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Group leader Ulrich Wiesnerţ rightţ the Spencer TŢ Olin Professor of Engineeringţ 
and graduate student and coūlead author Peter Beaucageţ second from rightţ hold 
models of the selfūassembled gyroid superconductor the group createdŢ Also 
pictured are Bruce van Doverţ leftţ professor in the Department of Materials 
Science and Engineeringţ and Sol Grunerţ the John LŢ Wetherill Professor of 
PhysicsŢ

Building on nearly two decades’ worth of researchŚ a multidisciplinary team at Cornell has 
blazed a new trail by creating a selfŞassembledŚ threeŞdimensional gyroidal superconductorř

Ulrich WiesnerŚ the Spencer Tř Olin Professor of EngineeringŚ led the groupŚ which included 
researchers in engineeringŚ chemistry and physicsř

The group’s findings are detailed in a paper published in Science Advances
řhttpŤ//advancesŢsciencemagŢorg/content/ļ/Ļ/eĻĿĺĻĻĻŃŚŚ Janř ĴĻř

Wiesner said it’s the first time a superconductorŚ in this case niobium nitride ŐNbNőŚ has selfŞ
assembled into a porousŚ ĵŞD gyroidal structureř The gyroid is a complex cubic structure based 
on a surface that divides space into two separate volumes that are interpenetrating and contain 
various spiralsř Pores and the superconducting material have structural dimensions of only 
around ĳĲ nanometersŚ which could lead to entirely novel property profiles of superconductorsř

Superconductivity for practical usesŚ such as in magnetic resonance imaging ŐMRIő scanners 
and fusion reactorsŚ is only possible at near absolute zero ŐŞĶķĻřĸĹ degrees below zeroőŚ 
although recent experimentation has yielded superconducting at a comparatively balmy ĻĶ 
degrees below zeroř
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“There’s this effort in research to get superconducting at higher temperaturesŚ so that you don’t 
have to cool anymoreŚ” Wiesner saidř “That would revolutionize everythingř There’s a huge 
impetus to get thatř”

SuperconductivityŚ in which electrons flow without resistance and the resultant energyŞsapping 
heatŚ is still an expensive propositionř MRIs use superconducting magnetsŚ but the magnets 
constantly have to be cooledŚ usually with a combination of liquid helium and nitrogenř

Wiesner and frequent coŞauthor Sol Gruner had been dreaming for over two decades about 
making a gyroidal superconductor in order to explore how this would affect the 
superconducting propertiesř The difficulty was in figuring out a way to synthesize the materialř

The breakthrough was the decision to use NbN as the superconductorř This was born from a 
conversation between Wiesner and Cornell physicist James SethnaŚ a coŞauthor on the paperř 
Wiesner recalled asking Sethna what he thought of the possibility of a gyroidal superconductorŚ 
and what material should be usedř

SethnaŚ who was writing a paper on superconductors at the timeŚ felt that NbN would be the 
best optionř

Wiesner’s group started by using organic block copolymers to structure direct solŞgel niobium 
oxide ŐNb O ő into threeŞdimensional alternating gyroid networks by solvent evaporationŞ
induced selfŞassemblyř Simply putŚ the group built two intertwined gyroidal network structuresŚ 
then removed one of them by heating in air at ĶķĲ degreesř

The team’s discovery featured a bit of “serendipityŚ” Wiesner saidř In the first attempt to 
achieve superconductivityŚ the niobium oxide Őunder flowing ammonia for conversion to the 
nitrideő was heated to a temperature of ĹĲĲ degreesř After cooling the material to room 
temperatureŚ it was determined that superconductivity had not been achievedř The same 
material was then heated to ĺķĲ degreesŚ cooled and testedŚ and superconductivity had been 
achievedř

“We tried going directly to ĺķĲŚ and that didn’t workŚ” Wiesner saidř “So we had to heat it to 
ĹĲĲŚ cool it and then heat it to ĺķĲ and then it workedř Only thenř”

Wiesner said the group is unable to explain why the heatingŚ cooling and reheating worksŚ but 
“it’s something we’re continuing to researchŚ” he addedř

Limited previous study on mesostructured superconductors was dueŚ in partŚ to a lack of 
suitable material for testingř The work by Wiesner’s team is a first step toward more research in 
this areař

“Now that we have these periodically nanostructured and porous materialsŚ we can start to ask 
questions about structure property relationshipsŚ” he saidř “Or we can fill the pores with a 
second materialŚ that may be magnetic or a semiconductorŚ and then study the properties of 
these new superconducting composites with very large interfacial areasř”

This latest effort is groundbreaking in terms of bringing together the organic and inorganic 
science communitiesŚ Wiesner saidř
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“We are saying to the superconducting communityŚ ‘HeyŚ look guysŚ these organic block 
copolymer materials can help you generate completely new superconducting structures and 
composite materialsŚ which may have completely novel properties and transition temperaturesř 
This is worth looking intoŚ’” Wiesner saidř

WiesnerŚ whose paper on laser heatingŞinduced structures from block copolymer directed selfŞ
assembly was published in Science on July ĵŚ noted that his team’s work points to the 
collaborative nature of much of the research going on at Cornellř StudentsŚ grad students and 
professors are more identified by their fields of study and not their departmentsŚ he saidř

“There is a lot of interaction among these different departmentsŚ facilitated by the field 
structure at CornellŚ” he saidř “At most placesŚ they are siloedŚ where at CornellŚ even the 
administrative setup is already encouraging and facilitating interdisciplinary researchř”

CoŞlead authors on the paperŚ titled “Block copolymer selfŚassembly directed synthesis of 
mesoporous gyroidal superconductors řhttpŤ//advancesŢsciencemagŢorg/content/ļ/Ļ/eĻĿĺĻĻĻŃŚŚ” were 
Spencer Robbins and Peter BeaucageŚ graduate students in the fields of chemistry and chemical 
biologyŚ and materials science and engineeringŚ respectivelyř RobbinsŚ who graduated in January 
ĴĲĳķŚ is now a materials scientist at San FranciscoŞbased TeraPore TechnologiesŚ a startup 
company out of the Wiesner groupř

Other team members included Francis DiSalvoŚ the John Ař Newman Professor of Chemistry 
and Chemical BiologyŜ GrunerŚ the John Lř Wetherill Professor of PhysicsŜ and Bruce van DoverŚ 
chair of the Department of Materials Science and Engineeringř

The work was supported by grants from the National Science Foundation and the UřSř 
Department of EnergyŚ and it made use of the Cornell Center for Materials Research Shared 
FacilityŚ the Cornell High Energy Synchrotron SourceŚ the Cornell NanoScale Science and 
Technology FacilityŚ and the Kavli Institute at Cornell for Nanoscale Scienceř
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