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KEY WORD/ MOLECULAR DYNAMICS/EXAFS/CALCIUM ION/MONTE

CARLO/CYCLIC POLYMER

The main objective of this research was to study structures of polymer hydrogel
induced by either cation or physical network caused by chain topolygical
entanglement between linear and cyclic polymers at both atomistic and molecular
levels by experiment and computer simulation. This research work had been divided
into three main parts.

In the first part, Molecular Dynamics (MD) simulation and the extended X-ray
absorption fine structure (EXAFS) spectroscopy were employed to obtain the
atomistic solvation structure of calcium ion (Ca®*") in small solvent molecules,
including water, ethanol, and isopropanol, in order to gain the basic background of
more complicated polymer/salt hydrogel system. Next, two synthetic polymer
hydrogels induced by Ca** were studied (i.e. poly(vinyl alcohol) (PVA) and
poly(acylic acid) (PAA)). Then, two natural polysaccharide hydrogels induced by
Ca®" ions were also studied (i.e. pectin, and alginate). The results indicated that there
was only one dominant shell from mainly oxygen atoms from solvent molecule or
polymer to surround the Ca?*. There was no evidence for the formation of significant
numbers of Ca**~CI™ contact ion pairs under the condition of this study. In addition,

for Ca®* in pectin and alginate hydrogel system, Ca®* were trapped within the
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chelation structure between polyuronate (pectin and alginate) that corresponded to a
stable Ca**/polyuronate complex formation.

In the second part, hydrogel films based on PVA and PAA blend, with various
blend composition were prepared. FTIR spectra analysis suggests that there were
interaction i.e. hydrogen bonds and ester bonds forming in PVA/PAA blends system.
Swelling property of the films showed that the swelling ratio decreased with
increasing PVA. This was because the interaction between OH and COOH forming
ester bonds were decreased the number of hydrophilic COOH and increased the
number of nodes of networks.

In the third part, the model of physical hydrogel caused by the network
formation between linear and cyclic polymers (poly(ethylene oxide), PEO) was
studied by Monte Carlo simulation of coarse-grained PEO model on a modified
diamond lattice. For the pure system, the results suggested that linear PEO had almost
twice the size of cyclic PEO. The diflusion coefficient of cyclic molecules was higher
than that of linear chains for high molecular weight. For the blend of cyclic/linear
PEO, the diffusion coefTicient of both cyclic and linear PEO decreased as the linear
fraction increases. The diffusion coefficients of cyclic in cyclic (C/C) matrix were
larger than cyclic in linear (C/L) matrix. The molecular topology of the matrix have

an influence on the diffusion of cyclic polymers.
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