|

) <

The University of Osaka
Institutional Knowledge Archive

Title Theoretical Study on Formation, Stability and
Reaction of Small Water Clusters

Author(s) |[Kuncoro, Handoko Setyo

Citation |KFRKZ, 2013, HIHX

Version Type|VoR

URL https://doi.org/10.18910/26843

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3

Synopsis of Thesis

Title: Theoretical Study on Formation, Stability and Reaction of Small Water Clusters

ORGF 7 T A5 — DRk & TEER GG 2 B iReIprse)

Name of Applicant: Handoko Setyo Kuncoro

Dehumidification (dehydration) and cationic contaminations of small water
clusters inside the membranes could degrade the proton exchange membrane fuel cell
({PEMFC) performance. Some related quantities for the small water clusters have been
evaluated. The first study deals with the formations, binding energies and monomer
dipole moments of small water cluster systems (H20)n with n=1-12, investigated by
density functional theory (DFT) using B3LYP/6-311++(24d,2p)} (chapter I and II), A
method based on reactivity indices from Fukui function has been introduced to generate
the initial structures of water clusters. Constantly adding one water molecule to water
monomer has transformed the water cluster formations from linear (n=2), cyclie planar
{n=3-6) to 3-dimensional (n=7-12) shapes. Concerning the lIocal binding energy
fluctuation effects on the average binding energy trend, the average binding energies of
small water cluster systems converged asymptotically to the intermolecular binding of
bulk water. Due to the total electronic energies, zeroc point energies and activation
energies analyses, we have predicted that the cyclic planar is the most stable formation
for water hexamers to compete with the cage and the book formations, In the second
research (chapter III), some ionic effects on small water cluster systems formed around
sodium(I), calcium(II), and iron{II) cations have been studied wusing the DFT. By
assuming that the number of water molecules in the first and the second water layers are
6 and 12, respectively, it is shown that (i) the Ca(II) agueous cluster shrinks and its
volume becomes similar to that of a pure (H20)1s cluster whereas the Fe{(II) and Na(I)
aqueous clusters expand; (ii) owing to the inter dipole water interactions induced by the
ion in the second water layer binding, the ionization strength of the Ca(II) aqueous
cluster is clese to that of Fe(II) but sufficiently higher than that of Na(I}); (iii) the
isotropicity of s-type acceptor of Ca(II) and Na{I) MOs as the cause of the reduction in
water rotational rigidity in the ion—water bonding has been clarified by analyzing the
donor-acceptor charge transfer and non-interacting kinetic energy. By considering the
three ionic effects, we predict that the Ca(Il) ion is one of the more competitive water
cationic impurities in the PEMFC membrane. The third study {(chapter IV) is about
gsingle water dissociation investigations which has revealed that the hollow shape of
charge density of central Cr(III) makes the Cr-O bonds rigid as indicated by a higher
activation energy for releasing one water molecule from Cr[{(H:0)sl3*. The isotropic
charge density of Fe(III) affects in lowering water rotational rigidities which is also
responsible augmenting the activation. Here, the calculations had been performed based

on first-principles study.
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FRXOMEANFETHAINFA OBV IR SAE 1~12 HOKSFO/ED 7 T 27— (SHC) DIE 5 H 0 i1E
i 4y F EUR R M (PEMFC) DEED (bl & BHEIc IR LT3, —RAYIZ, PEMFC OENEREICEIT S SWC Dk
FRERErEERSE, 7o OB REHIT S LKL, BETLIIFA VOB broRy B S RERE S ES
FHERD 50, EEREMETELELLNG, 2, KA, AF A BHELBRETEET S L, Eoltkic L3
BEEEON LYo b EEEOEE - MEBRLRBZ S L ERMCSN-TINE, Lvl, FALOBRRIz
T 50T - BF LU TOBMAZIIRBRERE Ch o . AR TIE, SV MR T 2Kk FRORBE= I F—R
AFA AL VHERENDSHNEES. LSHC OF Y OKp FEBICHMEL = R A-F—IZF B L., SWC OB
R EENMEERICE S B REHEOFEZLVHENTVS, TOME., HEFEMOLOOFRRIEEE{E
BT HIEILY, SWCOEEFHBNICL, TOEMMERECSVCOE-BERRTIASTFEIFF - L OHEEE
RICE>TREMFOND L EFTELBIT, ZOBIFEDON FA LV BETFHEEZALNICL TS, BTIZZOH
HMEREBRT 2.

ARICHE, FF, MBRKS TR 5 - OREMELH-S, HFMOTIEE T3 F— 8 12 AOKS T THRE
Do IAF—LBWT/ Y TOJICIGENICRET 2 Z &2 B Ui, Eio, ZoOBET, £ FEE BT
DAEE L RRET DERIC, EHARL EMHEEERT O LBFRTHOI I LETRLE, BHBEIILERT
X NERFUBTHSTH e THLAIMEETHY ., ZPLABORBNIHTEROREMSS»1E, 0
FHICE>THEBAIKSZ A —OFFEICRERLOLV-EAELNE, S5, TEFE—A 2 FDEFIC
£V, 27 RF—RATORGFOINBRIE () &ERKRE (KA) OMTOREGRRCRESMOEREZH L DIT
LT3,

FRIXTIE, W, ATF A EPEICED SWC OFEMEEZHE L. WThorFA L BBV THLE 1EIC6ED
KeGTHERMATIBREELRLIZLEHALMILTVDS, £, ZIT, SKCOFEELTM+Ts L CHEHERB N
SONPDEFRBEEFRELTVWD, ¥, /7 2F—DOEXTHETRTRLLT, EFEILOIF I -KEFORE
TZRNF—E KRG TEOBEIAX—CEHRBEIND A /L ({ionization strength) & WA HEBRLFERL
TWH, RIT, 27 ARAF—H A AOEIE DR AF—OELICL D EEESNASAEVES (internal pressure of
water cluster) E NI PEEEERL T5, FLTC, BT FAR-Bc L2 TEHESN, KOFoME
CEGFE 2 R TR TH HEEGANE (rotational rigidity) & W IHIBEFREL WD, KHFOEEANEE, 7o b
CEEHLGEELTNS, ZhbBOPEEOHITICIESIWTROATWAREEZLTICERT 5,

SWCHDHIFAL Na (I), Ca (I1) and Fe (1)) OEEEEIFL, LTORBRESH/TWLA,

a, AFAUVILLDI TR -DEEERDE(: Na(l)<Ca(ID)<Fe (D) DlEICEENLT B,

b, 23 AF—H4 X Ca(I)<KNa(l) <Fe(ID) DIEIZAE 225,

1




c. SWC 2R A RS FOEBERICHT AT HAX—Ek: Na(l) - CaID)Fe (I DIEI KX e B,
d. BF A EKGTNROERENDIRCORT Vv LT ZNF—H—F(PEC) T L., LI TORELE
T3, KaoF L BORBTZAF = Ni(IIT)<Mn (IT11)<Co (IT1) <Fe(III) <AL (IID}<Cr{(II1I) DIEIZ K &

{723,

INBLORFERIT, RO Ca IDDEATH> THRIENDBHRICLD . SWC PDRSFRLOFEEG=FALF—N
HihE, 7 FRAEF—HA XPNELRBLELFRLTVS, £, Fe(IDOFA D TOBEWBEEREIMEIE, Na (D & Ca(Il)
OFELEBR LT, SWCOERE Lo IFET2 2 L#TR LT, o b EEICBWTHHATER 25 2 &R
BEARTNS, i RS FREET R AEF—DEV NI (TID, Mn(III), Co(IID) B TR Fe(II1) ik, Cr (JIT) BTR AL (I11)
OJFELHBLT, RVBEBAIFA L ERELSLTL o THERD SO, #lid L Y TEME LSBT WEHMIESH 5 &
Ezbhd,

UbkzELds L, KRR PEMFC DIEHCOZ 1 b ASEIZEIES 5 SWC DR BWE2AF L. HROBELSE
FIEEDREHIE L T SWC OFEEELST - RFL A BBLEMIL TS, RETTOBRIL. EAHEEOE
L BT, PEMFC TORMEEREEZRITI L CEERMAPEX D EEB A bND, X 6T, ERNLHELZEOE
RrbRTH, SW oUHEZRETHEEE L TORFEROFTAMEZRL, 44 L@BESHFA sk 2N
EHDOFER, AKSTFOREENECET 5 ESHOHRR EOMITICERLRHDEREFRELEMANTIETHD., FiHX
i, ISRYEEEUHE LS, . WESFIOHE SRS AT S L CRERERE LRI THD, LoTK
R LRE LTHESHS H O LB S,




