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 For thousands of years, alchemists attempted to transform lead and other inferior metals 
into those of higher quality such as gold and silver.  Of course, it is now known that this process 
would require nuclear reactions which, at least as of yet, cannot be facilitated by chemistry alone.  
Nonetheless, there is evidence in current literature showing that some elements can be coerced into 
assuming the behavior of others through electronic transmutation (ET).1, 2  While this is by no 
means actual alchemy, ET is capable of stabilizing novel compounds which exhibit unique 
characteristics and may be utilized in the future for the design of advanced materials. 
 Originally proposed in 2012 by Jared Olson and Alexander Boldyrev,1 ET occurs when a 
donor atom sacrifices one of its electrons to a neighboring element of atomic number Z which, 
thereby, starts to exhibit the properties of an element with atomic number Z+1.2  Consequently, 
Group 13 elements, which normally possess an electron configuration of the form Ns2Np1, become 
isoelectronic with Group 14 elements (Ns2Np2) and adopt the bonding properties of the new 
configuration.  There is also evidence for transmutations of Group 14 and 15 elements,2 but it 
remains to be determined if this is a universal principle across the periodic table.  Even so, the 
possible implications of ET on traditional synthetic methods are worthy of investigation. 
 With their first publication on the topic, Olson and Boldyrev computationally investigated 
several boron analogues of alkanes and determined their global energy minima.1  The structures 
of borohydrides are unique because elemental boron is notoriously electron deficient and is 
stabilized by forming 3c-2e bonds (three centers, two electrons).  Molecularly, these manifest as 
polyhedral clusters with numerous bridging boron-hydrogen-boron (B-H-B) bonds according to 
the Wade-Mingos rules.3, 4  Contrarily, these structural modes are not observed with carbon 
because it readily forms 2c-2e bonds (two centers, two electrons) which result in the extended, 
chain-like structure of alkanes.  One example from Olson and Boldyrev is B2H6.  As a neutral 
molecule, the dimeric structure has two B-H-B bonds (Figure 1A); however, by the addition of 
two electron-donating lithium atoms, B2H6

2- preferentially adopts the staggered conformation of 
ethane with a 2c-2e boron-boron single bond and ionically-coordinated lithium atoms (Figure 1B).1  

Further analysis of higher order 
LinBnH2n+2 (n = 3, 4) suggests 
comparable (BnH2n+2)n- units have 
local energy minima for alkane 
structures, but global minima were 
too expansive to compute.1, 2 

 Computational predictions by 
Alexandrova, et al, have predicted 
that boron may also form planar, 
aromatic structures through ET.5  
Interestingly, there is synthetic 
evidence of this as well.  In 2001, 
Nagamatsu and coworkers reported 

Figure 1: (A) Typical structure of diborane, B2H6, where boron is pink and 
hydrogen is white; (B) Alkane-like structure of the B2H6

2- obtained by
ET where boron is yellow, hydrogen is white, and lithium is red 1, 2 
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a high temperature superconductor made from magnesium diboride in which X-ray diffraction 
confirmed graphene-like sheets of boron were separated by planes of Mg2+ ions.6  As stated by 
Zhang, complete charge transfer from each magnesium atom to neighboring boron atoms is 
expected because of the large difference in electronegativity between the two.2  This means that 
MgB2 exists as Mg2+(B-)2 and ET has caused boron to assume the two-dimensional, aromatic 
properties that are typical of carbon.  Additionally, in 2018, Li, et al, reported the synthesis of a 
honeycomb-structured monolayer of borophene on an aluminum (1 1 1) surface where each boron 
atom accepts one additional electron from the Al substrate.7  Given the precedent of Nagamatsu,6 
the group is excited to investigate and optimize the electronic properties of their novel material. 
 Other than boron, ET has been utilized to alter the properties of aluminum, gallium, silicon, 
nitrogen, and phosphorous.2  Research in this field with aluminum is of particular interest because 
it transmutes to silicon, which is widely used in electronics as a semiconductor.  In 2015, Gish and 
coworkers computationally investigated the stability of two chain-like structures of aluminum that 
silicon is known to form8 using the same method as Olson and Boldyrev.1  Silanes are known to 
be stable in the form SinH2n+2 (n = 1-8) and the counterparts considered are LinAlnH2n+2 (n = 2, 3) 
which possess the transmuted molecular 
cores (AlnH2n+2)n- that are isoelectronic 
with their silicon analogues.8  Aside from a 
few structural oddities, such as a preference 
for the eclipsed conformation, the group 
concluded that LinAlnH2n+2 (n = 2, 3) are 
energetically stable and possess aluminum-
aluminum sigma bonds which had been 
previously unreported (Figure 2, A&B).8  
Later that same year, Popov, et al, managed 
to observe Li2Al3H8

- (the anion variant of 
Li3Al3H8) by photoelectron spectroscopy 
(PES).9  These results are exciting because 
the aluminum-hydrogen bond is heavily 
polarized toward hydrogen which makes 
compounds such as LinAlnH2n+2 viable 
candidates for hydrogen storage that is 
easily reversible.8, 9  Future work will 
hopefully be targeted at isolating these 
compounds so they may be tested for 
usability in these and other materials. 
 Notably, ET has also been used in the synthesis of designer clusters exhibiting main-group 
multiple bonding that are often difficult to obtain.  For example, in 2017, Lundell and coworkers 
used the method of Popov9 to observe LiAl2H4

- which contains the aluminum-aluminum double 
bond equivalent of Si2H4 without the need for steric effects from bulky ligands like previously 
reported examples.10  Furthermore, in 2018, Zhang, et al, expanded the concepts and applicability 
of ET to Double Electronic Transmutation (DET) when they discovered an aluminum-aluminum 
triple bond in the gas-phase cluster Na3Al2

-.11  This is the first reported instance of DET in which 

Figure 2: Orbital diagrams (A) Li2Al2H6 : Al-Al sigma bond (left) 
and six Al-H sigma bonds (right); (B) Li3Al3H8 : two Al-Al sigma 
bonds (left) and eight Al-H sigma bonds (right).  ON stands for 
occupation number, the quantity of electrons present 8, 9 
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aluminum was effectively transmuted to phosphorous and the corresponding bond has taken the 
effective form of diphosphorous (P2).  The results for both clusters containing Al=Al and Al≡Al 
were extensively reinforced by computational support for PES spectra as well as comparison of 
bond lengths, dissociation energies, and bond angles.10, 11  While these compounds were designed 
for proof of concept, they also hold potential as building blocks for novel solid-state materials 
similar to the examples of boron presented earlier6, 7 or otherwise unprecedented chemical solids. 
 Electron transmutation may not match the classic conception of alchemy that scientists and 
philosophers once had; however, it remains a fascinating way to chemically alter the properties of 
an element to mirror another.  There is evidence of ET being applicable to several different main 
group elements2 and applying it across the periodic table could yield limitless possibilities for 
discovery.  In fact, other literature suggests that gallium forms a polyethylene structure with the 
stoichiometry Rbn(GaH2)n making it a functional metallopolymer.12  With the addition of DET, 
one may also ponder if electronic transmutation can work in higher orders of magnitude such as 
Triple Electronic Transmutation?  Oppositely, can carbon be transmuted to adopt the properties of 
boron?  The field of ET has many intriguing questions that will inspire chemists for years to come. 
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