
mat, and collaborators continues to show 

that there are many surprises yet to be dis-

covered when materials are compressed to 

extreme densities, and the result is another 

great example where the bright synchrotron 

beams are critical in shedding light on new 

phenomena. 
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Remarkable things happen when a 

“squishy” compound of manganese and sul-

fide (MnS2) is compressed in a diamond 

anvil cell, say researchers from the Univer-

sity of Rochester and the University of Ne-

vada, Las Vegas (UNLV). This material was 

observed to go from insulator to metal and 

back again—a new transition phenomenon 

reported by Rochester and Las Vegas re-

searchers using x-ray diffraction measure-

ments conducted at the High Pressure (HP) 

CAT 16-ID-B x-ray beamline at the U.S. De-

partment of Energy’s APS. 

“This is a new type of charge transfer 

mechanism, and so from a science commu-

nity point of view this is very, very exciting. 

We are showing remarkable physical trans-

formations over a very, very short range of 

parameters, in this case pressure,” said 

Ashkan Salamat, associate professor of 

physics at UNLV and co-author of the paper 

flagged as an editor’s choice in Physical Re-
view Letters. 

“Metals usually remain metals; it is 

highly unlikely that they can then be 

changed back to an insulator,” said co-au-

thor Ranga Dias, assistant professor at 

Rochester. “The fact that this material goes 

from an insulator to a metal and back to an 

insulator is very rare.” 

Moreover, the transitions are accompa-

nied by unprecedented decreases in resist-

ance and volume across an extremely nar-

row range of pressure change—all 

occurring at about 80° F. The relatively low 

temperature enhances the chances that the 

metal transition process might eventually 

be harnessed for technology. 
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In previous work, the 

collaboration set new 

benchmarks toward 

achieving superconduc-

tivity at room tempera-

tures. A common denomi-

nator of their work is 

exploring the bizarre 

ways transition metals 

and other materials be-

have when they are 

paired with sulfides, and 

then compressed. 

“There’s something very 

intriguing about how sul-

fur behaves when it is at-

tached to other elements. This has led to 

some remarkable breakthroughs” Salamat 

said. 

Underlying the transitions described 

here are the way the spin states (angular 

momentum) of individual electrons interact 

as pressure is applied.  When MnS2 is in its 

normal insulator state, electrons are prima-

rily in unpaired, high spin orbitals, causing 

atoms to actively bounce back and forth. 

This results in the material having higher re-

sistance to an electrical charge because 

there is less free space for individual elec-

tron trying to pass through the material. 

As pressure is applied and the material 

is compressed toward a metallic state, the 

electron orbitals start to interact and pairs 

of electrons link up as one. Low resistance 

is maintained even in the final phase when 

the MnS2 reverts to an insulator because 

the electrons remain in a low spin state. 

The recent work done by Dias, Sala-
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Under Pressure, a “Squishy” Compound 
Reacts in Remarkable Ways

As a compound of manganese sulfide is compressed in a diamond anvil cell, 
it undergoes dramatic transitions. In this illustration, the interaction between 
the manganese (Mn) atomic ions (purple circles) and disulfur (S2) molecular 
ions (figure 8s) increases from left to right until the overlap is significant 
enough to make the system metallic. (Illustration courtesy of Dean Smith, 
Argonne National Lab)


