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INTRODUCTION

The project entitled - Lightweight Portable Plasma Medical Device — Plasma Engineering Research
Laboratory has made a significant advancement on meeting the proposed milestones. The
project has two objectives, in which the objective 1 is to develop a plasma research facility and
establish a range of experimental plasma systems and diagnostics. The tasks under objective 1
were already completed earlier. The project’s second objective is to develop a prototype of a
portable plasma source for biomedical applications such as sterilization, infection treatment and
cancer treatment. We have developed a test portable plasma source and tested preliminarily on
a range of bacteria and cancer cells and promising results were obtained earlier. We have
redesigned and reconstructed a portable non-thermal atmospheric pressure plasma jet
developed earlier based on a dielectric barrier discharge configuration. The plasma and biological
testing and characterization of the optimized plasma jet are in progress. The Pl has mentored
over 20 undergraduate students and 2 graduate students to perform various research projects.
Several of these students have presented their work at various conferences and symposiums and
few of those presentations has received best paper awards. The Pl has mentored a visiting
scientist and 5 postdoctoral research associates. The Pl and the research team have published
over 10 journal articles and currently preparing 6 journal manuscripts which will be submitted in
the upcoming year. The PERL has received a great visibility in the university campus as well as in
the state. A no cost extension was requested and approved to continue and complete the

remaining tasks of second objective.



BODY

Table 1. The Project Objectives and Tasks

. Base Line
Task Proposed Milestones Status
Plan Date
Objective 1: Establish Plasma Engineering Research Lab
1 Setup a direct current - atmospheric - resistive
) 26 OCT 2011 | Completed
barrier cold plasma system
2 Setup a 13.56 MHz radio frequency dielectric barrier
26 OCT 2011 | Completed
plasma system
3 Setup a 900 MHz/2.45 GHz wave plasma system 26 OCT 2011 | Completed
4 Setup a laser induced breakdown plasma
. 26 OCT 2011 | Completed
experimental system
5 Implement plasma shadowgraphy diagnostics Setup 26 OCT 2011 | Completed
6 Implement a two color laser interferomtery
. i 26 OCT 2011 | Completed
diagnostics setup
7 Implement a optical emission spectroscopy
) ) 26 OCT 2011 | Completed
diagnostics setup
Objective 2: Develop Portable Plasma Source
8 Design phase: Design an optimized portable plasma
enp & P P P 26 OCT 2012 | Completed
source system
9 Construction phase: Construct the portable plasma
source based on the design analysis and utilizing the
o ] 26 OCT 2012 | Completed
existing resources and knowledge gained from
objective 1.
10 Testing and characterization phase: Portable plasma
source will be tested and characterized for its 26 OCT 2014 | Completed
operating parameters and plasma parameters.
11 In
Biological testing: In-vitro biological testing. 26 OCT 2015
Progress




Progress of Tasks 10 and 11: Testing and characterization phase: Portable plasma source will
be tested and characterized for its operating parameters and plasma parameters, and (Task-
11) Biological testing: In-vitro biological testing.

Atmospheric pressure non-thermal plasma sources operating over a range of power levels has
been used for industrial and materials processing applications,[1-4] and increasingly applied in
biomedical applications.[2, 3, 5, 6] Several atmospheric pressure plasma sources have been
developed recently, including the plasma pencil that produces stable plasma at room
temperatures applied for bacterial inactivation,[7] non-destructive sub-mm radio frequency
plasma needle applied for surface treatment of biomaterials,[8] one atmosphere uniform glow
discharge plasma,[9] dielectric barrier discharge based atmospheric pressure plasma jet,[10]
resistive barrier plasma discharge,[11-13] and microwave powered atmospheric pressure plasma
jets.[14] In general, the majority of the plasma sources operate with a flow of noble gasses like
helium, argon and/or their mixtures with other gases such as air, nitrogen, oxygen and water
vapor.[14] Depending on the specific application requirements, a plasma source has to be
developed and the characteristics of the plasma need to be diagnosed. In this work, we have
constructed an atmospheric pressure plasma pencil in our laboratory based on kHz driven
dielectric barrier discharge suitable for biomedical applications.

In this work, we describe the characteristics of an atmospheric pressure plasma pencil in
helium and helium/oxygen mixture propagating in to open air. The plasma pencil is capable of
working in different gas mixtures, e.g. argon, helium and their mixture with oxygen and water
vapors. The different modes of operation and its low gas temperatures along with its efficient
production of active species will potentially allow for a wide range of applications. The electrical

characterization was performed based on voltage-current characterization of the plasma pencil



operated in helium and He/O; gas mixtures. The plasma power was estimated from voltage-
current waveforms and the input power was kept constant while varying the applied voltage.
Subsequently, optical emission spectroscopy was utilized for investigation of reactive species in
plasma and determination of OH radical rotational temperature.

The size and preciseness of the plasma pencil would allow it for a range of biomedical
applications that involves localized treatments. One such area of interest is pediatric
otorhinolaryngology, specifically the treatment of middle ear and paranasal infections in infants
and children. Streptococcus pneumoniae (the pneumococcus) is one the primary bacteria that
causes such infections in the different locations of the respiratory tract of humans, including
acute otitis media (middle ear infection), sinusitis (paranasal infection), bronchitis and
pneumonia (lung infections).[16] Of the infections caused by the pneumococcus, otitis media
(OM) is one of the highest prevalent pediatric diseases worldwide.[17] OM is the most frequently
diagnosed illnesses in children under 15 years of age and is the primary reason for frequent
physician visits.[18] Traditional treatment of pneumococcal infections in the middle ear and
sinuses has consisted of a series of antibiotics; in fact, OM infections are considered the major
reason for antibiotic use in children in developed countries.[19] Due to the rise in acquired
bacterial resistance to antibiotics, there is a pressing need for alternative treatments to both
reduce the antibiotic use in children and to combat bacterial infections from already resistant
bacteria. To identify the usefulness of the plasma pencil for biomedical applications, we assessed
plasma pencil treatment on pneumococcal cultures grown on solid blood agar plates and within

liguid media.



EXPERIMENTAL SET UP
Plasma pencil and diagnostics

In this investigation an atmospheric pressure plasma pencil has been developed. The plasma
was generated in a quartz capillary with inside and outside diameters of 1.3 and 3.0 mm,
respectively. Figure 1 shows a schematic of our atmospheric pressure plasma pencil system and
diagnostics. The plasma pencil consists of two electrodes, separated by air gap and a dielectric
quartz capillary tube. The high voltage electrode is a 0.5 mm diameter tungsten rod placed inside
the quartz capillary connected to a 25 kV, 60 kHz in-house constructed high voltage power supply.
The electrical circuit of the power supply has been purchased from Piezomechanik GmbH,
Germany. The ground electrode is a copper ring of 10 mm long placed around the capillary tube
and axially positioned at 40 mm away from the high voltage electrode tip. The gas flow was
monitored by a two channel power supply/readout (model: MKSPR400) and controlled by two
mass flow meters (Model: MKS 1179A).

Plasma is generated inside the quartz capillary and in between the electrodes excited by a 60
kHz sinusoidal wave voltage. The applied voltage was varied from 8 kVpk-pk to 16 kVpk-pk. The
applied voltage waveforms were monitored using a high voltage probe (Tektronix P6015A) and
the current waveforms were monitored by a current probe (Tektronix TCP202). The current and
voltage signals were recorded using a digital oscilloscope (Tektronix TDS 3034C). High purity
helium (99.99%) was purchased from MATHESON, TX for generating plasma at flow rates ranging
from 1 simto 7 sIm (sIm: standard liters per minute). A very low concentration of the water vapor
present in the helium cylinder at a range of 0.5 ppm. In our experiments, admixtures of oxygen

at varied percentages from 0.1 to 1% of the primary He operating gas were employed by changing



of the gas flow rates. Two types of optical diagnostics were used for characterization of the
plasma pencil. The time and space resolved spectroscopy measurements of the plasma emission
was carried out using a broadband spectrometer (Ocean Optics HR2000+ES) in the range of 200-
900 nm with 0.83 nm resolution. The emission of OH radicals in the range of 300-350 nm
(transition A’z *(v=0) —» X 2T1(v=0) ) was recorded with 500 us integration time using a 0.08 nm
resolution spectrometer system made up of a monochromator (Princeton Instruments Acton
SP2750) and a CCD (ACTON IStar). The plasma emissions were collected in a direction
perpendicular to the plasma pencil axis and at 1 mm increments in axial direction using a
collimating lens. The plasma emission was transmitted to the spectrometer via optical fiber. The
spectrometer was equipped with double grating turrets, one with 1200 grooves mm-* grating and
the other 2400 grooves mm™ grating. The grating with 2400 g.mm™ and holographic blaze is
selected to record OH (A-X) band at 306-312 nm for determination of the gas temperature using
Boltzmann plot of the rotational population of the OH radicals. The second grating of 1200 g.mm-
L and blaze wavelength of 500 nm, is selected to record Hy (656.4 nm) and Ar 435 nm for plasma

electron density measurements using Stark broadening method.

Bacterial sample preparation and plasma treatment procedure

S. pneumoniae strain TIGR4 was grown in Todd-Hewitt broth with 0.3% yeast extract and cells
were collected during logarithmic growth ODe2onm = 0.5 for solid surface cultures and ODe20nm =
0.4 for liquid media cultures. The bacterial concentration for ODg20 = 0.5 was 107 — 108 CFU ml*?
(CFU = colony forming units) and for ODg20 = 0.4 was 10%-107 CFU mlL. For treatments of solid

surfaces, 100ul (4 x 10° CFU) of bacterial samples were inoculated onto the center of a 50 mm



diameter Petri dish (plate). A disposable 35 mm wide Drigalski spatula was placed with one end
at the inner edge of the Petri dish and the other end over the inoculated sample. The plate was
rotated at least 10 times to allow for spread of bacterial sample over the entire agar surface,
allowing a pneumococcal density of approximately 2.04 x 10 CFU mm=on the blood agar plate.
All treated samples were insulated from ground. For treatment of bacteria on the agar surface,
the plasma pencil was fixed at distance of 10 mm between the plasma-pencil nozzle and agar
surface. The cultures were exposed to 60s and 120s of either He or He/0.5% O,. After treatment
with plasma, the cultures were grown overnight at 37°Cin 5% CO,. The treated area was assessed
in comparison to the untreated surrounding agar surface for zones of inactivation. The areas of

the zones of inactivation were measured to quantify the amount of pneumococcal inactivation.

For treatment of the pneumococcus in liquid cultures, the bacteria suspension was prepared
as described above to ODes = 0.4. From the prepared bacterial suspension, 200 ul was
transferred to a 96 well micro-well plate. The plasma pencil was fixed at distance of 3 mm
between the plasma-pencil nozzle and the liquid media surface. The pneumococcal suspensions
were exposed to 60s, 120s, and 300s of either He or He/0.5% O,. After treatment, serial dilutions
were performed and 10 ul of sample was placed onto a blood agar plate to grow overnight at 37
°C in 5% CO,. After overnight growth, the efficacy of the inactivation was determined by taking

CFU counts of the untreated and treated samples.

Electrical characterization
The electrical characterization experiments were performed on the atmospheric pressure

plasma pencil with helium and oxygen admixtures. Initially, the helium gas was injected into the
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quartz capillary at a flow rate of 1 sIm and the breakdown discharge occurred between the two
electrodes and inside the quartz capillary occurred at a minimum input voltage of 7 kVpk-pk.
However, the discharge was unstable inside the quartz capillary at this minimum input voltage of
7 kVpk-pk and therefore plasma did not exit from the capillary in to surrounding air resulting an
absence of a prominent afterglow region. By increasing the input voltage to 8 kVyk-pk, the plasma
pencil successfully produced an afterglow plasma in to the open air and a long plasma plume
length was formed. In order to diagnose the electrical properties of the plasma pencil, the voltage
and current waveforms were measured during the discharges at 8, 9, 10, 11 and 12 kVpk-pk and
the effects of gas flow rates and oxygen admixture percentages in the plasma discharge were
investigated. Figure 2 shows the voltage and current waveforms for the plasma pencil for pure
helium and helium-oxygen mixture (0.5% O3 in the discharge) at a total gas flow rate of 4 sim.

The plasma pencil generates a very uniform discharge in pure helium gas and only small
current peaks exist on the current waveform during each half period of the applied voltage. The
maximum current is 10.2 mA. A clear change in the voltage-current waveform was observed
when oxygen was added to the plasma pencil. Addition of the oxygen to the plasma pencil results
in a small increase of the current peak intensity to 10.8 mA. The results indicate that the voltage
slightly decreases with increase of the current peaks.

Using the voltage-current waveforms, the average power (W) of the discharge was calculated

according to the following equation, where T is the period of the discharge:[20, 21]

T+t

w :Tl }fl(t)V(t) dt. (1)

In Fig. 3.a, power dissipated in the discharge is presented as a function of the applied voltage

for different operating gas flow rates used. The minimum power of the plasma pencil is observed
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to be about 8.8 W for pure Helium plasma at an applied voltage (peak-to-peak) of 8 kVpk-pk and
a gas flow rate of 1 sim. The applied voltage was increased up to 12 kVpk-pk , Which is the
breakdown point of the quartz capillary, resulting in an increase of power up to 20.4 W for
discharge in pure helium at a gas flow rate of 4 sim. The plasma power as a function of oxygen
percentage in the plasma pencil is presented in Fig. 3.b. Basically, the power dissipation in pure
helium discharge is higher, which is explained by broader current peaks. It is necessary to
mention that the addition of oxygen to gas flow results in a decrease of the input power from
20.4 W (in case of pure helium) to 17.8 W and 15.8 W for discharges containing 0.1% and 1% of
oxygen, respectively. The decrease in plasma power with addition of oxygen is due to contraction
of the current peaks at higher amounts of oxygen in gas mixture that results in decrease of the

integral determining power dissipation in the discharge.

Visualization of the plasma pencil in helium and helium/oxygen admixtures

The plasma pencil can be successfully launched in pure helium discharge with application of
voltage at values higher than 6 kVk-pk . Addition of oxygen admixture to the feed gases required
higher threshold voltages of up to 10 kVpk-pk, especially at a higher concentration of oxygen (1%
oxygen). The plasma pencil generated from a complete breakdown of entire inter-electrode gap
(active zone) with formation of a long bright afterglow propagating in to open air and its plume
length depends on the composition of the feed gas, applied voltage and flow rates of the
operating gas. Figure 4.a displays color photographs of the plasma pencil (without Teflon cover)

generated at 12 kVpk-pk and in pure helium for different flow rates in the range of 1-7 sim and FIG
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4.b displays the images of the plasma pencil in He/O, gas mixture from 0-1% of Oxygen in
discharge.

In addition, we observed that the plasma pencil’s plume length is greatly depends on the gas
flow rate and it shows very small noticeable dependence with changes in applied voltage. Next,
the plasma plume length has been measured using the plasma pencil images. Figures 5.aand 5.b
show the plasma plume lengths as a function of helium gas flow rates and oxygen percentages in
the discharge, respectively. As can be seen for discharges in pure helium (Fig. 5.a), the plume
length at lowest flow rate of 1 sim is about 10 mm and sharply increases to the maximum value
of 27 mm at a flow rate of 7 sim. Increase of the gas flow rates to a value higher than 7 sIm,
results in a decrease in the plasma pencil plume length due to change of the gas dynamic from
laminar to turbulent flow.Fig. 5.b shows that the addition of the oxygen to the plasma pencil
results in a sharp decrease of the pencil’s plume length. Plasma pencil’s plume length in pure
helium discharge at 5 sIm is 18 mm, while the plume length decreases with addition of oxygen to
15 mm and 10 mm, at discharges contain 0.1% and 1% of oxygen, respectively. The reason for
decrease of the plume length is that oxygen is an electronegative molecular gas, therefore, the
addition of the oxygen to the plasma pencil results to electron attachment reactions with oxygen
molecules and therefore, the electron density in the discharge and consequently the helium
metastable concentrations in the discharge decreases which results in a decrease of the plasma

pencil’s plume length.

13



Optical emission spectroscopy and plasma pencil species identification

Optical emission spectroscopy is considered to be a suitable tool in characterizing the plasma
properties in terms of the identification of the reactive plasma species, plasma gas temperature
evaluation and the relative emission intensities of the various species in different conditions.[22-
26] In the non-thermal plasma pencil at atmospheric pressure, the mean electron energy is
significantly higher than the energy of neutral plasma species.[27] The reaction between high
energy electrons with helium, water vapor, nitrogen and oxygen at atmospheric pressure will
induce the molecules to be dissociated, excited and ionized for production of different radicals
and active species. In this section, the optical emission spectroscopy was used to study the
plasma pencil in He and He/O2 gas mixture and the reactive plasma species were identified. The
axial and space resolved emission spectra in the range of 200-900 nm were recorded and
analyzed. Axial emission spectrum of the plasma pencil allowed determination of the main
reactive plasma species produced in the plasma pencil. In Fig. 6, the results of spectroscopic
measurements with 0.83 nm resolution of the plasma discharge in He and He/O, mixtures (0.5%)
are presented. The emission spectra shown in Fig. 6.a, were recorded in the middle of the active
zone region (the region between the HV and ground electrode) of the plasma pencil. The
emission spectra shown in Fig. 6.b, were recorded at 5 mm from the edge of the capillary
(afterglow region).  The emission spectra are mainly composed of the spectral line of the He
atoms. The most intensive emission lines correspond to He | transition 3p3P%->2s3S at 388.8 nm,
He | transition 3p’P°-> 2s!S at 501.6 nm, He | transition 3d3D—>2p3P° at 587.6 nm, He | transition
3d'D->2p!P° at 667.8 nm, He | transition 3s35'->2p3P° at 706.5 nm, and He | transition

35159>2p!P0 at 728.1 nm. In addition to He lines, the other identified reactive plasma species
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include intensive emission lines belonging to OH transition A’X* — X°I1, Av=0, at 308 nm,
and OH transition A*’S* — X?T1, Av =1, at 287 nm, the spectral band of the N3 transition
C°I1,-B°Il,, Av=0,at337.1nm, Hqtransition 2p-3d at 656.3 nm, O | transition 3p°P->3s°S°

at 777.41 nmand O | transition 3p3P—>3s3S% at 844.6 nm. The OH radicals in the active zone region
of the plasma are formed from water vapor present in the helium gas cylinder.[28] Another
investigation by Sarani et al. [15] has been shown that the OH radicals concentration can be
precisely controlled by using bubbling system and controlling the water vapor content in the feed
stream. The corresponding emission lines are identified based on the NIST atomic spectra
database[29] and Lofthus et. al.[30]

In order to investigate the effect of O, on the emission intensities of the reactive plasma
species, different concentrations of the O, were added to the plasma pencil. Next, the emission

spectra of the plasma with different 02% in the discharge were collected and the emission lines

of OH at 308 nm (transition A’S* — X°IT, Av=0), N, at 337 nm (transition C*[], —B® Hg
), Ha at 656 nm (transition 2p - 3d ), He at 706 nm (transition 1s3s °S- 1s2p °P°) and O | at 777
nm (transition 2s22p®(*S°)3s - 2s5?2p°(*S°)3p) were chosen for space resolved analysis of the

emission spectroscopy. The results of spatial distribution of the active species intensities show
that the emission spectrum of He/O2 (0.5 %) mixture is very similar to pure helium discharge
when comparing identified species. Moreover, it is clearly recognizable that the addition of
oxygen to the plasma pencil results in a decrease of the emission lines intensities. The main

reason for decrease of the emission line intensities is the decreases of the plasma power with
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addition of the oxygen in the discharge..[15, 31] Similar observation has been reported previously

by others on plasma containing oxygen or other electronegative molecular gases.[15, 21, 32]

As can be seen in Fig. 7, the discharge in pure helium shows a higher intensity of OH radicals
compared to the plasma pencil that contains O, gas mixture for both cases (the active zone and
afterglow region) of the plasma pencil. In the active zone of the plasma, the most intensive
emission line belongs to O | at 777 nm, while in the afterglow region of the plasma pencil, N;
emission line at 337 nm is the most intensive emission line in the emission spectra. Furthermore,
addition of higher amount of oxygen to the plasma results in a decrease of these emission lines
in the discharge. Oxygen is an electronegative gas, hence, when oxygen is added to the plasma
pencil, the added oxygen captures significant free electrons and produces O and 0% ions. Thus,
the electron attachment by oxygen results in a decrease of the electron density and electron
mean energy.[33-35] The OH radicals are mainly produced by electron-water vapor collision
process according to the following reaction, and therefore the decrease of the electron density
leads to decrease of the intensities of OH and other atomic emission lines at a constant
power.[28, 33, 34]

e+H,0>e+H+OH (2)
The reason for increase of O | intensity in the active zone region of the plasma pencil (see Fig.
7.a) is that when oxygen is added to the pure helium plasma pencil, the added oxygen can be
dissociated according to the following reactions and results in a formation of singlet oxygen (O)
and O (D).

e+0,>0+0 (3)
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e+0;>e+0+0(ID) (4)
e+0;>2e+0"+0 (5)
In addition, in the afterglow region of the discharge when plasma pencil propagates in the open
air, the OH radicals can be produced by the interaction of O (D) and H,0 according to the
following reaction:[35]
O (*D) + H,0 > 2 OH (6)
On the other hand, the singlet oxygen and ozone molecules generated in the discharge react with
the produced OH radicals according to the following reactions and thus, the OH radicals intensity
in the plasma pencil decreases with addition of oxygen percentage to the pure helium plasma
pencil.[35]
OH+O0>H+0: (7)
OH + 03 - HO2 + O, (8)
Space resolved optical emission spectroscopy of the plasma pencil
The spatial distribution characteristics of chemically active species are very important in
developing the plasma pencil kinetic model and understanding the mechanism of biomedical
applications of the plasma pencil. Here, we present the spatially resolved spectra of the afterglow
region of the plasma pencil.
The spatially resolved optical emission spectra of the afterglow region were collected for pure
helium and helium/oxygen mixture (0.5%), with resolution of 2.5 mm. Next, the intensities of the
intensive reactive plasma species were chosen for deeper analysis of the space resolved emission

spectroscopy. As can be seen in Fig. 8, the emission intensity of the OH radicals (

A?L* — X°I1, Av=0)and N, (C°I1,—-B’II,), Haand O | and helium vary with distance from
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the edge of quartz capillary. It can be seen from Fig. 8.a, that the emission intensity of helium, O

land N, (C*IT, —B°I1,) rises initially up to 7 mm from the edge of capillary and then decreases,

while the emission intensity of the OH ( A’X* — X ?I1, Av =0) and Hq decreases with increase
of distance from the capillary. The emission intensity of N2 at 10 mm is almost 8-10 times larger
than the intensity at the edge of the capillary. Moreover, the emission intensity of N, reaches a
maximum value after OH radicals. The maximum intensity of N; is located at 10 mm while the OH
radicals’ maximum intensity is located at 7 mm. This behavior can be explained by the fact that
H,O dissociation is initiated by electron induced processes inside the discharge and in the short
distance after the edge of capillary, where the electron exhibit required the energy.[15] In the
case of the plasma pencil in helium/oxygen mixture (0.5%), the intensity decay of the helium in
the plasma plume has an exponential decay, initially increasing up to 10 mm from the edge of
capillary and after that again decreasing (FIG 8.b). The most intensive emission line belong to O
I, which is located inside the quartz capillary. The N2 emission intensity reaches to its maximum
outside the capillary and at 5 mm distance from the edge of capillary. The identified excited
nitrogen molecules are produced from electron impact reactions in the plasma plume as it
propagates into the ambient air.[28] The main reason for the decrease of the emission intensities
of the reactive plasma species with the distance from the edge of capillary is the decrease of the
high energy electron density and mean energy.[32] Outside the capillary the increase of the N3
(SPS) emission could be a result of energy transfer from metastables and decreasing of the OH
emission by increasing N2 in the plasma pencil and lower H,0 density in the surrounding air

compared to nitrogen.

18



The identified reactive plasma species such as the singlet oxygen, hydroxyl radicals, and
neutral nitrogen molecules detected in the plasma pencil can play a significant role in biomedical
applications especially operating at the atmospheric pressure.[36, 37] Similar significant
generation of reactive oxygen species such as singlet oxygen (O) and O3 were observed with
He/O; gas mixture used in a plasma pencil which can result in enhanced efficacy of bacterial
inactivation.[26, 38] It is believed that the oxygen species in the discharge contributes to the
sterilization process due to its strong oxidative effect on the outer structure of the cells,[36, 37]
while the OH radicals generated by the plasma plays a significant role through chemically
attacking the outer structure of the cells and the production of the nitrogen containing group

adds to the lethality of the process.[39]

OH rotational temperature determination using Boltzmann plot method

The plasma gas temperature has been derived from OH rotational temperatures. The OH
rotational temperature is usually considered to be equal to the plasma gas temperature
considering the low rotational level of the OH radicals OH (A-X) and small rotational quantum
numbers J.[15, 40-42] The Boltzmann plot of the rotational population of the OH radicals has
been widely used for this purpose.[15, 40, 43, 44] Figure 9 shows the high resolution emission
spectra of the OH radicals in pure helium and helium oxygen (0.5%), respectively. Using the OH
emission spectra and assuming that the OH rotational states are Boltzmann distributed according

to the following equation

(9)

IJ’J" ~ hVJU"(ZJ +1)A.]'J" eXpL— MJ1

KgT

rot
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where v,,. is the frequency of transition from rotational level J' to J", A,,. is the
corresponding transition probability, B, is the rotational constant, K is the Boltzmann constant
and h is the Planck constant. The rotational energy E(cm™) equals to B,J(J +1). The energy

and probability data of OH transitions were taken from literature.[45, 46] The corresponding OH
rotational temperature is equal with gas temperature when the rotational population
distribution is in equilibrium with heavy species translational temperature in the discharge. In
atmospheric pressure plasma, this assumption is valid on atmospheric pressure plasmas when
high collisional reactions occur. A detailed description of the used method can be found in Sarani.
et, al. 2010.[15]

In Figure 10, we presented In(11/(2J +1)A,,) for transition OH(A?<— X °IT) as a function of

levels energy for J<13. This plot describing distribution of OH(A*X) radicals among rotational
levels for pure helium and helium/oxygen mixture (0.5%) at discharge generated at fixed power
of 18 W. Based on the Boltzmann plot method, the OH rotational temperature in the active zone
region of the plasma pencil was measured to be 309.52 K and 366.48 K, for pure helium and
helium/oxygen gas mixture (0.5% oxygen), respectively. Whereas the measured rotational
temperature in the afterglow region at 5 mm away from the capillary edge was increased to
315.66 K and 362 K, for pure helium and helium/oxygen gas mixture (0.5% oxygen), respectively.
As can be seen, the addition of the oxygen to the plasma pencil results in an increase of the OH
rotational temperature. The excited OH radicals characterized by low rotational temperature are
produced by electron impact excitation of ground state OH according to flowing reaction.[15]

OH(XT)+e >OH(A’E) +€,  (Eyrepo =4 €V), (10)
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The results of the OH rotational temperature obtained in this work by using Boltzmann plot
method are in a good agreement with those data obtained by fitting of the OH spectra using
LIFBASE software in our previous publication [47]. The OH rotational temperatures for active
zone of the pure helium plasmas are 309.52 + 25 K and 310 + 25 K by using Boltzmann plot

method and fitting of the OH rotational spectra by LIFBASE software [47], respectively.

Electron density determination using line broadening

The analysis of the stark broadened line profiles is a well-established technique for plasma
diagnostics. Plasma electron density can be obtained from the full width at half maximum
(FWHM) of the stark broadened profile of the hydrogen lines.[48-50] One of the most common
methods for determination of the electron density is using the hydrogen Balmer full width at half

maximum.[48]

At atmospheric pressure, the profile of atomic spectral lines emitted from the plasma can be
approximated by a Voigt function. In this work, the line shape of the hydrogen alpha transition is
determined by Lorentzian and Gaussian broadening mechanisms that results in a Voigt
function.[41] The Lorentzian part of the profile correspond to the contribution of the Stark and
Van der Waals collisional broadening that have their origin in the interaction between the
emitting particles and the particles around them. The Gaussian part of the profile corresponds to
the contribution of the Doppler and instrumental broadening. The Doppler broadening is due to
the thermal speed of the emitting particle and instrumental broadening caused by measurement
devices.[41] The broadening due to the natural lifetime is too small and is not taken into account

in the present work.
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For atmospheric pressure plasmas, low gas temperature condition, and electron densities
around 10'* cm3, the Van der Waals broadening has to be taken into account. The van der Waals

broadening is caused by the neutral perturbers and its FWHM can be estimated as[51]

2
__ 2 3 5.
Abyaw = 8.18 x 107263 (R?)STIS N 3, (“@) (11)
K

where Ao is the wavelength in nm, p is the reduced mass in atomic mass unit, N is the neutral
particle density in cm™, i is the helium gas and x is the fraction of the perturber.[51] The value
of the polarizability of the a pertuber for helium gas is 2.05x102° cm?3.[52] After considering the

fine structure and calculating the value for atomic lines, the FWHM can be estimated as

o

Adygw (nm) = . 7 (12)

sl
o

where Cis equal to 2.42, the Van der Waals broadening constant for hydrogen alpha line in
helium plasma.[52] Using the above equation the Van der Waals broadening was estimated

as 0.0393 nm.

The Doppler broadening and Resonance broadening are not taken into account in the present
work because their values are negligible due to the low gas temperature and atmospheric
pressure conditions. In this work, the instrumental slit function is well approximated by a
Gaussian profile due to the fact that monochromator slits with equal width were used. The shape
and the broadening caused by instrumental were determined by using a Mercury-Argon pen
lamp and considering the emission line at 435 nm. The instrumental profile resulted after using

our experimental device very well fitted with a Gaussian function with an instrumental width of
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0.17 nm. The convolution of the above Lorentzian and Gaussian line shapes results in a Voigt

profile with FWHM, AA, of s3]

Ay ~ \/(%) + 42,7 + 2L (13)

The Lorentzian full width at half maximum (FWHM) is the sum of the Lorentzian FWHMs, while
the Gaussian FWHM is the square root of the sum of the squared Gaussian FWHMSs.[41] In order
to determine the electron density, the measured line of the Hq s fitted with a Voigt function with
FWHM of 0.22 nm. Figure 11 shows the measured line broadening of Hq line for the helium
plasma fitted with a Voigt function along with the instrumental broadening of the line at 435 nm
of the Mercury-Argon pen lamp fitted with Gaussian function. The Lorentzian part of the FWHM
is used to estimate the Stark broadening which results in a AAg of 0.014 nm. Using Eq. (14) for

Stark broadening of the Hq,[52] the electron density in the afterglow region of the plasma pencil

was estimated as 2.1 x 101 cm3.

2
3

A = 1.78(—2) (14)

1023m=3

Plasma pencil treatment of S. pneumoniae on blood agar and in liquid media

The plasma treatment of the pneumococcus on the solid blood agar plates caused inactivation
within the treated surface area. A time-dependent and input gas-dependent response was
observed in the pneumococcal inactivation on the solid blood agar surface as demonstrated in
Figure 12. A mean inactivation of 4.0 x 10% CFU and 1.3 x 10° CFU was observed after treatment
for 60s with He plasma and He/0.1% O,, respectively. By increasing the treatment time to 120s,

a mean inactivation of 5.2 x 10° CFU and 1.0 x 10° CFU was identified for He and He/0.1% O>
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plasma, respectively. It was interesting that a mere 0.1% addition of oxygen gas was able to
double the inactivation rate of the plasma treatment. In a similar study using Streptococcus
mutans, a close relative to the pneumococcus, investigators identified an increase in the
inactivation by injection of O into the He plasma.[54] It has been known for some time now that
oxygen radicals play a role in bactericidal activity.[55] This has further been demonstrated with
several other plasma systems.[7, 56, 57] Another aspect of this research identified that doubling
of the treatment time allowed for the formation of widespread inactivation zones. The
respiratory tract is covered with a mucous membrane that secretes mucous to lubricate and
protect the membrane.[58] During pneumococcal infection, fluid buildup occurs around the
mucous membranes due to increased swelling.[59] To identify the effectives of the plasma pencil
forinactivation of S. pneumoniae in liquid, we treated pneumococcal suspensions in liquid media.
As was identified with treatment of solid surfaces, we observed a time-dependent and input gas
dependent response to plasma treatment. Pneumococcal suspensions in liquid media treated
with He plasma for 60s, 120s, and 300s did not show a significant inactivation as compared to
untreated samples. However, the addition of 0.1% O, to the admixture allowed for a 40%
inactivation from 1.8 x 107 CFU ml™* to 7.1 x 10® CFU ml! + SEM 2.9 x 10° of the pneumococcal

suspension after 300s of treatment.

We have designed, constructed and investigated a low temperature plasma pencil driven by a
kHz AC power supply. The electrical and optical characteristics of the plasma pencil in helium and
helium/oxygen gas mixture have been investigated using electrical characterization and optical
emission spectroscopy diagnostic techniques. The effects of oxygen at various concentrations on

the helium plasma pencil were investigated. The plasma power was estimated to be in the range
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of 8-20 W for different applied voltages and gas mixtures. Identification of the different radicals
and excited species produced in the active zone and afterglow region of the plasma pencil have
been carried out. The emission spectroscopy analysis revealed that the most intensive emission
lines belong to OH transition A2x*(v = 0,1) -» X2MI(Av = 0) at 308 nm and OH transition A2Z*(v =
0,1) - X2M(Av = 1) at 287 nm, O | transition 3p>P->3s°S? at 777.41 nm, O | transition 3p3P->3s3S°
at 844.6 nm and N»(C-B) second positive system (SPS) with electronic transition ¢3I1,, - B3Il in
the range of 300-450 nm. Also, different atomic emission lines include He | transition 3p3
P0->2s3S at 388.8 nm, He | transition 3p'P°> 2s1S at 501.6 nm, He | transition 3d3D->2p3P° at
587.6 nm, He | transition 3d'D->2p*P° at 667.8 nm, He | transition 3s35'>2p3P° at 706.5 nm, He
| transition 3s1S°>2p*PY at 728.1 nm and Hq transition 2p-3d at 656.3 nm have been identified.
The effect of adding oxygen on electrical and spectral properties of the plasma pencil has been
investigated. Addition of oxygen to the plasma pencil resulted in a decrease in plasma power and
therefore decreased the electron density and also the intensity of emission lines. Plasma density
has been estimated from Stark broadening of the hydrogen line at 656 nm and is in order of
2.1x10' cm3. The plasma gas temperature was evaluated using OH rotational temperature. The
OH rotational temperature for pure He plasma is 315.66 K and is 362 K for pure helium and
helium/oxygen gas mixture (0.5% oxygen), respectively. The plasma pencil generates significant
amounts of reactive species at low gas temperatures which promises its great potential for a
range of biomedical applications. The preliminary work with inactivation of S. pneumoniae on
solid surface and liquid suspension using the plasma pencil suggests this as a potential tool for
biomedical applications. Further studies on the biological side such as the effects on inactivation

on mucosal tissue need to be assessed.
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KEY RESEARCH ACCOMPLISHMENTS

The project has met the project deadlines for majority of the proposed tasks under the Objective

1 and 2 during this period year. The status and remarks of the project milestones are given below.

Table 2. Status and remarks of the project milestones

Base Li
Task Proposed Milestones ase tine Status/Remark
Plan Date

I. Objective 1: Establish Plasma Engineering Research Lab

1 Setu'p a direct current - atmospheric - resistive 26 OCT 2011 Completed
barrier cold plasma system

2 Setu.p a 13.56 MHz radio frequency dielectric 26 OCT 2011 Completed
barrier plasma system

3 Setup a 900 MHz/2.45 GHz wave plasma system 26 OCT 2011 Completed

4 Setup'a laser induced breakdown plasma 26 OCT 2011 Completed
experimental system

5 Implement plasma shadowgraphy diagnostics Setup | 26 OCT 2011 Completed
Impl lor | i f

6 r"np eme'nt a two color laser interferomtery 26 OCT 2011 Completed
diagnostics setup

7 I I t tical issi t
rT\p eme-n a optical emission spectroscopy 26 OCT 2011 Completed
diagnostics setup

1. Objective 2: Develop Portable Plasma Source
Desi hase: Desi imi le pl

8 esign phase: Design an optimized portable plasma 26 OCT 2012 Completed
source system

9 Construction phase: Construct the portable plasma
source based on the design analysis and utilizing the
existing resources and knowledge gained from Completed

Sting ge e 26 OCT 2012

objective 1.

10 Testing and characterization phase: Portable plasma
source will be tested and characterized for its Completed
operating parameters and plasma parameters. 26 OCT 2014

11 Biological testing: In-vitro biological testing. 26 OCT 2014 In Progress
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REPORTABLE OUTCOMES

MENTORING
The Pl is dedicated to mentor students of diversity and underrepresented minority groups.
The Pl has mentored the following scientists in the research
Dr. Zhen Ma
Dr. Kenneth Williamson
Dr. Abdollah Sarani
Dr. Cosmina Nicula

Xavier Gonzales

The Pl has mentored the following Graduate Students
Heather Anderson
Anudeep Reddy Kandi

Jennifer Chancellor

The Pl has mentored the following Undergraduate Students
Eduardo Valdez
Francisco Rodriguez
Bokang Yang
Thurman Walling
James Shames
Isaac Colmenero
Kim Pham

Megan Norfolk
Jennifer Anderson

Amanda Whitmill
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CONFERENCE PUBLICATIONS

112

111

110

1009.

108.

107.

106.

105.

104.

103.

. Magesh Thiyagarajan, Kenneth Williamson. Experimental Investigation of 1064 nm IR Laser Induced
Plasmas in Gases and in Liquids. (San Francisco, California: 40th IEEE International Conference on
Plasma Science (ICOPS), 2013).

. Magesh Thiyagarajan. Scalable Nanoparticle Synthesis in Liquids Using Laser Induced Plasmas at
Phase Boundaries. (San Francisco, California: 40th IEEE International Conference on Plasma
Science (ICOPS), 2013).

. Heather Anderson, Xavier Gonzales, Samantha Valdez, Magesh Thiyagarajan. Activation of Apoptotic
Cell Death in Human Myeloid Leukemia Cells by RNS: A Novel Antitumor Approach Using Resistive
Barrier Plasma. (San Francisco, California: 40th IEEE International Conference on Plasma Science
(ICOPS), 2013).

Xavier Gonzales, Guadalupe Vidal-Martinez, Jennifer Ausland, Kim Hoang Pham, Magesh
Thiyagarajan. Air Plasma Jet Induced Bacterial Inactivation in Dry, Aqueous and Food
Environments. (San Francisco, California: 40th IEEE International Conference on Plasma Science
(ICOPS), 2013).

Magesh Thiyagarajan, Kenneth Williamson. Laser Shadowgraphy, Two-Wavelength Laser
Interferometry, Schlieren Imaging and Optical Emission Spectroscopy Diagnostics of Laser Induced
Plasmas in Different Phases and at Phase Boundaries. (San Francisco, California: 40th IEEE
International Conference on Plasma Science (ICOPS), 2013).

Abdollah Sarani, Cosmina Nicula, Magesh Thiyagarajan. Characterization of Non-Thermal
Atmospheric Pressure Helium Plasma Jet for Biomedical Applications. (San Francisco, California:
40th IEEE International Conference on Plasma Science (ICOPS), 2013).

Abdollah Sarani, Magesh Thiyagarajan, Edy Valdez, Valerie Ferdin. Surface Modification of
Polyethylene Terephthalate and Polylactic Acid by Atmospheric Pressure Cold Plasma Jet. (San
Francisco, California: 40th IEEE International Conference on Plasma Science (ICOPS), 2013).

Valerie Ferdin, Abdollah Sarani and Magesh Thiyagarajan. Surface Modification of Polyethylene
Terephthalate by Atmospheric Pressure Non-thermal Plasma Jet. (College Station, TX: 9th Annual
LSAMP Conference (Best Paper Award), 2013).

Eduardo Valdes, Abdollah Sarani and Magesh Thiyagarajan. Surface modification of Polyurethane
sheets using an atmospheric pressure RF plasma jet in helium/oxygen gas mixture. (College
Station, TX: 9th Annual LSAMP Conference (Best Paper Award), 2013).

Valerie Ferdin, Abdollah Sarani and Magesh Thiyagarajan. Surface Modification of Polyethylene
Terephthalate by Atmospheric Pressure Non-thermal Plasma Jet. (Corpus Christi, TX: Sigma Xi 12th
Annual Undergraduate Research Symposium (Best Paper Award), 2013).
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102.

101.

100.

99.

98.

97.

96.

95.

94.

93.

Eduardo Valdes, Abdollah Sarani and Magesh Thiyagarajan. Surface modification of Polyurethane
sheets using an atmospheric pressure RF plasma jet in helium/oxygen gas mixture. (Corpus Christi,
TX: Sigma Xi 12th Annual Undergraduate Research Symposium, 2013).

Jennifer Ausland, Guadalupe Vidal, Kim Pham, Magesh Thiyagarajan. Effective deactivation of
Bacillus cereus and Salmonella Typhimurium in chicken poultry, eggs, tomato and papaya using
non-thermal plasma. (Corpus Christi, TX: Sigma Xi 12th Annual Undergraduate Research
Symposium, 2013).

Samantha Valdez, Heather Anderson, Xavier Gonzales, Magesh Thiyagarajan. Application of Non-
thermal Plasma on Acute Myeloid Leukemia Cells to Induce Apoptosis. (Corpus Christi, TX: Sigma
Xi 12th Annual Undergraduate Research Symposium, 2013).

Daniel Cantu, Jennifer Chancellor, Xavier Gonzales, Magesh Thiyagarajan. Cold Plasma Stimulated
Anti-infection Accelerated Wound Healing. (Corpus Christi, TX: Sigma Xi 12th Annual
Undergraduate Research Symposium, 2013).

Cody Torno, Abdollah Sarani, Cosmina Nicula, Magesh Thiyagarajan. Non-Thermal Plasma Jets for
Biomedical Applications — Research and Review. (Corpus Christi, TX: Sigma Xi 12th Annual
Undergraduate Research Symposium, 2013).

Jennifer Ausland, Guadalupe Vidal, Kim Pham, Magesh Thiyagarajan. Effective deactivation of
Bacillus cereus and Salmonella Typhimurium in chicken poultry, eggs, tomato and papaya using
non-thermal plasma. (College Station, TX: 9th Annual LSAMP Conference 2013).

Samantha Valdez, Heather Anderson, Xavier Gonzales, Magesh Thiyagarajan. Application of Non-
thermal Plasma on Acute Myeloid Leukemia Cells to Induce Apoptosis. (College Station, TX: 9th
Annual LSAMP Conference 2013).

Daniel Cantu, Jennifer Chancellor, Xavier Gonzales, Magesh Thiyagarajan. Cold Plasma Stimulated
Anti-infection Accelerated Wound Healing. (College Station, TX: 9th Annual LSAMP Conference
2013).

Magesh Thiyagarajan, Abdollah Sarani, Xavier F. Gonzales. Characterization of an Atmospheric
Pressure Plasma Jet and its Applications for Disinfection and Cancer Treatment. (San Diego, CA:
Annual MMVR20/NextMed Conference, 2013)

Magesh Thiyagarajan, Xavier F. Gonzales, Heather Anderson. Regulated Cellular Exposure to Non-

Thermal Plasma Allows Preferentially Directed Apoptosis in Acute Monocytic Leukemia Cells. (San
Diego, CA: Annual MMVR20/NextMed Conference, 2013)
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JOURNAL MANUSCRIPTS AND BOOKS PUBLISHED

17. Magesh Thiyagarajan, Heather Anderson, Xavier F. Gonzales. "Induction of Apoptosis in Human
Myeloid Leukemia Cells by Remote Exposure of Resistive Barrier Cold Plasma." Biotechnology and
Bioengineering, vol. 111, No. 3. p. 565 - 574 (2014).

16. Magesh Thiyagarajan, Abdollah Sarani, and Cosmina Nicula. "Optical emission spectroscopic
diagnostics of a non-thermal atmospheric pressure helium-oxygen plasma jet for biomedical
applications." Journal of Applied Physics, vol. 113, p. 233302, (2013).

15. Magesh Thiyagarajan, Abdollah Sarani, and Xavier Gonzales. "Atmospheric pressure resistive barrier
air plasma jet induced bacterial inactivation in aqueous environment." Journal of Applied Physics, vol. 113,
p. 093302, (2013).

14. Magesh Thiyagarajan. "A Portable Atmospheric Air Plasma Device for Biomedical Treatment
Applications." ASME Journal of Medical Devices, vol. 7, Issue 1, p. 011007, (2013).

13. Magesh Thiyagarajan, Xavier F. Gonzales, Heather Anderson. "Regulated Cellular Exposure to Non-
Thermal Plasma Allows Preferentially Directed Apoptosis in Acute Monocytic Leukemia Cells." Health
Technology and Informatics - PubMed vol. 184, p. 436 - 442 (2013).

12. Magesh Thiyagarajan, Abdollah Sarani, Xavier F. Gonzales. "Characterization of an Atmospheric
Pressure Plasma Jet and its Applications for Disinfection and Cancer Treatment." Health Technology and
Informatics - PubMed vol. 184, p. 443 - 449 (2013).

Conclusion

The Pl and the research team have completed majority of the proposed tasks on or before the
deadline and the tasks that are in progress will be completed in the upcoming year. The research
outcomes are demonstrated. The research team has been taking initiatives for the future
research work on animal testing and is aiming to request additional funding from funding

agencies.
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Figure Captions

Fig 1. Schematic view of the plasma jet device along with V-l and OES diagnostics.
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Fig 2. Voltage and current waveforms as a function of time for (a) Applied voltage waveform (b)
Current waveform for pure He and (c) Current waveform for He/O. mixture (0.5%), applied

voltage is 12 kVpk-pk and the total gas flow rate is 4 sim.

Fig 3. Plasma powers as a function of applied voltage and oxygen percentage. (a) Effect of gas
flow rate and applied voltage on plasma power (b) effect of oxygen percentage in the discharge

on plasma power, at a total gas flow rate of 4 sIm.

Fig 4. (color) Photographs of the plasma pencil. (a) Images of plasma pencil in pure He as a
function of gas flow rate. (b) Images of plasma pencil in He/O, mixtures for different oxygen

percentage in discharge. Plasma power is fixed at 18 Watt.

Fig 5. Plasma pencil’s plume length as a function of (a) He gas flow rate ranges from 1-7 sIm and

(b) Oxygen percentage in discharge from 0-1% with a fixed total gas flow rate of 5 sIm.

Fig 6. Axial spectrums of the plasma pencil in He and He/O; mixtures (0.5%), (a) emission
spectra of the active zone region and (b) emission spectra of the afterglow region of the
discharge measured at 5 mm from the edge of capillary. The total gas flow rate is 4 slm and

plasma power is fixed at 18 W.

Fig 7. Normalized intensity of the selected reactive species as a function of the oxygen

concentration in the discharge with a total gas flow rate of 4 sim. (a) in the active zone region of
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the plasma pencil and (b) in the afterglow region of the plasma pencil at 3 mm after the edge of

capillary.

Fig 8. The spatial distribution of the reactive species emission intensities as a function of the

distance from the edge of capillary. (a) Pure He (b) He/O, (0.5%)

Fig 9. High resolution OH emission spectra. (a) Pure He. (b) He/O; (0.5%). Plasma power is 18 W

and total gas flow rate is 4 sim.

Fig 10. Boltzmann plot of the OH (A*X— X °I1) transition in plasma of (a) Discharge in pure He
and in active zone region (between HV and ground electrodes). (b) Discharge in He/O2 mixture
(0.5%) and in active zone region (between HV and ground electrodes). (c) Discharge in pure He
and in the afterglow region. (d) Discharge in He/O, mixture (0.5%) and in the afterglow region.

Plasma power was fixed at 18 W.

Fig 11. An example of the Voigt fit of the Hq line for pure helium plasma along with the

instrumental broadening of the Mercury-Argon pen lamp fitted with Gaussian function.

Fig 12. Plasma treated area (indicated by white circles) on agar plate inoculated with S.

pneumoniae. (a) discharge in pure He and (b) discharge in He/O; (0.1%).

Fig 1.
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Fig 5.
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Fig 7.
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Fig 8.
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Fig 9.
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Fig 10.
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6300 Ocean Drive, EN 222D, Corpus Christi, TX 78412, USA
Phone: 361-825-2144, Fax: 361-825-3056, Email: Magesh@tamucc.edu
http://sci.tamucc.edu/~magesh
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=  PhD, Electrical Engineering (Applied Plasma Physics), University of Wisconsin - Madison, 2008 (Work
completed December 2007)

= MS, Electrical Engineering (Applied Plasma Physics), University of Tennessee - Knoxville, 2004.
= BE, Electrical and Electronics Engineering, University of Madras - India, 2001.
(University Gold Medalist)

= Diploma in Computer Applications, TATA Infotech, India, 2000.

Research Expertise

Plasmas, atmospheric pressure plasmas, air plasmas, non-thermal (cold) plasmas, laser induced plasmas, resistive
barrier discharges, optical diagnostics, laser shadowgraphy, laser interferometry, optical emission spectroscopy,
laser induced RF coupled plasmas, direct current plasmas, ball lightning, plasma medicine, plasmas in applied
microbiology, plasmas in biomedical applications, plasma induced cancer treatment.

Employment and Professional Experience

Assistant Professor of Engineering - Director of Plasma Engineering Research, Texas A&M University - Corpus
Christi. (July 2009 - Present).

= Direct Plasma Engineering & Science Research Projects
=  Mentor interdisciplinary students to carry out research
= Lead the research group on portable plasma - biomedical device for combat care application
=  Lead the research group on bacterial deactivation through cold plasma
= Lead the research group on treatment of cancer cells through cold plasma
=  Teach engineering course in the undergraduate engineering program
Lead Engineer, General Electric Company (GE). (March 2008 - June 2009).
= Key Lead on Plasma Medicine and Plasma Sterilization of Medical Devices.

= Task leader and key contributor for large scale plasma waste gasification project.
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=  Extensive engineering, R&D and process control in optical data storage project.

=  Technology, market research, fetched government proposals for a total of $1.6 Million.

Research Fellow, University of Wisconsin — Madison, WI. (June 2004 - December 2007).
= Laser and RF Plasmas for Industrial and Military Applications

=  The principal focus of my research is to design, implement, diagnose and characterize the laser induced
plasmas for advanced industrial and military application.

=  Designed and built experimental setups to characterize high power 10 MW UV laser focused plasma in the
presence of dielectric window materials for micro machining.

=  Collaborated with MIT and Texas Tech University research groups for optimized results.

Teaching Assistant, University of Wisconsin — Madison, WI. (August 2004 - June 2006).
= Taught Electric Circuits Laboratory Course — for four semesters with class strength of 30.

= Received the Honorable mention for exceptional teaching performance during 2004 — 05.

Scientific Consultant, ASI Technology Corporation. (June 2003 - June 2004).

= Designed and developed a novel plasma stealth antenna prototype for military applications.

Scientific Consultant, Michael Grace Grant. (August 2002 - June 2004).

= Developed a 25 kV high-voltage experimental plasma ball lightning system

Research Assistant, University of Tennessee — Knoxville, TN. (August 2002 - May 2004).
= Developed an effective biological plasma decontamination system- Patent Pending.
=  Presented research results to funding sources and fetched $2 Million for further research.

=  Designed a commercial model of the plasma decontamination unit.

Project Coordinator, Engineering Enterprises. (August 2001 - June 2002).
= Designed Analog and Digital IC circuit design using TTL and LSI chips.

=  Team Leader: Designed and implemented a Transistor Curve Tracer project.

Intern, General Electric Company — Alstom. (2001).
Professional and Honor Society Memberships
*  Nuclear and Plasma Sciences Society
=  American Physical Society

= |Institute of Electrical and Electronics Engineers (IEEE)

=  American Society of Mechanical Engineers (ASME)
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= NASA Texas Space Grant Consortium

=  Louis Stokes Alliances for Minority Participation (LSAMP)
= McNair Scholars Program

= Sigma Xi

=  American Society For Microbiology

=  Tau Beta Pi — Engineering Honor Society

=  Eta Kappa Nu - Electrical Engineering Honor Society

=  MIT Entrepreneur Club

=  Toastmasters International Club

Licensures, Certifications & Trainings

=  Six-Sigma Green Belt Certification, General Electric Company (GE).
= COMSOL Multiphysics Simulation Training, COMSOL.
=  TRIZ (Innovative way for new ideas), General Electric Company (GE).
= Intellectual Property for Technologists, General Electric Company (GE).
= Hiring the Right People, General Electric Company (GE).
=  Entrepreneurial Business Program Certification, School of Business, UW-Madison.
= Biological Defense Safety Program and Technical Safety, TAMUCC.
= Laser Safety Certification, Laser Institute of America, TAMUCC.
= Professional Ethics, IEEE Corpus Christi Section.
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o Responsible Conduct of Research, TAMUCC.
o  Working with Institutional Animal Care and Use Committee, TAMUS HSC.
o  Working with Mice in Research Settings, TAMUS HSC.
o Reducing Pain and Distress in Laboratory Mice and Rats, TAMUS HSC.

Research and Scholarly Activities

Funded Research Grants

1. Magesh Thiyagarajan (Principal), "Lightweight Portable Plasma Medical Device," Sponsored by Department
of Defense - Telemedicine and Advanced Technology Research Center - USAMRAA, $700,000.00.
(September 2010 - September 2014).
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10.

11.

12.

13.

14.

Magesh Thiyagarajan (Principal), "Development of Cold Plasma Device for Food Sterilization," Sponsored
by Texas Research Development Fund (TRDF) - Program Development Funding Program, $25,000.00.
(September 2013 - August 2014).

Magesh Thiyagarajan (Principal), "Enhanced graduate and undergraduate student learning through
enhanced research infrastructure and integrated interdisciplinary research practices,” Sponsored by Title V
Program, U.S. Department of Education through Texas A&M University-Corpus Christi, $141,198.38.
(September 2013 - August 2014).

Magesh Thiyagarajan (Principal), "Novel Cold Plasma Therapy for Treatment of Cutaneous Squamous Cell
Carcinoma (Skin Cancer)," Sponsored by Texas Research Development Fund (TRDF) Post-Doctoral Support
Grant, $25,000.00. (September 2012 - August 2013).

Magesh Thiyagarajan (Principal), "Novel Nanofluids — Direct Induction of Nanoparticles in Liquids Using
Laser Focused Plasmas at Liquid-Metal Phase Boundaries," Sponsored by University Research Enhancement
Grant, $5,000.00. (September 2012 - August 2013).

Magesh Thiyagarajan (Principal), "Understanding Laser Induced Plasmas at Phase Boundaries for
Nanoparticle Formation and Synthesis in Liquids," Sponsored by Texas Research Development Fund (TRDF)
Proposal Resubmission Incentive Program, $2,500.00. (September 2012 - August 2013).

Magesh Thiyagarajan (Principal), "Cold Plasma Sterilization of Sea Food in Texas," Sponsored by College of
Science and Engineering, $5,000.00. (2012-2013).

Magesh Thiyagarajan (Principal), "Cold Plasma & NOx Induced Apoptosis Research on Various Human Cell
Structures Aimed for Skin Cancer Treatment," Sponsored by Texas Research Development Fund (TRDF),
$25,000.00. (September 2010 - September 2012).

Magesh Thiyagarajan (Principal), "Experimental Investigation of Air Plasma & Nitrogen Oxide (NO)
Characteristics of Plasma Medical Manipulator Using Gas Chromatography and Optical Emission
Spectroscopy," Sponsored by Texas Research Development Fund (TRDF), $16,500.00. (December 2009 -
September 2011).

Waldbeser, Lillian S (Principal), Magesh Thiyagarajan (Co-Principal), "The Effect of Non-thermal Plasma on
Human Leukemia and Lymphoma Cells," Sponsored by University Research Enhancement Grant, $9,000.00.
(September 2010 - August 2011).

Magesh Thiyagarajan (Principal), "Atmospheric Pressure Cold Plasma Source for Teaching - Instructional
and Research Applications related to Material Science," Sponsored by Higher Education Fund (HEF), State,
$25,000.00. (January 2010 - April 2010).

Magesh Thiyagarajan (Principal), Mark Olson (Principal), "Dynamic Light Scattering for Nanotechnology
Research and Education," Sponsored by Higher Education Fund (HEF), State, $60,000.00. (2011 - 2012).

Magesh Thiyagarajan (Principal), Integrating Sustainability into Courses: Principles and Tools to Expand
Your Educative Capacity, National Science Foundation, NSF grant DUE, $1000.00 0716599. (October 2010)
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Mass Spectrometer for Interdisciplinary Undergraduate Research Training, Quality Education for Minorities
(QEM), $3000. (2010)
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53



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
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Research Symposium (Best Paper Award), 2011).
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36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Amanda Whitmill*, Magesh Thiyagarajan, and Lilian Waldbeser. Induction of Apoptosis in Leukemia Cells
by Non-thermal lonized Plasma. (Prairie View, TX: 7th Annual LSAMP Conference (Best Paper Award),
2011).

Heather Anderson”, Magesh Thiyagarajan, | Waldbeser, Xavier Gonzalez, M Norfolk*, and A Whitmill*.
Apoptotic Behavior in THP-1 Acute Monocytic Leukemia Cancer Cells Induced by Nonthermal Plasma.
(College Station, TX: 9th Annual Pathways Research Conference, 2011).

M Norfolk*, Magesh Thiyagarajan, | Waldbeser, Xavier Gonzalez®, H Anderson”, and A Whitmill*.
Nonthermal lonized Plasma Induction of Pre-programmed Cell Death in Acute Monocytic Leukemia Cancer
Cells. (College Station, TX: 9th Annual Pathways Research Conference, 2011).

Amanda Whitmill*, Magesh Thiyagarajan, and Lilian Waldbeser. Effects of Non-Thermal lonized Plasma on
THP-1 Acute Monocytic Leukemia Cells. (Ilthaca, NY: National Conference on Undergraduate Research
(NCUR), 2011).

Amanda Whitmill*, Magesh Thiyagarajan, and Lilian Waldbeser. Effects of lonized Plasma on THP-1 Acute
Monocytic Leukemia Cells. (Corpus Christi, TX: 2011 Annual McNair Symposium, 2011).

J Ausland*, Magesh Thiyagarajan, and G Vidal®. Deactivation of Escherichia coli using a Novel Cold Plasma
Technology and its effect on the bacterial growth. (College Station, TX: 9th Annual Pathways Research
Conference, 2011).

H Pham*, Magesh Thiyagarajan, G Vidal®, G Buck, and J Mott. Sterilization of Staphylococcus aureus
Microorganism using a Novel Cold Plasma Technology. (College Station, TX: 9th Annual Pathways Research
Conference, 2011).

J Ausland*, Magesh Thiyagarajan, and G Vidal®. Deactivation of Escherichia coli using a Novel Cold Plasma
Technology and its effect on the bacterial growth. (Corpus Christi, TX: Sigma Xi 11th Annual Undergraduate
Research Symposium, 2011).

H Pham*, Magesh Thiyagarajan, G Vidal®, G Buck, and J Mott. Sterilization of Staphylococcus aureus using
a Novel Cold Plasma Technology and its effect on the bacterial growth. (Corpus Christi, TX: Sigma Xi 11th
Annual Undergraduate Research Symposium, 2011).

Magesh Thiyagarajan., Whitmill, A. *, Waldbeser, L. S. (2010). Effects of lonized Plasma on THP-1 Acute
Monocytic Leukemia Cells. Davis, CA: 2010 National MCNAIR Conference.

Whitmill, A. *, Magesh Thiyagarajan., Waldbeser, L. S. (2010). Effects of lonized Plasma on Acute Monocytic
Leukemia Cells (pp. 74). Canyon, TX: 8th Annual Pathways Research Conference.

Walling, T. *, Magesh Thiyagarajan. (2010). Nitrogen Oxides and Light Wavelengths Produced by a Portable
Plasma Device (pp. 56). Canyon, TX: 8th Annual Pathways Research Conference.

Whitmill, A. *, Magesh Thiyagarajan., Waldbeser, L. S. (2010). Effects of Non-Thermal lonized Plasma on
Human Leukemia and Lymphoma Cells (pp. 8). Texas: 10th Annual Research Symposium, South Texas Sigma
Xi.

Walling, T. *, Magesh Thiyagarajan. (2010). Nitrogen Oxides and Light Wavelengths Produced by a Medical
Treatment Device (pp. 41). Texas: 10th Annual Research Symposium, South Texas Sigma Xi.

Magesh Thiyagarajan. Plasma Decontamination & Sterilization of Biological Agents. (Tulsa, Oklahoma: SHPE
National Conference, 2005).

Magesh Thiyagarajan and Igor Alexeff. Bio-Terrorism: Plasma Decontamination & Sterilization of Biological
Warfare Agents. (Knoxville, Tennessee: Sigma Xi Symposium, 2004).
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Research News Highlights, Media Articles & Non-Refereed Publications

10.

11.

12.

13.

14.

15.

“Two unexpected approaches to infection control”, DOTmed Daily News, August 2013.
(http://www.dotmed.com/news/story/21835)

“Reducing Hospital Acquired Infections (HAls) — New Products Should Make a Killing”, Healthcare Matters.
August 2013. (http://hcmatters.com/2013/08/reducing-hospital-acquired-infections-hais-new-products-should-make-a-killing)

“Infections may be getting two surprise foes”, Healthcare Facilities Today. August 2013.
(http://www.healthcarefacilitiestoday.com/posts/Infections-may-be-getting-two-surprise-foes-Safety-and-Security--1945)

“University Touts 'Superbug' Killing Technology”, Quality Assurance and Food Safety Magazine, July 2013.

(Link: http://www.qualityassurancemag.com/texas-am-corpus-superbug-technology.aspx)

“Killer “Superbugs - No Match For College Researcher”, Surgical Products Magazine, June 2013. (Link:
http://www.surgicalproductsmag.com/news/2013/06/killer-%E2%80%9Csuperbugs%E2%80%9D-no-match-college-researcher)

“Texas A&M University-Corpus Christi researcher fights drug-resistant researcher with plasma technology”,

Operating Room Today — OR TODAY Magazine, June 2013. (Link: http://ortoday.com/texas-am-researcher-fights-drug-
resistant-cold-plasma-technology/)

“Killer “Superbugs” are No Match for Texas A&M University-Corpus Christi Researcher”, Medical Horizons
Magazine, June 2013. (Link: http://www.medical-horizons.net/blog-view.php?id=88)

“Researcher Uses Cold Plasma Technology to Stop Superbugs”, Infection Control Today Magazine, June

2013. (Link: http://www.infectioncontroltoday.com/news/2013/06/researcher-uses-cold-plasma-technology-to-stop-superbugs.aspx)

“Texas A&M-Corpus Christi researcher attacking ‘superbug’ bacteria”, San Antonio Business Journal, June

2013. (Link: http://www.bizjournals.com/sanantonio/blog/2013/06/texas-am-corpus-christi-researcher.html)

“Researcher Uses Cold Plasma Technology to Stop Superbugs”, BioPortfolio Magazine, June 2013. (Link:
http://www.bioportfolio.com/news/article/1494867/Researcher-Uses-Cold-Plasma-Technology-to-Stop-Superbugs.html)

“Researcher Dr. Magesh Thiyagarajan at Island University Develops ‘Cold Plasma’ Destroys Killer Bacteria”,
Kiii TV, June 2013. (http://www.kiiitv.com/story/22519698/researcher-at-island-university-develops-cold-plasma-that-destroys-killer-bacteria)

Plasma Engineering and Science Research Highlights — Texas A&M University — Corpus Christi, Engineering
Research in Texas, Deans Research Report, 2012.

Plasma Engineering and Science Research Highlights — Texas A&M University — Corpus Christi, Engineering
Research in Texas, Deans Research Report, 2011.

Plasma Engineering and Science Research Highlights — Texas A&M University — Corpus Christi, Engineering
Research in Texas, Deans Research Report, 2010.

Local firm eyes mass production - Technology speeds the healing process, can sterilize surfaces, Caller
Times, 2010.

Invited Research Presentations & Demonstrations

1.

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Texas AgrilLife Research Leadership
Development Team visit, TAMUCC. (August, 2013)
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Industry Day Presentation, TAMUCC.
(June, 2013)

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Texas Engineering Experiment Station
(TEES) leadership Team visit, Plasma Engineering Research Lab, TAMUCC. (May, 2013)

Magesh Thiyagarajan, "Plasma Sterilization for Hospitals” CHRISTUS Spohn Hospital Group visit, Plasma
Engineering Research Lab, TAMUCC. (May, 2013)

Magesh Thiyagarajan, "Plasma Research Projects Presentation” U.S. Senator John Cornyn visit, Coastal
Bend Innovation Center, TAMUCC. (May, 2013)

Magesh Thiyagarajan, "Plasma Sterilization for Food Market” Water Street Food Market visit, Plasma
Engineering Research Lab, TAMUCC. (May, 2013)

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Dr. James Hallmark, Texas A&M
University System Vice Chancellor visit, Plasma Engineering Research Lab, TAMUCC. (March, 2013)

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Igor Alvarado, National Instruments visit,
Plasma Engineering Research Lab, TAMUCC. (August, 2012)

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Junior Faculty Symposium TAMU, Plasma
Engineering Research Lab, TAMUCC. (December 2012)

Magesh Thiyagarajan, "Plasma Research Projects Presentation,” Dr. Blankenship and Mr. Dyer,
Transformation Engineering Inc visit, Plasma Engineering Research Lab, TAMUCC. (August 2012)

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Caller-Times reporter Elaine Marsilio
visit, Plasma Engineering Research Lab, TAMUCC. (February 2012)

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Texas Legislator Staffers visit, Plasma
Engineering Research Lab, TAMUCC. (January 2012)

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Scott Sudduth Director of Federal
Relations for A&M System visit, Plasma Engineering Research Lab, TAMUCC. (February 2012)

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Texas Board of Regents visit, Plasma
Engineering Research Lab, TAMUCC. (February 2012).

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Dr. Dennis O’Neal, Deputy Director of
TEES visit, Plasma Engineering Research Lab, TAMUCC. (October 2011).

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Texas Board of Regent Mendoza visit,
Plasma Engineering Research Lab, TAMUCC. (October 2011).

Magesh Thiyagarajan, "Plasma Research Projects Presentation," TAMUS Chancellor John Sharp visit,
Plasma Engineering Research Lab, TAMUCC. (September 2011).

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Dr. Debjyoti Banerjee, Associate
Professor of Mechanical Engineering at Texas A&M University visit, Plasma Engineering Research Lab,
TAMUCC. (April 2011).

Magesh Thiyagarajan, "Plasma Research Projects Presentation," Dr. Mike Mckinney, TAMUS Chancellor
visit, Plasma Engineering Research Lab, TAMUCC. (January 2011).

Magesh Thiyagarajan, “Federal Initiative Proposals”, TAMU System Representatives, Plasma Engineering
Research Lab, TAMUCC. (October, 2010).

Magesh Thiyagarajan, "Plasma Research Projects Presentation," LIEUTENANT GOVERNOR David Dewhurst
visit, Plasma Engineering Research Lab, TAMUCC. (October 2009).
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22. Magesh Thiyagarajan, "Plasma Research Projects Presentation," TAMU System Chancellor Dr. Mike
McKinney visit, Plasma Engineering Research Lab, TAMUCC. (November 2009).

23. Magesh Thiyagarajan, "Plasma Research Projects Presentation," TAMUS Federal Initiative Team visit,
Plasma Engineering Research Lab, TAMUCC. (October, 2009).

24. Magesh Thiyagarajan, "Plasma Research Projects Presentation," Office of Strategic Research Development
Team visit, Plasma Engineering Research Lab, TAMUCC. (November, 2009).

25. Magesh Thiyagarajan, "Plasma Research Projects Presentation," Drexel University Technology Team visit,
Plasma Engineering Research Lab, TAMUCC. (September, 2009).

Dissertation, Thesis, Project and Research Supervision

1. Postdoctoral Research Associates — Research Projects

i Dr. Abdollah Sarani (Plasma Applied Physics) "Non-thermal Plasma Jets for Materials and
Biomedical Applications" (2012 - Present)

ii. Dr. Xavier Gonzales (Biomedical Sciences) "Cold Plasma Induction and Biological Mechanisms of
Apoptotic Behavior in THP-1 Leukemia Cancer Cells" (October 2011 - Present)

iii. Dr. Kenneth Williamson (Mechanical Engineering) "1064 nm IR High Power Laser Induced Plasmas
and Optical Diagnostics" (August 2011 - 2012)

iv. Dr. Guadalupe Vidal (Microbiology) "Cold Plasma Induced Cell Deactivation Mechanisms in
Various Infection Causing Bacteria" (October 2011 - 2012)

2. Postdoctoral Visiting Scholar — Research Projects

i Dr. Zhen (John) Ma, Canadian Space Agency (CSA) (Mechanical Engineering) "Conceptual Design
of a Non-thermal Plasma Source" (November 2010 - February 2011)

ii. Dr. Cosmina Nicula (Electrical Engineering) " Non-thermal Plasma Jets for Materials and
Biomedical Applications" (October 2011 - Present)

3. Master's Graduate Thesis Committee Chair

i Heather Anderson, TAMUCC (Biology) "Non-thermal Plasma Induced Apoptosis in THP-1 Leukemia
Cancer Cells" (August 2011 — August 2013)

ii. Jennifer Chancellor, TAMUCC (Biology) "The effects of non-thermal plasma on various phases of
wound healing” (August 2012 - Present)

4. Graduate Student Research Projects

i Chelsea Perez (English) "Impacts of Plasma Decontamination in the Food Industry" (2011)
“TAMUCC Outstanding Islander”

ii. Anudeep Reddy Kandi (Computer Science) "Optical Characterization and Diagnostics of High
Power 1064 nm Infrared Laser System" (2011)
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5. Undergraduate Student Research Projects

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Valerie Ferdin (Mechanical Engineering) "Atmospheric Pressure Cold Plasma Jet" (2012 - 2013)
“TAMUCC Outstanding Islander”

Amanda Whitmill (Biomedical Sciences) "Plasma Induced Apoptosis on various Cell Lines"
(September 2009 - August 2011) “TAMUCC Outstanding Islander”

Eduardo Valdes (Mechanical Engineering) "Atmospheric Pressure Cold Plasma Jet" (September
2010 - Present)

Daniel Cantu (Biology) "The effects of non-thermal plasma on various phases of wound healing”
(2012 - Present)

Andres Ramos (Mechanical Engineering) “Large volume resistive barrier discharge” (June 2013 —
Present)

Samantha Valdez (Biomedical Sciences) "THP-1 cancer cells treatment using Cold Plasmas" (2012
-2013)

Cody Torno (Mechanical Engineering) "Atmospheric Pressure Cold Plasma Jet" (2013)

Jennifer Ausland (Biology) "Assessment of the efficiency of Bacillus cereus sterilization by cold
plasma as an alternative decontamination method and its influence on bacterial growth" (August
2011 - 2013)

Bokang Yang (Mechanical Engineering) "Atmospheric Pressure Cold Plasma Induced Surface
Energy Measurements" (August 2011 - 2012)

Hoang (Kim) Thi Pham (Biology) "Sterilization of Staphylococcus aureus and Pseudomonas
aeruginosa using a Novel Cold Plasma Source and its effect on the bacterial re-growth" (January
2011 -2012)

Megan Norfolk (Biomedical Sciences) "THP-1 cancer cells treatment using Cold Plasmas" (April
2011 -2012)

Francisco Rodriguez (Mechanical Engineering) "Surface Energy Modification using Atmospheric
Pressure Cold Plasma System" (August 2011 - December 2011)

Alison Doyungan (Biology) "Experimental Deactivation of Escherichia coli using a Novel Cold
Plasma Source and its effect on the bacterial re-growth" (January 2011 - August 2011)

Isaac Colmenero (Mechanical Engineering) "DC Plasma Discharge" (May 2011 - July 2011)

James Shames (Mechanical Engineering) "Design and Construction of Large Volume Plasma
Discharge Chamber" (February 2011 - July 2011)

Katherine Johnson (Biomedical Sciences) "TUR cancer cells treatment using Cold Plasmas"
(November 2010 - July 2011)

Thurman Walling (Mechanical Engineering) "Characterization of Atmospheric Pressure Cold
Plasma" (September 2009 - May 2011)

Keisha Hardeman (Biomedical Sciences) "Plasma Decontamination Study on various Bateria's"
(September 2009 - July 2010)
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19. Ciera Johnston (Biomedical Sciences) "Effects of Plasma on various Bateria" (May 2010 - October
2010)

20. Christos Elias (Mechanical Engineering Technology) "Air Plasma & Nitrogen Oxide (NOx)
Characterization" (September 2009 - February 2010)

21. Daniel Field (Mechanical Engineering) "Plasma - Optical Emission Spectroscopy Diagnostics"
(September 2009 - February 2010)

6. Undergraduate and Honors Research Thesis

i Hoang (Kim) Thi Pham (Biology) "The effect of non-thermal plasma on Pseudomonas bacterial
sterilization and re-growth" (August 2011 - December 2011)

ii. Valerie Ferdin (Engineering) “Surface energy modification of polymeric substrates for biomedical
applications by atmospheric pressure non-thermal plasma jet” Completed (2011 —2013)

iii. Jennifer Ausland, (Biology) “Deactivation of Vibrio vulnificus, Salmonella Typhimurium, and
Bacillus cereus Vegetative Cells and Spores By a Non-Thermal Plasma for Food Industry
Applications” Completed (2011 — 2013)
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Teaching Activities

Courses Taught

SI.No. Semester Course Title

1 Fall 2013 ENGR 4390: Introduction to Plasma Engineering (Mechanical Engineering)
2 Fall 2013 BIOL 5940: Master’s Graduate Thesis Research

3 Summer 2013 BIOL 5102: Master’s Graduate Research Seminar

4 Summer 2013 BIOL 5394: Master’s Graduate Thesis Submission

5 Spring 2013 MEEN 4396: DIS: Advanced Topics in Plasma Engineering

6 Spring 2013 ENGR 2322: Lec/Lab: Materials Science (Mechanical Engineering)
7 Spring 2013 ENTC 3410: Lec/Lab: Materials Science (Engineering Technology)

8 Spring 2013 BIOL 4396: DIS: Advanced Topics: Plasma Science in Biology

9 Spring 2013 BIOL 5392: Master’s Graduate Thesis Proposal

10 Spring 2013 BIOL 5393: Master’s Graduate Thesis Research

11 Fall 2012 ENGR 2322: Lec/Lab: Materials Science (Mechanical Engineering)
12 Fall 2012 ENTC 3410: Lec/Lab: Materials Science (Engineering Technology)
13 Fall 2012 BIOL 5396: DIS: Cold Plasma Induced Wound Healing

14 Summer 2012 BIOL 5940: Master’s Graduate Thesis Research

15 Spring 2012 ENGR 2322: Lec/Lab: Materials Science (Mechanical Engineering)
16 Spring 2012 ENTC 3410: Lec/Lab: Materials Science (Engineering Technology)
17 Spring 2012 BIOL 5392: Master’s Graduate Thesis Proposal

18 Spring 2012 BIOL 4396: DIS: lonized Non-Thermal Plasma effects on THP-1 cells
19 Fall 2011 HONR 4195: Senior Capstone: Honors Research-Project of Excellence
20 Fall 2011 ENGR 2322: Lec/Lab: Materials Science (Mechanical Engineering)
21 Fall 2011 ENTC 3410: Lec/Lab: Materials Science (Engineering Technology)
22 Summer 2011 ENTC 4496: DIS: Design and Fabrication of Conveyor System

23 Spring 2011 ENGR 2322: Lec/Lab: Materials Science (Mechanical Engineering)
24 Spring 2011 ENTC 3410: Lec/Lab: Materials Science (Engineering Technology)
25 Fall 2010 ENGR 2322: Lec/Lab: Materials Science (Mechanical Engineering)
26 Fall 2010 ENTC 3410: Lec/Lab: Materials Science (Engineering Technology)
27 Fall 2009 ENGR 2322: Lec/Lab: Materials Science (Mechanical Engineering)
28 Fall 2009 ENTC 3410: Lec/Lab: Materials Science (Engineering Technology)

DIS: Directed Independent Study

Invited Talks / Presentations Presented (Teaching & Education Based)
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(Invited Speaker) Magesh Thiyagarajan. Vertical Integration of Research and Education — Student Learning
Beyond Classroom. Distinguished TAMUCC Faculty FACTalk Series, Islander Forum 2013, Texas A&M
University — Corpus Christi, 2013.

Magesh Thiyagarajan. Materials Engineering Course Design and Improvement for Effective Research Based
Learning Environment. Islander Forum 2012, Texas A&M University — Corpus Christi, 2012.

Magesh Thiyagarajan. Materials Engineering Course Design and Improvement for Effective Research Based
Learning Environment. 1% Faculty Symposium: Course Design for the Millennial Student, Texas A&M
University — Corpus Christi, 2011. (Showcased by the Center for Faculty Excellence)

Trainings / Workshops Participated (Teaching & Educational)

1.

Trainee, Integrating Sustainability into Courses: Principles and Tools to Expand Your Educative Capacity,
National Science Foundation, NSF grant DUE, Anaheim, CA, October 2010.

Trainee, Challenge Based Instruction Development: Materials Science Course Redesign, Organized by
University of Texas — Pan American STEM group, March 2013 — May 2013.

Non-Credit Instruction Presented

1.

Plasmas in the Engineering & Science Field: Instruction presented to the ENGR 1211 - Foundation of
Engineering Class - Fall 2011.

Plasmas in the Engineering & Science Field: Instruction presented to the ENGR 1211 - Foundation of
Engineering Class - Spring 2011.

Plasmas in the Engineering & Science Field: Instruction presented to the ENGR 1211 - Foundation of
Engineering Class - Fall 2010.

Plasmas in the Engineering & Science Field: Instruction presented to the UCCP 1101/1102 - TAMUCC
Freshman Seminar Series.

Mechanical Engineering/Technology Capstone Project Supervision

1.

Ruben Longoria (ME), Alex Iben (ME), Matt White (MET) "Capstone Project - Plasma Actuators for Efficient
Wind Energy Conversion" (August 2011 - Present)

Joseph Gloria (MET), Ryan Ramon (MET), Alberto Salazar (MET) "Capstone Project - Automated Plasma
Decontamination Unit for Food Industry" “Best Capstone Project Award”, Awarded by IEEE Corpus Christi
Section. (September 2010 - May 2011)

Directed Independent/Research Study Supervision

1.

Ryan Ramon (Mechanical Engineering Technology) "Design and Fabrication of Conveyor System with
Variable Speeds" Completed (May 2011 - August 2011)

Megan Norfolk (Biology) “lonized Non-Thermal Plasma effects on THP-1 cells” Completed (Spring 2012)

Jennifer Chancellor, TAMUCC (Biology) "The effects of non-thermal plasma on various phases of wound
healing” Completed (Fall 2012)
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Jennifer Ausland, (Biology) “The effects of non-thermal plasma on Deactivation of Vibrio vulnificus,
Salmonella Typhimurium, and Bacillus cereus Vegetative Cells and Spores for Food Industry Applications”
Completed (Spring 2013)

Valerie Ferdin (Engineering) “Surface energy modification of polymeric substrates for biomedical
applications by atmospheric pressure non-thermal plasma jet” Completed (Spring 2013)

Eduardo Valdes (Engineering) “Surface energy modification of polymeric substrates for biomedical
applications by atmospheric pressure non-thermal plasma jet” Completed (Spring 2013)

Advisor - Coastal Bend Technology Business Plan Preparation

1.

Ruben Longoria (ME), Alex Iben (ME), Matt White (ME) "Plasma Actuators for Efficient Wind Energy
Conversion" (August 2011 - 2012)

Joseph Gloria (MET), Ryan Ramon (MET), Alberto Salazar (MET) “Plasma Conveyor System”(September
2010 - December 2010)

Academic Advising/Mentoring: 2009-2013

Total Number of Undergraduate Student Advisees : 366
Description of Advising Activities: Scheduling advising meetings, Reviewing
student academic progress & performance, Advising for course pre-reqs and
enrollments, Releasing student academic holds

Fall 2013 e 44 Students

Spring 2013 e 49 Students

Fall 2012 e 50 Students

Spring 2012 e 55 Students

Fall 2011 e 30 Students

Spring 2011 e 47 Students

Fall 2010 e 56 Students

Spring 2010 e 35 Students

Service Activities

Program/Department/School Level Service

1.

N o v o~ w N

Faculty Search Committee Member - Assistant Professor of Mechanical Engineering, (2013)
Faculty Search Committee Member - Assistant Professor of Mechanical Engineering, (2011)
Faculty Search Committee Member - Associate Professor of Mechanical Engineering, (2011-2012)
Faculty Search Committee Member - Associate Professor of Mechanical Engineering, (2009-2010)
Faculty Search Committee Member - Assistant Professor of Mechanical Engineering, (2009-2010)
Staff Search Committee Member — Engineering Lab Coordinator I, (2011)

Staff Search Committee Member - Engineering Education Program Coordinator Il, (2010)
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8. Staff Search Committee Member — Engineering Lab Coordinator I, (2010)

9. Invited Guest Speaker — Plasmas & Possibilities, STEM Summer Institute: Underwater Robotics, TAMUCC.
(July, 2013)

10. Invited Guest Speaker — Plasmas & Possibilities, STEM Summer Institute: Underwater Robotics, TAMUCC.
(June, 2013)

11. Faculty Representative, TAMU System Engineering Network Meeting & Texas Engineering Experiment
Station (TEES) Leadership Meeting, TAMUCC. (May, 2013)

12. Faculty Member — Mechanical Engineering ABET Accreditation Preparation, (2009 - 2011)
13. Committee Member - Engineering Technology ABET Re-Accreditation Review, (2009 - 2011)
14. Committee Member - Engineering Technology Program Curriculum Review. (2009 - 2010)
15. Committee Member, Engineering Labs and Machine Shop Reorganization. (2010)

16. Faculty Advisor — ASME Student section — Supported departmental, college and university events and
represented the engineering student community in campus. (2010 —2011)

17. Faculty Mentor - ASME - Engineering Seminar Series. (2010 - 2011)

18. FE Exam Faculty Instructor — Materials Science Topics — (2012)

19. Faculty Mentor - Computing Sciences and Engineering Representative at SACNAS, (2010-2011)
20. Faculty Mentor - TAMUCC Booth - Austin Engineering Expo. (2010)

21. Guest Speaker - Engineering Program - Recruiting Event for ESLI Students, (2011)

22. Faculty Advisor - Mechanical Engineering/Technology Programs Brochure Design, (2009 - 2010)
23. Master of Ceremonies (MC), First Tech Challenge, (2013)

24. Master of Ceremonies (MC), 3™ Annual Coastal Bend Engineering Competition, (March 2012)
25. Judge - TAMUCC Engineering Summer Camp, (July 2010)

26. Attendee, Meeting - Industrial Advisory Board IAB, (2010 - Present)

27. Master of Ceremonies (MC) - 1%t South Texas Engineering Alliance Design Fair, (2011)

28. Committee Member - TAMU System Level Engineering Program Meeting, Dallas, TX, (2009)

College Level Service

1. Committee Member - College of Science and Engineering Scholarship Committee, (2009 - 2012)
2. Faculty Search Committee Member — Assistant Professor of Atmospheric Science, (2010 - 2011)
3. Director - SumoBots - Science Olympiad 2011, (2011)
4,

Committee Member — TAMUCC Vivarium (Animal Testing Facility) committee, (2011)

University Level Service

1. Maze Bearer - Spring 2013 Commencement, Texas A&M University Corpus Christi.
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2. Committee Chair — 2020 TAMUCC Strategic Planning — Research & Scholarly Activities Collaboration
Subgroup, (2013)

3. Lead Committee Member - TAMUCC & Del Mar Community College Memorandum of Understanding
(MOU) — Articulation Agreement for Mechanical Engineering, (2010 - 2011)

Speaker - FACTalk Islander Forum 2013, Texas A&M University Corpus Christi. (2013)

Faculty Representative — Corpus Christi Day at Capitol in Austin, Texas, (2013)

Faculty Representative, U.S. Senator John Cornyn visit to Coastal Bend Innovation Center, (2013)
Faculty Representative, Industry Day Presentation, Texas A&M System (2013)

Faculty Representative, Chancellors Breakfast, Board of Regents Meeting, TAMU System (2012)

W N v A

Event Director - 2" Annual Coastal Bend Engineering Competition, (2011)

10. Event Director — 1 Annual Coastal Bend Engineering Competition, (2010)

11. Faculty Mentor - Louis Stokes Alliance for Minority Participation Program, (2010 - Present)
12. Faculty Mentor - McNair Scholars Program, (2009 - Present)

13. Representative Guest - In Session with the President, Texas A&M Univ. Corpus Christi. (2013)
14. Representative Guest — Corpus Christi Business Hall of Fame, TAMUCC. (2013)

15. Committee Member - South Texas Engineering Alliance Consortium, (2009 - 2013)

16. Faculty Advisor - Students (engineering) visit to the members of the Appropriations and the Higher
Education Committees at Capitol in Austin, Texas, (2011)

17. Faculty Mentor - Community College STEM Conference, TAMUCC, (2009)

Scholarly & Professional Service

1. Advisory Committee Member — Texas Emerging Technology Fund — Regional Center of Innovation and
Commercialization - Office of The Governor Rick Perry, Texas, (2012 — Present)

Advisory Committee Member - NASA Texas Space Grant Consortium, (2011 - Present)
Advisory Committee Member - Del Mar College — Engineering Program, (2010 - Present)
Grant Proposal Reviewer - NASA Texas Space Grant Consortium, (2011 - Present)

Grant Proposal Reviewer - Coastal Bend Innovation Center, Corpus Christi, (2009 - Present)

2

3

4

5

6. Journal Reviewer — EPJ European Physical Journal (2013)

7. Journal Reviewer — JAP Journal of Applied Physics (2013)

8. Journal Reviewer — EPL Europhysics Letters (2013)

9. Journal Reviewer - Journal of Biotechnology & Biomaterials (2013)
10. Journal Reviewer - Biotechnology and Bioengineering, (2012)

11. Journal Reviewer - I[EEE Transactions on Plasma Science, (2011-2013)
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12. Journal Reviewer - Journal of Applied Optics, (2011)

13. Journal Reviewer - Journal of Optical Communications, Elsevier, (2009)

14. Book Reviewer - Statics and Strength of Materials, Mott, Pearson, USA, (2010 - 2011)

15. Conference Judge - SACNAS National Conference Abstracts, (2010-2013)

16. Conference Judge — TAMU Pathways Symposium, Texas A&M International Univ., (2009-2013)
17. Conference Judge, 8" Annual LSAMP Conference, Texas A&M University Corpus Christi, (2012)
18. Panelist - SBIR/STTR Workshop - Coastal Bend Innovation Center, (2010)

Community/Public Service

1. Community Collaborator - Plasma Technologies Inc - Community Entrepreneurial Technology
Development and Validation, (2009-2010)

Faculty mentor- Innovation Academy Mentors, (2010)
Science Fair Judge - School of Science and Technology Corpus Christi, (2011)
Guest Speaker - KIIl TV News on Final NASA Space Shuttle Atlantis Launch, (2011)

2
3
4
5. Science Fair Judge - School of Science and Technology Corpus Christi, (2010)
6. Guest Speaker - Plasma Lab Tour for Innovation Academy Students, (2010)

7. Guest Speaker - Plasma Lab Tour - Victoria County Outreach program, (2010)
8. Member Coastal Bend Business Plan Competition, (2010)

9. Guest Speaker - IDEA Public School — Plasma Science Demonstration, (2009)

10. Panel Speaker - SBIR/STTR Workshop, Coastal Bend Business Innovation Center, (2010)

Awards and Honors

Person of the Year Award — Awarded by the Mayor of City of Corpus Christi. (2013)

Corpus Christi 40-Under-40 Award - Awarded by the Mayor of City of Corpus Christi. (2013)
Faculty Excellence in Research Award — Texas A&M University Corpus Christi. (2013)
Distinguished Speaker of Academy Speaks - Texas A&M University Corpus Christi. (2013)
Maze Bearer — Spring 2013 Commencement, Texas A&M University Corpus Christi. (2013)
Distinguished TAMUCC Faculty Speaker FACTalks — Islander Forum, TAMUCC. (2013)
Honors Program Mentor — Honors Program, Texas A&M University Corpus Christi. (2012)

Outstanding Islander - Texas A&M University Corpus Christi, TAMUCC. (2011)

e A A o o

ASME Advisor Service Award - Texas A&M University Corpus Christi, TAMUCC. (2009-2011)

[y
o

. Elected Representative — NASA Texas Space Grant Consortium. (2011)

=
=

. Who's Who in America — Marquis. (2010-present)

[EEY
N

. NSF Travel Award for ASEE Integrating Sustainability in Engineering Courses, NSF. (2010)

[EEY
w

. Grand Prize Winner — 1% Texas Coastal Bend Business Plan Competition, Texas. (2010)
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.

Chair, General Electric - Newcomers Club. (2008 - 2009)

Best Business-Technology Plan - GE Growth Completion, General Electric Company (GE). (2008)
Vilas — Dissertator Fellowship Award, Univ. of Wisconsin - Madison. (2008)

Dissertator Fellowship Award, Dept. of Electrical Engineering, Univ. of Wisconsin Madison. (2007)
Vilas — Dissertator Fellowship Award, Univ. of Wisconsin - Madison. (2007)

Grand Prize Winner - Plasma Devices LLC, Wisconsin Governor Business Plan Competition. (2006)
Grand Prize Winner - Burrill Business Plan Competition - Univ. of Wisconsin Madison. (2006)

Best Teaching Assistant Award, Dept. of Electrical Engineering, Univ. of Wisconsin Madison. (2005)
Best Paper Award, SHPE - Society of Hispanic Professional Engineers. (2005)

Vice President, IEEE - Madison WI Chapter. (2004 - 2005)

IEEE - Graduate Fellowship Award — Nuclear and Plasma Sciences Society. (2004)

Citation Award for Professional Promise, Chancellor, Univ. of Tennessee - Knoxville. (2004)

Tau Beta Pi — Engineering Honor Society, Univ. of Tennessee - Knoxville. (2003)

Eta Kappa Nu - Electrical Engineering Honor Society, Univ. of Tennessee - Knoxville. (2003)
University of Madras Gold Medalist, University of Madras. (2001)

Best Project Award, University of Madras. (2001)

Recognitions

DOTmed Daily News recognized Dr. Magesh Thiyagarajan’s cold plasma research, “Two unexpected
approaches to infection control” (August 2013).

Healthcare Matters Magazine recognized Dr. Magesh Thiyagarajan’s cold plasma research, “Reducing
Hospital Acquired Infections (HAIls): New Products Make a Killing” (August 2013).

Healthcare Facilities Today Magazine recognized Dr. Magesh Thiyagarajan’s cold plasma research “Infections
may be getting two surprise foes” (August 2013).

Quality Assurance and Food Safety Magazine recognized Dr. Magesh Thiyagarajan’s cold plasma research
“University Touts 'Superbug' Killing Technology”, (July 2013).

Surgical Products magazine recognized Dr. Magesh Thiyagarajan’s cold plasma research, “Killer “Superbugs”
No Match For College Researcher” (June 2013).

Operating Room Today — OR TODAY magazine recognized Dr. Magesh Thiyagarajan’s cold plasma research,
“Texas A&M University-Corpus Christi researcher fights drug-resistant researcher with plasma technology”
(June 2013).

Medical Horizons magazine recognized Dr. Magesh Thiyagarajan’s cold plasma research, “Killer “Superbugs”
are No Match for Texas A&M University-Corpus Christi Researcher” (June 2013).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Infection Control Today magazine recognized Dr. Magesh Thiyagarajan’s cold plasma research, “Researcher
Uses Cold Plasma Technology to Stop Superbugs” (June 2013).

TAMUCC News recognized Dr. Magesh Thiyagarajan’s cold plasma research, “Killer “Superbugs” are No Match
for Texas A&M University-Corpus Christi Researcher” (June 2013).

San Antonio Business Journal recognized Dr. Magesh Thiyagarajan’s cold plasma research “Texas A&M-
Corpus Christi researcher attacking ‘superbug’ bacteria” (June 2013).

BioPortfolio magazine recognized Dr. Magesh Thiyagarajan’s cold plasma research, “Researcher Uses Cold
Plasma Technology to Stop Superbugs” (June 2013).

Caller Times News recognized Dr. Magesh Thiyagarajan for receiving the Corpus Christi ‘40-Under-40’ and the
'Person of the Year' Award. (2013).

TAMUCC News highlights Dr. Magesh Thiyagarajan’s award for the Corpus Christi ‘40-Under-40’ and the
'Person of the Year' Award. (2013).

TEES Partner Facility - Plasma Engineering Research Lab listed in TEES. (2013).

TAMUCC News recognized cold plasma research - College Renaming Ceremony, (2012).

Research Highlighted - in the Texas Statewide “Engineering Research in Texas” — (2011).
Distinguished Presenter — Faculty Symposium — TAMUCC — (2011).

Featured Researcher - TAMUCC Office of Research and Graduate Studies Website, TAMUCC. (2011)
Plasma Research Highlighted Article - in the TAMUCC Annual Research Report, TAMUCC. (2011).

Plasma Research Highlighted by TAMUCC President at the 2011 State of the University Speech. (September
2011).

Coastlines - TAMUCC Monthly Newsletter - Featured for NASA TSGC Representative, Texas A&M University
Corpus Christi. (June 2011).

Plasma Research Highlighted - by Mayor Joe Adame at the 13th Annual State of the City Address Corpus
Christi, Chamber of Commerce. (January, 2011).

QEM Travel Award for NSF-MRI Workshop, Quality Education for Minorities (QEM). (2010).
Coastlines —- TAMUCC Newsletter - Features Student Best Paper Awards and Mentors (2010).
Coastlines - TAMUCC Newsletter - Features Plasma Lab Research and Scholarly Activity, (2010).

The Islander Magazine TAMUCC - Spring 2010 - Dr. Magesh Thiyagarajan and the Plasma Engineering
Research Lab is featured in the cover story - Page 14. (March 2010).

Caller Times - News Paper Features a Cover Story on Research at Plasma Lab, Local firm eyes mass production
- Caller Times News Media. (February 2010).

Campus News - TAMUCC - "Dr. Magesh Thiyagarajan Receives $700,000 Department of Defense Research
Grant for Plasma-Biomedical Engineering Research", Texas A&M University Corpus Christi. (September 2010).
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29.

30.

31.

32.

33.

34.

Texas A&M University Corpus Christi - Facebook Page - Features DOD Research Grant Award for Plasma -
Biomedical Engineering Research, TAMUCC. (September, 2010).

Research and Scholarly Activity — Annual Report 2009 — Highlighted mentorship and student awards at the
7th Annual Pathways Student Research Symposium. (2009).

Panelist - SBIR/STTR Workshop, Coastal Bend Business Innovation Center. (September, 2010).
American Society of Mechanical Engineers Membership Approved, TAMUCC. (December, 2010).

TAMUCC Campus News - Mechanical Engineering and South Texas Alliance of Academic Institutions - Coastal
Bend Engineering Competition (March, 2010).

Guest Expert Speaker - KRISTV — TV Telecast — NASA spaceship launch (March 2010).
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Research Student Mentees Awards & Successes

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2013 Gulf Coast Summer Institute Participant — Xavier Gonzales, Louisiana State University, 2013.

Research Cord Recipient — Jennifer Ausland, Magesh Thiyagarajan, College of Science and Engineering,
TAMUCC, 2013.

Research Cord Recipient — Valerie Ferdin, Magesh Thiyagarajan, College of Science and Engineering,
TAMUCC, 2013.

Research Hood Recipient — Heather Anderson, Magesh Thiyagarajan, College of Science and Engineering,
TAMUCC, 2013.

Research Cord Recipient — Valerie Ferdin, Magesh Thiyagarajan, McNair Scholarship Program, TAMUCC,
2013.

Outstanding Islander - Valerie Ferdin, Plasma Engineering Research Lab, TAMUCC, 2013.
Author of Journal Article - Valerie Ferdin, Magesh Thiyagarajan, McNair Journal, 2013.

Best Research Paper Award - Valerie Ferdin and Magesh Thiyagarajan. 12th Annual Undergraduate Research
Symposium, Corpus Christi, TX. 2013.

Best Research Paper Award —Eduardo Valdes and Magesh Thiyagarajan. 9th Annual LSAMP Symposium held
at Texas A&M College Station, TX. 2013.

Best Research Paper Award - Valerie Ferdin and Magesh Thiyagarajan. 9th Annual LSAMP Symposium held
at Texas A&M College Station, TX. 2013.

Best Research Paper Award. Eduardo Valdez and Magesh Thiyagarajan. Corpus Christi, TX: 8th Annual LSAMP
Conference. 2012.

Best Research Paper Award. Jennifer Ausland, Guadalupe Vidal, Magesh Thiyagarajan. Corpus Christi, TX: 8th
Annual LSAMP Conference. 2012.

Author of Journal Article - Megan Norfolk, Magesh Thiyagarajan, McNair Journal, 2013.

Research Cord Recipient - Megan Norfolk, Magesh Thiyagarajan, College of Science and Engineering,
TAMUCC, 2012.

Research Cord Recipient - Megan Norfolk, Magesh Thiyagarajan, McNair Scholarship Program, TAMUCC,
2012.

Research Cord Recipient — Hoang Pam, Magesh Thiyagarajan, College of Science and Engineering, TAMUCC,
2012.

Research Cord Recipient — Hoang Pam, Magesh Thiyagarajan, Honors Program, TAMUCC, 2012.

Best Research Paper Award - Eduardo Valdez and Magesh Thiyagarajan. Sigma Xi 11th Annual Undergraduate
Research Symposium, Corpus Christi, TX. 2011.

Best Research Paper Award - Megan Norfolk and Magesh Thiyagarajan. Sigma Xi 11th Annual Undergraduate
Research Symposium, Corpus Christi, TX. 2011.

Best Research Paper Award - Megan Norfolk, Magesh Thiyagarajan, | Waldbeser, and A whitmill., SACNAS
National Conference. 2011.
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21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Conference Travel Award - E Valdez and Magesh Thiyagarajan. (San Jose, California: SACNAS National
Conference)., SACNAS. 2011.

Conference Travel Award - G Vidal, Magesh Thiyagarajan, and H Pam. (San Jose, California: SACNAS National
Conference)., SACNAS. 2011.

Conference Travel Award - H Pam, Magesh Thiyagarajan, G Vidal, D Alison, J Mott, and G Buck. (San Jose,
California: SACNAS National Conference). 2011.

Conference Travel Award - Heather Anderson, Magesh Thiyagarajan, G Vidal, and H Pam. (San Jose,
California: SACNAS National Conference)., SACNAS. 2011.

Conference Travel Award - Megan Norfolk, Magesh Thiyagarajan, et. al. (San Jose, California: SACNAS
National Conference., SACNAS. 2011.

Best Project Award - Joseph Gloria, Ryan Ramon, Alberto Salazar, Magesh Thiyagarajan, Capstone Project -
The Corpus Christi Section of the IEEE. 2011.

Outstanding Islander - Amanda Whitmill, Plasma Engineering Research Lab, TAMUCC, 2013.

Research Cord Recipient - Amanda Whitmill, Magesh Thiyagarajan, College of Science and Engineering,
TAMUCC, 2011.

Research Cord Recipient - Amanda Whitmill, Magesh Thiyagarajan, McNair Scholarship Program, TAMUCC,
2011.

Best Research Paper Award —Keisha Hardeman, Magesh Thiyagarajan, SACNAS National Conference 2010.

Conference Travel Award - Amanda Whitmill, Magesh Thiyagarajan, (Anaheim, California: SACNAS National
Conference)., SACNAS. 2010.

Conference Travel Award — Keisha Hardeman, Magesh Thiyagarajan, (Anaheim, California: SACNAS National
Conference)., SACNAS. 2010.

Conference Travel Award - Amanda Whitmill, Magesh Thiyagarajan, National MCNAIR Conference. 2010.

Conference Travel Award — Thurman Walling, Magesh Thiyagarajan, 8" Annual Pathways Research
Conference. 2010.

Conference Travel Award - Amanda Whitmill, Magesh Thiyagarajan, 8" Annual Pathways Research
Conference. 2010.

Best Research Paper Award - Amanda Whitmill, Magesh Thiyagarajan et. al. Prairie View, TX: 7" Annual
LSAMP Conference, 2011.

- End of Curriculum vitae -
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