Frequency-comb for physical chemistry:
Dual-comb linear and nonlinear spectroscopy in condensed phase
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The spectrum of multi-mode laser Is has a comb-like structure. The frequency of n-th comb tooth of the laser can be expressed as f, = nf, + f_, where f, Is the repetition
rate, which Is determined by the laser cavity length, and f.,, Is called the carrier-envelope-offset frequency, which arise from the mismatch between phase velocity and
group velocity In the laser cavity. When both f. and f_., of a laser are stabilized, the laser is called frequency comb. Based on RF frequency locking techniques, frequency
comb has been widely used In physics for precision measurement and gas-phase spectroscopy. In condensed phase, the molecular electronic transition lines is broad as
much as tens of THz due to its inhomogeneity and fast relaxation processes. Therefore, the high frequency resolution of frequency comb has not been necessary for
condensed phase spectroscopy.

Dual frequency-cob (DFC) is the key to combine the frequency comb and conventional spectroscopy for chemistry. DFC utilizes two independent optical frequency-
combs (OFC) with slightly detuned repetition rates. We have proposed DFC absorption spectroscopy [1] and DFC transient absorption [2] with a broadband-Ti:sapphire-
laser based DFC system, which enabled us to resolve broad electronic transition character and ultrafast dynamics of molecular systems in condensed phase. The unique
properties of DFC, such as fast time-delay scanning, pulse-to-pulse phase-coherence and simultaneous multi-channel data recording, would enable us to measure
unprecedented region of chemistry.
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based experiment uses a smgle_ photo-detec_tc_)r, IS The fast scan rate and high time-resolution of DFC-
advantageous for the experiments requiring a

1 B. Ch(?, et al., Phys. Rev. A 2018, 97, 033831 simultaneous multi-parameter recording. A would be applied for various unexplored
2] JW. Kim, et al., J. Phys. Chem. Lett. 2018, 9, 1866-1871 chemical reactions.




