nuess Ay : nsdassluanavansssfunasnismanesieAnwau e
lassainvemedalaiu  (MULTISCALE  MOLECULAR  SIMULATION ~ AND
EXPERIMENTAL STUDIES OF STRUCTURAL PROPERTIES OF POLYSTYRENE AND
ITS DERIVATIVE) 8197389103 nw1 : s09mansnansd a3 3@w§ uagaily, 85 wih

AdAty: weddlaiy, daliiuaneddlaiy, nsdiasdunanuaiusedu, mIidases, Msdiaed

wuuneuiiansla, lawedlesdy, Nauun, lassadanisdeusau, MD-EXAFS

Inginudiduiiusznoussauiafiondn Fdeusndemsdnwauinieimlase
afauaznaiivemedalniuiiimsindsdanaisissiulagldisnsseesunainuans
sefutuusn melinedalauargniiliidulassaswuumeuudaiiuldundesmssransii
finsussquuudnaalnediusiiiisndoaemussdousineluluanauazusssswinluana oy
wit meluluanassAnwilagiBanuzlaladiosuuuniu (RIS) druusssswinluanavzing
Ine35vaaauusalavd (Lennard-Jones potential function) Tassasnaedaladuazgnyinli
aunalngiEnssrassvasuauinifla (Vionte Carlo simulation) 91niul@finsfwanauds
BalassadrsvunaesieUsenaudelaudingyesansld vuneluiana uavadmdslassadng
wadnswuitlauiindvasluanaamusadniisdlfeei sps >> aPs > PS munivesluiana
denndesiumsiniFeauudngalaousssznitluanauinniniedesiuauauazaruud
vasluana Rntwihnisulasaslduvuneunduandusuuasidoniiuanynesaeuly
Tuiana udhAnwianiiddasainesasduszneusemsnszaeyudn flidumsnseane
Tuwwaedl Audagasnisnsuifelimsou wasmslitnesnisaralsvomeddlaiuising
fnFosRaunnneiu

viadiefiaasdentsldnisirasdddiuaindaaduiana (MD simulation) uazienisd
aanduuaslassasazBonuuurey (EXAFS) tiednwilaseadedousauvasdalmuaned
aln3ufiAuindounaidon laifoy uaglnunaiden mnuadnsvesnisirasnuilooou
unaLdengndeuseuiiuermensandiau 6 sxnon luvusitlessulatfsunasinuvaidoy
dousoudyasnensandiay 5-6 oxaan INLUINSIiEUALARTY EXAFS 183315 CaSPs
NN IMAaBINUIATIATINNINTEIU CaCO, \enlasiadieadeuseuesdns CasPs wadng
wuilasaindeuseuradlassadniussnaudaseendiau 5 asneudouseuasnanna deli
danmassfiuTIsdnieuniiLazdsilan Rfactor g4 mndulFaeaiisvananiuvesarsainms

NAABINIBHARINNNGI1809 HanuIILeandiau 5 agnouINvydaliiug wageandiau 1



-y o X = as i 5 P
2LMBUINUNADUTBUDSHOUNAN FHaTABUT N INAABINUNANITIIEUNBUNTLAaZIIAT R-
n' ar n‘: - ol c?l 4‘ v o 1 8 o o
factor i1 AIUUNANISIIL LU IALILINASIas19dausaveadlalaluwasarunsanilalag
FBMIRBIVNIABLNUADINALNITNAGEY EXAFS
ar e W J < ase as L2 -y ]

dwsuihdenawaemsfnwandissivluanauazlasiainvesiduuisiuuduue

wadweinulagisnsdiaeauuneuiianila Fawedwedsmuuvduilusnausgluanaign

Taulasusedunsizensewinlanaey 50 Wadlgus nisraulasussdunsizesswinliana

be

o=

dandiunslasmsulasnsiwesdndrvesauusa-laudlvvainuaiedl  diuussdunsisen
meluluanassiulunmuwuviassaazlelaweimamu RIS) vemediofidu (PE) wadns
\vauTRvesanstesenoudasmnuruuiy madnidameniuse wnauaryUsvvesiana
n13dALEYeslaanag uazndsnuradhianassgnaneduwasIsuisunaildzsing

Ansiiwesvenauusalaudiivainuate (e/k = 100, 185, 250, 300, and 350 K)

Al I AxABST Bk
mUNvILAL a1gYaUNANYT #

< ol oo
Unsfinen 2564 a18¥0191387USNw 4@@.&4




KAMONTHIRA WICHAI : MULTISCALE MOLECULAR SIMULATION AND
EXPERIMENTAL STUDIES OF STRUCTURAL PROPERTIES OF POLYSTYRENE AND
ITS DERIVATIVE. THESIS ADVISOR : ASSOC. PROF. VISIT ~ VAO-SOONGNERN, Ph.D.
85 PP.

Keyword: polystyrene, sulfonated polystyrene, multiscale simulation, tacticity, Monte

Carlo simulation, random copolymer, thin-film, coordination structure, MD-EXAFS

There are three main parts to this thesis. For the first part, a multiscale
simulation was adapted to study the structural and dynamic properties of glassy PS
with different tacticity. PS chains were coarse-grained and then mapped onto the
second nearest neighbor diamond lattice (2nnd lattice) incorporating short- and long-
range interactions from the modified rotational isomeric state (RIS) model and the
discretized Lennard-Jones (LJ) potential function, respectively. The PS bulk structures
were generated and then equilibrated by using Monte Carlo (MC) simulation. The on-
lattice properties were calculated ineluding chain dynamics, molecular size, and
conformational statistics. The dynamics of PS chains were qualitatively ordered as
sPS >> aPS > iPS. The diffusion of PS melts was related to intermolecular packing more
than molecular size and chain stiffness. The reverse-mapping procedure was
performed by converse from the coarse-grained bead to a fully atomistic PS model.
After energy minimization, molecular and material properties inclliding torsional angle
distribution, radial distribution function, neutron scattering-intensity, and solubility
parameter for amorphous PS with'different tacticities were investigated.

In the second part, Molecular Dynamics (MD) simulation and Extended X-ray
Absorption Fine Structure (EXAFS) spectroscopy were employed to investigate the
detailed coordination structure of the cation neutralized with a sulfonated group of
polystyrene ionomers (M-SPS with M = Na, K, and Ca). From MD results, the first
coordination shell of Ca** ions was surrounded by 6 oxygen atoms, while Na* and K*
ions were surrounded by 5-6 oxygen atoms. EXAFS fitting procedure of CaSPS samples
was tried using both the atomic coordinates from standard CaCO; crystal structure and

the selected snapshot from the MD trajectory. The coordination structure of CaSPS
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fitting with CaCO; contains 5 oxygen atoms, which does not agreed with previous
reports and had a high R-factor. However, the fitting result of CaSPS and the MD
trajectory was better, the Ca?* ion was surrounded by 5 oxygen atoms from sulfonation
groups and 1 oxygen atom from water. Our findings suggest that the coordination
structure of ionomers can be done by a combination method including MD simulation
and EXAFS.

For the third part, molecular and structural properties of random copolymer
thin films were determined by Monte Carlo simulation of the coarse-grained copolymer
model on the high coordination lattice. The random copolymer contains 50% of
modified non-bond interaction strength of comonomer units, which is operated by
varying Lennard-Jones potential parameters (g/k). The intramolecular interaction was
based on Flory’s rotational isomeric state (RIS) model of polyethylene (PE). The results
of density profiles, bond orientation, chain size and shape, chain orientation, and
energetics were investigated and compared with varied LJ parameter (e/k = 100, 185,

250, 300, and 350 K).
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