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1 Mass spectrum of reaction products

A typical mass spectrum obtained for the products of the reaction be-

tween He·+ and methanol (CH3OH) is shown in Fig. 1. The mass spec-

trum is the average of four scans taken at a collision energy ECM=0.29

eV, using a 10% mixture of CH3OH in Ar at an average pressure in the

scattering cell (as read by the spinning rotor gauge) of 5.0x10−5 mbar.
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Figure 1: A representative mass spectrum from the reaction of He·+ with CH3OH:
grey line is the experimental data and red lines are best fits of the peaks using
gaussian functions.

2 Determination of Effective Reaction Cell Length

The raw output from the experimental apparatus used in this work is

in the form of ion counts and, in order to convert these into absolute

reaction cross sections (σ), we make use of the Beer-Lambert Law.

Although the Beer-Lambert Law describes the absorption of light

by a sample, the reaction of ions passing through a neutral can be

considered in a similar way. The number of ions that pass through a

cell without reacting is therefore given by the following expression:

I0 = IR · exp(−ρ · σcoll · l) (1)

Where I0 is the unreacted ion signal, IR is the reagent ion signal, σcoll is

the collision CS, ρ is the density of the neutral gas and l is the length of

the reaction cell. In this way, the number of ions undergoing reaction,
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IP , can be expressed as:

IP = IR.[1− exp(−ρ · σrxn · l)] (2)

Where σrxn is the CS of the reaction. Under the thin target limit, where

reaction probabilities are small (i.e. ρσrxnl ≪ 1), this can be simplified

as:

IP = IR.(ρ · σrxn · l) (3)

ρ, the density of the neutral gas, in particles·cm−3, is directly related

to the pressure via the Ideal Gas Law :

ρ =
P ·NA

R · T
(4)

Where NA is Avogadro’s Number, R is the gas constant in

mbar·cm3·K−1·mol−1, T is the temperature in K and P is the pressure

in mbar. This means that if T and l are known, the reaction cross

section (σrxn) can be determined by measuring the ion intensities as a

function of the pressure. Alternatively, by simultaneously measuring

IR, IP , T and P with a known l we are able to calculate reaction cross

sections on a point-by-point basis.

The effective reaction cell length is therefore determined through

comparison with literature data, using a re-phrasing of equation (3).

IP
IR

= l · ρ · σrxn (5)

By using a literature value of σrxn at a known temperature, we are

therefore able to obtain a value for l by measuring IP
IR

as a function of

the pressure.

As the effective reaction cell length depends on the trapping efficiency

of the parent ion, in order to determine the effective reaction cell length

for He.+, we have used the previously-studied reaction of He·+ with

SiCl4 [Fisher and Armentrout(1991)], the reaction pathways for which

are given by Eqs. (6)-(10).
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He•+ + SiCl4 →SiCl4
•+ +He (6)

→SiCl3
+ + Cl• +He (7)

→SiCl2
•+ + [Cl2] + He (8)

→SiCl+ + [Cl3]
• +He (9)

→Si•+ + [Cl4] + He (10)

The corresponding thermochemistries are given in Table 1.

Table 1: Reaction thermochemistries for the identified products of the
reaction of He·+ with silicon tetrachloride (SiCl4).

Reaction Products Eq. Reaction Enthalpy (eV)

SiCl·+4 + He (6) -12.73 ± 0.07
SiCl+3 + Cl· + He (7) -12.04 ± 0.14
SiCl·+2 + Cl2 + He (8) -9.44 ± 0.18
SiCl+ + Cl· + Cl2 + He (9) -7.35 ± 0.40
Si·+ + 2Cl2 + He (10) -4.84 ± 0.05

IE(He) = 24.59 is taken from NIST
[Kramida et al.(2020)Kramida, Ralchenko, and Reader], while formation enthalpies for

SiCl4, Cl
. and SiCl+x are taken from Fisher and Armentrout

[Fisher and Armentrout(1991)].

The choice of SiCl4 as calibrant for the reactions of He.+ ions is

motivated by several factors:

i) existing literature values [Fisher and Armentrout(1991)] have

been measured using a guided ion beam set-up very similar to the

one used in the present experiments;

ii) the He·+-SiCl4 and He·+-CH3OH systems have similar reaction

thermochemistries (compare Table 1 above with Table 1 in the main

paper) which are the major factors affecting the product collection

efficiency in guided ion beam experiments. In particular, large exother-

micities lead to product ions having large velocities, therefore requiring

large values of the octupole effective potential to be efficiently trapped

(in the direction perpendicular to the octupole axis) and transferred to

the quadrupole mass analyzer;

iii) the two systems are similar in the dynamics of the dissociative

charge exchange, with the recombination energy of He.+ correlating
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with a core excitation of SiCl4, with the electron being removed from a

3s core orbital mostly localized on the chlorine atoms.

For the calibration of the Trento GIB-MS, we have focused on the

major product channel given by Eq. (7), with the results of a series of

scans of IP
IR

as a function of the neutral gas density for this process being

shown in Fig. 2. From this, we have extracted an effective reaction cell

length of 8.26 cm, with the ±50% error margin being a result of the

uncertainty in literature CSs [Fisher and Armentrout(1991)].

Figure 2: Product:Parent ion ratio as a function of neutral gas density for the m/z
63 product of the reaction of He·+ with silicon tetrachloride (SiCl4).

3 Calibration of Absolute Cross Section Scale

In order to convert the relative cross sections measured as a function of

ECM into absolute cross sections, we have used the inverse procedure

used to determine the effective cell length to determine the absolute

cross section at a series of specific collision energies.

To do this, we have measured the intensities as a function of the

CH3OH pressure of the parent, the major m/z 29 product and the

secondary products at m/z 33 and 47 products, with IP being the sum

of the three channels. From this, we are able to determine the absolute

cross section using Eq. (5).
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4 Potential Energy Surface for the dissociation

process

In Figure 3 we report the schematic representation of the PES for

the dissociation of the CH3OH+ cation from its ground electronic

state, calculated from optimized geometries using DFT theory and

the B3LYP functional (CCSD(T)/aug-cc-pVTZ//B3LYP/aug-cc-pVTZ

level of theory). Results can be compared with Fig. 6 in the main

paper, where the functional ωB97X-D which includes dispersion is used.

Since no significative differences are found in the optimized geometries

the energies calculated at the Couple Cluster level are practically the

same.

In Table 2 a comparison of the relative energies at DFT and CCSD(T)

level of theory is presented with and without dispersion for all the

stationary points of the PES. As expected, the energies calculated at

the DFT and CCSD(T) level present some differences.
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Figure 3: Schematic representation of the PES for the dissociation of the CH3OH.+

cation, with the energies (reported in eV) evaluated at the CCSD(T)/aug-cc-
pVTZ//B3LYP/aug-cc-pVTZ level of theory.
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