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Nonlinear Optical Properties and Exciton
Dynamics of Water-soluble CdTe Nanomaterials
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Crystallization and Melting Behavior of
Biodegradable Polyhydroxyalkanoates Studied
by Vibrational Spectroscopy and Chemometrics

RRik7eE i 2%

Among the family of environmentally friendly
biodegradable polymers, polyhydroxyalkanoates (PHAs)
have been attracting considerable attention over the recent
decades in both academic and industrial fields because
of their many advantages in their intrinsic properties.
PHASs can be biologically synthesized from renewable
resources, and completely biodegraded under aerobic
and anaerobic conditions. Moreover, they possess

thermoplasticity and mechanical properties similar to those

of synthetic polymers. It is well known that the crystal
structure and morphology are responsible for material
applications of polymers and their further chemical or
mechanical processing, thus, the knowledge of the relevant
crystallization mechanism is crucial to designing materials
with the required properties. Therefore, a fundamental
understanding of the crystallization and melting behavior
of PHASs is essential to improve their physical and
mechanical properties to widen their potential applications.
In this thesis, both infrared (IR) and near-infrared (NIR)
spectroscopy techniques have been used to investigate
the crystallization and melting behavior of PHAs at the
molecular level. Furthermore, chemometric methods and
two-dimensional (2D) correlation spectroscopy have been
utilized to analyze and visualize the spectroscopic data
measured during the crystallization and melting process of
PHAs.

There mainly consist of three sections of this
thesis. Section 1 describes the structural evolution and
crystallization kinetics of poly(3-hydroxyvalerate) (PHV)
during isothermal melt-crystallization process studied by
IR spectroscopy and 2D correlation analysis. Time-induced
spectral variations within the different wavenumber regions
of PHV were ascribed to the amorphous and crystalline
bands. Based on the 2D correlation analysis results, the
intensity change rates of C-O-C, C-C and C-O groups
were revealed different. A comparison of the spectra
of PHV, poly(3-hydroxybutyrate) (PHB) and poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) (P(HB-co-HV))
showed that the spectral features of P(HB-co-HV) were
strongly dependent on the HV content, which demonstrated
the phenomenon of isodimorphism in P(HB-co-HV)
copolymer. In the amorphous and crystalline states of
PHB, the NIR bands of interest were assigned and C-H- -+
O=C hydrogen bonding was explored by both IR and
NIR spectroscopy. Moreover, the crystallization kinetics
parameters of PHB were discussed by principle component
analysis and Avrami equation based upon the characteristics
in various spectral regions. Finally, the multiple melting
behavior of PHB and its copolymer poly(3-hydroxybutyrate-
co-3-hydroxyhexanoate) (P(HB-co-HHx)) with various
HHXx contents (HHx = 2.5, 6.0, 12.0 mol%) isothermally
crystallized from the melt state was studied by differential
scanning calorimetry (DSC) and IR spectroscopy. The
results showed that the multiple melting behavior of P(HB-
co-HHx) was dependent not only on the crystallization
temperatures but also on the fractions of HHx contents.
The multiple melting temperature phenomenon was also
possibly explained via monitoring intensity changes of the
characteristic bands in the temperature-induced IR spectra.

Section 2 reports the studies as to the miscibility,
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crystallization and subsequent melting behaviors in binary
biodegradable polymer blends of poly(L-lactic acid) (PLLA)
with PHB. DSC results indicated that the blends of PLLA
showed some limited miscibility with low molecular
weight PHB (My = 5,000 g mol!) when the PHB content
is below 25%. The thermal behavior of each component
in the blends was further investigated by IR spectroscopy
and wide-angle X-ray diffraction (WAXD). It was revealed
that the addition of a small amount PHB up to 30% made
the cold crystallization of PLLA to occur in the lower
temperature, and for PLLA components crystallization, the
disorder (') phase of PLLA was produced.

Section 3 describes the applications of chemometric
methods combined with 2D correlation spectroscopy to
cope with some problems encountered in the vibrational
spectral analysis of polymers. Noise perturbation in
functional principal component analysis (NPFPCA) method
was introduced to overcome the noise interference problem
in 2D correlation spectroscopy. The usefulness of this
method was demonstrated with a theoretical framework and
applications to the 2D correlation analyses of both simulated
data and temperature-dependent reflection-absorption
infrared (RAIR) spectra of a PHB thin film. As well,
Sample-sample 2D correlation spectroscopy was applied
to determine glass transition temperatures of poly(ethylene
terephthalate) (PET) thin films. It was demonstrated that
two sequential data pretreatments of the first derivative of
a series of spectral absorbance traces versus temperature
and the mean normalization over the wavenumbers and the
standard deviation of the covariance matrices benefited such
a determination of glass transition temperatures of PET thin
films with different thickness.

Development of new far-ultraviolet absorption
spectrometers and their applications for highly
sensitive analyses of aqueous solutions
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Studies of the effect of small additives
on protein crystallization and its
mechanism
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Rings with locally nilpotent derivations
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Theory of rings with finite group actions
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