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Application of Time-Resolved Coherent Anti-Stokes Raman Scattering
Technique on the Study of Photocatalytic Hydrogen Production Kinetics
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Abstract: Based on the laser pulse output from a femtosecond regenerative amplifier and optical
parametric amplifier (OPA), a broadband time-resolved coherent anti-Stokes Raman scattering (CARS)
setup was assembled. Using this setup, the relationship of hydrogen CARS spectra to its amount in a
mixture with air and the relevant detection time-delay were studied. Hydrogen CARS spectra without
nonresonant background interference were obtained by adjusting the detection time-delay. The observed
CARS intensity exhibited a linear relationship with the square of hydrogen concentration, which is
consistent with the theoretical prediction. The signal-to-noise ratio showed that when the pressure of
hydrogen-air mixed gas was 0.1 MPa, the detection limit of our setup was less than 0.2%. Using this setup,
the hydrogen production kinetics of a platinum(ll) terpyridyl acetylide molecular-cobalt catalyst-
triethanolamine (TEOA) system was studied. The kinetic mechanism of hydrogen production was
discussed by considering the effect of changing pH. The results indicate that a high proton concentration
will reduce the hydrogen production efficiency. This can be attributed to the inhibition of hydrolysis of TEOA
under acidic conditions, because it is the electron and proton donor in this hydrogen production system.
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Fig.1 (a) Schematic diagram of molecular states and the generation of CARS signals; (b) phase-matching condition in

BOXCARS:; (c) the beams configuration in experiment
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Fig.2 Schematic diagram of BOXCARS system for measuring hydrogen concentration
M,—M.;: mirrors; BS: beam spliter; L,, Ls, Ls, Ls, Ly convex lens; L,, Li: concave lens; BPF: narrow band pass filter;
LPF: long pass filter (HWB850); SPF: short pass filter (QB21)
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Scheme 1 Structures of (a) platinum terpyridyl acetylide
complex and (b) cobalt coordination complex
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(a) pure hydrogen, (b) the hydrogen partial pressure is 95%, (c) the hydrogen partial pressure is 40%, (d) air; total pressure: 0.1 MPa
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Fig.4 (a) Nonresonant signal (at 4293 cm™) decay as a function of pump-probe time delay; (b) time-resolved CARS signal
of pure hydrogen (at 4155 cm™)

The inset in (a) is a typical nonresonant signal of air when the probe beam was delayed by 16 ps.

The inset in (b) is a typical CARS spectrum of pure hydrogen when the probe beam was delayed by 16 ps.
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Solid line shows the results of linear fitting.
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