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Graphene, a sheet of carbon one atom thick, may soon have a new nanomaterial partner. In the 
lab and on supercomputers, chemists have determined that a unique arrangement of 36 boron 
atoms in a flat disc with a hexagonal hole in the middle may be the preferred building blocks 
for “borophene.” Findings are reported in Nature Communications.  
PROVIDENCE, R.I. [Brown University] — Researchers from Brown University have shown 
experimentally that a boron-based competitor to graphene is a very real possibility.

Graphene has been heralded as a wonder material. Made of a single layer of carbon atoms in a 

 
Unlocking the secrets of the B36 cluster 
A 36-atom cluster of boron, left, arranged as a flat disc with a 
hexagonal hole in the middle, fits the theoretical requirements for 
making a one-atom-thick boron sheet, right, a theoretical nanomaterial 
dubbed “borophene.” Credit: Wang lab/Brown University  
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honeycomb arrangement, graphene is stronger pound-for-pound than steel and conducts 
electricity better than copper. Since the discovery of graphene, scientists have wondered if 
boron, carbon’s neighbor on the periodic table, could also be arranged in single-atom sheets. 
Theoretical work suggested it was possible, but the atoms would need to be in a very particular 
arrangement.

Boron has one fewer electron than carbon and as a result can’t form the honeycomb lattice that 
makes up graphene. For boron to form a single-atom layer, theorists suggested that the atoms 
must be arranged in a triangular lattice with hexagonal vacancies — holes — in the lattice. 

“That was the prediction,” said Lai-Sheng Wang, professor of chemistry at Brown, “but nobody 
had made anything to show that’s the case.” 

Wang and his research group, which has studied boron 
chemistry for many years, have now produced the first 
experimental evidence that such a structure is possible. In a 
paper published on January 20 in Nature Communications, 
Wang and his team showed that a cluster made of 36 boron 
atoms (B36) forms a symmetrical, one-atom thick disc with a 
perfect hexagonal hole in the middle.

“It’s beautiful,” Wang said. “It has exact hexagonal symmetry 
with the hexagonal hole we were looking for. The hole is of 
real significance here. It suggests that this theoretical 
calculation about a boron planar structure might be right.” 

It may be possible, Wang said, to use B36 basis to form an 
extended planar boron sheet. In other words, B36 may well be 
the embryo of a new nanomaterial that Wang and his team 
have dubbed “borophene.” 

“We still only have one unit,” Wang said. “We haven’t made 
borophene yet, but this work suggests that this structure is 
more than just a calculation.” 

The work required a combination of laboratory experiments and computational modeling. In 
the lab, Wang and his student, Wei-Li Li, probe the properties of boron clusters using a 
technique called photoelectron spectroscopy. They start by zapping chunks of bulk boron with 
a laser to create vapor of boron atoms. A jet of helium then freezes the vapor into tiny clusters 
of atoms. Those clusters are then zapped with a second laser, which knocks an electron out of 
the cluster and sends it flying down a long tube that Wang calls his “electron racetrack.” The 
speed at which the electron flies down the racetrack is used to determine the cluster’s 
electron binding energy spectrum — a readout of how tightly the cluster holds its electrons. 
That spectrum serves as fingerprint of the cluster’s structure. 

Wang’s experiments showed that the B36 cluster was something special. It had an extremely 
low electron binding energy compared to other boron clusters. The shape of the cluster’s 
binding spectrum also suggested that it was a symmetrical structure.

To find out exactly what that structure might look like, Wang turned to Zachary Piazza, one of 
his graduate students specializing in computational chemistry. Piazza began modeling 

Lai-Sheng Wang
“We haven’t made borophene yet, 
but this work suggests that this 
structure is more than just a 
calculation.” 
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potential structures for B36 on a supercomputer, investigating more than 3,000 possible 
arrangements of those 36 atoms. Among the arrangements that would be stable was the planar 
disc with the hexagonal hole.

“As soon as I saw that hexagonal hole,” Wang said, “I told Zach, ‘We have to investigate that.’” 

To ensure that they have truly found the most stable arrangement of the 36 boron atoms, they 
enlisted the help of Jun Li, who is a professor of chemistry at Tsinghua University in Beijing and 
a former senior research scientist at Pacific Northwest National Laboratory (PNNL) in Richland, 
Wash. Li, a longtime collaborator of Wang’s, has developed a new method of finding stable 
structures of clusters, which would be suitable for the job at hand. Piazza spent the summer of 
2013 at PNNL working with Li and his students on the B36 project. They used the supercomputer 
at PNNL to examine more possible arrangements of the 36 boron atoms and compute their 
electron binding spectra. They found that the planar disc with a hexagonal hole matched very 
closely with the spectrum measured in the lab experiments, indicating that the structure Piazza 
found initially on the computer was indeed the structure of B36. 

That structure also fits the theoretical requirements for making borophene, which is an 
extremely interesting prospect, Wang said. The boron-boron bond is very strong, nearly as 
strong as the carbon-carbon bond. So borophene should be very strong. Its electrical 
properties may be even more interesting. Borophene is predicted to be fully metallic, whereas 
graphene is a semi-metal. That means borophene might end up being a better conductor than 
graphene.

“That is," Wang cautions, “if anyone can make it.” 

In light of this work, that prospect seems much more likely.

Editors: Brown University has a fiber link television studio available for domestic and 
international live and taped interviews, and maintains an ISDN line for radio interviews. For 
more information, call (401) 863-2476.
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