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It is important to develop nanospectroscopy systems that have both high spatial resolution and
chemical sensitivity in order to study phenomena occurring at the nanometer scale. The development
of a nanospectroscopy system in this project would help study both biological and non-biological
samples.

In this work, we were able to construct a nanospectroscopy system that can
operate at 632.8 nm and 785 nm wavelengths and is housed in an environment control system to
accommodate environment sensitive samples. The system was designed through the use of numerical
simulations (FDTD and Mathematica) to obtain the optimal experimental parameters of the optics and
probe (numerical aperture, laser illumination angle, tip tilt). A three-electrode electrochemical
etching system was made to fabricate Au tips and a methodology was established to make these Au
tips.
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(1) The cell membrane and its structure can influence cellular activity. One particular
structure of interest in the cell membrane is the lipid bilayer or lipid rafts. Lipid
bilayers can form nanodomains and are hypothesized to be involved in cell processes
such as cell death and host-pathogen interactions. The role of lipid bilayer nanodomains
(LBN) in cells, however, is still unclear.

(2) In order to understand the role of LBN in the cell membrane, their direct
observation is necessary especially in various physiological conditions. To image these
nanometer scale structures and simultaneously characterize their physiochemical
properties, a scanning probe microscope integrated with a spectrometer is essential.
Through this nanospectroscopy system, tip-enhanced Raman spectroscopy (TERS) and tip-
enhanced terahertz Raman spectroscopy (TE-THzRS) can be utilized to detect both high
frequency Raman (Fingerprint region, 200 cm®-1 to 2000 cm™-1) and low frequency Raman
(terahertz Raman, 10 cm™-1 to 200 cm~-1) for a full chemical picture of the sample.
The sample can be placed in a microfluidic device in order to vary the physiological
conditions such as temperature, pH levels and proteins.

The purpose of this research is to develop a nanospectroscopy system that can image
and characterize in situ the formation of LBN and its behavior in a dynamic liquid
environment (e.g. varying temperature, pH levels and proteins). All this is possible
through the subnanometer spatial resolution and high chemical sensitivity provided by
the proposed nanospectroscopy system.

In order to conduct the proposed research, the nanospectroscopy system was initially
designed based on the existing scanning probe microscope system. The existing system
was originally designed for TERS using a 632.8 nm laser, while the proposed system
must also be capable to do both TERS and TE-THzRS using a 785 nm laser. A change in
the optics was essential. Numerical simulations were also needed to determine the
appropriate TERS/TE-THzRS probe for the experiments.
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Figure 1. Calculated electric field distribution on an Au substrate
for normal (6; = 0°) and oblique incidence (8; = 60°).
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simulations that  for
oblique illumination, the
field profile of electric
field in the z-direction
was more intense as
compared to normal
incidence (Figure 1). The
illumination wavelength
used was 785 nm while the
numerical aperture (NA) used for the simulations was 0.6, which is the NA of the
objective lens in the existing system.
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The use of a parabolic mirror to illuminate the tip-sample junction was also explored.
Mathematica calculations were also conducted to visualize the electric field



distribution on the Au substrate (Figure 2). The illumination wavelength used was 785
nm while the NA of the parabolic mirror was 1.515.
(2) The electric field enhancement at the tip apex was also simulated using FDTD at

Figure 2. Calculated electric field distribution when using a parabolic mirror (NA = 1.515).
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(3) Tips were successfully mounted on at the tip-sample gap (d = 1 nm) for different
a home-made scanning probe head and angles of incidence and tip tilt.

the head along with the sample stage

plus the detection optics were mounted in an environment control chamber.

(4) A three-electrode system (based on the work of Yang, et. al J. Phys. Chem C 2018,
122, 16950-16955) was constructed (Figure 4a) and sharp tips with a diameter of 50 nm
were fabricated (Figure 4b). A methodology to make these Au tips was established and
can be used for Au wires of varying diameters (e.g. 100 microns, 250 microns, and 300
microns).
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Figure 4. (a) schematic of 3-electrode electrochemical system used to etch the Au tips and (b) example
of etched tip with a diameter of 50 nm.

(5) The developed nanospectroscopy system can utilize both 632.8 nm and 785 nm laser
wavelengths although not simultaneously. Such versatility is important to accommodate
a variety of samples and also tips whose plasmon resonance varies depending on the



material used for the tip. The system is housed in a metal environment control chamber
whose main purpose is to stabilize both the temperature and the humidity in the
experimental space and to block out stray light, mechanical and vibrational noise.
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