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Samples used in our experiments

The used samples are 2C¥%0, gas (99.9995%, Messer Austria, Order-Number=1290102114,
Lot=27531923), 2CH4(99.995%, Methan 4.5 delivered by Messer Austria, Order-Number=108330011,
Lot=140218) and *2CD4 (99.99%, Methane D4 delivered by Euriso-top France, Order-Number=GE0Q67L,
Lot=29/032001, Cylinder-Number=8107).

Observed isotopoloques of carbon dioxide

For carbon dioxide, we observe traces of 3C and 20, mainly as 3C*®0, and **C*®00. After PES
transformation, we computed the vibrational states and intensities of these two isotopoloques with
VSCF/VCI, using the same settings mentioned in the paper. The results are shown together with the
main isotopoloque *C**0, in Table S1.

Table S1: Directly observed vibrational transitions of the CO, monomer.
VCI-5 / 4D CCSD(T)-F12/VTZ-F12, Gas-Reference: NIST Database

()]
Transition (irrep) % Ar Ne Gas VCl HA
©
2v2+ V3 3707.8
IR 714.7 713.
(A + E2u = 30 + Au) 3700.2 3 3713.8
Vi + V3 3603.8
IR 3612.4 3610.6
— (Alu = z+u) 3597.6
T Vi 2345.6
IR 2348.2 2349.2  2347.4 2394.9
9: (A= 3*) 2339.5
30 2v2 RA 1388.1
é) (Alg + EZg = Z+g + Ag)
Vi RA 12854  1284.6 1353.0
(Alg = z+g)
V2 663.7 668.5
IR 667.7 667.8 673.1
(E1u= ) 662.1 667.9
2328.6
= v3 (A1) IR 23226 2331.2 2330.4 2377.2
e 2v2 RA 1366.1
2 v1 (Ag) RA 1258.5 1314.0
o)
S 658.8 ,
v2 (E1u) IR 656.9 663.07 662.8 667.9
2280.2
= v3 (A1) IR 22742 2282.6 2281.8 2327.3
a 2v2 RA 1369.7
8” v1 (Azg) RA 1265.4 1353.0
- 644.7 649.4
v2 (E1u) IR can3 c13.8 648.9 653.1

Detailed spectra

In the following, we present the spectra of carbon dioxide (Figure S1) and methane (Figure S2) in
more detail, together with the computed transitions.

The computed spectra are plotted as vertical lines. The intensities are normalized to the strongest
band. For carbon dioxide this is the vs fundamental. Considering the isotopoloques, the observed
intensity ratios are approximately 3C0,/'*C!®0, = 0.03 and *C'®0*°0/*C!®0, = 0.01. We weighted the
computed spectra of the *CO, and *2C*®00 isotopoloques with these factors.



=
o~ (@)
O .9 g .
rloanwab
O Oenmc
8 T wg = o B
C O = © = &
5 ©® O v 2 ® ©
o S 8 0 ¢
©cT e 50 g &
82 52<E
emeane
o~
FaRSESsE
Dlntt..w.c.”n
T — o - 9 © =
= L — 5 9 ¥ 5
MAdbS%e
e C U S5 O
1.|r$n_.._|..|m
“T oo RO 0
O Y v = > <
-t 2 = 3 o
22 c o5 8§
.Wbomna.|r
ir 22 c0 23w

,wo / ABisug
059 169 099 £99 999 699 /099 €99 999 699 2.9 GlZZ  0BZZ  G8IT G262 0SEZ  GEEZ  OPEZ GPEZ  0GEZ  GSEZ 009E SO9E OL9E GLOE  00LE SOLE OLLE GLIE 049F 089% 069F 00Lb OLLY 096 O0/6F 086F 066

Supplementary Information

5z0
Lzo: . 500
Lo oo 050 Lso0 } 1o
rd \ C‘.‘, .
! teooo) (€000) (5000,
(zoo'0) vera Y, Tuse BEbLE
8859 ¢ A ;
/ (520'0) (z£0°0),
/ (z100) vzIoe I'vLie
i (6s00) i\ ; [ 42274
000 0,60 8199 (100) _%wm,.m‘
” ¢'899 i c
§co 500 I 10 rvo S.omz. OO
““““ Jp— | R S S S — Y T AL, PR RARAAA =i e i
o e Y e W VN (7 o ¥ VT TN ety o
N g (.f k, E L S / ..l } :,._,
\ \ b
,,,. (z00°0) (100°0) AN N | / \ N\ . AN )
v 1 6959 | - (6o00) (1100} (¥000)  (yo00) , N N / | 00051 ——
w%w ._no (1o00). (€p10) Tvize 08z ST gwer g, )20, I mmw% Mwm%m (5000) oo (500 (zooo) 00011
0o i i i : - . - Veloy 00z) -
8859 1£99 : A 8'€09€ Z200L€ #l0L€ (200°0)
o leblo) i i _ _ma.mmmw 71697
0299 ’ Y I c
1 e v:“00
%1200, tsoo  %a10,00 | wo tarton [Sz0 Ea %00, s00 410,02 Y fajZoy b1 EagkasZon 1o Eaglaz o2 Lo 100 .

=}

‘n°e f Aysusiu) ‘ne f Ajsusqu)

‘ne / Ausuajul

o
=}



Supplementary Information

Energy /cm'
14 v, [T,] CH A 0.1 v+ v, 0.112v, 1{v, [T]
Ar
4

1:500
= ——1:1000
=z ——1:2000
z
3
H (2834.25891, 0.00983) (2616.17408, 0.00637)

OKW -w‘-km- .
CH4:Ne 0.1 01 1

1:500

1:1000

1:2000
—— 1:4000
——— 1:8000

Intensity / a.u.

3
o
=
@
[
2
€
[
1 |
o o o o & o o Sy o S L& O P » o &
¢ o S §§ & P N o S
S S S S & b3 ® A A ) B (@Q

Energy / cm’'

14 v, [T,] CD 'A 0.1{ v+ v, 0.142v, 1
4 r
——1:1000
——1:2000
(1981.9, 0.00791)

Intensity / a.u.

’
%
E

1 0.1 01
|
CD 4 Ne 1
1:2000
——1:32000

Intensity f a.u

o

Intensity / a.u.

o
I

N

S
P

] N & S Aol
52 3 kil

#F F TSP L T EE S
Figure S2: MI-IR spectra of 2CH, (top) and *2CD4 (bottom) isolated in Ar (blue) and
Ne (red) at 5.8 K. Calculated spectra are obtained with VCI. Details on the
calculations are provided in the main article.



