
Molecular Anvils Trigger  
Chemical Reactions

CHEMICAL SCIENCES

Diamondoid serendipity

For about a decade, researchers from 

the Stanford Institute for Materials and 

Energy Sciences at Stanford University 

have pursued a research program involving 

diamondoids—nanosized diamonds made 

up of as few as 10 carbon atoms. The 

diamondoids are extracted from petro-

leum fluids, sorted by size and shape, and 

put to work in ingenious ways, such as 

directing the self-assembly of nanowires 

made of copper and sulfur. 

Initially, the researchers had thought 

that this nanowire material could be a good 

superconductor, so they performed exper-

iments and calculations to test their ideas. 

What they found, however, was completely 

unexpected: the diamondoid–copper–  

sulfur building blocks they had synthesized 

did not make a superconductor, but they 

could be used to trigger chemical reactions 

with pressure, as opposed to heat or light.

Forging molecular anvils

To make the diamondoid building 

blocks, the researchers used a guided 

self-assembly process. First they linked 

sulfur and then copper atoms to diamon-

doid cages. Because diamondoids are 

attracted to each other, they tend to form 

clumps, fitting together in certain ways 

based on their size and shape. The end 

result is a core–shell structure with the 

“soft parts” (e.g., copper and sulfur atoms) 

in the center and the “hard parts” (diamon-

doids) on the outside.

In some cases, the diamondoids are 

closely packed; in others, they are sparsely 

packed. These two configurations can 

produce very different reactions when 

external force is applied. A closely packed 

outer shell produces steric blockage, 

protecting the center from external pres-

sure. Sparsely packed diamondoids, 

however, can move relative to each other—

like molecular anvils—deforming the soft 

parts in the center and driving reactions.

Characterization tool kit

To determine whether the complexes 

under study were in a sparsely packed 

“molecular anvil” configuration or a hard-

packed “steric blockage” configuration, the 

researchers used small-molecule crystal-

lography at ALS Beamline 11.3.1 (now 

moved to Beamline 12.2.1). They also 

performed in situ high-pressure powder 

diffraction measurements at Beamline 

Scientific 
Achievement
“Molecular anvils” (diamondoids) 
were used to trigger chemical reac-
tions using pressure, yielding prod-
ucts that differ from those produced 
in conventionally driven reactions 
with the same reactants.

Significance  
and Impact
The discovery opens up new possi-
bilities for the high-specificity 
synthesis of valuable but challenging 
molecules in an environmentally 
friendly process.

Attaching molecular anvils (gray cages) to softer molecules (red and yellow balls) distributes the 

pressure from a bigger diamond anvil unevenly, so chemical bonds bend and eventually break around 

the atom that bears the largest deformation (circled red ball). (Credit: Greg Stewart/SLAC National 

Accelerator Laboratory)



12.2.2 to monitor structural changes in 

the samples as the pressure increased 

from ambient up to 20 GPa.

In addition, the researchers performed 

x-ray absorption measurements as a func-

tion of pressure at the Advanced Photon 

Source (APS), to learn the valence state 

(electron distribution) of the metal 

centers. They also used computational 

tools to calculate how the structure should 

change under a given pressure.

New mechanochemistry 
pathways

In general, the results showed that, at 

pressures around  8–12 GPa, the copper 

atoms in the sample were reduced—they 

underwent a chemical reaction in which 

they gained an electron from neighboring 

sulfur molecules. The copper atoms were 

then released from the complex, eventu-

ally agglomerating into nanoparticles. In 

contrast, a heat-driven reaction involving 

the same reactants would yield cuprous 

sulfide, not elemental copper.

The researchers are planning to 

explore the application of mechanochem-

istry to reactions that require extreme 

conditions (high heat or strong light) and/

or do not yield the desired products—the 

reduction of nitrogen into ammonium, or 

the reduction of carbon dioxide into fuels, 

for example. Another beneficiary could be 

small-molecule drug discovery, where 

chiral selectivity is a big challenge. The 

work overall opens up a whole new land-

scape for synthesis that is both energy 

efficient and, because it doesn’t need  

heat or solvents, environmentally friendly 

as well.
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(a) X-ray diffraction (XRD) patterns for a molecular anvil complex with a core of copper and sulfur 

and a shell of the diamondoid analogue, m-carborane-9-thiolate. Below 8 GPa, the peaks shift 

smoothly with increasing 2θ (decreasing lattice spacing). At 12 GPa, all peaks disappear, indicating 

an irreversible disordered phase. (b) Similar measurements for a sterically blocked complex in which 

adamantane-1-thiolate is the diamondoid analogue. The diffraction peaks shift smoothly from ambi-

ent to 20 GPa and back to 1 GPa.

(a) Diamondoid motion is blocked by steric repulsion, protecting the core from deformation. (b) Relative motion (red arrows) of the diamondoids under 

hydrostatic pressure unevenly deforms the central core, leading to reactivity.


