s-k- Unlver3|ty of Stuttgart

v .;.:.:!:'.;'.-: German y

;fa ccu ra te Bun n eI ing ra tes o n
e T gsurface: otae
e ._:A case study of H+H, 02! H O +. l

. +
Thanja Lamberts and Johannes Kastner

u-te for Theoret|cal Chemlstry, Unlver5|ty of Stuttgart, Germany




H,O network
in relation to
H,0,
observations

What can
be done?

Geometries

Reaction
rates!




S University of Stuttgart

Water formation network

. Dense cloud5°
. 0,— HO, — H,0, — H,0+OH .
» Only final step high barrier € o » ._ ‘
..° TunnelmgI (K|net|c Isotope Effect)
zQ2 abundance seems to be strongly T dependent

in relation to

f,.” Su"f{.'r.}-a'ce reactlon hydrogen bonds .- . o

HZOZ
observations

Taquet et al. 2013, Lamberts et al. 2014, Oba et al. 2014, Parise et al. 2014
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Reaction rates?

» Surface chemistry mechanisms

What can be

H+H 0 HO L i o . -
~+.Gas'vs. water clusters vs. surface
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Functional:

- fAb |n|t|o methods MPW1BSE & MOG-2X

Den5|ty functional theory

. Functional and basis set chosen to matcha Basis set:
CCSD(T)-F12 benchmark . MG3s
ey | NWChem
. Ra;':'“ theory |
Té.fmg into account tunneling Vo DL-find library in
Instanton theory ' b 3 ChemShell

Ellingson et al. (2007), Kastner et al. (2009), Rommel et al. (2011)
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Branching ratio
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o—o H + H,0, - H,0 + OH
o—o H + H,0, - HO, + H,

E,oqc ~ 3200 K
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G—o Instanton
=— Classical (incl. ZPE)

& -0 Bell approx.
A--A Eckart approx.
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Databases

\ G—o Instanton
v KIDA/UMIST
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Gas vs. Clusters
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Unimolecular rates

“Rate equations: Kuni & Preac V- (Pgira + Pai B)
KMC: kuni XV - Preac

. W'th : :-Pr'ea.c _ : @ Ereac/T

Langmuir

i ’__’Effecflvely both vand E reac fitting parameters gy
e 8- E,.ealc = 1900 K vs. 2508 K vs. 3100K - ' - -

KIDA database, Taquet et al. (2012), this work
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Unimolecular rates
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Unimolecular rates
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Kinetic Isotope Effect
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Kinetic Isotope Effect e

o—o H + H,0, - H,0 + OH
o—o D + H,0, — HDO + OH
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Oba et al. 2014



University of Stuttgart

What have we learned?

Instanton theory is a powerful tool to calculate low-T reaction rates -




S University of Stuttgart

What have we learned?

Instanton theory is a powerful tool to calculate low-T reaction rates -

. Branchihg ratio: main product channel is H,0 + OH
* KIE: T qualltatlve agreement wllh experlment - "

* Gas ,v_s..'Clu'sters water in'the vicinity of the reactive center lmpacts |
LA .. on the reaction rate




S University of Stuttgart

What have we learned?

Instanton theory is a powerful tool to calculate low-T reaction rates -

. Branchihg ratio: main product channel is H,0 + OH
* KIE: T qualltatlve agreement wllh experlment - "

* Gas ,v_s..'Clu'sters water in'the vicinity of the reactive center lmpacts |
LA .. on the reaction rate :

‘:'.leference between blmolecular and unlmolecular rates
.important to note!
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Thank you!

th’anhés Kistner

Jan M-éisner_ ;
Pradipta Kumar Samanta |
Sonia Alvarez Barcia o s
‘Thomas Bissinger
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Benchmark

P,
e VL

o o
* A . sy, Y
N 4 = 401 i-‘ L4

: Reaction 1 Reaction 2
e e H+ H,0, > H,0 + OH H+H,0,> HO, +H,

kJ/mol Kelvin kJ/mol Kelvin

| CCSD(T)-F12 / VTZ-F12 25.52 3069 39.38 4737

| ic-MRCCSD(T) / cc-pvVaQz 25.93 3111 - -
Ellingson et al. (2007) 27.2 3260 41.4 4966
MPW1B95 / MG3S 26.50 3187 > 23.66 2845
I M05-2X / MG3S 45.86 5515 39.74 4779
& pWBGK / MG3S 35.96 4325 35.40 4257
& B31vP/ MG3S 11.22 1349 8.07 970 BenchigaIl
| B B31YP/ def2-TZVPD 10.78 1296 7.33 881 ccomit

R En‘erg"i'es--in."kj'/'m'ol and Kelvin, without ZPE corrections, no dispersion correction

Ellingson et al. (2007)
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Classical vs. Bell/Eckart vs. Instanton
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Databases

G—o Instanton
v KIDA
- UMIST
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Flexible vs. Frozen
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Isotopes bimolecular
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e—oH+HLO,—HO+0OH
HD+H202—>HDO+OH
z-aH+ D0, - HDO + 0D
e—-oD+D202—>D20+OD
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