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S1 Experimental setup

The experiments were performed on a versatile and unique experimental apparatus CLUB (cluster beam
apparatus) which allows a variety of different experiments with a molecular beam of isolated clusters in vacuum.
The apparatus and experiments have been described in numerous publications previously (e.g., mass
spectrometry: (Lengyel et al., 2012; Ko¢isek et al., 2013a; Kocisek et al., 2013b); electron attachment: (Kodisek
et al., 2016a; Kocisek et al., 2016b; Lengyel et al., 2016); etc.) and the details can be found in these references.
The sketch of the CLUB apparatus is shown in Fig. S1 below. In the present work, the clusters were produced in
the first vacuum chamber by supersonic expansion of the sulfuric acid vapor with buffer gas He, i.e. a mixture of
H,S04, H,0O and He gas phase molecules. The present mass spectrometry was performed in the 4™ vacuum
chamber TOFMS, where the cluster beam was crossed by a low-energy electron beam. Further details are given

in the experimental section of the present paper. The other options and features of the CLUB apparatus shown in

Fig. S1 were not exploited in the present experiments.

Figure S1: Schematic overview of the CLUB apparatus: VMI —velocity map imaging for photodissociation of
molecules in clusters; TOFMS —reflectron time-of-flight mass spectrometer with various ionization methods, e.g.,

electron ionization, electron attachment, photoionization; QMS —quadrupole mass spectrometer with electron

ionization.
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S2 Dipole moment of H2SO4(H20)s clusters

Our M06-2X/aug-cc-pVDZ calculations exhibit only a small change in the cluster dipole moment upon the
acidic dissociation of the sulfuric acid molecule on water cluster and could be overlapped by dynamic effects.
The calculated dipole moments summarized in Figure S2 were in very broad range from ~0.3 D to ~4.6 D for
H2S04(H20)s clusters which depend rather on the cluster structure than on the acidic dissociation. Most likely,
not only the energy minimum structure (see Figure S2 (a) for ion-pair and (e) for covalently-bonded H,SO4) but

many different cluster structures are generated in the supersonic expansion.
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Figure S2: Selected local minima of neutral, H2SO4:--H20, (a-d) and ion-pair, HSO4:--H3O*, (e-h) structures in
H2S04(H20)s clusters and the corresponding dipole moments calculated at the M06-2X/aug-cc-pVDZ level of theory.



S3 Thermochemistry

Table S1: Reaction energies (in kJ mol) for the HSO4 dissociation channels after electron attachment to H2SO4/H20
clusters optimized at the M06-2X/aug-cc-pVDZ level of theory.

N H,S04(H20)n (H2S04)2(H20)n
0 8.6 ~132.2
1 -16.2 ~117.2
2 -30.3 ~120.5
3 -39.6 -99.8
4 435 ~106.5
5 —46.3 -88.9

Table S2: Free energies (in kJ mol-, at T=298K and p°=1atm) of binary nucleation of H2O/H2SOs clusters

H2S04(H20)n-1 + H2O — H2S04(H20)n AGO(1)

H,SO4 + nH,O - HzSO4(H20)n ArGO(Z)
AG(1) AGO(2) AGO(2)

0 0
n= oﬁrr?es(jl)ts (Kurtén et al., oﬁrr?es(ﬁl)ts (Henschel etal., (Loukonen et al.,

2007) 2014) 2010)
1 -11.3 -11.76 -11.3 -10.88 -12.26
2 -7.1 -7.82 -18.4 -18.41 -26.19
3 -3.3 -9.92 -21.8 -24.39 -29.75
4 -9.6 -3.77 -31.4 —-29.50 -33.93

5 -5.0 - -36.4 —-28.49 -41.88




S4 lon-yield curves for selected ionic fragments
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Figure S3: lon-yield curves for selected ionic fragments with different degree of hydration.



S5 Benchmarking the electronic structure calculations

Table 1 summarizes the benchmark calculations of electron affinity of HSO., ionization potential of H2SO., and
reaction enthalpies for deprotonation of gas-phase H.SO4 calculated at different levels of theory. The MO06-
2X/aug-cc-pVDZ energies are comparable with the CCSD/aug-cc-pVDZ values with the exception of the
IP(H2S04). The comparison of double-zeta with triple-zeta basis sets of the M06-2X functional shows that there
is essentially constant shift from the experimental values and therefore we do not expect any significant shift in
reaction energies even upon hydration. The calculated reaction enthalpies for deprotonation of gas-phase H2SO4
are in good agreement with the experimental value. The error of the DFT method is 0.1-0.2 eV. Please note that,
in the present work, chemical trends with respect to hydration are of the main concern, and a possible systematic
shift of few tenths of eV does not influence our conclusions.

Table S3: Electron affinity of HSOa, ionization potential of H2SO4, and enthalpy of deprotonation at various levels of
theory (all in kJ mol). DZ and TZ represent aug-cc-pVDZ and aug-cc-pVTZ, respectively. Enthalpies were
calculated at 298.15 K within the harmonic approximation.

B3LYP/DZ MO06-2X/DZ MO06-2X/TZ MP2/DZ CCSD/DZ Experiment

458+10
EA(HSO,) 453 474 483 503 478 (Wang et al., 2000)

1196+5
|P(HZSO4) 1103 1117 1137 1195 1209 (Snow and Thomas, 1990)

1295+23
AH(H,SO4—»H*+HSOy") 1318 1304 1300 1294 1309

(Wang et al., 2000)
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Structures optimized at the M06-2X/aug-cc-pVDZ level of theory (coordinates in A)
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