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S1. Experimental Methodology

All data on the reactivity of various species presented in this work has been collected using

the CERISES apparatus1,2 in conjunction with the DESIRS beamline3 of the SOLEIL syn-

chrotron in Saint-Aubin (France). CERISES is a guided ion beam tandem mass spectrometer

(GIB-MS) consisting of two octopoles located between two quadrupole mass filters. In this

way, reagent ions are mass selected prior to introduction into the scattering cell and product

ions are mass selected prior to detection.

Neutral reagent pressures used were of the order of 3.0x10−8 bar in the case of C2D4 and

3.5x10−8 bar in the case of CH(CH3)3, in order to ensure operation close to the single collision

regime. This reduces the contribution from secondary reactions while limiting parent beam

attenuation to under 10%. Absolute pressures were measured using a MKS 398H differential

manometer.

As detailed in the main text, all ions are generated by either direct or dissociative pho-

toionization, with the photon energies used being in the range of 8.9-15 eV, with a resolution

of 20-40 meV defined by the monochromator slit setting. Photons of energies greater than

15.7 eV are removed by an Argon gas filter operated at its nominal pressure of 2.3x10−4

bar.4 Photon energies in the absolute scale were obtained using the absorption lines of Ar-

gon around 11.823 and 14.304 eV,5,6 with systematic shifts of 15-27 meV above the tabulated

values.

The collision energy available to the reactants depends on both the ionic charge (+1

in this case) and the potential difference between the ion source and scattering cell. The

retarding potential method7 has been used to determine the maximum of the first derivative

of the parent ion yield, the corresponding voltage of which defines the zero of the kinetic

energy in the laboratory frame, which can then be converted into centre-of-mass collision

energies (ECM). Collision energy ranges and FWHM of the distribution in kinetic energies

of the reactant ion for the different reaction systems are given in Table S1.

In all cases, data were collected in the "multi-scan" mode where the signals for all ionic
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Table S1: Collision energy ranges and FWHM for the different reaction systems studied as
part of this work.

Reaction System Minimum ECM (eV) Maximum ECM (eV) ECM FWHM (eV)

[CH2O]•+/C2H6
•+ plus C2D4 0.07 10.39 0.05

H2CO•+ plus CH(CH3)3 0.10 13.20 0.08
[CDHO]•+ plus CH(CH3)3 0.09 13.05 0.07

species of interest are collected at a given energy (either photon or collision) before moving

to the next one. This is done to reduce the impact of any drifts in either source or reaction

cell pressures.
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S2. Data Treatment of Cross Sections for the Reaction of

m/z 30 Fragments of Cyclopropanol with C2D4

Figure S1: Mass spectra of the products of the reaction of m/z 30 fragment ion of cyclo-
propanol, formed at a photon energy of 11.2 eV, with C2D4 at a collision energy of 0.17 eV.

In order to obtain accurate absolute reaction cross sections for the charge transfer reactions, a

series of corrections have been made. Firstly, in instances where products have been identified

at adjacent masses, the cross section of the higher mass product has been corrected to account

for the 13C contribution from the lower mass channel. A representative mass spectrum for

this reaction prior to 13C correction is shown in Figure S1. As none of the charge transfer

products have an adjacent lower mass product channel of significance, this correction has no

impact on the measured charge transfer cross section.

The second is to account for a number of secondary reactions of the m/z 32 product ions,

which arise from the fact that the primary products from charge transfer (as well as proton
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transfer when this channel is present) have low velocities in the laboratory frame and are

therefore likely to undergo secondary reactions with neutrals in the scattering cell. This is

well known issue in guided ion beam experiments. From literature, we are able to identify

the most probable and significant secondary reaction products as being those observed at

m/z 46 and 62,8–10 with tertiary products at m/z 74 and 78.10,11 The equations for these

reactions are as follows:

C2D4
•+ + C2D4 → C3D5

+ + CD3 (m/z 46) (S1)

→ C4D7
+ +H (m/z 62) (S2)

C3D5
+ + C2D4 → C5D7

+ +H2 (m/z 74) (S3)

→ C5D9
+ (m/z 78) (S4)

The extent of this correction varies with collision energy, but is broadly on the order of a

5-15% increase with respect to the m/z 32 mass channel, with this almost entirely arising

from the m/z 46 product channel.

Finally, in order to correct for the decrease in observed ion signal, and therefore absolute

cross section, at low collision energies due to the loss of backward scattered products in the

laboratory frame, cross sections have been manually corrected to give the absolute cross

section values as a function of the collision energy given in Figure 2 of the main paper. This

is done by increasing the cross sections at low collision energies by 25% to give a linear trend

over the full collision energy range.
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Reactions with Isobutane (CH(CH3)3)

Representative mass spectra for the reaction of both H2CO•+ from formaldehyde and the m/z

31 fragment from CD3OH with isobutane are shown in Figure S2. We note the significant

difference in the range of products, and corresponding relative intensities, for the two different

ions. Full analysis of the overall chemistry of this systems is beyond the scope of this work,

and calibration of the isomeric purity is performed exclusively through consideration of the

charge transfer product at m/z 58.

Figure S2: Mass spectra of the products of the reaction of both H2CO•+ (left) and DCOH•+

(right) with isobutane, CH(CH3)3. Reactions have been performed at photon energies of
11.00 and 13.07 eV, respectively, and collision energies of 0.18 and 0.17 eV, respectively.

Absolute reaction cross sections for the m/z 58 charge transfer product (CH(CH3)3
•+) of

the reaction of both H2CO•+ and the m/z 31 fragment of CD3OH with isobutane are shown

in Figure 5 in the main text. The step function visible in CS for both channels at a collision

energy of ∼0.9 eV is the due to the "L3 effect", a key indicator of a charge transfer process.

This is because the reaction kinematics of charge exchange processes, occurring with very

limited momentum transfer to the neutral reactant, is such that, at low collision energies,

while forward scattered products with nonzero velocity will drift to the end of the octupole

where they will be extracted and detected, backward scattered products in the lab frame will

be lost due to the attractive voltage exerted by the injection lens (L3) into the octupole.12

S6



This leads to an under-observation of such product channels at low collision energies.

S3. Further Experimental Data

Figure S3: PIE curves for the photoionization of H2CO giving H2CO+ (m/z 30). The
AE shown has been determined via linear threshold extrapolation of the photoionization
efficiency (PIE) curve.13–15
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Figure S4: Absolute cross sections as a function of the photon energy for the m/z 58 product
of the reaction of H2CO•+ with CH(CH3)3 at a collision energy of 0.18 eV. Error bars shown
correspond to the statistical error determined through the data treatment.
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Figure S5: Absolute cross sections as a function of the photon energy for the m/z 58 product
of the reaction of [CDHO]•+ from CD3OH with CH(CH3)3 at a collision energy of 0.17 eV.
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