P59 gassu : maunsidaIassadwvesTlsaoulumsiBdounsaoanosn-
v

loooulalasifion-1i1 (STRUCTURAL DIFFUSION OF PROTON IN PHOSPHORIC

ACID-HYDRONIUM ION-WATER COMPLEXES) 919156713011 : faas1915¢

AT.NOBAUL AN, 122 NI

' P2
A A KR

a a L4 [ v
INYIUNUBLIDIUANHINAIN (dynamics) waznalpmsuandn (dissociation) AL N3
v
oo Tou (transfer) Tsaoulumsdigounsanoanosn (H,p0,)-lovoule Tasifion (H,0")-1
1,00 Taslduuusianinisazaisaianiil (presolvation model) wagl¥arsiFadou
. d o o anaan
H,PO,~H,0"—#H,0 Wo 7 = 1-3 WUNUUTIEABITIUY  HAZMITAIUIVUNDY DUF 10
A o @ a 4 4
(ab initio calculations) azITNITTIA0INATATITuANAVDTU-00WWY 181405 (Born-
{ ] I o o
Oppenheimer molecular dynamic, BOMD) N526Y RIMP2/TZVP 101ty u31a09n15A1UI
HANMIAUIATFIADA (static results) LAAIINANTIFIFOUTLHI190A14 (intermediate complex)
~ = 3 A o a 49! 9 v ~
nadesuaz@nngalumsuandltvesldsnou  (n=1) MavuludannzuIadonaInIn
adg a { o . o .
ladiannsnmmizng (low local-dielectric constant environment, &= 1) 1“%1@@]5@%1%
' g 3 o A4 & . v e 3 o A
msmeTouTsnousinszausu lamsdunwil (first hydration shell) lilgszanaulanssud
1 [ 9
@04 (second hydration shell) TlinaU Insn13nIziioN (fluctuation) Vo3 1uIU Tanalu
1 { ad a {
annzageun1nn ladanyns nawiz Mg (high local-dielectric constant environment, &= 78)
HIUE T 3edouguiaa (Zundel complex) lulgwuselalasnunuuiduass (= 3)
[ a [ v an . . .
WAaNITATHIUNINAINUANYTDINA (two-dimensional potential energy surface, 2D-PES)
a v A o o
YOITNTIFIFOUTENIINAN (= 1) UAAIANNINTUANHAULIRNIZYDINTT U (vibrational
. AA & o 1 ) [ A A A an
frequencies) tazANUAMTUANYULIANIZYOY H NMR d15u ldsaouiitnaeuiuuin

oscillatory shuttling 142 structural diffusion enu3Uuwy Heasori 1yl lumsaamunaia

'
= v

yoamsuana1ved T)saoulunguTuananinus: lelasu’lda nsdiaeanaia BOMD
Tugsgaungl 298-430K  dudunalnijiseimsuanaanazmsaieTeulisneuiiiaue
TAouaAINIINEIANROITENINHANITAIUIUN NGB HUAZTOYANIINITNADDA

1 Y v
Wo1NIZUIUMTTURIHNUADATY (rate-determining process) NiaU® TANOHHNINIITY

v 9
AA v

HAMIAIUIUN NN BRTUTUDUNLINUDIAITIAaza18NTY (polar solvent) 1Az BUTUI
wadauazna lndgsemsnieTouTusaoulungulmananinuse leTasnunidszguan

NTOANHININAIFIFOUTZHINNAN  Iasddoul 11U T1a990 1502198 19u T



' Y I
NADNUITANMUHUIEAULAZADIHINTZUIUMTVUAIHUADAT 1N

unsanlunsmuadie

'
A o

AL RREATGEY Molo¥DINANKN

k

II

[

YNNNTLUIUNIT

D

A o

= = '~
ﬂﬂ'liﬁﬂ‘l%ﬂ 2558 a’lﬁliJ@“lf@@’ﬁ]’lﬁfW]lﬁﬂH’l




PARICHART SUWANNAKHAM : STRUCTURAL DIFFUSION OF
PROTON IN PHOSPHORIC ACID-HYDRONIUM ION-WATER
COMPLEXES. THESIS ADVISOR : PROF. KRITSANA SAGARIK, Ph.D.

122 PP.

H-BOND/PROTON DISSOCIATION/PROTON TRANSFER/PHOSPHORIC ACID/

BOMD SIMULATIONS/VIBRATIONAL SPECTRA/'H NMR SPECTRA

This thesis studied the dynamics and mechanisms of proton dissociation and
transfer in phosphoric acid-hydronium ion-water complexes based on the concept of
presolvation using the H3PO,~H30 —nH,0 complexes (n = 1-3) as the model systems
and ab initio calculations and Born—Oppenheimer molecular dynamics (BOMD)
simulations at the RIMP2/TZVP level as model calculations. The static results
showed that the smallest, most stable intermediate complex for proton dissociation
(n=1) is formed in a low local-dielectric constant environment (e.g., € = 1), whereas
proton transfer from the first to the second hydration shell is driven by fluctuations in
the number of water molecules in a high local-dielectric constant environment
(e.g., € = 78) through the Zundel complex in a linear H-bond chain (n = 3).
The two-dimensional potential energy surfaces (2D-PES) of the intermediate complex
(n = 1) suggested three characteristic vibrational and "H NMR frequencies associated
with a proton moving on the oscillatory shuttling and structural diffusion paths, which
can be used to monitor the dynamics of proton dissociation in the H-bond clusters.
The BOMD simulations over the temperature range of 298430 K validated the

proposed proton dissociation and transfer mechanisms by showing that good
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agreement between the theoretical and experimental data can be achieved with the
proposed rate-determining processes. The theoretical results suggest the roles played
by the polar solvent and iterate that insights into the dynamics and mechanisms of
proton transfer in the protonated H-bond clusters can be obtained from intermediate
complexes provided that an appropriate presolvation model is selected and that all of

the important rate-determining processes are included in the model calculations.
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