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Surface specific IR-Visible Sum frequency generation (SFG) 

has the ability to measure vibrational spectra of monolayer level 

buried interfaces. The provision of IR-Vis SFG spectroscopy at 

CLF-Ultra has been driven by successful studies of catalysis at 

electrochemical interfaces.1–3 Detection of the SFG signal in-

quadrature on a camera (known as ‘homodyne’ detection) is the 

simplest means of acquiring data, however field level 

interferences of overlapping signals on top of the electronic 

SFG signal (known as the nonresonant background) make it 

difficult to identify and interpret the vibrational signals of 

interest. In previous years, CLF-Ultra relied on IR-Visible pulse 

delayed time gating to remove the nonresonant background. 

This method is useful on long-lived vibrational species, but at 

the expense of reduced signals sizes. It also introduces non-

physical shifts on peak positions, as well as artefacts on the 

lineshapes observed.4  

 

A more powerful and robust means of detecting IR-Visible SFG 

signals is to interfere them with a phase stable reference (local 

oscillator) field. Known as heterodyne detection, the SFG signal 

is measured at the field level, eliminating the interferences 

inherent to in-quadrature detection, allowing determination of 

the sign of the response (giving molecular orientation) and also 

allowing the removal of the nonresonant background.  

 

CLF-Ultra have recently experimented with heterodyne 

detected IR-Visible SFG on several user experiments (App 

19139946 and 19130066). The optical scheme of Petersen and 

coworkers5 was implemented and studied carefully with regards 

to optimising signal-to-noise and signal recovery. The data in 

Figure 1 illustrates the current status. The Petersen scheme as 

implemented at CLF-Ultra works correctly. 1(b) clearly shows 

the elimination of the dispersive character of the lineshapes 

caused by interference of signals, as well as elimination of the 

nonresonant background. Developments are now focused on 

why the signal-to-noise is compromised in the heterodyne 

scheme, where a factor of 10x increase in averaging is 

necessary to achieve acceptable signal-to-noise compared with 

homodyne measurements.      

 

 

 

Figure 1. A comparison of SCN- ions on a gold substrate measured 

with homodyne (a) and heterodyne (b) detected IR-Visible SFG 

spectroscopy. (a) was recorded with a 2 second accumulation of signal. 
(b) was recorded with a 20 second accumulation of signal. Heterodyne 

signal fringes were recovered from a spectrum recorded with a 4 ps 
delay between the local oscillator and the SFG signal. 
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