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Fig. 1. Chemical Structural formula of PNIPAAm

Water molecule

Fig. 2. Schematic of a water molecule approaching a repeat unit of PNIPAAm

Fig. 3. Schematic of a NIPAAm repeat unit surrounded by explicit water molecules
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Fig. 4. Interaction energy profiles for a water molecule approaching a NIPAAm repeat unit.

(a) 283 K, (b) 293 K, (c) 303 K, (d) 313 K, (€)323 K, and (f) 333 K.

- 109 -



AR I, NIPAAm €/~ —2=y MK T2
DEEOM AAE R =L F — BRI T N R FEEL &
ORIMEIZF EZE-3 kI/mol L7enZ EAVHIALT-, Ziud
FRETUTZIREEFEPH I3\ T, K9y 728 NIPAAm T2

[CAFECTEDIEERLTWVDN, iR ERE LR
IV — i N RO I A e 72 R B X RR S Ve o 72,
T/ v—2=y bR 1 HT OO BMARGHEET
VAL KTV OBBKMEZZEAN & 52 LI ZH#EA
BHZELITHONTHD, KEiD RDF fEHTCIX. 1 fED
NIPAAm &/~ —=2= D JEFIZE G E DK 5y % AL
BL T, B/ ~v—2=y NEBEO KT Z LV e R
r4n2kbl,
3.2 EBfELMEK

AEIRFER 270 K 705 350 K £C 8 @A T L4
A @ RDF fhfR AT L 72, NIPAAM &/~ —1=v i
T KA DHF T, K530 RDF #iffoe—2703F
BlIZEWOIX, 7IRBANOBFZE T (ON) Thd, €
Z°C ON % RDF i O FLFE AR EL ., ZO L5
FEBE r (ICTAFET KO KFIR T (HW) SFEE R (OW)
D2 122U, RDF Z R r DR g(r) &L TRILT,
FARFE T DIRATHE R A Fig. 5 12”7,

AKX LD, RDF HiffIZ B o — 7 BN D H LR -
ON 75D FEEEL. HW 232 A5 THADITHL, OW T
1% 3 ABSLienZ LVHIALT, £/ OW & HW @ RDF

HIFR O —7mED L, A EREIZB W UIIZFRT
THHZ BRI, o T NIPAAm £ /~—2=vh
DK TFIE, KFBREEEI LU CTIRES O ER
FHEROHT IOICENL T DL D EHELESND, Z DA A—
VX% Fig. 6 12779, 728 Fig. S/ b, s EIRED L&
EEBHIZ RDF HAROBKAEDY NS 72D LB R TE D,
ZHUKIRED ERHLEHIZ NIPAAM £/~ —2 =y Dt
BT ARRMAZ AL LT a2 T HRE R THY . PNIPAAm
VA LCST THHKI 32 CIOBIREEIZRB W TITE
AHEZRL, ZNEDE EWIRE CILBKMEZ R TE0)
FEEBRAJFERIZKHEL TODL DO LRI TS,

AEiTIE, ZNET NIPAAm £ /~—2=yrD T IR
fEA AT HRERIR 245 H LT RDF HhfR O MEATHS
RZEz TEZ)S, NIPAAm —BATHFERRO K23
JEL7=fE A DN T LTFICHE 375, &I T

IRFEG AT 5 OBEFRIR 1% ON, > —FHD

R 1% OIN LFEKFLL T, B/ v—2=y R RURE
G T2\ C RDF B Mgt LTz, £ D5 % Fig. 7
[ e

AR ED ., NIPAAm —#{KIZI51T 57K 53100 RDF fhii
1%, B/~ —a2=y FOGELTRIZEB VTR ERL, ON
& OIN OWF ORI 2Rt LT 256
RDF B A BERE WA TR N EAVHIA LT,

4. &

PNIPAAmM 2MREEICENEZ R T A=A LT, R~ —
MIEHD 77 FHEEIZ ISV TEMEITIZLLT DO LI
&b, £HEH PNIPAAm ZH T 5E /v —2=vh
W, BUKMED T IR EEBKMED AV 7 ae LI k- T
RSN TS, ARIRIZEB W TEIBUKPED 7 IR EE)K
T ERFREEETERL . Z<OKRFIKEIRDIATZ LT
PNIPAAm 7 /LT 5, LNLKFERESITEUCTI,
INEA 2 LK FERE B OREREIZ L > TR A AL Bk
H7p A 7 e )V FE RSB BAE I Lo THREEL XD
&I %, M EFIZ I TR DR KO R b
[1%&, PNIPAAm O B AR GHE T 22812785,
DFENKFNC LD AAEH LB BAER DT A

DEAIZE ST, TNV ORI ELNS,

AFETIL, 270 K 55 350 K £ CTOIRE LI RBVT,
NIPAAMm DOHERBIOCZEEREERTLITINESD
FeR R Z2 DI EWD ., /K5rFD RDF ZfRtirLiztZ A,

BEO ER-LEHIZ RDF EROE — 7 BMEL 72D Z 05
DZ &, BER O — 72 A DEFFALT

S, Zo
WD,

Fig. 6. Schematic of hydrogen bonds between a NIPAAm

repeat unit and water molecules
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Fig. 5. RDFs between the oxygen atom (ON) of the NIPAAm repeat unit and the oxygen atom (OW: blue lines) and the
hydrogen atom (HW: orange lines) in water molecules, respectively.

(a) 270 K, (b) 280 K, (c) 290 K, (d) 300 K, (¢) 320 K, (f) 330 K, (g) 340 K, and (h) 350 K
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Fig. 7. RDFs between the oxygen atom (ON) of a NIPAAm dimer and the oxygen atom (blue lines) and the hydrogen atom

(orange lines) in water molecules, respectively.

(a) 270 K, (b) 280 K, (c) 290 K, (d) 300 K, (¢) 320 K, () 330 K, (g) 340 K, and (h) 350 K
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Summary

In the research and development of reverse osmosis membranes for seawater desalination, it is essential to
improve membrane performances, such as water permeability, salt rejection, and antifouling properties. ~Aromatic
polyamides have widely been used as a membrane material for desalination. The application of inorganic
materials, such as zeolites and carbons, have recently been paid attention for a promising approach to fabricating
novel high-performance reverse osmosis membranes. In this study, to evaluate antifouling properties of inorganic
materials, the interaction energy profiles of an organic molecule approaching an inorganic material in aqueous
solution were calculated by using molecular dynamics (MD) simulations. As a result, the profiles shows
energetically stable minimum, suggesting that membrane fouling occurs on the surfaces.

Furthermore, we have focused on the hydrophilicity, because it is one of the significant factors of antifouling
properties. The microscopic hydration behaviors in the vicinity of poly(N-isopropylacrylamide) (PNIPAAm),
which is one of the most major thermo-responsive hydrogels, were investigated by using MD simulations. The
temperatures were set at 270 K, 280 K, 290 K, 300 K, 320 K, 330 K, 340 K, and 350 K. Radial distribution
functions (RDFs) between the oxygen atom in a NIPAAm repeat unit and the surrounding water molecules were
analyzed for all the simulations. Consequently, the correlation between the maximum values of the RDFs and the
temperatures were confirmed. As the temperature is higher, the maximum value becomes smaller. These

approaches certainly contribute to the design of membrane materials for desalination processes.
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