
COMPLETE PACKAGE INCLUDES

• Transmission cell
• Five plasmonic working electrode 

windows
• Platinum counter electrode windows
• Leakless Ag/AgCl reference electrode
• Peristaltic pump & tubing
• Solvent reservoir
• UV Ozinator
• Potentiostat

APPLICATIONS

• FT-IR spectroscopy
• Time-resolved IR spectroscopy
• 2D IR spectroscopy

spectroscopy shaping science

TRANSMISSION SPECTROSCOPY ELECTROCHEMICAL CELL

DETAILS
Wavelength Range 1000 to > 4000 cm-1

Plasmonic Enhancement ~1150 to 3500 cm-1

Plasmonic Window Reuse estimated 10 samples
Clear Aperture 0.6 inches
Window Diameter 25 mm
Window thickness 2 mm
Path Length >12 μm
Approx. Body Size 5 x 6.5 cm

    

The PhaseTech Transmission Volt IR is a compact sample cell for mid-infrared spectro-
electrochemistry in the transmission geometry.

The cell utilizes specially designed, reusable IR-transparent Au plasmonic electrode win-
dows for the application of voltage in a three-electrode electrochemical cell configuration.

Gold 
plasmonic
electrode

Monolayer surface-sensitivity!
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ABST�CT: Strong electric fields exist between the electric
double layer and charged surfaces. �ese fields impact molecular
structures and chemistry at interfaces. We have developed a
transparent electrode with infrared plasmonic enhancement

to measure FTIR and two-dimensional infrared spectra
at submonolayer coverages on the surface to which a voltage can
be applied. Our device consists of an infrared transparent substrate,
a 10−20 nm layer of conductive indium tin oxide (ITO), an
electrically resistive layer of 3−5 nm Al2O3, and a 3 nm layer of
nonconductive plasmonic gold. �e materials and thicknesses are
set to maximize the surface number density of the monolayer
molecules, electrical conductivity, and plasmonic enhancement
while minimizing background signals and avoiding Fano line shape distortions. �e design was optimized by iteratively
characterizing the material roughness and thickness with atomic force microscopy and electron microscopy and by monitoring the
plasmon resonance enhancement with spectroscopy. �e design is robust to repeated fabrication. �is new electrode is tested on
nitrile functional groups using a monolayer of 4-mercaptobenzonitrile as well as on CO and CC stretching modes using 4-
mercaptobenzoic acid methyl ester. A voltage-dependent Stark shi� is observed on both monolayers. We also observe that the
transition dipole strength of the CN mode scales linearly with the applied voltage, providing a second way of measuring the surface
electric field strength. We anticipate that this cell will enable many new voltage-dependent infrared experiments under applied
voltages.

1. INTRODUCTION
�e structure and dynamics of molecules under an applied
electric field is of fundamental interest to a wide range of
disciplines spanning electrochemistry to biophysics. In electro-
chemical and electrocatalytic cells, reactions occur because of
the electric field at the electrode interface, which is o�en
enhanced by the presence of an electric double layer near the
surface when compared to the interface with nonionic solution.
�e dynamics of the reactants and solvents at the interface also
respond to electric field strengths.1−6 In biology,
electric fields across membranes are generated by two sets of
electric double layers, one on each side. �at field is sensed by
the proteins within the membrane, altering their structure and
triggering their function.7−11 It is well-documented that
electric fields alter the molecular structure and orientation at
interfaces, but the impact of electric fields on the dynamics of
molecules is largely unmeasured.
Dynamics under an applied field are an understudied topic

largely because there are not many experimental techniques
capable of doing so. �ere are very few molecules at an
interface, as compared to the bulk, and so sensitivity is a
limiting factor. Useful techniques for interfacial structure

determination include sum frequency generation (SFG),
surface-enhanced Raman (SERS), infrared reflection absorp-
tion (I�S), and surface/plasmonically enhanced infrared
absorption spectroscopy (SEI�), which all provide vibra-
tional spectra and have monolayer sensitivity.4,5,12−21 SFG
spectroscopy relies on a nonlinear process to achieve surface
sensitivity while the other techniques utilize plasmon enhance-
ment.
In terms of ultrafast dynamics, Kraack and Hamm pioneered

a surface-enhanced version of two-dimensional infrared
(2DIR) spectroscopy using a thin layer of rough platinum or
gold which enhances the monolayer signal to a detectable level
by common IR detectors.16,22−25 �ey also put an 0.1 nm Pt
layer on top of 5 nm indium tin oxide (ITO) to allow
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