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A major goal of this project is to develop experimental capabilities for examining the
surfaces/interfaces of materials important to new technology development. The
materials of interests include dye coated semiconductor particles, ionic liquids,
ultrathin films, composite materials, and nanoparticles. The surfaces/interfaces are
critical to the properties of these systems as they have high surface to bulk ratios.
But because these surfaces/interfaces are buried within a liquid or solid medium it is
difficult to experimentally probe them.

We have in the past decade with the support of AFOSR developed a unique
capability based on the nonlinear optical phenomenon Second Harmonic Light
Scattering (SHLS) for probing the structure, kinetics and energetics of
surfaces/interfaces buried in a colloidal medium. In this current project we have
accomplished the following:

1) We have developed a spectroscopic probe based on Sum Frequency Light
Scattering (SFLS) for structural characterization of molecules on particle



surfaces. In this new probe, a collinear heterodyne scheme has been
demonstrated for more sensitive detection of SFLS. Furthermore, we have
developed a new laser source for high resolution SFLS spectroscopy. In this
new laser source, a single femtosecond oscillator is used as the seed for two
regenerative amplifiers, of which one is femtosecond and the other is
picosecond. The output of the femtosecond regenerative amplifier is used
for an OPA to generate broadband IR light while part of the picosecond
regenerative amplifier is sent to a home-built pulse shaper to obtain a
spectrally narrowed visible beam. The new light source can currently
provide a resolution of 1.4 cm-1 resolution and has the potential to provide
sub-wavenumber resolution. Eventually, the more sensitive collinear
heterodyne detection scheme combined with the high resolution light
source will enable us to conduct spectroscopic examination of colloidal
surfaces to gain molecular level understanding of processes and functions at
the colloidal surface.

2) Through characterizing the surface properties of metallic nanoparticle, we
have discovered a way to make super-bright luminescent metallic
nanoparticles for sensing purposes. It is found that by curing the surface
defects that quench photo-excited carriers, luminescence efficiency of
metallic nanoparticles can be dramatically increased. For Ag nanoparticles,
as much as 300 times increase in photo-excitation induced luminescence is
observed upon surface adsorption of ethanethiol. The same treatment
increases Au nanoparticle luminescence efficiency by a factor of three. A
model based on the elimination of surface defects by the sulphur-metal
bond formed upon thiol adsorption can quantitatively account for the
observations, which also indicate that nanoparticles without proper surface
treatment typically have low luminescence quantum yields.

While working on the project stated in the original proposal, a discussion between
the Pl and the Program Officer prompted us to develop a new research that is of Air
Force interests. This new effort is based on the unique experimental capability —
Time Resolved FTIR Emission Spectroscopy — developed in the Pl's lab. This
technique enables us to detect the IR emission from a small amount of excited
molecules in gaseous environments for characterizing their identity and energy
content. A new goal is about solving a great mystery in astrophysics — why there is
inexplicable amount of HNC in excess of thermal equilibrium of HCN in interstellar
media.

Motivated by the possibility that cyano containing hydrocarbons may act as
photolytic sources for HCN and HNC in astrophysical environments, we conducted a
combined experimental and theoretical investigation of the 193 nm photolysis of
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the cyano-ester, methyl cyanoformate (MCF). Experimentally, nanosecond time-
resolved infrared emission spectroscopy was used to detect the emission from
nascent products generated in the photolysis reaction. The time-resolved spectra
were analyzed using a recently developed spectral reconstruction analysis, which
revealed spectral bands assignable to HCN and HNC. Fitting of the emission band
shape and intensity allowed determination of the photolysis quantum yield, and the
ratio of photolysis products HNC/HCN as 0.074, a number many orders of
magnitude higher than the thermal equilibrium. This work along with previous
studies in our laboratory illustrates the propensity for cyano-containing
hydrocarbons as photolytic sources of HCN and the overly abundant HNC in
astrophysical environments.

Subsequently we have characterized the UV photolysis of pyrazine, another CN
containing molecule, and found similarly high HNC/HCN ratio. Furthermore, using
the IR emission from HNC as a signature of its internal energy content, we have
determined the collisional energy transfer kinetics of this molecule with vibrational
excitation. The feasibility of efficient collisional deactivation also serves as a
contributing factor to the observed overabundance of astrophysical HNC.
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While working on the project stated in the original proposal, a discussion between
the Pl and the Program Officer prompted us to develop a new research that is of Air
Force interests. This new effort is based on the unique experimental capability —
Time Resolved FTIR Emission Spectroscopy — developed in the Pl's lab. This
technique enables us to detect the IR emission from a small amount of excited
molecules in gaseous environments for characterizing their identity and energy
content. A new goal is about solving a great mystery in astrophysics — why there is
inexplicable amount of HNC in excess of thermal equilibrium of HCN in interstellar
media.

Motivated by the possibility that cyano containing hydrocarbons may act as
photolytic sources for HCN and HNC in astrophysical environments, we conducted a
combined experimental and theoretical investigation of the 193 nm photolysis of
the cyano-ester, methyl cyanoformate (MCF). Experimentally, nanosecond time-
resolved infrared emission spectroscopy was used to detect the emission from
nascent products generated in the photolysis reaction. The time-resolved spectra
were analyzed using a recently developed spectral reconstruction analysis, which
revealed spectral bands assignable to HCN and HNC. Fitting of the emission band
shape and intensity allowed determination of the photolysis quantum yield, and the
ratio of photolysis products HNC/HCN as 0.074, a number many orders of
magnitude higher than the thermal equilibrium. This work along with previous
studies in our laboratory illustrates the propensity for cyano-containing
hydrocarbons as photolytic sources of HCN and the overly abundant HNC in
astrophysical environments.

Subsequently we have characterized the UV photolysis of pyrazine, another CN
containing molecule, and found similarly high HNC/HCN ratio. Furthermore, using
the IR emission from HNC as a signature of its internal energy content, we have
determined the collisional energy transfer kinetics of this molecule with vibrational
excitation. The feasibility of efficient collisional deactivation also serves as a
contributing factor to the observed overabundance of astrophysical HNC.
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Extensions Granted: A request for a nine month extension to March 31, 2019 with
additional funding $51,443 was granted. The additional fund and the extension

Has enabled us to replace and upgrade a failing diode laser module in the laser system
we use for routine nonlinear optical measurements, so we can carry out additional
measurements to confirm the observation of a 300 times enhancement of the
luminescence of silver nanoparticles (see description in Abstract) which is important for
many applications in sensing and imaging technologies.
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