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Introduction (SFG spectroscopy)

Isotropic medium: inversion symmetry in bulk
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Second order polarization responses of material 

Only responses from surface are detectable



Introduction (SFG spectroscopy)

Intensity of SFG signal 
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Introduction (SFG spectroscopy)

2(2)( )SFG IR VIS effI w w w c= + µ

What is the problem?
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Lost information of E-field

Langmuir, 26 ,18266 (2010)
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Phase sensitive SFVS

J. Chem. Phys. 130, 204704 (2009)

1) Mix SF signal from sample and LO (GaAs)

2) Take one of crossterms in time domain  

3) FT and divide signal by reference (quartz)

4) Plot Im and Re of  
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Clear Information about 
molecular orientation 



Maximum entropy method
“The MEM describes a method of finding auto correlation values of t > Tmax

by quantifying the information content of spectrum by means of the spectral 
entropy h.”

Take out M+1 
data points
(interval :△w)

Tmax= 2π / △w

Information?

Concept: adding information of t > Tmax should not 
change spectral entropy!
(Assumption: all of information is in spectrum!)



Maximum entropy method
From J.P.Burg ph.D, dissertation, Stanford university (1975). 
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Here, inverse of power spectrum           can be expanded in Fourier series of λn.  
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Maximum entropy method
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Since function in denominator is analytic, 
this contour integration can be calculated 
by Cauchy integral formula.
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M+1 by M+1 matrix (M+1 variables).
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Effect of error phase 
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Overall phase change give 
erroneous Imaginary spectra.

By checking Loretzian line shape of Im 
spectra, correct Im spectra can be 
recovered.



Comparison of PS-SFVS and MEM

<water/DPPC> <water/air>

Data from - J. Am. Chem. Soc. 132, 11336 (2010).

MEM could reproduce Im and Re spectra 
similar with result from PS-SFVS.

Phys. Rev. Lett. 095502 (2009)



Possible source of error
1) Phase shift – reference (quartz) has resonant component 
(second order susceptibility is not purely real…??..) 

10 degree uniform phase shift

2) Phase drift – possibility of sample and reference placing 



Possible source of error
3) Complex conjugation

180degree inversion
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