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The equations used in the numerical and graphical methods to obtain the molecular 

orientation are given below:
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The SF intensity is described as: 
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where βSF is the angle of incidence of the SF beam, c the speed of light, n the refractive 

indices in air, )2(

effχ  the effective susceptibility, IIR and Ivis the IR and vis. beam intensities. 

 

The susceptibility contains two contributions, one resonant (χ(2)
R) and one nonresonant 

(χ(2)
NR): 
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where the sum is taken over all surface vibrations contributing to the SF signal. The 

macroscopic nonlinear susceptibility is related to the microscopic hyperpolarizability, β(2)
, 

averaged over all molecular orientations, <β(2)
>: 
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where Ns is the number of molecules per unit area. The hyperpolarizability can be expressed 

in terms of the IR transition dipole moment, µγ, and the Raman tensor, ααβ, according to 
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where ωn is an IR transition frequency, ωIR the laser frequency, and Γ the damping constant. 

 

The effective susceptibility in equation 1 is expressed as 
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where ê(ωn)  are the unit polarization vectors and L(ωn) the Fresnel factors: 
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where Lxx, Lyy, and Lzz are the diagonal elements of the Fresnel tensor, βn and γn are the 

incident and refracted angles for the respective beams, and n´(ωn) are the interfacial refractive 

indices.  

 

For a C∞v point group at an azimuthally isotropic surface (such as the CH and C=O bonds in 

formic acid), the following susceptibility elements are nonzero: 

 

χyyz = χxxz, χyzy = χxzx, χzyy = χzxx, and χzzz                                                            (7) 

 

For the polarization combinations ssp, ppp, and sps, used in this paper, the expressions of the 

effective susceptibilities take the form: 
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The tensor elements in equation 8 can be expressed as 

 

)cos)1(cos)1(( 3

2
1

,, θθβχχ rrN cccssyyzsxxz −−+==         (9a) 

)cos)(cos1( 3

2
1

,,,, θθβχχχχ −−==== rN cccsszyyszxxsyzysxzx                    (9b) 

)cos)1(cos( 3

, θθβχ rrN cccsszzz −+=                                       (9c) 

 

where the r factor is related to the Raman depolarization ratio ρ according to 
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In accordance with equation 2-4, all spectra were fitted by Lorentzian line shapes of the form: 
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where ANR is the nonresonant amplitude, and An the resonant amplitude. 



In the numerical method, the experimentally obtained amplitude ratios (Assp/Appp, Assp/Asps, 

Appp/Asps) from equation 11 are matched with the ratios of the theoretical equations 8a-c. 

Subsequently, the nonlinear equation systems are solved in Matlab with the ranges of the 

amplitude ratios and depolarization ratios restricted as specified in the paper, yielding the 

interval of the CH and C=O tilt angles.  

 

In the graphical method, the theoretical curves of the effective susceptibility ratios in equation 

8a-c are plotted as functions of the tilt angle, which is obtained by inserting the amplitude 

ratios generated in the fits (equation 11). 

 

The numerical and the graphical methods are based on the same equations and therefore yield 

the same tilt angles.  
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