE CHEMICAL ANALYSIS OF SOLIDS UNDER AMBIENT CONDITIONS
Valery Bulatov, Yuheng Chen, Natalia Vinerot, Israel Schechter
Schulich Department of Chemistry

Technion – Israel Institute of Technology

Haifa 32000, Israel

Multiphoton ionization (MPI) is a nonlinear process where an atom or a molecule can simultaneously absorb more than one photon and get ionized. Current applications of MPI are mainly in mass spectrometry, since the resulted molecular ions do not undergo extensive fragmentation. 

We succeeded, for the first time, to utilize MPI spectroscopy for direct chemical analysis of solids under ambient conditions. In our experimental setup, various organic solids have been irradiated with a tunable laser the time-integrated photocurrent was registered as a function of wavelength.

The results indicate a spectral fingerprint of the various compounds, which resembles the absorption spectra of the solids and of the compounds in solution. An example is presented in Fig. 1a. Note the detailed information obtained from the MPI spectra, which is much richer than that obtained from absorption measurements. These results indicate that MPI performed under ambient conditions and monitored via the emitted photoelectrons is a new kind of spectroscopy that provides useful analytical information on solids. 

Quantification is also possible, as shown in Fig. 1b. The inset shows the time dependent signal. The LODs are in the pico-mole range.

The major advantage of the proposed detection method is that it provides more detailed information than regular absorption spectroscopy, and it can be carried out directly on the sample surface, without special preparations. (Absorption measurements require preparing a thin slice of the material.) Moreover, the method is technologically simple. The only rather expensive component is the laser, but it would probably become less expensive in the future.
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	Fig. 1: (a) MPI spectrum of solid pyrene. The absorption spectra of the solid and of the solution are also presented. (b) Quantification, based on the integrated signal. 
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