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Abstract

In this work, the blend compatibility of poly(vinyl alcohol), PVA, with poly(acrylic acid),
PAA, was studied over the wide range of compositions by Molecular Dynamic (MD) simulation.
The Flory-Huggins interaction parameter () of the blends computed using the atomistic simulation
confirmed the blend compatibility for all compositions of PVA/PAA blend. The hydrogel films of
PVA/PAA blend, with various compositions, were prepared by thermal treatment technique. DSC
results were used to confirm the compatibility of PVA/PAA blends. FT-IR spectra were used to
study the interaction between PVA and PAA. Swelling property of these polymer films at pH = 7.4
buffer solution was also studied. The swelling ratio was decreased with increasing PVA content.
Molecular Dynamics simulation and the Extended X-ray Absorption Fine Structure (EXAFS)
spectroscopy were employed to study polymer/ salt hydrogel for the atomistic solvation structure of
calcium ion in poly(vinyl alcohol) and poly(acylic acid). The results suggest that only oxygen

atoms can be located within the first shell of Ca’ ion
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2.1 ﬂ15<'i)1ai'N!!UUIN!QQQ&]I’JEJ?I@NW’JM@%
2.1.1 Rotational Isomeric State, RIS Model

ao & ) - 7 A . . =
Tasamsdveiiaz ldnguf lo Tawe5iHe31) (Rotational Tsomeric State, RIS) Tun1sAny

saX

auifavealuananedweinvuednulnsegdszauluana (conformational dependent
. a ) y X & ¢ aa o 0 w adga
properties) N3 RIS lagnadniuuunugwvoinamansana vanmsdagveangufiinne

1T o an J ] A A o 1w 4 a o Jd a
NMITIAMBUATNIYTHINHUAUNNIENIADNU LﬁawyugmummzLﬁaﬂmmu‘laimmn%ﬂﬂﬂ
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d
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ﬂifJ'lWia'I‘L!‘L!Llaﬂﬂﬂiﬁﬂgiugﬂm‘Vliﬂ“b"Vll,ifJﬂ’ﬂ FAAAUAVATDNUINUNFITDA (statistical

weight matrices) (U)

o 1 A a 4 3 [} o
msmuanamaniannenmues luananeawes nauegnulaseglamisorila

TAeITNTAMINNG NS (matrix multiplication method) U9 super generator matrice (G) AIAUNT
<A >=Z7"1]G (2.1)
i

. I~ 1 1 1 1 o v Aa aa [
Tag super generator matrice wuaiulszneuseriem oI ninsednn tazaia
A 1 o X a 1 a 4 1 R .

mJiﬂjmaumﬁﬁ’mmimmméfﬁummmwaﬂmiw3N 3UN3NG 1AUN statistical weight
matrice (U), identity matrice (E) 448 block diagonal matrice ||F||; §14@NUN1T

G, =(U, ®E,)F| 2.2)

1 ‘A v Jd o

u,azmwnmsuﬁaﬂﬁvummmm”lﬁ’mﬂwagmmm statistical weight matrice (U)

z=11v (2.3)
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Poly (acrylic acid)
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2.1.2  Molecular Dynamic Simulation @1%3IUNOAINDINAN
Aq Y o d'dy A a 4 1 9
szuunlglumsiiaesTuanalunil Ao woAmesHauIzHI1a PVA 1oz PAA Tagly
MAHUA Molecular Dynamics Simulation U 8 11/ 51054 Material Studio 4.2 & U d U Tag

. . . 7 £ ' a 9
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GERN amorphous cell ‘Vlﬂ“rﬂﬂiﬂﬁiﬁl"]ﬂﬁﬁllﬂmmu NVT aawamuam 298 K 171171 100 ps
1N ‘L! TRTR! energy minimization ann ‘J N ﬂ 18 smart minimize ua 19990 Molecular Dynamics ‘VI
Q19N 298 K 90 1 ns Taoldaunan 1 fs udrsasnaa Flory-Huggins interaction parameter

q

() #AWEAUNT

= ZAEmix

" (2.4)

4 a o 1 ~ [ a
1o z Ao avTnooAYY = 6, R ADAIAINUBILNE (cal/mol), T AD gunl (K), 18 AE

' ldnnauns

=005, 0 5), (),
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4 oA a J @ J
1119 A, B, 1182 mix UAAIDIAINNIIN PVA, PAA, Az Wo Ao INay dudnyal ¢, waz

g
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crltlcal
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i (x,s) HAnfesniidiinga (XAB)crltlcal N TURUT
1/ 1 142
(XAB)critical =5 <—,— + —,—) (2.6)



A15199 2.1 LEAAIT18aSIDIATDY PVA/PAA HENTNIOASIIUAIE

SPUY | 99318914 PAA:PVA ANURUUY g/om’
1 Pure PVA 1.269
2 1:1 1.244
3 2:1 1.238
4 3:1 1.236
5 4:1 1.235
6 Pure PAA 1.230

2.1.3  Molecular Dynamic Simulation fmSumsInnzH EXAFS
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2.2 N1IINAADI
221 ginssinazansall
- Magnetic stirrers and magnetic bars
- Vacuum oven
- Hot air oven
- Hot plate stirrer
- Poly(vinyl alcohol), PVA, MW ~125,000 g/mol, Aldrich
- Poly(acrylic acid), PAA, solution 35%(wt) in H,0, MW ~100,000 g/mol, Aldrich
- Polygalacturonic acid (Pectin) from oranges, Low methoxyl, Aldrich
- Alginate from brown algae, Fluka

- Calcium chloride (CaCl,) Aldrich



- Sodium hydroxide (NaOH) Merck
- Sulfuric acid (H,SO,) Merck

- DI Water (H,0)

222 MITeNA19813 PVA/PAA lalasaa
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(thermal cross-link) Tagi g uaroungavgil 140 °C 1unai 20 wii udnnn 131y

k4
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223  maanuauiaues PVA/PAA lalasaa

1. psAnyIantat¥and 1850y 19 Differential Scanning Calorimetry (DSC; Pyris-

Y [] " a o Sc,’ Y] 1 a
Diamond) 1%a15@0819Tugdurudauudaimin 5 mglusasgungil 40-250°C Tao
1% heating rate = 10°C/nimeldussameveanna lulasou

2. MIANEIOUAIN3010HLINL IaelHinaiin ATR-FTIR :149 Attenuated total reflectance-

Fourier transform infrared spectroscopy (ATR-FTIR) 'g"' U Bruker Vertex 70 FT-IR
A v Ao a 4 I [ Y

spectrometer ﬂﬁﬂ?ﬂﬂ?fﬂﬂllﬁﬁcﬁuiﬂiﬁiﬂu (DIANTUHIYU) c]Ji&VlﬁhlVIfJﬁLﬂﬂﬁﬁJvlﬂ
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3. M5z laseaitananlaelgmatia XRD: 11n153AA 08 19AU N a NN
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U

=2 (% a

J 4 3 o 1" ad Y kS ) J
4, ﬁﬂ‘H1ﬂ1i‘]J’JiJG]’J"UENWf]mllE]iUlEIIﬂiH]ﬁ:%QHTHUﬂLLWUW’diJLH’N mﬂuuuﬂﬂfguslu

' 9
a @ o

Y 4 d‘ @ a 4 [
msazareeaativivies pH 7.4 Ngamgu 37 °C ¥aiminweames lalasmanas

J o 4 o 9 a o FSE] a
mwﬂummxawuﬂMei 1, 4, 24 1l 48 6]5'311]\1 T@ﬂﬁlf]fﬂ‘i$ﬂ'l‘ﬂ‘ﬂ°]flf FUUITIUNU

! 4 ¥ o o
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% water uptake = ———— x100% (2.7)



Tag \W% = weight of polymer in swelling state

swell

dry = weight of polymer in dry state
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1a1411un31804 Rotational IsomericState (RIS) lumsfinuiauiamlns gl Tnodumn
1 a 1A A o ° a a 4 = o Y o
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C(OH)--C--C(OH)-C) uaz U, (dm5ulames c-C—-C(oH)-C-C) aaga 3.2 Taold Tusunsu
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(a) (b) (©)

514 3.2 aweives hilausanesead Uy, (a), Uy, (b) 1ag U, (c)
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Abstract

Molecular Dynamics (MD) simulation and the extended X-ray absorption fine structure (EXAFS)
spectroscopy were employed to obtain the atomistic solvation structure of calcium (Ca’") ion in
poly(vinyl alcohol) (PVA). From MD simulation results, it is obvious that there is only one
dominant shell from oxygen atoms around calcium ion. The distance between the calcium ion and
oxygen atoms in the first shell is in good agreement with experiment within 0.1 A. For the Ca K-
edge EXAFS spectrum of CaCl,/PVA sample, there is no evidence for the formation of significant
numbers of Ca’ —CI~ contact ion pairs. Ca’" ion can induce the conformational changes of PVA
backbone compared to those of neat PVA. The MD and EXAFS technique is a powerful method to

elucidate the detailed solvation structure of the probed ion in polymer matrix at the atomistic scale.
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