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Fig. S1. Comparison of the IR spectra of ITFE computed within the harmonic approximation and
experimental data recorded for a pH, matrix (1:1000, 4 K). Different bands were used as reference to
set the frequency scaling factors, which are given alongside each spectrum.
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Fig. S2. Comparison of the fingerprint region of the experimental spectrum of ITFE recorded in pH;
matrix (1:1000, 4 K) and the computed spectra obtained with the VPT2 approach to account for
anharmonic effects. No frequency scaling factor was applied.
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Fig. S3. Comparison of the experimental spectrum of ITFE recorded in pH, matrix (1:1000, 4 K) and
the computed spectra obtained with the VPT2 approach to account for anharmonic effects. The red X
mark known background artefacts that particularly strong next to the very weak bands of ITFE in this
range.
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Fig. S4. Detailed views on the MI-IR spectra of ITFE in Ne matrix, which detail that the strong site
splitting breaks down in the presence of trace amounts of H,O in the matrix.
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Fig. S5. Difference spectra for ITFE/Ar (1:3600) depositions at different temperatures (bottom), the
corresponding spectra after annealing (top) and the difference spectrum A = [annealed] — [deposited].
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Fig. S6. Comparison of the experimental spectra of ITFE recorded in Ar matrix (1:3600, 15 K, annealed
at 35 K) and the computed spectra of the four lowest-energy dimers obtained at the harmonic level.
Frequency scaling factor chosen based on the C=C stretching band.
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Fig. S7. Comparison of the experimental spectra of ITFE/Ar (1:3600) deposited at 15 K and annealed
at 35 K, and the computed anharmonic spectra obtained from revDSD-PBEP86-D3BJ and MP2
electronic structure calculations at the VPT2 level.



Table S1. Relative zero-point corrected energies (in kcal/mol) of all considered dimers of ITFE obtained
at the revDSD-PBEP86-D3BJ and MP2 levels of theory with the def2TZVP basis. Relative single-point
energies from DLPNO-CCSD(T) are given in parenthesis

B3LYP-D3BJ revDSD-PBEP86-D3BJ MP2
n-m cl 0.00 (0.00) 0.00 (0.00) 0.03 (0.00)
T-1 C2 0.07 (0.08) 0.05 (0.04) 0.00 (0.11)
n-T €3 0.2 (0.3) 0.3(0.3) 0.3(0.3)
n-1 C4 0.5 (0.5) 0.3(0.4) 0.7 (0.4)
7-T €5 0.9(1.1) 1.3(1.1)
I-1 1.4 (2.8) 2.3(2.2)
I-F 1.6 (1.9 2.4 (2.5)
I-7 1.7 (2.1) 2.2 (2.1)
I-w 2 1.7 (2.0) 2.2 (2.0)
-7 C6 - 0.9 (0.7)
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Fig. S8 Structures of the six dimer structures not discussed in the main text.



Analysis of selected isotopologues frequency shifts

While the energies are overall lower going from the main to the $3C isotopologues, this is not the
case for the fundamental of mode 2 and the combination 6+5. Looking at 2! (second panel, Fig.
2 of the main text), is harmonic energy is virtually the same between ITFE and 3CFI (about
1746 cm™). The VPT2 correction leads to a small shift (1316 and 1318 cm™, see Tab. S2).
Applying the variational correction further increases the energy difference, with the final
position predicted at 1315 cm for the main isotopologue and 1322.723 for *CFl, allowing us
to univocally assign the small feature observed experimentally. This example also shows the
importance of a full VPT2 treatment including the variational correction, the relative energy of
2% in resonance with it (Tab. S3) explaining the lowering in energy for the main isotopologue
and conversely the increase for 3CFI. In the case of revDSD-PBEPS86, this results in a near
perfect overlap with the combination band 9+3 of the main isotopologue, also at 1322 cm™. The
shift is more readily visible with MP2 since this overlap does not occur there. A similar trend is
observed for the combination 6+5 (third panel, Fig. 2 of main text), but with a more dramatic
change. At the harmonic level, the energy for the main isotopologue is predicted higher (1174
cm™) than for *CFI (1169). The difference is preserved at the VPT2 level (1162 vs 1157).
However, because of the large difference in the energy of the fundamental 3! (1180 and 1153,
see Tables S4 and S5), the result of the variational correction is an inversion of the relative
energies and an important intensity transfer (the intensity of the combination in 3CFI is four
times more intense than in the main isotopologue).

Tab S2. Polyads involving the fundamental of mode 2 at the revDSD-PBEP86-D3BJ/def2-TZVP level
for the main isotopologue (top) and **CFI (bottom). The diagonal values are the DVPT2 energies, with
resonance terms removed from the VPT2 equations. The off-diagonal terms are the coupling terms
reintroduced variationally.

21) 913%) |714%) |5%)
|21) 1316.33 2.98 -6.07 -4.20
|9131) 2.98 1321.76 0.00 0.00
|7141) -6.07 0.00 1332.30 0.00
|52) -4.20 0.00 0.00 1308.90
|21) 913%) |714%) |5%)
|21) 1318.36 3.03 -6.21 -4.01
|9131) 3.03 1296.37 0.00 0.00
|7141) -6.21 0.00 1310.65 0.00
|52) -4.01 0.00 0.00 1303.12




Tab S3: Polyads involving the fundamental of mode 2 at the MP2/def2-TZVP level for the main
isotopologue (top) and *3CFI (bottom). The diagonal values are the DVPT2 energies, with resonance
terms removed from the VPT2 equations. The off-diagonal terms are the coupling terms reintroduced
variationally.

2%) 9131) |714%) 5%)
|21) 1328.46 2.83 -6.26 -3.91
9131) 2.83 1335.10 0.00 0.00
|714%) -6.26 0.00 1345.27 4.09
|52) -3.91 0.00 4.09 1315.55
2%) 9131) |714%) 5%)
|21) 1328.20 2.89 -6.37 -3.73
9131) 2.89 1309.06 0.00 0.00
|714%) -6.37 0.00 1321.54 0.00
|52) -3.73 0.00 0.00 1308.86

Tab S4. Polyads involving the combination 615 at the revDSD-PBEP86-D3BJ/def2-TZ VP level for the
main isotopologue (top) and *CFI (bottom). The diagonal values are the DVPT2 energies, with
resonance terms removed from the VPT2 equations. The off-diagonal terms are the coupling terms
reintroduced variationally.

131) |6'51)
131) 1179.51 5.99
|6151) 5.99 1161.56
131) |615")
131) 1153.04 -5.74
|6151) -5.74 1157.26

Tab S5. Polyads involving the combination 615 at the MP2/def2-TZVP level for the main isotopologue
(top) and *CFI (bottom). The diagonal values are the DVPT2 energies, with resonance terms removed
from the VPT2 equations. The off-diagonal terms are the coupling terms reintroduced variationally.

3%) l65")
131) 1190.96 6.04
|6151) 6.04 1166.66
3%) l65")
131) 1164.40 -5.78
|651) -5.78 1161.61




Cartesian coordinates of ITFE and its lowest energy dimers computed at MP2 level
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