Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2016

Noble Gas Supported B;" Cluster: Formation of
Strong Covalent Noble Gas-Boron Bonds

Ranajit Saha,' Sudip Pan,! Subhajit Mandal,! Mesias Orozco,> Gabriel Merino*-? and Pratim K.
Chattaraj*!

!Department of Chemistry and Centre for Theoretical Studies,
Indian Institute of Technology, Kharagpur, 721302, India

’Departamento de Fisica Aplicada, Centro de Investigacion y de Estudios
Avanzados Unidad Mérida. km 6 Antigua carretera a Progreso. Apdo. Postal 73,
Cordemex, 97310, Mérida, Yuc., Meéxico

* Corresponding authors: gmerino@cinvestav.mx (GM),

pkc@chem.iitkgp.ernet.in (PKC)

SUPPORTING INFORMATIONS


mailto:gmerino@cinvestav.mx
mailto:pkc@chem.iitkgp.ernet.in

(b)

Fig. 1-SI Contour plots of (a) electron density and (b) Laplacian of the electron density (V2p(r))
of B;Ng3;™ (Ng = He, Ne) clusters at the MP2/def2-TZVP/WTBS level. (Black solid lines in (a)
shows p(r) contours; blue solid lines and magenta dashed lines in (b) show the region with
V2p(r) > 0 and region with V2p(r) < 0 respectively)
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Fig. 2-SI. Plots of deformation densities, Ap(r), of the pair-wise orbital interactions in of B;Ng3*
(Ng = He, Ne) clusters at the revPBE-D3/TZ2P//MP2/def2-TZVP level. The associated orbital
interaction energies are given in kcal/mol. The colour code of the charge flow is red—blue.

Table 1-SI. Average ZPE corrected dissociation energy (Dy, kcal/mol) of Ng-B bond, for the
dissociation process: B;Ng;™ 7 B;Ng,” + 3Ng, Ng-B and B-B bond distances (r, A) in B3Ng;* at
the CCSD(T)/def2-TZVP and MP2/def2-TZVP level, deviation (%) in bond length from the
CCSD(T)/def2-TZVP.

BiNgs"  D(“*? DM IngBC  IneBM  %devnes® ¢ rpgM  %devp g®
1.598 1.603  0.314
He 0.1 0.1 2.751  2.728 0.8 1.596 1.601 0.313
Ne 0.9 1.1 2464 2.348 4.7 1.590 1.590  0.000
Ar (1132'30) 15.1 2011 1.979 1.6 1.552 1.540  0.773
Kr 18.6 21.5 2123 2.092 1.5 1.553 1.551 0.102
Xe 25.9 29.5 2272 2240 1.4 1.556 1.555  0.064
Rn 30.6 34.8 2354 2319 1.5 1.558 1.557  0.064
In the superscript ‘C’ and M stands for the CCSD(T) and MP2 level respectively; @ the ZPE
r& oM
correction is taken from the MP2 level; ® %dev = rt X 100; © for only B;Ar;* complex the

ZPE correction at the CCSD(T) level is included.



Table 2-SI. ZPE corrected dissociation energy (Do, kcal/mol) of Ng-B bonds, enthalpy change
(AH, kcal/mol), and free energy change (AG, kcal/mol) at 298 K for the dissociation process
BsNg;* 7 B3;Ng,* + 3Ng at the MP2/def2-TZVP, MP2/def2-QZVP and MP2/CBS levels,
HOMO-LUMO energy gap (AEq.1, €V) , NPA charge at B and Ng centres (q, au), Wiberg bond
indices of Ng-B and B-B bonds (WBI), Ng-B and B-B bond distances (r. A) in B;Ngs* at the
MP2/def2-TZVP level.

Complex Doa AH AG AEH_L ds qNg WB INg-B WBIB_B rNg-B I's.B cov

TB-Ng
b

B;Hes*  (0.4) (0.1) (-10.6) 8.62 0.32 0.01 0.02 1.56 2728 1.601 1.120

0.5) {03} {-11.7}
[0.6] [0.4] [-11.9]

BsNe; 34) ((3.3) (-12.1) 9.17 030 0.04 0.06 1.56 2348 1.590 1.420

3.4} {34 {-12.8
[3.4] [3.4] [-12.8]

ayvalues in first, second and third braces represents results at the MP2/def2-TZVP, MP2/def2-

cov
QZVP and MP2/CBS levels respectively. "B-Ng is calculated by taking summation of the
covalent radii given in reference 36.

Table 3-SI. ZPE corrected successive dissociation energy (DoBSSE, kcal/mol) of M-Ng bonds,
enthalpy change (AH, kcal/mol) at 298 K, free energy change (AG, kcal/mol) for the respective
dissociation process at 298 K, NPA charges on B and Ng centres (q, au), Wiberg bond indices of
Ng-B (WBI) of their respective mother moiety at the MP2/def2-TZVP level.

Ng B3Ngs*® ™ B3;Ng," + Ng B;Ng,* —B;3;Ng* + Ng B;Ng" ™ B3* + Ng

D)), AH'  AG! D AH? AG® q aqu WBI D AH' AG®  q5°  que  WBI
He 0.1 0.0 4.1 0.0 0.0 -3.5 032 0.01 0.02 0.0 0.0 -2.9 0.32 0.01 0.02
Ne 04 1.0 47 0.5 1.1 -3.0 0.28 0.05 0.08 -0.2 1.3 -4.5 0.22 0.11 0.01

afor the NPA charges on B and Ng centres (q, au), Wiberg bond indices of Ng-B (WBI) of
B;Ng;* see Table 2; °qp is the charge of that boron atom which is bonded to Ng-atom; The
superscript 1, 2 and 3 denote the first, second and third dissociation process.



Table 4-S1. Electron density descriptors (au) at the bond critical points (r.) in between Ng and B
atoms in B;Ng;" (Ng = He, Ne) obtained from the wave functions generated at the MP2/def2-
TZVP/WTBS//MP2/def2-TZVP level. (All electron WTBS basis set is used only for Xe and Rn).

Complex p(t) V) G(r) Vp(r)  H(r)
B;Hes*  0.004 0.016 0.003 -0.002  0.001
BiNes"  0.016 0.048 0.012 -0.012  0.000

Table 5-SI. EDA results of the B;Ng;™ (Ng = He, Ne) complexes considering Ng as one
fragment and B;Ng," as another fragment at the revPBE-D3/TZ2P// MP2/def2-TZVP level. All
energy terms are in kcal/mol.

Complexs AFPauli AREclstat AEorb AEdisp AEint AE° AFrest

BiHe;* 0.6  -0.1(9.8) -09(643) -04(259) -08 -09(92.6) -0.1
B;Ne;t 59 2.1(259) -5.6(67.6) -05(64) -24 -46(833) -0.9

Table 6-SI. The optimized structural parameters computed for B3Ng,” and B;Ng* at the
MP2/def2/TZVP level.
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2.034
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2.269

1.602
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60.03
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61.29
61.38
61.40
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