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Beryllium acquiring an extra electron becomes ‘boron’
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Background
The concept of electronic transmutation states “that an element, by acquiring an extra

electron, begins to have the chemical bonding and geometric structure properties of

compounds composed of neighboring elements.”[1]

Beryllium and boron are neighbors on the Periodic Table, however, they are two very

different elements. Comparatively, the most stable Be5 structure has been computationally

determined to be in the singlet spin-state with a trigonal bipyramid (D3h) geometry (a) [2].

On the other hand, the structure for B5 has been determined to be most stable in the

doublet spin-state with a pentagonal (C2v) geometry (b).

Now the question is, can electronic transmutation transform “a” to be electronically and 

structurally similar to “b”?

Results
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Computational details
The global minimum search of the Li5Be5 molecule was performed using the Coalescence 

Kick program written by Averkiev [3]. The PBE1PBE/3-21G level of theory was used to per-

form these calculations. Reoptimization and frequency calculations were performed at the 

PBE1PBE/6-311++G** level of theory for the lowest energy isomers (ΔE< 20 kcal ∙ mol-1). 

Chemical bonding analysis at the PBE1PBE/6-311G level was performed on the lowest 

energy species using AdNDP [4]. All calculations were computed by Gaussian 09. Molecular 

orbital visualization was conducted using Molekel 5.0.4.8 and molecular structures were 

visualized using MOLDEN 3.4 .

Conclusion
The concept of electronic transmutation probably has you thinking that it sounds quite a bit 

like alchemy right now. True, alchemist did attempt chemical transmutation, but that 

concept is now known to be impossible. However, in the 20th century scientists did discover 

nuclear transmutation. So now, in the 21st century, why not consider the concept of 

electronic transmutation?

In this presentation, the findings have shown that addition of five electrons to Be5 can 

cause it to transform from its original D3h symmetry to a pseudo-C2v symmetry, which is 

similar to the C2v symmetry of B5. However, for those who need additional evidence or 

would like to no more. Please, visit the links in the further information section. There you 

will also see additional electronic transmutations of the Boldeyrev group, such as: boron to 

‘carbon’, aluminum to ‘carbon’, phosphorous to ‘sulfur’, nitrogen to ‘oxygen’, and silicon to 

‘phosphorous’. Plus, experimental confirmation of electronic transmutation.
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Addition of five lithium atoms to the original Be5 cluster resulted in a one electron gain per 

beryllium atom. This change in Be5's electronic properties also caused a structural 

transformation, which altered it to resemble that of the B5 cluster.

Evidence of this transformation is: 

• That the trigonal bipyramid of Be5 adopted a pseudo-C2v symmetry of Li5Be5 through the 

transfer of electrons from five lithium atoms (Fig 2). 

• Both structures exhibit five, two center two electron (2c-2e) bonds. Occupation number 

(ON) for B5 was 1.89-1.97, while Li5Be5 had an ON=1.54-1.70 (Fig. 3).

• Comparison of three center bonding revealed that both structure demonstrated similar 

3c-1e bonds; ON = 0.86-0.94 and 0.81-0.89 for B5 and Li5Be5, respectively (Fig. 4).

• That evaluation of 5c-2e bonding in Li5Be5 (ON = 1.88) revealed a similar π-bonding 

scheme as observed in B5 (ON = 2.00) (Fig. 3).

5c-2e ON=2.00 |e|

5c-2e ON=1.88 |e|

5 x 2c-2e ON=1.89-1.97 |e| 3c-1αe ON=0.94 |e|

a) b)

Figure 1: a) Most stable Be5 structure, and b) most stable 

B5 structure

Figure 2: Donation of five electrons from five lithium (brown) caused the trigonal 

bipyramid structure of Be5 (green) (a) to transform in to the pseudo-C2v symmetry of 

Li5Be5 (b). 

Figure 5: Two different view points of the structures and 

results of the 2c-2e AdNDP localization for a) B5 (C2V) and b) 

Li5Be5 (pseudo-C2V).

Figure 4: Structures and results of the 3c-1e AdNDP localization for a) B5 (C2V) 

and b) Li5Be5 (pseudo-C2V).

Further information
Additional articles on electronic transmutation available at 

http://ion.chem.usu.edu/~boldyrev/public.php

Additional information about me and my research at 

http://ion.chem.usu.edu/~boldyrev/katie.html
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Figure 3: Structures and results of the 2c-2e 

AdNDP localization for a) B5 (C2V) and b) 

Li5Be5 (pseudo-C2V). 
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3c-1αe ON=0.81 |e|

3c-1αe ON=0.94 |e|3c-1βe ON=0.86 |e|

3c-1βe ON=0.81 |e| 3c-1αe ON=0.89 |e|


