UNIVERSITY

TEMPLE AD Initio studies of 1onization

Charles W. Swartz VI, Xifan Wu

Physics Department, Temple University

potentials of hydrated hydroxide and hydronium

. The nature of solvation structures of £ . e o KEEEREELINN- KEEETEL
_ _ _ S 2 E 1 b2 IS [
hydroxide (OH") and hydronium (H3;O%) is of o o 5 5
fundamental importance O O S S
- Required to understand the proton transfer ) ® S SRS ——
. s S 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Process (PT) in water E .E Distance (A) Distance (A)

. Current photoemission spectroscopy (PES) =2 =2 1 1
experiments are able to measure the S l 3 2 ©)H:0" 1b, 4 d) H0" 3a, /
jonization potentials (IPs) of both hydrated O e et ML O | AN S0 T | S - 1z34ss O KEEREEE

_ s 20 18 16 14 12 10 20 18 16 14 12 10 S 9
OH" and H30 - lonization Potential (V) onization Potential (eV) H 3
- Critical need to connect IP distributions to the S S
solvation structures | Ill. Quasiparticle Density of States and IP distributions: R B —— L A ]
y Ef%"o%if] Wgr_k .ct:_alculallted IPEtS §petctr_a using . Theoretical PES spectra (red line) for the (a) OH" and (b) H;O" ion solutions (eV) theory EXPp. DFT Distance ) Disance )
with ab initio molecular trajectories T _ .
. IP distributions (shaded blue area) for hydrated (a) OH™ and (b) H;O _ : : PN
- Strongly underestimates the IP distributions ( . . ) g @) (b) H; OH 9.99 9.2 =9 VI. Quasiparticle (de)localization:
Current work uses Hedin's GW self-ener - Averaged over 100 configurations i

' RS . 9y . Accurate reproduction of experimental peak positions (see table) H,O* | 19.01 20 ~12 - IP main feature states, (b) OH" 1b, and (c)
approxmatlon with ab initio molecular 3. Am. Chem. Soc. 128, 3864 (2006) H;0" 1h,, strongly localized
trajectories . Delocalized 3a, regions, (a) OH (d) H3O"

- Strongly hybridized with surrounding water
1b No PT
. : HZO 2 95 During PT ] a)
II. Calculation Detalls: o a) “ 3 ek Posiion 6,97 ey |
- S S & i ey " VIl. Conclusions
. Ab Initio molecular trajectories o > \' '
. : - Q
- Car-Parrinello dynamics Grs Phase \ 5 Peak Position: ~ 10.50 eV \l}( . IP distributions of hydrated ions studied
- _63 water molecules with either an OH" or H30 O [ FWHM: ‘)’ accurately by quasiparticle theory
on (25ps) | | . S sl il i M ”1 . Excitations of solvated ions can be assigned
- Cubl_c superc§ll, corresponding to experimental o Soution A L B “waﬂ -w..mmlﬁwmm L o ng e | - Ll to molecular excitations
ambler_ﬂ density No PT: S lonization Potential (eV) - Strongly perturbed by solvation structure
- Canonical ensemble, T = 330K 'G No T e o) . Main features of IP distributions are
. _ During PT ] . .
- PBE functional, £, = 71.0 Ry N & Peak Position: 19,14 eV determined by stable solvation complexes
] Dogn_mant solvation COL“g'exeS: '\E/' = PRI 2o ey . PT introduces a change in position and
r ? “® 8' Io.n Solution N EGL_., broadening
AR - "{ with PT: T 2 Peak Position:  18.30 eV - Suggest detection with isotope effect in future
{ ( ©= % | 'ﬁl ﬂ | / FWHRM: 1-53;) eV PES experiments
= | ﬂ 'ﬂ } Theory improvements
_ _ H30+ 'S | ‘ J WM hfw | . el 1%" f | hllw o y p

- Electron excitations e Phase. N i U UJ'M \ HMWWMJJ@me%% | - More accurate AIMD solvation structures
- GW quasiparticle theory O 20 18| .16 - 14 v 12 10 - Frequency dependence, beyond static GW
- Maximally localized Wannier functions, for onization otential (e

. . A
Increased efficiency lon Solution : : :
S
- Static Coulomb hole and screened exchange No PT. S V. Eitect of PT on IP distributions
(COHSEX) | . IP distributions for hydrated (a) OH" and (b) H;O™
- Inhomogeneous electronic screening of the (N3 . Blue shaded areas indicates PT, red shaded area
medium, Hybertsen-Louie ansatz e M indicates no PT VIIl. Acknowledgments /Support:
on Solution E . . . .
with PT N . PT shifts main I.P peak into reg.lon of bulk water . Supported by Department of Energy Scidac Grant

. lonization Potentials (IP) T - (&) OH" blue shift toward 1b, region of bulk water No. DE-SC0008726

- Real space projection of quasiparticle density of - (b) H30" red shift toward 3a, region of bulk water - Computational support provided by National
states onto solvated ion complexes _ _ _ . Relative fraction of PT configurations percentages, OH" (El\rl]lglgg CR)esearch Scientific Computing Center
V. Molecular excitation IP assignment | ~10% and H3;O*~16%

Contact info: charles.swartz@temple.edu




	Slide Number 1

