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Thesis Summary (approx.800 English Words )

This research focuses on low-pressure and low-temperature gaseous plasma, which often involves atmospheric
and ionospheric physics. We investigate the NO molecule in N>-O; mixture microwave discharge because it is
generated in oxidation processes in chemical and biological systems, which not only causes environmental
problems but is also toxic to organisms. We observe this kind of plasma by optical emission spectroscopy
measurements to obtain the spectra ranges at 200-850 nm. The plasma generates and flows in a quartz tube. In
the experiment, we diagnose the spectra at different positions along the tube and different plasma conditions
(electron density and temperature, total pressure, and partial pressure ratio).

We theoretically calculate the y-band radiation spectrum of the electronic transition from NO A 2£* to X 1
state. By matching the calculated spectra with the experimental spectra, the molecular parameters in the plasma
can be obtained. From the observed spectra of N»-O, mixture microwave discharge at 2 Torr and 400 W output
power, we found that the vibrational and rotational temperatures of NO molecules range from 0.42-0.76 and
0.13-0.21 eV, respectively, while the vibrational and rotational temperatures of N, range from 0.45-0.75 and
0.12-0.17 eV, respectively. From these results, besides a normal cooling process as the plasma flows to the
downstream along the tube, we also find an unusual increase of the NO vibrational temperature when O, partial
pressure ratio approaches to 100%. This indicates that the different generating processes of NO A 2X* state
cc{nﬁibute to a different vibrational temperature distribution, and when O, partial pressure ratio changes,
different processes dominate the generating process of NO molecules. According to some previous studies about
the generating processes of NO A 2X* state in N,-O, discharge, electron impact excitation from X 2IT state and
the molecular collision of X 2IT state with N A3Z, are two most important processes. However, this analysis is
still quantitative.

In order to quantify the analysis above, we improve our kinetic model to calculate the reaction rates and
number densities of different species in N»-O, mixture plasma. In this research, we include NO A?Z*, B 11, C 2I1
excited states in this model and modify the self-consistency condition to achieve a higher accuracy on the
calculation boundary conditions. By measuring the NO y-band (A 2Z* to X II), B-band (B 2II to X 2II), and
8-band (C 2I1 to X IT) spectra, we find good agreements between the simulated and experimental results of the

NO A 2T state number densities. On the other hand, the radiation bands of B and § are observed only when the




oxygen partial pressure is less than 3% as other results obtained by many researches on this topic, but still this
reason is not sufficient. We discuss the de-excitation processes for the NO B 21 and C 2II states in this
low-pressure plasma and propose an assumption that the de-excitation processes involve collision with O, X 3%,
for these two levels are much faster than their generating processes, which can explain the observed spectral
disappearance.

In order to prove this assumption, we carried out some experimental and calculation results. As we expected,
if our assumption is right, the number density of the NO C I state in the plasma should affect the molecular
properties of NO A 2Z* state. Our results show that, as the ratio of the number density of NO C ?IT and A 2T*
increases, the vibrational temperature of the NO A 2Z* state increases synchronously, which is a positive
correlation. This indicates the NO C [T state experiences a de-excitation collision and turns into A 2Z* state,
which finally leads to the vibrational temperature increase of NO A 2X*state. Because in this kind of N»-O,
plasma, NO C 2II state is generating through the atomic collision between N and O, which can lead to the
molecules at a high vibrational level distribution. Considering NO C 1 state de-excitation is too fast to change
its vibrational distribution, as a result, the part of NO A 2Z* state generated from C ?II state has a higher
vibrational temperature than the others. Hence, there should be three processes dominate the generating NO A
23" state in N»-O; plasma, the electron impact excitation, the collision of NO X IT state with N, A3Z,, and the
collision of NO C 2I1 state with N, O, X 3¥-,, which is the most important finding in this study. Meanwhile, it is
not a direct evidence.

Besides the low-pressure N»-O; plasma, our finding can also explain the appearance of the NO B-band and
8-band at atmosphere. Not all molecules at B IT and C 2I1 states can live for a de-excitation collision, therefore,
some of them will de-excite to NO X ?IT state by spontaneous electronic transitions. To further develop this
investigation, more experimental data for determining the rate coefficients of molecular collision excitation and

de-excitation should be included.
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