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""" OBJECTIVES

» Accurate determination of ionization energie®f
Isolated gas phase meditgized molecules and
Investigation otthe vibrational structure of involved
lonic states including their mutual vibronic couplings.

e Treatment of tautomers, rotamers, conformersn the
ground state, after photoionization, and in contioet|

with other intramolecular processes.

 Study offragmentation of the molecular cationsat low
and high internal energies.

« Study of the evolution of the covalent character of
hydrogen bondingupon substitution, I.e., examination of
electronic effects (acceptor, donor, etc.)




- Major questions:

= How to get mediunsized molecules
In gas phase?

=>\What to measure?

=» Pbof autoionizatiorvs. direct

photoionization

=>\What to compute?

=» How to compute accurate properties
for these relatively large species
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DELICIOUS IlI: multipurpose instrument available @ DE SIRS beamline
(permanent end station)

« Jet-cooled molecules

 Detection of electrons and ions in coincidence , adanction of photon energy
and kinetic energy released (using imaging techniques )

* PI mass spectrometry, PEPICO, TPEPICO

» High resolution (threshold) photoelectron spetroscopy(about 1 meV), TPES,
Slow-PES (SPES)




Electron energy / eV

2-Pyridone and
2-Hydroxypyridine

/ \ . ! d \ 5 7 1
o 4 LY f o _.- o * | \
—— . \ o1- “" F A b a \
D e e N 4
& o o P P - an . .
S o 53 & 54 B 56 & _SH .60 a2 P
2-Pyridone X0 2-Hydroxypyridine ¥'o 2-Pyridone 40} s P E S

KE, ax = 75 meV

[ntensity / a. u.

Briant et al., PRL 109, 193401 (2012). Poully et al., PCCP 12, 3566 (2010).



(arb. units)

| Adenine

Counts (arb, units)

8.1 82 83 84 85 86
Photon Energy (eV)

“; e 2018, 20, 20756

= . i

R |

14 - : | 1
1 "la 'l'-'
. s

Cite this: Phys. Chem. Chem. Phys.,

12
J00x10 7

250 -

200

Intensity (a. u.)

9A 9A"
I'A! ZZA"

233
4 .
4l 233385




THEORETICAL
COMPUTATIONS




SsenaracteriZzation of medium sizetr

molecular systems

e Ground state computationsbAnitio (MP2, CCSD(T),
CCSD(T)-F12 and DFT computations using the recently
developed/implemented functionals and methods: Puedi
of the equilibrium structures and their energedicd
vibrational spectra

Benchmarking DFT methods vs. newly implemented
explicitly correlated methods

- F12 methods: Consideration of large amount of
electron correlation

- F12=» DFT: Extension to large molecular systems

= MOLPRO: http://www.molpro.net
= GAUSSIAN: www.gaussian.com




......; Conside _"of"Cb”r'é;VaIence (CV), Relativistiteefs
(RS), .

. Electronlc excited states: Multi configurationapapaches:
CASSCF, MRCI, MRCI+QBut size inconsistency ).or
EOM-CCSD for monoconfigurational electronic states

Basis sets:

- Standard methods: aug cc-pVXX >4 or X = CBS),
Dunning and co-workers) + (R)CCSD(T) or

CASSCF/MRCI

- EXxplicitly correlated methods: aug-cc-pVXX=3), cc-
PVTZ-F12 (To be used with care, Peterson et al.) +
(R)YCCSD(T)-F12

=> Efficient composite scheme for computation of IEs o
medium sized molecular systems
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Figure 2. The structures of the tautomers of thymine radical cation
optimized at the B3LY P/6-311++G(d,p) level.
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Reaction coordinate of proton transfer
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Table: Total energies (in Hartrees) and ionization energies (IE in eV) at the (R)CCSD(T)-

F12(b)/ce-pVTZ-F12 (+CV+SR+ZPVE) level. ZPVE corresponds to the zero point vibrational

: 1
energy (i cm’ ).

a
Based on harmonic vibrationa

requencies at P

aug-cc-p

Species 9H-adenine|9H-adenine |3H-adenine|3H-adenine | 7H-adenine| 7TH-adenine

_nP_u Total energies

al PBE(/aug-cc-pVDZ -466.87444( -466.57908 |-466.86206| -466.56945 [-466.86187| -466.55799
w ZPVE*® 24738 24828 24865 24768 24771 24650

o 'CSD(T)-F12b/cc-pVTZ-F12|-466.73389| -466.43108 |-466.72036| -466.42223 |-466.72200| -466.41086
[sll CCSD(T.fc)/cc-pwCVTZ |-466.57363|-466.27777 |-466.55994 -466.26894 |-466.56182| -466.25734
IS8 CCSD(T.full)/cc-pwCVTZ |-467.07047|-466.77404 |-467.05671|-466.76506 |-467.05849] -466.75351
2 CCSD(T)eepVIZ -466.54498| -466.24939 |-466.53130| -466.24060 -466.53316| -466.22896
m CCSD(T)ec-pVTZ-DK  |-466.76288|-466.46745 |-466.74922| -466.45867 |-466.75111| -466.44704
m Tonization energies(in eV)

m CCSD(T)-F12b 8.240 8.118 8 467

o CV 0.016 0.018 0.014

%u SR -0.004 -0.004 -0.004

.hm ZPVE 0.011 -0.012 0.015

I [E(F12b+CV+SR+ZPVE)
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Assignment of the
ground state spectrum

of 9H-Adeninet
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Electronic
excited states
of 9H-Adenine*
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Photoionization Dynamics and Proton Transfer within the Adenine-
Thymine Nucleobase Pair
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® Table 2. Summary of Computations for the Various AT Conformers and Comparison to Experimental Findings”

relative stability ~ neutral binding energy  adiabatic ionization energy  dissociative ionization energy of dissociative ionization
(eV) (eV) AH" (eV) energy of A

0.793

0.723

0.610

0.655 ; [

0.659 7.867 - 8.928
0.663 .065 W77 8.932
0.629 7.897 45 8.898
0.633 7.885 45 8.902

experimental 107 9.231 + 0.050
“All values were obtained at the (R)CCSD(T)-F12/aug-cc-pVDZ level after geometry optimization using the wB97xD level of theory and include

zero-point vibrational energy correction at the wB97xD /aug-cc-pVDZ level. Asterisks mark the conformers in agreement with our experimental
observations.

=>Unique AT conformer
= Solely proton/hydrogen transfer upon
dissociative photoionization




Semerarcomments and conclusions

| 'heory:
Treatment of large or mediumizes(complex)

using composite DFCCSD(T)-F12 based

schemes.
We have to develop nevapproaches for FC

simulations to consider lovirequency modes,

anharmonic resonances, ...
- Experiments are still needed to disentangle th

complex processes...
=2 NICE COMPLEMENTARY BETWEEN

THEORYAND EXPERIMENT.
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Scheme 1. Nine Low-Lying Tautomer and Rotamer Isomers
of Cytosine
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Figure 2. TPEPICO spectra of the cytosine parent (m/z = 111 amu)
recorded using (A) an Ar backing pressure of 0.5 bar, (B) Ar at 3 bar
and low resolution, and (C) Ar at 3 bar and high resolution. The emor
bars are shown in gray. In (B), the vertical combs correspond to the
computed adiabatic ionization energies (AIEs) of cytosine tautomers
as given in Tables | and 2. The black (blue) ones are for the
population of the cationic ground (first exdted) states. In (C), the
vertical combs are for the ATEs derived from the fitting of the spectrum
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Figure 2. The structures of the tautomers of thymine radical cation
optimized at the B3LY P/6-311++G(d,p) level.

Relative energy (kcal/mol)
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Reaction coordinate of proton transfer
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FIGURE 5 | IR spectrum of thymine in the CO stretching range (1650 cm™" - 1850 cm™'). Computed stick spectra were broadened by Lorentzian functions with
half width at half-maximum HWHM) of 1 cm™'. Most significant contributions to intense bands are assigned as " where m is the normal mode and n is the number of
quanta on this mode (1 fundamentals, 2 overtones). Experimental spectra of gas phase thymine ( t )7) and of Ar low temperature matrix trapped

thymine (Szczepaniak et al., 2000) are shown for comparison.
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FIGURE 7 | Photoelectron Tl AH|FC spectrum (60 K) and SPES experimental spectrum (Maijdi et al., 2015). The computed spectrum is represented as single
transitions, with most intense ones assigned as m”, which represents the final vibrational state with n quanta associated to mode m. The convoluted spectraline-shapes
have been obtained by broadening with Gaussian function with HWHM of 50 em™'. Bands observed also in the VUV-MATI experimental spectrum (Cf >

Bravaya et al., 2010) are marked by asterisk (%).
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FIGURE 8 | Comparison of the simulated IR spectrum of thymine with the experimental spectrum of Tholins (Gautier et al., 2012). GVPTZ//B2PLYP//B3LYP/AVTZ
stick spectra were broadened by Lorentzian functions with HWHM of 1 em™.




