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Surface Sum Frequency Generation Spectroscopy
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Pump-Probe Spectroscopy
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Pump-Probe Surface Sum-Frequency Generation Spectroscopy




Generation of mid-IR and upconversion pulses
s

type-I SHG ~45 1J
5x5x3 mms3 ~1100 nm
¢=90°, 6=22.2°




Generation of mid-IR and upconversion pulses
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Generation of mid-IR and upconversion pulses

idler PUMP
2200 nm PRPRPRPPPI NP _

Probe : type Il Difference Frequency Mixing (from residual beam)
5x5x3 mm3

9 IR probe (p=0°, 0=41.8"
P 3000 nm
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FWHM ~ 150cm?

>
Probe wavelength can be tuned independently
of the pump wavelength ( ~ 200 cm-! detuned)

Narrowband visible pulse (1 uJ, 800 nm)



Generation of mid-IR and upconversion pulses
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Generation of mid-IR and upconversion pulses for 2D-SFG
s
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Instrumentation at sample
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Detection and data acquisition
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Detection and data acquisition
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Detection and data acquisition
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Instrument response
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Normalized differential SFG
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PHYSICAL CHEMISTRY
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Comparative Study of Direct and Phase-Specific Vibrational
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Setup

Au coated, f = 50 mm

sample GaAs

~ 35 fs Ti:Sapphire Sapphire Regenerative Amplifier (Coherent Legend)
1 mJ -> Home made OPA & DFG\
0.5 mJ -> Fabry-Perot etalon -> ~25 cm?

Silica delay plate 1 mm, AR coating Reflection coefficient of GaAs ~ 0.4
(110) cut GaAs Wavelength independent

emCCD



Idea of Heterodyne SFG

sample GaAs
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We can obtain interference term -> phase information (arrangement direction of the molecule)



SFG intensity (a.u.)

Fourier Transformation of SFG spectra
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Remark
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Normalization of the Phase-Sensitive SFG spectrum
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Comparing PS-SFG and Conventional SFG
s ————
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Comparing PS-SFG and Conventional SFG
s ————
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Comparing PS-SFG and Conventional SFG
s ————
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Comparing PS-SFG and Conventional SFG
s ————
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Comparing PS-SFG and Conventional SFG
s ————
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Correction for PS-SFG at complex spectra
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Effect on Phase-Sensitive measurement on Signal to Noise
s ————

PS-SFG signal can be orders of magnitude higher than the conventional SFG due to interference with a large SFG signal from LO

Increment of signal-to-noise ratio is reported previously
Stiopkin et al, JACS (2008)

Nihonyanagi et al, JCP (2009)

Laaser et al, JPCB (2011)

Watanabe et al, PRB (2010)

Niot = '\/Ns.hotz + Npc® + Ng?

For deep cooled emCCD

N,: :total noise

Nghot - Shot noise - 150 to 600 counts / pixel (360s integration at resonance)
Npc : dark current noise ~ 0.002 counts / pixel-second

Nr :readout noise ~ 2.8 counts / pixel-readout
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Effect on Phase-Sensitive measurement on Signal to Noise
s ————
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For deep cooled emCCD

N,: :total noise

Nghot - Shot noise - 150 to 600 counts / pixel (360s integration at resonance)
Npc : dark current noise ~ 0.002 counts / pixel-second

N :readout noise ~ 2.8 counts / pixel-readout



Effect on Phase-Sensitive measurement on Signal to Noise
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Improvement at low counts / pixel ( Npc, Ng important condition)
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Real cases : much worse

GaAs is not a perfect reflector
Suboptimal interference



Conclusion
e

Time-resolved, 2D, and Phase sensitive SFG measurement
were realized by Ti:S laser



Calibration excitation frequency
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Beam alignment
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Detection and data acquisition

Andor EMCCD P1iCCD
512x512 pixels (/24x24 um)

< 5nsec, 5 kHz

Good quantum efficienc
Good for air/water
interface Minimal shot noise

Good for lipid/water interface
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Software
L

pixel number
Software controls the
Pump-probe dealy line 100 200 300 400 500

Analyzes the CCD images
Trough height modification
Adjustment of the Fabry-Perot piezo voltage

pixel number
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500 400 300 200




