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Materials and Methods.

Bulk absorption spectra of sodium thiocyanate (J.T. Baker, Baker Analyzed, A.C.S.

Reagent) dissolved in ultrapure water (Milli-Q, EMD Millipore) was measured with a UV-

2600 UV-Vis Spectrophotometer (SHIMADZU) in a quartz cuvette with 1-cm pathlength.

The broadband deep UV electronic sum frequency generation (DUV-ESFG) experimen-

tal design1 is based on the homodyne ESFG experiment of Yamaguchi & Tahara.2

Figure S1. Schematic of the broadband DUV-ESFG optical setup. The output of a com-
mercial 100-fs Ti:sapphire regenerative amplifier is split into two beam paths. The third
harmonic (ω1, 266 nm) is generated by directing the output through β-barium borate (BBO)
crystal, a calcite delay plate (Δt), an 800-nm half-wave plate (λ/2), and a second BBO
crystal. The white light continuum (ω2) is generated by focusing the 800 nm output of
the amplifier into a water cell. The beams are then focused and overlapped spatially and
temporally onto the sample. The reflected SFG signal is collimated with a lens and spatially
filtered by an iris before being focused into a spectrograph and CCD camera. Some optical
components are omitted for clarity. (Abbreviations: BS=beam splitter, L=lens, SP=short
pass filter, LP=long pass filter, SM=spherical mirror).

The optical design and diagram are shown in Figure S1. A Ti:sapphire regenerative

amplifier (Spitfire Ace, Spectra Physics) seeded by a Ti:sapphire oscillator (Mai Tai, Spectra

Physics) and pumped by an Nd:YLF laser (Empower, Spectra Physics) was used to produce

800 nm pulses (100-fs, 1 kHz, 4 mJ/pulse). The output of the amplifier was split into two

beam paths to generate the ω1 and ω2 pulses.

For the ω1 pulse, the 800 nm output was attenuated and the frequency-tripled funda-

mental at 266 nm was generated by directing the 800 nm pulse though a β-barium borate
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(BBO) crystal, a calcite delay plate, an 800-nm half-wave plate, and a second BBO crystal.

A bandpass filter (FF01-300/80, Semrock) was used to spectrally filter the pulse. The ω1

pulse was then directed through a time delay stage before being focused onto the sample

with a lens at an angle of 57° with respect to the surface normal (~5 µJ/pulse, p-polarized,

λcenter = 266 nm, FWHM = 2 nm). The spot size on the sample is 36 µm on the major axis

and 20 µm on the minor axis.

To generate the ω2 pulse, the 800 nm output of the amplifier was attenuated and then

directed through an 800-nm half-wave plate before being focused into a 5 mm quartz cell

containing a continuous water flow to generate a white light continuum,3 which was then

directed through a long-pass filter (BLP01-594R-25, Semrock) to eliminate wavelength

components shorter than ~600 nm. The ω2 pulse was then collimated and focused onto

the sample with a spherical mirror at an angle of 50 ° with respect to the surface normal

(~40 µJ/pulse, p-polarized, λ = 600 to 1400 nm). The spot size on the sample is 47 µm on

the major axis and 30 µm on the minor axis.

When the ω1 and ω2 pulses are spatially and temporally overlapped, a coherent sum

frequency (SF) signal is generated at the interface. The SF signal reflected at the phase-

matched angle and the reflected fundamental beams were collimated by a UV fused silica

plano-convex lens (LA4904, ThorLabs) and spatially filtered with an iris. The SF signal was

then focused by a calcium fluoride plano-convex lens (PLCX-25.4-70.6-CFUV, CVI Laser

Optics), passed through a bandpass filter (FB200-B-1D, Acton), directed onto the entrance

slit of a spectrograph (SP-300i, Princeton Instruments) with 500 grooves/mm and 240 nm

blaze wavelength (53-069R, Richardson Gratings), and detected by a thermoelectrically-

cooled CCD camera (PIXIS 2KBUV, Princeton Instruments).

Solutions were prepared in glassware soaked in NOCHROMIX (Godax Laboratories,

Inc.) and concentrated sulfuric acid solution overnight and rinsed with ultrapure water

(Milli-Q, EMD Millipore). Sodium thiocyanate (J.T. Baker, Baker Analyzed, A.C.S. Reagent)

was baked in an oven overnight prior to being dissolved in ultrapure water (Milli-Q, EMD
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Millipore) and allowed to equilibrate to room temperature (20± 1°C). The sample solutions

were contained in a Teflon Petri dish during the measurement. Each sample was limited

to 120 seconds of laser exposure time to reduce photodegradation and photoproduct

formation, contamination of the solution surface by airborne particulates, and effects of

evaporation. An undoped gallium arsenide wafer (Materials Tech. Intl. Corporation) was

used as the nonresonant reference sample.
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