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Figure 1: Scheme of the present experimental setup.
Experimental methods

Figure 1 shows the parts of universal CLUB (cluster beam) apparatus that were utilized in
the present experiments. Clusters (nanoparticles) in the beam are generated via continuous
supersonic expansion of either argon gas or heated water vapor through a conical nozzle. The
mean cluster size N is determined from the source conditions using well-established scaling

formulas! as described in our previous publications.?? The mean size of argon clusters is
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where K = 38.4 and ( = 1.64 were determined from the diffractive He atom scattering on
large Ary clusters, K. =1646 is a characteristic constant of the expanding gas for Ar, and
d. = d/tg(a/2) is the equivalent nozzle diameter.

Similarly, for water clusters
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where parameters D = 11.6, a = 1.886 and ¢ = 0.634 were determined from fitting the
measured size distributions of large (HoO)y clusters.® The characteristic constant of the
expanding gas K. = (r. - T.)973 for water was evaluated from r, = 3.19 A and T. = 5684 K.

We point out that the applicability of these formulas has been demonstrated by Buck’s



Table 1: Purities and suppliers of the used chemicals

Compound | Purity Supplier

Ar 99.998% Messer

H,O distilled Jarda Srol & Co.
HC1 anhydrous, >99% | Praxair

CH,4 99.97% Praxair

CH3Cl >99.5% Sigma-Aldrich
C3H,Cl 98% Sigma-Aldrich
CeHg 99.8% Lachema
CeH5C1 >99.5% Sigma-Aldrich

group in Gottingen®® with the same cluster sources that are used in the present experiments.
For water clusters, the reservoir temperature 420 K, stagnation pressure 4.3 bar, and nozzle

with 90 pm diameter kept at 428 K lead to N = 430. For argon clusters, the stagnation
pressure of 7.0 bar and the 60 ym nozzle kept at 223 Kelvin leads to N = 330. Both nozzles
have 30 ° opening angle and 2 mm thickness.

We chose these expansion conditions to obtain argon and water clusters of approximately

the same geometrical size. The geometrical cross section o, of the Ary and (H,O)x nanopar-

ticles is

3me 1/3
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(N4 is Avogadro’s constant). From the density p of solid Ar and ice we get Ry= 2.09 A and
1.93 A, respectively. Subsequently, the geometrical cross section is approximately the same
o4 ~ 660 A2 for both Ary and (H2O)n of the mean sizes N = 330 and 430, respectively.
It ought to be mentioned that the geometrical cross section often includes also the radius
of the molecule ry;, oy =7 (Ry + 7 M)2, which is also included intrinsically in the measured
cross section.® However, for the purpose of the pickup of different molecules with different
radii, the geometrical cross section of the pure nanoparticles is presented here.

Table 1 shows suppliers and purities of the used chemicals.



Computational methods

All molecular dynamics calculations were performed using the GROMACS (version 4.5.4)
program package.? The equations of motion were integrated by the leap-frog algorithm '
with a 2 fs time step. A cut-off scheme was employed and both the Lennard-Jones and
the short-range part of the Coulomb interactions were truncated to zero at 10 A. The long-
range part of the Coulomb interaction was evaluated using the smooth Particle-Mesh Ewald
method '*!2 with a relative tolerance of 10~°, fourth order cubic interpolation and a Fourier
spacing parameter of 0.15. Temperature was controlled by the Bussi-Donadio-Parrinello
(velocity rescaling with a stochastic term) thermostat'® with a coupling time of 1 ps. All
bonds were constrained by LINCS algorithm.!* System configurations were saved at 2 ps

1

intervals. The VMD program!® was used for visualisation of saved trajectories to investigate

structural features.

Mass spectra of adsorbed aggregates

HCI pickup: The mass spectra provide the experimental evidence for aggregation of the
adsorbed molecules on Ary clusters. Figure 2 (a) shows the mass spectrum of pure Ary,
N= 330, clusters, and the lower panel (b) shows the spectrum of the Ary clusters which
passed through the pickup chamber filled with HCI gas at the pressure p= 1.8x10~% mbar.
The upper scales label the series corresponding to the generation of HCI aggregates on Ary,
namely the cluster ion fragments (HCI)} and Ar,-(HCI)}. The spectra were measured at
pickup pressures from 0.6x10~% mbar to 3x10™* mbar exhibiting gradual decrease of the
Ar, fragment series and increase of (HCI);! and Ar,-(HCl); series. At the highest pressure
the spectrum was dominated by (HCI);" series. The maximum aggregate fragment size m,,q,
for which the (HCI);> clusters were still discernible in the spectrum increased from m,q,= 4
to 11 in the investigated pressure range, and k for the mixed fragments Ar,,-(HC1); increased

from k& = 2 to 6.
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Figure 2: The mass spectrum of pure Ary, N= 330, clusters after 70 eV electron ionization
(a). The spectrum of the Ary clusters which passed through the pickup chamber filled with
HCI1 gas at the pressure of 1.8x10™* mbar (b). The series corresponding to the (HCI);" and
Ar,,-(HC1){ cluster ion fragments are labeled.

It ought to be mentioned, that due to the overlap of multiple spectra a detailed analysis
was required to assign all the mass peaks unambiguously. Figure 3 shows a detail analysis
of the part of the spectrum showing mass peaks corresponding to the (HCL)F, Ar,-(HCL)/,
n= 1-4 and k= 4-1, and ArJ ion fragments. Multiple mass peaks assigned to the same
cluster species occur due to the 3Cl and 37Cl isotopes present in the natural ratio of 3:1,
and due to the presence of protonated (HCI),,H as well as “dehydrogenated” (HCl),,_,CI*
fragments. These species appear also for the Ar containing fragments. The analysis based
on the isotope ratio is outlined by the stick plot below in figure 3.

Aromatics CgHsCl and CgHg: Extending the linear chain length of the adsorbed molecule

did not have any significant influence on the clustering on Ary, therefore we used molecules

with aromatic rings where we expected that the interaction of the ring m-electrons could
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Figure 3: Detailed analysis of the mass spectrum of Ary-(HCI),, clusters generated by pickup
of HCI at the pressure of 1.8x10~% mbar on Ary, N= 330, clusters. Stick plots below show
the decomposed spectra corresponding the (HCL)F, Ar,-(HC1){, n= 1-4 and k= 4-1, and
Ar—5* ion fragments, considering the 3°Cl and 37Cl isotope ratio of 3:1. See text for more
details.

change the coagulation behavior. Figure 4 (a) and (b) show the Ary cluster mass spectra af-
ter the pickup of C¢Hg (a), and CgH5Cl (b). However, the spectra exhibit essentially the same
clustering behavior as the linear molecules above: (CgHg);\,, and Ar,,-(CsHg); ,fragments with
Mmaz= 9 and k= 1-5, for benzene at the highest pickup pressure p= 0.9x10~% mbar; and
(CeH5C1),t, and Ar,-(C¢H5Cl)/, fragments with my,..= 7 and k= 1-3, for chlorobenzene
at the highest pickup pressure p= 0.7x10~* mbar. Thus these aromatic molecules clearly
coagulate to the larger clusters on Ary as well.

Pickup on water clusters (HyO)n: No evidence for the generation of any molecular ag-
gregates was found in any mass spectra after the uptake of all the molecules on the ice

nanoparticles (HyO)y, N= 430 under analogical conditions as above. Figure 5 shows an

example of the water cluster spectrum after the benzene pickup at the pickup pressure
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Figure 4: The mass spectrum of Ary, N= 330, clusters after the pickup of C¢Hg at
p= 0.5x107* mbar (a), C¢H5Cl at p= 0.4x10~% mbar (b). The series corresponding to
the different cluster ion fragments are labelled.

p= 0.7x107* mbar. Besides the series of protonated water cluster fragments (H,O),H"
there is only the mass peak corresponding to parent benzene ion CgHg at 78 amu. It ought
to be mentioned that the background of any CgHg molecules diffused more than 1 m from
the pickup chamber through the two separate differentially pumped chambers into the TOF
chamber was small and carefully subtracted. Thus the C4Hg molecules could arrive in the
TOF only with the (HoO)x clusters. In the article, we provide further proofs that the
molecules are adsorbed on the (HyO)y nanoparticles but the mass spectra show that they
do not coagulate into clusters on (HyO)x. Similar conclusions can be drawn from the mass
spectra after the pickup of chlorobenzene C¢H5Cl (figure 6), HCl and CH3Cl (shown in the

article).
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Figure 5: The mass spectrum of (HyO)y, N= 430, clusters after the pickup of CgHg at the
pickup pressure p= 0.9x10~* mbar.
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Figure 6: The mass spectrum of (HyO)y, N= 430, clusters after the pickup of C¢H5Cl at
the pickup pressure p= 0.7x10~* mbar.
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