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S1 Gas-phase measurements

We measured gas phase C K-edge XAS spectrum of glyoxal
and methylglyoxal, to identify the possible features on the
spectra that are related to their unhydrated forms. Each or-
ganic compound was initially in aqueous solution, as it was5

purchased (description of the samples in Sect. 2.1), and was
bubbled by helium gas with the pressure of 0.3 MPa, in room
temperature (around 25 ◦C). The formed vapors were flowed
in the helium buffer region at room temperature and with he-
lium pressure around 0.1 MPa. The flow rate of the vapors10

was controlled by the helium gas stream and the flow rate
of both the vapors and the helium gas was 190 cc/min (180
cc/min for He mixed with sample and 10 cc/min for He gas).
The spectra of gas phase glyoxal and methylgyoxal are pre-
sented in Fig. S1.15

S1.1 Glyoxal

In the gas phase spectrum of glyoxal, we observe a rather
intense shoulder at 288.7 eV and a feature dominating at
energies above 289.6 eV. The shoulder at 288.7 eV is not
observed in the aqueous solution of glyoxal (Fig. 3). This20

energy is much higher than the one of ketonic carbonyl pre-
dicted by our quantum chemical calculations at 286.18 eV
(Table 3) and is closer to the absorption energy of the car-
boxylic group, assigned in the energy range of 288.2–289
eV (Latham et al., 2017; Tivanski et al., 2007; Russell et al.,25

2002). There is no distinct peak for C=O, as we would have
expected for the pure compound, revealing that during the
collection of the unhydrated gas phase glyoxal, vapors of hy-
drated forms and oligomers might also have evaporated and
characterized. The feature at 289.6 eV is also observed in30

the spectra of aqueous solutions of glyoxal and is related to
the ionization threshold and excitations to other unoccupied
orbitals.

S1.2 Methylglyoxal

In the case of methylglyoxal, we observe a strong peak at35

around 288.7 eV (Fig. S1) and a wide feature starting at ap-
proximately 289.4 eV. The peak at 288.7 eV is not present
in the spectra of the aqueous solutions of methylglyoxal (Fig.
4), while C 1s → π* (C=O) excitations around 286 eV (cal-
culated at 286.23–287.05 eV) are not observed in the gas40

phase spectra. Similarly to the case of glyoxal, we may con-
sider possible contributions from by-products and/or photo-
decomposition. The broader feature at 289.4 eV can be re-
lated to transitions of the C-OH groups of the hydrates.
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Figure S1. C K-edge spectra of glyoxal and methylglyoxal in gas phase.


