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Abstract

We present dual-frequency comb optical activity spectroscopy(DFC-OAS) of chiral molecules in condensed phase. By measuring two interferograms
corresponding to the horizontally- and vertically-polarized transmitted electric fields, the difference of the complex susceptibility spectra between left
and right-circularly polarized field can be obtained. The DFC interference signals in each polarization components will be transformed into the
frequency domain by a FFT method to get the imaginary and real parts of the susceptibility spectra for the circular dichroism (CD) and circular rotatory
dispersion (ORD) measurements. In this study, we consider the optical activity measurement of (R)-(+)-limonene and (S)-(-)-limonene by using two Mid
IR OFCs generated by difference frequency generation around 3.3 pm with 240MHz repetition rate and 200 fs pulse width. First, We measured auto-

-correlation signal of each comb by Mach-zehnder interferometer and cross-correlation signal of dual frequency comb. We anticipate that the CD/ORD
spectroscopy with dual frequency comb proposed in this study can be extended to time-resolved CD/ORD spectroscopy of extremely weak CD values,

which has been experimental challenges for long time.
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Asynchronous optical sampling(ASOPS) : automatic time-delay generation

L]
(+]
1S Z1zmetema
Institute for Basic Science

A time delay increment(AT) generated by two OFCs

whose repetition rates are slightly different is,
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tabtime  Then, the time delay(7) is down-converted to laboratory time(z)
by following relation,
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Theoretical description

OFC fleld E (r,t)=e k@ )r-o, “1 z A, o mont

s
=0,,-Ao,
=0,,-Ao,

E,(0)

Carrier frequency: O, =0,

repetition rate: o, =0,

The CI'OSS pOlarlzatIO n detectlon Linear polarization vector induced by chiral Then the oscillatiqg Qar‘t of the intensity
material is given by measured by PD is given by
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Since the electric field induced by the sample is Aol L
approximately proportional to the linear polarization Ap(w) = '(;]C o= r;‘([z)c Re[Az(o)]
Schematic diagram of DFC-OAS, /,=240 MHz, shown as
/=240 MHz+51 Hz respectively. LO: local oscillator, EV(r,t) oc iP"(r,1) "'q :ORD
7 BS: beamsplitter, WP:wollaston prism, PD:photodiod )
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Intensity of comba: 140.1 M. motorized stage moving range:
Crystal temperature: 130 celcius 1074 mm~-10.61 mm
motorized stage step size(increment): 100 nm

-10.71 mm~-10.51 mm

1225ml
Crystal temperature: 150 celcius
motorized stage step size(increment): 100 nm

Dual frequency comb

Interferogram Spectrum

-Repetition rate

Comb A: 240 MHz

Comb B: 240.000051 MHz
-Number of data: 1144 S
-External reference: 10 MHz
-Sampling rate: 80 MHz
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The spectrum of each comb and dual frequency comb shows that spectral bandwidth of comb is about 3.1~
3.5 um and this optical frequecy comb laser is appropriate to investigate optical activity of limonene molecules
of which CH stretching mode is shown around 3.3 um ~ 3.5 um.
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