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S.1 Timing for accelerating ions into the TOF

Once released from the ion trap, ions travel approximately 0.5 m before reaching the orthogonal acceleration (OA)
stage, where ion packets are injected into the TOF chamber in synchronization with their release. Because ions
require a finite time to reach the OA stage, a delay occurs between their release from the trap and their orthogonal
acceleration. We should note here that this delay is mass-dependent: heavier ions take longer to travel from the
ion trap exit to the OA stage and thus experience greater delays than lighter ions. This mass dependency in delay
arises from the same principle that governs ion separation in the TOF chamber - larger ions experience lower
acceleration across an electric field and therefore travel at lower velocities. Accurate synchronization of ion
release from the trap with the OA pulsing is therefore essential to prevent ion losses due to mismatched timing.

To characterize this mass-dependent delay, transmission was measured using ion samples with distinctly different
masses (see Fig. S1). An ion of 74 Da showed optimal transmission with a 40 us delay, whereas an ion of 690 Da
required a 110 ps delay. Based on these results, the OA delays summarized in Table 1 were selected, with shorter
delays applied to the low-mass range and longer delays to the high-mass range.
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Figure S1. Normalized transmission as a function of OA
timing. Considering that the transmission is different for
each ion standard, it is normalized with respect to the
highest value.



S.2 lon production stability

Fig. S2 shows the temporal variation of the THAB concentration produced by electrospray. Since all
measurements required a stable source of ions, we ensured that the relative standard deviation was approximately
10% or less in all cases.
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Figure S2. Stability of THAB monomer production when
electrosprayed at different concentrations.

S.3 Single-ion measurements

The lowest possible signal that the TOF detector (i.e., a MagneTOF® detector) of the APi-TOF MS can measure
is that of a single ion striking the detector (Sion; Simke et al., 2024). As indicated by the recorded spectrum shown
in Fig. S3, this signal is 60 a.u. and lies well above the noise level of the detector that has a standard deviation
(onoise) Of 2 a.u. Consequently, the SNR (which is equal to Sion/oneise) corresponding to the single-ion peak is
approximately 30, which is line with the recommended minimum threshold of 10 (Gross, 2006). We should note
here that the value of Sion is used to determine the count rate, and from that the transmission of the APi-TOF-MS
system by Eq. 1 provided in the main manuscript.
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Figure S3. Mass spectrum showing the signal induced
by a single THAB monomer striking the TOF detector.



S.4 Sulphuric acid — amine clusters

Fig. S4 shows the mass spectrum of ionic clusters comprised of amine (NHs) and sulphuric acid (H2SO.), with
the general formulation (NH3), (H,S0,),—,(H"),. These clusters were produced by electrospraying a solution
of ammonium sulphate in methanol as described by Waller et al. (2019).
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Figure S4. Mass spectrum of ionic clusters generated by electrospraying a methanol-ammonium sulphate
solution. Key: A stands for NHs, and B for H2SOa.

Fig. S5 shows the CID as the TPAI monomer brakes into its fragments at varying voltages across the funnel and
ion trap, corresponding to different kinetic energies. For this measurement, only the TPAI monomer was selected
by the DMA upstream the APi-TOF-MS system. Fragmentation onset here is at 25 V, which is lower than the
onset observed for the TPAI monomer when the dimer is present, which occurs at 45 V, as shown in Fig. 6 in the
main manuscript. Apparently, the dimer breaks first, before the molecule itself can fragment in smaller pieces.
This is consistent with the fact that ionic bonds holding the dimer together are generally weaker than covalent
bonds within the monomer molecules.
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Figure S5. Collision-induced dissociation of TPAI monomers at
different voltages across the funnel and ion trap, shown as the
fraction of the species with respect to the total ion signal. The
monomer concentration introduced to the APi-TOF-MS system is
5 x 10* ions/cm?®,



S.5 TPAI and THAB dimer stability

We used the ABCluster programme in combination with the Gaussian 16 ab initio electronic structure calculation
package to determine ground state equilibrium geometries of THAB and TPAI monomers and dimers (Frisch et
al., 2019; Zhang & Dolg, 2015). ABCluster employs the artificial bee colony algorithm to efficiently explore the
potential energy surface of a molecular system. The structures obtained from ABCluster were then fully optimized
using density functional theory (DFT) with the ®B97X-D [7] hybrid functional and Def2-TZVP basis set [8] to
identify ground state equilibrium geometries of THAB and TPAI monomers and dimers (Chai & Head-Gordon,
2008; Jones, 2015; Weigend & Ahlrichs, 2005). Similar computational approaches have been shown to reproduce
molecular geometries and electronic properties in close agreement with the experimental results for similar
systems (Domingos et al., 2021).
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Figure S6. Optimized equilibrium geometry of the THAB dimer calculated at the ®B97X-D/def2-TZVP level
of theory. Atoms participating in the hydrogen bond (Br and H) are labeled, with partial atomic charges indicated
in brackets. The hydrogen bond is depicted as a dashed line, and the corresponding interatomic distance (in A)
is shown in green.
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Figure S7. Optimized equilibrium geometry of the TPAI dimer calculated at the ®B97X-D/def2-TZVP level of
theory. Atoms participating in the hydrogen bond (I and H) are labeled, with partial atomic charges indicated in
brackets. The hydrogen bond is depicted as a dashed line, and the corresponding interatomic distance (in A) is
shown in green.

The optimized geometries of THAB and TPAI dimers are illustrated in Figs S1 and S2. In both systems, the most
dominating stabilizing interactions between the two monomer units are hydrogen bonds between the halogen atom
(Br or 1) and the hydrogen atoms of the monomers. The presence and nature of these hydrogen bonds were
confirmed by Quantum Theory of Atoms in Molecules analysis performed using the Multiwfn program (Lu &
Chen, 2012; Richard & Bader, 1990). Partial atomic charges on the atoms involved in these hydrogen bonds were
obtained using the Natural Population Analysis method, and the values for the H and halogen atoms were found
to be similar in both dimers (Reed et al., 1985).

Structurally, the TPAI dimer contains eight hydrogen bonds compared to six in the THAB dimer. However, the
average hydrogen bond length in the TPAI dimer is longer. Specifically, in the TPAI dimer, two hydrogen bonds
are very long (3.52 A) and four others fall in the range of 2.84-2.91 A. In contrast, in the THAB dimer, four
hydrogen bonds are significantly shorter (=2.65 A), and the remaining two are slightly longer (=2.89 A). This
trend suggests that the hydrogen bonds in TPAI dimer are generally weaker than those in the THAB dimer. The
above statement is supported by the quantitative estimation of hydrogen bond strength obtained from Espinosa’s
relation (Espinosa et al., 1998). For the THAB dimer, the hydrogen bond energies range from 1.55 to 2.15
kcal/mol, whereas for the TPAI dimer, they range from 0.52 to 1.71 kcal/mol. When expressed as the average
hydrogen bond energy per bond, the THAB dimer exhibits a significantly higher value (1.94 kcal/mol) compared
to TPAI dimer (1.13 kcal/mol).

An alternative approach to evaluate the relative stability of the THAB and TPAI dimers is to compare their total
energies with those of their dissociated products. In APi-TOF-MS, collision-induced dissociation of both dimers
yields the product sets shown in reaction paths 1 and 2 shown in Fig. S8 below.



(CagHeoN)* + (CogHgoN)Br (1a)  AE =40.04 kcal/mol

(CagHgoN)2Br*

2(CagHeoN)" + Br (1b)  AE = 122.20 kcal/mol

(C12H28N)+ + (C12H23N)l (26) AE = 31.14 kcal/mol

(C12HzgN)ol"

2(C1aHogN)* + I (2b)  AE =111.45 kcal/mol

AE = sum of energies of the dissociated products — energy of the dimer
Figure S8. Dissociation channels of THAB and TPAI dimers with associated stabilization energy values (4E).

If the total energy of the intact dimer (left-hand side of reaction paths 1 and 2) is lower than the sum of the energies
of its dissociation products (right-hand side of the reaction paths), the dimer is considered stable with respect to
dissociation. The stabilization energy, 4E, reported in Fig. S8, is the energy difference between the sum of energies
of the products and intact dimer, and therefore, provides a direct measure of this stability; i.e., larger and positive
AE values correspond to greater overall stability.

DFT calculations show that 4E is positive for all dissociation channels of both dimers, consistent with their
behavior in our APi-TOF-MS system. For a particular dissociation channel, the AE values for the THAB dimer
are 9 to 11 kcal/mol larger than those for the TPAI dimer, indicating greater stability. The enhanced stability
allows the THAB dimer to resist higher collisional energies before dissociating, whereas the weaker hydrogen
bonding and lower AE values in the TPAI dimer make it more prone to fragmentation. As a result, TPAI dimers
dissociate at lower collision energies in APi-TOF-MS measurements, which is in agreement with our experimental
observation.
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