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1. Experimental and Theoretical Methods

Experimental methods. The experiments were conducted on a home-built apparatus
consisting of a time-of-flight (TOF) mass spectrometer and a magnetic-bottle
photoelectron spectrometer.®' Briefly, the NaCl (H,0), clusters were produced in a laser
vaporization source, in which a rotating and translating NaCl disk target was ablated by
the second harmonic (532 nm) light pulses from a nanosecond Nd:YAG laser, while
helium carrier gas with ~4 atm backing pressure seeded with water vapor was allowed to
expand through a pulsed valve to generate the hydrated NaCl ™ clusters and to cool these
clusters. The cluster anions were mass-analyzed by the TOF mass spectrometer. The
NaCl (H;0), (n = 0-6) clusters were each mass-selected and decelerated before being
photodetached by the 1064 and/or 532 nm photons from another nanosecond Nd:YAG
laser. The photodetached electrons were energy-analyzed by the magnetic-bottle
photoelectron spectrometer. The photoelectron spectra were calibrated with the spectra of
Cs and Bi taken at similar conditions. The instrumental resolution was approximately
40 meV for electrons with 1 eV kinetic energy. The ADE was determined from the onset
of each peak by drawing a straight line along the leading edge of that peak across the
spectrum baseline and was given by adding the instrumental resolution to account for the
spectral broadening due to instrumental resolution. The VDE was obtained from the

maximum of each peak.

Theoretical methods. We utilized the integrated tempering sampling (ITS) molecular
dynatmicsS2 to generate ensembles of structures of NaCl(H,O), clusters with low
configuration energies, which allows us to get more complete sets of low-lying structures.
The low-energy structures obtained from the ITS calculations were first optimized using
classical force field. The structures of NaCl” °(H,0), clusters were then fully optimized
further with density functional theory (DFT) employing the long-range corrected hybrid
functional LC-oPBE® as implemented in the Gaussian 09 program package.S4 The
Pople’s all-electron basis set 6-311++G(d, p)>> was used for all the atoms. Harmonic
vibrational frequencies were calculated to make sure that the optimized structures are the
real local minima. The NaCl"°(H,0), clusters have many low-lying isomers which are

close in energy and the orders of their relative stabilities may vary at different levels of
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theory. Thus, it is very important to obtain more accurate relative energies of those
isomers with high level theoretical methods. In this work, in order to get more accurate
energetic information, single-point energy calculations were also performed using the
CCSD(T)*® and MP2%" methods with very large basis sets, such as aug-cc-pVTZ**** and
maug-cc-pVTZ5' basis sets. The theoretical vertical detachment energies (VDEs) were
calculated as the energy differences between the neutrals and the anions both at the
anionic geometries. The theoretical adiabatic detachment energies (ADEs) were
calculated as the energy differences between the neutrals and the anions with the neutrals
relaxed to the nearest local minima using the geometries of the anions as initial structures.
All the relative energies and theoretical ADEs have been corrected by the zero-point

vibrational energies (ZPE) obtained at the LC-oPBE/6-311++G(d, p) level of theory.



2. Molecular Dynamics Simulation Details

The well-established enhanced sampling MD simulations—the Integrated Tempering
Sampling (ITS),>**"" were performed for the large NaCl(H,0), (n = 7, 8, 9, 10, and 12) clusters.
Briefly, in the ITS simulation, a modified potential energy is obtained from a summation of
Boltzmann factors over a series of temperatures, thus the sampled potential energy range is
largely expanded. In this study, we used 300 discrete temperatures in the range of 70-270 K. The
three-point-charge SPC/ES'> model for water molecules and the popular ion parameters, ions08,5"
for Na" and CI” ions were utilized. All the simulations employed an integral time step of 0.5 fs.
The temperatures were maintained at 200 K during the simulations, by using Langevin
dynamics®'* with a collision frequency of 1 ps”. All the simulations were performed in vacuum
using a non-periodic boundary condition where the non-bonded interactions are only
Lennard-Jones and Coulomb interactions. To assure the intra-cluster interactions to be fully
calculated, non-bonding interaction cutoffs used in simulations was 15 A. All the simulations
were conducted with the SANDER module of AMBER9.0 software package.""

To obtain the thermodynamic properties of the clusters, we run MD simulation with the
biased potential function U’(r) = U+f(U) at equilibrium in the ITS simulation.>'® This will yield a
distribution function over the configuration space,

p(r)=e"/Q" (1)
where B=1/k,T , ks being the Boltzmann constant, T being the temperature, and
O'= j e ”"dr. In the simulation, U'(r) is a known function of U(r), thus the distribution
function with original (unbiased) potential p(r) can be recovered from p'(r) as:

e AU -AlUM-U)] e—ﬂ[U(r)—U'(r)]Qv

_pum € .
pr) =———=e"x————=p'(r)
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3. Population Analyses of the CIP and SSIP Structures in NaCIl(H,O), (n =8, 9, 10,
and 12) Clusters
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Figure S1. The Na—Cl distance distribution of different clusters at a series of selected temperatures

obtained from ITS simulation trajectories.

Figure S1 presents the distribution functions of Na—Cl distance as a function of temperature
obtained from the ITS simulation trajectories. It can be seen that the Na—Cl distance in
NaCl(H,0)g remains constant (about 2.8 A, corresponding to CIP) in the temperature range of
100-250 K. Two features with the Na—Cl distance being ~2.8 (CIP) and ~4.2 A (SSIP) were
observed for NaCl(H,O), at 100 K. However, when the temperature increases from 100 to 250 K,
the SSIP features gradually disappears, indicating that the SSIP structures are not stable
compared to the CIP structures at high temperature. For n = 10, there is nearly no CIP features at
100 K, and the Na—Cl distance for the SSIP features increases to ~4.8 A. As the temperature
increases, the probability of the SSIP features decreases while that of the CIP features increases.
However, there is still population of SSIP features even at 250 K, except that the features become
broader and shift slightly to the shorter Na—Cl distance. For NaCI(H,O);,, the SSIP features are
much more prominent over the CIP features at the temperature range of 100-200 K, and the

populations of the two features become comparable at 250 K. Besides, the SSIP features become
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broader and shift slightly to the shorter Na—Cl distance at higher temperature, similar as for
NaCl(H,0),o. Overall, it can be seen that the results from the MD simulations at low temperature
are in good agreement with those from the quantum chemical calculations; while at high
temperature, the simulations show that the probability of the SSIP feature becomes smaller and
that of the CIP feature becomes larger, thus showing a strong temperature-dependent fashion

especially for the clusters with 10 and 12 water molecules.
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Figure S2. Photoelectron spectra of NaCl (H,O) measured with 532 nm photons at different
experimental conditions. The change of the relative intensities of X and X’ features shown in (a) and
(b) clearly indicates they come from different isomers.
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Figure S3. Simulated infrared spectra of the most stable structures of NaCl (H,O), (n = 1-6) in the
O-H stretch vibrational range.



-0.945

-0.055

Figure S4. Natural population charge distributions of the most stable structures of the NaCl (H,0), (n
= 0-6) clusters.
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Figure S5. Complete list of optimized isomers of NaCl (H,0), (n = 1-6) at LC-oPBE/6-311++G(d,p)
level. Those reported in the main text are highlighted in green. Relative energies (in eV using
LC-oPBE functional within ZPE correction), theoretical VDEs (in eV, in brackets) and Na—ClI
distances (in A) are indicated.
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Figure S6. Complete list of optimized isomers of NaCl(H,0), (n = 1-6) at LC-oPBE/6-311++G(d,p)
level. Those reported in the main text are highlighted in green. Relative energies (in eV using

LC-®PBE functional within ZPE correction) and Na—Cl distances (in A) are indicated.
14
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Figure S10. Complete list of optimized isomers of NaCl(H,0);o at LC-oPBE/6-311++G(d,p) level.
Those reported in the main text are highlighted in green. Relative energies (in eV using LC-oPBE
functional within ZPE correction) and Na—Cl distances (in A) are indicated.
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