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Charge redistribution and the photophysics of atoms and molecules are strongly dependent on the
environment [1]. Hydrogen bonds are of universal importance in chemistry and biochemistry. It is
highly desirable to bridge the gap, in experimental techniques and in understanding, between sin-
gle isolated molecules and molecules in solvation. We have investigated the molecular properties
of a molecular compound system, a so-called molecular cluster, in terms of the response to pho-
toionization. The system relaxes either by emitting photons or electrons (Auger decay). Whereas
intra-atomic processes explain surprisingly many of the observed molecular Auger spectra, there
are examples where this approximation fails completely [2]. This demonstrates the complex, cor-
related (entangled) electron dynamics in molecules and molecular aggregates.
In this project, we have studied an amino acid chromophore (indole) “solvated” by one protic
molecule (water). The water molecule in the indole-(H2O)1 cluster is attached to indole through an
N-H–O hydrogen-bond.
A schematic of the experimental setup is shown in Figure 1. In short, a continuous molecular beam
was provided by co-expanding a few mbar of indole and water, respectively, seeded in few bar of
helium or neon through a home build nozzle with a diameter of 30 µm. The temperature of the noz-
zle was 120 ◦C. After passing a skimmer, the molecular beam entered the electric deflector, where
the molecules and clusters are dispersed according to their effective dipole moment [3]. These
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Figure 1: The experimental setup consisting of a CW molecular beam nozzle, two skimmers, an electro-
static deflector, VMI electrodes for ion and electron detection, and delay line imaging detectors for ions and
electrons. The molecular beam is crossed inside the VMI-spectrometer by X-ray radiation.
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Figure 2: PEPIPICO maps of indole (left) and indole-water (right) ionized with a photon energy of 420 eV.
The main differences of the PEPIPICO maps are highlighted with a green square (right).

molecules and clusters are ionized at the C(1s), N(1s) and O(1s) edges (beamline P04 at PETRA
III) inside a velocity map imaging spectrometer. The electrons and ions are mapped onto position
and time sensitive detectors and photoelectron-photoion-photoion coincidence (PEPIPICO) maps
were recorded.
Figure 2 shows PEPIPICO maps of indole (left) and indole-water (right) recorded for a photon
energy of 420 eV (N(1s)). These plots only consider events where two ion fragments have been
detected in coincidence. The main difference of the two maps are highlighted with green rectangles
in the indole-water plot. It can be seen that for the water cluster several coincidences of a NOH+

fragment with C3H+, C4H+ and C5H+
5 are present. Additional heavy fragments have been detected,

but could, so far, not been assigned. These fragments are in summation too heavy to result from the
indole monomer alone.
The clear difference shows that clustering water has an influence on the fragmentation of indole
after photoionization. Data analysis is ongoing and it is not clear yet whether the difference comes
only from indole-water1 or if higher clusters, like indole-water2, are also involved.
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86, 033202 (2012)


