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OBJECTIVES 
• Accurate determination of ionization energies of 

isolated gas phase medium-sized molecules and 
investigation of the vibrational structure of involved 
ionic states, including their mutual vibronic couplings.

• Treatment of tautomers, rotamers, conformers in the 
ground state, after photoionization, and in competition 
with other intramolecular processes.

• Study of fragmentation of the molecular cations at low 
and high internal energies.

• Study of the evolution of the covalent character of 
hydrogen bonding upon substitution, i.e., examination of 
electronic effects (acceptor, donor, etc.)



3

Major questions:
How to get medium-sized molecules 

in gas phase?
What to measure?
Pbof autoionizationvs. direct 

photoionization
What to compute?
How to compute accurate properties 

for these relatively large species



VUV SINGLE 
PHOTOIONIZATIONOF 
NABS @
DESIRS BEAMLINE
(SYNCHROTRON 
SOLEIL)



Desorption of “bionanoparticles” on a hot tip 

Gaie-Levrel et al., Phys. Chem. Chem. Phys. 13 (2011), 70246. 

Cooled molecular beam



Methods used: DELICIOUS III, coincidence spectroscopy, imaging

DELICIOUS III
Garcia et al., Rev. Sci. Instrum. 84 (2013), 053112.

DELICIOUS III: multipurpose instrument available @ DE SIRS beamline
(permanent end station)
• Jet-cooled molecules
• Detection of electrons and ions in coincidence , as a function 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)

Tunable SR
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Slow PhotoElectronSpectroscopy: 2-Pyridone

Poully et al., PCCP 12, 3566 (2010).

SPES

PE int. matrix +

2-PY+

2-HP+

2-Pyridone and 
2-Hydroxypyridine

KEmax = 75 meV

Briant et al., PRL 109, 193401 (2012).



Adenine

 Cooling of the sample



THEORETICAL 
COMPUTATIONS



• Ground state computations: Ab initio (MP2, CCSD(T), 
CCSD(T)-F12) and DFT computations using the recently 
developed/implemented functionals and methods: Prediction 
of the equilibrium structures and their energetics and 
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

Characterization of medium sized 
molecular systems



 Consideration of Core-Valence (CV), Relativistic effects 
(RS), …

• Electronic excited states: Multi configurational approaches: 
CASSCF, MRCI, MRCI+Q (But size inconsistency …) or 
EOM-CCSD for monoconfigurational electronic states

Basis sets:
Standard methods: aug cc-pVXZ(X > 4 or X = CBS), 

Dunning and co-workers) + (R)CCSD(T) or 
CASSCF/MRCI

Explicitly correlated methods: aug-cc-pVXZ(X=3), cc-
pVTZ-F12 (To be used with care, Peterson et al.) + 
(R)CCSD(T)-F12

 Efficient composite scheme for computation of IEs of 
medium sized molecular systems



THYMINE



Neutral kcal/mol)



Thymine + - cation ground state 

Majdi et al., JPC. A (2015)Theo.:  F12 = (R)CCSD(T)-F12/cc-pVTZ-F12+ZPVE
PBE0 (DFT) = PBE0/aug-cc-pVDZ+ZPVE

Expt.:  VUV-SPI, VUV-SPI, VUV MATI, SPES

AIE

SOLEILSPES

One tautomer



ADENINE





OPTGSingle Point computations



Spectroscopy of a unique tautomer of Adenine+



Assignment of the 
ground state spectrum 
of 9H-Adenine+

Home made codes for the 
treatments of vibrations 
(anharmonic resonances, …)



Electronic 
excited states 
of 9H-Adenine+



ADENINE - THYMINE



+









Unique AT conformer
Solely proton/hydrogen transfer upon 

dissociative photoionization



General comments and conclusions
Theory:
• Treatment of large or mediumsizes(complex)

using composite DFT-CCSD(T)-F12 based
schemes.

• We have to develop newapproaches for FC
simulations to consider lowfrequency modes,
anharmonic resonances, …

Experiments are still needed to disentangle the
complex processes…

 NICE COMPLEMENTARY BETWEEN
THEORYAND EXPERIMENT.
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CYTOSINE





Multi peak fitting of the 
high resolution spectrum. 
The upper trace is the 
residue.



THYMINE



Neutral kcal/mol)



Thymine + - cation ground state 

Majdi et al., JPC. A (2015)Theo:  F12 = (R)CCSD(T)-F12cc-pVTZ-F12
PBE0 (DFT) = PBE0/aug-cc-pVDZ+ZPVE

Exptl:  VUV-SPI, VUV-SPI, VUV MATI, SPES

AIE

SOLEILSPES

One tautomer







Theo. vs. Exp. 1: 
IR region



Theo. vs. Exp. 2: 
VUV region



Tholins Exp.
Thymine + Theo.

Thymine Theo.
Application: 

Comparison to 
Tholins spectra


