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Table S1 Cartesian coordinates of Be clusters under analysis.

Table S2 Cartesian coordinates of Na clusters under analysis.

Table S3 Valence orbital energies (in a.u.) of Na and Be jellium clusters under analysis.
Energy decreases from E; to E-.

Table S4 Full computational details.

Fig. S1 Atomization energies per atom (in eV) of the neutral Na, clusters with n =2 —20
(in black). Sodium clusters that follow the open-shell jellium model in red; closed-shell

clusters obeying the jellium model in green; the rest in black.
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Table S1 Cartesian coordinates of Be clusters under analysis.
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Table S2 Cartesian coordinates of Na clusters under analysis.
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Table S3 Valence orbital energies (in a.u.) of Na and Be jellium clusters under analysis.
Energy decreases from E; to E-.

Spin E, E, E; Eq Es Eq E,
Nas 32 -0.112 -0.112 -0.128

Naj; 52 -0.106 -0.106 -0.106 -0.106 -0.106

Najy 12 -0.102

Be;'  3/2 -0391 -0.437 -0.437

Bec! 52 0.015 -0.009 -0.017 -0.017 -0.038

Be;! 52 -0362 -0.362 -0.369 -0.392 -0.392

Beys! 172 -0.044

Bet! 12 -0.346

Beiy! 72 -0.047 -0.047 -0.047 -0.047 -0.047 -0.047 -0.047
Bei! 72 -0319 -0340 -0.343 -0.350 -0.356 -0.365 -0.372
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Table S4 Full computational details.

Geometry optimizations without symmetry constraints and calculations of MCI and
NICS(0) indices were performed with the Gaussian 09°* and ESI-3D%*-37 packages of
programs at the B3LYP/6-31G* level of theory.’®3° Characterization of the stationary
points was carried out by analytical frequency calculations. All presented geometries are
minima. In all cases, we report the most stable minima found for each cluster. Although
we tried different initial molecular structures for the optimization of each cluster, we can
not fully guarantee that the minima found are the global minima. NICS(0) values have
been computed through the gauge-including atomic orbital method (GIAO) implemented
in Gaussian 09. The magnetic shielding tensor has been calculated for ghost atoms located
at the atomic cluster centers determined by the non-weighted mean of the heavy atoms
coordinates. Both NICS(0),, and MCI have been calculated as the average of all three-
member rings of the clusters. The atomization energy per atom has been calculated as the
energy corresponding to these reactions: [Na], — nNa or [Be], — nBe. In case or anionic
or cationic clusters, the atomic energy of Be- or Be™ has been considered. On the other
hand, the bond length alternation (BLA) is calculated as the difference between the
longest and shortest bond length between two connected atoms in a cluster.

34 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone,
B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J. Bloino, G.
Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E.
Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant,
S. S. lyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo,
J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L.
Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels,
O. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski and D. J. Fox, Gaussian 09, Revision A.02; Gaussian, Inc.:
Pittsburgh, PA, 2009.

35 E. Matito, ESI-3D: Electron Sharing Indexes Program for 3D Molecular Space Partitioning.
http://iqc.udg.es/~eduard/ESI; Institute of Computational Chemistry: Girona, 2006.

36 E. Matito, M. Duran and M. Sola, J. Chem. Phys., 2005, 122, 014109.

37 E. Matito, M. Sola, P. Salvador and M. Duran, Faraday Discuss., 2007, 135, 325-345.

38 A.D. Becke, J. Chem. Phys., 1993, 98, 5648-5652.
39 C. Lee, W. Yang and R. G. Parr, Phys. Rev. B, 1988, 37, 785-789.
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Fig. S1 Atomization energies per atom (in eV) of the neutral Na,, clusters withn=2 —20
(in black). Sodium clusters that follow the open-shell jellium model in red; closed-shell

clusters obeying the jellium model in green; the rest in black.
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