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1. Theoretical calculations

Geometry optimizations were performed for all isomers (dialdehyde and eight enol forms) of 2-
chloromalonaldehyde, followed by frequency calculations. In all the steps we used DFT level of theory with M06-2X
functional! and 6-311++G(3df,3pd) basis set, using Gaussian 09 (revision A 02) software.? The choice of the M06-
2X functional was based on the good performance of this functional to describe medium range interactions, which
can be very important in these systems.? A very tight convergence criteria and a superfine optimization grid (-96032
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code in Gaussian 09 meaning 96 radial points and a spherical product grid of 32 x 64 angular points per shell) was
also used. The option “internal” was checked to give an idea of the decomposition of the modes. Vibrational
frequencies were obtained by means of harmonic and anharmonic approaches. It allows calculations of Zero-Point
Energies (ZPE) for all the structures. For the presented harmonic spectra, a scaling factor of 0.968 was used. This
value was optimized to fit the theoretical results to the experimental values. It takes into account the average
anharmonicity but reflects also the interaction between the host and the molecule. The same scaling factor was
used for the different matrices. In comparison with experiments, no improvement was obtained when using
anharmonic frequencies compared to the harmonic scaled ones. Only the latter are presented in the tables. The
same calculations were applied to malonaldehyde in order to compare theoretical results of MA and 2-CIMA.

All these calculations were run in the GMPCS cluster (Grappe Massivement Paralléle de Calcul Scientifique) at
Orsay, Université de Paris-Saclay.

Molecular dynamics simulations were carried out in order to describe the different trapping sites occupied by MA
and 2-CIMA in Ne and Ar matrices. The method simulates the deposition process in order to get the most stable
sites, formed during the rare gas (Ne, Ar) crystal growth. The model used was successfully applied before by other
groups and was described in Ref.4 . The interatomic interactions were described by Lennard Jones pair potentials,
while intramolecular interactions by CFF force fields for bonding potentials, planar angle potentials and dihedral
angle potentials.>® In the model four shell atoms lying in 100 crystallographic plane ordered along z axis were
considered as a framework to build the fcc crystal. Each shell contains 72 rare gas atoms. Periodic boundary
conditions were applied in x and y directions to simulate an infinite surface. In the case of Ne crystals growth,
thermal anhamornic quantum corrections were applied at the effective temperature of 17 K.” The systems in Ar
were thermalized at an effective temperature of 49K in order to consider the ZPE in the classical approach used for
describing the real process at 7K.2 The molecule and 576 rare gas atoms covering 12 rare gas shells were falling
down on the equilibrated surface, with randomly distributed initial (x,y) positions. The time between 2 consecutive
impacts was 5 ps. The growth process was repeated 100 times to achieve the statistics.

Figure S1: Typical trapping sites of MA (left panel) and 2-CIMA (right panel) in Ar obtained in classical dynamics
calculations; only the layer occupied by the molecule is shown. MA takes the place of three Ar atoms of the lattice.
The molecule which was initially aligned parallel to the 100 plane moves and reaches a new alignment along the
111 crystallographic plane. The 2-CIMA molecule occupies a four Ar atoms vacancy site and remains aligned along
100 plane. Simulations with the initial surface aligned along 111 planes were carried out and the results were
similar.
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. Experimental setups

Two different matrix isolation experimental setups were used for IR studies: one for neon (Messer 5.0) and argon
(Messer 5.0) matrices (previously described in reference 9 ) and the other for para-hydrogen (pH,) matrix. When
using the first setup, Ne and Ar were deposited at 7 K and 20 K respectively. The reservoir containing 2-CIMA was
attached to the deposition tube, in front of the entrance in the cryostat. The latter included two closed cycle helium
cryostats: one for the ortho/para-hydrogen conversion process (Air Products, Displex DE202), using Fe,03; powder
(Sigma-Aldrich 99 %) as catalyst, and the other for the sample deposition (ICE: Innovative Cryogenic Engineering,
RDK 415D, He Compressor: Sumitomo F-50). Both cryostats were connected using a stainless steel tube (1 m long).
In the cryostat devoted to ortho/para- conversion, the temperature was raised to 18 K after conversion around 15
K, and the pH, was transferred to the deposition cryostat via the stainless steel tube. A small reservoir containing
the solid sample of 2-CIMA was attached to this tube. Two Swagelok microvalves allowed controlling the host gas
flux (pH,) and the amount of 2-CIMA vapor from the sample. The mixture of gases arrived directly in front of the
internal diamond window (2.8 K) fixed to the cold head of the other cryostat. The cold head could rotate around its
axis after gas deposition to record the IR spectrum of the sample. This cryostat was pumped by a turbomolecular
pump (Oerlikon, Leybold vacuum, Turbovac 600C, pumping speed for H,: 570 |.s1), which allowed reaching pressures
below 10¢ mbar at 293 K. The pump was directly attached to the vacuum chamber of the cryostat to get a better
pumping efficiency. The pH, converter was pumped by a diffusion pump (CIT Alcatel). The IR spectra were obtained
using a FT-IR spectrometer (Nicolet 670/870) at a resolution of 0.5 cm™.

For Raman spectra in argon (Messer 5.0) matrix, the samples were deposited on an aluminum plate cooled down to
9 K in a closed cycle helium cryostat (Leybold Hareus RW2). They were excited with a diode laser at 785 nm. Spectra
were recorded with a Raman FT (Multiramll Bruker ) with a resolution of 2 cm™ .

2-CIMA (Acros, 95%) was always used as supplied from the manufacturer, without further purification process. The
low vapor pressure of this molecule is entrained by the host gas flow. The guest/host ratio was not well defined in
this experimental method of deposition but IR spectra showed well isolated molecules and allowed 1/1000
estimated 2-CIMA/host ratios. In Raman experiments, this ratio was always over 1/100 and 1/200. Concentration
was higher than in IR experiments to enhance the small scattering signal for Raman spectra and was obtained by
heating the 2-CIMA reservoir around 80°C.

111. Table S1

IR band positions (cm-1) of CCC in Ne, pH2 and Ar matrices, compared with scaled harmonic calculated
wavenumbers (scaling factor of 0.968). Site structures reported as valuel|value2. Theoretical wavenumbers (cm-1),
IR intensities (km/mol) and Raman activities (A4/amu) are reported for all the modes. Values in italic correspond to
bands recorded in the Raman spectrum.

Experimental Calculations
Ne pH, Ar CcCC
Mode description? ¥, cm’!
IR IR IR/Raman
Harm Anharm IR int Ram. act.
vOH 3280.8  2852.1 208 24
2917 2909.8 2910 vC;H 3112.0  2991.2 8 82
2875.1 2876.7 2885.8/2883 vCH 29455  2767.4 40 96
1670.2 1665.8 1664.7/1665 (vC=0 + vC=C) (oph) 1716.6  1743.7 175 13
1608.8 1601.5/1598 .
1587-1575 3OH+ (vC=0 + vC=C) (iph) 15849  1585.0 303 62
1563.0 1579.3/1575
1396.2 1397.0 1396.2 (8CH +38C;H) (iph) 13921 14208 28 1
1347.7 1346.9 (8C,H + 5C;H) (oph) 1342.1 13649 31 9
1344.7 1343.4/1344
1343.0 SOH 13392 13305 110 24
1317 1314/1317
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1233.6 12323 1229.0 SOH + 6C;H 1235.1  1265.5 236 0.1

1076.4 1070/1068
1070.6 vC-C + 3CCC +vC-Cl 1070.8  1099.0 83 6
1068.1 1066.1/1068
1016 1013]1010 (yC,H + yC;H) (oph) 10169 1040.1 4 04
952.7
953.7 952.8 (yC.H + yC5H) (iph) 9694  980.6 17 1
950.8
9225 918
916.5 A 897.8 9279 44 12
914.7 913.1/914
830.8 829.3 823.5 yOH 8374 8192 87 1
505 A 5006 5217 16 5
474 A+ vC-Cl 4707 486.4 6 7
YC;H 3688 3737 2 1
yCH 2819 293.1 2 1
278 sCCl 2779 2852 4 3
A (vO---H) 2329 2848 7 04
225 yCH 2123 2210 6 1

ay- stretching, 6-in plane bending, y-out of plane bending, A-in plane ring deformation, (oph) out of phase, (iph) in phase,
labelling of carbon atoms from Figure 1.
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