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The supplemental material contains the details of experimental and theoretical methods, separate
calculated excitation spectra and corresponding conformers, a full-scale plot with the photoionization
efficiencies (PIE) of Naphthalene-(CO,), (p=1-6) clusters, a full scale plot the PIEs of pure CO; clusters
divided by that of the (CO,), and a mass spectra at 13.4 eV photon energy.

Methods
Experimental

Experiments were performed at the Advanced Light Source beamline 9.0.2. in Berkeley.! Photoionization
efficiency curves were measured using a molecular beam setup discussed in more detail previously.?
Naphthalene (99% purity) was heated within the stainless steel tube connected to a 50 um nozzle to about
40 °C, using glass wool to prevent clogging the orifice. A mixture of CO; (20%) and Ar is passed through
the nozzle with a backing pressure 800 Torr and skimmed, creating a continuous molecular beam
containing monomers and clusters. The molecules are probed using VUV synchrotron radiation with a
spectral bandwidth of about 30 meV.? The resulting ions are injected into a Jordan reflectron time-of-flight
mass spectrometer by pulsing the repeller plate at 10 kHz. Photoionization efficiency curves (PIEs) are
obtained by scanning the undulator in such manner as to create steps of 0.1 eV. The PIEs are divided by
the photon flux to correct for power fluctuations.

Theoretical

A conformational search was performed for pure (CO;), (n=2-4) clusters using CREST at 10 K. Ground state
geometries of pure (CO2)n (n=1-4) clusters are calculated using B3LYP/6-311+G** with GD3 empirical
dispersion correction on a superfine grid using Gaussian16. The absorption spectra were calculated
following the method described by Costa Cabral and coworkers* using TDDFT on the LC-BLYP/daug-cc-pVTZ
level of theory. Since long-range corrected BLYP (LC-BLYP)® produces results that are consistent with
equation-of-motion coupled-cluster with single and double excitations, considered to be the reference
method®, LC-BLYP can be used in this study to scrutinize the observed electronic transitions.

1



Co,
Monomer
Dimer c01
Dimer c02
Trimer c01
Trimer c02

[etramer cO°
Tetramer c02
Tetramer c03
Tetramer c04

Photon energy (eV)

Supplemental figure 1: Calculated absorption spectra of pure CO; clusters (n=1-4) using TDDFT on the LC-
BLYP/daug-cc-pVTZ level. Corresponding structures are displayed in supplemental figure 2.
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Supplemental figure 2: Molecular structures of CO; calculated at the B3LYP/6-311+G** level of theory
(with GD3 empirical dispersion and a superfine grid). The binding energy of the c01 dimer is 5.5 kJ/mol
(ZPE corrected) (0.057 eV)
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Supplemental figure 3: full scale plot of figure 2 showing the PIEs of Naphthalene-(CO,), (p=1-6) clusters
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Supplemental figure 4: full scale plot of figure 3: PIEs of pure CO; clusters divided by (CO3), as function of
photon energy showing the relative abundance of higher order clusters. As a reference, the (CO,), cluster
PIE curve is plotted (pink, dotted line), showing that the cluster size peaks at around the appearance
energy. (Note that the AE of (COz)n n>1 are very similar).
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Supplemental figure 5: Mass spectra at 13.4 eV photon energy (black) where more fragmentation is
observed than at 13.2 eV (see figure 4). Indicated are the pure CO; clusters (dark blue), the naphthalene
clusters (green) and the naphthalene-CO, clusters (red). A Lorentz fit of the pure CO, cluster size
distribution (light blue), not including the monomer, indicates a mean cluster size of 3.3 CO; units.
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