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ABSTRACT 

 Microhydrated closo-Boranes have attracted great interests due to their superchaotropic 

activity related to well-known Hofmeister effect and important applications in biomedical and 

battery fields. In this work, we report a combined negative ion photoelectron spectroscopy and 

quantum chemical investigation on hydrated closo-decaborate clusters [B10H10]2−·nH2O (n = 1 – 7) 

with a direct comparison to their analogues [B12H12]2−·nH2O and free water clusters. A single H2O 

molecule is found sufficient to stabilize the intrinsically unstable [B10H10]2− dianion. The first two 

water molecules strongly interact with the solute forming B-H···H-O dihydrogen bonds while 

additional water molecules show substantially reduced binding energies. Unlike [B12H12]2−·nH2O 

possessing highly structured water network with the attached H2O molecules arranged in a unified 

pattern by maximizing B-H···H-O dihydrogen bonding, distinct structural arrangements of the 

water clusters within [B10H10]2–·nH2O are achieved with the water cluster networks from trimer to 

heptamer resembling free water clusters. Such a distinct difference arises from the variations in 

size, symmetry, and charge distributions between these two dianions. The present finding again 

confirms the structural diversity of hydrogen-bonding networks in microhydrated closo-boranes 

and enrich our understanding of aqueous borate chemistry. 
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INTRODUCTION 

 closo-Boranes are well known for their broad applications in areas including boron-based 

neutron capture therapy and solid-state batteries1-8 and have thus attracted numerous research 

interests. A variety of closo-polyhedral borate dianions [BnXn]2– with broad variations in vertex 

number n = 6‒12 and ligand X = H, CN, or halogens, have been investigated, revealing substantial 

differences in their electronic structures, bonding properties, stability and reactivity.9-15 Moreover, 

these dianions are classified as superchaotropic ions beyond the traditional Hofmeister scale,16-17 

exhibiting solute specificity18-20 in electrolyte solutions and cross membrane transport. Therefore, 

their interactions with surrounding solvent molecules are an interesting topic to investigate, which 

is, however, much less studied. One effective approach to investigate such a topic is utilizing 

negative ion photoelectron spectroscopy (NIPES) on corresponding microsolvated clusters, which 

has been done for various Hofmeister ions.20 To date, this has only been carried out for hydrated 

[B12H12]2– dianions and its halogenated derivatives,21-22 and the complexes of [B12H12]2– binding 

to acetonitrile molecules23 in the entire family of closo-borate dianions. No study on its closest 

analogue, i.e., closo-decahydroborate [B10H10]2–, whose physiochemical properties and 

interactions with surrounding solvents could be noticeably varied due to its smaller size, lower 

symmetry, nonuniform charge distribution and reduced polarizability,24 has been carried out yet.      

 For the [B12H12]2– dianion, the water molecules attached have been identified to form a 

highly structured network due to preferrable B-H···H-O dihydrogen bonding.21-22 The forming of 

dihydrogen bond (DHB) is attributed to a unique charge distribution where the H atoms outside of 

the boron core are negatively charged.25 As a close analogue, [B10H10]2–  is the second most stable 

closo-decahydroborates only after [B12H12]2– and among the most investigated hydroborates in the 

chemistry of the condensed phases.26 It has a similar charge distribution with negative charged H 

atoms and a comparable size27-28 in regard to [B12H12]2–, a fact that would incline to a conclusion 

that [B10H10]2– may result in a similar solvation pattern and interactions with solvent molecules. 

On the other hand, substantial differences have been observed between these two dianions in the 

context of not only distinct electronic structures28 but also different properties that guide their 

metabolic pathways.29-30 Moreover, multiple previous studies have revealed nonuniform charge 

distribution on the ligand hydrogens of [B10H10]2–,27-28 which could affect its interaction with 

surrounding solvent molecules. The microsolvation pattern of the [B10H10]2– dianion and the 

comparison to that of [B12H12]2– are therefore of interest and remain to be explored. 
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 In this work, we provide an answer to this question by a joint NIPES and quantum chemical 

computational study of [B10H10]2–·nH2O (n = 1 – 7) clusters. Although the [B10H10]2– dianion is 

known to be electronically unstable by itself in the gas phase,28 one single H2O molecule is found 

to sufficiently stabilize it albeit barely. The measured NIPE spectra provide key and sensitive 

experimental benchmarks, e.g., vertical detachment energies (VDEs) and the corresponding 

stepwise shifts in VDEs (ΔVDEs) with each of the attached H2O molecules for isomer 

identification.22, 31 Referencing with high-level theoretical calculations, low-lying isomers of 

[B10H10]2–·nH2O complexes are then determined, revealing a different growth pattern in water 

networks organized by [B10H10]2–compared to that of [B12H12]2–·nH2O.22 The configurations of 

H2O clusters within [B10H10]2–·nH2O complexes are also compared with the corresponding well-

studied free H2O clusters.32-36 Herein, we demonstrate that the nonuniform charge distribution in 

[B10H10]2– has significantly altered its solvation pattern with respect to [B12H12]2–. 

           

METHODS 

Negative Ion Photoelectron Spectroscopy 

The NIPES experiments were carried out using a magnetic-bottle time-of-flight (TOF) 

photoelectron spectrometer combined with an electrospray ionization (ESI) source and a 

temperature-controlled cryogenic ion trap, as described elsewhere.37 The microsolvated [B10H10]2– 

cluster anions were generated by electrospraying ~1 mM solutions of its tetrabutylammonium salt 

dissolved in a acetonitrile/water (3:1 v/v) mixture solvent under humidity controlled environment. 

The resulting anions were transported by a radio frequency quadrupole ion guide, and first detected 

by a quadrupole mass spectrometer, during which the ESI conditions were optimized to ensure a 

stable and intense ion cluster beam. A 90˚ bender was used to direct the anions into the cryogenic 

3D ion trap where they were accumulated for 20 – 100 ms and cooled by collisions with a cold 

buffer gas (20% H2 balanced in He) to 20 K, before being pulsed-out into the extraction zone of 

the TOF mass spectrometer for mass analysis at a repetition rate of 10 Hz. Desired complex anions 

were each mass-selected and decelerated before being photodetached by a probe laser beam in the 

interaction zone of the magnetic-bottle photoelectron analyzer. A 157 nm (7.867 eV, Lambda 

Physik CompexPro F2) laser beam, operated at a 20 Hz repetition rate with the anion beam shut 

off on alternating laser shots to afford shot-to-shot background subtraction, was used for 
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photodetachment. The resulting photoelectrons were collected at nearly 100% efficiency in the 

magnetic-bottle and analyzed with a 5.2-m-long electron flight tube. Recorded flight times were 

converted into kinetic energies calibrated using the known spectra of I−/OsCl6
2−.38,39 The electron 

binding energy (EBE) spectra were obtained by subtracting the electron kinetic energies from the 

detachment photon energy with an electron energy resolution (∆E/E) of about 2% (i.e., ~20 meV 

for 1 eV kinetic energy electrons). 

 

Computational Details 

       The lowest-energy structures and corresponding low-lying isomers of [B10H10]2−·nH2O (n = 0 

– 7) clusters were obtained by our home-built HydClus code. Firstly, an iterative sampling strategy 

to generate initial configurations of clusters was performed by genmer code40 and followed by 

subsequent semi-empirical GFN2-xTB41 optimizations using CREST code.42 Single-point (SP) 

energy calculations were performed at the r2SCAN-3c43 level and hundreds to thousands of low-

lying configurations were selected according to their SP energy levels. Secondly, the retained 

configurations of clusters were further optimized at the r2SCAN-3c level, with their SP energies 

refined at the long-range corrected double-hybrid ωB97X-2-D3(BJ)44/ma-def2-TZVPP45 level. 

Dozens to hundreds of low-energy configurations were thus selected accordingly. Thirdly, the 

retained configurations were further optimized at the PBE046-D3(BJ)47/ma-def2-TZVP(-f)45 level, 

followed by their SP energies refined at the ωB97X-2-D3(BJ)/ma-def2-QZVPP45 level. Several to 

dozens of low-lying structures were selected into the final step accordingly. Finally, geometry 

optimizations for selected structures were reperformed using the PBE0-D3(BJ) functional with a 

larger aug-cc-pVTZ48 basis set by Gaussian 16 software.49 Vibrational frequencies were computed 

at the same level to ensure no imaginary frequencies. The VDEs were calculated at the DLPNO-

CCSD(T)50/aug-cc-pVTZ level and obtained as the energy differences between the detached 

monoanions and corresponding dianions based on their dianions’ optimized geometries. All the 

r2SCAN-3c, ωB97X-2-D3(BJ) and DLPNO-CCSD(T) calculations were carried out by ORCA 

5.0.4 software.51 The restrained electrostatic potential (RESP)52 charges of isolated [B10H10]2− were 

obtained using Multiwfn program.53 To reveal the nature of intermolecular interactions between 

[B10H10]2− and water molecule, energy decomposition analysis (EDA) based on symmetry-adapted 
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perturbation theory (SAPT) at the SAPT2+54,55/aug-cc-pVDZ48 level for [B10H10]2−·H2O cluster 

was conducted using PSI4 program.56  

 

RESULTS AND DISCUSSION 

NIPE spectra of [B10H10]2–·nH2O (n = 1 – 7) clusters 

 

Figure 1 Cryogenic (20 K) NIPE spectra of [B10H10]2–·nH2O (n = 1 – 7) clusters recorded at 157 

nm. The noisy spikes with EBEs above 4.5 eV that are due to imperfect background subtraction 

are scaled down by a factor of 0.3 to enhance the sake of clarity while the spectrum of 

[B10H10]2–·7H2O is truncated above 4 eV due to the interference from the [H·B10H10]– ion pair with 

a nearly-identical m/z ratio (see Figure S1 for a complete spectrum). The dashed lines and numbers 

indicate stepwise shifts in EBE.  
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Isolated [B10H10]2– dianion is an unstable fleeting species with a negative EBE and could 

not be detected in the gas phase.28 Upon spraying under mild and humid conditions, a series of its 

hydrates [B10H10]2–·nH2O starting with n = 1 appeared, suggesting that a single water molecule is 

sufficient to stabilize the dianion leading the monohydrate detectable. The NIPE spectra of 

[B10H10]2–·nH2O (n = 1 – 7) clusters were measured with 157 nm incident photons (Figure 1), 

displaying 4-5 resolved broad bands spanning over 4 eV range with similar spectral patterns, while 

stepwise shifted to higher EBE with each additional H2O molecule attached. The [B10H10]2–·H2O 

complex exhibits a VDE of 0.19 eV and a slightly negative (-0.05 eV) adiabatic detachment energy 

(ADE) estimated from the onset threshold of the first band, followed by a series of spectral bands 

up to an EBE of 4.5 eV (Figure 1 and Table 1). All higher EBE features are suppressed due to the 

existence of a repulsive Coulomb barrier, which is a characteristic phenomenon in photodetaching 

multiply charged anions.57,58 Due to the instability of isolated [B10H10]2– dianion, its experimental 

VDE is unavailable. Computed with the high-level DLPNO-CCSD(T) method, it possesses a VDE 

of -0.17 eV which is identical to the CCSD(T)-calculated one in a previous work.28 Thus the 

‘experimental’ ΔVDE upon addition of the first H2O molecule is estimated to be 0.36 eV, which is 

comparable to that of 0.35 eV based on the same level of calculations (Table 1) and larger than the 

corresponding ΔVDE =  0.31 eV for the [B12H12]2– dianion.22 With the second H2O molecule added, 

VDE of [B10H10]2–·2H2O is further shifted to 0.51 eV, with a ΔVDE of 0.32 eV which is also larger 

than the corresponding value for [B12H12]2– (0.27 eV). A substantially smaller ΔVDE of 0.21 eV 

is then observed for the [B10H10]2–·3H2O cluster, when the observed ΔVDE reaches a “plateau” 

and remains similar for larger clusters, i.e., 0.20, 0.17, 0.18, and 0.16 eV for those with 4 to 7 water 

molecules attached, respectively (Table 1 and Figure 2). It should be pointed out that the presented 

spectrum for [B10H10]2–·7H2O is truncated at an EBE of 4 eV since it suffers strong interference 

from the [H·B10H10]– ion pair with a similar m/z ratio. Nevertheless, the low EBE range is free 

from interference (Figure S1) and we are still able to determine a precise VDE for the 

[B10H10]2–·7H2O complex. 

Assuming the VDE of isolated [B10H10]2– dianion as the computed value of -0.17 eV, the 

total shift in VDE with first six H2O molecules added is 1.44 eV for [B10H10]2– compared to that 

of 1.38 eV for [B12H12]2–,22 indicating similar strengths in ion-solvent interactions between these 

two dianions. The slightly stronger interaction strengths of [B10H10]2– with solvent water molecules, 

particularly for the first two water, qualitatively agrees with its smaller size and thus more negative 
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charge density (vide infra). Figure S2 compares the ΔVDE trend between these two dianions. For 

[B12H12]2–, the first five H2O molecules are found forming a highly structured pattern whereas the 

sixth H2O molecule separately attaches to the other side of the [B12H12]2– core, all driven by 

maximizing B-H···H-O DHB interactions. Accordingly, the observed ΔVDE exhibits a gradually 

descending trend for clusters with first five H2O molecules attached and a noticeable increase for 

the [B12H12]2–·6H2O complex (Figure S2).22 In contrast, there is not a bounce in ΔVDE observed 

for the [B10H10]2– dianion, even with the seventh H2O molecule attached (Figure 2). While 

[B10H10]2– exhibits stronger interactions with water than [B12H12]2– does for the first two H2O 

molecules, the situation is reversed for the larger clusters (n = 3 – 6) where ΔVDEs of [B12H12]2– 

overtake those of [B10H10]2– except for n = 5, resulting in an overall weaker accumulative 

interaction for the latter in the range of n = 3 – 6. Unlike [B12H12]2– with a high Ih symmetry and a 

uniform charge distribution, the [B10H10]2– dianion adopts a D4d symmetry and is known to possess 

two different types of B atoms (axial and equatorial) and distinctively two different charge 

distributions over the corresponding B-H bonds.28 The different ΔVDE revolution pattern observed 

in [B10H10]2– does indicate a different solvation mechanism compared to that of [B12H12]2–. To shed 

light on these differences, quantum chemical calculations have been carried out to reveal the 

solvation mechanism of [B10H10]2–.        

 

Table 1. Comparisons of experimental (expt., eV) and DLPNO-CCSD(T)-calculated (calc., eV) 

VDEs and stepwise shifts in VDEs (ΔVDEs) of [B10H10]2–·nH2O (n = 1 – 7) clusters.  

n = expt. VDE expt. ΔVDE calc. VDE calc. ΔVDE 
0 –  -0.17  
1 0.19 0.36a 0.18 0.35 
2 0.51 0.32 0.49 0.31 
3 0.72 0.21 0.67 0.19 
4 0.92 0.20 0.87 0.20 
5 1.09 0.17 1.08 0.21 
6 1.27 0.18 1.28 0.20 
7 1.43 0.16 1.47 0.19 

 

a Obtained by subtracting the calculated VDE of [B10H10]2– (-0.17 eV) from the experimental VDE 
of [B10H10]2–·H2O (0.19 eV). 
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Figure 2. Experimental (expt., red) and DLPNO-CCSD(T)-calculated (blue - iso 1, green - iso 2, 

and pink - iso 3) VDEs (a) and ΔVDEs (b) of [B10H10]2–·nH2O (n = 1 – 7). 

 

Optimized low-lying structures and calculated VDEs / ΔVDEs  

 The optimized isolated [B10H10]2– dianion adopts a D4d symmetry with two tetrahedral 

pyramidal units stacking together at a rotated angle of 45° (Figure 3). Two B atoms sit along the 

long axis (axial Bax), each bonded to four equatorial ones (Beq) at 1.699 Å, while eight B atoms 

form an equatorial bell, each fivefold bonded to its neighboring B atoms. The bond length between 

adjacent equatorial B atoms within the same pyramid, i.e., B7-B8, is 1.830 Å, while that of the two 

B atoms from different pyramids, i.e., B4-B9, is slightly shorter at 1.811 Å. Though minor 

differences observed in B-H bond lengths between those at axial and equatorial positions (1.203 

Å for axial and 1.208 Å for equatorial), these two types of H atoms carry substantially different 

amounts of negative charges (Figure 3). Each of the two axial B atoms with a 4-inner cluster 

connectivity possesses slightly negative charge of -0.178 based on the RESP charge analysis and 

the corresponding axial H atom also negatively charged at -0.193. In contrast, each equatorial B 

atom with 5 inner cluster connectivity is positively charged (+0.089), rendering the H atom it 

connected to with more negative charge (-0.246), which is ~30% more negative than those at the 

axial position. Each equatorial H atom in [B10H10]2– also holds more negative charges than that in 

[B12H12]2– (computed as -0.228 per each at the same level of theory, Figure S3). These partial 

negative charges on the H atoms make them ideal hydrogen bond acceptors to form DHBs with 
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H2O molecules, as shown in the previous studies on microsolvated [B12H12]2–.21,22 Based on the 

DLPNO-CCSD(T) calculations, the [B10H10]2– dianion is unstable with a negative VDE of -0.17 

eV (Table 1), consistent with the fact that it could not be experimentally observed.  

 

 

Figure 3. Optimized lowest-lying structures of [B10H10]2–·nH2O (n = 0 – 7) clusters. The numbers 

on isolated [B10H10]2– indicate the atomic labels in this work. The bond lengths (Å, black) and 

RESP charges (e, blue for B and red for H) of isolated [B10H10]2– are also listed. 

 

 Since more negative charges populate at the equatorially positioned H ligands, the first 

H2O molecule is expected to attach to equatorial B-Hs via forming a bidentate DHB. The most 

stable monohydrate features a H2O molecule bound to two adjacent equatorial B-H bonds within 

the same pyramid and possesses a calculated VDE of 0.18 eV, in excellent agreement with the 

experimentally measured value of 0.19 eV. Taking the computed VDE of -0.17 eV for the isolated 

[B10H10]2–, the calculated VDE shift induced by the first water is ΔVDE = 0.35 eV, compared well 

to the experimental value of 0.36 eV (Table 1), both noticeably larger than the corresponding 

experimental ΔVDE = 0.31 eV for [B12H12]2–.22 Accordingly, the 1st water binding energy 

computed at the SAPT2+/aug-cc-pVDZ level amounts to 15.79 kcal/mol, also being higher than 

that of 14.31 kcal/mol for [B12H12]2–·H2O, which is mainly attributed to the enhanced electrostatic 
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interaction based on energy decomposition analysis (Figure S4). Such a difference parallels with 

the predicted slightly more negative charge on the equatorial H atoms in [B10H10]2–. The second 

lowest-lying isomer (isomer 2) of [B10H10]2–·H2O with the H2O molecule bridging one Beq-H and 

its adjacent Bax-H bond (Figure S5) is 0.35 kcal/mol higher in energy and has a higher computed 

VDE of 0.20 eV (Table S1). A third isomer (isomer 3) with the H2O bound to two Beq-H groups 

but in different pyramid is also located with an even higher relative energy of 0.61 kcal/mol and a 

smaller calculated VDE of 0.17 eV.  

With the first H2O molecule attached to B2-H and B3-H (two equatorial B-H in the same 

pyramid), the second H2O molecule is found to bind to the first H2O and another B-H group. Two 

nearly isoenergic isomers are identified for the [B10H10]2–·2H2O complex (Figure 3 and S5), where 

isomer 1 with the 2nd H2O attached to another equatorial B7-H is only 0.01 kcal/mol more stable 

compared to isomer 2, in which the 2nd water is attached to the axial B1-H. They also possess an 

identical calculated VDE 0.49 eV. Isomer 3 of the dihydrate evolves from isomer 2 of the 

monohydrate with the 1st H2O molecule attached to B3-H (equatorial) and B1-H (axial), the 2nd 

H2O located at B2-H (equatorial in the same pyramid) and binding to the 1st H2O molecule and is 

0.78 kcal/mol higher in energy. With more H2O molecules added, the competition between 

dihydrogen bonding (H2O vs. [B10H10]2–) and conventional hydrogen bonding (H2O vs. H2O) 

appears. The newly attached H2O molecule tends to use one H atom to form DHB with the 

[B10H10]2– dianion whereas also interacting with other H2O molecules, forming hydrogen bonded 

H2O network (Figure 3). The calculated VDEs based on the three lowest-lying isomers all follow 

the experimental VDE trend well (Figure 2a) and seems to suggest that VDE is a less sensitive 

experimental benchmark for distinguishing different isomers. However, the differential of VDE, 

i.e., ΔVDE(n) = VDE(n) – VDE(n-1) amplifies the subtle VDE differences between different 

isomers and, to a large degree, can cancel systematic errors in both measurements and calculations. 

As shown in Figure 2b, the calculated ΔVDEs based on the lowest-lying isomer 1 of each of the 

hydrated complexes exhibit substantially better agreements with the experimental ΔVDEs than 

those based on the next two isomers, indicating the dominant presence of the most stable isomers 

in our experiments. Moreover, it demonstrates that ΔVDE is a much more sensitive parameter 

being capable to distinguish various isomers. 
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Figure 4. Schematic diagram for direct comparisons of the lowest-lying [B10H10]2–·nH2O and 

[B12H12]2–·nH2O (n = 1 – 6) conformations. The H2O molecule in gold color represents the one 

newly attached. 

 

Comparing [B10H10]2– vs [B12H12]2– microsolvation 

  It is fascinating to examine and compare the initial hydration process of [B10H10]2– against 

that of [B12H12]2– as both dianions are highly analogous while possess distinct differences in cluster 

size, symmetry, and charge distribution. Our previous study on microsolvated [B12H12]2–revealed 

that the attached waters evolve into a unique, highly structured water network driven by 

maximizing the solute-solvent B-H···H-O DHB interaction, with the water pentamer being 

arranged in a nearly planar cyclic pattern while the 6th H2O attaching from the other side of the 

[B12H12]2– core.22 As shown in Figure 4, the binding motifs for the first two H2O molecules with 

these two dianions are identical. Specifically, the 1st water forms a bidentate B-H···H-O DHB with 

the solutes albeit in the equatorial position for decaborate, and the 2nd H2O forms one O···H-O HB 

with the first H2O and one B-H···H-O DHB with the borate. The contrast solvation pattern between 

these two borates appears starting at n ≥ 3. Different from [B12H12]2–·3H2O, in which the 3rd H2O 

simultaneously interacts with the two previously attached water, significant water molecule 

rearrangement in [B10H10]2–·3H2O appears by forming a three-membered water ring, a morphology 

similar to the free water trimer (Figure S6). A similar trend is observed for the [B10H10]2–·4H2O 

complex in which a four-membered water ring is formed instead of an open-loop network as seen 

in [B12H12]2–·4H2O. While the 5th attached H2O molecule constructs a closed-loop H2O ring in 
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[B12H12]2–·5H2O, the [B10H10]2–·5H2O complex has this molecule attached from outside of the 

four-membered ring formed in the previous complex. The next H2O molecule also attaches outside 

of the ring just next to the 5th one, forming a “book” water conformation. Such a pattern is also 

different from that of [B12H12]2–·6H2O with the newly added H2O molecule attaching from the 

opposite side of the [B12H12]2– core, which is still not seen for [B10H10]2–·7H2O. These distinct 

differences in the context of the water network seen from trihydrate to hexahydrate vividly 

illustrate the solvation tunability brough upon by the subtle molecular property variations (e.g., 

size and charge distribution) between these two borate dianions. 

Interestingly, the patterns of water networks in  [B10H10]2–·nH2O resemble those of isolated 

water clusters, i.e., all adopting nearly identical cyclic patterns for n = 3 and 4 (Figure 3 and S6).32 

Isolated water pentamer is known to form a five-membered ring with each H2O molecule hydrogen 

bonded to each other,32 whereas the H2O molecules in [B10H10]2–·5H2O form a four-membered 

ring with an extra one staying aside (Figure 3). A similar structure for the isolated (H2O)5 cluster 

was found to be only slightly higher in energy compared to the five-membered cyclic one and was 

detected in an infrared spectroscopic measurement33 (Figure S6). Likewise, for the lowest energy 

isomer of [B10H10]2–·nH2O (n = 6, 7), each contains a water network that is known in isolated water 

hexamer and heptamer. Specifically, the water cluster in [B10H10]2–·6H2O adopts a “book” 

conformation, calculated to be 0.74/0.49 kcal/mol higher in energy than the prism/cage 

configuration in the free (H2O)6 cluster, in line with multiple previous studies32-36 showing similar 

energetic predictions. The “chair” conformation in [B10H10]2–·7H2O also corresponds to a higher 

energy isomer for the isolated (H2O)7 cluster (Figure S6).36 These higher energy water 

conformations benefit from the fairly strong intermolecular interactions with the [B10H10]2– dianion, 

becoming dominant in the [B10H10]2–·nH2O clusters.  

 

CONCLUSIONS 

 In conclusion, microsolvated [B10H10]2– clusters were investigated via a combined NIPES 

and theoretical study, particularly with respect to its analogues [B12H12]2–. Although the isolated 

[B10H10]2– dianion is unstable by itself in the gas phase, a single H2O molecule is sufficient to make 

it stable enough to be detected. The recorded NIPE spectra of [B10H10]2–·nH2O (n = 1-7) provide 

precise VDEs and ΔVDEs of the hydrate clusters with each of H2O molecules added. The trend in 
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ΔVDE, when compared to that of [B12H12]2–·nH2O, indicates a distinctly different solvation 

mechanism. By referencing with high-level quantum chemical calculations, the lowest-lying 

isomer for each hydrate is identified, revealing the water networks in [B10H10]2–·nH2O (n = 3 – 7) 

contain morphologies similar to those found in the corresponding isolated (H2O)n clusters albeit 

not being always the lowest-lying ones. This contrasts to the situation previously determined for 

[B12H12]2–·nH2O, where the water molecules were arranged into highly structured cyclic networks 

by the [B12H12]2– core. This distinct difference observed in solvation mechanism between these 

two fairly similar closo-borate dianions is unexpected, exhibiting how sensitive the role of size 

and charge distribution is in organizing surrounding water networks. Lastly, the present findings 

once again demonstrate the structural diversity of hydrogen bonding-driven water networks in 

microhydrated boranes, and strengthen the molecular-level understanding of solute–solvent 

interactions for aqueous borate chemistry. 
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