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1. Single-collision conditions

By adjusting the partial pressure of methane in a way that the mean free path is longer than the length of the reaction
zone, single collision conditions are ensured.
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The mean free path is calculable by eq. (S1). In the experiment the collision energy E.m was varied in the range from
0.25 eV up to 2.99 eV. This leads to cross sections, according to the Langevin theory, from 53.96 A to 15.69 A. Therefor
the mean free path is in the range from 214.3 cm to 737.1 cm for a typically chosen pressure of 3.5 - 1075 mbar.

All measured cross sections lie below the predicted cross sections calculated by the Langevin model. For this reason the
mean free path discussed above is an upper limit.



2. Mass spectrum for the reaction HBr* + CH,4

In Figure S1 a mass spectrum of the reaction system HBr* + CH,4 in the range from 14 m/z to 86 m/z is shown.
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Figure S 1. Mass spectrum for the reaction system HBr* + CH, from 14 m/z to 86 m/z.

The mass spectrum was acquired at a collision energy of 3 eV. The HBr* ions were created via the R(1) transition and

had 3.4 meV mean rotational energy (E o¢)-

In Figure S2 the mass spectrum of the title reaction from m/z 76 to m/z 98 is shown.

12 1 1 1 1 1 1 1 1 1 1
i H™Br* r
14 P T v
] HY'Br* | P
-1 1 -
1 A NEETE FTETE FETTE T FTTe i
5 1 | 0.003 E LT
& 0.8 | o _ 000255  12CH/°Br* E T
i i S8 00023 LT
c ] - O E +F L
s 'S @ 00015 PCHABrE | [
0.6 . E E i F
e 55 o] 3
N 1 & 0.00053 EiT
s ] ' E E T
£ ! L
i : 93 94 95 96 97 98 | [
1
S b mz___ i
0.2+ -
o L] T & Il % T T T T ] T 1 » T ¥ T ' T
76 78 8 8 8 8 88 9 92 94 9 98
m/z

Figure S 2. Mass spectrum of the reaction system HBr* + CH, from 76 m/z to 98 m/z.




3. Analysis of signals for HBr* + CHa

Both educt isotopes in the mass spectrum are the most intense one. The ion signal of the educt ion is calculated using
eq. (S2). The product ions resulting from the 13C isotope are considered to be negligible small in comparison to the *2C
isotope. Only the 13CHs* isotope is used for deriving cross sections because of the higher intensity of the PT reaction
chanel. With this approach the signal intensities for the product ions are calculated according to eq. (S3) to eq. (S5).

Iypr+ = Igo + Isz (52)
Ieyy = L7 + g (S3)
Ieny = Lig (54)
Iep,pr+ = los + 1oz (S5)

These signal intensities are used to calculate the fractional abundance f.a..



4. Rotational dependence of oy,
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Fi%ure S 3. Rotational energy dependence of the HA reaction for the investigated
collision energies.

Figure S 3 shows the ion rotational energy dependence of the HA cross section. This rotational energy dependence is
rather weak. From E;»=24.8 meV to E.»x=35.9 meV the cross section slightly increases. Based on a canonical ensemble
the mean rotational energy of methane amounts to 1.5 kgT. Given the rotational constant of methane Beytrar =
5.2412 cm™ >3 this mean rotational energy can be translated to a rotational velocity. Given furthermore a rotational
constant of the HBr* B;,, = 7.91 cm™ % the neutral methane and the HBr* ion exhibit the same rotational velocity,
when the rotational energy of the ion is Eot (HBr*) = 25.1 meV. This turns out to be the energy, where the cross section
for HA starts to rise. In previous work a minimum of the cross section was observed when the rotational velocity of the
ion matched that of the neutral target. 2.
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Figure S4. ocr as a function of E,, for different collision energies.

Figure S 4 shows og.r as a function of the rotational energy in the HBr* ion. Evidently, the cross section o7 is basically
independent of the rotation within the error margins. The reaction threshold near 1 eV collision energy is clearly visible
in this representation. The A parameter in Table 4 of the main text suggested a modest decrease with increasing E,ot,
which is, however, not resolved in terms of the error bars. As the CT is independent of ion rotation this degree of
freedom does not appear to contribute to the reaction coordinate.



6. Rotational dependence of ot
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Fi%ure S 5. Rotational energy dependence of the BT reaction for the investigated
collision energies.

In Figure S 5 the dependency of the cross section ogr on the rotational energy of HBr* is shown. For all collision energies
investigated the cross section for BT reaction is basically independent of the HBr* ion rotation within the error margins.



7. Supplementary Information — Potential energy surface of CHs + HBr* bimolecular reaction

Cartesian coordinates of the optimized geometries in the potential energy profile (Fig. 8) at

CCSD(T)-F12/cc-pVDZ-PP-F12 level of theory
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8. Scattering angle distributions for collision energies (0.5 eV, 2.0 eV and 3.0 eV) respectively
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S7: Scattering angle distribution per mechanism for PT (a) and HA (b) product channels at 0.5 eV
collision energy

Frequency Frequency Frequency

Frequency

[ Stripping ===
[ (@) Rebound m=m
0 20 40 60 80 100 120 140 160 180
[ (b) Stkipping p— o B . . '
- - Rebound ‘== - . Sesuiis S e Ve AR R X :
[ Indirect mmmmm j ‘ B ﬁ
el
0 20 40 60 80 100 120 140 160 180
' Stripping.
Rebound o=l
Indirect =l
0 20 40 60 80 100 120 140 160 180
| "Sy2" -
(d) Bridging E==m
0 20 40 60 80 100 120 140 160 180

Scattering Angle (°)

13



S6: Scattering angle distribution per mechanism for CT (a), PT (b), HA (c) and BT (d) product channels at
2.0 eV collision energy.
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